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Clinical Features and Molecular Characteristics of Korean Patients with
Congenital Aniridia
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Purpose: To introduce clinical features and molecular characteristics of Korean patients with congenital aniridia.

Methods: Patients with iris hypoplasia were diagnosed clinically as congenital aniridia and were included in the study. Best cor-
rected visual acuity (BCVA) and associated ocular abnormalities (including severity of iris hypoplasia, nystagmus, keratopathy,
and foveal hypoplasia), and findings in optical coherence tomography were analyzed. PAX6 analysis,multiplex ligation-depend-
ent probe amplification (MLPA), genomic molecular karyotyping, and candidate gene sequencing were performed to detect ge-
netic abnormalities.

Results: 28 patients from 18 families were included in the study. BCVA varied from hand motion to 20/25. No manifest nystagmus
was found in 3 patients, but the rest of the patients had pendular horizontal nystagmus. Keratopathy was found in 23 patients,
cataracts in 12 patients, and glaucoma in 4 patients. All patients had foveal hypoplasia, including one case with a subtle
phenotype. The PAX6 mutation was detected in 13 families out of 18;2 (p.Trp162Leufs*38,p.Gly409Arg) were novel,3 families
had the miss ensemutation, and 3 families had alargedeletion in the PAX6 gene.

Conclusions: This study adds 2 novel PAX6 mutations related to congenital aniridia to those previously reported. Congenital
aniridia is a serious, sight-threatening ocular malformation, but central vision and the degree of iris hypoplasia were highly
variable. The PAX6 mutation was detected in 72% of the patients in this study, and there were no specific clinical features differ-
entiating aniridia with and without PAX6 mutations.
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PAX6 37} B0l AEA}

PureGene DNA purification kit (Gentra systems, Minneapolis,
MN, USA)E o|&siA Tz FHo wEfo|a [HA
DNA A|2/59ie). A|2/2 DNAL HYHwA2 olgsto]
F= SHTHL ARE WFo] -20°C] HEsRith PAX6
7Y RE QFEstE oda 2 i EE A
= A4 ¥H-(polymerase chain reaction, PCR).S.

A
2 ZE31%Itk PCR A|EA|(primer)= Primer 3 (available




ror

at http://frodo.wi.mit.edu/primer3/)S} Love et al’o] A|¢lat
Hoz HAS e PCR A23HE2 ABI 3130x] Genetic
analyzer (Applied Biosystems, Foster City, CA, USA)E ©]
83l0] PO W/1NAL 2HFAL GenBank se-
quence (accession no. NM_000280.3)¢] w2} 243}t &
AR E9dHo] W2 Human Genome Variation Society
(available at: http://www.hgvs.org/mutnomen/)¢] Hi11E w}
gk Z235E 7|4 Do A= AHEA DNA (complemantary
DNA) 29 2| =(nucleotide) HEE Adenine-Thymidine-
Guanine (ATG) §1¢] 7)A] Z=2] A +12 WiZ3L, o] A
T5A 07 #ol= PAX6 complementary DNA S XA of| 4]
3639 A710] sfgeeh” AM=E The(missense) EXHO]
oF QIEZ0] Halo it 7V A
at: http:/sift.bii.a-star.edu.sg/)7} NetGene2 server (available
at: http://www.cbs.dtu.dk/services/NetGene2/) & ARE-3]A #
el

SIFT program (available

Multiplex Ligation-dependent Probe Amplification (MLPA)
ER

AR e A
PAXS §771] 2 A 5918 SRlsh] $I5tol MLPA 2
A rtAog Aldgsteth EAol= Commercial kit
P219 PAX6 (MCR Holland, Amsterdam, The Netherlands)”}
Ol §E AL, AlEAY] AAE ALSHA Witk A= A
2F51E] MLPA A}l&+= GeneMaker v7.0 software (SoftGenetics,
State College, PA, USA)E ©]&3}o] EAI5}ct

Az B

Table 1. PAX6 gene analysis in 18 probands
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frAA 2] A #F £4|(Genomic molecular karyotyping)

PAX6 47 EA oA EdHo7 HAREA] 32 HE
FAEOA HQlo] = FAA e W] Hell
ARl wA oy AT R G0 @7NG A%
(candidate gene sequencing)S A|8Y3lHTt F-AA EAF &
3 BAS 93), Human Genome 244K CGH microarray
platform (Agilent Technologies, Inc., Santa Clara, CA, USA)
2 olgslo] vl 7 amay-based) 30 £70] E comparatve
genomic hybridization, CGH) 2.2 A% A DNAS] Ho|&
oI5ty B E AL Agilent®] ¥5F 2 EZ(Version
4He web 359, Ho]El= DNA analytics 4.0.76
(Agilent Technologies, Inc.)o.2 HA3}3ch

A

N

v

TR 2AR G7)1AE 4 (Candidate gene sequencing)

PAX6 3RS EARol7F AR A] b2 SRS A=
FOXC1, PITX2, PITX3, FOXE3, CYPIBl G7AA}2] &7 A
Qe Fu 4L BAoR ARttt R 9a4 5
o] §417} PCR % ATFE-& o] o] Alekel AjeAe} 3
AolA B Fx fAiAe] B TYH BE
o AeE A4 Qg 2 wen Aasiec

i e

A i
SIS MEE E4
B ooAgols 18719 % 28wel A} wakE| ek
PAX6 AR Q7N ARAAT 107142] 1792] 24

Case PAX6 mutation Consequence Exon/Intron Domain Status/Reference
1A c.128C>T p.Ser43Phe Exon 5 PD Previously reported"’
2A c.399 + 1IG>A (IVS3 [+1] G>A) Splice defect Intron 7 Linker Previously reported23
3 c.484 485insT p.Trp162Leufs*38 Exon 7 Linker Novel

4A c.622C>T p.Arg208Trp Exon 8 HD Previously reported*
5 ¢.683-9C>G (IVS8-9C >G) Splice defect Intron 8 HD Previously reported17
6 c.718C>T p-Arg240X Exon 9 HD Previously reported5
7 c.949C>T p-Arg317X Exon 11 PST Previously reported*
8A c.1225G>C p-Gly409Arg Exon 13 PST Novel

9A c.1268A>T p-X423Leu Exon 13 3" Untranslated Region  Previously reported25
10A c.1268A>T p-X423Leu*15 Exon 13 3" Untranslated Region  Previously reported25
11 Exon 1-4 deletion MLPA kit P219
12 Whole exon deletion WAGR MLPA kit P219
13 Whole exon deletion WAGR MLPA kit P219
14A No mutation found

15 No mutation found

16 No mutation found

17A No mutation found

18 No mutation found

PD = paired domain; HD = homeodomain; PST = proline-serine-threonine-rich domain; MLPA = multiplex ligation-dependent probe am-
plification; WAGR = Wilms tumor, aniridia, genitourinary anomalies, and mental retardation.
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Table 2. Phenotypic data of the 20 patients having PAX6 mutation

HMo7H M9oE-

wEAoA EdWol7t HARA] o2 1179 A5 A
MLPA 4% Aajstel 319] Sjol 2 Aol A
o2 WA 1% 299] WA PAYS 7R} 21
gk WT1 524210 = dAld(1-14)9] & ZH(large chro-
mosomal deletions)©] A3, 71 A WAGR S37(E5

& |

25, T, v

EPCRCEE DIEEE

719, BAAA) = At

BT Sa G147 4714

Case Age/ Inheritance Mutation BCVA  Iris anomaly Nystagmus Foveal. Keratopathy Others Severity
Sex type hypoplasia
1A 04/F AD Missense FF Iris remnant, ++ + +/- Ectropion uvea, Severe
~70% corectopia
1B 30/F Mother of Missense 20/80  Iris remnant, + 4+ + + 4+ Ectropion uvea, Moderate
1A ~50% corectopia, cataract
2A 04/F AD Splice FF Thin rim of + + + - Moderate
defect iris, ~10%
2B 30/F Mother of  Splice 20/80 Thin rim of + + ++ Cataract, glaucoma  Moderate
2A defect iris, ~10%
3 3.5/F Sporadic Frameshift 20/200 Near-total ++ ++ +/- Null zone nystagmus  Severe
absence of iris with face turn
4A 25/F AD Missense 20/300  Iris remnant, ++ + +++ Cataract, Severe
~80% microcornea
4B 54/F Mother of Missense 20/100 Iris remnant, + + ++ Microcornea Moderate
4A ~80%
5 4/F  Sporadic Splice  20/160  Iris remnant, +/- + + Ectropion uvea, Mild
defect ~80% OD; corectopia
thin rim,
~20% OS
6 3/F  Sporadic Nonsense 20/400 Near-total + ++ + Severe
absence of iris
7 18/F  Sporadic Nonsense 20/200  Thin rim of + + + Cataract Severe
iris, ~10%
8A 1/M AD Missense FF Iris remnant, ++ ++ +++ Ectropion uvea, Severe
~50% corneal opacity,
cataract
8B 42/F Mother of Missense 20/160 Iris remnant, ++ ++ + Cataract, glaucoma Severe
8A ~80%
9A 3M AD Run-on  20/400 Near-total ++ ++ + Cataract Severe
absence of iris
9B  26/M Fatherof Run-on 20/125 Near-full iris ++ ++ ++ Cataract Moderate
9A
10A 2.5/M AD Run-on FF Iris remnant, + ++ +/- Iridocorneal Severe
~80% adhesion, hearing loss
10B  9/F Sister of ~ Run-on 20/80  Iris remnant, + ++ +/- High myopia, hearing Moderate
10A ~80% loss
10C 43/M  Father of Run-on  20/100 Iris remnant, + ++ + Cataract Moderate
10A ~80%
11  0.5/M Sporadic Large FF No iris ++ ++ - Glaucoma Severe
deletion
12 0.5/F  Sporadic Large FF No iris ++ ++ - WAGR Severe
deletion
13 0.3/M  Sporadic Large FF Near-total ++ ++ +++ WAGR, cataract, Severe
deletion absence of iris glaucoma

BCVA = best corrected visual acuity; AD = autosomal dominant; FF = fix and follow; +++ = severe; ++ = moderate; + = mild; +/-
= very subtle or minimal; - = none; WAGR = Wilms tumor, aniridia, genitourinary anomalies, and mental retardation.
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Table 3. Phenotypic data of the 8 patients without PAX6 mutation
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Case gii/ BCVA Iris anomaly Nystagmus hyll:)(());::;ia Keratopathy Others Severity

14A 2/F FF No iris +++ ++ - Developmental delay Severe

14B 27/F Mother of 14A  20/200  Thin rim of iris, +++ ++ ++ Cataract, optic Severe
~5% atrophy

15 5/F 20/25 No iris +/- + - Very mild

16 4/M 20/400 No iris ++ ++ - Severe

17A 1/F FF Iris remnant, ++ ++ - Severe
~80%

17B 3/M  Brother of 17A  20/200 No iris ++ ++ +/- Severe

17C 31/F Mother of 17A  20/160 Near-total ++ ++ ++ Cataract Severe

absence of iris
18 3/M 20/200 Iris remnant, +/- +/- - Mild

~80%

BCVA = best corrected visual acuity; AD = autosomal dominant; FF = fix and follow; +++ = severe; ++ = moderate; + = mild; +/-
= very subtle or minimal; - = none.
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Figure 1. Patients with PAX6 mutation. (A-C) Case 10B carries a run-on mutation of PAX6. (A) Anterior segment image showing
iris hypoplasia, about 20% of iris remnants, but no significant keratopathy and cataract. (B) Fundus image showing marked foveal
hypoplasia. (C) Loss of foveal depression is seen in optical coherence tomography. (D, E) Case 9B carries a run-on mutation of
PAX6. (D) Anterior segment image showing subtle iris hypoplasia. (E) But fundus image demonstrates moderate degree of foveal
hypoplasia.
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Figure 2. Patients without PAX6 mutation. (A-C) Case 18. (A) Anterior segment image showing mild degree of iris hypoplasia. (B)
Subtle foveal hypoplasia was seen in fundus image. (C) Near normal foveal depression was also demonstrated in optical coherence
tomography. (D-F) Case 17B. (D) Anterior segment image showing complete abscence of iris. (E) Fundus image showing moderate
degree of foveal hypoplasia. (F) Loss of foveal depression was seen in optical coherence tomography.

ISt PAXS §A1A0] Beldlol/h WslA] g SH] ofob  AlBe ool miE 082, $ 4FC] BAYS nytk F
2, 519 ST PAASHEEANE Ao QAL @l 17BE PAXG fAARe] Selo]rh wrdslx) ghe 34
o

3} OCTO| A =% it Fag sk Mola) gof, Aty ol Fahel ST YA} o, AAARLIE OCTo|
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Figure 3. Familial patients with missense mutation of PAX6. (A, B) Case 8A. (A) Anterior segment image showing moderate degree
of iris hypoplasia, peripheral corneal opacity and cataract. (B) Fundus image showing moderate degree of foveal hypoplasia. (C-E)
Case 8B (mother of 8A). (C) Anterior segment image showing mild degree of iris hypoplasia and cataract, but no definite corneal
opacity. (D) Fundus image showing moderate degree of foveal hypoplasia. (E) Optical coherence tomography also showing flat fo-

veal contour.
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2 ATKFig. 2).
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rs) o] MX{A I:l;'|-|50| 0|A|'O|=Al"l|- =] I-OI St E A
25 B0 MHY SEUE Bxto) YNNI EXISHAH SN2 B0 AoHsI
AT W SHEANGIES SHoR YusioR e SR0 MY ZEME UXE HAoR S ANnEA, SxY
dxotE el M, St MxIstEe Hr U SEHE 0|8AAS 7|S5610f 2M6IRULE PAXE RIS HO|2M S dHoEIzE
SEYH BN |UA S X Y 24 Y SH RUL} GVIME BAE ST EXNGUYHE HAZETE 2MSIAULE
Ao} 187HA19] & 28FHe| XUt (U i FAIZ2 st AEE SH0| 76t E 190 A 20/40001M 20/259]
HeIRL, IF 20/200 0[5t2] AlZg Ol 2txt= 9HOIRACH47%). HHFHENEISE M oo 2ELUT, IS 1H2 iR S
O|%UCt, PAXE STXt Mg A™SH 1871 & 137HA0IN STXt HO|7F UAZFSH, 2709 M2E #0|(p. Trp162Leufs*38,
p.Gly409Arg) 7t LAZRACH LAZ HO| S 370 M 2 =HHO|(missense mutation), EE CHE 37tAN M= PAXE SXX 2

Qo] & Z&(large chromosomal deletions)s E XLl

ZE: MY RENST AEtE 2719 M2R2 H0|E €sto 2sk= HiolD, My REEME2 AES ¢
710IXIT SAAE, SMEEXNGIEL Hre M CHUSHUCE TIA| 74A[2] 72%0Il M PAXE RISl SHHO| 7}
AHO| R0 2HAGI0] AB0M SSVHA| LYot AHEZHO| JuANS HHFIICH

(CHBtotItSt 3| X| 2016:57(9):1441-1450)
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