[ R A IR Y Y 247 hitp://www.biother.cn

+ 706 - Chin J Cancer Biother, Jul. 2025, Vol. 32, No.7
DOI1:10.3872/j.issn.1007-385x.2025.07.005 %5&5 "ﬂ- 7U

KB ALER 118138 PKM RV A] BT i B AVt R

I AB AR ME, S W, AL ENKREFEE ERE W AA,EHE 20 730000;2. 4k
FH—EIE MR AA, HH 20 7300003, 2N KFHE—ER MBI, R 2 M 730000)

3 T & @ FHEREAE L(ENOD X B i 4l s il T 8 K222 10 m o FHL . & ok il WB VAR I ENOT £
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AR, 7 MKN-45 40 i F@ i RNA T I ARVTER ENOTL, FIIFH RNA 5 SE3Tie- 54 5 410 (RIP-Seq) 45 & A5 B 224
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BT (P < 0.001 5 P < 0.000 1) [H15 508045 F IR, IR ENOL MERIE )G , BI85 2R 2 2868 1105 B34 R oF
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[Abstract] Objective: To investigate the effects of enolase 1 (ENO1) on the proliferation, migration, and invasion of gastric cancer
cells and its underlying molecular mechanisms. Methods: The expression levels of ENOI in human gastric cancer cell lines (HGC27,
MKN-45, N-87, MGC803, BGC-823) and human gastric mucosal epithelial cells (GES-1) were detected using WB assay. Gene editing
tools such as CRISPR and overexpression system were used to construct ENO1 knockdown and knockdown-rescue cell lines. Both
MKN-45 and BGC-823 cells were grouped into control (Ctrl) group, ENO1 knockdown (ENO1 KD) group, and ENO1 knockdown-
rescue (ENO1 KD-OE) group. The effects of ENO1 knockdown or ENO1 knockdown-rescue on the proliferation, migration, invasion,
and apoptosis of gastric cancer cells were evaluated using colony formation assay, EdU staining, scratch wound healing assay,
Transwell chamber assay and flow cytometry. Additionally, a xenograft model was established in nude mice, and the effects of ENO1
on tumor growth were monitored using small animal in vivo imaging and tumor tissue block measurement. ENO1 was silenced in
MKN-45 cells employing RNA interference technology, and the downstream target genes of ENOI1 were identified using
RNA co-immunoprecipitation sequencing (RIP-seq) and bioinformatics analysis. The molecular mechanisms by which ENO1 regulates

the proliferation, migration and invasion of gastric cancer cells was also analyzed. Results: ENO1 was significantly upregulated in
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gastric cancer cell lines (P < 0.01 or P < 0.001). ENO1 knockdown significantly inhibited proliferation, migration, and invasion while
promoting apoptosis in MKN-45 and BGC-823 cells (P < 0.001, P < 0.000 1). Rescue experiments showed that restoring ENO1

expression significantly enhanced cell proliferation, migration, invasion, and inhibited apoptosis (P <0.05, P<0.01, P<0.001, P<0.000 1).

In vivo experiments demonstrated that ENO1 knockdown significantly inhibited tumor growth in nude mice (P < 0.000 1). The

differentially expressed genes interacting with ENOI1 protein were primarily enriched in pathways related to RNA splicing.

Additionally, ENO1 protein was found to interact with the PKM gene, and their expressions showed a positive correlation in gastric

cancer tissues (# = 0.886). Conclusion: ENOI is highly expressed in gastric cancer cells. ENO]1 interacts with precursor mRNA of

PKM to influence its RNA splicing process, thereby regulating PKM2 expression and promoting gastric cancer progression.

[Key words] RNA binding protein; enolase 1 (ENO1); immunoprecipitation; gastric cancer; proliferation; migration; invasion; apoptosis
[Chin J Cancer Biother, 2025, 32(7): 706-715. DOI: 10.3872/j.issn.1007-385x.2025.07.005]
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AriE T A LR R B 3OS, (B b [E 5 9 & 3 HER2 [H
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VAR TT IR A, S22 T RMIE N B AT, £
FLHE ) 2590 (ORI U Kb T I PRAR IS I B o S e A Y
SRR ) S E I 1B g YR T TR U T —
JTRGERBABA R, H, W RE RS E
I 20 75 AR 0 10) . A [ A AT B AR AIE 8 R I, B
I il 3 425 R I O% B 8 —— 445 ¥ 10 B 1 Cenolase 1,
ENOD AT i 3t B Je 24 M 3% 5, FL 08 5 B e 1) v ogg
PRFR KN B A 5%, ENOT 1 ik B i J s 1 0S
HAEK . ENOL i¥E 2 L R IL , 4 c-FOS 15
5 AR N VR 2 B R S R R A G AR
H T IO T R B, i AL 44 ENOL 55 14 i R 5k
M2 (pyruvate kinase M2, PKM2) & 1A Fif, H 3
FILRIEM K. ENOI A ZE — Pl B2 AR I , 14 /2 —
P RNA &5 A& A", F ik, ASzi st ENO1 5 H
RNA &5 & M H SR8 78, 0 7 Ja e . B
PRI 5, AW IR T ENOL & 75385 5 PKM2 17T
& mRNA (PKM) [ AH HAE H , ¥ 75 PKM ) ] 4% BY
Bz, TR PKM2 (R 3R 1A , e &1 B it g .
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1.1 fmje SEeshd Rk R £ X5

N B % 40 Bl MKN-45 Il 3 g0 18 J8 4 an B L
HIRAE, N HE A MGC-803 . BGC-823 ) 422 M|
KEFEHINA B W E e se i = 10, N g i
HGC-27.NCI-N87 J¢ 1E % B & i b 5 41 il GES-1
NN R 23 R B H R AR T A R R SR =
F o

5~6 i HETE A B (18 + 2)g [ BALB/c # iU
HIL TR A2 AR A R A\, 2530
A PAVEATE 5 - SCXK (75)2023-0009. # f 7E 22 M

K27 Bl I 2 e 1% 27 S By v o0 SPE R sh ) = Hh T g
S, S50 B WA VR AT IE S - SYXK CH ) 2021-
0001. 12L-12D BEATAZ B LI, K203 d 5T # IR
FH7K &S o 9250 3 18] S50 ) ) 1) 8 22 | OB AIAG BEAR
ISP B KR O T3 A5 SL e sh M i 18 =
P L) A SR o S5 B A R A B A FR A )
(GB/T35892-2018) [{) LR AT

JFUkL pLvx-puro 55 LentiCRISPR V2-lucifer-Hygro
b = N =8 ¥ ] St o A A v s e W

RQI & H Promega 3% [H ¥ & & #% & Al ,
Recombinant RNase Inhibitor ) § TaKaRa A ] , & H
fig 400 1] 77 Cocktail 1 H Bimake /A & , Micrococcal
Nuclease. RNase T1. Protein A/G- Glycogen %5 i H
Thermo Scientific /A 7 , Proteinase K Solution I H 4
T A#) % 7], Hieff™ gPCR SYBR” Green Master Mix
(Low Rox Plus) W H 28 A=W RH (B i) A A R
A F], RIPA B8 [ 2A# T BCA K 152 #1771 £ . SDS-
PAGE %5 il 2% 12075 & 55 0 B A6 i RS E R A R
A, GAPDH $4£ « B i S A6 40 8 (HRP) #5 1c F
P % [ 25 F Immunoway A 7 , ENO1 HiA& I [
F[H Abcam A ], Lipo 3000 #% 441714 H Invitrogen
A, FORL AL S B i T A A, Topl0 K
¥ A T I 52 A A L D) B R A2 ) 4 F] , FastDigest
BsmBI. FastAP JiJ [ Thermo A ] , T4 PINK. Quick
Ligase Ity H 55 [ NEB A 7] .
1.2 #ARHE

i gRNA JF 51 7E 4% % i+ 1. B CRISPR Guide
RNAs (thermofisher.cn) 126 4% 3 2% 4 [n] A ENO1 & [A] /1)
gRNA, %1%} 5[] CRISPR 514, [A] i f 45 A\ ENO1
B o vk it R85 W, 38k 73 S B 43 0l 1) g
ENO1 & [A [) CRISPR & [X] i % 4% {4 (LentiCRISPR
V2-lucifer-Hygro-ENO1-gRNA1/2/3) Fl i 3 ik %5 14
(pLvx-ENO1-puro) , Sanger il /3 38 iiF #% 44& 7 41 o
CRISPR 4 /7 51 J 514 : (1) ENO1-gRNA1 # 7 1| N
GCGTTCAATGTCATCAATGG,ENO1-KO1-F NCAC
CGGCGTTCAATGTCATCAATGG , ENO1-KOI1-R A
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AAACCCATTGATGACATTGAACGCC; (2) ENOI-
gRNA2 1 7 1| y TTGGTGCGAACGCCATTCTG,
ENO1-KO2-F & CACCGTTGGTGCGAACGCCATT
CTG, ENO1-KO2-R )y AAACCAGAATGGCGTTCG
CACCAAC; (3) ENO1-gRNA3 4 [ %1 y GTACCG
CCACATCGCTGACT, ENO1-KO3-F ; CACCGGTA
CCGCCACATCGCTGACT, ENOI1-KO3-R & AAA
CAGTCAGCGATGTGGCGGTACC ; (4)id Fiky 14
5| 1 , ENOI1-OE-F 4 AGTACTCGAGCTATTCTCA
AGATCCATGCCAGG, ENO1-OE-R y TAACGGATC
CTTACTTGGCCAAGGGGTTTCTG.

1.3 s 55

HY 2 pg 1) )i B (LentiCRISPR V2-lucifer-Hygro-
ENO1-gRNA1/2/3 Jii #. 8% pLOV-ENO1-puro Jii ¥ 1 pg,
psPAX2 packaging plasmid 750 ng 1 pMD2.G envelope
plasmid 250 ng) , it Lipo3000 % Geik 57 3L 4% 4L 293T
YR, C M, 48 h JE YRR B BT, JE U MKN-
45 .BGC-823 Il B4 72 h )5 , i xof o7 O A 25
(CRISPR #4052l 8 2 G Fab i) S0k 2 A
a5 ENO1 F2 e i IR El T Fak IR 4t Pk , 8 ik WB V2
BSEENOL R At Fis R R 4 MKN-45 5 BGC-823
534 Ctrl 2H (LentiCRISPR V2-lucifer-Hygro 25 444
5 F VRURS G ) MKIN-45 5 BGC-823 4l Jifd, Bl HEZH)
ENO1-KD #H (LentiCRISPR V2-lucifer-Hygro-ENO1 -
gRNA R EERE ) MKN-45 B BGC-823 4Hlfitd, T ENO1
41D \ENO1-KD-OE 41 (pLvx-ENO1-puro J7 & i 2
YL MKN-45-ENO1-KD 4l fis 5% BGC-823-ENO1-KD 4|
J, B ENO1 mifle— 1 2 4D .

1.4 WBAM & mfe s ENOL & & 89 k&

K F RIPA 24 i HE B 45 AL 40 i 2 8 11, 3% BCA
wEEERIAA SR A B Ea ST ERE. B
10% SDS-PAGE 7} & &4 dn v 1 8 E oL, B E i
2 PVDF I, 75 5% 2 M35 A B A 2 h, 2K
FBLT x TBST3 ¥ %% 3 ¥ (8 min/ &%) , Il A\ ENOI
(1:500 F4F:) 1 GAPDH (1:2 000 #i B —$t, f£ 4 °C
RN . KH, P 3 KG , 7£ HRP AR id £ iR
ZHLC1I5 000 MO HEIR T RN 1 h, PEE S M
ECL b 22 R 2 52, 70 B B AT #EAT Rk
PL GAPDH 1E N 2, FI A Image J 3 A% 73 BT & E i
ST K AR
1.5 EdU % & &40 g /& e 69 38 78 78

B E N 4 < 10°A/mL B4 32 Fl T 12 L
B (0.5 mL/FL) HE5 9% 36 h, 5 EAU DL 1:500 s , 7%
L35 7 N 500 wL # R (1) EAU 3 W, 4k 8235 97
2 h, 3% BRAF & Ui B 15347 BdU & Hoechst 4, %%
JER R T IR HLE 4 20 P S, R Image T3 €

BT % 20 EdU FH R0 P 250 S dn . ks A
Y A B FE 2R = BAU BH P40 B E 2 4 2 <100%”
THE A Mg s R

1.6 SLIETS Ak 5 3o e ) § J5 4m 6L 69 52 1% 75 ik Bk

B0 00 A K 1A 5 S 200 R A T AR
LB, FE R E 6 FLAR (8 x 10°AN/AL) , T &
INEA. BRREA G EMBE FA P ERRE,
553 d I EF ) e ARG TR . 10 dJE TR R HR BT 0L
() o P B B AT 45 SR s 7, s FLAR A4, PBS B 3
R 4% 22 58 RV VR 18 72 30 min, FF 390004, 5 T 5
1E 0.5% 45 it R H i 4 €430 min, PBS B3 1K, H 2R
T 0 LR e b RN 5 # i, £ B Image T
BT R T O
1.7 R X R F I 2m fe 64 2 it JB) A A B T K F

F4 % A AH MR 2 6 FLAR Y, #5957 36~48 ho ISLEE
M B9 0o BRI A AR BRYUE » I AN 1 mL 4 °C
(1) PBS 2 AHMIITIE , FHRBEERAIARIS FH 1 < g5 &2
TCE SR, LB Y 1 % 10°4S/mL, B 100 pL
4 H B AR, IS pl Annexin V-FITC 5
5 uL PLYS, IRA345,25 °C F#GE A 15 min. FH4
I 400 pL () x5 G52 MR . SRJE4E 1 h Nl
1T L ASC ARG 05 2L 200 S %) 240 B R B AN T
1.8 XDRFE AN F & mineyiLHae )

H0 20 B E KA A, Y Ak Fh 21 6 FLAH Mo BE
FEMR o 52 RAFARMII A R EI80% LA (291 x 10°4Y/
FOJE, AT SE 5 . FH 200 nL A ek EH T
6 FLAR 15 I AR L AT KR, KR S5m0 A0S , K]
IRTERE , 7725 IHIIREFREE , F PBS MRk 3 IR, L FRiEs
AN, LE (8] B SE I I , HF DATG IS R PRk i 7% . 7
FITE 061224 h B [H) 2 HHE B A, FHAH 22 B s 40
HE SRR A s oL, THE A BT R 2R .

1.9 Transwell 52 3540 B /& a0 69 i A5 Ao dZ £ 58 /)

1% 78 S 06 F FUEs 28 B2 ) Transwell | % Ao
100 pL 75 1 x 10° />4 B, 3 A% S 36 AN 75 ZE 10
ML R, EAEE B IN 100 pl & 1x 1072 i =
W75 R Z AN 600 pl 25 10% Ik 8 785 . B
FR24h g, B/ E, A 2Bk SR B R4,
T = HI4H L 4% 22 5 R[] 5E 20 min, £ 0.1% 45 i
SV B AL 20 min. PR EIRIR B RIS T,
TR E L B WS A, {5 3 Image J A4
YR M BT R MR AR
1.10 B /& e JaaR R AS LB AL AL 69 A0 1 RS

AR BN 6 4H (5 R/4) . K 100 pl % &
D91 x 10°4~/100 pL 200 B 7 565 2048 B8R 1 A 0 1
BN o AR G B 40 i 52 56 43 O Ctrl 4 ENO1-KD
HAENOI-KD-OE #H . fE4 B Fh )5 28 7 R 56
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14 K, 4 0.1 mL/ 2 85 52 06 3 VE 5 AN BRI I, v
5 JE 10~30 min P, 1 Bl /NS035 1A R AR R Geder i 5%
BT IRE . 514 KRGS0/, IO AR R, $
R )N BRI 988 ) R/ I 00 2 Jr g AR . D) BRGS0 %
TR bR A, 2 [ 5 A U B Ja F WB AR #2
R LA ENOL H HHIRIL U5 iR 1.4) .

1.11 RNA %% T -4% 400 5 (RIP-Seq)

il I RIP £ AR 3K 5 ENO1 & 1 5 A% F )
RNA JfA4) 2 v 38 B 00 P ST o (1) 4 i 2R S g V)
(2) YT iE (immunoprecipitation, IP) : B 1% 4
1E Rt AN XS HE Anput) FEAS, [FRIRZHAE R N 15 ug
ENO1 HUAHEAT IP, LLIgG HUiAE A B XS, 4 °oCid
W E - I protein A /G W42k, 4 °CHF & 2 h, # %
TS AR U AR 2R AR R i R G2 URT PNK 2%
MBI VML BR & 2 K, Bk i 2 i VR B & B
70 °C, 1 000 rpm ¥/t 20 min B L ER 45 4 1 RBP K&
HEESHIRNA. £ Input AP FEA I ABFK,
55 °CH i 2 h LLFE 0 AL 3 A . WB 9 A I
Input 1 IP A ENOL 8 HE 5, HIWT IP 2 3 i) .
(3)RNA il $2 . (4) & J# : F§ KAPA RNA Hyper Prep
Kit il % cDNA 3CJF . f# H Illumina NovaSeq6000 %
AT 150 nt O I -

1.12  RIP-Seq # 4% % #7

Xof AR HEAT 2 P A s il B Y . B T Tlumina
NovaSeq 6000 Wl /57 & 4t v S8 W om M . S8 )& 5 i3k
A7 D0 Py B dfE o VA N 5 225 BE R AL B A EE XS
SR 76 38052 (reads) 7E A 3 R AL 43 4, Odd £/
5405 Even $R 4t 4 SR 41 | 25 & 1 (peak) 73 A7 15
L, FBEAT peak % 1€ S Jk IR R A 0 B, 1550k HERE A AH
EC 2 53 B TP B AR RR 53 45 & U6 (specific peak) o [A]I,
BEAT 22 S 45 & W A O¢ AR B 2 B AR 4K iR (Gene
ontology , GO) Ty e & 5 73 M , 22 5t &5 5 W AH Ok & K]
aOAEE S A H R4 B (Kyoto
Encyclopedia of Genes and Genomes, KEGG) 4= ¥ il
5 R HT I peak FTAAL AT Motif (45 &5 FE 7 ) 70H7 .
113 %it$as

F2HE SIS B 57 AT AT 3 . B A Prism
GRAPH 6.2 {47 i it or M Mz &l . S IEA 70 A
TR DL x £ s RO, AL EEECR H e A 5,
Z M A L BCR AT K 7 Z 7 o BLP < 0.05 5%
P<0.01 R EZRHEAG I E L.

2 % R

2.1 ENOIl & B Emfoy 25 %A
WB A6 45 B (K 1A) i , ENOIL & A 7E B g
M HGC27 - MKN-45 .N-87 .MGC803 F1 BGC-823 H ]

FKIEKFEZES T NE L 41 GES-1(P<0.01 5%
P<0.001),ENO1 7E MKN-45 1 BGC-823 41 i 1 # ik
B » R G IR 5 L P e 4 B AT IS R T e S
22 RAHHEENOL Sk A= B & 3K tm ik
¥R 7 #E 7 ENOIT FE [R fY) CRISPR i/ , [
295 B LA L, 7% Y ENO1 A i {EC 4 M ke , 13811
3N AT, WB RIS IE R SER I B R e S AT S
SESEOG . AN EE R (B 1B B, 3 45 gRNA 1 gRNA2
IR R CR B (P < 0.001) , A1, %6 4% gRNA2 3347 5
SRS . AR, ENOL e mufIR4n i 43 ) i 3 15 ENOL
HEAT RS20, 45 R (E 10) BoR, 5 cul 41 Eb#g,
ENO1-KD 41 41 ffil * ENOI1 25 [ % ik B & B (1
P <0.001) ;5 ENOI-KD #1#f Lt , ENO1-KD-OE 2 41 i
HENO1 & HFRIA K BE A= P<0.001) . 555
S5 RR M, AR ENOL 35 B IK B e 4i i+ ENOL & 1
2L, PR E ENOT [ 32328 M 13 3 m Al ENO1 %t
ENO1 & F 1) N fEA
2.3 EUKENOI MK F % 2@ 0 09 38 78 A%
EdU et M e sl i 45 R (B 2D B, 5
Ctrl ZHAH Eb , ENO1-KD 4£H EdU BH 4 2 ity Z& A1l v [ 72
B ) 5 3 BRI (3 P < 0.001) ; 5 ENO1-KD 4H 4
bt , ENO1-KD-OE 41 EdU BH 14 4 it 28 Al v [ T fi %6
IR ETE(BP<0.001), 45 REW,mIKENOL #
1550 3 PR B T 4E B X S BB RE 7, T2 ENOT )%
I AT 3 % R AT ENOT S 20 it 338 5 (7% 00 1l 4 FH i 42
HEAH IG5
2.4 FHAKENOIL ¥ /& mie B ik T G1 4
A i ARSI 25 SR CE 3AD B, 5 Cul 4l
AHEL , ENO1-KD 21 AT G2 + S 3 A 4 it %5 5 2 ik />
(P <0.000 1) ;5 ENOI1-KD 4 # tt. , ENO1-KD-OE
HALT G2 + S R 4H M E 2 25 38 0 (P < 0.000 1) .
gh R W, K ENOL ] DL | B e 4 A 4 B It
BEL ¥t 40 A JA B T G 1A, TP &2 ENO1 2R ) AT A
AV 38 240 e 398 B P o 4 ) B L
2.5 HUKENOI1R B J% e o ey A
T4 i AR A W 45 R (B 3B) B, 5 Cerl 41 L
5, ENO1-KD 2H 21 fd (1) 9 T2 26 2 ZEFHE(P<0.000 D;
5ENOI1-KDZHAHEE , ENO1-KD-OE 4HZHAf T 2% . 3%
PR (P <0.000 1), 255K, @K ENOl £ IA ¢
HE B R AN T, K R ENOT ) 2k AT DL A0 )
S B O T TR A A A
2.6 FHAKENOI M4 F J& tm i b9 i A5 Ao i 22 A8 )
KIJR AN Transwell SE56 25 SR (E 4A . B) TR, 5 Cul
ZHAHEL , ENO1-KD 2H 4 ff i #% 2 {2 28 22 1) W& [%
K (#JP<0.001); 5 ENOI1-KD 44t ,ENO1-KD-OE
YA M 00 IT F% 2R M R 28 2R 38 B 3 T (P < 0.05.
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P<0.018P<0.001), £55ELMH,HKENOI FIRIAL TN A] LSS S 4l i iR M AR 2B RE T .
R B A TR 1R B RE 71, VK ENO1 13

A
GES-1 HGC27 MKN-45 N-87 MGC803 BGC-823
ENO1

__—_q —

GAPDH 4y 4 G S S——

ENO1 & HRIEKF

0 5. % >
0'),'\$b< $% C%Q <«
‘b
B 1.5 MKN-45 BGC-823
Ctrl gRNA1  gRNA2  gRNA3 . 1.5
MKN-45 § 1O X 1.0f
GAPDH cmsme = oo  comss —cmmmm I %
) 05k sk Fkk
= sokeok 051
o — k%
ENO] o c— —_— > o
BGC-823 {3 Z
GAPDH e i o - cm— 0= S0
‘3@ @ %\3@&%?:5
C 15 MKN-45 15. BGC-823
Ctrl ENO1-KD ENO1-KD-OE N B
% %
ENO1 | «— K 1.0F ALA )
MKN-45 ® i
GAPD]] - < —————  —  — i I
P‘Jﬁ 05F Hok H_'_E?
ENO1 & m— S >
BGC-823 o )
GAPDH e S e (}‘\\t@ ®
ST
©§$O\
)

A WBIZER I B 40 i 1 ENO1 R (A I35 : B: WB IR IE 3 2 gRNA FIK ENOT AR ; C: WBIERK I ENO1 B IK A2 Atk
FIEM MR ENOL 3£iA. 5 GES-1 4k Ctrl 41EL %%, P < 0.01, P < 0.001; 5 ENO1-KD 41 Eb 45, 44 P < 0.001 o
1 SBEMAET ENO1 EARIAN ENOL B FEHE—Ik & FiA Atk a0iaE

/&)

A EdU Hoechst e EdU Hoechst

500 pm, 500
500 | 500 pm,
500 um, 500 pum,

B = Crl C cl ENO1-KD ENOI-KD-O == Cul
ENOI1-KD ENOI1-KD

mm ENOI1-KD-OE mm ENOI-KD-OE
0
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500 pum,

500 i

ENO1-KD

500 um, 500 500 ps

ENOI1-KD-OE

500 pm,

°\\° 50 AAA

¥ 40 L 60

2 FYV Sokk o JIN

= 30 B ADA
% o g 40

= 20 el 20 e *hk

2 10 i

m

0
MKN-45 BGC-823 MKN-45 BGC-823

A B :EdU 4 03860 20 i B384 FE BE 77 (x 2000 5 C = o [ 2 Jal S0 A6 I 20 R A e PR I RE 0 (% 40D . 5 Crl LB, ™" P < 0.0015 5
ENOI-KD ZH b5, 2P < 0.001,
E2 BURENO1 X B 40 fniE5E A 5200

are
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A 202¢
160| mm Ctrl
MKN-45 | [ ENO1-KD
0| . B ENOI-KD-OE
60,
10| >~
{ =
° 560 511 9 7500 5511 %
237 . o =40
200 T o [320] %
150{ T 2401 E20
BGC-823 =
100 wn
&
50} O 0
2 s eh  MKN-45 BGC-823
B Ctrl ENO1-KD ENO1-KD-OE
10"z = 10 =1 107 p
0.84% 5.53% 0.21% 325% 0.11% 483%
< . - A
& | 10%] 10°, 108 mm Cul
MKN-45 / 1 ENOI-KD
3 . Bl ENOI-KD-OE
2 | 10590 o | 104e o | 10530 F @
93.1% | 1.26% 57.6% 9.67% 96.5% 8.53% <
¢ 100 106 10°  10° 10* 105 10° 10 10° 105 108 <
FLI-A:FITC H
107z = 1057 = 1007, o a
0.012% | 1.07% 0.13% 11.0% 0.012% 3.44% oy
<1 1074 ) 107 ¥ 1074 e =
BGC-823 & 2 e g
0L L 107 , 10% 10° ,ﬁ :
& P ;
= 3 MKN-45 BGC-823
10°356.9%% 1.99% | 19°380 306 10.5% | 10°782.4% 14.1%
100 10° 10° 00105 108 100105 10
FL1-A::FITC

“"P<0.000 1.
B3 RAAMAENEIR ENO1 3B 4 EA R (A FUAT (BRI

2.7 ENOI12#t § J% m o A5 4895 69 4k )9 £ K
271 BKENOIL & Z &K & 7 40 F iy iR 6

PRI e A AR R A AR AR . NS s
A ARSI 25 SR (B SA) BoR M@ 14d 5, 5
Ctrl ZHAH E , ENO1-KD 2H /)y BR A4 P 9% 't T AR BE I 1%
ik ; 5 ENO1-KD 41 tt. , ENO1-KD-OE 41 /)™ i 14 4
PR K. 5 Cul AAHLL, ENO1-KD 4 #E J%
R B AR (B P <0000 1, B 5B.C): 5
ENOI1-KD ZH At , ENO1-KD-OE 2H # 198 74 F1 1 &
EHMYP<0.05 . 252U, @K ENO1 KA 1]
DA B SR AS AR (1 A i P2 ENOT 2348 U mT
DA B % 0 LR 2B K R A F
272 BHEBHLFENOIEHREINERSME
RANEH—F

WB ARl EE S (K 5D) i, 5 Cl AAH L, ENO1-
KD AR 427 v ENOI 2K 11 %94 15 B 2 BR K (3
P<0.0D);5ENOI-KDAALL , ENO1-KD-OE 4 ENOI
HAREHWEZEEINIP<005). 457K, B
T 4 L B R S5 ENOIL £ A RIS AR , MR 2
ENO1 1A (1) =k -5 g /N5 — 2.
2.8 RIP-Seq % 4 GO.KEGG g & % #7iE % ENO1
#) RNA & 455k

18 i /£ MKN-45 48 ffd v 30 Bk ENO1, i 47 RIP-
Seq, 45 B4 GO (& 6A) M KEGG (X 6B) i i & £ 7>
HriEon, 5 ENOL 454 1 % 7 3 R £ 2 E £ T RNA

BYRAHOC I B . 45 SRR, ENO1 A DL ™7 4 i i
RNA BY BT RE .
2.9 ENOI # 4 PKM # mRNA
I I RIP-Seq 25 5 1) 22 7 B R 7 2 , 30 PKM
5 ENO1 M HAEH . i — P i it RIP-gPCR % iiF
PKM KA, 45 5 (E 7) &5, PKM 3£ [H 5 ENO1 &
HZ BAFEA EAEH . 25K B, ENOIL n] Reilid
PKM & ] (1) A B AE A, AT 3 42 2 RNA B9 U] 5
FKik.
2.10 ENOI1 5 PKM2 mRNA & ik £ EAA% % &
33— 25 FH Oncomine B4 FETE LR 04T T B e 2
Z{F ENO1 5 PKM2 £ & A e, 45 BB &
7 P mRNA FRIA K F 2 1F #7258 KR (= 0.886,
P<0.001).

3 % i

B e 7 R ] R R O B R A i, LR )
WIANTEAE . SR, 5 FL AR R — B, B IR
LR — A2 R 2N RN E TR, Kk, &
ZMH I PR s SR IR PR R, 6 T4 v B e R
FITETT R AN OS R B AT & s

A AR Y OB 2 R 1 KRR 2 — , W A
IR OGN ENOL 7E B A A0 B A s a2 g
IR R R R AZR B R, HmRIA 5 BETEAR
FH2% . ENOI A& — PP 4k 2-BE R H i R 75 WE IR it i 122



A VA

HR L MR 2R TR YT AR, 2025, 32(7)

Hh Rt 7K AR s Bk R A 1 =X P R B2 (phosphoenolpyruvate,
PEP) [ 4@ ", ENO1 /& PEP JE [ 4w i 7E N A sl
R = Fp s B g [7) T 2 — 1) o- M RERl . B[R] T
Fifg 42 FH 2 /> alpha< 2 /™ gamma 55,2 4™ B 373 2H J (1) [7] 784
TIRAR, IR ARG . ENOL ZE 2 M iR v
VE I BRI FT L 22 , ] IR A TR A 4 P Jd SO

A Ctrl

[H) J53 4% A CEMTO AH G B R R I RUE ENOLAE N
R T o il Tl e b (E BB R B, LT
YEN—FHRNA 458 HE A HEATIRE. ENOLZM“HH
HAE AR T 2 N RNA 456 & FHRIEY)
58 34N . 7F B E4iio , ENOI fig) 72 1% RNA 7K
PHIZRIRAE L, H 5 IncRNA M S 55 SRR A2,

. Cirl
ENO1-KD
== ENO1-KD-OE
80
AN
= 6of won Hkok
’Eé- Fkk
5 odor
o B
& & 20
Q
&}
m
MKN-45  BGC-823
. Ctrl
ENO1-KD
150 ™= ENO1-KD-OE
ig n AAA
5% 100f
‘\%\ Kok .
& sof
=
MKN-45  BGC-823
. Cirl
ENO1-KD
150 ™= ENO1-KD-OE
= JAVAVAY
3 100r
= &
m *kk Sk
2 50
=
MKN-45 BGC-823

A= RIIR ST A I B Je 41 M fR3T 2 fiE 17 (x 100D ; B : Transwell SZEAG I 15 958 40 M0 (13T 72 5122868 771 (x 100) .
5 Ctl 4%, ™ P <0.001; 5 ENOI-KD 4t #;,“P < 0.05, 2P < 0.01,%““P < 0.001»
El4 BURENO1XSBEMAmTERFRZERNSENMm(x 100)

H#T, ENO1 5 RNA 45 & (ML B T2 o AR
FORETEIE LA Lk — P PRE ENOL 7E 5 it
Ji& B hERE AR AR LR . BRI, R ENOL1
REAE AT 2 A B dn 5 5129808 1. 7EXTENOL
BHATIERIA )G, BRAMASRI I A R ) SR 2
TR RS AR R 1 I6ALE , MK ENO1 J& B 4
SRR T R S BRI . LUK, 4 L 340 S 4 B g 1 5

IR PR, S RALAR L, ENOT Rk 414k G2 #A1
SRR EIR L , AR P A PR, T T3 T 5 ENOL It R
I8 G M PG T 2 S TR A BT N . e g
IR S8 A Transwell SL46 36 , 25 B R B, 1 ENOI1
J& , B BT R AR 2R R 3 B . AR
P SESe I e A0 AR SRS AR AR S G, AR
B RSCIRT 2 IR AR B IR 2R 1 ENO L 3R IA /KPR



b

EIR, A5 AR ALEE 1385 Y% PKM R AZ BT (2 2k B o 2t fig

< 713 -
ENOI1 {1 A8 8 2 /N F X I ZHAS 3R9K8 ENOT 4., Z 5 Mg s R I R
R ARSI AE 2R Ui B ENOL {E B e b s i
BGC-823 B
. 60 Ctrl ‘ ‘ . . ‘ e
60 % ENOIKD  § & a @ -
Cully | 50 ENOLKDOE @ % @ @, IE
50 N Dredls
40 q
40 =
0
o}
30 g

ENOI1-KD @& ' 3 F
30 %
20
g (x109 S :
M 5 ENOIKD-OE 1
b 515 : .
15 /1N 2 % 10°) -
K66 % 10°

D Ctrl ENOI1-KD ENO1-KD-OE

ENO1

ENOI

BGC-823
GAPDH

20

(x10%)

MKN-45 BGC-823
5 1.5

—
(=)
>

ENO1EAXKIE
o

AN PR AR ARAS M A BRI I8 ENOT J5 #1 BRUBIRI 1 U s B« B BRASAER R AN KN 5 C < R SRS AR IR AR AR i 141 5
D: WB A MR 4 41 rh ENOL & H A KT, 5 Cul 4%, “P<0.01,""P<0.000 1; 5 ENOI1-KD 4 HL 4, 2P < 0.05.
5 ERRERIERIEENOL XHER BEEE KRN

GO
BYEAMmMRNASTH: — I 30/255
mRNAJ T — < 7/385
RNAZJE: - I /301

P I 4 3/506 ﬁf‘Ef 1{%,5
S L 2 e — 1 6/39 I3 X105

RNARAHE [ X0 e I 538/880
A —————t i § }
JATIE R f s I 39/543

T I 24/257
ep Rk I 35/480

5 10
—log, /P H

2x10°
1x10°
0

B KEGG

B - 2] 35
A G I 13/72

BRI AT HE g — 1 1/55 KSEP
PR R 99 2 5 L - — 1 8/165 0.025
ot PR 5 0 S P - — (11/74 0.020
RNA#Z - —17/165 o018
Jai T A 2 1 SROB - — 19/203 0.005

FoL A A LU - —10/77
B - —0/68
R A mm——15/170
0 3 6 9 12
—log, /P H

6 S5 ENO14&&MERGO(A) . KEGGB) D EES HINAAT 10 M2

AR AT FL 0 R B, B i 2H 23 ENOL1
L PKM2 ik R, H W& RIA 2 IEM X 78
i g LR R B e B IO TR R FRCIR I R PKIM2
KRB LR, zEMERNEEMER., £58
Hi, ENOT A& 75 3 b 9 75 PKM2 {2 33 B % it A i
o HE 2 2 ENO1 i 7% PKM2 1) B 44 38 =5 HL il 40
Al 2 PN B R G R S A PO AP, R PKMIL AN
PKM2 H PKM 2 [K] 28 i % £ v 1 4 8 7 B 5 )
A By 4 7R AR A 22 AN R RIS ], S sk
I A2 A R — BT AR mRNA 28 A [k B0 B DT B =4 o
PKM2 FEZE LA sUAEALE « =3 P 10 DY SR A4 1 2R

Ry PEm = Rk . R =BT
JE T, B R PKMUE M 5 A e, PKM2 R AE Y
KA WAALET MR A b, 7T AN, B & &
T, 5 R RE VI G . MR K
B R AR, PKM2 [ 3R I B9 5% , 10 78 o A= ik
T rp SR T AR X T MR AR K S e A B
PER®, BF 5% 3, ENO1 ] i it AMPK/mTOR .
PI3K/AKT. NF-«xB 5545 ‘5 8@ B0 RS 1, (5
HAEAF SE R 3 SAE G 5 B A A H
ST HEAERRG 0 9T 2R ENO1 e, B i 40 i T R B
(vimentin) . snail F14# 25 85 %l 2 (N-cadherin) [ % 1%

are



- 714 -

HR L MR 2R TR YT AR, 2025, 32(7)

YN, EI 7 45 %5 K (B-cadherin) 1A i, 4
B AKT F1 PI3K [ R 1k /K ~F B A% , #2 7% ENO1 7] fig
I O PIBK/AKT 15 538 % 52 1A £ 96 40 i 1) 1% 28
%% . 5H—J7H, A0 s , PKM2 il il i 4%
PI3K/AKT/mTOR 15 % i i {2 i3 B %@ K 42 . WANG
SR TR I, PKM2 3 R IA Al AKT1 M2 1 11 S202/
203 FRIEEBEIRAL , B K PKM2 %3 , AKT I 5 A4 7K
S22 3 B 52 40, A PISK A7) 3-MA J5 , B 1
PKM2-shRNA 28 it th AKT f) # B2 4k 7K 7 32k — 2 %
8%, [5) B5F 240 ff_E 2 b &5 4 E-cadherin A1 [R] 53 b5 25 4
vimentin 71 B 2 52 BH0H] . R, K PKIM2 7] )
il PIBK/AKT/mTOR {5 538 % , W i 988 41 Al 1 1
FRAR B e R fe 1. B R B A0 IR0 1 45

W, ENO1 B #{F H1 T PKM2 mRNA, #F — 25 £
ENOI1 ] Ei# i 5 PKM mRNA 45 &, 51 3L R £ A
B AT AR Y 4, R A% S e A M R R, M TE R R AR
RIS FE R R IED)RE

1.5 -
# P=01220
.%
2 10k P=0.0214
"H‘% - 1
b —_
&
g O05F
:
4
- ‘ \

Input 1 IP 1 Input 2 IP 2

&7 RIP-qPCREIGIEENO1 254 PKM mRNA

B i 1 5 ENO 13RI N

AR s
1000 enor [ || |
0.927 MIF [_

o.ss6 paerl | | |
0.886 RSLID1
0.886 ATPSG2
0.886  PLP2

0.886 COMMD4
0.886 COMMD4 | |
0.886 PKM2|

0.886  PFDNS
0.886 PFDNS

EjiS=g 7|

201231.s_at

217871.s_at
207769_s_at
| 212018_s_at
208764 _s_at
| 201136t
206441 s_at
| 209132.s_at
| 201251.at
207132 _x_at
210908_s_at

8 Oncomine HIEESTE R ENO1,PKM2 i) mRNA FRIAZEFEXE

FEASZIG -t R B, PKM 7E ENOL 1) 2 YR IP )
i, 0 H 256 PEAK 2[RI {5 2% 8 ENO1 H #:45
A PKM2. A, AN ENO1 A] gt 454 PKM
SRR T4 mRNA AT AR B HZ , 5] 2 PKM A 5 8
KA T RIETIRE. 245G AT AR R R, AR sk
5633t — 25 Fi] Oncomine $dfs PEELR M T B 4143
ENO1 5 PKM2 FRIA A I , 45 R R I 7 mRNA #
IEIAR DR RBUEIE 0.886, H#F£IE R IEMKEK R,
BT ARSI CATESE ENOL 2 —FHRNA 2555 11,
REfS S0 ) B 245 & mRNA , 3£ T ENO1 5 PKM 2 [a] )
FHIGME, HEI ENOT Al RE ¥ 5 PKM2 HifA mRNA £545,
T A% PKM2 PR R] AZ BUEERIBOE (S 5 I8, A
P A . X R AR J5 I — A EH R
EACI

AT T ATAE — 5 W) PR . R I 5K
ENOI /& RNA 25 & 8 1, H v R A H 2 15 B4
4 PKM Hi /& mRNA [ 8 X 485 Can 40 2 - 9 ] 32 Py
), XA g S EUCIEHERR ENOL I8 i [A] 42 AL i i
75 PKM B2 (T RE . b4k, R0 70 ENOL A& 75
5 HoAth 372 K1 (40 hnRNP. SR £ 1) 73 [7] 4% PKM
B, 58 SE K K F) CLIP-seq/RIP-qPCR J5¥2: , £
A LR ZH /KT % 52 ENOT 45 4 O RNA B 5, 3 e

7E PKM pre-mRNA [#] 45 & X 5. [A] I, 4 38 0 H Ik
IEF% 3 S IG VA I UE ENO1 5 1 5 PKM pre-mRNA %
BRBNEZSE G, B2, Ay 7 ENOL
A g8 I % PKM AJ A% B 452 52 i fob g AT, (BT =5
DR E A SRR IR ST AL DA R AT
& AN T RESAIE -

[& % 3 #f]

[1] SUNG H, FERLAY J, SIEGEL R L, 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): 209-249. DOI:10.3322/caac.21660.

[2] TAX Y, LI Z T, ZHOU R Y, et al. Single cell and bulk RNA
sequencing identifies tumor microenvironment subtypes and
chemoresistance-related IGF1" cancer-associated fibroblast in
gastric cancer[J/OL]. Biochim Biophys Acta Mol Basis Dis, 2024,
1870(4): 167123[2024-09-02]. https://pubmed. ncbi. nlm. nih. gov/
38484940/. DOI:10.1016/j.bbadis.2024.167123.

[3] XIEM L, LIANG L, YU LY, et al. The integration of bulk and
single-cell sequencing data revealed the function of FKBP10 in the
gastric cancer microenvironment[J]. Transl Cancer Res, 2024, 13
(2): 975-988. DOI:10.21037/tcr-23-1484.

[4] POUS A, NOTARIO L, HIERRO C, et al. HER2-positive gastric

cancer: the role of immunotherapy and novel therapeutic strategies

are



b

EIR, A5 AR ALEE 1385 Y% PKM R AZ BT (2 2k B o 2t fig

+ 715

[J/OL]. Int J Mol Sci, 2023, 24(14): 11403[2024-09-02]. https:/
pmc. ncbi. nlm. nih. gov/articles/PMC10380453/. DOI: 10.3390/ijms
241411403.

[5] VERS RIRAS, UL . il % Bk 4072 HER2 BHAE 5 9 i 2541
L IF FCHE e (0], [ OB AR P iR 9T A 8, 2024, 31(7): 728-732.
DOI:10.3872/j.issn.1007-385x.2024.07.013.

[6] ZHONG G C, ZHANG X M, GUO Z, et al. Complete remission of
advanced pancreatic cancer induced by claudinl8.2-targeted CAR-
T cell therapy: a case report[J/OL]. Front Immunol, 2024, 15:
1325860[2024-09-02]. https://pubmed.ncbi.nlm.nih. gov/38487523/.
DOI:10.3389/fimmu.2024.1325860.

[71 KUBOTA Y, SHITARA K. Zolbetuximab for Claudinl8.2-positive
gastric or gastroesophageal junction cancer[J/OL]. Ther Adv Med
Oncol, 2024, 16: 17588359231217967[2024-09-02]. https://pubmed.
ncbi.nlm.nih.gov/38188462/. DOI:10.1177/17588359231217967.

[8] QIAO H, WANG Y F, ZHU B D, et al. Enolasel overexpression
regulates the growth of gastric cancer cells and predicts poor
survival[J]. J Cell Biochem, 2019, 120(11): 18714-18723. DOI:
10.1002/¢b.29179.

[9] QIAO H, WANG Y F, YUAN W Z, et al. Silencing of ENO1 by
shRNA inhibits the proliferation of gastric cancer cells[J/OL].
Technol Cancer Res Treat, 2018, 17: 1533033818784411[2024-09-
02]. https://pubmed. ncbi. nlm. nih. gov/29986635/. DOI: 10.1177/
1533033818784411.

[10] ZHOU X, YAO K, ZHANG L, et al. Identification of differentiation-
related proteins in gastric adenocarcinoma tissues by proteomics[J].
Technol Cancer Res Treat, 2016, 15(5): 697-706. DOI: 10.1177/
1533034615595792.

[11] HUPPERTZ I, PEREZ-PERRI J I, MANTAS P, et al. Riboregulation
of Enolase 1 activity controls glycolysis and embryonic stem cell
differentiation[J]. Mol Cell, 2022, 82(14): 2666-2680. DOI: 10.1016/
j.-molcel.2022.05.019

[12] GAUDET P, LOGIE C, LOVERING R C, et al. Gene Ontology
representation for transcription factor functions[J/OL]. Biochim
Biophys Acta Gene Regul Mech, 2021, 1864(11/12): 194752[2024-
09-02]. https://pubmed.ncbi.nlm.nih.gov/34461313/. DOI:10.1016/j.
bbagrm.2021.194752.

[13] GAUDET P, DESSIMOZ C. Gene ontology: pitfalls, biases, and
remedies[J]. Methods Mol Biol, 2017, 1446: 189-205. DOI:10.1007/
978-1-4939-3743-1_14.

[14] KANEHISA M, FURUMICHI M, SATO Y, et al. KEGG for
taxonomy-based analysis of pathways and genomes[J]. Nucleic
Acids Res, 2023, 51(D1): D587-D592. DOI:10.1093/nar/gkac963.

[15] KANEHISA M, SATO Y, KAWASHIMA M, et al. KEGG as a
reference resource for gene and protein annotation[J]. Nucleic
Acids Res, 2016, 44(D1): D457-D462. DOI:10.1093/nar/gkv1070.

[16] WU J M, MAO X Z, CAI T, et al. KOBAS server: a web-based
platform for automated annotation and pathway identification[J].
Nucleic Acids Res, 2006, 34(Web Server issue): W720-W724. DOI:
10.1093/nar/gkl167.

[17] ADAMS W T, SKOPEK T R. Statistical test for the comparison of
samples from mutational spectra[J]. J Mol Biol, 1987, 194(3): 391-
396. DOI:10.1016/0022-2836(87)90669-3.

[18] GLICKMAN M E, RAO S R, SCHULTZ M R. False discovery rate

control is a recommended alternative to Bonferroni-type adjustments

in health studies[J]. J Clin Epidemiol, 2014, 67(8): 850-857. DOI:
10.1016/j.jclinepi.2014.03.012.

[19] GU J R, ZHONG K Q, WANG L G, et al. ENOLI contributes to 5-
fluorouracil resistance in colorectal cancer cells via EMT pathway
[J/OL]. Front Oncol, 2022, 12: 1013035[2024-09-02]. https://pubmed.
ncbi.nlm.nih.gov/36620599/. DOI:10.3389/fonc.2022.1013035.

[20] HONG M Q, LI T T, XUE W H, et al. Genetic engineering of
baculovirus-insect cell system to improve protein production[J/OL].
Front Bioeng Biotechnol, 2022, 10: 994743[2024-09-02]. https://
pubmed.ncbi.nlm.nih.gov/36204465/. DOL: 10.3389/fbioe.2022.994743.

[21] DINH D T D, KUHL S, GORTZ L, et al. Expression of ENOI is up-
regulated in low-grade glioma and positively correlated with
meningioma grade[J]. Anticancer Res, 2022, 42(5): 2319-2326.
DOI:10.21873/anticanres.15711.

[22] ZHANG T, SUN L C, HAO Y J, et al. ENO1 suppresses cancer cell
ferroptosis by degrading the mRNA of iron regulatory protein 1[J].
Nat Cancer, 2022, 3(1): 75-89. DOI:10.1038/s43018-021-00299-1.

[23] CASTELLO A, HENTZE M W, PREISS T. Metabolic enzymes enjoying
new partnerships as RNA-binding proteins[J]. Trends Endocrinol
Metab, 2015, 26(12): 746-757. DOI:10.1016/j.tem.2015.09.012.

[24] M58 VAR, e Jod , BRI TR, 45 P R 2 0 o P - oo 13 780 AT
P EE P 3 SOOI PR SCLI). P R A iR A, 2011,
18(5): 524-527.DOI:10.3872/j.issn.1007-385X.2011.05.011.

[25] SUN Q, CHEN X X, MA J H, et al. Mammalian target of rapamycin
up-regulation of pyruvate kinase isoenzyme type M2 is critical for
aerobic glycolysis and tumor growth[J]. Proc Natl Acad Sci USA,
2011, 108(10): 4129-4134. DOI:10.1073/pnas.1014769108.

[26] ZHAN P P, ZHAO S H, YAN H, et al. o -enolase promotes
tumorigenesis and metastasis via regulating AMPK/mTOR pathway
in colorectal cancer[J]. Mol Carcinog, 2017, 56(5): 1427-1437.
DOI:10.1002/mc.22603.

[27] SHIY Q, LIU J, ZHANG R Y, et al. Targeting endothelial ENO1 (alpha-
enolase) -PI3K-Akt-mTOR axis alleviates hypoxic pulmonary
hypertension[J]. Hypertension, 2023, 80(5): 1035-1047. DOI: 10.1161/
HYPERTENSIONAHA.122.19857.

[28] SONG Y, LUO Q, LONG H, et al. Correction: Alpha-enolase as a
potential cancer prognostic marker promotes cell growth, migration,
and invasion in glioma[J/OL]. Mol Cancer, 2015, 13: 235[2024-09-02].
https://pubmed.ncbi.nlm.nih.gov/25600072/. DOI:10.1186/1476-4598-
13-235.

[29] &7, X¥ERS, W2, % ENOL7E B T RE R H 5 8
P 12 28 T BE IR MR S M F S (00, R I R, 2019, 28(2): 143-149.
DOI:10.11735/j.issn.1004-0242.2019.02.A013.

[30] OHTSU A, AJANI J A, BAI'Y X, et al. Everolimus for previously
treated advanced gastric cancer: results of the randomized, double-
blind, phase III GRANITE-1 study[J]. J Clin Oncol, 2013, 31(31):
3935-3943. DOI:10.1200/JC0O.2012.48.3552.

[31] WANG C, JIANG J L, JI J, et al. PKM2 promotes cell migration
and inhibits autophagy by mediating PI3K/AKT activation and
contributes to the malignant development of gastric cancer[J/OL].
Sci Rep, 2017, 7(1): 2886[2024-09-02]. https:/pubmed. ncbi. nlm.
nih.gov/28588255/. DOI:10.1038/s41598-017-03031-1.

(WS HEAT  2024-09-03 [f&EIHEA]  2025-06-05
[Ax4wiE] Skl

are



