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[ Abstract | Objective To investigate the effects of methionine restriction (MR) on macrophages in
lipopolysaccharide ( LPS)-induced acute lung injury ( ALI) and to explore the underlying mechanism.
Methods According to the random number table method, 36 male C57BL/6] mice (6~8 weeks old, 23+2 ¢)
were divided into 3 groups with 12 mice in each group: the sham group, the LPS group and the LPS+MR
group. HE staining and pathological scoring of lung injury were performed in lung tissues. The expression of
LPS-binding protein ( LBP ) and Toll-like receptor-4 ( TLR4) was detected by RT-qPCR and Western
blotting. Macrophage-colony stimulating factor ( M-CSF) , granulocyte-macrophage-colony stimulating factor
(GM-CSF) and chemokine C-C motif ligand 3( CCL3) which are all macrophage-associated chemokines were
analyzed by immunohistochemistry. Results Compared with the sham group, the pathological score of lung
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injury in the LPS group was significantly increased (P<0.01) ;The mRNA and protein expression levels of

LBP and TLR4 were significantly increased; The number of positive cells of CD11b, F4/80,

M-CSF,

GM-CSF and CCL3 were significantly increased ( P<0.01). MR significantly improved LPS-induced ALI,
and decreased the pathological score of lung injury (P<0.01); The mRNA and protein expression levels of
LBP and TLR4 were decreased; Compared with the LPS group, the number of positive cells of CD11b,
F4/80, M-CSF, GM-CSF and CCL3 were reduced in the LPS+MR group (P<0.01). Conclusion MR

could attenuate LPS-induced ALL by inhibiting the expression of macrophage chemokines and preventing

infiltration and activation of macrophage to lungs.

[ Key words |

acute lung injury; macrophage ; methionine restriction; chemokines ;lipopolysaccharide

Supported by the General Program of National Natural Science Foundation of China(82270095). Corresponding author:NING Jiaolin, E-mail: njiaolin1976@ 126. com

SERi4% (acute lung injury, ALT) 2 2 H
Pl (4 EOR R (s 804 b s A i 5 ) 51
SRV LA A M52 0 =6 240 00 76 PN R 200 - - je
21 e 2 A0 R 6 0 L4630 3 R oy 2 S A
LRI PR 255 E , ek A 29 B0 DAy it ] 44 F) K 42 L 6 A1 3
FRPERIT IR A A o ALLJRIG PR b M S AE 58 LAY
HBHE, R 68.2 %, R REE HLE S
R TS A 2R VA S I A N, 5 I ALL i
TR 90 d BIRAE AT midk 35. 5 %, T 2 ME IR
&30 ZE 4 1F (acute respiratory distress syndrome,
ARDS) JEHBE TR TR 2 L [N, T A AL
ALT T HUE A 48 & H il H A P2 27 w1 fifp T 14 ) L
P i 2 e 15 A BR il ( methionine restriction, MR) J2&ir4E
RWFRZ IR EBREI TR —, BT IS
& FEA T LA S AR A AR DGR 14 A A2 41, I8 AT
DA, 25 Ul A gt PR 1 S ) LA 0, D2 2
PGS S A2 B RO SR BRI A 0 L AL
HIBETE & BE, MR 7] BRI 224 (lipopolysaccharide,
LPS) i3 1) ALL /N RSB T2, I Ll aod it -y 2L
fi# ( cystathionine-gamma-lyase, CSE)/##i{k = ( hydrogen
sulfide, H,S) i i 5% LPS 51 Mt - R i
EwRamiofE LPS i3 1 ALL A K JErh B AT £ 0 H
SRR, SR H AT A TE A MR XF LPS #5519 ALL
H R 200 i 5 ) B A T AIL ), AR BIF 506 L5
MR XJ LPS 755 ALL /N USRS v Jifs w200 i %) 522 0
R PR, S ALL 9 Ilm RIGY T HE AR L%

1 #RERHZ®

1.1 SRR 454

36 H 6~8 JEIE (KT 20~25 o) it C57BL/6]
/NEIE B R SIA SEER s IR\ il 3R TR 424
PRSI Bty o EERTSEL T/ 1 A )38
IF ], AR SR PR R B O (23 1) °C IR N (55+10) %,

RREBHETASROLIRT 12 h, HREEUK, Fra sk
I BT A SIS YA B, I o B 45 4 2 K2 SR B)
YitaAe B 22 51 S 4t (AMUWEC20224012) , Ay ik
G AE AT g 57 1 1) R /)N BRSO 15 M T 5 80 ) At A4
FwRSET, /NRAE BT 8 h TLAZS 28k, RA K
R AR R EER GRS ik LPS i S 19/ R
ALTAERNT SR B HL R 7 R ok /N R o 3 4,
Sham 4] (n=12) : 24 T IEH K& (F AR & &
0.86% ) ,7IN BT PN 2 HE A B2 1) I 2 B8 8 Y IR AU T v
HEHEA 100 pL A HE K LPS H (n=12) . &FE45 T 1F
TR (PR ERR S 0.86%) , Rtk B R &%
JEIRAE TR TE RS 100 pL () LPS 35 WM A LE N
(LPS % #2415 mg/kg) B 7 /N ALL 70, LPS+ MR
H(n=12) @7 /NR ALL RIS 7 d 457 FR | 25 24 iR
RE(HIRZEIR S & 0. 43%) Fp2: Z UM I [a] . Hif
5T &8, 7 LPS 15 5 19 ALL NSRBI 26 3 K,
/IS OB ZE 2 B0 3L 5 114) 298 i 200 R 92 30 AR L A5 o 18
PRI = SERRIE S B el AR, TR LA 5 O A /N R3S 7R
BRUGH 3 R .
1.2 Jf HE Z & Fo il 3345 5% 22 4% 4

BT /NEULPS J555 3 KRB/ BURIE I & 2 0=
AT PBS T, O A M U8 T 4% 2 R
P 22 e, 64T A W AL HE U0 R HE Y, A4/ R
FEACSR 7 12 R CellSens H 4% HE Y8 [y fifi 2
U] R AT A, I e B A 5L A8 4 Ay 30 B O vk AT i
AP, BRI 1A B 1 24 00 e g5 AN 1 1
TF7E F AR a0 /K e | 5 i 40 IR i A AN 5K 4 AN
AT A5 05 15 U EA T B4 o A 1 A 3 T
FOCT) ~4(HEH ™) 4, BARIR . TEHif o 0 435
AR T I <25% K 1 43 325% < Y5 A5 Y < 50% K 2 435
50% < %5 28 Y0l < 75% Jg 3 43 0 AR = 75% K
455
1.3 fpoafeid & R kxS 54

X B W5 20 i 52 V% ) 47 ( macrophage-colony



690 Bl 422224, 2024,46 ()

http : //aammt. tmmu. edu. cn

stimulating factor, M-CSF) k7 2 i - 5 W 4 it 45 7% il 18
¥ ( granulocytemacrophage-colony stimulating factor,
GM-CSF) 1 C-C ¥ #aib R FE & 3 ( Chemokine C-C
motif ligand 3, CCL3)ixX 3 PE WA ELH 1217
ARG, HRACP BRI 8 Joke il 20 240 5 1)
H 4t 65 “CAEIRME AR T bk | — H R M iR A
[ B B IBE /K 281K i Uk e, KU AL I8 52
W 10% 1~ B A S, IA—PUE T 4 ClEF
& PBS ¥ W UE S LT AR . HRP AR A0 19 9L,
37 CIHIR I E 60 min PBS I V5 i il DAB 2
o, S e I AT B . B R R E T E T
24 h, BREAR IR B HERE 5 5Kk B AR
MIVIR, Bk YT R 7E 40 A5 9058 T BEHLIESE S D HLEF A
18, il TmagePro Plus AFGETHAEL A b 8 H AL
JE{E . F4/80 Al CDLLb # F70#7 459K I 7 B AL L
3 AN, GE it i A PR A 1 A0 i K, BT
B,

1.4 ) RZAFA 269 RT-qPCR #n)

PEIUIMI L2 5 RNA, [ 54 i eDNA Ji5 , R
RT-qPCR A6 ) fili 241 £ v fig 22 0 &5 & 25 1 (lipopolysa-
ccharide binding protein, LBP) £l Toll #£5Z{4-4( toll-like
receptor 4, TLR4) ] mRNA Lk K- ZEDIFHI AT -
Tird E3E51% 8 5'-GCCGTTGGTGTATCTTTG-3', T %
51414 5'-GCTGTTTGCTCAGGATTC-3"; Lbp 15|49
4 5'-GTGAACCTGTTCCAGGCATT-3', N5 ¥k 5'-
AGTCGAGGTCGTGGAGCTTA-3"; Gapdh L i 5%k
5'-AGGTCGGTGTGAACGGATTTG-3', T i 51 ¥ h 5'-
TGTAGACCATGTAGTTGAGGTCA-3', SLEGTEE 3 IR,

1.5 D RAF4 449 Western blot 4|

/N BRI ZH AT 4 C TV i PBS PEYR 3 I, 48
JE BT UK EIF A RIPA 2§ 3847 24 f# 30 min,
4 °C .12 000 r/min Z.[> 10 min 5, B EERAE BE

WOV KA
3 %
‘,- Lo
i a @A S
e B8, s, i
e TS o -l
AR
N Sl M
Mg » _ <
R» 3% e SoR
X !
P
.S X o
T4 A2
A%
S T
roay ko T 2
L}'"ﬁr'," E»l:
Dt SN

F, H BCA JEH Tl e i, He 4 1:4 ol Sk
R A SXEE 1 EARGE o, Wk K i Hh i As P
5 min; kKRG R B2 T M Bt i ( SDS-PAGE)
ATHIK DAy BB A IR A6 IR, 5% AR 4= W =R T
B2 h J5, 5 A —40 LBP (1:1 000) , TLR4
(1:500) 1 GAPDH(1:1000)J5 ,4 CHEHRBEE L7 ;
25 TBST {53k 3 WK, BK 5 min, Fi ] HRP ARic A 1L
Lo —Hr(1:5 000) ERFRIRIER 1 h; FEIK TBST 3
PE3 W, BIR S ming, F i FREAE RS = RS IMATR S
() ECL &6, HIBER AR AGHAT IR SGAR IR
BAFRIE A A KB, UHREBR SN S
GAPDH 1 HUAEAE Ry B AR 2R AR & i o
1.6 %itFEaM

SR GraphPad 8. 0 B fF AT 58143 #T
IEAMAH R DL xxs 2R, 457 2255, K A one-
way JLRI R T 22 5 Mk s 45 7 224855, R Al Brown-
Forsythe 1 Welch £ iF i 5 [H R J5 2 70 ik . P<
0.05 h2ERAGIH¥EX,

2 HR

Image J

2.1 MR 24 LPS #5385 ALL D &AL 09 R 37 &
UA LA

MR 5t LPS 375519 ALL /NGl 211 25 g 22 el
1 ffr7R, 5 Sham 2/ EEAS, LPS 41 /1N BRI it 41 21
SRR I % H L | SR S A4 3 T e T J5 R i 3L K e it
(i) i Doy % 45 2 0, ity 2 40 3 10 o B 43 ik 2
(2.00+0. 85 vs 13.50+3. 12, P<0.01) ;5 LPS 241/
Fo# , MR 0] &g 35 2403 LPS 4/ U Al 46345, H I X35
B, SRAE A M TR 9D it AN i B i K e A
JZH 28 95 BT 43 2 2 BRI (13. 50 +3. 12 ws 5. 42+
1.73, P<0.01),

1 MR 5 LPS H5H ALI/MRATAL R HE L ENE



http : //aammt. tmmu. edu. cn

Bl 4242 PR R 2241, 2024, 46 (7) 691

2.2 MR s} LPS % %45 ALL > & 41 22 49 LBP #=
TLR4 %%

5§ Sham £ H %5, LPS 40 /s BUEY il 4141 LBP F
TLR4 mRNA 33K W 3340, 1 MR 4b B AT i 35 AR
LPS 155119 ALL /NEU 2040 LBP F1 TLR4 mRNA 23K
JKF-(P<0.01,[8 2) ., 5 Sham 2[4, LPS 2H/N B
JiliZHZR LBP i TLR4 £ 1 3R 3K 2 35 58 i, 1 MR 4b 34
A i 2 REAIR LPS 155 ALL /N U221 LBP 1 TLR4
HHRIKXKIF(P<0.01,[ 3)

2.3 MR *F LPS # $- 49 ALL s R A 20 22 89 E 74 20 J8,

B AR K AACE F 89 %

K H CD11b F1 F4/80 #ric B WEA i, & 4A rhar
5 Sk rdg 4b & CD11b 5% F4/80 FHE4A MY, 5 Sham
ZH He# , LPS i S+ ALL /NG CD11b( [&] 4B) i F4/
80 ( &1 4C) FH M4 24 e 50 i =5 3 o, i ) oo 0 ik o6 5 Wz 240
Jii 3 B 2., 1 MR ZbFEZH ALL /N CD11b( & 4B) il
F4/80 ([ 4C) BH P4 200 16 50 48, 25 R ALK, it ) Jo A0 il o6 5
Wi 241 L 3 ) . 0 D o

4 =
iz a
: =
Z 5
- n
Z
= |2 ]
= 1 =5 gy
—
0 T T r
Sham ZH LPS 244 LPS+MR 4 A

M-CSF J& ELWR 20 A7 15 15 58 A1 20 A ) 32 2290 9
PR, s 4 - e 200 4R 7 SR A1 GM-CSF 21755
i L 248 3 2 S W 2 b A S 20 L 2 3 614 73
WAL 1o B SA Hr 2T (o Fi 3k Fr 4R Ak M-CSF 5§,
GM-CSF [HPEZ M, 5 Sham 41/NEHES, LPS 5519
ALL /B ZH 2 M-CSF (5] 5B) 1 GM-CSF ( [&] 5C) FH
VEANMII] 3 2, B 32 05 Tl ] B Al v g i
MR 40 345 il Ta] 52 A i, M-CSF (&1 SB) 1 GM-CSF
(I 5C) P BRPE 20 2 kb CCL3 X 44 B g 4n i %
P8 H 1-a (Macrophage inflammatory protein 1o, MIP-
lo) , J—FhE A AR T, BEAE Rr e r B L B Az AN
i/ E AR A Z 2 . W&l 6 iR, 5 Sham 41/)N
B LA, LPS 511 ALL /N LA it ZH 24 CCL3 B4 it
W 42 (10. 2942, 63 vs 41. 54+16. 41) , FERIELE
Jit ) J5 R 9 v, T MR Ao R S = i 2L i ] J A fla
il CCL3 BH M 41 M 40k (41, 54+ 16. 41 vs 28. 38+
10.42, P<0.01),

151
iz N
#
4 | |
.H% ] 0 -~
+—
=<
£ -+
<
E 5 L b

E %
<
5 °
= 0 %.
Sham 2 LPS 21 LPS+MR 41 B

a: P<0.01, %5 Sham 41135 ;b P<0.01,%5 LPS 4114k

2 MR %f LPS % 5H) ALI /MG ft LBP(A) #1 TLR4(B) i) mRNA A B0 (n=5,5+s)

-

0.6
Sham 41 LPS £ LPS+MR 41 Eg
TLR4(95><103)—>|_ — g ﬂﬁ 04
e {0 0.2 —ahly—
q HE:[ .24 ]
GAPDH(36x10°)— A =
—
0 :
Sham 4

LPS 4

a 0.6
i
;}5] a
¥ o4 - .
b £ * .
b
W w02 E =
<t
=
: S : : :
LPS+MR 41 B Sham#H  LPS#H LPS+MR#H C

a: P<0.01, % Sham Za3b4%;b: P<0.01,%5 LPS Zi3kb4k
A:Western blot #i1 MR J& LPS # $-#5 ALl /) i LBP #= TLR4 % & ¢4 & ik ;B: MR J5 LPS % $ 69 ALl /) S
LBP % & &k ¥ HALH) L4 C: MR J5 LPS 35§49 ALL ) Ul TLR4 & & R 38 3 T AL A Fu4R

E 3 MR %t LPS #5549 ALI /N Af LBP #1 TLR4 B QR LM (n=5,8+s)



692 Bili A AR 2 R 254, 2024,46(7) http ;//aammt. tmmu. edu. cn

Sham 2 LPS 41 LPS+MR 41

B W AT, ST
; o 2 By “7
"?z 3 i}i‘!’*“

Vet

CD11b

[}

f=]

=
=)
(=]
®

e
=

T . T 0 . . .
Sham 41 LPS4l LPS+MR4l B Sham 21 PS4 LPS+MR# C

|_
al

CD11b BHVEAH %L
5
F4/80 FHEZN %L
B~
o

a: P<0.01, %5 Sham 4a3t3% ;b P<0.01,)5 LPS 411b3k
A:MR 3t LPS % §#5 ALL s R AF CD11b #= F4/80 Mtk 2m fLdk & 69 %%  #7 k.7 CD11b & F4/80 Fatt4m#e; B: MR J&
LPS # %45 ALL /s % CD11b Fatkm a4 T e L4 C: MR J5 LPS #5569 ALL /) K F F4/80 Fa k44 & T AL ag bk

4 MR 3t LPS 8558 ALL/NR A E AR AR (n=5,35)

GM-CSF

& T )
=2 0 2
S40 g
- L £
= =
= 20 - I 5 20
9
: B3 z

0 0

Sham 2 LPS4l  LPS+MR4l B Sham 44 LPS4]l LPS+MR4l C

a; P<0.01, 5 Sham #8645 ;h: P<0.01,5 LPS k4
A:MR #f LPS % 54 ALL /s % il M-CSF #= GM-CSF %k 64 %+f1  4F 3k : & M-CSF 3% GM-CSF fab:2m i ; B: MR /& LPS
%544 ALL /s S M-CSF '8 b 2 B30 % 4089 Jb 4 ; C. MR & LPS 3% 549 ALL s S8 GM-CSF [ b 3 5 % /b # rodc
5 MR %t LPS %5k ALI /)5 it M-CSF 1 GM-CSF 352200 (n="5,x+s)



http : //aammt. tmmu. edu. cn

Bl 4242 PR R 2241, 2024, 46 (7) 693

Sham 4

LPS 41

LPS+MR 41

£ 3k . CCL3 a2 8,
E 6 MR %t LPS % SH) ALI /\gBH CCL3 ik Ry 2500

3 i

AL UL PR3 A % g e Al SR e M 2 KK,
b 22 [ IR FF B2 51 ALL/ARDS S5 8 UL 1Y Jit
o i ELWEE 41 i (alveolar macrophage, AM) {E k5
RGSERG P R EE MM, 25 AL 585E SO R A
KEREE RS A RKEMREEY MR 7% 5 4
1 A2 % A NG AR o= Wb [T 2 SIS o 3= W
JEOKT | BT & ML O A 2 ARl %
MR A] I ] LPS 3755 (14 B 40 i 70 i SR 4R S
= Wb ALL /Rt ZH 27 LBP Fl TLR4 355, H-FEAIX
L W 40 A G a1 IR 5~ M-CSF . GM-CSF F1 CCL3 [ 3%
ik, T8 LPS 75 SR il 4l 2340 3

LBP J&f7 75 T 15 N FI sl Wy I i v i — Fhobs 2
F, EZ G, RS LPS 55 s 4 . LBP
R WIRTEIE B AR5 W, BRFERE IS, JR 3 2% LBP ]
B TLR4 & H RS 5 2 1 S R P =
PUIZ AR Z —  TLR4 FE kAL I BEORAT, 8 T 1 B
AR, s S se IR I LA N i 45 48) 35§, | 125 5 DXk
FIELN C ol 4 A i, LA N i 45 44 5 BE 8 110
LPS T 3 SN 4 5E W o LPS HEA 20 215 B 26 % A 0E
Y ff % 18 19 TLR4 J& 41, — J7 [, TLR4 38 3 12 %)
LPS, i i §E#E 34 R 7~ ( myeloid differentiation factor,
MyD88) 4 #fi P 1 72 I 7% #% [N 7 kB ( nuclear factor
kappa-B, NF-kB) il £ HEEteEA ( mitogen-
activated protein , MAP) (5 538 B AAZ L, 2
SHiESEM K I A S (inducible nitric oxide
synthase , iNOS) FIZ R R AL+ b+ KL
SR P RIE I8 3/ OR RAE RN ; 55— J5 T, LPS
FESF I 28 1 275 2 R 40k AM Al fk S M1
AL ML AL AM A] P72 2R 508 I FB AL -+, 36 55
5 22 1 BAA%/ L Wk 200 AR e 40 i 45 4 A 240 i 1) i
LR (A5 38 8 AE S I AS W s K, o i ity 4 49 1
7 ABRSEE Se KB MR FBUS LPS /N TLR4

1 LBP (35 0 AR 11 983k B AR, Ui MR TS
AT/ TLR4 . LBP 5 LPS BIZ54 , Wi B AR ML A
LPS (AR50, % 0 40 B AR s R o e Ak, A%
IR & B MR TS LPS /) BRI L w20 A S a1k
¥ M-CSF., GM-CSF I CCL3 ) & I 3 T B,
M-CSF .GM-CSF 1 CCL3 ix b4k K 716 Bt/ B g
2R O B SR IS AN AL e B b R T A R
PEFITS ™) M-CSF J2 B W 4 A7 05 (0 5 R 43 Ak 1 3
BT R, )8 shIF a2 i R A it R
b S E A 5T , 184 T 5 o 4 P A5 WA T . GML-CSF
TEVLTE G e SOy ke JE AR, F B gh b 20 A | 1
2 U8 58 I RE 3 i TNF IL-1,1L-6 %5 48 5 N 1 i 6
B AR HESRE RO Y CCL3 ZE W40 id 28 LPS i %
Je 1 L 2R 0 35 3 W0 R B AR X2 TR
8 kDa Ay 2 /™ KB 2H A5 1) 20 f R 7, 78 2 JOK B9 R
A FE G R R B AR O A 4 R
Mo B 4RGE , MR 1] L3 LPS 35 S/ ALL /N AR
(9 H,S ZKFET) S HLS ATAEHEE WA AR Akl M2 5
ez Hod M1 7Y B v 200 it 202 AR i, i M2 78U
20 08 AL, A 7T 5 5 1 W 4 7 A4 14 4 R TR 7
FI AL B T , 3 T 9 2 4% o 4 A 200 i 1 70 S 2
R AR

2% b Tk, MR A LUE 30 98 /0 LBP 1l TLR4 1935
K, M LPS % % 4 1k 1 T M-CSF, GM-CSF #i
CCL3 [R5, 101 5 0k 200 114 952 0 1356 Ak , 28 T i
L

S 3k

[1] HUGHES K T, BEASLEY M B. Pulmonary manifestations of
acute lung injury; more than just diffuse alveolar damage[ J ].
Arch Pathol Lab Med, 2017, 141(7): 916-922. DOI. 10.
5858/ arpa. 2016-0342-RA.

[2] MARK-CHRISTENSEN A, KJZR M D, GANESALINGAM S,
et al. Increasing incidence of pelvic sepsis following ileal

pouch-anal anastomosis for ulcerative colitis in Denmark: a



694

il 45 %2 B R, 2024,46(7)

http : //aammt. tmmu. edu. cn

[4]

[7]

[10]

[11]

[13]

[14]

nationwide cohort study [ J]. Dis Colon Rectum, 2019, 62
(8):965-971. DOI. 10. 1097/DCR. 0000000000001404.
XIE J F, WANG H L, KANG Y, et al. The epidemiology of
sepsis in Chinese ICUs; a national cross-sectional survey[ J ].
Crit Care Med, 2020, 48(3): €209-¢218. DOI. 10. 1097/
CCM. 0000000000004155.

PANY Y, FUM H, CHEN X H, et al. Dietary methionine
restriction  attenuates renal ischaemia/reperfusion-induced
myocardial injury by activating the CSE/H,S/ERS pathway in
diabetic mice[ J]. J Cell Mol Med, 2020, 24(17): 9890—
9897. DOI: 10. 1111/jemm. 15578.

LIU G, YU L, FANG J, et al. Methionine restriction on
oxidative stress and immune response in DSS-induced colitis
mice[ J]. Oncotarget, 2017, 8(27) :44511-44520. DOI;
10. 18632/ oncotarget. 17812.

COOKE D, OUATTARA A, ABLES G P. Dietary methionine
restriction modulates renal response and attenuates kidney
injury in mice[ J]. FASEB J, 2018, 32(2): 693 -702.
DOI; 10. 1096/1j. 2017004 19r.

DUAN J X, XIANG L L, YANG Z, et al.

restriction prevents lipopolysaccharide-induced acute lung

Methionine
injury via modulating CSE/H,S pathway [ J ]. Nutrients,
2022, 14(2) . 322. DOI: 10.3390/nul4020322.

DUAN J X, YANG Z, HUANG ], Inhibition of

tyrosine kinases protects against lipopolysaccharide-induced

et al.

acute lung injury by preventing nuclear export of Nrf2[ J]. J
Cell Biochem, 2019, 120 (8): 12331 -12339. DOI; 10.
1002/jcb. 28497.

CHEN X X, TANG J, SHUAI W Z, e al.

polarization and its role in the pathogenesis of acute lung

Macrophage

injury/acute respiratory distress syndrome[ J]. Inflamm Res,

2020, 69(9) : 883-895. DOI: 10. 1007/s00011-020-01378-2.
BELCHAMBER K B R, DONNELLY L E. Macrophage
dysfunction in respiratory disease [ J]. Results Probl Cell
Differ, 2017, 62. 299 -313. DOI. 10. 1007/978-3-319-
54090-0_12.
LEE J W, CHUN W, LEE H ], The role of
macrophages in the development of acute and chronic

Cells, 2021, 10(4) . 897.

et al.

inflammatory lung diseases[ J].
DOI:; 10. 3390/ cells10040897.
TAMANNA N, KROEKER K, BRAUN K, et al. The effect
of short-term methionine restriction on glutathione synthetic
capacity and antioxidant responses at the whole tissue and
mitochondrial level in the rat liver[ J]. Exp Gerontol, 2019,
127, 110712. DOI; 10. 1016/]. exger. 2019. 110712.
MARTINEZ Y, LI X, LIU G, et al. The role of methionine
on metabolism, oxidative stress, and diseases[J]. Amino
Acids, 2017, 49 (12): 2091 - 2098. DOI. 10. 1007/
s00726-017-2494-2.

YANG Y H, ZHANG Y H, XU Y C, et al.

methionine restriction improves the gut microbiota and

Dietary

reduces intestinal permeability and inflammation in high-fat-

fed mice [ J]. Food Funct, 2019, 10(9): 5952 -5968.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

DOI: 10. 1039/¢9f000766k.

e, T, M, % RS S E O TEM TR B
WA UG BN A e E LT . i A B R A
2015, 31(7): 1294-1299. DOI. 10. 3969/j. issn. 1000-
4718.2015. 07. 025.

JIAO J, JIANG Y, GAO M, et al. Measurement of serum
lipopolysaccharide diagnosis  and
prognosis prediction in septic patients [ J ]. Chin J
Pathophysiol, 2015, 31(7): 1294-1299. DOI. 10. 3969/
j. issn. 1000-4718. 2015. 07. 025.

LI X, HUANG R, LIU K, et al. Fucoxanthin attenuates
LPS-induced acute lung injury vie inhibition of the TLR4/
MyD88 signaling axis[ J]. Aging (Albany NY), 2020, 13
(2): 2655-2667. DOI. 10. 18632/aging. 202309.

RIGEAN, . MR ZNS SO 4 A /N B PR A A
BRI ] PE25 4R, 2022, 41(9): 1289-1296.
DOI: 10.3870/j. issn. 1004-0781. 2022. 09. 007.

SITU J, ZENG C. Effects and mechanism of adenanthin on
acute lung injury model in mice[ J]. Her Med, 2022, 41(9):
1289-1296. DOI; 10.3870/]. issn. 1004-0781. 2022. 09. 007.
SHI T, DENNEY L, AN H Z, et al. Alveolar and lung
interstitial macrophages: definitions, functions, and roles in
lung fibrosis[ J]. J Leukoc Biol, 2021, 110(1); 107-114.
DOI: 10. 1002/jlb. 3ru0720-418r.

Write, BRFHIE B, 2506, 45 IRITRES S8 H S ek
PP ERPLEIBESE (], B0 S A faEmpEE A, 2023,
11(3): 165-169. DOI. 10. 16048/]. issn. 2095-5561.
2023. 03. 05.

CHEN T, OUYANG Y P, LI P, et al. Mechanism of fatty
acid binding protein 5 in acute lung injury[ J]. Trauma Crit
Care Med, 2023, 11(3): 165-169. DOI. 10. 16048/].
issn. 2095-5561. 2023. 03. 05.

HOLLOMAN B L, CANNON A, WILSON K, e al.
Characterization of chemotaxis-associated gene dysregulation
cell the
lipopolysaccharide-7mediated acute lung injury [ J]. J
Immunol, 2023, 210(12) . 2016-2028. DOI. 10. 4049/
jimmunol. 2200822.

HAMILTON J A. GM-CSF in inflammation [ J ]. J Exp
Med, 2020, 217 (1):e20190945. DOI. 10. 1084/jem.
20190945.

MAURER M, VON STEBUT E. Macrophage inflammatory
protein-1[ J]. Int J Biochem Cell Biol, 2004, 36 ( 10):
1882-1886. DOI: 10. 1016/]. biocel. 2003. 10. 019.

MILLS C. M1 and M2 macrophages: oracles of health and
disease[ J]. Crit Rev Immunol, 2012, 32(6): 463-488.
DOI. 10. 1615/ critrevimmunol. v32. i6. 10.
PUSHPAKUMAR S, KUNDU S, WEBER G, e al.

Exogenous hydrogen sulfide and miR-21 antagonism attenuates

binding protein  for

in  myeloid populations  in lungs  during

macrophage-mediated inflammation in ischemia reperfusion
injury of the aged kidney[ J]. GeroScience, 2021, 43(3):
1349-1367. DOI: 10. 1007/s11357-020-00299-6.
(4% :2023-08-30; & [E] : 2023-10-18)
(%4 4L)





