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Abstract

e AIM: To characterize the genetic causes and clinical features
in a four-generation Chinese family with blepharophimosis-
ptosis-epicanthus inversus syndrome (BPES).

e METHODS: Thirteen patients with BPES and eight
healthy family members were included in this study. All
participants received routine ophthalmic examinations. The
target next-generation sequencing (NGS) was performed to
determine the causative mutation for this family. The silico
analysis was also applied to predict the pathogenesis of
identified mutations.

e RESULTS: All patients had severe ptosis, normal
intelligence, female patients have normal fertility. Genetic
assessments revealed a heterozygous insertion variation in
FOXL2 gene, ¢.672_701insGCGGCTGCCGC CGCAGCTGCTG
CAGGCGCT (p.Ala234_Gly235linsAAAAAAAAGA), carried by
13 patient but absent in all unaffected members. In silico
analysis supported the pathogenic nature of this highly
conserved variant. This mutation resulted in the insertion of
10 amino acids into the encoded polyala nine chain, which
increased the number of original polyalanine chains from
14 to 24, resulting in an extended protein.

o CONCLUSION: A novel FOXL2 mutation ¢.672_701ins
GCGGCTGCCGCCGCAGCTGCTGC AGGCGCT (p.Ala234_
Gly235linsAAAAAAAAGA) was identified in a large Chinese
family with BPES. This study amplified the genotypic spectrum
of FOXL2-BPES and better illustrates its genotype-phenotype
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correlations, which provided a basis for elucidating the
pathogenesis of BPES and genetic counseling.
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INTRODUCTION

lepharophimosis-ptosis-epicanthus inversus syndrome
B (BPES; OMIM# 110100) is an autosomal dominant
developmental disorder with the prevalence of approximately
1 in 50 000'". It has been reported there were no prevalence
differences in gender, race, or ethnicity™™. The clinical
features of BPES include complex eyelid/ocular deformities
characterized by blepharophimosis, ptosis, epicanthus inversus
and telecanthus. BPES has been divided into two types based
on the presence or absence of premature ovarian failure (POF).
Type 1 is characterized by eyelid malformation and female
infertility due to POF, and type II is characterized only by
eyelid malformation!"’.
Up to now, six pathogenic genes (FOXL2, CRBP, INHBA,
EGFR, HOX1, BPESC1) have been found to be associated
with BPES and the majority (88%) of patients with BPES
harbor pathogenic mutations in the FOXL2 gene". FOXL2
gene is 2.7 kb and located on chromosome 3q22.3 with one
exon, which encodes 376 amino acids. The FOXL2 protein
contains a 110-amino-acid DNA-binding forkhead domain
(residues 54-164) and a polyalanine (poly-Ala) tract of 14
residues of unknown function (residues 221-234)".
FOXL2 is an important factor in embryonic development of
the eyelids and ovaries, as well as in the growth of the female
gonads®'. To date, more than 200 mutations on the FOXL2
gene have been reported in patients with BPES'. Most of
the genetic defects found in BPES were caused by genetic
mutations, and others were caused by genomic rearrangements

involving the FOXL2 gene'”. Although there are some
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Figure 1 Pedigree of the family with BPES.

studies have suggested that different mutations in FOXL2
were associated with BPES types, direct genotype-phenotype
association remains to be further confirmed due to the lack of
de novo genetic study and the clinical heterogeneity of BPES
patients™. Therefore, identifying novel FOXL2 mutations and
further investigating their contributions to the pathogenesis of
BPES will provide biomarkers for early detection of BPES and
potential implications for therapeutic intervention.

In the present study, we identified a novel mutation of the
FOXL2 gene from a large Chinese family displaying typical
type II BPES phenotypes.

SUBJECTS AND METHODS

Ethical Approval This research conformed to the Declaration
of Helsinki and was prospectively reviewed and approved by
the Ethics Committee of Ningxia Eye Hospital. All participants
gave written informed consent prior to enrolment.

Patients A non-consanguineous Chinese pedigree with
BPES members (Figure 1) was recruited from the Ningxia
Eye Hospital. Twenty-one members of this family were
recruited in this study, including 13 patients and 8 unaffected
family members. Medical records of each participant were
reviewed. Routine ophthalmic examinations were performed
on all participants, including uncorrected visual acuities, best
corrected visual acuities (BCVAs), slit-lamp examination,
fundus examination, color face photography. The length and
height of the eyelid fissure, the distance between inner canthus,
the muscle strength of levator eyelid and the muscle strength
of frontal muscle were measured. The diagnostic criteria of
BPES included blepharophimosis, ptosis, epicanthus inversus
and telecanthus. We extracted DNA samples from these 21
members. In addition, to determine the type of BPES, the
reproductive function the female patients were examined
especially. The proband (IV-34) in this family was a 10-year-
old girl who presented with the typical features of BPES,
including small palpebral fissure, ptosis, epicanthus inversus
and telecanthus.

Targeted NGS Approach and in Silico Analysis Samples
of peripheral venous blood (5 mL) were collected from each
participant for genomic DNA extraction using a QIAmp DNA
Mini Blood Kit (Qiagen, Hilden, Germany). To reveal the
pathogenic mutation in this family, targeted NGS approach was
selectively performed on the proband (IV-34), patient (111-32) and
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normal family member (IV-32). The target sequence capture
chip including the reported 403 eye anterior segment disease
genes, according to known disease genes and mutations,
customize specific oligonucleotides nucleoside acid probe,
nucleic acid sequence data reference to Ensembl database
(https://www.ensembl.org) and UCSC website CCDS database
(https://genome.ucsc.edu). The target genomic region was
captured in liquid phase by Agilent SureSelect exon targeting
sequence enrichment system of Applied BioSystems (ABI,
USA). Library preparation, qualification, and NGS were further
performed on the Illumina Hiseq2000 platform (Illumina, Inc.,
San Diego, CA, USA). After sequencing, the raw data were
saved as a FASTQ format, then followed the bioinformatics
analysis, then the data would be transformed to VCF format,
variants were further annotated by ANNOVAR (http://annovar.
openbioinformatics.org/en/latest/) and associated with multiple
databases, such as 1000 genome (http://www.1000genomes.
or/), dbSNP (http://www.ncbi.nlm.nih.gov/projects/SNP/),
HGMD (http://www.biobase-international. com/product/
hgmd), and confirmed associated pathogenic gene mutational
site by PCR and Sanger sequencing. The sequences were
verified by comparing them to the human genomic sequence
of FOXL2 (GenBank NG _012454.1) and screened for
mutations.

In Silico Analysis The possible effects of the amino acid
changes on the function of FOXL2 protein was predicted
by using the PolyPhen-2 (http://genetics.bwh.harvard.edu/
pph2/), the Sorting Tolerant from Intolerant (SIFT) algorithm
(http://sift.jevi.org/www/SIFT enst_submit.html), and
the Mutation Taster (http://www.mutationtaster.org/). The
predicted score of polyphen2 (HDIV/HVAR) is close to
1, indicating that it is probably damaging (D), otherwise it
is possibly damaging (P) or benign (B). Analyzed by Sift,
amino acids with probabilities <0.05 are predicted to be
deleterious (D). The scores of Mutation Taster analysis are
between 0 and 1, it is more likely to be disease causing with
the score closer to 1. Sanger sequencing was performed for
intrafamilial cosegregation analysis. The allele frequencies of
the mutations in the normal population were viewed in 1000
Genome (http://browser.1000genomes.org/index.html), EVS
(http://evs.gs.washington.edu/EVS/) and EXAC (http://exac.
broadinstitute.org/) databases.
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Table 1 Clinical features of the pedigree

The function of The function of Length of Height of .
. levator muscle of frontal muscle  palpebral fissure  palpebral fissure Innf:r canthic
No. Sex  Patients/Normal upper eyelid (mm) (mm) (mm) (mm) diameter
oD 0s oD 0S oD 0SS _OD _ 0S (pnm)

II-11 M N 10 10 4 4 23 23 7 7 46
11-12 F P 0 0 2 5 20 20 2.5 2.5 46
11-7 M P 0 0 13 9 17 13 1.5 1 41
I1-9 M N 10 11 9 6 26 27 6 7 31
11-10 F P 0 0 8 10 21 24 1 1 39
1-12 F N 11 11 7 6 29 27 7 5 38
1I-14 F N 11 12 5 4 27 27 8 8 34
111-32 M P 0 0 11 7 24 25 2 2.5 44
[11-33 F N 11 12 11 12 30 30 10 11 45
111-34 M N 7 7 8 8 24 25 5 5 30
11-35 F P 1 0 4 6 20 15 2 1.5 45
1I-36 M P 0 0 13 9 17 13 1.5 1 41
1-37 F N 11 14 11 9 29 29 11 12 41
IV-9 M p 2 2 4 4 28 25 6 5.5 41.5
Iv-11 M P 0 0 9 10 26 25 2 2.5 41
1V-29 M P 0 0 9 10 26 25 2 1 41
IV-30 F P 0 0 10 10 21 22 1 1 43
IV-31 M P 0 0 13 12 28 26 2.5 2.5 41
IvV-32 M N 12 12 11 12 27 28 8 8 33
IV-33 M P 0 1 8 10 22 24 1 1 44
Iv-34 F P 0 0 9 10 24 24 1 1 40

Conservational Analysis UNIPROT knowledgebase
(https://www.uniprot.org), a central hub for the collection of
functional information on proteins, with accurate, consistent
and rich annotation, was used to obtain amino acid sequence
of FOXL2 from different species, and then they were aligned
and analyzed by alignment tool-Multalin (http://sacs.ucsf.edu/
cgi-bin/multalin.py). Low change of the amino acid site we
focused between these sequences indicates that it is highly
conserved among species and the mutation occurring at this
site is more likely to affect the structure and function of related
protein.

RESULTS

Clinical Features We collected a four-generation, 104-member
Chinese family with 29 individuals suffering from BPES, as
shown in Figure 1. The pattern of inheritance in this family is
autosomal dominant. A total of 13 BPES patients and 8 normal
family members were included in our study. All patients in this
family demonstrated the typical features of BPES, including
small palpebral fissures, ptosis, telecanthus and epicanthus
inversus. Some patients had signs of mandible lifting and
head backward (Table 1). None of the patients showed
microcephaly, intellectual disability or other malformations.
All adult female patients had offspring (Figure 1).

The proband IV-34, a 10-year-old girl, the visual acuity
was 10/20 in both eyes with a mild hyperopia. The clinical
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features include a flattened bridge of the nose, wide inner
canthus spacing in both eyes, inverted inner canthus covering
the lacrimal montanus, ptosis of the upper eyelid, and upper
eyelid occlusion of the upper 2/3 pupil. The length of palpebral
fissure is 24mm and the height of palpebral fissure is 3mm of
both eyes, the inner canthic diameter is 42mm (40-44mm). The
function of levator muscle of upper eyelid of both eyes is 0 and
the function of frontal muscle of both eyes is 9 mm. Both her
father and brother were diagnosed with BPES, and her mother
was normal (Figure 2).

According to clinical manifestations, this family was diagnosed
BPES type II. Amblyopia was found in 8 patients (16 eyes), 7
with hyperopia, 2 with myopia, and 12 with astigmatism.
Mutation Analysis Using the panel sequencing we
initially identified a novel heterozygous insertion mutation
¢.672_701ins GCGGCTGCCGCCGCAGCTGCTGCAGGCG
CT (p.Ala234 Gly235linsAAAAAAAAGA) (Figure 3)
of FOXL2 gene in the proband IV-34 and III-32 and then
segregated the disease status, finally confirmed in other eleven
patients and absence in the unaffected members respectively
by sanger sequencing (Figure 3). The heterozygous insert
mutation has not been previously reported in the literature
and was also not detected in the normal people database
of gene sequencing company (Agilent Technologies, Inc.).
The mutation was not found in ESP database, 1000 database
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FOXL2:672_701insGCGGCTGCCGCCGCAGCTGCTGCAGGCGCT(p.Ala234_Gly235delinsAAAAA

AAAGA)

CTTGACCACAGCGGCCGCGCCAGGGCTACCGGGGCCCGCGG6CTGCAGC

Wild type

Figure 3 Sequence analysis A heterozygous insertion mutation ¢.672_701ins GCGGCTGCCGCCGCAGCTGCTGCAGGCGCT (p.Ala234
Gly235linsAAAAAAAAGA) of FOXL2 gene were identified in the affected individuals.
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Figure 4 Conservation analysis Orthologous protein sequence alignment of FOXL2 from humans, bovine, pig (S. scrofa), and rabbit. The

mutated residue 234-235 showed highly conserved among species.

and EXAC database (that is, the mutation frequency of this
mutation in normal population was 0). This mutation resulted
in the insertion of 10 amino acids into the encoded polyalanine
chain, which increased the number of original polyalanine
chains from 14 to 24, resulting in an extended protein.
Furthermore, in silico analysis by the prediction programs for
variant of ¢.672 701ins GCGGCTGCCGCCGCAGCTGCT
GCAGGCGCT, mutation taster obtained prediction score of
1 and indicated disease causing. This amino acid change was
probably damaging predicted by PolyPhen-2 (score=1.000)
and SIFT (score=0.00) programs.

In this Chinese BPES family, the heterozygous insertion
mutation ¢.672 70lins GCGGCTGCCGCCGCAGCTG
CTGCAGGCGCT (p.Ala234 Gly235linsAAAAAAAAGA)
were identified and protein function predicted. In this
mutation, the alanine at position 234 was highly conserved
among different species by proteomic conservation analysis
(Figure 4). In general, this pathogenic variant is likely to be
the causative mutation for the disease phenotype in this family.
The segregation of the p.Ala234 Gly235linsAAAAAAAAGA

mutation within the family was verified because it was only
present in all affected individuals but not present in other
normal family members. The population frequency analysis
showed this mutation in normal population was 0. There are no
other potential pathogenic variants detected in this study. The
well-established correlations between the genes mutated and
the disease phenotypes for this family.

DISCUSSION

BPES is an autosomal dominant disorder caused by
monoallelic mutations of the FOXL2 gene". In this study, we
reported a novel heterozygous insertion mutation ¢.672_701ins
GCGGCTGCCGCCGCAGCTGCTGCAGGCGCT
(p-Ala234 Gly235linsAAAAAAAAGA) in the FOXL2 gene
in a BPES pedigree.

In our study, the clinical diagnosis was BPES type II. As
previously reported, genetic defects involving the FOXL2
gene can be identified in nearly 90% of BPES patients'”.
The mutations included missense mutations, premature stop
codons, expansions of the region encoding the poly-Ala
tract and frameshift mutations leading to a shorter or longer
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protein''!. However, the correlation between BPES types
and mutation type remains to be further defined. Poly-Ala
expansion mutations usually lead to BPES type II, whereas
truncations before the poly-Ala tract often led to BPES type
I'"*"% The heterozygous insertion mutation detected of our
research also verified the relationship between the genotype
and phenotype.

FOXL2 mutations have been classified according to
their predicted function of the protein. The mutations
that cause truncated proteins can be classified into four
categories: protein without forkhead domain (A); protein
with a partial forkhead domain (B); protein with complete
forkhead domain, but without poly-Ala tract (C); and
predicted frameshift variants that lead to truncated proteins
with complete forkhead (D) and poly-Ala domains. In
addition, group E includes mutations causing elongation
of FOXL2 protein, group F includes in-frame changes,
group G are missense mutations, and group H comprises
chromosomal rearrangements disrupting FOXL2"*",
Thus, in our study, the insertion mutation c¢.672 701lins
GCGGCTGCCGCCGCAGCTGCTGCAGGCGCT
(p-Ala234 Gly235linsAAAAAAAAGA) was classified to
group E.

Two FOXL2 hotspots have been identified in BPES subjects.
One of them is located at the polyproline tract domain
(amino acids 283 a 288), accounting for 13% of all described
intragenic mutations. The other FOXL2 hot spot is located
at the polyalanine tract and is associated with about 30%
of all pathogenic FOXL2 changes'*. The mutation of our
study was located at this region and was predicted to extend
the tract of alanine. Poly-Ala expansions cause aggregation,
mislocutions, and intranuclear mobility of the protein'®.
These suggest that the novel mutation ¢.672_701ins GCGGCT
GCCGCCGCAGCTGCTGCAGGCGCT (p.Ala234_Gly235
linsAAAAAAAAGA) in the FOXL2 gene may be pathogenic
and thus responsible for the pathogenesis of BPES patients.

It has been reported that the variation of different base changes
¢.672 701dupGCGGCTGCAGCCGCAGCTGCTGCAGC
CGCT (p.Ala234 Gly235insAAAAAAAAAA) at the same
position as the mutation in this study at the same position
was detected in patients with a number of BPES patients' ",
About 30% of the patients caused by this duplicate mutation
related to type Il BPES, but rarely reported in the Asian people.
In this study, the insertion mutation of this locus was reported
for the first time, which again proved that this region was the
hot spot of BPES mutation.

Due to congenital ptosis, inverted inner canthus and narrow
eyelid fissure at birth, patients with BPES are disturbed,
inhibited and deprived of visual stimulation during the critical
period of visual development, which eventually leads to visual
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development disorders and amblyopia. Early diagnosis and
treatment of congenital ptosis will help to prevent and manage
these eye abnormalities. We examined the refractive status of
8 patients from this family after excluding other eye diseases.
Among them, 2 adults presented severe amblyopia without
surgical treatment, and 2 adults showed moderate amblyopia
after surgical treatment 10 years ago. The remaining 4 patients
were aged between 10 and 19 years old, accompanied by
varying degrees of ametropia and amblyopia. They were
currently undergoing a one-stage surgical treatment (epicanthus
correction and eyelid fissure enlargement). This finding also
confirmed that patients with BPES can have amblyopia and
ametropia at the same time. However, due to the small number
of cases, a detailed description of the visual function of patients
with BPES could not be made. Since BPES has a serious
impact on the visual function of children, early diagnosis and
treatment of congenital ptosis will help to prevent and manage
these eye abnormalities.

In conclusion, we identified a novel FOXL?2 insertion mutation
c.672 701ins GCGGCTGCCGCCGCAGCTGCTGCA
GGCGCT (p.Ala234 Gly235linsAAAAAAAAGA) in a
Chinese family with BPES type II. The mutation was located
at the polyalanine tract and first reported in the Asian people.
The phenotypes of the pedigree included small palpebral
fissures, ptosis, telecanthus and epicanthus inversus with
normal fertility. The present study amplified the genotypic
spectrum of FOXL2-BPES and better illustrates its genotype-
phenotype correlations, which provided a basis for elucidating
the pathogenesis of BPES and genetic counseling.
ACKNOWLEDGEMENTS

Conflicts of Interest: Rong WN, None; Ma MJ, None; Yang

W, None; Yuan SQ, None; Sheng XL, None.
REFERENCES

1 Bertini V, Valetto A, Baldinotti F, Azzara A, Cambi F, Toschi
B, Giacomina A, Gatti GL, Gana S, Caligo MA, Bertelloni S.
Blepharophimosis, ptosis, epicanthus inversus syndrome: new report
with a 197-kb deletion upstream of FOXL2 and review of the literature.
Mol Syndromol 2019;10(3):147-153.

2 Verdin H, De Baere E. Blepharophimosis, ptosis, and epicanthus
inversus. Seattle:University of Washington, GeneReviews, 2015:1-18.

3 Beysen D, de Paepe A, De Baere E. FOXL2 mutations and genomic
rearrangements in BPES. Hum Mutat 2009;30(2):158-169.

4 Yang XW, He WB, Gong F, Li W, Li XR, Zhong CG, Lu GX, Lin G, Du
J, Tan YQ. Novel FOXL2 mutations cause blepharophimosis-ptosis-
epicanthus inversus syndrome with premature ovarian insufficiency.
Mol Genet Genomic Med 2018;6(2):261-267.

5 Fan JY, Han B, Qiao J, Liu BL, Ji YR, Ge SF, Song HD, Fan XQ.
Functional study on a novel missense mutation of the transcription
factor FOXL2 causes blepharophimosis-ptosis-epicanthus inversus

syndrome (BPES). Mutagenesis 2011;26(2):283-289.



Int J Ophthalmol, Vol. 14, No. 4, Apr.18, 2021 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

6 Caburet S, Georges A, L'Hote D, Todeschini AL, Benayoun BA,
Veitia RA. The transcription factor FOXL2:at the crossroads of
ovarian physiology and pathology. Mol Cell Endocrinol 2012;356(1-2):
55-64.

7 Beysen D, De Jaegere S, Amor D, et al. Identification of 34 novel
and 56 known FOXL2 mutations in patients with Blepharophimosis
syndrome. Hum Mutat 2008;29(11):E205-E219.

8 Zhou L, Wang JQ, Wang TL. Functional study on new FOXL2
mutations found in Chinese patients with blepharophimosis, ptosis,
epicanthus inversus syndrome. BMC Med Genet 2018;19(1):121.

9 Grzechocinska B, Warzecha D, Wypchto M, Ploski R, Wielgos
M. Premature ovarian insufficiency as a variable feature of
blepharophimosis, ptosis, and epicanthus inversus syndrome associated
with ¢.223C>T p.(Leu75Phe) FOXL2 mutation: a case report. BMC
Med Genet 2019;20(1):132.

10 Hu JM, Ke HN, Luo W, Yang YJ, Liu HL, Li GY, Qin YY, Ma JL,
Zhao SD. A novel FOXL2 mutation in two infertile patients with
blepharophimosis-ptosis-epicanthus inversus syndrome. J A4ssist
Reprod Genet 2020;37(1):223-229.

11 Bunyan DJ, Thomas NS. Screening of a large cohort of
blepharophimosis, ptosis, and epicanthus inversus syndrome patients
reveals a very strong paternal inheritance bias and a wide spectrum of
novel FOXL2 mutations. Eur J Med Genet 2019;62(7):103668.

12 Crisponi L, Deiana M, Loi A, Chiappe F, Uda M, Amati P, Bisceglia L,
Zelante L, Nagaraja R, Porcu S, Ristaldi MS, Marzella R, Rocchi M,
Nicolino M, Lienhardt-Roussie A, Nivelon A, Verloes A, Schlessinger
D, Gasparini P, Bonneau D, Cao A, Pilia G. The putative forkhead
transcription factor FOXL2 is mutated in blepharophimosis/ptosis/
epicanthus inversus syndrome. Nat Genet 2001;27(2):159-166.

13 Xue M, Zheng J, Zhou Q, Hejtmancik JF, Wang Y, Li SL. Novel
FOXL2 mutations in two Chinese families with blepharophimosis-

ptosis-epicanthus inversus syndrome. BMC Med Genet 2015;16:73.

14 Chacon-Camacho OF, Salgado-Medina A, Alcaraz-Lares N, Lopez-
Moreno D, Barragan-Arévalo T, Nava-Castafieda A, Rodriguez-
Uribe G, Lieberman E, Rodriguez-Cabrera L, Gonzalez-Del Angel
A, Borbolla AM, Fernandez-Hernandez L, Graue-Hernandez EO,
Zenteno JC. Clinical characterization and identification of five novel
FOXL2 pathogenic variants in a cohort of 12 Mexican subjects with
the syndrome of blepharophimosis-ptosis-epicanthus inversus. Gene
2019;706:62-68.

15 De Baere E, Dixon MJ, Small KW, Jabs EW, Leroy BP, Devriendt
K, Gillerot Y, Mortier G, Meire F, van Maldergem L, Courtens W,
Hjalgrim H, Huang S, Liebaers I, van Regemorter N, Touraine P,
Praphanphoj V, Verloes A, Udar N, Yellore V, Chalukya M, Yelchits S,
de Paepe A, Kuttenn F, Fellous M, Veitia R, Messiaen L. Spectrum of
FOXL2 gene mutations in blepharophimosis-ptosis-epicanthus inversus
(BPES) families demonstrates a genotype--phenotype correlation. Hum
Mol Genet 2001;10(15):1591-1600.

16 Elzaiat M, Todeschini AL, Caburet S, Veitia RA. The genetic make-
up of ovarian development and function: the focus on the transcription
factor FOXL2. Clin Genet 2017;91(2):173-182.

17 Ramirez-Castro JL, Pineda-Trujillo N, Valencia AV, Muiieton CM,
Botero O, Trujillo O, Vasquez G, Mora BE, Durango N, Bedoya G,
Ruiz-Linares A. Mutations in FOXL2 underlying BPES (types 1 and 2)
in Colombian families. Am J Med Genet 2002;113(1):47-51.

18 Dollfus H, Stoetzel C, Riechm S, Lahlou Boukoffa W, Bediard
Boulaneb F, Quillet R, Abu-Eid M, Speeg-Schatz C, Francfort
JJ, Flament J, Veillon F, Perrin-Schmitt F. Sporadic and familial
blepharophimosis -ptosis-epicanthus inversus syndrome: FOXL2
mutation screen and MRI study of the superior levator eyelid muscle.
Clin Genet 2003;63(2):117-120.

19 Vincent AL, Watkins W1J, Sloan BH, Shelling AN. Blepharophimosis
and bilateral Duane syndrome associated with a FOXL2 mutation. Clin

Genet 2005;68(6):520-523.

509



