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Introduction: Rett syndrome (RTT) is a progressive neurological disorder characterized by regres- ~ MECP2;

sion of psychomotor development in previously healthy girls. Most cases are due to pathogenic va-  Methyl-CpG-Binding
riants in the MECP2 gene which encodes for the methyl CpG-binding protein 2. Objective: To des-  Protein 2
cribe the frequency and type of pathogenic variants in the MECP2 gene in Chilean female patients

with clinical diagnosis of RTT. Patients and Method: Chilean women with clinical suspicion of RTT

were invited to participate in the study. Clinical data were collected through a questionnaire. MECP2

pathogenic variants were analyzed by Sanger sequencing method and Multiplex Ligation-dependent

Probe Amplification (MLPA) was used to detect duplications or deletions. Results: The study in-

cluded 14 patients with suspected RTT, of which eight (57%) patients had pathogenic variants. The

other patients remain without molecular diagnosis. Conclusions: Pathogenic variants in MECP2 are

present in Chilean patients with RTT. It is likely that there are other genes or diagnoses involved in

patients without MECP2 findings. As of this study, molecular diagnosis is available in Chile.
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Introduction

Rett syndrome (RTT; MIM#312750) is a neurode-
velopmental disorder that mainly affects girls and is
considered virtually lethal in boys'. The incidence is
estimated at 1 in 10,000 to 15,000 female live births?.

RTT is diagnosed based on clinical criteria® and
there are three clinical forms: classic or typical, variant
or atypical, and mild learning disabilities, The latter is
less frequent. Classical RTT is the most frequent pre-
sentation (75%)*. It is characterized by apparently nor-
mal development until 6 to 18 months of age, followed
by a halt and subsequent regression in psychomotor
development, with loss of manual skills, gait, language,
and emergence of stereotypies. Atypical RTT has five
possible variants: congenital, late regression, preserved
speech, early epilepsy, and incomplete form, in which
other genes may be involved'”.

Although the diagnosis is clinical, molecular study
allows confirmation Pathogenic variants in MECP2
gene are the cause of 80-90% of cases of classical RTT
and about 40% of atypical RTT. Most of the variants
are located in exons 3 and 4, and 99% of cases, they are
de novo events'®. The remaining cases have been asso-
ciated with pathogenic variants in CDKL5 and FOXGI
genes, which are more frequently found in the atypical
Rett Syndrome form”?®.

MECP2 is located in Xq28 chromosome region, it
is composed of four exons which encode the Methyl-
CpG-binding protein®®. This protein is involved in
neuronal development and maturation, as well as in
the differentiation and formation of neuronal synap-
ses, by regulating gene expression through CpG island
methylation, acting both as a repressor and trans-
criptional activator'®!2. The protein has four functio-
nal domains, of which the most important are MBD
(Methyl-CpG-binding Domain) and TRD (Transcrip-
tional Repression Domain)"'.

In Chile, the molecular bases of Rett syndrome has
not been characterized. In this study, the type and fre-
quency of variants in MECP2 in Chilean patients with
a clinical diagnosis of RTT were analyzed.

Patients and Method

Girls, members of the Fundacién Sindrome de Rett
Chile, with suspicion or clinical diagnosis of RTT,
were invited to participate prior informed consent of
their parents. The study was approved by the Research
Ethics Committee of the Centro de Bioética de la Facul-
tad de Medicina Clinica Alemana Universidad del Desa-
rrollo, according to the Declaration of Helsinki®.

Clinical information was obtained through open-
and closed-ended questionnaires, which included in-
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formation about family history, perinatal history, and
diagnostic criteria for Rett syndrome.

To detect variants and implement molecular
diagnosis in the MECP2 gene, the gene was sequen-
ced through specific primers, designed using the Pri-
mer3 software for the coding region exons 1, 2, 3,
and 4'". The primers were verified using SNPCheck
and BLAST™'®, and universal M13 tails were added
to each primer to simplify the capillary sequencing
procedure’. The exons were amplified by means of a
touchdown program with extension at 68°-58°C for 1
minute, using MangoTaq polymerase (Bioline, UK).
The Amplified PCR products were sequenced bidirec-
tionally with BigDye Terminator v1.1 following the
manufacturer’s protocol (Thermo Fischer, USA). Mul-
tiplex ligation-dependent probe amplification (MLPA)
kit P245 (MRC, Holland)® was used to detect deletions
or duplications in MECP2.

Results

Fifteen women between the ages of 2 and 28 years,
members of the Fundacion Sindrome de Rett Chile par-
ticipated in the study. One patient was excluded becau-
se she did not meet the diagnostic criteria.

Out of the 14 patients, ten had classic RTT and four
had atypical RTT characteristics. The collected infor-
mation did not allow to classify these patients into the
subtypes of atypical RTT. Table 1 describes the clinical
manifestations.

Using Sanger sequencing, six pathogenic variants
were found, five of them in patients with classic RTT
presentation and one in a patient considered as aty-
pical RTT. Five of these pathogenic variants were in
exons 3 and 4, and one in exon 2. In the eight patients
in whom no variant was identified, deletion and du-
plication analysis were performed using MLPA. With
this technique, one deletion of exon 3, pathogenic va-
riant, was detected in two additional patients: one with
classical RTT and the other one with atypical form. In
addition, one variant of uncertain significance (VUS)
was found.

No pathogenic variants were found in the remai-
ning five patients (Table 2).

Discussion

This is the first molecular study reported in Chile
with RTT patients. Pathogenic variants were found in
MECP2 in 57% of the studied patients.

In this group of participants, the frequency of clas-
sical RTT found was approximately 70% (10 patients),
similar to that described in the literature (~75%)%, of
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Table 1. Clinical and molecular characteristics of the patients
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Criteria Major criteria Minor criteria Exclusion criteria Pathogenic
0 m v 1 2 3 4 5 6 7 8 9 10 11 i i variant
Patient
Classic RTT
1 + + + + + + + + + - - + + + + - - Glu37Argfs
2 + + + + + + + + + + + + + + - - Thr158Met
3 + o+ o+ o+ - - + o+ o+ - + - + - + - - Gly269Alafs
4 + + + + - + = + = + + = = + + = = Arg270Ter
5 + + + + + + + - - + + + + + - - Arg306Cys
6 + 0+ o+ o+ o+ 4+ o+ o+ o+ o+ - + o+ o+ o+ - - Exon 3 del
7 + + + o+ + + o+ + + o+ + + o+ + + - - -
8 + + + o+ + - + + + o+ + + o+ - + - - -
9 + + o+ O+ + o+ O+ + o+ - + o+ o+ + o+ - - -
10 + + + + + + + + + - + + + + + - - -
Atypical RTT
11 + + - + + + - + + - + - + + - - Arg106Trp
12 + o+ - + - + o+ - + o+ o+ o+ o+ o+ o+ - - Exon 3 del
13 + = = + + = = = = = = + + + - + -
14 = = + + + = + + + = + + = + + = + =

Diagnostic and exclusion criteria: Major criteria: |. partial or complete loss of acquired purposeful hand skills; Il. Partial or complete loss of
acquired spoken language; lll. Gait abnormalities; IV. Stereotypic hand movements. Supportive criteria: 1. Breathing disturbances when
awake; 2. Bruxism when awake; 3. Impaired sleep pattern; 4. Abnormal muscle tone; 5. Peripheral vasomotor disturbances; 6. Scoliosis or
kyphosis; 7. Growth retardation; 8. Small cold hands and feet; 9. Inappropriate laughing/screaming spells; 10. Diminished response to pain;
11. Intense eye communication - “eye pointing”. Exclusion criteria for typical Rett syndrome: e Brain injury secondary to peri- or postnatal
trauma, neurometabolic disease, or severe infection; e Grossly abnormal psychomotor development in the first six months of life, with early
milestones not being met.

Table 2. Pathogenic variants identified in MECP2 gene

Patient Gene Variant Protein effect * Affected domain Mutation Type
1 €.108_111delAGAA p.Glu37Argfs ** N-terminal Frameshift
2 c.473C>T p.Thr158Met MBD Missense
3 €.806delG p.Gly269Alafs TRD Frameshift lectura
4 c.808C>T p.Arg270Ter TRD Nonsense
5 c.952C>T p.Arg306Cys TRD Missense
6 Exon 3 deletion Truncated protein MBD Large deletion
11 c.316C>T p.Arg106Trp MBD Missense
12 Exon 3 deletion Truncated protein MBD Large deletion

*Reference: dbSNP, ClinVar, RettBase. **Variant located in exon 2.
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which 60% (6 patients) had pathogenic variants of
MECP2 and 10% (1 patient) a variant of uncertain
significance (VUS). In the case of patients considered
atypical RTT, 50% presented pathogenic variants in
MECP2, which is similar to that reported in the litera-
ture®. The number of cases analysed was low, this is due
to the low prevalence of this syndrome in the general
population. In addition, the subtypes of patients with
atypical RTT were not directly characterized, however,
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two of them have preserved speech and early psycho-
motor developmental delay, therefore, they may have
some of these clinical variants.

Out of the eight pathogenic variants found, inclu-
ding deletions, four are among the most frequently des-
cribed variants (Argl06Trp, Thr158Met, Arg270Ter,
and Arg306Cys)""?. Although pathogenic variants in
MECP2 occur de novo, there are more frequent va-
riants, probably due to the presence of mutational
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hotspots in this gene®. Deletions that include one or
more exons have been observed in both patients with
classic and atypical RTT?". This evidence suggests that
it is important to use MLPA in cases where no specific
variants have been found in the MECP2 gene. 87% of
the found pathogenic variants are located in the MBD
and TRD, in exons 3 and 4, as described in previous
studies*?.

An in-frame deletion of 36 nucleotides was found,
c.1157_1192del36, classified as VUS. In this case, the
analysis of the parents in the molecular diagnosis is im-
portant to classify this type of variants, but it has not
yet been carried out in this family*.

This study is the first to report and document patho-
genic variants in MECP?2 in patients with RTT in Chile.
Knowing the specific pathogenic variants confirms the
diagnosis and could allow the development of future
molecular therapies. In girls, where there were no fin-
dings in MECP2, especially the two atypical patients, it
would be interesting to evaluate the other genes related
to the diagnosis of RTT, CDKL5, and FOXGI, as well
as to consider differential RTT diagnoses.

After this work, the molecular examination for the
MECP?2 gene is available in Chile and, therefore, diag-
nostic certainty.

Ethical Responsibilities
Human Beings and animals protection: Disclosure

the authors state that the procedures were followed ac-
cording to the Declaration of Helsinki and the World

ORIGINAL ARTICLE

Medical Association regarding human experimenta-
tion developed for the medical community.

Data confidentiality: The authors state that they have
followed the protocols of their Center and Local regu-
lations on the publication of patient data.

Rights to privacy and informed consent: The authors
have obtained the informed consent of the patients
and/or subjects referred to in the article. This docu-
ment is in the possession of the correspondence author.

Financial Disclosure

Authors state that no economic support has been asso-
ciated with the present study.

Conflicts of Interest

Authors declare no conflict of interest regarding the
present study.

Aknowledgments

We thank “Fundacién Sindrome de Rett Chile” and
the families of the patients who motivated and parti-
cipated in this study. We also thank Mrs. Maria Luisa

Guzman, RN and Ms. Valeria Tampe for technical as-
sistance.

References 7. Ariani F, Hayek G, Rondinella D, et al. MeCP2, a key contributor to neurological
FOXG] is responsible for the congenital disease, activates and represses

1. Christodoulou J., Ho G. MECP2-Related variant of Rett syndrome. Am ] Hum transcription. Science. 2008;320:1224-9.
Disorders. GeneReviews®;1993-2016 Genet2008;83:89-93. 13. World Medical Association Inc.

[updated 2012 Jun 28], https://www.ncbi. 8. Fehr S, Wilson M, Downs J, et al. The Declaration of Helsinki. Ethical
nlm.nih.gov/books/NBK1497/, tltima CDKLS5 disorder is an independent principles for medical research involving
visita 12-12-2017. clinical entity associated with early-onset human subjects. ] Indian Med Assoc.

2. Pantale6n G, Juvier T. Bases moleculares encephalopathy. Eur ] Hum Genet. 2009;107:403; www.wma.net, ultima visita
del Sindrome de Rett, una mirada actual. 2013;21:266-73. 14-09-2017.

Rev Chil Pediatr. 2015;86:142-51. 9.  Mnatzakanian G, Lohi H, Munteanu I, 14. Untergasser A, Nijveen H, Rao X,

3. NeulJ, Kaufmann W, Glaze D, et al. et al. A previously unidentified MECP2 Bisseling T, Geurts R, Leunissen
Rett Syndrome: Revised Diagnostic open reading frame defines a new protein JA. Primer3Plus, an enhanced web
Criteria and Nomenclature. Ann Neurol. isoform relevant to Rett syndrome. Nat interface to Primer3. Nucleic Acids Res.
2010;68:944-50. Genet 2004;36:339-41. 2007;35:71-4.

4. Hagberg B. Rett syndrome: clinical 10. Tate P, Skarnes W, Bird A. The methyl- 15. Chuang L, ChengY, Yang C. Specific
peculiarities and biological mysteries. Acta CpG binding protein MeCP2 is essential primer design for the polymerase chain
Paediatr. 1995;84:971-6. for embryonic development in the mouse. reaction. Biotechnol Lett. 2013;35:1541-9.

5. Hagberg B., Gillberg C. Rett variants Nat Genet. 1996;12:205-8. 16. Yu B, Zhang C. In silico PCR analysis.
+/- rettoid phenotypes. MacKeith Press. 11. Nan X, Ng H, Johnson C, et al. Methods Mol Biol. 2011;760:91-107.
1993;40-60. Transcriptional repression by the methyl- 17. Pont-Kingdon G, Gedge F, Wooderchak-

6. Leonard H, Cobb S, Downs J. Clinical and CpG-binding protein MeCP2 involves Donahue W, et al. Design and
biological progress over 50 years in Rett a histone deacetylase complex. Nature. analytical validation of clinical DNA
syndrome. Nat Rev Neurol. 2017;13:37- 1998;393:386-9. sequencing assays. Arch Pathol Lab Med.
51. 12.  Chahrour M, Jung SY, Shaw C, et al. 2012;136:41-6.

ebitoriaL_qiku 155



ORIGINAL ARTICLE

18.

19.

20.

156

Yi Z, Wang S, Li L, et al. Diagnosis of
MECP2 duplications syndrome with

molecular genetic techniques. Zhonghua 21.

Er Ke Za Zhi. 2014;52:937-41.

Hadzsiev K, Polgar N, Bene J, et al.
Analysis of Hungarian patients with Rett
syndrome phenotype for MECP2, CDKL5

and FOXG1 gene mutations. ] Hum 22.

Genet. 2001;56:183-7.

Wan M, Lee SS, Zhang X, et al. Rett
syndrome and beyond: recurrent
spontaneous and familial MECP2

ebitoriaL_qiku

mutations at CpG hotspots. Am ] Hum
Genet. 1999;65:1520-9.

Archer H, Whatley S, Evans J, et al. Gross
rearrangements of the MECP2 gene

are found in both classical and atypical
Rett syndrome patients. ] Med Genet.
2006;43:451-6.

Das DK, Raha S, Sanghavi D, Maitra

A, Udani V. Spectrum of MECP2 gene
mutations in a cohort of Indian patients
with Rett syndrome: report of two novel
mutations. Gene. 2013;515:78-83.

23.

24.

Rett syndrome - C. Aron W. et al

Zhang X, Bao X, Zhang J, et al. Molecular
characteristics of Chinese patients

with Rett syndrome. Eur ] Med Genet.
2012;55:677-81.

Richards S, Aziz N, Bale S, et al.
Standards and guidelines for the
interpretation of sequence variants: a
joint consensus recommendation of the
American College of Medical Genetics
and Genomics and the Association

for Molecular Pathology. Genet Med
2005;17:405-23.



