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Abstract: Metabolomics, as a branch of systems biology, utilizes high — throughput omics technology to investi-
gate metabolite changes within organisms, which enable us to explore the relationship between such alterations and
disease etiology or evolution, thereby providing novel research insights for identifying relevant biomarkers and
screening of diseases. In recent years, metabolomics has been widely used in the field of cancer research. At the
same time, the changes of metabolic pathways can be deeply discussed by using the network shared database.
Given that colorectal cancer ranks as the second most prevalent malignant tumor in China, it is crucial to search
for clinically valuable tumor markers. This article will highlight the progress of recent five — year metabolomics

studies in different matrices to identify potential biomarkers associated with colorectal cancer (CRC), so as to
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provide references for early screening of CRC.

Keywords : metabolomics; colorectal cancer; biomarkers; tumor markers; metabolite; progress
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Tab.1 Changes of metabolites and metabolic pathways associated with CRC in serum

WA bR 225
(potential biomarker/
differential metabolite )

AU

(metabolic pathway)

B I
(literature ) year) (state) (group)
[20] 2019  H1[E ( China) 40  CRC Fmr/Fms uE T (lactate/ citrate T )
32 Polyp
38 HC

IR s H 2R 24 AR AR A 2 A
BRI A T8 8RR & 2R A4 2R A
(glycolysis; glycine, serine and threonine metabo-
lism; glutamine and glutamate metabolism; alanine,
aspartate and glutamate metabolism )

[21] 2020 h[E(China) 48 CRC | 22 %R H 2R B % B (serine, glycine, SRR NG IR 4 MR TCA 9 £ (amino acid

47 HC  methionine)

metabolism, fatty acid synthesis and TCA cycle )

[22] 2020 LA 35 CRC 1 .WRMERER RABEE FLER. L-AE8; |+ —
(Belgium) 36 HC  FiBgE2 ( 1 :piperidinic acid, asparagine, lactic
acid, L - glutamic acid; | : pentadecanoic acid)
[23] 2021 HRPE 70 CRC 1. REGES ZBEPIDL IS KRR IRBERR . WIS LS Y6 i AR P BRI i

(Malaysia ) 70 HC  BEGRR EEIR FPEIR .S - SUMERG | i BRI FORARIME 5. B AL RIS DG T Ak AR
Wm0 NG E 2 Bz 5 X 11 MU ( purine  metabolism,  catecholamine  biosynthesis,
P2 %, panel ( 1 :hypoxanthine, acetylcarnitine, —phenylalanine metabolism, tyrosine metabolism, thy-

xanthine, uric acid, pipecolic acid, tyrosine, me- roid hormone synthesis, B oxidation and glutathione
thionine, citric acid, 5 — oxoproline; | :lysoPC, metabolism)
lysoPE; these 11 metabolites make up the panel)
[24] 2021 HE(China) 98 CRC 1. oNBR_ICER 4 — + e HoRRIR  FHEESE 42K B AU W &R R AR R A
50 HC  ZHEAEHER; | 2 - B JLASHR( 1 :hexadecaned-  (vitamin B metabolism; alanine, aspartate and gluta-
ioic acid, 4 — dodecylbenzenesulfonic acid, formy- mate metabolism)

lanthranilic acid; | :2 — pyrocatechuic acid)
[25] 2022 HE(China) 71 CRC T:N(1) +N(8) ZBEMAENE; | .2 - WaldEH  SRIERASHE DINIDE Y 2 Mol i8:42 (polypeptide
63  CRA f1(18:2) \ & JFEhefila; X 3 MU, superpathway closely related to amino acid metabo-
91 HC  panel( T :N(1) + N(8) - acetylspermidine; | ; lism)
2 —linoleoylglycerol (18:2) , perfluorooctane sul-
fonate; these 3 metabolites make up the panel)

[26] 2022  H1[E(China) 30 CRC 1. HZWAJERR( T :glycodeoxycholic acid)

30 HC

[43] 2022 WKAE 66 CRC | :PCaa (344
(Australia) 76 AA
93 HC

[44] 2022 FAFI(haly) 100 CRC | A& e 5 MEURAR AR 1 - U T e

SRR RETHER I IR R A M6 T AR
A O RS S 2 R S A A (amino acid
metabolism, bile acid metabolism, fatty acid biosyn-
thesis, purine metabolism, glycolysis/ gluconeogene-
sis, and glycerophospholipid metabolism)

TR VA R AR S A R R AR Y 2R
W4 1 AR ) B 4 £ ( biosynthesis, metabolism, or
degradation of hydroxysphingomyelin by lysosome and
peroxisome pathways )

MR 1 WL St RPN S5 R )

50 AP GURE AR (A CRERR IR SRR B . G 2 BE - (RNA ARG G D - A s B R
50 HC A5 AR ( | : glucose, estradiol, quinolinic acid, D — SZFRICHH R KL RRMA E R
nicotinic acid; T : tertraethylene glycol, fructose, HUFRERLFIMEEEIE ST ; £ BERR AN — 3R BRIC I &C
tartaric acid, myristic acid, pyruvic acid, hydrox- ;2 FUBC T 2 FUBC B T BR 10 i (arginine

ylamine, oleamide, palmitic acid)

biosynthesis; valine, leucine and isoleucine biosyn-
thesis; aminoacyl — tRNA biosynthesis; D — glutamine
and D — glutamate metabolism; alanine, aspartate,
and glutamate metabolism; nicotinate and nicotinam-
ide metabolism; glyoxylate and dicarboxylate metabo-
lism; nitrogen metabolism; galactose metabolism;
galactose metabolism; butanoate metabolism)
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(literature ) yéar) (state) (group) differenti al metabolite) (metabolic pathway)
[45] 2023 P[E(China) 55 CRC 1.N6 - HIJEJRHF (m®A) NI - UL AF —
37 CRA (m'A) 3 - HULRHF(neU) ;| N2 - FISLS3F

51 HC

(n*G) 2’ =0 - LR (Um) 27 -0 - i3k
B (Gm) 3% 6 MBI AR panel ( T :N6 -
methyladenosine (m®A), N1 — methyladenosine
(m'A), 3 — methyluridine (m*U); | :N2 -
methylguanosine (m*G), 2" -0 - methyluridine
(Um), 2’ — O — methylguanosine (Gm) ; these 6
metabolites make up the panel)

[46] 2023 [ (China) 8 CRC |:345-=WHRILKRWPE A -D - H%EHE.
8 CRA D-HEHN- LBk - D — ZHA%M L - bt
14 HC &% JJUERE; T :12 - HRIUEIR AR 2 58
FENERR (| :3,4,5 — trimethoxybenzoiz acid,
A —D —glucose, D — mannose, N —acetyl - D -
glucosamine, I — cystine, sarcosine; 1 :12 —
Hete, TXB2, chenodeoxycholic acid)
[47] 2023 Hi[E(China) 62 CRC T.N-ZRZEERAHAR . BER - v - HHER.
61  HC SR - 22%%; | 5% EE( TNV - phenylac-

etyl aspartic acid, tyrosyl -y — glutamate, Tyr —

SHER SRR KA & MR T RR AU ZE L
Z: 5 14 K (metabolic disorders of amino acids,
fatty acids, carbohydrates, and bile acids are involved
in the growth of tumors)

TR I WENEA JZ R A WS
Ji{ (arginine biosynthesis, pyrimidine metabolism,
pantothenate and CoA biosynthesis )

Ser; | :sphingosine)

TE (note) ; “VETELE VR G W)/ 22 AR " /KR8 4K, S CRC 5 HC A L ( changes in levels of potential biomarker/ differential metabolite for CRC

is compared to HC) 5 “ T "RERPTIhy;* | "HRFAKTF TR —" SRR R REARIIHHEH (“ 77 indicates a higher level, * |7

indicates a lower

level , and “—" indicates that it is not involved or not explicitly indicated) ; AA. K] (advanced adenoma) ; Polyp. & P ( colorectal polyp) ; AP. IS5

7 5.4 (adenomatous polyp)

Amiv 25 SR WO €33 - DU FT R AT IS ] 5
I (LC - Q TOF MS ) Xf CRC i35l HC 4570 i)
F I AL 2R T 2 B, KBS HC AH EL, CRC &3
A1 AR K A (1), AR
panel [X 43 CRC 35 F1 HC () HERA 4R 80% , Hipr,
P B R R TR WIS | T PR B FH 2 208 119 IX 73 e ) B
o REEFIF T E N 70% ~90% ) o 38 B0 B B
CRC BRI R AU A5 2l s

Zhang 2" SR LC — MS $ AR 447 T 98 4] CRC
SN S50 ) HC /9 i is A, K B8 9 > 22 S AR
Y1, ROC fhZsrtrfa , A 4 MY (758 —ooig
4 - TR RORIE R (2 — £ LAS TR A H IR 4R 2 3 R
HER) I AUC ¥ >0. 7, AT fE IS TEA Mtn & . 1R
W BB s, 5 CRC MG 4EA R B A A
FEFR AU o

Gao 2P/ SR ] UPLC - MS # R4 T 71 4
CRC £ .63 5] CRA & F191 ] HC {1 % A i
FOER, KB CRC Hf K s P R | L 355 25 FH 2 — STy 2
Hil(18:2) S Z A RBH Y K1 & E 7424k s CRC Al
CRA 2 ZHFHIE M AFAE W &, A 25 MUY 2
—HPEE, TR LB, B N(L) + N(8) LA

JHe 2 = LMl (182 2) Fl 4 g~ be i iR 3 MR
ALY panel R &CEF b BN CRC, 711 5 46 7
SRR i AUC 43598 0. 967 F1 0. 821 ; fiiill] CRC
AIE 4 H AUC 5 0. 744 ~0.893; Fil jlll CRA 1y
AUC 4 0. 662, w1138 2 A2 fb 3R 8L 2 ke

Yuan 25 5% P8 v 2800 M €533 15 DU R RAT
i} [] BT I A ¥ (UPLC - Q TOF MS) Xf CRC H 4 F1
HC £ 30 i) i i EA AT 4L 2= Br A 38, 5 HC AH
Et, CRC 4145 15 A~ 1l 3 A 0 7K SF- & A R I A2 4k
T RRAZNE P I Jig B3 AP 0 S 1% R0 H 2Bt 46 JIE 82 T
A5 B AKET R S CRC BIEMG, A E AR
REFRR R 12 AUC 25 0. 825, 2y CRC [yt
PAE TR AR S . 8 BT BN, E R A
IR BEMTRAE Y G SE S 5 CRC MR E
K

&S AR AR i A5 B L 1, A
W3S R SR A R IR LR 1,
3.2 ¥k Shu SR RSN (R AT IR T
(GC - TOF MS) 1 UPLC - Q TOF MS B4 VEMEAT T
TR 7% 91 %+ BRI 9 (245 CRC 1 245 HC, #ie:51
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AFIRUEID) , 45 R ILA B CRC A Ry 20 UHY 1.5 DAL 4 S HABEHUL S, 2E—2 008
354 Forh 12 AR H IR, EE S CRC 20 JEHIE 9 MUY (3£ 2) 5 CRC a7 A1, UHAY
5, A 23 AU IE 7 NIRRT AT A s B AUC 25 0. 76,

®2 MmEH5 CRCHEXMREINREGHERHEEN

Tab. 2 Changes of metabolites and metabolic pathways associated with CRC in plasma

RFAE
(cited I 2e

(state) " (group)
year)

TELEA bR G 22 )
(potential biomarker/
differential metabolite)

SCHR

(literature )

hwsiviil

(metabolic pathway)

[27] 2018 H1[E(China) 245 CRC T :MEmEHER FIUBE IR 2,3 - A HZE; | . —

245 HC  PE(20:0/18:2),5,6:8,9 - “HREEME -22 -
K =378 - “RE2 - 3L -4 - S -2 - THE2 -
Zlg.PC(22:6/18:0) 4 - (Wi k) TR W\ PE
(p=16:0/20:4) ( 1 :picolinic acid, selenocystine,
2,3 — epoxymenaquinone; | :PE(20:0/18:2), 5,6:
8,9 — diepoxyergost —22 — ene — 3, 7beta — diol, 2 —
methyl —4 — phenyl —2 — butyl 2 — methylpropanoate,,
PC(22:6/18:0), ethyl 4 — (methylthio ) butyrate, PE
(p-16:0/20:4))

[28] 2019 FERAI(ltaly) 15 CRC 1:D- W& | EER(T:D - mannose; |« FUBHSHiR AU 2L 8L HLf (monosaccharide

9 HC  methionine) catabolism, amino acid metabolism)
[29] 2019 fif=% 268 CRC T AR KIS | M Sea R LR, —

(Netherlands ) 353 HC 1 — 5L 48 Bt % (1 : taurine, hypoxanthine; | :

valine, leucine, bilirubin, 1 — methylnicotinamide )

[30] 2019 [ 30 CRC  1:234-=HIEokild -2k | 24-2 —
(America) 30 HC FIRLEE -1 - 43.3,5 - “H R 5e.2,4,6 - =H

F-1-T45(1:2,3,4 - trimethyl - hexane, 3 —
ethyl — hexane; | :2,4 — dimethylhept — 1 — ene, 3,
5 — dimethyl - octane,2,4,6 — trimethyl — 1 — nonene)

(311 2019 [ 26 CRC T WUEMPR.S - FAEMNE MR IR iR —
(America) 10 HC  Bo RS R | MHAR A 2% B2.S — IR AR

JHIR S — B FREEIR/ S — i m) L G 2R i
Fig/ DU R RS — FSE PO AR (7 tetra-
hydrofolate, 5 - methyltetrahydrofolate, pyridoxic
acid, pyridoxal, methylmalonic acid; | : folic acid,
riboflavin, S — adenosyl methionine, SAM/SAH, FA/
THF, FA/5MTHF)
[32] 2020 1§ (China) 51 CRC | .PE(18:2/16:1) PE(P—18:2/18:2) PE(P-18: —

52 HC 1/18:2) PE(P -18:1/22:5) [PA(20:0/18:2) .PA
(18:0/18:2) ; T :PE(0 - 18:0/16:0) .FFA(20:5) .
FFA(22:4) FFA(20:0) . FAHFA (16:0/18:2) ;3%
11 M4 AY, panel ( these 11 metabolites make up
the panel)

[33] 2021 JBOHIIE 88 CRC | :WREEPIOR SR NG Jeime JIHLLZ s oRRE A EFmieRe (i A ik Ak 4k
(Australia) 400 CRA T JIEITER. mwl PRI G RR AN (0 AR AR RRAR I, & R A (caffeine metabolism,

(| :acylcamitine, valine, glycerophospholipids, fatty  glycerophospholipid metabolism, taurine and

acids, bilirubin; 1 : bile acids, caffeine, proline, hypotaurine metabolism, amino acid metabo-

bacterial tryptophan metabolites) lism)
(48] 2021 ZE[H 517 CRC 1ML 2" -0 - RUILMH FE mpbiesh.  Bemufit, 20 2 M 1, S W54 1R 38 (lipid
(America) 517 HC NHL1 % (EE) N - Ml H 2% | 23 - LI metabolism, amino acid metabolism, exogenous

% (1 : guanidinoacetate, 2° — O — methyleytidine, — metabolism)
vanillylmandelate, bilirubin (E,E), N — palmitoylg-
Iycine; | :3 —methylxanthine )
[49] 2021 EE(France) 612 CRC | A% TSR RIRER/ GRRILE(L . —
999 HC  tryptophan; T :serotonin, kynurenine — to — tryptophan

ratio)
[50] 2022 ESH(Ttaly) 50 CRC 1T .5%M: . ZWekihk( 1 :omithine, acetylornithine) ——

52 HC
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(literature ) vear) (state) (group) differéntial metabolite) (metabolic pathway)
[51] 2023 Hr[E ( China) 210 CRC | 9% KEM . /B S A BN TR IRITRRRR 7 RS M A R s R T

9 HC

. C BEN B0 ( | :omithine, arginine, octade- — Z&HR . 1% % 2 Fl €0, %4 B2 2E W) 45 1 (fatty

canoyl carnitine, palmitoyl carnitine, adipoyl carni- acid degradation; arginine and proline

tine)
[52] 2003 p[E(China) 88  CRC

40 HC  (18:2))

metabolism; phenylalanine, tyrosine, and

tryptophan biosynthesis)

T IR fatty acid (18:2) (1 :oleic acid, fauy acid SR IS BERR B AHDE A

AT B AR QI H B AR
AR = BRACHS E b mACs 4B A=
PUIER 514 (nitrogen metabolism, glyc-
erol metabolism, ether lipid metabolism,
glutathione metabolism, purine metabolism,
sphingolipid metabolism, glycerophospho-
lipid metabolism, arginine and proline
metabolism, linoleic acid metabolism,

arachidonic acid metabolism, etc. )

I (note) : PE. IRk £, /% ( phosphatidyl ethanolamine ) ; PC. /1 it /IH i ( phosphatidyl choline) ; FFA. JiiE 25 I8 IR ( free fatty acids) ; FAHFA. ¥25L
NG ER B NIE I BR TG (fatty acid esters of hydroxy fatty acid) ; PA. #JI§ B2 ( phosphatidic acid) ; SAM. S — If ¥ H 5 % 2 ( S — adenosyl methionine ) ;
SAH. S - JIRFF R 2 B % B2 (S — adenosyl homocysteine ) ; FA. I [ig (folic acid) ; THF. PU & M B& ( tetrahydrofolate ) ; SMTHF. 5 — H 3t Py & i fig

(5 - methyltetrahydrofolate )

Barberini 25 SR il GC — MS 4387 T 15 4l
CRC &A1 9 6] HC i 3% H i b s 2k ie . A
9 MR (D - H RS ) K P74 CRC B
HE T A 1 AT AR (BRI R
RS ) AW W Bk, BFFEERWT, D — H & H
MEZARRIE R CRC FHEAZ W A0S A= Wb P i 7
FEARY KAEADE— 2 550F, 5381 87~ , CRC
e S 2 RO A A 2 B P 0 A A A R
&R

Geijsen % %] UHPLC - Q TOF MS AR /347
7268 f5i] CRC #8351 353 {4 HC A A Q4 , 3 %
1S A2 AR, b R RER RIS AR 4 N
CRC 4K -k (5 HC M EL) , M4 2 R 5o 2 IR 55
11 A€ CRC 41K, 13 ] Spearman AR R AR
Yy - R P A 56 M, & BLIT A LysoPCs 5 LysoPE
(22:6) LysoPE (20:4) 5 55 1) 1IEHH 56 ; IR 5 52 2
2 5 1 FEE TR OG5 AR R I BIENS 45 6 MR /K7
(£2)Z5 CRC A ENURMEAFARARIRAIRT

Kim 25 %] GC - MS HARKM T CRC %
FHC £5 30 i1 3¢ 5 CRC A G B #E & A Pk
BY(VOCs) G5 R EBA 5 MUK (£ 2) 4
ZRUEBEEAREEZES . Hh2,3,4-=
FECOBER 2,4 - ZHISLBE - 1 — IR 2 A it A4k ™

Wy, AR N E ORI =35 CRC A, 0/ T K
HIREAS S EA T IR

Asante 25" SR LC - MS 3: %} 26 f§i] CRC 3%
F110 5] HC I 35 A A 51 1547 Al B8 1) 4 38 4 27 F
I8, R B HE e 2 S AR 5 IR A Y BB A 348
(FOCM) G 3¢, J5 2R FHAE [ 43 Bt e ik W] 3k 224X 65 )
M REHEIX 43 CRC B3 A HC , e R I E MR |
5 — FILPU AN BR % 7E CRC 41 /K BT, i ik
AR B2 KO FEAR (3R 2) 5 A0R P AL RE 1 1)
S — BRAT HBRIEER/S — BT [ 78 > e 2 LA B v 1R/
DU SR A I R /S — H kDU AR 1) EL A TR,
LS e AR W bR AR T X A3 R ) R R
97.2% , 47~ FOCM 28l fE5 CRC A%,

Liu 2/ 52 F UHPLC - MS $ A%} 51 51380 (1,
[1}4]) CRC 85 F1 52 5] HC ()13 FEAS A T B o 4 2
I, SERR B 11 A8 5 UnBE IR I 2 g 5 AR
FR 45 (36 2) 7E 5115 CRC F HC rhR B BT A SET18%
A, BHEEEH ROC [1Zk ) AUC 4 0. 981 Bt 1,
FESPE 0. 885, 478 IR 0T 20 27 2 e IRV 7R 98 ik 12 W
AWkREIn A T H.

Gumpenberger 25’ % ] UHPLC — Q TOF MS 3=
X} 88 4] CRC Al ALK CRA f8 25 4% 200 f4i] i
1T TR Ao 0T , 45 R R , BRI A B2 L H i i

RO S
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2K kDR 4 48 AMRIIIK A 2 412 IAAETE 25 5
PRI BT R B, S A2 A WD A3t i i
PR EIERRAC A (32 2)  BUR 45 FNOR S 40 i A 1
AR AR R B (M MI7E CRC AR,

AT A A B A5 BRI 2, A
WS BB M BB R IR 2,
3.3 JR¥W Kim %5V SR NMR 3345 T 56 4l
CRC 3% 36 filIg I8 (AA) HE A 156 i HC (1
PRI , 25 55 B 1L AR K AR S5 B0
A HC Z 2% 5 03, 2 ROC 4B, i 400 2F
IR NER 3 - AL 5 T R (7T RE & Ak b 78 (1]
R —H53)  CRC %5 X bR 4, Fi AUC 4y
H°5 0. 823 .0. 783 F10. 842,

Deng 2SR ] LC - MS %152 Wity CRC
FHHHC 2 171 G IR SHE HEAT BT 255 &

ML, A 17 YK AR CRC F1 HC Z [AI 77 22
S, Hod B2 TR e AR PR 2 R 1 S K AR AR LT
HC 1 CRC 0 W13, /R ix 2 AR 4 & ml
FAAE CRC R G2 (9 2R dn 4 (AUC 2y 0. 864,
SRR S P10 80% )

Deng 25" % ] UHPLC - Q TOF MS /4047 T
139 f5i] CRC 35 1 50 5] HC () PR AR B, A 81 2
A ERAR RARN S - LSRN 41
M2, R Z7E 4G 5E A T e R4
MR AR SR S T 3 - R AR
PRIRAE 4 AR (3 3) M iy S A A, H: AUC
BRURRE | AR S M AE I 2 A R 4 4300 R 0.98
94.3% 92.0% F1 0. 968 .89.9% 92.2% , {Lififsts
R R IAEAE R B AU CRC A 56, 3878 RAE S
BARER G TR ATRES CRC 1Y 5 BMEA K,

&3 KR5S CRC XA RG0S B L

Tab.3 Changes of metabolites and metabolic pathways associated with CRC in urine

KA

TELE bR Y 22 5
(potential biomarker/
differential metabolite )

fRBE
(metabolic pathway)

TR AR 3 -~ A TR —

( 1 :taurine, alanine, 3 — aminoisobutyrate )

T LM KRR 53 2 AU panel

( 1 :diacetylspermine, kynurenine; these two metabo-

L3 - FBEALRIR T IRIR; TN - PR H 2R
N' N2 _ 30 Z WA e ( | 23 — methylhistidine, hipp-
urate; T : N — heptanoylglycine, N', N — diacetyl-

T IS LAURRR ABERRAR Y | R LR

Sk (cited IR n ol
(literature ) . (state) (group)
year)
[34] 2019  #[E (Korea) 56 CRC
36 AA
156 HC
[35] 2019 & Ak(Canada) 171 CRC
171 HC
lites make up the panel)
[36] 2020  1[E( China) 139  CRC
50 HC
spermine )
[37] 202  fi[E(China) 67  CRC
21 HC

AR TR ZENIR HEIR 3,4 - —RFEmbk
TR 4 — FEEER R R R R IR 5 3 12 MR
W 28 i, panel ( 1 : chenodeoxycholic acid, adeno-
sine monophosphate; | : vanillic acid, glycolic acid,
histidine, azelaic acid, hydroxypropionic acid, gly-
cine, 3,4 - dihydroxymandelic acid, 4 — hydroxy-
benzoic acid, oxoglutaric acid, homocitrulline; these
12 metabolites make up the panel)

R B LR S )45 BRI 3 AL
#iH= 2 B, {0 (synthesis and degradation
metabolism of basic carboxylic acid and
amino acids; vitamin B, metabolism)
FAERRACH B AL YA e S
(‘amino acid metabolism, carbohydrate
metabolism, lipid metabolism)

Zhu 277 % ] UPLC - MS 3%} 67 f4i] CRC 3%
21 45 HC R A A 2~ 3 A, 5 HC AH b,
CRC A FEMNRR | R 5 PR AF 48 1> 22 AR v
Y8 A3 b s i R 25 IR | A e R RN B R IR Y
12 YR EY) (3R 3) 4 panel GBS X 73
CRC i F1 HC, £ A [ 41t )7 ik Bk ) AUC
0.934 ~ 1, fatE A 0. 885 ~ 1, 45 5 ¢k 0. 983 ~ 1,

RWEHR L

BB R , LR oK AL A P Fg B A
3 % e A R R

PRI AR 58 B 5 BRI AR 3.
3.4 Z%{f Nannini 2% 2 H NMR AR ME T 32
i) CRC 82 .16 5] fi 9 AU 5 A (AP) £ 35 1 38 44l
HC 28R, 4558 5oR, CRC F1 AP i)
REAT AR X, an 5 HC A L, %0 4% IR 105 B2 7E 2
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AP YRR T RS IS AP M H, CRC 14042
MR I 2 IR AN e R A /K 1 3 e, Xl g2 i 1 CRC
RMRR b Bz 4 AE A 415 5 BOR A K ITE CRC AN

HC Z [ A ) 22 5 de S 28 (3R 4) o BORAH R 1Y
R LR 4,

F4 EFEHS5 CRCHEXMREHF0 R EHE L

Tab. 4 Changes of metabolites and metabolic pathways associated with CRC in feces

TELE bR 225
(potential biomarker/
differential metabolite)

vt
(metabolic pathway)

wit P s
(literature ) ate (state) (group)
year)

[38] 2021 FERH|(Taly) 32 CRC
16 AP
38 HC

[39] 2022 PYPES(Spain) 40 CRC
40 AA
40 HC

[40] 2022 A ( China) 118 CRC
140 CRA
128 HC

13 - FHIR O R P B R SRR A
Bl S TRRER T IR AR N BRER A R
ToHM SER AR ANER( ] 23 -
hydroxyphenylacetic acid, methanol, galactose,
ethyl acetate, xylose, isobutyrate, butyrate, pro-
pionate, glucose, nicotinic acid; 1 : glycerol,

valine, leucine, phenylalanine)

T STLVT(ZJIKSEPT) FUBIRE - N - fi it
- BYAERE ML | BB AR ER SR R 2T
% E,E( 1 :STLVT (peptide substances ), lacto-
syl — N — palmitoyl — sphingosine, hemoglobin;
| :glycocholenate sulfate, bilirubin E,E)

1 4L~ PRAR L~ KA R L~ %
WRIR L - o - BEET IR K LR FEE MR
3-FIERT R EHAR .y - BIETIR. T
B AARE TR IR B TR L - 2R
S50 | TR o - IR I IMIR 2 - 23
THR; X 20 MR panel ( 1L - ala-
nine, L — aspartic acid, oxoglutaric acid, L —
phenylalanine, L — alpha — aminobutyric acid,
phenylacetic acid, palmitoleic acid, 3 - amin-
oisobutanoic acid, norvaline, gamma — aminobu-
tyric acid, nonanoic acid, oxoglutaric acid, nico-
tinic acid, oxalic acid, L — homoserine, orni-
thine; | : butyric acid, alpha — linolenic acid,
linoleic acid, 2 — hydroxybutyric acid; these 20
metabolites make up the panel)

TR SRR R PR E YA RS e
fifk s LSS — (RNA AW 5 180 RN R R | I
IR A8 G R 7L
AR 18 ( biosynthesis and degradation of
valine, leucine, and isoleucine; biosynthesis
of aminoacyl — tRNA; biosynthesis of phenyl-
alanine, tyrosine, and tryptophan; propane
metabolism; galactose metabolism)

AR NRTIRACHS AT BRI
WENEA 1) B4 i} (histidine metabolism,
fatty acid metabolism, secondary bile acid me-
tabolism, purine metabolism, xanthine metab-
olism)

FIESE — (RNA L5 180 SRR 58 2 RN
S AR G RN IR RN
B2 R AN IR A ) i (aminoacyl —
tRNA biosynthesis; valine, leucine, and iso-
leucine biosynthesis; phenylalanine metabo-
lism; phenylalanine, tyrosine, and tryptophan
biosynthesis )

Telleria 25" % F UPLC - MS £ A Hed T 40 4
CRC 17 .40 ] AA 35 1140 ) HC 1 25 AR
g5, 5 AA FI HC M, CRC 4148 25 MRt
RAESE (1T A B8 AT ), ik f5 &g A
STLVT( ZRREY L) R IR EL FIIHLL R EE
S5 5 MR (3R 4) 1R AE bR B A i CRC T
B, H AUC S0t ARy 5244 20 31k 0.95.,0.7 Al
1 ERYE N 91.67% . LA, WF5#2 7R CRC B fig
Rhig b Kk, 20 5 AR 1) 60%

Coker 25 % B GC - TOF MS $ AWM % T 118
] CRC f£35 (140 f4i] CRA 5 F0 128 fi] HC By ZE(H
R, 25 R KB L - NER L - RA R % 20 4~
ZCY (£ 4) ATE R CRC IEEA R &Y, H

FHok X 4> CRC 1 HC ,CRC #1 CRA L) &% CRA #1 HC
1 AUC 435124 0. 80 .0. 79 F1 0. 66 ; if & 38 . HC |
CRA Fi#| CRC, IE 402 R AN A W78 R S 10 s 34, 42
NS5 8 P R, CRCAHSGAR
WY E R T SRR AR 07 A R A A
R,
FEMEATE S A ANE B (5 DR W 4,

3.5 44 Kibi Z"ILTF GC - MS fil LC - MS #
AR T 10 5] CRC FR 35 (098 41 43 S L4030 1E 5 41
SUEART R . 5IE®E A4, A4 B
T EEKOE 1 & B2 LR (SAA) s 5 RIRAR IBTE
AR BA PR B BES SE AL IR 4R 2 R (WZ IR AN
PURIMER ) 2 5 fe i AU %) 7 20 5 A = BRI A% K

RO S
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SEAESRA L P B R 2B BN FIIR I BR K A N —a - SBEEE — & - (2 - W) - 2R IR

VAL TR

Kang 45"/ 5% Jij UHPLC - MS 35 T 35 fil
CRC J 3% i 24 9% FLAR T 1E % 41 P AR5
KB 2 FhALU A 24 2SR (£ S) ik )

(BRI - AR MR ORNAR - 24 M)3 4
TUBITE CRC T, HARBIREAR; A5 M CRC i
ML YB RS K -1 T 220, CRCAS [ 43391 ) AR 3 4 7K
FINFAE RS o 22 R UBR AR IER S

&5 HLAHE CRCHEXAMREHFN R EHE RN

Tab.5 Changes of metabolites and metabolic pathways associated with CRC in tissue

KRB
(cited

year)

SCHk

(literature )

P Gic:|

(state) " (group)

TELE bR 225
(potential biomarker/
differential metabolite)

et
(metabolic pathway)

[41] 2019  H7Z(Japan) 10 CRC

T B RIS SIS PRIGE S —

WE B AR AR K IR E R MEPRAR AL AL A
B TNIRTR; | (VR AR =
FRAZ AT S — BRERAZTME JRIZ( 1 :xanthine, ad-

enine, hypoxanthine, uracil, thymine, sulfur —

containing amino acids, kynurenine, quinolinic

acid, arachidonic acid, docosahexaenoic acid; | :

tryptophan, glucose, nucleoside triphosphate, ri-

bose —5 — phosphate, uric acid)

[42] 2023 ifE( China) 35 CRC

TiN-oa- LB -6~ (2 -THIAEE) - AR, SRR RIS RS IR R

WARER - HER) I CRNER - B 44E R 19185 (metabolism of amino acids,
12) 5 | oK B — #iZ B A M WENSHEHSR 7% carbohydrates, lipids, nucleotides, hormones,
MBENETSE L B 5 ML A e LA  PYBR 5% and vitamins)

PRI % (1 . N — o — acetyl — & (2propenal )

lys, cyclo( GluGlu), cyclo (PheGlu); | : anhy-

drous beta — glucose, lysophosphatidylcholine,

lysophosphatidylethanolamine,  lysophosphatidyli-

nositol, carnitine, monophosphoryl thiamine , etc)

3.6 HAWREA A B A TS R I R K 2 il
AR AN M S S 5 U5, 1K F AT
RIUREAA Y 22 18] (9 SC IR, B T 9IE 58 98 75 A W0 bm
BV o XTI EZER I 6

i AR FEAE A R B A )R A P k4T T
CRC MR A UHIAR SRR, e 22 AUl 7E A
[l A= A A e A B, K SF (9 22 46 5 1) Al BEAH
[ BAH B, G 1 98 i 796 I B e CRC 83 A9 1L 9
TG b 2 ARG, 2 S8 R A I3 0 R I 2 R AR
A2 5 A1 2850 2 TR A DR 38R 246 A e 7 g | i S R
A6, 0 250 7 3 U 0 21 20 2 IR A DROB R T
SESE o BLAh, HRWFSTIE $R R, fE CRC AR Y JE il
T ZLrp o SAG AR K P A2 A A e (2 1k
J7 T Z2 A0 1R, i i o R A AN [R) AF 5 19 26 f e A
h ¥ T, HAEMR AR P I m 5 a5, X2
UG 114 25 S AU (LA R R o — 2D IR . 1 3
TR LA A5 rh R 3 3 B 22 S A B AR AR DL
7. MHBA 05T b B A2 0 B 22 S AU it

RWEHR L

AT AR = R T AR LI S 60 IS R T
ATRES 5 CRC AU Y 3 i Sz HE R 45 G0k 1 6 i
7 TR 25 A AT B, e A R A L T
5 28 R A0 i 2 BRI A e H BRACIAE | B A 2500
PARH 24 IR A 22 4 1 A e bL A o 28 i 1 3
‘.
4 MNES5RE

AR 258 ] AT A 0 1 ARl A 1 £
T BRI SR AL AR 2 WS TR TN A5 7
AL TR IR R B % ARk, CRC A YR &
AR AL A DT I LU — B 2590 2 IR N 6 1R I
AR AL A5 9 S AR e I R AR A, 5 22 A 56
(28 IR 5 1805 A I Qs I A s FTOM 18 i 25 ik
e AL . ANFEBETE R ECRA A 2257
[7]—Fob L 355 P B AI ) KPR AN TR BF 5 v ] i 22 2
FABCER T 1), X 46 22 7t v E 5 0I5 BEit AR IE %
FEARALBETT 5 T T3 RS AN TR %0 AR AR 2
SRR ST AR L3R O R O R S — | 58 1Y
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F6 Ht#zRs5 CRC XA EHHARIGHE K EL

Tab. 6 Changes of metabolites and metabolic pathways associated with CRC in other studies

ik RIFAE i o I FEAZAY R IbR G 225 i
(literature) (cited (state) n (roup) (analytical (sample (potential biomarker/ differential (metabolic
year) method ) type) metabolite ) pathway )
(53] 2019 ] 70 CRC  NMR FF + 120 . 208 | (feces: acetic acid | ) R . = RIBIEIF . B A MR/
(China) 70 HC (feces + fife JE 53 I 15 7R AKX ( glycolysis,
tissue) tricarboxylic acid cycle, glutamine
catabolism, short — chain fatty acid
metabolism)
[54] 2019 rhlE 107 CRC LC-MS M3 +2HL M. T IR E L - ey AR A R R R A e A
(China) 73 Polyp (plasma + —NEE; | RS EAE RS UUEF A5 s /L i) (bile acid metabolism,
tissue) R-HEmR. L - (HEfR.L - B4 amino acid metabolism, purine and
JiR \ENEIA2ZH A, panel (plasma; T :di- pyrimidine metabolism)
hydrothymine, L — gulonic vy - lac-
tone; | :chenodeoxycholic acid, cre-
atinine, histidine — glycine, L — tryp-
tophan, L — tyrosine, xanthine com-
pound: a panel)
[55] 2021 i 43 CRC  GC-MS MY + 2140 G : T AR 3 - TR 9,12 - BRI WA Y &
(China) (serum +  /\BRIGHR JIEIEIEE A 13 B0 BEIRMENLEEGS 5 R 50 AR
tissue) A HA: T L -FLR .3 - ¥ fC(inositol phosphate metabolism,
TR | 2,3 — T —Fs JHERS WS primary bile acid synthesis, phos-
BR%5E 17 MUY (serum;; T :stearic phatidylinositol — signaling ~ system,
acid, 3 —hydroxybutyric acid, 9,12 — linoleic acid metabolism)
octadecadienoic  acid, cholesterol
glucose, etc. (13 metabolites) ;
tissue; T: L — lactic acid, 3 -
hydroxybutyric acid; | :2,3 - butane-
diol, cholesterol, stearic acid, etc.
(17 metabolites) )
[56] 2021 rh 60 CRC  CPSI-MS+ [ +440 MiF: T: 53k ST ATE FrERIEH e & 8GR
(China) 60 Polyp DESI-MSI  (serum+  F2 AEWER; | : 75 2 BE G R 22 BRAINZIRICI R — R IR I
tissue) (serum: 7T ; aconitic acid, isocitric f; NZER KA BRI 2B

acid/citric acid, pyruvic acid; | :
glutamine, arginine)

(citric acid cycle; arginine biosynthe-
sis; arginine and proline metabolism;
carboxylic acid and dicarboxylic acid
metabolism; alanine, aspartic acid,

and glutamic acid metabolism)

7 (notes ) : CPSI — MS. 51, 85 W) 5% 55 L B Jfi 1% 75 ( conductive polymer spray ionization mass spectrometry ) ; DESI — MSI. fif 0 5 557 B B9 i 13 {4

(desorption electrospray ionization mass spectrometry imaging)

®7 3WEMEHRHEZANERREMREEN

Tab.7 Differential metabolites and their changes found in three or more studies

*(No. )

AR (metabolite )

L% (serum)

1fiL 3% ( plasma) JR & (urine)

Z&Aifi (feces) 2H 21 (tissue)

3
do

O 0 9 AN U B W

—_
S

H &R (glycine)
75 %R ( methionine )

ZH % % ( histidine )

%1% ( alanine)
25154 1% ( valine )

541 (leucine )

6,5 ( tryptophan )
% 2 B2 ( tyrosine )
N AR ( phenylalanine)

Al proline)

Tl
U
2]

N

2

— o — —

1

21 1
21

21

RO S
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TT(%)

5 (No. ) R (metabolite) MY (serum) I3 (plasma) B (urine) — FEffH (feces)  Z1Z1(tissue)
11 19,55 1% (ornithine ) 1l 1
12 2% 2 ( glutamic acid) 1 1 1
13 BB ( glutamine ) 11 |
14 T # B (glucose) 11 1 ! 2]
15 F IR (xanthine) 21 ! 21
16 YIRS (hypoxanthine ) 21 1 1
17 5 1MW S T A B, ( lysophosphatidylcholine ) 2 ! !
18 A5 MU NG 19 2 2 1% ( ysophosphatidylethanolamine ) 2 1 |
19 AHZT £ ( bilirubin) 201 !
20 T B2 (butyrate) 2 !
21 3 - BT (3 - hydroxybutyric acid) 21| 1
22 FLE& (lactic acid) 21 1 21
23 AT 2 (taurine ) 1 1 1
24 Hh ( glycerinum) 11 1

HE(note) :“ T 7 FR GXTHA AL, CRC UK T E, 2z | " FRBEK(“ 17 indicates an increase in metabolite levels in CRC compared

with the control group, while “ | ”

indicates a decrease) ; i Sk Al KO K7 “ 27 FRA 2 DI FL 45 R AR A, &7 3k A JCEC7 308 1 BT 5% 9 45

L (the number “2” before the arrow indicates that two studies have the same result, while no number indicates that the result is from one study)

Fatty Aci i i
‘ Phenylaceta@etgglélis%d@WK Metaboh@ Pyrimidine Metabolism

Malate—/—@ﬂ'&i@i%

linositol Phosphate M

QPhos ha
.Tryptopha etabolism

O Mitocho@éﬁ}ggﬁg ransport Chain
O P°’Phy’i.ﬁﬁlme-Alanine Cycle

O Transfer of Acetyl G. RtmMéaabeatstslam

O Phenylalanine and Tyrosine Metabolism
Urea Cycle

OLysine D@Meﬁ\lanine Metabolism

(D) Histidine Metabolism

sphate Metabolism
Inositol Metabolism O
e . Lactose Degradation

.Warburg Effect

OCysteine Metabolis|

O Bile Acid Biosynthesis

Lactose Synthesis

Trehalose Degradation

O Galactose Metabolism

. Gluconeogenesis

Taurine and Hypotaurine Metabolisr

) . i Q Carnitine Synthesis
O Phytanic Acid Peroxis! | Oxidation

Oxidation of Branc.igalgrggenxﬂlé\ggg"sm

O Folate Metabolism .Ammonia 'amanoate Metabolism

OAspartate Metabolism

. Glutaman‘lsatm Bod‘bolism

Methylhistidine Metabolism

ONicotinate and Nicoﬁnami‘mmmand Proline Metabolism

Glycine

. Methionine Metabolism

A vovegBimng Soiseis fesrageion

O Betaine Metabolism
Glutathio.llz AngMstabolism

‘ Spermidine and Speﬂ Biosynthesis

E5 5 CRCExH K i@ R M E
Fig.5 Map of metabolic pathway networks associated with CRC

IFFESRME , 5 T IR AR , REAS i AN B 2D (LA A 28
W7 A LB, DL R BE 5T 45 R A E B 5 [R]I
AR B U 3 45 22 i AR P A Dl T S0 4%, R

RWEHR L

Chinese

PEAR AR P A7 40 1] A 2 2 20 A 5 S i, U RE 2
FEMAE Y S Z A AT B 2RI A
TIBEFE RS eAh, F AT 45 EL s R AU 4 o
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Glutamate Metabolism -

Ammonia Recycling <

Arginine and Proline Metabolism —
Glutathione Metabolism —

Warburg Effect

Glycine and Serine Metabolism |

Urea Cycle

Purine Metabolism —

Ketone Body Metabolism —
Glucose-Alanine Cycle -

Valine, Leucine and Isoleucine Degradation |
Tryptophan Metabolism -

Alanine Metabolism -

Spermidine and Spermine Biosynthesis

Butyrate Metabolism - [ ]
Propanoate Metabolism — ]
Methionine Metabolism ]

Methylhistidine Metabolism — ()
Caritine Synthesis ]

Phenylacetate Metabolism
Lactose Degradation =
Amino Sugar Metabolism -
Gluconeogenesis -
Beta-Alanine Metabolism =
Malate-Aspartate Shuttle =

P-value

0.2
0.15
0.1
0.05
0

Enrichment Ratio
@ 4
® ¢
[ I

6 5 CRC HHXHYET 25 f = SRR
Fig. 6 Top 25 enriched metabolic pathways associated with CRC

(TR 52 2 Bl 45 B M Rk S PR R fe o ot
HE, R R i 38 Al g £ A g ot B, PR L B
B 4 B AV 7E 2 S AR 0 1 e e S v ) A A 1
FIRAMBEFE . BIfFRe R H & BLEA G RN (A
o P ABURE AR S I IR AR A, AFR I K CRC
R A, BEARBE T8, $2 v AT A 3 ot et AR
peainy i

S 30k

[ 1] SUNG H, FERLAY J, SIEGEL RL, et al. Global cancer statistics
2020; GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries[ J]. CA Cancer J Clin,2021,71
(3):209

(2] FBAF, WRah, whokid, 5 . 2022 4F P RGO AT 20 70
Frld]. HfefRE ALk ,2024,46(3) <221
ZHENG RS, CHEN R, HAN BF, et al. Cancer incidence and
mortality in China, 2022[J]. Chin J Oncol,2024,46(3) :221

[3] sPREZSHANEFDEGEHFE . T ES R e
HPRAE B2 IR IER (2023, 77 M) [T]. Al B AL s,
2023,40(7) :505
Colorectal Group, Digestive Endoscopy Branch of Chinese Med-

ical Association. Expert consensus on endoscopic diagnosis and

T
1.5 2

-log10(P-value)

[10]

(1]

treatment for colorectal cancer and precancerous lesions in Chi-
na (2023, Guangzhou) [ J]. Clin J Dig Endosc, 2023, 40
(7):505

SINICROPE FA. Increasing incidence of early — onset colorectal
cancer[ J]. N Engl J] Med,2022,386(16) :1547
SIEGEL RL, WAGLE NS, CERCEK A, et al. Colorectal cancer

statistics, 2023[J]. CA Cancer J Clin,2023,73(3) :233
SNINSKY JA, SHORE BM, LUPU GV, et al. Risk factors for
colorectal polyps and cancer[ J]. Gastrointest Endosc Clin North
Am,2022,32(2) ;195

DEKKER E, TANIS PJ, VLEUGELS JLA, et al. Colorectal canc-
er[J]. Lancet,2019,394(10207) 1467

LIN JS, PERDUE LA, HENRIKSON NB, et al. Screening for
colorectal cancer: updated evidence report and systematic review
for the US preventive services task force[ J]. JAMA,2021,325
(19).:1978

ZYGULSKA AL, PIERZCHALSKI P. Novel diagnostic biomarkers
in colorectal cancer[ J]. Int J Mol Sci,2022,23(2) :852

LI N, LU B, LUO C, et al. Incidence, mortality, survival, risk
factor and screening of colorectal cancer: a comparison among Chi-
na, Europe, and Northern America[ J]. Cancer Lett,2021,522:255
CHAN SCH, LIANG JQ. Advances in tests for colorectal cancer
screening and diagnosis[ J]. Expert Rev Mol Diagn,2022,22(4) .
449

RO S



- 1840 -

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Y s

%

B Chin J Pharm Anal 2024, 44(11) @

SALMERGN AM, TRISTAN AI, ABREU AC, et al. Serum color-
ectal cancer biomarkers unraveled by NMR metabolomics: past,
present, and future[ J]. Anal Chem,2022,94(1) ;417

SEDLAK JC, YILMAZ OH, ROPER J. Metabolism and colorectal
cancer[ J |. Annu Rev Pathol ,2023,18 467

LI J, CHENG B, XIE H, et al. Bladder cancer biomarker screen-
ing based on non — targeted urine metabolomics [ J]. Int Urol
Nephrol ,2022,54(1) ;23

DREW DA, KLEMPNER SJ, CHAN AT. Metabolomics as a tool
for biomarker discovery in gastric cancer[ J]. Cancer Epidemiol
Biomarkers Prev,2021,30(9) :1601

AZAD RK, SHULAEV V. Metabolomics technology and bioinfor-
matics for precision medicine[ J]. Brief Bioinform,2019,20(6) ;
1957

MARTIAS C, BAROUKH N, MAVEL S, et al. Optimization of
sample preparation for metabolomics exploration of urine, feces,
blood and saliva in humans using combined NMR and UHPLC -
HRMS platforms[ J]. Molecules,2021,26(14) ;4111

LIU L, AA J, WANG G, et al. Differences in metabolite profile
between blood plasma and serum [ J]. Anal Biochem,2010,406
(2):105

NI'Y, XIE G, JIA W. Metabonomics of human colorectal cancer:
new approaches for early diagnosis and biomarker discovery[ J]. J
Proteome Res,2014,13(9) :3857

GU J, XIAO Y, SHU D, et al. Metabolomics analysis in serum
from patients with colorectal polyp and colorectal cancer by 'H —
NMR spectrometry[ J]. Dis Markers,2019. doi; 10. 1155/2019/
3491852. eCollection 2019.

BIAN X, QIAN Y, TAN B, et al. In - depth mapping carboxylic
acid metabolome reveals the potential biomarkers in colorectal
cancer through characteristic fragment ions and metabolic flux[J].
Anal Chim Acta,2020,1128:62

DI GIOVANNI N, MEUWIS MA, LOUIS E, et al. Specificity of
metabolic colorectal cancer biomarkers in serum through effect size
[J]. Metabolomics,2020,16(8) :88

AMIR HASHIM NA, AB - RAHIM S, WAN NGAH WZ]. Global
metabolomics profiling of colorectal cancer in Malaysian patients
[J]. Bioimpacts,2021,11(1):33

ZHANG C, ZHOU S, CHANG H, et al. Metabolomic profiling i-
dentified serum metabolite biomarkers and related metabolic path-
ways of colorectal cancer[ J]. Dis Markers,2021. doi: 10. 1155/
2021/6858809. eCollection 2021

GAO R, WU C, ZHU Y, et al. Integrated analysis of colorectal
cancer reveals cross — cohort gut microbial signatures and associat-
ed serum metabolites[ J]. Gastroenterology,2022,163(4) .1024
YUAN Y, YANG C, WANG Y, et al. Functional metabolome
profiling may improve individual outcomes in colorectal cancer
management implementing concepts of predictive, preventive, and
personalized medical approach[ J]. EPMA J,2022,13(1) :39
SHU X, XIANG YB, ROTHMAN N, et al. Prospective study of

RWEHR L

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

blood metabolites associated with colorectal cancer risk[ J]. Int J
Cancer,2018,143(3) :527

BARBERINI L, RESTIVO A, NOTO A, et al. A gas chromatog-
raphy — mass spectrometry ( GC — MS) metabolomic approach in
human colorectal cancer (CRC) : the emerging role of monosac-
charides and amino acids[ J]. Ann Transl Med,2019,7(23) 727
GEIJSEN AJMR, BREZINA S, KESKI - RAHKONEN P, et al. Plas-
ma metabolites associated with colorectal cancer; a discovery — repli-
cation strategy[ J]. Int J Cancer,2019,145(5) ;1221

KIM S, YIN X, PRODHAN MAI, et al. Global plasma profiling
for colorectal cancer — associated volatile organic compounds: a
proof — of — principle study[ J]. J Chromatogr Sci,2019,57(5) :
385

ASANTE I, PEI H, ZHOU E, et al. Exploratory metabolomic
study to identify blood — based biomarkers as a potential screen for
colorectal cancer[ J]. Mol Omics,2019,15(1) ;21

LIUT, TANZ, YUJ, et al. A conjunctive lipidomic approach re-
veals plasma ethanolamine plasmalogens and fatty acids as early di-
agnostic biomarkers for colorectal cancer patients[ J]. Expert Rev
Proteomics,2020,17(3) ;233

GUMPENBERGER T, BREZINA S, KESKI — RAHKONEN P.
Untargeted metabolomics reveals major differences in the plasma
metabolome between colorectal cancer and colorectal adenomas
[J]. Metabolites,2021,11(2) ;119

KIM ER, KWON HN, NAM H, et al. Urine — NMR metabolomics
for screening of advanced colorectal adenoma and early stage color-
ectal cancer[ J]. Sci Rep,2019,9(1) :4786

DENG L, ISMOND K, LIU Z, et al. Urinary metabolomics to i-
dentify a unique biomarker panel for detecting colorectal cancer: a
multicenter study[ J]. Cancer Epidemiol Biomarkers Prev,2019,
28(8):1283

DENG Y, YAO H, CHEN W, et al. Profiling of polar urine me-
tabolite extracts from Chinese colorectal cancer patients to screen
for potential diagnostic and adverse — effect biomarkers [ J]. J
Cancer,2020,11(23) :6925

ZHU C, HUANG F, LI'Y, et al. Distinct urinary metabolic bio-
markers of human colorectal cancer[ J|. Dis Markers,2022. doi:
10. 1155/2022/1758113. eCollection 2022

NANNINI G, MEONI G, TENORI L, et al. Fecal metabolomic
profiles: a comparative study of patients with colorectal cancer vs
adenomatous polyps[ J]. World J Gastroenterol ,2021,27 (38 ) :
6430

TELLERIA O, ALBONIGA OE, CLOS - GARCIA M, et al. A
comprehensive metabolomics analysis of fecal samples from ad-
vanced adenoma and colorectal cancer patients[ J]. Metabolites,
2022,12(6) :550

COKER 00, LIU C, WU WKK, et al. Altered gut metabolites
and microbiota interactions are implicated in colorectal carcinogen-
esis and can be non — invasive diagnostic biomarkers[ J]. Microbi-

ome,2022,10(1) :35



JPA

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

LYy WmES

Chin J Pharm Anal 2024, 44 (11)

- 1841 -

KIBI M, NISHIUMI S, KOBAYASHI T, et al. GC/MS and LC/
MS - based tissue metabolomic analysis detected increased levels of
antioxidant metabolites in colorectal cancer|[ J]. Kobe J Med Sci,
2019,65(1) :E19

KANG C, ZHANG J, XUE M, et al. Metabolomics analyses of
cancer tissue from patients with colorectal cancer[ J]. Mol Med
Rep,2023,28(5) :219

TEVINI J, EDER SK, HUBER - SCHONAUER U, et al. Chan-
ging metabolic patterns along the colorectal adenoma — carcinoma
sequence[ J]. J Clin Med,2022,11(3) ;721

TROISI J, TAFURO M, LOMBARDI M, et al. A metabolomics —
based screening proposal for colorectal cancer[ J]. Metabolites,
2022,12(2) ;110

ZHENG W, WANG M, CHAI X, et al. Targeted metabolomics a-
nalysis of nucleosides and the identification of biomarkers for color-
ectal adenomas and colorectal cancer [ J]. Front Mol Biosci,
2023. doi: 10. 3389/fmolb. 2023. 1163089. eCollection 2023.
GUO J, PAN Y, CHEN ], et al. Serum metabolite signatures in
normal individuals and patients with colorectal adenoma or colorec-
tal cancer using UPLC — MS/MS method[ J]. J Proteomics, 2023.
doi: 10. 1016/j. jprot. 2022. 104741. Epub 2022 Sep 26.

YI Y, WANG J, LIANG C, et al. LC - MS - based serum
metabolomics analysis for the screening and monitoring of colorectal
cancer [ J ]. Front Oncol, 2023. doi; 10. 3389/fonc. 2023.
1173424. eCollection 2023.

MCCULLOUGH ML, HODGE RA, CAMPBELL PT, et al. Pre -
diagnostic circulating metabolites and colorectal cancer risk in the
cancer prevention study — Il nutrition cohort [ J]. Metabolites,
2021,11(3) :156

PAPADIMITRIOU N, GUNTER MJ, MURPHY N, et al. Circu-

[50]

[51]

[52]

[53]

[54]

[55]

[56]

lating tryptophan metabolites and risk of colon cancer; results from
case — control and prospective cohort studies[ J]. Int J Cancer,
2021,149(9) :1659
CORADDUZZA D, ARRU C, CULEDDU N, et al. Quantitative
metabolomics to explore the role of plasma polyamines in colorectal
cancer[ J]. Int J Mol Sci,2022,24(1) ;101
ZHAO Z, BAI J, LIU C, et al. Metabolomics analysis of amino
acid and fatty acids in colorectal cancer patients based on tandem
mass spectrometry[ J]. J Clin Biochem Nutr,2023,73(2) :161
XING F, ZHENG R, LIU B, et al. A new strategy for searching
determinants in colorectal cancer progression through whole — part
relationship combined with multi — omics[ J]. Talanta,2023. doi;
10. 1016/j. talanta. 2023. 124543.
LIN Y, MA C, BEZABEH T, et al. '"H NMR — based metabolo-
mics reveal overlapping discriminatory metabolites and metabolic
pathway disturbances between colorectal tumor tissues and fecal
samples[ J]. Int J Cancer,2019,145(6) :1679
WANG Z, CUI B, ZHANG F, et al. Development of a correlative
strategy to discover colorectal tumor tissue derived metabolite bio-
markers in plasma using untargeted metabolomics [ J]. Anal
Chem,2019,91(3) ;2401
ZHU G, WANG Y, WANG W, et al. Untargeted GC — MS -
based metabolomics for early detection of colorectal cancer[ J].
Front Oncol ,2021. doi: 10. 3389/fonc. 2021. 729512. eCollec-
tion 2021.
LI C, LI K, XU X, et al. A pilot study for colorectal carcinoma
screening by instant metabolomic profiles using conductive polymer
spray ionization mass spectrometry[ J]. Biochim Biophys Acta Mol
Basis Dis,2021,1867(11) :166210

(AT 2024 43 A 11 HikE)

RO S



