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Abstract

Fecal calprotectin (FC) is a non-invasive, highly sensitive biomarker. Initially used mainly for
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assessing inflammatory bowel disease, its application has now expanded into the field of digestive
system tumors. Digestive system cancers pose a serious threat to human health, and early detection
together with precise monitoring are especially critical for improving patient outcomes. In recent
years, as research into the tumor microenvironment and the inflammation-to-cancer transition has
deepened, the potential value of FC in colorectal cancer, gastric cancer, pancreatic cancer, and other
malignant tumors of the digestive system has drawn increasing attention. This article systemati-
cally reviews the biological characteristics of FC and the mechanisms of its expression in digestive
system cancers, with a focus on summarizing clinical evidence for its use in early screening, prog-
nosis assessment, and treatment response monitoring. It also explores strategies for combining FC
with other biomarkers. By synthesizing the latest research progress, we aim to provide new theo-
retical perspectives and practical references for the clinical management of digestive system can-
cers.
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1. BY

THIL RGURE (B G B BE . RIS SRR R AAET R e 2 —, X9
fE RIS WT AR R R s, T U N R (1] RS F B Be . AR A T S iy R A
EVNGEE—E R, i@ AR RBUSHEIR. Rt 25, Fitk, w&EFREMERE, G800 EY
&Y, ABGE RIS T IR .

FFAS P AME N —FoRIET P MR 4l A BN AR A5 45 5 82 1, HAR T 2 S100A8 F1 S100A9 &
YR 5 — AR ECR DU SRR ST A P[2] [3]. (EAIE 2RE RN, %8 AR KSR, O ZNH TR
FEVER RGN VP [4]. A, BIEBCRIEZ 01 TR, 187 200 2 IR 3) 2 Pl Ak R Golisshe K A= 1 —
ANEBERER. M EEOERE SEEZ IEE “WR” S TmMt, EEMmERerE - rRE &L H D)
REMEHARNTZ I . CAPIFIKIL, S100A8/A9 FEAEMINEN—FAH K /> TR 7, IS4 R m Y
Toll FE3Z1R 4. BEHIMESAL AR =32 RS2 6, MBS AZ IR 7 kB 5 55 S 5HFZIG N T 3 %2
FAS T, MR A AR RS IR T RS E 5] [6]. 4N, FEEJET, S100A8/S100A9
FH 1 1 B 40 P i i W0 TLR4-NF-«B A5 58 R%, (i 15 M 4 M i) 3 s AT # (6] 7245 B e,
S100A8 /R Is@E I HE CXCLS/CXCR2 AWpil, IR IEETE . RZBMEFE[5]. R RIER T
R AR RAE PR EY), TR EES S MR RS T .

AR, AT UG TR S0 TR A7E 45 B R & h I . 45 B bl s W s 0o
RO AR (IR, VA7 B SE ) I A 5 5, OO BRI T IR R RGBT 3R . TEARZ AR R AT A
FBh, @R A ETEMA, ARSI . 55 TR AR LR S N 2R A 27 [8]. AT
FRI, PLEAS MR - XTI REY), HRIE R T 5000 28 7 158 .
IeAh, BEEAEER. BIRES LEEMRE A R R, SR Re B A S WS 7 T e
fE. CABEARE 9B, S100A8. S100A9 S H ¥ p i) 5 — Tk Ot % e N AL P BCEI B K 1, I3 X

ik
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SEEE KT 5 B R R AR R IEM S, JF H ARSI TSR R R A2 (9] 7F B BB MR
S100A8 F1 SI00A9 [FIFEg AT 23 i, BRI HAENAERAEAEIbREWE I1[10]. X LRI
TEAMMN T IEAE SEME R YRR 2 _EE A E MR 2 7 S, $2 08 T HIB IEIE S R .

L1. $SDEEMESH. KRS

45 12K [ (Fecal calprotectin, FC)/&—F 1 SI00A8 (MRP8)F1 S100A9 (MRP14)#5 4N ¥ 3 DL AR LA 4 7
AR R R RS, BT S100 8545 G\ AR 11]. %8 A EEAAET R YR i pi b,
A OLT B AH R0 BRI AR, 7E SORE RN BRI R A A 12]. A DR 20, Al it 2 Gt
&8 Mn (1)« Fe (INF1 Zn (ID) KAEPLRE BT EAE A, 3EREEIE S5 Toll #5244 4 (TLR4)FIHG K AL
LR =) 5 AR R RS2 A, WO RIS S Il AT R B[ 13] [14]. TEHAL R G H, F8(H
5 T 1 A 5 g T R B ) R P W T IR I AR B S R B IR AE DG, BRI iz P A S e 48 i v B
AR ANPEBURTEFR[15]. BFFER, FC KFAMUS WEE N RAETE BN FE B AHOC, IEREA UX 4 ib T-2%
il 155 2 P B rp L TS S I e B R B [15]. KN, FC 7R %0 5 s A RS 20 M g i B A
HEME, HARNA BT A D EZ R R AR A16].

1.2, B RAFRENH R G IER 2T

P 98 RE 2 IR BN TH A R GusiE K AR S R R I B ROA R 3R . Bl R SE AL DNA 4% A
ARG M, (Rl 5% L B i ) TR AR FE A . LSS B R A, S T s R 3 1 e 2 XL A S
FhiEr, 1 AONTHT W6 B 118 S L I R A IR SBR[ 17]. 4T J2 12K, NF-«B. STAT3 #1 Wnt/s-
catenin S5 CHE(E 5 B IR 1 SRE A PR ARSI RIVER, — O TR G A, S — T
T IRE FIE AR, MR KANE A RFI(18]. EARVERRE, 85 BEAIFA R EHah
RIPIRAS, CiEAEIEIL S RAGE Z4&45 4, % MAPK. PI3K/Akt 25/5 5@, BEES S5MHRMBHIE
FBREFL[19]. 1AL, S100A8/A9 HETE B H AR NRIEKTFRE B, HE5MRERREE ARG
FYIMR, PR E AT ARil I RS T s B S B R R [20]

1.3. #EFDEAEMERFEPHIREEWL

TEHAL RS R I AABEH, S100A8/S100A9 £ [ IRIA/KFIHE & T IEH AL, H H 5 Mg R
92 T (S LA T3 R S 5 4 ) 1 2351 58 25 DD RH 5[ 211 0 BRI AR 5% rp R R SRS BA S TNF-aes IL-18 55
RIE T, A5 5 0 40 R0 S S A o v AR, TR R — AN IR SABREE,  HE— 20 I = J&) 0 48 i 4
IR HEFE19]. CABERRIE NI, S100A8 FI S100A9 #i % & ARG AL 8 7y g N7, His
RIL SR HIGAE . TR SR A K RE I E VIR R [21]. BRI, SE FC AT THRAUR B 1 I8 26 5
P RREIRZS, I8 A e ELEERUR T I8 41 23 It 78 BRI AE S IR 20 S B, 3X R FC AR N IR bR B HE (it
TSR . LS E TR T, FCAEN—MARRAN IR S CRMNIT T, H I e b 2
For M GFOBT)E T3 77 1 45 1 76 fE - A I @ & B A A2 B s se[22]. te4h, FC 1EX 4325 B i
g g B IR T B BN e g, AN AR S T A A2 B A A M BT [23 ]

2. #EFSDEREEERESES SN S rIE A
2.1. 5E R RHARE D RISHT s

Z TG R FCUESE, 45 B 78 (colorectal cancer, CRC) S (K ZE(H FC wh A ik i B S vy T-{e
R AR B . — TGN 35 TUHE AL R AR FIE 2 i 7R, CRC B3 FC KFETHE i LR 2 fi
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FEXHIE 1) 5.19 £5(95% CI3.12~8.62, p <0.001) [24]. {EZWIRGETT I, FC [ REE N 70%~85%, it
PN 75%~90%, PETALGE I ZEE R MIRK . — WEFx o B AR 7E &KL, FC 201 CRC IR FIES
S5 R 88.51%A1 88.33%, M H ¥ IR LG Uy 83.91%F1 96.67% [25]. A —TiHf 7L tHFR M, FC fE2 K
CRC IS EL A 5 v B BURR R (73%) A1 B P TR (87%) [26]

FC /K5I8 o B Bk F 3 CRC (I~11 #) B #F) FC /Kl K T~V #)H B,
7~ FC Al REA BT VPAki o i fir o — SR RIBUPERT 5808 1 124 4] CRC &3, KL FC /KF15 UICC 733
B IEAZE(rs = 0.24; p=0.007), FH IMI/IV $HEE FC > 50 png/g M XA V1T #H B &1 3.47 f5(RIEJG OR
3.47;95% CI 1.27~9.42) [27]. WAk, FEPH 7K, Dukes C+ D HHEE K FC /K2 5T Dukes
A +B W ([28] [29], #E—P3CFF FC 5 i AH G

TETFERABERITR A p, 456G FC. AR VRIS UG T 3R @ L M TR AL, 5 Bh T8 CRC ks
R — T 5 Eon, FC S A IS A F T CRC 2K, BURE ATk 92%, AP TRINE 9 95% [26].
AR EY, FC BEAIMTE CEA. CA125. CA19-9 #ill, HREZ. ¥R e LT
E— B —48hR[29]. XFHBCG HBEA B TR AL E WS B R A, REmaReE. N, BamRRH
ANFEDL A AESF 35 R N B, S0 e A SR MIATI SR 212 W CRC I J 3 e 1 e (R3S (AR 54,
A FC Jf K B3 52 m Fos Wik v [30]

2.2. 5RE - BFIINXARBERRE R

S5 H RN CRC BB E IR AT, HEF M FC ACE IR & TR AT, (H UK TR M
SR, 1R FC AT RE S e H R8T 1) i 5 A0 I 2 o 1) SORE AR A o BF 50 IR, A9 2R 35 (1) FC 7KF-2h(145.52
+4.14) ug/g, 53w Tl FEX R AL (18.05 +£3.76) ug/g, i CRC 3 1K) FC /KU B &, 75(557.63 £24.81)
ng/g [317. IRl BERR ARt R TR R T e A A 0, M IE 5 8 280 My 7 B A, o) it 9 0 S B AP
I, T FC AR SERR SRS R PR 21X — 1k . BbAh, H—TiWEFIIESE, CRC B 1) FC K
FRE R TS EIE R, 32D 3R FC EX A FIR AR B A E[32] -

XFTRE IR (B > 1 om. FEASBIRG MBS 200 5 2438 4),  FC RRAPEFUIIAE ATk 60%,
A BT AR N — TR XS FOBT FHM G/ 25 AR RTREPEDE AR, FC Al CRC AU =ik
92.8%, X A Je P4 8 (0 55 Ied ) B At RE U AT B, BBURRMEANA 48.6% [33]. 3X 15 BH FC 7E 1 1 i A
J8 77 TH A BB Akt CRC #URR, AN i s i) I PE UEL(99.3%) % T-HEFR CRC I3H EZEMA[33]. H—
TUEFE 4R i, FC i2Wr CRC B RUSME R, (BRF S MEIRAC, X PR T e/ AN if 2 TR R [24].
Ik, FCHIEA FMERE > EMFB, miA B sl T s

AWM FC ACFIIAA, BTVl B UIRR 5 M S R A . WK FC RFEE Tk, BEA5 e i i
T AR T RE . BAR B AT B BRI VIR S FC shAS MM AR 7R L b, B FC 1 N R Wiz 18 4% iE
MBUBIERR, HARFSET A A SR e NPT REAFE R 00 SORE IR EOR AR A8 . 78 R PEIA W 3
FC FRET} i COIE 525 45 B I 5 408 A R s 1) 2B AR 3 0 D% [ 34 X — J 3[R FF 38 FH 1 e D o
JE R, RUNFRSEI I8 5 0 A% Bl 2 i 52 R R AR (0 R R R . R, ARJE e Il FC oK
S, TR RS N SR A A SRS, B TR MR E

23. RRER WS

SEMERIAARIE, FC/AKTVIBHELE 4~6 ANFEEIEFETEHE; WRARE FC fFrEA R H XA, o
RESLR R R SO AN R . fETRINE K T, FC I RBUELI N 80%, L THMEPiE(CEA). — TR 7E
Fbis 7 26845 TR A . BB MiRE M 7% CEA 7E CRC WP I, 45 B8R FC AU (88.51%) B
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5T CEA (44.83%) [25]. HARZBFALEZIGEISH, (HMRESCRE T FC EA R W i) miguskdE .
UbAh, FC EAMGIE iR R bR B8, HARGEE T B S v & D s 2 IRAS, 1 CEA 1B
— PSR RREY), K REAERETREER. Wik, FC ARG R KM 7 LA M, gt
AL CEA AT .

TEHEBIALTT SRR 76 T7 BAIRT, FC I8N AR A0 AT DL S IR o6 97 1R RO VR 97 6 24058 FC 3% R B%,
MBIk FC F B gist T 5K o —IUERHE R 1% CRC B WA SR, 52 = U0/ 2 s
WEVATT Ja » TN 28.6%, T TG AEAE N 3.0 S H([35]. BRI iR B & FC AE AL,
LR 74 ok 88 I ) 3 A R RIS, AT FRAIR FC /K. Ak, FC 7E BRIk 51 /S o 286 e 5
DI — e . BN, 1RSS5 E A S S 5 B AE B YR R, A R T T (R T B
B HR B ) BE 535 PR A 8 1 3848 FC /KT, R SSCB I R R IR [36] [37]. iXuesh RAIEEIE T FC fE
NI RS AR bR B AT AT

X T8 PR iR T 4 B e B, FC RIE N R A R A T fabr . Sk 25 sl 41 551
EOE T A0 S o, (EA AT Re S| IRARR e I 1 S B0, S B M RS A OO R$H 4, FC F+
e FCAE Wi 98 0E P RUBER 47, BEE LIRS IN B P 80E [ B . — ORI FEFF & T F T M Seie vy 7
BRI TN PET /B, HHTE/DN R B R I T HARE[38], X 7R T il e va 7 A K
JTE S RE A B . AR H T EHOC T FC 1R Sy iR YT Hh BUE AR F B R BRI PR AR ST IE AN 7843, {H FC
75 IBD H IR TG 20 A SN, AR S 16T A DG4S B 26 P T E A (BSR4t T 3R Bt DR,
TE GG YT AR E AN FC, A By T R R H A B B A A RS 4F, NIRRT SR

3.FC £ EIRER FTRERME RN A : SR SaIR

FC 1 [ WLl 9 Rk AR RRUB AR A, LA B PR A 3t v 1 2 e 0 FRg e (0 s DR A {1 1 T
TR SR, RX— R AR EE T A E R AR S R LIEAE PR R g, B
T i 22 JE Pk AR . & o, AP BERRIT I ZE 240 1B RS T A i I e s B A A FH dn =) “ 4318 77,
FIRERIR FC ISE M o8, SEGLIRERSN, M58 0 i RBUE S5 HErf e LR, 1 50500 1RE
BN 25, NS VE SR . TR DL AR YT TSR R R AT 51 FC ARG T iy, AR TE X 4 RSB AR
IR P2 MR . RAEAELE LR RN, WRPUEIEAE/R 1 FC EA RIE R RS 1 5 RR .

1EBEAUE, FC KT S oA s A 58 20 ) S A8 . ot o, B s 38 i) FC
WERERTHEANEE, H5MR 51K Lauren 23R UIMISC, Ho i BRI RE .. BREM
RAEAL i — A8 G Gy A S IR R B AN Z DRI E [39]. 170 15 RIS 50E 1F 2 H 2L )
+i. FC MTHRAMY ML T R 1) S % —— 1 HLA-DR F1 HLA-DQ 54055 7 11 53 3 Rk iR
MIAREE, HRBLT B NI RS A [40]. AT, BT B AR EAIRE, FC MR R 8% (4
60%~70%) N 45 B e . IbAh, BRI ORI Je i, KRl =i R SO (TFF) k(i TFF1)EI T &g
Bk, CHHESAE SRR T AR [41]. TFFL {ERN B MR sl A7, Hes T S 80N R B 55 H IR
AR, XA T B A R AP [42]. X0 R T FC AEL DI ABRE R G, g5t pmr
RERCIAIZIT e . UG W, MEREEMIE B EAME. B ETUA L FC 2 hrEEE Rl
B, HEKIZHIZE T HABAUCHRTHZ 0.85 DL b %51 ryl THEF B/ 575 3 ABO IR RS HIAH BAE
JH 2 o 1) ARG DR 3R [43 ] I 25 48 J8F 1) VP35 S S i B 4 T b 221 e 5 88 65 10 PR S 5 gl XU - 3
SO ZH 5 SR (1) B CE BB S IR R, AT 7% RS i A P 4F 78 0 LA I

) R, FC RN U BE 22 1 32 1) 115 SRR I T4 BRI 8 (RIS IR ¢, JE i AR S Rl 22
FHEFC K REZET:, B FC 7% 70 W # I R P EPE 5 50%~60% . 121 BRR 28 1 N — Fhadi AT 1t 21
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YERFEPEPIF,  HARFAEME P G5 40 I 0 5 4 B M 20 S B (AN 3R NGAL 7K~FTt &),  hnz i is b e sz
TS REBERAL, JLEHER T FC 2E2k, TR T2 Wiit “Bgd” [44]. BT FC 32l iaE b 1) o Mok 4t
FETB, A R R A8 S8 AT AT AT AE J i 7 o D) BE 32 A0 A T A 25 L, IR LB R W AT el FC /K-F- T, I
T4 FC AR 2 W 1t o thdh, B 5 S8 VE R IR % (Autoimmune Pancreatitis, AIP)- i i 75 JH 18
15 R S e B e B S I PR SR I L S B [45].  H AIP 3% FC R mRIE, H— P 7 LR B 7R .
SR1, FC A i Az . fE54 bR Y CA199 BEAIRS, FC ARt EAME R, JuHAE CA199 Pt
T, AR AR W RN TO%ERT 28 85% . SN R () IR TR S5, 9 i 4 AR SR B o
AR 55 [46]. FC IaReexX —3h&. EARFRN S, FC 1SR LR fe 2 Mm R M mE, dnf
AE AR A G RAR 28 S5 I RAE I S B [47]. BRI TE S5 A CT 80 MRI 85545 22 F Bolt A7 B . Bbah, Bl e
TRIT (1 DNA 5542 538 B30 1 771)) B 52897 VR CD40 BB K3 R [48] [49] 1897 5T IR BT 48 0
BMTTRESN FC K, RN TG 5.

X HARE AR G MR, FC MUEHESE v R 55 . R R T I, BRI E R X Barrett 5%
et I 732 P B ) R TS 9RE 1T e S BUREE FC A&, (B EAE A B SR MIAR EM I RO 5 E[50]. TLE
2 T, FC BIMER AR . JEIRS 14 H5 i P A% (Non-Alcoholic Fatty Liver Disease, NAFLD)2 it
M EZE G RE, 1 NAFLD &5 % A IE 4O6E, RIN FC /K FH @S] R, s i 5 i A7
FER TRk e SR I T8 TR L5 Bl ThRe sz 4, P07 FC Mt fEHMERL AT SRS
W T H

Zx LRIk, FC 15 B i 5 M o i S B0 5 i {5 (RT3 A TR IR ZK X o AN 75 V5 R bR AL,
BAERRWHE R A2, B2 bR SV A SRS AR AL 52] - BT ST 5% R A5 85 o« AR SR A 78 iR 75 AR FE AR A
Z O IHTHETERA Y], AU ESUE FC MiZW STUENE, BRAIRZEILSTEH MR DNA, SM AL
AR B PR EIRON,  DUHAE AL 3R Gesm e 1 - 05 A S5 RS VR T R T R IR 9R 3

4. FEFDEAKRMRILRIES KK
4.1. WS ENREN S RERH

HAl, FC ARSI =3 B AR 45T B H 50 128 W Bt U 56 (Enzyme-Linked ImmunoSorbent Assay, ELISA) 46 %5
ERTEE, ARARFEREARH S S HEEREAEREZER, BHET 50~200 pg/g 20, XGRS H
MR R T BRIK[52]. ZEARUERIN S R nTSEMEAI T EuE, B g — 1 E PRbrEdE w8 . HF T EoR,
FEARIREE . A7 254 LA SR BT AN FC Rl 25 A B i . Lol SSEREAE 4°C TR Bk
3R, FFHRCSA R LRI G AT A B, DA B A BRI I R 22 (52] . B4, IR
ERFASNRNT &, LRSS EMES N, WA AR RAN A 9e5 % 2 R 45 R A 7
[52] —TEtox ve & JE s B i) R BPE AT S A B, BRI A 38 (POCT) S ELISA J7 VA I [ml iy it 111 %ty
Vit FC I, H2WriEm It s it v 22 57, XONImRSR At 1 3 2 RS AL $E[53]. Bk, HE3hR
W7 bR AN o S, 23R T FC ZEW A R G hE 12 Wr b B F {8 ) ke — 2 .

4.2. BRESHFSYRMIES SENETYE

Hi— FC RFEIH A RGURE S W i R B AR, JCHE/ER M B . BEE HAb IS s iE br &
vy, ATLLRERISWIRE. B0, 7E CRC e, MR FC Bl IR AN i, (HERE S8 S
MR T4 B2 W e [30]. — LRGSR FZEZE S HriE H, CRC B FC /K 3% o X i,
AR, AT CRC ffif[24]. 4R, FC {EHEM: CRC T B A e i 1 I 1 T4,
B4n, 7 FIT FHYENREEF, FC <50 ng/g i, HERR CRC HIBHMETRME AT A 99.3% [33]. Bh4h, FC Bi&3
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fff DNA H2E4L . miRNA (41 miR-21 Al miR-92a)35 Wi bR 540, A7 it — D4R w2 Wi i) REBUZ ARy 5718
WP FA MDA SMB SR, YIS RBESREMIIAE, SSEMALI YR, Amdiie
it 2L RS, D AN A EE R S B B AL 2T (30]

43. MENATR: REGTIENSHERFXEK

FC TETH AL R G ik Sz Va7 W 00 v Jeg 0 o i 1 S FH I 5% o S v 25 a4l 751 (n PD-1/PD-L1 41151 751))
YRIT I FE A, FCRIE N G B A O &5 1 98 1H) S 1 I 8 b o — T0UEH XS IHF 40 98 (hepatocellular carcinoma, HCC)
BEWI ORI, FELIEALK FC KV 5 4% 7577 (Tremelimumab F1/5%, Durvalumab) & 3R 15597 1 ] ¥
EHK[54]. XKW, FC/KFAIRE ML T I8 SAEIRAS, A2 S B Va7 197 3. tkah, ImiE it
5 FC AKFEYIMI . MHFER, 72T BRE (W Faecalibacterium prausnitzii) 1= % K5 FC KFT &
FHOG, T B A 2R U PT Ream i 2 08 1tk JORE KA BN MR it g « 72 HCC B3, X iR y7 A N 1) B R
I H 5 (1) Akkermansia 1#)& = E A BEACH AT W AR, [RINHEERE FC /KFIRIZIAZ[54]. ARk, &
ZH FC BLA e B R/ i, A 2R T TR0 S B T7 97 RS RSO, AT SRS HE ) S 8, ATHAL R
Gt B PR AL AL BT W

5. #EFDEAKRNERMESHE

JUE SR AR I T A R GURRE DI R B e R IO R AR MU 2 IR 12 B (V)RR T, H
FL SRR N AT TH I 2 B MM JR RSP . 276 2SO SUBIIESE , X ek b 5 ZEARILE DL T DA% O
JE 1 :

(1) 5 P 1D T A R 2 5 1B P PR 45

VENIAIE 28 RE I AERR S bR Y, FC RSN RGUIE 5 R R REE R (W 2 REVE e e
PEI 9% W 5y B 6 AR ) I AP AEAR AR 1) =) B 2 o X S B3O P 1 2R vy, R AR TE b 9 A 8 P (a8
FERRge ), H TR R NS I SORE (USRI IR 4 « W I THEAF BRI AR OGIE B ), FC IRE R 1t 2 — D4 1 55 (5
Jiges A 50%~60%) 0 IX P “ RAE - JEhE” A5 SRS, (EHAE LU ML s TR, H IS nA 062
Mg r a e, H T AR .

(2) KR I S AR Rk

T, FC IR R ™ 8 52 ] 16k = A3k g — Bl britE . ANFERDFIE . AT & ELISA
5 G B JEAT V) HEAE (O A B {1 22 53 2 3 (50~200 pg/g), HAZREASK . A7 AT IR IR0 . X Fh
R AN S EUE I 70 25 R T0vE FLFE LA, IS I PR TR B A0 19 i IR . JUHAE B S5 BiEA
MR, B RRAHEEEX FC S5MMMETE T3, DR T 45 00k s 5 fR s A i e 12k

(3) X M B A 5 Je o 1 BB P 300

FC {EHE R M AR5 5 7 A7 /5 A S A AR o LS 3 45 B e (O JHL i 30 o U R0 ) (0 Hh Ak
(30%~50%) AR ERAL, X BB . RS A RIZB E N G IR . X — R BRPEIE T — 2 MIs 3 R
RRES AR GS s o WA TE R i Ar B AR (5 ST el 1RV . R BBE AV E o). R FC fE
FF 1 FOMME R B0 P34 E AR B A 00 7 e i 28 R 0 AT A A O R 2

(4) WLHRA RN A0 5 et 2

FC AE RN EWINIE D), AR ER AR RIE - MRS “ &2 MEmMEIL. i, Hil
MU 2 T ORE T A AEAE 26 1 45 DR (il RAGE 24K B 7> 7B, S3Ed FC KIkIE
CRVRT I8 20 SR 94 340 A2 I AH 5% 9 REVE HA ) 2 18] ) A S S I B AR AL DG Ak, FC TR e vy 7 Ml
HH 1 Bh A AR AN (05 i R B 1R FE ELVE R AT B = K B w1 A B SRAIE , A LA 7 BTV i b R IE 3 2

DOI: 10.12677/acm.2026.1672700 1776 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672700

i
B
=
4

AL, AL AT ) P B AR S B 4 b
6. &5t

FC EHAL RGO (4 F St 7 90RE 5 IR I =22 sl Mo REBUZ B AMS, HAEIRMEIER
AEIRAS T 2 R, BRI 45 & I R R BURISAAR A 25 5 FIWT . FC A2 B e A ke v AN 2 3L R,
TR 7 L RGHER e A ——AF Oy “ RS0 7 B “ SORERE S $5hR, A2 TR, RK FC {Ei
T IR A TR IE =ANTT 1] RS2 A BRI IR PEAS AR AE A 7 585 A B AT AN R Bt g 7t 22 4 2 T
B PRZR FC ERBRTT T R A S S SRR O 1. BT, FC M2l SOERR Y,
B IERANG ML JORE SR MR O 2, AR . ARSI N, A BN R SRR T
CIT R RIEEAZOIER, B RS W AR IR TT

SE

[1] Xia, C., Liu, Y. and Qing, X. (2025) Trends in Incidence and Mortality of Early-Onset Gastrointestinal Cancers: A
Comprehensive Study. BMC Gastroenterology, 25, Article No. 424. https://doi.org/10.1186/s12876-025-04015-6

[2] Nolan, E.-M. and Peet, J.J.Y. (2023) Post-Translational Modifications on the Metal-Sequestering Protein Calprotectin.
BioMetals, 36, 817-828. https://doi.org/10.1007/s10534-023-00493-x

[3] Baronaité, I, Sulskis, D., Kopustas, A., Tutkus, M. and Smirnovas, V. (2024) Formation of Calprotectin Inhibits Amy-
loid Aggregation of SI00A8 and S100A9 Proteins. ACS Chemical Neuroscience, 15, 1915-1925.
https://doi.org/10.1021/acschemneuro.4c00093

[4] Jukic, A., Hilbe, R., Zundel, L., Willeit, P., Faserl, K., Plattner, C., et al. (2026) Fecal Detection of Calprotectin Subunits
Links Inflammatory Bowel Disease Activity with Chronicity of Intestinal Inflammation. Gastroenterology, 170, 523-
538. https://doi.org/10.1053/j.gastro.2025.08.040

[5] Chen, L., Shu, P., Zhang, X., Ye, S., Tian, L., Shen, S., et al. (2024) S100a8-Mediated Inflammatory Signaling Drives
Colorectal Cancer Progression via the CXCLS5/CXCR2 Axis. Journal of Cancer, 15, 3452-3465.
https://doi.org/10.7150/jca.92588

[6] Fang, S., Du, S., Luo, X., Qing, X., Wang, L., Ban, Y., et al. (2024) The Role of the SI00A8/S100A9 in Gastric Tumor
Progression. Scientific Reports, 14, Article No. 23574. https://doi.org/10.1038/s41598-024-74695-9

[7] Wisse, P.H.A., de Klaver, W., van Wifferen, F., van Maaren-Meijer, F.G., van Ingen, H.E., Meiqari, L., et al. (2024) The
Multitarget Faecal Immunochemical Test for Improving Stool-Based Colorectal Cancer Screening Programmes: A Dutch
Population-Based, Paired-Design, Intervention Study. The Lancet Oncology, 25, 326-337.
https://doi.org/10.1016/s1470-2045(23)00651-4

[8] de Klaver, W., Wisse, P.H.A., van Wifferen, F., Bosch, L.J.W., Jimenez, C.R., van der Hulst, R W.M., et al. (2021)
Clinical Validation of a Multitarget Fecal Immunochemical Test for Colorectal Cancer Screening: A Diagnostic Test
Accuracy Study. Annals of Internal Medicine, 174, 1224-1231. https://doi.org/10.7326/m20-8270

[9] Liao, W., Chen, C., Tsai, Y., Wang, X., Chang, Y., Wu, M., et al. (2023) S100A8, S100A9 and S100A8/A9 Heterodimer
as Novel Cachexigenic Factors for Pancreatic Cancer-Induced Cachexia. BMC Cancer, 23, Article No. 513.
https://doi.org/10.1186/s12885-023-11009-8

[10] Liu, Z., Liu, J., Chachar, Z., Mo, J., Chi, H., Wen, R., ef al. (2025) ITRAQ and PRM-Based Quantitative Saliva Prote-
omics in Gastric Cancer: Biomarker Discovery. Frontiers in Molecular Biosciences, 12, Article 1640508.
https://doi.org/10.3389/fmolb.2025.1640508

[11] Cer6n, J.J., Ortin-Bustillo, A., Lopez-Martinez, M.J., Martinez-Subiela, S., Eckersall, P.D., Tecles, F., ef al. (2023) S-
100 Proteins: Basics and Applications as Biomarkers in Animals with Special Focus on Calgranulins (S100A8, A9, and
A12). Biology, 12, Article 881. https://doi.org/10.3390/biology 12060881

[12] Manfredi, M., Van Hoovels, L., Benucci, M., De Luca, R., Coccia, C., Bernardini, P., ef al. (2023) Circulating Calpro-
tectin (CCLP) in Autoimmune Diseases. Autoimmunity Reviews, 22, Article 1d: 103295.
https://doi.org/10.1016/j.autrev.2023.103295

[13] Peet, J.J.Y., Phan, A.D., Oglesby, A.G. and Nolan, E.M. (2024) Iron Sequestration by Murine Calprotectin Induces
Starvation Responses in Pseudomonas aeruginosa. ACS Infectious Diseases, 10, 688-700.
https://doi.org/10.1021/acsinfecdis.3¢00539

[14] Wang,J., Li, G., Liu, S., Miao, J., Sun, Q., Gu, W., et al. (2023) Activation of Toll-Like Receptor 4 by Thyroid Hormone

DOI: 10.12677/acm.2026.1672700 1777 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672700
https://doi.org/10.1186/s12876-025-04015-6
https://doi.org/10.1007/s10534-023-00493-x
https://doi.org/10.1021/acschemneuro.4c00093
https://doi.org/10.1053/j.gastro.2025.08.040
https://doi.org/10.7150/jca.92588
https://doi.org/10.1038/s41598-024-74695-9
https://doi.org/10.1016/s1470-2045(23)00651-4
https://doi.org/10.7326/m20-8270
https://doi.org/10.1186/s12885-023-11009-8
https://doi.org/10.3389/fmolb.2025.1640508
https://doi.org/10.3390/biology12060881
https://doi.org/10.1016/j.autrev.2023.103295
https://doi.org/10.1021/acsinfecdis.3c00539

mE
B
48

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

[31]
[32]

(33]

[34]

[35]

Triggers Abnormal B-Cell Activation. Immunity, Inflammation and Disease, 11, ¢1007.
https://doi.org/10.1002/iid3.1007

e Penna, F.G.C., Rosa, R.M., da Cunha, P.F.S., de Souza, S.C.S. and de Abreu Ferrari, M.D.L. (2020) Faecal Calprotectin
Is the Biomarker That Best Distinguishes Remission from Different Degrees of Endoscopic Activity in Crohn’s Disease.
BMC Gastroenterology, 20, Article No. 35. https://doi.org/10.1186/s12876-020-1183-x

Black, C.J. and Ford, A.C. (2020) Rational Investigations in Irritable Bowel Syndrome. Frontline Gastroenterology, 11,
140-147. https://doi.org/10.1136/flgastro-2019-101211

Mizoguchi, E., Subramaniam, R., Okada, T. and Mizoguchi, A. (2021) A Review of Selected IBD Biomarkers: From
Animal Models to Bedside. Diagnostics, 11, Article 207. https://doi.org/10.3390/diagnostics11020207

Wang, Z., Liu, J., Yang, Y., Xing, C., Jing, J. and Yuan, Y. (2021) Expression and Prognostic Potential of Ribosome
18S RNA m°A Methyltransferase METTLS in Gastric Cancer. Cancer Cell International, 21, Article No. 569.
https://doi.org/10.1186/s12935-021-02274-3

Tian, Q., Li, Z., Yan, Z., Jiang, S., Zhao, X., Wang, L., et al. (2024) Inflammatory Role of SI00A8/A9 in the Central
Nervous System Non-Neoplastic Diseases. Brain Research Bulletin, 218, Article ID: 111100.
https://doi.org/10.1016/j.brainresbull.2024.111100

Zhao, Z., Zhang, C. and Zhao, Q. (2020) S100A9 as a Novel Diagnostic and Prognostic Biomarker in Human Gastric
Cancer. Scandinavian Journal of Gastroenterology, 55, 338-346. https://doi.org/10.1080/00365521.2020.1737883
Samonig, L., Loipetzberger, A., Blochl, C., Rurik, M., Kohlbacher, O., Aberger, F., et al. (2020) Proteins and Molecular
Pathways Relevant for the Malignant Properties of Tumor-Initiating Pancreatic Cancer Cells. Cells, 9, Article 1397.
https://doi.org/10.3390/cells9061397

Singh, A., Bhardwaj, A., Sharma, R., Kahlon, B.K., Dhaliwal, A.S., Singh, D., ef al. (2025) Predictive Accuracy of Fecal
Calprotectin for Histologic Remission in Ulcerative Colitis. Intestinal Research, 23, 144-156.
https://doi.org/10.5217/ir.2024.00068

Baldji, S., Menicatti, M., Nannini, G., Niccolai, E., Russo, E., Ricci, F., et al. (2021) Free Fatty Acids Signature in Human
Intestinal Disorders: Significant Association between Butyric Acid and Celiac Disease. Nutrients, 13, Article 742.
https://doi.org/10.3390/nu13030742

Ross, F.A., Park, J.H., Mansouri, D., Combet, E., Horgan, P.G., McMillan, D.C., ef al. (2022) The Role of Faecal Cal-
protectin in Diagnosis and Staging of Colorectal Neoplasia: A Systematic Review and Meta-Analysis. BMC Gastroen-
terology, 22, Article No. 176. https://doi.org/10.1186/s12876-022-02220-1

Jing, W., Sun, J., Wu, Q. and Zhang, X. (2025) Research Progress on the Diagnostic Value of Fecal Calprotectin in
Colorectal Tumors. Frontiers in Medicine, 12, Article 1626197. https://doi.org/10.3389/fimed.2025.1626197

ROk, YA, SEARN, S FEAEES TR BRI AR A5 L OR A i RN BT e R AN SR R e Ak
2021, 20(12): 1333-1336.

Blad, N., Palmqvist, R. and Karling, P. (2022) Pre-Diagnostic Faecal Calprotectin Levels in Patients with Colorectal
Cancer: A Retrospective Study. BMC Cancer, 22, Article No. 315. https://doi.org/10.1186/s12885-022-09440-4

R, FE(EE5 LR A BCA M CEALCA19-9 Al CA125 Kl i T 45 B S & O ELLD]. Th IR 4 38, 2021,
41(11): 1-3.

ZRALvl, #hEL JEE FCP 51 CEA. CA125. CA19-9 Rl e 45 Bl it 5 th M E AT (0], SEIRER 2%, 2021,
50(6): 968-972.

Hijos-Mallada, G., Lué, A., Velamazan, R., Saura, N., Abril, C., Lorenzo, M., et al. (2021) The Addition of Other Fecal

Biomarkers Does Not Improve the Diagnostic Accuracy of Immunochemical Fecal Occult Blood Test Alone in a Color-
rectal Cancer Screening Cohort. Frontiers in Medicine, 8, Article 665786. https://doi.org/10.3389/fmed.2021.665786

Toidi. M P E AR NELS B s W E RN, mIRES5IRK, 2016, 13(14): 1972-1974.

EROER, #—aE, X4, 5. MEissedl BeiRia ARG 0 R s 7 A e BEE AR IR R[], kR
B3, 2023, 39(9): 40-43, 63.

Ross, F.A., Park, J.H., Mansouri, D., Little, C., Di Rollo, D.G., Combet, E., et al. (2022) The Role of Faecal Calprotectin

in the Identification of Colorectal Neoplasia in Patients Attending for Screening Colonoscopy. Colorectal Disease, 24,
188-196. https://doi.org/10.1111/codi.15942

Puolanne, A., Qadri, S., Vesterinen, T., Hiltunen, S., Mustonen, A., Kurki, S., ef al. (2022) Can Dysplasia Surveillance
Be Better Targeted in Ulcerative Colitis by Using Faecal Calprotectin? Scandinavian Journal of Gastroenterology, 57,
1304-1311. https://doi.org/10.1080/00365521.2022.2084345

Zaniboni, A., Barone, C.A., Banzi, M.C., Bergamo, F., Blasi, L., Bordonaro, R., ef al. (2021) Italian Results of the
PRECONNECT Study: Safety and Efficacy of Trifluridine/Tipiracil in Metastatic Colorectal Cancer. Future Oncology,

DOI: 10.12677/acm.2026.1672700 1778 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672700
https://doi.org/10.1002/iid3.1007
https://doi.org/10.1186/s12876-020-1183-x
https://doi.org/10.1136/flgastro-2019-101211
https://doi.org/10.3390/diagnostics11020207
https://doi.org/10.1186/s12935-021-02274-3
https://doi.org/10.1016/j.brainresbull.2024.111100
https://doi.org/10.1080/00365521.2020.1737883
https://doi.org/10.3390/cells9061397
https://doi.org/10.5217/ir.2024.00068
https://doi.org/10.3390/nu13030742
https://doi.org/10.1186/s12876-022-02220-1
https://doi.org/10.3389/fmed.2025.1626197
https://doi.org/10.1186/s12885-022-09440-4
https://doi.org/10.3389/fmed.2021.665786
https://doi.org/10.1111/codi.15942
https://doi.org/10.1080/00365521.2022.2084345

i
B
=
4

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

17, 2315-2324. https://doi.org/10.2217/fon-2020-1278

RN, T2 R AR I & TR SR e iR T 5 B e AR a1 R A i 9 B A e PR ARCR []. I R A BT 25, 2025,
18(28): 78-81.

ENRFE, XK, KRG EANE ARG IR JE Jein )T 45 B e A5 530 28 v i BERE I PR AT 7S], Breb s
2023, 55(6): 115-120.

Chen, M., Chen, Z., Castillo, J.B., Cui, L., Zhou, K., Shen, B., et al. (2021) ['®F]-C-SNAT4: An Improved Caspase-3-
Sensitive Nanoaggregation PET Tracer for Imaging of Tumor Responses to Chemo- and Immunotherapies. European
Journal of Nuclear Medicine and Molecular Imaging, 48, 3386-3399. https://doi.org/10.1007/s00259-021-05297-0
Gullo, 1., Grillo, F., Mastracci, L., Vanoli, A., Carneiro, F., Saragoni, L., et al. (2020) Precancerous Lesions of the Stom-
ach, Gastric Cancer and Hereditary Gastric Cancer Syndromes. Pathologica, 112, 166-185.
https://doi.org/10.32074/1591-951x-166

Jafari, N., Khajenabi, F., Masumi, N., Abediankenari, S. and Ranjbaran, H. (2024) Evaluation of HLA-DR and HLA-
DQ Expression in Gastric Cancer Tissues. Journal of Cancer Research and Therapeutics, 20, 204-210.
https://doi.org/10.4103/jcrt.jert 144 22

Hoffmann, W. (2020) Trefoil Factor Family (TFF) Peptides and Their Diverse Molecular Functions in Mucus Barrier

Protection and More: Changing the Paradigm. International Journal of Molecular Sciences, 21, Article 4535.
https://doi.org/10.3390/ijms21124535

Znalesniak, E.B., Salm, F. and Hoffmann, W. (2020) Molecular Alterations in the Stomach of Tff1-Deficient Mice: Early
Steps in Antral Carcinogenesis. International Journal of Molecular Sciences, 21, Article 644.
https://doi.org/10.3390/ijms21020644

Lee, A.A., Wang, Q., Kim, J., Babic, A., Zhang, X., Perez, K., et al. (2023) Helicobacter Pylori Seropositivity, ABO
Blood Type, and Pancreatic Cancer Risk from 5 Prospective Cohorts. Clinical and Translational Gastroenterology, 14,
€00573. https://doi.org/10.14309/ctg.0000000000000573

Gumpper-Fedus, K., Chasser, K., Pita-Grisanti, V., Torok, M., Pfau, T., Mace, T.A., et al. (2024) Systemic Neutrophil

Gelatinase-Associated Lipocalin Alterations in Chronic Pancreatitis: A Multicenter, Cross-Sectional Study. Clinical and
Translational Gastroenterology, 15, €00686. https://doi.org/10.14309/ctg.0000000000000686

Guglielmo, S., Pasin, F., Biolo, M., Mescoli, C., Vio, S., Fabris, L., et al. (2025) Case Report: Jaundice in the Young:
The Complexity of Rare Diseases beyond Cholangiopathies. Frontiers in Gastroenterology, 4, Article 1579928.
https://doi.org/10.3389/fgstr.2025.1579928

Aslam, A., Hamid, H., Fatima, E., Pervaiz, S., Arif, M., Irshad, H., e al. (2025) Inflammatory Biomarkers in the Patho-
genesis of Pancreatic Cancer: A Literature Review. World Journal of Clinical Oncology, 16, Article ID: 109385.
https://doi.org/10.5306/wjco.v16.i110.109385

Kataoka, K., Kawashima, H., Ohno, E., Ishikawa, T., Mizutani, Y., lida, T., et al. (2022) Comparison of Outcomes
between Secondary Fully Covered and Uncovered Self-Expandable Metal Stents in the Treatment of Recurrent Biliary
Obstruction of Pancreatic Cancer. Surgical Endoscopy, 36, 5676-5683. https://doi.org/10.1007/s00464-021-08981-2

Crowley, F., Park, W. and O’Reilly, E.M. (2021) Targeting DNA Damage Repair Pathways in Pancreas Cancer. Cancer
and Metastasis Reviews, 40, 891-908. https://doi.org/10.1007/s10555-021-09983-1

McVey, J.C. and Beatty, G.L. (2025) Facts and Hopes of CD40 Agonists in Cancer Immunotherapy. Clinical Cancer
Research, 31, 2079-2087. https://doi.org/10.1158/1078-0432.ccr-24-1660
Grillo, F., Mastracci, L., Saragoni, L., Vanoli, A., Limarzi, F., Gullo, L., et al. (2020) Neoplastic and Pre-Neoplastic

Lesions of the Oesophagus and Gastro-Oesophageal Junction. Pathologica, 112, 138-152.
https://doi.org/10.32074/1591-951x-164

Demirbas, F., Caltepe, G., Comba, A., Abbasguliyev, H., Yurttan Uyar, N. and Kalayci, A.G. (2020) Association of
Obesity and Non-Alcoholic Fatty Liver Disease with the Fecal Calprotectin Level in Children. Arab Journal of Gastro-
enterology, 21, 211-215. https://doi.org/10.1016/j.aj2.2020.09.003

D’Amico, F., Nancey, S., Danese, S. and Peyrin-Biroulet, L. (2021) A Practical Guide for Faecal Calprotectin Measure-
ment: Myths and Realities. Journal of Crohn’s and Colitis, 15, 152-161. https://doi.org/10.1093/ecco-jcc/jjaa093

Park, J., Seo, J., Back, J.E., Bae, J.H., Hong, S.W., Park, S.H., ez al. (2025) Fecal Calprotectin from Ileostomy Output in
Patients with Crohn’s Disease. BMC Gastroenterology, 25, Article No. 78. https://doi.org/10.1186/s12876-025-03652-1

Ponziani, F.R., De Luca, A., Picca, A., Marzetti, E., Petito, V., Del Chierico, F., ef al. (2022) Gut Dysbiosis and Fecal
Calprotectin Predict Response to Immune Checkpoint Inhibitors in Patients with Hepatocellular Carcinoma. Hepatology
Communications, 6, 1492-1501. https://doi.org/10.1002/hep4.1905

DOI: 10.12677/acm.2026.1672700 1779 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1672700
https://doi.org/10.2217/fon-2020-1278
https://doi.org/10.1007/s00259-021-05297-0
https://doi.org/10.32074/1591-951x-166
https://doi.org/10.4103/jcrt.jcrt_144_22
https://doi.org/10.3390/ijms21124535
https://doi.org/10.3390/ijms21020644
https://doi.org/10.14309/ctg.0000000000000573
https://doi.org/10.14309/ctg.0000000000000686
https://doi.org/10.3389/fgstr.2025.1579928
https://doi.org/10.5306/wjco.v16.i10.109385
https://doi.org/10.1007/s00464-021-08981-2
https://doi.org/10.1007/s10555-021-09983-1
https://doi.org/10.1158/1078-0432.ccr-24-1660
https://doi.org/10.32074/1591-951x-164
https://doi.org/10.1016/j.ajg.2020.09.003
https://doi.org/10.1093/ecco-jcc/jjaa093
https://doi.org/10.1186/s12876-025-03652-1
https://doi.org/10.1002/hep4.1905

	粪便钙卫蛋白在消化系统癌症诊断与监测中的研究进展
	摘  要
	关键词
	Research Advances in Fecal Calprotectin for the Diagnosis and Monitoring of Digestive System Cancers
	Abstract
	Keywords
	1. 前言
	1.1. 钙卫蛋白的结构、来源与功能
	1.2. 慢性炎症驱动消化系统癌症的分子通路
	1.3. 粪便钙卫蛋白在肿瘤微环境中的表达变化

	2. 粪便钙卫蛋白在结直肠癌诊断与监测中的应用
	2.1. 结直肠癌早期筛查中的诊断效能
	2.2. 与腺瘤–癌序列的关系及癌前病变识别
	2.3. 术后复发监测与疗效评估

	3. FC在上消化道及肝胆胰肿瘤中的应用：挑战与前景
	4. 粪便钙卫蛋白检测的优化策略与未来方向
	4.1. 检测方法的标准化与质量控制
	4.2. 联合多标志物检测提高诊断准确性
	4.3. 新型应用场景：免疫治疗监测与肠道菌群关联

	5. 粪便钙卫蛋白检测的局限性与挑战
	6. 结论
	参考文献

