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PCRE AA9H. FT%E DNAT ethidium
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Table 1. Clinical features of patients with aniridia and associated anomalies
: Age Famil Phenotypes
Pattent No. (yeirs) sex historz FH* N co' catt s" G P wr" asD™  pm"
1 34 F + + + + + + + - - - +
2 30 M + + + + + + + - - - -
3 42 F - + + + + + - - - - -
4 40 M + + + + + + - - - -
5 42 M + + + + + - - -
6 10 M + + + + - - -
7 18 F + + + + - - - - -
8 F + + + + + + + -
9 F + + + + + - - -
10 10 F + + + + - - - -
11 32 M + + + - + + + - - -
12 15 M + + + - + - - - - - -
* FH=foveal hypoplasia *N:nystagmus; *CO=corneal opacity; ¥ CAT=cataract; " S=strabismus; ~ G=glaucoma; ** P=ptosis
" WT=Wilms tumor; * ASD=atrial septal defect; Y DM=diabetes mellitus.
Table 2. Molecular analysis of PAX6 mutations with their predicted products
Exon/Intron  Systematic name  Codon Type of mutation  Predicted amino acid change  Patient number References
Exon 5 c.414G>C 18 Missense Glycine to Arginine 5,6 Novel
Exon 5 c.492C>T 44 Nonsense Arginine to stop codon 1, 4,9, 10 Reported
Intron 6 IVS6+1insG Insertion Splicing error 11 Novel
Exon 7 c.777G>C 139 Missense Alanine to Proline 8 Novel
Exon 7 ¢.779A>C 139 Transition Silent mutation 3, 12 Novel
Exon 7 c.785C>A 141 Transition Silent mutation 2 Novel
Exon 7 ¢.830G>A 156 Nonsense Tryptophan to stop codon 7 Reported
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Figure 1. Mutations of the PAX6 gene in patients. (A) A single guanine residue transversion to cytosine (c.414G>C (G18R) in
exon 5). (B) A single cytosine residue transition to thymine (c.492C>T (R44X) in exon 5). (C) A single guanine residue
insertion (IVS6+1insG in intron 6). (D) A single guanine residue transversion to cytosine (c.777G>C (A139P) in exon 7). (E) A
single adenine residue transition to cytosine (c.779A>C (A139A) in exon 7). (F) A single cytosine residue transition to adenine
(c.785C>A (G141G) in exon 7). (G) A single guanine residue transition to adenosine (c.830G>A (W156X) in exon 7).

3) H7IMEEH A o}
PCR A3 3 ¥hA3t 22221 primer dimerE 1A
3}7] 98l 4E3}e PCR purification kit(SolGent, PAX6 FXAte| SOl 24
Korea) & o|-&3tdct. |7IME ¥4& 98l primer
dimer7} 2 AAE PCR 2FHES SolGentAHl 23 Direct sequencing techniques ©]-&3}
=

sted stk 97144 24 AHlZ Applied bio- PAX6 842 4Ho)A 13H74A9] exond] 5
systems company’s 3730 XL capillary DNA ol & X’\}s}‘ﬁ‘i} 5] HARlel e FHA EdW
segeuncer machine©| A%tk 2 BT Qo 1299 sAjoa 7EF A

m}n&rﬂﬁ

1796



Aol7} WARE AL, o5 exon 58} TollA 3+ 7)<
nucleotide®] X322 o]Foizl EAMo|2} intron
6914 3 7h9] nucleotide?] AYLO & o]FojR &4
Hol2 BAFQT. o] F 27HA= o]v] 3183 exon
5¢} 79 FojuEdAol ATt 183l AFA EHE b
7HA= exon 79 FAEFAMo] 27H4], exon 5} 79
A A e EAWe] 2714, intron 694 #4317
LFE fFEshe EdwWoldth(Table 2).

A7 EEAS E314] exon 59 ¢.492C)T¢} exon
79 ¢.830GHASY EAWHOIE HEUYlon o] F
exon 59 ¢.492C)TE 129 <] A} oA 3 7152
ofwye}l F o] oA AT 44 A =0
A3 4929 C)T X8-& arginine Z=9 CGAES
TAIZE] TGAZ Y WEs sttt &gk 156WA
FENA GHAZS] A8 tryptophan ZE=S TGG
2 ZAFES TCAR H3A|ZITH

Exon 5¢] 184 Z=% exon 79 1394 IZ=
oA G)CZY M3 717 glycines argininel =2,
alanines proline© =9 ¥slE Z#stH, o] F+ 7}
2 gejo] o EdHol = B Ao A HA"
Zolth,

Exon 79 ¢.779A)C%} ¢.785C)A+ £ AFlA
AEA A transition FHEIY EA™elo]d, intron
69 & 719 guanine o4 A AR/
£ z#ste] A5 PAX6 +AAV) vtew Tulde] 2
7] AR op7|8 Ao otk (Fig. 1).

1299) REAFEAE o] YA} o7 242t 6
Holglon, 199 847 1EES 2a g Aoz
o193 o] F 33 & @ HEOR ofviush F Hol
AT, FEAF olele) WAABORE YgzFU
DPFARES 71 B2 193 Fue 77 19]
A9ieh. LE AN HYN] TEAF PP ek
glom o)s} ExkE wol ole Hoksat
FAAAE QA7) 3901 BaEe™ UwiA 9
W % 298 1 2A9Y AYagAEe Fgl
A 0.4 tepsigon Aoz FUEYRA
Fike olg) o) APoT WAL BAAYT. F
Ak ARAT FEAL 1299 BE S0l W
Holom @drEde] 1199 Belq BRI

A

%

=

W, B9 ol7t 71955 AuEy 2 )

= S Uehiin

279) $4 F 5RelA AL
29,849tk FAZ O 399 B

b, 2wl B 300l B

o

2789 BAE A 9jshar qhetsldA = 23]
J

oy [z R 2 3e dr
BN
mN
i,
N
&2
32,
A
rt
>
ot
o
o
i
)
Hr
-3
©
=
[t

o X g% x2S
mlO E¢
jinss
o2
o
>,
o
Of
ol
R
k]
Au)
it
—
of,
lo
0%
S
=2
o,
o
r2 AN
o

N
Mr T
ofN m mu

]
ot
N X

B dys QA FEASEAE dide=®
PAX6 732 205 B3 Hx9] Haoth A
AFE2 direct sequencings o]&3ly F3% 3
7t A AR olE BRI 71 HaiH 2709 F
ojulEdo] o]Qfof] 571x]9] A2 FEjo] FRo]
£ dast

HAA7EA] A" PAX6 f-34Fe] E9Hol= Human
PAX6 Allelic Variant Database®] =59 1o
, FEASEANA 1 £ Eddole FouE
HolZ oA ot a8 FEAF o]9d &
HFFS Uelie 718 3 dRloz2 s e Edrio]
2 ®ugo] gtk PAX6 FAAe] FouEduol
o} o EAMol= BF ¢ 71 nucleotided] X3S
A ZAWololm, CpG transitiono] U7t A
oA 7} &3 single nucleotide substitution
o2 A Yo’ <17ke] PAX6 frAAlolE 45|
9] CpG dinucleotide ¥%#°] 9™ E3| exon 8
79, 10, 119 CGA Z=9) = 479 CpG YA
7} 7P B3 @i Ee 9o RRolg a1 F
exon 99 2404 I=3} exon 119 317HA Z=
o] arginine®] 7Fg &3 PAX6 A EdHo|=
A Qo B AdAe dAHA gt} 5ol
SHAIE B Aol diE Edwols PAX6 F34F
o] PD¥# LNK domaindl =3tsojyelgton o]y
S Edno] et oA 5 AJMAE &
3 ¢ 2o 23S sxjo) e A7 g Ao
2 A74E

2 AFelA E4E FouEddol= R44XeH W
156X ¥ FF%er olv] 71E0] nu® e
4 9] gt R44X Edwols B 5= 9l

1797



— 7=
[== <Y

fot

Q£

Ofot

o]5 FollA 32 orye} F olglon =l
A 71EE o] e FEAFEA Qlojx dE Hx
o] Eodoltt, wEhy, EAdA ] YA Fe Yz
3t ¥ P FHdHEe] 2o Aoz AT
LNK9] W156X% ©]7] south Indian'# French'®!
oA HEoH PAX6 FAAF-9 vEdAolE
Yo A PDol| X3 R44X9} tlEo] 7] FAL of
718t DNA A%58S 9siaZd Aoz ofasn,
ole FEATY fFHzd A WA
(haploin-sufficiency) S AW& 4 A= o= o

AR

Ho
=2
R
re
i
s
jd
=)
to,
m
o
N m}n
rO
\U2:)
o
o
o
e
)
Mo
=2 oo
o or

=

[o 1o, 1 ol
(o3
o
c>§nm
Jo >
2, [0
24 i
£ o
o N
o
)
o o
oA
= o
’%r\l
S
o
2 I
X

N
N
oft
o
>
R
i—“,
il
olt =y
22 f{lN
~— 01' r
O
B
,
‘E o
X on
N
N
oS
=)
R
kr
[0 2 ox it 1= §

e
il
oo
2 3o
N (o
>,
¥O o%h fr XL opoh N, R omj b > orp 24 rlo o

5

7k PAX6 5779 R44X, I87R, Q135X 1
T3 2% SAlo| A =EA GAA A7) e
AT T2 B Al A R44X B0l
4739 32} F HAAAE Hole Hee

F ol59] Ak Avol i) B4 7}

H-IE gg O

i 32 0 P m

10 1 gy o 7 I
_ _lo rE

o

kv

2gAZIA AuEge dile 39 Fusz)

AT, 3 ATl 83%9) BAoIAerEe
o 9em Yol7l 545 FARE Fujss gl
gom B JAAE AL BT 5 dath WU
o gl Wpe BakE F9E dglon 1 e
chstsic,

SR TEAE BAGN A 2 4L F
A5 F Shholn] B 3 o 50~T5%9] ¥
Aol A AP Sk e Sge] Wyl
AA=RITE G g} o= = Fo| Pd7]
Beol Wasls Aoz QA AT FEAZAA
Qdghe) F7ke) golome Fuy HalE FA9} o
7} ajole] AESE PoAEEA) FAAAANR @
24 gk

B Q7oA 59 BAGNA QPP e

rode e

s Sulge] we] F2
hURE 2009e HAG 5 ATk FEAZ B
WSS Agole dgHIAel & e sh

QS |

1798

ME 1 PAX6 RO A0l —

AN a4 82 Bystged 3 He 354 AHF
g2 $AE 3949 ofwj=wiH
1k & & AR ASFSIAAIE AL
a1 Qkgto] Z FAE A Ut
g BEE PAXG 444 299
, R44X, 1VS6+1insG, G141G 47}A)
#E Aog B 7|E9 oy Hi
JWolE Hols F&AF IAMT
Uehi e Ao g 2k Qo 171924726
ATl A 4714 EAROIE 71 BE Aol A =
Zro] wrAsl 7o) oy} [VS6+1insGY A

£ 304 WABANA T3 R44XS) FAAHS
e 399 @ 715 A5 olrU A Syl
YSAAR 104] TR F ZolAE @AZA )

WA % QT 22T GISRY HAARE 7}
A WABA A ke 299) BANA Yolrh B

of SR Hulgel WASAAT 1049 o
g BANIE THVMIR S 3aE 5
8B TEAZNN SR ge] WHE e PAXG
FRABRR ohlet B4 olx 2 4TL T Ao
2 A4Ed geb o2 98 79 977t Be
@ Aoz AAe EF ok o] WA ¢
& 104 olstel Fe FEAF BANAE ThFel=
7] @S 95 97159 AeEe] BT o2 4
Zsin] mebd o)5e] o) Aolw 2 3PS Z 5 9

2z

X

o to ri o

% e
-
lo
2
o
)

o

frtl

‘ =
o
Y
R
N
)
2
>
oft
X

N

flo Mz

-
%0,
o
a!
fru
j=5|
e}
ofl
5=
jules
ox
oQ
ox
L
o o
o, r_ﬂ
EIY
N

o

HIAA B #7L 2] ok RolA|
d(single nucleotide polymorphism)®] 7}
A3 WAL = gle AeE Ko, ofo o
744Q A7 Bad Aoz Az
AR B dFe 3599 FEA4F FAE Y
o8 PAX6 A EdRolE AR A ATl
Z 7t lom 7]Edl Had 2579 7o
19} 5&7e MEE EdWels s
dAWo] F R44X= =919 71540] e
ghtol|l A Al go® WHE Flolg. a2l F3AS
HHE O kA S oM =uie] 2 PAXG

(o
rL it ook

e

=t

o
= olr N ogt fok
ooy O oo
N o ofk

Lo
4
O, 1o
=)
o w4
ol Y. R oo

¢

o

Hoofn it
offt it
i



— s

rot

FRABER ohet B9 Lhol7t FaF A4 o
A BgAze) EEYA 4RA4F B A7
§% Bed Aoz Y7e

[

PES

1) Grant WM, Walton DS. Progressive changes in the angle in
congenital aniridia, with development of glaucoma. Am J
Ophthalmol 1974;78:842-7.

2) Mackman G, Brightbill FS, Optiz JM. Corneal changes in
aniridia. Am J Ophthalmol 1979;87:497-502.

3) Nelson LB, Spaeth GL, Nowinski TS, et al. Aniridia:a review.
Surv Ophthalmol 198428:621-42.

4) Churchill A, Booth A. Genetics of aniridia and anterior
segment dysgenesis. Br J Ophthalmol 1996;80:669-73.

5) Ton CCT, Hirvonen H, Miwa H, et al. Positional cloning and
characterization of a paired box- and homeobox-containing
gene from the aniridia region. Cell 1991;67:1059-74.

6) Glaser T, Walton DS, Maas RL. Genomic structure, evolu-
tionary conservation and aniridia mutations in the human PAX6
gene. Nature Genet 1992;2:232-9.

7) Neethiranjan G, Krishnadas SR, Vijayalakshmi P, et al. PAX6
gene variations associated with aniridia in south India. BMC
Med Genet 2004;5:9.

8) Kawano T, Wang C, Hotta Y, et al. Three novel mutations of
the PAX6 gene in Japanese aniridia patients. J Hum Genet
2007;52:571-4.

9) Prosser J, van Heyningen V. Pax6 mutations reviewed. Hum
Mutat 1998;11:93-108.

10) Chung SJ. A case of aniridia. J Korean Ophthalmol Soc
1971;12:29-30.

11) Hwang YJ, Kim BH, Bae HB, Shim WS. One family of
aniridia. J Korean Ophthalmol Soc 1980;21:255-9.

12) Hong KY, Chung YT. Twocases of congenital aniridia. J
Korean Ophthalmol Soc 1987;28:851-7.

13) Ahn CS, Lee JI, Kim YH. Congenital aniridia in a family for
three generations. J Korean Ophthalmol Soc 1990;31:383-9.
14) Bae JH, Kwak MS, Cho YW. Three cases of congenital

aniridia in one family. J Korean Ophthalmol Soc 2000;41:
282-7.
15) Tzoulaki 1, White IMS, Hanson IM. PAX6 mutations:

ettst ol X 2008

Ho49 & M 11 = —

genotype-phenotype correlations. BMC Genet 2005;6:27-38.

16) Nachman MW, Crowell SL. Estimate of the mutation rate per
nucleotide in humans. Genetics 2000;156:297-304.

17) Neuner-Jehle M, Munier F, Kobetz A, et al. Identification of
novel PAX6 mutations in two families with bilateral aniridia.
Mutations in brief no. 167. Online. Hum Mutat 1998;12:138.

18) Brown A, McKie M, van Heyningen V, Prosser J. The human
PAX6 mutation database. Nucl Acids Res 1998;26:259-64.

19) Vincent MC, Pujo AL, Olivier D, Calvas P. Screening for
PAX6 gene mutations is consistent with haploinsufficiency as
the main mechanism leading to various ocular defects. Eur J
Hum Genet 2003;11:163-9.

20) Gupta S, De Becker I, Guernsey D, Neuman P. Polymerase
chain reaction-based risk assessment for Wilms tumor in
sporadic aniridia. Am J Ophthalmol 1998;125:687-92.

21) Churchill A, Hansom I, Markham A. Prenatal diagnosis of
aniridia. Ophthalmology 2000;107:1153-6.

22) Graziano C, D’Elia AV, Mazzanti L, et al. A de novo
nonsense mutation of PAX6 gene in a patient with aniridia,
ataxia, and mental retardation. Am J Med Genet A 2007;
143:1802-5.

23) Adachi M, Dickens CJ, Hetherington J Jr., et al. Clinical
experience of trabeculectomy for the surgical treatment of
aniridic glaucoma. Ophthalmology 1997;104:2121-5.

24) Groenskov K, Rosenberg T, Sand A, Breendum-Nielsen K.
Mutational analysis of PAX6: 16 novel mutations including 5
missense mutations with a mild aniridia phenotype. Eur J Hum
Genet 1999;7:274-86.

25) Atchaneeyasakul LO, Trinavarat A, Dulayajinda D, et al.
Novel and De-novo truncating PAX6 mutations and ocular
phenotypes in Thai aniridia patients. Ophthalmic Genetics 2006;
27:21-7.

26) Azuma N, Yamaguchi Y, Handa H, et al. Mutations of the
PAX6 gene detected in patients with a variety of optic-nerve
malformations. Am J Hum Genet 2003;72:1565-70.

27) Yuan H, Kang Y, Shao Z, et al. Two novel PAX6 mutations
identified in northeastern Chinese patients with aniridia. Mol
Vis 2007;30:1555-61.

28) Tsai YY, Chiang CC, Lin HJ, et al. A PAX6 gene poly-
morphism is associated with genetic predisposition to extreme
myopia.Eye 2008;22:576-81.

1799



|

N
oy
fot
to

HES I PAX6 &I SAH0| —

0
40
Ofot

=ABSTRACT=
PAX6 Mutations and Clinical Features of Congenital Aniridia

Jong Ho Kim M.D., Ph.D.!, Bo Sung Hwang, M.D.',
Jung Ho Lee M.D.’, Soon Cheol Cha M.D., Ph.D.!

Department of Ophthalmology, Yeungnam University College of Medicine', Daegu, Koera
Cheil Eye Hospital’, Daegu, Koera

Purpose: To report the PAX6 mutations and clinical features in Korean aniridia patients.

Methods: Genomic DNA was isolated from 12 aniridia patients and 5 normal controls. The coding regions
of the PAX6 gene were analyzed by direct sequencing of polymerase chain reaction products. The relationship
between the mutational types and the ophthalmic findings from medical records was determined.

Results: Mutation analysis demonstrated seven different types of mutations, five of which have not previously
been reported. Notably, these mutations were confined to PD and LNK in the PAX6 gene. Although R44X
and WI156X were recurrent mutations, novel mutations included GI8R, IVS6+1insG, A139P, A139A, and
G141G. Glaucoma was found in five (42%, adult patients 30 years or older) of twelve patients, of whom four
were male.

Conclusions: This is the first report to identify the PAX6 gene mutations in Korean aniridia patients. Our
limited data show that glaucoma was more prevalent in male and adult patients. Moreover, a patient’s age
along with the PAX6 genotype might be a factor related to glaucoma in aniridia patients.

J Korean Ophthalmol Soc 2008;49(11):1794-1800

Key Words: Aniridia, Glaucoma, Mutation, PAX6 gene
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