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Research progress on the relationship between macrophage lipid
droplet load and inflammatory phenotype
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Abstract: Macrophages, as the main effector cells of innate immune response, exist in all tissues in the body,
has become a new target of immunotherapy because of their high plasticity. Lipid droplets are storage organelles
related to fat metabolism and energy homeostasis, but they are not simple lipid reservoirs, but multi-functional
organelles with active metabolism. Recent studies have found that lipid droplets, as a hub integrating metabolism
and inflammation, play a central role in the regulation of macrophage inflammatory phenotype. This article reviews
the relationship and regulation mechanism between macrophage inflammatory phenotype and lipid droplet loading.
Based on the regulation and main mechanism analysis of lipid droplet loading on macrophage inflammatory
phenotype in atherosclerosis, tumor, tuberculosis and other inflammatory diseases, it discusses the therapeutic

potential of regulating targeted lipid droplet loaded macrophages in the treatment of inflammatory diseases.
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Figure 1  Macrophage polarization typing and inflammatory
diseases. Macrophages polarize into different types (M1 and M2)
under the stimulation of various microenvironments, with key
inducing factors, changes in biological processes during polarization,
functional characteristics, and related diseases. M1 are activated
by IFN-y, LPS, etc., which activate pathways such as NF-«B,
highly express markers such as CD86 and iNOS, and secrete pro-
inflammatory factors (such as IL-6, TNF-a), participating in pro-
inflammatory and anti-tumor responses. M2 secrete anti-
inflammatory factors (such as IL-10, TGF-f) under the stimulation
of IL-4, IL-10, efc., promoting tissue repair and immune regulation.
The imbalance of macrophage polarization plays a key role in the
occurrence and development of atherosclerosis, tumors, and
tuberculosis. NF-xB: Nuclear factor kappa-B; IFN-y: Interferon-y;
LPS: Lipopolysaccharide; IL: Interleukin; TNF-a: Tumour necrosis
factor- a; TGF-f: Transforming growth factor-f; iNOS: Inducible

nitric oxide synthase; FAO: Fatty acid oxidation

HRENRE A, NMIRBUIR TR, &1d — R 5 E 1k, 78
PN DX g g S T L A% # I (diacylglycerol
acyltransferase, DGAT) 1/2 Bg Ak, 3 & 2 fif 47 1C 1§ i
W ELWRGE MRIE B 2 MK IR D7 AR BRE 77, R 2B A
g A B 2y e 2 2R AR I (acetyl-CoA lyase, ACLY).
C 4 B A SR AL (acetyl-CoA carboxylase, ACC) Fll
A& Wi & A B¢ (fatty acid synthase, FAS) Ff & 14 5 47 15 iR
SRR O AHES AN R B A FVER AR R, 3 e
it DGAT1/2 Bg At FFfifi 47 7E Jlg g b e b4, B4 g
AL AR AR T T A FL oA B o) B, O 4 b T DT
Pty JIEL ] e 2 A% R 1 S DR B AN 40 1, BhAS TR 45 R T
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AR T A R AT e BT AT RE R A R G E
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feron, IFN)-y 155 ~, EWE 40 it M1 R 8L, M1
TR 5165 01 355 e 160 A% 0o QST 1 2 TR R 4 Th
AN AR E g B2 . B AR SR BN R 7 R S AL (fatty
acid oxidation, FAO) F1 % A4 % % 1k 52 2 4 i), [R) i =
FRIRAE IR R AEARY I AT R T IR DR & %, &
LR 2 5 MR A . IE AN, M1 7R [ 15 400 e e 3ot 2 7
Jig 7 R 45 B e 1 J% 1 DGAT1/2 ik, (2 it H i =5
AR, T RCA R AR & B AR A 85T 76
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H, HAEAN FERIEDR RIB 6, BARE 5%
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U7 1 LA = 1 e R ] S ) 7 XA A R v, R
T B B S R A B R A B AR Ak D ML BL . 7E LPS 5l
toll ££ 52 /& (toll-like receptor, TLR)-4 %5 5, M1 1 &
Wik 4 B R FH ATP 4745 R 24 fi# Il - ACC FH FAS 1V 1 4%
FrE R L B Ak 2 B A A T B4 B A RO AR R,
BE 11738 1 DGAT1/2 g Ak IF il A7 4E l5 # Hh . DGAT1/2
7E M1 AL W 40 B A4 o 25 G B D, 1 a4 i o
DGAT1/2 335 St 5 AF H-yil =15 & o A 7% 2 ik 2L,
K E AE J1 5% 1, X 5 IL-18.IL-6 F1 §i 41 it & (prosta-
glandin, PG) E, % 2 5E /1 i A LA S AR W BE ) R FE A
XK. HEWIBR A B (fatty acid synthase, FASN) i #%1iF P4
& M B 0 A A P 6 B4R . fE R IR AR TR R
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triglyceride lipase, ATGL) 43 I IR i o /b A OC . B
[, LPS @R 5 8 A 5C 2R A ke 4 i v
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FAO 1) 558 1 57 B8] 7, ik A% A JTig 017 TR A A0 A 5 3 [
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E TL-4 ¥ B B0 i, FAO I 5 2 H & R 46
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AT SZ PR . A G2 T, M2 B [ 4 4 o 5 R
TCA 1§ ¥ 3y B, I 15 B FAO {2 8 25 hi 14 5 14 B 12
U, FAO fE B W20 i if A i A% o R B AR H,
W) LT A NS 5 TCA TR AT B IR,
&AL IR R AR ML e is B, AE ATP-A7 AR TR
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38 58 W A M % TL- 18 A TL-6 JE IR 11 77 A1),
IL-4 305 5% 55 R 7 STAT6, M 171 384 1 FAO Fl £k ki 44 A
W I FE R KO . CD36 8 i 5 28 R A B AL g
W 1 3 2 4 M 9T PR A A T B RS T -1 K IR T R
(fatty acid, FA) ¥%iz 2 2 Ri&, ff H & £ FAO; PPARy
B FERAREY KA . Z R a W E, BV s
e ftae i . D5 AT iE a4 FAO SR FHAS M2 E g 41
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FH &5 W 52 R 1A SG SE R A s R A
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01 7- It SR L e e P e TR, T O i g
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K 7-3) AR AR BEF R 2 7= e R HE s buw Bk A2 . [RIAE:
(17, FIEL T A 7 2.5 5 L ] et A A B 75 7K
P IR BB P R R A LA BRSPS BEAR N R4
3 B5B5ERAMKREOATHNESER
3.1 PPARy PPARy & —FhECA MR 1t 7% s R+, 1E
FREANHL AT Tz Rk, 5 IR R AE AN RV RO AR 2 A
WO, 5 53— Pl 32 AR R 1 B X SZ A4 (retinoid X
receptor, RXR) J¥ Bl 57 — S A4 Bl )5 % %% B 4% P 30 41
FEPR 53, 7R MR AR | 980 s I FH A0 i o34 55 2 A T
MRS RBAER . T3z AW 1%, PPARy 4
HCHIF T3 T2 SRR A 9T

PPARy fE B MRt R LR AEH, HBh kT
R W REEE PR (40 PLIN2.CD36) ik T %, 451 % 5 %
TE RN i o ARG, 32 10 BT RE N R 98 I .. PPARy 5%
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Wi M2 WAk, 5 BEAE i oK T AR a3k 16 10T TR oo S8 A0 R 42
PR R, 5 PGC-181H B, HE AT Arg-1 724, B
I 20 it = PPARy g [k 400 1] M2 784 (5 003 40 il 1) i A, I
P Arg-1 B2 45 . BEAR, BF F03IE SE PPARy i 3 B0
JE Al 35 R ATGL 3Rk, T 38 G MR /e FH . Best, Fiai
AH 2 [ Cidea F1 Cidec XU i B 18 i 0% ATGL 38 ik
BURE W IR, 3 T OE PPARG M L T it i 404k 470 il A A
LR %, P[] PPARy SEIR IR AR 10 2h A5 P4l . 48
L BE T 5 5 DFFA #f 2L B ¥ (cell death-inducing
DFFA-like effector, CIDE)-ATGL-PPAR i %1 i ig i «
ok A A il A RN e R A 2 T B, T i A D B P
2%, AR AR A0 AT AR A A AR TR A, FRIE 4
2L R AN T S A I A D T e K S T U TR K - R
i -E AL AR

90 M A F- W IL-4. TL-13. IL-10 %5 w] 3@ o ¢ 3
PPARy 3% 3K fil )k M2 %Y 5 Wt 20 B i 4k b B R I8,
FH W TLR-4 #% Al -F kB (nuclear factor kappa-B, NF-xB)
H COX-2 %5 35 K 1 5 #8 JL R & 3l 1 o [A] Y8 A7 54 45
A, F M1 Y [ 2 A A K AR 9% BRI 7 [ i Rg S 3
“F o (tumour necrosis factor-a, TNF-a) 1 IL-6] 31X,
N 503 280 [ N, 3% 5 STAT6 i B2 4k J& 45 & )8 2 1
25 R, A8 PPARy I3 I, 4] c-Jun %05 K i
W (c-Jun N-terminal kinase, JNK) FJ ¥ 1% A <
Janus ¥ (Janus kinase, JAK)/STAT i % 72& i 4% 5 5
4 A M 1R M2 B2 Ak 1 %, JEAR Ak 7 1) E k- 240 i A
T FT 0% STAT W2 . STAT3/6/PPARy & 15 1] 1 15 ¥
2 M2 BUbR E WA R, DA G A A R A ) DG B R YT 2
—. T# &Ky (interferon-y, IFN-y) 5 H 2 k4 & 7%
75 JAK, 155 STAT1 BEER A, AT {8 M1 A B g 40 i i
1k . 1M PPARy £E NF-xB il 1% o U] 401 1) NF-xB % ik I
FLWERR AN T 42 5 M 4 A 1) M2 B AL

2R ERTIAR, PPARy B & 1 15 M2 BY B R 40 A A
A H O ER T, PPARy S8 5, — 77 THI A 1 i A A G 5 A
ik, b —J7 0% JAK/STAT, ###] NF-«B 15 5 i %,
P/ I 28 240 i DR 2 06, AR A 15 W 48 o ) M2 R A A
(Rl i i 3] PPARy 3RIA, $2 =1 i il  JIE 17 R S 1k I
SFALBERR AT AR, AT LR 4 AR, AR e
) 17 ¥ B AT R
3.2 LXRs Jif X % & (liver X-activated receptors,
LXRs) & 4 M 4% 52 7K 8 K I i i 2 —, A LXRa
LXRA WP A . LXRa & B R IE T HFE B IE B0
4T B A G T 2R S, B A A UK v, LXRS Ik
ko AENRE AR 3 ZUR T 8%, LXRs 2 5 8 5 A BR
i W B it A7, g A A0 FAO 1%, Bh Ak, JLIR7E 28 9 A1 4o
RE IR N AE R R AECEAE ] . ST LXRs 7EARHT L

i P B 2 4 T B T 2 R R A 5
G988 AH B (IR 97 B BB

WETC R B, £ B A0 i 0% LXRs J& 2> LPS i
T IL-6.COX-2 &5 2 4l Ju K 1 77 A8 Je M1 2 [ g 41
HEARAL, AR S LXRa/f e R R J 2R 2508 LPS {2 R %
R AMEIAE A o 2 — BRI, LXRs 5T R AEH 2
8 S ACBH 3 1 FH 30 NF-«B {5 518 1, 20 i #0012
VA R By 2Rk . ML b, LXRs W0E 32 2E 4
PUNF-«BEWEE 1/ F RAER 775 B, (2B
W 410 i 16) MI2 B AW A, 4000 o) T B e 4 i 4% A /N
PRIEAIE 58, (BB 28 AR £F 44 R U™, ghak, ik 5
WOIE LXRs #10il)  $ 25 22 AR 3% 88 A (stimulator of
interferon genes, STING) 15 516 A X . STING {55
WK B R 15 DAE 5 iR AR 2 R e I R S FR R S
RRIE. M5 H KRB E RS (cyclic GMP-AMP
synthase, cGAS)-STING i 12 /E 4 32 %L 1) DNA £ J& 5%
K@z, RA 5 KMmIFN NERIRE /1. DNA L
CGAS I &5 & A8 ¥ fir J A A 35 1t O 3 B0™ A2 B IR
M+ (cyclic adenosine monophosphate, cGAMP), B 5] I
BP0 B A, [0 kB OEE (inhibitor of
kappa B kinase, IKK), fiilt & NF-xB 1 ] 7] [xBa [1) 15 12
Ak, InidE NF-B 1 NG A%, 1 58 55 8 58 RE 40 i 5] -1~ 1)
7“4 . LXRa A LXRBAE /N5 T0901317 5L GW3965
RN A8 25 5, HR AR S cGAMP 5 1
12 I T 4 19 15 % 2 — IR I % F¥ 3A (acid sphingomye-
linase-like phosphodiesterase 3A, SMPDL3A) % 1% ,
SMPDL3A 3 % 1% % fit cGAMP LA i ] STING i Ji£ />
FISER g

WOE LXRa 5 80H = B8 2R BTt v, NE T A R
%, Mk FEPEEE LXRA P X M E A . X2 FoN
LXRa 1 LXRA7E DNA 45 & FHC A4 45 £ ek 1 2 BE iR
JF 5 R BAR AL, {8 5 3 45 R - A8 B AR O THAF (R 2%
5o LXRa SEAG T 54 B 7S AER], T LXRE 5
FLE A (A ELAE U B 58
3.3 SREBP-1 SREBPA73f1F/l!: SREBP-1a.SREBP-
1c 1 SREBP-2. SREBP-1 j& — i 55 %2 () I s 25 e 5%
TR, A — gk & N 5T I 1R TG PR AR B 5 R,
H 1 SREBP-1c¢ /& 2 5 R £4 i  1  H ith = 186 A0 JEL [
G 1B s DR 1, PTG R TR S R, SR 2 M 2
5T Mk & i i) FE R 2235, I FASN FIACC-1. 3
S L JIFL ] 2 7K S ok ) VA B2 I, SREBP 2 A B0 2
HH (SREBP cleavage-activating protein, SCAP)/SREBP
SEMEESZFE S A (insulin-induced genes,
Insigs) &% 4, Insigs ¥ SCAP/SREBP & & ¥ & © 1£ N
T et AR AE ] KT R R R DR I
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SCAP/SREBP & & M Insigs B 5 M A Ji X 7% 5 5
R, R B B 05 M 1Y) SREBP-1, 46 1 /R R
P HR IR B N T, 5 PR N A A R 4 e I A 3 TR
Rik®l, Y24 Nk, B SREBP [E) R L #R46 FH AR [ (1
Insigs/SCAP HLHI AT 8] BE A 5 1 2 A 18 15200
SREBP-1a 5 1l % 4 L% 1k i) M1 AL |5 5 40 A iR
105 A B WA A 5% . LPS @it TLR-4 15 5@ iK%
S5 M1 E W40 8L, S 1 5 IR A RRRE R
WEVE Ik . SR, 24 SREBP-1a 78 15 B U5 P 105 48 Jfg o
BRI AR RO R A 38980 . TLR-4 {55 7%
W] E i SREBP-1 315, {2 i3k B A $1 48 4 14 1 i 7 1R
A i, 3E T NF-xB A5 (1) 98 5E 22k M., SREBP-1
[Pk 2 2 5 35 980 RO IRTTH IR 2 45t . itk Ak, SREBP-1
1E Wi 40 M (0 B A0S ol AR . BRI,
SREBP-1 # Th2 48 Jfd () 20 Jfd [K ¥ IL-4 0%, 2= fik &% AR
17 ISk B P, TG 19 R 4 R4 s 5 W3k 24 i 1) ML
TR AL, (2 i3k B 4 P B AR OE . 3 IR B T iR
TInANERE TR (HIR; C18:1) I, # 2k ) SREBP-1 F 3
() W 0 VE A A3 AR S . [E]FF, LPS AR A R
(C16:0) 11 RAW 264.7 40l 1 FAS 3 1 . X 2%k
BLAIE S, SREBP-1 415 1 A5 7 A= B ids 42 0k 4 4 15 1 44

Ji 1E 5 AR AR IR A B T g B Yo MR .
SREBP-1 ik 2k 23 118 48 it V4 1B F 401 5 H MBS g
73, W] WL ILAE B R4 i T e ) B Y 2% B TR,
SREBP — 75 [fii it it Insigs/SCAP ML il 1 % JIg 5 4K 1t
53— J5 T SREBP ¥ o] il & s 107 Mk & R 7, {5
W 4T A 7] M1 AR Ak, DR B 0 1) SREBP (1) 2% JK i 5 105
S 1) B 98 B A B TR YT SO MR
3.4 BEEARB Y BN AR LS SRR E
BUHI 764 DO BR i ik COX R LOX AR N PGE, 1
= J#, PGE, il it ¥ 7% cAMP-PKA 3% NF-xB, JX 3} IL-
6 TNF-a ik, B =/ M@ i BLT1 % 4 #0% MAPK/
EPK M Tl 38 5 NF-xB % 5 VP T6AE VU IR R AT AR 1)
FACNE (0 11-53 58 =ik DU IR IR) v R E A% IR 45
O ARG WS 52 R B (1 3 (NOD-like receptor family
pyrin domain containing 3, NLRP3) #$ i /) A 2H %% | B
AR 28 A7 IL-18 F1 IL-18 i F I 41 ffg 1) M1 %Y )
B, 2T A I A B LR A LR R B 2 b
STAT6, H#EZ) STAT6 5 IL-4 45 &, IR Arg-1 25 3L K %
k. LR A HEN SRR AE A R R R, B T
STAT6 i W 41 ffd 7] M2 B AL (1 2)

A
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=
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NF-«B % Cholesterol
A
AMRGVUTIR
SREBPf LXR H
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Acetyl-CoA \
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Oxalogcetate Citrate -
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b gl |1 st | BOSERES gupIHiE synthase
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Figure 2 Key metabolic pathways in M1 type macrophages (A), and key metabolic pathways in M2 macrophages (B). A: After LXR

interacts with DNA, it inhibits the expression of LDLR through Idol, thereby suppressing macrophage foamization. The reverse transport of

cholesterol is mediated by ABCA1 and ABCGI to be excreted outside the macrophages, thereby inhibiting macrophage foamization and the

formation of AS. PPARy promotes the uptake of lipids by CD36, affecting the foamization process. At the same time, PPARy regulates LXR

and ABCAL to affect the lipid metabolism of macrophages. TLR ligands activate the NF-xB pathway, increasing the expression of SREBP-

la, promoting lipid synthesis, the generation of inflammatory cytokines, and the production of anti-inflammatory lipids. The uptake of

glucose by macrophages generates acetyl coenzyme A intracellularly. Acetyl coenzyme A enters the mitochondria and promotes lipid

synthesis through the TCA cycle; B: In M2 macrophages, STAT6 is activated in response to IL-4. It promotes fatty acid oxidation through

pathways such as fatty acid oxidation (such as CPT1), mitochondrial biogenesis (such as PPARy), and lipid transport (such as CD36). Fatty

acids enter the macrophages via lipoproteins and undergo a series of reactions to form fatty acid acyl-CoA. Fatty acid acyl-CoA is then

transported into the mitochondria under the mediation of CPT and undergoes FAO. Studies have shown that the M2 polarization of

macrophages is closely related to FAO. LDLR: Low density lipoprotein receptor; ABCA1: ATP-binding cassette transporter Al; ABCGI:

ATP-binding cassette transporter G1; AS: Atherosclerosis; TLR: Toll-like receptors; STAT6: Signal transducer and activator of transcription

6; CPT1: Carnitine palmitoyl transferase 1
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4 555 H0 B W40 B A8 5K RO R iR KR TT SR B

5 24 I 3 ) S i R BRI B 22 B gk e,

BN RS FERE AL, MR L S5 A% 55, B8 m) H AR B Thge m
FRALIBAEIRTT I (R 1).
4.1 FHBKBHEERE BNk AL GE AL (atherosclerosis,
AS) & — PR B S RN IE B G % 5 48 1 1 AU 1
P WAL ILE VRGN M S 5 AS A LT 3 2
G REANNG, 3T R T R B AS 97 33 Jg A A& e M B vk T
V1 I 2 B R AR S B A [R) 2 Y [ T 2 A
PRI EC . M1 B 0 40 i o] e e i AR R A Ak i
TRANAE, 1XJ2 AS TE B B 20 BR, 2R I 98 o VR 1
AR KPR M2 R, M2 8L B g4 A w7 Bk
BEHTE B, Bk /b 98 0 AR AL B R 1k . DR, JRZ M1 Y
5 W5 201 B A A < 38 o g A AR 97 L 9 3R 40 B B2 T IR
YRIT AS B FERE A5 .

TSR AL R B, AL T A 1R 2 TH ) PLINs 3@ i i 5
5 4 B P T T BORH 23 AR R 4 R Bk . B
Wik 240 i B8 4 B BT IR R K /N 5 PLINs Rk 7K - 2 [A] 47
fE KK . PLINSs 7E i i A FoJH B S 5 g5 M fE O 08
Tk 3 A e DB P Mg 7 2 SR T 75 e I 5 4 21 I
SR VA AR A .

PLIN2 = Z AR kP ik, 5 BG40 i M1 7
RAERTA K. 78 PLIN2 R E WG4 i b, i o &
IR R /N AR FEAIS, T ATGL 038 i i 38
4 B {3 e DT 25 0 M) FAO #5748 . £ IR fi# 2 1T, PLIN2
23l ik 4y 7 R AR/ 3 19 B R (chaperone-mediated
autophagy, CMA) i& 78 M\ i i 32 1 4 L Br . X — 1 2
W I CMA AR B R 5 [F] Y5 5 70 (heat shock cognate
70 kDa protein, HSC70) 7 PLIN2 [ KFERQ #£ 7, [ifi
Jo R A T B I o 7, 51 5 2 CMAVETE
WG . HSC70 5 g 44 #H OC JBE 25 1 2A (lysosome-
associated membrane protein 2A, LAMP2A) # H./E H,
f8 PLIN2 J& JF 3 @ i ¥ I 1k 85 3 1 30 AT B A2
PLIN2 M I % 26 0 #% bR, N5 (8 T a5 K o ML |,

PLIN2 1] By il ATGL #E AR 2 1h0, AT O 47 i 1% 4
A . PLIN2 B Py 1k 5 fig 1 B B AR, (H X Fh b7
28 LA 73— B Al i AN A

PLINT J% PLINS 3% 1A &5 B B Az e M AT 0 41 A
M2 Bt R R A YA OC, B 40 b i %38 PLIN/S
A B0 A M R AL R R AR R, SRR A E
B /N B AS 2 B BA R i AE B, PLINT K&
PLINS ¥ 0] # & ¥ EF A (protein kinase A, PKA) g
k., PLIN1 #1PLINS H.#% 5 ATGL & HSL 1 H.AEH, I8
T T R g e ) I R ) SRR DL R A B IR S R AR I
AH LA FH 1 3% 6 A A2 . LI B, PLINS 1 4 JiE i bf
B, 38 o b A S DR R 5] 2 1 58 (comparative gene
identification-58, CGIS8) [ & 7F Ag i L Sk b ib A 52 4%
) P A, AT B 1 5 ATGL M ELAEFH « PKA IR
LT RE 78 24 PLINS AR A Bt B AR i i Th e 2[RI TR T2

PPARy £ N R Wi B A% B 2%, CLRRCA AS A L% 77 1)
YRIT AN . BTG PPARy RE A R ) W 41 4 E, 1R
HE M1 R 40 ) M2 A 0 A B AERY. OE
PPARy nJ & it #1715 1% s s £ 1 1, k2D W 4 Mg
W B R TR AR AL R . PPARy I& 2 5 1 5 iHL ]
R 5 (R (1 R 08, 18 I 0% LXRa, 875 AS B
PIMRIAR 22 o AL, PLINs 2 PPARy B #4545, A 7t
UE S PLINs 38 3ok %% S5 W00 FH i s 56 B2 i 0 i % 2
PPARy #E £, &3 I Firik, PPARy AJ GE BN 72 i i 1K
W5 E R AH AR A A T B 0 AS S0 ) HE 24T A
4.2 BRI PR A 5% W A A R RV E iR 4 4
1) 5 g 4T B, 78 Jif R oA 358 v Ok AR A ) o v 4k, R
ML BEFIM2 B o I PR & 27, iR P i e A
% G 200 it 5 P ek vy, R TG R . MR S A i
FEAE R ER R AR T 15 T 4 A T R R, B
AT 57 [ — 2 AL AR PE 4R (reactive oxygen
species, ROS) %5 FH & ¥ 77 Wik D) e B 422 4 49 11988 41 e,
RAEPUMIEAE R . 198 FAO N3 i STAT6 i B2 1k A2
HE Mre-1.Tgm-2 Arg-1 55 % 1k DA4E +F B Wk 48 i M2 #F

Table 1 Regulation of macrophage lipid droplets in the treatment of disease progression

Disease Mechanism

Treatment

Atherosclerosis When the LDL or cholesterol lipid absorbed by macrophages exceeds their
phagocytic clearance capacity, it will lead to a large number of accumulated

By regulating macrophage polarization for
prevention and targeted therapy of AS, for example,

necrosis and lipid release of foam cells, and eventually form plaque necrosis  curcumin achieves anti-AS effects by upregulating

cores
Tumor

homeostasis disorders, oxidative and hunger related stress, promoting the

proliferation and migration of cancer cells
Tuberculosis

itself and maintain the cell wall. M1 macrophages secrete pro-inflammatory
cytokines and reactive oxygen species, inhibiting the growth of Mtb, while

The effects of lipid droplets on tumors mainly involve cytotoxic stress, ER

Mtb utilizes lipid droplets and cholesterol on the cell membrane to supply

PPARy expression

The combination therapy of targeted lipid
metabolism therapy and targeted immunity may
enhance the efficacy of immunotherapy

By regulating the polarization of macrophages and
enhancing the host immune response through lipid
droplets, the growth of Mtb is inhibited, such as

M2 macrophages promote tissue repair and bacterial persistence, facilitating PLIN-2 C terminal inhibitors

immune escape of pathogens
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FA ., M2 Y B R A BAR A S R KR, 520 T 40 A
E AR A0 40 MRS A A 3G B, 60T 51 R ML e e F ],
M8 53 WA TL-10 TGF-B 55 2 A IR 5, AN SO 3 i 988
ARG B % A%, AT gk vy DX s I A AR e, DR R A
R HCR = Ak i ArE 70,

I I 5T 2 B, NG AE & Fhof e 28 A B A
AR, TUEUIRTE R 4 B P AR 5T AR BN, TR A 1
K. EWR4H A SZ b6 240 i 52 i 0% B B I oy, 9F
MIREE NG BT, TERCE & R E R i 5
1% 1% {57 Il CD36 1A Tt 1 S i o £ B K on A 2 i Jeg A
KB W40 A 3 A A0 D) B P 6 75, CD36 Ak 34 hin 5 i Je
FH 5% 5 W05 200 o 2 Ji 988 T RE A 0K, JE i CD36 324k K&
ok b 93 e TS0 S R DT IR, 3647 FAO e FH T-Hi &
M2 R B Y4 o T AR E T 1) R 40 2 2 i Ak
[A ¥~ (C-C £ J6) BC A& 20 [chemokine (C-C motif) ligand
20, CCL20], AT £4E CCR6" I 5 7 T 40} (regulatory
T cells, Treg), ‘5 FPUI I G N5 52 40 HE ] B A0 i
T 7 B DG AT 1/2 W] 4 1 47 8¢ fli v W 40 B T o, 3%
I/ Treg S 46, 1E G iy A= K7, g A O 5 W05 41 it
H COX-2 i id i FAO 77 4E 1) i & & Ji% PGE,, PGE, A&~
ASCARR 3E 93 448 B P 384 B RN A #, B4 T 48 AR v 1D
WA, 5 iR A 5% 1 0 4 AR w0 3 g A A O B 1
Pk 3% H- b B B ¥ (monoglyceride lipase, MGLL) 1 %
i, MGLL i 2325 BH 1F it 981 A O 5 W0 40 i o i AR 2R
B 28 V40 B R () 7= A A ML B A, R HE R Gt
J IRt o A W SRR S, R AR ORI R AE AR
IR A O Mk 2 i 2 4 ) ) g b B AT BB
S HH L 1) 47 R TR R A B S R T R T T

PLINs t 5 [} 87 AH ¢ B W 40 B 45 55 U0 A o5 .
PLIN2 5 PLIN3 £ i J6 o A 45 Hh 42 2 0 40 1 1) M2
RIMAL, 5 2RE R 7 P3[R 3G 5 G0 2 41 . PLIN2 £ %%
ot e v R A T, PR 45 B AR, R
185 R AR 28 138 I AR R EE A IR KR R, Rk
S Ji 988 13 2R B P, PLIN2 101 i) 9% 40 i AMPKY
ULKI/H B R FEEMERATHA TS H T la
(hypoxia-inducible factor 1-a, HIF-1a), M 1 {2 3 AT 20
JIf0 g8 0 P 1G BE. AT R AT FT R IR, PLING A D92 Wi
EAEE A H R A R b Rk T, BTH T X
S SARNIE R B L. shAh, PLIN3 JH & s B9
AR A TR AR A R 22, TR A TG A s &

5 A4 it 1) P T A U R g R 42 1 B R O B
00 61) Jieb g ) 2k e, R HE S W AER . X —KRI N
TE RGBT BB & 16 I S5 8 52 At BE AR K 4 - 38 i 7] N #E
Tei) JIgt Joi AU Y T R B 1) e 928 T R B YR T BT 3 5 A
PEIRIT RCR . WEFLR WL, B B R A (s S R

A 23 25 A4 R PR g SRR A M sE TR L
(programmed cell death protein 1, PD-1) [H Wr 7 Bk & i
F, o1 R M2 B B W A0 i 246, bR g 40 g fn
W 20 f 32 T CD47 1) 2R IE 7K1, AT 3 5 Bt i g 2%
R B S Bl T R O B RR S 1, SRR N 2 s
252 PR, [5]— 8 P IA [] X 38 PLINs 30k 22 80K, 3
A PPARy AN 7% gd (6 o7 AT — & Ja PR .
43 LERIR AN R A% B B (Mycobacte-
rium tuberculosis, Mtb) 5| & 4% G955, E B & 41
NAZ T8 R N AR S5 18 R A EAE R . B
4 & Mitb 75 N AR A 592 577 480 5 9 3ELA 497 ) 0B A%
S, (7B 2 IRAT PR B 45 4% S % 1Y) 32 BN A M, R
FOARREA FOR A F0IE B 27 AR AE B 1 Mtbs Mitb 51 K
B R 4 i BH 2 AR A, 5 BT T R, 15 3R B 4
Ji T B2 Mith S 30K 9 AR R e B B AR, R 2
P Mtb 32 08 R R, DA ok b 8 72 e N AT BT 1 2
/B G TR

S Gy LI, Mitb i it 43 i L 4 W B JELBE 6 (early
secreted antigenic target 6 kDa, ESAT6) 5 &4 ¥ 4 ¥ &
g A2 1E EE AR, 75 = A5 % AR R A PR
S e R ol = I R L = Y BN A= = )
I oy % AR JE ] B B %2 0 42 R ;A DN FAO IR & ik
ATP 4EHF Mtb 75 B i K A0 (R AR 514
Z 5 RWING A i BSOS B BB 22 = BEEH i,
A N5 S AR B2 At A B R0 AR ) RS RL, [R] B 36 s
F P (A, Mitb 38 3 2 P AL (BE BT 75 i 1 g
IF1) 5 W AR (1) B3 oL, 41 Ak Y Ca™ ATHT (AR 28 ki
R WA ) BRI AL LA v FLAE B R i 9 (R A7 2
7E Mtb B G 1) /N B R, B 72 N LR ACC-2 #0715
S O R R e ) e T R A L I I Meb £ FE
DR 0kt B0 1) A 428 5 W 4 L s o A N, L 1 B30 2 S g
S VA A DS %o 5 A 7 1 R R R 5 R

g% A T B A0 BRI AR S T S L 2 B
PPARy [ 3% G A M W0« 7E Bk 2% PPARy B 48 fifd
i, Mitb J8 % 75 5 Y AR B W5 40 A T B 1 KT RO R AR
Mitb &L J5 , il i PPARy 5518 %, E 41l PLIN2 %14
F 3~5 %, Mtb &% §e il 5 £ TLR2 48 77 X 16
PPARy 75 /& L 2 iy v R 1A, 1X L8455 BE 0SS 8B
Wk 4 ff PN T R AR R

0 I A 45 R 2 PRI A TR S R BREL ) IR v 4 U 8 i
T 32 S8 B, v A M Mib AR o FLAR SIS AL
O FF K5 LSRR PLIN2 C 35 ATGL AH T AE R 18 )
JEEAE P, @ 75 B YL B AL B 1 T I PLIN2 ik .
1% B 7 T B ] 8 G 5 PLIN1/3 I B8 A JE 45 7 P 52
M, S HURE E G R % . BT PPARy #h 771 B Ak 1
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Table 2 Summary of macrophage polarization characteristics and related molecular pathways in different disease models

Disease Related model Macrophage phenotype Pathway Reference
Atherosclerosis ApoE™" rats Macrophages tend towards M1 polarization PPAR/CMA pathway [31-35]
Ldr" rats
Tumor CS7BL/6 rats Macrophages tend towards M2 polarization IKK/NF-«B pathway [3,36-40]
BALB/c rats miR-2110/HDAC2/PLINI axis
AMPK/ULK 1/autophagy pathway
Tuberculosis LTBI rats Macrophages tend towards M2 polarization PPARy pathway [41-43]

PLIN2 &3, /b IR A B, (B[R _F 3§ CD36 2 i
Mtb A [ B2 H5 B, 22, PPARy 78 5 4 i 5 i 175 20 41
HX A /R FHAE DL 43, L3R 281+

5 REBES5RE

TSR FOUE S 2R 0, BN i MRT M2 B AR
BATAEZE S, A 5 S AN, X 75 2 3 745 b B2 A 5
ZHMDE AL R . M1 BRI M2 B 3 AR A B HE R, 2R
RGN BRI W . PR A R B Ih RE i
] ({2 2 B 28 ) Bk T & A 5 0S5 10 P4, &=
I OA BT A . R, 7ERIF 5T e A B AR AL
AN T B MUK B TN SE A A (R 40 B A A, 7R R IR
N HUBF 72 M1 BT M2 B AR AL AR FE L, 25 R e AT3)
BEINE . XEAE 5 B AH BAE R E B 20k, 7 2
— AR A AR SN TR R R . il IS 4R G B IR IX L A
FR, T 5 A b B AR A LR AOE B TR R, I
ARSI IR TT S L 1) R B RN 7 7%

FH T PPAR 8351 LA 3 B AR U 15 8 F A R 47
245 1, Vi 2 PPAR SN 771 O & il A 16 7 A
PEFG . W03k FEME PPARG BB ULAF IR 35 5 AhyT 26
ZiNERE, 10T AS T v AR RN R IH =R I ;
ft — i =2 A6 ) PPARy W0 771, Bl FH AR TR 15 25 3 B0
KB 9T 2 BUWE R . e i A S T
PPAR AN 711 e, 51 /& 7 %7 74 PPAR ¥ 7% 7] i)
], 4035 1% 5 1 PPARS/S B 71 « X PPAR B 8h 71 Fl 2
PPAR AN . B 1 MG 57 5 A1 2 B8 JR i, PPAR ¥4
BN AR AR ZR A AIE 1) FoAth D7 THT A R 4 5 e, L
PRIG FE FE AR 1 6 107 VR0, DL R w22 R AT 14
I3 8 RE AN 9% R PR 0 TE N B ARARE R v . TR
PPAR ¥ 3l 717 2 Bl o3 Al 5t 0 h R A 78 L 51 i K
EZ ONITPS

BT LR T A B, G i Y A A AL T B
B [FVE T AS, Q223 Zalad b M1 28 B 2 fifg
PPARy [ 3R 1, it 1M 1F 7] i 4% CD36 1 ATP & & & %%
I8 H SR A Y 1 I RIEAKE, X —HLHTA A
Wy T 24 358 40 e 9 L[] P A s, [ B O 3 G 0 LT AS
M A2 RN . (AR R IR, S8 ) B R AR iR T
32T R DRt 258 T A2 BRI AR A 2 T RE 4

3, 254 5 BmRAaAs, BB T 1500T fe 40 6 6 A% M i
G R T B bR B 5T T TR ek 2 12E T R e 2K [
WO A BT T BN 2 W 3L L BE R AR U R M SR R AN
R,

P IR e 1K N s 2 N el SN 7 7
3N FE IR, T g A5 T R A R 1 I i AR R
S R L JE I N B RO TT B B . DL
Fe AR T B B ST A O RS R T TR R AR . T
0 ok P 45 I v M 0 R /N 4 ) O 7 e B
#E 17 DGAT1/2 (4 ) 8% ATGL/HSL (K fi#t) 697 % 2%
PRI 5 TR FH 356 4 i AR R 4 1 I -Co A 25 1 R il
1, FRARAERI G 7 2, ek B 35 1 55 . @ Bevh- % Ae e B
AR BT RSt . Wk vk ] 72 B BT ORI HIF-1a 41
1) 1) 74D SR S 9L 2 9, RS 1 R s e i 2 2 g 42
% BRI, @ AT RNA TH. A TTIE
52, miR-708 7] 38 i 4011 NF-B F14E AE DU 45 R g 42 f vk
WA TNF-o/IL-1815 5, IE B0 28 IR T7 BCRS Kok,
B A FHEE Rk 20 A T IR N, G SE IR e SR

YEZ TRRk: T 55 71 07 SCE B S K OSCEAS B B XEAR R
Pz F 1 7 1A AL R SCEEAB L TR IR T VBR DG IE R 9T S E
BeE K B 4

FIEE MR T A VRS BB A ATER G R .
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