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Abstract: Fragile X Syndrome (FXS) is the most common known inherited form of intellectual disability (ID), caused by a
CGG repeat expansion of the FMR1 gene. The aimed of the study was to screen FMR1 mutation among the ID
population followed by cascade testing in a remote area. A PCR-based method was used to screen FMR1 expanded
alleles using dried blood spot cards in Flores Island, one of the very remote areas in East Indonesia. The screening
included 130 males and 81 females from three schools of children with ID. The screening identified three individuals with
expanded alleles including two full mutation males and one premutation male. No expanded allele was detected in
females. A second blood sample for confirmatory diagnosis was done using Southern blot. Cascade testing in a remote
area of Indonesia found a multigenerational family with a large number of cases with FXS. FXS screening of ID
populations followed by cascade testing in positive FXS family in a remote area with challenging accessibility is

recommended.
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INTRODUCTION

Fragile X Syndrome (FXS) is the most common
inherited cause of intellectual disability (ID) and the
most common single-gene disorder associated with
Autism Spectrum Disorder (ASD). FXS is caused by a
mutation in the Fragile X Mental Retardation 1 (FMR1)
gene located on the X long arm of chromosome X at
position Xq27.3 [1, 2. A CGG (Cytosine-Guanine-
Guanine) repeats is located in the promoter of the
FMR1 gene; normal individual have approximately 5 to
44 CGG repeats, whereas premutation alleles have 55-
200 repeats and full mutation alleles have more than
200 CGG repeats associated with methylation that
silences the gene so neither FMR1 mRNA or FMR1
protein, FMRP, are produced. Alleles with 45-54 CGG
repeat are classified as 'grey zone' where instability is
observed, and expansion to a full mutation can occur
over 2 generations [3, 4]. An AGG interruption after
every 10 or so CGG repeats leads to more stability in
the CGG repeat when it is passed on by a woman with
the premutation to the next generation [5, 6]. The
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absence of FMRP leads to FXS characterized by
moderate to severe ID which is accompanied by
physical features including the long face, prominent
ears, macroorchidism, and behavioural features such
as hyperactivity, shyness, irritability aggression and
perseveration [7].

The spectrum of involvement in FXS and the FMR1-
associated disorders is very broad and in premutation
individuals, this spectrum includes fragile X-associated
tremor ataxia syndrome (FXTAS), fragile X- associated
primary ovarian insufficiency (FXPOI), immune
disorders and emotional difficulties [8-13].

The prevalence for both males and females varies
in different populations being about 1 in 2600-5000 for
the full mutation and 1 in 130-800 for premutation
alleles [14, 15]. The prevalence of FXS was found to be
similar in a female and male cohort of the Indonesian
ID population (1.7-1.9%) [16, 17]. In ID population from
Central Java, Indonesia, a study reported 1.7-1.9%
prevalence of the full mutation [16, 18, 19].

Indonesia comprises 17,000 islands with a
population of 237.6 million people in the archipelago
from Sabang to Merauke (west to east). The most
densely populated area is Java island where 58% of

E-ISSN: 2292-2598/20



10 Journal of Intellectual Disability - Diagnosis and Treatment, 2020, Volume 8, No. 1

Utari et al.

the Indonesian population lives [20]. Our previous
screening study was performed on Java island, which
has access to health facilities [21]. However,
approximately 40% of the Indonesian population lives
in remote areas including Flores island where access
to health services is quite limited. The conventional
technique for diagnosis of FXS, a combination of
Polymerase Chain Reaction (PCR) and Southern Blot
testing is time-consuming, laborious, expensive, and
complicated. A simple screening PCR-based assay to
diagnose FXS has already been established [22, 23]
and applied in several studies across many countries
[4, 21, 23-25]. This is the first screening of FMR1 CGG
expansions in Indonesia outside Java island using
blood spots as a first-line test. This study was aimed to
screen for FMR1 CGG expansions in the ID population
to identify new FXS cases through cascade testing in a
remote area.

MATERIALS AND METHODS

Blood spots were collected from 211 children (130
males and 81 females) from three schools for children
with ID in Sikka, Ngada and Ende District of Flores
Island, East Nusa Tenggara Province, Indonesia and
were screened for the presence of an FMR1 expanded
allele. Informed consent was obtained from the parent
or legal guardian and the study was approved by the
Institutional Review Board (IRB) of the MIND Institute,
UC Davis, California, USA (IRB 200311677-9) and
Faculty of Medicine, Diponegoro University, Semarang,
Indonesia (85/EC/FK/RSDK/2008). If an expanded
allele was identified, family members who agreed to
participate in the study and who signed a consent form
were screened.

Finger-prick blood sampling was collected on FTA
cards (Whatman, Inc). The FTA cards were shipped to
the UC Davis MIND Institute where DNA was isolated
from a 2 mm blood spot disk using the QIlAxtractor
Reagent Pack (Qiagen, Valencia, CA) on the
QlAxtractor (Qiagen, Valencia CA) following the
manufacturer instructions. Details are as described in
Tassone et al. [23].

The blood spot PCR screening approach performed
on the isolated DNA was as follows: first-round PCR
screening was used to size normal an expanded using
¢ and f primers (by Fast Start approach, Roche
Diagnostics, Indianapolis, IN). Male samples with no
band on the first-round or female samples with a single
band underwent a second PCR screening assay using
a CGG chimeric primer [22, 26]. Details are as

described in Tassone et al. [23]. The PCR products
were visualized wusing the ABI 3730 Capillary
Electrophoresis (CE) Genetic Analyzer (Applied
Biosystem, Foster City, CA). Results from the CE were
analyzed via ABI Peak Scanner software (Applied
Biosystems, Foster City, CA) [23]. Using the CGG-
chimeric primer, serial peaks were visualized on CE
when an expanded allele was present.

From the individuals identified with an expanded
allele, 3 ml peripheral blood vein using EDTA tube was
subsequently collected and DNA was isolated using the
salting-out method in Center for Biomedical Research
(CEBIOR), Faculty of Medicine Diponegoro University,
Indonesia. DNA was shipped to the UC Davis MIND
Institute to confirm the diagnosis. In all cases,
expanded alleles identified through the screening were
confirmed by standard FMR1 diagnostic testing using a
combination of Southern blot and PCR analysis as
previously described [22, 27].

RESULTS

The CGG screening conducted in this study
followed the workflow previously described in Tassone
et al. [22] and identified two boys with full mutation and
one boy with a premutation allele from 211 special
need individuals (aged range 6-10 years) of three ID
schools (Figure 1). Cascade testing was performed in
the family of the boys with expanded alleles.

Patient 1, a seven-year-old boy with a premutation
of 77 CGG repeats was identified from the Sikka
District. The child presented with a learning disability
and some behaviour impairments such as shyness,
irritability, and anxiety observed during the clinical and
medical examination.

Patient 2, a 10-year-old boy with a full mutation
allele of 300 CGG repeats was identified from Ende
District. Cascade testing of the family was performed
only in two family members. His mother was found to
be a premutation carrier with normal and premutation
alleles of 29 and 98 CGG repeats respectively and his
younger sister had a normal allele of 30 CGG repeats
and a full mutation allele of 620 CGG repeats.

Patient 3, from the Ngada District, was a seven-
year-old boy full mutation size mosaic with full mutation
alleles of 400, 510, 610 CGG repeats and a
premutation allele of 88 CGG repeats. Cascade testing
of the family of this full mutation boy led to the
characterization and the testing of extended family
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211 individual of three ID schools in Flores Island, Indonesia

*This boy is from an orphan house with no fami
member accessible
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No cascade testing* L Cascade Testing
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Figure 1: Flowchart of blood spot screening from special schools in Flores Islands, Indonesia. (n= number of subjects; M=Male;

F=Female).
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Figure 2: A pedigree of family 3 demonstrating the multigenerational family identifies with Fragile X CGG repeat number.

members from three generations. Forty-six blood spots
were collected from family members and nineteen
expanded alleles (including proband) were identified
(Figure 2).

Peripheral blood samples were collected to confirm
the presence of FMR1 expanded alleles and DNA
testing using Southern Blot and PCR analysis and
confirmed the presence of an expanded allele in all 19
individuals including. DNA testing identified 10 full
mutation individuals (6 females, 4 males) and 8
females and 1 male with a premutation allele. Results
for Southern blot analysis are shown in Figure 3.

DISCUSSION

The ID is the highest risk group for population-
based screening for FMR1 gene mutations. The
identification of a mosaic full mutation boy (patient 3),
accompanied by cascade testing, identified a large
number of individuals with FXS who were not in the
school that we screened but they were members of a

large multigenerational family. Such large families are
common in Indonesia and many other developing
countries. The oldest ancestors tested in this family
included one male premutation carrier (CGG= 134 (II:1)
(see Figure 3 lane 17) and three premutation females.
Among nine mother-offspring pairings, the smallest
allele that expanded to a full mutation allele contained
94 CGG repeat (Ill:9). From Il:4, a premutation
individual of 80 CGG repeats, the screening was
performed only from one out of three offspring and no
expanded allele was observed. Female premutation
carriers are at risk to have offspring with FXS, with an
allele of 56 CGG repeat with no AGG interruptions,
being the smallest, so far reported, to expand to a full
mutation [28]. It has been suggested that the presence
of AGG interruptions at positions 10 and 20 in the
normal population [5] within the maternal FMR1 allele
plays a crucial role in maintaining the stability of the
repeat and can better predict the risk of expansion risk
during transmission from a premutation mother to a full
mutation allele in the offspring [6]. Cascade testing can
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Figure 3: Southern Blot result of individuals with an expanded allele in family 3.

Diagnosis of FXS was confirmed by Southern Blot analysis in nineteen subjects identified through the blood spot screening.
DNA was digested with Eco Rl and Nru | and StB 12.3 probes was used [22]. DNA size marker (1 Kb) is shown in lane 1 and

lane 23.

Lane 2: normal female control showing a normal unmethylated band (2.8Kb) and normal methylated band (5.2Kb).

Full mutation females: IV-3, IV-7, IV-10, IV-14, IV-17, 11I-23.
Full mutation males: IV-6, IV-9, IV-15 and IV-19.

Premutation females: 1I-4, I1I-6, 11I-9, 111-10, 111-12, 11-4, 11-6, 1I-8.
Male premutation: II-1.

Lane 22: full mutation male control.

bring some benefits to the families including access to
services and to targeted treatments for children with
FXS [29], reproductive options to the carrier women
and knowledge of carrier status may lead to lifestyle
changes and treatments to reduce the risk of late
neurodegenerative or psychopathological disorders in
carriers [25, 30]. In addition, the social and emotional
impact of screening in a given culture must be
considered [31].

Premutation carriers are more common than those
with the full mutation and carriers can sometimes
demonstrate ID, ASD or learning problems including
ADHD [32, 33]. Premutation carriers can also
demonstrate other medical or neurological problems
including FXTAS, FXPOI, in addition to FXS-like
physical, behavioural and cognitive effects, alterations
in brain function [34] and neurological, immunological
and psychiatric issues [12, 32, 35-40].

During the screening, a boy with learning and
behavioural disabilities found had a premutation allele
of 77 CGG repeats (patient 1), similar to previous

reports of premutation developmental problems [41,
42]. Although those with premutation are usually
intellectually and behaviorally unaffected, a subgroup
of children experience attention-deficit hyperactivity
disorder (ADHD), anxiety, autism spectrum disorder
(ASD), seizures, learning difficulties or even ID [32, 35,
37, 42-46]. A mild to a moderate deficit of FMRP can
occur in some premutation carriers, although those with
the premutation are at greater risk for environmental
toxicity or they may also experience a second genetic
hit leading to their more involved phenotype [33, 43,
47-50]. On the contrary, Myers et al. found that
premutation children were not having developmental
problems [51].

This finding shows the role of FMR1 gene mutation
screening in the ID population is very crucial,
particularly in countries with a lack of awareness of
genetic cause among healthcare provider and
government. The etiological assessment is essential to
tailor treatment, discuss the prognosis, calculate the
recurrence risk, and avoid unnecessary testing, thus
leads the opportunity to improve health and functional
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outcomes. This screening approach could be
implemented in a remote area of Indonesia, the largest
archipelagic country, to identify new cases of FXS.
Consequently, better prevention (reproductive options,
reducing the risk of late-onset of the neuropsychiatric
problem among premutation carriers), early
intervention (including targeted treatments among
FXS), and long-term clinical follow-up can be done
among identified individuals. It is indeed extremely
important that long-term clinical follow-up is offered to
individuals who test positive for FMR 1 mutations and to
the extended family members identified as results of
subsequent cascade testing. The limitation of the
study. This study was a focus on a genotyping
screening and so behavioural and emotional
abnormalities are not specifically reported.

In conclusion, blood spot sampling is a suitable
sampling method to screen FMR1 gene mutation of the
ID population in a remote area, where the facilities,
knowledge, awareness are lacking, and accessibility is
a major problem. Furthermore, cascade testing has
been proved to enable us to identify more cases.
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ABBREVIATIONS

ADHD = Attention-Deficit Hyperactivity Disorder
ASD = Autism Spectrum Disorder

CE = Capillary Electrophoresis

CEBIOR = Center for Biomedical Research

CGG = Cytosine-Guanine-Guanine

FMR1 = Fragile X Mental Retardation 1

FMRP = Fragile X Mental Retardation Protein
FXPOI = fragile X- associated primary ovarian

insufficiency

FXS = Fragile X Syndrome

FXTAS = fragile X-associated tremor ataxia
syndrome

ID = intellectual disability

IRB = Institutional Review Board

PCR = Polymerase Chain Reaction
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