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Az7ter go] QA RE %70 719 89T el
of st AFAUYAE hpom £ st Akt el
FeEUz 975319 D A S o) BEA, 24,
e Fal 2Pk 2 o5 Akl Holah Az
Sl ] L] BAS Agsteon], A7) (Helsinki) 4
QNS F4BHAL, 200549 WEE AEge el 2Aste]
e BOME Agich. B GeAREE Lol 4
W, 91 L BEEANE 52 ol g3t Ay Fe, = vl
W AE, FARPSEOIR, 715, 9 BANZL 77
S, 4, 82, Zhatold] oj7]el, Jet A AT 52
aRe B3 2ASIIT G4E 27 FHAL BEA]
2RI, WA, AISS AT, Qe 2ol
ORI, 22045 o g% AUTAS ARSI 2t
ARE 74t ARE B AUEEY, gupmek, 2up,
Y FolB 2ABIGIL oloh T BHEN= 2§ P,
719 FH 9| ofng 2ASHL,

AR QS AFE ALAE 7122 S 2}
S PES AT HAH B AAgStch AT 913
AFE 2A0E FUARALY £ 44 U B2, B
A3k AuER, HIE 4 EE Befold 1, Holx 2
mm ool BYH9l Zu FEE 71202 At 2y
Frol i 47.2D o|4e] FALUUNTE, A5t ZurS

R
9] v A(I-S value)o] 1.2 oAk, 1.5D o]A9] sim—K
WA, 215 o]AFe] skewed radial axes (SRAX) & 3F 7}4]
o] £AE K uf A 71AE Fofsigint. o, &
Zhafol AFe], Wi, QA s - AH, FHkd
gh AR WA Fol FHE A A9 Vee R
stk Y3=7zkake CLAO (contact lens association of
ophthalmologists) 2] 7]Zo] wa} A% (mild): zZHfEAlR
=4deo] 45D nlyk, F-5=(moderate): ZtutEA4lR 34
go] 45-52D, FH(severe): ZPapEAR FAo] 52D
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SIAE A2lE A 2 ml HE F Axygen Blood
Extraction kitE ©]-838}¢] genomic D
<4 enomic DNA= AHE §4AH Hol 24 98 A
ZE PrimerE AM23lo] 223 5 (Solgent, Korea),
ethidium bromideZ o]g-3}o] srolstgir) % 22w o4

A} single strand conformational Polymorphism (SSCP),

restriction fragment length polymorphism (RFLP)S} di—
rect sequencing®| WS Fal WAF A} Wo] 24 &
e 2ABFAAL, I FHAE §lo] HbE 2AE
o5} dlojE| e} L A5

Algk& ol B8 SAS software (Version 8.01)& o] &

5l9ic}. Chi—square tests, Fisher’s exact tests, Unpaired
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oft 12

t—test@} Multiple regression 412 AA|8}9 11, p—value
7} 0.05 o]alel A5 A o= fofsirhar 755}
t}. SA4A} #Holx= Hardy—Weinberg equilibrium (HWE)
o o}ZUA] ¢F=A& GenePop Web ver 4.0& &3l &4
sl Go BALS o teste} Fisher's exact tests,
StatXact—8 software (Cytel Inc., Cambridge, MA) S Z3
AT, A4 Holo] ATHE A SIBE R4S
E3l A=35}93L, Haplotype-2 expectation maximization
(EM) Algorithm& v}gfo 2 3l Haploview (ver 4.0)& &

s BAskt”
Z i,

Azl A A F 19099 3 o s A
2 A HAL §4 AARE Alsklal o] HlE
57.9%, o1/39] vl&2 42.1%0|9)t}. Y37hd; Ate] X
Z Atk AFYL 16—204|7} 32.4%, 21-25A|7}F 29.6%=
UettA 2 Fadrieh izl AsEe] olsla @4
AL 26—304]7} 28.8% % 71 =2 WIS 225kt
(Table 1). 2z A8 WA A7]= 11-1547} 46.9%=2 7}
=2 =S Y SaL 16-20417} 28.1%5 el 3
o 114 o3tz 15.6%2 2}A|8FGH Table 2). 2 %9]
A wA B bt EYEA=7E Zb7E 52.8%<)
44.4%2 A9 FARE A3S BAou A wy whHo

dist el SeEd= @y WEsl FolH T ot
FREA=E Po| AL HE oK 2.8%0)A 25%%

Table 1. Age at diagnosis and at clinic visit of keratoconus pa-
tients

Age (yr) Age at diagnosis (%) Age at clinic visit (%)
<11 0.9 0.4
11-15 13.0 2.3
16-20 324 6.7
21-25 29.6 21.4
26-30 14.8 28.8
31-35 7.4 21.7
36-40 0.9 9.0
41-45 0.9 3.8
46-50 0.0 2.3
50< 0.0 3.8
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Table 2. Age of keratoconus patients at initiation of correction

Table 5. Frequency of eye rubbing in patients with keratoconus

Age at initial

correction (yr) Percentage of sample (%)

<11 15.6
11-15 46.9
16-20 28.1
21-25 3.1
>25 6.3

Table 3. Method of vision correction at initial trial and at
present in keratoconus patients

Initial trial (%) Present (%)
Glasses 52.8 19.4
Contact lenses 44.4 52.8
Both 2.8 25.0
No correction 0.0 2.8

Table 4. Age at initial contact lens trial of keratoconus patients

Age at initial

contact lens trial (yr) Percentage (%) of sample

<16 0.0

16-20 58.8

21-25 11.8

>25 29.4
Z7HShc Table 3). YF2bet favt ReE=g 2
2 A8% A7l 162047} 58.8%2 7HY & WEg
ARSI 264 oeIA] A BHUEMNRES A2 vlE
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Frequency of eye rubbing Percentage (%) of sample

None 22.8
Seldom 0.9
Sometimes 70.2
Frequently 6.1

Table 6. Severity of eye rubbing in patients with keratoconus

Frequency of eye rubbing Percentage (%) of sample

Mild 18.8
Moderate 53.1
Severe 28.1

Table 7. Proportion of patients with the following slit-lamp
biomicroscopic findings

Slit-lamp sign Percentage (%) of sample

Vogt’s striae 31.8
Fleischer ring 17.2
Munson’s sign 14.6
Protrusion 20.6
Corneal scarring 18.9
Corneal thinning 24.0

3lo] 20p11.20] $J*|3F Visual system homeobox 1
(VSX1, MIM 605020), 2ql4o] £]z|3t Interleukin 1
cluster & ILIB (MIM 147720)3} ILIRN (MIM
147679), 12q21.3—q22¢9] ¢ %]} Lumican (LUM, MIM
600616), 21qg22.19] 9]Z]3F Superoxide dismutase 1
(SOD1, MIM 147450)3} Glutathione S—transferase
familyo]] £3F= a4 £ 1pl13.39 |t Glutathione S
transferase, Mu—1 (GSTM1, MIM 138350), 22q11.2¢]
O12)8t Glutathione S transferase, Theta—1 (GSTTI,
MIM 600436)3} 11q13¢] €3} Glutathione S trans—
ferase, PI (GSTP1, MIM134660)2] 4=} Tk =
A¥sttH Table 8).

Qzziate] 7] 1 a7k fAA2A ANET Q= VSXI &
AR} WHo| eFARS ZAVSE ATt 2714 9] missense mutations
2} 37}4)9] silence mutations”} Z&HE 97}X| 2] 822 Ho|
OFA}, IVS1—11t>a, EX2+28A>G (N151S), EX2+55G>T
(G160V), EX3+25G>A (L176L), EX3+43G>A (A182A),
IVS3+22c¢>t, IVS3+23g>a, [VS3+84t>a, EX4+90G>
A7} = QI eH(Table 9). o] & G160V 447} #ol= A
Z7hatol At T Holopalo @ «T o] tjolxlr) 93
Zhab gApEo| e TAE QI TH4.6%, p=0.002) (Table
9). IVS1-11t>a9] S04 T4 B4 27} «a 29l
7} 37k Sxgo] ARG foHoR Be MER
=9 31(2.8% vs. 0.5%, p=0.005, OR=6.07, 95% CI
1.556<<23.629) 1 99| o] ke Hx7ut SR
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Table 8. Primers for genetic screening in Korean keratoconus patients

Gene Position Primers 5'— 3 Amplity product (bp)
VSX1 Exon 1 EXIF CAGCTGATTGGAGCCCTTC 599
EXI1R CTCAGAGCCTAGGGGACAGG
Exon 2 EX2F GCACTAAAAATGCTGGCTCA 393
EX2R GCCTCCTAGGAACTGCAGAA
Exon 3 EX3F CATTCAGAGGTGGGGTGTIT 419
EX3R TCTTGTGGTGCCTTCAGCTA
Exon 4 EX4F GATCATGCTCGGGAGAGAAG 394
EX4R CGTTGCTTTGCTTTGGAAAT
Exon 5 EXSF CCCCAGAGATAGGCACTGAC 495
EX5R TGGACAATTTTTGTCTTTTGG
IL1B Promoter F1 ACTTCTGCTTTTGAAAGCC 345
R5 TCAGCTGTTAGATAAGCAGTATC
F4 AATGTGGACATCAACTGCA 266
R2 CTCCCTCGCTGTTTTTATA
Promoter F GCATTGATCTGGTTCATCCATG 530
R GTTCATGGAAGGGCAAGGAG
Exon 5 F GTATATGCTCAGGTGTCCTC 326
R CATGGAGAATTAGCAAGCTG
ILIRN Intron 4 F CTCAGCAACACTCCTAT VNTR
R TCCTGGTCTGCAGGTAA
Lumican Promoter LUM_F CCAGTGAGTG AAGATGTTCA TGG 595
LUM R AGGCCTCAGT TTCAACAAAG TAAC
SOD1 Exon 2 SOD1_EX 2F ACT CCC AAG TCT GGC TGC TIT TT 283
SOD1_EX 2R GGG GTT TTA ACG TTT AGG GGC TA
GSTM1 Exon4 5 GSTMI1F GAACTCCCTGAAAAGCTAAAGC 215
GSTMI1R CTTGGGCTCAAATATACGGTGG
CYP1AIF GAACTGCCACTTCAGCTGTCT 312
CYP1A1R CAGCTGCATTTGGAAGTGCTC
Exon 6 7 GME4 CTGCCCTACTTGATTGATGGG 273
GMN5 CTGGATTGTAGCAGATCATGC
b-globin-1 CAACTTCATCCACGTTCACC 74
b-globin-3 CATGGTGCATCTGACTCCT
GSTT1 Exon4 5 GSTTI-1 TTCCTTACTGGTCCTCACATCTC 459
GSTT1-2 TCACCGGATCATGGCCAGCA
b-globin-1 CAACTTCATCCACGTTCACC 268
b-globin-2 GAAGAGCCAAGGACAGTTAC
GSTP1 Exon 5 GSTP1-a ACCCCAGGGCTCTATGGGAA 177
GSTP1-b TGAGGGCACAAGAAGCCCCT
Table 9. Genotype and allele frequencies of VSX1 mutation in keratoconus patients
Position Nucleotide Amino acids Genotypes Keratoconus (%) Controls (%) p-value
Exon 2 EX2+55G>T G160V *G*/G 95.4 100.0 0.002
*G/*T 4.6 0.0 0.002
*T/*T 0.0 0.0
*G 97.7 100.0 0.002
*T 2.3 0.0 0.002
I A7 Atolol A FoJAQl Afol= WEEA| ot IL1B promoter®] —31C>T¢] +C/+C Aol 94

(Table 10).

2 =2 HxE Yy on(23.7% vs.

12.8%,

Qzzure] Wglom Jeixl AEABAL S8} ke
IL13} oxidative stress 3o 8-#=Fel SOD, GSTs2l 9-&
A Ho] oFE ZARRE At IL1 beta o del Toish=

p=0.01, OR=2.115, 95% CI 1.194<<3.746), E T}&
o] =511T>C8) +C/+C f7dAteg o] AF2he; oA
oolgog o AFS e oLH(29.2% vs. 16.9%,
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Table 10. Genotype and allele frequencies of VSX1 polymorphisms in keratoconus patients
Position Nucleotide ~ Amino acids Ge/;‘ﬁgg:y Kera(t%onus C"(I;;r)‘)ls pvalue  OR 95% CI
Intron 1 IVS1-11t>a */%t 94.3 99.0 0.005 0.16 0.041<<0.631
*t/*a 5.7 1.0 0.005 6.22 1.585<<24.338
*a/*a 0.0 0.0
*t 97.2 99.5 0.005 0.17 0.042< <0.643
*a 2.8 0.5 0.005 6.07 1.556< <23.629
Exon 2 EX2+28A>G N151S *A/*A 99.1 99.5 0.554 0.51 0.073< <3.598
*A/*G 0.9 0.5 0.554 1.96 0.278< <13.746
*G/*G 0.0 0.0
*A 99.5 99.8 0.555 0.51 0.073< <3.587
*G 0.5 0.2 0.555 1.95 0.279< <13.677
Exon 3 EX3+25G>A L175L *G/*G 99.3 97.3 0.057 4.13 0.996 < <17.063
*G/*A 0.7 2.1 0.182 0.31 0.073<<1.340
*A/*A 0.0 0.6 0.501 0.00 0.000< <2.138
*G 99.7 98.4 0.024 5.01 1.239<<20.214
*A 0.3 0.2 0.024 0.20 0.049< <0.607
Exon 3 EX3+43G>A Al182A *G/*G 0.4 0.0 0.883 4.06 0.091< <179.889
*G/*A 2.7 1.9 0.659 1.43 0.330<<6.137
*A/*A 96.9 98.1 0.730 0.61 0.144 < <2.594
*G 1.8 1.0 0.738 1.84 0.443< <7.590
*A 98.2 99.0 0.738 0.55 0.132<<2.280
Intron 3 IVS3+22¢>t *c/*c 99.3 100.0 0.425 0.00 0.000> >6.080
*c/*t 0.7 0.0 0.182 0.31 0.073< <1.340
*t/*t 0.0 0.0
*c 99.7 100.0 0.994 6.38 0.15<<370.061
*t 0.3 0.0 0.994 0.16 0.004< <6.674
Intron 3 IVS3+23g>a *g/*g 17.9 24.9 0.070 0.66 0.428<<1.016
*g/*a 49.3 46.2 0.522 1.13 0.792< <1.624
*a/*a 32.8 28.9 0.376 1.20 0.811< <1.768
*g 42.5 48.0 0.103 0.80 0.823<<1.037
*a 57.5 52.0 0.103 1.25 0.965< <1.606
Intron 3 IVS3+84t>a *t/*t 97.7 99.0 0.493 0.43 0.101<<1.854
*t/*a 2.3 1.0 0.493 2.31 0.539<<9.886
*a/*a 0.0 0.0
*t 98.8 99.5 0.495 0.44 0.102< <1.854
*a 1.2 0.5 0.495 2.30 0.539<<9.774
Exon 4 EX4+90G>A G239G *G/*G 98.5 97.9 0.655 1.41 0.298< <6.733
*G/*A 1.5 2.1 0.655 0.71 0.149< <3.352
*A/*A 0.0 0.0
*G 99.3 98.9 0.656 1.41 0.300< <6.644
*A 0.7 1.1 0.656 0.71 0.151<<3.337

p=0.01, OR=2.038, 95% CI 1.214<<3.409), t =}
ML $oMel Ajol2 UehiAl kgktHTable 11).
SOD12} GST family 9] 584} ®Ho] &4 A} 5=7pdf gt
Aol 77EQ1 Afololl Al FoJA Q1 AfolE YERA] gLt

HFziakol E ohE el AR AL Sl oful
A F2 2] Bofste AZY7IE Fx T <l
lumican®] §&A} wHo] EA A} TATA box 4|9
rs37592229] *C/xC 3424 (49.8% vs. 34.0%, p=0.02,

nww . ophthalmology.org

OR=2.004, 95% CI 1.151 < <3.487)3} *C dj& eIz} HlE
7} U5zt Sixjol A ARlET Foldow B B
ATH70.8% vs. 61.5%, p=0.02, OR=1.229, 95% CI
0.832< <1.816) (Table 12).
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Table 11. Genotype and allele frequencies of IL1B and IL1RN variants in keratoconus patients
Position Nucleotide ~ Amino acids Gilﬁggsey Kera(t;}c)onus CO(I;T)OIS p-value OR 95% CI
IL1B -31C>T *C*C 23.7 12.8 0.01 2.115 1.194< <3.746
*C*T 49.1 59.1 0.08 0.667 0.434<<1.026
*T*T 27.2 28.0 0.90 0.957 0.594<<1.540
*C 48.3 42.4 0.14 1.269 0.936<<1.719
*T 51.7 57.6 0.14 0.788 0.582<<1.068
-511T>C *C*C 29.2 16.9 0.01 2.038 1.214< <3.409
*C*T 49.1 59.9 0.05 0.647 0.422< <0.991
*T*T 21.6 23.2 0.79 0.911 0.550< <1.510
*C 53.8 46.8 0.68 1.324 0.981<<1.788
*T 46.2 53.2 0.68 0.755 0.560< <1.020
Ex5+14C>T F105F *A*A 92.5 91.7 0.82 1.117 0.454<<2.742
*G*A 6.5 7.8 0.81 0.814 0.315<<2.109
*G*G 1.1 0.5 0.60 2.076 0.214< <20.103
*A 95.7 95.6 0.95 1.031 0.446< <2.379
*G 4.3 4.4 0.95 0.940 0.420<<2.242
ILIRN Intron 4 VNTR *1*1 81.5 83.6 0.66 0.861 0.480< <1.547
*1%2 13.7 10.0 0.40 1.429 0.708 < <2.880
*2%) 1.5 0.0 0.58 16.541 0.395< <684.884
*3%] 2.6 2.7 0.94 0.949 0.262< <3.429
*3%3 0.0 0.9 0.26 0.040 0.001< <1.800
*4*1 0.7 2.7 0.15 0.266 0.052< <1.353
*] 90.0 91.4 0.68 0.851 0.495< < 1.464
*2 8.3 5.0 0.13 1.727 0.886< <3.366
*3 1.3 2.2 0.34 0.565 0.187<<1.703
*4 0.4 1.4 0.15 0.269 0.053< <1.358
Table 12. Genotype and allele frequencies of lumican gene variants in keratoconus patients
dbSNPs Genotypes/Alleles  Keratoconus (%) Controls (%) p-value OR 95% CI
13759222 *AJFA 6.0 11.0 0.11 0.494 0.217< <1.123
*A/*C 49.3 55.0 0.20 0.723 0.451<<1.158
*C/*C 49.8 34.0 0.02 2.004 1.151<<3.487
*A 29.2 38.5 0.02 0.659 0.465< <0.934
*C 70.8 61.5 0.02 1.518 1.071< <2.151
rs3759223 *T/*T 65.1 55.0 0.22 1.348 0.838<<2.169
*T/*C 34.4 40.0 0.26 0.735 0.452<<1.194
*C/*C 5.1 5.0 0.97 0.977 0.344 < <2.765
*T 78.3 75.0 0.31 1.229 0.832<<1.816
*C 21.2 25.0 0.31 0.814 0.551<<1.202
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=ABSTRACT=

Epidemiologic and Genetic Studies of Keratoconus Patients in Korea

Choun-Ki Joo, MD, PhD"?, Chang Rae Rho, MD"*, Jee Won Mok, PhD’, Young Jun Lee, MD, PhD?,
Dong Hae Kim, MD3, Young Ki Park, MD*
Department of Ophthalmology and Visual Science, The Catholic University of Korea College Qf'MedicineI, Seoul, Korea
Catholic institute of Visual Science, The Catholic University of Korea College ofMedicinez, Seoul, Korea

Myungdong St. Mary Eye Center’, Seoul, Korea
Dr. Lee and Park's Eye Clinic", Seoul, Korea

Purpose: To report the characteristics and genetic epidemiology of keratoconus patients in the Korean population based
on questionnaires, ophthalmologic findings, and genetic studies.

Methods: From September 2007 through August 2009, an epidemiologic investigation was performed through ques-
tionnaires and ocular examination of 190 keratoconus patients. To investigate the genetic cause, blood samples were tak-
en from the keratoconus patients. Genetic analysis of keratoconus was performed through the analysis of sensitive candi-
date genes.

Results: The mean age of the study subjects was 29.6 years. Seventy-seven percent of the subjects rubbed their eyes with
17 percent suffering from atopy, allergy, and asthma. Thirty-two percent of subjects demonstrated Vogt's striae as the
most frequent biomicroscopic keratoconus finding. No family history was found. Genetic analysis showed sensitive genetic
variations of VSX1, LUM, and IL1B.

Conclusions: Epidemiology of Korean keratoconus patients was investigated through research and genetic study resulting
in discovery of sensitive genes.

J Korean Ophthalmol Soc 2012;53(6):839-848

Key Words: Genetic analysis, Keratoconus, IL1B LUM, VSX1
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