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[Abstract] Colorectal cancer (CRC) is characterized by high global incidence and substantial disease burden, with a marked
propensity for distant metastasis, most commonly to the liver. Metabolic reprogramming (MRP) is a fundamental hallmark of
malignant tumor progression. During this process, amino acid metabolism in tumor cells, particularly at metastatic sites, undergoes
substantial reprogramming. This adaptation allows cells to acquire energy and biosynthetic precursors while maintaining redox
balance, thereby enabling their survival in harsh microenvironments and promoting metastasis formation. This phenomenon is
commonly observed in patients with CRC liver metastasis (CRLM). In-depth analysis of amino acid metabolic alterations in primary
tumors, metastatic lesions, and the surrounding tumor microenvironment (TME) in patients with CRLM offers significant potential
for identifying early diagnostic biomarkers, developing treatment strategies, and uncovering novel therapeutic targets. This review
summarizes recent advances in amino acid MRP in CRLM, highlighting that tumor progression is predominantly driven by the

regulation of key metabolic enzymes and amino acid transporters. In addition, emerging diagnostic biomarkers and several novel
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therapeutic targets and metabolic inhibitors are discussed, providing new insights for precision diagnosis and targeted treatment of

CRLM.

[ Key words] Colorectal cancer; Colorectal cancer liver metastasis; Metabolic reprogramming; Amino acid metabolism; Tumor

microenvironment
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T A ER AT Ak B A5 3 RS 2 47 M P
J& CRC I WHIEE A2 4% 'H , CRC T4 (CRC
liver metastasis, CRLM) +& CRC i FZIET-1) &
TR, CRLM B E M SHFEAERAE 20%, &
25% %) CRC JREEVT S NG A TR, AA
29 25% W F# 231E CRC IR R AR VA AR I KA
B ) XTF CRIM BE N, RGN HES
tn T RS SR AL . SRS . B
i, CRLM 2 Wl s B T2 45 2= R, 3
ANTF 1 em BB/ N AR RS HSRARAG 5. AR
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FoE, RSO R A2 W RNE YT 5 i

CRLM 247 1y SC 8 o U 5 % 72 (metabolic
reprogramming, MRP) 2 5 4t K Z 8 1)
KA RRE. B RoE MR, Tk A
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MRP A Ry B R A% DR —, FE
Ed At HERE . AR2E . BEAE ME S e kAR
KHEVEH] 10, Warburg 2500 $6 75 e 4 it B 78
A SRS A G W T A DG DO TR oK
JE AT T MRP &SN BlE BT RTR A,
MRP 13 ] 22 20 PO G i 22 B B Gl An 2
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Fig.1 AAMRP in CRLM

E AR IR vh IR A Y S W T AR B
=, A A B (glutamine, Gln) . £ & &
(serine, Ser). HZ MR (glycine, Gly) ., KL%
fii? (aspartic acid, Asp) SEAN{UAENEYIA HLHT
S 5EA A AL TRA N (AR /B g
), ZBEEFLRE (branched-chain amino acid,
BCAA) LRI SRR G L, BB IRt
SIIRE. BR T LiRE IR, HEFR (glutamic
acid, Glu). %R (tryptophan, Trp). M2

2 (cysteine, Cys). BME&E MR (Cys-Cys). ¥4
IR (arginine, Arg). KRAMA% (asparagine, Asn).
i & B2 (proline, Pro) . H i Z MR (methionine,
Met) S5 FhE HERE o R AR R s . R
WIS (LA T S A5 el 6 A 2 R FE ML, TR %
e kA . R . AR R
IGERAIFAE A, #8209 CRC 20 i i e SRl 2
B A ™ g%, HE M 9 i PR 55 (tumor
microenvironment, TME) DI H G EM 54
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K, Mg AR A T R
AAMRP 53 477 T 248 K 22 BOBAE g 19 & A
KIESRET, HfECRLM A4 . KEERET,
HASFR A AT AR BRI P AL
2 XS EBNREAE CRLM hayEH
2.1 GIn/GlufXit

Gln VE A M 3% vk FE ey (400~930 wmol/L)
Ui S SR, ANURAIRAE A, i HJZ CRLM
240 M A AN ZE A IR % R T G
IFEAR KRARBE 32 3 c-Myc I, c-Myc )
PG RES L H A A BEE B (glutaminase, GLS)
ME LR G2 R, 3858 Gln B8 BORMR
S bR AN A RS B RS

40 P9 Y Gln AR ISR T B A GLS1, I
AL Gln 7K f# 4 Glu, 3 13 3= R %A% 0 3 4% 3R
SRS ERE, — 7, Glu &R 78 N o- i
% TR (a-ketoglutaric acid, o-KG) [FI#MT-4Er
TCAfGHA I &, R4t ATP K8 B A i A Ry g
i ; 93—y, GlufE ik A8 23 B 1 K
(reduced glutathione, GSH) & WA, =591
FALBH, WEERTEPES (reactive oxygen species,
ROS), fRIPAIA Sz A kit m&ikn GLS1
L5 CRC H 35 I B 45 2 B T s 311 DR 441 432 3 A
Ko GLS1-mRNA KikZ S A FP R AKX 5l , Bl
G A ST 1 (hypoxia-inducible factor,
HIF-1) M9%:s%, B3V GLS1AY mRNA ik Fl
K. GLS1i# 2 5 ROS A F 1Y Wnt/B
~catenin i B L RS AR F LT AR 1T

Gln 34 [R] B A9t 1 2 3 1R e s B 1 A9 B
YEH .. SLC3A2 TR MR s . HMMFL T A5 =
B Sl CEEVE D UYL 1 M4 R L-Gln 2
SLC3A2 54181 A CRCAIME)S , AEMEIR bR T
IX 3 H3K27ac & Wi it 1% 18 i K F, 3 1 P T
FOXA2 % 5% [H 1 18 ¥ 09 6 B A O R (4o
ALCAM . GLG1), M9k ) fif g 40 i 8 B . 38
B R i H 1, SLC38A2 & — il 2 T Mk 1
FE AR R EENH, BT SLC38HizHAR
o MR AN 1 BRSO A8 2 SLC38A2 3%
PRI GIn, MRS %% . CRLM
i 98 AH G B 27 4k 20 JfL 43 W6 1% 4 W {7 IncRNA-
PWARG6 A ) I8 CRC 4fi fifi Hh SLC38A2 Kk,
5t Gln PO L UL IR 6 2. REE BT A AT
WA, RN KRIRVTFZ Gln 18 1k 5 KRAS %
R CRC M A BN G, KRAS 98728 38 i)
Hippo 15 5 i 1% 2 I [ F YAP1 34 3 SLC7AS.
SLC38A2 MISLCI1AS By5&1k, MG mTOR Jf:
fit JE CRC 40 i 5 5 220 e oh, SLC25A21 18
KRAS 58751 CRC R8T H 582 &

AAFRA R, SLC25A2 1 AR 8 3 it B KT £ ki o
GIn G «-KG 5ME, 35 GIn A, &7+
GTPE4s, MMi4ERF KRAS 275 1 CRC 4L Y45
SRS, PEUEHOETE | R MR
2.2 Ser/Gly /Xt

Ser Fll Gly & AMATEZAYAE LT 2 L0, 7RI
T LA QI A OC R L PR G B ) g 2
L 38 A IR G R i 4R Ser R Gly,  DAFR{HE
— RN ST IR A L. AL SO . i R
IR P e P4 — A2 1 IR W P AN GSH A AR
R 4 Ser/Gly BRI 32 2 12535 Ser &K
IRARJRIT, A LRI AR T A v 1R 40 3- Wi R H
2 (3-phosphoglyceric acid, 3-PG) % i Ser At
IS W 1

*1 SerfdBE#
Tab. 1 Ser synthesis pathway

Substrate Product Rate-limiting Consumption
enzyme
3-PG 3-PHP PHGDH NAD"*—NADH
3-PHP 3-PS PSAT1 Glu—a-KG
3-PS Ser PSPH
Ser Gly SHMT1/2

3-PHP: 3-phosphohydroxypyruvic acid; 3-PS: 3-phosphoserine;
PHGDH:Phosphoglyceratedehydrogenase;NAD " :Oxidizednicotinamide
adenine dinucleotide; PSAT1: Phosphoserine Aminotransferasel; PSPH:
PhosphoserinePhosphatase; SHMT1/2:SerineHydroxymethyltransferase
1/2.

Ser & BUR MY OCHERE [ ANk Hmm i =
fitf (phosphoglycerate dehydrogenase, PHGDH) .
W R 22 % R 2 7% F% I 1 (phosphoserine
aminotransferasel, PSATI) ., ZZ %R % H FLE#%
g 2 (Serine hydroxymethyltransferase 2,
SHMT2) %] 7£ CRC B A& i )2 Ll >,
Zhang % " BF5% % 1, PHGDH 7£ CRLM H1&5 3
ik, H K146 1 #54: CuldA-DDBI1 4\ T 11z R
Ap B FEE TG, A2 JE Ser AT S-JIRH LA BLE (S-
adenosylmethionine, SAM) & i, SAM F} 3K
) SETDIA /G 1) H3K4me3 154 , i 12 54 7%
LR LAMC2 F CYR61, 43 5 it 240 Jifd &1 35 Jot o
[T a AN | A= A =1 L A =1 B W =
(epithelial-mesenchymal transition, EMT), fx%
it g i oEd A 4B 5% %, PHGDH 47 7 AAMRP
18 1o e W st AL ML {2 7 CRLM & A= o oy — Tt
g2 2 FB, #% PHGDH 7] F 6 Hedgehog i
B CEE SN (GLII. GLI2. PTCHI) #ik, ™
HIEWAE SRR E . GLI/GLI2 #k— AL ¥ EMT
R A A TR ARy, GO MR A A i . R
22 S AT #& AL AE 71, $&75 PHGDH 1# i 3 1%
Hedgehog {5 5 i £ IR 56 %% . SHMT 1= Ser/
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Gly fRifiHh B8R, 5 CRLM MIE LRI fi
P A HYIEER, Cui%s )l Liu s 2 il i 4
N ANSEES, & P SHMT2 78 CRC 4 Jitd ) 41 it 5 Fil
Ui A A Sy A, HAE CRC 4141 mRNA &
KA AR & FIEH B, H5 TNM
P R EERE R RG2S AN R TS
T @K SHMT2 a] #1ll i CRC 4 Jfd {4 py &1 34
5, I VP UHRF1 #3515 5 40 I BH
5% K F TCF4 5 B-catenin P[] |4 SHMT2, &
% SHMT2/B-catenin iF & .

2.3 BCAAX#

BCAA tUffise &R . FrcAMRMMB AR, &
NEE L LT, A E2 010 T8
WURRFERE . H 32 AR S R 2 0 . A
RN A AR, R S R S S I
¥ %% i  (branched-chain aminotransferase,
BCAT) i fk A= BOH R 1Y 2 8 o-Bid iR (branched
chain a-keto acid, BCKA). 4L & & BCAA
()43 AR IR S, 1 BCKA B 2Ll & A 1A
(BCKA dehydrogenase, BCKDH) kA= Bl T it
F S AR IBEE ARG A P10 ST BB IEE A T
S Bl A WE A T A K 5 1 (enoyl-CoA hydratase
short chain 1, ECHS1) #ft, iF—% b2,
5 AR P Wi A TCA R IR E AL g Y,

BCAT1/BCAT2 7£ 4l Jifd Jit 1 2 ki 14 44 1k
BCAA ¥ 5/E i BCKA, Fik A TCATEIR, AL
BRUR . AR K R SR A R A L A
CRC B # K shWiAlh | BCAT2 i) mRNA % ik
FEE A OKSE Y B35 N, Bk FEBCAA B

. mTORC {5 PEHF LR TG . DT 2 2 i e 2

BB . BCKA Wi 4 M % # (BCKA
dehydrogenase kinase, BCKDK) J& BCKDH f#Ji
Hil P, Bl SRRk BCKDH W 3E, #if
il BCKDH i 14, M BH Wt BCAA AT ¥t i it
BRI, ZTihEse B K, BCKDK i i b
E-SEEE AR, JFHEINN-SSEEE P AR &
H Rk, 2t EMT, [F B 3% MEK/ERK/
MAPK {55 5 il J% {2 #F CRLM., 7E KRAS % 75 Y
CRC "', BCAA K HACU ™9 R, PR
BCAA fit ¥ 25 1. 3 7 )8 KRAS %8 7% %4 CRC Ay 34
B, XUET BCAA Mg 158 ECHS1 i (iR 204
M AL, IS 5 I I A 945 G 6E T R
R ARt 05 PR, 1E A S L R ALREAR,
BCAA 7+ fff , SFEILAEMM AR, MG
mTORC1 {55, ek T I3k P 4% S F1 CRC
kR
2.4 Arg K

Arg B NRF)— Rl T 2 BE 1R, FERIF

TREEHA . AR SIRETEAI AR, HE
B I R A EE A AR . o AR AR R 2
(polyamine, PA) fUilifizcfs (F22), SMEMRIfig
5. iR, FAE L TMEBIISIAH L 4,

F2 Arg KRR
Tab.2 Arg key metabolic pathways

Rate-

Metabolic pathway Substrate Product limiting
enzyme
Arg synthesis Orn, CP Cit OTC
Asp, Cit ASA ASS1
ASA Arg ASL
Arg decomposition Arg Orn ARG1/2
Arg, O, NO, Cit NOS
PA pathway Arg PA ADC
Orn PA oDC

CP: Carbamoyl phosphate; Cit: Citrulline; OTC: Ornithine
transcarbamylase; ASA: Argininosuccinic acid; O,: Oxygen; NO: Nitric
oxide; ADC: Arginine decarboxylase; ODC: Ornithine decarboxylase.

Lin %5 2 fF58 & BL, 7E CRC 40 g b 3% 36 ik
Z 5 A AW B & B B (ornithine
transcarbamylase, OTC), SFENIEE Arg B2
R, 752N TE Arg IAb 72, YAMEYE Arg 75
FRET, CRCAMMIE A RT3 A G50, X —af 7%
i AMPK-p53-p21 il i /5, BB & L 3% 30
AMPK, #fii F 8 pS3 Al p21 525040 it J& 403452
FEUE 1) Arg [F] B30 T CRC WAL T 1Y S50
P T CRC (348 K 5478 . OTC., KiRAIEIIR A
A 1 (argininosuccinate synthasel, ASS1) Mt
2 MR 3% 31 MR 2L % I (argininosuccinate lyase,
ASL) VBN Arg A& U SCEERR SR g, L5004
AT 5 PR A MR A A TE R ), IR AE TME & ¥ rh
KIEOAER], (Rt fayie ki . iR B IE
fii CRC 41 Jifd /=5 BE AR 81 0 U5 M Arg BEEC, AT N
Arg FEME SR SR T I AE IR TR, (5

Argfiff (Arginase, ARG) & Argsfiftir
U BRI, ARG Fl ARG2 2 H M Fh A [F] I
B, ARGl EZ A TAFIER A i b, AT
gE R, SRR CRC U M B A REAH
Ft, CRLM & I3 o ARG v B A 35tk
FHTE . BEEWITRBA,, LIRHNIMNRIE, ARG
£ CRC H 5 323K AT 38 o FEAR ML N Arg AKCF- . 38 m
5% B8 (ornithine, Orn) 7KV, A2 7F i 40 i i
. EMT KPR ER . ARG2 FE 47 T
B BRI NS R T, Wu & BT
T S 2 I CRC IEI2H 41 ARG2 1) mRNA F3A
WE R TIER RN, s 0s Arg fCH T ii7 PA
AR, FEMAE U A G sE . (228, [FIRH
il TR EL 20 CD3 /Y CRESRIR, IS5 PR e,
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9K 5 CRC & . — %A AL A & B (nitric oxide
synthase, NOS) J& Arg 7 A Y S — PR il
NOS 55 ARG, ASSI. MR EE (ornithine
decarboxylase, ODC) &5 [iff {5 [F] 5 #5 Arg £X 3] .
CRC 1, ik Arg FIEE NO /K V-5 H AR RS A
Ko NOMMUZ SRy, ] LiRikizsE N
SLCO6A14 ik, Ha5m I 40 L0t Arg ORI, iF
% Wi mTORC {5 5 1 H W, {2 2 9 AE 9F
J& 4590 CRC R 19 PAKF-HA i 3, PAE L
V% ODC #1 SSAT Uit i F i Aktl f55, i
fE 3 HIF-1a. VEGF FIIMMP %3k, 3458 5% 40 i
HaTa AT RS BE
2.5 Trp K
Trp & AR T ZEM 5 F iR ke, HACH &
Pl RIREMR (kynurenine, Kyn) . 5-5%
% (5-hydroxytryptamine, 5-HT) G i A& i 18
T Py A % 3 Ak Rk T, b, Kyn il #%
52 Trp AR T2 5K, Trp 7EM W% 2,3- XU 44
fiff (indoleamine 2,3-dioxygenase, IDO) &} {1 %
2 2,3- XU %A i (tryptophan 2, 3-dioxygenase,
TDO) #ifk ML A N-H B Kyn, 5282 PP
2 52 A Y 3-F8 4 Kyn  (3-hydroxykynurenine,
3-HK) . 3-F2 5L 40 & L %K H iR (3-hydroxy-o-
aminobenzoic acid, 3-HAA) F1 M 0k fig
(quinolinic acid, QA) ZEH[a]=4), FZ&H WA
1k R0 R e B ORE R A% B B2 (oxidized
nicotinamide adenine dinucleotide, NAD") ., 7E 5-
HT# g, Trp ORI LN 5202
Mg, E—20 B 2 it S-HT, FE T Ak 4
B Jihh, Trp ik I TE B WAFAE T A= Bk
W N AR (nis|e-3-2 125 ) , e niE
RS G e 1 v & B
Bishnupuri 25 " 3 izt /)N BUFIA A 240 ity 22 552
BRI, 7E Kyn fCiHHE B Kyn MR 43
A HGH TG Akt/GSK-3B/B-catenin {5 5 4% T
fit #f CRC 40 g3 7 J EMT, b CRLM %% £% $214
JEfl . IDO1 £ A7E CRC UL W3 I, Rk
IDOI FEH 5 FiRE 5B T, 4nfEs s,
AT HE N, ] CRC B9 A K MR 48 . IL4h,
IDO1 1) 12 3¢ 15 e % W 0 ol /b 5- 5 IR W g (5-
fluorouracil, 5-FU) -S4, H5E CRC
4 je X5 5-FU B e 52 P, X IR T Kyn 23 41 4l
IGFBP5/p53/p21/p27 {5544 SHd s, PHWT 5-FU %
SRR IR A2 . TDO2 #E CRLM 41
MR B, 3RSl Kyn 3, 0O A sz ik
(aromatic hydrocarbon receptor, AhR) {55, i
5 CD44, LGRS 55 140 bp 259y S b A e ik
WT-HE HECA -1 (programmed death ligand-1,

PD-L1) ik, 4R CRC M PE A e i i
A B ITARESE, Liug Y WRSTA & B 5-HT Fl
3-HAA A] LIAE AR A B AT E AR, fikht
BRBET, 275 Trp i 5-HT 38 B FEE 2 Kyn T et
W Al P T AR T SR CRLM AR K
J 18 B REAE Trp AGH H A FE RO 25 /N, AR
W s | W] RETE R L e rh R AENCEAE R . —
T3, 3 AR S Trp G ) Az B s | W i
W S-HT AR AL, et TMEERL; 55—, wl
W N AT A= MRS il i AhR JE T i s, i
PSP TN . 06 Th1/Th17 RAER N, FFHEE
i 5 BT B MU ] CRC 4 2R 1 55
2.6  Asp/AsnfRift

Asp Fll Asn & AR R 2 H G R BE% 0
FHEMR . N Asp HI L IBE C FRFN Glu £ 43 K
¥ % B (glutamic oxaloacetic transaminase,
GOT) HRZIEA, S 5VRZHEHETR,
AR . EEEMA . TCA, IREMEIF L —hi
Rt AsnJ2—FpIE AT 2R, LAY Asp M
H 54k, Asp Fl Gln £ Asn & i (asparagine
synthetase, ASNS) £ Asn f1Glu, Asntn]£;
1 KAk (asparaginase, ASNase) 7K fi#
Asp *ﬂfﬁ% i57]O

KRAS B RAF R FECRCHEHEEHKN K Z
—, Toda % % B}f5% & B KRAS 575 1] i@ #:f PI3K/
AKT/mTOR i i I ] ASNS ik, {2l Asn &
i, SECCRC YA Asp FRE. Asn T, L
il 755 B A ed A AE Gk = Asn BPAERFAEAS, ANEAD
FEHY Asn T R4 10 5% Gln e = 7 ok 4 2 KA
SOX12 523 T 20 T Y (iR Ry s K1, Hoad
FIATEHE CRC Wy GRS, B 5 HRE AR
J& B G IR IT I 25 AE G . AR T R,
SOX12 il i3 #% 5% ¥ 1% GLS. GOT2 1 ASNS, %
i Asn AR, A B ORI A A kR, U
Gln it = B} R A5 FIR 2268 JT o BR T KRAS &
RIGEAE AL, p53 HE A= CRC Hr iy UL i 58 A2 2
B RN OUT, pS3 A IR A CHE I N
T ASNS Fik, % Asn & . 2R, 7
TME ', 558 F+ = A9 ASNS ol HAE AL 7= 4] Asn 1]
W T H A5 S BT % B Bl (liver kinase B,
LKB1), T4t LKBI/AMPK {5 % it i# 19 #% 0> 2
fiEo A AE FA I H AMPK A S0 ps3 364k, BH
Wi e 2 IS T P I R 8O0, e AR g
ANMIAFIG | SBMERET S bR
27 EAbR KBRS

Pro & NRRAE LT & 5L, HA A
O G T Nk 1 Ibk -5- R TR i J B 1 (pyrroline-5-
carboxylic acid reductase 1, PYCR1) fffk. 7EGR
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HEMT, BRNRSRFEERKEF 12K
(insulin-like growth factor 1 receptor, IGFIR) f
ML PYCRI, {5 ELK4 454 Jf- 3 55 ELK4
SRk, HKOE 5 CRC Y 8 PR 2 B AH G .
PYCRI1 —Jy Tii i 0 fi Ak 2F i NAD 0 25 £ kAL
ity Sirt7, {8 H3K18ac 2% Z, Bk Ak I 10 o 8 3 (K] 5%
Sy —JriE, H5 ELK4 f B IEEE A B
SL[R] 2 2 ELK4-Sirt7 475 5% S I0ER A e 200
BEEE Y R, H AT R B A E RS Pro AR
i % S PYCR AH G 1 KBS R F 5, HFE ik
WriEA it — 2 W

Met Fl Cys J& AR P B P Fh 75 B 2 Sk i,
g AR5 iR AR T O S SR st A% HY Ak /K ek
BRREY] . Met I J& Met fCHF FIA% 0>, Met
T2 Z R W H % R B AL T 42 U SAM,  SAM
TEA5 i H B R Bl ) A A6 4R Sy FR (L AR PR
5356 25 45 FE AT I A2 il S-BR T IR A 2 e &R (S-
adenosylhomocysteine, SAH), SAH /K fi# A [q]
CysJa XAl IR | 4E4E 3 B12 i 42 sl SR ik
25 W SR i Met, SAM £ CRC & CRLM ik &
mHAWEEMH. — 0, SAM Al i c-
Myc 1 H-ras Ji 8l F 1 H 5EALKOF, 55 CRC 41
Mk SHARH A, AR 20 i 2 I35 DNA 842
SEEHEAREYE, ANmilf EMT fi4efiz 221k,
TE—E R EAIHI CRLM Y &R . 55 —TJri
SAM {1 AJ 3@ o 1 5% DNA H SL 5 ROl 1 A S 11
DNA H 34k . T ERE Y 8 6 F2ak, fEdkRT
T AL BRGSO R O MG sk, dEm R
TIPS, X B ] e AN BB 2 Thie o
#  (proficient mismatch repair, pMMR) /fi{ T2
F2ER (microsatellite stable, MSS) sifEfc&E
UIREHEFE (mismatch repair deficiency, dMMR) /
T EAFER (microsatellite instability-high,
MSI-H) CRCRBEIAT TR 25 (1) S L 2 — 1
Ak, Vande Voorde 25 4 iz AR 2H 24 i 7 v,
KL SAHTE CRCH LU B3 ki, HK3h 7
MG TS, SREARFUSHE, &4
FEMR G LA LN 1, A EECHETERG
SPREAL, BIX Met (9 22 O lm PRIFSE iR 7 TR

Cys [FIFEVE N S i 5E0R , 2 1A N GSH B %
A HETRZ —, 2540 AL s 2 AR
wit. 15 CRC B IRHIBL, R M ROS KM
T X N7 355 DA T 35 1 AR5 S - 4 1) Cys-Cys
¥ 35 1A (SLC7A11. SLC3A2) Hi Cys %% iz 1k
(SLC1A4), L iRA Bt H K& 1l M A= 1 GSH
X 4T S AL N B, T FE 38 19 Cys/Cys-Cys i i
mTOR/ULK 1 41 5 iy F1 Wit 3 i) CRC 4 K
Tarragd-Celada %5 ' g 37 5250 % 9, CRLM 204

i b SLCTALL B FRACIAH SC 3L N, oy
FiR G BEAN RIS B, BAMH Cyst
T ARG T e /N RS o (g A R R A
K, WERA SRR 2T R SR HERT S . CysHIG
HABAIEH ] Cys MRPFEEL 1 55,

Zi b, AR LR AR R A R
A8 I A Y Ay S 2 0o S Bt it 7 S 4 g
FE A i R D R A PR ) A, S At L P 2
PSR AT, I A g ) b A 4 B R T
FIRTRYI R RE i, SRR RN RS &
Xof S H R AN AR D [R5 R A DG 9%, 1
A2 CRC K2 CRLM 127 TFREFT 842
3 CRLMiZyr#iAE
3.1 LiARE e £ AT

RS W7 H , Damerell 25 7 @ 1 ~
I 39 12 Trp. Kyn K% Kyn T 3#AC 84 19 43 07 &
B, Trp. BEWERSTR . NEBEH R & 7K F X4 CRC A
BHRYPVER, 3-HK. QA THE R & BE A
K, H Kyn/Trp It (Kyn/Trp ratio, KTR) 5
CRCAET- KBS B EAH G, HKTRFFE X 1Al
11391 XU A, MR o g %, $2/R KTR
A YN CRC B FIIR AR . Yang 25 ' 3
1 I CRC H A& Ffat FiE AR A 32 il 2 22 3
i, Gfide Trp. Glu FINLERRE A2 Wibs &
Y WAL, X 1. 1T CRC KRR AR
B X TR, A2 Wi S B 5 b
FIR AT . B LIRS i R % CRLM #3
M AR =T, AR AXT 7 1] TR AT
FEH B4 78 CRLM & AL AT fEAR & . L4,
ANIAA IncRNA-PWARG 7E CRLM & P i £ 3k,
Hid ik b Gln S8 BON M #F CRLM,  Aiff & 38 1]
HNMA IncRNA-PWARG6 857 & ml m] hy H 540912 Wr
MR T 1 Y AR, X TR R AR
HIRFFER XA BR, ARFFRAEA . 2 rbE
BT BRGS0 i — 20 i

AT L, SRR A AR S oy T
EWTE CRC L HJE F 4 CRC Al CRLM 32 Wi
JRBLH — W T, A A B A R T A
BT ., A AR I I
3.2 T HT¥RA

VEAESR, EF%F CRC BT bR 25 o3 th iU
TP & R, CB-839 J&—Fh LR /N T 254,
YE R T GLS1, ] Gln [i] Glu %1k, CB-839 It
4 5-FU ] 5 44| PIK3CA 28728 # CRC, I HE
CRLM 3 R 5 1Y) SR RS A A 78 e ] DL S 2 e g
M e alE bR, BRI AT 250 CB-839 B A #l [ 24
PRI GIZEiaTT I I R 55 IEAE R T R, B
FETR R X PR BUEK 5 97 74 7E CRC A CRLM (%



908

FREB, & aERCHSEREESEMEFERPINRNERE

TR Ak R IR T U . DO W il
(epacadostat, BMS-986205) 7£ CRC/CRLM i&J7
i &5 E —EVEH . Epacadostat G 241 85 12
2 Tk Ak Tl 0 ) 590 B L ] At BE A5 35 il pMMR/MSS
I CRC i CD8" Tk EL A=, a2 v 4 1
T UM AR A D% 500 40 K 5 2 90 o) 400 B P 4
B, WM A TME, £ 22 55 IR pMMR/
MSS I CRC iR IT M 245 . BL4h, 1DO il
TR 22 22 L B AT At T 3R 2 20 A e 8 G
YEM ™. ADI-PEG-20 j&—Ff 2 WAL T 414 &
PR I e ity Befs o AT Arg, 48 K24 CRC
BEAEE OTC KA Nl , HAHY—&B/ i
H R EH ASS1IL#& L, ADI-PEG-20 i i Arg
FEVEE Y DT TME % ASS1 ik 3214 4 CRC 4H ity
HAT AN HIVES . CRC/CRLM A, 512ty
i 5% A4 1) MSS % CRC, ADI-PEG-20 4 ¥ /718 i
A e iR T s Ay s Ak . AG-120 42—
Pl AR/NF BRI 254, Wl F E I FIRIT A
SEFTIGE R I SR DR 2 A8 g, B TSY
FITRA &I Gln %12 85 1 SLC1AS HA #i il
YERT, Xt SLCIAS & 33k 5 KRAS 28 7% %I CRC/
CRLM HA7 B B A e 7. abhTs EIEmR
iz & SLCTAS 7E CRC M H 5 % kb i £ 3k
JPH203 J&—Flt SLCTAS {5 ridmil ), etk
A6 B AR B A CRC 2H 2 [a) S5 52 0 Dk
55, ERRHAEEMG L | EMT bRaE 3k i i
TR, FA RIFRIMESCR 7,

ZE LR, ARSI IR Al S i TR G
) 3T 1R 6] 25 ) 7F CRC/CRLM &7 R s i
WA B R RS, A XA IR I R e e i A2 A
BBE AT A TR L
4 BERREZE

i 221 %F CRC/CRLM AH 5& 28 5 R AT 1 36 i S
MRP #ATHIFE, &I AAMRP B 07 TR#E4L
I A P ) SRR R DG B LR E R,
)X BEICEET 5, BB T — RN IR bR 54
FNAYTHE A, AH H AR G A/ N -

AR R S AAMRP HH i 15 i ke () 56 5 )
Mz —, R Al M AEAS R E R B B . AN [R] TME
T R A SR IR A E R 2
X2 [R]FTSH B] A AR T BB AN 55 T4t
FRRIAYT B0 E M, B TAS VAT O MERE
40, MM SAM 7E AAMRP H#R K 4536 WA
H, —J7HAH] CRC AU IEFER 2%, i — 7 T
N A3 CRC WP 2y 5 Trp B4R 40| e —
77 Tl RE 9% 42 HF PR TME B9 JE A, AT AR F
CRLM, 75— J7 A0 i sagse, 46 = g
XFF e 25 W S B 5 SAM — 5 T il e

EMT, FEGEZ8ME, 55— J7 i #1142 i pMMR/
MSS &I CRC W R BEIRIT I 25 . £ X2 B Ay
KIIEN” R PE R AT T T R R, L
T2 AR B 2 R R SO T 5, X
Xof A AR 1) 25 W A S BB IR YT I SRk
R T SRR, A, EX
AAMRP (158 0] 25 W)k & B i 240 T 3P R A
PRI S B B B, v R T R SR IG RAFF5E
REVF L5 A6 T 5 4R /K S UESE T 4 ) 56
AT ol 2 L IR e i A E 10 o e 2B K e S
D7 T, AR K 22 H0 05 250 i A A I PR 3K
o B, soab TR TR B, k= 2
O KERAS . KIVIBE U7 A9 PRECHE S2 F5 . TRl
A AR 38 S PT RE XS IE H A 2N R A AR AR S
AT, X TAETEREE . AR O MK
RS A TR

ZE LT, AAMRP AR ARAT_REZ
g2 R N TR ARSI, AR THAH G B 5 1 )
Pk RGETERREHEE . N SE R 4 AR R R 5
AAMRP [ CHESAE , INEVHIY KRAS %78 | p53
RARG s NG s A 2 B R 7 2 FE R A O
Tit AH DG 35 PR 3k /KO- A8 Ak s I AR 1 T 2
AR DRt i 2B 516 A Al 224
RO ZAR 30 i i R 25 8 R = el
LA LIRS EOR, RS MO X 7
ZEHTUY . IR R LA B A [ s 200 Bk R 6028 4
APPSR, HEE RS T,
Jf I W TME Gufey s e s s ML D . 456 A ¢
BREM KREIE AR ), E—4HH AAMRP 3
M CRC B9 TME 42 Jm &3 . 7L AL [, N 7E T
M It PR BB v T S Z B B . 22 vl 1 56 TE AT
58, HEShZWibR Y 580 m 254 1 52 AR 5K
Ak . [FIRE, % RGN B
GBI IR, 25 ARG E Y 5 T
WM, JINE AAMRP # [) 3697 SRR 2 ) I IR
N AL R

F—1EH:

F/REE (ORCID: 0009-0009-0540-581X) , i -+ 7F
B, BB,

BIS1ES:

F% (ORCID: 0009-0006-1953-7053), 1+, &%
fREENT, 0784 S0, E-mail: juan_phd@163.com.
{EE Tk E e

FIREE: BARBEERILRE, SCIGR, FIRSH, it
SCRE ;A BdEIE, esuE; T Bk
&R, Bk TUEE: BURICE, SUIRKR; PG 5L
PUldl, STk R, 2% AR S, Bk 1%
WEIEET 0] ISR BREN, Fee Mz 3hr.



(P DEEZ L) 202645365591

909

(2 % 3 #k]

(1]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Bray F, Laversanne M, Sung H, et al. Global cancer statistics
2022: GLOBOCAN  estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin,
2024, 74(3): 229-263.

P BRI SRR NGy 23, AR R 2 2 AR 2 8 A
L, PRSI Or B MR A, 55 E 4
BRI RS W IR G IRy 18 1 (2023 WO [T]. 52 H]
SRR, 2023, 43(1): 9-22.

Chinese

Medical

Association; Chinese Society Gastrointestinal Surgery, Chinese

College of Surgeons, Chinese Doctor
Society of Surgery, Chinese Medical Association; Chinese
Society of Colorectal Surgery, Chinese Society of Surgery,
Chinese Medical Association; et al. China guideline for diagnosis
and comprehensive treatment of colorectal liver metastases (2023
edition)[J . Chin J Pract Surg, 2023, 43(1): 9-22.

Benson A B, Venook A P, Adam M, et al. Colon cancer, version
3.2024, NCCN clinical practice guidelines in oncology [J]. J
Natl Compr Canc Netw, 2024, 22(2D): €240029.

Jacome A A, Johnson B. Minimal residual disease in colorectal
cancer: are we finding the needle in a haystack? [J]. Cells,
2023, 12(7): 1068.

Gorgec B, Hansen I S, Kemmerich G, et al. MRI in addition to
CT in patients scheduled for local therapy of colorectal liver
(CAMINO):  an
prospective, diagnostic accuracy trial[ J ]. Lancet Oncol, 2024, 25
(1): 137-146.

Fakih M, Sandhu J, Wang C K, et al. Evaluation of comparative

metastases international,  multicentre,

surveillance strategies of circulating tumor DNA, imaging, and
carcinoembryonic antigen levels in patients with resected
colorectal cancer[J]. JAMA Netw Open, 2022, 5(3): €221093.
Yoshino K, Osumi H, Tto H, et al. Clinical usefulness of
postoperative serum carcinoembryonic antigen in patients with
colorectal cancer with liver metastases [J]. Ann Surg Oncol,
2022, 29(13): 8385-8393.

Al-Sawat A, Bea J H, Han S R, et al. Use of ascitic CEA levels
as a predictive value for distant metastasis in high-risk stage II
and IIT colorectal cancer[J]. Int J Colorectal Dis, 2022, 37(2):
365-372.

BeRT, BRI, SR, 4 . 45 B AR MDT 23R h E B K
LR (2024 O[T ]. PR AEL TA435, 2024, 11(3): 1-13.

BI X Y, CHEN X, HAN Y, et al. Chinese expert consensus on
MDT diagnosis and
metastasis (2024 edition) [J]. Electron J Liver Tumor, 2024, 11
(3):1-13.

Pavlova N N, Thompson C B. The emerging hallmarks of cancer
metabolism[ ] ]. Cell Metab, 2016, 23(1): 27-47.

Chen J, Cui LK, Lu ST, et al. Amino acid metabolism in tumor
biology and therapy[J ]. Cell Death Dis, 2024, 15(1): 42.

Liu X H, Ren B, Ren J, et al. The significant role of amino acid

treatment of colorectal cancer liver

metabolic reprogramming in cancer [J]. Cell Commun Signal,
2024, 22(1): 380.

Nan D, Yao W P, Huang L L, et al. Glutamine and cancer:
metabolism, immune microenvironment, and therapeutic targets
[J]. Cell Commun Signal, 2025, 23(1): 45.

Smedberg M, Helleberg J, Norberg A, et al. Plasma glutamine
status at intensive care unit admission: an independent risk
factor for mortality in critical illness [J]. Crit Care, 2021, 25
(1):240.

Tambay V, Raymond V A, Bilodeau M. MYC rules: leading
glutamine metabolism toward a distinct cancer cell phenotype
[J]. Cancers, 2021, 13(17): 4484.

Xiang L. S, Mou J, Shao B, et al. Glutaminase 1 expression in
colorectal cancer cells is induced by hypoxia and required for

tumor growth, invasion, and metastatic colonization [J]. Cell

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Death Dis, 2019, 10(2): 40.

Zhong X G, He Z ], Yin L, et al. Glutamine metabolism in tumor
metastasis: genes, mechanisms and the therapeutic targets [J].
Heliyon, 2023, 9(10): €20656.

Feral C C, Nishiya N, Fenczik C A, et al. CD98hc (SLC3A2)
mediates integrin signaling[J ]. Proc Natl Acad Sci U S A, 2005,
102(2): 355-360.

Li Y, Mo F, Mu H, et al. Metabolic communication in colorectal
cancer liver metastasis: the role of l-glutamine and SLC3A2([J].
Int Immunopharmacol, 2025, 162: 115115.

Guo C S, You Z Y, Shi H, et al. SLC38A2 and glutamine
signalling in ¢DCls dictate anti—~tumour immunity [J]. Nature,
2023, 620(7972): 200-208.

Fang H S, Dai W X, Gu R Q, et al. myCAF-derived exosomal
PWARG accelerates CRC liver metastasis via altering glutamine
availability and NK cell function in the tumor microenvironment
[J]. J Hematol Oncol, 2024, 17(1): 126.

Kandasamy P, Zlobec I, Nydegger D T, et al. Oncogenic KRAS
mutations enhance amino acid uptake by colorectal cancer cells
via the hippo signaling effector YAP1[J]. Mol Oncol, 2021, 15
(10): 2782-2800.

Hu S S, Han Y, Tan T Y, et al. SLC25A21 downregulation
KRAS-mutant
increasing glutamine anaplerosis [J]. JCI Insight, 2023, 8 (21):
el67874.

Pan S J, Fan M, Liu Z N, et al. Serine, glycine and one—carbon
metabolism in cancer (Review) [J]. Int J Oncol, 2021, 58 (2):
158-170.

Li A M, Ye J B. Reprogramming of serine, glycine and one—

promotes colorectal cancer progression by

carbon metabolism in cancer [J]. Biochim Biophys Acta Mol
Basis Dis, 2020, 1866(10): 165841.

Lyu HN, Bao S C, Cai L Y, et al. The role and research progress
of serine metabolism in tumor cells [J]. Front Oncol, 2025, 15:
1509662.

Zhang Y J, Yu H, Zhang J, et al. Cul4A-DDBl-mediated
monoubiquitination of phosphoglycerate dehydrogenase promotes
colorectal cancer metastasis via increased S—adenosylmethionine
[J].J Clin Invest, 2021, 131(21): 146187.

Mancini C, Lori G, Mattei G, et al. PHGDH drives 5-FU
chemoresistance in colorectal cancer through the Hedgehog
signaling[J ]. J Exp Clin Cancer Res, 2025, 44(1): 198.

Cui X M, Cui Y F, Du T, et al. SHMT2 drives the progression of
colorectal cancer by regulating UHRF1 expression [J]. Can J
Gastroenterol Hepatol, 2022, 2022: 3758697.

Liu C Q, Wang L, Liu X C, et al. Cytoplasmic SHMT2 drives the
progression and metastasis of colorectal cancer by inhibiting B
—catenin degradation [J]. Theranostics, 2021, 11 (6): 2966~
2986.

Nong X Z, Zhang C Y, Wang J M, et al. The mechanism of
branched—chain amino acid transferases in different diseases:
research progress and future prospects [J]. Front Oncol, 2022,
12: 988290.

Bo T, Fujii J. Primary roles of branched chain amino acids
(BCAAs) and their metabolism in physiology and metabolic
disorders[J |. Molecules, 2024, 30(1): 56.

Reifenberg P, Zimmer A. Branched—chain amino acids: physico—
chemical properties, industrial synthesis and role in signaling,
metabolism and energy production [J]. Amino Acids, 2024, 56
(1):51.

Su G C, Xu Y W, Chen B X, et al. Structural and biochemical
mechanism of short—chain enoyl-CoA hydratase (ECHSI)
substrate re(:ognition[]]. Commun Biol, 2025, 8(1): 619.

Wang Z H, Wu X Y, Chen H N, et al. Amino acid metabolic
reprogramming in tumor metastatic colonization[J]. Front Oncol,
2023, 13: 1123192.

Kang Z R, Jiang S S, Han J X, et al. Deficiency of BCAT2-



910

FREs, &

ERCHEREESEMETRPIRAEE

[37]

[38]

[39]

[40]

[41]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

mediated branched-chain amino acid catabolism promotes
colorectal cancer development [J]. Biochim Biophys Acta Mol
Basis Dis, 2024, 1870(2): 166941.

Tian Q, Yuan P, Quan C T, et al. Phosphorylation of BCKDK of
BCAA catabolism at Y246 by Src promotes metastasis of
colorectal cancer[ ] ]. Oncogene, 2020, 39(20): 3980-3996.

Xue P P, Zeng F F, Duan Q H, et al. BCKDK of BCAA
catabolism cross—talking with the MAPK pathway promotes
tumorigenesis of colorectal cancer | ] ]. EBioMedicine, 2017, 20:
50-60.

Li Z, Liu Z, Lin M, et al. Acetylation—induced degradation of
ECHS1 enhances BCAA accumulation and proliferation in
KRAS-mutant colorectal cancer [J]. J Exp Clin Cancer Res,
2025, 44(1): 164.

Morris S M Jr. Arginine metabolism revisited [J]. J Nutr, 2016,
146(12): 2579S-2586S.

Holbert C E, Cullen M T, Casero R A, et al. Polyamines in
cancer: Integrating organismal metabolism and antitumour
immunity[ J ]. Nat Rev Cancer, 2022, 22(8): 467-480.

Lin Y Y, Zhang Y H, Huang T Z, et al. Arginine deprivation
induces quiescence and confers vulnerability to ferroptosis in
colorectal cancer[ ] ]. Cancer Res, 2025, 85(9): 1663-1679.
Alexandrou C, Al-Agbi S S, Higgins J A, et al. Sensitivity of
colorectal cancer to arginine deprivation therapy is shaped by
differential expression of urea cycle enzymes[J]. Sci Rep, 2018,
8(1): 12096.

Shou Y Y, Liu R Q, Xiong H, et al. Urea cycle dysregulation: a
new frontier in cancer metabolism and immune evasion[]]. Cell
Commun Signal, 2025, 23(1): 307.

Grabon W, Mielczarek—Puta M, Chrzanowska A, et al. L-
arginine as a factor increasing arginase significance in diagnosis
of primary and metastatic colorectal cancer [J]. Clin Biochem,
2009, 42(4/5): 353-357.

Wang X D, Xiang H H, Toyoshima Y, et al. Arginase-1
inhibition reduces migration ability and metastatic colonization
of colon cancer cells[ J]. Cancer Metab, 2023, 11(1): 1.

Wu Y, He C, Hu S, et al. Downregulation of ARG2 inhibits
growth of colorectal cancer cells and increases expression of the
CD3{ chain in co—cultured T—cells [J]. Int J Clin Exp Med,
2019, 12(6): 6946-6957.

Keshet R, Erez A. Arginine and the metabolic regulation of nitric
oxide synthesis in cancer [J]. Dis Model Mech, 2018, 11 (8):
dmm033332.

Du T, Han J Y. Arginine metabolism and its potential in
treatment of colorectal cancer[J]. Front Cell Dev Biol, 2021, 9:
658861.

Shin H K, Bang Y J. Aromatic amino acid metabolites: molecular
messengers bridging immune—microbiota communication [l
Immune Netw, 2025, 25(1): e10.

Bishnupuri K S, Alvarado D M, Khouri A N, et al. IDO1 and
kynurenine pathway metabolites activate PI3K—-Akt signaling in
the neoplastic colon epithelium cancer cell
proliferation and inhibit apoptosis[J]. Cancer Res, 2019, 79(6):
1138-1150.

Li Y, Li C, Yao X F, et al. IDOl-mediated kynurenine

production inhibits IGFBPS5 signaling to promote 5—fluorouracil—

to promote

induced senescence escape and chemoresistance in colorectal
cancer|J . Am J Cancer Res, 2024, 14(9): 4551-4566.
Miyazaki T, Chung S, Sakai H, et al. Stemness and immune
evasion conferred by the TDO,-AHR pathway are associated
with liver metastasis of colon cancer[]J]. Cancer Sci, 2022, 113
(1): 170-181.

Liu D, Liang C H, Huang B, et al. Tryptophan metabolism acts
as a new anti—ferroptotic pathway to mediate tumor growth [J].
Ady Sci (Weinh), 2023, 10(6): €2204006.

Ramzy A, Abdelmoneim T K, Arafat M, et al. Metabolomic

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

analysis reveals key changes in amino acid metabolism in
colorectal cancer patientsU 1. Amino Acids, 2025, 57(1): 22.
Liu Y F, Pei Z M, Pan T, et al. Indole metabolites and colorectal
cancer: gut microbial tryptophan metabolism, host gut
microbiome biomarkers, and potential intervention mechanisms
[J]. Microbiol Res, 2023, 272: 127392.

Yuan Q, Yin L Y, He J, et al. Metabolism of asparagine in the
physiological state and cancer[ ] ]. Cell Commun Signal, 2024, 22
(1):163.

Toda K, Kawada K, Iwamoto M, et al. Metabolic alterations
caused by KRAS mutations in colorectal cancer contribute to
cell adaptation to glutamine depletion by upregulation of
asparagine synthetase[ ] |. Neoplasia, 2016, 18(11): 654-665.
Du F, Chen J, Liu H, et al. SOX12 promotes colorectal cancer
cell proliferation and metastasis by regulating asparagine
synthesis[ J]. Cell Death Dis, 2019, 10(3): 239.

Deng L F, Yao P B, Li L, et al. p5S3-mediated control of
aspartate—asparagine homeostasis dictates LKB1 activity and
modulates cell survival[ J]. Nat Commun, 2020, 11(1): 1755.
Zheng K, Sha N N, Hou G F, et al. IGFIR-phosphorylated
PYCRI1 facilitates ELK4 transcriptional activity and sustains
tumor growth under hypoxia [J]. Nat Commun, 2023, 14 (1):
6117.

Xu F, Jiang H L, Feng W W, et al. Characteristics of amino acid
metabolism in colorectal cancer[J]. World J Clin Cases, 2023,
11(27): 6318-6326.

Wang Q L, Chen Z J, Lu X F, et al. Methionine metabolism
dictates PCSK9 expression and antitumor potency of PD-1
blockade in MSS colorectal cancer[J]. Adv Sci (Weinh), 2025,
12(19): €2501623.

Vande Voorde J, Steven R T, Najumudeen A K, et al. Metabolic
profiling cancer  and  reveals

stratifies colorectal

adenosylhomocysteinase as a therapeutic target [J]. Nat Metab,
2023, 5(8): 1303-1318.
Lin Z, Yang S Y, Qiu Q Q, et al. Hypoxia—induced cysteine
metabolism reprogramming is crucial for the tumorigenesis of
colorectal cancer[J . Redox Biol, 2024, 75: 103286.
Tarrago—Celada], Foguet C, Tarrado—Castellarnau M, etal. Cysteine
and folate metabolism are targetable vulnerabilities of metastatic
colorectal cancer[J ]. Cancers, 2021, 13(3): 425.
Damerell V, Klaassen—Dekker N, Brezina S, et al. Circulating
tryptophan—kynurenine pathway metabolites are associated with
all-cause mortality among patients with stage I-III colorectal
cancer[ J . Int J Cancer, 2025, 156(3): 552-565.
Yang Y, Wang Z P, Li X X, et al. Profiling the metabolic
disorder and detection of colorectal cancer based on targeted
amino acids metabolomics | J]. J Transl Med, 2023, 21(1): 824.
Zhao Y Q, Feng X J, Chen Y C, et al. 5—fluorouracil enhances
the antitumor activity of the glutaminase inhibitor CB-839
against PIK3CA-mutant colorectal cancers [J]. Cancer Res,
2020, 80(21): 4815-4827.
Liang R P, Ding D B, Li Y Q, et al. HDACi combination therapy
with IDO1i remodels the tumor microenvironment and boosts
antitumor efficacy in colorectal cancer with microsatellite
stability[ J ]. J Nanobiotechnology, 2024, 22(1): 753.
Yu W, Huang ] W, Dong Q C, et al. Agl20-mediated inhibition
of ASCT2-dependent glutamine transport has an anti—tumor
effect on colorectal cancer cells[J]. Front Pharmacol, 2022, 13:
871392.
Otani R, Yuge R, Shimizu D, et al. The anti—~tumor effect of the
newly developed LAT1 JPH203 in
carcinoma, according to a comprehensive analysis [J]. Cancers
(Basel), 2023, 15(5): 1383.

(Wi FL9: 2025-12-25 &[0l FIH]: 2026-04-28)

(GEfESf: 2)9%)

inhibitor colorectal



