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FOXO04 131550 Fa e e S U AR el e e
G R AT S )55 )

TR, SO BT XIE B AR
(ZBEMKXFE—HWEERPHELSMNEBA, S 230022;> HMKXFEFR,HM  225009)
WE B R CER I 04(FOXO04) 3R 35X B i B 28 (GPL) (Y521 , I e W 58 2o o8 45 A Ae0Bs I e - 7 g e 42
B (COE)IRYT GPLIE ML . ik S IRRBARTINAE A5 5 %8, LA 170 pg/mL N-H N7 -fiff 2E-N-F A E K (MNNG)
A RK 5 0. 03% Eh AR TR JE 2 T AnpRIME SR 454 “famE 2 A28 1 47 PR3 (252 H NP4 10 mU/kg HE H 2% K A5 IR EY)
F R B GPL A 5 38 38 B2 # Kk VR 4 FOX 04 33 3235 TBR by (25 25 TRk B4 X6 1R ) #E 57 FOXO4 AR G K BRBELSY
J5 9 H(n=11) X B4 BiRIZH COE 4 . OE-NC ZH .OE-FOX04 24 .OE-FOX04+COE #H .shNC ZH .shFOX04 2H . shFOX 04+COE
A PAHR R 45 2 R 200 M 2 U BT O 5 BT R -3 LR 5 G e (2 ( AB-PAS) WAZR K L1 2 I 4 S B T 43 T 56 100 5 T
o2 A6 GPL K LB B A 4 20 (O FLIR & 4 5 THC K10 GPL K B 4140 /P FOX 04 OB 2 (HK2) M2 1 P i 1% 154 1
(PKM2) . #5 % Bi %32 25 11 1 (GLUTL) (FLAR B A8 A (LDHA) B ik 1E 50 s RT-PCR U %E iR 2 2 ) mRNA KF, &8
XA, COE 4] . OE-FOX04 20 .OE-FOX04+COE 20 FOX 04 5198 | B BhIps 28 B35 0l 3 | FLIR & ik Ak FR AR, A 400
B A R 1 PKM2 . LDHA \HK2 ,GLUT1 #3508 55 ; OE-FOX04+COE 415 COE 41 . OE-FOXO04 41 M [t , FLFR & 7K e /i, 4
KR PR ; SHEFIZH AN L, shFOX 04 2H . shFOX04+COE 41 FOX 04 3R 55 , FLIR ™ 1 TH e , A S8 i AH 562 11 PKM2 .

LDHA HK2 .GLUT1 Fik3E5% . 4518 FOX04 25 COE X} GPL iGI 7 VEH , HAMLH vl 68 -5 30 il A S MRz it ad A2 A %
KEER e BRI s BE R AL s SULHESR (1 045 A SAWE AR

FESES R285
THERARERD A XEHS 1000 - 1492(2026)03 - 0462 - 08
doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 03. 011

RN S (gastric precancerous lesions, GPL)
JEAE 18 R ) 15 R A 1 T 0P DG B o ) BT
X S AT T T BEL bR A R, SRR AR S
KR A AR (Warburg 80N ) (1) 55 005 2
GPL W H ZE 7 4E , © WA GPL T WA M 7R3 i
MK HE S H 04 (forkhead box protein 04, FOX04)fE
R SCSRAHE B 53¢ PR 7 G A% 0 i D3, T SE e 345
RS S PRS2 o T i 5 AR AL R R TR A AT A
FLAE GPL A (1 38 3K FRAE SO0 A S I % ik 14 18 45 A
FHIZ W WA BT AR A PR R o 3R 0T
A e RE B B (Celastrus orbiculatus extract, COE) AJ
G GPL R B 0 0 BB 05 , 10 15 M 2
U AR, HARSR BN B3 FOXO04 3 FKF,
FEARFLER & &, 31 T I8 & B I B 2 (hexokinase 2,

2025-12-01

Fe T H < F K HARBLAIE I (975 - 82274355) s A KAl
75 1 AR O IR H AU (4545 :2023-385)

FER I 0L, 55 B A
RWRZR U3, U2, FATR R, A1 A S B AR VR E-
mail : zhuyaodong2022@126. com

HK2) N R R4 M2 (pyruvate kinase M2, PKM2) |
W EEA ] (glucose transporter 1, GLUT1) .
L2 I A i A (lactate dehydrogenase A, LDHA ) &5 j
iz i G AR i 1 2655 . {H COE 1 #% GPL B PEIE 1Y
HAR G 7L i A BB, FOXO04 2 5 2 5 COE X
GPL 1T T3t 2 | RE 75 360 ok 3 2 A 400 T fp a2
FIZBOAIFRIAE . HE T I, AT FOX04 5
FIX GV GPL RS, 5 1 W1 FOXO04 XA
SRR T A ) RV E T TR A B ] COE 2 A5 o 1 3
FOXO04 235 , 10 1l il 19 e 5C B il a8 e FLIRR 2B AL
BB GPL IR TR0

1 MRS

1.1 ##l
1.1.1 #h4 8 HEME SPF 2 SD KL 99 H ,

Jiit (21010) g, ZRUE R R #5256 2 Py o 3 it
YA P ATIES : SCXK (%) 2017-001 , A% IES
340729220100026214, T % B EE R K 245256 sh )
OISR o ARSI 28 K2 B A0 B ZE DL st b
5 LLSC20220294 .,
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1.1.2 o aH & mMIEEEKA WA NEUEZ
WA BRZA B (5 :070510) , 2 BRI EUZH 3240 L F)
(Z1.2007100253433) PLALFR I T 21, Se Xt o g e Tk
Jr AT SROAL B CREE T B R LR R USCR) |, 7
Fi LA O, 455 I BT 55 4 BT 44 AR ] gt
PRI 5 3 2o i i 2% T AL R AC s R) O e A & R E R
A, BV 5 AR FH A [) R 3 790 2 2 B (2 ol
R LT B A ) A G HES G T 1A
il 5% COE, Ji 2238 o % J& A I 7 i A oA H: 32 20 Pk
%nii)igiie

1.1.3 XA TRIzol iXF] (3 [H Solarbio A A, #t =
R1100) ¥ 4% S0 & (bt 5 H A A BRA A L4t
7 RR036A) \RT-PCR A5 & (35 [E Promega A Al , it
5 A6001) N -HTJE- N - BE-N- VAl ZE I (N-methyl-
N’ -nitro-N-nitrosoguanidine, MNNG) ( H A& Kabushiki
I H], BT ZGATL-FP, 41 >98%) | 75 ARG e 6 1
(RIDFELE IR AEYRHAT IR A 7] LS G1004) et
Yo (b it 1 24 4 A2 R A R A | it
71014544 ) FLER G & (LR AE YR A R
A, 315 mLsh0715) ; —3t HK2 (32 [E Thermo Fisher
N F) L S PAS-29326) . PKM2 ( 32 [# Thermo Fisher
LS PA5-28700) \.FOXO04 (3£ [# Thermo Fisher
45 ), L5 PAS-32385) \LDHA ( 3€ [# Cell Signaling
Technology 23 ) , L5 35828 ) .GLUT1 (3% [# Santa 2%
), {5 se-377228) , —Hr 1l EPi e (3£ E Immuno-
Way 28 F] , #it*5 RS0002) ; 54 i Primer Premier 5. 0
AT B A T A TR e A BR A R A
FOXO04 i F& 3k ki (444K pecDNA3. 1 (+) , HindIIl/
Xhol ilf P11 45 , 4 A 4= FOX04 ¢DNA J¥ 31 NM_
001106331. 1, £& Sanger Il /¥ 55 4iF ) , FOXO4 T3k i
K (K pLV-shRNA 18 05 3 #00K , & 3 4588 )
shRNA ¥ %] : 5"-GCTGGAGTATCTGCTGTCTT-3" |
5'-GATGAGTACATCGTCCTGAT-3" . 5'-GCTGACA
GATGAGATGCTGT-3" , % Sanger I J¥* % 4iE ) o UL
#1,

1.1.4 = ZALE TSI00 8 & W e (h HA
Nikon 28 R HEML) F F B BB ZUB B0 5 W5, ik
KABELBEE Ry x100 OUEEREAR L5 1) 5 x200 (W%
J&) FRIR A ) 5 CFX96 B Touch PCR ¥ ( H1 25 [ Bio-
Rad 24 A 42 41) F T RT-PCR ¥ , 5z 1 7% 7 34 5
K295 CHIAEYE 3 min, 95 ‘CAE 4 15 5,60 ‘CiH &
30 5.72 ‘CHEf 30 s, 3L 40 MEIR, TR T 43P
[l 65 ~ 95 COIUEL | W 71 ) s KZ- 1T 2551304

*1 5/MWF3

Tab.1 Primer sequences
Gene Primer sequences (5'-3")

F: GGAGTGTGACGAAGACGAC
FOX04

R: CTTCTTCTGCTTCTTCTTCTG
P F: GCTGGCTGTTGCTGCTCTT

R: CAGGTAGGTGATGGTGATGGT
LDHA F: ACGCAGACAAGGAGCAGTGGAA

R: ATGCTCTCAGCCAAGTCTGCCA
1K F: TGGACGACCTGGACGACCT

R: GCCACAGTCCTGTCCTTCT

F: GGAGCTGCTGCTGCTGCTG
PKM?2

R: TCCAGTCCAGTCCAGTCCAG

F: CATGGCCTTCCGTGTTCCTA
GAPDH

R: GCGGCACGTCAGATCCA

(R Servicebio 2w HE4E) T B #4141 4
W E N 3 000 t/min, BERA)HE 30 s, T8 B 10
s B 3K,

1.2 A&

1.2.1 GPL KSR ME  SPFfEtE SD K Ui
I T RBBEFR R SR s Py o, 1R 3R BREE 45 i hy
TR (23+1)°C AHXHE B (50+5)% 12 h EHE/12 h 2B
W, B8 3 H, AR TC TP o i is o 1 R A T
BRROK B JE ekl 2 vk o TE R PR SR 1L A H
WS Bl B ik 1 O, HERR filt B S5 SRS #e b
WU R 92 (n=11) : X} AL AAYZH . COE 4 |
OE-NC 4 .OE-FOX04 £ ,OE-FOX04+COE 41 .shNC
ZH . shFOXO04 2H . shFOX04+COE 2H . [ %f B8 20 41,
HAYH LT 170 pg/mL MNNG TG B AE B /K 5 W
(REFAHE 4 1 7% H BAROK AR5 0. 03% Eh 12 75 e
BT AR R, SR i 2 d-25 1 dVIE IR, 2R
Y H R 10 mUkg ¥ H 2% KA TR WL, 1
B 6 JE] o i A [A] 4 JB] LA i 21 HE 2 i s 1 HEZS i
1] (BEAYZH 75260 min) , B O B RRAS € o A4S
WG R BENLANFE 1 R R, ICE B 8 4 4% £
REEEEE AN 4pm Y L HE M, H 2
29 BLRHEE I XUE B R, 2 BRCE FEETR AR 2 B S
BT E IS FE R b R A AR sl -
S AU A G AR RRAE Ry T AR ), A TR R )
FER AR 1 S5 A

1.2.2 FAa#E KE FOX04 it 3k ik L
peDNA3. 1 (+) JyzkiAk, i@ 1d HindI1/Xhol XL
AU A FOX04 4 K ¢DNA (NM_001106331. 1) ,
Sanger I /7 35 UF J3° 41 1E 5 P ;5 10 B J5kr 1€ FH pLV -
shRNA 12 %5 5 2k /& , &% 11 3 5% 88 ) FOX04 1y
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shRNA ¥ %1 (5'-GCTGGAGTATCTGCTGTCTT-3" |
5'-GATGAGTACATCGTCCTGAT-3" . 5'-GCTGACA
GATGAGATGCTGT-3" ), 2 Sanger I J¥* 5 IF 5 , i
i Western blot i P& @ Il RO Fe 08 7 91 T )5 2k 52
55, Z I B Eh S A DU 45 14 - SR T R VK R R 80 V
(HeAi e ) 120 V(I3 B L MR 90 V H R (4%
H AR 407 40 F i I EE TR 0 E —Pi A
ZH 1 GAPDH, #i R 85 H B FE it — 30, M58 Al
J5 , 18 F Western blot #1 RT-PCR 4F FOX04 13 3%
IR FNUTER AR, P Pfd JB MU Fae i IR i
FEMP AT G SR 5050 .

1.2.3 Jak# % GPL B IR B, OE-FOX04
4 . OE-FOX04+COE 21 K Fs J& # Dk 13 5 ¥ 4 OE-
FOXO4 57 ki ( I B M [ B, 1 mL/100 g 14 5T
i, R ), OE-NC 4 55 i GFP i ik BRifE Hy
[P %5 B8 ; shFOX 04 2H . shFOX04+COE 2H 13 5 e 45
shFOXO4 JFURL ([RI AT B 451 ) , shNC 20 7 5 4 L
¥ sShRNA JFORLAE R BIPEXT B . rS AR5 1.3 .5 A &4E
SR IE3 YR RS A o SR L TR B R BRUE
SRR BE FOXO4 122 238 FURL, 72 b J5 A5 I 15 26 5
FOXO04 mRNA , #EBCTH 85 2 4% DL b i fe R ik
IE S 5 IE A G, BORLAG B 2 HAnik s, T
JRE 5 K GIT 0 0 R 18 T (330 s, sBE AN ) TS E
WEE KA TCLIM . % e 25 5 il i qPCR 3o ik
BOR i PR 4 mRNA T =2 £ UTER LRI =50%
HEHE .

1.2.4 COE% R ARELmAYMEIEREL T
COE 452540 COE 50 mg/kg 7 & A | 1227 2 3 T 13
ST BRCHE O %« X 25 mg/kg . 50 mg/kg . 100 mg/kg
=40, T4 G L 50 mg/kg 2H B BRI FEAR
42% (2w THAMPIZ) , HLIMLIE ALT 7KF-(28. 5+
3.2) UL 5XFHR4H (26. 1+2. 8 )U/L £ R G5
S HERR IFEEPE XU . COE 4H . OE-FOX04+COE 4 .
shFOX04+COE 4 7F 15 15 H 1 2 Al J& , 45 T COE
50 me/kg VE B, AR T8 0. 9% MY SN T’
HEE LR, T4 TR AR SE .

1.2.5 #AKE HMER)E, KRS 12h
CHHROK) , ZR30HE G IR ARFE U 5 38 ] 25 BF
T T AL GRS B ) , BT B0 S
DPBS(% 1% HRR-HHER 4 CO) P BE TR
N S B BE i U K 4 ARl U B R BT, A
DPBS 5 22 vh sk ' Ji , JC B 4R 3% )7 B 1) 1 57 T MR 24
0.5 mm 5 H B, BILHLD 203 1A 4% £

5 F 8 31 5 8 P T BEAG I ) , 1 000 ¥ T G 1l EP 45
(B 1 mL TRIzol ik 7 , 80 ‘CHRAEH T-4>FHal ) , 45
I FEATE WibRIC L5 L G5 S ORI [A]

1.2.6 THC %% RREdlfbie a2 EnVision
Ak M) R B K ARSI A R £ 2% v (pH
6. 0) S BT FEME S (Fh 2k 5 min /K 10 min, 2R
), 3% it FAL R IEIFE 10 min BHWT P IEPE 5
A BT A 5 5% 1121003 37 °CHEE 30 min F 6] ; —
PLETEB&ELICHEILRH,PBS Z ol (%
0. 05%Tween-20) 5% 2 thPE 3 K (YK 5 min) o 45
FH Image-Pro Plus 6. 0 %4132 , 200 #LEF Bl AL 128 HX
SR S DR, I WO B A BUE R K SRR B
FEIREE

1.2.7 % 9% % & £ %% (immunofluorescence, IF)
VIR 4 5% BSA £ J5 , Il A 1:200 # B 1 — L
(4 CHEE B, VRGN 1:400 i B 1) 5 6AR
10 9T (L EHT R [gG Alexa Fluor 488/594,37 °Cikit
JEWEE 30 min) , DAPI AZ YL 4 5 min, i FH &2k
VR FNIEAT B 7 ab B, 7 2L AR U T X N
SR T (488,594,358 nm ) KA FIME, B FREA
BS54~ x400 PLET B PR BG4 — 20

1.2.8 RT-PCR %% HU 100 mg 41 ZIFEALA 2]
I A 1 mL TRIzol i35 )5 , {di FH 51 3 A % 20
UPEATFE 0 AR o iz BRI 8 () 45 A SR 4R LA
RNA, Bifi J5 R & RNA B4E 8 5B, H2E  IKTE
WA ST B O BRVE AR RNA 3805558 . PCR 4™
HEREHGAR S UL E T . LA GAPDH 1B A NS 3L
LR T 27 r i i AR C B L IR GraphPad
Prism 8. 4. 0 JKF5E 414Kl . RT-PCR 15 149))7
I 1,

1.2.9 teeE ik  FUIR & 2R IR 7L i
it 4 Ak GRR & A g A AR R A R
Al JRER R LR I S RE A5 K FLIR 5 NAD EAT
FE, A A AR A1 NADH, NADH 7E 340 nm Ab A
FEAE W AT 0 |, W8 ' B A 55 L TR ik 3 2t E A G s A
ik 7 A et 500 B U W 5 38 S AR FR (200 pL/ £L,
FREA 10 L AR 190 pl) ,37 CHEE 15 min J5
FHREFR AR 340 nm AbWESERE(H , A FEA T 3
ASATAL BUSEAR A bR AE 26 CFH 2 AR B 1 2L
i b ofE b 222 ) TR FL IR o &, R DU AT AR & A
T4 T A ot 3 RS T A e s ot S U A 156
FBESHENIAEE) .

1.3 ZitZ8®E Bl Hr kM GraphPad Prism
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9. 0 #AF, A B e 45 38 LASA(H + bR o 22 (s ) 1Y
X EI, EGT2AR 57w, P4 EE 1 LBk
FHAR ST REAS ¢ 6256 5 22 21 55040 1] 0 34046 EL iz
PO 5 225317 (One-way ANOVA ), P<0. 05 N 255
Bt .

2 #R

2.1 [RAL% $ /5 FOX04 & B 1 mRNA X i%
RT-PCR %5 3R 7, 4% 20 K U E F I FOXO04 mRNA
KiLEFA G FE LR R T 225007 : F=1 862,
P<0.000 1) : %f B 2H FOX04 mRNA % ik Jhy 3 i K
AT 2 A %) BE 2 B 3 R IR (P<0. 000 1) 5 OE-NC
41 . shNC 4 5 #5804 2% 53 JC G2 1T 2% 2 X5 OF-
FOXO04 21 . OE-FOX04+COE £H %5 5 1 2 W 35 T i
H OE-FOXO04+COE 4 & F OE-FOX04 41 ( ¥y P<
0.000 1) ; shFOXO4 2 45 #5 AU 2] & 3% B K (P<
0.000 1), shFOX04+COE 20 % shFOX04 41 & % T
1 (P<0.000 1) S5HIRIA A 25 3 oS i X,
7R COE A] #4300 5 FOXO04 YT R A . LK 1A,
BPEDEIGEE R B R R FOX 04 75 1A 2618500t g
20 5. FF&(P<0.000 1) ; OE-NC 4H .shNC 41 551
HE R TG X ; OE-FOX04+COE 41 35 i
¥ (P<0. 000 1, & T OE-FOX04 41 ),shFOX04 4 |
shFOX04+COE 4 & ik i 3 F# K (1 P<0.000 1) .
LI 1B,

2.2 FOXO4HFi%# MM COE Xf GPL X RiAIT1E

A

g
(=
1

skskok

n
T

sksksksk
sekskok

Hit

The relative expression quantity
of FOX0O4 mRNA
=

0.5r
ok
0 a b ¢ d e f g h i
B a b c d
FOXO4
DAPI

Merge

B SRR H A 2 K R B Al B A e 3
L, AR R T8 HOGPE BERRAIR , 260 3% 18 AT DL #c7E
A3 A R AR BRBE bR L k: . AR AR AL, OF-
NC 2H .shNC 2 K B H ZATC W] B 22 4k ; COE 4H .\ OE-
FOX04 4 LI K OE-FOXO04+COE 20 114 15 75 i 4 5 52
PRI R - RS LR T A H B BE 2 R s I
Il shFOX04 45 shFOX04+COE 2H 114 & %k Ik 45 5%
TN S A5 RELRE D6V B AR A, BB U5 381 JBE A R S i
DL 2A o Bl i - o R =5 I 4 4, (alcian blue-
periodic acid-schiff staining, AB-PAS) %2 g 75 , £
RUZH R RG2S 2 B b . AR
FHEE , OE-NC 41 . shNC 41 K BUE #6262 S BE
W25 e Ak JC A 284k ; COE 4H \OE-FOX04 4H . OE-
FOXO4+ COE 2 B Zh R 2 195 | SR 26 M &
N, H OE-FOX04+ COE 2H 15 B [ o 422407 1F 4
K RUH BB 5 8R4 A L, shFOXO04 4 |
shFOXO4+ COE 41 & Z B 522 A8 | 2% 171 8 VR FfT
s, ULE 2B,

2.3 FOXO04 /S COEX GPL X R BHEFL B4
LB RN SR FH A2 b A K I GPL K B 26
MG, SUERAFITHE X CANE %5
BT : F=880. 9, P<0. 000 1) : X B 22L& 7% & Jy FL1f
IOV B AR L 0] B2 (8 3 T (P<0. 000 1), 54
RIZH A L : OE-FOXO04 4 . OE-FOX04+COE 41 3L /iR
S TR (P<0.000 1), H OE-FOX04+COE
2H BT R B4 7K OF- 3 shFOX 04 HFL IR & 1 % |

E1 FAKRRFOXO04MFRIEER
Fig. 1 FOXO4 expression in rats in each group
A: FOX04 mRNA expression in rats in each group detected by RT-PCR ;

B: FOXO4 protein expression in rats in each group detected by immunofluo-
rescence assay X400; a: Control group; b: Model group; ¢: COE group: d:
OE-NC group; e: OE-FOXO04 group; f: OE-FOX04+COE group; g: shNC
group; h: shFOX04 group; i: shFOX04+COE group; ##P<0. 000 1 vs Con-
trol group;™"P<0. 000 1 vs Model group.
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El2 FOXO047 COE&YT GPL ARIE 2RI NG
Fig. 2 The effects of FOXO04 during the treatment of GPL rats with COE

A The effects of COE on gastric mucosa morphology in rats with GPL (macroscopic view X1); B: The effects of COE on pathological changes of

gastric mucosa in GPL rats (AB-PAS staining %200) ; a: Control group; b: Model group; c: COE group: d: OE-NC group; e: OE-FOXO4 group; f:
OE-FOX04+COE group; g: shNC group; h: shFOX04 group; i: shFOX04+COE group.

F+(P<0.000 1) ; shFOXO04+COE 2H FL12 7 & b 35 1%
fil(P<0.000 1) BT TAREAVH K- WAL 3.

2.4 FOXO043f GPL H RIEE R X BEEHIEIEME
A gl feds B (K 4) R LDHA, GLUTI,
HK2 PKM2 £ [ 28 {57 T 5 26 5 4t A 20 it Jog . A5 A4
4 4 Fh B 128 BN I 4L I 25 58 COE 41 . O-
FOX04 4 .OE-FOX04+COE 20 323k W S REA% , B
2H 3004 %R i 5835 . shFOXO04 41 LDHA . GLUT1 .
HK2 RN AR 20 i — 253 0, PKM2 22 R o481t
22 7 5 shFOX04+COE 4 #3555 shFOX04 21 . 3%
W AP (1 FRIB A W5 . mRNA & & 017 8
/R ([#5), 440 LDHA .GLUT1 .HK2 .PKM2 mRNA 3
RESAGIFE L (REE I 2200 : LDHA: F=
233.6, P<0.000 1; GLUTI: F=268.3, P<0.000 1;
HK2: F=781.2, P<0.000 1; PKM2: F=350.9, P<
0.000 1), #5541 2H mRNA % %F B8 20 1§ 2 75 (P<

0.8

sk
- fieai

¢
=N

Stk skskesksk

skesfeksk skofoksk

<
%]
T

The relative expression quantity
of lactic acid content
S
i
T

0

a b ¢ d e f g h i
El3 FOXO4HIRIAI GPL AR BHEAANIRE EHIHM
Fig. 3 The effects of FOXO4 expression on lactate content
in gastric mucosal tissues of GPL rats

a: Control group; b: Model group; c¢: COE group: d: OE-NC
group; e: OE-FOXO4 group; f: OE-FOXO4+COE group; g: shNC
group; h: shFOXO04 group; i: shFOX04+COE group; " P<0. 000 1 vs
Control group; ™"P<0. 000 1 »s Model group.

0.000 1) ; COE 41 . OE-FOX04 4 .OE-FOX04+COE
ZH S5 B B IS (357 P<0. 000 1), 164 41 30 il 258 S0 o
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3%, shFOX04 4] GLUT1 .LDHA ,HK2 mRNA %44
HIZH F+ 25 (P< 0. 000 1.P<0.001.P<0.01) , PKM2 2%
SIGE T L ;shFOX04+COE 2H 5 shFOX 04 21 4H
F,GLUT1 HK2,PKM2 mRNA {57+ (P<0.000 1,
P<0.001.P<0. 05),LDHA 23 T4 1= X

3 g
M AL G rh R R 2R AR RS St M)
a b c d
LDHA
GLUTI1
HK2
PKM2

A2y, B R XUBR T 36 I 2 T BB R S )
RE S, AR B oY 3R W AR O B 2 s i
I A RE PGSy, A P sk P
RET 2 29 FVE ] . IR A A I B g e
COE AJ 3 2o 7 i A5 S8 e e 16 4% GPLiJE R, {H COE
XF FOXO4 (1) 45 1E FH B — 38 10 M T A v ) B i
KW, AW ERB], COE 1l L GPL KR
B3R FOX04 ik, H FOX04 13 %35 5 COE B &

e f g h i

4 GPLARBFEALHLDHA.GLUTI.HK2.PKM2E B KIEELE COE.FOX04EERRER  x200
Fig. 4 Immunohistochemical detection of LDHA ,GLUT1,HK2,PKM2 expression in gastric mucosal tissues of GPL rats
and the roles of COE and FOX04 %200

a: Control group; b: Model group; c:
shFOXO04 group;i: shFOX04+COE group.
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COE group; d: OE-NC group; e:

OE-FOX04 group; f: OE-FOX04+COE group; g: shNC group; h:

2.0r
2
§< sk .
e Hkkk
L sekskok
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g
e}
o
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E%305F
2
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=
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0
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=
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a b ¢ d e f g h i

5 COE 3f FoxO4 Bt /5 GPL K R B HIE AL 1 LDHA .GLUT1.HK2.PKM2 mRNA 3R % #9 §£1
Fig. 5 The effects of COE on the mRNA Expressions of LDHA, GLUT1, HK2 and PKM2 in gastric mucosal tissues

of GPL rats after FoxO4 plasmid transfection
a: Control group; b: Model group;c: COE group; d: OE-NC group;e: OE-FOXO04 group; f: OE-FOX04+COE group;g: shNC group; h:
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Mechanistic investigation of FOXO4 in Celastrus orbiculatus
extract-mediated inhibition of aerobic glycolysis in the therapy

of gastric precancerous lesions
Pan Ziwei', Wen Junsong', Yao Xuedan', Liu Yanqing’, Zhu Yaodong'
(" Department of Integrative Medicine and Oncology, The First Affiliated Hospital of Anhui Medical
University , Hefei  230022; * The Affiliated Hospital of Yangzhou University , Yangzhou — 225009)

Abstract Objective To investigate the effects of forkhead box protein 04 (FOX04) expression on gastric pre-
cancerous lesions (GPL) , and to clarify its mechanism in mediating the therapeutic effect of Celastrus orbiculatus
extract (COE) on GPL by regulating aerobic glycolysis. Methods Referring to the previously established com-
bined modeling protocol in our research group, a rat model of gastric precancerous lesions (GPL) was constructed
through the following procedures: rats were given free access to 170 pg/ml. N-methyl-N' -nitro-N-nitrosoguanidine
(MNNG) solution for ad libitum drinking, fed with a diet supplemented with 0. 03% ranitidine hydrochloride, and
treated with a cycling regimen of “2-day feeding followed by 1-day fasting”. Specifically, on the afternoon of each
fasting day, the rats received intragastric administration of 2% sodium salicylate at a dose of 10 ml/kg body
weight. FOXO4-silenced and overexpression model rats were constructed by tail vein injection of plasmids. The
rats were randomly divided into control, model, COE, overexpression negative control (OE-NC), FOX04 overex-
pression (OE-FOX04) , OE-FOX04+COE, silencing negative control (shNC), FOXO4 silencing (shFOX04)
and shFOXO04+COE groups. Gastric mucosal histopathological changes were observed in each group. Lactic acid
content in gastric mucosal tissues was detected by colorimetry. The expression levels of FOX04, HK2, PKM2,
LDHA and GLUT1 were evaluated by immunohistochemistry (IHC) , and their mRNA levels were determined by
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RT-PCR. Results Compared with the control group, the COE, OE-FOX04 and OE-FOX04+COE groups exhib-
ited significantly improved gastric mucosal lesions, reduced lactic acid levels, weakened expression of aerobic
glycolysis-related proteins (PKM2, HK2, LDHA, GLUT1), and enhanced FOX04 expression. The OE-FOXO04+
COE group showed the lowest lactic acid level and more pronounced changes in related protein expression com-
pared with the COE and OE-FOXO04 groups. In contrast, the shFOX04 and shFOX04+COE groups displayed in-
creased lactic acid levels, enhanced expression of aerobic glycolysis-related proteins, and reduced FOX04 expres-
sion compared with the model group. Conclusion FOXO04 expression is involved in the inhibitory effect of COE on
GPL, possibly by regulating the aerobic glycolysis process.

Key words Celastrus orbiculatus thunb; extract; gastric precancerous lesions; forkhead box 04 ; aerobic glycoly-
sis
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