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Increased Nasal Interleukin-33 in the Infants with
Acute Respiratory Syncytial Virus Bronchiolitis

Seung Ho Yang, MD, Mi Ae Chu, MD, Hye Jin Park, MD,
Kye Hyang Lee, MD, Woo Taek Kim, MD, Hai Lee Chung, MD

Department of Pediatrics, Catholic University of Daegu School of Medicine, Daegu, Korea

Purpose : Interleukin (IL)-33, a member of the IL-1 cytokine family, is considered to be important
for innate-type mucosal immunity of the lung and also has been suggested to induce Th2-type immune
responses. We aimed to investigate if [1.-33 is involved in airway inflammation due to respiratory
syncytial virus (RSV) infection in young children.

Methods : Thirty-eight infants (<24 months of age) admitted with their first episode of RSV
bronchiolitis were enrolled in the study. Atopy was defined by having at least 1 allergen-specific
immunoglobulin E (IgE), positive result to skin prick test, or high serum IgE levels. The patients
were assessed to have severe symptoms when they had =2 of the following clinical findings:
hypoxemia (<92% oxygen saturation), rapid breathing (and/or lower chest wall indrawing), and
>7 days of hospital stay. The levels of IL.-33 and the IL.-33 receptor (sST2) were measured using
enzyme-linked immunosorbent assay in nasal secretion samples collected from the patients on
admission and compared with 20 age-matched controls. We also investigated the levels of I.-33
and sST2 in relation to the atopic status and symptom severity of the patients.

Results : Nasal IL.-33 levels in the patients with acute RSV bronchiolitis were significantly
increased (P<0.05), but sST2 showed no difference compared to the controls. Neither IL-33 nor
sST2 showed significant difference in relation to the atopic status or severity of symptoms.

Conclusion : Our study showed significantly increased I.-33 in the nasal secretions of the young
infants admitted with acute RSV bronchiolitis and suggests that IL-33 is involved in the pathogenesis
of RSV-induced airway inflammation. [Pediatr Allergy Respir Dis (Korea) 2012;22:383-389]
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Table 2. Characteristics of Atopic Patients
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Table 1. Clinical Characteristics of the Patients
and Controls

Characteristic P(itzlegrét)s Cigr;tg())l)s
Age (mo) 7.5+4.5 8.54+5.2
Sex

Male/female 23/15 13/7
Severe/nonsevere 11/27 -
Atopic/nonatopic 13/25 -
Total serum IgE (KU/L)

Atopic patients 125.4+£102.1 -

Non-atopic patients 2.0+£3.5 -

Values are presented as meantstandard deviation.
IgE, immunoglobulin E.

Subject no. Age (mo) Total serum IgE (kU/L) ImmunoCAP (KUA/L) Skin prick test
1 10 91.2 ND Egg, D.f
2 3 19.1 Egg, Milk ND

3 4 68.9 Milk ND

4 5 235.7 Egg ND

5 3 27.6 Egg ND

6 2 73.1 ND ND

7 6 46.5 Milk, D.p ND

8 15 192.7 ND D. p, D.f
9 7 339.7 ND ND
10 13 124.3 D. p, D.f ND
11 4 2715 ND ND
12 8 90.9 ND Egg
13 5 49.1 Milk, soy ND

IgE, immunoglobulin E; ND, not done; D.p, Dermatophagoides ptronyssinus; D.f, Dermatophagoides farina.
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Fig. 1. Interleukin (IL)-33 levels in nasal secre-
tion of the patients with respiratory syncytial
virus bronchiolitis were significantly increased
compared to the control levels.
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Fig. 2. Interleukin (IL)-33 receptor (sST2) levels
showed no significant difference between the pa-
tients with respiratory syncytial virus bronchiolitis
and controls.

Table 3. Characteristics of Severe vs. Nonsevere Group

Characteristic Severe group (n=11) Nonsevere group (n=27) P-value
Age (mo) 7.5£3.7 8.7+5.2 NS
Sex

Male/female 7/4 19/8 NS
Atopic/nonatopic 3/8 10/17 NS
Severity score 2.5 (2-3) 0.5 (0-D <0.01
1L-33 (pg/mL) 61.8+£68.2 66.5188.7 NS
sST2 (pg/mL) 14.446.3 13.3%£4.6 NS

Values are presented as mean*SD or median (range).
NS, nonspecific; IL, interleukin; sST2, IL—33 receptor.

IL-33 SAAE + 7 7F F23F 2ols
(61.8468.2 pg/mL vs. 66.5+88.7
(Table 3).

o}Ed] 73} HlokEY] F 7he] H]welA= oFEY] 7t (n=
13) ollx] Hlo}ET] T (n=25)°l Bl3l ¥ SHAE HIlo
U SAASE s 9tH(73.8489.4 pg/mL vs.
43.1£63.6 pg/mL, P=0.3). IL-33 72} TGz ol
ZAR 5 bl Fr9J 8 g Al BEE A gokth(data
not shown).

SST27 &A= & %‘9] tiztdt vlaste] Ajol=
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o)A egiek
pg/mL, P=0.8)

= ot AolE HolA| FSIth(18.148.9 pg/mL vs.
14.5+4.6 pg/mL, P=0.09).

Kl
1]

B 79 AatellA RSV el 5t 54 AV1HA9
O Slgsild Aokl HiEHIEelA tixTel Hs)
IL-339] 5427k fFoletA 7kse] Sle e 82

At

32

IL-332 IL-1 Al &3k A EFIRICRE 2 A}
A 9 i3] ‘ﬂﬁj‘oﬂ o8 A= Aow AHA gl
o)A jn vitro 2 in vivo Q7504 IL-33°] IL-4, IL-5,
IL-13 %5 Th2 ARO|EFIRI S FEdl= 2102 Bl
HAL, F= APelA IL-339] Fol= af w9 i, 7,

gl 23h719] Aupe]l A7k &gl 2YHe die] vEd

— 386 —



H} QckY mgh IL-337} vhig
¥ 089 53¢ skl 2

Z] o

@

Fo. S AMA

5 %2
o EJ—IQ%QE‘IIJ,IG) PAl

=
=

f“l ﬂﬂ% 7121 #2317 % iﬁ"ﬂ A1 IL-339] E#o]
710 Q= Aol 47@]“4

A/ Aol 11-337 1L-33 -8-A419 432 714
Zoll st o] e W AAE Hedhs 7|HeRE 2E
gith= A Anel” Pseudomonas aeruginosa-t My~

cobacterium tuberculosis®] W] 714 % S3kA &
oJgtthes Aabso] vhe} QIk?# o]d 9] & AT B
Adof|x] SF712 RSV 7Hsdell 23l AE Th2 Ale|E7F
Qo Qg FEHE 7|59 TAFA A5 o] 1L-33
FEAe) U3t Gl FE FAlel| 2 oksluE e B

o

Rk ®argk ul Qi o] Axp= RSV el 2 7=
A% uk-3-9] 7o IL-333 IL-335-8412] d&o] Fa3t
Asrg & 754 AAEHL TR ATl RSV
Aol 23t FA A7|EAE ez A LolEe] H
FH)EelA 1L-339] S4R7F 22 A7 <] vzl vls)
T S7HE O] e FdE BEE = 3o o)t
A= AAE RSV 7ol ot o AokEe] 357 4
ol 1L-330]

Q3 AT g 7S AARE Ao
2 A7) T IL-33 SAAE S
HAGE Hox| gdghon olENE 7k

Es] 8] S9A7) 71 ot Rt 9%
o 2 QeI A Sk AR ARES Tl sk o]

o} A E F o] B2 el AP e A
o2 AZE QT 2 A oA [L-33 Bz A FAE
S} 593 #HAdES Bolx] gkt TEu HEH)E 9
FARELY) A A HEALS 2AEA] Felglon e

o] BAb 9T ukE] 71Aell IL-333 -84 3t Ajto]
g} ehs o] A7 AP E B w) gho = oo 1
Sk A7t { Qlojok & oz AzhEr)

= B

IL-33 S=8-A12] 37} isoform & #H| &2 sST2+ ©]
o] ofe] Ag-solA HAs} 22 del=r] dgke] 93
U 2Ax9} 2Ze A mEo] 2 Q= RS Kol
Th2 %o w9 fieh #dd dgelr T2 bio-
marker #41¢] o188 8 7107 AAIE v} 9ATEFAY o
0] ATEA sST2%= Al vl H-2bel Fefel ST2L}
ZAH 07 1L-333 Agetn] o2 18 IL-339} ST2L3
9] Agtell o3l == Th2 Al E7IR1e] A 23]
oAl olEhS = Aow HuHITE® AAw #24)
ERo|A sST2E B0i3 A3} 7|59 ey Er|A 3= uk
& AR a3 UERIT 719 HE AlE 9 e

SARF 7k FRaskal 149} IL-5 S78X07F 7hashe a4
o o2t ATE HA ABARA Y sST2
o b AN 2 ATl
RSVel] oJgt A4l ZdellA] sST29] &g Akl Wizt
FA AN TBAY ZoHEe] HlENEA sST2E 5431
A T T"rﬂ?‘& AolE ¥ %_% %iO*D}
olef gt Azjelr Bl A o
A& mlolef 2 ghdel] o)t i' 7] gk
ofl Zpel7t 9= Ao A= T
RSVl o 257 2ol 9lof IL-332] o] tiai
= AETHA S A el o] At Bare} gtk £ <
2 ofd elEe] RSV AIZIRAIAelA

];\1 SSTZ«] ol 51—

'5‘
=]

J-‘U

>

TFoMe A
IL-330] oW &g sh=AE Lol Raa} sF3irt. o]<]
olg] A5l A IL-339] IL-5, IL-13 5 Th2 A1 E7IQ]
o] el oste] Y= A5 vk 71Kel| Fast
A o A0 R AAE v} ot 2 AT s A
At EFIRIe] tgk ZAME AlaEEA] Sealitt. thek RSVell
23t M71FAAAeAA IL-339] #2138 57171 e
RSV Zrge] o8l s 712 952 Th2 WY W
ofl A IL-337} 21 8319 &S 3] S8l ke
2 O g A7t Hesiths A AlAlshs gulrt Stk
AzH o7, B AFore RSV Aol o3t 34 A7
A dow ?J%}"*H Zol52] HEA| B 1L-330]
2 S7HN a2 BRI 0] 3 Ak RSV 7
of &t 57| G5 W] 71- el IL-33¢] FQ3HA o
o 7bsdE Wé = AR AzhEch

¢

)
=

=]
©.
[e

8 A : Interleukin (IL)-33< IL-1 Aol &= Alo]
E7RIC®E 557] e Ax Wole| 7]ofshe] Th2 WY
W& FEshs ZAoR &4 Qlrh # ATtelA= RSV
Zdel ost 54 A71EAE R eI AolselA
IL-330] 7|% 9% Wh&-<] 7)ol #ofsh=A] golr izt
skl

Hp 8 : ZA) o]% 420 % respiratory syncytial virus
RSV) 7o) 9)3k 4] Al7|Bx e om 99l X astad
382 24714 Nk AR 9] AoksS tFOE SRt of
EE HAT 1 ol dF W dHEAN 5o
immunoglobulin E &A1& 7F 3 QA L2720 ost
I AR AbelA 1 7] o] de] W Rk BlE AR

Aoslda QY F Aba 357} 92% o)skel AFEl7E Q)

:(

- 387 —



—Seung Ho Yang, et al.

A, WZFo] UAAY, He] A& 7|3to] 157 o)
oA A5 5 27HA ol e A s YERIE AeE
AT 557 F4E vEE A= sl 1L-33
THL-33 +8A (sST2) = 2l P2l AF T wltnlzelr
enzyme-linked immunosorbent assay {2 5335
o] izt Bl om HEgh Aolz9] ofEy] Abef Yl
4] Ag Aol W Zolrt QlEA] ARSI

4 1} v]En]E] [L-33 54X RSV A718A49 &
Aol 4] gzl vlsl] felahA Sk AU (P<
0.05), IL-33 &A= F w1t z2lolE HolA] kgt
IL-33%} IL-33 &A= 55 Aokz9 oledy S49)
Ak Rl ARGE HolA Witk

A E: B A7 k= RSV el 93t 557 95
HR3-9] 7)Ao IL-33¢] FQ31A #oldt 7lsAS AAKe
= Qo7 A7,

1k}

to 2 3

1. Schmitz J, Owyang A, Oldham E, Song Y, Mur-
phy E, McClanahan TK, et al. IL-33, an inter-
leukin-1-like cytokine that signals via the IL-1
receptor-related protein STZ2 and induces T
helper type Z-associated cytokines. Immunity
2005;23:479-90.

2. Oboki K, Ohno T, Kajiwara N, Arae K, Morita
H, Ishii A, et al. IL-33 is a crucial amplifier of
innate rather than acquired immunity. Proc Natl
Acad Sci U S A 2010;107:18581-6.

3. Chow JY, Wong CK, Cheung PF, Lam CW. Int-
racellular signaling mechanisms regulating the
activation of human eosinophils by the novel
Th2 cytokine IL-33: implications for allergic
inflammation. Cell Mol Immunol 2010;7:26-34.

4. Pecaric-Petkovic T, Didichenko SA, Kaempfer
S, Spiegl N, Dahinden CA. Human basophils and
eosinophils are the direct target leukocytes of
the novel IL-1 family member IL-33. Blood
2009;113:1526-34.

5. Suzukawa M, Koketsu R, likura M, Nakae S,
Matsumoto K, Nagase H, et al. Interleukin-33
enhances adhesion, CD11b expression and sur-
vival in human eosinophils. Lab Invest 2008;88:
1245-53.

6. Oboki K, Nakae S, Matsumoto K, Saito H. IL.-33
and Airway Inflammation. Allergy Asthma Im-
munol Res 2011;3:81-8.

7.

10.

11.

12.

13.

14.

15.

16.

— 388 —

Increased Nasal 1L.-33 with Acute RSV Bronchiolitis —

Stolarski B, Kurowska-Stolarska M, Kewin P,
Xu D, Liew FY. ILL-33 exacerbates eosinophil-
mediated airway inflammation. J Immunol 2010;
185:3472-80.

. Iwahana H, Hayakawa M, Kuroiwa K, Tago K,

Yanagisawa K, Noji S, et al. Molecular cloning
of the chicken STZ2 gene and a novel variant
form of the ST2 gene product, ST2LV. Biochim
Biophys Acta 2004;1681:1-14.

. Tago K, Noda T, Hayakawa M, Iwahana H,

Yanagisawa K, Yashiro T, et al. Tissue distri-
bution and subcellular localization of a variant
form of the human STZ2Z gene product, ST2V.
Biochem Biophys Res Commun 2001;285:1377-
83.

Iwahana H, Yanagisawa K, Ito-Kosaka A, Kuro-
iwa K, Tago K, Komatsu N, et al. Different pro-
moter usage and multiple transcription initia-
tion sites of the interleukin-1 receptor-related
human ST2 gene in UT-7 and TM12 cells. Eur
J Biochem 1999;264:397-406.

Oboki K, Ohno T, Kajiwara N, Saito H, Nakae
S. IL-33 and IL-33 receptors in host defense
and diseases. Allergol Int 2010;59:143-60.
Walzl G, Matthews S, Kendall S, Gutierrez-Ra-
mos JC, Coyle AJ, Openshaw PJ, et al. Inhi-
bition of T1/ST2 during respiratory syncytial
virus infection prevents T helper cell type 2
(Th2)- but not Thl-driven immunopathology. J
Exp Med 2001;193:785-92.

Mathisen M, Strand TA, Sharma BN, Chandyo
RK, Valentiner-Branth P, Basnet S, et al. Clini-
cal presentation and severity of viral com-
munity-acquired pneumonia in young Nepalese
children. Pediatr Infect Dis J 2010;29:e1-6.
Kin Key N, Araujo-Neto CA, Nascimento-Car-
valho CM. Severity of childhood community-
acquired pneumonia and chest radiographic fin-
dings. Pediatr Pulmonol 2009;44:249-52.
Yagami A, Orihara K, Morita H, Futamura K,
Hashimoto N, Matsumoto K, et al. IL-33 me-
diates inflammatory responses in human lung
tissue cells. J Immunol 2010;185:5743-50.
Kondo Y, Yoshimoto T, Yasuda K, Futatsugi-
Yumikura S, Morimoto M, Hayashi N, et al. Ad-
ministration of IL-33 induces airway hyper-
responsiveness and goblet cell hyperplasia in
the lungs in the absence of adaptive immune
system. Int Immunol 2008;20:791-800.



17.

18.

19.

20.

21.

—5% 53 RSV AZIEAI G vlEnE U 1L-332] $7F—

Lloyd CM. IL-33 family members and asthma
- bridging innate and adaptive immune respon-
ses. Curr Opin Immunol 2010;22:800-6.
Prefontaine D, Lajoie-Kadoch S, Foley S, Au-
dusseau S, Olivenstein R, Halayko AJ, et al.
Increased expression of IL-33 in severe asth-
ma: evidence of expression by airway smooth
muscle cells. J Immunol 2009;183:5094-103.
Prefontaine D, Nadigel J, Chouiali F, Audus-
seau S, Semlali A, Chakir J, et al. Increased IL-
33 expression by epithelial cells in bronchial
asthma. J Allergy Clin Immunol 2010;125:752-
4.

Kropf P, Herath S, Klemenz R, Muller I. Signal-
ing through the T1/ST2 molecule is not neces-
sary for ThZ differentiation but is important for
the regulation of type 1 responses in nonhea-
ling Leishmania major infection. Infect Immun
2003;71:1961-71.

Hazlett LD, McClellan SA, Barrett RP, Huang X,
Zhang Y, Wu M, et al. IL-33 shifts macrophage

22.

23.

24.

20.

- 389 —

polarization, promoting resistance against Pseu-
domonas aeruginosa keratitis. Invest Ophthal-
mol Vis Sci 2010;51:1524-32.

Garlanda C, Anders HJ, Mantovani A. TIR8/
SIGIRR: an IL-1R/TLR family member with re-
gulatory functions in inflammation and T cell
polarization. Trends Immunol 2009;30:439-46.
Oshikawa K, Yanagisawa K, Tominaga S, Sugi-
yama Y. Expression and function of the ST2
gene in a murine model of allergic airway inf-
lammation. Clin Exp Allergy 2002:;32:1520-6.
Oshikawa K, Kuroiwa K, Tago K, Iwahana H,
Yanagisawa K, Ohno S, et al. Elevated soluble
STZ2 protein levels in sera of patients with
asthma with an acute exacerbation. Am J
Respir Crit Care Med 2001;164:277-81.
Hayakawa H, Hayakawa M, Kume A, Tominaga
S. Soluble ST2 blocks interleukin-33 signaling
in allergic airway inflammation. J Biol Chem
2007;282:26369-80.



