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B E BM it kmiAEs AT «B(NF-kB)/#: 235 5B F la(HIF-1a) 15 %
H T A% 64 VE R BAuH)

BRG4GB HE B AN T A R BE SR T24 21
FiE W T24 ta e A xR 4648 (ra bt IR, 3.001 we/mL) A= S+ & Bk P L & A 8 20(100,200,
400 wg/mL), %25 F 124 h )5 , 4 T & B 3 T24 4m e iE 45 48 7 69 %ol (D 4 SRR A & 5 T ) A FF B By 5 T24 40 BL 25 A4k
JEE 45 64 %5 vl (VA LD 50 58 R 5% B AR R = ) A T24 20 0 b IR = B8 82 (ATP ) 3% Ao SLBR 4% , 40| 48 I8, NF-B/HIF-1a 13 5 i@
B EMAAR RO ABH BB R A R A KT, R 5xRALE, B T SR A8 m R RS R EE
A& (P<<0.01) 5 FF i B & 7] & 40 4w feL F NF-«B/HIF-1a 12 5 i@ %548 % % & NF-kB HIF-la, £ B X Z O X R 2 B K G2
(MMP2) \MMP9 2% M & A K BT, A BT A 4B R B2 % O |, TS 2 | 7 BRI AE M2 Rk RT3 8 R R AL B 1%
A&, K3 £ F A %t 5 & L (P<0.05 K P<0.01) ; FH R B W & B 4L 4m I & AS AR 4 41 56 3% B LA 38) B 3 1K (P<<0.01) 5 7%
BB A F 40 B ATP iR VA B ST K B & A Z A A SLIR &5 ¥ B 3 K (P<<0.05 3, P<0.01), Z5iB FF 2 B T 47 5] 15 e 5
T24 2 ooy 3F 4% , B A A AUH) 7T 48 55 4] NF-kB/HIF-10 12 5185 | T iRA A5 6 M 2 A B B A %

KBRS B BB ; NF-«kB/HIF-1o 13 5 i85 A BB BE R, T4

Effect and mechanism of paeonol in regulating NF-kB/HIF-1a signaling pathway to inhibit the migration
of bladder cancer T24 cells

Al Xinyao, CHEN Wenjia, CHEN Xi, WANG Yingzheng, WANG Yinghao, HUANG Meixia (School of
Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou 350122, China)

ABSTRACT OBJECTIVE To investigate the role and mechanism of paeonol in inhibiting the migration of bladder cancer T24
cells by regulating nuclear factor kB (NF-kB)/hypoxia-inducible factor-la (HIF-la)-mediated aerobic glycolysis. METHODS T24
cells were divided into control group, cisplatin group (positive control, 3.001 wg/mL), and paconol low-, medium- and high-dose
groups (100, 200, 400 pg/mL),

ability of T24 cells was detected (expressed by the cell scratch wound healing rate). The effect of paeconol on the mitochondrial

respectively. After 24 h of administration intervention, the effect of paeonol on the migration

membrane potential of T24 cells was detected (expressed by the ratio of red/green fluorescence intensity). Cellular adenosine
triphosphate (ATP) levels and lactate content in T24 cells were measured. The levels of NF-kB/HIF-1a signaling pathway, the
expression of migration-related proteins, and key enzymes involved in aerobic glycolysis in the cells were all determined.
RESULTS Compared with the control group, the cell scratch wound healing rates in the paeonol medium- and high-dose groups
and the cisplatin group were decreased significantly (P<<0.01) ; in the paeonol groups, the expression levels of NF-kB/HIF-la
signaling pathway-related proteins such as NF- kB and HIF-la, migration-related proteins such as matrix metalloproteinase 2
(MMP2), MMP9, and vascular endothelial growth factor, as well as key enzymes involved in aerobic glycolysis such as glucose
transporter 1, hexokinase 2 and pyruvate kinase isozyme type M2, were all reduced to varying degrees in the cells, most of these
reductions showed statistically significant differences (P<<0.05 or P<<0.01) ;

mitochondria of cells in the medium- and high-dose paeonol groups were significantly decreased (P<<0.01); the ATP concentration

the ratio of red/green fluorescence intensity in

in cells of the paeonol high-dose group, and the lactate content

in cells across all paeonol groups were significantly decreased
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(P<<0.05 or P<<0.01). CONCLUSIONS Paconol significantly
inhibits the migration of bladder cancer T24 cells, and its
mechanism of action may be related to the inhibition of the
NF-«kB/HIF-1a signaling pathway, and the down-regulation of
key enzyme activities involved in aerobic glycolysis.

KEYWORDS paconol; bladder cancer; NF-kB/HIF-la sig-

naling pathway; aerobic glycolysis; migration
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R My, RBORT RGN, MR E— 12 LR
MRt B8, ¥ S AT RS R 28 A A L S RO
I X — o e e R g 248 L ) 4G e G AR,
th, Warburg 500 (B A S80ME IR ) 2 g Al o Sl 2%
FRFIE 22—, 38 A SN I A T 398 i ) 2 B RN LR
Az B, AN I 20 R R AL 7 Rk A e AL N 36 T R
AT DI A0 iR 28 B R

Warburg R0 1Y ] 42 5 i 460175 5 I 7 Lo (hypoxia-
inducible factor-1o, HIF-1o) ¥ 5 % V) AH==" , HIF-1o i
of I %2 8 1 1 (glucose transporter 1, GLUT1)
K7 OB I fir o B B [ 40 B B 2 (hexokinase 2,
HK2) . 7 i fR 1% 1 M2 (pyruvate kinase isozyme type
M2, PKM2)], 3% 204355 - fin 3 kg 2 g™ DRIt , 8 i)
AR G 1 DGR TY s R IR % Warburg RV , AT RE LA
0 165 e 9 7 7% 00 B SR m o 4% I~ «B (nuclear factor
kB, NF-«kB ) & 845 R Tl PR 5 1 DG B S R+, HonT 3
TR IR 2 P o I AR IR O B R AR . Bt ot
W, NF-«kB/HIF-1o [ 58 3006 5 M8 09 5% 7% % V1A
K AE e, NF-kB/HIF-1o {5 5 18 3% 5 5 3005
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PR, I 38 2 P ) HIF- Lo S IR AR 55 228 1 4000 o1 40 6 1)
TR FIRZE" S SR, PR By %t B ed 4 7 NF-k B/HIE-
Lo 5536 i PR VE FE LA 10 AN BH A , G HORAE B R T24
A b, PE B By A AT DL i 98 75 NF-« B/HIF-1a 5 5
I A A EOR TR A 2R T 20 R AR 2R A A
RARE o AWFFE LA DI T24 4 fu B A, 5L T NF-
kB/HIF-1o {5530 # , R 5T 1T B B %) A 4800 e ik S 240 i
TEF 0 PR AL, LU Ay e Al 5 e s e A% R if 24 42 i
“ 238 FE PN E R BRI T R o

1 #E
1.1 ZAfatk

N BEdE: T24 40 (555 CL-0227) Iy [ 5 4 58
YR A R A

1.2 FEUE

Infinite” 200 Pro % fif #5 1% W [ i 1 Tecan /A F] ;
DM4000B #1522 i 353 W 1 1[5 Leica 23 7] ; Heracell
VIOS 160i B CO. 3 3248 W H 3€ [ Thermo Fisher Scien-
tific /% ) ; Mini-PROTEAN Tetra Cell /)N Y 3 17 H, PR |
PowerPac™ HC 7 H1, 3k {¥ . ChemiDoc XRS+7 k2% % )
RG99 [ Bio-Rad Al .
1.3 FEH@mSRF

P Rz B bR o (4l =98%, FLRE 20 mg, it 5
24230817001) A i 15 = 9% — H FE AR (175 D8371) 1y
W H b5t RS E R A R /] 5 T4 (5845 15663-27-1,
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4li i =989%) W [ IR A= P B A BR A 7 5 1640 58
A REFE L (185 6124164) | R (I BE- 2 R DU 2 R
(0.25% , 535 25200072) ¥J 1 H 5% [#] Thermo Fisher Sci-
entific 28 7 ; iR 2F L35 (595 2346447) W [ 1A 844
BHEA R A 5100 X F 858 R IR G W (555 G4003) 1
A B IFE LR A R A BR A 7] s CCK-8 5 & (17 5
CKO001) 1t 17 At 5% == R 7 A My R A BR 2N W] 5 TC il 3
FRFRUE (5745 C40100) W [ 73 M B 38 6 DR A BR 2
) s LR H 6 250 & (595 E-BC-K044-M) I [ 23U
SRR A IR A A PR 7] 5 38 58 R BT — B R (ad-
enosine triphosphate, ATP) 43 #7 i 7l & ( it =
A192250418) |35 I LR A4 5 F A7 2 R & (JC-1) K
MR & (525 C2003S) W [ 338 < KA H AR A R
3]s BRI -3- W2 I =8 (GAPDH) A il i 457 N
J2 42 K A ¥~ (vascular endothelial growth factor, VEGF) |
e R I i 4 J8 B H i 2 (matrix metalloproteinase 2,
MMP2) | e Ji MMP9, % i GLUTL ., % Ji HK2, % J§
PKM2 % i NF-«B Pk , HR o % 1L P il (horseradish
peroxidase , HRP)#nic B L AT o S 88K 2 111 G, HRP A
C Y BT/ B g BR AR 1 G (543 51 2k 10029187
00113773, 00121180, 00140728, 21829-1-AP. 00126838
00132394.00024810.,0100021451,0101102031) 414 [ &,
D=8 A=W AR A R A5 SR HIF-La B A& (it 5
141798)1 5 3 CST A7 o

2 FHik

2.1 FAREEEIRSAZERH &

FEEAREUPT B 1 FR U i 20 mg, FITA 208 L — FH 2
SEAR, 78 4IRS, BE BT v B A 96.154 mg/mL 1Y
B BRI 5 B R A 2591 T — 20 °CIRAF, f I A &5
I35 A 35 TR R HAR B 22 400 wg/mL.

FE B PR3 mg AR FR E S0 A AR T 1.6 mL 2.0
b A W IR Fh 2% v i T L 2% 5 A VR R 1 800.600
pg/mL, 88 IS 5 208 5 T —20 °CLRAF , fili A
FHAS S 38 H 35 95 e AR B %2 3.001 pg/mL.

2.2 YHREEESE

NJBE S T24 40 L 1640 58 235 723 (A 10% fi
A I3 ) B LS 3R T 37 °C . 5% CO. 40 i 15 3548 v , 41
Jif s B A K 2 80% Jim , F T W, IR Eh 5% w1k 2
JE A BRI AL 2 min, IS FERLZE W AL I FE A0
O, WA B 40 28 25045, LA 1 200 r/min B500> 3 min, #F4T
TR EESR . OB K AN 1 7 5 225056
2.3 WRSHES5%RE

B 2,27 350 6 B A R G T24 4i i, % i 5 X 10°
ANFLIY % B FP T 96 FLAR H , 7o A M I BE S K 440 i 4
ot BB (O 25%, H & an ) T4 (BH X g
3.001 pg/mL, #5225 SCHR[11TBCE) AP B o
AR 2H (100,200,400 wg/mL , 25 24 v i M 48 TS 36 495
RBLE) & L 2JH AR 25 ) 0 LRI G R0, B 5%
24 5 TR ELSE . BRI 31K,
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2.5 ZRAL{RRE B e i
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HEEIEE 20 min, SEAUGL RS A LIEW, FHEA K
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DGR SR JC-1 FRAR (SR A28 ) L IC-1 REW
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R ENIACER VAN N AR I v 5 % AL N LR AT S SN D)
LT 460 B 1Y) H AP S e r (AR R R A7 A AR PRI B
2.6 ATPiREWRN

He2.27 TR X B0 K A T24 4, $i BB AL 2 X
LO° AR F 6 fLAR D 55 3R . IR 2,373 F 434l
ACFRANAE 24 h 5 AR AR BB 1. RS A
ATP 73BTk G g BBl 45, %F T24 4 M 1Y) ATP Wk BE A T
FERIIHT
2.7 ABREEHRN

K A 452 /2. 37 30T 34 b BRAA i 24
h e, WCEE A0 I P M R il 28 S SRR ™A% i B
FE UL A5 TR, 7E 530 nm P ARSI WG (], 15

AR H A FLIR 5 1
2.8 NF-kBHIF-la 55 IBHEXLXEAURESR
PEBR R X B EER A RIS

K FH Western blot Skl . R “2.37 R 432 (O
BN ) REFRAR I , 555 24 h 5 , FFLIMA 200 pL 3R 2%
R B4 10 min, L4 12 000 r/min 5.0 20 min, 4% 15

BB ER

ke

P

WEHAE OB R, #IEBCARFI & ik 57 i &
AW BN EA AR EEE 20 pg, LFEAT, 8
F1F 100 °C7ZEME 10 min, SR J5 PEAT BRI HL K FE I 5 £ 4]
W B 20 min J5 , DA TBST YRR 2 X, £ 7% 5 min, il A
VEGF ., MMP2 ., MMP9., GLUTI1 . HK2 . PKM2 ., NF- kB,
HIF-1a.GAPDH —$t (FFE L1328 1:1 000) ,4 °CHF &
SR LA TBST YRR 3 ¥, 451K 5 min, il AAH R — 4t (i
LA 1: 5 000)07 7 1 h, L TBST P 3 1K, BHIK 10
min; 4 ECL 4 % B 5% )5 , % H Image J 8K {F 5047,
LL BR85S NS 1 (GAPDH) 51 K BE (B Y ol 2%
N EFRE AR FREKT . BRI 31K,
2.9 FITFESH

% H GraphPad Prism 9.5 #4347 G015 W, 1=
PR IEAS 3 Ll x + s FoR , 241 LSRR &
T7 2245307, E— 20 W LR FH LSD-e A 36 o A 36 7K
a=0.05,
3 HR
3.1 FREES T24 AARER AL HHI=N

Xof HRAL P} R B IR ] P h R R i 4 R
e 7 2 IR 2 A0 B R O A A R 4 il Dk (59.116 +
4.127)% .(33.587 + 1.617)%.(23.322 + 3.826)%(25.257 +
1.316)% . (29.865 + 1.447)% . 5 %F B4 FL 4, Fh Iz 1y
r v 7 2 IR 2E 240 B S R A ) S BRI (P <
0.01), ¥/ P+ Hz W3 SR 34 HAT ] T24 A0 ik £ A
o S5 ILE 1,
3.2 FHEEAXT NF-«B/HIF-1la 5 5@ B A KT B HEX
EARIEHEN

50T RRAH L, PH Bz 19 4% 50 it 2H A i HIF-1a (FF
Fz BRI 41 541 ) . MMP9 .MMP2 NF-«kB . VEGF % []
FEIR K1Y i PR (P<<0.05 5E P<<0.01) ., %53 5%
1.2,
3.3 FREEXT T24 4RAE A 15 520
3.3.1  FREZERXT T24 4o L A B A7 A8 R R

50 RRZH LA, P B B v v 7 e 2H A O 2 AR 21
SRR B L (E B W FEAR (P<<0.01) . 45 R 0L 3R
2.3,
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*1 &HHMEIH NF-«B/HIF-la 5 S8 TREHE
XEARIEKFLLE (x+5,n=3)

ik HIF-1o/GAPDH  MMPY/GAPDH MMP2IGAPDH ~ NF-kB/GAPDH VEGF/GAPDH
TR 00768£00218 042310024 013020011 0.1611200148 0.876£0.106
FHEBIRRIRA 006000100113 031220027 0.079£0.004  0.0998+0.0088 0.726+0.041°
PHEBFRIEA 00300200203 0262+0066  0.05420.003 0069 1£0.008 6 0.637+0.050°
PHYBRAES 00054400008 028340029 004320009 0.0627£0.0002 0.607+0.052"
a: S5XT IR He A, P<<0.01;b: S X R4 HuAR, P<<0.05,

HIF-la -- — 120 kDa

MMPY | (. S S — o) (Da

vear | M R e . | oo

GAPDH - - - - 37 kDa

1 i 1 1\%

(SR
B2 &ABEF NF-«B/HIF-la {55 BB UKL THEHE

KXKEHRIZHBKE
F2 BAMMENNEIRLHEEILE ATPIKE FL

BEELR (xts,n=3)
gl AHIOLREILE ATPHEE (umolL) LR £/ (mmol/g prot)
g 1.623£0.186 15.147£1.387 033310039
FHEBIAZA 1.501£0.240 1418541316 0.174£ 0,033
PB4 0.807+0.080° 13,141+ 1.128 0.171£0019"
FHBE 24 0698+ 0,082 1252841206 023140032
[kl 15270220 15991+ 1072 0.3890.066

a: SR HE#, P<<0.01;b: 5 X IR LA, P<<0.05,

@5

5

L5k
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3.3.2  FHEZEXT T24 4 ATP IR FLER & = (15200
55X RRZH LA, P B o v 70 2 2H 40 B ATP ¥ 3 D %
Pz W 45 750 0 2 200 it L TR et 39 3 AR IR (P <<0.05 1
P<<0.01), &5HRWFE2,
3.3.3 PR R X T24 20 M A SRR T i S B il 5 K 1
AL
E5XF R A, PRy A A A P GLUTL,
P 34575 8 2H 40 Bt P PRIM2 , 2 3 1 77 8 2 40 i vp
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B3 K4,
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PR AIZ4 0.056%0.006° 0.016£0,002° 0444 £0.096
FHEBERRA 0.053+0,002° 00190005 0285+0.020°
a: G HRZH b3, P<<0.05;b: SX] A b3, P<<0.01,
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X FE WP F W A ] 5 e es 240 B 1) A AR I L 2 B
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