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Abstract: Macrophages play an important role in maintaining homeostasis of the body, and they are also one
of the most abundant immune cells in the tumor microenvironment (TME). These macrophages are often called
tumor-associated macrophages (TAMs), which play an important role in the development of tumor and are an
important target for tumor therapy. Studies have shown that tumor growth and metastasis can be inhibited by
regulating the function of macrophages, but the therapeutic efficacy was often hampered by the poor performance
of the drugs such as lack of targeting, poor solubility, low bioavailability, and severe side effects. After introduction
of the background of macrophage and tumor therapy, this review focuses on the research progress of nano-drug
delivery systems in the modulation of the function of macrophages to enhance tumor immunotherapy. Nano-drug
delivery systems are diverse in structures and functions, and can regulate macrophage functions through a variety
of mechanisms. Four important aspects of macrophage modulation, which included TAMs depletion, repolarization
of TAMs, promoted phagocytosis of TAMs, and combinational modulation of TAMs were summarized. Each strategy
together with typical examples was reviewed and future directions in this field were also prospected.
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i) B, e R A B0 AN RO R AE A

Tea) Jii 358 JH R V6 9 I, A% AT 2 W 2 1) I i B i o
T B O R ) R 24 3 32k ) I S T S AR ) e A
PEPL, AR, 9K 25 W a0 2R G AE bR R T AR R
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Figure 1 Four strategies of nanoparticle-enabled strategies for tumor-associated macrophages (TAMs) modulation. Strategy A is the
depletion of TAMs; Strategy B is the repolarization of TAMs; Strategy C is modulation of phagocytosis of macrophages by the blockade of

CD47-signal regulatory protein a (SIRPa) pathway; Strategy D represents the combination of phagocytosis modulation and phenotype

repolarization
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Figure 2 Tumor pH triggered release of BLZ-945 and Pt-prodrug conjugated small particles for spatial delivery to TAMs and tumor cells.

Adapted from Ref. 11 with permission. Copyright © 2017 American Chemical Society
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B 54 1 LA WG 24 e A o ) XUBE R R AL S )
KT B2 (alendronic acid, ALN) 34T 5 B¢, BJ 15 2040
TF1) AR S 1 975 ok Je 8 T PR 58 P 1) TAMEs o TE A& A0 AT i
PS5, ALN-BSP il R Je /e B W2l b & FUF 5 =
HPHTo . FERCT S180 fafJ& /)N B A 1, ALN-BSP 97
ARGE R T TAMSs, 25 01 L8 A B, R T R %
REM AR, H i A T R A

LAk, P b JT 259 an £ 2 L 2 (doxorubicin,
DOX) 1 % Z Ltk & (epirubicin, EPI) t 7] fl F & %
TAMs. Zhou 25" 4 %, 1 Mk 0k 52— IHL 6] B AF R 470 (sialic
acid-cholesterol, SA-CH), i i & 2 % EPI 1 JIg i &
(EPI-SAL) F[fif&1fi SA-CH il -T- EPI{f1i#ii% . /£ TAMs
% THI 1o 0% M Y R 45 5 o P BR R I RRBE AR 3R 1 (sialic

acid-binding immunoglobulin-like lectin 1, Siglecl) %

A, PRI SA-CH A& 1 1) Jig S5 A4 T AR 47 b 4 P 485 4 111 245
WV m] 33 1% B TAMs, J66 2805 Bk TME H1(#) TAMs.
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7t TME H1, TAMSs 1 8 12 1 B0 2 48 A o i) o b
KM TAMSs 38 2 IR R &6 97 2644 T s 1 &
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Pl 2R A0, RV 3 P gE A= K ) M2 3R R RN 0 o) P gRg A K
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2K TAMSs 5 0988 FR 0 12 28 376 % 4 02 00 1) 5 A1
SRS, BRIk, TAMSs [ 5 AR AY A2 Fi 8 Y6 97 1 o 2 SR S o
221 HPREEBE NS FHY WHFFREY, IL-12,
IFN-y. Toll # %2 f& (Toll-like receptors, TLR) ¥ ) 57 I
CDA40 ¥ zh 71 25 # 7] 15 5 TAMs F AR AL, X 867
/NGy - BELIT TAMSs 2 11 52 445 T 220 22 Y il B8 L At 1 %
() 75 92 © RN 52 B TAMs 5 b b 1) 58 32 5 gt
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Weissleder 4 i 44" 7 — b 5040 B w5y A 36 0 0k 7
1%, I RAE TAMs A [F) 32 2 1) 22 53 P4k 7 4 F Wcdk
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XL R 3% 1% R848 £ T Im 32 AN iy AEAEZW)
RGN, R, SR — s A = K A K
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Figure 3 Transforming TAMs into tumoricidal cells using mRNA nanoparticles. An injectable nanocarrier was developed to deliver in

vitro-transcribed mRNA encoding M1-polarizing transcription factors as a method to rationally reprogram TAMs for therapeutic purposes

without causing systemic toxicity. Illustrated is the first planned clinical application, designed to treat ovarian cancer patients with repeated

intraperitoneal infusions of mRNA nanoparticles. Adapted from Ref. 16 with permission. Copyright © 2019 Springer Nature
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75 THT, P98 240 R0k 1) “ W2 3R 75 5 0 4 IR AR OGP
5 W 2K 19 (calreticulin, CALR) F145 5 7k B 21 Jitg 38005
I3 ¥ R T (signal lymphocyte activating molecule
family member 7, SLAMF7) &, 55— 7510, % 41
i 28 T A I A T 0l i 3R E 5 R IE, I CD4A7 R
FEYIMAE T AR 1 (programmed death ligand 1, PD-L1)
5, 0] A Wk 2 R e R 24 A PRI B R O X
IX G 52 R TC AR AR BLAE F IR IT P, v R T 2
T ) e BT TR
2.3.2 CD47-SIRPa B CDAT7 & % Bk 8 H 5
JE H — b BERE R AL T2 R OA 1 2 M SR T S K
PSR B, RAAAE LT B A gu i b, A 2040 i i
AN S B R A . AF T HZAESHTE o
(signal regulatory protein o, SIRPa) 7E 3% J& 5 3% 2 fi
(antigen-presenting cells, APCs) I [ f € ik, CD47
(1318 B 23 Bl & % L AT T 8 . CD4T # &
PUAE 2 P RN SR IR 4t i b 3, A0 4% 22 I 8 e
6 1 S8 G s 1 A 4 A 1 IR B 4 iR R A 4
TR ELIRTEA /N g it e B L AR DA, 2 I 4 i
RZHZR) 3 £, TRV 2 B E R, HRIA H R B R
RUFNRE R A R PR 100G A5G o i 988 4 Ml it vy 3R 0
CD47 ik 7 Wk 20 ffd 11368 7%, SIS i b it )

CDA47 i B B (1) A4 B D) ik 2 — 72 AT AR R HLAR 9 1
F AR B AR IC, 455 2K SIRPa 45 B R4 i
SR MY (dendritic cell, DC) 2 £ “ il vz 8.7 {5 51,
SIRPo: i iy 2 35 T+ LW 41 i\ DC A 48 75 3K 1 1) %2
&, H A ARz A 1A V R BREE E (V-type immu-
noglobulin, IgV) &5 #35, 113 Ky 2 A~ C AL ey Bk
(C-type immunoglobulin, IgC) 25 438, Mo )57 [X 3 £
AT TR B B 2 e 2 R TR IR A ) R
J¥ (immunoreceptor tyrosine-based inhibitory motifs,
ITIMSs)7, 3 i 35 7 9 i R Ak, i vl B2 A4l oy +— &
A Sre [A] Y5 45 K9 38 (SH2 &5 74 380) 1) I 2 IR 2% R Mg
SHP1 fil SHP2. CD47-SIRPa 4 & J& T £ ITIMs fif 1
1k, fill AR 55 I 454 SHP1 A SHP2, 1 L6 B3 1% il A 41
WLEK B 10 7E 75 W 5 fi i A28, AT BHL 1k 7 W AR
FHPS, R4 33, CD47-SIRPa H2 4« HINZ 3R (5 5, 41
il 5 W 400 7 W o K1, BELBST CD47-SIR Poc i 26 38 538 5
Wik £ L %) 7 Wk D) R, A IR i T T — P R RS
2.3.3 i & BE B CD47/SIRPa i & H #T CD47-
SIRPq BH KT ) 55 % 3 %2 e B J 5T CDA7 B 50 i 71 44

(aCD47), AT s e 41 A e Wt Ji 8 4 A, I3 — 25 Jn
R B R IR RS R G825 CDST RN T 41 fE, 3K e
CDA47 W/ N I [ A b % 2 40 AE B S )% RS0
MR, B AE T HAE A E S a7 B S A . KT
CD47/SIRPo LK 1E 2 Flt S 4 Ji 988 76 97 H 280U AN 8 B
Mo 4G O LIRS, 7T 82 i T B PSR AN
JIA G2, B i DATE S 4409 rh 4 vy 506 240 PR o s T e

BeAbh, — BB 7 ik g i R, Lo AR G 2 40
TME (13805 A {8, 83T APCs /v 5 Ji 8 38 Pt Ji 1
e R IENE T, sk T R e
MR AR E, fE1Z R THAR R T, 0 A 9K AN
5T RE I 58 APCs 75 W ) SIRPa LA, 11 HLAE #5717 % &
b % J M 40 i 46 70 (immunogenic cancer cell death,
ICD) (259 DOX, 5 5 ¥ Pt J5 Al fE B 15 5 BRI, P
[Fi) 348 ik Jrv I8 240 7D 7 A ), 9T DC K IR it S5 22
XA R MR R T4
234 NPsIZERMMERE MR RERRREAS
7] 7K P 1) CALR, i 06 4 Jf 1) e Wit/ FH A 3 35 52«
CALR & 55 B W 4 i _F %5 B i 2 1 S2 AR A O B
1 (LRP1) AHEAEH, fE N2 375 5, {2 3t B4
it %o e R 40 P ) W . TR, A B AN, CALR (3%
15 7K P & CD47-SIRPa PH Wi 20 SR ) R B F &R . 24
CALR 3R [fi] 2 F2 K i, BT CD47-SIRPa 1] BEASRE 5
RS EWEER . Kk, 78 W CD47-SIRPa Ji #
R IR, 38 ffRE 4 i B CALLR ()30, 76 4 5 v 4]
0 1) A Wk D R 5 T A A BRI A B, IR T AR A 44
5k 24 o Ay At P e i 98 VR TT IR 88

BRI, A 5T AT BRI T — Fh XS 5 NPs HE g,
[7) 5 1R 1 i3 40 B ) CALR A CD47, PR i B W 4H
MR BE /T o 1% NPs ICAE SNPA ;v acpars 18I 3
J5 T R FEAE FH - O SNPA | e acner - 11 aCD47 R i ik
590 f 3 TH CD47 43 T HIAH B AR FH K 30k 1) 4ok 2]
il 2 40 i @ 3xX A A AR F 3R T CD47-SIRPa 5 5
JE g, MITTBEWT TRz 375 55 G CD4AT A T 1 #E 1)
35619 07 AR CALR 7E Jil J88 4 it 4 o JiEE L () %%
#, NE VAR AL T MRS S . IX 8y T Al
B EEAE S, PR S, “WE S B
Wk 4 7 kA P, 8 s IR S B VR 9T TR
24 BARIEEEMEARINGE
24.1 [EIZIPIETAMs TR S EFWEINEE T M1 A
E Wi i 2 A g Thae, B AR THuEs 2, Fik
52 4 it AT 1 BBk 5 U 42 A Wik ' L A B S R A i Bt
Ji g8 2 R Nie SEWIHF K1 o R A A Ak 48 K AR
VIABRTEY), X P AN AR 9K A= M) B B (M1 Exo-Ab)
FH aCD47 F1 aSTR Po: J8 i 2 BiUEK 1) 2K G WP fie gt 5 ML
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MM 255 Tk, 1% BT B R 3 Min™ Rl 15 5 R 48 i [
M1 B E AL . BT aCD47 FIHE ), IX L84 K A4 4
G5BV RT A SO SR AE MRg 21 23 vk 3 e R 1 iR A
53 328 5 1 b U 2R IR i R I B AR . BRI, M
Exo A R4 Hh ¥ {2 it 988 M2 = A 4k v bt i R M1, T
aCDA47 # aSIRPa 383 PH T “ iz 75 5, RERE
M 280 i 1) A e Dh g, 72 4 T s K R AR o

Rao F5 i 8¢ 7 — i F S 8 ik [R] 4 68 40 I 0 9
W W 49 2K K (genetically engineered cell-membrane-
coated magnetic nanoparticles, gCM-MNs), TE 1% & 4t
, gCM 4 5% Jy il i 55 R 9 4 R I 3 15 SIRPo AZ 14
b e A M JBE, 5 CDAT HsE ARG 5 1 5 75 %, AT A1
XBH W CD47-SIRPa {5 5 i B, T MN N #Z I {2 i3k 1
TAMs [F] M1 B ) =5 B AL, $3 (5] 402 i3 Mk 200 o 7 i ik 9
S0, Il BN T 20 M e . B Ak, 15 AR gCM Ak
FEORY MN N 1% AN G % 05 B, MN A AE L 71 S0 T
A 1) 32 i 2 i 4 2R AT, $2 R gCM-MIN ) i 98 AR
R, kb o B AR, 77 1 e g sk B I, I B iR O iR
JER AT ] 326 3 2 e e A ) ) 28R

B Ak, 1% B BN R R T — Fh % A A i S 4 K B
# (hybrid cell membrane nanovesicles, hNVs), 3 $5 &
YT I /N M2 R A A 3R 0 1 3R A ) SIRPa
AR AT i 2 MO 1 49 oK FE L (nanovesicles, NVs). 4k
7T L/NABE 77 hN Vs BT A 80 7E T AR A5 115 A7 FR7
K, il TAMs 7] M1 £ Ak, JFBH T CD47-SIRPa 1]
AHELAE FH, AT i 50 240 5o ek e 44 e 1 e s, A
T A0 9 T 4 L e % ) Sk R R R R I B A 1
FEAANER o 38 R A2 Do 1 2050 222 1) = 93 42 7L i e A
AL Z A BNV I hNVs B 58 7 T H0 2 5 DAL R 1
(stimulator of interferon genes, STING) ¥4 % 7 [¥) 2 Jii
5358, STING ¥ 77 ] K 74 ik Jed 28037 9 72 3] B 28 Ji7 1
RS, 1815 hNVs VR T7 8K, I K/ R F AR5 &
A AF IR T e g 0 SR AT 52 R R oz vy 5 %
242 ERCSHMEKBEES BT RN PR
FHEANAS AR S 1 8 SRR — T IR TR RS B
it 98 4t i 2 5 BB B k. BK G ] CSF-1 Al
CD47-SIRPo. i % fE 1t — 2D 3 v TAMs B ARAL KR, 1
SER O iR B R A% 7, 0 2 M AT R N SR B B R GF
B A K A/EH - % R848 55 aPD-L1 (anti-PD-L1) Bt
F, AT B fd B R848 Bl aPD-L1, i TAMS [ # 4
AR B 5, PUPD-1 (programmed death-1) 13 5 18 %
R G, B B [E] AT 35 25 4 )R] 2R A
TAMs FHFE LR -

Malik &5FI I X2k 24 i 3 49 K KL (lipid nanopar-
ticles, LNP) [A] i 1% 1% R848 F1 SHP099 (SHP2 #11Il] 51),

HoR K 2 AL K 2 53 90 B 2 AN [|] 2454, I FH I [ i
i LABR R % LNP R G 1) R € . % LNP B A R A7
H 4 BeRe 71, RV A, B (2 TAMs E AL
B o 0 b JRE AN MR B MR BE 7 o Sun WAy BT
PCP@R848/DOX # 4, 1] £ TME P #f i 21 44 41 fi v
R A -a J MK (fibroblast activation protein-o respon-
sive peptide, FAP-a) T &1, Al ¢ = 25 i&ERe /1, R
A M1 E AL 15T 1CD 5 9 G0 75 $0 1) 0 58 Fl s 77
KPR ICIZER o Zhang 289 BV R4 (oxali-
platin, OXA) 1 R848 Bk FH, 15 3 Lewis fili iz 41 i % T
CALR % &, {1 75 JM 63 40 10 55 1 M1 28 e 400 i A W
[ ] 38 AT 5 3 ICD, S 3 FEAIC 1 /0> BRUMOR i fir o b 4h,
Pauli & 1 JIE 416 1% 5 4t DSTAP (1,2-stearoyl-
3-trimethylammonium-propane chloride), [Fl & i# 1%
OXA I DSTAP-R848, 1] [#fik R848 £ 4 Jit ¥ ) K £ IF
5 Ry 3 B P S NE, T B IFN-a BRI, 512 CD8' T
4 35 A Song SEWIUE FH pH U 1) 3 A5 25
JS2 T G K ORE, RIS 47 2 R8A8 VK B T LR R B T
2 g (epigallocatechin gallate, EGCG) F1HT OX40 $i &
(anti-OX40 antibody, a0X40), TE TME s B 254 LLER
e 2 i % X L 2 1 DC s 24N 48 B F PR T ik 2 4 iR
(CTL) 231, HIA va 7 vl 48 s AR A e 91.56%, FF
BAFEA BB e iC A 808
3 REERE

LE b, RURGSS [ 9PK 211816 R G5 R B
S TRV T I R BRI A B R . KiBis
A AT I8 IS5 B TAMs B 84k TAMSs i 715 7 6k ) g
% MG IR 55 S A R SE BN B VR 40 B Dh e ) 4, B8
L b U R T R U TR AR I, K ER R
B 5 IRER) 2 FEVEAR T, 7T RIS fh 2 M2 | sk
TR ) 3 1 5, AR TSI 2 Th e 0 RS A1 5] 5 285

ZIRHE 1) BN R R TR VR T IR SRS AR AR T I
—EE PR . BT MR R A AR S, IR L
TAMs 5 A3 ANARE 5 M, BIF 50 3 ] R F T 3 TR s &
JE B4 2 DT U0 P R0 R B 20 B, e BT R B BE 17 24591,
F2 w0 TR N TAMSs F 2 [) M FD % AL e 7, BRAIR JCE
A A4S P 3 B AS RS A, H T R
TSR AEAF ), B — IR AR IR S B VR T RN T BTG E — X
PEAR 3 JiRg 4 i, B T £ X TAMSs (4%, 8 AT KA I8
1t PD-1. k& 15 5248 T 4 ff (chimeric antigen re-
ceptor T cell, CAR-T) f CRISPR-Cas % [}l 4 #5 &5 % Fh
JT VAT LR L A 0 22 H T DA S I S A M B e
i B P, 0T TAMSs £ TME A 38 55 A1)
A AR 8 () M2 B (R AL AN Bt LK 25 8k
I BA AR 2 R RORL 2 8 (a0 K/ TR FRL AT 32 T
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KV R TR BE 45, AN RS 800 T 4 AR A
P L 17 A ZR AR B A AR R R, AS () LA A 5 40 K KL
AN LW 40 i 22 18] (¥ T A ALt 75 2 — o0 e iR R o
FECT2I LS T A R 25k, AR w1, 2
i TR A R R

(= SRE LN 71| E NG Y oy NN R A R
RS BRI 50 SO B K 5 SRR
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