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Abstract: [Objective] To investigate the pharmacological mechanism of montelukast in the inhibition of inflammation. [Meth-
ods] Respiratory syneytial virus—infected human bronchial epithelial cell (16HBEC) inflammatory cell model was established, and
mRNA and protein expressions of Nuclear factor NF-E2 related factor (Nrf2) , heme oxygenase (HO-1), quinone oxidoreductase
(NQO-1), and glutathione transferase ( GST) were determined by qPCR and Western—blot, and production of cellular reactive
oxygen species (ROS) was measured by DCFH-DA fluorescent probe method. Nrf2 siRNA was further synthesized to reduce the
expression of Nif2, to investigate the chang of inflammatory index. [Results] Montelukast significantly reduced the expressions of
inflammatory cytokines IL—6, TNF-a, and [L-18 (P < 0.05) on respiratory syncytial virus—infected 16HBEC, and the ROS level in
inflammatory cell model was decreased (P < 0.05), increased the mRNA and protein expressions of Nrf2, HO-1, NQO-1 and GST
(P <0.05), with a more significant effect at higher dose. After the down—regulation of Nrf2, the expressions of inflammatory cyto-
kines IL-6, TNF-a, and IL-1 were increased (P < 0.05), and ROS level was significantly increased (P<0.05), mRNA and pro-
tein expressions of Nrf2, HO-1, NQO-1 and GST were decreased (P < 0.05). [ Conclusion] Montelukast inhibits the inflammation
of human bronchial epithelial cells infected by respiratory syncytial virus (RSV) , and the potential mechanism may involve its ef-
fect on the Nif2/ARE signaling pathway.
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IR BREVEA SO RS B2 Z LU L E A B
(B B , LART I IE 5 MO 2 (respiratory syncy-
tial virus, RSV) e A UL A G 0 390 s 0
b R S AR, Ak i BT 0% DL SR 2 SR
G3 U, SR T T SR LI i e B R (R B,
0T %) = 5 0 LAy I I R W | P g R i 7, SRR
Ty s KW R S B2 AR 55 S A DL s ) R
PIAHOC o kXt RSV ISR YL )L 5 sh W e AL T 5%
T, EAL N S 5 RSV L i S E R F B i
(BB AR H = B 1) B EUR A5
SN R =R VAT O N E =R RE =R R (I ES
i, 2P ERLAE A R MR | 2 S A
PR RSP PR . B R T NF-E2 AH G
¥ (nuclear factor erythroid 2—related factor 2, Nrf2)
72 Pt A Ak & TG F (antioxidant responsive ele-
ment, ARE) B 1, T Nef2/ARE {55 38 #% /2
I 8 R0 A 7 20 S8 P I s oy v & 4425 o A
FHRE S 2 05 Tl e DU R IE PR E T
iR AR 2 S A T C AT T TS
B AR H TR SR MR IR T R R A 2
— R R U G A DG i L B A B AT
o & FRHBYT A SR A 2 BEPLAR R 5 42
B AR R, AL RSV B fS  (4
P MRt S R 1, e & IRV E S L A0 1
R IA RS B — i k% . ARSI A R
£ F R RSV B GL 1 16HBEC 41 i 58 3 o 65
HE A 25 FEHL I B 55 Nef2/ARE 5538 3% (4 1
KFo

1 #M#RE57%

11 KBARRRE

NZLSE Ak (LeHBEC) W 1 T M 3
DR AE PR RS W) . RSV-Long i 7 2 B Bk
W e T S A R B B S ST AT
12 ZEFI RS A
121 S8R A B & AR AR AR A
qPCRIXF &I A H AR 23w 5 L4105 04
1 (hemoglobin oxidase, HO-1) ¥.7g EHLIA A BEH
R % 7% 1 ( glutathione S—transferase GST) B 55 [
Pk IR A AL 38 IR 1 (quinone oxidoreductase
NQO- 1) ¥ 5 B H 4 | Nef2 B 5 B Hi 14 | 2 Bt il
IgG H&L(HRP) E4i % 1gGC H&L(HRP) ¥ [ 3

Abcam , 2 GAPDH 5 BT AR 1 [ s
+75; A% 6 (Interleukin—6, 1L-6) IR IR IE A
F (tumor necrosis factor, TNF-a ) ELISA i 7 4 H
Elabscience 22 &), A& -1 B (Interleukin—-18, IL-
13 YELISA i 14 H NeoBioscience 2~ &) ; T4 Nrf2
IR 1 = 4% siRNA (45 4 24 : Nif2_001 siRNA |
Nrf2_002 siRNA . Nrf2_003 siRNA) DL Kz [ 14 %} Jig
(NC siRNA) W [ 737 B il 25 AR A FR A 7]
122 Sk n2n O & a) R340 ] 0 iE 4 i
9o IR SRS T A I A i N 2 5 < Con-
trol ZH , 55 11 Xt B8 5 Model 2H , 41 Jifd & 4 A5 7 ; 20
pwmol/L montelukast 28 , 4l it R AR A 4 57 JS A
20 pmol/L montelukast; 10 wmol/L montelukast ZH ,
41 Jif 9 iE B HE N7 0 A 10pmol/L montelukast ;
5 wmol/L montelukast 2H , 21 g 5 E 45 7 & 57 J5 i
A 5 pwmol/L. montelukast ; Ribavirin 21 , Ribavirin [H
PEXTHRZH . Ribavirin &) 3SR AL PUIR EE Y,
FCRWWE D AN R SORE A HE A%, RE TR ] 51k
P2 0 J0 S T P R AT A0 L P GTP /K-, AR 2
P 2 5200 0 BT BRY S Q) & w) R4 1
W T L B SR U N SRS b B A R E S
25 BUHL A 5T : Control + NC siRNA 241, 1F % A\ 52
A 1 R AU A NC siRNA ; Control + siRNA 41,
B NSRS B B AL Nef2 siRNA ; Model +
NC siRNA 21 , #fi fifd 4 5 A5 58§ 57 J= i A NCsiR-
NA; Model + siRNA 1, £ g 98 4 454 A 8 57 Jiw i A
Nrf2 siRNA ; Montelukast + NC siRNA 21 , 41 Jifs 48 iE
AU #HE ST J5 [R) B 5 i 20 wmol/L Montelukast 5
NC siRNA ; Montelukast + siRNA 2, 21 g 48 JiE 5 744
F 57 J5 A B S I 20 wmol/L. Montelukast 5 Nrf2
siRNA o

1.3 EEFHE

1.3.1 RSVi#% 16HBEC Za it K A g s 5 1
7 16HBEC 4 ifd , 4 JIf % S5 1< 28 80 %0 Ze A, L%
A RSV i 75 19 5 77 JL 55 S 40, Wi AR 40 e 7
R IL-18 \TNF-a \IL-6 %14 P F-46 7

1.3.2 BB % 9% R W3 (ELISA ) & X 72 B
F IL-1B  TNF-a  IL-6 #) R & K F B EERAT
T =80°C HY 41 M b 1 W IR T 4 “C Ok AR v A U
IL-6 \TNF-a IL~1B45 ELISA A6 I 3055) & i A
BikAT .

1.3.3 % B % £ € & PCR (Real-time quantitative
PCR, qPCR) # i  Nrf2/ARE 15 5 3 % #H 3¢ J
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Nrf2 \HO-1.NQO-1.GST {2235 7K F {4 ] Primer
Preinier 5.0 % Ml 3R 1 58 LA R 52 50 BT R 1 5 1 901
T, M5 A R TAET B TAEY TR R A
B> F) 58 i, RS B3 1. e R 7 S i )
AU A5 BC I S MR &R, MR 45 DBI Bestar® Sybr
Green qPCR master Mix [ 156 B F3 L ] qPCR ¥4
MR VAR ZR . F ABI7500 52 B 5 56 42 8 PCR AL
17965 1 PCR 5258

®1 ZWEAEAMPCRS| Wi

Table 1 PCR primers of the experiment required

Testing Size/
Primers Sequence
Gene bp
GAPDH 5'-TGGCGTCTTCACCACCAT-3’ 475
5'-CACCACCCTGTTGCTGTA-3’
Nif2 5'-CTTTTGCGCAGACATTCCC-3' 120

5'-GACTGGGCTCTCGATGTGAC-3'

HO-1 5'-CAGTGCCAACCAAGTTCAAGC-3’ 112
5'-GTTGAGCAGGAACGCAGTCTT-3'

NQO-1  5'-GGTTTGAGCGAGTGTTCATAGG-3" 129
5'-GCAGAGAGTACATGGAGCCAC-3’

GST 5'-GTACCAGTCCAATACCATCCTGC-3" 102
5'-~ACGCCGTCATTCACCATGT-3’

1.3.4 &G ¥Pif ik (Western—blot) %M  Nrf2/ARE
5518 PR 56 8 Nef2 \HO-1 . NQO-1 . GST () 3
TRIKOV WA 2N M, SR BUER 1, A 1 SR R A T
S EEL K, 2 B 1) i R 2 A 25 P L, i A A
WA LA T, 55— LR B r)—Pt . =4t
JEMEE AR AT W, B A AT
F148, FH&E I B 52 4 3 2 48 (Image—Pro Plus 6.0)
G P A O R EEAE

1.3.5 FHE(ROS) &M S 20 pl. DCFH-
DA, # #8 1: 1 000 FH JC I 775 35 77 W B, fil 40k
10 wmol/L,  JRTETH A6 AE KR A0 R 4779 16HBEC
Y i, A A0 M T B4 1 DCFH-DA A&, 4%
1 x 10 /L3RR 2 24 FLAR T, BALA A 1 mL 2
M35 TR, T A0 3 A PR R 20 min, FEER
R A R 8% R, G I T 200 P % 3 VR U VA 4
M=k, VeV S L BEFL I T mL 9 40 i 8 57
W TEBGHRCT , Al O By 488 nm, &
WK R 525 nm B AR OD {H

1.3.6 siRNA 3 % & jf it 0.5 pL ZSAZ IR E AN
AR T, 25 10 s, BRI, e g i thom A

Teiig 5 FEEL . SR )5 MyoD 5(# EGFP [ DNA,
9 JE AR Gl ORI G YR
W BCE 10 ~ 15 min, W AR FRMOP B R 3738, A
PBS 3¢ # TG ML 35 57 0 vk — W, I AR &
PR Il B TR AR TP B R 1 he ARG IMASE 4
Re R B B5 9% 24 ~ 48 h, qPCR J5 15 i % A 1E 1Y)
siRNA .

137 it F o BALEES 3R, B
LI % £57 3R, it 27 70 B R H SPSS19.0 i1t
IR EA T AL B, 22 4] 2 1) B ds HE R L I
E 5 Z 51 H1 (one—way ANOVA ) , Z 41 41 [A] X bR
FHLSD #55 , HUk: 557K ~F- 4 0.05

2 % X

2.1 FZEFHEX RSV B 16HBEC 40 b & fE &
RZ {95 M)

RSV J&k %t 16HBEC #fi il J5 , R 5E A+ IL- 18
(K1 A) TNF-a (K1 B) IL-6( 1 C) ik 2
FTE, 52 O B AH 2% 5 3 (P < 0.05) , 4
g M S U R (BT 1 D) o T
FEAL RS RE A0S , 94 - IL-1B . TNF-a . IL-6
SadtE AR S R (A 1)

22 #:E X RSV B 16HBEC 48 A Nrf2/
ARE {5 S 1@ BB 20

2.2.1 Nif2/ARE 4% % i@ % ¥ Nrf2 . HO-1.NQO-1,
GSTA W 89 &k RSV /YL 16HBEC 41 L5 , Nif2
(2 A) HO-1(E 2 B) .NQO-1 (& 2C) .GST
([l 2D) FR ik 2RI T B, 525 PO IRATAE L 22 5
W2 (P <0.05) . 1S AR AL AR AT 40 )5
Nif2 \HO-1.NQO-1 .GST & & FFH(E2),

2.2.2  Nrf2/ARE 43 5 i ¥ P Nef2 \HO-1.NQO-1,
GSTZ& & g £k RSVIE&YL 16HBEC A1) , Nrf2 |
HO-1.NQO-1.GST ik 2l TR (K 3A), 525
FIXF PR ZH AR b 22 57 .35 (P < 0.05) o 1 . 2w 4%
Ab A AE MM, Nef2 \(HO-1 NQO-1,GST 2 4 %
ik FH(EI3B),

2.3 Nrf2 siRNA F# 3R W 1iE

TP 2560 45 5 s [/ — W R NALP3_001
siIRNA A9+ 4 858 & = 4% siRNA W i 55 19, M
NALP3_003 siRNA W i 58 , & ik & & ik (P <
0.05) , {5 £ 92 58 ¥ 5 100 nmol/L %) Nrf2_003
siRNA FFJ ., [ BE Y siRNA 9 TR LK 2,
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Effects of different concentrations of montelukast on inflammatory cell models. A : The expression of IL-13 was detected by ELI-
SA, B: The expression of TNF-a was detected by ELISA, C: The expression of 1L-6 was detected by ELISA, (F=160.325, P=
0.000). D: The content of ROS was detected by DCFH-DA fluorescent probe method (F = 35698.079, P = 0.000), 1) P < 0.05 s
Control ; 2) P < 0.05 vs Model ; 3)P < 0.05 vs Ribavirin. Date was presented as mean+SD (n = 3).
Bl ZETHT RSV S 16HBEC FAIE R B R i 1 S K F R 200
Fig.1 The effect of inflammatory response and ROS level when montelukast deal with 1l6HBEC which was infected by RSV

K2 AERERSIRNA BTFHZE

Table 2 The interference rate of different concentrations of siRNA

NC siRNA NALP3_001 siRNA NALP3_002 siRNA NALP3_003 siRNA
50 nmol/L 1.110 = 0.046 0.820 + 0.010" 0.790 + 0.002" 0.340 + 0.022"
100 nmol/L 1.100 = 0.035 0.790 = 0.024" 0.640 + 0.013" 0.280 = 0.010"
200 nmol/L 1.040 + 0.036 0.780 + .0.039" 0.640 + 0.004" 0.110 = .0018"
"P <0.05vs NC

2.4 FIENrf2&R3A 5, RSV B3 16HBEC 4R %
fiE 2 B2 B % i)

R AR Nef2 35, RRAE N T TL-1B (1814 A) |
TNF-a (4 B) \1L-6 (K4 C)RB 2RI E, 5
NC siRNA A It 25 5 i 3% (P < 0.05) , 4 ffd 3 1
At A (E4D),

2.5 B&{R Nrf2 ®iX /5, RSV BT & 16HBEC 48 it
Nrf2/ARE 15 S 18 2 # 5 1

2.5.1 Nif2/ARE 43 5 i@ % % Nrf2 . HO-1,NQO-1
GST A B ¢y & ik BN £IAE, Nef2( 5

A) HO-1(E5B) .NQO-1(K5C).GST(K5D)

FH A AR T, 5 NC siRNA AH L 22 55 B 3%
(P<0.05),

2.5.2 Nrf2/ARE 1% 5 i@ % P Nrf2 \HO-1.NQO-1.,
GST & & 4 & ik [ N2 F£ik)5, Nef2 \HO-1,
NQO-1.GST (¥l 6) & 1Rk 2 FFE, 5 NC siR-
NA A LG22 57 3 (P < 0.05) .

3 i #

o AR AN R — Fh e B D 1 =
ZAR(CysLIR) F5 P07, BB R 5 LA E GFkAE
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Effects of different concentrations of montelukast on the expression of Nrf2, HO-1, NQO-1 and GST genes in the inflammatory

cell model. A: The expression of Nif2 was detected by qPCR, B: The expression of HO-1 was detected by qPCR. C: The expression

of NQO-1 was detected by qPCR. D : The expression of GST was detected by qPCR. Date was presented as mean=SD (n = 3).
1)P < 0.05 vs Control; 2)P < 0.05 vs Model; 3)P < 0.05 vs Ribavirin (F =95.217, P =0.000)
B2 HEFH RSV B 16HBEC 48/ Nrf2 . HO-1.NQO-1.GST EE Rz &
Fig.2 The gene expression effect of Nrf2, HO-1, NQO-1, and GST when montelukast deal with 16HBEC which was
infected by RSV

ML, RERNAT SR E R Z — ARG
FRR AR VG A S B e M A S R R T
VERIALE M A B T, A W5 & I & R R A
i CysLIR ARHE A9 ST 3% e R0k, sl VE T
B 3 T P 200 T TR 4 Y, G A A0 i, R
YA, Nrf2/ARE MRS A LR R AE R 50
HEE L — SRR T IE

AR S 00 e P A A I 0 200 8 AR AR
JRAIGY o FE A A B S0 o AR S K
AR RSV B YS 5 1  1 45 b 9 PR 7 S i
ST A W A RIE AT DL BGE i RNA T4
AR Nef2 F P () 3k , BH KT Nef2/ARE {55 53
B, R S AR TEIR YT A SR R I T L
il o SEI & I G R R RSV B G 5 A 45 B
S AE T T v A BH S 00 B0 4E 9 EL X Nef2/
ARE {5 510 -t A B i VR VE . A 1 ) 3
PH 2235 77 1T, siRNA = 80PE FIRE S AR AL T At
T, Wewk Tz 3 T L S0 An i Ak B o

FIINRES . AR SZI6 8 F Nrf2—siRNA J , BH f [
I8 T Nef2 (3635 . 5 Yk Nef2—siRNA 1] Nef2 55
o 5 T RN BT R AE FH R SEWT , 3F— 2P Ui R
FREATR T 40 30U R T e 5 Nief2/ARE 15 538 i
K

SCRE AR Sy b T AR R G B
PRI VE AT, RSV YL 175 K AL S A0 7 3R 7, 48K
1 v T AT AR P 1 U (ROS) 19 7K F- 2 3% 7t
1 AR SR G R, S BUM S RIER G, LA
B 5T S B, RSV & e 1 SGH I B2 40 i 4 i K
HIL-1B . IL-8 . IL—-6 . Fi W 4 Jig 8 %iE 25 11 (macro-
phage inflammatory protein, MIP)—1a 1 IR5E
T (tumor necrosis factors , TNF)—a L M HABARE 4 5E
R -2 ARSI 45 5 i 7R RSV /YL 16HBECs
A5, 400 N 9 ROS B & T, R T 1L-
1B . 1L-8  IL-6 ikt B i Ft v o 11 FH 6 6 A 4
A Ak ER AN i 5 RE AR AL 4 P ) ROS 7 i e e 1k
B F 1L-18 . 1L-8 . 1L-6 3 35 B 1 FAI% , 16 BH 5 &
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— 0.4 1 — 0.4 4 2)3) 2)3)
=] =] -
= =
s = 3 —
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§ = T 9 02 4 =
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. 2 70l A |
~= = ——
OO ad S
Control 0 20 10 5 Ribavirin Control 0 20 10 5 Ribavirin
Montelukast/ ( mol/L) Montelukast/ ( mol/L)
A
Nrf2 o e - - RESOULPEN
HO-1 N PRI T—— R —
NQO-1 | A R iitnaa s P—
GST i AR S o a—
GAPDH e SRR GVRRRSTe.  RERSMGNS  wsSSReEE. AeSelirn
Control Model 20 pmol/L 10 pmol/L 5 pymol/L Ribavirin
Montelukast Montelukast Montelukast B

Effects of different concentrations of montelukast on the protein expression of Nrf2, HO-1, NQO-1 and GST in the inflammatory
cell model. A: The relative intensity of Nrf2, HO-1, NQO-1 and GST. B: The expression of Nrf2, HO-1, NQO-1 and GST was
detected by WB. Date was presented as mean+SD (n =3). 1)P < 0.05 s Control; 2)P < 0.05 vs Model; 3)P < 0.05 vs Ribavirin (F =

76.544, P =0.000).

B3 ZEF4F RSV S 16HBEC 41/ Nrf2 HO-1 NQO-1 GST & B R iZH &
Fig.3 The protein expression effect of Nrf2, HO-1, NQO-1, and GST when montelukast deal with 1l6HBEC which was
infected by RSV

AR BB BB IR S RE SV

Nif2/ARE 15 5 72 4t f2& 40 M 450 Ak 1 33 /2 1 7
KRR F3E T, YA B A FE Y BT AT IR
I8, A% 5P E AR SOV T (ARE) 454, 38
i Nef2-ARE {5 548 5, A T iF 4 i 4 4 b
Mg a5, X e B PHUADR VR B, 20045 &

A ALY B AL EE (SOD) 45 I H kit % B il (GST) |
Wil A AL I8 SR 1 (NQO=1) |\ DL R Il 2T Jin 4 i 1
(HO-1)""4% o Nif2 J&ix {5 515 53 fif v e B 22
B E S 1 22—, 24 Nref2 35 K 9 38005 , Nef2/ARE
NG L S F HO-1, B — & Ak ik (CO)
) sk, A T4 ) I 4 L ) AR PR 43, )
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Control Model ~ Montelukast A
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150 1 em NC siRNA
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600 1

400 1
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O-

Control Model ~ Montelukast B

&3 NCsiRNA 7))

&9 N.f2 iRNA 3)

Montelukast D

Control Model

The inflammatory cell model were dealed with montelukast or not in the presence or absence of Nrf2 siRNA. A: The expression
of IL-13 was detected by ELISA. B: The expression of TNF-a was detected by ELISA. C: The expression of 11.—6 was detected by
ELISA (F =29210.816, P =0.000). D: The content of ROS was detected by DCFH-DA fluorescent probe method (¥ = 14762.404 ,
P =0.000). 1)P <0.05 vs NC siRNA+control; 2) P < 0.05 vs NC siRNA+model; 3)P < 0.05 vs NC siRNA+ Montelukast. Date was

presented as mean=SD (n = 3).
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1.0 1
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Relative expression of
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0.0 -

1.5 1

NQO-1/GAPDH

Relative expression of

El4  FHsiRNA J5240 M0 K E R MR iE Rk
Fig.4 Cell inflammatory response and ROS level after transfected the siRNA

@ NC siRNA
&3 Nif2 siRNA

Control Model ~ Montelukast A

&a NC siRNA
&3 Nif2 siRNA

Control Model

Montelukast (&

Relative expression of

Relative expression of

HO-1/GAPDH

GST/GAPDH

1 & NC siRNA
&3 Nif2 siRNA

Control Model ~ Montelukast B

&3 NC siRNA
&3 Nif2 siRNA

Control Model

Montelukast D

The mRNA levels of Nrf2, HO-1, NQO-1 and GST was detected by qPCR in inflammatory cell model were dealed with monte-
lukast or not in the presence or absence of Nrf2 siRNA. A: The expression of Nrf2 was detected by qPCR. B: The expression of HO-
1 was detected by qPCR. C: The expression of NQO—1 was detected by qPCR. D: The expression of GST was detected by qPCR.
Date was presented as mean+SD (n =3). 1) P < 0.05 vs NC siRNA+control; 2) P < 0.05 vs NC siRNA+model; 3) P < 0.05 vs NC siR-
NA+ Montelukast (F = 188.957, P =0.000).
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Fig.5 The gene expression effect of Nrf2, HO-1,NQO-1 and GST after transfected the siRNA
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The protein levels of Nrf2, HO-1,NQO-1 and GST was detected by gPCR in inflammatory cell model were dealed with montelu-
kast or not in the presence or absence of Nrf2 siRNA. A: The relative intensity of Nrf2, HO-1, NQO-1 and GST. B: The expression
of Nrf2, HO-1, NQO-1 and GST was detected by WB. Date was presented as mean+SD (n =3). 1)P < 0.05 vs. NC siRNA+control ;
2)P < 0.05 vs NC siRNA+model; 3)P < 0.05 vs NC siRNA+ Montelukast (F =44.779, P = 0.000).
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Fig.6 The protein expression effect of Nrf2, HO-1, NQO-1, and GST after transfected the siRNA
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