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Abstract

M2 pyruvate kinase (Pyruvate Kinase M2, PKM2) is an important member of the pyruvate kinase fam-
ily, which is widely present in many cell types. Recent studies have shown that PKM2 not only plays a
key role in glycolysis, but also has multiple functions in regulating cell metabolism, proliferation,
apoptosis and immune response. Especially in the occurrence and development of digestive system
diseases, the role of PKM2 has received increasing attention. In this paper, we focus on summarizing
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the research progress of PKM2 in digestive malignant tumors and inflammatory bowel disease, ex-
ploring its molecular mechanism in disease development, and analyzing its potential therapeutic
value in digestive diseases, especially the possibility of PKM2 as a targeted therapeutic strategy.
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1. 3]

PR i R U (Pyruvate: Kinase, PK) A2 il B fif 18 47 o0 Ao 1ol 2 A4 1 X 7R B TR (PEP) A% A o TR TR 1) O
fif, 25 ATP [/ERG. PK MPURMEAL: L&Y, R B, M1 BURI M2 B, & E7EAUM(E 5158, ARy
FG e R B R R FIVE R [1]. PKL @5 BABAKK B B0 ReE, Tz o e ok U A HAth—
SR (A AEFFASE DIRE AR, T8 5N S5 73 DL R e 7K S5 18 A= 330 24 ) 33
PKR W AP BGE AR AL, W W T S RGN e it $7 57 PRodkl S B A SRR, 5T A e B Fi
o3 R AR, IR E AT/ . PKMI1 AT PKM2 S F PR 35 PR 2 R Fy 7 A AR i) 0 284 £ [7) T8l
WEAEH Y, PKMI FZAECH .. BRI E SFERR A Rk, SR &R PKM2 T2
AT Z RS, FRERRASEMRETREREE, S5 HEMRAEFIEGE3]. PKMI fE5R%E R
Grp B EENE R IIRE, JUHAE EVRAN I e b, I S e e O Rk A P R A A
B S ARG HUR G AR R R 4], PKM2 R&ZMIhRE, BiGHEHERER. 25F914% %, (B
RNA 2 & E A KRR, ULRCR T b Mok 40 i i3 1 A ORI /A% 2R [ 5] BH T PKM2 7E e s AR M A1 R
AU R ) 2 B A, TR T BONTERE . AR 3R AL A A P it 7T e ) — AN A s (6] [7]. 1E
2 5EVE 7 (Inflammatory Bowel Disease, IBD) I AL 18 e 1, PKM2 FRILH B35 I DhREZ AR . DA
N AR AR IR B B T R AL, S B PR 2 AN OC &R

2. PKM2 #£ 1BD FHMER SHLE

FREVEIR, AFE I M 45 1% % (Ulcerative Colitis, UC) 152 % B (Crohn’s Disease, CD), A& —Ffg i
RIEVESNG, HAFE NGB B R REZ 8. A DL 7 JORE RB[8]. PKM2 7E IBD H {1 & H
TR RAER, SR HATOCT PKM2 AR, HIREMFETF 2 A E . B, IRAR
W REA R4 A PKM2 fO1E A BEA EEE

UC  BIAZ s BRARFAE R I R W T8 B A4 R M RF SR e B 0 518 2 R AT . 56 B 1) il Bt B 2R SR A0t 22 4
FELRIP L . 20 B 5 ph i b B A P T I 5 2 e e M R JE R M S5 M AR RE A2 B B ) EH V)2 rh e
G3 A BT BVE ) B RS ST o g e A Gl AR Pl o A A A 5 S TR ) AR D A BV E R A S A 4
B, [R] N[5 J2 f % 20 B d el RS B T AR R P R A5 5 B AR AR 9]0 24 R BE b R 40 th L P [ 14 Dy e
BRGNS, A2 5 R FREER R JORE SRS, AR 58 BRI b R st 51 n] R i i 8 =) S oA 55 5 2O 1%
TSR o X P B FR S PRI S 0 1 s R RS« 3 b Bz 41 i (Intestinal Epithelial Cells,
TEC) A4 Ji, 1 03 57 B, T 15 e 240 e ) o e 88 o o 1) O Bl AL R0 0, e A1 T e S B b R #58 B AR A[10]6
£ IBD M s, IXPFAEM ) Dhae 2 2B om, dt— Bk 7 i i OO B . Rk, R

Tk
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AT TH B RS PKIM2 A [ 4 A Ay b B2 A 41 Y 2 A A QO B 20 A2 A SR 18135 TR FR UL D
R AL IBD BERE P E A 1,

2.1. EME4RRR

£ IBD 35, PKM2 il 815 B R0 M A T 400 AT, #5 B4 M S 2O RE TR BE o E 2OERICT
PKM2 # % IR BIE MR A AL A, 5 HIF-1o 454G, 5 AR RA0MIP 1~(1 IL-18. TNF-o H1 IL-6) 1) %
ik, MITZERAE M SO IRAS[ 1]

A B2 2 2 B PTEE A, B R AL  BAA R E B ML RIS BB HT R RV ) M2 R T[12]
A PR B UC B3 i 2L 4 ONE R e 5%, PKM R IA I v HL 5 5 " S A2 FE IEAH 5[ 13]. PKM2 £ UC
NREWEAI P ERIE. £ BV A& R PKM2 JER G, BFFCN S T 45 45 N RS . 4
RE7R, PKM2 SRR FRSE [ 4iln R MR, (it | BV e Rk, s e E
THIRIE, 3T 4D REBEIIESE13].

2.2. B ERZ4mRE

7t IBD B AL, 71l PKM2 RiEH &, FEEEN T IEC, {H@7E3(E 55 iE N A+, PKM2
(R B S5 o, X R PKIM2 AT REAE e 9 R A KRR, DR S A K AT BECRFEAN R B BT b T+ 14]
[15]. HE—BWF I, PKM2 HISR S b K 40 A s > AT A B8 0 T B, 7] BT 28 i R) S5 2 e 1 2
F ZO-1. Occludin. Claudin-1 [JFRE/KFFEAL, MIEISS T IHERREME SR, dE—PinE T bt
BETHREMIA, FRIRHE T SRE SRS I FF AN o BRI AN, FEAALRIBERE N, PKM2 REEHEAr B4
Kk, FEFEE Bel-2 &AM ANRMAT[16]. Tang 5 ARIBIF RN, PKM2 il Byt T &EA
Bel-x1, il b R 4na iR T, AT ORGP i B b S 32 45475 151 e4h, PKM2 RN T TNF-o 5
FEETI RN, B ER PKM2 7718 5 A A s 0 40 M 0 T2 R R EI[15]. S UEFE, PKM2
Aefr 5 B-catenin ELHE4S G, FRIEHEH RIS 5 HIB0E, B8 PKM2 IA7E7Ev] B8 A BT Wnt/B-catenin /5
(M5 SRR R IIRE, JCH R EDT R KW 7= A AR T 17]

3. PKM2 FEiRW R G014 il P B 1E R S 4L

HRGOREME (&SR B THE. S5 £ 3 E A SR AR AR 50, (B BRI
il i AN A o bR 2R O A SEORE A, RV AE 8 R SRR TR IO B G BE O AR K T B
T AR R A, (R EA I T S 5648, X — LRy “ Warburg ZUN” [18]. PKM2 fEIX—Id#E
HORE BRI, SCRRIR 20 L 1 DO MG 5E 5 1R 2% 19]. PKM2 38 I A4 S e el P2 g AU L 2 A, LA
e RSB R b R R A WE RS 7 IHEIE Warburg ZUR R R ATP SCRE R
B, 7 I BEACH R N 55 g AR B R AE IR 7 TRITR 3] % EE AL W A BERR AL/ LA B M
5 HIF-1a. B-catenin FLAE, WoFRHFHAEEFRIL[20]. WFARE, PKM2 10id Rk 5l . FUME 46 ek
JoE (3 AN AL S OIAR OC[21] [22]. T IREERIL, ASCHE— PR T PRKM2 FEIH A0 R GG E MR H Y
YRR, JE b 7 AR X EEW TS SR T T AL 1A AC R IR v 7 SR B B A I R S

3.1. BERE

1 £ 5 Wk 41 28 (Esophageal Squamous Cell Carcinoma, ESCC), PKM2 i i i A8 21 it () fie s A i
AR IR A ) SEFE A AR K . PRIM2 S A A v 1 B 0, 6 e A e e R S I Tk 8 T P e g
4 H B it R B AR R [23]. PKM2 [ R IA 5 B8 IR R ME AL AL B ) % UIAE O, T e )i 1y 32 22
i mTOR 15 5@ 58 k[24]. WIFTER, PKM2 — 7 G (S 54 S LSS T 3 (Signal
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Transducer and Activator of Transcription 3, STAT3)iH B 4 s H Sk ThRe, n—J7 s s A K+
Bl TR A AR Y BB, 3 D (R a3k i 4 i (0 SR e A P 54T (25 F] PKIM2 (135 14 R
ZANH B ARG 5E, JER IR TT B BURPE[26], DRI PKM2 AT BERCAIRTT ESCC I 5

32. BB

e 4 T KA T PKM2 45 /K P HOWERE R, IXOWIR 4R ot 1 28 iIRER, (2t 1 IR i
AR . PKM2 [13R14 5 PIBK/AKYmTOR {5 5l B FIEOE H VIS, JUHAE BBt g d, X
SR S i ) R O RE S 2D ISR PRM2 BOFERT,  AATDRIE e 4l i (1A QU I R 271 4, PKM2
5 B 8 A A F v AR T2 A P 52 28l [T R R PO 5 1) 25 Lo TR, Wl TURAT 1 CagA
W AE I RAME SR AR (ERK)(E Sl v 755 PKM2 R3A b, f i 1 o o 8a 4 it Fr) A7 SR g A
e XM R A - 1 EAR AR RO S AR AR, O B R AN R S G TR PR A T OGN AR e S
FE[28]0 BRI, BF%F PKM2 ) HUA R BE Y — Rl R T B 8 R SR

3.3. Fr4mpasz

PKM2 7E -4 g (Hepatocellular Carcinoma, HCC) A [F] 147 15 35 {12 i3 g 4 R 15 AR 44 5 1) 8 2 £ 1
W], PKM2 IS e A AR AR, (R SR, DT S S8 200 17 18 A s At
FiffIRe=. 7€ HCC H, GATA6 MRFIXIE I 537 H I oA, il HZRak, EmiEeE PKM2 1)
e, HMEShWEREAA, (REMhR A K ANEEFE[29]. AR B 90 (Hsp90)ili 5 PKM2 455, /b FLREfE, JF
AT BEER LR IG5 PRM2 FIFasE M, #E— B2k HCC 4RI AN G AE 30, LhAbh, (RN T,
Yes #H¢ 5 [1(Yes-Associated Protein, YAP) 5 HIF-1a 454, 4ERF HIF-1a 52 MEIFHGE PKM2 JERI R
K, TN AR R [31]. WFFTIE AT, miRNA 7E{H%E PKM2 K923 5 5 =2, #W miR-
122 %5 miRNA @ if75 PKM2 FIRIEE], 25 HCC KIkA 5iHERE[32] [33]. &1 PKM2 T FIAMY
AL HCC MR, BRI RE BN S T 8OR  H0 1) HE % Je 1) H T SR s

3.4. Gz

PKM2 7£ 45 e (1) A Fndk e vh R 15 AR . R R B, 45 4Rk PKM2 [ R is (et 7
BT fp A2 G e, B I ) PKM2 [13RIE,  RefE A A4 SH L0 iR B AR 5 S i gi 2, A4
JroRE B — 2 R o AN, KBEAESRES RNA FEZF1-AS1 8L 5 PKM2 454, 1 hnHfa e M 0% STAT3
GO EEE, HESREREM AT, (R A R I I T A L A [34] . A TSR, SRFS3 5 PTBP1 Al hnRNP
Al FEFEFER, AT PKM2 3R, #E— D4ERess m a0 B i BE A4 [35]. BbAl, TSC22D2 H:Hid 3R
A BT 25 s 2R M AR, B PKM2 5405 A5 A D1 B9 B FH Sk S2PR[36]. PRL-3
T3 3 i PRM2 ik FOEIEAA, edh iR 06 237 10 PKIM2 Xif 45 i 107 i 24 1 () S 0 2 B
1) FL 2k RE S A SR 25 W (97 2K

4. PKM2 FEiHU R Gt s P RALEI S B &R

PKM2 AMYAE R WE IR 1) PR g 2 5400 AR U AR, 30 AE 2 Floi BDIRES Nk 3L “JERgM:” Thagi
BZ XG5, FREHELREEIRNRAE KRS, RIHZAENEYHER . B aEH,
PKM2 1] 5 NF-xB. STAT3. HIF-la Jx mTOR 2% V) HAE, AEM0) 2808 s . Sa5ERE S, AR
YRR SR O S R (38 ] FEIXEEAE A, PRM2 HIM GORZS (MU AR 5 A/ Bk 2 8] () 6 A0) 48
HIRe U4 b BA EEE L

7t STAT3 Al HIF-lo {5 538+, PKM2 BIMEHNLSI A @ — 8. B8 AN IE IR AR

DOI: 10.12677/acm.2025.1561883 1532 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1561883

/b

48

BF, PKM2 G RAAE ik, FEA MM, 5 STAT3 8¢ HIF-1a 454, B s0aM. B
TS, PKM2 WA B4, 5 STAT3 JEMIIRER &4, (21 STAT3 fERS 2R 705 A7 s R AL,
Wom H A SOEME[39]. WEALJE B STAT3 i IL-6. cyclin D1. Bel-xL 254 & MiE T3 BRI £0E, TG
2 GYNMIIGTE . G N2 KB SR SN A 4EHRR[40]. [FIF, PKM2 AMY 5 HIF-1a JEEUE &b R
VEGF. LDHA 1 GLUTI ZRAMNBHCER, BB HEam i, E46 HIF-1o Fe IR
W IE SRR, (R R AR A . B2 SR EEGE B[ 41] [42]. X AKIE R R SORF], (H PKM2
IR G R N A R IEAE A, R e — AR R . DU SRAORAS (1) PKM2 T = 2258
PR, PATHBERARDIRE, MEASE LRMESIIRE.

7E mTOR J@EH, PKM2 W8 2238 AR /K P AL SRS RHE S & = AR R . —J7 T,
PKM2 il i A4 M % . ATP 242 F1 NAD+/NADH ECH, 5200 GE BN B T AMPK 1351, 3
M mTORC [iGth. 5 —771H, PKM2 @il i# ROS /KF, M mTOR T e Es (A IR 1L
R, MM NHAE K. 01 E SR RE[43].

ARG, PRKM2 HIZHASIRASTE AR FIE M b 00 B A St . DO 0 PKM2 322
PATHERE AT RE, AERFEEARACUNEZ); 1 SRR AR T N 5 3k N 4liffit%, 25 STAT3 Al HIF-la
EESHTHIREFRE . X —REIR T PKM2 76 “AR - F58307 M4 RXE M, AU A aE
U, CREN TR IR R e e R S OB AR . Rlutk, @I PKM2 M SOIRES, A
BB SN R ER D RE AR BEPE T T, B, /Ny TGS W0 TEPP-46 1l f2 e PKM2 (DY SRIRIRES, AT
G AL N IhRE, AT TE AR [ VR T SN .

HHUE R, PKM2 fEVHA RS e i AR A, PO vy S B S, A 2 4 R RIS DGt
ST, HES) TSR BIEAE A . I BARHLEIRTE , PKM2 B sl B M 12 S 2 s ik R &,
NI SCRF JAE S N s T AEAPIR ERE R, PKM2 7ESH AL R G h /R FA ML 2 4R, B T i@ 1y
Ji R 40 A QR 4 R FL B R (L RE B AN, PRM2 B2 5 IR IR 28 #ER8 A RALI TR 251k . WA
R, IBD B K4S B 1 RURG 2 25 1 0, L5 B 1 R A ST B9 0 60%, FLAET St w44
AL, PKM2 7EAR RN 58 2 Hh (0 E AR FH v BN IBD B8 KR N 45 B s de At 7 B 2L 7 7 254

5. PKM2 {E R 8RB 1 S Bk

PKM2 R B RE (A% 00005, IS RAE RS S B SR 55 o ) 3 B LB - 18—
AU - SO SO XL, PKM2 fEZFHAL R G, 645 IBD SiHML ARG MR T, EIRILH R
FOREIAEE M . Hk, PRM2 /ENRT LA T AR BN, JCHGRAEFE R A OB (1T T
Hr, PKM2 W] BN RIGTT SAEET VI e JLAE TR IR A 5 . 1258 B DAL S e i A5 T Thl
MY, A SO IRG T Hh A S A . AN, PRM2 Sl 9% S e S AN A2 1) A2 AR
H s WO SAETESIR (6T 32 4L 7B AT RE .

SR, PKM2 722 5IEH AN AR MR 1 #L R T 0r] g R AEIE APk . HAAE R LR
ST LW, EZRIEEHARTIGRIE, Rl RERE. TIESEARENERK S E o, R E A
U TR . A R EAAHLR B E SR, Bt ARR A VE B S| PKM2 AT RET-30 15 40
hae, SFEACHIAS . AR R R Al KAl RER RPN BUiR B , HUAREPIRES A
CEZ%, BLIA PKM2 (iR 77 S0 B AR PP A H R e s .

H AT CA Z AR PKM2 (/871 25 N TR B, R4 31 57(Shikonin.,  alkannin, {£54) 3k
LAY 3h), VLB FI(TEPP-46. DASA-58. mitapivat il TP-1454)% . Shikonin /& — 1 RIRZEER AL
HY, EEANE] PKM2 FEVEIF 55 MR 458 T, (BT R, e H P2, BRI T I PRI T 52 [45] [46].
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FHLLZ T, TEPP-46 Fl DASA-58 il it #2 € PKM2 DY SR G, (R AR mBE MR A, b HAER
WIhRE, MM AR S R I BORER[47]. XK “HRFER” SR R BoR H R AT R
HEMWERBAG, BA—@ MR RIE 7. S8, HETKE S L PKM2 3 i (1 259 i A ik N RS
PRIRIGM B, anfr 3 m LR e . e RAR I 52 LA R VPAG K 22 4k, T2 4 JE i L B 05 77 1)

6. MNESRE

PKM2 DR - JORESS SCRAZ KRB AL 70 1, AR AIE A R B HE DU B R ThRE . Hah
SR G AR S 5 5 RS AMUIE 7R T IBD S5 ACTE MR AL PENLR], SN A A A S (1
TSRS SRt T B S, R T IZEE R AL RGN ST FA I TU b X AN

E&UH

AR AR R4S & 10 H (ZR2024MH282) .

SE

[1] Dey, P., Kundu, A., Sachan, R., Park, J.H., Ahn, M.Y. and Yoon, K. (2019) PKM2 Knockdown Induces Autophagic
Cell Death via AKT/mTOR Pathway in Human Prostate Cancer Cells. Cell Physiol Biochem, 52, 1535-1552.

[2] Yang, W. and Lu, Z. (2015) Pyruvate Kinase M2 at a Glance. Journal of Cell Science, 128, 1655-1660.
https://doi.org/10.1242/jcs.166629

[3] Zhang, Z., Deng, X., Liu, Y., Liu, Y., Sun, L. and Chen, F. (2019) PKM2, Function and Expression and Regulation. Ce//
& Bioscience, 9, Article No. 52. https://doi.org/10.1186/s13578-019-0317-8

[4] Viola, A., Munari, F., Sanchez-Rodriguez, R., Scolaro, T. and Castegna, A. (2019) The Metabolic Signature of Macro-
phage Responses. Frontiers in Immunology, 10, Article 1462. https://doi.org/10.3389/fimmu.2019.01462

[5] Chen, T., Wang, H., Liu, J., Cheng, H., Hsu, S., Wu, M., ef al. (2019) Mutations in the PKM2 Exon-10 Region Are
Associated with Reduced Allostery and Increased Nuclear Translocation. Communications Biology, 2, Article No. 105.
https://doi.org/10.1038/s42003-019-0343-4

[6] Shirai, T., Nazarewicz, R.R., Wallis, B.B., Yanes, R.E., Watanabe, R., Hilhorst, M., et al. (2016) The Glycolytic Enzyme
PKM2 Bridges Metabolic and Inflammatory Dysfunction in Coronary Artery Disease. Journal of Experimental Medi-
cine, 213, 337-354. https://doi.org/10.1084/jem.20150900

[71 Zahra, K., Dey, T., Ashish, Mishra, S.P. and Pandey, U. (2020) Pyruvate Kinase M2 and Cancer: The Role of PKM2 in
Promoting Tumorigenesis. Frontiers in Oncology, 10, Article 159. https://doi.org/10.3389/fonc.2020.00159

[8] Zhang, Y. (2014) Inflammatory Bowel Disease: Pathogenesis. World Journal of Gastroenterology, 20, 91-99.
https://doi.org/10.3748/wjg.v20.i11.91

[9] An,J.,Liu, Y., Wang, Y., Fan, R., Hu, X., Zhang, F., et al. (2022) The Role of Intestinal Mucosal Barrier in Autoimmune
Disease: A Potential Target. Frontiers in Immunology, 13, Article 871713. https://doi.org/10.3389/fimmu.2022.871713

[10] Yao, Y., Shang, W., Bao, L., Peng, Z. and Wu, C. (2024) Epithelial-Immune Cell Crosstalk for Intestinal Barrier Home-
ostasis. European Journal of Immunology, 54, €2350631. https://doi.org/10.1002/¢ji.20235063 1

[11] Palsson-McDermott, E.M., Curtis, A.M., Goel, G., Lauterbach, M.A.R., Sheedy, F.J., Gleeson, L.E., ef al. (2015) Py-
ruvate Kinase M2 Regulates HIF-1a Activity and I1-15 Induction and Is a Critical Determinant of the Warburg Effect in
LPS-Activated Macrophages. Cell Metabolism, 21, 65-80. https://doi.org/10.1016/j.cmet.2014.12.005

[12] Yunna, C., Mengru, H., Lei, W. and Weidong, C. (2020) Macrophage M1/M2 polarization. European Journal of Phar-
macology, 877, Article ID: 173090. https://doi.org/10.1016/j.ejphar.2020.173090

[13] ki, FEELE, 450k, 55 PKM2 < i8 it B 0 4 M AR 1h (2 k5 05 PR 25 W R B EAZ S 3], v DS 3 AR 3 5K,
2024, 40(7): 1163-1172.

[14] Chung-Faye, G., Hayee, B., Maestranzi, S., Donaldson, N., Forgacs, 1. and Sherwood, R. (2007) Fecal M2-Pyruvate
Kinase (M2-PK): A Novel Marker of Intestinal Inflammation. Inflammatory Bowel Diseases, 13, 1374-1378.
https://doi.org/10.1002/ibd.20214

[15] Tang, Q., Ji, Q., Xia, W., Li, L., Bai, J., Ni, R., et al. (2014) Pyruvate Kinase M2 Regulates Apoptosis of Intestinal

Epithelial Cells in Crohn’s Disease. Digestive Diseases and Sciences, 60, 393-404.
https://doi.org/10.1007/s10620-014-3189-0

A
m

DOI: 10.12677/acm.2025.1561883 1534 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1561883
https://doi.org/10.1242/jcs.166629
https://doi.org/10.1186/s13578-019-0317-8
https://doi.org/10.3389/fimmu.2019.01462
https://doi.org/10.1038/s42003-019-0343-4
https://doi.org/10.1084/jem.20150900
https://doi.org/10.3389/fonc.2020.00159
https://doi.org/10.3748/wjg.v20.i1.91
https://doi.org/10.3389/fimmu.2022.871713
https://doi.org/10.1002/eji.202350631
https://doi.org/10.1016/j.cmet.2014.12.005
https://doi.org/10.1016/j.ejphar.2020.173090
https://doi.org/10.1002/ibd.20214
https://doi.org/10.1007/s10620-014-3189-0

b

B

[16]

[17]

[18]
[19]

[29]

[30]

[31]

[32]

[33]

[34]

Gao, J., Zhao, Y., Li, T., Gan, X. and Yu, H. (2022) The Role of PKM2 in the Regulation of Mitochondrial Function:
Focus on Mitochondrial Metabolism, Oxidative Stress, Dynamic, and Apoptosis. PKM2 in Mitochondrial Function. Ox-
idative Medicine and Cellular Longevity, 2022, Article ID: 7702681. https://doi.org/10.1155/2022/7702681

Canal, F. and Perret, C. (2012) PKM2: A New Player in the f-Catenin Game. Future Oncology, 8, 395-398.
https://doi.org/10.2217/fon.12.11

Warburg, O. (1956) On the Origin of Cancer Cells. Science, 123, 309-314. https://doi.org/10.1126/science.123.3191.309

Wong, N., De Melo, J. and Tang, D. (2013) PKM2, a Central Point of Regulation in Cancer Metabolism. International
Journal of Cell Biology, 2013, Article ID: 242513. https://doi.org/10.1155/2013/242513

Prakasam, G., Igbal, M.A., Bamezai, R.N.K. and Mazurek, S. (2018) Posttranslational Modifications of Pyruvate Kinase
M2: Tweaks That Benefit Cancer. Frontiers in Oncology, 8, Article 22. https://doi.org/10.3389/fonc.2018.00022

Yin, L., Shi, J., Zhang, J., Lin, X., Jiang, W., Zhu, Y., ef al. (2023) PKM2 Is a Potential Prognostic Biomarker and
Related to Immune Infiltration in Lung Cancer. Scientific Reports, 13, Article No. 22243.
https://doi.org/10.1038/s41598-023-49558-4

Ishfaq, M., Bashir, N., Riaz, S.K., Manzoor, S., Khan, J.S., Bibi, Y., et al. (2022) Expression of HK2, PKM2, and PFKM
Is Associated with Metastasis and Late Disease Onset in Breast Cancer Patients. Genes, 13, Article 549.
https://doi.org/10.3390/genes13030549

Lee, Y., Min, J.K., Kim, J., Cap, K.C., Islam, R., Hossain, A.J., et al. (2021) Multiple Functions of Pyruvate Kinase M2
in Various Cell Types. Journal of Cellular Physiology, 237, 128-148. https://doi.org/10.1002/jcp.30536

Xiaoyu, H., Yiru, Y., Shuisheng, S., Keyan, C., Zixing, Y., Shanglin, C., et al. (2018) The mTOR Pathway Regulates
PKM2 to Affect Glycolysis in Esophageal Squamous Cell Carcinoma. Technology in Cancer Research & Treatment, 17.
https://doi.org/10.1177/1533033818780063

Ma, R, Liu, Q., Zheng, S., Liu, T., Tan, D. and Lu, X. (2019) PKM2-Regulated STAT3 Promotes Esophageal Squamous
Cell Carcinoma Progression via TGF-£1-Induced EMT. Journal of Cellular Biochemistry, 120, 11539-11550.
https://doi.org/10.1002/jcb.28434

Fukuda, S., Miyata, H., Miyazaki, Y., Makino, T., Takahashi, T., Kurokawa, Y., et al. (2015) Pyruvate Kinase M2
Modulates Esophageal Squamous Cell Carcinoma Chemotherapy Response by Regulating the Pentose Phosphate Path-
way. Annals of Surgical Oncology, 22, 1461-1468. https://doi.org/10.1245/s10434-015-4522-3

Lu, J., Chen, M., Gao, S., Yuan, J., Zhu, Z. and Zou, X. (2018) LY294002 Inhibits the Warburg Effect in Gastric Cancer
Cells by Downregulating Pyruvate Kinase M2. Oncology Letters, 15, 4358-4364. https://doi.org/10.3892/01.2018.7843

Shiroki, T., Yokoyama, M., Tanuma, N., Maejima, R., Tamai, K., Yamaguchi, K., et al. (2017) Enhanced Expression of
the M2 Isoform of Pyruvate Kinase Is Involved in Gastric Cancer Development by Regulating Cancer-Specific Metab-
olism. Cancer Science, 108, 931-940. https://doi.org/10.1111/cas.13211

Gao, W., Wang, J., Xu, Y., Yu, H., Yi, S, Bai, C., et al. (2024) Research Progress in the Metabolic Reprogramming of
Hepatocellular Carcinoma (Review). Molecular Medicine Reports, 30, Article No. 131.
https://doi.org/10.3892/mmr.2024.13255

Zuo, W., Pang, Q., Zhu, X., Yang, Q., Zhao, Q., He, G., ef al. (2024) Heat Shock Proteins as Hallmarks of Cancer:
Insights from Molecular Mechanisms to Therapeutic Strategies. Journal of Hematology & Oncology, 17, Article No. 81.
https://doi.org/10.1186/s13045-024-01601-1

Li, S., Hao, L., Li, N., Hu, X., Yan, H., Dai, E., ef al. (2024) Targeting the Hippo/YAP1 Signaling Pathway in Hepato-
cellular Carcinoma: From Mechanisms to Therapeutic Drugs (Review). International Journal of Oncology, 65, Article
No. 88. https://doi.org/10.3892/ij0.2024.5676

Taniguchi, K., Sugito, N., Shinohara, H., Kuranaga, Y., Inomata, Y., Komura, K., et al. (2018) Organ-Specific Mi-
croRNAs (MIR122, 137, and 206) Contribute to Tissue Characteristics and Carcinogenesis by Regulating Pyruvate Ki-
nase M1/2 (PKM) Expression. International Journal of Molecular Sciences, 19, Article 1276.
https://doi.org/10.3390/ijms19051276

Al-Rugeebah, A., Alanazi, M. and Parine, N.R. (2019) MEG3: An Oncogenic Long Non-Coding RNA in Different
Cancers. Pathology & Oncology Research, 25, 859-874. https://doi.org/10.1007/s12253-019-00614-3

Bian, Z., Zhang, J., Li, M., Feng, Y., Wang, X., Zhang, J., et al. (2018) LncRNA-Fezf1-as1 Promotes Tumor Proliferation
and Metastasis in Colorectal Cancer by Regulating PKM2 Signaling. Clinical Cancer Research, 24, 4808-4819.
https://doi.org/10.1158/1078-0432.ccr-17-2967

Zhang, Y., Wang, M., Meng, F., Yang, M., Chen, Y., Guo, X., et al. (2022) A Novel SRSF3 Inhibitor, SFI003, Exerts
Anticancer Activity against Colorectal Cancer by Modulating the SRSF3/DHCR24/ROS Axis. Cell Death Discovery, 8,
Article No. 238. https://doi.org/10.1038/s41420-022-01039-9

Liang, F., Li, Q., Li, X., Li, Z., Gong, Z., Deng, H., et al. (2016) TSC22D2 Interacts with PKM2 and Inhibits Cell Growth
in Colorectal Cancer. International Journal of Oncology, 49, 1046-1056. https://doi.org/10.3892/1j0.2016.3599

DOI: 10.12677/acm.2025.1561883 1535 I A [ 2 3k

B


https://doi.org/10.12677/acm.2025.1561883
https://doi.org/10.1155/2022/7702681
https://doi.org/10.2217/fon.12.11
https://doi.org/10.1126/science.123.3191.309
https://doi.org/10.1155/2013/242513
https://doi.org/10.3389/fonc.2018.00022
https://doi.org/10.1038/s41598-023-49558-4
https://doi.org/10.3390/genes13030549
https://doi.org/10.1002/jcp.30536
https://doi.org/10.1177/1533033818780063
https://doi.org/10.1002/jcb.28434
https://doi.org/10.1245/s10434-015-4522-3
https://doi.org/10.3892/ol.2018.7843
https://doi.org/10.1111/cas.13211
https://doi.org/10.3892/mmr.2024.13255
https://doi.org/10.1186/s13045-024-01601-1
https://doi.org/10.3892/ijo.2024.5676
https://doi.org/10.3390/ijms19051276
https://doi.org/10.1007/s12253-019-00614-3
https://doi.org/10.1158/1078-0432.ccr-17-2967
https://doi.org/10.1038/s41420-022-01039-9
https://doi.org/10.3892/ijo.2016.3599

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Zhou, H., Liu, Z., Wang, Y., Wen, X., Amador, E.H., Yuan, L., et al. (2022) Colorectal Liver Metastasis: Molecular
Mechanism and Interventional Therapy. Signal Transduction and Targeted Therapy, 7, Article No. 70.
https://doi.org/10.1038/s41392-022-00922-2

Demaria, M. and Poli, V. (2012) PKM2, STAT3 and HIF-1a. JAK-STAT, 1, 194-196. https://doi.org/10.4161/jkst.20662

Li, M,, Li, F., Zhu, C., Zhang, C., Le, Y., Li, Z., et al. (2025) The Glycolytic Enzyme PKM2 Regulates Inflammatory
Osteoclastogenesis by Modulating STAT3 Phosphorylation. Journal of Biological Chemistry, 301, Article ID: 108389.
https://doi.org/10.1016/1.jbc.2025.108389

ZEAESE, TKALRE, TORA, . STAT3 {E4 B A LR e MR INLHI].  EAMEY A 54), 2021, 43(1):
93-102.

Azoitei, N., Becher, A., Steinestel, K., Rouhi, A., Diepold, K., Genze, F., et al. (2016) PKM2 Promotes Tumor Angio-
genesis by Regulating HIF-1a through NF-«B Activation. Molecular Cancer, 15, Article No. 3.
https://doi.org/10.1186/s12943-015-0490-2

Wang, J., Zhu, W., Han, J., Yang, X., Zhou, R., Lu, H., et al. (2021) The Role of the HIF-1a/ALYREF/PKM2 Axis in
Glycolysis and Tumorigenesis of Bladder Cancer. Cancer Communications, 41, 560-575.
https://doi.org/10.1002/cac2.12158

He, C., Bian, Y., Xue, Y., Liu, Z., Zhou, K., Yao, C., ef al. (2016) Pyruvate Kinase M2 Activates mTORC1 by Phos-
phorylating AKT1S1. Scientific Reports, 6, Article No. 21524. https://doi.org/10.1038/srep21524

Bye, W.A., Nguyen, T.M., Parker, C.E., Jairath, V. and East, J.E. (2017) Strategies for Detecting Colon Cancer in Pa-
tients with Inflammatory Bowel Disease. Cochrane Database of Systematic Reviews, 9, CD000279.
https://doi.org/10.1002/14651858.¢d000279.pub4

Zhang, Q., Liu, Q., Zheng, S., Liu, T., Yang, L., Han, X., et al. (2021) Shikonin Inhibits Tumor Growth of ESCC by
Suppressing PKM2 Mediated Aerobic Glycolysis and STAT3 Phosphorylation. Journal of Cancer, 12, 4830-4840.
https://doi.org/10.7150/jca.58494

Sun, Q., Gong, T., Liu, M., Ren, S., Yang, H., Zeng, S., ef al. (2022) Shikonin, a Naphthalene Ingredient: Therapeutic
Actions, Pharmacokinetics, Toxicology, Clinical Trials and Pharmaceutical Researches. Phytomedicine, 94, Article 1D:
153805. https://doi.org/10.1016/j.phymed.2021.153805

Anastasiou, D., Yu, Y., Israelsen, W.J., Jiang, J., Boxer, M.B., Hong, B.S., ef al. (2012) Pyruvate Kinase M2 Activators

Promote Tetramer Formation and Suppress Tumorigenesis. Nature Chemical Biology, 8, 839-847.
https://doi.org/10.1038/nchembio.1060

DOI: 10.12677/acm.2025.1561883 1536 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1561883
https://doi.org/10.1038/s41392-022-00922-2
https://doi.org/10.4161/jkst.20662
https://doi.org/10.1016/j.jbc.2025.108389
https://doi.org/10.1186/s12943-015-0490-2
https://doi.org/10.1002/cac2.12158
https://doi.org/10.1038/srep21524
https://doi.org/10.1002/14651858.cd000279.pub4
https://doi.org/10.7150/jca.58494
https://doi.org/10.1016/j.phymed.2021.153805
https://doi.org/10.1038/nchembio.1060

	PKM2在消化系统疾病中的研究进展
	摘  要
	关键词
	Research Progress of PKM2 in Digestive System Diseases
	Abstract
	Keywords
	1. 引言
	2. PKM2在IBD中的作用与机制
	2.1. 巨噬细胞
	2.2. 肠上皮细胞

	3. PKM2在消化系统恶性肿瘤中的作用与机制
	3.1. 食管癌
	3.2. 胃癌
	3.3. 肝细胞癌
	3.4. 结肠癌

	4. PKM2在消化系统疾病中的机制与联系
	5. PKM2作为治疗靶点的潜力与挑战
	6. 小结与展望
	基金项目
	参考文献

