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Role of JAK/STAT pathway in regulating macrophage polarization in sepsis-associated lung injury
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[ Abstract ] Sepsis is a life-threatening multi-organ dysfunction syndrome caused by an imbalanced immune response
to infection. Its condition is complex and variable, and it is one of the main causes of death in intensive care unit. Lung injury is
the common organ injury in sepsis patients. Macrophages are an important component of innate and adaptive immunity that can
dominate immune status through different polarization types. At the early stage of sepsis, macrophages often polarize to pro-
inflammatory M1-like and lead to immune hyperactivity, while convert to anti-inflammatory M2-like at the late stage, resulting
in immunosuppression. Janus kinase (JAK)/signal transducer and activator of transcription (STAT) pathway plays an important
role in the regulation of inflammatory signals, and the activation of the pathway occurs throughout the entire process of sepsis
development and macrophage polarization. This review analyzes how the JAK/STAT pathway mediates the development of
sepsis-associated lung injury by affecting macrophage polarization, and summarizes the potential therapeutic targets, with a
view to provide new ideas for the treatment of sepsis.
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JHETEAE SR LA T B L 1) S8 B I AR AR I 5 RS 11
—Fhfe A 248 B UIBERERY, J2 2 ICU L
ROEITRA S EE RN — " i
W A L H LT RRE, R 50% A ik B AR
HRJE N ZPEN 5 (acute lung injury, ALI)
ol 2P I 38 25 A 1iE (acute respiratory distress
syndrome, ARDS) ™. [ I 4 i 2L 55 K 4 8 vh £k
B AHAIERY, FENLAAR Se S A IR 5 HhAd T
DA . ARTEDIRERIANR], ML K ] 43 A
EJIE A M1 BRI S B Y M2 T80 2 Fe iy ™
H b 32 THURREOIRA . TERREAE 1Y F T By
Br, BEWEANAILL M1 AU 3, BEOR B A0E
VRN SRE RN, AR T AR I R, RIR]
ok ak ik ) B s S i 2 SR LR B, A
eI 2 WIS 2, 3l B W A A 1) M2 R Ak
B il 3k B 9 Sty R LA 5 AR AERR AT
JEI, SRR SR R

Janus ¥4 i (Janus kinase, JAK) /{5 5 # %
Jo G SN 5 H - (signal transducer and activator of
transcription, STAT ) i Fg ¥ 1 e s N 4 i
WA A L A PR, ARG & A
A R B AR T T & R EEAE . AN JAK
Y5 STAT 7. B w] S BOA 6] B9 H Ak, 91 40 JAK F01
STAT6 5 M2 # Ak A ", 1fif JAK2 Fil STAT3 ]
55 MIUBAEHIDE T, PR35 AT s 24
MR AR o Il R 1 JAK/STAT 42 19) 2536
J7 MR AR SC B 40 O S T 0020 R, (H T
BEAE O IRAS 5 JAK/STAT il 2 [ R A2 44, H
e RIS A it — B4R ZR . ASSCW JAK/STAT i
PR L 20 R AT R R RE A DG v A 1)
YEHIEEATERA, JF 45 H TS T JAK/STAT i P% 1)
RITHERE, DA IE S Eal . Im IR S e
S

1 JAK/STAT 5 E % AEatR 1L

1.1 Ev%smiamie BT A ARHS

JZAFAE, TR Rty vh A 4555 22 G H B 1k
A, AR E AR I — R ™ . Yk
HEIN, I 2R i I 32 A [ Toll #5324 ( Toll-like
receptor, TLR) %5 | 23Ul AMZICAE Y™ A 1 i
Z B (lipopolisaccharide, LPS) 2545 212 1] 43 F
( pattern recognition molecule, PRM ) , -7 W5 Fl

WAL RAR . S HTIR, HETTBOE s .
A, IR B A T 3 3 b A4 L PR A S e T
BN . (EAR B, BT s,
WA RE AT e il . 7RSI A] ) LPS 5% IL-4 4
WUE, BT B sE | s
R A a1 g, X FPIIRE L 25 SRR T
WG 20 B[R] s 25 2

F WA ARAY 2 F I 030 5 7E G S N AN
[RIIVE . M1 #ie Ak & Bl B T 408 (helper T
cell, Th) 1 Fl H#R 540 (nature killer, NK ) 2 fifl
Jr W) TNF-a. T4 % v (interferon v, IFN-y) %
W, 1A B A0 AR RO e S A R -
({1 TNF-a, IL-1B. IL-12) Ffi% JeE i 1
AHFZ, M2 WAk H 1 Th2 4 AR 20 23 1 Y
IL-4, IL-13 SR4iIE 5, X 28 E WA T i
IL-10 Fl TGF-B S5 Hi R KT, (E#E 428 = et 4
AR A P A2 TR B ) 2 SR T 5
DA fEMEERE 1) & R, M1 AU E W4
FERA R B Ok sl ik B ) S e, S E
WE 7 MI7EMEEAE J5 1, M2 BB W di i iy 3=
FAPAE L SECREENR], gk K ge mg KU
1.2 JAK/STAT 4z 5 i@ % JAK/STAT /& £ F 41 Jifg
HFFA KR 555 0 2w, E2h 45
JAK A1 [JAK] JAK2 JAK3 ., BEZBRI4TE 2( tyrosine
kinase 2, TYK2) ] "™®/F01 7 ff STAT W/ ( STATI .
STAT2. STAT3. STAT4. STAT5a. STAT5b.
STAT6 ) 21" . WH T, 724555
T HYIMIE ARG 5 RS JAK R AEBEIR AL,
HEMIBERRIL G STAT JHIE AL — R4k, STAT /1A
NN At s R TR T ARG R ) 208
1.3 BRFJE ALL ¥ JAK/STAT i 3% 3t B »4& 4m Ji 48 AL
8IRT TEMRERAE (R R UE R R v, AR R AE
S AR %) G5 T 380 J B 1 B e P ) A T
UL, S IbIRIAT, FOEAAE A AR S & A
A Y ECAE, T JAK/STAT i f& IR & G X — i3
BrykA (B 1) o fEMRRiE & B R EL, e
925 I j T AR 3| i W 2R IRy 4 B 98 I N 2 AT
('systemic inflammatory response syndrome, SIRS) ,
I B v w PR S 2 B 8 B R SORE PR M, R
TR 9 RE S R oA B, H R 2 S BUALLAI
ARDS. 4 LPS 5 E W 4 itd % [ i TLR4 45 &
o, AN B JAK . TYK2 #3405, ok i i iR 1k
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STAT1 4 S B RAE L, K AEFWEAE ., 75
SPARM I T, 3 AL T A 4 A P 1Y 25 b A R R
037250 et R AT A2 3 AN P A i R
A S g U I, il i 25 W) 0 ) e R STATT
STATA A AR AIAE S5 | A FRAR TS, B2 s e R

M1

(FoSY (i)

(RIE)
ALI/ARDS

ANEURAAE 25 [RIRE, RRERHE BT JAK2 . TYK2
W B AR ] A RCR, I [8) iy WL %€ 31 58 e A Joz an
TNF-a. IL-6., @il #8811 Bl (high mobility
group box-1 protein, HMGB1 ) %3k |

M2

IL-4 IL-10

OXPHOS

M2 EE — w1 zE
() (D) )
(1&&8)

1 JAK/STAT 15518 Bt 5 R0 A AR AL B8 T3 HL
JAK :Janus 3l ; STAT : {5 555 3 B SR yiiG 26 11 s LPS : I§ 2 M IFN-y: THE 3 v; TLR4 : Toll FE3Z A4 4 IFN-yR: TR y 214
TYK2: [ 2RI 25 ATP . R 1T =R ; ADP: IR 1T AR ; TCA PR3 : = RIRTAHR ; iINOS i S — B AL A Al IL - FI4IMA 5 5
HMGBI : = iF B 55 [ B1; ALL: 2 M7 ; ARDS : SRR A ZR-GAE s IL-4R : RIS 3K 4 324K IL-10R : A IS 25 10
AR ; OXPHOS : S AL BERR 1L ; SOSC3 : AU K F-15 -5 6 2 AM il Bl 35 Arg L K5 2RI 13 Mrel: HEMSZ A CL; Fizzl : 405F X453

F 1; TNF-o: i IRAE A T o.

STAT3 W[FFES 5 T Mcephi s & 1 ALL, AAE
PRI -3 3 I A4 2 AR F S R P 1Y) JAKC, 4k
IR AL IS STAT3, BEFR 1LY STAT3 il ik SH2 4514
A S5 A E B R A, UE A0 )G 3) NF-«xB
IL-1B. TNF-a, IL-6, C-C#fL [ T Ak 2 (C-C
chemokine ligand 2, CCL-2) . iESA—F LA S
fif (inducible nitric oxide synthase, iNOS ) Z§3ik,
T e B Il 451405 sh A rpr . STAT3 5 i 86 R
PR T e ik e R I B A P S aE A G s
JAK R FRIFEEEE 2 (tofacitinib ) 3538 3 Bk /KA1l
) STAT3 BifR b MM JAK-STAT3 3435 >,
8¢ & fdi Fl miRNA-181a-5p, miRNA-23a-3p 2 111 i
STAT1. STAT3 ik )5, bIRJSHE Tk F-15 il
PG g 449 0T B e

IIfi A bt W< 3 STAT1 . STAT3 4 i% X ik #%
S W 45349 14 41 9E 4 T Wang 25127 %} 26 i & 3F

ARDS (1) e s AE £ A1 I #E A 7 35 PR Rk 3 43,
RILSTAT1 fEIZKBH hRIA B ETHm, FHEMIL
T 24 M A 2H 2RI B 0, I I I W 4 i P
iNOS. IL-1B. IL-6. CCL-2 ik, {Zik ARDS %
s e N R P S TR TR T 1
(interferon regulatory factor 1, IRF1; STAT1 #y%%
SERBIN T ) FRAE STAT1 A3k, mligs] M1 #l
EL W20 FBIRRAIG, A0 2Rkl /b, filigl 2t
Pt
[, JAK/STAT il %055 5 g 40 A Ao AR 0
Y AR VIR 5G 7E /N BB R U8 1Y) 03 440 it
TFN-y 384 2> 5 2508006 JAK/STAT 1 5B d 1%,
JE51 & M1 B E A bR 2 8 P INOS Rk, 3#
PR AR . o T JAK &b ATP HCHS s,
BB e T B AL (19 ATP B JAK/STAT1 3836 5
R 2R I R I 2R . 40 2- Wi AL -D- 8 % i
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Tl BB AR S, JAK/STATL [R5 A iINOS )3 1k Rl
U, PEIR B AR T BE 2 JAK/STAT1 ST F Wi
AR M1 RAR R e R 4 o e M2 bt FE R,
JAK1/STAT6 i 8 g i 4 FH DUV o o dd 2 F
RN, M2 Ak RE N 32 B A AL R fk
(oxidative phosphorylation, OXPHOS ) ., 4 JAKI1
5 STAT6 1 il R Ak Bl 41 il e, AN A M2 bR 2 B A
[ inAE & FREE 1 (arginase 1, Argl) . HEEHIZIK
C1 ( mannose receptor C-type 1, Mrcl ) . # 4 X
143 1 (found in inflammatory zone 1, Fizzl ) |
B Feik 2 2 M, OXPHOS BTG MM PR, 3
B JAK1/STAT6 AN 52 M) M2 2500 PR g Rak, B
TEE AR R S R P E A a D

JAK/STAT i % 3= 32 3| 3 28 A+ 11 1 1] 4
2 4 {5 S I E 9 (suppressor of cytokine
signalling, SOCS) . ¥ I STAT & M ) i ;A +
( protein inhibitor of activated STAT, PIAS) Hl &
F % & IR B IR 1§ ( protein tyrosine phosphatase,
PTPase ) . STAT {55 i P& Al 175 % SOCS 2 A
B S, T SOCS W] 38 i B H2 45 & JAK 41 i 1L i 2
PR BB TG, SRR B3 12 2 RS PE AR U JAK
T AVEAR, R 5 JAK/STAT JE 7 R B3R ik 2 5
R B L Qin % 1 F 9 % B SOCS3
B2 1) B 40 i STAT3 2R3k 1Y I 2 31 M1 )
fbo 1At % 35 SOCS3 AN X Al #il il JAK1/STAT3,
40 AT [R] B A ] NF-«B 3 2% AT a2 IL-6 . TNF-o
AR AT RIL, (20t M2 ek, WERRAES A
ALL ™Y 5 WA ORI %M, SOCS3 K&kl LI%E S
FEAI M2 # Ak (AT R, S il T,
JAK/STAT 3 fi 1T 356 [1] 18 15 SOCS Mk 4 4 4iE
—IGF5E K B, TNF-o A] 3 3 JAK/STAT i 544 i
P70 i SOCS1 A1 SOCS3, Mifi T4k K&
WS ERARET 1/ MRS, ABTM
HATRSEFOAEREEIR . siskRog
WESE, Ead#4  SOCS3 ki 55 Yy itk A REAE /N
U P, AT /N UG SR 0 L LB SEI6AIE 3
IR SOCS XiF M1 #4105 240 e () 385 B e B
HEREREE,

2 ETF JAK/STAT i& I AR S ER XI5 i8 17 3 R

T AR S it 45 403 A 17 — B LIOK R 6 R
U MR, AT AR, A T A O i 4 473

FHURIBFFE AT R, HRYT 5 g i g,
BT WA B 25 R B R IR R, —2EdE
JAK/STAT il {# %) 24 %y a] 3 45 455 JAK/STAT i [#%
OGO BE IR Ab o R R T i R A T, kI
SN ERE PR 1 RS IORI R BEREAH DA 45 . HR 22
W& — PP RS BT, Rl A BB ] JAK 1/STAT3
g, T ERE R RGN R Y. T
FERIL, FEA I 0 e B R BB AL o, H
WA ST AT DL TNF-a, IL-1B. IL-6 2542 4
7 & iNOS . FREEALE 2 25 B0 235, AT 41 il
AT S8 T B B M 2 4 2 A S 1543 T
XL F SRS ] B AR T MR RE Il B 40 e v A
2%y, {0 A e — A 0 R AT . Xu 255
T A A P FIA SN 2 56 K W 4% 2 B 24 A0 M R BR, AE
MRBFRETS 52 T, — DG LA P C498-0670 1]
Mt JAK2 FHE AR R 2 AR & TR, I
D EEIE /N FRUI AL U0 ARIE AR BRI, WO iz Ak
B W2 M B AR O U E TR T L b, A
WFFEIESE, a0 Zeste [R5 M) 2 4 20 8 1 HT ik
T F% 1§ 1% 5% 7 (histone methyltransferase enhancer
of Zeste homolog 2, EZH2) , HE % 4 | STAT1/
SOCS3 il % I8 1% SOCS1/STATG i fi%, My
it Y I A LR A, Al ) M2 R, 7 i e R AE
MM

FEIEE E AR 1 AR B JAK SR, T
BIT H S sE . W X JAK/STAT i i F HoAth
A AR R, W (baricitinib ) | A
Al & JE (ruxolitinib ) . ML P JE (peficitinib )
L1 JE (upadacitinib ) | i 572 ( delgocitinib ) ,
ALK H B, Li % BT RS, JAKI/JAK2 #1
F AR Je et el MR BT /B U o Tsirigotis
SRR R, RN RUBL S BRERT 1 d TR
FHFATE e, 23 PR ] S Iy RRAT /N B A A7 2385
MAEREGL S 1 d TF 46 FH P ] 425 Je ) 25 4 s 2R A7
R, JFHEAFREAHTE, 6.25 mg/ (kg = d) AYFI
ST AR AN B SRR B A 5 0 B A s v ) 4R
i N, MTTE B AR A A7k 75 . PRI,
S TRT R JE e 4 e R R R A IR EE /D R A=
FEAR, (ELZ5 2579 5 R 4 24 B (R AR R s T /NER A
BRERAS L X AR IS BR A A A7 . Sedivy-Haley
2B o, AR R AT R e A ML g 4
MHEAT B BRI, FEXFVDTT G 9 A% KA FH B 28 ik
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55, (EVDTT G A S AN AT, I TR AR A Ak
FEHIFFASBERE N M2 B g An i v ] R AT
R R AR AT R O AR IR R Hh R A A M
TR 3 I 2 LR 8 S N T A2 A5 o BeAbh, AT
BIelsgint, MilRE T RES KRG AE, H
TETEAILT AT BB 2 fh T4 5 SR 40 i v JAK/STAT 38
2L 1 A A IR XU, AT RER e R E R
W EFT Y B, 7EMERERAE Pl JAK 1
3R DB G A0 e B A SR 45 250 R AL,
1R R A 2 R T REN SR IR PR AE 1, Sk
YL XSS, A meta 43 MR HY JAK 303157 S 3%
TEIRYL ) RSN 0.23% L DL KR R 7E
T 5 0 A S i 493 ek T TAK A 3510 4 25 24 07 =X
FIE A A T BRWT R kst I8 s AR IR Ie A7
W . SRS PR B A AR S 0 45 2 A ke
B LR AU, B0 JAK SRR 254 0 2 bk,
SKATURL T 5 24 (6, T30 3 P A [ 1 < L o
FERE AL B4, AT IR R m 45 250 H G il
WNTE e B3 AR S5 005 £ b, 38l 0 e il Bz 40
Jif 5 5 e 200 i 44 A7 TAKY/STAT 38 [ 5T 10030
7, kA5 25500 DA B b & A . H A,
IR JE - SRR O & TRk 25, i
B RN BN Y L S —Fh TAK 3R E 5
Y ERUNRRZ S BURALY 5 NS 2 151 § I | BURZLp
HORME JAK/STAT 1] 5] 5 5 [ 4 7] B2 S e
FEMEERRETRY T A8 H AR R v e ik

At JAK/STAT 38 (56 Fr 82 ) 410 1) 77) 2 28 ik 52
AR A0 T AR S I e At 5 v 4T
WAL BT S BB UG 7 filn, e
38 o K B RS A ) T STAT 4k, FEAGIMHE
L gf e M1 AL A E A, DA T 0 3 2 E S,
ket A AR A HE R SR o BRT, 56T JAK/STAT
U 6% P4 RS o 00 ) 00 a5 I 200 AR £ DA T 52 )
e B RE AR S 40 T LRI 58 B I R 2243 9%
JEHH=

3 N2

I 240 A0 P A DA I 7 A S A 98 2 v R Y
ERNER, HXHREEEA RN ZIAn] . JAK/
STAT {5 il B Y2 2 B, 202 0%, It
eV F 2 AR A7 T RE R B HH AR 53 A4 5 i
Yo TERRERAEAHSCHIHN 0515 5 1, JAK/STAT il i

FEVA T VA AR A T A HE T AN AT U PR,
R E: B0 ) S B0 U S o R 23 R AR T LA S
FRIEIE . R, A JAK/STAT 15 51 i i o5
A AR R B AR R T E f PR TR B ik, S
T JAK/STAT 3 [ (148797 15 AT BEAE A7 e e AH OC
Pl 05 L A AR KT 7. (EAS T A2, 45l
JAK/STAT ZZ % 0T 77 R0 A e B S o Pk
(10 STAT FR AN [ 1 b2 %ot 15 W 240 B W A 114 52 i AR
Al XEPT e IVEH SRR fil & B AT
M5 5. JAK/STAT IRy —J B 24kt nY
2y, IR FE SR EA RAFRA R K4
Pho BARE A KIEAFFTIESE JAK/STAT @i =5 T
EL WA AR AT FR 2 5 T R BERE A S0 43 1 &
M R, HLER IR TAK/STAT 3 & HE i 5745 5 w40
AR AR S AE S R R U 14 B8 B I9T4L,
BHAENGIR R SRR 2, T Eie— T
JRIE RIS AT IIE . AR RAN T 2 £ 56T JAK/
STAT 3 55490 41 351 %o 15 W 40 60 552 0 ) 6 et R s ARG
FERIRFC I TR MR AE AR DS 3 4 AT 15

(& % x #f]

[1]  WANG W, LIU C F. Sepsis heterogeneity[J]. World J
Pediatr, 2023, 19(10): 919-927. DOI: 10.1007/s12519-
023-00689-8.

[2] AZIZ M, ODE Y, ZHOU M, et al. B-1a cells protect
mice from sepsis-induced acute lung injury[J]. Mol Med,
2018, 24(1): 26. DOI: 10.1186/s10020-018-0029-2.

[3] NOBS S P, KOPF M. Tissue-resident macrophages:
guardians of organ homeostasis[J]. Trends Immunol,
2021, 42(6): 495-507. DOI: 10.1016/}.it.2021.04.007.

[4] CHEN X, LIU Y, GAOYY, et al. The roles of macrophage
polarization in the host immune response to sepsis[J].
Int Immunopharmacol, 2021, 96: 107791. DOI:
10.1016/j.intimp.2021.107791.

[5] RUNTSCH M C, ANGIARI S, HOOFTMAN A, et al.
[taconate and itaconate derivatives target JAK1 to
suppress alternative activation of macrophages[J].
Cell Metab, 2022, 34(3): 487-501.e8. DOI: 10.1016/
j.cmet.2022.02.002.

(6]  JIMENEZ-GARCIA L, HIGUERAS M A, HERRANZ S
et al. A hispanolone-derived diterpenoid inhibits M2-
macrophage polarization in vitro via JAK/STAT and
attenuates chitin induced inflammation in vivo[J].
Biochem Pharmacol, 2018, 154: 373-383. DOI: 10.1016/
j-bcp.2018.06.002.

[7]  XUM, LI X, SONG L. Baicalin regulates macrophages



° 618 -

WEREERFFEN 2024 4F 5 H 56 45 %

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

polarization and alleviates myocardial ischaemia/
reperfusion injury via inhibiting JAK/STAT pathway[J].
Pharm Biol, 2020, 58(1): 655-663. DOI: 10.1080/
13880209.2020.1779318.

GORDON S, TAYLOR P R. Monocyte and macrophage
heterogeneity[J]. Nat Rev Immunol, 2005, 5(12): 953-
964. DOI: 10.1038/nril1733.

MOLGORA M, SUPINO D, MANTOVANI A, et al.
Tuning inflammation and immunity by the negative
regulators IL-1R2 and IL-1R8[J]. Immunol Rev, 2018,
281(1): 233-247. DOIL: 10.1111/imr.12609.
BOUTILIER A J, ELSAWA S F. Macrophage
polarization states in the tumor microenvironment[ J .
Int J Mol Sci, 2021, 22(13): 6995. DOI: 10.3390/
jms22136995.

STEFANOWSKI J, LANG A, RAUCH A, et al. Spatial
distribution of macrophages during callus formation and
maturation reveals close crosstalk between macrophages
and newly forming vessels[J]. Front Immunol, 2019,
10: 2588. DOI: 10.3389/fimmu.2019.02588.

HE H, MACK J J, GUC E, et al. Perivascular
macrophages limit permeability[J]. Arterioscler Thromb
Vasc Biol, 2016, 36(11): 2203-2212. DOI: 10.1161/
ATVBAHA.116.307592.

SHAPOURI-MOGHADDAM A, MOHAMMADIAN S,
VAZINI H, et al. Macrophage plasticity, polarization,
and function in health and disease[J]. J Cell Physiol,
2018, 233(9): 6425-6440. DOI: 10.1002/jcp.26429.
SICA A, MANTOVANI A. Macrophage plasticity and
polarization: in vivo veritas[J]. J Clin Invest, 2012,
122(3): 787-795. DOL: 10.1172/JCI59643.

WU Y, ZHAN S, CHEN L, et al. TNFSF14/LIGHT
promotes cardiac fibrosis and atrial fibrillation
vulnerability via PI3Ky/SGK1 pathway-dependent M2
macrophage polarisation[J]. J Transl Med, 2023, 21(1):
544. DOI: 10.1186/s12967-023-04381-3.

CHOW S K H, WONG C H W, CUI C, et al. Modulating
macrophage polarization for the enhancement of fracture
healing, a systematic review[J]. J Orthop Translat, 2022,
36: 83-90. DOI: 10.1016/j.jot.2022.05.004.

WILKS A F, HARPUR A G, KURBAN R R, et al.
Two novel protein-tyrosine kinases, each with a second
phosphotransferase-related catalytic domain, define a
new class of protein kinase[J]. Mol Cell Biol, 1991,
11(4): 2057-2065. DOI: 10.1128/mcb.11.4.2057-
2065.1991.

KROLEWSKI J J, LEE R, EDDY R, et al. Identification
and chromosomal mapping of new human tyrosine
kinase genes[J]. Oncogene, 1990, 5(3): 277-282.
ZHONG Z, WEN Z, DARNELL J E Jr. Stat3 and

Stat4: members of the family of signal transducers

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

and activators of transcription[J]. Proc Natl Acad
Sci USA, 1994, 91(11): 4806-4810. DOI: 10.1073/
pnas.91.11.4806.

LIU X, ROBINSON G W, GOUILLEUX F, et al.
Cloning and expression of Stat5 and an additional
homologue (Stat5b) involved in prolactin signal
transduction in mouse mammary tissue[J]. Proc Natl
Acad Sci USA, 1995, 92(19): 8831-8835. DOI: 10.1073/
pnas.92.19.8831.

HOU J, SCHINDLER U, HENZEL W J, et al. An
interleukin-4-induced transcription factor: IL-4 Stat[J].
Science, 1994, 265(5179): 1701-1706. DOI: 10.1126/
science.8085155.

HERZIG D, FANG G, TOLIVER-KINSKY T E, et al.
STAT 1-deficient mice are resistant to cecal ligation and
puncture-induced septic shock[J]. Shock, 2012, 38(4):
395-402. DOI: 10.1097/SHK.0b013e318265a2ab.
WANG J, CHEN G, LI L, et al. Sustained induction
of IP-10 by MRP8/14 via the IFNB-IRF7 axis in
macrophages exaggerates lung injury in endotoxemic
mice[J]. Burns Trauma, 2023, 11: tkad006. DOI:
10.1093/burnst/tkad006.

YUAN J, ZHANG Y. Sevoflurane reduces inflammatory
factor expression, increases viability and inhibits
apoptosis of lung cells in acute lung injury by
microRNA-34a-3p upregulation and STATI1
downregulation[J]. Chem Biol Interact, 2020, 322:
109027. DOI: 10.1016/j.cbi.2020.109027.

XU F, WANG S, WANG Y, et al. Inhibition of gp130
alleviates LPS-induced lung injury by attenuating
apoptosis and inflammation through JAK1/STAT3
signaling pathway[J]. Inflamm Res, 2023, 72(3): 493-
507. DOI: 10.1007/s00011-022-01686-9.

ZHANG X, WANG X, SUN L, et al. Tofacitinib reduces
acute lung injury and improves survival in a rat model of
sepsis by inhibiting the JAK-STAT/NF-«B pathway/[J].
J Inflamm (Lond), 2023, 20(1): 5. DOI: 10.1186/s12950-
023-00332-3.

LIU Y, YANG H, ZHU F, et al. Inhibition of STAT3
phosphorylation by colchicine regulates NLRP3
activation to alleviate sepsis-induced acute lung injury[J].
Inflammopharmacology, 2023, 31(4): 2007-2021. DOI:
10.1007/s10787-023-01199-9.

HU R J, CHEN X C, XU L, et al. MiR-181a-5p
Delivered by adipose-derived mesenchymal stem cell
exosomes alleviates Klebsiella pneumonia infection-
induced lung injury by targeting STAT3 signaling[J].
Mediators Inflamm, 2022, 2022: 5188895. DOI:
10.1155/2022/5188895.

WANG A, KANG X, WANG J, et al. IFIH1/IRF1/

STAT1 promotes sepsis associated inflammatory lung



PR AR

202445 H 5545 4%

° 619 -

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

injury via activating macrophage M1 polarization[J]. Int
Immunopharmacol, 2023, 114: 109478. DOI: 10.1016/
j.intimp.2022.109478.

WANG F, ZHANG S, JEON R, et al. Interferon
gamma induces reversible metabolic reprogramming
of M1 macrophages to sustain cell viability and pro-
inflammatory activity[J]. eBioMedicine, 2018, 30: 303-
316. DOI: 10.1016/j.ebiom.2018.02.009.

KANNO H, MATSUMOTO S, YOSHIZUMI T,
et al. Role of SOCS and VHL proteins in neuronal
differentiation and development[J]. Int J Mol Sci, 2023,
24(4): 3880. DOI: 10.3390/ijms24043880.

QIN H, YEH W I, DE SARNO P, et al. Signal
transducer and activator of transcription-3/suppressor of
cytokine signaling-3 (STAT3/SOCS3) axis in myeloid
cells regulates neuroinflammation[J]. Proc Natl Acad
Sci USA, 2012, 109(13): 5004-5009. DOI: 10.1073/
pnas.11172181009.

TANG L, ZHANG H, WANG C, et al. M2A and
M2C macrophage subsets ameliorate inflammation
and fibroproliferation in acute lung injury through
interleukin 10 pathway[J]. Shock, 2017, 48(1): 119-129.
DOI: 10.1097/shk.0000000000000820.

JIXC,SHIY J, ZHANGYY, et al. Reducing suppressors
of cytokine signaling-3 (SOCS3) expression promotes
M2 macrophage polarization and functional recovery
after intracerebral hemorrhage[J]. Front Neurol, 2020,
11: 586905. DOI: 10.3389/fneur.2020.586905.

JIANG X, HE M, BAI J, et al. Signal transduction
for TNFa-induced type I SOCS expression and its
functional implication in growth hormone resistance
in carp hepatocytes[J]. Front Endocrinol (Lausanne),
2020, 11: 20. DOI: 10.3389/fendo0.2020.00020.

FANG M, DAI H, YU G, et al. Gene delivery of SOCS3
protects mice from lethal endotoxic shock[J]. Cell Mol
Immunol, 2005, 2(5): 373-377.

BRINGUE J, GUILLAMAT-PRATS R, MARTINEZ M L,
et al. Methotrexate ameliorates systemic inflammation
and septic associated-lung damage in a cecal ligation
and puncture septic rat model[J]. Int J Mol Sci, 2021,
22(17): 9612. DOI: 10.3390/ijms22179612.

XU J, ZHANG X, ZHOU M, et al. Bioactive compound
(C498-0670 alleviates LPS-induced sepsis via JAK/STAT
and NF«B signaling pathways[J]. Front Immunol, 2023,
14: 1132265. DOI: 10.3389/fimmu.2023.1132265.
BAO X, LIU X, LIU N, et al. Inhibition of EZH2

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

prevents acute respiratory distress syndrome (ARDS)-
associated pulmonary fibrosis by regulating the
macrophage polarization phenotype[J]. Respir Res,
2021,22(1): 194. DOI: 10.1186/s12931-021-01785-x.
LI L, HE X, WANG X, et al. Ruxolitinib protects
lipopolysaccharide (LPS)-induced sepsis through inhibition
of nitric oxide production in mice[J]. Ann Transl Med,
2020, 8(8): 546. DOI: 10.21037/atm-20-2972.
TSIRIGOTIS P, PAPANIKOLAOU N, ELEFANTI A,
et al. Treatment of experimental Candida sepsis with a
Janus kinase inhibitor controls inflammation and prolongs
survival[J]. Antimicrob Agents Chemother, 2015, 59(12):
7367-7373. DOI: 10.1128/AAC.01533-15.
SEDIVY-HALEY K, BLIMKIE T, FALSAFI R, et al.
A transcriptomic analysis of the effects of macrophage
polarization and endotoxin tolerance on the response
to Salmonella[J]. PLoS One, 2022, 17(10): e0276010.
DOI: 10.1371/journal.pone.0276010.

CHUKWUKA N H, HASHMI A T, KAMHOLZ S L.
Ruxolitinib discontinuation syndrome[]]. Am
J Ther, 2020, 29(1): el132-e134. DOI: 10.1097/
mjt.0000000000001150.

BECHMAN K, SUBESINGHE S, NORTON 8, et al.
A systematic review and meta-analysis of infection
risk with small molecule JAK inhibitors in rheumatoid
arthritis[J]. Rheumatology, 2019, 58(10): 1755-1766.
DOI: 10.1093/rheumatology/kez087.

BOCA S, BERCE C, JURIJ A, et al. Ruxolitinib-
conjugated gold nanoparticles for topical administration:
an alternative for treating alopecia?[ J]. Med Hypotheses,
2017, 109: 42-45. DOI: 10.1016/j.mehy.2017.09.023.
ANSARI M J, ALSHAHRANI S M. Nano-encapsulation
and characterization of baricitinib using poly-lactic-
glycolic acid co-polymer[J]. Saudi Pharm J, 2019,
27(4): 491-501. DOI: 10.1016/j.jsps.2019.01.012.
WANG A, SINGH K, IBRAHIM W, et al. The promise
of JAK inhibitors for treatment of sarcoidosis and other
inflammatory disorders with macrophage activation: a
review of the literature[J]. Yale J Biol Med, 2020, 93(1):
187-195.

YU J, LI P, LI Z, et al. Topical administration of 0.3%
tofacitinib suppresses M1 macrophage polarization and
allograft corneal rejection by blocking STAT1 activation
in the rat cornealJ]. Transl Vis Sci Technol, 2022, 11(3):
34. DOI: 10.1167/tvst.11.3.34.

[(AxHmE] N &



