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Dear Editor,
Axenfeld-Rieger syndrome (ARS) is a rare autosomal dominant
disorder characterized by ophthalmologic anterior segment ab-
normalities and extraocular findings, including dental anoma-
lies, cardiovascular outflow tract malformations, and craniofacial
abnormalities [1]. Mutations in paired like homeodomain 2 (PITX2)
and forkhead box C1 (FOXCI) genes, which play important roles
in embryonic development, are responsible for causing ARS [2].
Affected individuals with PITX2 mutations typically have syste-
mic abnormalities in addition to ophthalmologic issues, while
FOXC1 mutations are mainly associated with ocular lesions [3].

PITX2 is a member of the paired class of homeodomain tran-
scription factors and affects the development of various anterior
segment tissues that originate from the neural crest as well as
several extraocular tissues such as the heart [4]. Missense, non-
sense, and frameshift pathogenic variants of PITX2 have been
identified in ARS [5]. These pathogenic variants are thought to
affect the expression of PITX2.

In Korea, one family with PITX2-related ARS and two families

with FOXC1-related ARS have been reported [6-8]. Here, we
present the clinical findings of a Korean ARS family carrying a
novel pathogenic PITX2 variant.

The proband (I-1) was a 46-year-old woman who had been
treated for several years for glaucoma in the right eye. The pa-
tient had been blind in the left eye for the last 10 years and lacked
a detailed medical history. At ophthalmologic examination, the
patient showed corneal opacity in both eyes, with more severe
presentation in the left eye. Visual acuity was 20/100 in the right
eye, with no light perception in the left eye. Intraocular pressure
(IOP) was 30 mmHg in the right eye. The right eye showed cor-
neal endothelial decompensation, posterior embryotoxon, iris
atrophy, and corectopia. She underwent corneal transplant for
the right eye. One year later, she underwent glaucoma surgery
because of uncontrolled I0P elevation. The patient had no sys-
temic findings.

The 22-year-old second daughter (lll-2) of the proband un-
derwent ophthalmic examination because of her mother’s ocu-
lar history. Visual acuity was 20/20 in both eyes. Anterior seg-
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Fig. 1. Pedigree of the family with Axenfeld-Rieger syndrome (ARS) and results of PITX2 mutation analysis for the proband and proband’s
second daughter. (A) Open symbols indicate no signs or symptoms of ARS. Filled symbols represent affected individuals. Grey symbols in-
dicate an individual who likely carries, but was not tested for, the PITX2 mutation. The arrow indicates the proband. (B) Sequencing analy-

sis identified ¢.475_476delCT (p.Leu159Valfs*39) mutation.

ment examination revealed posterior embryotoxon in both eyes,
but no other abnormalities or glaucomatous optic nerve damage
were found. Detailed glaucoma investigation, including visual
field testing, revealed no abnormal signs. The patient showed
microdontia, but no other systemic abnormalities were detected.

Under diagnostic suspicion of ARS, the proband'’s FOXC1 and
PITX2 were sequenced after obtaining informed consent. Ge-
nomic DNA was isolated from peripheral blood leukocytes using
the Wizard Genomic DNA Purification kit (Promega, Madison,
WI, USA). All exons and their flanking intronic regions were am-
plified by polymerase chain reaction using primers designed by
the authors (available on request), and Sanger sequencing was
performed using an ABI Prism 3730xI Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA). A novel heterozygous 2-bp
deletion (c.475_476delCT) in PITX2, which was predicted to re-
sult in a frameshift and premature termination of PITX2 (p.Leu-
159Valfs*39), was detected. No pathogenic FOXC1I variants were
detected. Similar genetic analysis of the second daughter con-
firmed inheritance of the ¢.475_476delCT (p.Leu159Valfs*39)
variant (Fig. 1).

The ¢.475_476delCT variant was absent in dbSNP (build 149),
Exome Aggregation Consortium (http://exac.broadinstitute.org/),
and Korean reference genome databases at the time of the study
(2017). This PITX2 c.475_476delCT variant can be considered
a “pathogenic” variant according to the 2015 American College
of Medical Genetics and Genomics and Association guidelines
based on the following factors: (1) the variant is expected to cause
premature termination (PVS1), (2) the variant is absent in large-
population databases (PM2), and (3) patient phenotype is highly
specific for the disease (PP4) [9].
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Ten cases of genetically confirmed ARS have been reported
in Korea, in addition to the present two cases. The clinical fea-
tures, including ocular and extraocular symptoms, and molecu-
lar features of these cases are described in Table 1.

Glaucoma is observed in approximately 50% of the ARS cases;
however, for the proband’s daughters (Ill-1, 2, and 3), no glau-
comatous optic nerve damage was detected despite the pres-
ence of signs consistent with ARS [10]. The first daughter (IlI-1)
showed microdontia without other systemic abnormalities or oc-
ular signs. Visual acuity and IOP were in the normal range, and
anterior segment examination and optic disc were normal. The
second daughter (lllI-2) showed a typical ocular anterior seg-
ment finding of ARS, namely, posterior embryotoxon. However,
no other ocular findings such as iris atrophy, corectopia, or glau-
comatous optic nerve damage were present. Similar to her elder
sister, she had microdontia, but no other systemic abnormali-
ties. The third daughter (11l-3) underwent ophthalmologic exam-
inations at an outside clinic, but no abnormalities were detected.
She had neither microdontia nor systemic abnormalities.

In conclusion, we identified a novel pathogenic PITX2 variant
(c.475_476delCT;p.Leulb9Valfs*39). This report will deepen
our understanding of the genetic background of Korean ARS
patients.
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Table 1. Clinical features of genetically confirmed Axenfeld-Rieger syndrome patients in Korea
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Case No. Sex/Age (year)

Ocular effects

Extraocular effects

Gene

Mutation

Reference

1 M/40

2 w12

3 F/11

4 F/10

5 M/80

6 F/53

7 M/49

8 M/19

[10P

Glaucoma

Haab’s striae

Iris atrophy

Corectopia

Iridocorneal adhesion
[10P

Glaucoma

Haab’s striae

Iris hypoplasia
Prominent iris processes
Anterior insertion of the iris
Broad-based synechia
[10P

Glaucoma

Haab’s striae

Iris hypoplasia
Prominent iris processes
Anterior insertion of the iris
Broad-based synechia
Posterior embryotoxon
[10P

Glaucoma

Haab’s striae Iris hypoplasia
Prominent iris processes
Anterior insertion of the iris
Broad-based synechia
Posterior embryotoxon
110P

Glaucoma

Iridocorneal adhesion
Iris hypoplasia

Band keratopathy
Glaucoma

Iridocorneal adhesion
Iris hypoplasia

Band keratopathy
Retinal detachment
Glaucoma

Iridocorneal adhesion
Iris hypoplasia

Iris hole

Corectopia

[10P

Glaucoma

Iridocorneal adhesion
Iris hypoplasia

Flat midface
Hypertelorism
Telecanthus

Flat, broad nasal bridge

Flat midface
Hypertelorism
Telecanthus

Flat, broad nasal bridge

Flat midface
Hypertelorism
Telecanthus

Flat, broad nasal bridge

Flat midface
Hypertelorism
Telecanthus

Flat, broad nasal bridge

None

None

None

None

FOXCI

FoXc1

Foxc1

FOXCI

FOXCI

FOXCI

FOXCI

FOXCI

c.317delA

c.317delA

c.317delA

¢.317delA

¢.1142_1144insGGC

€.1362_1364insCGG

€.1362_1364insCGG

¢.1142_1144insGGC

€.1362_1364insCGG

Kim et al [6]

Kim et al[6]

Kim et al[6]

Kim et al [6]

Yang et al[7]

Yang et al[7]

Yang et al[7]

Yang et al[7]
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Table 1. Continued
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Case No. Sex/Age (year)

Ocular effects

Extraocular effects

Gene Mutation Reference

9

10

12

F/4 [10P

Glaucoma

Iridocorneal adhesion
Prominent Schwalbe’s line
Prominent iris processes
Anterior insertion of the iris
Corectopia

Posterior embryotoxon
Prominent Schwalbe’s line
Iris atrophy

Anterior insertion of the iris
Prominent iris processes
Corectopia

Posterior embryotoxon

[10P

Glaucoma

Corneal endothelial decompensation
Iris atrophy

Corectopia

Posterior embryotoxon

F/35

F/46 None

F/22

Microdontia

Microdontia
Redundant periumbilical skin

Microdontia

PTIX2 ¢.300_301delinsT Yun et al[8]

PTIX2 ¢.300_301delinsT Yun et al[8]

PTIX2 c.475_476delCT This report

PTIX2 ¢.475_476delCT This report

Abbreviation: II0P, increased intraocular pressure.
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