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Research progress on roles of tumor-associated macrophages in
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[ Abstract ] Tumor-associated macrophages ( TAM ) are a current focus in the study of the tumor
microenvironment. To achieve their functionally distinct roles, macrophages undergo phenotypic polarization resulting
in two major subgroups: M1 macrophages with pro-inflammatory and anti-tumor effects, and M2 macrophages with
anti-inflammatory and pro-tumor effects. Of these, M2 polarization, as the main manifestation of TAMs, has been
associated with a poor prognosis in various cancers and has been shown to support malignancies. Gastric carcinoma has
a low early-diagnosis rate, late disease stage, and poor prognosis, with biological behavioral characteristics of easy
recurrence and metastasis. Drug resistance and toxic side effects currently limit the application and effectiveness of
treatments, and there is thus an urgent need to explore new therapeutic drugs and targets. This review summarizes
recent progress in studies of TAM in relation to the occurrence, development, and drug resistance of gastric

carcinoma, providing new ideas for clinical treatment and prognosis prediction in patients with gastric carcinoma.
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Figure 1 Origin and polarization of macrophages
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Table 1 Comparison of expression and function of M1 and M2 macrophages
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TLR-2, TLR-4,CD80,CD86,iNOS and MHC- II

BT «B 5516 PR R BE T 1 fF 5 1%
PR SRIE I 5 TR AT T 3
NF-kB, STAT1, STATS and IRF3

MIEIRIEH F—a AN R la AN K 1B AN
E6 . HANE 12 BLE T C-X-C FEITH A 9 FI
LT C-X-C FEITTHA 10

TNF-a, IL-1a, IL-1B, IL-6, IL-12, CXCL9 and
CXCL10

TRRIEM;

T THI1 BIGE S 5

IR S

1 Proinflammatory effect;

T THI type immune response;

T Tumor resistance

ALTE 206 51 AEF% 163 L% 209 98 5E IX Bk 43— 1
F1 Yml/2
CD206, CD163, CD209, FIZZ1 and Ym1/2

FOE R BER T 6 FIE MW T 4 HEA
L ILALAE 3 3 S0 ) T A 35 5 )OS A7 Ak S A
AL B3 5 ) I 2K y

STAT6, TRF4, JMID3, PPARS and PPARy

HAMZER 10 b A K 7 - B ML N R 40 A A
F bR PR 1 e PR 17 e ik
18 At LA Fhc 4 22

1L-10, TGF-B,VEGF,CCL1,CCL17,CCLI8 and CCL22

THLRAIEH
THAEWSBA,

T AR 10 2E A

TR SR

T GrpE il ;

T R

T it

1 Anti-inflammatory effect;

T Tissue remodeling and repair;
1 Angiogenesis

1 Tumor invasion and metastasis;
1 Immunosuppression

T EMT;

T Drug resistance

T T Rk,
Note. T, Promote.



P P AR R 2 4Rk 2025 4E 5 45 35 5% 5 Chin J Comp Med, May 2025,Vol. 35,No. 5 167

TR I 290 1] P A A R AR W AR EL B 4 Y
BETATY TAM AR AL AR ZS BN = — R AE (43R
I IR RS

2 TAM58ENEXE XE

2.1 TAM X REMHEIER

XF 22 Fh G R AL AT IR I P AT UESE T B
WRANE AL GC h A g iR A, HA
B ST — I PR g 6 SR 1Y R B
XF ELREANAS B T, 40 M BRI A R AT 515
e I AR A2 2k 1 A% O i e 0 B 82 3 ok 1) 2
L TAM FH#% M ¥ kB (nuclear factor kappa-
B, NF-kB) . {5 5 & % # 3 MOE I F 1 ( signal
transducer and activator of transcription 1,STAT-1)
T4 Z V8755 - 5 (interferon regulatory factor 5,
IRF-5) ZE0E R AL 1 135, A BT
VTR F 4 (interferon regulatory factor 4, IRF-4) |
AL T 5 S 0E LF 6 (signal transducer and
activator of transcription 6, STAT-6) MYC 55 4H fifl
PR Al 3k, 28 T A R AT 200 5T R B e i oy 1
SPERITE T, S HILAA KT iR 200 i A T A g
I EAM R BARZS 2 BR T RN ) B AR AH DGR 5T
KB TAM 5@ i3 53 TGF-B \IL-10 FIHT5I R E2
(prostaglandin E2, PGE2) &5 AH SCHt 4 4i g [H 5,
HETTAIH] NK 200 FS0% T 403 09 40 i 88 14, A7
Bl T It 200 L P G B SR AR, TAM 7 Bk
AT S RMIE A E S B+ 1o (hypoxia
inducible factor-1o, HIF-1a ) , HIF-1aw 55 845 S g
JEA4: (hypoxia-responsive element, HRE) H %45 &
BEFEPE B PD-L1 BYZRIE, i/ T 435 1 T
WRELZAEPT 4 (eytotoxic T lymphocyte antigen-4,
CTLA-4) /Yy 223k, S50 T 40 M 94 T 1 2 g
32 TS, FOX 48RS % B, TAM 73 38 F)
CD80 Fil CD86 5 T 4il g % Ifii (1Y CTLA-4 AH H_{f:
FH, DA B3 ARG 40 5 14 A T 20 i i) A 4
RAE

THMEAR G B2, 75 TAM i3 (1 S sie 4 il
FHOCACH AT R oy, TAM 36 2577 A —FP 5 L-45
R AR B K i B — AR E TR 1
(arginase-1,ARG1) , iZ /K fft g 1 i 4 L—K5 & R
FAt oy L-B MR MR, A T 20X fifeg
AR T SRR T RE Y L BE A R 1

JE& ARG K B TAM AT DLl i #a 1k R 1 fic A
2( chemokine ligand 2, CCL2)/#afk [ F 2 1Kk 2
( chemokine receptor 2, CCR2) F14E 7% il K -1
(colony stimulating factor 1, CSF-1)/CSFIR {55
T R S G T 2 o 3 g o — 20
T G BRI 8

PR, HF TAM 5 g A5 S 40 g 2 Y AT 30
PR LA KT b 96 448 B 1) e 28 107 8 RN R 0 R RE
[, B%F TAM A REIR Y7 T LA B[R] 5 Sa e 46
2 5 57 (immune checkpoint inhibitors, ICI) Y
YRR, DI 58 B X B8 1R 7 1A S
2.2 TAM i 4 B H1E A

S bR B SRR R RS R 22 B b K
FRYGE R PEAE AR T, B AR 0 it A8 A Ay i 68 4
JHLSVSAS W b A 325 2 4% AT 008 SR ) BRI 40
JRLPR -, iy ELBE JE 3l 40 A/ ik B 1) 3 A 15 7+ Je g
AUME— 25 [ SN IR RS R RS0 ) F M2 A
200 i v R T 1 EH R AT S g A Ak e 8 m)
DAIVRZE R 5 5 B 00 S0 A8, PRI TAM L Fk oy
A A BUIE O TR R R S S R
T ) 32 R N 2 — | B9 A R W 4 L Y M2
WA 3 402 2 PN 7 % i PR B8 1 O RN B B
e LA A A A T s — AR

H PR S 2 1) b e 4t A 35 1% 3l 1 n A
B2 R A MLAE 2R GE 77 A 1Y S UL kS
NIRRT S M R R
B, 2% Aol g 1% i 4 DX o R i % A A5 5 A
5,41 VEGF (N B2 R R T C-X-C HEITRLiR
12( C-X-C motif chemokine ligand 12,CXCL12) %,
HH CXCL12/ 8 L T C-X-C FETT2 MK 4 (C-X-C
motif chemokine receptor 4, CXCR4) &5 S fifif5 &
I 21 )k 4 R DX b b i 4, X BB L
i — Lk A SRR TME 23 & A R B Ar x4~
AR M2 ik, M2 A 53
VEGF &t 4E i fifg A= K [+ 2 (fibroblast growth
factor 2, FGF-2 ). CXCL8. ¥ %A 1k ¥ g 2
( cyclooxygenase-2,COX-2) FIJE T 4> J& & H il 12
( matrix metalloproteinase-12, MMP-12) %5 Ifil /& FH %
20 f 53, A HEB A A A R . 5 Ak TAM
PG T Wit KRS 7B (Wt family member 7B,
WNT7B) ., *F /& & H ( recombinant podoplanin,
PDPN) HIF-1o CCL8 P4 2 4 il TEK Mt 2 A2 ¥



168 H ] FLAR R 2 24 75 2025 4F 5 H A5 35 B4 S Chin J Comp Med, May 2025, Vol. 35,No. 5

1itf ( recombinant TEK tyrosine kinase, TIE2) i) 215
AT S b i 2 A A B — A A
FEs, g I TAM RE % L [5] )5 20 240 Jif A1 5
(extracellular matrix , ECM ) B FEF 1€ 3598 240 Mo 1)
TR AR

PRI, TAM 7 Fifeeg i A8 A6 B b ) VR FH O
B, a1 J o AN B A M2 AR Ak, 2 T ek 2D i
AH DK 20 it PR P 4 R RIT A AE A A  B A
T RIRI T TP R T
2.3 TAM X ERE-EIFERENLHIEAR

i g8 w8 1 bR AR 2 — & b 1] R FE Ak
(epithelial-mesenchymal transition, EMT) , i J8 4
FRLIA b B AR5 Ak R (0] B 25 ) 3RARHR 28 A
BoRE Sy MR b R EZAEM DY . 5 EMT
TEBAR MR L, S B TP E
IV 201 0 S 5 o A, W AT B 1Y) e A S 4 e e 2
R EMT PEor 5 IEARSE

Bt X R e EMT B9 48 OC # 1k [ -, CHEN
250361 I B M2 R I I 440 8 v KO- CCL2 38
it CCL2/PI3K/AKT {5 S5l i# B-catenin {55 4%
S A S EMT, 5348, TAM B iy CCLS 7]
VI i B-catenin/STAT3 15 541175 5 117 1) IF 9 40
f R EMT 140 i 6 8107 it A, il — T A
FEI K BN HA% 20 MY 22 08 U 1 1 5 200 e 5 il e
IR R I | #5324 %F CCL20-CCR6 ¥
T AKT BER2AL, AT A3 I EMT i 928 44 ff i) i
U B LR T LIS, TGF-B 1E h—Fh E Ay
EMT 7535, A W50 R W AT g F 2R IR T M2
RIE WA, TGF-B K3l g 40 e vh BE 4 E &4
&RV 1( zine finger E-box-binding homeobox 1,
Zebl) IR HEAT, I J5 38 EMT 53 4F, TAM
] PLaE o B IL-6 3% S COX-2/PGE2 Al
STAT3/ERK {553 %, 1T 3 7% B-catenin 1 Fifi
EE/‘J EMT[40—41] .

A GC BIK A5 EB FEEAIE , SONG 4]
W5 &I, EB R B IS 1 miR-BART11 L4 ] 38
] GC H Y XSk & # H P1(forkhead box P1,
FOXP1) , 5 E-%57%); 8 H ( E-cadherin ) 1 Snail
HEARZA, ML 3 TAM %S5 EMT, % 4h,
TAM & 7] LL3E o 9895 JAK2/STAT3/miR-506-3p/
kA H Q1 (forkhead box Q1,FOXQ1) {5 54l
WS EMT F2 77 R 38 9 s 19 3T B8 | 1R 28 TN &%

B, CAO S MRFTE R B, M2 Y AR AT A=
Y 4 9 A3 Y ( extracellular vesicles, EVs) i 0] DX
HF miR-15b-5p %7 3 Jiied 20 it b, 380 o 988 1) 2L,
H g 5% 2 M ) I 7 1 (breast cancer metastasis
suppressor 1, BRSM1) 68 210 B /1 35 5 RS B RE 0 42
RS E-cadherin IR T IH , N—£575 8 (1 Al
8] g W N e I i (1187 Aol L U 1 )
[l EMT

R, B V40 -EMT 8340 2 Fh bl £ 2
VB2 GCIBYTFHE s BB S 1 B AT 5 B R 5 1Y
F9E 25 e I 3k e b K i B PR AR L B, (ELAS
SRR, AT Xof AH S B i) 470 A4 400 1 50 7
AN LA A B e FR 40 A R I AL T I PRI
By BL, 14N, TCF-B AZ &M 7 galunisertib
PI3K/mTOR B il 77 BEZ235 14 iE 14 7 €. ik
A IR BE
2.4 TAM >t BRI 1EMA

W 3 o — g B R S 1) AL AR 4 5T B2
ik 15 2 R OE AT B R, B OWE A OC ik
( autophagy-related genes, ATGs) 7E GC ) I &
A R ANTA YT i 2 1 vh K P S AR T
L W L ) A W R A A e R R VR 2
SEIN A GC A R AN KBS 9 ATGs,
4N CXCR4 \DLC1 #1 MAP1LC3C 3@ i F 1 4 ity
5 g G R VT B DD AR DG RO B 2 A F A
P 005 0 2 T A MR A SR B AT R —
— 5T, EL RN B W A I M1 AR R
1oV RAE B B A e S — i, i
iz R RS HE A 19 (ubiquitin-specific
peptidase 19, USP19) ¥ il 5 Wi 21 Jifd [ Wk 38 2 7]
DIt M2 R AR AL XU P Bk
PR, e 40 B 23 5 1 11-6 1 miR-155-3p i@ i 1L-
6-pSTAT3-miR-155-3p- [ W-pSTAT3 1F 2 15 ¥F %
T M2 FEE R AR AL A e i A,
M2 0 W 4 5E S 0T AMPK/mTOR {5 53
S, HETITONS 22 I 2 R A L R 1 s 4 A v i B
WA A% T, T HEHT Sk 8L/ 1038 10 25175 5 1 21
MR T B — TR T & B, TAM 4300 1)
JoT 240 L Z A0 AR A 2275 57 R (glial cell-derived
neurotrophic factor, GDNF) il i GDNF Z % 3% {4
al ( GDNF family receptor alpha 1, GFRA1) ¥ 75 %
TR T R 19 W3, A 7 k2L Mo e 4 04 T R



P P AR R 2 4Rk 2025 4E 5 45 35 5% 5 Chin J Comp Med, May 2025,Vol. 35,No. 5 169

TEHE GC TR |

I R 5 B UE B A W — R S s
SEFEIRHLG] , W6 rT B & — AR IR T ik
AT R, I H 5 2 Fh o AE i 245 0 0 kR A K,
CORAE R AN Y S I A 3 e R
SR AT BB Y, — SR 58 25 (TR Y g i 5 2 5
SRR, A ATTIA R 1 W A A S B AT
e NV O PP i BT SR X (3 B
1B RLRE , 3 X P AL TP 5 R B BT e e g

A

R SEE R SC TR ATGs 7] REAT B
TR AB R AR A S B iR IR B GC
XERBEIR ST B SO [ IR AT 5T A A H
T E AR AL 0 EE RN A% AT AL A Y H
B, KA R FIF & GC BT vk LAEE & LA T
VP 9EE 240 B P G 95 S5 7 RN e 88 48 % e ok 96 24
ARSI R . I, iR A G e 4 e A P R R Y

IR WL 2,

F2 IR E AN E B T

Table 2 Therapeutic strategies of tumor-associated macrophages in gastric carcinoma

R WAL/ PR A AR UBEDIN IR AT 275 SCHk
Strategy In vitro/in vivo model Mechanism of action and results References
VRS BMDMs 4 2 FITK 4 MFC 410 2 PI3K-y inhibitor (IP1-549) il M2 #5824t §it 5
BMDMs cell line in wvitro and MFC cell line BRI PR [58]
o PI3K~y inhibitor( IPI-549 ) inhibites M2 polarization
e and increases anti-tumor activity
USP14 #1 i 5 (TU1) BHL I8 SIRT1/PGCL-A {5 %5
RN MFC 41l 5 oy, 34 SR TR T 1 (591
MFC cell line in vivo USP14 inhibitor ( IU1 ) blockes SIRT1/PGC1-A
signal axis and enhances anti-tumor activity
R SRR AP BEL T 1L-6/STAT3 {5 54l , B A% M2
RP BGC-823 4 5 TAM K8 12 (271
BGC-823 cell line in vivo Dextran sulfate blockes IL-6/STAT3 signaling axis
and decreases peritumor infiltration of M2 TAM
TAM FE Ak &5 RAW 264. 6 F1 THP-1 40 il & & /)N B %im’%ﬁnmnm? ﬁv%’%ﬁ%ﬁ% T
M2 SN cog- 1 4l IR CDS* T AN KU BRI R
TAM RAW 264. 6 and THP-1 cell lines in siro and Sophoridine activates the TLR4/IRF3 signaling axis, [60]
reprogramming ouse CD8* T cells reprograms TAM and enhances proliferation and
(From M2 to M1) cytotoxicity of CD8" T cells
DKK1 #i & BB PI3K-AKT {5 5%l $2 %5 CD8" T
R4 CD8™ T AN AR NS MFC 21 7 2L 4 e A 13 97 K PD-1 4 7R 7L
CD8" T cells in vitro and MFC cell lines in vivo ~ Anti-DKK1 blocks the PI3K-AKT signaling axis, [61]
and in vitro and improves the tumor destruction of CD8" T cells
and the efficacy of PD-1 inhibitors
VEGFRs Fl Ang-2 XHLIIEA 1% TAM 5%
PN U7 il G1261 4Hi it R AN Gl261 2 fif ﬁ{]‘Ml REHERR AR RE NS, S
= 3 J
{J\87 and GI261 cell lines in vitro and G261 Combination of = anti-VEGFRs  and  anti-Ang-2 [62]
cell line in vivo reprograms TAM to M1 phenotype and prune
immature  tumor  blood  vessels,  inhibiting
tumor progression
DKK1 HLIRLKT PI3K-AKT {5541, #5) M1 TAM
S5 M1 TAM R4k CD8* T AL FIPA AT MFC 4fl g 5 HAGS AMIMANEEES
Targeting M1 TAM CD8" T cells in vitro and MFC cell lines in vivo ~ Anti-DKK1 blocks the PI3K-AKT signaling axis and [63]
and in vitro enhances the cytotoxic effect of M1 TAM on
AGS cells
- - RERICI T AT M2 TAM 5L
#ja) M2 TAM PRSP THP-1 41HL5 Chloramphenicol photodynamic therapy effectively [64]

Targeting M2 TAM  THP-1 cell line in vitro

induces the death of M2 TAM
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gR2
il (S AVA N e YEHIBLHI Fgs R 7% Wk
Strategy In vitro/in vivo model Mechanism of action and results References
TE HER2 [ GC 7, CD40 1 HER2 3L EE &
(SEFHBEANT M1 TAM R B 303 18 5
AN RAW 264.6 F1 THP-1 % ES - N ’
i D40 o ATHP-L SRR S ks e
. NCI-N87 4iififi %= .. . .
Targeting RAW 264. 6 and THP-1 cell lines in vitro and In HER2-positive GC, the combination of anti-CD40 [65]
CD40 ) L and anti-HER2 increases the number of M1 TAM
NCI-N87 cell line in vivo . .. o
and enhances anti-tumor activity and sensitivity
to trastuzumab
. . CD47 HiiRIE5E EB R FEAHIE GC o TAM 1845 W
L CD47 {A5h THP-1 4115 AN MFC 4015 SRR BB S E AL GGt I
Targetin THP-1 cell line in vitro and MFC cell line fRHIA IEN-B 5 [66]
CDi7 8 . Anti-CD47 enhances TAM phagocytosis and IFN-f
o secretion in EBV-associated GC
CS5aR1 AR {2 Dectin-17 TAM 43 WA i2 % 5
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Figure 2 Influence of TAM on the biological behavior of GC
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