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Background and Objectives  Asian sand dust (ASD) is a meteorological phenomenon that
occurs in spring time in Korea. ASD is composed of various organic and inorganic materials,
which induce airway inflammation. MUC4 is an important membrane-bound mucin gene in
the human airway, and its expression is increased in pathologic proliferative lesions such as na-
sal polyps. However, the effect of ASD on MUC4 in human airway epithelial cells is unclear.
Therefore, this study aimed to investigate the effect and signaling pathway of ASD on MUC4
expressions in human airway epithelial cells.

Meterials and Method The effect and signaling pathway of ASD on MUC4 expressions
were investigated in NCI-H292 cells and in the primary cultures of human nasal epithelial cells
using reverse transcription-polymerase chain reaction, real-time polymerase chain reaction,
enzyme immunoassay, and immunoblot analysis with several specific inhibitors and small in-
terfering ribonucleic acid (siRNA).
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Conclusion These results show that ASD induces MUC4 expressions via TLR4-dependent
ERK1/2 and p38 MAPK signaling pathway in human airway epithelial cells.
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MUC5ACS}F MUC5B7}, oF=of= urasts Hael MUCH,
MUC4, MUCI6°] &57] o] deta} 4duto] F2te o]
EAR? 5714 8 HAEL thoFet Aol o3 A=
o2 BH|AE UEhde, ol= ohefet 587 Aeke] B
Aglol] W welo] Q= Aoz deA Ik ey, A
HARl HA0] ARl 75 58] dHA SIA oot 5
7HAR1 A7t B2k Agolch

A HAsian sand dust)= = 54 opAlo} ti=-0] A=A
oA &9 et o] ZHA7E AA olEste] sk T
iU AJAs] stshe AAdelth Fabe oashatA(SiO)),
AR5 (ALOS), AFHE(Fe,05), AFFA(Ca0), AFskd
F(K0) 5 oF 1359 a5 9 vla&A AtE) vl +
2|(Cw), Z5(Cp), H(Pb), 7F=H(Cd), HANI) 5 40F ol
HAEEUARR o] FolA glom, tf7] Fof EAshs Wsa
(endotoxin)@} -2 theFet A=ollA 71kt niANl dx==
) et Bt Elo] Al 22 Aol A thafdt
71He Bl 257 A5eE Fdthe AR HiuEal
Qlem S B3] Hohrn|ol BAH Lo A= interleukin-8
T} granulocyte—macrophage colony stimulating factor@} 2
2 A5/ AtelE7 R (cytoking)©] HH-F-ZHX} apEkdo]| FgF
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AN AHE-E A=t ekl o) o]
AR o) A Alskekel FAF MEY] AHF WS (ke
SHA A, Ak sAFAo] EAYSk= A7l QIHofA
59] 7] ZZ7]¢] HV-500F(Sibata, Simata, Japan)=
slo] =81 aL, 32317]¢] o{IA]E phosphate buffered
saline(PBS) 10 mLol| #|A|o] Al £21& dlom, dojzl
MEZ 10 uM 3 27]9] FHE ARE-SFe] 2|5 10 uM ©|
ste] 2715 7= FAF AAFE Sl o]F A Yokl G
F7H o= 1214 158 5%t 745718 (autoclave) <
stof EatE A= vHEAL -20CoA WE Hasiiot A
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of 2319 ck? Fetal bovine serum(FBS)-& HyClone
Laboratories Inc.(Logan, UT, USA)olA 35ttt En-
hanced chemiluminescence kitsi= Perkin Elmer Lift Sci-
ences(Boston, MA, USA)olA] +lst3.om, MUC42] LA}
314 = Neomarker(Zymed, San Francisco, CA, USA)ol|A] <+
Q13191 1L, anti-rabbit or anti-mouse horseradish peroxidase
(HRP)-conjugated ©JAF&A+= Santa Cruz Biotechnology
(Santa Cruz, CA, USA)oA E5kich

Extracellular signal-regulated kinase(ERK)1/2 mitogen—
activated protein kinase(MAPK), phospho—ERK1/2 MAPK,
p38 MAPK ¥ phospho—p38 MAPK== cell signaling tech-
nology(Danvers, MA, USA)ollA 9181310 H, UO126(ERK1/
2 MAPK A€}%] 9JA|A]))& Calbiochem(San Diego, CA, USA)
o]|A], SB203580(p38 MAPK 41842 &JA|A))-> BIOMOL(Plym-
outh Meeting, PA, USA)oA F+813Ac}. Toll-like receptor
(TLR)4 small interfering ribonucleic acid(siRNA)2} ERK1
MAPK siRNA, ERK2 MAPK siRNA, p38 MAPK siRNA,
o) 2+t siRNA, RPMI 1640 ¥ A], OPTI-MEN I reduced Se-
rum Medium, Lipofectamine 2000-2 Invitrogen Corpora-
tion(Carlsbad, CA, USA)olA] F+13}+%3L, Human Kerati-
nocyte Growth Supplement(HKGS, 5/500 mL of medium)
7} 2715 EpiLife Medium-2 Cascade Biologics(Portland,
OR, USA)ellA] <1Q18H3ict

AZ w2 AR

Abed #9] el Ada]oF 9F A|2255(human pulmonary muco-
epidermoid carcinoma cell line)?] NCI-H292 A3 (Amer-
ican Type Culture Collection, Manassas, VA, USA)E 6-well
plateo]] 1x10° cells/well?] HE 2 HE3 & 2 mM L-glu-
tamine, 100 U/mL penicillin, 100 pg/mL streptomycini}
10% FBS7} 33+ RPMI 1640 iR S 0]-835}9] 95%2] Ak
229} 5% o]Atsleka7F St wjTlolA 37T R
HlFsESITE 70~80% A &=2] 587171 =W MI22E 0.5% fetal
calf serumo©] 23 RPMI 1640 viA|Z WA|TE & 24417
&} HleFskaL, TA] FBS7F 32 A] 92> RPMI 1640 Hij#|
B2 AIA 3 Adde] AME-FIT

SAke] BaHE gob 7] fJsliA] NCI-H292 Al 22| 10 ug/
mL%} 20 pg/mL, 40 ug/mL, 80 pg/mL 59| SALE 242}
Fo] F wjoFslodnt. 123 U01263} SB203580] 23t &
AR GE ol 7] 8 NCI-H292 Al2zof 10 pg/mL2}k
20 ug/mL, 40 ug/mL, 80 ug/mL s=2] A= A X25h
7] 1AIZE Aof| 2 uM2] U0126, 20 uM®] SB203580- 22+

Sojalo] djofatgir), TR A A7 E9t o)A
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NCI-H292 Al S o= v a3t

Are] 357] A S 471 2lal G271 tiEk 714
Agh} 7F2lo] glal, o)A R(skin prick test)ZF mul-
tiple simultaneous allergen testo|A] S/AdHE-S-0] L2 102
o &2 sto] gHl Al Fol sl 22 Aich o
AhlFEE o1 flsf st HutRalE PBSE Al&gE £, 90
B3 shugl Hukxz]o] Ha=E HL & dispase(Boeh-
ringer Mannheim Biochemica, Mannheim, Germany)®l] 1%
AlZTk o] % 15W -8 A= SR Uil 4R
A Froiwio] 1% PBSell B2 %, 200 meshell A il FHoj
9ot 3000 rpmell A 5&7F DA 2kt 4S5 PBS
= A|AskL HKGS7} A7F= EpiLife Medium 6 mLE @&
% 24-well plateol] 1 mLA] HFsIGict. Ang o= Ao
& gelgt & 2%utct HKGSE 471t EpiLife Medium
© 2 WA E wABHHA A|ZZ7E T0~80% HE 2 FAEH
Alglof| AR&SEoITt U} ket shagl Aufxz] o)A &
Aol B3-S dopi 7] fIalA] AL 40 ug/mLE A 25k &
1A17F Fell 22 2 uMe] U0126, 20uMe] SB203580S &
sto] vjeFslint thRa2 U AIZE B2t vix]ol A 5
7] A A2} NCI-H292 AJZ2E 212 tHEo 2 Hjofslyl
o}, Ago A AFR3F NCI-H292 A2} U} vfjoFs sju]zt
7N Aut A azof thgt Sake] MlE=A f-5= MTT &4
(Sigma-Aldrich, St. Louis, MO, USA)¥} &u] 742 o]83F A
3 e §st {55 2lsto] HEskelc

Reverse transcription polymerase chain reaction
(RT-PCR) ¥4

PTC-200(MF Reseach Inc., Watertown, MA, USA) poly-
merase chain reaction(PCR) machine®} Gene Amp RNA
PCR core kit(Applied Biosystems, Foster City, CA, USA)E
AHgste] AlzAbe] Wt = ARSItk PCRe| AHE-H
oligonucleotide primer+= 8187 7|4 Qof 2J&l] A2t=%)
om 7+ uk-e-o] Y+ okAl thZ(internal positive control)
2 glyceraldehyde-3-phosphate dehydrogenase(GAPDH)
£ ARSI Aol AH&-E primer®] A7|HiE-S MUC4
9] 7% senset= 5-TTC TAA GAA CCA CCA GAC TCA
GAG C-3’, antisense= 5-GAG ACA CAC CTG CAG
AGA ATG AGC-3°]t}. MUCI169] %% senset= 5-GGC
TCT ACC TTA ACG GTT ACA ATG AA-3, antisense=
5-GGT ACC CCA TGG CTG TTG TG-3°]t}. GAPDH]
749 sense= 5CCT CCA AGG AGT AAG ACC CC-3,
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antisenset= 5-~AGG GGT CTA CAT GGC AAC TG-3°]%}
ot Ao AHElo] SZE mRNA 4HE9] 37| MUC4
+ 467 bp, MUC16-2 114 bp, GAPDH+= 145 bp&ith. MUC4,
MUCI169] reverse transcription polymerase chain reaction
(RT-PCR)®} 2711} 272 ofn] K A4-52] WA=
AFEA S EH A LAY AHE2 SYBR
green®| 2% 1% agarose gel& &3 1719F & ©l-&sh
Ha) sk 2¢1E u(band)2) All71= Scion Image soft-
ware(Scion Corporation, Frederick, MD, USA)E- ¢]-&5}¢]
TP 0 2 BASH AL, 9] densityE 10022 3F3L
2 uf) A9 density ZFS H]E&2 YEO] relative density
2 Uik

Real-time PCR £4

3% cDNA 1 uLE tiAke & LC Fast Start DNA Master
SYBR Green kit(Roche Applied Science, Mannheim, Ger-
many)E AH8-5+4 real-time PCRE ©]-8-3 4 f7dAL 2
HH-S-& AJY31IE) Real-time PCRE Z|&&Fo] 10 uL7} =
Al 2.5 mM2] MgCI29} 2% =7} 0.5 uMo] EA| primer
= Bo5lgiom, 25 ng®] RNA 1 uLE o]-g3}o] AdS 4=
Y3t A2 PCRE Light-Cycler(Roche Applied Sci-
ence, Mannheim, Germany)& A3} 95CA 10%7F
HAl(denaturation) 8- AR 60°CAA 527F A (an-
nealing) BF8-2 X171 & 72Col|A4] 10%27F A% (extension) BF
ST, olefet T1YS 458 uhEaigch ZEo| Yohrl
W& A (melting curve; Roche Applied Science, Mannheim,
Germany)< AHg-5to] B71sk3iTh

HAE M (Immunoassay)

MUC4 Geral o] ghare 54817 1841 enzyme-linked
immunosorbent assay(ELISA)H-Z o833tk Al2E A
2|3t uljoFE A|3Eol A lysis buffer[5S0 mM tris- Cl(pH 7.5),
1 mM ethylene glycol tetraacetic acid, 1% triton X-100, and
1 mM phenylmethylsulfony! fluoride] 2 TS F&5}o] A
Fotich F=3 @ 100 ugs 96-well plateo]] HiL 40T
of| A AzxE wj7kx] WAg & plateS PBSE 33] A|&|3H%
t} v|Eo]4 Aghe A5 $18 2% bovine serum albumin
o 8 H2oA 1IA7F Fet Atet & PBSE 33] AlA3E th
0.05% tween 20-& ¥-3-3F PBSe|| 1:2002.2 314H MUC4
UAFA| 2 9H-SAFAT THA] PBSE 33] A|lAgE & HRP-
conjugated ©JAF}AIE 0.05% tween 20& 83+ PBSO)|
1:50000. 8 3]4sto] Zt wellof] H7Fstelar, 1A7F Sof 2+
well& PBSE 33] A|&ls}oitt. 3, 3, 5, 5~tetramethylbenzi-



dine §H 0 2 WAEE & IN-H,S0,Z o843t FHA7Th
ELISA reader(EL800%; BIO-TEK Instruments, Winooski,
VT, USA)Z 450 nmollq SF=E ST § Z=4e
ol g3fo] wue] of-2 aksiaict,

Westen blot analysis of p38 and ERK1/2 MAPK
phophorylation

NCI-H292 M|ZE 6-well plated]] il s=of wpzt A
£ Aelste] HE & ujdstaih ol trypsinoll 2t AlEZ e
=ZA17] 3 lysis buffergs 714 4CoA 7T00xgl 2 4] &
2AA 9] pellets WStk 242E9] pellet lysis buf-
ferol A F53 & AHEE Aldste] FAE A5Ae
whole—cell lysate2 H#s}3ic) o]2]gt vl o 2 Halw 50
ug®] TS 10% reducing sodium dodecyl sulfatepoly-
acrylamide gel:& o83t 17|95 AAlskot A7) Y=
XTHAS nitrocellulose membrane 22 &4 tris—buffer
saline®} tween—20 buffer[20 mM/L Tris—HCl(pH 7.6), 135
mM/L NaCl, 1% tween-2012} 5% nonfat dry milk= *|2|3}
of FA|eke] B S0l A AIAZ] £ ERK1/2 MAPK
9} p38 MAPK UAFIA| = ZF2F 4417 JE-S-AIF T o] 5 tris—
buffered saline®} tween—20 buffer2 A2} 2™ anti-
mouse HRP-conjugated ERK1/2 MAPK<} p38 MAPK ©]
A= 242 1A §E3-RF v AlASHe] enhanced che-
miluminescence reagent kitS ©]-&3}o] ANt 1027+
X-ray filmoll ZH=gsto] 212+9] w(band)E EHelsk3iTt 43
% WQ] Af|7]+= Scion Image software(Scoin Corporation, Fred-
erick, MD, USA)E o|-§-5to] RHgakA o 2 EA5ko] 44

o1 density= YER ST

siRNA g2 1%

siRNA 4 gt A8 AME- Al 9 272 ERKI, ERK2
9 p38 MAPK®] siRNAC| thsl] AJAIE A|l2ARe] BT = A
835} tt(Invitrogen Corporation). 7FeFs] AsAH NCI-
H292 M ZE 6-well plate®] 1x10° cells/well®] FE = HF
<, RPMI 1640 HjA| - o]-8-5tof 3HA| glo] it &<t vl
stk the & 80~90% =2l §%717} Elo} PBSE A3
3t 3 OPTI-MEN I Reduced Serum Medium2 Al|3z0] #
7Fst9itt. ERK1 MAPK siRNASF 4t 24 2221 Lipo-
fectamine 20002 ERK1 MAPK siRNA-Lipofectamine &
S WE7] Yl 2057 OPTI-MEN I Reduced Serum
Mediumol| 4] vljoF & ERK1 MAPK siRNA-Lipofectamine
B3I E g3t 8i21E ERK1 MAPK siRNA 20 nM 5%
2 Z12Y9] welloll F7F F CO, vk 71004 37CR 244171 vl
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oF5}9ith ERK1 MAPK siRNA-Lipofectamine E314]] uj
S A A3 FA9] &4 glo] 44)7F 3 RPMI 1640 HjA|
A3t 3 ERK1 MAPK siRNAZ o]-&3}o] 2447k S0t
] S AR AZE 10 ng/mL FE2] FAbol =& A)7
i1, RT-PCRE 0]€-3F0] MUC4 mRNA®] HaeFe =45}
it} NCI-H292 Al3Zol|4] ERK1 MAPK siRNA2] 32 &3t
L 90% oo 2 =A%l TLR4 siRNALH ERK2 MAPK
siRNA, p38 MAPK siRNA, t&t siRNAS] &2 Age 9
o U3t Yo & 4859t

E AN 3t o] vhE AdS Fol 42 Augt
= olgsto] EAsH e, F4 A2l= Windows§ SPSS
version 10.0(SPSS Inc., Chicago, IL, USA)& AR&-3F3Tt

= AEL2 pghe] 0.05 HTkl H-E Felgh Ao = Aot
Student’s t-test2} Mann-Whitney U testE ©|-&35}o] £-415}
k.

4 %

NCI-H292 A|ZolA AP MUC4¢}F MUC16 2ol
X 9F
3P} n|As e 5357 sRAsEE A0l MUC4S MUCI6
12 o7] Qa4 NCI-H292 A|3ze]] 212} o2 5w 0] 3}
Fofsto] 4A17F 53t v FSoith. RT-PCR +4] 23}, AL
= geFol| A MUC4 mRNA &S oJu| QA 7151
O}, MUCI6 mRNA &St} 2ho|7F fi3ich(Fig.
1A). AR geFo]| T2 MUC4 mRNA W&} ghoka A
< Yob 1A} NCI-H292 Al|3zof SALE Foshal Z2F 44
Z¥a} 8AI7F ok vkt 5 A3t real time PCRZ}F ELISAS)
A4 Aztol Al MUCA mRNA H&lah gl o ne g
ol A STkl o, gkelEAde ¢l9ch(Fig. 1B and C).
Ak} o Al7ke] W MUC4 mRNA &S dofi
A BA} 40 pgS NCI-H292 A|xZof Fofslar Zkz} 1X)7E
2A7ZE AXNTE 8AIZE, 24A17FE Bl SE & real time PCRZ
MUC4 mRNA &S 245 A3} viF 447 & MUC4
mRNA o] 7P 371l o, AlZE o2 AL e
erch(Fig. 1D).

N e

NCI-H292 Azl A7} ERK1/2 MAPK$} p38
MAPKE £3 MUC4 Wdo] njx|&= 3%

ALl o8l e MUCH T&oA] Alsdd A=25 &
oli 7] QJ5}e NCI-H292 Af3zo|4] ERK1/2 MAPK®} p38
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MAPK A4 HA2E B33t A} 40 pge Foigt
5 A7ke] W= ERK1/2 MAPKS} p38 MAPK?] ¢lAlsHE
Western blot > & 415k Zutol| 4 ERK1/2 MAPKS} p38
MAPK7} AlZto] Zakghe] whet Q14kslrt ofn] QlA| S7Fst
AcH(Fig. 2A).

ERK1/2 MAPK®} p38 MAPK®] 2141317} 3hatol] o]af 5
T MUC4 HES 3771 Alsdd 425 grlsh]
Q84 NCI-H292 A 3Zo]] ERK1/2 MAPK2] 14421 U0126
(2 uM)} p382] JAA|] SB203580(20 uM) LS. 2 A #2] &
SAF40 uge Folakal 27t 4xgka 8AIZE E4L vk GiTt.
RT-PCR¥} ELISAR &A%t Aol A Aol wkE MUC4
mRNA Ha7} b gido] v 2t} HlawselS wf ojul
A FrasktH(Fig. 2B and O).

E3F ERK1/2 MAPKS} p38 MAPKO| AleAd A== 7
Z3}7) ¢J8to] NCI-H292 A|22E ERK1 MAPK siRNAS}H

ERK2 MAPK siRNA, p38 MAPK siRNAZ 7z} 7] &
A= knockdownA]Z] 3 Western blot 2 2 H-4]5}5] o

23 Fd el dol-S Ehlstglan(Fig. 2D), 4ol
HAGAA B2 A AT F 40 ug Fofsieie
| 4A17F B¢ HijoF 3 MUC4 mRNAQ] ¥t A=S RT-

o

%, of
ot
i)

~|
=

= UC4 mRNA®] o] thzata} Bl
SF3le wl W ofu] Al faehe skt (Fig. 2E).

NCI-H292 AlZoj|A A7t TLRAE B3 MUC4 2@
njxe 9%F

Satol] SJal] = MUCA r&dol thgh TLRe] 93hs &
o1517] 9J8f TLR2 mRNA$} TLR4 mRNA2] &S RT-
PCRZ &8l 248130 AP TLR4 mRNAS] HdE& &
THIRAL, o= & YEAS HAlth 22U TLR2 mRNA
TS et vlwstele o Zhol7t glSich(Fig. 3A).

2

R . O ——~ —— e=— =
* *
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T Lo T 1 I 1

800 |
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09 ~ 0
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g o £ 400 |
52 « [ MUC16 20
~ < 400 |- 82
0z ol
2 € e
= 200

200 -

0 ij L | 0 ’;L‘ |
0 10 20 40 80  ASD (ug/ml) 0 10 20 40 80  ASD (ug/mL)
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] . L )

C
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o< S
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5% of
8% 100 € £ 20
< [ SO [
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0 ] 0 ]
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C 8 hours D 40 40 40 40 40 ASD (ug/mL)

Fig. 1. Effects of ASD on MUC4 and MUC16 expression in NCI-H292 cells. Results of RT-PCR showed that ASD significantly induced
MUC4 mRNA expression. However, ASD did not induce MUC16 mRNA expression (A). Results of real-time PCR and ELISA showed
that MUC4 mRNA expression and protein production were significantly increased at all concentration of ASD (B and C). Results of real-
time PCR showed that MUC4 mRNA expression was significantly increased at all times, and peaked at 4 hours after exposure to ASD
(40 pg/mL) (D). Images are representative of three separate experiments performed in triplicate (n=3). Bars indicate the average+S.D.
of three independent experiments performed in triplicate. *p<0.05 vs. baseline. ASD: Asian sand dust, ELISA: enzyme-linked immuno-
sorbent assay, GAPDH: glyceraldehyde-3-phosphate dehydrogenase, RT-PCR: reverse transcription polymerase chain reaction, PCR:

polymerase chain reaction.
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Sb B-OCtin  — c—— "8 g 0.5 +
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>0
-actin  — — 58 05+
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g 2 400
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Fig. 2. Effects of ASD on phosphorylation of ERK1/2 and p38 MAPK in NCI-H292 cells. Results of Western blot showed that ASD sig-
nificantly activated phosphorylation of ERK1/2 and p38 MAPK (A). Results of real-PCR and ELISA showed that U0126 (ERK1/2 MAPK
inhibitor) and SB203580 (p38 MAPK inhibitor) significantly inhibited ASD-induced MUC4 mRNA expression and protein production (B
and C). Western blot analysis was applied to detect the transfection efficiency (D). Results of RT-PCR showed that knockdown of
ERK1, ERK2 and p38 MAPK by siRNA significantly blocked ASD-induced MUC4 mRNA expression (E). Images are representative of
three separate experiments performed in triplicate. Bars indicate the average=S.D. of three independent experiments performed in
triplicate (n=3). *p<0.05 vs. baseline, 1p<0.05 vs. ASD (40 pg/mL) only, ¥p<0.05 vs. control siRNA only, $p<0.05 vs. ASD (40 pg/mL) and
control siRNA. ASD: Asian sand dust, Con: control siRNA, ERK: extracellular signal-regulated kinase, MAPK: mitogen-activated protein
kinase, ELISA: enzyme-linked immunosorbent assay, GAPDH: glyceraldehyde-3-phosphate dehydrogenase, p38: p38 MAPK, RT-
PCR: reverse transcription polymerase chain reaction, siRNA: small interfering ribonucleic acid, PCR: polymerase chain reaction.
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Ato] oJ8f F=E MUC4 E&o|A TLR42F ERK1/2
MAPK, p38 MAPK] Alsdg 425 lsl] $lste] TLR4
siRNAE ©]8-3}9] knockdownAlZ]l ¥ Western blot2 = 5
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Fig. 3. Roles of TLR in ASD-induced MUC4 expression in NCI-H292 cells. Results of RT-PCR showed that ASD significantly increased
TLR4 mRNA expression in dose dependent-manner. However, TLR2 mRNA expression was not increased (A). Western blot analysis
was applied to detect the transfection efficiency (B). Results of RT-PCR showed that knockdown of TLR4 by siRNA significantly blocked
ASD-induced MUC4 mRNA expression (C). Results of Western blot showed that knockdown of TLR4 by siRNA significantly blocked
ASD-induced phosphorylation of ERK1/2 and p38 MAPK (D). Images are representative of three separate experiments performed in
triplicate (n=3). Bars indicate the average +S.D. of three independent experiments performed in triplicate. *p<0.05 vs. baseline, 1p<0.05
vs. control siRNA only, p<0.05 vs. ASD (40 pg/mL) and control siRNA. ASD: Asian sand dust, Con: control siRNA, GAPDH: glyceralde-
hyde-3-phosphate dehydrogenase, RT-PCR: reverse transcription polymerase chain reaction, siRNA: small interfering ribonucleic acid,
TLR: toll-like receptor, MAPK: mitogen-activated protein kinase, ERK: extracellular signal-regulated kinase.

228



ASD Induces MUC4 Expression I Park CH, et al.

B e - e |
\ ¥
800 (- . ~ 300 | N \
< e
z = *
Z o0 | [] TLR4 . §
< § * o = 200 +
Ry X N [ Muc4 56
28 400 - a8
= a ~ o
'g 3 * * g 8 100 +
S 200 35 ﬂ
A 3
— o
- 0 Dj I Q 0 |
0 10 20 40 ASD (ug/mL) 0 10 20 40 80 ASD (ug/mL)
A 4 hours B 8 hours
oy — ]
ST S — s ——
* T
‘\ Mt
3 300
1000 2
~ 5 c 6
Ow 800 °© L2 200
39 0 5%
° 5 aw
g < 400 ﬂ o é 100
O 200 ﬁ >0
o
E =}
o LM 8
0 40 40 40 ASD (ug/mL) 4 hours e 0 40 ASD (ug/mL) 8 hours
0 0 2 0 U0126 (uM) 0 0 2 o U0126 (uM)
C 0 0 0 20 $B203580 (uM) D 0 0 2 20 SB203580 (M)

Fig. 4. Effects of ASD on TLR4 and MUC4 expression in human nasal epithelial cells. Results of RT-PCR showed that ASD significantly
induced TLR4 and MUC4 mRNA expression (A). Results of ELISA showed that MUC4 protein production were significantly increased
at all concentration of ASD (B). Results of RT-PCR and ELISA showed that U0126 (ERK1/2 MAPK inhibitor) and SB203580 (p38
MAPK inhibitor) significantly attenuated ASD-induced MUC4 mRNA expression and protein production (C and D). Images are repre-
sentative of three separate experiments performed in triplicate (n=3). Bars indicate the average=S.D. of three independent experi-
ments performed in triplicate. *p<0.05 vs. baseline, 1p<0.05 vs. ASD (40 pg/mL) only. ASD: Asian sand dust, ELISA: enzyme-linked im-
munosorbent assay, GAPDH: glyceraldehyde-3-phosphate dehydrogenase, RT-PCR: reverse transcription polymerase chain reaction,
TLR: toll-like receptor, ERK: extracellular signal-regulated kinase, MAPK: mitogen-activated protein kinase.
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Fig. 5. The schematic signaling pathway of ASD on MUC4 expres-
sion in human airway epithelial cells. ASD induces MUC4 expres-
sions via TLR4-dependent ERK1/2 and p38 MAPK signaling path-
way. ASD: Asian sand dust, ERK: extracellular signal-regulated
kinase, MAPK: mitogen-activated protein kinase, TLR: toll-like re-
ceptor.
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