[ iR A iR 24 hitp:/www.biother.cn

Chin J Cancer Biother, Sep. 2024, Vol. 31, No.9 - 871
. aR
DOI1:10.3872/j.issn.1007-385x.2024.09.005 ’—%5* ‘ﬂ- 7U

& S8 i3 FOX03-FOXM1 3HiF1% B IR BR = BCPAP e pYIE%E . 1T
BRI 24

FHRAE L E? FRHC AR G (L FAAIAER B 5, T &K E 050011:2. &M T RS ER
3R, AL M 06100053, M T P BT 25, AL & 061000)

[ E] a6 %505 DB X k& E B 03(FOX03)-FOX 125 M1 # 5% K T (FOXM1)E 5 38 B R 125\ FUIR i Jes 2 g
BCPAP 1 £ 2 H 2 (DOXO i 25 BCPAP 411 s (BCPAP/DOX) ({38 5l T A HLITI 2. % ok 5 M 3% BCPAP 412, il BCPAP 41l
Jid ¥ BCPAP/DOX ZHJifd , FI MTT 246 A Rl ¥ ¥ 75 5 A %+ BCPAP F1 BCPAP/DOX I 4 5E K154 » # BCPAP Al BCPAP/DOX
Y73 2 Cerl 2. (25 AT R D | sh-NC 41 Ci% 44 sh-NC kD) KR B 7 B i 2H.(0.10 mmol/L) « =iy FE 75 S 26 (0.15 mmol/L) =ik
B 7 5 (0.15 mmol/L) + sh-FOXO03 41 (% 4% sh-FOXO3 fi i) , Fl %4 4eik 7714 sh-NC JFi#i Fl sh-FOXO3 Jii 4 5% %5 #H M/ ) BCPAP
FIBCPAP/DOX 4 fidH . F CCK-8 9% KR M & SLIG AN WB 12 73 T A I % 2E 400 P Ry 389 9 3T B B 77, BA & FOXO3.FOXM1.BAX.
MMP-9 142 257 25-1 (MDR-1) & [ (315 . 4 K £ BCPAP F1 BCPAP/DOX 4H iy 7 e D M ek 1 FOX O3 [ , Ik B Al vy
TR 5 T 34 ] 525 $41 BCPAP A1 BCPAP/DOX 4 i () B4 58 3E R R 77, AR 41 i - FOMX 1. MMP-9 5{ MDR-1(BCPAP/DOX 4l
D & A HIRIE , 32T FOXO3 Fl BAX & H ERIE (B P < 0.05) , SRR B LU, ik B 25 S R 1A F S8R 238 (381 P < 0.05) , i &k
FOXO3 & T #4310 4 75 T Wi % 3% Y R 40 i B0 /E (B P < 0.05) . 48 275 S AT BE i ik FOXO3/FOXMI 1% 5 il % 18 4% BCPAP
FIBCPAP/DOX 4 {138 5 AT F2 58 77 , Pk BCPAP/DOX 21 i Ak 7 i 4 14

[RBIA] & S k& E A 03; k& W M1 FE T 5 ORI 3958 3278 5 (b7 i 245

[FE5ES] R736.1 [ZHtFRIREE] A [XEHE] 1007-385x(2024)09-0871-07

Germacrone reguates proliferation, migration and chemoresistance of thyroid
cancer BCPAP cells through FOX03-FOXM1 axis
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[Abstract] Objective: To explore how germacrone regulates the proliferation, migration and chemoresistance of human thyroid cancer
BCPAP cells and doxorubicin (DOX) resistant BCPAP cells (BCPAP/DOX) through the forkhead box O3 (FOXO3)-FOX subclass M1
transcription factor (FOXM1) signaling pathway. Methods: BCPAP cells were cultured routinely and used to construct BCPAP/DOX
cells. MTT method was applied to detect the effects of different concentrations of germacrone on the proliferation of BCPAP and
BCPAP/DOX cells. BCPAP and BCPAP/DOX cells were divided into control group (Ctrl), negative control group (NC, transfected with
sh-NC plasmid), low concentration germacrone group (0.10 mmol/L), high concentration germacrone group (0.15 mmol/L), high
concentration germacrone (0.15 mmol/L) + sh-FOXO3 group (transfected with sh-FOXO3 plasmid). The sh-NC plasmid and sh-FOXO3
plasmid were transfected into the corresponding BCPAP and BCPAP/DOX cells with transfection reagents. The proliferation and
migration of the cells were detected using CCK-8 assay and scratching healing assay, and the expression of FOXO3, FOXM1, BAX,
MMP-9 and multi-drug resistant-1 (MDR-1) was detected using WB assay. Results: The expression of FOXO3 was successfully
knocked down in BCPAP and BCPAP/DOX cells. Both low and high concentrations of germacrone could significantly inhibit the
proliferation and migration of BCPAP and BCPAP/DOX cells, reduce the protein expression of FOMX1, MMP-9 or MDR-1 (in BCPAP/
DOX cells), and increase the protein expression of FOXO3 and BAX (all P < 0.05). Notably, the effects were more significant with

high concentration germacrone compared to that of low concentration (all P < 0.05). Knockdown of FOXO3 partially reversed the
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effects of germacrone on these cells (all P < 0.05). Conclusion: Germacrone may regulate the proliferation and migration of BCPAP
and BCPAP/DOX cells and reduce chemotherapy resistance of BCPAP/DOX cells through the FOXO3/FOXM!1 signaling pathway.
[Key words] germacrone; forkhead box O3 (FOXO03); FOX subclass M1 transcription factor (FOXM1); thyroid cancer; proliferation;

migtration; chemotherapy resistance

[Chin J Cancer Biother, 2024, 31(9): 871-877. DOI: 10.3872/j.issn.1007-385x.2024.09.005]

FHOLR B J - — i o 20 A S P e, 7E At R
IR R A T AT Y a4k R R HOIR IR O
WL T A 73 A/ D) 2 1 FEOR s T o g 3 Ve T 1) —
FHUR IR, B AT R B RE T T BAR A R,
I A ROR YT TENIE R R AR EE . 3
K, —Mfege B2y, R R RB, AR EA BT
i g A AR L R A T A B R A B AN R .
il 2 AN FR A Hh i B — o RO gy, R RE B o
SR PR, YL AHE (forkhead box, FOX) ¥ % K T /&
—MHEFE, Z5MPALRNERKREIREY. Hh
FOX . 2% M1 (FOX subclass M1, FOXM1) 7 £ F 3%
PR s R IE S e A T 4 R RN A e 1
FERESGEMBRERE RN, X
3L AHE 2K 1 03 (forkhead box 03, FOX03) , ] Ll 5
FOXM1 &5 & 3 i 8 42 I e A2 ik fg , 25 e A ji
IiF S H A AR 25, FOXO3 78 8 4E H 1 1 F o B
A ST, FLAE TR 4 P b 2 0 B R T s 4 PR
V. TS EA A FOX03/FOXMI 15 53 #
SoF N FFUR A 9o £ B 89 5 < 3 % A I TR 24 7 A B2 i
W EEARGE . B, AW AR A S B N IR R
T 4 Mo 3G 58 L IE B AT I 24 14 52 i DA &2 FOXO03/
FOXM1 15 ‘5 3# % B /E A, il R YA T7 IR e 4 it
TETE IR R

1 MR5EE

1.1 fmieh = 2X7)

N HUIR i 40 i BCPAP T B s 4l B AR W) R
BRAF . & SEE A RBFHE AR A,
% Z bt & (doxorubicin, DOX) W B _F i 58 58 AR A4k
B ARAR . M4 miEWE R sk A
BHE AR A IR 2 5 , DMEM 41 g 55 57 W% B 7a A% 35
s R AR R G AR AR, MTT 5 L
Oy BAL R ARA IR A 7], CCK-8 4 i 11 20 771 & 0
H N EFERIE A R A 5], FOXO3 i ik A X HE i kir
Y b PR D R e B A A PR o =) ) 4%,
e 71 Lipofectamine 2000 I H 3% [ Thermo Fisher
Scientific 4 @ , P FOXO3.FOXM1.MMP-9.BAX .
GAPDH —§it ¥ B % 15 (L) AR A R A
H], AR IS A A (HRPO AR L =Edt e 5t B
g rRAMBHEAARA A .

1.2 #mfa3d 342 DOX & 2 2m fi BCPAP/DOX #9 44 3

+# BCPAP 40 & T3 10% A 25 I3 Al 1% 75 -5
&K ) DMEM ;755 mh , 7£ 37 °C 5% CO, B 7546 vh
Br 7% o FSCRR[ L] ) 77 v A6 7R I 24 40 B - 70060 500
A=K 1) BCPAP 40 i 3% 72 W HH N 0.01 pmol/L DOX
AbBE, AR SRS TR 48 h JE , WS FRIR PBS RS, NN
Pt B IR S 9 48 he MUK B A KSR,
K 0.01 pmol/L DOX 557 . HE il /E I & i
¥ 1 0.20.0.50.1.00 pmol/L DOX % 5, B 3| 1% 9213
BFE BN 2540 M . )5 22 H 1.00 pmol/L DOX K H
FEFRORFRI 2412
1.3 MTT & 4 M 1 B ik B 49 & 5 B xF BCPAP #»
BCPAP/DOX %1 3838 & 71 69 %R

5 xF 5 AE K3 1) BCPAP F1 BCPAP/DOX 41 fitd A
6 x 10°/N/FL4Fh %2 96 fLAR H, 15 9% 12 h J& , FHAS R
JE ) 7 D H (0.0.05.0.10.0.15.0.20.0.25 mmol/L) &b
PR, 55 7% 48 h e, FEALHIIN 10 pL ) MTT ik
), 4k 285557 4 h, H 2 D) ae B AR Ak I 540 nm AL 1Y
HHE(DYE , L DAEARE AT . 40 AEis =it
HAR A ER = CERADE - EAHADE)/
(R DIE - FAHUADAED x 100%.

1.4 fmfasm it

W L K% 3% BCPAP A1 BCPAP/DOX 4H Jfi , 7
BCPAP/DOX #iJffd 5 7%t il A 1.00 pmol/L DOX. ¥4
BCPAP A1 BCPAP/DOX 41 il 43 1] 43 A« =5 1 5 HR 41
(CtrD) IR (NCD KA BE 7 58 (0.10 mmol/L)
.5 E T SEH0.15 mmol/L) + si-FOX034H. H
#: 4L 3% 7 Lipofectamine 2000 K 25 % 44 A1 il ek %%
At G 52 sh-NC 21 A1 = ik &2 35 55 i (0.15 mmol/L)
+ sh-FOXO03 41 BCPAP il BCPAP/DOX 41 ity , 4 ity
BE IR A IR T (I 8] 2 S AT 5 S5 .

1.5 CCK-8 &AM &4 m e 638 74 7& 7)

# BCPAP.BCPAP/DOX 4 s (6 x 10° 4~/FL) 2
P2 96 FLAR . 3% 1.4 TP i BRAN AL . BCPAP 41
K595 4 24.48.72 hit} ,BCPAP/DOX 4l i 15 72 £ 48 h
i, BIN 10 L CCK-8 171, 4k 823578 2 h 5 , H BAx
XK W 7E 450 nm Ak (1 % L 1) D AH , v 50 41 A7
TEE
1.6  X|JRASF AN X 48 BCPAP 4 i 69 1L 45 At

¥ BCPAP 411 i LAEEFL 3 x 10° AN Ao 20 o & i 422 Fol
FlofLIR A A K 2 2 A 5, R E 2R
Uity ) BE A D, 4R 5 FH PBS YR 3 IR 4% 1.4 Hh ik Ab

are



b

EE, & SEIER FOX03-FOXMI i 1 B R iR BCPAP 41 it 38 58 3T A% Ak 7 it 24 - 873 -

FRYHA S22y 2H . 7E 0 148 it 5 B B s g 3
T AR AR, HREA X RPIREE,, - X
JRVEE D/ RIRTERE > 100% tHE R & A &
1.7 WB k4 | & 41 BCPAPB.BCPAP/DOX % it &
FOX03.FOXM1.MMP-9.BAX & & #9 % i

% 1.4 /R 7y A0 3 BCPAP.BCPAP/DOX 4l il ,
K597 48 h Ja WA - AL 4N, FH 2 (1 B4 ) 77 () RIPA
RREM RN PRI AT A . B E
& )5 , Hl SDS-PAGE 7 &5 , % #% 2 % i — 9 & W5
(PVDP) I I, FH 5% Wi A 7L 2= 35~ 4038 1 h, W n$
FOXO03. MMP-9.FOXM1.BAX.GAPDH $itk (i &
PR IR R LB 355 101 0000 7E 4 °C R AL B i 7%
HRP #ric 9L =i FAH 2 h, Fl ECL B i & 1,
F Image Lab™ #4478 H At E K 1B
1.8 %itsabs

f8 H1 SPASS 25.0 A AT G it 2 i , B S 58
WEE IR b ERIER R Ay s AR E
AT TR 8 2 20 2 1) () 22 S, 1dF — 20 T 4L TR) B
K FH Tukey K256, L P< 0.05 8% P< 0.01 #oRn = F HA
GuitEE Lo

2 # R

2.1 £ BCPAP #= BCPAP/DOX m Jitt ' sk 2 Hu &k T
FOXO03 # % ik

WBZEAE I 45 5 (B 1) 2R, 5 Ctl 4 . sh-NC 4
kL 5, sh-FOXO03 41 BCPAP 1 BCPAP/DOX 4l fitl,
FOXO3 i H R XY B E LI P <0.05) . SLEEE
2B, sh-FOXO03 41 BCPAP A1 BCPAP/DOX 4 ffl
I EIR T FOXO03 3Rk

A B
FOXO3 s s s FOXO3 - s s

GAPDH SENRERENR  GAPDH S NS S

& 'éo $o“> & 'éo $o“’
& Q ¥ O
¥ ¥
0.8 0.6
B B
o %6 I 04
HSH 0.4 . HSH N
0.2
g 0.2 g
£ £ 0
& 'éo > o 'éo oS
0 ¥O
¥ ¥

5Cul 4, P<0.05; 5SNCAELH,“P<0.05.
E1 44 BCPAPZHA(A)FI BCPAP/DOX 4B (B)
F1 FOX03 E AKX

22 F LEAT 2 ¥ 474 BCPAP.BCPAP/DOX % it

GG E /)

MTT 246 25 3 (2 BoR, 5 Ctrl 41 (0 mmol/L
5D P, AN R R I T L W A 2R BCPAP
BCPAP/DOX 4 i Ji5 » £ ZH 40 a1 A7 7% 2 35 BH 0 PR AR
(#41 P <0.05), 5% 0.05 mmol/L 7 i kb P i) BCPAP/
DOX A i AP IR R 5 Cul KA B2 740, HiAh
S A0 M AT IS RS Cul 41 iy B35 T % (3
P <0.05 . Scio g Rt B, 5 D e] B S 0 )
BCPAP F1 BCPAP/DOX 4 i (138 FE G 11 . N T 84
T I X 2m M = A ik 5 ) 8 AR D, & 4% 0,10,
0.15 mmol/L 1) 7 Syl AT 5 8L 555

—@— BCPAPAIi
B BCPAP/DOX#H il

100 x * .

50

TS /%

O.E)S 0.10 0.1I5 0.2IO 0.2IS
# A /(mmol-L)

5cul A, P<0.05.

2 FERE = SEEY BCPAP # BCPAP/DOX

MAETF R

23 F LERT 2 F % BCPAP 4938 74 & /) i SR
FOXO3 T 3 5~ 1% 4% X A4 F)

CCK-8 VA 45 5 (F 3) B, 5 Ctrl 41 . sh-NC
A BRI AR P 5 SH IR 2L v R P 5 S A 41 BCPAP
MR AEE R RE FREHGYP<0.05. 51K
TR FE 5 R 2H LA, v R B S i 4 BCPAP 48 il 1Y)
FHEFMYEZETHEMIP <005 . 5HEKEH Y
A ZH EL 2, vk 7 S + sh-FOXO3 20 BCPAP 411 iy
PIAFE R R b BT P <0.05) . LI 4R
VLA , 75 15l AT 5525 0] BCPAP 41 B i 8 BE 35 77, 1
IR FOXO3 WU R 5 73 100 4 =5 5 Il () 4t/ FH o
24 5 LER T B R 4% BCPAP a fe 9 it 45 58 /1
M FOXO3 W) 7T 3 4 1% 453X — A F)

RIJR B s ik M &5 R (Bl ) BoR, 5 Cerl 4
sh-NC 2 L #, AR FE 35 5l 9 B2 3 55 i 41
BCPAP 21 fitd ()3T # R 7 ¥ B &5 T % (3 P < 0.05) .
SRR FE 5 S 2H B2, vk B+ Sy A 2 BCPAP 4]
M RR A RSP EMP <005 . H5EEK
JEE 55 5 W 2H BB, v R S S B + sh-FOXO03 4
BCPAP 41 il ) RIJR i & 2 B B+ & (P < 0.05) o 5L
3645 R AE L 7 5l AT 8 2 0 ) BCPAP . 41 B 1
TR WS 77, M0 Rk FOXO3 W A 358 43 386 4% 5 5 i
X I b 40 T # R T A



- 874 -

rh R AE MR T 2R &, 2024, 31(9)

Il CtrlZH | — RiS7E ST TN
B sh-NC4 B R B A 4

100 *A

S BLAFIE 1%

24

B iR DEA4 + sh-FOXO0341

48 72

i} i)/h

5cul A%, P <0.05; 5 NCHLLE, “P < 0.05; SRR DA LLE, VP < 0.05; 5 5k B 7 D4 Lh i, 4P < 0.05,
B3 MTTERNZLE BCPAP AR 78R

1 2 3 4 5
(=]
[ 20
<
0

100
80

Y
=
T

RMREER/%
-

1 2 3 4 5

1:Ctrl 152 :NC ;3 AR & S ;4 =ik B &5 DAL ;5 =ik &5 B EH4 + sh-FOXO3 4. 5 Cul2Hk#, P < 0.05; 5 sh-
NCALLL#E, “P < 0.05; SRR LRI LLE, 4P < 0.05; 5 &R DEH4 L, VP < 0.05.
El4 XIIRAA LIS &LH BCPAP 40REIEF5 (x50)

2.5 F 3 BRA T {& & 40 BCPAP 48 it  FOXM1 #=
MMP9 % i 8] £ 4 {& .FOXO03 /= BAX & &1 X A ] &
F & f B FOXO3 W) 7T 3 4 1 4% 3% — 1 )

WB 246 45 3 (] 5) R, 5 Crl 41 . sh-NC 41
A, A VA FE o S 4 v ¥R B 5 S I 4 1¥) BCPAP 4
Jfl s FOXM1. MMP-9 & [ (1) 32 1k 3 i & [FE K (33
P <0.05),FOX03.BAX & [ R IE ) &2 = (3
P <0.05 ; SRR SE & S AR LG, =ik B o Sl 2
BCPAP 4 ifl t FOXM1.MMP-9 & [ ) £ ik %) i %

1 2 3 4 5

HOXO} e o — D w— 20r
FOXMI WD S S s S 15F
BAX W S— A . e

MMPp-9 . S ——

Garon S S - ——

P () P < 0.05),FOXO3.BAX & [ [ ik 1 i 2%
FHE (B P <0.05) ; 5@k EH S A LR, sk E
& 5l + sh-FOXO3 41 BCPAP 41 fitt ' FOXMI.
MMP-9 & A 1) R IE 5 8 E F+m (3 P < 0.05, 1M
FOXO03.BAX & [ () i %) & 2 PR (¥ P < 0.05) .
SO S5 UL, R AT 52 ) %20 BCPAP 41 i
1 FOXM1 1 MMP9 1) 3%  $& F+ FOXO3 fl BAX &
H R IA , @k FOXO3 U Al 6 73 10 X —1E H .

] =32 =33 =34 =35

*AV

FOXO03 FOXM1 BAX MMP-9

1:Ctrl 41 ;2 :NC4H ;3 ARIK T 5 AL 4 = 2 DR 5. =ik ¥ 5 BEA4 + sh-FOXO3 4. 5 Ctrl 4, P<0.05;
5 sh-NC L%, “P < 0.05; SRR EH LEALLE:, VP < 0.05; 5 &Rk EH LEA LLE:, 4P < 0.05,
5 WB %N &4 BCPAP ZHAf1+ FOXO03,.FOXM1.BAX.MMP-9 & A &iX



b

EE, & SEIER FOX03-FOXMI i 1 B R iR BCPAP 41 it 38 58 3T A% Ak 7 it 24 - 875 -

2.6 F LEAT 2 & 44 & 41 BCPAP/DOX 4@ it 8 3%
78 A% 77w SR FOXO3 W) 7T 38 430 1% 453X — 45 o

MTT Rk 45 R (B 6) B, 5 Cl A4 L,
DOX 4H . DOX+sh-NC £ 1) BCPAP/DOX 4 g [ 47 3
FIB (P <0.05); 5 DOX 41 .DOX + sh-NC 41
FHLE, DOX + GR35 S ZH \DOX + =ik & 75 1 i
2 BCPAP/DOX 4 fid 1 £7 3% 2 ¥ B & F P% (3
P <0.05) ;5 DOX + @ik B & S 20 A4H Lk, DOX +
UK 5 DR + sh-FOXO03 21 BCPAP/DOX 4 Jifl {1 1%
TR HE T E (P <0.05), SZI6gs R, & DR aT
3 2541 - 2H BCPAP 41 i 1Y) 4% 5 % 77 , sk FOX 03
WAL R 7y W X —1EH
2.7 + LEATT 8 F 94 & 42 BCPAP/DOX %8 e
FOXM1.MMP-9 #= MDR-1 & & 9 % i% , # 4 FOXO03
Fo BAX & @ 69 & 3% |t SR FOXO03 N ¥ 3R 4 14 43X
—1ER

WB LA 485 5 (B 7D Bow , 5 Crl 4 L%, DOX
ZH .DOX + sh-NC 21 BCPAP/DOX il Jifl 1 FOXMI .
MMP-9. MDR-1 & [ [ FIAI5 B EFF (35 P < 0.05)
FOXO3.BAX H AW RE KR ET (I P<0.05);
5 DOX %41 .DOX + sh-NC 2 b #; , DOX + ik & %
A2 . DOX + =ik FE # 5 i 4 BCPAP/DOX 41 fiig
1 FOXM1.MMP-9.MDR-1 % [ ] % ik 15 2 3 [& A%
(¥ P<0.05),FOX03.BAX & A ) R ik 1 & & 7t
(¥ P<0.05); 5 DOX + KK [ 5 & BI4LAIEE,
DOX + @& ¥k ¥ i I Wi 41 BCPAP/DOX 41 fig

1 2 3 4 5 6
FOX03 e e smme s GD e 2.0

FOXM1 D GNP GNP Sy = Sy

BAN s o e oo GEED @S>

MVIP-0 S G S — e —

MDR-] D GEED GHED ww w— cm—

GAPDH (NN GNND D <IND D e

FOXM1.MMP-9 .MDR-1 % {4 ] 3 ik 15 5. 3 P& A% (15
P <0.05),FOX03.BAX & [ [ Rk 15 8. 2 7t = (1)
P <0.05) ;5 DOX + =ik B & 5 i 2 L %5, DOX +
W T DR + sh-FOXO3 40 BCPAP/DOX 41 fifg
FOXM1.MMP-9.MDR-1 & [ ) R 15 3 BT+ E (3
P <0.05), 1] FOXO3 . BAX & [ ) % ik I ¥ & 2%
FEAR(I P < 0.05) . 5 Sy ] ik 35 41 i1] #% 2H BCPAP/
DOX 4 ffd ' FOXM1.MMP9 F1 MDR-1 [¥) ik . #2 TF
FOXO3 M1 BAX & H 3R 1& , Wi FOXO3 W Ay ¥ 73
WX —ER .

100 | . ¥
— ~N A
= ——
;;; N
gz SOF
e
=
®
0

1 2 3 4 5 6

1:Ctrl 4 :2:DOX 4H.;3: DOX + sh-NC 4. ;4: DOX + LI & 75
A2 ;5: DOX + ik BE 5 S ZH ; 6: DOX + =ik fE 75 5 il
2H + sh-FOXO3 4. 5 Ctrl I, P < 0.05; 5 DOX 4 %,
4P <0.05; 5 DOX + sh-NC 41 L4, VP < 0.05; 5 DOX + =ik
JE 5 DR LA, 4P < 0.05.
6 MTT E4&%2H BCPAP/DOX 4R T35 SR

m]l =2 =3 34 m5 =36

FOXO03 FOXM1 BAX MMP-9 MDR-1

1:Ctrl 4H;2: DOX 24 ;3: DOX + sh-NC 4 ;4: DOX + IRk /& 5 L4 ; 5: DOX + =ik [ % B4 ;6: DOX + =ik /¥ & 2 +
sh-FOXO3 4. 5 Ctrl ZHIb#, P <0.05; 5 DOX HELH, 2P <0.05; 5 DOX + sh-NC 4L L 55, 4P < 0.05; 5 DOX + ik B 75 TR 4H
Lk, 7P <0.05.

&7 WBEHN&LH BCPAP/DOX A s FOX03,FOXM1,BAX,.MMP-9, MDR-1 EH&iA

3 3

FFLR J 67 SR Y5 T I 960 1 P LR MR 4 P R 8 940, 55 24
o 6 HOR B A [R) A 28T, oA 2 B TR
Ji J88 R F RSO R B A 2 T R s R R DA
Fe NATTAR 38 ST I B0, HFOIR R 1 008 SR ATH SR AT

AN R, 7E BRI e 1R 9T R8RSR 2 o
G REBEER HF ARG &7 TR HE Y
DR B g8 HH B B8 B, X S8 YR T 7 VA 32 B T IR
H0 B DLW A BT X FE R R s BCPAP 41 Al DL &
BCPAP/DOX fisf 24 40 B ik AT 55 A A TT 254K 5%
HAERSE = ORI R 7 7K F



- 876 -

rh R AE MR T 2R &, 2024, 31(9)

T B JE T B A R R AR R, A AT
RIS 7 LR T 45 B R S 2 R T
ST P 84 B AR A AR FE o T o X IR e 5
M) () Bt 0 6 A T, AR 5 00 5% i 1 o FOIR e
BCPAP 4t i (1) 34 58 3 E B AL T i 25 AR - 45
IR R R S A B Y 2= 0] BCPAP 41 i)
a5 DL T 7, [ BCPAP/DOX 48 il ()46 97 it 25
H AT A ISR 3 MMP-9 R 1A FRIK, 7 T2 412 BAX
EARIEB N, M RR & R BRRE, 5D
Pl ¢ 55 e , FU A R R R 3R I R T gk
BCPAP 41 H I T, 470 1] Jeh 20 P 1 189 5 1T % , 100 %
BCPAP/DOX 20l 4L T i 25 . AR4E ik &5 R A,
DOX it 24 24H a7y I 5%F 75 b i 0% P V2 35 FAIC, W g
SE RN TR TP, 1 AT 82 AR S A E AL, 5
SIETHEIRAN A

FOXO3 /2 40 fh FOX % 53¢ [K - ) —Fft , FL AR
FR I, Ho S 5 R R, Bl SR B AT DL i
BERR AL 12 AL DA S — S5 Sad i, 33 1 i 303 ] A
Z 5 e 40 i I kR I FE s FOXMI [RIFE A2 FOX Sk
IR — B3, 5 4 G B AR O, 78 22 i MR o I L
JisE it v R R IA , #0 ) FOXM A) DA R 40
EE ERS MM 251, 1 FOXO03 5 FOXMI 2 Ja] 7] LA
FHES S HEAER, N KR RER . A
WE 7S 2R B, 8 4 FOX03-FOXMI 13 53 % 7] L0
il 5-FU M &5 e dn B i 3s 5 . PRtk , A iR &
FOXO3/FOXM1 £ FUR i Hh AR L 153 B 25 R
5 A0TSR AR B B S e A 3 A T
ik BCPAP fil BCPAP/DOX 4l i FOXM1 £ [R5,
4 FOXO03 £ [ & ik s H & 5 Wik /E o, 5t
FOXO3.FOXMI & [ 3k (1) i 458 Y 2, #E D =5 5
Fii AT e 38 1 I 1 FOXO3/FOXMI 15 5 38 1% i3k 1717 52 1
BCPAP 411 g ff) B8 4 « 3E #% F1 BCPAP/DOX 41 i 4k 7
M 25 . AT WE %A A8, AHE 50 o R A i FOXO03
(1) 3% 3k oK 52 e = vk B 5 B Ak 3 1Y BCPAP il
BCPAP/DOX 4 il , 25 R W7, s WK B2 35 i + sh-
FOXO3 #4 Al DOX+ i ¥ FE 75 Bl + sh-FOXO3 ZH 1)
FOXO03 & 1 1A 2 2 A% , i B FOXO3 mfiC s M) 5
BE— B 7R B, WK FOXO3 IR 58 1 ik B 75 2 i
XF BCPAP 2 Jfd 1) 384 5 32 #% i 4 il 4 FH  H s iz
BCPAP/DOX 4l 8 (i 25 o UESE T 75 15 il o] g il ik
4% FOXO3/FOXMI i % 5 i BCPAP 4 fitd 1) 3 7
R AT 2

gx B RTIA , 3 S r @ i FOXO3/FOXM Ji #%
1= BCPAP 41 i ¥ 384 58 3 F8 F DOX ALIT T 26 . 1%
WA IR a7 AR IR 4 it 1 — Fhor 24 R g
PR T T ORI R TT A A . (R AR A

i) A LR AR N AT B 9T, H AR XS L BCPAP 5 BCPAP/
DOX W Fh 41 ffl 2 18] FOXO3/FOXMI [ 2 R, 5 £ i3t
— P ILIGAR 5T, AT B A0 78 2 MU B IE 75 5 i 14 T
fEH .

[& % X #f]

[1] BRAY F, FERLAY J, SOERJIOMATARAM 1, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin,
2018, 68(6): 394-424. DOL: 10.3322/caac.21492.

[2] SAINI S, TULLA K, MAKER AV, et al. Therapeutic advances in
anaplastic thyroid cancer: a current perspective[J/OL]. Mol Cancer,
2018, 17(1): 154[2024-05-10]. https://pubmed. ncbi. nlm. nih. gov/
30352606/. DOI: 10.1186/s12943-018-0903-0.

[3] SASANAKIETKUL T, MURTHA T D, JAVID M, et al. Epigenetic
modifications in poorly differentiated and anaplastic thyroid cancer
[J]. Mol Cell Endocrinol, 2018, 469: 23-37. DOI: 10.1016/].
mce.2017.05.022.

[4] JUNG E B, TRINH T A, LEE T K, et al. Curcuzedoalide contributes to
the cytotoxicity of Curcuma zedoaria thizomes against human gastric
cancer AGS cells through induction of apoptosis[J]. J Ethnopharmacol,
2018, 213: 48-55. DOI: 10.1016/j.jep.2017.10.025.

[5] TAN XY, XUMT, LIU F Y, ef al. Antimetastasis effect of Astragalus
membranaceus- Curcuma zedoaria via -catenin mediated CXCR4 and
EMT signaling pathway in HCT116[J/OL]. Evid Based Complement
Alternat Med, 2019, 2019: 9692350[2024-05-10]. https://pubmed.ncbi.
nlm.nih.gov/31275425/. DOI: 10.1155/2019/9692350.

[6] DOSOKY N S, SATYAL P, SETZER W N. Variations in the volatile
compositions of Curcuma species[J/OL]. Foods, 2019, 8(2): 53
[2024-05-10]. https://pubmed. ncbi. nlm. nih. gov/30717336/. DOI:
10.3390/f00ds8020053.

[71 CHEN C Q, LONG L, ZHANG F S, et al. Antifungal activity, main

active components and mechanism of Curcuma longa extract

against Fusarium graminearum[J/OL]. PLoS One, 2018, 13(3):

€0194284[2024-05-10]. https://www.ncbi.nlm.nih. gov/pmc/articles/

PMC5854386/. DOI: 10.1371/journal.pone.0194284.

CALISSI G, LAM E W F, LINK W. Therapeutic strategies targeting

FOXO transcription factors[J]. Nat Rev Drug Discov, 2021, 20(1):

21-38. DOI: 10.1038/s41573-020-0088-2.

[91 SACHINI N, ARAMPATZI P, KLONIZAKIS A, et al.

—
oo
[}

Promyelocytic leukemia protein (PML) controls breast cancer cell
proliferation by modulating Forkhead transcription factors[J]. Mol
Oncol, 2019, 13(6): 1369-1387. DOI: 10.1002/1878-0261.12486.

[10] CHEN W B, JIANG J J, GONG L, ef al. Hepatitis B virus P protein
initiates glycolytic bypass in HBV-related hepatocellular carcinoma via
a FOXO3/miRNA-30b-5p/MINPP1 axis[J/OL]. J Exp Clin Cancer Res,
2021, 40(1): 1[2024-05-10]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7779247/. DOLI: 10.1186/s13046-020-01803-8.

[11] ¥F3Z . MiR-27b-3p #I ] PPAR-y 115 A F R 5 oA 23 44 Jecs 40 e ool 25
A 2P AL 7 [D]. B RE: L AR, 2021,

[12] X7, XE R, FHEE, 5. 5 SEE S HBXIP/pS3 5 5 il i i
5 A549 .CNE-1.HepG2 41 B4 1-[J]. Z5¥03F 0 #F 7T, 2023, 46(5):
1024-1031. DOI: 10.7501/j.issn.1674-6376.2023.05.011.



b

EE, & SEIER FOX03-FOXMI i 1 B R iR BCPAP 41 it 38 58 3T A% Ak 7 it 24 - 877

[13] CRISPO F, NOTARANGELO T, PIETRAFESA M, et al. BRAF
inhibitors in thyroid cancer: clinical impact, mechanisms of
resistance and future perspectives[J/OL]. Cancers, 2019, 11(9): 1388
[2024-05-10].  https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC6770736/. DOI: 10.3390/cancers11091388.

[14] LIAO Y N, HUAY J, L1 Y Z, et al. CRSP8 promotes thyroid cancer
progression by antagonizing IKKoa -induced cell differentiation[J].
Cell Death Differ, 2021, 28(4): 1347-1363. DOI: 10.1038/s41418-
020-00656-0.

[15] PORTER A, WONG D J. Perspectives on the treatment of advanced
thyroid cancer: approved therapies, resistance mechanisms, and
future directions[J/OL]. Front Oncol, 2020, 10: 592202[2024-05-
10]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC7868523/.
DOI: 10.3389/fonc.2020.592202.

[16] ZHANG R, HAO J, GUO K W, et al. Germacrone inhibits cell
proliferation and induces apoptosis in human esophageal squamous
cell carcinoma cells[J/OL]. Biomed Res Int, 2020, 2020: 7643248
[2024-05-10].  https://www. ncbi. nlm. nih. gov/pmc/articles/
PMC7011320/. DOI: 10.1155/2020/7643248.

[17] FANG X, TAN T F, GAO B B, ef al. Germacrone regulates HBXIP-
mediated cell cycle, apoptosis and promotes the formation of
autophagosomes to inhibit the proliferation of gastric cancer cells[J/
OL]. Front Oncol, 2020, 10: 537322[2024-05-10]. https://www.ncbi.
nlm. nih. gov/pmc/articles/PMC7683780/. DOIL:  10.3389/
fonc.2020.537322.

[18] STEFANETTI R J, VOISIN S, RUSSELL A, et al. Recent advances in
understanding the role of FOXO3[J/OL]. F1000Res, 2018, 7:
F1000FacultyRev-F1000Faculty1372[2024-05-10]. https://www.ncbi.
nlm. nih. gov/pmc/articles/PMC6124385/. DOI: 10.12688/f1000
research.15258.1.

[19] LIAO G B, LI X Z, ZENG S, et al. Regulation of the master
regulator FOXM1 in cancer[J/OL]. Cell Commun Signal, 2018, 16
(1): 57[2024-05-10]. https://pubmed. ncbi. nlm. nih. gov/30208972/.
DOI: 10.1186/512964-018-0266-6.

[HsHEA]  2024-05-11
[A4meg]  [HIFEE

[1&E HEA] 2024-07-26



