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WE: aER A ERFTHEHR A, 5 RGRA B LGRS TS B SR E R
MR, 5IREERGRABERRL Y Z A TEIA A, EEmI AL R3S B a1 B B IR R
FOER T ELAMIAAM2AE, AP ESEMILGELRE, RELRERERETEROA XS
o AEARA T MmN KSR A Bt m AR B R . R S MAZ B F-xB(nuclear factor-xB,
NF-kB)i& 2. 5'AMPik & 69 % & %85 (5'AMP-activated protein kinase, AMPK)/"#5L#h4r & & & e &
# (mammalian target of rapamycin, mTOR)& %, A%H BR 28 & 5 R A LE A A 2 K& @ -3(nucleotide-
binding oligomerization domain-like receptor protein 3, NLRP3)&9# & F=4 ) RNA(microRNAs, miRNAs)
89iRESE 7 | B4 At B e E GRS 69 IR IR, A KRR e T R AT Rk,

K§ER): A%, EEmami; 55@5%

Research progress on autophagy regulation of

macrophage polarization
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('School of Laboratory Medicine, Bengbu Medical College, Bengbu 233030, China; “Key Laboratory of Cancer
Translational Medicine of Anhui Province, Bengbu 233030, China)

Abstract: Autophagy is an evolutionarily conservative stress response process that isolates redundant or
potentially dangerous cytoplasmic components into the double-membrane vesicle autophagosomes, and
degrades the products of recycling after fusion with lysosomes. Macrophage polarization refers to the
activation of macrophages into M1 and M2 types under the action of environmental stimulating factors.
Regulating the activation state of macrophages to improve the inflammatory environment is effective against
treating diseases. Autophagy can change the intracellular metabolic state and regulate the polarization of
macrophages. This review will summarize the regulation of autophagy on the activation state of macrophages
from the aspects of NF-kB pathway, AMPK/mTOR pathway, NLRP3 inflammasome activation and regulation
of microRNAs, providing new strategies for the treatment of related diseases.

Key Words: autophagy; macrophage polarization; signaling pathways
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e SRR . B R AR B P i KSR G v A
Mo, THZAAET RN S ANAHA T, REYERF A A AR
AT AT SR AR R SR AR N AR . I A i L A R 2
Ve, AER A ELE 5 WIS AT s M1 Y
AM2A, 73R RANGLRAEH, XA FERR
AEREA AL AR AR, AR R
A AT B R EOREE RN, JFZ 5 M
LI 1) A R R RO AR SO IR AR SR A R
WG ] 47 5k A MR AW A O A L BRI AT a4, B
JORAR SR FRIBTE TE SR B AL A

1 8BRS B ETE

W — L AZ A kA b R S B A% R R B
FI T R ff i A2, BETE o 20 B 0T B 20 2k 1 45 K5 28 il
WARAS o MR A B 7 ) i 38 1) g A 1) 7 =
Al N =FhR B H M B A, T WA 1
X EPA N =L A =N =1 P30 S =L e
Wi, ALGARTEREEAWE, LURERA AR,
H T 2 4% 5E H409 BL_E) B EAH ¢ EE K] (autophagy-
related genes, ATG)Z4wfdH)&E A iS5 HEA R
BT . fEAnLI . B AN, A
LSRR L A BT IR R A R OIR A TR e O E R
HUNC-51F£ 4 M-1(UNC-51-like kinase-1, ULK-
D/ULK-2E &%), 2B &WBmR A M KPI3K
(phosphatidylinositol-3-kinase, PI3K)E &%), £ H
WA T A2 B 7 A 1l T Tt UL -3 - 1R, i i A R A
A% M TR UL -3 - B R RIATGS-ATG12-
ATG16L 18 & WS 2 W 5 It £ W e 55 Bl A 5
£ H-1-%4%-3(microtubule-associated protein light
chain 3, LC3)454, AMLC3 1T 5 5 7 W 44k i 2L fif
W& E WA B, fERTVATEN- 2 5L ok
P . i U Rl 7 B A R 2 AR R, H R /D
5 RS PR T E N A, DAt
SIILAN AR B (1R 7 AN A0 o 2% 1 S

AR P D Mk 200 L = SR YR T R R VR i B
W op . BGILAFEDY . B AL 2 TR B
Wk 24 o i) 852 A 5 SRR A 5 T AR A A [ /R 3R
A, ATHEOE MY (2 S0E ) FTM2 B (B AR
M. R 2 HERITh R 40 M R 7 40 B R -y AR
WA F-a, BEFFEWRAIRMIAR AL, HAFE
& R 7CD80. CD86. i3 A —A LA

4 (inducible nitric oxide synthase, iNOS)LLK %
P2 2% 2 i D5 AE Ak DR 7 1) 30K, A0 4 i Rg A
BB F-0. HAE-la(interleukin-1o, IL-lo). IL-
1B+ IL-6. IL-12%%. IL-4. IL-13. IL-10F1%4{0A
K F-prl 5 5 E W4 M2 B Ak, EERIA
HEHE 2 1KCD206. JELE FHCD163 LA L 2 M K% 41
MR 7 A AR -, WnIL-10. FALAE KR 7-paE
Fakm o™, MIRFIM2 7 S IV i i ShEEAN A,
M1 E RIS 5 SO fe st . B ER . B l%E
TER B AR . DU AIPUIIR BN s M2 B 5
Wik 20 LA R T JRE T A A AR B BR L LB AR R
FALUESE ;s RN, M27Y S0 40 5 n] 0 ) R
PETA A S B OB, (EEH A, (et
@EE[M,IS]

0 40 A D o K 4 2 R 4 Y B S A R
gy, S EBIEE AR NAR < 7 BRI A
RAER N, HL 5 IR IR KARE EHGR T
e 20 BT Ak i B R AR S T g e
BLHE B AN AR AL R N IV 2 TR s DA G B
W AH 5% FE R AT G 5 R Bk /N B 4 L 00 FF U A0 4 B %
e EN 2 AR Y TR S s i 7 K o
JUTOY, g Sl e 11 7L it R 400 i e 1
A% Zh A0 KT, 5 B R e MR AR A
ESE 7 ox— 7. Lige "R, i 2 R 7R R
ErRgiiu)E, BV EWEAMREE M, H
I M2 BB AR T I 40 ) 7713 - P i e e ik
J&, RERH TG 2 B0 B R 4E AR A IR R . [
U, BN R B A o ) RS ET i
EARISU AL 2 s P

2 BREEE ERGARERLRER ST

2.1 ZEFNF-«B& 5 B iR E B2 Ptk (L

F% A -F-«xB(nuclear factor-kB, NF-xB)if]75E
W 40 L b VE 2 BB Rk, IS5 AR g
H I o B4R ™, #ERINF-«B2 H
Wik 2 5 A A A A 11 R LA Y. NF-«BJ2 th
Rel 8 H 20 (1) [7] Y 5 57 YR — 58 A4 41 Bl 1) % 3¢ A
¥, HIp65(Rel A). p5S0(NF-kB1). p52(NF-kB2).
c-RelfilRel B. {EHIpS0/p655ii — RAKEMIL
WG FIEBEINOS  IL-12% SJEAR RFE R 1 R
p50/p50[F1 Y5 — BRAKRE 5 H 58 4 ROREAH K HE R )5 5))
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THIGE A AL, PHIER O FE". TaetzschZ:
WA, NF-xB p50:2 15 /MR 540 M 1/M2-F-
M5 S, LigeP s, /N E A0S p- 5K
PEILRE SRS, AW ALCI T HEARIERMK, Ml
R E WA bR EPINOS. CD80 mRNAFK A i,
NF-xB p65H & [ IR IEE I 1MNF-xBH# i 57
SNSO 1] ¥ 4% -] S HH 175 5 1 5 e 4 B M1 BY Al A A
W B R IA PR, (R, B-%1 SR AT i@ i NF-«B
POSHHI ) H W IR 420K BV n B A b AMIL B, 238
02 Tk 55 A A A0 ) XU o W D R AR EK A T A o
BRI NF-xB p6SHItaEtE, HFEanm b
TERE IR B BEORIE I E VA0, 20 3 T TollRE
ZAK-2(Toll-like receptor 2, TLR2)Zi@id H Wii&kiE
NINF-xB p658 1L, R B mRgH M2 284
P, BFam s B P R R R R R E A -1
559505 1 7 BERE FEAH OC, 1% HR AT R A i
LC3 T A FRIEIN, NF-xB p65HE HFKIEW D,
el G A0 R g M2 B AR ALY, | I T B FINF -« B
PSRRI, AR BRI AL 7 19, NF-«xB
p65_ I 1H S E EREN L M1 A AL, NF-xB p65 |
R 5 5 A [ M2 R AR A 252
2.2 AMPK/mTORZZE £ 5 B KAz B
ik

5'AMP B 1) 8 U8 (5 'AMP-activated
protein kinase, AMPK)s&— PR 5 [ — B IR i 1 A
TR, I A B U 32 3 R A A I TR R Y A
P mTOR A WE M Ul PR 7, EYLHR A
N, mTORCIXFULK 1/ULK2 &4 40 i 4 iR
F: AMPKH] 6 H JH fimTOR, L REMERZ{LULK1/
ULK2E &Y s A . AMPK/mTOR/E 5 il %
S EWEM R A S, R ATAEREE AL
AMPK/mTORH# #1755 EL Wk 20 ff g M2 84 34k, A
PRt Mg A Bk, B AR i 453 4525 . R AR
HEA MBI, s AMPK/ULKL/
mTORIBHEA T AW, BT R EGY . HA
R AT BB IR /D R B R4l i fe, JL
LC3 Il ZFE (R IA /D HiaM2BU kAL ; I AmTOR#)
AR EMERE, BRI M AR
P, S Hk 2R A 5 I AR SAE M 7 3 197 7k
JH I % (reactive oxygen species, ROS)/AMPK/
mTORC1/H M@, it B R4 i mM2 84 AL,

$8 i I [ B AR T 2 SONE, 4G T S ok A A AL
PEHL R e M, TR AT &Y. AMPK/mTORIE
25 E W B R R AR, B
HRIE LS A S s R, HiE— DA
2.3 NLRP3% {5 5 B EREE B 2R AR (L
BHRS & F RO W2 k& H-3
(nucleotide-binding oligomerization domainlike
receptor protein 3, NLRP3)Z& ML EAR S
M, ATAE I AR R A5 A A DA 2023 1 B 3 (A 4
TS AEAIE AR I SE T . NLRP3 4 VR4 1
BOE Wi R& A RE A E AR EE -1
(Caspase- 1) FIIL-1BHI AT AR TIE], A5 H A TE LIt
K R OB R U (0 G B e S R R R T
PRNLRP3 5 P4 R OG0, 240 Ji P ) BEL 3 7]
NLRP3 5 P4 i 7 A4t f D5,k 8 4% o
i NLRP3R MR H AR RAEM, 5 E R4
BIMI R E %, A8 KR AR i A
NLRP3 & MEAREGE, 75 Eran M1 B et
WHFERM], W AT O NLRP3 48 1 A 1 1 1
P EVEAE M AR AL Il M e] (R e,
NLRP3 R PEARTEA A E A IM I B AL, 930 A
JERS AR (0 HE e S B2 232 A 19(ubiquitin-
specific protease 19, USP19)n[¥hn B WRiEE, &
R AAIE VAR PR, FIHRINLRP3 28 VA4 (1) 3
W, PR IR BN A M2 B AR AR R it W
AT HINLRP3 %8 4 A B 0 2 1T 2503 R 41 A 1)
WAL TT I, KENLRP3 R AE A B2 R D e % 32 it
RIJAE, NAAEMEBRR SRAUE i G T R, (HHE
Iy T LT 5 Bk — BT
2.4 /I RNAS 5 B IE3t B W20 Atk (L 19
W/INRNA(microRNAs, miRNAs)&—Fh &
FN20~22ME IR AR AR S RNA SN T, EZIRE 2
W 5 A mRNAR AR BEIX 455, Fes /eI
mRNARH S ZmRNAFF#Y . MiRNAsZ 5 H
MR FEIBY B, B EWIE S B AME R
H W NASEAR . B RNMA S E BRI
H WS LS 5@ %P, MiR-9. miR-
127, miR-155F1miR-125b{ie 2k E Wik i M 1 5 4
1, miR-124. miR-223. miR-34a. let7c. miR-
132 miR-146aFImiR-125a-Spifidf $ 7] £ Ffi i 5k [A]
THELEAFSEEMNRM2 R AT,
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MiRNAsit A [Fl R % g5 BV A0k, miR-
4983 ok BB BT 1 -2 400 ) 7 S i TR -3 1%
file, 0 A B g R B R R M2 B R
A1 miR-3 7501 v 20 R A 1 1 97 B Sk IR
Kruppel#¥ [ F--4(kruppel-like factor-4, KLF4)H¥4
W, IS5 EREGHLIN B E RIM R AR
FEIL-6/pSTAT/miR-155-3p/ H M /pSTAT3 1E [ 15 ¥k
H, miR-155-3piitid 2 AL B0 LR o (115 5
5 SRS BE N T--3(signal transducer and
activator of transcription 3, STAT3)/5 3l H W&k
7S E AR M2 8 B AL, R R 5T R I g
JH TiangZE IR B, e T AU AR R ¥ A M5 A
HmiR-30d-5p &GN, REAHI H WA T /N5
R DY B R 2 A< 1T V1N T (0 TR~ S i
miRNAs 1] 735l i 4% H WA B W 4n B fletl, thny
ks B AR 5 B A AR A .
2.5 HiigE 55 8 Xt B ik 4 riEE
PENF-xB. AMPK/mTOR. NLRP3#% 44l
miRNAsIEAE4, B B E R 4H B A I A HAR R
FERIBR R . =T SRS BR H o B W 20 K LF4 (1)
Fik, BERRAp38 2 R FE A B H UM (mitogen
activated protein kinse, MAPK), _Fifi B WA
LC3 1T 2R3k, (R A% B W M (o) M2 RSB AL fir g
2 K ORE ) B Wk /N K (tumor cell-released
autophagosomes, TRAPS)ZTLR4/ T MIBERE -1k
[X]¥--88(myeloid differentiation factor 88, MyD88)/
p38/STAT3 & 1% 1l 5 5 5 Wi 41 ffd i M2 B AR AL
ER(T)FE AR SARTIOF K E M EHE S 5 H W
5 BN AR A AR AL, e A 2 BE AR S AT ) 5 1)
HARYKTIONN K E (Ag@TiO,-NTs) & K HiE i f5
Redz H B OB G EAg B 1, MHIPI3K/&E H
f#B(protein kinase B, Akt)i&fE A T it &tk iz
EE-IPRE, BIEAW, 755 E VY mM24
AU AN R TS, AR A
LC3 I RIEIE N, AKtBERRAGHE I 2 0UE 1)
FRET M BiE WS NE E g L R ),
Ja B FIMURIARALEY . RN, RIE. (R
FATUBR £ far 55 S0 ST 48 358 40 B A0 40 2R 3 3 1
AR, H BTN 2 ME SR D
AR, ERRTT RS B R, 52 e A
RIGIR R A R RN )

3 BEEEE B R A X R iw A
1ER

B 20 P AR A A7 72 T e - BBk SR AR AL
RN R REFZ R, BAAERN KL
RIBHEREZERY. AWd 52500 0 EEE
K, AIERPEMET . FEAE . A IRAT VESN
OMERFRMEEY, BRramaRy, —®ay
AT R B AR A R FEAE . KRR ArCil
TEPUBR Y & H-1(silent information regulator 1,
Sirt1)1 3 1) B Wk 520 B AR AR AL, gl i R
AT R, AT B KRR A . 78 2L e
R A B A b, ]l I ROS/ M AME 5 iR
i (extracellular signal-regulated kinase, ERK)
MAMPK/mTOR(E S ili%, f#|7NE LIRKFES
RIM2BARALE . 35K 2% R 1) 5 WA 5 B
AR A, BT E S i R R, RS
Thieze s P A A ER . il B & A(trichostatin
A, TSA)EREHEoR B WL Bk B g g0 g M2 Y Ak
o, WA RAE, AT 2 OIAE A B A
WHRPH R 254 )74 7K % (xiaoshui  decoction,
XSD)FEARSI S50 Al 1 W, Al R ZH A M
TIRRAY,, AT T B s BB 7 ZEAS R (¥
P, ALt BRI AN TE 4 TR ) BV M1 R AR
oo B S ER A s v, 15 4 i 1 R AT R AR R
A I M2 BB AL, IRV IR 22 B8 TR 5 1 S i 45
Pis B R AR5 3- FE i R 00 ] s v SR 4 B
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B, PAERREPIRBCR, mAPBIN R ER
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4 EEERE

H ARy — i ROER AR T RS, A
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T, XL REES B R . BEEE
Wk 241 Al Ab T 2 i R R iR EEEIAE R, NF-xB
#1E. AMPK/mTORIEE . NLRP3 % 1444 BL JL
miRNAs B8RS 5 1 3 oo B 48 f A 46 1)
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o WCIE S I AR SR W T, BS-KS.



MR, S E R BN AR AL 1 A R - 1135 -
1 BEEE E R AL AIHE X 5 F L
LA S HEEKT AR EWRu Ak Ir e AR 2 SCHR
CD5L 1 F %% 5% K F1D3 M2 ﬁ%ﬁgwﬁﬁﬁ [54]
REHC 1 _FSirt] M2 Ik REIEAL [3]
USP19 1 FIHINLRP3 4 M A B0 M2 P [36]
SNE ERE ! ROS/ERKHMImTOR%& /% M2 LR [31]
T RN R 1 p38MAPKI& % M2 8 1 R TR [46]
KR T } AMPK/Sirt1 42 M2 (EZe =g [51]
MiR-30d-5p ! ) 5 W Ml MR L AR [45]
TSA 1 feidt M2 i B [52]
BENRE B % (STZ) } BREAT)RE RS Ml i R I R [55]
AWEHUE A 1 PPAR-y/NF-kBi& 4% M2 Bk R AL (4]
K (SPM) 1 L IHATGS M2 SV [56]
-7 T ! _iENF-«Bp65 Ml Bk REAL [23]
Ag@TiO2-NTs 1 PI3K/Aktif 4% M2 HEE [48]
XSD 1 Rk R M1 A i AR [5]
TRAPs 1 MyD88/p38/STAT3i& 1% M2 Jir g [47]
ER(Ti)FhE 1A 1 ERK/Beclinlig& 4% M2 HRwmE [49]
LOVALY 1 Akt/NF-kBi# 1% Ml SOREMEE H I [50]
MiR-155-3p 1 IL-6/pSTAT3/miR-155-3p/ H Wi/STAT3i&4% M2 it} [44]
L%y 1 FIHINLRP3 4 1 A B0 M2 MIER AR R B [35]
PSR T A 1 miR-375/KLF4i%4% M2 Bk R REAL [42]
B4 K HRS) } ] [ M2 SR [53]
gk Esh i 1 ROS/AMPK/mTORC1i&4% M2 KRR AL, [32]
3 2 1 B M2 FNBKHFEEAL [18]
TLR2f5 5 1 T HNF-kBp65 M2 JFsE [24]

VE: EWKCP ATk T R AR DG HE Ak S [ S R, #F sk | AR

TSA. XSDYEHJ& B W8 1 #RA Bl A Wil R Ak
A2, BRI S B 2 B0AE , $a E ]
I3 EREAR B RO AL, HETT M A, A
R B DR B 005 ¥ AE 1) A2 W0 2 b A5 AT VR T
mo AHEBIH ATy, T M 5 B A R A
WKW FORAFAEVF 2 I8, B WS R 2 75 B
T B B AR AL RS Tl s, AR SITE
UG £ L A A S B AR P A B R A O S B — 2D
Fo BEAEXS R DL B AR AL AL RN

IR, FRATRAH IR BB vE KPR BT s (5]
& % Xk
[1] Glick D, Barth S, Macleod KF. Autophagy: cellular and
molecular mechanisms. J Pathol, 2010, 221(1): 3-12 [6]

[2] Shapouri-Moghaddam A, Mohammadian S, Vazini H, et

al. Macrophage plasticity, polarization, and function in
health and disease. J Cell Physiol, 2018, 233(9): 6425-
6440

Luo Y, Lu S, Gao Y, et al. Araloside C attenuates
atherosclerosis by modulating macrophage polarization
via Sirtl-mediated autophagy. Aging (Albany NY), 2020,
12(2): 1704-1724

Xie Y, Tian L, Fang Z, et al. Bushen kangshuai tablet
inhibits progression of atherosclerosis by intervening in
macrophage autophagy and polarization. J Tradit Chin
Med, 2020, 40(1): 28-37

Jin Z, Shen C, Zhang H, et al. Chinese medicine xiaoshui
decoction inhibits malignant pleural effusion in mice and
mediates tumor-associated macrophage polarization by
activating autophagy. J Ethnopharmacol, 2020, 249:
112412

Yu SX, Du CT, Chen W, et al. Genipin inhibits NLRP3
and NLRC4 inflammasome activation via autophagy


https://doi.org/10.1002/path.2697
https://doi.org/10.1002/jcp.26429
https://doi.org/10.18632/aging.102708
https://doi.org/10.1016/j.jep.2019.112412

- 1136 -

CHEmTRIILEEY  20224E42%5:61

(7]

(8]

(17]

[19

[21

[22

]

]

—_—

suppression. Sci Rep, 2016, 5(1): 17935

Boya P, Reggiori F, Codogno P. Emerging regulation and
functions of autophagy. Nat Cell Biol, 2013, 15(7): 713-
720

Wu MY, Lu JH. Autophagy and macrophage functions:
inflammatory response and phagocytosis. Cells, 2019, 9
(1): 70

Mizushima N, Levine B. Autophagy in human diseases. N
Engl J Med, 2020, 383(16): 1564-1576

Chang C, Jensen LE, Hurley JH. Autophagosome
biogenesis comes out of the black box. Nat Cell Biol,
2021, 23(5): 450-456

Choi AMK, Ryter SW, Levine B. Autophagy in human
health and disease. N Engl J Med, 2013, 368(7): 651-662
Lamark T, Svenning S, Johansen T. Regulation of
selective autophagy: the p62/SQSTMI1 paradigm. Essays
Biochem, 2017, 61(6): 609-624

Chen X, Tang J, Shuai W, et al. Macrophage polarization
and its role in the pathogenesis of acute lung injury/acute
respiratory distress syndrome. Inflamm Res, 2020, 69(9):
883-895

Yunna C, Mengru H, Lei W, et al. Macrophage M1/M2
polarization. Eur J Pharmacol, 2020, 877: 173090

Sica A, Erreni M, Allavena P, et al. Macrophage
polarization in pathology. Cell Mol Life Sci, 2015, 72
(21): 4111-4126

Liu K, Zhao E, Ilyas G, et al. Impaired macrophage
autophagy increases the immune response in obese mice
by promoting proinflammatory macrophage polarization.
Autophagy, 2015, 11(2): 271-284

Cotzomi-Ortega I, Nieto-Yafiez O, Juarez-Avelar I, et al.
Autophagy inhibition in breast cancer cells induces ROS-
mediated MIF expression and M1 macrophage polariza-
tion. Cell Signal, 2021, 86: 110075

Li XY, Wang YJ, Chen S, et al. Laminaria japonica
polysaccharide suppresses atherosclerosis via regulating
autophagy-mediated macrophage polarization. J Agric
Food Chem, 2022, 70(12): 3633-3643

Juhas U, Ryba-Stanisawowska M, Szargiej P, et al.
Different pathways of macrophage activation and polar-
ization. Postepy Hig Med Dosw (Online), 2015, 69: 496-
502

Kuo WT, Chang JM, Chen CC, et al. Autophagy drives
plasticity and functional polarization of tumor-associated
macrophages. [IUBMB Life, 2022, 74(2): 157-169
Biswas SK, Lewis CE. NF-kB as a central regulator of
macrophage function in tumors. J Leukocyte Biol, 2010,
88(5): 877-884

Taetzsch T, Levesque S, McGraw C, et al. Redox
regulation of NF-xB p50 and M1 polarization in

[23]

[24]

(25]

(26]

[29]

[30]

(31]

[32]

[33]

(34]

microglia. Glia, 2015, 63(3): 423-440

Li X, Luo H, Ye Y, et al. Betaglucan, a dectinl ligand,
promotes macrophage M1 polarization via NF-kB/autop-
hagy pathway. Int J Oncol, 2019, 54(1): 271-282

Chang CP, Su YC, Hu CW, et al. TLR2-dependent
selective autophagy regulates NF-kB lysosomal degrada-
tion in hepatoma-derived M2 macrophage differentiation.
Cell Death Differ, 2013, 20(3): 515-523

Shiau DJ, Kuo WT, Davuluri GVN, et al. Hepatocellular
carcinoma-derived high mobility group box 1 triggers M2
macrophage polarization via a TLR2/NOX2/autophagy
axis. Sci Rep, 2020, 10(1): 13582

Huang YJ, Hung KC, Hung HS, et al. Modulation of
macrophage phenotype by biodegradable polyurethane
nanoparticles: possible relation between macrophage
polarization and immune response of nanoparticles. ACS
Appl Mater Interfaces, 2018, 10(23): 19436-19448
Wang Y, Liu Z, Shu S, et al. AMPK/mTOR signaling in
autophagy regulation during cisplatin-induced acute
kidney injury. Front Physiol, 2020, 11: 619730

Xu X, Gao W, Li L, et al. Annexin Al protects against
cerebral ischemia—reperfusion injury by modulating mi-
croglia/macrophage polarization via FPR2/ALX-depen-
dent AMPK-mTOR pathway. J Neuroinflammation,
2021, 18(1): 119

Qing L, Fu J, Wu P, et al. Metformin induces the M2
macrophage polarization to accelerate the wound healing
via regulating AMPK/mTOR/NLRP3 inflammasome sin-
gling pathway. Am J Transl Res, 2019, 11(2): 655-668
Zhao X, Tang X, Guo N, et al. Biochanin a enhances the
defense against salmonella enterica infection through
AMPK/ULK1/mTOR-mediated autophagy and extracel-
lular traps and reversing SPI-1-dependent macrophage
(M®) M2 polarization. Front Cell Infect Microbiol, 2018,
8: 318

Shan M, Qin J, Jin F, et al. Autophagy suppresses
isoprenaline-induced M2 macrophage polarization via the
ROS/ERK and mTOR signaling pathway. Free Radical
Biol Med, 2017, 110: 432-443

Yang Y, Wang J, Guo S, et al. Non-lethal sonodynamic
therapy facilitates the M1-to-M2 transition in advanced
atherosclerotic plaques via activating the ROS-AMPK-
mTORCI1-autophagy pathway. Redox Biol, 2020, 32:
101501

Biasizzo M, Kopitar-Jerala N. Interplay between NLRP3
inflammasome and autophagy. Front Immunol, 2020, 11:
591803

Zhang J, Liu X, Wan C, et al. NLRP3 inflammasome
mediates M1 macrophage polarization and IL-1f produc-
tion in inflammatory root resorption. J Clin Periodontol,


https://doi.org/10.1038/srep17935
https://doi.org/10.1038/ncb2788
https://doi.org/10.3390/cells9010070
https://doi.org/10.1056/NEJMra2022774
https://doi.org/10.1056/NEJMra2022774
https://doi.org/10.1038/s41556-021-00669-y
https://doi.org/10.1056/NEJMra1205406
https://doi.org/10.1042/EBC20170035
https://doi.org/10.1042/EBC20170035
https://doi.org/10.1007/s00011-020-01378-2
https://doi.org/10.1016/j.ejphar.2020.173090
https://doi.org/10.1007/s00018-015-1995-y
https://doi.org/10.1080/15548627.2015.1009787
https://doi.org/10.1016/j.cellsig.2021.110075
https://doi.org/10.1021/acs.jafc.1c07483
https://doi.org/10.1021/acs.jafc.1c07483
https://doi.org/10.5604/17322693.1150133
https://doi.org/10.1002/iub.2543
https://doi.org/10.1189/jlb.0310153
https://doi.org/10.1002/glia.22762
https://doi.org/10.1038/cdd.2012.146
https://doi.org/10.1038/s41598-020-70137-4
https://doi.org/10.1021/acsami.8b04718
https://doi.org/10.1021/acsami.8b04718
https://doi.org/10.3389/fphys.2020.619730
https://doi.org/10.1186/s12974-021-02174-3
https://doi.org/10.3389/fcimb.2018.00318
https://doi.org/10.1016/j.freeradbiomed.2017.05.021
https://doi.org/10.1016/j.freeradbiomed.2017.05.021
https://doi.org/10.1016/j.redox.2020.101501
https://doi.org/10.3389/fimmu.2020.591803
https://doi.org/10.1111/jcpe.13258

LN S M E LT R SR 1 O QR A R T b 35

- 1137 -

[35]

[36]

[42]

[43]

[45]

[46]

2020, 47(4): 451-460

Tian H, Lin S, Wu J, et al. Kaempferol alleviates corneal
transplantation rejection by inhibiting NLRP3 inflamma-
some activation and macrophage M1 polarization via
promoting autophagy. Exp Eye Res, 2021, 208: 108627
Liu T, Wang L, Liang P, et al. USP19 suppresses
inflammation and promotes M2-like macrophage polar-
ization by manipulating NLRP3 function via autophagy.
Cell Mol Immunol, 2021, 18(10): 2431-2442

Wang S, Huang Y, Zhou C, et al. The role of autophagy
and related microRNAs in inflammatory bowel disease.
Gastroenterol Res Pract, 2018, 2018: 1-10

Akkoc Y, Gozuacik D. MicroRNAs as major regulators of
the autophagy pathway. Biochim Biophys Acta Mol Cell
Res, 2020, 1867(5): 118662

Yao H, Han B, Zhang Y, et al. Non-coding RNAs and
autophagy. Adv Exp Med Biol, 2019, 1206: 199-220
Essandoh K, Li Y, Huo J, et al. MiRNA-mediated
macrophage polarization and its potential role in the
regulation of inflammatory response. Shock, 2016, 46(2):
122-131

Li D, Yan M, Sun F, et al. MiR-498 inhibits autophagy
and M2-like polarization of tumor-associated macro-
phages in esophageal cancer via MDM2/ATF3.
Epigenomics, 2021, 13(13): 1013-1030

Chen W, Li X, Guo S, et al. Tanshinone IIA harmonizes
the crosstalk of autophagy and polarization in macro-
phages via miR-375/KLF4 pathway to attenuate athero-
sclerosis. Int Immunopharmacol, 2019, 70: 486-497
Xue H, Yuan G, Guo X, et al. A novel tumor-promoting
mechanism of IL6 and the therapeutic efficacy of
tocilizumab: Hypoxia-induced IL6 is a potent autophagy
initiator in glioblastoma via the p-STAT3- MIR155-3p-
CREBREF pathway. Autophagy, 2016, 12(7): 1129-1152
Xu J, Zhang J, Zhang Z, et al. Hypoxic glioma-derived
exosomes promote M2-like macrophage polarization by
enhancing autophagy induction. Cell Death Dis, 2021, 12
(4): 373

Jiang M, Wang H, Jin M, et al. Exosomes from miR-30d-
S5p-ADSCs reverse acute ischemic stroke-induced, autop-
hagy-mediated brain injury by promoting M2 microglial/
macrophage polarization. Cell Physiol Biochem, 2018, 47
(2): 864-878

Kawano A, Ariyoshi W, Yoshioka Y, et al. Docosahex-
aenoic acid enhances M2 macrophage polarization via the

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

p38 signaling pathway and autophagy. J Cell Biochem,
2019, 120(8): 12604-12617

Wen ZF, Liu H, Gao R, et al. Tumor cell-released
autophagosomes (TRAPs) promote immunosuppression
through induction of M2-like macrophages with increased
expression of PD-L1. J Immunother cancer, 2018, 6(1):
151

Chen Y, Guan M, Ren R, et al. Improved immunoregula-
tion of ultra-low-dose silver nanoparticle-loaded TiO,
nanotubes via M2 macrophage polarization by regulating
GLUT1 and autophagy. Int J Nanomedicine, 2020, 15:
2011-2026

Luo J, He Y, Meng F, et al. The role of autophagy in M2
polarization of macrophages induced by micro/nano
topography. Int J Nanomedicine, 2020, 15: 7763-7774
Jiang N, He D, Ma Y, et al. Force-induced autophagy in
periodontal ligament stem cells modulates M1 macro-
phage polarization via AKT signaling. Front Cell Dev
Biol, 2021, 9: 666631

Tu Y, Fang QJ, Sun W, et al. Total flavones of
abelmoschus manihot remodels gut microbiota and
inhibits microinflammation in chronic renal failure
progression by targeting autophagy-mediated macrophage
polarization. Front Pharmacol, 2020, 11: 566611

Cui SN, Chen ZY, Yang XB, et al. Trichostatin A
modulates the macrophage phenotype by enhancing
autophagy to reduce inflammation during polymicrobial
sepsis. Int Immunopharmacol, 2019, 77: 105973

Qiu P, Liu Y, Chen K, et al. Hydrogen-rich saline
regulates the polarization and apoptosis of alveolar
macrophages and attenuates lung injury via suppression
of autophagy in septic rats. Ann Transl Med, 2021, 9(12):
974

Sanjurjo L, Aran G, Téllez E, et al. CD5L promotes M2
macrophage polarization through autophagy-mediated
upregulation of ID3. Front Immunol, 2018, 9: 480

Yuan Y, Chen Y, Peng T, et al. Mitochondrial ROS-
induced lysosomal dysfunction impairs autophagic flux
and contributes to M1 macrophage polarization in a
diabetic condition. Clin Sci(Lond), 2019, 133(15): 1759-
1777

Zhou S, Gu J, Liu R, et al. Spermine alleviates acute liver
injury by inhibiting liver-resident macrophage pro-inflam-
matory response through ATGS5-dependent autophagy.
Front Immunol, 2018, 9: 948


https://doi.org/10.1016/j.exer.2021.108627
https://doi.org/10.1038/s41423-020-00567-7
https://doi.org/10.1155/2018/7565076
https://doi.org/10.1016/j.bbamcr.2020.118662
https://doi.org/10.1016/j.bbamcr.2020.118662
https://doi.org/10.1097/SHK.0000000000000604
https://doi.org/10.2217/epi-2020-0341
https://doi.org/10.1016/j.intimp.2019.02.054
https://doi.org/10.1080/15548627.2016.1178446
https://doi.org/10.1038/s41419-021-03664-1
https://doi.org/10.1159/000490078
https://doi.org/10.1002/jcb.28527
https://doi.org/10.1186/s40425-018-0452-5
https://doi.org/10.2147/IJN.S242919
https://doi.org/10.2147/IJN.S270100
https://doi.org/10.3389/fcell.2021.666631
https://doi.org/10.3389/fcell.2021.666631
https://doi.org/10.3389/fphar.2020.566611
https://doi.org/10.1016/j.intimp.2019.105973
https://doi.org/10.21037/atm-21-2489
https://doi.org/10.3389/fimmu.2018.00480
https://doi.org/10.1042/CS20190672
https://doi.org/10.3389/fimmu.2018.00948

	自噬调控巨噬细胞极化的研究进展
	1  自噬与巨噬细胞极化概述
	2  自噬调控巨噬细胞极化的相关分子机制
	2.1 核因子NF-κB参与自噬调控巨噬细胞极化
	2.2 AMPK/mTOR途径参与自噬调控巨噬细胞极化
	2.3 NLRP3炎性体参与自噬调控巨噬细胞极化
	2.4 微小RNA参与自噬对巨噬细胞极化的调控
	2.5 其他途径参与自噬对巨噬细胞极化的调控 

	3  自噬调控巨噬细胞极化在相关疾病中的作用
	4  总结与展望


