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Background and Objectives The representative mucin genes in the human airway are
MUCSAC and MUCS5B, which are regulated by several inflammatory and anti-inflammatory
substances. Triptolide (TPL), udenafil, betulinic acid, changkil saponin, and glucosteroid are
some of the many anti-inflammatory substances that exist. TPL is a diterpenoid compound from
the thunder god vine, which is used in traditional Chinese medicine for treatment of immune
inflammatory diseases, such as rheumatoid arthritis, systemic lupus erythematosus, nephritis
and asthma. However, the effects of TPL on mucin expression of human airway epithelial cells
have yet to be reported. Hence, this study investigated the effect of TPL on lipopolysaccharide
(LPS)-induced MUC5AC and MUCSB expression in human airway epithelial cells.

Subjects and Method The NCI-H292 cells and the primary cultures of human nasal epithe-
lial cells were used to investigate the effects of TPL on LPS-induced MUCSAC and MUCSB ex-
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Address for correspondence
Yong-Dae Kim, MD, PhD
Department of Otorhinolaryngology-
Head and Neck Surgery,
College of Medicine,
Yeungnam University,

170 Hyeonchung-ro, Nam-gu,
Daegu 42415, Korea

Tel +82-53-620-3781

Fax +82-53-628-7884

E-mail ydkim@med.yu.ac.kr

pression and protein production. TPL also significantly decreased the nuclear factor-kappa B
(NF-kB) phosphorylation.

Conclusion These results suggest that TPL down regulates MUCS5AC and MUCS5B expres-
sion via inhibition of NF-kB activation in human airway epithelial cells. This study may pro-
vide important information about the biological role of triptolide on mucus-secretion in airway
inflammatory diseases and the development of novel therapeutic agents for controlling such
diseases. Korean J Otorhinolaryngol-Head Neck Surg 2018;61(12):674-80
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LPS®} TPL-2 Sigma(St. Louis, MO, USA)oA 15+
3, AR H)9] HoAFa]oF 9F Al (human pulmonary mu-
coepidermoid carcinoma cell line)%l NCI-H292 A3+
American Type Culture Collection(Manassas, VA, USA)®|
A A3 EE RPMI 1640 medium-= Invitrogen(Carlsbad,
CA, USA), Fetal bovine serum(FBS)-2 Hyclone Laborato-
ries(Logan, UT, USA)OIlA] -J8kitE. MUCSAC(SC-20118)
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U} A2 MUCSB(SC-20119) €A} 4., anti-rabbit horse-
radish peroxidase(HRP)-conjugated ©]2} &A= Santa Cruz
Biotechnology(Santa Cruz, CA, USA)ol|lA] G+¢18}5c} NF-
kB p65, phospho-NF-kB p65+ Signaling Technology
(Danvers, MA, USA)ol|A G-{15}+t)

MZ v DL XR]

A ©57] A 28] HH g eF oF AlZF(human pul-
monary mucoepidermoid carcinoma cell line)Q] NCI-H292
AIZE 6-well plateol] 1x10° cells/well®] HE2 HE3 5
1% penicillin/streptomycin®} 10% FBS7} 3+l RPMI
1640 #iA|& o]&3to] 95%9] ArAet 5%9| o]itabetart
o 9 58 W1E weklol A 3709 SRR ujops)
Tt 80~90% A= HjFo] o] FofXH HEE 0.5% FBS7F
e RPMI 1640 HIA| 2 WA|RE 5 24A1%F F<F wljefgt
%, phosphate-buffered saline(PBS)= A5l Agof A}
&sk3ieh

LPSe] A& dope 7] a4 NCI-H292 Al 3E9] 25 ng/
mL, =+ 50 ng/mL, 75 ng/mL, 100 ng/mL 5= %] TPL=
Aelet & 1AI7F FHofl 100 ng/mL #E2] LPSE 72}t Fof
Shelt xS 547t AR F2F viA]elA] NCI-H292 Al
EE Td=0 = vijokst

o

7t&o] ¢lar, FFTERFAIE (skin prick test)
718 LA AHmultiple allergen simultaneous
test) oA S/JRE-g-o] U2 108& thHd2 &2 518l AlF 5ol
st v W AeE 5 A skl 23E ddoh
A2} vk 3] flsf szl ek 221 PBSE AlAgH
3 90 =<t dispase(Boehringer Mannheim Biochemica,
Mannheim, Germany)oll JHAIZI. J3h-& s A
&5to] SR Hute] HE BIAWo], 1% PBSE F713F
% meshs &dfl ojfsiqlet. ol A4S o ¥ skt
7} Zute] A A ZE-S 12-well plateol] H53 &, EpiLife
medium(Cascade Biologics, Portland, OR, USA)3} kerati-
nocyte growth supplement(5/500 mL of medium, Cascade
Biologics)oll Al vH%Fatoith.

E 7= B A A HAF Y198 (Institutional Review
Board) 9] 5¢1-& ot Al8sHITHIRB No. YUMC 2017-
10-021).

or

Real-time polymerase chain reaction(Real-time PCR)
HA
Rt |

HE RNAE GeneAmp RNA polymerase chain reaction
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(PCR) Cored Kit(Applied Biosystems, Carlsbad, CA, USA)
£ ol-&sto] cDNAR HHALE|QIT). AFoll AHE-E primer?]
H71M B MUCSAC Y {14k 49 sensex= 5-TCA
ACG GAG ACT GCG AGT ACA C-3, antisensex= 5-CTT
GAT GGC CTT GGA GCA-30]al, MUC5B o 9= #}-9]
3% sense= 5-CAC ATC CAC CCT TCC AAC-3, anti-
sense~= 5-GGC TCA TTG TCG TCT CTG-3°|H, Z} HF-g-
o] Wi oAl tZ < (internal positive control)-2 glyceral-
dehyde-3-phosphate dehydrogenase(GAPDH)S AH8-5}%
o, H7IMEL2 senset= 5-CCT CCA AGG AGT AAG
ACC CC-3, antisense+= 5-AGG GGT CTA CAT GGC AAC
TG-3°]t}.

1 ug® RNAZ cDNAE AI&ste], 3% cDNAE Real-
time PCR& =33}t Real-time PCRE 2|5 £-1]7} 10
ulelal, %7t 0.5 pMe| EA primerE Foi8k3lom, iQ
SYBR Green Supermix(Bio—Rad, Hercules, CA, USA)E
ol-gate] Agsloirt. HHFAA PCRES CFX96 Real-Time
PCR system C1000 Thermal Cycler(Bio-Rad)& AF-&-5}]
95CollA 1527+ WA (denaturation) ¥HgS 72|21 60T
A 4527 A3t (annealing) ¥H-5& A7l &, o] IS
403] RHESIGIT). 2F AgolA S35 cDNAY F-5-5 ¢l
317] 9J5to] GAPDHE o= % A}H(internal contro)® AF
R Pi=H

Enzyme linked immunosorbent assay (ELISA) ¥4}
MUC5AC 9 ezt MUCSB 9 oo e =
5171 Y34 enzyme-linked immunosorbent assay(ELISA)
W& o] &5tk AlmE A2t sk AlazolA 200 uL
RIPA buffer(Thermo Fisher, Rockford, 1L, USA)& thifL
F&olo] FeFslah 23 TS F96 Cert. Maxisorp
Nunc-Immuno Plate(Fisher Scientific, Lenexa, KS, USA)
of ZTE F 4T sFHF F3F viFstATh the Ao
2 H)E0]7 A3 WKI5l7| Y8) 2% bovine serum albumin
(BSA)o] xgHel PBSof| A2ofA 1A1ZF 5t & $ 0.05%
Tween 202 $H4-3F PBSZ Al A3t o}L, 1:2000. 2 34
MUC5AC®F MUC5B Y2} A= BH3-AIZATE PBSE 33] Al
A3t & HRP-conjugated ©|Z} A1 1:100020.2 3)415}1o]
7k welloll 71skaz, 1A1ZF $of) 2t well& 33] Al45}ich
3, 3, 5, 5-tetramethyl benzidine 80 & WAISE & IN-
H,SO.E ©]-83}0] FA|Zit. ELISA reader(EL800", Bio-
Tek Instruments, Winooski, VT, USA)Z 450 nmof|A] &
S 243 & AY 7H2 1002 7|20 2 VeI

7
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Western blot £4]

NCI-H292 MZE 6-well plated] il %o w}e} TPL
= Aesto] 21z} vjersigiet. o ZF AliE-E 200 uL RIPA
bufferg o]&sto] TS W2 o3 4Cof|A 2500xg2
2 1027 YR E AlFgske] AAE AASdS whole-
cell lysate® H3}9T) o|FA] atof Eejd 20 uge] ol
2 10% reducing sodium dodecyl sulfatepolyacrylamide
gel& o83t A7|F5= AABHAL, A7]95E SidS
polyvinylidene difluoride membrane > = %74 5% BSA7}
3231E Tris—buffered saline and Tween—20(TBST) 2.2 2]
sto] ghAete] vjEold A AAA] & NF-kB ¢} &
A= oF=RF Bt viFsteitt o] TBST=E Al &8kl anti-
rabbit HRP-conjugated NF-kB ©|A} &A= 147} 9F-5-3F

2 A|lA3gE 3 West Pico Chemiluminescent Substrate
(Thermo Fishen)& ©]-&-8to] 21719 ©hil o] w(band)E <+
QIsh3lck

golE o] Aj7]= Chemiluminescence image system
(FUSION-FX7 820wL, Eberhardzell, Garmany)< ©]-8-3
of WA o & FA8ke] At AQl density® UERA I

A

EAA 2= Windows8 SPSS version 10.0(SPSS Inc.,
Chicago, TL, USA)& A3 e AA2 p 4e] 0.05
gkl A5 foust Zlog2 Aslo] Student t-test}
analysis of variance test, Mann-Whitney U testS ©]-&3}

ek

4 ¥

NCI-H292 A|Zoj|A TPLo] LPSol| oJsil =%
MUC5ACS}F MUC5B mRNA ¥3o] u)x]& 33k

NCI-H292 Aj3zof| A TPLo| LPSell 23] =% MUCSAC
2t MUCSB mRNA del| wjx|= G doti7] Hfsto]
NCI-H292 A|3ze] TPLZ theFsh sk = A28kl LPS
93] G MUCSAC2F MUCSB mRNA 232 Real-time
PCRE of-§-so] &A513lth LPSel| &fsl f-=% MUC5AC
9} MUC5B mRNA &S TPLE Fojgt oA A0
2 foulsiA 744stich(Fig. 1A and B).

NCI-H292 A|Zoj|A TPLo] LPSel ¢J3] 4=

MUC5ACSF MUC5B ol ol Ao m]x|= d3F
NCI-H292 AJ3£of| 4] TPLo] LPSol| &Jaf =% MUCSAC

o MUCSB 9 o] gAof| m]2]= 3 dopur] $iat
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Fig. 1. Effects of TPL on LPS-induced MUC5AC and MUC5B expression in human NCI-H292 cells. Results of real time polymerase chain
reaction showed that TPL significantly decreased LPS-induced MUC5AC and MUC5B mRNA expression (A and B). Enzyme-linked im-
munosorbent assay showed that TPL significantly decreased LPS-induced MUC5AC and MUCS5B protein production at 48 hours after
exposure of TPL (C and D). The images are representative of three separate experiments performed in triplicated. Bars indicate the
meanzstandard deviation of three independent experiments performed in triplicate. *p<0.05 compared with zero value, Tp<0.05 com-

pared with LPS only. TPL: triptolide, LPS: lipopolysaccharide.
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Fig. 2. Effects of TPL on phosphorylation of LPS-induced NF-kB
p65 in human NCI-H292 cells. Western blot showed that TPL sig-
nificantly decreased the LPS-induced phosphorylated NF-kB p65
level. The images are representative of three separate experi-
ments performed in triplicated. Bars indicate the meanzstandard
deviation of three independent experiments performed in tripli-
cate. *p<0.05 compared with zero value, 1p<0.05 compared with
LPS only. TPL: triptolide, LPS: lipopolysaccharide, NF-kB p65: nu-
clear factor-kappa B p65.

o] NCI-H292 AJ2zo] TPLE thFel s 2 A2|81aL, 484]
7k &<t ket & ELISA ¥& Al3¥stelth LPSel| ols) &
T MUC5ACS MUCSB Aol ol A2 TPLE Foigh
oA SAFCE Fou|shA| T4ttt (Fig. 1C and D).

NCI-H292 A|Zo|A TPLo| LPSell o5 =% NF-kB
p65 14kt njR)E IF

Western blot £4] A3} LPSE &%E% NF-kB p652] ¢l
AFsHe= TPL 52| S7bo) whath f-ojujaiA] hashs F4
< 2tHFig. 2).

AE 3 Hak Ml Zoj|A TPLe] LPSe]| o3 §58
MUC5ACSH MUC5B mRNA o] nx]&= <33k

At = Zer Alszo) A TPLo] LPSell o8 G-=%8 MU-
C5ACEF MUC5B mRNA o] n]x|= J3FS Yot 7] 9
sho] wijekEl Al 51 9k AuiA| el oheFel wEo] TPLE
A Z|5kaL, LPSel|l oJaf 4% MUCSAC2F MUC5B mRNA
%S Real-time PCRE ©]-8-5fo] 2443819t LPSol| <J3)
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Fig. 3. Effects of TPL on LPS-induced mucin genes expression and protein production in human nasal epithelial cells. Results of real
time polymerase chain reaction showed that TPL significantly decreased LPS-induced MUC5AC and MUC5B mRNA expression (A and
B). Enzyme-linked immunosorbent assay showed that TPL significantly decreased LPS-induced MUC5AC and MUCS5B protein produc-
tion at 48 hours after exposure of TPL (C and D). The images are representative of three separate experiments performed in triplicated.
Bars indicate the meanzstandard deviation of three independent experiments performed in triplicate. *p<0.05 compared with zero val-
ue, t1p<0.05 compared with LPS only. TPL: triptolide, LPS: lipopolysaccharide.

9% MUCSACSH MUC5B mRNA &2 TPLS Eoj3)
oA A2 FoJu|ekA| 745l th(Fig. 3A and B).
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NCI-H292 A|3zof| A4 TPLe] LPSel &J3 =% MUC5AC 31213], a Oﬂi TPL, udenafﬂ, betulinic acid, changkil sa-
2} MUC5B %ol Tl 3 AJoj| u)x ]‘— dekS dolr 7] 95te]  ponin, glycyrrhizin, carbenoxolone, silibinin, glucosteroid
ufjokl Al 2 Hu) AulA o] theFdt o] TPLE AX|3E o] YA ek
11, 48A17F <1 HjoFE 3 ELISA W& Al Jstict LPSe] €] olF & TPLZ 4= Al7] A5E FASAZ AHEE] 2t
3 =¥ MUCSAC®F MUCSB ¥ thil A2 TPLE o tr” TPLO| &% 7|xef digt 22 A& 2H TPLS
S dLof| A BAIF 2 FolulelA| ZastAthHFig. 3C and D). Al2E3H Wjoll A Purine-box/NF-activated T-cellol|A2] Ak
2/Jote} NF-kBellA9] AAl 249315 Apetsto] DNALL
AsES Apdsar, T-cell®) Interleukin(L)-2 2H3l-S- A5}
Y] B4L oAt 24 95 28-S LERiLE?

AFer 2 K"k NE N Zoj A TPLo] LPSel| o5 55
NF-kB p65 $13t3}e]| mlxl 93 o

= o T10

Western blot 4] A1} L PSZ S-=% NF-kB p652] 214t
3h= TPLE Folet oA 51202 folujshA] 145t
CH(Fig. 4).
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IL-2 o]2Jol|l %, phorbol 12—myristate 13-acetate®] &3] &
A3lEE G5 Aol ETERIQ

IL-8, macrophage inflammatory protein—2a, intercellular

2] tumor necrosis factor—a, 1L-6,
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Fig. 4. Effects of TPL on phosphorylation of LPS-induced NF-kB
p65 in human nasal epithelial cells. Western blot showed that
TPL significantly decreased the LPS-induced phosphorylated NF-
kB p65 level. The images are representative of three separate ex-
periments performed in triplicated. Bars indicate the meantstandard
deviation of three independent experiments performed in tripli-
cate. *p<0.05 compared with zero value, Tp<0.05 compared with
LPS only. TPL: triptolide, LPS: lipopolysaccharide, NF-kB p65: nu-
clear factor-kappa B p65.
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