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Metabolic Crosstalk between Tumor Cells and Tumor-Associated Macrophages

WANG Huanhuan, DONG Wenhao, LIU Fang, CHEN Che*
(School of Public Health, Gansu University of Chinese Medicine, Lanzhou 730000, China)

Abstract TAMSs (tumor-associated macrophages) are one of the most abundant cell populations in the
TME (tumor microenvironment) and play a key role in tumorigenesis, chemoresistance, immune evasion, and me-
tastasis. There is an important interaction between TAMs and tumor cells: metabolic reprogramming can confer
a survival advantage on tumor cells in TME, and corresponding metabolic by-products can affect the function of
TAMs. In addition, TAMs undergo metabolic reprogramming in response to signals present in the TME, which
can affect their function and cancer progression. Identifying metabolic changes that affect the complex interactions
between tumor cells and TAMs is an important step in the exploration of new treatments that enhance their tumori-
cidal potential. This article summarizes the metabolic alterations during tumor cell-TAM interactions, highlighting
potential targets for cancer treatment.
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Tumor cell metabolic reprogramming drives the polarization of TAMs by releasing metabolites, signaling mediators, and influencing the metabolic land-

scape of the TME.
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Fig.1 Metabolic reprogramming of tumor cells affects the polarization of TAMs
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To adapt to the TME, TAMs undergo metabolic reprogramming, which allows them to exert direct or indirect effects on tumor development through the
release of cytokines and metabolites.
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Fig.2 Metabolic reprogramming of TAMs and tumor development



G Tl TR 4 5 PR R D% W 4 2 [] A e 3R

2963
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TAM s H i % B A AR 2 i) 25078 ] 3 30 4 9%
0], (kR A RN 7% B A RIRAGIRAS Y
TAMsARE B0 & e, MR B & A4 R I
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Jieg AR L I AR AN i R e B BB Ak AN
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PDK 1) AJ LA BRI AR AL . PDK IS AT ek 55
M 200 i PR A 203 I A2 1 18 i M2 5 W 4 i vp
() OXPHOS™ . Zx b Jfrak , 5 ) WA i 4 45 Bk
S B 22 S A T, AT S M hE o . N i il
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TAMs w8 i 5 2 A2 I 52 A QU R s e Jee i o g
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CHOL)R M1z, Mg 4f fus b, TAMsPIE B AR
AT R AR i T AR E A . TAMSHIRE Rz —
AR B . WFFE R, caspase-124fi# PPARy A fii
NEFETAMsH AR R, (M AR B0 1 R 7 R 45
4 85 F (fatty acid-binding protein, FABP)E AR 1%
U SR IR 1, ANTRITE X 8 FABPS ik AE KAl
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i, e E R BE R T ORI 2 TFN-BIR ™A, AT
BT NK 40 1) 5248 LR BB B A, g 40 i
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A-FABP){EFLIRE TAMs 1 5 3Rk, i8I NF-kB/miR-
29B/IL-6/STAT 338 % e 13k FL e RO 484 G M EE A5 17

K7 He AR 24N, TAMsH A AR ST A o 28 Xt
Jigeg & A ORI . AAGE SRR AR R 1Y DG B AT
I, RIEAERATEPGE2. A =M%, EA1H AAME
I HESA A B (lipoxygenase, LOX) 4 A i (cyclo-
oxygenase, COX)ZEA UL AP, FKIECOX-21]
TAMsA] |3z th i 55 oRg 4H p A2 28 . AR AR AL 8 55
R RZ R & A TR W], TAMsHF COX-2A
AN 3 it fipk i MIMIP-9 2 328 {1 3 . e 40 PR 1Y b 2 — T
Ak, 3T DA N 20 i A 5 Bel-27K 1 BA AL FEAIS
Bax 7K R A i3 LM 440 i 384 58 RT3 B> eAh,
TAMsH' COX-2/PGE2 [ 5 2 35 38 1o 0 L i e 4
A7) PI3K/AKT/mTORE % M T 1 5 L B 1)
PARY/% K IR

ABCG12 ABCH; iz 8 FH ZR 1) — b, 7548
I AL P A 2 BT, SR 24 TAMs ik = ABCG13&
RIS, 24 6 r i 2 R [ B AR R 2 5 B NF-x B
FETAMSHR AL MR, AT 1 95 TAMs X 8 4 i A
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] WA U A0 2 THC ] A2 i3 2L s 240 L P 184 0

SEA R A, iR 40 i 5 TAMs 72 IR 5 Q5
AFAEZE S HAHE S0 - MR 20 S i b B P 2
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A R, AT B & G 5E A2 5 1 TAMsH
MGLLIF) k5 5 80 2-46 45 DU R 1 il (2-arachidon-
oylglycerol, 2-AG) R, i I HHCB2 KK 3= 32 14145
TIBEK, KB TAMSs[a (2 M2 R B A1, 25 b
FIvad | of A 5] 4 6 SI e i S5 A 90 ) 7= A= A [ 1)
RS, WCHE 7] TAMs -5 i 83 448 i 1) () AU LA, o
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PAG B AR N NOE s, AT ) 7L B F 8 4 i £
AT R, B e T 4R R S R A PT RE s bl
T IE RE T) . A B & TAMsI B Efe &
SKIR, X A D) RE 2 OCE BT, TAMs Al I# I A2
Pk f% A R (glutamine synthetase, GS)F| A MIA =
M H AR 2B, £ TMEH, TAMsN GSifth
RN, HAE T TR S S 1 RE S35, (2 ik
HHHIZ B ) e STk S5 . X KB, ] TAMsH ) GS
TEPE AT s LU R DhRE . DRI, BB R GS DA 4R
TAMSs 2 2 Wi AR, Va7 T 178 £ SR 0,
A1, TAMSsH )55 75 J2 52 44 (aryl hydrocarbon recep-
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4.1 $07=) e ZE AR X 1
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EAENLHRIIATE 28, (HFFUR B, A SR g
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I DS BER , 5 HOMK A(machilin A)3d i #0112 B ek
LR A, AT AR 1 2 0, t4h, LDHAH
1) 71) 0 G R T Ak B MDA -MIB-23 1 44 Jfd A1, AT 401 1) L
BRI =, Af TAMsH AL M1 AL 190, B i o 7
M EA B2k, 12 0 T B S PARPAH 77
AT 3 s iR AR AR B U0 T PEKFB3AE Ay 4 1
e BT G BEE A 5T IR, R O MR VR T BE A Bl
PFK 158 Jik2b> [ Je 4 Jf 40 9 46 8 St L. AT P 2
FIFLERBEIL, 5 SN T Y, 25 &K (shikonin)
T8 175 T A B R R T s M2- 2R A T T
(pyruvate kinase M2, PKM2)if it SN A ) 4330,
SH I BT R VR i 251727, R (hexokinase
2, HK2)WE M R fife 1) BRI, 50 A0 P A AN R Pl
EYNA . LI (benserazide )il i B 245 & HK2
FEBRAR IS, BEWT A 2 H A, 3 EATP/KFFRAIS;
[ R AE S ST 2RI AR R
Ja, FLEE )RG5, HR AR IR T T A TR
I, I E 5 A BE 7] 1% & W) (proteolysis-targeting
chimera, PROTAC)H AR BT BRI L HK 2 F4 A 77
C-02 1] A7 R % i HIK 2 8 1 A0 o8¢ A 2L i e 4 B P v
P, b AR GE A ) B 24 1 () R YT, PR IR s
# [ 1(monocarboxylate transporter 1, MCT1)/2& LR
SR R e R B 2 —, H A7 AZD3965 7] A
205 BEL BT 2L R 10 7 sk D> i e 200 ik %o T 5 B ) 4
H, AT 415t e 400 B Py 389 3, I B S T80T B A A
F AT Mg s R ROR U SR 2448 FH AZD396515 YT
B, AR g T B MCT43R 0k, 4EFrFLIR S HE
AZH AN pHARES , AT IR 250406 o I PR ATHE 7T
IR, AZD3965(XAEMCTAIL #2158 i 2 1) i g A5 2
HAT R o 3 — WL P T 24 2 M R 4 A ) B B A 7
4L, Olutasidenib(FT-2102)F1 Vorasidenib(AG-881)
AT ) S RS R I 2B (isocitrate dehydrogenase,
IDH) 28 5| E B =4 2-F2 25 1% — R (2-hydroxy-
glutaric acid, 2-HG)PJFR 28, MM & 40 i ) 1E 3 A
AN LR Ik U870, CPI-6 134 A —Fh A U e ki
A Dy ReA I 7, AT I ) R R N Z kA, AT
PELWT TCATEIR, T2 ATP ™ A B i /b FHAH i 07 1 00,
FJEIEW] (lonidamine) W 2 —Fh &2 & 44 T 7], 18
SO A =Re N | SN TS R N S NI T
1 L %) R AL SN, 0 ) o T 4 L %) A A R I B



e S iR 4 -5 TR A 5% I A M TR] AR 5 3R

2965

HRITHT TR, J6 105 . & F B (fatty acid syn-
thase, FASN)#il 75l TVB-26407F FL. i i AR i 15 54
o BT B E WU EE B BE, e TR
b, 7 5 R M A 2 BR BRI SR T = B
i I PR 56 (NCT03179904) FREAT MR . 17 %
WET LA R E T THREE (epigallocatechin gallate,
EGCG)idid [ FASNZRIA /K-, $2& iU Hidk s
FERIR YT BB , AT 7 R ™ Ak, AR
I 4 EE 2555 (terbinafine)#E [7] & B IH [ BEAE W) &
IR O B SQLE, 1 e =2 TR AR T I8 (045
S AFL AR ) G ROR A B, SRR AT o4 A
[ (sterol regulatory element-binding protein, SREBP)
S oA PR B AT R, dd e A SR TS T Ui
AT 1 171 245 455 1 917 12 A0 JOEL 3] e o1 4, V4 ) A Y T
(fatostatin )it i BH Wt SREB P 4% 1fiy 18 21| 1 i e
FHE, GLS14M#il5, 41 BPTES. CB-839, T\ #iEH]
AT LI i 2O 2 S B AR AT IR ROSTE B R 40k

1) 4 ) 384 5 AL S 5758, WANGEE BHE I &
T ROSH N B gl Kokii (PD-G@BC), FLARAC U 1577
BPTESAHI CPI-613, P/ 7] [FLWr [ 240 i v f i o e A
BB, I 35 e 184 58 Pl 75 98 9% /R =
HERE, 51 RFPER L /N DFMO(—Ff 3kt
FH T R 1) 22 Jri e 700 ) W LA A 28 BEL B e 98 4 L
5 TAMSs 2 [H] (A% SR — 22 AR lr, AT 4141 9
Ak X —RIAERE T UME R TR R DIRe 7+
JRPE S, WO TE R T s T R A T R
g1,
4.2 FE[ETAMSs{X 5

TAMsAE RN TMEH (1) 3 B2 G R 4 i B, 76 7%
Pl R B R IR AR, 3 R o R
T BRI R Y IR AR A H R E % YA G .
ARBU(arenobufagin), Jii F W&k E: R 1 RAANAY), 18
1] TAMSs[) LOX-1%2 4R ThRE 11 ABCA1IEE
i, 755 TAMSs[A PR M1EUARAL , AT 525 50 s

=1 EEAEARRIHNZY

Table 1 Drugs targeting tumor cell metabolism

BRI Y ey i e RE SR Bl I PR 43 1 27 R
Targeted metabolic type ~ Name Types of cancer Mechanism Clinical stages References
Glycometabolism Machilin A Colon, breast, lung, and Inhibit LDHA Preclinical tests [68]
liver cancers
Oxamic acid Breast cancer Inhibit LDHA Preclinical tests [69]
PFK158 Ovarian cancer, cervical  Inhibit glycolysis Preclinical tests [71]
cancer
Shikonin Bladder cancer, non- Inhibit PKM2 Preclinical tests [72-73]
small cell lung cancer
Benserazide Colorectal cancer Inhibit HK2 Preclinical tests [74]
C-02 Breast cancer Induction of HK2 degra-  Preclinical tests [75]
dation
AZD3965 Lymphoma Inhibit MCT1 Phase [ [76]
Olutasidenib (FT-2102) Glioma Inhibit mutant IDH1 Phase 11 [78]
Vorasidenib (AG-881) Glioma Inhibit mutant IDH1/2 Phase 111 [79]
CPI-613 Pancreatic cancer Inhibit PDH Phase 11T [80]
Lonidamine Lung cancer Inhibition of complex II ~ Phase III [81]
Lipid metabolism TVB-2640 Breast cancer Inhibit FASN Phase 11 [82,90]
EGCG Esophageal carcinoma Inhibit FASN Phase I/11 [83]
Terbinafine Liver cancer, breast Target SQLE to synthe- Phase I/II/111 [84-85]
cancer size cholesterol
Fatostatin Endometrial cancer Target SREBP Preclinical tests [86]
Amino acid metabolism BPTES Colorectal cancer Inhibit GLS1 Preclinical tests [87]
CB-839 Colorectal cancer Inhibit GLS1 Phase 11 [88]
DFMO Breast cancer Block the arginine-poly-  Phase II [40]

amine metabolic axis
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&2 HETAMSIRISAIZ54)
Table 2 Drugs that target the metabolism of TAMs
AL AR B aphesut] ML I PR 7 S R
Targeted metabolic type ~ Name Types of cancer Mechanism Clinical stages References
Lipid metabolism ARBU (arenobu-  Hepatocellular carci- Inhibit LOX-1 receptor and up- Preclinical tests [92]
fagin) noma regulate ABCA1
Celecoxib Colon cancer Upregulate interferon y to alter the ~ Phase III [95]
TAMs phenotype
Metformin Prostate cancer Suppress COX-2/PGE2 axis Phase II/I1T [96]
EI-05 Breast cancer Promote lipid droplet formation of ~ Preclinical tests [97]
TAMs
Etomoxir Hepatocellular carci- Inhibition of FAO Preclinical tests [98]
noma
Decitabine Hepatocellular carci- Inhibit FAO oxidation and reverse Preclinical tests [99]
noma TAMs polarization
Amino acid metabolism  Glufosinate Lung, skin, and breast ~ Lower glutamine levels Preclinical tests [100-101]
cancers
SRX3207 Lung cancer, melano- Inhibit ARG1 expression and Preclinical tests [102]
ma, colorectal cancer increase INOS
PEG-BCT-100 Advanced solid tumors  Induce arginine depletion Phase 11 [103]
Epacadostat Melanoma Inhibit tryptophan metabolism Phase II [104]
Glycometabolism Chloroquine Liver cancer, mela- Reprogram the metabolism of Phase I/I1 [105]
noma TAMs, from oxidative phosphory-
lation to glycolysis
2-DG Pancreatic cancer Inhibit glycolysis Phase | [106]

HERE , B PD-14044 ] 5 A g 1 G e 6 T 7 I 24 121
EASVE R 2, a5 ) 200 M iy i s I ] et 4
DB X S35 | S A, AT S B MR T DR,
00 ) I 2 e A0 DA A e e % M R i () — o i (1) 96
JT R

TAMsE T T %1k COX-2F1mPGES|, {23k AALY
LA B PGE2; T PGE2REM B L IPD-L1MERIA .
WEFLR B, COX-24M1| 71| ZE K A7 (celecoxib) Bk 1 HE
AP PD- 1R I7 1) B16-F10 2 (0 208 A 4T 15U e
BRI PD-L1RIE S, 0] MR TR v =4,
¥ TAMsIF T I M2I 5 R M1+, — Tkt i 471
Jhde /) BB RS (R A TR B, — XU (metformin) 1)
#ICOX-2/PGE2#l1, Ffidid yii/> o 2 H i TAMSs )=
HE— S5 RT3k ¥, teAb, E1-051F 4 E-FABPIY)
H AL, R TAMS e 30 i T R TIFN B A=,
DA% 3855 TAMSs I BTIRIVE 14, AT 400 i 7L i e g 2
Ko SR, BI-051E y—Fi L5 s E-FABPEUE 71, HAE
FH AT BE R FASNEE 1A R U U HAE T )i
RN, FAOXTT-4EFF TAMSAE i sg 6 7 28 5C dE 2L |
KFEFLVY (etomoxir) 1] 1| FAO, M98 /D IL-1BHI 45
Wh, FEANH bR 4R )AL 9. M PEARIEE (decitabine)

AR H I IR, 105 RIPK3SEIR 1) e AR
A, M0 FAO T 5 TAMs B M2 AL, ix tbgh
TR, TAMSsAREAR G 2% A7 7R 2 AN ETE MR IT
B R, BT IXARRE SO R 259, BT IR IR T HR At
BT SR AT B

TL- 108 i 30T G S i [ 05 4 it ) 2 fiek 988 1)
M2RIIRAL o BFFC R I, GSHF S 400 1) 370 5 A
(glufosinate) A] Jd ik P A 40 i N 2 S BE i /K- 3
TR R AR 2R 0 i R R AT, AT 3 M2 B
5 4T ) G B PR AR P, B TR e g e 8
ZLRE U0t Ak TAMs A] 3 i PI3K/AK T/mTOR
KL HE ARGIFRIA, Y58 L-FE @ A5 &
AN AN PI3KyRIA nl i@ R ARG 1 i
INOS I FRIE K, T 020 L P LK UL 1 &5 A,
e K BRE DU R % 1Y, PEG-BCT-10001 52 @ it
75T TAMsH RS S R AR , 540 TAMs A K
HHEUS, (IR RN S S 2 M AR, i
BB AR, A ARG B, PEG-BCT-100
A G622 XF IE & 40 P AR — s B s, 0 LR AR et
K2R T R B 4l . 30 TAMs H i) 8 2 R
AU XS T34 s ALK ) B b e S ) R B X
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Epacadostatf& — il = 25 (1) G 2 1 ) P 1 WA iz 2,3- 30
T4 1(indoleamine 2,3-dioxygenase 1, IDO1)$fI]
A, IS R S SRV RAE R, IDO TR A
&, SAREPEEGE HARBE (N TDO), FHUR IR AR
P& D) REAS AZERE, M5 i Rg 7= A i 245 7, AR SR B
KIDOV/TDOXUEL £ 25 ) BH WAL o e AT o

A, &% (chloroquine) 7E S HIHF 70 H 2
—FPUEZy, T H AT TR IS TAMsHiAE A
MI1%Y | ELARKLH A8 i 05 74 5 K7 EB(transcription
factor EB, TFEB)¥f TAMs 145 M\ OXPHOS E # 4 2
JIWEIERGE , WIS SR LA I B i eg S 73 1% 1R
HK2 K58 S P57, 2- Mt 0% %) 8 (2-deoxyglucose,
2-DG)id R I TAMsH (R B i, A3 R0 e e 40 i
(JEMT, & — PR A 1 55 (1) E R A e ) 71000
4.3 HithiaTr R

IR 41 il 5 TAMsS/E TME AR AH AR A . AH 52
Wi, AT B — H AR VR T SRS AR AR SR PR . DAL,
T () B e frfr g 4 i A TAMsAR T ) 25 P e S8 6
R R R ITAER, JFE e T el . 1EA
REL DT 75 2 R e At FRY R4 245, THU083 AN X it 24
A s , 1 B TMER) 3% il A 1EH .« el
T TR 28 1 TAMSs [P F= A Sk e Hit i eg He g
ST, FEBRARR B A A0 3 107 SE AR T I Je et
AR AE, BHWTRE & 3R B3/FAKAE 5@ B, 5 29
S B o) 58 A2 i B Rk, [ A o O T O ] A O
(IR X 3244 /ATP S & iz i A TR A2 M2
T TAMSs A M1 AL EE 4, X {45 TGF-B o ilb i /b,
M4 TGF-BHI AR 1) b Bz I8 B ik . 1 2k T2 Ak
VTR Z5 P r] LASE i 25 A BE g M R AT
7RO, X G IR L ) Je R 24 LR TAMs A (1) 24
YA B ik 07 R BRI, $EmiadT ROR, MOT
R L A 0] 25 % AR KAT Wb B — BT T

W, B 4 BRI e % ML s s e e g 4
i, ELEC S RGOSR RUAEE L. BRI A
TMEH & &+ E HEA &ER T8, IR
PTG EH, IXARE AT R T 5T CARERR
RAIIAIT )7 % KLICHINSKY %5 R F &2 il iy
TR R A, TR T CD3CIHTHER2 CAR Eil
Y, S A CAREIE o T M BRI 5 F CAREL
Wi B ML 34k, A TME BT 2558 A RS
TEARN, IXEECAR BR3P/ B
(IEARIA kD 1 il ) Ik 4h, Bt Dectin- 197044

AT TAMS 1) G e i) 2008 H-0 & TAH M8 2% 2
e, S0 PD-L1PUIARLL G677 i T e 4 Mo 0 T 5 T
FEAETMEER , %8 Dectin-1" TAMsH B BN )% 76
7 BE R TG R ICTs I PLR /E FH 1O XPhER AR YT
RS AERSAENT T T V2 RO RS, O e va
TR AL T BT AT Re .

5 NESRE

il J83 4 it 55 TAM s FEAR AR B4 FH 3L B2 T
JifvJ88 241 B ) A7 3 5 e e ik i, AR AR T R 4% 7R ki
FE R R A B o 5 e e 4 B A R AN e
s H 5K, RE U TAMs AR EPIR &S ik
B, HTAMsHAR T BT, 2B — AR
(5] i, 3k T SRR AE () R RS« T H BT TAMs a1 fe] 521
iR 40 R A B FEAR R A A RIRAIR R . &
SCAEE T E AT HE ) iR 2 AT TAMSAR B 1 25 4 Fn
FHIGIIIE YT J5i25, DA BRI 79 b 44t e o A 1 2 2 A2
FHEAEH P BARNLER], v s T ieat 7R
UFBITIN B SR, KE A a) TAMSs I e 4 A R 4K
R AN AR 2 P S Rz k. o, MR gE
HIFITAMSTEACH! B BEA R B, 4L T 14 g
AR I 25906 9T I, AT RESR I H A R B0 S R
Fo HR, BAVKIER o #E1 AU 25 BAE H is 42
TE M A 5 1R W A R AR AR I = . AETF R HE R AR
W2 MINE, BB ) TAMs B8 I8 248 i A 3t 1) 4 5
P RESE RN B OoGENAREY (LR .
REWTBREE YA, ORI ERER . WKE . WIERSE
S5 RIRE % G B AU R 0, AR SR ia T BB S0
JIBRFRE . IR, EIA T H, LT TAMsAR S
PR B AEAE R R IR, 2 500 Fe iR o MsE R, BfY
FAET I FRIEZ 1, WX P TAMsAR 8 1 B F2)
AN, IXEEFRATH TAMSAR A J57 (1) 22 fig ik
AEERN , e DL B A A U 503 A2 L4 eh MR 5
T, A B — R O . PR, TR
T G 9% 240 1 5 P 9 20 2 D) AR LR, R 4
PR IE R ENE T R R, NIRRT A
B 1 B VS AR H 5 S B SR o
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