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Polymorphisms of the CTLA-4 promoter(-318) and exon 1(+49)
genes with atopic dermatitis in Korean children

Tae Won Song, M.D., Hea Sun Yang, Kyung Eun Lee, Kyung Won Kim, M.D.
Eun Soo Kim, M.D., Myung Hyun Sohn, M.D., Ph.D. and Kyu-Earn Kim, M.D., Ph.D.

Department of Pediatrics and Institute of Allergy, BKZ21 Project for Medical Science,
Yonsei University College of Medicine, Seoul, Korea

Purpose : The gene-encoding cytotoxic T lymphocyte-associated antigen-4(CTLA-4) is one of the
candidate genes for conferring susceptibility to atopic dermatitis(AD). The aim of the study was to
investigate the association between Korean children with AD and the polymorphisms of CTLA-4
gene promoter(-318) and exon 1(+49).

Methods : The CTLA-4 promoter(-318 T/C) and exon 1(+49 A/G) polymorphisms were genotyped
via restriction fragment length polymorphism methods in 145 children with atopic eczema, 69 children
with non-atopic eczema, and 96 healthy controls.

Results : There was no significant difference in genotype and allele frequencies of the CTLA-4 pro-
moter -318 T/C and exon 1 +49 A/G polymorphisms when the atopic eczema, non-atopic eczema,
and control groups were compared. Additionally the CTLA-4 promoter -318 T/C and exon 1 +49
A/G polymorphisms were not shown to be associated with severity, IgE level, or eosinophil counts.
Conclusion : Our data show that the polymorphisms within the CTLA-4 promoter(-318 T/C) and
exon 1(+49 A/G) genes are not associated with susceptibility to AD in Korean children. (Korean J
Pediatr 2006;49:545-551)
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E fFAAE IgE 243 T Axe @A Fa3 9ats s
1§ AN candidate gene)® A QPP T AEE= A7

MHC class II ##to] Agoz» aAAAA E(antigen pres-
enting cell, APC)Z <14)&l=t], o w Q23 costimulation
complexes?} @A 88 T AlFo]l F3E CTLA-49F CD23%}
FAAAAZ FHE CDYO(BT i} CD86(B7.2)01t}”.
CD282 T Aol A}l F7xdAH(positive regulator)®
23k CTLA-4% T Al @Al o]

3k

Z A (negative

regulator)®] 71%& $toh= A X—u ZASe] HuEx Y’
CD28% CTLA-4, F #A 5 AtgtllAe 2¥ 944 &
) mhg-zol s 1 GAA a}%olg TAF F9lol EAse
Aoz ATt T3 F EAVE FAstA LA AE
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glolol 1 CTLA-4 exon 13 promoter 3 A t}d A

of dejzy] Felyel W Fol F Hanifin? Rajka™el
@G UlES WEEE olENIRY Foless UdeRE
SCORAD index™ell wet $552 Aato] 255 olate] Fhol=
A%, 25-0lA 500 dFsle Fols THE 508 ol &
ol FTFTOoE EFIIT ofEdI K o }F% olEIA F
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o wprol wmaigith Sol IgEzt st ool el el
Fgolm F IgEel FE7} 100 [U/mL ©4el 3985 obev]y
02 9, 5ol [ghrt Pl ohim F IgEe) FEst
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& IgE, 5°] IgEst 34755 A3 F IgEst

o] IgE—E ™33 M H(AutoCAP system; Pharmacia Di-
agnostics AB, Uppsala, Sweden)< ©]-&3lo] ZA3193, 59]
IgE+ Dermatophagoides pteronyssinus,
farinae, &%, -, 9%, T 5 6719

&te] 0.35 KIU/L ©1’d¢ 455 Fdez shlth

o
Age B 2

Dermatophagoides

el thaf Al

3 34

2. CTLA-4 exon 1(+49 position)Z} promoter F™X}
(-318 position)2| CFM ZHA}

dgkatel gzt A dHg AFHE F DNA
w2 DNA %2 CTLA-4 exon 19 %2 th AF
#1850 ngel DNASF ZHzZF 20 pmole®] AW AlA] 5'-AAG-
GCTCAGCTGAACCTGGT-3' ¢} &% AIHA 5'-CTGCTGA-
AACAAATGAAACCC-3'E PCR FX(1 U Taq DNA pol-
ymerase, 250 yuM dNTP, 10 mM Tris-HCI(pH9.0), 40 mM
Kcl, 1.5 mM MgClZM Qi F Yurt 20 pL7t HEE AR
25542 9 ¥ GeneAmp” PCR System 9700 thermal cy-
cler (PerkinElmer, Foster City, CA, USA)°lA FT¢&EAA4
WSS Algatginh. 94Tl A 427 AL o] fol 94T ol A

i
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3027 WAAZ F 58Tl 3027t ohdPAZ g 7270 A
3027 A AANEE 308 WMEG F 72CoA 487 AF
AgES stk FF¥ 152 bp PCR A¥=S 10 U9

BstE II #13&4 (New England Biolabs, Berverly, MA,
USA)E °l&38te] 60TCellA 90%7E Aelste] Ealataitt G ol
HAdA= ZalEA 832 A HEFHA= 130 bpst 22 bp &
Ho g Halgr) o]F BstE IIE Hd @HE 3% otz
Aol M719%53 ¥ ethidium bromide(Sigma, Inc., St Louis,
MO, USA)®E skl 22 ofgfelx CTLA-4 exon 19
FrdA vEAdEs AAkeRT

b CTLA-4 promoter 32kl tiaAgd HALE 918l 50
ng®l DNASH 717t 20 pmole®] A% APZAl 5'-AAATGA-
ATTGGACTGGATGGT-3'¢t % ALA 5'-TTACGAGA-
AAGGAAGCCGTG-3'% PCR HH(1 U Tag DNA polymer-
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ase, 250 yM dNTP, 10 mM Tris-HCI(pH9.0), 40 mM Kcl,
15 mM MgCl)dl 93 F §F37} 20 uL7t S 55 A5/
£ Y2 ¥ Perkin-Elmer-Cetus 9600 thermal cyclerolA %
FEAAMTSS AAEIATE 94Tl 483 FAFAIZ] o] o

94CAA 30237 ﬂ*é*lﬂ E 58C°ll/‘1 3023 b AT e

72°CoAA 30%3F AlkA] A S5 303 WHE3SE & 72ColA 4
7 HF QA 5‘}9151'. —o”%l“_] PCR AAES 10 U9

Tru9 1 A8 & A (Promega, Madison, WI, USA)E ©] &3}
37CeAA 90t Akl EalEtrt. C HEFHAE 21 bp
z}a]ﬂl— alEa T A4+ 130 bp, 96 bpot 21 bp ©H

o7 @ Tru9 I AgaEsrE Ags dAS 2% o7t~
Aol H719% 3 ¥ ethidium bromide® GAato] zke]A oz
9|4 CTLA-4 promoter?] FdzT+E4& AALsATH

=1

SPSS 10.0S ©]&3}9 genotype, allele %
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Ao M
haplotyle #4125
analysis, Spearman’s rank correlation test® A&l
oA e sAeE & [gEE ANOVAE 01

)

83t HlLOP‘}i

o, fod A P<0.05%] AF SAA SR fod e
st
E| 1t
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Table 1. Demographic Characteristics of Study Population

Korean ] Pediatr : A1 49 ¥ #15 & 2006\

o] tHTable 1).

xonl +49 A/GOUIM genotypell} allele

oA CTLA-4 +499] genotype G/G, G/A, A/A2] ¥
olEy A FRwrelA ZHzt 42%, 43%, 15%, WoFEMA
Aol Al 529, 33%, 15%, thZ&woll Al 48%, 41%, 11%%
AolE Holx ekdt)y Al wellA] CTLA-4 +499] allele
A9 MEL olEdA FRFolM 7z 63%, 37%, HIoME
oA FHTA 2 69%, 319%, tlEitollAl Zhh 68%, 32%
2 g Zol7k AT Table 2).

_rlrg

Q oy
ohop

3. CTLA-4 promoter -318 T/COIA genotypel}
allele HIEQ| H|W

Al w4 CTLA-4 -3189] genotype C/C, C/T, T/T<¢ ®l

L oty FATAA 47 32%, 21%, 3%, HlolESA &
KTl A 399, 2296, 4%, hETolA 389%, 229%, 0%= <]
zpolE HolA| exgkrh. Al wtellAl CTLA-4 -3189] allele CF
To NEwx ofEdAd FIwelr] 2H2h 86%, 14%, HIoTETA
FATAN 27 85%, 15%, tzaollA ZH7E 89%, 11%=
|

gk zpol7t gllth(Table 2).
4. M 22t9] Haplotype?| HIE H|m

Al ol Al CTLA-4 exon +499} promoter -318°141 G/C<]
haplotypes 71 REE olEdA FxldolA 56.6%, HloTE
94 FRINA 635%, dETNA 62.7%= frod 2elzt ¢l
A3, A/CY haplotypes 7 AT 47 297%, 255%,

}\)\_]_

Atopic eczema(n=145)

Non-atopic eczema(n=69) Control(n=96)

Age, yr 8.12+0.41
Gender, n(female/male) 52/93
IgE, TU/mL" 917.27+88.65
Eosinophil count(uL ™) 742.9669.00

5.231+0.40 13.421+0.56
33/36 31/65
74.06+7.94 87.42+14.48
468.38+£55.23 271.58+23.91

“mean=*SE

Table 2. Genotype and Allele Frequencies for the Polymorphism of the CTLA-4 Gene in 3 Groups of Korean Children

Group n Genotype counts(frequencies) Allele counts(frequencies) OR(95% CI) P
CTLA-4 +49 G/G G/A A/A G A
Atopic eczema 145 61(0.42) 62(0.43) 22(0.15) 184(0.63) 106(0.37) 0.37(0.75-2.13) 0.371
Non-atopic eczema 69 36(0.52) 23(0.33) 10(0.15) 95(0.69) 43(0.31) 0.84(0.45-1.57) 0.590
Control 96 46(0.48) 39(0.41) 11(0.11) 131(0.68) 61(0.32) 1.00 —
CTLA-4 -318 Cc/C C/T T/T C T
Atopic eczema 145 110(0.76) 30(0.21) 5(0.03) 250(0.86) 40(0.14) 0.88(0.48-1.63) 0.684
Non-atopic eczema 69 51(0.74) 15(0.22) 3(0.04) 117(0.85) 21(0.15) 0.79(0.39-1.64) 0.530
Control 96 75(0.78) 21(0.22) 0(0.00) 171(0.89) 21(0.11) 1.00 —

CTLA : cytotoxic T lymphocyte—associated antigen
OR, Odds ratio(reference group [controls] designated with an OR of 1.0)
“G/G versus G/A combined with A/A for +49, C/C versus C/T combined with T/T for -318
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22.1%, G/T9l haplotypes 7HA&=
6.2%, A/TS] haplotypes 7MA+=
9.0% % o3t Aol&

A 7 6.9%, 47%,
A= 47 6.8%, 6.3%,

Holz] ¢ekth(Table 3).

5. OIEL|m|29 SZ=0 [ME CTLA-4 genotype?|
Hl =
SLET IR Folit 2148 S FTEO wEt FIT 80, &
Table 3. Estimated Haplotype Frequencies for 3 Groups
CTLAA4 Haplotype frequency(%)
Exon 1 Promoter Atopic  Non-atopic value”
+49 =318 eczema eczema Control
G C 56.6 63.5 62.7 0.058
A C 29.7 25.5 22.1 0.054
G I 6.9 4.7 6.2 0.369
A I 6.8 6.3 9.0 0.362

C'I LA: cytotox1c T lymphocyte—associated antigen
“The pearson yx° test was used to determine whether signifi-
cant differences were observed among 3 groups

4 3lojol A CTLA-4 exon 13 promoter A t&A

TET 51, AFw 83HoR o] 7 wite] CTLA-4 ge-
notype?] WIE=E B|EFATE CTLA-4 exonl +499 A% F
Sl E G/G, G/A, A/A2] genotypes YERE W=7} 7}
7 36%, 45%, 19%°11L, FEmarellAs ZH2t 51%, 41%,
8%, Ao = 51%, 34%, 15% = Frolst AfolE Holx| ¢
2ttt CTLA-4 promoter -3189] 73%01] TewlAE O/,
C/T, T/T9] genotypes YHEM= RHIE7 27 76%, 23%, 1%
ol FEEwANE 77 77%, 18/0, 5%, ALl 73
9%, 22%, 5% % 2§ ztol7t gl tH(Table 4).

6. CTLA-4 exonl +49%} promoter -3189]

genotypelfl 12 SMTFLL & [gE X[Q] H|I

CTLA-4 exonl +49¢} promoter -318914 G/C, G/T, A/
C, A/T9 haplotypes 7= ol a2t4E Z7; 488+
128/uL, 580 F62/uL, 463+47/uL, 638i121//JLMJ~ % IgE A
= 47 541%193 1U/mL, 729+99 IU/mL, 494+69 1U/mL,
449+107 TU/mL= o3k AFol7k f1ith(Fig. 1).

Table 4. CTLA-4 Genotype Frequencies according to Severity of Atopic Dermatitis

AD Severity n Genotype counts(frequencies) OR(95% CI) P value
CTLA-4 +49 G/G G/A A/A
Severe 80 29(0.36) 36(0.45) 15(0.19) 1.80(0.96-3.37) 0.065
Moderate 51 26(0.51) 21(0.41) 4(0.08) 0.99(0.49-1.98) 0.966
Mild 83 42(0.51) 28(0.34) 13(0.15) 1.00 -
CTLA-4 -318 Cc/C C/T T/T
Severe 80 61(0.76) 18(0.23) 1(0.01) 0.86(0.43-1.76) 0.685
Moderate 51 39(0.77) 9(0.18) 3(0.05) 0.85(0.38-1.92) 0.701
Mild 83 61(0.73) 18(0.22) 4(0.05) 1.00 -
g'I‘LA s cytotoxic T lymphocyte—associated antigen, AD : atopic dermatitis
Reference group : mild atopic dermatitis
Exon1+49  Promoter -318 Blood Eosinophil (uL"1)
A allele carrier T allele carrier n 200 400 600 800
= B 186 —— —co
| /3 IgE

|l

400 600 00
Total IgE (IU/mL)

1000

Fig. 1. IgE level, eosinophil counts and atopy for subjects with different
genotypes at the CTLA-4 +49 and -318 loci. There were no significant
differences in IgE level and eosinophil count among subjects with differ-

ent genotypes.
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2 Qg ofmeste] WES zEfdte thEAoR T ORAES
promoter?] -318 fIX|oll Apo]E4lF} Elolujdte] tjgAdo]al
Al WA ZE exon 39 untranslated 9 642% $1X°] (AT)n
microsatelliteo] o7, 3 Frol= ~1147CT, MH30, CT60,
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A w0 A 18 Faw'” QbR 484 98 (autoimmune
7812 (systemic  sclerosis)™,
Celiac disease”™ 59 A%} Ao] 9om promoter A7
2 & -1722 position?] T/C vhgAde] A WA FFxo}
o] dFol EF—’E]"’ ATHY 2ol HABAAA AT} F
IgESH CTLA-4 704 "ol i d7-datell s =gt
o ke, 2Y Hae] ot YR EdoME CTLA-4
°] +49, -318 3'UTRS #x4 thddst 2zl el
%i?ivh o ke Howard 52 CTLA-4 +49 $149]
A/G 8ol Dutch AlA IgEe] F7ksh FAaAAZE AN
-114799A19] C/T frdddel M7 7|AAANG7 FaaA 7t
Aotk Bastd a1 Lee 572 promoter HzHe] -318
C/T tdgo]l e FF%9 exon 19 +49 A/G tHEAde]
7182 AR st Ayo]l ®vkal Haskgith ey -1147CT,
MH30, CT60, JO31, JO31, JO27_1°1A4<¢] CTLA-4 tdA <
:[Loﬂiﬂ—‘: IgE b:T: ol—gﬂeﬂ O]—".H]E7]/H iqﬂ iq/u 7L/\5] 3;;]]
715 7] AgS RHAou 7HAFANAL T dukde] iy
A @2 AR Hol o] A= olEIL FE HAT Aol
2o S, gel e vgel #eted A CTLA-4 exon 19]
+49 $1Ae] A Aol ool Afolwt F IgESl 7t
ob ore27] wd frojek BAZE Advka wasPo?, B oo
TollA= ofEI IR olE tlde® CTLA-4 exonl +49
9} promoter -3182¢] genotypeel W& ZTA9l &= [gE A=
s Bekoy foe xols B 4 gIATh
moter 7 -318 position®] C/T w&E/do] ol o
dee w1 -318T allele®] CTLA-49] ¥&E up-regula-
tion = BHI7F YAAT olg@d CTLA-4 frdAte] o3
gol CTLA-49] Tdelu 7gel 43S viA Aol frdo
Holats Ad disiM e obd® Eeld A &tk Fuctional
study’ CTLA-4 +49 $1%19 G/G §38& 7} A A T
AlZe] ZAA] CTLA-49] AZFHE] Fdo] 7HAaHo] gle= A
o] Bum®,

hemolytic anemia)™, #2214

offt

# Eoﬂ = pro-

ol v ge] Jadast CTLA-4 F3A ddAdzte] @
Aol talX s ofd7HA] AFE vl glow CTLA-4% A%

FFI-E

AeH Aolol we FH4 vhgael z}om wagon?
Aol s = Aolol A CTLA-4 F4xF thdAy o=y g
welel Qg R fAA BeATtel WAl tste] dopum
2+ 399+, CTLA-4 exon 13 promoter?] 3 thaAdo]
ohETY R Folwolut HlolEIY #7 FrolelA mzs%

of ®la] 2ol ®¥E Xo|E Ho|R| kol CTLA-4 #3x
tgAdo] gt Lol olEduRge] §14 A 2 olEy
g Rge] el Hdojer g Aoz Ayztdd

= el

£ 3H:(Cytotoxic T Ilymphocyte-associated antigen—4
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A IgE 243 T Al &4

%XJX]—E gl Aok B AelA=
FAAH(-318 po-

$HA A

CTLA-4 exon 1(+
sition)9] o343

position)¥ promoter

G Aholo] ol Ed IR ¢ o

9 olET IR o] el wAldl ] Lol At skt

ol N FX 1454, HlotENA 3 6993 xR

96 S O = restriction fragment length polymorphism'

HoZ CTLA-4 promoter(-318 T/C)9} exon 1(+49 A/G)<]
bE8AdE AT

A 1} : CTLA-4 exon 13} promoter?] A} thaAdo] of

HI- I:H:

E3g F7 fololut HolEsY F7 Holwol M Tzl
Hlal ololglis x| AolE melx| wgrom] ohEsselel
FEE, e S, TP FOE fols WA gginh

FA% Aol @ Aol
olEw| | e oy
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