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Investigation and Analy51s of Allergy-related SNPs for Allergy Affected Students in a hlgh school.
Kyung-Won Kim$ Ho-Gyung Yi® Hyun-Geon Kim' Soo-Young K1m and Jung-Hoon Ahn'*. Busan
Science Academy, #38-31, Tanggam 3-dong, Busanjin-gu, Busan 614-103, "Korea Research Institute of Science
and Technology, 373-1, Guseong-dong, Yuseong-gu, Daejeon 305-701 — Allergy is a multi-factorial disease
influenced by genetic and environmental factors. As the number of allergy-affected people is increasing
in developed countries, there is an increasing interest in genetic predisposition to the allergy. A
number of genes and chromosomal region have been identified to be linked to allergy including
rhinitis, asthma and atopy. In order to understand the genetic background for the allergy-affected
people, we investigated genetic predisposition among students enrolled in Busan Science Academy.
Among 138 students, about 30% students had some allergy-related disorder including rhinitis, asthma
and atopy. We analyzed several single nucleotide polymorphisms (SNPs) within two genes, Inter-
leukin-4(IL-4) and Interleukin-4 receptor(IL-4R}), which are involved in the induction of allergy reaction
with the Th2 immunity. For 96 samples obtained from students, we analyzed 9 SNPs including -590
C/T and -34 C/T in IL4, and 175V, Q576R, E375A, C406R, 54111, S761P and S727A in IL-4R. From
the analysis, these SNPs showed slight differences among normal and allergy-affected students, but
these differences was not enough to predict the predisposition to the allergy. In contrast to previous
reports, we could not find SNP(s) related with allergy. These results suggest that genetic tests recently
performed in Korea widely have to be reassessed for its validity of genetic predisposition. [Supported
by grants from MOST]
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el vhgo] A E A EFRIF Afste <A uhe
o] JepIES o,

¢eAe 8744, 281 K24 8l FFHe2 g
dte] 2R £E £33 2% o] FAAI} ofd
EZAHA a6l 71da7] fEel Fopde Aol dA gt
stAgk H o) genetic linkage AT7E B3 A4 F #ag
ADAM33 [2]¢ 2o} ¥ A& Hl%3te] FejAsh BAD o
AR FH7E AT ITH7,12,24).

d#) Ao} Aol 9 IL49) IL-4Ra] Hold tFAMT
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Bolshs RAAE A obd B =30

A&HD ik £ Ate A g F238HA FEdte
o @7 4R gelA] ¥ SNPE

of hE FFAQ AEE 3t1 o] SNPEo] = A 24
Hez] g3ty 95 detgAstn FAES Galog o
E SNPel| tigt 2AE AYstAon FA 9 IL49% [L4Ra
o] W& )2 e SNP7} ERo s g3yt vpA gt
02 SNP #4¢ 53 ¢ g /22 2A) g2

AE gzt ME 4|

AAbe #E7te 22 o83t AdAsid &
A8 AR Bt TF werteE 23
A g F REL EYT 5 mm AEE 23 Fuo 9u
5% chelaxZ 100 pl, 10(X) Taq buffer 10 pl9} proteinase K
5 Unit (100 ng/ul)S- ¥ 3 65Tl A 1083 A3 3 100C
oM 1083t #oA B45 BEZAS A2 F AT9E A
FEE &7 AZE ASssH-

RER 32 7IMEEY

A71ME £4E YA M FulE AEL PCRE 5
3 FHAE FESAL. 719 A76,9,11,1516,17,21]9)
71%38le] IL42] promoter region oA -590C/T, -34C/T<}
IL-4R a chain®coding region®] AI75V, Q576R, E375A,
C406R, S411L, S761P, S727A¢] A7 1A¥EE EAMFgo 2 H
SNP o1& #<213t7] 98} PCR#HA | BA3 primerg T
A1 FthTable 1). A2 FHOZ YA FHIE HE S
ulE A PCR ¥k 25 plef o] 95T 15%, 55%C, 20%, 72

Table 1. Primers for Sequencing analysis of SNPs -

purification kit (Solgent, #=)& o] &34 ¥ 3tHTh
% 7] ¥-& Big Dye terminator kit (Perkin-Elmer, ©]3)o
Z 5% 3] 377 ABI automated 96-lane sequencer (Perkin-
Elmer)2 ¥4& 3%}

MALDI-TOFE &8t SNP 24

fZog FAAY SNPE #4317 98 MALDI-TOF
(matrix assisted laser desorption ionization time of flight)
< o] 4314 tH4]. MALDI-TOFS %3 SNP E4d Al&-3}
E FY(template)2.2e HE ¥YoM EzH genomic
DNAE o] 83tA £ dFdA e Hesteds ol &stdtt
m &) 7}ete] Al genomic DNAE Fglste] A438d 4 g17] o
7o SNP #A4& fsiA £43t1A gt F34 99
Table 19} primer& o] &3} 99} & 27102 PCR F&
3o o] AL FYo g o]&3gr}. MALDI-TOFE %3 SNP
2L 93 }\}%?ﬂ- Zgtolm 9] Eah#-E 5000-7500, Tm2
60C o3, €71 & e 20/ HE 7IF2E 8 ex-
tension primer& E]X}?_] Rt} (Table 2).

A3 Y4 %6 8] SNP genotyping s AA|8t7] o] Hd
Al extension primerE A3t APrtEAHE B4
7] 93l UMY AHE ¥ e AR shHFA &9
A& ¢%tw AL@)9} pooled DNA sample (1007 9] ¢1¢j]
A}ZE DNA) 8, negative sample (DNA thAl &8 92
A)Z uAdE S AN 2 A GUINES ¢ e
A8 SNP B4 & %3 extension primerd] oZ8d 2 ¢
717} F7FE 2.5 pooled DNA sample SNPS] of &<l
NEE gty 4 stk dudd AdE 7122 96719
MEE HA3tL o] 5§ MassArray Al 2% (Sequenom, Inc)

SNPs Primer name

Primer sequence

[L-4 pro+

S90C/T IL4 pro again-

IL-4 pro again+

34C/T IL-4 pro-
175V+

175V 175V-
Q576R+

Q576R Q576R-

E375A IL4R mid+

C406R IL-4R mid-

S411L

S761P IL4R ter+

S727A IL4R ter-

5-TTATGGACCTGCTGGGACCC-3
5"-CAGCATAGGAAATTACACCATAAT-3
5-CAGCAGCAGCCCCAAGCTGATA-3
5-GGAAGCAGTTGGGAGGTGAGAC-3'
5-GGAAGAGTCTGATGCGGTTCC-¥
5-CAGCCCACAGGTCCAGTGTATAG-¥
5-CAGAGTCCAGACAACCTGACTT-3
5-GAGGTCTTGGAAAGGCTTATAC-¥

5-TGGAGTGTGAGGAGGAGGAGGA-%
5-CTCCAGGTGGAGAGGCTGCT-3

5-ACCTGTGCGGCCACCTGAAA-3
5-AGCATTGCCAGGGGCAGGAT-3

The amplified PCR products are around 100-400 bp. Sense and anti-sense primers are given for each SNP analysis in the left.



Table 2. Extension primers for SNP genotyping with MALDI-
TOF

Primer name Degign

ex@590C/T  5-ACACCTAAACTTGGGAGAACATTGT-3
ex@I75V 5 TGTCTGCAGAGCCCACACGTGT-3'
ex@-34 5 - TCGATTTGCAGTGACAATGTGAG-3
ex@ter2236  5-CGGACACAGACTGGCCTCCAGTG-3'
ex@er2301  5-GGGGCAGGATGGAAGGATGATGA-3
ex@S727A 5-GGCTGCTGCTGTGGAGACAGG-3
ex@HG 5-ATGCCCTGTGTCCCCCAGCTCT-3'
ex@Q576R 5-TGCTCCACCGCATGTACAAACTCC-3

Extension primers were designed immediately upstream or
downstream of SNPs to be analyzed. The primers are annealed
to the template and are extended by one or two nucleotide
through PCR reaction containing dideoxy dNTP (ddNTP).

384 well plate2 &7 3 77§¢] SNPEE Wro] SNPE &
olE 54 94L& PCRE FZ Y} PCR HA NN F2 dNTP
o AN E AAT EEA S A717] A8} SAP (shrimp
alkaline phosphatase)& *2}s}al, ¢olE 14} 3= SNP]
g 99l primerg& ¥ o}F 1 hME (homologous mass ex-
tend) 93-S E3) primer extensiong v} 20 2 desal-
ting 348 # A 384-well microchip (SpectroCHIP)oj &7}
%, MALDI-TOF (Bruker BiFlex II)& o]&3F mass spec-
trometric genotyping 3 2 &2 SNP genotypings 3t}

SNP ¢1}2] PCR 352 ofe}s} 2ol Faasich. s}l
AZo 52 231, DDW 224 1, 10X PCR buffer 0.5 pl,
25 mM MgCl 0.2 ul, 10 mM dNTP 0.04 ul, Taq (5U/nl)
0.02 pl, PCR primer mix 1 pl-& FH7}8k &, 95T 20%, 56°C
30%, 72T 1822 45 cycleg PCR F3 o}

SAP k3-8 SAP Enzyme Solution$ & 2 pl2 @33
DDW 1.53 pl, hME buffer 0.17 ul, SAP 0.3 ul-& 37}t 37
T 20%, 85C 5%, 4T 72 HA3t] Thermocycles
FRF o

hME 228 & 2 plg %33, DDW 1.512 g, hME Ex-
tend Mix 0.2 ul, extensiono] A}#3t= hME Primer(20uM)
0.27 wl, Thermo Sequenase 0.018 ul& A 7et1 94T 10 sec,
52T 10 sec, 72°C 10 secE 40 cycle& 433t}
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%9 5& XA 84 LA E BAg AEE T ¢
g2 vlgo] 38% 2 7H¢ Wk A4 18%, ok 8%, o4FE
ojuf Al g 7e ¢ d@o] 21% I °]F
27 Ago| HFA o vehhs Aol 15%9 v
Ebstth(Fig. 1). £ A9 A4 tde A ¢AE &
AE AR 2 FPor LAY SR dMe 43
@2 ¢S dEk
He stner ol
PotHoh. Aol F
oA SR 12,

PR e

E

7o) ersta] 9712 st B
£ ARES $440 474
2 Z9l3h] SNP © §774 24
3% AQA 967 (A BAE 31, 3
A4 Bz B9 22 9%

Mo 2

g

e

FH SNP A

M)A g uhe} Zo] ¢YA whgo FoF FES
s 148} IL4Rao) ths) Felx2 DAL AL Hog »
A= SNPE AA35l9t IL4Ra= F4A 16p11.2-12.19)
23 £A 3%} IL4Ra genomic DNAS F717} v 37]
uf £l (2F 130kb) Bt} B4 gk Mgl S 744 2+ exondl| o s
X SNPE %Alel7]2 k. Q576RE IL4Ra9] 11HA
exond] Y& SNPZ T7} C2Z o)z} doji} Glug AAksld
Aol Argg A stn A9 A A=} #He] ok
£ B17) tH19]. 175VE IL4Rae] 537 exond] 9+
SNPZ A7} G2 wo|7} dojut AAgw A o] Tled A Valo
2 vt A HH ofEF Fqgthis Byt gloH10]. IL4R
a 114 exon Zje]l PR F o] gl= E375A, C406R, SA11L
37¢] SNP7} o} E 5, A1 #o| 3lom, 2L exond] 3
BB 9= S727A, S761P 27}x] SNP= AIE 47} Aol o
etz A B shsAol lvke Byt Yo7 ¢
HAZ mid, 99 VIS terdhe G902 FHsel 4]
Mg 4 2 SNP #4 4% girhFig. 24A).

Fig. 1. Survey analysis for allergy. 138 students in Busan Science Academy were surveyed for having allergy in the past or at

present. Allergy types were surveyed for persons having allergy at present.
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Fig. 2. SNPs in IL-4Ra and IL-4. A. SNPs in IL-4R. Exon 1 to
11 are depicted and SNPs were grouped for analysis as
the name of mid and ter. B. SNPs in IL-4. Exons and
SNPs are depicted. -590C/T and -34C/T SNPs are
located upstream of coding region.

4% Qa7 5110 EABT HAATELS 24
7} coding regionoj e ¢# A9 #HH SNP7} A9 i
vl 913, promoter regiono] $X]3+ SNPoj wafAjgt
B 377} 910j[16,21], promoter regionel U3t SNPE
T34t} IL4 promoter regiondl] $1& -34C/T 7} 8% IgE
559 Z71¢ Aol ke Kt 9loi[821] FRAHA
2 A gk 590C/TY T alleleo] TgE2) ¥ %% 719} Aol
Jrhe B a[14]9} [gEe) FEohe AAPA 7L T &

Zuk, A2 gl A T frequencyrt EtHe Ba17} 91o][8,

16], 293} o] SNPE A} % cHFig. 2B).

& rk‘l it
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i
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zA} &
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Aoz B A7EEH A ¢YA B4 & F EF
1098 & N5 1%9) RO ZEE) DNAE %o} PCR3}
of G7IMES Hth E71ME £4 A 7 i%}@l 71&
o ¥zl SNPst 9o A2 kot SNPE F&5HE #o
F ¢eAS) FBY AR FAHEE WolE F 84 AR
th. 971 g 24 A3} [L-4Ra mid+$} IL4Ra mid-2 PCR
P o] 9le 3714 SNP (E375A, C406R, S411L)) A&
FAEE T35t ofF A wolrt wAE A %ol Mass spec-
trometric genotypingsll A AAAF|712 HFE AASACL
%3k IL-4Ra ter+9} TL-4Ra ter-& PCRYH F E o)X SNPE
FAHE Welrh Wi HAHUT. shte ter2236 (22362
IL4Ra9)] start codong 19 €712 3t W71 AE S T3lH
Table 2¢] extension primerE %3] Y2 & g}o}e & ,\l‘:},
Genbank X52425)0 8 C/C7} AAo|Y Sabzol s %

o] C/AZ YElyton ter2301oME & o] YEh 2
AAE F7tstdth. Q576Re] 302¥ A zEld M ThE RE
Atge G/Golut 13889 BAle] G/AZ Y oA 9
Al F7hste] AEE/12 ZAsA

Mitsuyas S| gh's 75V [15]= & AdelA d7]id 2
A A A/AQ AR e F 10834 19, A BiA 39
W 27 67 1902 WA Qe BAART A/G
Z heterog] Al F 6502 AA HHEAG F4o] &4
7} ol AL féxﬁ "a‘ﬂi A BAA7b 4ot wA g o 2
G/G, & F /M9 A5 @AA 0] ZF wol7} dojd Abghg
% 390z g9ol #A B{AL T Hel 4 BAAYY
(Table 3). HGs= Fig. 2A9] ter H-& G7|NE ¥4 344 &
of MEA & AOZ F 9B(FAN 19, {39, &4 6
H) & 3% 13 G/A heteroZ Yetg o UrAe 25
G/GZ UtErstth. Hershey S0 uHal Q576R [9]& % 9%
HAA) SR BHA 18 T/C heteroZ YEG O YA
T 2% T/T2 Aot} Takabayashi 5o 3l -34C/T
e % 8% (B4 19, 4A E/A 3%, @4 BHiA 4%)
Z 5% T/Tgom 21 F 1980 A BfA, 432 84 &
FAQ C/TY A & 3902 1930] A4, 232 37
B At Noguchi §o] #3l -590C/T [16]& d71MES
24 2E AFZAM C/C homoZ Yyttt HollA A7
& 12236 % 109 (34 19, 374 247 35, @4 B4
7} 68)% A B2 38o] C/A heteroZ Yehgdo)
ter2301= E71NE &4 A%, F 108 F A 244 319
o] C/A hetero2 YE}gtHTable 3).

Mass spectrometric genotyping 22}
EAol H&3l= ME 48 1335t Fisher's
exact test® 53 Tt major, minor alleleg 7}A 1 P
value (additive)® T3o1 allergic group (FAF)olA
frequency7} & alleleo] $A4Y w9} 4A4Y W2 Yol P
valueZ 7311, 22t dominant, recessivegt X713t} 1
21 P valueddl = FAHLE o Sle 2HE T
93 Oderation A8 T A}&3c}

175V e] 57 2 2] Z3}(Table 4) allergic group (A, 77|
B&A X33} nonallergic control (0}3} control® 3 3Hoj)
N G/G] Hlgo] 22t BI%(E8HE 9%), 125%(48WZ 6
@)z Aol7t AAW G frequencyt 00302 2 3ol B
Gtk 28 allergic group & B Wl BHE FI G
frequency S ZA}sHA} o235 0.55, vl g 0.539) iz 24.&
0752 oju] YA && FXE e o]§ B8 I75Ve
Aol G vlF Aoje 22 UWE F U ole
I75V7F A3 #do] Jlve Rusts A Fr}15].

Q576Re] EA A2 A3} (Table 4) C frequency} allergic
groupsl A 0.06 E7 Uehd®, T/Ce) HAE WET 39%

P valuex
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Table 3. SNP analysis using sequencing analysis
wotal homo (F/F) hetero (F/B) homo (B/B)
ota
norm past pres norm past pres norm past pres

175V (A/G) 10 1 1 1 4 1 2
HG (G/A) 9 3 5 1
Q576R (T/C) 9 1 2 5 1
-34C/T 8 1 2 1 4
-590C/T 9 1 3 5
S727A (T/G) 10 1 3 6
ter2236 (C/A) 10 1 3 3 3
ter2301 (C/A) 10 1 3 3 3

homo (F/F) is homologous nucleotide pair with the former nucleotides in the parenthesis of the left SNPs, hetero (F/B) is
heterologous necleotide pair, and homo (B/B) is also homologous nucleotide pair with the latter nucleotides. For example, homo

(F/F) of 175V (A/G) is A/A, whereas homo (B/B) is G/G.
norm: normal person for allergy

past: person who had allergy in the past

pres: person having allergy at present

Table 4. Statistical analysis of 175V and Q576R

SNP 175V Q576R
Allergic group
A/A A/G G/G T/T T/C c/C
Number 13 16 9 18 9 1
Alleles A G T C
Number 42 34 45 11
Allele frequency 0.55 0.45 0.80 0.20
Nonallergic control
A/A A/G G/G T/T T/C c/C
Number 14 28 6 28 11 0
Alleles A G T C
Number 56 40 67 11
Allele frequency 0.58 042 0.86 0.14
add dom rec add dom rec
P value 0.64 0.65 0.81 0.48 0.58 041
Oderation 0.88 0.79 2.20 145 141 none
% add: additive, dom : dominant, rec: recessive
(48 A 2§ 2895 99, 32.1% AN 2F 39¥4F 119 51.1%) -590C/T GA} dh=<le] deiA g} & daAAL gig
28.2%) ¥skth 3 controld] #E<7} allergic groupE.th 3 gaEd 590C/TY 975 AZ te 23S 118,
2L x B38ln allergic groupoll Mt C/Crt vehd AL 16,20,21,23) 3t A-%7 B4 ol Zt 9750 HE Y&
ol C/C homodl A3old FeAAo) JF& Frhe A4 AFS HHOR 7] WELE ALY o ARE O A

& Ag & Ak

-34C/Te BA A Z3HTable 5) allergic group3} con-
trol Alo]el] frequency 2}e]7} g1tk Oderation 23} addi-
tive, dominant, recessive A] 7}z 25 1o 243 AL 1B
o}, -34C/T7} A=A = & -&5= SNPRIX|= & 47} §ith

-590C/Te] EAAe] ZAzNTable 5) T frequency7} of A
L3E 4Tk /T Hl&x A4 250A 167% o ot
(€A 2F 3293 119, 344%; B4 18 4835 29

LX)

= A g, o g 21 8}e] haplotype &
TE B Eo}o} gt

S727A% (Table 5) ZE AZ|A FEHOZ T/T (ser/
ser)7t B2 EHAY. G (ala) frequency’} ¢ Fthe Hau
17)7} Qew $el7} A 2FANE G alldeo] gle
Ao 7 Bt

ter2301, ter22362 A¥ Az} RE A Zo] G/G} gt

A7IME ENES E o C/Gr v AEx G/Grt vgt
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Table 5. Statistical analysis of -34C/T, -590C/T and S727A

SNP -34C/T -590C/T S727A
Allergic group
Cc/C C/T T/T C/C C/T T/T G/G G/T T/T
Number 2 8 19 3 18 11 0 0 40
Alleles C T C T G T
Number 12 46 24 40 0 8
Allele frequency 0.20 0.80 0.38 0.62 0.00 1.00
Nonallergic control
c/C C/T T/T Cc/C C/T T/T GG GT TT
Number 3 10 26 6 15 2 0 0 50
Alleles C T C T G T
Number 16 62 27 59 0 100
Allele frequency 0.20 0.80 031 0.69 0.00 1.00
add dom rec add dom rec add dom rec
P value 1.00 1.00 1.00 049 0.15 0.73 1.00 1.00 1.00
Oderation 0.99 0.89 1.05 0.76 2.00 0.64 none none none
tf T Ago A E vudE 2} mass spectrometric o} #A FUdA Be 3ALEo] Yol AINES Ao R
genotypingo] © AEd wheirte A2S AU ter2301, T332 A A Bl 2 2 AFS o S8te ARI2E AL
ter22360] tj3} C/G7} U HES oA ARZ G7I4E & At & A2 F3f SFHY A G o3 e
At G/GrF & A o] AEE FAsHA #FUch 2 v A8 £ A%E GUAHA §47 AAE B3 33
= o] control3} allergic groupdl X F7]14F 9| zho]7t 8l = o] Frt d&E RoET
=AY #utopye} Wolrt A dojuta] Fkrhe A
o2 o] 27kx= SNPe & 4 ¢t 2 ¢
[L-4Ra9] 175V 9} Q576RS V/R combination¥ 7% IL-4
o o 9zsA wgshes [L4RaS 2HATE Bavt 9l G B 447, 843 294 o) ues
GUEL olAE Sd2 $2) 2f 9 NP 4EE T 8ol 4AA Gdd A8 4} B9 o
75V} QST6RS] gerotyping A7+ 2% 747 AZS B4 Ao 3 Balo] Z7kekn 9o o] Y3t FAHS 2
o2 o] % SNPY allele Z§g 4 o}w(anergw goup <o) W3 BAE Zvkn Yk LeAele A4, obET,
: 2774, control : 377]). 1 A3} allergic groupsli = % 277) vjgde Eg AR BEE §HAY A B v
o HE F 870(29.6%)9 A, controle| M & & 37709 A& F A3 ok kAT o5l tig Frt & #lo] AYE A
1070(26% )1 X A= dte] V/R combinations 7HiTh P2 e 4ot B A7ELE ¢ E %l"ﬂ% w3
(&, allergic groupol| A} controlol ¥]3)] 3.6% w2 vl-&= 175V, Aol golg Fyux ¥t FgdAstw 138H L Aoz
Q576R9Y tha A Ztzt AHojx shite] wolg doh. SR olE F oF 30%7F A4, olEH, HlgH Fe ¢8A
2 d7e A #34 2398 27 Yd8) A AFS 43 YA B AFEe AgAA Bud dF 3
ATo] Q1= SNPE ZAL 8tk ¢eiAE faated & HEZ EQE YA B8 FRAE %oy 15 ¢
3t L4} [L4RaE A2 7|E0) A7 =& T3 & HAE Yosled #oqstc [L49) [L4ReE TR FHAZ
8 gelAg Aol Y= SNPE Zo} o5& THHOE AAstgth. AF7tA 238 BuELS SNPe 243 19
A5 na stk A48 ddeze BegAgad e 3 ZL TN SNPo| 23§ who] MRS W, 2
SHES AUZE SR HE Z2AHET o] 59 30% 7HEFe] ArHe geAg BEste] ExEE IL49) [L4Rae] SNPE
@A ¢YAE 7HA L AN o] 5o £F SNPE 714 A FgAHoz ENstax et #etgAstn S %6
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