EBRBREZMR (R
580 | JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) Vol43 No.5 May 2023

B - ZEAT R

&S R iR A =% B4 K iHAR R

OB, it =, 8 A3°, KR, Lwm e, BT, XIER e

L PO R 88 T BE R /N LR o B BE, &R 6100415 2. PN 1E P8 85 R B il k B S5 X R e & e e =,
BGHS 6100415 3. HLF-RIE AR AR R AT IHERE - 48fHTT OB LRE, 4RPH 6210005 4. PUJIIRAEAEVE S8 — EBT Y ARk
FerSAES I LR B R B Ie =, AP 6100415 5. PUJIIRAEER DA (EREZR A SN A 000w, AP 610041

[HE] BHY - WELS RHEENIAIT P =48 B4 (leukotriene B4, LTB4) IR K5 TR IKAURE M, TR0 M
WVETET MRS . 73k - BRIE M (ovalbumin, OVA) +AI(OH), B & /N, #HE7 LAt ftE B Y0 (allergic airway
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B, WEE I o B SRRE (0 B2 o o ELISA FHRAH S v 22 PR 746 D 3 70) 6 A ) = U8 It M WE W (bronchoalveolar
lavage fluid, BALF) MM #E A4 BRE A E (immunoglobulin E, IgE). T3t % vy (interferon y, IFN-y) H1F 414 %
(interleukin, IL) kK, W2 BUGHBIYE TAHME (helper T cell type 2, Th2) HRAEIHH . RT-qPCR. Western blotting JZ 4
P AL 2A A /N B LTB4 A5 i B i 5-8 E A B G & 1 (5-lipoxygenase activating protein, ALOXSAP) F1{ =M A4 7K
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pause, Penh) Tt MATTIAEFRES Y AHR, LLISGE EOS 121 I GCL 34 A= S s FH 27 1R o5 110 8 1R 14 4 JE R0 VAL 1o 40 WA RS
K UL BALF FlIfL 3 o IgE . IL-4 F1TL-13 J & H.IFN-y. 1L-2 Fll IL-12 B N 0002 2455 550 A4 Th2 TS 0E S W 5 e 55 v 4% AT A5 2%
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[Abstract]
pathway in treating asthma and investigate the candidate intervene targets of asthma. Methods- The acute, subacute, and chronic
asthmatic mouse models characterizing by allergic airway disecase (AAD) were set up by ovalbumin (OVA) and Al(OH),
sensitization and challenge and intervened by intragastric administration of montelukast and finally challenged by OVA for chronic

Objective* To observe the effect of montelukast on the expressions of key genes in LTB4 (leukotriene B4) metabolic

asthma model. The pulmonary functions of mice were tested by unconstrained whole body plethysmograph, to quest the change
patterns of airway hyperresponsiveness (AHR). The eosinophil (EOS) infiltration and goblet cell (GCL) hyperplasia in mouse lungs
were detected by hematoxylin-eosin (HE) staining, to quest the pathologic features of airway allergic inflammation. The levels of
immunoglobulin E (IgE), interferon y (IFN-v), and interleukin (IL) in bronchoalveolar lavage fluid (BALF) and serum were detected
by ELISA and Milliplex kits, to quest the helper T cell type 2 (Th2) inflammation status. The transcription and protein levels of 5-
lipoxygenase activating protein (4LOX5AP), leukotriene A4 hydrolase (LTA4H), and leukotriene B4 receptor 1 (BLT) genes, which
in LTB4 synthesis pathway, were detected by RT-qPCR, Western blotting and
immunohistochemistry (IHC). Results-The asthmatic mouse model could be set up by OVA and Al (OH), and was presented as

encoded the rate-limiting enzymes

AHR characterized by increasing enhanced pause (Penh) value, eosinophilic inflammation and high mucous secretion pathologically
characterized by airway EOS infiltration and GCL hyperplasia, Th2 inflammation immunologically characterized by the increasing
levels of IgE, IL-4, and IL-13 as well as decreasing levels of IFN-vy, IL-2, and IL-12 in BALF and serum. Montelukast could
alleviate AAD effectively. The transcription and protein levels of ALOX5AP, LTA4H, and BLTI genes increased in asthma.
Montelukast can inhibit the expression of ALOX5AP gene and promote the expressions of LTB4 and BLTI genes in asthmatic
chronic phase. When challenged by OVA once again, montelukast can induce the significantly high expressions of LTB4 and BLT1
genes. Conclusion-Montelukast has the effect of relieving allergic inflammation in asthma mice, but it can stimulate the production
and accumulation of LTB4 and is significant in chronic phase. When challenged by OVA a second time, LTB4 could be promoted to
combine with BLT1 and attend in the pathogenesis of asthma. The results suggested that there was a potential risk of activation of
LTB4 by montelukast. The rate-limiting enzyme LTA4H and its receptor BLT1 metabolism may be potential targets for asthma
treatment.

[Key words] asthma; 5-lipoxygenase activating protein (ALOXSAP); leukotriene A4 hydrolase (LTA4H); leukotriene B4 receptor;
montelukast
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PRI, A BRWENG BT 34N Y N L 4 i A
PE EREVE . B shiPERZ YT 2R, bl i
PR N R P Y EEER A, 2 WA SRR B AR
ik A2 187 R P A R AR . B e A RN PR X S
TR I PR UIE o 7 i P o B2 N B B TR
P S E AW o, DA AT 3 P A 32 BH AR Al
J WP (airway hyperresponsiveness, AHR) “h 3%
o FIRLAE AP R AIE o ok PR R Wi ) A AL DA B e 2 ek
AR SRR AR, BRI AR N RO S LR A
RUARS RN, S350 1 BUAT B PE T 400 (helper T cell
type 1, Th1) /Th2 bR, Th2 358 1E BRIF5 2™
AREWMME T . RIEAN M RAEKE N E
(immunoglobulin E, IgE), M4 4 i 4 A 4 5 1
b, BZAB R R GEIEIR o RAEA T BT AR 2 i A T
EOCHE , (PRS2 H BARVEFPLE M A58 4
WA, P, A UEERAIRSE RAE A 5T -5 W i 9% 1Y)
WEECR, 0 RIG YT B .

M =4 (leukotriene, LT) J& T AR AES T,
H R B AT SE  21 1930 4F 1 Feldberg 1 Kellaway 7£
TR P ER LR B Y M8 B W, 7E 1970 4R H
Samuelsson 1F 3 iy £ I B H Ak 24 250 S AR s 72 .
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LT 754 RS T RIS AR , (H T 785 S 98 0 52
Bk R AP LT M AR R T AR AR DS R
(arachidonic acid, AA), AAZ S-fREAMHHIGEN
(5-lipoxygenase activating protein, ALOXS5AP/FLAP)
HEALT=E M ASESE 1) LTA4, LTA4 3 GH 28 LTA4 K fift
fiff (leukotriene A4 hydrolase, LTA4H) ##fk -}y LTB4
B %4 LTC4 & W i (leukotriene C4 synthetase,
LTC4S) 4k Ry LTC4, LTC4 KLtk — b b= i
LTD4 F1 LTE4 4t Fr 2 Bt 2 Bt 1 =4 (cysteinyl
leukotriene, CysLT). LTB4 il CysLT 4353 i 55 455
ZARGE S KA AR . B FlRN CysLT 524K 1
(CysLTR) ¢ tE45PiRl, |-z M T@miasy, H
PRI R E A S AF e R ) A L 152 Ja B e
PG D, LR YT R E IR . o Iz i
HAEREHT CysLT R J5 IR 56 4= BHLIBT LT B 200 25007
LT 7] BEAF 7R o8 S 05 P e Al 5 At 32 R 45 5 T
ARSI, S A Bk 2 340 LT AU
P PR 1) T TR A

LTB4 J& — F e & /v i, @k 5 H Z 1k
(leukotriene B4 receptor, BLT) %% SZH1 484 21 o )
EE . WO ANAETE . BLT £24% BLT1 I BLT2 W5 ) 52
&, Forh BLT1 2 LTB4 5 5 19 i S5 A &2 4k o i
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KB, WG R S A I HE PR (bronchoalveolar
lavage fluid, BALF) HEmRYER A (eosinophil,
EOS) &M LIF WK LTB4, HLTB4 /K5
L Iy 2 T AR IE A5G . BLT1 EZE R IA T EOS, Hik
R4 (neutrophil, NEU) . IV 4 Jifd 150 A% 20 Jifg 45
A, 1M EOS I BLT1 B3R5 A Bl T IL-13 i otk
SAERIER A, Hak B AR ASRERH W LTB4 5 Ho2Z
K BLT1 9454, X8 LTB4 Al i i 5 BLT1 ({45
G 5PN R . WFRATER B LTB4 1E 2 iy 1] RE A7 7E
W R s & E) 4 B W CysLT R JF 5t 14 40 4]
LTA4 &5 M LTC4, H LTA4 &7=AMERUIR 4k ek I i3 i
il BRI A, i Bk RORE SN0 5 [ LTB4
B BUE BRAZ M, FRUE P25 1Y LTA4 W] 3d o LTA4H
Ak B RG E 19 LTB4 Jf 5 BLT1 454 (LTB4-BLTI
W), WS HRIESN ; # CysLT RAEMIwEI0H]
M) LTA4 # FZ A LTB4, LTB4 A] A7 Ak i fH ak
LTB4-BLT1 il 7 Hc3G hn, 4 LTB4 M U2 5 sk AL
PR PR g R A5 & 5, LTB4-BLT1 3 ] 1 38
RAEFFI, 075 A P Wiy 55 b SO AR S BN, A%
F 5% 38 o B 0L DA o PR S R AE (allergic airway
disease, AAD) HHRFAH /NG , Jf 45 T &
BRI RRRYT T H, WS AR W R R 7 ot LTB4 L1
WARAH A FRIKMSEM , -5 LTB4 1EVERG IR YT
VS TE T 5% o

1 HES5/E

1.1 Ak

111 SCE s Y Balb/e WEPE /DB (IR R & N
(17.88+1.41) gl, WFMERLM YL AR, 2 H
%, SPF. shPiageF I RFAEVEEE b, 5
5 Sl VTR S O BE 2EBHE 2022 18 AL
(039) 5. MFEHFOCIEM 12 hsg 8, /ANEAH
R

112 FERXF AL IIEEMA (ovalbumin,
OVA; #A5503-5G) W [ 3% Sigma A F], &k LBk
FFAE®E (methacholine chloride, Mch; #MO0073) T4 H
H AR s b i Tolk Bk =U &4k, & &b [A1(OH) ;
#21645-51-2] W [ AR B A BRA
T RN (#685828-5G) W [ 24 [E Sigma /A H
IgE ELISA 5 & (#BH1395) W H A [E i1 i A
VIR H A R A A, WA A 2 R R &
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(# HCYTOMAG-60K) 1 [ & [¥] Merck Millipore 2%
Al, TrizoliX7 & (#15596-018) W [ P L 5T R 3K
FREARAR . K4 EFEEWLALE (HNE-
C900) 4 [ HAX OMRON A &l , JG2 o 4> B (R AL
A (#WBP-8M) 114 H h [ I R AR A IR
N

SEOmF 9Ok B R A B EE
quantitative polymerase chain reaction, RT-gPCR) Jf
Mol e E e AZEYREARAFR.
Western blotting & % 20 ALt FH BT . et/ R 5
[ ALOXSAPHUA (#sab1300958) I [ 3% [ Sigma 2
"), /N EEA T LTA4H HUiR (#ab133512) 14 [
% [® Abcam A A, ¥/ B 5 B BLTL 41 1k
(#0abf 01059) 1 [ 3£ [E Avivasysbio 28 Al , 11ZEHi R
IgG (# A0208) W H " E i3~ RAEWHEARAR

/AT

(real-time

12 ik

1.2 SRR N BRI, B HENAILS A
LOCKE "' By 77 1 # 37 LA AAD g5 500 /) Bl 12 it A
(D). @ sh#sr4l. Balb/eMiErE/NR 104 5, B
Bl M a8 | X BB 4 (Control) (n=32) . B2 Wi 4
(AAD) (n=32) . & & "l %% T W 41 (AAD+
montelukast) (n=32) & & w F¢ T il XF M 20
(AAD+montelukast-NC) (n=8)., @ k. 47
AAD. AAD-+montelukast fll AAD+montelukast-NC £H
Ji& 1 1 4T 40 g OVA 12 mg A1(OH) 15 # 0.5 mL
B, RIES 14~17 K (RPEREAL) | 55 14-20 K
O 2R 45T 3%0VA ML, HH1R; 21~
62 K (12HAR) 25T 3%0VA 4k, B 3K,
Control 41 ] 0.5 mL 4= ¥ EE 7K #12 mg AI(OH), JiE i 1
SR, ST AR, FA O RS SS A
BRI S (50 cmx30 cmx20 cm), FHKZEAL
30 min, @ Z5¥+ 1., AAD+montelukast 4] %: H 44T
G AR TOE S (3 mgkg) £ 90K, Control
FIAAD 2 25 745 A BRE K, #2000 T4 18
21, 63 REUEEAR ., AAD+montelukast-NC 2 F55 63 K
A 09 T 77 2 J5] AAD+montelukast 21, M 5f 63 Kt
P A B K B 90 K. AU/ RAFUCREE 81
FEAE . @ PR o #5415 BRI A5 i/ VR4 91~
93 RHFIR4 T 3%0VA Z5 4Lk (Control 41451 A P
k), ESFE3 dJE T 94 RIUHEA,
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Acute model Subacute model
(ﬂii\‘ Sensitization Challenge Sacrifice < Sensitization Challenge Sacrifice
) OVA +Al (OH)s ip(x 2) OVA inh qd ~ OVA+AI (OH): ip(x 2) OVA inh qd 1
oy ! | o o ; ]
0 7 14 17 18 0 7 14 2021
Montelukast ig gn Montelukast ig gn
Chronic model
Sensitization Challenge Sacrifice Sacrifice
) OVA Al (OH): ip(x2) OVA inh 3d/wk T OVA inh qd
Day * * L + . * * h
0 7 14 21 28 35 42 49 56 6263 70 77 84 9091 9394

t

Montelukast ig gn

Montelukast/Saline ig gn

Note: AAD was induced by intraperitoneal sensitization of Balb/c mice with 40 g grade V OVA and 2 mg aluminum hydroxide in saline. Sensitization was

delivered on Day 0 and 14 (acute and subacute models) or on Day 0, 7 and 14 (chronic model). Mice were then challenged by nebulization of 3% OVA in

saline for 30 min on four consecutive days (acute), seven consecutive days (subacute), or 3 d/week for 6 weeks (chronic). Control mice were sensitized with

2 mg of aluminum hydroxide in 0.5 mL and challenged by nebulized saline. Treated AAD mice to montelukast by means of gavage every night on challenging

days or Day 63 to 90 (chronic). Control mice were treated to gavage saline. AAD mice were challenged by nebulization of 3% OVA in saline for 30 min on

three consecutive days by Day 91 to 93.

BEl1 PR RARRE ST

Fig 1 Setup of mice model with asthma

122 FishBeseil  /NERORIREE LIS 24 h il 2y
A BRI IR I E SGE MM o F /N BRUE T
R IC RN, FTIF R I < 30 min, Ff HA I PR
I 0 I i HeAR B AR B R A 5 min, RIRA T
0. 3.125. 6.25, 12.5, 25, 50 #1100 mg/mL {J Mch
SIS AR 5 min J5 % 2210 SR GE BH ) 2801
#E IS A 8K (enhanced pause, Penh) {H 5 min,

1.2.3  IgB FIRIEAN BRI 1% 1% B b %2 R M i
PRI /IN B, DA # K R ML SRR, 53 25 107 - 80 °C IR
1. MFE/ANEL, 4%%%\&@?35 (0.5mL) FEVEL M3
W, WCHE BALF B0, EVE-80 °CLRAF . H4 ML iE F
BALF 75 U ELISA 125 S A IgE /KF-, WA
J 22 R A I R) & A TFN-y . IL-2, IL-4, IL-12
KA

1.2.4 7 KK -4 (hematoxylin-eosin, HE) %t
o SREBALF G, i 2 E 7R 10% 1y hPESE
MR ShAR 48 h ik A o 4 B )
h (4 pm5, BAFEAS3 ) HTHE ’é%ﬁrﬁiﬂfﬁiﬁ

FERRPE A HE K o R R AE PR R B 1 1, R
Y 0% (KRWMEEE| EOS), 14 (1&'%/1\5@,“ il
EOS) 2% (ZLREW1~3ZE0SaH), 34 (X

B LA 4~5 )2 EOS R, 449 (KEZH LA
”(stIﬂl B SELL B EOS ) . ffi H Padrid 45 A
TR 0 T VAR AR IR AL (goblet cell, GCL) H44E
oL, RIETLHIEDRE T (0~440) XHREAE (L
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AT R . XV RGEET L A 40 e 0%%
(LGCL), 1% (<25%), 2% (25%~50%), 3%
(51%~75%), F4%% (>75%). kB itE 84
SR, TP EOSIZIE A GCL #4157 .

1.2.5 RT-gPCR fifi Fi] Trizol i 7| & #& HL 41 41 i
RNA, fiff T30 5% 553050 &5 39 7% 5 AR DNAL 4 L
1402 1, St PCR F All-in-one ™ qPCR Mix 7
CFX96™ LI} RGE b AT o AR H ik 2 3-wh 1 It S iy
KOFHEAT IR Rk bRt o 27 Sy B Y 3L R A 52 56
R R FB B . B AU SEIR AAC,
=SGHAC, - SHRAAC,, H T AC=IRKC, -
X BEFEH C o

F1 3¥5I%

Tab 1 List of primers

Primer Name Direction Sequence (5'—3")
ALOX54P Forward TGTCGGCTATCTGGGAGAGAGA
ALOX54P Reverse ATCCGCTTGCCGAAGATGTA

LTA4H Forward TTGATTGGAACACCTGGCTCTA

LTA4H Reverse TGTCAGAGTCACGTCGTAATTGG
BLTI Forward GGCACTAAGACAGATTCAAGGATT
BLTI Reverse ACATGCCACCAGGAGAAGAAG
Actin Forward TGGCTCCTAGCACCATGAAGA
Actin Reverse GCCACCGATCCACACAGAGT

1.2.6  Western blotting Ml 44Utk 24 i G
VE ST BT G2 v AR I 2 b SR T e 6, ,L‘F:ﬁ%%
T TR 14 - SR VAT 4 T e 56 e, ik 0 85 ) 2 1 B 7% 381 5%
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O RE o S 5% MR W Ry 1Y tris 22wk K
Tween-20 2% P B 1 h, SRJGTE 4 °C R 43 5 H %
B/ BB T8 B BT K ALOXSAP (¢=1:50) . LTA4H
(¢=1:50) MIBLT1 (¢=1:50) Hd%GHEYE
FRic I E i 1gG (e=1:2000) ZFiRMFH 1 ho fix
Ji el RS 5 A2y R iR RS b i A 1 B A T AT AL
J&, H Gene Tools RGNS S5y s AT 8k, DAREAR
FIF iR 5 B-WLBh B 0 BB T3 8 1 R AR i
B A AR A /N R 2 I 2000 R L AE L2 1 3
TAEM B 20 min, 435 i/ R e BTk
ALOXS5AP (¢=1:100), LTA4H (¢=1:100) F1BLTI1
(@=1:100) fEAHME ALK KRGV HHAY
FEAniC I FEP R AR E TG (9=1:1000) &
30 min, 7EREEGRMER-AEYRLEZ G 37 °CHE
30 min. il 2 RICOR B TAE W & Y1 6 min,
AR ARG YL 30 s, BAEE WM TCIK B4 3B 7K
2min, FFHZHRE 2K, K S min, HPEm
BB . BER, iR EARE A . U AR
Olympus il /B3 F - At 1748, BHMEAS 5 A F
WEE WL (integrated optical density, 10D) {3
7, “FH 10D H=1OD{H/I A (400> FEF [EFHL)

A
15 -
—©- Control
- AAD
=
5
210 |
G
=]
[}
=
<
>
=]
g st
24
0 3.125 625 125 25 50 100
Mch/(mg-mL™")
C
151
—©- Control
- AAD
<
5
210
G
=]
o
=
<
>
2
= 5
=2

0 3.125 6.25 125 25 50 100
Mch/(mg-mL™)
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1.3 Hil“#abr

K HI SPSS 21.0 F A4 AT S 90 54l o3 A . &t iF
BT 2R, OB xbs Fom . 22
T 08 TE 25 43 A7 B A FH AR 06T A 0 i A T 4] PR A
T ZEANTE B IR 0 A BRI T 5 R A5 ek i . AR
Wy 2250 B F HRBOR [t [ A i gt . 24 22 1)
HIRCE FH 7 2200, SR)5 F Tukey Z 8 UK BR . A
P56 TE 25 53415 0 B0 2R JH ARG 30 4 A7 4 Ta) be A o
P<0.05 25 HAG 7 .

2 ER

2.1 OVA+AI(OH), B &/ B K 42 BL AAD

AR A 1% U iy 7R

Penh {HJ2& 5 B AHR M URFE R, AHR J2 B
O A PR o DAL/ B AR R R B
B % Mch # & W EE 1) T, Penh (EAHRZ B (&
2A~C) . 4 Control 4 # [t , 4 Mch ¥ & ik J¥ A
25 mg/mL i}, AADZ] Penh {H 7521 . W2 PEAIIS
PEWI 038 142, 1.43 115865 (Kl2D), #5H%E
B]OVA #l AICOH), A] 175 3 ] @ 1Y) AHR .

B
151
—-©- Control
- AAD
=
g
2 10f
[
=}
Q
2
<
>
=}
g 5 -
~
0 3.125 625 125 25 50 100
Mch/(mg-mL™)
D
8r o O Control

D —_

HAAD

Ratio value of penh
-~ o

)
T

0

D18 D21 D63

Note: A-C. The Penh values of acute (A), subacute (B) and chronic (C) models of control and AAD mice (n=8). D. The Penh values of each model of control

and AAD mice at the concentration of Mch is 25 mg/mL (n=8). “P=0.000.
B2 /MRATINEE Penh (&

Fig 2 Penh values of different mice groups
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oom,

EOS 3218 Al GLC 38 A5 J2: 1 Wity 77 il 28 2 3. 784 ) 9
WA, HEQL (A B R : 5 Control HAH L, AAD
HAERAEME (K 3A), EOS P 7E 2k
SV R A P B 43 0 g 2.53 0 17.44 Fn 1175 %

(K 3B), GCLIF/7E 2t A g, HIET
S VRS VR4 I3 N 1.47 F110.88 4% (B3C) . 4%
2L 0 /N BRI A A g R TR R ORE N B TR A I

101 N [ Control
= W AAD
8T .
[}
3 61
2
wn
Q 4T
=)
2k
0

D18 D21 D63

C
51 2 OControl
EAAD
"
2
3 3
Saf
6}

—
T

0

D18 D21 D63

Note: A. The HE staining of acute, subacute and chronic models of control and AAD mice lung samples (x400). B. The EOS scores of control and AAD mice
lung samples (n=8). C. The GCL scores of control and AAD mice lung samples (n=8). ©P=0.001, 2P=0.000, *P=0.003.

3 NRBFALRHE RBRITS

Fig 3 HE staining and scores of mice lung samples

Th1/Th2 2 i BT 2 f4 Th2 T 68 54 5 2 22 W % %k
I B 9% 27 ¢ 1 . ELISA K50 | 7R : 5 Control 21 #H
., AAD 41 BALF FIfiL i H (%) IgE 75 fir A 155 70 (1) &
kR (E4A), R AAES RN . WA A
Z [ 1 ¥ 578 . 7E BALF FIfLTS o, 5 Control
ZHAH L, AAD 2 IFN-+y 76 7 201 Fi 48 4 1) 32 15 1
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montelukast

Control

AAD+

D18

D18

2

le

O Control

W AAD

= AAD+
montelukast

D21

D63 C

jOR
[ Control

montelukast

D63

D21

Note: A. Immunohistochemical staining of ALOXSAP protein of control, AAD and AAD+ montelukast mice lung samples (x400). B. RT-qPCR transcription levels
of ALOX5AP gene (n=4). C. 10D values of ALOXS5AP protein in immunohistochemical staining (n=8). “P=0.001, ®P=0.000, ®P=0.005.
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Fig 5 Transcription and protein levels of ALOX5AP gene
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Fig 6 Transcription and protein levels of LTA4H gene
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of BLTI gene (n=4). C.IOD values of BLT1 protein in immunohistochemical staining (7=8). ©p=0.000, ¥P=0.003.
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Fig 8 Transcription and protein levels of ALOX5AP, LTA4H and BLTI genes after re-challenged by OVA in asthma mice models

3 itie

LT &M B K40 (mast cells, MC). EOS., H
WG 2L L ot /N Al R LT T UL L 55 22 200 B 15 B
TAERIR RS Y Y LT (R A UR T A0
A RS TR 7 Al b, 78 g D S A ORI 5 S K
S RIS . LTs (7™ AE 3B A% G 435 L1 B 75 ol g ity
A2 (phospholipase, PLA2) MIVEH T 4L AAI-TE
AOLXSAP AL T & A AT E 19 LTA4, LTA4
439 25 LTC4S Fl LTA4H ¥ 4~ 38 [ 11 B 1 6 5% 1k

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

LTC4 (CysLT) FILTB4JFfr A0 ',
VEZ2HF 9% 3 W LT S I i 3ok 0ok 1t Wity 23 1Y) o 2
RAEN T, TP RAEANE B AR, ks
AR . BRI RGBS IR B
IR GCL#Z | S BIEFRIIAEW S . S H 1AL
AL R 20 B3 B L R T RS iR 22 A B R
FATLE OVA 75 19/ B AAD 5750 e W82 3] >4 /)N iU
LT AR 9 AOLXS AP H Je 8 (A SRk sk, FLAbi o)
fig Penh {34, GABH I HG N, AHRME G ; [FEF,
fili 21 25 0 BEOS ¥4 . GCL 34 4E g S A g R 1 <.

Vol.43 No.5 May 2023



oo

T S AE FIBE R A R B2 %, H 5 AOLXSAP
BN R IRAKCFIEM G, R LTS5 T i 8ok 2 e 1)
%H 1, X LOCKE ' 2515 S (/N L AAD #E A5
PRI o Ry — 2 00 0 W 8 (14 S 3 = AR
ARG LB FE AAD /N U I8 AT BALF 1 IgE 7
JIFN-y BEAK, 487 A7 76 2 SOtE RORE 5 [R] s S 0 3]
Thl BN F (IL-2. TL-12) AYFEAE AN Th2 59 2
H¥ (IL-4. IL-13) W TFE 5 AOLX5AP 3 mRNA
MEFRRIBEME, XFR AN LN LTBL 5
BLT1 %54 )5 % S Th2 40 g 7= 42 1L-13 'Y, LTD4 F0l
LTE4 A 755 2 AU [ f bk LA 40 M 7 A= TIL-5. IL-13 1
IL-4 ' P Jz THIVIERGE % #i IL-4 FI TL-13 A _E i A
AN I HAZ A B CysLT R ek Mg s - 45—
Ho RFREERERLTS S T OVAHEFALL Th2 &
21 A1 1 A P TR A A e A ) o e 1 iy
I

WFFEIE S i 5 IR AT BT 22 e ity F8 % S <A
ZEFUME SE R W, DD R ME R
AL WA AHR RS G A A Y AR B
i 5 F R AT B I O 0 /N BRI D BE L Penh {H A
XL TO 25 57, AR i DR AT B Sk /N BRI T AR A S
o 4 il e AHR B S 28 A . FRATTMIG 1211 - ok
5% B R B2 4 T B Wity /N B B R A ATl Ll EOS
B, REFWR &S RA D EWE, X5
DEBELLEIX % ' fiff 5% & BH A4 o 5 w1 4% nl T iy A1
¥ OVA 5 5 1 22 Wi /) Bl <3 72 %8 S WANG % 1 %
PR ) 4 T 2 N B AHR 94518 — 8, iF—
AR R AR A rhn] g SR I R R R
FEE AR o AW ST & I AR AT A 0 ) BRI T A
BALF H1 /Y IgE FIRIEA TR B TIER , SXR4A
TR EER, XA SUNZE " 58 s 5 i & w45 ]
AR AR M2 gk A S P 2 i £ ) L L 75 YL -6 7K P35 35 I PACAE
AR, ESE AT PE AR AR b s o] A< i RO ARE Y 45
Ko [FIE, IgE BYKIATE MG S BALF R T ik,
TIE S o 45 W) R 5 A S BHL T CysLT &5 CysLT R 45 6
AT 00 ) MLC 25 240 L 17 o FOURE 88 5 8 RE A B R 4R
PR TR A i A S R R

FAMTHE— B F T T LTBAAR M h et oy T 7F &
RN B3R 8728 1k . ALOXSAP K& [N 9 5 1 25 14
FEITE R 5-NE S A (5-lipoxygenase, 5-LOX) —ifd
1L AA ¥ 4k o0 LTA4 1) 3 72 v & 35 B 3 il 19 1
F P FRATTIRER B ok RO ALOXSAP ik i

http://xuebao.shsmu.edu.cn

Tt =4 Ba gt | 589

FRESR PR KR AAE 1T ALOXSAP 1 5-LOX ()
fEAL A B LTA4H, X — IR WP AH R L8, W
lig 22 45 T A R i e 285 WG Rz 7 T o A K B L 38
NEU i FI PLA2GS " /INEUAY e 4 ff i 1o 4201k
Wy kI e AT S OB 8 0 5 AR ISR PLA2 B A7
T BBE RS 1Ll AA,, HAE S PG rh e 1k 38
fns MK PLA2 TEMAHZN S | AU N, FI5
LT 77 A 1 8 5 e S e i 220, EA ot 550 ] o/ it
5T ol B4 I IS A S A M R AHR 5 s e
W R AR PLA2 AT B T AA B Y5 7F OVA iR
SRR R R PLA2 JE DR R 1 /0N BRI 4540
FREEREAR 0 A 09T & B 5-LOX il 5] ]y 44 17
ity B A 2 [ B AT R P o R RS T CysLT,R
J& KL ALOXSAP (A B W N, i H i R mp
fiE & CysLT R B BH 5 CysLT ANRE S &5 45 32 A i 7=
AMERUEL G, R R B T LR Y LTA4 Al
AA 14 1, ALOXSAP [ 2635 F B . n] 4
CysLT Rj& CysLT 1Y F 200 32 44, HBH W o & vl
BT CysLT A4 B .

WFgE 27 KB, LTB4 A5 8 A% b i 56 4 4y 1
LTA4H FI BLT1 7€ & B s s 2R o A5
WL BN BT TAE B Ry /N BB 63k 5, $2/R LTs 0] 48
C B = AR AN . LTA4 76 LTA4H 1L T 55748
LTB4, 50K, WENG £ BALF i EOS gk ik
K& LTA4H Jffi 4k 7= 2k LTB4, H EOS 3K i) LTB4
Sz R A O Y LTB4 AN & —F e R A
B, ST AR . B AN, ALEE EOS
NEU ', A58 L8, 78 M K fovk <Gl 20
H SRS . VAR B Y. BALE P
I 22 MR D PRI E LTBA K Thi, i
AR TE H 45 T /N B OVA U & PT i2 i/ LTA4H i
16 LTA4 #4620 LTB4, FF2: 5B Vg R YE R AE S
BLT1 F % % ik F EOS. NEU. # %Ik 41 i
(dendritic cell, DC) . B W40 FIEAAZ g0 Fem, F&
I B8 BLTT B PRV FN AR (A 7EA8 PR ) 3258 b 5 100, X
ESAE R BRI A WLEEH Y BOS %5 4T 40 95 1 I 4
—%, 8 LTB4 fl BLT1 45 4 J5 nl fi oE /<38 42 4 40
MRtk o 53 A W 58 A i Bk /N BRBLTT 3k PR AT i JHE Xk
OVA ifs 71 AHR A BT 1, I B ki 4u
EOS 1 DC 76 fili 3 e A2y > iy 42 B4 5 % e iy 8 3
{81 FH BLT 1 SZ AR5 507 LY 293111 (4116 PR 36 3¢ B 1= ]
F3UBALF "1 NEU % R 4 M Bk ydi > o) axsegh

LSRR (0 2023, 43(5) (@)



590 | bismARRE (EEm)

SRR LTB4-BLT 1 3 [ 2 02 Wi ) T B30 [ %

AT &GRS , LTA4H FIBLT1 3352
REHE— DR, HEW I I > LTC4 /YT Vi 3 i 45k B B
J&, RS LTA4 B A s 3 nl i R R AT T 48 51
ALOXSAP ik FREM LS . 0 LTA4 B4R 1553 5 JF
KSEABHWr, PIFE LTA4H fIAEAL T 7= LTB4 Jf it B
YRS BLT1 4k 2k & FEBUR AN o H I E S 3
I F vh IR WA 3 B EOS ¥ a8l GCL 34 4E , e
Al HEA CysLT RBEBHIIG , Th2 &5 E A i A Bl />
TV 98 i A1 %) 30 Sy R S5 P s JROE AN A7
TE 22 2% W0 A PO G A 4 BLT JG 45 B 4k
R BT W HE T LTB4 (94 i F1 5 BLT1 19454
24 OVA BRI & W m /NS, SO0E RO 9 0 8),
ALOXSAP & ik 3 % , LTA4 4= AU 38 n . 2 &%
CysLT R FHIBT, T CysLT # & 7 AF I i 1 48 9E e
N, AB7E S AR AR S TR LT, LTA4 /9 T iif
R LIE R LTB4 32, B3 & J5 LTA4H 1 BLT1
B IE TR M s 3G o X RIS 5% v WL 8 1 1 B 42—
H, R TS AR LTBA (e dE A 7E K0, Jf
A TEUA PRI 32 3028 N R E— 20 e A 0 S 1
T RE

gE LTk, IRATFEWTIE il i o R T T Ry
/N BB e L HL AR 22 i/ BUAHR | PR TR PERTE R
i AT A s N AR AT, [l AT A i LTA4H 1
BLTI B A ARk, #F— UL LTSS T/
T I i 1) R e A L o 5 W R T A AR R o
PEARIE o B F)RE AT 0 i B LTB4 2B it ™
ARG, /DR BN R R, AR

[1] JOHNSON C C, CHANDRAN A, HAVSTAD 8§, et al. US childhood
asthma incidence rate patterns from the ECHO consortium to identify
high-risk groups for primary prevention[J]. JAMA Pediatr, 2021,
175(9): 919-927.

[2] MESHRAM D, BHARDWAIJ K, RATHOD C, et al. The role of
leukotrienes inhibitors in the management of chronic inflammatory
diseases[J]. Recent Pat Inflamm Allergy Drug Discov, 2020, 14(1):
15-31.

[3] YAMAMOTO T, MIYATA J, ARITA M, et al. Current state and
future prospect of the therapeutic strategy targeting cysteinyl
leukotriene metabolism in asthma[J]. Respir Investig, 2019, 57(6):
534-543.

[4] NIALS AT, UDDIN S. Mouse models of allergic asthma: acute and
chronic allergen challenge[J]. Dis Model Mech, 2008, 1(4/5):
213-220.

[5] LOCKENR,ROYCE S G, WAINEWRIGHT J S, et al. Comparison

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2023, 43(5)

LTB4 ] i i LTB4-BLT1 il % (1) JF i 2 5 2 g 299 o
PR B T4 T REAFAE B LTB4 117175 & 12 iy 1) VS A
S, LTB4 AR} PR i LTA4H & 52 14 BLT1 1] fig 2
W WA BV TE T 104 A

F 25 %1 22 75 B/Conflict of Interests

FTAT R PRI AETER 2 w5

All authors disclose no relevant conflict of interests.

1E IRt # FnBh 49 AL F 7= BH/Ethics Approval and Animal Right

AR SE RS K0 JIT A 2l 92 06 249 0 S Ao 0 1| DR 2 G B B e S
S SRS M R A (BT 2022 48 5 LSS
(039) ). JITA S0 ick it 44 305 Mt 0 1| DR 2 A G 5 = o S 3 3 4
W FRAG IS Z R4 (IACUC) il 2 1Y 5256 sh Wb e H /R LR
bz

All animal experiments were approved by the Animal Experimentation
Ethics Committee of West China Second University Hospital of
Sichuan University, (Medical Scientific Research Approval No. 039),
and all experimental animal protocols were carried out by following
the guidelines of West China Second University Hospital of Sichuan
University Institutional Animal Care and Use Committee.

{£& ZxHk/Authors’ Contributions

. XMR SN TSRO SO B ERME S, BT 5T
LB EAERBAE G W L ARPE . IRUERY L EHEE ., TR
BYSE IS . A AEH KB BT Rl T e AR PR P52

The study was designed by HU Yu and LIU Hanmin. The manuscript
was drafted and revised by HU Yu and LIU Hanmin. HU Yu performed
the experiments and analyzed the data. XIE Liang, ZOU Dan, FU
Hongling, LOU Lili, and XIE Keqi assisted in completing the
experiments. All the authors have read the last version of paper and
consented for submission.

* Received: 2023-03-31
* Accepted: 2023-01-03
* Published online: 2023-05-28

of airway remodeling in acute, subacute, and chronic models of
allergic airways disease[J]. Am J Respir Cell Mol Biol, 2007, 36(5):
625-632.

[6] PADRID P, SNOOK S, FINUCANE T, et al. Persistent airway
hyperresponsiveness and histologic alterations after chronic antigen
challenge in cats[J]. Am J Respir Crit Care Med, 1995, 151(1):
184-193.

[7] CHO K S, PARK M K, KANG S A, et al. Adipose-derived stem
cells ameliorate allergic airway inflammation by inducing regulatory
T cells in a mouse model of asthma[J]. Mediators Inflamm, 2014,
2014: 436476.

[8] MIYATA J, FUKUNAGA K, KAWASHIMA Y, et al. Cysteinyl
leukotriene metabolism of human eosinophils in allergic disease[J].
Allergol Int, 2020, 69(1): 28-34.

[9] BRUNO F, SPAZIANO G, LIPARULO A, et al. Recent advances in
the search for novel 5-lipoxygenase inhibitors for the treatment of

Vol.43 No.5 May 2023



#

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

a9 A

%

asthma[J]. Eur J Med Chem, 2018, 153: 65-72.
LECHNER A, HENKEL F D R, HARTUNG F, et al. Macrophages

acquire a TNF-dependent inflammatory memory in allergic
asthmal[J]. J Allergy Clin Immunol, 2022, 149(6): 2078-2090.

RO M, LEE A J, KIM J H. 5-/ 12-Lipoxygenase-linked cascade
contributes to the IL-33-induced synthesis of IL-13 in mast cells, thus
promoting asthma development[J]. Allergy, 2018, 73(2): 350-360.

DOHERTY T A, KHORRAM N, LUND S, et al. Lung type 2 innate
lymphoid cells express cysteinyl leukotriene receptor 1, which
regulates TH2 cytokine production[J]. J Allergy Clin Immunol,
2013, 132(1): 205-213.

THIVIERGE M, STANKOVA J, ROLA-PLESZCZYNSKI M. IL-
13 and IL-4 up-regulate cysteinyl leukotriene 1 receptor expression
in human monocytes and macrophages[J]. J Immunol, 2001, 167(5):
2855-2860.

ZHOU X J, QIN Z, LU J, et al. Efficacy and safety of salmeterol/
fluticasone compared with montelukast alone (or add-on therapy to
fluticasone) in the treatment of bronchial asthma in children and
adolescents: a systematic review and meta-analysis[J]. Chin Med J,
2021, 134(24): 2954-2961.

DEBELLEIX S, SIAO-HIM FA V, BEGUERET H, et al
Montelukast reverses airway remodeling in actively sensitized young
mice[J]. Pediatr Pulmonol, 2018, 53(6): 701-709.

WANG W L, LUO X M, ZHANG Q, et al. Bifidobacterium infantis
relieves allergic asthma in mice by regulating Th1/Th2[J]. Med Sci
Monit, 2020, 26: €920583.

SUN W, LIU H'Y. Montelukast and budesonide for childhood cough
variant asthma[J]. J Coll Physicians Surg Pak, 2019, 29(4): 345-348.
ELIEH ALI KOMI D, BJERMER L. Mast cell-mediated orchestration
of the immune responses in human allergic asthma: current insights[J].
Clin Rev Allergy Immunol, 2019, 56(2): 234-247.

BRIGHTLING C E, BRUSSELLE G, ALTMAN P. The impact of
the prostaglandin D, receptor 2 and its downstream effects on the
pathophysiology of asthma[J]. Allergy, 2020, 75(4): 761-768.
SCHEXNAYDRE E E, GERSTMEIER J, GARSCHA U, et al. A
5-lipoxygenase-specific sequence motif impedes enzyme activity and
confers dependence on a partner protein[J]. Biochim Biophys Acta
Mol Cell Biol Lipids, 2019, 1864(4): 543-551.

MUNOZ N M, MELITON A Y, MELITON L N, et al. Secretory
group V phospholipase A, regulates acute lung injury and
neutrophilic inflammation caused by LPS in mice[J]. Am J Physiol
Lung Cell Mol Physiol, 2009, 296(6): L879-L887.

LESLIE C C. Cytosolic phospholipase A.: physiological function
and role in disease[J]. J Lipid Res, 2015, 56(8): 1386-1402.
SOKOLOWSKA M, STEFANSKA J, WODZ-NASKIEWICZ K,

http://xuebao.shsmu.edu.cn

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

[32]

[33]

[34]

[35]

[36]

371

Tt A = B | 591

et al. Cytosolic phospholipase A2 group IVA is overexpressed in
patients with persistent asthma and regulated by the promoter
microsatellites[J]. J Allergy Clin Immunol, 2010, 125(6): 1393-1395.
GRANATA F, STAIANO R I, LOFFREDO S, et al. The role of mast
cell-derived secreted phospholipases A2 in respiratory allergy[J].
Biochimie, 2010, 92(6): 588-593.

TOUQUI L. Antisense inhibition of phospholipase A2: a new
approach for already tested therapeutic targets for the treatment of
sepsis[J]. Crit Care Med, 2012, 40(7): 2250-2251.

ZAMAN K, HANIGAN M H, SMITH A, et al. Endogenous
S-nitrosoglutathione modifies 5-lipoxygenase expression in airway
epithelial cells[J]. Am J Respir Cell Mol Biol, 2006, 34(4): 387-393.
KOGA T, SASAKI F, SAEKI K, et al. Expression of leukotriene B,
receptor 1 defines functionally distinct DCs that control allergic skin
inflammation[J]. Cell Mol Immunol, 2021, 18(6): 1437-1449.

PAL K, FENG X, STEINKE J W, et al. Leukotriene A4 hydrolase
activation and leukotriene B4 production by eosinophils in severe
asthma[J]. Am J Respir Cell Mol Biol, 2019, 60(4): 413-419.

HE R, CHEN Y, CAI Q. The role of the LTB4-BLT1 axis in health
and disease[J]. Pharmacol Res, 2020, 158: 104857.

UCHIDA Y, SOMA T, NAKAGOME K, et al. Implications of
prostaglandin D, and leukotrienes in exhaled breath condensates of
asthma[J]. Ann Allergy Asthma Immunol, 2019, 123(1): 81-88. el.
PREEZ S D, RAIDAL S L, DORAN G S, et al. Exhaled breath
condensate hydrogen peroxide, pH and leukotriene B, are associated
with lower airway inflammation and airway cytology in the horse[J].
Equine Vet J, 2019, 51(1): 24-32.

STAPLETON R D, SURATT B T, NEFF M J, et al. Bronchoalveolar
fluid and plasma inflammatory biomarkers in contemporary ARDS
patients[J]. Biomarkers, 2019, 24(4): 352-359.

BERRY K A, BORGEAT P, GOSSELIN J, et al. Urinary metabolites
of leukotriene B, in the human subject[J]. J Biol Chem, 2003,
278(27): 24449-24460.

LEE J J, DIMINA D, MACIAS M P, et al. Defining a link with

asthma in mice congenitally deficient in eosinophils[J]. Science,
2004, 305(5691): 1773-1776.
ASANUMA F, KUWABARA K, ARIMURA A, et al. Effects of

leukotriene B, receptor antagonist, LY293111Na, on antigen-induced
bronchial hyperresponsiveness and leukocyte infiltration in sensitized
guinea pigs[J]. Inflamm Res, 2001, 50(3): 136-141.

KUBO M. Mast cells and basophils in allergic inflammation[J].
Curr Opin Immunol, 2018, 54: 74-79.

LEE Y J, KIM C K. Montelukast use over the past 20 years:
monitoring of its effects and safety issues[J]. Clin Exp Pediatr, 2020,
63(10): 376-381.

[AxHE]

KR

LSRR (0 2023, 43(5) (@)



