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Abstract

Macrophages derived from bone marrow and tissue resident macrophages, collectively referred to
as tumor associated macrophages (TAMs), are present in the tumor microenvironment and have
attracted considerable attention in the treatment of tumors. Based on the clarification of the me-
chanism of TAMs to promote tumor growth, this article summarizes the mechanism of action and
treatment strategies of targeted TAMs and focuses on how nanomedicine carriers can target tu-
mor immunotherapy through targeted TAMs regulation. Nanodrug carriers have an antitumor ef-
fect mainly by preventing the survival of TAMs or disrupting their signal cascades, reducing the
recruitment of TAMs to tumors, and reversing the tumor promoting M2 type TAMs to the antitu-
mor type M1. The above content shows that, due to their different physical and chemical proper-
ties, nanomaterials can target TAMs and regulate TAMs in a number of ways to enhance the anti-
tumor immune response, which has very good prospects for growth in immunotherapy.

Keywords

Tumor-Associated Macrophage, Nano-Drug Carrier, Phenotypic Polarization

SRR B #E % B M 4R AR TR R
BT RIS R

w & NERR

RS, IR B
Email: *1771354723@qq.com

L=

Weks H . 202041 H 160 s EM: 202002 H3H; & A HM: 20204F2 H 10H
R .

SCESI A, RRG. GURMPRIE R OB AR S BRI HEAT R S i6 T BT TERE R D] APRERLE, 2020, 10(2):
75-83. DOI: 10.12677/ms.2020.102010


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2020.102010
https://doi.org/10.12677/ms.2020.102010
http://www.hanspub.org

W&, xR

=

BREVR BRI M A R FE I BN, SRR MR AH < E MR 4 il (Tumor-Associated Macrophages,
TAMs), e T HUBEMERRH, TEMRIAYT 5 TH & 2 00F . ACTE I B TAMs{R el A Kp L i 22 a L,
B4 T REFTAMsHI{EFRHLEIAAYT S0, BERAA T YORZ B A i 48 ) A TAMs 34T B8 F)
SIIRTT . JORGYE R EE BT PN TAMs I AAE R HAS 5Bk BRHITAMs = il i 3248 DL i
BEMERM2E TAMsZ 5T R RIM1ZU R IEGT B . DL ENE BRGORMR T AR BR MR,
BB EL M TAMSs, 3@t 2R R AIETAMSs, SIRHUE R R, BA JEE TR RZ1RIT R R RRTR .
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1. 518

g8 1 5 A R MU E SO R R VRN, AR BRAE R RIZK P b 2R 206 TR AR A 48 1l T A AR S i
TR KNI FE . TERIRE AR AE R AL, i yRd 4 i 5 4L 47 ) TR R BT R A, R MR RN S e it e I 40
SERPPAN N, 20 TR 5T DA SR R AR o TR A T IR AR B [ 1] o ey 2 e e [ PR O R TS A
SME S, GRS IR EE b e R s ] A S A M R LR BRI LR AR R 4
MAEAC ) “CEE T o IR A O A (TAMS) 2 R oA B 1) B B B 43, SRR, K. #F
LK FARTEA REXK[2] [3]. ILER A s TAMs, 5558 ol oA 58 s o s e s e 97 (1 EE B 5% . T8
I TR TAMS 78 88 A= K T B0 F B 4% TAMS S8 Sa 2 va 97 R AR & 3, 454 H RTEES 4% TAMs
WA AR R R, FRATTAT DUA B0 PR T TH 3 A R R L AR AR AR Kb Rt 5 5 6 4 55 T 2 4
[IghA ML TAMS, 1] ML BSGURR 75 A Ak, 38 R T80 98 M 201 BSOS 437 e 440 i 7= A= 3
YER, TR B 1) G s B AT ik 21 Jirfed S e v 7 1 H

2. TAMs FriEFtR 41 380

TAMs [EZRHER TSR, E2 MR RNILREER T, BRI D24
— RN, 72 A ELE AN AR AL 10 22 SR A . B R R A b 32 B2 0 A & G A i R A AT LR 47
XFRLAANARR A ML BURT M2 BU[4]. X AP R BY AN AT 2 AR RIE, BN T RERVE Sl i A7 7E I
ZE5t, Tl TAMSs & B A W E IR, H TAMs LR T A E A4, ik 1 Fw.

M1 B E WA R R T, — I 20 LPS B R IFN-y 55, W] DL A K& 4 M4 i
RF(TNF-a. IL-12. 1L-23 £5). #1bHF CXCL RN 4> it (ROS), iR S A 1 fE J1 50,
Kl m#RIE MHC- I K F BALSUABR MR SV A RSB PUR A S Thl giM i, [FIRGER
B F W AR KA A Y A0 iR 4 B PR FH 5]

M2 B EWRAN AR R R A, FE W AN R L4 5 1L-13 R IER[6], TR IEANF IL-12,
ERIE AN ER IL-10 FIFAAEKE T TGF-B, /rilbEib R 7Rtk 17 (CCLL7), EES 5], Mmi
ARG R SETRE, S5 MRS A E YR [7], RIER 4N T B AR 28 (8], e it i A4 K
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Figure 1. Classification of tumor-related macrophages and expression of related factors
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Figure 2. Mechanism of TAMSs promoting tumor growth and migration
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3.1. TAMs HDI3 bl %o f8 IR BL

TAMs {ERE R A . R EA AN RIF[L0] [11]. — 4 HEZZE RN TAMs RiAF=4HE KERR A K
B FAAEKE TS, AR THREAREK. 55—, TAMs JuE2BERTS, Pl i 8nip;
0. BB ZHZh M2 B AT B RSB TGR-B A IL-10, 0k B A% 40 0 32 B AL BUR 251 S &7k MHC-
TR IR 20, B T A0 SR i A et , 38 iR AR 58 Hh 1) B2 I A4 i

3.2. TAMs {RIMEFHEERE /L

AR AR, TAMSs REUY M1 R, TAE IR R BB, TAMS 2GRS RIS S R 52 2
M2 B, AR FEIE T M2 2 B I A L A1) 5 e 2 27 o A A G R [12], HeAh M N R AR KT
(VEGF)TEZUE R I A5 Atk (048 76 B rp A 45 B ZAE I3]0 TAMSs 27 24— R AL i S 28 731
S 57 <o 1 I A A R T e L A RS [14]

3.3. TAMs {RiEPEREMER

MR R B AL RL E B S A A N2 © PR Rk B B SO L s @ R 41 B i 75 4R N 3653
@ HAFIME RGEHRLER M @ EAMEIIER, ® ENIAEFEKEAMEEZL . HEEZEM
R i iR 4 i A R Ak IR 7 2 (CCL2) FEE T8 R -F-1 (CSFL), #E[m TAMSs FOAH =2 A LLE S
I @R SZEL[15]. HEUE ARG & B (R T IR 1, e S0 25 4 o A1 B i 4= 28 M [16] .

4. $0[5) TAMs BRI G2 7Z iR TT SR
4.1. #M% TAMs [E)phELELN &

i PRg S R 3, TR A ) J5R 4 i 2 i B G IR T SR AL A i T A A TAMs, {8 T e
HAEK . N T I R 2H [ TAMSs B8, b BLE e PR 1) Az 40 i 1) s 41 252 4, # s A= .
5 W54 o 35 5 3 R ZH 22t 2 R IR A S0, AR R AEK IR F(VEGF), ZK 1 FEiE
E Vg4 - RIAH) VEGF Z4R&(VEGFR)F: itk 45 & K IEAE R, WA 3 Fias.
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Figure 3. Inhibition of TAM recruitment to tumor tissues by blocking the binding of VEGF and VEGFR
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4.2. EEBEARG TAMs

ST TAMSs xR AR A AR, i 485405 TAMSs 7] DA bl g A e o il DLE 52
R FRERAERUE) DNA K551, 25 DNA HI/INAZE &, B 1 REWS FHIS 40 i 4 L e 7200 DNA 25238
A IR ) HE DR e o, AL IR AN A 3R IL-6 0728, b BV E U AR 1R 9 B AZ A AR [ 1 7], B35 TAM s

4.3. % M2 BIERERRatRiLA M1 B

T TAMs BA 5 B PEATaT S PE[18], WALR AR AW, Rl 3 4 M2 B S A Al ik
N M1 BBl M2 R A it P 50 A AT IR SR T (1 FLEE SIS [19]. 40l 4, Huang IR ER Y
FHES 7R EWEN TLR-4 BL/RIEL 5 Toll FESZARSE &, BEFUE TLR-4 15 S0 ER, $5 57 L0 (/v & 1L-12,
Wi M2 R EWEAAE R M1 RBRAL[20]. F ATCA 20 DL AR-BOAR RS 7 R A0 0 B BR T B oK A ke
I XA G T SR N P MR SR T T T
T WS TLR-45 5 18 B e M2 R B 40 i 1) ML SR RS R A R L
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Figure 4. The mechanism of reversing M2 macrophage polarization to M1 type by activating TLR-4 signaling
pathway

4. BITEOE TLR-4 (5 2@ K i%4E M2 B EBE4RARAR 1L A M1 BUAO# &I

5. 3% TAMs BRI X

ELWR AR AT IR SR A AR BE 77, AT WEEE AR N I GKRL. R 2GR AT LS TAMSs 4i i 52
PR R 45 S AN AR N B K 3R0E, IR BEFE A2 TAMSs B R Y , 7618 55 A My RO 7 Tl A A AR A I [21] [22],
Rlt, JER B R I AR M2 B TAMS HOQKARL B0 K 25 B AT R S Bein )7, o —MA
ISR T SR o

5.1. BERE

RE A )iz AR GR 2, & RN R AR RO A AR S e i, HL AT DA [R] B 67 8055 7K R g
IKYEZY) . Cai 55 N Beih Tk ek B R ZOL HIRHES 7 AR &, LA Asn-Gly-Arg (NGR)F1 PEG2000 JAyBC 4,
o FE TH HEAT 15145 21 B0 B 1 8 B /K (NGR-PEG-LP-ZOL), AEWsiE I TAMs, il g e A ik, i Itk
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AR H K[23]. FIHH PRS2 AR SRR M2 B TAMS, Wit &P RS RS, fedt—
SR TAMSs 1 M1 BURR Ak . a0l 5 Fias, Ye PIRFFCUE B H 82 A A& 1 AE o AR R B0 Y R 4 0 A4 /141 B iy
AR R i, R TAMSs R M1 BUAREER L, (23E T MO RUART M2 Y S EZH A ) M1 ALfY
Wtk [24] .
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Figure 5. Mannose liposomes target mannose on the surface of TAMSs to promote polarization of MO/M2 to M1

5. HEMEERFERLE S TAMs RERHEFERZE MO/M2 BE M1 B

5.2. BEYIYAR

BT REMPKR L & A S T RIEEM, FeA B 5T 208 41 e dt p e A A0 234,
PR E TR TR AR SR A e /M. PLGA AWl skl By RAFHIEVI A BRZEA
JRRE (I P RE S, A S BRI WG ) A% 3 75 T B A AR BRI 3 . BOE AW TORIT R T & S H I E
PLGA GKkL, 5 —Fh iR — T toll #£32AK 077 (CpG), AN AL 2140 . 78 J v] DA =
ZELIE TAMS, il 2% B0 A2 R GAOKIURL o 72 AR SRR I L 484 iR PO 200 O S ORI AR N SR ) R, A 25t TAM
RN M2 815605 ML, 2D 1 IR e s, e T 00 EEE A CTL NI 347 Rt
i 7R EFR A BRI TAMs 0744525 R R A TAMs KA T, ATk
IR e MR A, (R HE R R S RE IR YT [25].

5.3. YRE

T 50 R L4 K SR Ak (Ferumonxytol)-5 5 15 4T it R e 40 P 5 i, P ol o538 e A A B3 [ 2 5 4l
P AR o ARG T AR AR B A AR Y, iR ZH 2 e 6 ML LSRR 0, ML B R AR G
(1) mRNA 3400, FARAMRRE T, SEMH N FIRE AR, R AR KA W RS
B BIGTTVEH[26].

N HE— D SR R VAT R, Chen SREAT T 4H I IS AN W 40 B A AL RO B & 24 3% . B 4R AL
BRI NG HUEEG K ER (7L 1) 46 A B AL G K AR ER (10-LPMONS) W 5] 6 Fias, 4 KAEERGFL A 7T PAE f
BINHEEAOVAGLE, REAZCEIEPURNIMBEMEENE T 408, KEDMRIER: H—J7m, w1k
NPT, A TAMs A M2 B9 S fieg A M1 2Y, AT 5 e 4 i 90 A 80 T2 271

5.4. BRAVKAH

5.4.1. BRYAKE
TR 4K (Carbon nanotubes, CNTs) & —FPLF4ARBRIEGUKIIRL, E24fLis. FeFEIT A ik
ST 7 TH N FHER1R 2 T 380 IR R . & 7, Wu IR 7 R IR FAL B 90K & MWCNTs-COOH REmS %
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Figure 6. The dual mechanisms of Iron oxide nano-silicon spheres activate T cells and polarize macrophages
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Figure 7. MWCNTs-COOH reverses M2 macrophages to M1 type by activating TLR4/NF-«B signaling
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5.4.2. SHARE

AN A7 )7 (graphene oxide, GO) A AMIAR AR LT, FK A HIUHE AP 2500 £ ) V2 B o Ma 28 A 7R
T GO 5 M 18] 1 R AR AR FHILEI[29], B4R KTT LA RURT R M 5 Toll BES2 1AL 45
BE NF-xB 8138, kAN E 58 BRI in R E . GO Pikifk K, M1 HRib#s™®E, 55 M1 B B k40
(I 98 SN AT RLAR MR . O 7k — D3 R VAT R, Wang 3l FesO, 49K BURL (FNPs) 538 5
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AT SR (rGO) A FELAR ELATE I EAT 2858, JFAER B PEG-NH, il % 1 — Al R & “ B KR B 5418}
> TAMs FIECE, AT ROt 5 5o R S 82 [30] .

6. BIEISRE

A G ORA R 25 i TR A 5% I 4 B P T R S B I BOAR SR AL RN IG %2, [FI B A7 AR —
I 55—, FIA] TAMs R IA R4S A VERCAR BT TAMS SE R I ZUKRL,  (HZAE A 4L UMK
PAELH, TAMs (AR R RS2 MELASCBURE s 28—, shZ mfi A tE Bk X 7 M2 2R I i A
b EWRANA; 55 =, GURPIRHIN AW 2 At 1n) AU BRA L AE I A N A B 2 IR 3R . B B i, g
ANF TAMSs ZRRs AR IA R = 52 44, A BeA #T X RIBE T SR AIE e A BCAR - oK 25 W dA, S Iks
SEPERLF TS TAMs. REGURAGEIBVIRAFAER ZORIG, (HRREEIRTARIIKRE, QORI
FE IR SR T 7 Th] 2 A AR BOR M B B A AR A
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