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Background: The 5-lipoxygenase, 5-lipoxygenase associated
protein and leukotriene C4 (LTC,) synthase are enzymes
involved in the synthesis of cysteinyl leukotrienes which are
known to be important lipid mediators for the development
of aspirin-intolerant asthma (AIA). Several studies have
evaluated genetic association between polymorphisms of
these enzymes and AIA, reporting inconsistent results.
Objective: To evaluate the genetic effect of polymorphi-
sms of promoter areas of ALOXS5, ALOXSAP and LTC4S
genes in the development of AIA.

Method: Polymorphisms in promoter areas of ALOXS5 (-1761G
>A, -1708G>A), ALOX5AP (21A/18A repeat) and
LTC4S (-444A>C) were genotyped in patients with AIA
(n=44), aspirin-tolerant asthma (ATA, n=104), and healthy-

normal controls (NC, n=107).

Result: The frequency of LTC4S -444 AC or CC alleles
was significantly lower in AIA patients than in ATA patients
(19.0% vs. 36.5%, P=0.005, OR=0.23, 95%CI 0.08 ~0.64).
However, the frequency of these genotypes was not different
between AIA and NC (19.0% vs. 24.8%, P=0.458). As to
LOX5 -1761G> A, -1708G>A, and ALOX5AP 21A/18A
repeat, the frequency of these genotypes was not different
between AIA and ATA patients and between AIA and NC.
Conclusion: A significant association was found between
LTC4S -444A > C and the frequency of AIA. This finding
suggests that LTC,; synthase may be involved in the
development of AIA in the Korean population. (Korean J
Asthma Allergy Clin Immunol 2006;26:115-121)
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o)l 93l cyclooxygenase (COX) A Z7} A H ™ olg}7| =
AF AL} S-lipoxygenase (5-LO) 74 22 $-3]3}¢] 5-LO A&
WA Z7beke] E42S fEst BokEs P EA
o]l = leukotriene B4 (LTB4)$} LTCy/D4/E4 (cysteinyl leukotrienes,
sl D7} T 83 985 g9t ok g s ok
go] COX F2E Adsto] 7| eF5S Alsh= COX U
AHA| 8] g o] A E o] 7| EgSo] fstE T THE R A,
olo] Q3 YAIA E prostaglandin E, (PGEy)7} 23011
A Uoh? ofaud A Ha Baks opamY WA
A2 gzl Hate] cysLTO Aol F7hE o] §lar, of23)
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3 A1 PC20%k©] 25 mg/ml ©]3}21
AHow ?ﬂ%@}‘ﬁﬁ}- W A Fae] 74 D of
SR ALOXS) promoter -9 2] Spl tandem repeat A A T} %X % «] C’ﬂ groll gt MEES v
gL ol Hulg W2l WwotE Afo] 190 i
U olaud e 94 BN eduge) rd 7
AFS e Ao2 BaHa Yot T3 promoter?] 44 3
-1708G > A, 21C>T, 270G>A, 1728A>GE otAdd 3 o
W HA 3 PE AR ABAL JAAAT o] 59 LA F &
o] ABAL Hol: glo] ALOXSS] 7% ThFo] o}
g I A2l Bao] ke 32 ALY AdE7re 2}

o]7} U< HoFa 9\}\1:} 5-lipoxygenase associated protein A2 o2 AT slkajo X o] Ao B3t WhH ol what
(FLAP)Z o}2}7] E4HS 5100 A 538te] 5-L09] =& lysine-aspirin & A A& A8 H L, FQ AL of
S} cysLTO] §Hdoll Fho et FLAP v%ix}(ALOXMP) prom- 298 HA H2o g Adsignt” wd HEYHE
oter G poly (A) F-91¢] FrH4 3 Ao A4 3 Aol W 7t Hld=ALe Foletga, o
A Q1Fo] wWE zpol7} RuEx 9o, ofavd 3l AT 5 WA E ES ZRPon, HeFe HS

A A s Aol It LTcae) o A ojatel HIYA G AALS WA T FYA B9 55
o

A #ojste LTG Synthase«l FARQ LTC45] promoterd] Zo] i3t RIRAAY L AP
AAG AddA>C FAATE S A D= /Y ool 2] o B PR} AAY TS
o] AAAT A2 gAtel| A FEV,&] A 5he} Aol #EH Aoo] Fguke o2 BASEIL, s} o] Ao kAU S
Aok EE FAEAS PR & AFolA ok=I- mol 7S olEE P AN YEREe A 24
AR A2 BT dfdo] vt RaEHAAT, §- o] 93 #H7)%5 AAFN A FEV 0] &9 80% ©]4o|H
gy, d&, vla, 23 T U2 S Uge R 3 & HEelZ A t)s 7| =TI o] glE AS(PC20>25 mg/ml)
B Ae o] g 7;347} SIS R o= A 2 A 3hstart

OJAE cyslT Aol Fost= a459 K2 ®ol7t
2 2 oolxamd WA Aae dAo] v X 93k T 3. Of2m|E REUAIH
g Hue BA gon 3 Q1F 19 Aol T o &4 A7) g 2ol A4 x@ekRo] 9= AL A4 29 A
o SA we 9E A%E Rele 5 AWH AVE ny sopg Fusin YAE NYRTS A9k P 7
Hola gA etk of AT ME LT} FA el esh= A HA 0.9% salineS nebulizer9} dosimeterE AF8-3}] 0.8%,
BAES 214 Wol7h gl okl AU A o) 6 2 A4 58] EYAT T 102 7HHO T 308 Fob
of Ao S vx=A &Astr] Hste, of=3Y I FEV,& =439 1, &Y A FEV, 5};4 10% ol 7+A=
g e} Bk o= Ui g A Baber At Ae-oll= AAE T TR Z Iysien-aspirin (Arthalgyl®,
A ALOXS, ALOSAP, LTCISE] RG] #ASH= promoter F - oJapobz. 832 09% salineoll 5]4}3ke] 45, 90, 180, 360
o 34 Wole F4F W=E vt o] aano

mg/mle] §HES FH|5ta Fe FrHE 3 dAN &
=2 59 AP L AgstItt 4 =5 oA nebulizer
Al Ol H - _

thet & 2 9} dosimeterS o] -&3Fa] TYAIZE 0.8%, 20 psi, 53] TP}
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cation Kit (Promega Co., WI, USA)S A}-&3}4] DNA 300pLS
FZ3F T ALOXS AR A -1761% -1708 =
¥osle FAAEYE PCRESZ ZE3 & single base
extension (SBE) {02 FAES EA59ct 4 PCR ¥Hg-
o] o]-838t primerS Oligo Primer Analysis Software (Molecular
Biology Insights, Inc., MN, USA)Z T]A}215}$th AF&3F primer
= upstream 5-AAA GAA CAG CGT TGG TGG AT-3'%
downstream 5-CAA ATT CAT TGT GTT GCA TGT G-3'%t}.
PCR HF-5-& 23k DNA (50 ng/ul) 3uLe} 22 10 pmole?)]
primer 1JL, 2.5 mM dNTP Z& 9 4L, MgCL7} SolgE
10X buffer SpL, Taq polymerase 2.5 unit (Boehringer Mannheim,
GmbH, Mannheim, Germany), SF42 £33} & S0pLE
39Tt 95°Co| A 5E7F denaturation A]Z] 3, 95°C 303, 51°C
302, 72°C 302 & 353) WFS-A]Z 11, v} A2 extensionS 72°C
oA sE7F AlAEFH Tk 277} 255 bpSl PCR AHES ethidium
bromide”} E3tE o] Y& 2% agarose gelo| A 2HQ13}FS T
PCRAFE-2 QIAquick PCR Purification Kit (QIAGEN Inc., CA,
USA)E A A|3}%] 3L, SBER primer (5-CAA TTT CAA AAC
TTA CTA TA-3)E Alg3le] F-48S AT

ALOXS5AP promoter ¥-$912] #7438 £42 93 A7} HlE
He FE Tdste FAARNE PRYPSE SE3 &
Scr 4o FARE U F RAYS 2E A
3 direct sequencinge AA|3}] I FAE S EASIHA T
<A PCR HF-g-o 0]53-3]‘ primerE Oligo Primer Analysis Soft-
wareZ T AFQISFQITE AV} WHEE = B915 Xdete F4
A}E-9] = upstream primer 5'-CGT GCT CCT CTG CCA AGC
CCT GCT TC-3'%} downstream primer 5-GCT CTG CCT CCA
GCT GCA CAA CCT G3'E ©]&3to] F33}]th PCR HE-&
£ 23 DNA (50 ng/iil) 3uLe} Z+ZF 10 pmole®] primer
1L, 2.5 mM dNTP & 4L, MgCL7} E9]9E 10X
buffer SUL, Taq polymerase 2.5 unit =F+5 £33l & 50
ULE 3T} 95°Co A SEZE denaturation A]Z] &, 95°C 40
%, 58°C 40%, 72°C 40322 403] WFS A AT, W} exten-
sionS 72°CA| A sE7F Al th = 7)7F 216 bpel PCR AF
£S5 ethidium bromide7} E3tE 0] Ql= 2% agarose gelol] A
el th PCRAHE S SSCPE o] &3] A2 thE B9y
185 #Estda, 749 F29 HAAE AHEE direc
sequencmgE =3 vﬂz}‘d% AAsFH T}

o

LTC4S AR 4448 Z3etE FAAFEYE PCRHY
om =Z3 I SBE Yo T SAFS BAATt oA

PCR ®F-g-9] ©]&& primerE Oligo Primer Analysis Software 2
OAsAT. Ak FAREAE ZEA7] A9 AHS
% primer= upstream 5-TGC ATG GAA CCC CTA CAA CGA
CTA AG-3'3} downstream 5'-GCC AAG CCA GCA GGG AGG

S LTC4S Promoter
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AAA CCA AA-3'T} PCR WH2-& £33l DNA(SO ngfill) 3
Lot Z+zd 10 pmole®] primer 1pL, 2.5 mM dNTP E ol
4L, MgCL7} &9+ 10X buffer SUL, Taq polymerase 2.5
unit, SFFE ST F S0ULE SFAT 95°CAlA SEZE
denaturation A]Z] 3 95°C 302, 60°C 13, 72°C 3022 303]
WA A AL, wEA B} extensionS 72°Col| A SE-ZF Al )8}k

A 7)7} 447 bpQl PCR AHEE ethidium bromideZ} 335 of
= 2% agarose gelol| Al 3213}$Th PCRAMES QIAquick
PCR Purification KitZ A3} 3L, SBEE primer (5'-CAG GAA
CAG CCT GGA TAG GGA C3)Z Al&3te] 448 S FA)
sheio.

9] AFAQ ARE %%tﬁ‘}l\“ﬂ 3% chi-square testS %
st =g, A&HEQ A& student t-testE 3}
O

PEge LA 4 FHATHE) o] chisquare
testS E3}o] Hardy-Weinberg equilibriumg B 713ttt 2+
Ao F318 9 HIE+= dominant model, recessive model,
co-dominant modelS A -83}¢] chi-square testE E3}e] H| L
AL, B3 WolE Hole HFHAY WS Hus)
At 53] of2uA AW AT of2Td WA 2 g
At Atele] Hlae A A8 SYWMEE 5ho] logistic
A8 ste] B 71slAth ALOXS promoter
5 SNPO 2 HE] expectation-maximization algorithmS % 3}¢f
3 LANT MRS 2L A A2 Aol DA
§ fA%e MES A s\pe] A9 gol Mg
EA B2 SPSS 11.0/Windows (SPSS Inc., IL, USA)S A}-&-3}

regression analysisS-

o YA, Pgrel 0.05 o33l B5ol A fel
stohn By

| ni;
1. & 2HXfel UMN 5N
o Ha FAE] Y3 EAL Table 10 YRS
olxud B4 e Bt ofaud WA 4 ﬂz}q}
H3te] YA skt foat A A0 ™(31.8% vs. 51.3%,
<0.001), Bl &Z9] THhe-& =9ktH28.6% vs. 4.2%, P=0.039).

a9 A9, A F9717Y, FEV, %, PC20, olEd], 934 F
IgE, T2 g 5347 FolXe o7}

2. ALOX5, ALOX5AP 9= Bi0|2} ofAm|Zl 1fql
N HAl| oy

SR FARHALOXS, ALOXS5AP, LTC4S) promoter H-9]9]
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FRAZH WHONALOXS -1761G>A, -1708G>A, ALOXS5AP
poly (A) repeat, LTC4S -444A>C)e] FA 3 ¥T+= Hardy-
Weinberg 3 82 w319 ALOXS AR -1761G>A

9 -1708G>A fAW ] MEE ofx7A T4 A4, of

Table 1. Characteristics of the subjects

AIA ATA P
(n=44) (n=104) value
Male sex (%) 31.8 513 <0.001
Age (yr) 43.114.8 46.3+14.3 NS
Asthma duration (yr) 57+6.5 6.1£55 NS
FEV; (% of 88.5+20.0 94.5+16.6 NS
predicted value)
PC20 (mg/mL) 7.5+8.3 6.8+6.7 NS
Log (serum
total 1gE) 21207 22405 NS
Atopy (%) 56.0 452 NS
Peripheral blood 347.8+362.6  382.3+363.8 NS

eosinophil count (/L)
Rhinitis (%) 72.2 64.7 NS
Nasal polyp (%) 28.6 4.2 0.039

Data are shown as mean+SD for nonparameteric variables. AIA =
aspirin-intolerant asthma, ATA = aspirin-tolerant asthma, FEV; =
forced expiratory volume in 1 second, NS = not significant.

299 WA A3 A4 iz Al Ja Abold] 23k
2}o] 2 Ho|A Frh(Table 2). ALOXS ALOXS -1761G> A
g} -1708G>AE @7F ANHE Je)(complete linkage
disequilibrium)ol] ) =H|(D'=1), ALOX5 promoter F-9] 2] &
SNPo]| T gk LujA Y A ME of2Td YA 49
Aol o) 3t ATAdS HolA| FTHTable 3). ALOXSAP
promoter 9] 9] poly (A) repeat F- A £ E HE3F o}~ 3]
g AR A2, okaTd Ulg 2, A8 gz Al J
o Apolell gk xfolzh AT

3. LTC4S promoter MH H0[2} OlALZ|Zl 2}OIM
HAI9| o1ty

LTC4S -444A>Co] ZAS-o&= of2ue A 2 3
At Al AC e CC FAE S 71 8x1e] HIx7) AAE 7
71 #7po] HlEof Hlgte] ofagjd WA 2l Hlste
9J3tA A 2 ™(dominant model: 19.0% vs. 36.5%, P=0.005,
OR=0.23, 95% CI 0.08 to 0.64), C Q| F-F-A=}o] ¥lE w3t
o) 3HAl @ UTHO0.10 vs. 0.19, P=0.006, OR=0.28, 95% CI
0.11 t0 0.70). B 279 ¢ C g FHAE 7HZAC
or CO) #A}9] WLV} 24.8% 2 o3 ARIA A &2}
of Hla] =skout FAAL 4L LATHP=0.458).

Table 2. Frequencies of genotypes of ALOX5, ALOX5AP, LTC4S promoter areas

Number of subjects (%) P value*
Gene Polymorphisms Genotype
(chromosome) AlA ATA NC AlA AlA ATA
(n=44) (n=104) (n=107) vs ATA vs NC eNC
ALOX5 -1761G >A GG 31 (73.8%) 59 (73.8%) 27 (65.9%)
(10g11.2) GA 9 (21.4%) 17 (21.3%) 12 (29.3%) NS NS NS
AA 2 (4.8%) 4 (5.0%) 2 (4.9%)
Allele frequency 0.15 0.16 0.20 NS NS NS
-1708G >A GG 26 (63.4%) 46 (62.2%) 22 (53.7%)
GA 11 (26.8%) 23 (31.1%) 15 (36.6%) NS NS NS
AA 4 (9.8%) 5 (6.8%) 4 (9.8%)
Allele frequency 0.23 0.22 0.28 NS NS NS
ALOX5AP  Poly A repeat  21A 37 (71.2%) 78 (75.7%) 74 (69.2%)
(13q12) 21A/18A 15 (28.9%) 24 (23.3%) 29 (27.1%) NS NS NS
18A 0 (0.0) 1 (1.0%) 4 (3.7%)
Allele frequency 0.14 0.13 0.17 NS NS NS
LTC4S -444A>C AA 34 (81.0%) 54 (63.5%) 79 (75.2%) 0.005 (D)
(5q35) AC 8 (19.0%) 30 (35.3%) 22 (21.0%) 0.004 (C) NS NS
cc 0 (0.0%) 1 (1.2%) 4 (3.8%)
Allele frequency 0.10 0.19 0.14 0.006 NS NS

*P value was calculated with the use of logistic regression analysis including sex, age as covariant. AIA = aspirin-intolerant asthma, ATA
= aspirin-tolerant asthma, NS = not significant, D = dominant model, C = co-dominant model.
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Table 3. Haplotype frequencies of ALOX5 promoter area SNPs (-1761G>A and -1708G >A)

Number of subjects (%) P value*
Gene Haplotype Genotype
(chromosome) AlA ATA NC AlA AlA ATA
(n=44) (n=104) (n=107) vs ATA vs NC sNC
ALOX5 ht1[G-G] ht1/ht1 5 (61.0%) 45 (60.8%) 21 (51.2%)
(10g11.2) htt/- 12 (29.3%) 24 (32.4%) 16 (39.0%) NS NS NS
/- 4 (9.8%) 5 (6.8%) 4 (9.8%)
htt frequency 0.76 0.77 0.71 NS NS NS
ht2[A-A] ht2/ht2 2 (4.9%) 4 (5.4%) 2 (4.9%)
ht2/- 8 (19.5%) 15 (20.3%) 11 (26.8%) NS NS NS
/- 31 (75.6%) 55 (74.3%) 28 (68.3%)
ht2 frequency 0.15 0.16 0.18 NS NS NS
ht3[G-A] ht3/ht3 2 (4.88) 1 (1.35) 1 (2.44)
ht3/- 3 (7.32) 8 (10.81) 6 (14.63) NS NS NS
/- 36 (87.80) 65 (87.84) 34 (82.93)
ht3 frequency 0.09 0.07 0.10 NS NS NS

*P value was calculated with the use of logistic regression analysis including sex, age as covariant. AIA = aspirin-intolerant asthma, ATA

= aspirin-tolerant asthma, NS = not significant.
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Koshino 5-& ALOXS5AP promoter®| A 21A/18A repeat H 0]
7F o] wyat fo3 Aol e nusdn” &
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