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Association of TLR3 gene polymorphism with IgG subclass deficiency and
the severity in patients with aspirin-intolerant asthma
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Purpose: Toll-like receptor 3 (TLR3) recognizes to viral double-stranded RNA and is involved in antiviral defenses. A probable role of
TLR3 gene variants in the pathogenesis of aspirin-intolerant asthma (AIA) has been suggested. AlA patients present more frequent
asthma exacerbations in which respiratory viral infections could be an exacerbating factor. IgG subclass deficiency was commonly
present with bronchial asthma. Based on previous findings, we investigated whether TLR3 variants could affect IgG3 subclass defi-
ciency in AlA.

Methods: We enrolled 279 AIA patients, 403 aspirin-tolerant asthma (ATA) patients, and 315 normal healthy controls (NC) in this
study. TLR3 polymorphism at the promoter region -299698G > T was genotyped. The serum levels of IgG subclasses were deter-
mined by the single radial immunodiffusion method. Expressions of IgG3 and TLR3 on Epstein-Barr virus transformed-B cells iso-
lated from asthmatic patients were evaluated by flow cytometry to investigate B-cell functions.

Results: The TLR3-299698 T allele was significantly associated with severity and IgG3 deficiency in the AIA group (P=0.044 and
P=0.010, respectively), but not in the ATA group. IgG3 expression on B cells from asthmatics with IgG3 deficiency was significantly
lower compared to those without (P=0.025). There was a positive correlation between IgG3 expression levels on B cells and serum
IgG3 levels (P=0.434, P=0.002).

Conclusion: These results suggest that the TLR3 -299698G > T polymorphism may be associated with IgG3 subclass deficiency and
severity in AlA. (Allergy Asthma Respir Dis 2016:4:264-270)
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1. A7 iy

T ol o] e 27|k et 2t T AIA &
A} 2797, ATA $HA} 4037, AT 2 31572 o
Q17 of ek e 71kl 8] 412)9) U8l Institutional
Review Board)of] A= 5l 5015 QLT A2 AIA- A7 ] 5H(In-
ternational Global Initiative for Asthma)2] Z]&of w}a} s}
11, ATAE= o} 1] @(lysine-acetyl salicylic acid) 7| A4 & 4
2} Aeksheh? 125 £ HAL 0]} (American
Thoracic Society)2] A|jof| whet o] 9l 7oA A tl=
e 557] 4] weElo) gl AR Assck o=
= AHAAE 718 A (Dermatophagoides pteronyssinus, Derma-
tophagoides farinae) 25, 522 Y (cat, dog) 257, SHEI-
(tree pollen mixture, grass pollen mixture, mugwort, ragweed,

Hop Japanese) 5%, 55013 (Alternaria, Aspergillus) 235
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o} vl AHY B} PS E&= 1271K] YubA 9l 31l (Bencard,
Brendford, UK)& AF-8-8}o] T} F-eARA 9] (skin prick test)& 43
Sho] Zoj iz 17] o]442] A W2 Hol= 7B-¢-= Attt @
A U 5 IgE 2 AL oFo] & Tt & (eosinophil cationic protein)
%F2 ImmunoCAP (ThermoFisher Scientific, Uppsala, Sweden) &
2 259k S v 8 5] AL BUE XA, CTA
7N E= v AAAPH S 2 A4St Lund-Mackay A7} 37 ©]
Apolil A1ZFEEY HlE 0.2 Helshick

2. TLR3 RTXto| THUHT| Cradd ZAL

AL AR ExHolo 4] DNA 5% 7] E(Puregene DNA
purification kit, QLAGENE, Minneapolis, MN, USA)S A}-8-5}¢]
A% DNAS 223190c) TLR3 92074] 27he] 47 o
(299698 G > T} 293391 G>A)2] -G-AIZ}& L 0] 7] ol A] o1
TP o] Gstol BABHATE! 27he] A A4} Th %
TLR3 -299698G> T4} kg bo] 40] 2 Smmut b}
IgG3 29 72 A= Hairk

ZE
HAS2EY (Ig) G, A, M2 HY S A (immunoturbi-
dimetic assays) 2. = ROCHE COBAS INTEGRA 800 (Roche,
Marlborough, MA, USA)& AF&-5}0] 2431 L) IgG oF&(IgGl-
[gG4)2 L UHAHI A (single radial immunodiffusion
method, nephelometry, BNII, SIEMENES, Newark, DE, USA)<-
Ab-g-51o] A-2-0]3}8+ 1A (Seoul Medical Science Institute, Ko-
rea)ol| Al ZS519ITE E4 IgG, IgM, IgA, IgG oFgdol| tigh g4
& o2 2ok FlgG, 916-1,796 mg/dL; IgM, 40-260 mg/mL;
IgA, 93-365 mg/mL; IgGl, 382.4-928.6 mg/dL; IgG2, 241.8-700.3
mg/dL; IgG3, 21.82-176.06 mg/dL; IgG4, 3.92-86.4 mg/dL. A}
WIS o]51e] 2.2 el 2R B AT T2 Helshich

4. EBVE HIAZIB MZF 15

ATt TARFe] 2z ol 10 mLAj|A] Ficoll-paque (GE Health-
care, Uppsala, Sweden)-& AF-8-510] Lhzd ol Tl Af| 3Z(peripher-
al blood mononuclear cells, PBMCs)S %3}tk ¢I4] G2 B &
3L Epstein-Barr virus (EBV) 2 H&3} A|7] & %714 0 & u
o] 7hHa 5tk EBVE H|6h= HHEAl(marmoset) B A 2EQ]
B95-8 A|3E(ATCC, Manassas, VA, USA)E 10% B 24J3}3F A
o}&A(fetal bovine serum)¥} 1% HU-AH(penicillin)/A~ EFE0}f
O] Al(streptomycin)-S #7138t Rosewell Park Memorial Institute
(RPMI) 1640 HjoFeof|A] 5% CO, 37°C Q1FfH|o|E|o A] 5-7% Hl
F51iTk voF 01 B95.8 ATTEEE wehd] Aol 27l
L, 71 A5 NS 5 X 10° M| 422] PBMCo|| #7510 EBVE 7
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ATk AlEE 2 E(cyclosporine A, 1 ug/mL)o] Z3HE] RPMI
1640 HfjeFol o 2 o o Fok vy &, M B Al 25 Fshd
1782 F3l HE sk

5.B 2T Ll IgG32t TLR3 &gl 24

Z} 312}2IB M| 335 CD19-allophycocyanin (BD Bioscience,
San Jose, CA, USA), CD27-perCP efluor 710 (eBioscience, San Di-
ego, CA, USA), IgG3-R-phycoerythrin (Southern Biotech, Bir-
mingham, AL, USA), TLR3-R-phycoerythrin= &-2-0f| 4] 30&7F
HABFHEAL, AAHFE A4 (phosphate buffered saline) & Ao &=
& FACS canto II flow cytometer (BD Bioscience) & AF-8-5}0] &
A5IGic) = A1k FACS Diva 4232 EQo] 5 AF-g-5}o] 415}

At

6. 4 &M

A K7} slofukeld| 2 3 W& (Hardy-Weinberg equi-
librium)-& w=2=2] 7}0| A& (chi-square) 4522 215}tk
At Tag 7 323 A9 Ht gk AFo|= Student t-testE AHES
of Bl FABFFIT 2w 2] {30 AHE WI=E chi-square H| A E
S ARgsto] EA4819aL 95% 4124 Hconfidence interval)¥} 2
ZH](odds ratio)= AAFSFITE Lrolel AL T4~ (covariants)
2 B, A7HA] S 249(codominant, dominant, reces-

sive) 2 ZA|AE] 3|4 (logistic regression analysis) ©. = 415}

Table 1. Clinical characteristics of the study subjects
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ok = B4 B2 [BM SPSS Statistics ver. 19.0 (IBM Co.,
Armonk, NYY, USA)-2 AF2-51 31tk

1. 7 CHAIRES| AN EM

1 tdtke] 4/ E49-S Table 10]] A ASHTE

o/J9] vl A i RTETE ATA SEAFFOl A B AT
(P=0.025), AIA A2} ATA SEAftoflAl= A8 2] Zol7} §19l
) obE u] ot FA ] FIgE U2 4 o RTHT} ATA SRt
ATA 3A}Lo| 4] =9ktHP<0.001 212, AIA $AF-2 ATA 3t
AR A 0] S5 o yh] Fulsglo] =] (=
0.02 and 0.002, 27}, 1271845
ume in one second) ZF(%)°] ATA A}H(P=0.020) W A} tfj =
TH(P<0.001) 2Tt F-0J5HA] Stk Aojm= 17) oo IgG ok 2
7L 7121 3] Hlwis ATA 3AH2(6.1%)TF ATA THAH(5.2%)
7ol EAA O = ot Afo |7} §IiTHP = 0.621).

7|%¥(forced expiratory vol-

2. M| SIXtollM 1gG ot ZE 2%

4712 1gG ©F3(1gG 1, 2, 3, 4) ZAF-2 71 Ao vl =5 27
O] A4 SAFIH(AIATE, ATAT) A EHe1gt Ao, 1gG3 Ago]
AIA SHA}(5.02%) 2 ATA $FAFH(4.96%) HFoll Al 7H 422 Wl
=2 T QITH(Table 2). [gG3 AB % AIA 34} 147 7124 21

Characteristic AlA (n=279) ATA (n=403) NC (n=315) Fralue
AlAvs. ATA AlAvs.NC ATAvs.NC
Age (yr) 445133 45.1+143 31.8+121 0.606 <0.001 <0.001
Male sex 95(34.1) 165 (40.9) 137 (43.5) 0.088 0.025 0492
Atopy, positive 139/255 (54.5) 194/320 (60.6) 29/207 (14.0) 0.194 <0.001 <0.001
Serum total IgE (IU/mL) 359.7+560.5 3709 £724.7 932 +£157.1 0.846 <0.001 <0.001
Blood eosinophil count (/L) 408.7+3975 472.39 +1085 NA 0438 NA NA
Sputum eosinophil count 252+36.8 218+332 NA 0.467 NA NA
(range, 0%-100%)
Sputum neutrophil count 56.9+ 35.1 56.5+ 334 NA 0.946 NA NA
(range, 0%-100%)
PCz methacholine (mg/mL) 8.1+18.1 104+£175 NA 0.223 NA NA
FEV: (%) 81.1+25.1 86.1+224 978+7.1 0.020 <0.001 <0.001
Severe asthma (%) 34/163(20.9) 35/302(11.6) NA 0.022 NA NA
Chronic rhinosinusitis 64/90 (71.1) 20/46 (43.5) NA 0.002 NA NA
(LM score, 3-4)
I9G subclass deficiency (%) 17(6.1) 21(5.2) NA 0.621 NA NA

Values are presented as mean + standard deviation or number (%).

AIA, aspirin-intolerant asthma; ATA, aspirin-tolerant asthma; NC, normal control; ECP. eosinophil cationic protein; PCz, provocative concentration of methacholine causing a
20% fall in forced expiratory volume in 1 second; FEV:, forced expiratory volume in 1 second; LM score, Lund-Mackay computed tomography score; IgG subclass deficiency,

asthmatic patients who had at least one of IgG subclass deficiencies; NA, not applicable.

P-values were determined using Pearson chi-square test for categorical variables and the independent ttest for continuous variables.
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2 1gG2 Ago] FHIEU T, ATA A} A IgGl (n=2)%} IgG2 3. AIA EEXIO|A TLR3SFXL CHadA —299698G)HT 2t IgG

(n=1) 2] FAH= B 1gG3 AolQlk. ATA AL % IgM OFal ZE U HAlo| ZEEoto| I
AR FAFE= 17H(0.2%) 0|1, - AL TR ol A= TgA A2l B olaro] Tl (AIA, ATA, NC) 7F TLR3 -299698G>T -4
Ao odolr) A 2] Hlie= SAZ O 2 25k 2}o]7} ¢ISith(Table 4). 181t

2

AIA T2 20} ATA B2 20l 1gG oy 20} Rl 48 AL BRHEol M TLR3 §84 R Aol nhe 1gG oy 2 2
S g FIH(Table 3), 2 2H1gG oK 29 SRl ME 9] FFw0] 003 Hols} BAEYLK Table 5). F 27992
B240] B 99 Aol GIoiek ATA B2ol4], 1gG ok AW ALA B} 3 14 (5.029)0] IgG3 22 MLk T e §R2 7

M 4

= 7P A5 o9 Bl Ago] gl ST O w9tk (P= A $RP} G ol s 7R SR 1gG3 A Rt E
0.001). 2§25 o A WEE|I19.5% vs. 2.3%, P=0.010), T3, %

Ao =z 1 1 7)) UERGTHP=0.044) (Table 5). Z18{L} ATA

Table 2. Distribution of immunoglobulin G subclass deficiency ]
PRpzol| A= TLR3 #7314 the/dol wh IgG oFg 23 3 4

lgG subclass deficiency AIA (n=279) ATA (n=403) o] ZZ o] EA 0.2 9 0Jal 2ho] = w2 gloirk
IgG1 2(0.71) 2(050)
IgG2 3(1.08) 1(0.25)
1gG3 14(5.02) 20(4.96) 4. EBVE HHE B MIZF0N IgG3 2t TLR32| &5
lgG4 0(0) 1(0.25) 2 Aol Al A SAF Gl B A|ZFE 0]-8-510], 1gG3¢}
IgG subclass deficiency was defined if the patient’s immunoglobulin levels below TLR39] B1E-S 2 AR 1gG3 AHO| Q= 4] 3Ex}of|A] B A
A s molont st AT s lont i, 3 1gG3 wao] At xtol s Wi SHelslsiei (P
Table 3. Clinical characteristics of asthma patients with IgG subclass deficiency
AIA ATA

Characteristic = P-value = P-value

Deficiency (n=17) Normal (n=262) Deficiency (n=21) Normal (n=382)
Age (yr) 444+143 451+14.0 0.832 451+14.0 426+142 0.424
Female sex 10(58.8) 169 (66.0) 0.546 18(85.7) 220 (57.6) 0.001
Atopy, positive 10(58.8) 129(54.2) 0.907 12(60.0) 182 (60.7) 0.953
Serum total IgE (IU/mL) 537.2+730.2 345.1+5439 0.303 269.9+353.3 3825+755.1 0.701
Blood eosinophil count (/L) 460.7+328.2 405.4+405.4 0.583 457144357 473441114 0.951
ECP (ug/mL) 282+189 31.7+39.1 0.325 31.6+326 338+41.0 0.853
Sputum eosinophil count (range, 0%—100%) 344+393 2414365 0.325 210+369 219+310 0.942
Sputum neutrophil count (range, 0%—100%) 67.0+245 56.2+35.7 0.349 58.8+37.0 56.8+334 0.858
Severe asthma 4/11(36.4) 30/152(19.2) 0.190 3/18(16.7) 32/284(11.3) 0.764
Chronic rhinosinusitits (LM score, 3—4) 9/13(69.2) 55/77 (71.4) 0.872 4/10(40.0) 16 /36 (44.4) 0.802

Values are presented as mean + standard deviation or number (%).

AIA, aspirin-intolerant asthma; ATA, aspirin-tolerant asthma; ECP, eosinophil cationic protein; LM score, Lund-Mackay computed tomography score.

Deficiency group included the asthma patients who had at least one IgG subclass deficiency. Normal group included the asthma patients who did not have any IgG subclass de-
ficiency.

Pvalues were determined using Pearson chi-square test for categorical variables and the independent ttest for continuous variables.

Table 4. Genotype frequency of TLR3-299698G>T

Genotype AlA (n=279) ATA (n=403) NC (n=315) Pralue

AlA vs. ATA AlAvs.NC ATAvs. NC
GG 174 (62.4) 220(54.6) 179(56.8) 0.091 0.340 0.393
GT 91(32.6) 163 (40.4) 113(35.9) 0.785 0.345 0212
T 14(5.0) 20(5.0) 23(7.3) 0.066 0.308 0.122
q 0213 0.252 0.252 0.099 0.119 0.990

Values are presented as number (%).
AIA, aspirin-intolerant asthma; ATA, aspirin-tolerant asthma; NC, normal control; g, minor allele frequency.
Each P-value was calculated with codominant, dominant, and recessive models. Logistic regression analysis was applied to control for age and genders as covariables.
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Table 5. Association of immunoglobulin G3 deficiency as well as severe asth-
ma according to the genotype of TLR3-299698 G>T in AlA group

lgG3 Severity
1IR3 .
299698G>T  Deficiency Normal Severe Nonsevere
(n=14) (n=265) (n=34) (n=129)
GG (%) 4(2.3) 170(97.7) 16(47.1) 87 (67.4)
GT+TT (%) 10(9.5) 95(90.5) 18(52.9) 42 (32.6)
Pvalue 0.010 0.044

Normal group included the AIA patients who did not have IgG3 deficiency. P-values
were obtained by Fisher exact test.
AIA, aspirin-intolerant asthma.

0.025) (Fig. 1A). E3h B A|32529] 1gG3 a2 2Hke] &4
IgG3 7]} Fo] ATUAE BFTHP=0.002, R*=0.434) (Fig.
1B). “L2fu} B Al 32320 IgG3 &2 TLR3 "= 59201 &
A} §iSAT

i

i

L

o[ AollA= AIA AR} ATA $IAFE 3238 gh=1 A9l &
sS04 IgG o 2 5 1gG3 29| 7P oA ke
th= A2 sholskgiek TS ATA SAF-of| 4] TLR3 -299698G>T
TR 32 1gG3 A B A9 FFE e dde] lqlek
IgG3 2 20| B A| 70l A 1gG3 Wl [gG3 Z3ge] obd ¢
Apre AfshE] o] 9155 EFlakeict.

IgG3+= o]0 Zh¢lof| ¥h-3-5= Ao Blole] 2 S5}
7 aatAolefal o dtEollA Harskyieh* 1gG ofy 2
T2 7| HA] Ao A F5 419 2.8 A1 AP 557
PRt Thdo] Skl A E Ik Aoz IgG oFg Aol w5
oF HAjof| A= AR ML, A W IgG A 2755 2 A0

AR 4] ghatol] vlsf o WA R SITE S 714 vhEle]of
(gram-negative organisms, Staphylococcus aureus)¥eq} oFL2} v}
ojf AR QIR B8] T H-S ATA ShALO] Y, X1y, 4 ofst
a3k g qhrfal defA Qlek!? o Atollaf= ol A A
o} FUTHA| ATA SE}tol| A 55 HA] EAke] FL 7} ATA 3
AR B A EEQIC AT 1gG3 Ago] ATA kAt
A 717 &3t 1gG oFy ZAgo|lth Bl S AIAQ} ATA ShA}- 71
15G3 2 §-5°9] o= §191A1h 1gG3 A%o] A 41wl 5}
5 537 703} Qigto] o, A W] 2% %5 primary
immunodeficiency disease)& 714 $t=- A2l 2R} of| A 714 LUwt
Zoleb= o]X9] et FUTE Ato|rhl ATA Aol A IgG oF
Y AP A FEret BHE AuAdS Holw, o= HIvg &
7| A HO = QIR A Sk ofsle Aozt

ot Lol A=, ATA SEa}<toll 4] TLR3 314} T3l /4do] 1gG3
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P=0.025 P=0.002, R =0.434
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0| %eee® Smuggan 0o
Normal Deficiency 0 50 100 150 200

IgG3 level in the sera (mg/dL)

Fig. 1. 1gG3 expression in the Epstein-Barr virus-transformed B-cell lines isolat-
ed from asthmatic patients. (A) IgG3 surface expression on B cells. (B Correla-
tion between IgG3 expression levels on B cells and IgG3 serum levels. Pvalues
were determined using the independent ttest and Pearson correlation coeffi-
cient. The deficiency group included asthmatic patients who had at least one
I9G subclass deficiencies; the normal control group included asthmatic patients
who did not have any IgG subclass deficiency.

Ag 9 WA FFret dEo] Stk AS ERlskginh TLR3
£ Hpo|2A 9] o]F7te RNAE QIX[sh= el 4]a=-gA o],
NF-kB ZARIA}L 23} 9l QIE]#|-E (interferon)-y 4/
T}20% 3} ATAZER} 3-8 PBMCOJ| 4] TLR3 mRNA4HS
A T g4 7 A7 G g3 4 7H4 2Tt TLR3
mRNAH&o] G| I Qlek ¢ A3 Wf TLR3 mRNA &
o] GlA}H|E}<=(dexamethasone) A=+ & TLR3 -299698T T2 &2l
< 7 74 G dig@AS 71 -t f-ofshA] A Ao)
H U E| e B3 Hpo]# 9] o]57t RNAE TLR3¢] ©Jf B
A|EE 2 RE 1gG A|S] AR fEghttar g A Qlet olgh
5L A= TLR3 -299698G>T 8- A} tf& Aol W= TLR3 &
A2 A S| 9317 IgG3 Aol 7] 4= 9l5-& AjkEiTh T
o], IgG3 AF2 WA T4 TTEE =Y 4= Ak &EA 9l
Tk A2 0 & TLR3 -299698G>T 544} T A 1gG3 23
I} ASEo] ALA ShRpol| A 48] FFkeo] 7]ofglt.

S0 8| %, TLR3 -299698G > T 5414} T} A1} 1gG3 A% 9
T AAY] AT ATA SERfFof| A FHEE| Q] O L) ATA A}
Ol A= TR R] AT ESE S5 AR ATA $AfEo] ATA
SEApEE T T =9 TH(Table 1). H| S 22 5=9] t A2 Q18] EA|
2 o2 WREA] AL 1gG3 AH-S 7H ATA S0
A F5 A W7} gG3 AP 711 ATA $AfEHT B =2
7335 HSITH(33.3% vs. 17.6%). ©] 2= ATA SAFHT}F AIA
SERftol| A 1gG3 2 Y 55 4] 9] Wof| A TLR3 7314} T3
do] a5k 7]ofgth= AS AlARL

ATA SEA}ol| 4] #H2HE] TLR3 -299698T thH @ d 1} 1gG3 ZAH 9]
A2 TLR3 5342} v /do] 1gG3 A Aol FaF& vl 4=
U= ARkt o] 7Hd& sl fIsl, A A= &
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2)¥] B H|Z300|A] TLR3 -299689G>T thadAdo] w2 TLR3 23
9 1gG3 WS ARSI IgG3 A 4] 2o B A2 W
IgG3 W& o] obd 4] ghapet =27 ZA=|3lrk(Fig. 1).
AL BA|ZS W 1gG3 ' E 2= 4] 2hAte] E4 U 1gG3 9
Z749h gtk AR Aol QUSIek ofejt ¢ A= B A
W 1gG3 A2 744-71HgG3 Ao 28 7119 hf= Al A ch

EBV & W3 B Al 227=0]| A TLR3 A Ha 7} 1gG3 104 9
AR A k| R] oFdTt o]i= TLR37} B Al 2 257
1gG32] Aol AR FFE AR Ghethe AS ongich
H2 T A= B A|R2S) 2 9 1gG A1 9] A/doll F-251 7]o]
hohal 48 A QI ESE TLR3 S7tEE: 2184 © & naive?}
memory B A5 M3} Al = QAT B2 T A2 T30
EBAZE AST o vkl HAEIER Althrh T Al zof| 4]
TLR39] HH&o] THE]QAL, TLR3 27t T AL W B2 2=
2} (co-stimulatory molecules) & Q] 24 ¥t oLz} CD4 T
A|FZ 0] BEE =Y 4= QUTE T A A3 4] A 3zof| 4]
TLR A& HEo] B A9 IgG3 Hh-g-of| Br2jojzkal a4 9l
o} o]gfet AW-E WO 2 TLR37| B A EE 53 gG3 A A
Kol 2 0.2 ke 012 4 9 A0 ARk

ol - 1903 2SR 9l AT ohabAle) 47} 4
Utk e 7]E AtollA= HE 4= /lld IgG3

Off
o,
nZi

O
\1

Z‘” U= 7<
AL of 2} ATA 24F2] 7)ol TLR3 -4k thg/def o
W& st
AR O Z o] H-LofAl= st AJ9l 4] AIA 3R] 1gG3
o} A3} FZ HAlo] TLR3 -299698G > T 4-A12] thadAlat o
A7F 2 AAIREE
REFERENCES
1. Lee RU, Stevenson DD. Aspirin-exacerbated respiratory disease: evalua-

tion and management. Allergy Asthma Immunol Res 2011;3:3-10.

2. Holgate ST. Mechanisms of asthma and implications for its prevention
and treatment: a personal journey. Allergy Asthma Immunol Res 2013;5:
343-7.

3. Szczeklik A. Aspirin-induced asthma as a viral disease. Clin Allergy 1988;
18:15-20.

4. Szczeklik A, Stevenson DD. Aspirin-induced asthma: advances in patho-
genesis, diagnosis, and management. J Allergy Clin Immunol 2003;111:
913-21.

5. Szczeklik A, Schmitz-Schumann M, Nizankowska E, Milewski M,
Roehlig E Virchow C. Altered distribution of IgG subclasses in aspirin-
induced asthma: high IgG4, low IgG1. Clin Exp Allergy 1992;22:283-7.

6. Kaisho T, Akira S. Toll-like receptor function and signaling. J Allergy Clin
Immunol 2006;117:979-87.

7. Cook DN, Pisetsky DS, Schwartz DA. Toll-like receptors in the pathogen-
esis of human disease. Nat Immunol 2004;5:975-9.

8. Xu W, Santini PA, Matthews AJ, Chiu A, Plebani A, He B, et al. Viral dou-
ble-stranded RNA triggers Ig class switching by activating upper respira-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

tory mucosa B cells through an innate TLR3 pathway involving BAFE ]
Immunol 2008;181:276-87.

. Sackesen C, van de Veen W, Akdis M, Soyer O, Zumkehr ], Ruckert B, et

al. Suppression of B-cell activation and IgE, IgA, IgG1 and IgG4 produc-
tion by mammalian telomeric oligonucleotides. Allergy 2013;68:593-603.
Park SM, Park JS, Park HS, Park CS. Unraveling the genetic basis of aspi-
rin hypersensitivity in asthma beyond arachidonate pathways. Allergy
Asthma Immunol Res 2013;5:258-76.

Palikhe NS, Kim SH, Kim JH, Losol P, Ye YM, Park HS. Role of toll-like
receptor 3 variants in aspirin-exacerbated respiratory disease. Allergy
Asthma Immunol Res 2011;3:123-7.

Daley D, Park JE, He JQ, Yan J, Akhabir L, Stefanowicz D, et al. Associa-
tions and interactions of genetic polymorphisms in innate immunity
genes with early viral infections and susceptibility to asthma and asthma-
related phenotypes. ] Allergy Clin Immunol 2012;130:1284-93.

Sironi M, Biasin M, Cagliani R, Forni D, De Luca M, Saulle I, et al. A
common polymorphism in TLR3 confers natural resistance to HIV-1 in-
fection. ] Immunol 2012;188:818-23.

Lim MS, Elenitoba-Johnson KS. The molecular pathology of primary im-
munodeficiencies. ] Mol Diagn 2004;6:59-83.

Popa V, Nagy SM Jr. Immediate hypersensitivity in adults with IgG defi-
ciency and recurrent respiratory infections. Ann Allergy Asthma Immu-
nol 1999;82:567-73.

Kim JH, Park HJ, Choi GS, Kim JE, Ye YM, Nahm DH, et al. Immuno-
globulin G subclass deficiency is the major phenotype of primary immu-
nodeficiency in a Korean adult cohort. ] Korean Med Sci 2010;25:824-8.
Abrahamian E Agrawal S, Gupta S. Immunological and clinical profile of
adult patients with selective immunoglobulin subclass deficiency: re-
sponse to intravenous immunoglobulin therapy. Clin Exp Immunol
2010;159:344-50.

de Moraes Lui C, Oliveira LC, Diogo CL, Kirschfink M, Grumach AS.
Immunoglobulin G subclass concentrations and infections in children
and adolescents with severe asthma. Pediatr Allergy Immunol 2002;13:
195-202.

Loftus BG, Price JE Lobo-Yeo A, Vergani D. IgG subclass deficiency in
asthma. Arch Dis Child 1988;63:1434-7.

Soderstrom T, Soderstrom R, Avanzini A, Brandtzaeg P, Karlsson G,
Hanson LA. Immunoglobulin G subclass deficiencies. Int Arch Allergy
Appl Immunol 1987;82:476-80.

Kim Y], Lim KH, Kim MY, Jo EJ, Lee SY, Lee SE, et al. Cross-reactivity to
acetaminophen and celecoxib according to the type of nonsteroidal anti-
inflammatory drug hypersensitivity. Allergy Asthma Immunol Res
2014;6:156-62.

Proceedings of the ATS workshop on refractory asthma: current under-
standing, recommendations, and unanswered questions. American Tho-
racic Society. Am J Respir Crit Care Med 2000;162:2341-51.

Hopkins C, Browne JP, Slack R, Lund V, Brown P. The Lund-Mackay
staging system for chronic rhinosinusitis: how is it used and what does it
predict? Otolaryngol Head Neck Surg 2007;137:555-61.

Agarwal S, Cunningham-Rundles C. Assessment and clinical interpreta-
tion of reduced IgG values. Ann Allergy Asthma Immunol 2007;99:281-
3.

Jolliff CR, Cost KM, Stivrins PC, Grossman PP, Nolte CR, Franco SM, et
al. Reference intervals for serum IgG, IgA, IgM, C3, and C4 as deter-
mined by rate nephelometry. Clin Chem 1982;28:126-8.

Tosato G, Cohen JI. Generation of Epstein-barr virus (EBV)-immortal-
ized B cell lines. Curr Protoc Immunol 2007;Chapter 7:Unit 7.22.

Skvaril E IgG subclasses in viral infections. Monogr Allergy 1986;19:134-
43.

http://dx.doi.org/10.4168/aard.2016.4.4.264 269



AARD Allergy Asthma Respir Dis

28. Hanson LA, Soderstrom R, Avanzini A, Bengtsson U, Bjorkander J, Sod-
erstrom T. Immunoglobulin subclass deficiency. Pediatr Infect Dis |
1988;7(5 Suppl):S17-21.

29. Laidlaw TM, Boyce JA. Pathogenesis of aspirin-exacerbated respiratory
disease and reactions. Immunol Allergy Clin North Am 2013;33:195-
210.

30. Edelmann KH, Richardson-Burns S, Alexopoulou L, Tyler KL, Flavell
RA, Oldstone MB. Does Toll-like receptor 3 play a biological role in virus
infections? Virology 2004;322:231-8.

31. Ranjith-Kumar CT, Miller W, Sun J, Xiong J, Santos J, Yarbrough I, et al.
Effects of single nucleotide polymorphisms on Toll-like receptor 3 activi-
ty and expression in cultured cells. ] Biol Chem 2007;282:17696-705.

270 http://dx.doi.org/10.4168/aard.2016.4.4.264

Kim SH, etal. » TLR3 polymorphism and IgG subclass deficiency in AIA

32. Yang HY, Lee HS, Lee CH, Fang WH, Chen HC, Salter DM, et al. Associ-
ation of a functional polymorphism in the promoter region of TLR-3
with osteoarthritis: a two-stage case-control study. ] Orthop Res 2013;31:
680-5.

33. Gelman AE, Zhang ], Choi Y, Turka LA. Toll-like receptor ligands directly
promote activated CD4+ T cell survival. | Immunol 2004;172:6065-73.

34. Simone R, Floriani A, Saverino D. Stimulation of human CD4+ T lym-
phocytes via TLR3, TLR5 and TLR7/8 up-regulates expression of co-
stimulatory and modulates proliferation. Open Microbiol ] 2009;3:1-8.

35. Pasare C, Medzhitov R. Control of B-cell responses by Toll-like receptors.
Nature 2005;438:364-8.



