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(Akt)15 5 B R ARH G ka9 4E A, A3 TR & dym#7 H 3B LIk % . F7i% VA LY 294002 (PISK 4% -t 4l 71 ) 4 — A
2, R I MTT . Annexin V -FITC/PI,AO-EB % & i ULAK 3 & DPAE A 24 h G 3+ AR 4 4m feL & s 5% 20 it HL60 3§ 7, 8 49 % v
£ B ELISA i & DP 4E J 24 h J& 4m JL3& 7 i F SUBR WL 2 B (LDH) 09 #58 & & e it F Ik X % & B 3 (caspase-3) | caspase-9 #9 7%
M, SRR AR B E 2-PCR EA4M DPAE A 24 h )& 4a it P caspase-3 . caspase-9 . X 3k 4E O3a(FoxO3a) B 41 Ltk B9 2 40 feL 5T T 89
8 ZAE A A~ (Bim) #9 mRNA 4% 7K -F ; 3£ /] Western blot %44 28 e, ¥ & 8% 4L FoxO3a(p-FoxO3a) (B 14 Akt (p-Akt) 49 % & &
B, R R R R R R R TR e P FoxO3a & 8 412 oL, 8558 10 pmol/L DP #= 10 umol/L DP+
LY294002 %+ HL60 4m A B 84 3% 78 4 %) A A o3 F4F A (P<<0.01)3;5.10.20 wmol/L DP 4 /A J& 69 tm i3y 2 A e A =B 5 4
HFAE, 4m 3% F ik W LDH #8355 e 40 I, ¥ caspase-3 . caspase-9 #& 135 2 HH 3 (P<0.05 3 P<0.01) , HAE A B A — & 69 - AR M
A5 410 wmol/L DP #= 10 wmol/L DP+LY 294002 4% /A J& 48 it ¥ caspase-3 . caspase-9 #= Bim mRNA 4 /K -3 8 ZH 3 (P<<0.05
& P<0.01) , FoxO3a mRNA %% 5 7K F #= p-FoxO3a, p-Akt & & & ik K F 3 B F B 4K (P<<0.05 3 P<<0.01) ; 10 wmol/L DP+
LY 294002 2 8 fe. = L FoxO3a & & 4 A A2 T AL, HiZ TALE LY 294002 2000 2., £5i8 DP 77 id it #p4) PISK/Akt 45 5 18 3% 4] A
¥ 5% HL60 £m Ao, 34 7 3% - A =

KEEA AR KR 12-F B0k BE- 1342 AR BR B s AR AE 2 L & o 5% 2 L HL60 ; B Ais BLILET 3 30 B/ & & B B A2 538 %%

Study on the mechanism of diterpenoid DP from Euphorbia fischeriana against leukemia

MA Liwei"?, CHEN Zhe’, WANG Wenbao', ZHANG lJinling', ZHANG Hongtao’, GE Pengling’, LIU Jicheng'
[1. Research Institute of Medicine and Pharmacy (Postdoctoral Workstation) , Qigihar Medical University,
Heilongjiang Qiqihar 161006, China; 2. Mobile Postdoctoral Station, Heilongjiang University of Chinese
Medicine, Harbin 150040, China;3. School of Public Health, Qiqgihar Medical University, Heilongjiang Qiqihar
161006, China; 4. School of Pharmacy, Qigihar Medical University, Heilongjiang Qiqihar 161006, China;
5. Dept. of Obstetrics and Gynecology, the Third Affiliated Hospital of Qiqihar Medical University,
Heilongjiang Qiqihar 161099, China]

ABSTRACT OBJECTIVE To explore whether diterpenoid 12-deoxyphorbol-13-palmitate (DP) from Euphorbia fischeriana can
exert anti-leukemia effects through the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signal pathway, and to provide
experimental evidence for developing it into a new anti-leukemia drug. METHODS Using LY294002 (PI3K specific inhibitor) as
tool drug, the effects of 24 h DP treatment on the proliferation and apoptosis of human myeloid leukemia HL60 cells were detected
by MTT method, Annexin V -FITC/PI staining and AO-EB staining. ELISA method was used to detect lactic dehydrogenase
(LDH) release and the activities of cysteinyl aspartate specific proteinase 3 (caspase-3) and caspase-9. The transcriptional level of
caspase-3, caspase-9, forkhead box O3a (FoxO3a) and B cell lymphoma 2 interacting mediator of cell death (Bim) mRNA were
detected by real-time quantitative polymerase chain reaction (qRT-PCR). The protein expression of phosphorylated FoxO3a (p-
FoxO3a) and phosphorylated Akt (p-Akt) were detected by

AEETE BIpTTA B2 R RHE 5 H (No.ZHY 2020-
179) 5 SFF5 I /R TR AR & 51 S5 H (No.LHYD-202028)

* E—EE BIUETE B, . WRSETT 1) RARZG Y ME . E-
mail : maliwei@qmu.edu.cn

#OBIEVEE BT W S0 W1 WFSE I - KSR 25 M DP+LY294002 could inhibit the proliferation and induce the
Jé . E-mail: jcliu@qmu.edu.cn apoptosis of HL60 cells (P<<0.01). After treatment of 5, 10,

Western blot method. The nuclear translocation of FoxO3a
protein was detected by immunostaining combined with laser
confocal microscopy. RESULTS 10 pmol/L DP and 10 pwmol/L
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20 wmol/L DP, HL60 cells showed typical morphological characteristics of apoptosis; DP could significantly increase the levels of

LDH release and the activities of caspase-3 and caspase-9 (P<<0.05 or P<<0.01), in dose-dependent manner. After treatment of 10

pmol/L DP and 10 pmol/L DP+LY294002, the transcriptional levels of caspase-3, caspase-9 and Bim mRNA were increased

significantly (P<<0.05 or P<<0.01), and transcriptional level of FoxO3a mRNA and protein expressions of p-FoxO3a and p-Akt

were decreased significantly (P<<0.05 or P<<0.01). Nuclear translocation changes were observed in FoxO3a protein in 10 umol/L
DP+LY294002 group, and the change was more significant than that of LY294002 group. CONCLUSIONS DP can inhibit the
proliferation and induce the apoptosis of HL60 cells via inhibiting PI3K/Akt signaling pathway.

KEYWORDS Euphorbia fischeriana; 12-deoxyphorbol-13-palmitate; human myeloid leukemia HL60 cells; phosphoinositide 3-

kinase/protein kinase B signaling pathway

P N9 2 48 00 3R 0 A i DL R P, 0 8 R
FeA R, AR R, 3R 1 I A 5 % 2 A
iR A8 25 6 57, A7 )L 2 0 T M e 67, R JLEE B
TR FEB Rz —P, 2P RE AR I 2 s s
BT B R 2 R 0% , /N L I 2 0 161 5% i
30%", EORZMERE R I BB TR 432 4 S UGk R
A=A AP A YR YT S PR AR A HRIT IR 2
Sk TE R TR E T RO UEY . ARG ,
fG Bk LB 3 1% 8 (phosphoinositide 3-kinase, PI3K /4 [
4 i B (protein kinase B, Akt) {5 53 1% X 40 it 19 A= 1
AP IS S T A R R ZE B S S SN
P ML A 1) 2 2 P R T 00 B Pt s 7 e A K e 4 1)
AHE,

AR B KK Ry R AL R A PR 5 K 5 Euphorbia
fischeriana Steud. B, FHF A= G Fh AR SRR V148 1 X
STz oA AR . VRGN BEPE R 2y ok
8 MV A BRI B R R 2 M gt 2
FHT A K e S IR 7 12- 510
P -1 3-FR AR IR T (DP ) J2 AR B K3k 43 5 s i —Fb
PUIR il 2 ERAARAE G, 7320 CacHisOs, A2 4510 L
B 1, AU R ST A& B, DP ZEARZMGE A ] A 558
2 L 1 a0 4 i HL60 3858 075 S LA - (0 BAAR A9
FANLERE AN HE . AL RSN RAR ST DP RE AT
i 2 PIBK/AKt {553 4 i HL60 4 g 34 58 )75 5 LU
T2, LTI & BT 1 I #7254 L S I A A

OCO(CHy)14CH3

I} CH,OH

B 1 DPHL=EH

1 w7
1.1 EEUEE

AHFFET I = BALEA 3111 B COAHAEIEFRA (56
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Thermo Fisher Scientific /A &) ) , Spark I i #5412 (Fai+
Tecan 22 7] ) , Observer A1 % A BT LSMT710 RO
LSRR B flebE (5[] CarlZeiss A 7)) , FACSCallbur U3 5
YA (SEE BD A H]) , Q5 RISERT 2 1t - A 55X
J W (PCR) X (2 [# Applied Biosystems 2\ 7 ) , Biospec-
nano BUf i 28O BT ( H 78 Shimadzu /2 H] ) .
1.2 FEARBERF

DP H 5 75 W IR 18 2 Bt R AR 259 S i o 4l 22
1o AR TR S LA =98% , 7F 4 °CIAAF , fdt FH I
FH P A (DMSO) 3 I 5 Jo B k22 . AO-EB
ik & (5 DA26FA0002) 1 A A& T A4 (T2 L ifg
JBe oy A B | 5 i 2R 13 18 3 55 [E Hyclone 24 F] ; IMDM
AR B B 2B e A YRR BR A W 5 FLIR I
(lactate dehydrogenase, LDH) {if 4 £ il 12 77 & (#it =
20180708) 1y [ 1 5t £ ) A 4 TR WFFE I s Annexin V -
FITC/PTEANYA TSGR & (5 4293719)1 FI SE[E BD
N A) s BE R AR F1 I 3 (cysteinyl aspartate specific proteinase
3, caspase-3) . caspase-9 Jiff 1 P A IR &5 (5 23 51
042821211029 ,042621211036) 4 [ | ¥ 24 2 K4 ¥ 3
ARA B2 T 5 SR e 7 -PCRA I & L Trizol 3071 (it
S0 500 AK6002 , AT51028A) I [ 5 A9 TR (k3% )
A R T St AR 1L Akt (p-Akt) P ST FETLIR T B
£ LY 294002 (PI3K i S PRI i 71 ) | St A H il 1 -3-
B35 2 It U G ( GAPDH) 5 v BT 14 | AR i S AL W) il
B i B9 1 3Bt A 1gG 4141 A 38 [ Cell Signaling
Technology 7 ] ; f Pt A XL AHE O3a( forkhead box O3a,
FoxO3a) iR 1k FoxO3a(p-FoxO3a) Fi g EHU AN H 35
Abcam /A H] ; caspase-3 . caspase-9 . FoxO3a ., B 4 Jifi #k
t 9% 2 (B cell lymphoma 2, Bel-2) 1 g 4E T A9 AH H.AFE FH
A J5t (Bim) \B- L) 7 1 (B-actin) 1) PCR J7 4135t A4 T
AW TR R A BRA w1 A il
1.3 ZHBatk

N JEE A I A 0 20 L HL60 e [ Hh Rk L 1
YHARLIEE , OB ADRAT T 55 5008 IR B 2Bt = 24 b2 5 e
S E
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2 FHik
2.1 ZHRELESE

4 HL60 20 il 52 5 I 5 Fh T 45 80, & 20% Jig
2B 137 1 IMDM #5772 AT 15 97 . B4l e T 37 °C.,
5%COJEFAH T, 3 2 AR 1R,
2.2 YHREIEIERE S1AE T

SR MTT AR o O B30 4 309 40 i, 97 4
A% R 2 X 10" /mL, #¢ AL 0.2 mL 270 51 96 FL.4H
JaBEFRA R o SRS AT 28 X RRZH . DP 10 pmol/L
20" LY294002 ZH (40 wmol/L, i FE 7 6 B 5% B ) |
DP10 pumol/L+LY294002 2H (10 pwmol/L DP+40 wmol/L
LY294002,LY 294002 7 DPAE LSS w1 h A, I3
FIUERA BB ) , BB 3 AL, KB E T
R SRR v B B 3 % 24 h S B 96 LA, LI A
MTT W (5 g/L)20 pL, il A FRFE P 4k e iR A h ),
B0 (300X g, 10 min) I 37 F &, B LA 150 L
DMSO it U, SR F A SO 2 5L AE 490 nm % KAk
HIOEIE (OD) , AR AE 28 215 40 0 Y 358 50 1 i) %« 4 5
2R (%) = (1— 2541 OD -2 {H/25 (4 %} R 41 OD -
BIH) X 100%, SEEEHE 3K,
2.3 {HBAET- M

% JH Annexin V -FITC/PI S YLt b4/l . O
B A A, R A0 %% Ol 2 X 10" /mL, 4% R fL 2
mL $ERh 3 6 FLA P, SEIR S04 A 2R 2.2 TR . 25
YEFH 24 h 5, B0 (200 X g, 10 min) FFUSEE 400 T 045
o, FHBERRER 2% v (PBS ) ¥k 2 WK, SR #eia0) & v B 45
IFVEERVE B I 300 wL 455 2% it , BE S 43 N An-
nexin V -FITC J¥ ¥ (P14 4% 5 pL, = iR EE G F 10
min, f¢Ji AU I AR T B Ol . AN R T AR L
FUIHPA TR (TR MR -5 (O L4 BR) i 8
IR
24 YHRERESFEWNE

K AO-EB Yo AT EE , BOWHAE K A0,
I 20 L 25 3 R 2 X 104N /mL, 4% 55 L 2 mL #5836 £L
M, S2E 43 ok as 1% BRZH A DP AN JR) 9 J# (5,10, 20
wmol/L™) £ . DP /EH 4 id 24 h )5 , & 0> (300X g, 10
min) I F #5655 55 55, ] PBS ¥k 2 Wk, SR IR O
(300X g, 10 min) 5% i, % AO-EB 4L (i) & 136 1]
PRI T Y 0 ARG T OO B T SR 40 e
PO 2 oo = BN
2.5 YHAEEE 3R o LDH % 5 = 1 4l B2 FF caspase-3.
caspase-9 & il E

K ELISA JA UEA TR . (1) 40 B 1% 77 7% h LDH B
A « ANV A SCER el A 2GR 2. 47T R B
3224 hm , ARG T B 240 01359 100 pL 55 5
i LDH 12057 &5 0d B 5 07 i /R I T 1 S A e 1 92 b
LDH Ry Bl i (2) 40 fifd vF caspase-3 , caspase-9 7 14

FREZ D 2023 4F5 34 455 71

JE AR LR AL AR 247 R . AR R
24 h B9 40 L T EP 4 b, Jin PBS H &, 2.0 (200X g, 3
min) Jf 3% L3 5 17145 EP & i 100 wL 8% I 24, AE VK
% L2 15 min (45 5 min JR 5] — K45 EP 45 ) , B0
(4 °C,12 000X g) 15 min, FH IR fil 45 2 40 L35
W, 5 o e REAH 3R 65 00 A -4, A6 DU 4 L v cas-
pase-3.caspase-9 1G 1. IR EL 3K,
2.6 #fiRE A caspase-3 . caspase-9 . FoxO3a,Bim mRNA
HRKENE

KA 98 E B -PCR B HEA TR . IO B0 K
SUT 200 L, 9 R 0 5 Ry 2 X 10° S /mL, R MI4E R 4
M RFE 227, fEH 24 his  URS A=
EP N PBS B4k, 0> (300 X g)10 min Jf-57 3 ;
RN Trizol iR 7] 1 mL, FE20 I 7E /- R i) | 4R B
ZH AN B RNA , RS SR M T T e Hovk
Vi R A 5 SR e i BAGR S U B 1 % 1 06K RNA G
54 L cDNA, 5L cDNA WA EFT PCR N . 4%
SRR U B 8 B AR 1S 25 4 95 eCTIAR P 30
$395 °C7AEME 5 5,60 °CiR K/AEAH 31 s, 40 MEH . 37
WK R (3:25.0 wL) 4K . TB green 12.5 wL, | Fii#5]
145 0.5 pL, cDNA #i 4z 2.0 wL, 50 X Rox Dye 0.5 pL,
RNase-free 7K 9.0 wL. PAB-actin NINZS R 272k
WA BARFEH A ik i, 5IP 50 ey =K
FEWF 1, JLIREH 3K,

®1 SIUFIIRYEFNKE

ERAT ELiliz]] THFIKEbp

Baciin 5" -GTTGTCGACGACGAGCG' 93
Ti:5'-GCACAGAGCCTCGCCTT:3!

caspase-3 L4f#:5'-TCGCTTCCATGTATGATCTTTG-' 110
Tfe:5'-CTGCCTCTTCCCCCATTCT:!

caspase-9 45" -CATGCTCAGGATGTAAGCCA-3' 9
Mif:5'-AGGTTCTCAGACCGGAAACA-Y'

Fox03a .5 -AGTTCCCTCATTCTGGACCC-3' 102
25" -CTTCAAGGATAAGGGCGACA-3'

Bim [4:5"-GATAGTGGTTGAAGGCCTGG-3' 102

ii:5'-CCTCCCTACAGACAGAGCCA-3'

2.7 ZHREH p-FoxO3a .p-Akt & B RIEKFENE

% FH Western blot 32 JEA 76, BROXT & AR 1K 191 40
Jitd, 9 4% 20 % R 2 X 10" S /mL, K 40 i £ AT 100
mm 05 = LA (AR 8 mL) , L5649 2H A1 41 fL 25 25 ]
“227WF , HiFR24 hE  WUEA AL AN T EP 45 Th, PBS
VU SRJG I 1.5 mL 7575 B R RN 28 1 4 7k 50
AR A, SR L b B AR T, # IE BC A G i
A e B (I T AR . 20 pg R AR MY AR
FI, R T b R T ) SR TR s T e 5 M L Yk (PR 80
V,EFE] 2 h) SR 5 HL A 22 R AR R 2 M 5 | (300 mA fH i
HEN2 h) o BB B A ML 5% AR Wk == il 3 A
1.5 h, FH TBST 2 #Pif (7% 19 3R 1134 20, [A]) PEAR 3 ¥k
(10 min/¥%) , il A—#1 GAPDH (Fi B H 4524 1:1 000) |
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p-FoxO3a (#i B L1 1:2 000) . p-Akt (F B LL A5 A 1
1000),4 °CHFRE 137 ; TBST ZZ MR LR 3 X (10 min/ik ),
I =3 (R A51 R 1:2 000) , 25 IR & 1.5 h; TBST
G PRI 3 Yk (10 min/WR) , ¥ N ECL &6, T4 A
BN B A= R AR R G AR Fr o SR Y
s F A3 BT B A IR BEAEL, DL 8RRl KBS
H 5 NS HE I (GAPDH) 45t K BE(E 1) LR =R H i
EAMRIEKTY, LREE 3K,
2.8 4HEH Fox0O3a | B & W 22

BB A T4, 8 5% 0 AR 5% 5 R 2 X 10" 4~/m Lo
B mL &5 40 ) 57 42 3% 55 kB b ) e SR A 0 B
FH 24 AL AR ARG T (R BRI ) b, S8 v dl an - 28
9% B2 LY 294002 2H (40 wmol/L) 1 DP 10 wmol/L+
LY294002 41 (10 wmol/L DP+40 pmol/L LY294002,
LY 294002 7E 251 A5 AHT 1 h A ) o 4 4 ML A
A R E 24 h )5, B0 (300 X g, 10 min) Ff- 3¢ F
N 4% Z R R, 7651 T B2 30 min, 2R Triton
X-100 He 2 Yo (03 175 Vi AE 2 3 T 38 3% 30 min J5 , TR &
19% “F 1.3 F 85 (A (19 PBS 7E 37 °CF £ 4] 30 min, B 5 il
A FoxO3a —Ji (M B LB 4 1:500) 76 4 °CokAE Th i &
S WAL PR B0 (300X g, 10 min) -3 F3E , INA
TP REEL B 121 000) Ff7E IR T #EEHEE 60 min;
T PR EERE LS| (DAPD) YL IR AE % i R 15 min,
XPUNEAZ AT Y 0 Yt s fn , FHOE LR A B
T I A AN R T S ARk DA K 563 1 ik
57 B B AR A 40 BE 0 RE P IO i 1 B — B, B
PHPE R IR LT 0,
2.9 FitZEFHIE

K HI SPSS 17.0 B A AT et 431 o it BERE L
Xt s RN, 22 4] AR B DR 28 22 43 A, 20 R] R
K FH LSD-e K5 . KB /K i =0.05,
3 #R
3.1 RRIEEMF RN ELER

523 PO IRH 4, DP 10 pmol/L4H . DP 10 pmol/L+
LY 294002 2 241 Jifd ity 144 58 4 37 3] fb 2 9] (P<<0.01) , H.
DP 10.0 wmol/L +LY294002 £ 14 41 1 % 5 4 T DP 10
wmol/L&H . Z5FR K2,

F2 HHEMPAILEINFRMNESER(x+s,n=3)

ik OD{d blEES
75 FIRHHRA 141640073

DP 10 pmolL41 L12£0077 2079
LY2940024 1.268£0.050 9.18

DP10 pmol/L+LY294002 41 0.899+0.059* 36.49
a: 548 IR AR, P<<0.01
32 HATENELER
s O AL A0 T3 (3.22 £ 1.07T) %] LA,
DP 10 pwmol/L 41 .DP 10 wmol/L+LY 294002 ZH 4 ifd i)
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TR [(13.79+2.07)% . (23.86 + 1.78) %] i & J+ 5 (P<
0.01),fH LY294002 ZH 41 A i T~ 3R [(7.82 + 2.34) %] 1) 2%
BRHGFR X (P>0.05), 45 ILE 2,

HL60.001

HL60.002

0.59%

- -1.52%

Propidium lodide
Propidium Iodide

10* 10° 10* 10° 10! 107 10° 10*
FL1-Height FL1-Height

A2 IR R B. DP 10 wmol/L 41
HL60.003 HL60.004

0.12% 11.68%

‘. % g
b : VAL
LY

Propidium lodide
S
d
Propidium Iodide
S
l

10° 10 107 10° 10 10°
FL1-Height
C. LY294002 4

FL1-Height
D. DP 10 wmol/L+LY 294002 41

B2 &HEMREE TN AR 4 i E

3.3 MBS FENRLER

25 AN HEZH 20 A A R, 522 T S PR A, I T WL
KA sk €656 9655.10,20 wmol/L DPAEH 24 h)5 , 4 i
TEA KA, IR LTS E 5 WG58, 20 Jf 55 Do
> FEERERIARYG , ol UL Z 1 A MR b, LB A 25 ik
FERE R RS L, 5 ULIE 3,
34 YHAEEE IR % o LDH ¥ 5 = 1 40 B2/ caspase-3.
caspase-9 i& il 7E 45 R

Ejas R ZH FL %, DP 510,20 mol/L 2H 41 g 15
SR h LDH R il i F1 41 it b caspase-3 . caspase-9 i 14
Y0 3T 1 (P<<0.05 8% P<<0.01) , H I HA — & 1k i
WsbE R, SR MRS,
3.5 ZfifE A caspase-3 . caspase-9 . Bim ,FoxO3a mRNA
HRKENELR

Ezas [ xt B4 %, DP 10 wmol/L 2H . LY 294002
20 \DP 10 wmol/L+LY294002 ZH 4H Jifd ' caspase-3 . cas-
pase-9 . Bim mRNA [ 5% 5 7K -4 i 2 7} 55 (P<<0.05 5§,
P<<0.01),FoxO3a mRNA 1% 57K B R AIL (P<<0.05
a P<<0.01), H DP 10 pumol/L+LY 294002 £H At %50 A —
FEFHE FYULT DP 10 pmolV/L4H . 4559354,
3.6 BT p-FoxO3a . p-Akt B B FKIAKENEL R

523 FIGHIBZH 5, DP 10 wmol/LZH .DP 10 wmol/L+
LY 294002 2H #H il ' p-FoxO3a . p-Akt & [ it & 15 7K °F
Y % BRIk (P<<0.05 5% P<<0.01) , H DP 10 pumol/L+
LY 294002 ZH 125 H: %5 DP 10.0 mol/L ZH BB b, 45 31
LB 4,35,
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ALZE I IR B. DP 5 pwmol/L 4

C.DP 10 wmol/L 41

D. DP 20 pmol/L 41

E3 JBEMBHEEFZTHRNEEEHE(AO-EBEE)

x3 HMEMAH LDH B A = 70 caspase-3 ., caspase-9
EHENELER (xts,n=3)

x5 KA p-FoxO3a.p-Akt E AR ixKFENE
ZR(x+s,n=3)

il LDH B/ (UL) caspase-3 i 1 caspase-9 i 4151 p-Fox032/GAPDH p-Akt/GAPDH
R 112.697£10.870 5.393£1.258 5.62711.567 AR RA 1.060+0.086 0.959£0.062
DP 5 umol/L 4] 155,220+ 8223 12.760 1 1.763° 10640+ 1.474° DP 10 pmol/L4 0.572+0.045 0.733£0.061°
DP 10 pmol/L4, 217.367+16.294* 26,553 +2.483 19.023 4 1.980¢ LY294002441 0.970+0.111 0.901£0.057
DP 20 pmol/L 4] 238.191 4 14972° 34,601 £2.382° 240901412 DP 10 pmol/L+LY294002 41 0401 10,039 0479+0.051*
a: 525 OO RZL LL#R, P<<0.013b: 525 U0 RZH LE 4L, P<<0.05 a: 525 FOUIRZE LA, P<<0.015b: 525 PO IR ZE HL AR, P<<0.05

Fz4 B HAYH  caspase-3. caspase-9., Bim, FoxO3a
mRNA #FKFMUEER (x £5,n=3)

Eib] caspase-3/B-actin  caspase-9/B-actin - BimfB-actin - FoxO3a/B-actin
FIRH 1000 1,000 1,000 1000
DP 10 pmol/L 4 3454204000 2864+0436° 2718504310 0.731£0.046°
LY2940024 2634£0316"  2.547+0282° 249240324 (.803£0.037
DP 10 pmol/L+LY294002 41 540440457 459310439 40300433 0.5260.040°
a: 525 I IRAL HEER, P<<0.015b: 5725 I IRAL b4, P<<0.05
p-Akt ‘ 60 kDa
p-FoxO3a — ‘ 85 kDa
GAPDH ‘ ‘ 37 kDa
ASEX%E B.DP10  C.LY294002 D.DP 10
it wmol/L 41 E| pmol/L+
LY 294002 2

4 FKAMAF p-FoxO3a p-Akt & B RIERHEIKE

3.7 ABER FoxO3a B OIZE I MR R
A g AR T ) L, 328 FoxO3a 2 [ 41 (6. 2%
FEAEAS X R ZH 40 i DAPT AZ 4L {0, X 45 N 635 NI i,

TEZP 202344 34 E54 1Y

25 1A% REZH RN LY 294002 2H 241 M At 55 P9 B9 2146 2 S AR G
A 4, 1 DP 10 wmol/L+LY 294002 2H 40 ffd A% Y 42, 1X Ik
RS EAR GRS e 3T R TN RE S AT OE 3 VAG Y A
DL 5,

4 1Fig

WS, 25 5K F MTT 5 Al ELISA 325 46
T DP X} HL60 4 Jfd {14 3% 5 410 61 B8 1 B 40 i 55 75 9
LDH By F& ikt 2 , il 3 AO-EB 1 Annexin V -FITC/PI 4 {4,
AT E T I A 2R e S AR T i —2
UESE T DP REFD ] HL60 41 it 34 58 175 T H O 7, 3xX 51y
g a5 R —5,

T4k, BEF PIBK/At {5530 -5 1 I & 2R R 1Y
KZEYIY, M LY294002 1y PISK AR PR Hl 55,
eI i A 45 Akt 78 P9 T 50N 0 i TS, =5
55 PI3K/AKt 5538 B AH I 1 43T ML b s R P il 5]
R, AT 45 A LY 294002 S B6IESE 560 % %2 DP S 757 fE

China Pharmacy 2023 Vol. 34 No. 7 - 829 -



FoxO3azE [

DAPI

Merge

A 78 U IREL

El5 HKAMAF FoxO3aZEBZEMERBHE (DAPIRE)

M PISK/Akt {7553 B A il (1 155 HL60 2 iy (444 5 5
HRHMAT, 458 A, DP 5 LY294002 A F X2
I P 38 B 0 A ) B 200 B R T3 55 DP BT FH B3R
BT, 3% 26 W] DP 5 LY 294002 Z [l fEAE M EIVE . 9 98
SCHRARAE , FoxO3a /A Akt i S B A0 Y, T _E 840
FRLORI T PR, R 440 0 R, DA T A 4 0 1
FIJELSUIBELA | 300 o e 0 A A S AR g R 2B
3 i Western blot 32 I 52 B ¢ ) 52 8 -PCR EE K &
H, DP 5 DP I £ LY 294002 ¥ & sk /b HL60 4 g H p-
FoxO3a. p-Akt & 1 (FoxO3a. Akt 2 F 1 1% L JE ) &
ik, I M FoxO3a mRNA % s KRR, 34 2R 52
T DP A] i i PIBK/AKt {553 45 9 il HL60 41 it 3 78 -
WS HE T, (B{EA AV, 75 Western blot SZ5
W AT e A 0 B 2 B Y T Rl it A 4 =2 B9 il
MM P p-Akt p-FoxO3a 5 [ 19235 F AR, 5 22007
G A A TR S A S A T IRAIE

A WA , Bim Al Bax 244 Bel-2 S8 16 51 , 1M1 F
Bel-2 K H T2 5 8RR T A e A gf 7l B
Wk G R EAEAY, BimJ2& Bel-2 K% ' BH3-only i
JBE R BY R — R A T8 A A B Bim 2
FoxO3a i Y &4 K F , FoxO3a i] LA 454 1 Bim Y 3

-+ 830 - China Pharmacy 2023 Vol. 34 No. 7

B. LY294002 41

C. DP 10 pmol/L+LY294002 41

g+ AR dE Bim 85 (192K, TS sh& b AR 42 i 41
MO TR R 2 H R EARE ST IESE , DP BEAS T 1 Bel-2
mRNA ()% 57K, |- Bax mRNA % 3K FE", 78
ABFgErh, A i SE T 9O f-PCRIE RN & #E, DP
HHENS | IH 40 M0 T Bim mRNA 1954 55K, X E— 2 F
52T DP AJ il i 2Rk (A s 12 1 ] HL60 41 i 184 78 i -
HPT-. 540, A SCHkHE ), caspase-3 &AL A T- ik 12
AT, S5 Al R R A T B e B B
Bel-2 £ [ 48 1% Hh 11) Bax/Bak 38 431 52 1 28 7 {4 1 5 5 175
PE B T, B0 caspase'™ ™, caspase J2 2 fifd
T EEEA\ 5T, 111 caspase-3 J&—Fh 4 B WG AL TR
P, caspase-3 FI #f caspase-9 V) HE| , Bl WG T iF)
HoAth caspase P+, K 2 A 5 | 5 20 1 BE T Ry IR A
M HEARME P, EHWAUES T DP L H sk A
LY 294002 J5 BEH I HL60 4f Jifl H caspase-3 . caspase-9 i
PEIF F I mRNA 195 5K

BRFGEHGE TG 1Y PISK/Akt {5 -5-38 1% AT LA
FoxO3a k& AWk , {415 FoxO3a M40 Mo i% 55 iz ) 41 it
J PN ) B R ARG JFE T 3% Bim 25 13 A9 33, 30061 400 it ) 07
T3 SR XY PI3K/Akt {7 5538 [ 32 B il B, ZSBEmR 1k 1)
FoxO3a M 2 M\ 20 it 5 P4 i2E A 20 A%, DA TG 5 0T U

rhEZG G 2023 4F4 34 4555 71



A A Bim £ B I, T S B E Tk A

P FoxO3a (A% % 0 5 A by J2 40 0 T A s 2 e

ME™ . FEABIGE S 00 i e R A W A K I,

DP B4 LY294002 J5 b LY 294002 5. H X+ HL60 41 fitg

FoxO3a 5 FUZH AL RS2 SR, [ UESE T DP AES T

i FoxO3a f FHAZE A I &

25 Lk , DP AL 3 i 0 ] PISK/Akt {5538 % 40 il
HL60 41 5T 75 3 R 1= 0 ASBESE7E#4 58 DP (1 1E
FHIBLH A I 58 PISK/ Akt £ 5 38 T, AT A
P& A AR Sl s L A Rt — 254
S 3k
[1] fhfEo, gk, WA, % L GARTA YT s E AL

f14 0 2% 245 3R 2052 (0] R E 24 57, 2019, 30 (24) < 3392-
3398.

[2] ZEVERR, 7000k . 45 2 B4 78 v 25 B 5 v (4 Bl i
BERE[T]. TR 24 ,2016,47(16) : 2938-2942.

(31 BRIDNI,JERENE, 200, A W B 200 S PERE 28 L
J3 HL60/ADR i 24 24 a9 45 JH S AL 0], TR Bl
#2,2022,34(2) :34-42.

[4] OLIVEIRA M L, AKKAPEDDI P, ALCOBIA 1, et al.
From the outside, from within: biological and therapeutic
relevance of signal transduction in T-cell acute lympho-
blastic leukemia[J]. Cell Signal, 2017, 38:10-25.

[5] EFIMENKO E, DAVE U P, LEBEDEVA I V, et al.
PI3Kvy/d and NOTCHI1 cross-regulate pathways that de-
fine the T-cell acute lymphoblastic leukemia disease signa-
ture[J]. Mol Cancer Ther,2017,16(10) :2069-2082.

[6] ThHArmgl, BRPT, 45nt, 45 RO & 24 LT i@ 4 PIBK/
Akt 3 O FUAR I U T A SR D], Y, 2020, 42
(10):2584-2591.

(7] ShHapl, JEmg , 2= tH a8, 45 12- 2 AU g - 13- i 1R i
X HL60 24 I 385 FEL40 1 S 75 S 0 T OB FE (D). Th [ 2
A4k, 2018,53(1) :30-34.

(81 EBeDn, i, A ETS, 2% 3T PISK/AKT {5 75 il i
A LLTE ST H9e2 U AR I B A/ A2 S8 s LI AF
5[], T EZy2E 4%, 2020,55(8) : 588-594.

[97 YUWIJ,WANGJY,MALF,etal. CDI66 plays a pro-
carcinogenic role in liver cancer cells via inhibition of
FOXO proteins through AKT[J]. Oncol Rep,2014,32(2) :
677-683.

[10] FU Z, TINDALL D J. FOXOs, cancer and regulation of
apoptosis[J]. Oncogene,2008,27(16):2312-2319.

[11] BIL,YAN X J,CHEN W P, et al. Antihepatocellular car-

FREZ D 2023 4F5 34 455 71

[12]

[13]

[14]

[19]

[16]

[17]

(18]

[19]

[20]

cinoma potential of tetramethylpyrazine induces cell cycle
modulation and mitochondrial-dependent apoptosis: regu-
lation of p53 signaling pathway in HepG2 cells in vitro[J].
Integr Cancer Ther, 2016,15(2) : 226-236.
STRASSER A,PUTHALAKATH H, BOUILLET P, et al.
The role of BIM, a proapoptotic BH3-only member of the
Bcl-2 family in cell-death control[J]. Ann N Y Acad Sci,
2000,917:541-548.
QI G H, SUN D, TIAN Y, et al. Fast activation and
tracing of caspase-3 involved cell apoptosis by combined
electrostimulation and smart signal-amplified SERS nano-
probes[J]. Anal Chem, 2020,92(11):7861-7868.
NICHANI K, LIJ Z,SUZUKI M, et al. Evaluation of cas-
pase-3 activity during apoptosis with fluorescence
lifetime-based cytometry measurements and phasor analy-
ses[J]. Cytometry A,2020,97(12):1265-1275.
MA X Q,YUM X,HAO C X, et al. Shikonin induces tu-
mor apoptosis in glioma cells via endoplasmic reticulum
stress, and Bax/Bak mediated mitochondrial outer mem-
brane permeability[J]. J Ethnopharmacol, 2020, 263:
113059.
DEWSON G. Investigating the oligomerization of Bak
and Bax during apoptosis by cysteine linkage[J]. Cold
Spring Harb Protoc,2015,2015(5) : 481-484.
ZHANG J L, WANG X M, YANG J F, et al. Novel dios-
genin derivatives containing 1, 3, 4-oxadiazole/thiadiazole
moieties as potential antitumor agents: design, synthesis
and cytotoxic evaluation[J]. Eur J Med Chem, 2020, 186:
111897.
YIN F, ZHOU H F, FANG Y C, et al. Astragaloside IV
alleviates ischemia reperfusion-induced apoptosis by
inhibiting the activation of key factors in death receptor
pathway and mitochondrial pathway[J]. J Ethnopharmacol,
2020,248:112319.
SEDDING D G. FoxO transcription factors in oxidative
stress response and ageing: a new fork on the way to lon-
gevity?[J]. Biol Chem,2008,389(3):279-283.
LIU Z X, SHI Z C, LIN J R, et al. Piperlongumine-
induced nuclear translocation of the FOXO3A transcrip-
tion factor triggers BIM-mediated apoptosis in cancer cells
[J]. Biochem Pharmacol,2019,163:101-110.

(i H 191:2022-10-09 & 171 H 11 : 2023-03-07)

(€3 )

China Pharmacy 2023 Vol. 34 No. 7 - 831 -



