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Effects of galangin on proliferation, apoptosis and 5-FU resistance of colorectal cancer cells by regulating
FOX03-FOXM1 axis

YANG Liu, FENG Dan, YANG Li, TANG Ling, LUO Fei
College , Nanchong Sichuan 637000, China)

(Department of Pharmacy, Affiliated Hospital of North Sichuan Medical

Abstract: Objective To investigate the effects of galangin on the proliferation, apoptosis, and 5-fluorouracil (5-FU) resistance of
colorectal cancer (CRC) cells by regulating the FOXO3-FOXM1 axis. Methods CRC cells HCT8 and its drug-resistant cell lines HCT8/5-FU
were cultured in vitro, and then treated with different concentrations (0,5,10,20,40 wmol/L) of galangin to screen experimental concentra-
tions. HCTS cells were divided into the ctrl group (without special treatment) , NC group (transfected with empty plasmid) , L-galangin group
(treated with 10 pwmol/L of galangin ) , H-galangin group (treated with 20 pmol/L of galangin) , and H-galangin+sh-FOXO03 group (trans-
fected with FOXO3 shRNA plasmid after 20 wmol/L of galangin treatment). HCT8/5-FU cells were divided into the control group (without
special treatment) , 5-FU+NC group (treated with empty plasmid after 5 wg/mL of 5-FU treatment) ,5-FU group (treated with 5 wg/mL of 5-FU) ,
5-FU+L-galangin group (treated with 10 wmol/L of galangin after 5 pg/mL of 5-FU treatment) , 5-FU+H-galangin group (transfected with
20 pmol/L galangin after 5 pg/mL of 5-FU treatment) , and 5-FU+H-galangin+sh-FOXO03 group (transfected with FOX0O3 shRNA plasmid
after 5 pg/mL of 5-FU and 20 wmol/L of galangin treatment). The cell proliferation ability was detected by CCK-8 assay; the cell clone
formation ability was detected by clone formation assay; the cell apoptosis was detected by flow cytometry ; the expression of related proteins
were detected by Western blot. Results In HCTS cells,compared with 0 mol/L of galangin treatment, 10,20,40 pwmol/L of galangin treatment
decreased the cell survival rate (P<0.05). In HCT8/5-FU cells, compared with 0 wmol/L galangin treatment, 40 pmol/L of galangin treatment
decreased the cell survival rate (P<0.05). After 10 and 20 pmol/L of galangin treatment, the apoptosis rate, and the expression of FOX03
and Bax proteins were increased (P<0.05), while cell survival rate, clone formation number, and expression of FOXM1 and PCNA proteins
decreased in HCT8 and HCT8/5-FU cells (P<0. 05) ,and the MRP-1 protein expression in HCT8/5-FU cells decreased (P<0. 05). Knocking
down sh-FOXO3 could attenuate the effects of high dose of galangin on HCT8 and HCT8/5-FU cells (P<0. 05). Conclusion Galangin may
inhibit the proliferation, promote apoptosis, and reduce 5-FU resistance of CRC cells by regulating the FOXO3-FOXM1 axis.

Keywords: galangin; FOX03-FOXM1 axis; colorectal cancer; proliferation; apoptosis; 5-fluorouracil; resistance

25 H 19 (colorectal cancer, CRC) A 45 =K
HOLIREAE , 250 TOREE AR AL TR SR, LT AR R
CRC 9 405 R AE 50 2 LR B9 B 3 =
AR BT AT R IRNAYT & CRC 1Y F2RYT FB L H
CRCARIT i 245 P 1Y Hh B BOR T ROR B EY . 5- 9 R g
E (5-fluorouracil, 5-FU) /&2 — £k ALy7 25 %, & FiR)7
CRC A& Z R AE  EIR T 1 7 v 85 5 X 5-FU 7 2 it
25, AT R 5 G R . PR L X CRC & AR &
Ji& LA K 5-FU i 25 VE R WF 58 A7 B T I & BEA SR T 2
Yo m RZEFE—FEA KRR SEBTIRY) BT, 35
FTETm RZEd, BA W& MHURs S, pist ki,
o R 22 3R A A R 2R T REF caspase MK IR A2 175
TG AT B R 2 R R e A Pk
FEHT CRCYE 110 EEZ AW 22— XU &
R ZREAME CRCEEAEY AT G T, Him R
£ F A CRC 4 /Y 5-FU it 25 ¥ B 1w A& W
i

FOX ZRHE eV 2 W)t fevh R 5/ o
FOXO3 Hl FOXM1 fEH# Ak A& OCHEAEH . FOXO03 78
CRC %5 Z A th 235 F M, HAR 35 JE CRC /B35 Tl
JEAN RIS fEfs RS, 1 FOXM 1 H5H4n i T,
fiE JE 41 3 56 s HFOXMI #E CRC g 3k, I 5 Hlf

AR o B AR E RS AH DG, A B A CRC A )36 T 158
AN, BEA , FOXMI 5 3k Fl FOXO3 IR 3R 18 5 iE
G T 250 19 77 AR AT OC, H FOXO03 [ fig 8 o 1 1l
FOXM1 R ik ¥ 58 5-FU Tif £ CRC 40 I XF 5-FU ¥R 97 A L
JEE TR I CRC FaE R, SR, o R 2 R IE
i PEFE FOXO03-FOXM 1 521 CRC 20 i i7E i i AT 7 o
PR , AR SCHT i R 22 2% CRC 41 i A4 52 K FOX03-
FOXM 1 IE 5 ER , A G RS2t 2%

1 MR 57E*E

1.1 Z=mie
N CRC 4l Jifd HCTS . Tiif 24 4l ffd i HCTS8/5-FU ¥4 F
A AR YR A IR A
1.2 X7 54

5-FUIE H Fig a8 Y R 2R A RA R & R
FFW A VLK g B 25 RHE A FR/A R s CCK-8 1 1 ifg
7 SEMAE AR By A FRZS 7] 5 FOXO3 shRNA Ji Az I
FI 96 7 LB PR e 2 B IR 003 A B 2 ) 5 A0 1A
B A O T e A R R A BR A FD s — L
FOXO3, Bax 4 1 - ¥ (i) A= W BH B A PR A |) 5 — e
FOXM1,PCNA \MRP-1 1 H & W5 (L) AR A
RN W] 5 B-actin 19 [ _F b is A YR A BR 2 &) s HRP



B F A %% ] REG ANAT OPER SURG  2025,34(1)

http://www. jjssxzz. cn 7

B SE P P A ARt 2R R & R A R
N
1.3 Zmfasic
# HCTS 28 il 75 %5 10% FBS 1 1% Rt 1) RPMI-
1640 5¢ 4= 15 F5 0 P 55 3% s HCTS/5-FU 40 i ) 7 HCTS 24
JH B FE MR EARIN 5 we/mL B4 5-FU AT 5555, DU
HCTS/5-FU (i 251k
1.4 CCK-8 Al 2o i #

B HCTS Al HCT8/5-FU 41 ifd LA 1x10*/ml 43 51 32 Fh
T 96 fLAH , AR (0.5.10,20,40 pwmol/L) Y i
B2 R AL BRAN M, 05T 48 h; SR )5 (B FL 4 o A
20 L CCK-8ikFIFE 1 h, FERHHR L A4 HAE 450 nm
e A B G (optical density, OD)H , 31115 41 o A7
BE 6 M E AL, L EE 3K,
1.5 fafao 4R 3G5h 48 HAam)

¥ HCT8 40 i1 434 el 2 (NC 4\ L-13 R Z R 41 .
H-7 B 2224 H-5 B2 2 +si-FOX03 41, ctrl ZH 401
AR IR AR 3 5 NC 2H 40 i A L 28 BT 0T 5 L-imy R 2 R
2 H-rmr 2R A48 5 10 wmol/L .20 wmol/L ()
R 2 FE AL H- 1 R 22 F +sh-FOXO03 41 41 fig
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WEFE W7 B0 CRC 40 i BA 2R AT, Hoa] LA A
A KT, X PR R 22 R AT BB IR YT CRC YIS TE
B ASWESE e R 22 3R AL B A HCTS 4 i 1 5 fig
TR A TS BN, FLPCNA SRR, Bax Kk T
L R m R Z R CRC 4 M 78, (e R T,
HETTA ] CRC A i 5 [RIE, my B 22 A0 38/ 1 HCT8/
5-FU 4 JfL 3 56 i 0 AL R B, 40 TR i, B
PCNA K iiif 245 AH 45 I MRP-1 KK, Bax Rk T

/é@

®5 HHHCTS/S-FUMH FOX03. FOXM1 MRP-1 PCNA Bax & B RiA L (x+s)
241 5 FOXO03 FOXM1 MRP-1 PCNA Bax
X B AL 0.13+0. 03 1.39+0. 10 1. 40+0. 10 1.18+0. 13 0. 26+0. 05
5-FU+NC 41 0. 20+0. 04 1.27+0. 12 1. 3020. 12 1.31x0. 10 0. 30+0. 04
5-FU4 0.31=0. 05 1.32+0. 14 1.3220. 16 1.3420. 11 0.32+0. 04
5-FU+L-r R 2 H 4l 0. 68+0. 05" 0.87+0. 11" 0.93+0. 13" 0. 76+0. 09" 0. 85+0. 08"
5-FU+H- R 2 R4 1.24+0.07"* 0. 400. 10 0.210. 07 0.360. 07 1.26+0. 07
5-FU+H-155 B 32 % +sh-FOX03 41 0. 89+0. 06° 0. 68+0. 13° 0.72+0.11% 0. 69+0. 08* 1. 03+0. 06

#, 15 5. FU LA, P<0. 05;#: 5 5-FU+L-3 B £ F 40004, P<0. 05; A : 5 5-FU+H-3 B £ F 40 k3%, P<0. 05
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PR By R 22 0T Re L P 40 i G A L S R AR T
TR 24 8 2 38R BEAIE CRC T 24 40 Bk XS 5-FU B i
FOXO03-FOXM1 fili 78 2 Flfig 5 1) & A= % Jie S it 24
PErp R F A, FOXO03 & I 41 B, FOXM 1 /&
— PGB R S M A SR R TR 2R E R 3R E , 5
JiE 1 Ji8 %% YA OGN, PRl , FOXO3 i ik vl 42
HCTS/5-FU 4 i Xt 5-FU B REUEPE . FOXMI 1) & 2 ik
IR Hibvi oy |1 Woik 2 C N E ol (K= o A IR
Jo8 2 R SR 52 I CRC 40 I B9 3651 AR 78 % R R
I BT, Ak A BESE R, R FOX03-FOXM1
BhOT 145 S5-FU T 25 285 W7 988 40 L X 5-FU 3R T 19 50Uk
PE AR ES R B, 40 R Z R AP HCTS 41 i
HIHCTS/5-FU 40 i FOXO03 75 H 2635 TH 5, FOXM1 & H
TR, 3275 FOXO3-FOXMI flinf fEN S R #ER
Pt CRC 4t 3 Jie At 25 45 H 5 i — 20 0F 58 % R, i A1
FOXO3 Jl e 1 Wk B v R 22 28 % HCT8 4t i A1 HCT8/
5-FU T 245 240 J ok r) 365 8 41 o) 4 FH AR T A2 kAR L 3
Jn T HCT8/5-FU 4 M iy it 25 14 o X $2 7 =y R 22 =X
CRC & & J& Je 5-FU Tt 245 H (440 il /8 FH vT a2k o 7

FOXO03-FOXM1 #li52 8

zi b, R0 gl i 4% FOXO03-FOXM1 il #7

il CRC ZH MO 35 58 , A2 AR 1, T REAIR A0 B XS 5-FU Y

it 251 . AWFFE R CRC AR YT B4 1087 (% e 3L At

i R ER5IRRALI T 259 5-FU EA 1] RE & 5w b ik

RS R 2 RIVE RS . IR REREER

18 o AR AR L BT CRCIEYE AT it —25 4047 -

| 5% 30 Hk]
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