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Abstract

Objective: To summarize the research progress in the occurrence and treatment of macrophage
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and metabolic associated fatty liver disease (MAFLD). Methods: The research progress in the oc-
currence and treatment of macrophage and MAFLD was summarized by reading the domestic and
international literatures published in recent years. Results: Recent studies have shown that the
changes of the composition and function of monocytes/macrophages in the liver are the key to the
progression of MAFLD, and the role of mononuclear macrophages in the development of the dis-
ease is very important. Conclusions: MAFLD is still the focus of chronic liver disease. Some
progress has been made in the function and composition of macrophages in the pathogenesis of
MAFLD, which provides a new insight for the treatment of MAFLD.
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1. 518

ARUAH 5 i 17 VI (MAFLD) Ji 44 9 PR M i 0 PR s, =2 1 22 T8 S s DL s - DA i i M
S 1 S8 1 P TR R s b B FREAL . R 4R M . PR R RBE T IREN R 2, (i SBUFSMERE,
ARG BB AR PRI RS I B R[] $B ST, 4Bk MAFLD ~“FHRFR L 25.2% [2], HH
MAFLD ()4 [H B0 2 O imiils 29.2%, M, HEZEE MAFLD FHOCH R 3. KW RS0 T 2 by
MEZR[3]. HATHFFERE, MAFLD kA K & B AT I E M /E L, B i [ FR4E R 68 1
AL MAFLD FU3ERE . ASZI8 A2 MAFLD 1 LW 40 5 55 2H A8 1k B HERE 55 HO96 T T S 038
I TE I AT 450
2. FFA BRI 533

JEF TR 18 5 24 R 0 SRV T DR S U T VR i 5 S0 B0 e R s A %) 2 L 4 R SRR T B I 1T T4
J 28 MR 50 22 I 0 A% VR i 2 K36 (4] FEMHFLal PR IR 8 I b, IR A 3= 22 i Skt
T YN T ) L REAL AH M A B, 0 AR A A R 4 (K Cs) o i R R R 4 MR R ) Wk 2 B S b 2
—/INER Ay ARIEAFIRIAN TR, BT S E VRN 5%%] 30% [5]. f£4 b, BRGNP E R AR
A2 AL IR 28 B R0 M (ML) FUE BV AL 1B 28 B REAR(M2) . SR, AATCE R 2 B 40
A DR A SV N 2 R Ih RE &% S IR BY[6] . AFAF EVEZR AR A i M1 B9 /M2 B ELI5 0 MAFLD
(R I 7]

3. FEME4ETE MAFLD FFARRER{ER

ELEAH B AT A I, TR R SEIR AR R B R W], I E MR/ MAFLD [ il %
O AEHIB]. A FURILAZR MAFLD JiRe ik i b T W A B A2 1135 ik ) B B8 AR, JCHR LA it AN
JHAEAE R B [9] - A 2735 UESE T £ MAFLD KR H13H KCs B AL 4 Wh i Rg SR 8 N 1 -o0 55 SRE R -1 5 B
HEE JAE SN, FEARE2E B A ik 200 D ) T AR 5 S8 0 B JEF U R ORE S ME[10]» FEBNIEAL R, KCs HIAE SR IR ZE T
AR VE AR 7 1R T 28 3R R (1] 3 A7 223 e Bl e = AR AL T BRI ELRE A L A MAFLD /)~ BRI 11 A2
AR AR D, UESEAE MAFLD H LGS AR 1) 1 (2 12 40 g A7 22 A AT e 9 S 2 R4 I [12]
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152 AR T R VERT 2 /N A, p38 22 5% JF s AL 3 0B E MAFLD BB IATE S iR, p38
73 EEAAAE M1 AR AL AL 58 40 PR 1~ 0 WA ki 7 P A A 3R JRR [13] IERORIT FUSR B, IR R BT PR IR 1Y)
/IN R AR R 2R A DNA AT EAE KCs, JF i TP 3R 56 RIS (STING ) i 42 15 3 i Ml A2 1 A E
FEARTERS IR AR WG LT 28N AR A, STING SR/ BB AR LT R4 . JORE AT AR B A2 PRz . STING i)
A, TR EEE-4- 41, W SR I AN R KCs AR MR SE R 1o AT A 3R-6, T ARG 0
£ STING SFe /N R R [14]. H ATHISCHERR Y, WS LR AT EREL R (23t ©° MAFLD B#ERE . MIELZ T,
Du %5 A[15]WF 7R L, fEER IR A IEB S = I i 3 1) MAFLD #8mr, fiT ELREAR A b T 40 S e ek i
FS5 R A SR A-3 (TIM-3)ERIE B8N, £ R —WT 7T b, TIM3 StZ 0 1 4 i 1k
AR, IRt T R RAE ISR Z R 3 AT AR AL IR A E . IXEL S5 AR 1 R 40 i 41
il MAFLD A ZERIHLH .

4. EBEABATE MAFLD ZRPHIEEL

AHEA0E B B R M T AR R N AR AS 20 HE [ 16] . T Wk 200 it pl 26 5 o 4 R A 55 4R 1 15k 4 i 4
F8 2 B PR 5 R B R AR o BE A AR o A RE KD MA A SO AT r, BRI 2 o AR S 40 ) 20%~25%;
o A R I R AR AR 4 R T DD REA A N -7 TR A G B A [17].KCs ARG T Rk
[18], EAE AR N SIS TR AL A 4l K5 R ARG T AT B BB A I 45 o A SR 42
RATZ 5N ZAT BRI, A B A 5 2 3 B0 B AR G RIS B AR K BRI
BUIRAMIEAE A o AEARIORE VAR W PR R v, B O ™ SRR B (3, AT e e i 3 B3R
HEE N, R T ORER I AL A MR SRR NI [19]. Blhn, il R R AR S [20] 80 A R R A
TR 21IFE RS, AR AU 0 0 240 A 8 FP A A IR ORI ) LR 4 R A LIRS R B, R o
A 200 AU ) 5 20 L A A% A 8 22 1P 2 e o SR A B ) 7 A 1A [22] B e A K2 2 200 LV A ) /)
SRR 7 A ), (ELK A1 A% A P R 1Y) MR 2 PT AN 2 I PR KR [23] AT TR/ BRI B e
J1E B UL ] P A, O SR P 5 0 P~ 46 1] SR A AU O A I e B8, D 2 2 G ) M L T A
[24]. A2 R EEAIR - IEBRGR = U0R 355 1/ B MAFLD RS o A L R4 B A LR 40 i . KCs 7E K
WRHIER, BEJS Ly-6C+ A% M RIEI E MR K RIRIE, R R SR, % B R o B i
P 2 18] S AEHE PR 3 (AN [ [ 11T o #E T A543 5300 BT AP i) KCs s BT S 4l -t b [R5 CCL2
W2, SUEK LyeC + LMK LA 132Kk CCR2 45 & I f S5 E NRTIE,  (HERT 240
TR LT YEAL R A 5, (Rt LT AL A HERE[25]. AT FTIERT, FRARAUR A VR AR ) B 3 SR A2 AR RS
YRRV AT AR 2 BIBE , S EURIG AR E W20 Bl Az R IR ) E VR M A, R 2 B A%
0 B AU Y [k 200 L AR i 0 P A R R v 1 R e A FE R, R IR AU ) Mk 24 L B P A 4
SR AR L B B R SO AT e B HEE S i o et 28 ) S 2 [26] o 5 1 — TR 045 P P 4 L RN 0
e, AR RN BRI T OASEITIE R i B, JFE 7R 7 AN R P9 A AR A A L AT SRy £
DhaeisAR[27]. HEENKE, HALK— TR 1 ARG PR 7 A A 28 /) SRR 2R v ) It 4 A 2
FRARNEZ [A] e s A 72 e, RS DR A RIB A7 AE B 25 22 55 19101, 1500 A>Jk PRIAEIR I 1Y) XL MR 4 0 v v 4
1690 ML 7E P b AN i 2R 28] BRIk, MR AERERTVET % o KCs Mk 2e, X AFAER &S R g
A AR .

5. RTFEREMAA MAFLD B8 /53%

RESCHRARIE, AR BB PR b, S S A4 I S AR A B R (5 5, il KR
P> LT (et SOREARRR IR, AR SR 7 R IR JOAE AP Jig o 45 T MR 240 Mg
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FEACHPAR B T VE R A B T, AR 1) W 240 3 7 A QTR S g 07 41 A9 P SR T A 1 1t
SRS AL ] B A ) S5 SRR A T T

5.1. il PE L Fh 4 AR R

LR T 2R, KCs I AN [|] (ML 2E T 5 20 R MG SR, DT AN g FFF 40 i RO SR BB 58 i
FEEE, 32 MAFLD B4 3 KCs i BES0E vT el 12 i ERE - KCs 1l 5 x0iR 51 52 /4 (PRRs) \NF-xB
=51 NLRP3 (NOD-like receptor family, pyrin domain containing 3) % i /IMABIE 258 4%, il H 5540 56 70 1
B (DAMP)/J5 Ji7 A4 AH 56 43 7455 30 (PAMP) A 5 41 i 55 360 sl 400 i 43 45 1) 7 035 A 3 [29] - BARE T
DAMP A# 5, WEiEBE B L (HMGBL)MAE (. SCHRIIE, 7EAQUAR S i e B DL R &
7S IR AR D7 A /N BB, =iT B e BE ) bl Jlid TLR4, {3 p38 ®fRit. 7&1k NF-xB,
55 LPS A3 BN ZHH R 2 R ATE[30]. 7E/NRAEALH, HMGBL IS TABEAIE B T DAYk AT 458
f[31]c NLRP3 % PE/IMA R Ei g4 i ff e v — R BB 24k, KB SOk CEs:, fEARIAE G
DTV I R AR o, SR AMAR A TR AR s IR BRI AR DG R i idk e, 0 FE AL,
A LA AR S i i 1 B8 (A B U 8 RE AT AR [32] 0 Al Bz 252 — e B A B e 4 PE I S R 2L &,
Hli e Zdid N i KCs 1) NLRP3/NF-xB 5 5@k, X EZER - TR = X & 1755 21/ MAFLD A B 21
IEEAEH33]. R FERBITC) 2 bRl h & &+ E AN EY. &L, Chen &AM
SERLEIR, BITC 38 ik i) e 25 o 200 A w31 o5 P (1) NILRP3 /N7 SR e sy I 7 /v L Tl e o £ 1)
ROR, AT IR T A RS T AR DT VE I 2 1R R R [34] . A2 S S S R, i 22 WE(LPS) Al TLR4
R S S 0E KCs, 5 35 Fh 2R R 71077 4E[35] . Song %5 A\ & B LPS/TLR4 #4555 Yes #1521 (YAP)
REEY], YAPMHIF, 4eE25, i @R 7531 MAFLD /NG T 28 5E[36] .

5.2. M REZERMAEATIERESSE

TEARWAH S W VE Tk fe v, S A1) KCs AT LA Wb 8 VARl -, s v DAIE I 43k 22 Ptk
DA Y428 B2 R R V) E R R . A% B R AR SR B E, E T8 B R AT IO R G RR TR R i/
% E VA ) AR SR 4E, oT DABRER IR 200, X 287697 K2 2T F i B g e b IR 715 5 .
WFFTRIA, FEACHTAE SR 7 M 0 R0 = VRTRS PR JHF 9% 23 A i3 - CCL2/IMCP-1 17K P37 5 [37]. CCR2
MR ELE CCR2 I/, AR S 2 VRN AR I RO 4T 44k )82 [38] . Krenkel S LRI F 7L
B, Cenicriviroc (CVC), —Fh CCR2/CCR5 W E M7, nI AR 1E CCL2 /T 5k B N gH il 32 4E 5
FERE,  FEMEFRE PG 7 AR R 2R — BB GR Z IR 5 10 /0y SRS M B 49 A 28w LA 0 g s 2 B 46 Rt
2R YEAL AT FH[39] - Elizabeth 55 A B 7045 S A2~ BEAR 40 CCR2 15 5 1T BE A T FEAK i X BRI Hr i =
PG /KM OE FE R 22k, i35 30K THE ] CCL2-CCR2 1% 7 A A2 Yk /b FFF I i Ji7 S ARURIT 8 00 ) o A=
R IR —FhAT BT IR M SENE[40]. fB MR R FERR 1 (GLP-1) 324K Eh7 2 —FiiA)T MAFLD N Al 5 1024
Wy, G B 2 AR SEFE IR, FAAE MAFLD (178 B A AT BARRAIC CCL2 Fry ik Ay b 2 1 B Wk 4t i iR 4R 55 [4 1]
P FEAE R - IEIEZ A IR A MAFLD /SRR G, 48] (845 GLP-1 #4sh77), ik s e,
ALY/ I 98 BRAZ 20 A E W 2 R B, IR AR HERR[42] o ARVEAE VERE T PERT R B G 2 BL N TR
S 0 280 B BT 5 1 B A, R SRR 0 R G BRI IUE 8, R PR T P 28 /N BROSE RS e, B BT R
A E L AT RRARATIE JORE IR RN EF AL, 3R A K BL R RS A2 167 AR TPTAS 14 M 1 T FR v 97y [43]
P E & JB N — MRS BRI A7), A s IR /N B NASH A58, R IR F B 55 )8 3 AN H b
B ZH 2R Hp Wk 2 P i B R 08D I LR SR IE IR -0 RIA B B35 PR, SR 5 5 8 220k B et i
1) B U 52 5 -1 1) 5 s 4 1 412 8 3R AR AR A [44]
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6. /&g

MAFLD {752 18 14 FF9 o 93 s, B I FRAEE R B MAFLD 2 —M R ELHH 2 R4
Phio 1E MAFLD & o0& T I B R 40 B (1) D) Be A F AN B A A — e R, L 1 B A4 T AL
A FEE . 5 BV RYE T MAFLD B8R 259 H §T K 2 73R A BoR G 20, Ml RIE AR A B
FHE R S RIm IR RS, H 2 E 2G0T 58 AN [ S8 5 — SR AR TR, T 0 AN B 88 iU 2 Fh 25 k&
TR & R R TCHI TR, L% AE R 2L AT R IR B, (E BG4 ) 57 B 1% 2 — ]
ITHIER
S

B TR SR, NIRRT, RERE T 2 51 GBI s T
FFIE TR -

E&UH

E % 8RR 534 31730753,

&E 3k

[1] Mohammed, E., Sanyal, A.J., Jacob, G., et al. (2020) A Consensus-Driven Proposed Nomenclature for Metabolic As-
sociated Fatty Liver Disease. Gastroenterology, 158, 1999-2014. https://doi.org/10.1053/j.gastr0.2019.11.312

[2] Younossi, Z.M., Marchesini, G., Pinto-Cortez, H., et al. (2018) Epidemiology of Nonalcoholic Fatty Liver Disease and
Nonalcoholic Steatohepatitis: Implications for Liver Transplantation. Transplantation, 103, 22-27.
https://doi.org/10.1097/TP.0000000000002484

[3] Zzhou, J., Zhou, F., Wang, W.X., et al. (2020) Epidemiological Features of Nafld from 1999 to 2018 in China. Hepa-
tology, 71, 1851-1864. https://doi.org/10.1002/hep.31150

[4] Shan, Z. and Ju, C. (2020) Hepatic Macrophages in Liver Injury. Frontiers in Immunology, 11, 322.
https://doi.org/10.3389/fimmu.2020.00322

[5] Elchaninov, A.V., Fatkhudinov, T.K., Vishnyakova, P.A., et al. (2019) Phenotypical and Functional Polymorphism of
Liver Resident Macrophages. Cells, 8, 1032. https://doi.org/10.3390/cells8091032

[6] Bansal, R., Mandrekar, P., Mohanty, S.K., et al. (2020) Editorial: Macrophages in Liver Disease. Frontiers in Immu-
nology, 11, 1754. https://doi.org/10.3389/fimmu.2020.01754

[7] Ritz, T., Krenkel, O. and Tacke, F. (2018) Dynamic Plasticity of Macrophage Functions in Diseased Liver. Cellular
Immunology, 330, 175-182. https://doi.org/10.1016/j.cellimm.2017.12.007

[8] Kazankov, K., Jargensen, S., Thomsen, K., et al. (2019) The Role of Macrophages in Nonalcoholic Fatty Liver Disease
and Nonalcoholic Steatohepatitis. Nature Reviews Gastroenterology & Hepatology, 16, 145-159.
https://doi.org/10.1038/s41575-018-0082-x

[9] Krenkel, O. and Tacke, F. (2017) Liver Macrophages in Tissue Homeostasis and Disease. Nature Reviews Immunology,
17, 306-321. https://doi.org/10.1038/nri.2017.11

[10] Tosello-Trampont, A., Landes, S., Nguyen, V., et al. (2012) Kuppfer Cells Trigger Nonalcoholic Steatohepatitis De-
velopment in Diet-Induced Mouse Model through Tumor Necrosis Factor—A Production. Journal of Biological Che-
mistry, 287, 40161-40172. https://doi.org/10.1074/jbc.M112.417014

[11] Reid, D.T., Reyes, J.L., Mcdonald, B.A., et al. (2016) Kupffer Cells Undergo Fundamental Changes during the Develop-
ment of Experimental Nash and Are Critical in Initiating Liver Damage and Inflammation. PLoS ONE, 11, e0159524.
https://doi.org/10.1371/journal.pone.0159524

[12] Li, D, Tong, J., Li, Y.H., et al. (2019) Melatonin Safeguards against Fatty Liver by Antagonizing Trafs-Mediated
Askl Deubiquitination and Stabilization in a B-Arrestin-1 Dependent Manner. Journal of Pineal Research, 67, E12611.
https://doi.org/10.1111/jpi.12611

[13] Zhang, X., Fan, L., Wu, J., et al. (2019) Macrophage P38« Promotes Nutritional Steatohepatitis through M1 Polariza-
tion. Journal of Hepatology, 71, 163-174. https://doi.org/10.1016/j.jhep.2019.03.014

[14] VYu, Y. Liu, Y., An, W,, et al. (2019) Sting-Mediated Inflammation in Kupffer Cells Contributes to Progression of

DOI: 10.12677/acm.2021.114231 1612 Il R 125 23k i


https://doi.org/10.12677/acm.2021.114231
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1097/TP.0000000000002484
https://doi.org/10.1002/hep.31150
https://doi.org/10.3389/fimmu.2020.00322
https://doi.org/10.3390/cells8091032
https://doi.org/10.3389/fimmu.2020.01754
https://doi.org/10.1016/j.cellimm.2017.12.007
https://doi.org/10.1038/s41575-018-0082-x
https://doi.org/10.1038/nri.2017.11
https://doi.org/10.1074/jbc.M112.417014
https://doi.org/10.1371/journal.pone.0159524
https://doi.org/10.1111/jpi.12611
https://doi.org/10.1016/j.jhep.2019.03.014

[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

Nonalcoholic Steatohepatitis. Journal of Clinical Investigation, 129, 546-555. https://doi.org/10.1172/JC1121842

Du, X., Wu, Z., Xu, Y., et al. (2019) Increased Tim-3 Expression Alleviates Liver Injury by Regulating Macrophage
Activation in Mcd-Induced Nash Mice. Cellular & Molecular Immunology, 16, 878-886.
https://doi.org/10.1038/s41423-018-0032-0

Dou, L., Shi, X., He, X., et al. (2019) Macrophage Phenotype and Function in Liver Disorder. Frontiers in Immunolo-
gy, 10, 3112. https://doi.org/10.3389/fimmu.2019.03112

Gomez Perdiguero, E., Klapproth, K., Schulz, C., et al. (2015) Tissue-Resident Macrophages Originate from
Yolk-Sac-Derived Erythro-Myeloid Progenitors. Nature, 518, 547-551. https://doi.org/10.1038/nature13989

Hoeffel, G., Chen, J., Lavin, Y., et al. (2015) C-Myb(+) Erythro-Myeloid Progenitor-Derived Fetal Monocytes Give
Rise to Adult Tissue-Resident Macrophages. Immunity, 42, 665-678. https://doi.org/10.1016/j.immuni.2015.03.011

Park, J.W., Leong, G., Kim, S.J., et al. (2007) Predictors Reflecting the Pathological Severity of Non-Acoholic Fatty Liver
Disease: Comprehensive Study of Clinical and Immunohistochemical Findings in Younger Asian Patients. Journal of
Gastroenterology and Hepatology, 22, 491-497. https://doi.org/10.1111/j.1440-1746.2006.04758.x

Beattie, L., Sawtell, A., Mann, J., et al. (2016) Bone Marrow-Derived and Resident Liver Macrophages Display
Unique Transcriptomic Signatures but Similar Biological Functions. Journal of Hepatology, 65, 758-768.
https://doi.org/10.1016/j.jhep.2016.05.037

Scott, C., T'jonck, W., Martens, L., et al. (2018) The Transcription Factor Zeb2 Is Required to Maintain the Tis-
sue-Specific Identities of Macrophages. Immunity, 49, 312-325.E5. https://doi.org/10.1016/j.immuni.2018.07.004

Blériot, C., Dupuis, T., Jouvion, G., et al. (2015) Liver-Resident Macrophage Necroptosis Orchestrates Type 1 Micro-
bicidal Inflammation and Type-2-Mediated Tissue Repair during Bacterial Infection. Immunity, 42, 145-158.
https://doi.org/10.1016/j.immuni.2014.12.020

Theurl, 1., Hilgendorf, 1., Nairz, M., et al. (2016) On-Demand Erythrocyte Disposal and Iron Recycling Requires Tran-
sient Macrophages in the Liver. Nature Medicine, 22, 945-951. https://doi.org/10.1038/nm.4146

Nakashima, H., Nakashima, M., Kinoshita, M., et al. (2016) Activation and Increase of Radio-Sensitive Cd11b+ Re-
cruited Kupffer Cells/Macrophages in Diet-Induced Steatohepatitis in Fgf5 Deficient Mice. Scientific Reports, 6, Ar-
ticle No. 34466. https://doi.org/10.1038/srep34466

Tsuchida, T. and Frendman, S.L. (2017) Mechanisms of Hepatic Stellate Cell Activation. Nature Reviews Gastroen-
terology & Hepatology, 14, 397-411. https://doi.org/10.1038/nrgastro.2017.38

Tran, S., Baba, 1., Poupel, L., et al. (2020) Impaired Kupffer Cell Self-Renewal Alters the Liver Response to Lipid
Overload during Non-Alcoholic Steatohepatitis. Immunity, 53, 627-640.E5.
https://doi.org/10.1016/j.immuni.2020.06.003

Macparland, S.A., Liu, J.C., Ma, X.Z., et al. (2018) Single Cell RNA Sequencing of Human Liver Reveals Distinct
Intrahepatic Macrophage Populations. Nature Communications, 9, 4383. https://doi.org/10.1038/s41467-018-06318-7

Mcgettigan, B., Mcmahan, R., Orlicky, D., et al. (2019) Dietary Lipids Differentially Shape Nonalcoholic Steatohepa-
titis Progression and the Transcriptome of Kupffer Cells and Infiltrating Macrophages. Hepatology, 70, 67-83.
https://doi.org/10.1002/hep.30401

Brenner, C., Galluzzi, L., Kepp, O., et al. (2013) Decoding Cell Death Signals in Liver Inflammation. Journal of He-
patology, 59, 583-594. https://doi.org/10.1016/j.jhep.2013.03.033

Qin, Y.H., Dai, S.M., Tang, G.S., et al. (2009) HMGB1 Enhances the Proinflammatory Activity of Lipopolysaccharide
by Promoting the Phosphorylation of MAPK P38 through Receptor for Advanced Glycation End Products. Journal of
Immunology, 183, 6244-6250. https://doi.org/10.4049/jimmunol.0900390

Triantafyllou, E., Woollard, K.J., Mcphail, M.J.W., et al. (2018) The Role of Monocytes and Macrophages in Acute
and Acute-on-Chronic Liver Failure. Frontiers in Immunology, 9, 2948. https://doi.org/10.3389/fimmu.2018.02948

Ito, S., Yukawa, T., Uetake, S., et al. (2007) Serum Intercellular Adhesion Molecule-1 in Patients with Nonalcoholic
Steatohepatitis: Comparison with Alcoholic Hepatitis. Alcoholism: Clinical and Experimental Research, 31, S83-S87.
https://doi.org/10.1111/j.1530-0277.2006.00292.x

Wang, Q., Ou, Y., Hu, G, et al. (2020) Naringenin Attenuates Non-Alcoholic Fatty Liver Disease by Down-Regulating
the NIrp3/Nf-Kb Pathway in Mice. British Journal of Pharmacology, 177, 1806-1821.
https://doi.org/10.1111/bph.14938

Chen, H.W., Yen, C.C., Kuo, L.L., et al. (2020) Benzyl Isothiocyanate Ameliorates High-Fat/Cholesterol/Cholic Acid
Diet-Induced Nonalcoholic Steatohepatitis through Inhibiting Cholesterol Crystal-Activated NlIrp3 Inflammasome in
Kupffer Cells. Toxicology and Applied Pharmacology, 393, Article ID: 114941.
https://doi.org/10.1016/j.taap.2020.114941

Chen, J., Deng, X., Liu, Y., et al. (2020) Kupffer Cells in Non-Alcoholic Fatty Liver Disease: Friend or Foe? Interna-

DOI: 10.12677/acm.2021.114231 1613 Il R 125 23k i


https://doi.org/10.12677/acm.2021.114231
https://doi.org/10.1172/JCI121842
https://doi.org/10.1038/s41423-018-0032-0
https://doi.org/10.3389/fimmu.2019.03112
https://doi.org/10.1038/nature13989
https://doi.org/10.1016/j.immuni.2015.03.011
https://doi.org/10.1111/j.1440-1746.2006.04758.x
https://doi.org/10.1016/j.jhep.2016.05.037
https://doi.org/10.1016/j.immuni.2018.07.004
https://doi.org/10.1016/j.immuni.2014.12.020
https://doi.org/10.1038/nm.4146
https://doi.org/10.1038/srep34466
https://doi.org/10.1038/nrgastro.2017.38
https://doi.org/10.1016/j.immuni.2020.06.003
https://doi.org/10.1038/s41467-018-06318-7
https://doi.org/10.1002/hep.30401
https://doi.org/10.1016/j.jhep.2013.03.033
https://doi.org/10.4049/jimmunol.0900390
https://doi.org/10.3389/fimmu.2018.02948
https://doi.org/10.1111/j.1530-0277.2006.00292.x
https://doi.org/10.1111/bph.14938
https://doi.org/10.1016/j.taap.2020.114941

Bl &

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

tional Journal of Biological Sciences, 16, 2367-2378. https://doi.org/10.7150/ijbs.47143

Song, K., Kwon, H., Han, C., et al. (2020) Yes-Associated Protein in Kupffer Cells Enhances the Production of Proin-
flammatory Cytokines and Promotes the Development of Nonalcoholic Steatohepatitis. Hepatology, 72, 72-87.
https://doi.org/10.1002/hep.30990

Haukeland, J.W., Damas, J.K., Konopski, Z., et al. (2006) Systemic Inflammation in Nonalcohoulic Fatty Liver Dis-
ease Is Characterized by Elevated Level of CCL2. Hepatology, 44, 1167-1174.
https://doi.org/10.1016/j.jhep.2006.02.011

Baeck, C., Wehr, A., Karlmark, K.R., et al. (2012) Pharmacological Inhibition of the Chemokine CCL2 (MCP-1) Di-
minishes Liver Macrophage Infiltration and Steatphepatitis in Chronic Hepatic Injury. Gut, 61, 416-426.
https://doi.org/10.1136/gutjnl-2011-300304

Krenkel, O., Puengel, T., Govaere, O., et al. (2018) Therapeutic Inhibition of Inflammatory Monocyte Recruitment
Reduces Steatohepatitis and Liver Fibrosis. Hepatology, 67, 1270-1283. https://doi.org/10.1002/hep.29544

Stahl, E.C., Delgado, E.R., Alencastro, F., et al. (2020) Inflammation and Ectopic Fat Deposition in the Aging Murine
Liver Is Influenced by Ccr2. The American Journal of Pathology, 190, 372-387.
https://doi.org/10.1016/j.ajpath.2019.10.016

Yamamoto, T., Nakade, Y., Yamauchi, T., et al. (2016) Glucagon-Like Peptide-1 Analogue Prevents Nonalcoholic
Steatohepatitis in Non-Obese Mice. World Journal of Gastroenterology, 22, 2512-2523.
https://doi.org/10.3748/wijg.v22.i8.2512

Wang, X., Hausding, M., Weng, S.Y., et al. (2018) Gliptins Suppress Inflammatory Macrophage Activation to Mitigate
Inflammation, Fibrosis, Oxidative Stress, and Vascular Dysfunction in Models of Nonalcoholic Steatohepatitis and
Liver Fibrosis. Antioxidants & Redox Signaling, 28, 87-109. https://doi.org/10.1089/ars.2016.6953

Guo, Q., Furuta, K., Lucien, F., et al. (2019) Integrin B-Enriched Extracellular Vesicles Mediate Monocyte Adhesion
and Promote Liver Inflammation in Murine Nash. Journal of Hepatology, 71, 1193-1205.
https://doi.org/10.1016/j.jhep.2019.07.019

Alasfoor, S., Rohm, T.V., Bosch, AJ.T., et al. (2018) Imatinib Reduces Non-Alcoholic Fatty Liver Disease in Obese
Mice by Targeting Inflammatory and Lipogenic Pathways in Macrophages and Liver. Scientific Reports, 8, Article No.
15331. https://doi.org/10.1038/s41598-018-32853-w

DOI: 10.12677/acm.2021.114231 1614 I P I 25338 2


https://doi.org/10.12677/acm.2021.114231
https://doi.org/10.7150/ijbs.47143
https://doi.org/10.1002/hep.30990
https://doi.org/10.1016/j.jhep.2006.02.011
https://doi.org/10.1136/gutjnl-2011-300304
https://doi.org/10.1002/hep.29544
https://doi.org/10.1016/j.ajpath.2019.10.016
https://doi.org/10.3748/wjg.v22.i8.2512
https://doi.org/10.1089/ars.2016.6953
https://doi.org/10.1016/j.jhep.2019.07.019
https://doi.org/10.1038/s41598-018-32853-w

	肝内巨噬细胞在代谢相关脂肪性肝病中的研究进展
	摘  要
	关键词
	Research Progress of Intrahepatic Macrophages in Metabolism-Related Fatty Liver Disease
	Abstract
	Keywords
	1. 引言
	2. 肝内巨噬细胞的来源和分类
	3. 肝巨噬细胞在MAFLD肝脏炎症的作用
	4. 巨噬细胞在MAFLD发展中的变化
	5. 基于巨噬细胞的MAFLD的治疗方法
	5.1. 抑制库普弗细胞的激活
	5.2. 减少单核巨噬细胞向肝脏的募集

	6. 小结
	致  谢
	基金项目
	参考文献

