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Roles of macrophage polarization in sepsis immunology and organ dysfunction
CHANG Xinyi, HAN Yi'
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[Abstract] Macrophages are crucial immune cells in the body, with functions including phagocytosis, antigen presentation, immune
defense, and inflammation regulation. Macrophages polarize into distinct subtypes within diverse microenvironments to further exert
their immunoregulatory functions. Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection,
and it is the primary cause of mortality in critically ill patients. Macrophage polarization plays a significant role at different stages of the
inflammatory response in sepsis, thereby influencing the clinical outcomes of septic patients. This review provides an overview of the

characteristics of macrophage polarization and its role in sepsis immunity and organ dysfunction, aiming to offer new insights for

improving the prognosis and treatment of septic patients.
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1.1 MI1A E%mje

M1 RS 0 40 B, 8 4 PR O 2 M0 B 2
P Bl 28 8 B R A I, A 68 0 4 LI R 28 K O
I3 U JEREAST T, R 0 T A SR AU T A R 2
SO, 2 LA HR AR R AR N AR 1) 32 S5 A g &
M1 2 I 440 0 38 R R A AE B Toll B 32 4
(toll-like receptor, TLR) FlyT-# & (interferon vy, IFN-
YOAE Tl T2 SIEIA ST b, JLAT R IA R E B AR
HW), i FEH LA AR 1T (major histocom-
patibility complex Il , MHC- 1l ).CD68.CD80 1 CD86
SEUT M1 B EREAN R el 2 R R, W is 2 0k
(lipopolysaccharide, LPS) « i J8 35 3t K] ¥ o (tumor
necrosis factor o, TNF-o0) « IFN -y #3741 i - 54 41
ETE TN 7S5BS — B OE, X L B R
J AT 7y e B v K R R T, W TNF-a A 3R
(interleukin, IL)-1BIL-61L-12. IL-18.1L-23, VL &
7K [ TL-10, 38 7] 72 A2 — 58 4k & (nitric oxide,
NO) i 1444 (reactive oxygen species, ROS) Fl1iE 1 %
(reactive nitrogen species, RNS) 4> 10, L4k, M1
W 441 i w3 A Bl B 4 T 41 B (T helper cell, Th) 1
AN Th17 B AL A5, B0 TL-12. 1L-23. 1L-27, PA K
Th1 334 # 4k 7 CXCL9. CXCL10 &% CXCL11 %%,
AN 75 5 Th G2 BB I BOE ", 22T B J5 44 A
S i AL A T 4 E AR T S AORE SN B
AHE R b ) B IA T o SR, R M1 A B R A i
UK JOIE S S A Bl T35 B A N A LA, (B2 0
SRR R A, S BUR R BRI ) B 2
E IR UARTRAS, T 51 R H L5
1.2 M2A E v mie

M2 B A FT B TL-41L-10.1L-13 F A 2R
K [A 1B (transforming growth factor B, TGF-B)  #f 7
J IR DA K Ao e S Wy A5 0, WT LAl I CD163 Al
CD206 S5 hn M RIEOR 2™ M2 B F 2 g
FAT R KA RE /7, BE 05 A7 RO R A Y 1 41
TR Py AR T 40 B, TS A 212 52 540 1 i
B BUAL, M2 B AR A G YR T AR I AR
F8~ 2H 43 E 00 DA R SR T j R 2 Je 55 22 A 7 TR %
FEREZEMER". M2 B 5 1520 i@ ik 45
1L F CCL17.CCL18. CCL22., CCL24 K47 5% Th2
S LR PR T 4H B A, A B TR T 4 ] R AR LA
H b — R e B A G MEE . M2 B
WS 240 i 7T 3E — 21 4 73 O M2a« M2b  M2c Al M2d 1
B, REXET AT AL ZE R, (HEANTY
H % 93 W R KT TL- 10 SAR K fie 28 2 ML A 7 (A

IL-12) I REST

M2a LGS A T B TL-4 A0 IL-13 30, I 70 il
YA 1, AT g R B R S WA AR K
S, WL ZUE S R 2 B SCsEE Y. M2b
I 4 i AT E S % 25 ) TLR B0 JF 0 ik 2 Fh
20 B IR F-, W TL-1B 4 IL-6.11-10 A2 TNF-a %5, 1E 4
i J52 82 AT 4 28 5 o R RN . M2 R 4 g
HY TL-10 K2 Bl B2 5 3R s » RERE T IL-10 TGF-B
ST 2% 20 L ERL T, T 400 ) 8ORE B R O i 1t 4L 2R
R M2d ELWESH L RT H TLR $sh ) i i iR
AR T A IR SR IO S RE AR 2 40 i
Rl 710725, R T 90 28 40 M IR 7 R i 8 P iz A=
PR 7~ B 7, SR A P A M2dl I 4 i LA e
HH O 5k 4 L ) 02 L 3 2 FARR AT DATTG A P98 114 If
A R R I A A
1.3 EEmia iz a9 R H TR

I 40 R AL T R 32 35 5 0 1 e s R 1
T AL A2 CELFE IR S RNADNA H 240 FIZH
P 40 S AR LR R IR A& AL &4
LA ZMMIEED . BT Hm T8, B
L BE 0% AR A1 R Ll A 5 1 A A R R LT IR S
EAL I, B 5 A0 PR 85 ) TR 30 A0 S [ ) 4%
9 S ANE Ak 2 RE 1k 50 B IR T SR AL 1R B AT BE
PE o 7E B R 4 A A o A 1 1 428 b Ok %SG B AR
I s R TR a0 F
1.3.1 13 5 % F B 4 F#E & & (signal transducer
and activator of transcription, STAT)

STAT ZX A5 17 EL W 240 L ¥ M1/M2 B A 72
R R REEMMEM. HLIFN-y 541 R 1
IFN AR S5 5 )5 , Be R 400 9 JAK1/2 A S IR B
FR WS R Ak, 1M 5 5 STATI (B RR 1L . BEER L 1)
STAT1 AJ # — 2 — BRALTE i [RUR — 2844, IR 454 %)
ek M1 AR AL #E R R S 3 7B, AT HES) M1 #l 4k
AR AN, AR, IL-10 AT IL-6 I AT i
1% STAT3, 75 5 M2 B0 40 i AH S b 4, W TGF-B
A1 H &% % 52 /& C1 (mannose receptor C type 1, Mrcl)
(IR0 . 4R IL-4 A IL- 13 TR IE S RE W 15
S B0 M2a iR A, X — i R T AR T
STAT6 K 1 15 M2 LI 240 AR SCE AT, 20 Mire 1 R8T
F 7 a(resistin-like molecule alpha, RELMa) Al
JUT i 3 £ 2 (1 1 (chitinase 3-like 3, Chi313), JF-7E
Th2 FH K (4 S RE I T R FEAE I
1.3.2  # B -F«B(nuclear factor kappa B, NF-kB)

NF-KB 2 B - R30S 980T G 28 S B )
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I B S R 70 LPS AR A —Fieis WLIRT 3 B, e
1% 5 TLR4 45 & JF 305 NF-«B, 3 {2 3F M1 B W4
LA AL . LPS 5 TLR4 45 4 J5 RE 130k firh & 2 7% 41
MO PR, 20 TNF-os IL-1BIL-6 A TL-12 ) ik, iX —
T AR 5 Th AH G JERE b 58 IR 523 A 6P
AR, NF-kB A M1 R i A A4 P O B 5 1
WA F, FR S5 M2 BV R . A
WEFLR B, H ] NF-kB 1) %% 5% B8 0% e 2F M2 B g
4 R AR AR
1.3.3 i A A B5 AR 38 58 40 B & % 4K (peroxisome
proliferators-activated receptor, PPAR)

PPAR & 1% 8 3 2 A8 5K It v () O AR S0 =2 A
£, 45 3 Fh V%Y : PPARa. PPARy Al PPARB/™ . H:
1, PPAR~ZE M1 Al M2 5 40 i 0% A 3t 8 o 2 473 0
HE M. PPARy R 0% 38 i 1 ] 4% 5 K AP-1,
STAT H1 NF-wB (PR35 1, 5% M1 AR S 1) 2 K =
KPS PPARYIIFRIE AT AKE 1L-4 A IL-13 BTifs 3,
FLAE Dy STATG 1 B 42 T U s, 1 [m) 4% M2 R AL
b B R 3R, AR HE Th G e B, thak,
PPAR~y = 2275 i3 07 4L 2R E W 4 i b R0, J@ T s
JI AR ) S o . 2 i I 4 4 e A g
Z PPARYy, W JCiE s D pl A 9 M2 2 A, AT AT e §
BRI w=ALB . A Ah, R SOE R, M2 IR 4
ZLE R 40 f A ) M1 SR B AE, IR 98 0E K ik i 2
P

2 EMMEBRRESIRSERE

Jie BEAE (1 33 F 1A — 22 I S Bl ) AR AL AR
3, BFAESR A R B2 R I Hh 25 7 1) S 2 AR
2 BRIV A2 AH 7] 1 4 9% 41 B 7R ] S 30 A (7] 1) S 28 1R
AR PR, 6 i BRI A [R] S B B R REAE
SRl 8 A AL B YR TT SRS 0T R ik BAE R 1)
e BA EEE . B R A 5 2R T 1B
T AR BB A O, IX MR AK e kA A RORE IS R AT —
BB, M1ZFI M2 B B g2 i B A AN R ThRE, T
e DA 95 Jo AR B A8 R I A R AR S AT . X R D
RE 22 FF 11 15 15 15 W 4 i 76 Ik 2 0 110 B 28 2k A b 4y
HEZRRHEENAA.

2.1 MREFEE LR TSI

Jie 550 A& — i EH T 32 R G S 8 K I 5
KA B DI ReBEAG 2R G AE , H R 3 A AR )
i A e EE B I R BRI, AR E 2020 4F A5k
T R T MCBRIE A R AR SE Z I i, Bk U
A 4 890 3 I Mk FRRE R ], Forb 1100 7541 H Ik B3

RERH SGFETZR e T (05 B AR FR AL AR o 52 2%
24 Jife B A R AN 99 SR A 9% 7 145 5K (pathogen -
associated molecular pattern, PAMP) F145 {7 A ¢ 731
1520 (damage-associated molecular pattern, DAMP) #
56 R A P2 4 2 T B B P9 AR Rl B2 A
TLR . 3 0% = Ak 28 7 ) 52 44 (receptor for advanced
glycation endproduct, RAGE) Fl Nod £ 52 4 (Nod-like
receptor, NLRO BT ™7 IX iR € (1) 52 14 5 PAMP
5L DAMP A H.AE I BEW i K — R AE 5 HIRR N,
A5 ROS AT RNS B A6 IR 7 e ¢ 41 i [ 7~ BL K3t
PR AR SR IR B 7 A, SR e N AN i T A R AE
AT B T ROH BRI AE IR G BRI G
A S R0 T35 B N AR i Ak 28 o0 B (ELFE ik
BEOE P XA R ) 2K 1 RT A 2 0 A 0 A
1o ST e B T RE -5 BB E A% B AL, )™ B
{18 B 2 00 1) D) T e o 4 R SRR Gk 1) XUR: T X
(7 I A7 BRI RSS2 AT 98 s 7 ) SR A5 B 4R 282, ]
RE 5| KRR SR E S SR, 1t 1T ok )™ B A 4 B DD g
PEHG, A P EUERE LT,
22 ECEmMARMA AR EIE SOE R A1 A

TE B30 1 5B B, B AR Oy
G e A0 A FE OIS o A LI AR, {2 R R T
IFN-y A1 LPS 778 AR N 755 M1 EE4H o plf . B
M1 B0 20 3 mE RF S, AT RERE R E
fie 9 [R- MDE AL R 5, 0 B I A AMA R 5, 5 K
4B RAE N LREAE, 55 2 M PR L] B B0E
AR T JER AR PR 3% ORI JE FR i IR o AR, o
) JE S Bt e S BUR G AR e A1 G B i . A
Vb, E Jif BE AT -5 40T A0 0 2% B B R S e AL i 41 1) ML
G5 240 i, /i 9% AL 1 FRDRE TR0, AT B A1 6 2 4
LR IR IEER o

FE JHRBERE AR I SUTBY B, D9 7 i i B2 A AORE S
I, B A0 P 2 A O T Bl e M2 R A AR AL . M2 A
LW A A2 e R R TR T TR A B B AR AR
PpE e 2o BE O I BRI, SRR 1
FAZUEE . IR0, HEE 2 Pz A, i E
W 2 T AR EE 20 B AT B AR A P R T, M2 R A
T3k 240 L VT E 2 8 S 2 U0 1 R 285 FR TR ok, 38 1T o 26
PEANH IR RS . AR, i T I
A1) G 28 40 L ) R Tk R, B A 2 PRAIC A B 4
AR L, AT 503 U B R 3 A I R TS 7

3 ERERRHESRSELZRERS
7 E R A% LD A B A R R AE e 2 SN SR TR
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M5 — " H e R BREEAE T B B I TR
SR G 5C 1) ELER AL B 8 IR B AE VR T AN R
Je TAE P 51 RO TR LA B s R i ML A
M2 BR8] ) e 0 S FLP A R 9%, Xt T B i
FEIR) G B JAE S L /b i AL A0 L e a8
D ag LA R o BB TG 22 0 BB, SXON IR VA
JTHRBL 7RIS R AT T R

3.0 BRAEAR K &P AR,

SV 47 2 B R AE ML R R AORE 2 —,
FEEHEEREFERE ST R R K
FEAE P B 0343 1R A 93 ML ) 6 455 1 A8 PN e A
JIts e, b B PR A5 e 6 4 I 1 4 o A it
FENVEVEY BT/ 8 A R AE 1 2t e I AR
o, ML [ G D 1 R A i 0 8 % i
005 » 3 T R P o S P45 £ RO RE R iy M2 Y
58 240 7 A2 U B T P 4 S AN A, b e
FEAE S it A 5 A P A RS AU A e R A
CA BT L7 » F R4 A RIS M A FH miR-30d-
5p il L EOE NF-kB 15 5 1l B 175 -5 EUE A A M1 FR
A5 M A 38 i B A 201 i 452 40 R R 2R e 5 —
AT F R B, 3, 4- —F R 0K R 5 1T pE a1 41 1
Notch {5 5 38 i I ¥ k2> M6 400 i F) A
A5 DT o0 i B A 35 5 /) B S A 4 £
Luo Z BB LR, 4% IR 2L 20 AT 26 2 AH DG TRl
2 (nuclear factor erythroid-derived 2-like 2, Nrf2) [f] T
A RENS I I NF-kB/PPARy /™ 3 () LA M1 A A
INJEE o 45 4L 28 R 3 B B 005 A0 9 hE . AT WE AT
FH, K R BEF (Smiglaside A B85 18 1 73 AMP
AL B A BB (AMP - activated protein kinase,
AMPKO)-PPARyR fie 2 %A A 1) M2 & AR AL, AN
1M 203 LPS 755 (1 SR 07 thA SCHRRIE ,
230 28 8 5 e L 0 ) Bk D < IR 2R 1 -9 fle ik
M2 B I AR A » 38 T 9 ik R 55 3 1) S Al 45
£3 e IR W ST D i a0 AR 5% Sk il 45 £ A A
HLRIRTG ST SR SE 4L 78 K BRI AT S 7
3.2 BRFIEAN KSR

FEBRERIE [ R A A e e i a0 LI
RERRZ Pl fie R AN 75 W1 TL-1B1L-6. TNF-. C5a
AINO, AT 453 35 0 FL ARG RSE 1 % PR AL Wi 4
0T e 2 240 O PR e R A AN 0 I IR 1 PR R TR AT
T 2 M A 0 LIS B — R IR T SR
AT TR, Wb HH E 9538 T TLRA 3 1 NF-«B
A 22 22 )53 Ak B IR (mitogen -activated protein
kinase, MAPK) {5 53t % , 117 FUWE4H i A M1 2] M2

A PR AR AK , DT 4 45 O WL Bl B2 R A4 By g 27 P
17 5 /D S A L IEOR o JTLZH L I8 T B T 9 Tk 7
EHH IS L WU o 53 — SR FE 2R WY, 1A P 2 A
(Harmine) §g %833 STAT/MAPK/NF-«B {5 5 3@ 5 41
A L A ) ML 3 AR A 5 AT 9 e 3 5 5
Lo JIEE Th RERRERS o
3.3 BRAEEAR K M E B

FRREREAH 5% SR B 45 0 R 2RI, B /INE R A
FE BRI R AL SR SOAE A R L 45 2 AR RN T B T
S BUE D e Rk R B, I UL K P B TR
FEMRERAE S B s R R b, R AR T
N b R A MR TR 4R A5G HR 130 (spliceosome-
associated protein 130, SAP130) , J 1 i Mincle/syk/
NF-B it B (2 1 R 20 ) M1 B AL, 1 — il F it —
AR T B NE b R A B R RIE TS kAL, B
C 3 W1 48 %5 i (Shionone) 3@ i 1T ECM1/STATS fi¢
HE A0 M2 A AL, o I R 5 - ) U A
10, BE & H 3 K T 2 (colony stimulating factor 2,
CSF2) B p-STATS BE % {2 3F B W 48 fiig (i M1 5% A
TFi) M2 2 7R 0 e A, 5 T o R JH 7 0 A 5% U1k 4%
D) RIESATRE R
3.4 MREFJEAR KIS

FEMRERRERERE o, BT IE A B TR R A N B
AN GAE AN J5R PR EE A P 5 3 A A S BT 2 e P v e
WS T IEREE A A2 A 5%, I AT AE - Bk AVE I Y
MM ZHEERERES . A¥EEH, B RT
(Koumine) 7] 18 i %% £ 25 1 (translocator protein,
TSPOD 1] Wk 40 Ji 1) M1 AR Ak I (i ik 3 M2 Ak,
T IRl /N B RERE A DG RO 14550 B4, i
T T2 W, 1 B 1) 7 Joid 40 B0 [ M 4 B AR A )
PR O R BEAE 51 R PR T4 4 5 g — o T SR
J7 77 2o BB ] 70 0T 40 AR AT g 5% o WA E
FETBCE AT 40 Tl e 10 A0 R R L A 5 3 U 7 e
73, P EL VR P MO AR AR IR, AT 92 JH 455 £
TR HLUE T,
3.5 RMREFJEAR X B i

FECEEAE A, P T8 IR/ TR 2R I  jb A5
195 S SR S N2 2 4 88 ¥y T 3 — 2 18 i fp 1 T g i
B AR o AR, BIF FE 2 WA B 0T I 4 g A A IR
A BT DU A IR 2 RE 07, AN T 22 it e 25
i B B T RE RIS . G W 9T o, Al R T
i PPARy/miR-21 %l (2 3 Mg A0 M2 AR 44, AT 22
R REAE 5 T B BB AR 0 o SR, W PR IR 2
AE I8 1T miR-3061/Snail 1 {232 M1 EHEAH AR Ak, Jn



5445557 1
20247 H

WA, B 2 EIEAN B AR A TR BRRERE % I e T T REREAS R A AL D
M BER R 22 A CHARBLERRD , 2024, 44(7): 985-991

* 989 -

| e B 0E 516 1K) P T A 40
4 REERE

AL B S B2 20% (R S BETL R A B A B A

Forb B2 M M/M2 RS 8 428 5 5P A ) T 4k
U FE B9 100 11 S8 B LR AR A4S DA B ik 2> 2H 2R R
BEMGEAECEENEM . Fik, £ BV
JRLAR A IR 2 10 R 28 8 ik BRI S iR T T R A B
K. B, CHEHSH RSN TFRERAEE
WGk 411 M A A0 A AT B . SR, BB IE P B R4
A 1R B AR TR 3 B ) S G 5 e DR 34T 7R AT IR
W5, DAIA A R B3 0E 176 97 B A 1RSI 119 52 56 L it 7
PR AR o

(&% 38k]

(1]

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

RUIZ-BACA E, PEREZ-TORRES A, ROMO-LOZANO
Y, et al. The role of macrophages in the host” s defense
against Sporothrix schenckii[J]. Pathogens, 2021, 10(7):
905

MOSSER D M, HAMIDZADEH K, GONCALVES R. Mac-
rophages and the maintenance of homeostasis [J]. Cell
Mol Immunol, 2021, 18(3):579-587

LOCATI M, CURTALE G, MANTOVANI A. Diversity,
mechanisms, and significance of macrophage plasticity[ J].
Annu Rev Pathol, 2020, 15: 123-147

MURRAY P J. Macrophage polarization [J]. Annu Rev
Physiol,2017,79: 541-566

YUNNA C, MENGRU H, LEI W, et al. Macrophage M1/
M2 polarization[J]. Eur J Pharmacol, 2020, 877: 173090
WANG Y, SMITH W, HAO D, et al. M1 and M2 macro-
phage polarization and potentially therapeutic naturally
occurring compounds [J]. Int Immunopharmacol, 2019,
70:459-466

CHEN S, SAEED A F U H, LIU Q, et al. Macrophages in
immunoregulation and therapeutics [J]. Signal Transduct
Target Ther, 2023, 8(1):207

LOUISELLE A E, NIEMIEC S M, ZGHEIB C, et al. Mac-
rophage polarization and diabetic wound healing [J].
Transl Res,2021,236:109-116

BASHIR S, SHARMA Y, ELAHI A, et al. Macrophage
polarization: the link between inflammation and related
diseases[J]. Inflamm Res, 2016, 65(1):1-11

NI R, JIANG L, ZHANG C, et al. Biologic mechanisms of
macrophage phenotypes responding to infection and the
novel therapies to moderate inflammation [J]. Int J Mol
Sei, 2023,24(9): 8358

ARABPOUR M, SAGHAZADEH A, REZAEI N. Anti-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

inflammatory and M2 macrophage polarization-promoting
effect of mesenchymal stem cell - derived exosomes [Jl.
Int Immunopharmacol, 2021, 97: 107823

VIOLA A, MUNARI F, SANCHEZ-RODRIGUEZ R, et al.
The metabolic signature of macrophage responses [J].
Front Immunol, 2019, 10: 1462

SCHULTZE ] L, SCHMIDT S V. Molecular features of
macrophage activation[J]. Semin Immunol, 2015,27(6):
416-423

YOUSAF H, KHAN M 1 U, ALL I, et al. Emerging role of
macrophages in non - infectious diseases: an update [J].
Biomed Pharmacother, 2023, 161: 114426

ZHANG Q, SIOUD M. Tumor-associated macrophage sub-
sets: shaping polarization and targeting[J]. Int J Mol Sci,
2023,24(8):7493

SCHLUNDT C, FISCHER H, BUCHER C H, et al. The
multifaceted roles of macrophages in bone regeneration: a
story of polarization, activation and time[J]. Acta Bioma-
ter, 2021, 133:46-57

HOLTHAUS M, SANTHAKUMAR N, WAHLERS T, et al.
The secretome of preconditioned mesenchymal stem cells
drives polarization and reprogramming of M2a macro-
phages toward an IL-10-producing phenotype [J]. Int J
Mol Seci,2022,23(8):4104

WANG L X, ZHANG S X, WU H J, et al. M2b macro-
phage polarization and its roles in diseases[J]. J Leukoc
Biol, 2019, 106(2): 345-358

LEE C, JEONG H, LEE H, et al. Magnolol attenuates
cisplatin - induced muscle wasting by M2¢ macrophage
activation[ ] ]. Front Immunol, 2020, 11:77

WEISS G, SCHAIBLE U E. Macrophage defense mecha-
nisms against intracellular bacteria J]. Immunol Rev,2015,
264(1):182-203

WANG Q, NI H, LAN L, et al. Fra-1 protooncogene regu-
lates 1L -6 expression in macrophages and promotes the
generation of M2d macrophages [J]. Cell Res, 2010, 20
(6):701-712

CHEN X, LIU Y, GAO Y et al. The roles of macrophage
polarization in the host immune response to sepsis[J]. Int
Immunopharmacol, 2021, 96: 107791

LAWRENCE T, NATOLI G. Transcriptional regulation
of macrophage polarization : enabling diversity with iden-
tity [J]. Nat Rev Immunol, 2011, 11(11):750-761

FU X L, DUAN W, SU C Y, et al. Interleukin 6 induces
M2 macrophage differentiation by STAT3 activation that
correlates with gastric cancer progression [ J]. Cancer
Immunol Immunother, 2017, 66(12): 1597-1608

SICA A, MANTOVANI A. Macrophage plasticity and



+ 990 » [F

S PN

S 1

544 5557 1
20247 A

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

polarization: in vivo veritas [J1. J Clin Invest, 2012, 122
(3):787-795

CAPECE D, VERZELLA D, FLATI I, et al. NF - kB:
blending metabolism, immunity, and inflammation [J].
Trends Immunol, 2022, 43(9):757-775

ZHANG G, GHOSH S. Toll-like receptor-mediated NF-
kappaB activation: a phylogenetically conserved paradigm
in innate immunity[J]. J Clin Invest, 2001, 107 (1) : 13-
19

NI L, LIN Z, HU S; et al. Itaconate attenuates osteoarthritis
by inhibiting STING/NF - kB axis in chondrocytes and
promoting M2 polarization in macrophages [J]. Biochem
Pharmacol, 2022, 198: 114935

WAGNER N, WAGNER K D. The role of PPARs in
disease[ J 1. Cells,2020,9(11):2367

RICOTE M, LI A C, WILLSON T M, et al. The peroxi-
some proliferator-activated receptor-gamma is a negative
regulator of macrophage activation[J]. Nature, 1998, 391
(6662):79-82

CROASDELL A, DUFFNEY P F, KIM N, et al. PPARy
and the innate immune system mediate the resolution of
inflammation[J]. PPAR Res,2015,2015: 549691
MARTINEZ F O, HELMING L, GORDON 8. Alternative
activation of macrophages: an immunologic functional
perspective[ J 1. Annu Rev Immunol, 2009, 27: 451-483
ODEGAARD J 1, RICARDO - GONZALEZ R R, GO-
FORTH M H, et al. Macrophage-specific PPAR+y controls
alternative activation and improves insulin resistance[J].
Nature, 2007, 447(7148):1116-1120
GIAMARELLOS-BOURBOULIS E J, ASCHENBRENNER
A C, BAUER M, et al. The pathophysiology of sepsis and
precision-medicine-based immunotherapy[J]. Nat Immu-
nol,2024,25(1):19-28

SINGER M, DEUTSCHMAN C S, SEYMOUR C W, et al.
The third international consensus definitions for sepsis
and septic shock (Sepsis-3) [J]. JAMA, 2016, 315(8) :
801-810

RUDD K E, JOHNSON S C, AGESA K M, et al. Global,
regional, and national sepsis incidence and mortality,
1990 - 2017: analysis for the Global Burden of Disease
Study[J]. Lancet, 2020,395(10219): 200-211

VAN DER POLL T, SHANKAR-HARI M, WIERSINGA
W J. The immunology of sepsis [J]. Immunity, 2021, 54
(11):2450-2464

SAEED A F U H, RUAN X, GUAN H, et al. Regulation of
¢GAS-mediated immune responses and immunotherapyl J ].
Adv Sci (Weinh),2020,7(6): 1902599

KUMAR V. Toll-like receptors in sepsis-associated cyto-

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

kine storm and their endogenous negative regulators as
future immunomodulatory targets[J]. Int Immunopharma-
col,2020, 89(Pt B): 107087

ARINA P, SINGER M. Pathophysiology of sepsis [J].
Curr Opin Anaesthesiol, 2021,34(2):77-84

KUMAR V. Pulmonary innate immune response deter-
mines the outcome of inflammation during pneumonia
and sepsis-associated acute lung injury[J]. Front Immunol,
2020, 11:1722

BOS L D J, WARE L B. Acute respiratory distress
syndrome: causes, pathophysiology, and phenotypes [J].
Lancet, 2022,400(10358): 1145-1156

CHEN X X, TANG J, SHUAI W Z, et al. Macrophage
polarization and its role in the pathogenesis of acute lung
injury/acute respiratory distress syndrome [J]. Inflamm
Res,2020,69(9):883-895

JIAOY,ZHANG T,ZHANG C, et al. Exosomal miR-30d-5p
of neutrophils induces M1 macrophage polarization and
primes macrophage pyroptosis in sepsis - related acute
lung injury[J]. Crit Care,2021,25(1):356

ZHUO Y, LI D, CUI L, et al. Treatment with 3, 4-dihy-
droxyphenylethyl alcohol glycoside ameliorates sepsis -
induced ALI in mice by reducing inflammation and regu-
lating M1 polarization [J]. Biomed Pharmacother, 2019,
116:109012

LUO J, WANG J, ZHANG J, et al. Nrf2 deficiency exacer-
bated CLP -induced pulmonary injury and inflammation
through autophagy-and NF-kB/PPARYy-mediated macro-
phage polarization[ ] ]. Cells, 2022, 11(23):3927

WANG Y, XU Y, ZHANG P, et al. Smiglaside A ame-
liorates LPS - induced acute lung injury by modulating
macrophage polarization via AMPK-PPARYy pathway[]].
Biochem Pharmacol, 2018, 156: 385-395

TONG Y, YU Z, CHEN Z, et al. The HIV protease inhibi-
tor Saquinavir attenuates sepsis-induced acute lung injury
and promotes M2 macrophage polarization via targeting
matrix metalloproteinase-9[J]. Cell Death Dis, 2021, 12
(1):67

HOLLENBERG S M, SINGER M. Pathophysiology of
sepsis - induced cardiomyopathy [J]. Nat Rev Cardiol,
2021, 18(6):424-434

TSCHOPE C, AMMIRATI E, BOZKURT B, et al. Myocar-
ditis and inflammatory cardiomyopathy: current evidence
and future directions[J]. Nat Rev Cardiol, 2021, 18(3):
169-193

MARTIN L, DERWALL M, AL ZOUBI S, et al. The septic
heart: current understanding of molecular mechanisms

and clinical implications[J]. Chest, 2019, 155(2) : 427



5445557 1

W, 2L BN MR A AR BT S S A B DI RERERS A L ]

20247 H P BB R AR CH AR 5 2024, 44(7): 985-991 * 991 -
437 macrophage transition[J ]. Front Immunol, 2020, 11: 1415
[52] CHEN X S, WANG S H, LIU CY, et al. Losartan attenu- [58] NESSELER N, LAUNEY Y, ANINAT C, et al. Clinical

[53]

[54]

[55]

[56]

[57]

ates sepsis-induced cardiomyopathy by regulating macro-
phage polarization via TLR4-mediated NF-kB and MAPK
signaling[ J]. Pharmacol Res, 2022, 185: 106473

RUAN W, JI X, QIN Y, et al. Harmine alleviated sepsis-
induced cardiac dysfunction by modulating macrophage
polarization via the STAT/MAPK/NF - kB pathway [J].
Front Cell Dev Biol, 2021, 9: 792257

BELLOMO R, KELLUM J A, RONCO C. Acute kidney
injury[J]. Lancet, 2012,380(9843): 756-766

ZHANG J, JIANG J, WANG B, et al. SAP130 released by
ferroptosis tubular epithelial cells promotes macrophage
polarization via Mincle signaling in sepsis acute kidney
injury[]]. Int Immunopharmacol, 2024, 129: 111564
ZHANG B, XUE Y, ZHAO ], et al. Shionone attenuates
sepsis-induced acute kidney injury by regulating macro-
phage polarization via the ECM1/STATS pathway [J].
Front Med (Lausanne), 2021, 8: 796743

LI Y, ZHAI P, ZHENG Y, et al. Csf2 attenuated sepsis-

induced acute kidney injury by promoting alternative

[59]

[60]

[61]

[62]

review: the liver in sepsis[J ]. Crit Care,2012,16(5):235
JIN G L, LIU H P, HUANG Y X, et al. Koumine regulates
macrophage M1/M2 polarization via TSPO, alleviating
sepsis-associated liver injury in mice[J]. Phytomedicine,
2022, 107: 154484
CHEN Y, YANG L, LI X. Advances in Mesenchymal stem
cells regulating macrophage polarization and treatment of
sepsis-induced liver injury[J]. Front Immunol, 2023, 14:
1238972
LI Z L, YANG B C, GAO M, et al. Naringin improves
sepsis - induced intestinal injury by modulating macro-
phage polarization via PPARy/miR-21 axis[J]. Mol Ther
Nucleic Acids, 2021, 25:502-514
TAN F, CAO Y, ZHENG L, et al. Diabetes exacerbated
sepsis-induced intestinal injury by promoting M1 macro-
phage polarization via miR - 3061/Snaill signaling [J].
Front Immunol, 2022, 13: 922614

(Wi B#A] 2024-03-29

(RXXHEE: % FD

‘(\5\',//-\%;‘\‘;2\-,/4\sf,\«;2\-;1\sf‘\t:2\*;1\~,f‘\t:2\*;1\th:2\¢;1\35.\5:Z\k;:@;_\‘;2\t;1\L;-\t:2\t;i‘\',//-\t:2\t;1‘\',//-\‘:ﬁ\*;1‘\',//-\%2\*;1\',//-\%z\s,a\t//-\%z\;)
‘

e

S e

e

e

e

e

e

U

N

I

Eemeameme

ar
H3
S
=
S
§§%§E
=
>
SN
ao

A A A A A A LA A A A A A A A A A AR R

§

&

S

LA

LA

e

LA

e e

e

Y

[

= UG




