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# E: Bpy HETIENWIEEES 1 (peroxiredoxin 1, PRDX1) B 50H5 B Ul 42 W GBS 3-14#8§ (phosphatidylinositol
3-kinase, PI3K) /&#H#MF B (protein kinase B, Akt) /%5 & -3 (glycogen synthesizing kinase-3p, GSK-3p) {5518
B S IANERRYIE T EANLE . A% AFLUIRE MCF-7 454 PRDXI siRNA J&, T T5, H20mb;
OB MCF-7 43858 . AT, TR IR IR ; Kl —#% (malondialdehyde, MDA)D. Fe*. 4HMIP R ZRMi 1A TE
P4 (reactive oxygen species, ROS). ZRHL{AJE By A7 FNZR b (4 s FL % 1% s K H Western blotting F1 qRT-PCR A il HL He A<t
PR B -Fi@iE 1 (voltage-dependent anion channel 1, VDAC1). p53. PI3K/Akt/GSK-3PB {5 ‘5 il i S 4% i s K 1 B2 AHCIA 1
(nuclear factor E2-related factor 2, Nrf2) /Il 41 2 N4 -1 (heme oxygenase-1, HO-1) MBESHICE A MIEKIRIE. &R W
By CL AT 2 R AR S A MCF-7 43 5E . iR B28 AT (P<<0.0D), Fmdifu R4 kifk Ny ROS. MDA Fl
Fe2 7K F (P<<0.01), MEIfEFRILEA, FRARLRAR AL (P<0.01), EELRiAmFLIEEYE (P<0.01), i HO-1. p53.
GSK-3p Al VDACI [J#i& (P<<0.01), Rl Nrf2. PI3K. p-PI3K. Akt fl p-Akt & (P<<0.01). Wifk PRDXI #:F Al &
SIS OB ERVER (P<<0.01). £518 ¥R CBiE I % PIBK/AKt/GSK-3p 15 5B %5 S MCF-7 4l & AE 2 ki ik
AERMERIET:, H PRDX1 7EH A R GBI 1E A .

KR WP O PRDX1; FLMRE; 3BT PI3K/AKYGSK-3B 15 5 iM%
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Mechanism of tetrandrine regulating ferroptosis of breast cancer cells mediated
by peroxiredoxin 1
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Abstract: Objective To investigate the mechanism by which tetrandrine regulates the phosphatidylinositol 3-kinase (PI3K)/protein
kinase B (Akt)/glycogen synthase kinase-3f (GSK-3p) signaling pathway to induce ferroptosis in breast cancer cells based on
peroxiredoxin 1 (PRDX1). Methods Human breast cancer MCF-7 cells transfected with PRDX1 siRNA were treated with tetrandrine
to examine its effects on cell proliferation, apoptosis, migration and invasion. The levels of malondialdehyde (MDA), Fe?', intracellular
and mitochondrial reactive oxygen species (ROS), mitochondrial membrane potential, and mitochondrial membrane permeability were
measured. Western blotting and qRT-PCR were used to detect the expressions of voltage-dependent anion channel 1 (VDACI1), p53,
PI3K/Akt/GSK-3p signaling pathway and nuclear factor E2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1) pathway related proteins

and genes. Results Tetrandrine dose-dependently inhibited MCF-7 cell proliferation, migration and invasion while inducing apoptosis
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(P <0.01), increased intracellular and mitochondrial ROS, MDA and Fe?* levels (P < 0.01), aggravated lipid peroxidation, reduced

mitochondrial membrane potential (P < 0.01), enhanced mitochondrial membrane permeability (P < 0.01), upregulated HO-1, p53, GSK-
3B and VDACI1 expressions (P <0.01), downregulated Nrf2, PI3K, p-PI3K, Akt and p-Akt expressions (P < 0.01). Knockdown of PRDX1
gene significantly amplified these effects of tetrandrine (P < 0.01). Conclusion Tetrandrine induces mitochondria-associated ferroptosis
in MCF-7 cells via PI3K/Akt/GSK-3 signaling pathway, with PRDX1 playing a critical regulatory role.

Key words: tetrandrine; PRDX1; breast cancer; ferroptosis; PI3K/Akt/GSK-3f signaling pathway
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BRI . IR I, FLI e 40 M0 A RS
FHBRAL TR I = FEBUR S, R ERIE AR
PRI a7 R AR T IR SRR AR S o BRAE T ML
R R AIE R I 9 48 B N S 1 4L Creactive oxygen
species, ROS) Ml Fe?' 77 & M. & M H K
(glutathione, GSH) 7K [ B K I ot i 4 A e 1
HaEBl, Hrp, PH B (malondialdehyde, MDA)
9 ROS A3 IR i S A 453 4 1 26 2 () A 6 o
BT 3R BH, BRIET 5 57 Erastin nJ i i 2 52 2
Ktk ROS 7K, A 8055 2 Pl K A 90T i
FAWIEJERE 1 (peroxiredoxin 1, PRDX1) 2 fiyg
AHMERAE TS I OB O R 74, Rt JE e #E )
4% PRDX1 ZhRERIFTIHIL TSR, NIRRT
PR 1B BT E TN

TRAR N5 ) A P R A & e i B AR A
TREE S 3, ARG T SUR R
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YRR G RITTE, RGN s It A,

B4 T UL ) SCBEERE A R A E R IR, R R
SRAT 0035 T B2 B B S R L 3- U
(phosphatidylinositol 3-kinase, PI3K). Z& ¥/ B
(protein kinase B, Akt) ¥¥ 54 i E-3B (glycogen
synthesizing kinase-38, GSK-3p) 1 PRDX1 &1k
BREE VAT PR, SR UF AR S SRR
GrELE . B2l i A A b SEEG RN I B B BN
FLMR e I pU i v v, R @ PRDX1/PIBK/
GSK-3B 15 Tl B J5 R AL T I HARVE R LA
1 R
1.1 4HpE

NFLIE MCF-7 4 i 1 5 0E b g R
SR TR e O, RS 10%06 28 i 1)
RPMI 1640 }5773E, 37 ‘C. 5% CO, 4N E; 7+
iR,
1.2 Zam5is

WB O B4 50=98%, L5 L1607039)
A BTRL TIAFIA R 2" MTT ('S MA0218).
Annexin V-FITC/PT 21 g 7 T~ 077 & (35 MA0220-
Nov-19G). MDA {7 & (fit5 A003-1-2). ROS ik
FE G5 011124240625) T H FEASEMHAG R
AT FerRilA (S 24060060 £k A g s A7
KR 7 & (5 240011010 ZRAEAAR I FLAG )k
A& Git'S 2401400060 1 H 2~ RAEVH ARG R
A#]; Hoechst 33258 YLt (k5 B1062-50) 1t H
GRS R B ARGR AR ; P el (5
C0080) 1 H b I K E R H A A ; PRDXI
siRNA (fIt'5 PA20210508007) T4 B st 3L A4
HIRAF]; 4Pl PRDXI Hifk (5 AH11286403).
PI3BK PifE (bs-2904R). p-PIBK Hifk (Ht5 bs-
7913R). Akt Jiik (#L5 T06060003). HjHifs-3-ik
e M & M (  glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) #iff (#it5 BC10268988)
W B AL BRI ARG IR AR &bt p-Akt 4
& (35 3600003598 HL AR 14 [ 25 il iE 1
(voltage-dependent anion channel 1, VDAC1) $Hifk
(#it 5 3523071207 ) . GSK-3p #i ik (it 5



* 5122«

PED 2026578 B57% B 138 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 13

5500038185). p53 Hufk (Hit’5 4000400043). LT
Z N ME-1 (heme oxygenase-1, HO-1) ik (fit's
3522110806) 4 H i % &= AV RHLA R A
7 RPUZFE SR F E2 AR K+ (nuclear factor E2-
related factor 2, Nrf2) Fiif& ({it5 T05162135). HRP
FRic PR IgG itk (k5 WLA068a) Il H LR i
KAEMBHEARAF .

1.3 Y&

CKX-41 PG RMEE (EE Leica 2 H]);
ECO-170P-230 R4 fiu s 7746 . Model 680 Y BEARIX
(Z[EH NBS AF]); Adventurer B 543 2 —H 1R
(£[E OHAUS A #); CKX-41-32 FU {3 & B H
A Olympus A7 ); Anke TDL80-2C ZEL.O 41 (1
R ER] ) Optima L-100XP HUA I i
B0HL. EPICS-XL AUy tdiffif (3£[E Beckman-
Coulter 27 ); Azure Biosystems C500 &3/ 2T 41 il %
Z4 LIRE R MR RAFRD; 680 H4H
Bk (3£E Bio-Rad AF]); DYY-7C B HEIKAX
M344039 AU B HL KA EIRE (bRt —AE) ).

2 7k
2.1 MTT AN ZHREE S

Bk B 2ok R 3R AR ( dimethyl
sulfoxide, DMSO) ¥ fi#, Hiil A 10 mg/mL K1l &
W, 3% T-20 CREIRAT. SLEHTHA 10%0h6
A= 37 ) RPMI 1640 5625 7R MR 1. 24 4.
8+ 16+ 32 pg/mL ML 27, DMSO ZARFR 734
BIAEIE 0.1%,  DLHEBR VA 720 By v R 5 i

H# MCF-7 40 LA 1X 105 N/mL 50T 96 FLiK
W, B59% 24 he 4 TRRBE CUBRAGEE 48 h, X R N
AN E W5 . BEFLIMAN 20 WL MTT ¥ (5
mg/mL), ¥ & 4h. A 150 uL DMSO ¥ i F 5t i
A, A% FHBEFRACLE 490 nm YK AN EWOERE (4)
8, JF v & 2 £ 0 &) W B2 Chalf inhibitory
concentration, ICso)o
2.2 BRI

¥ MCE-7 4ijfaLL 1X105 ANALIERT 6 FLIK
W, SRS IR R 30%~50%0, B E XTI
Al siPRDX1 4. f#H 1 XriboFECTTMCP Buffer
B¢ PRDXI siRNA fi#f£¥, IO riboFECTTMCP
Reagent J& G 3%5), I E 15 min, JERERE
EW. BRI AP TER BT 58 AR 7R 2
b, A AR T 100 nmol/L, TR FEAF s 3% 24~
96 h.

2.3 AT IE R A

¥ MCF-7 ZHfa L 1X 105 ANFLEEMT 6 FLIR
o, REEXTIRA R B ER (104 20 ug/mL) ZHAN
B A% (20 pg/mL) +siPRDX1 2. g fa,
YT R CRALEE 48 h, XFIRZLINAA S 25418
FRHE . NN Hoechst 33258 Fll PI YL, #LE
G, TRGCEMEE P, KH Image J
g IRl b SRS G Qi = 11 0 e <
[FIt, %A Annexin V-FITC/PI 4 i T2l 7 & il
ik A R SR U A PR 1
2.4 XUJRFN Transwell SLIGNRALT R FRZERE ST
2401 KRS HHMRhG LIS E] 70%~80%
i, HICE 200 pL BRAESLTE 6 FLAR [HRHRIE
HER, 3% “2.3” TUN LT Hg 2y, Ko
48 h, TEE BB TSI,
2.42 Transwell 3246 24 FLARMNTEAN 8 um LI
Transwell /NE, /NERMIA 400 pL AHER,
FEHIA 700 pL & 12% 64 MG 1) e a5 etk %
“2.37 TR iRT o AAGS G, KigE 48 h, KRR
RAZZE AN M, e THI 41 A e ] P 45 AR
gy, THIBE B FWSIHME, Stz
2.5 AR MDA 0 Fe2 7K F 946

¥ MCF-7 Zffa L 1 X105 ANFLEEMT 6 FLIR
W, 4% 9237 TUR VBT o HRIER 2, B59% 48 he
W BRI, Fa AR U A A I MDA il Fe2 7KF-
2.6 AR K ZERi{AMA ROS 7K FRIHM

¥ MCF-7 Zfa L 1 X105 ANFLEEMT 6 FLIR
W, 4% “2.37 TR T o g 2, 5557 48 he
WL EE 4, PBS ¥l 5 , i1\ DCFH-DA £ MitoSOX
ek, 37 CENIH T 15 min, TGRS NI
iRl
2.7 ERRIERER LK RO

¥ MCE-7 ZHfILL 1X 105 ANALIERT 6 FLIK
W, 4% “2.37 TR 5T o A RIZA 2, 5557 48 he
VR, PBS Yedk)a, IIA JC-1 %etR4t, 37 C
WG A 20 min, TUOGRME NS IR,
2.8 ZRRIAEETLEIE AR

¥ MCE-7 ZHfILL 1X 105 ANAFLIERT 6 FLIR
o, % €237 BUR JTVERMT - 25 2, B59R 48 he
WCEE AR, PBS Jeifk)a, MA Calcein-AM FZ G
KA, 37 CHEEEHFE 30 min. SRJ5HE A 37 CH
PR IREE, W E 30min, DAARIESH D A FEES
T4 /KR Calcein-AM PUE Bl &% (6.5 Y [ Calcein.
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2.9 Western blotting 12l PRDX1. VDACI. p53.
PI3K/Akt/GSK-3p iBESFN Nrf2/HO-1 BESHEXE
ARIA

# MCF-7 ZHfaLL 1X 105 AN/FLEEMT 6 FLIR
o, $% 9237 TR 7R T A RIS 2, 5557 48 he
WCEEZHAE, IIANF PMSF 20 iR 2R, &0k
H, AW 10 min fEEFAARNE, SRAH BCA 57 &
SE R FIREE . B AR AT e R RN - SR T A Tk
bk B vk, ¥4 PVDF B, £, InA—di, 4 C
B E . TBST WG, IMAZ#Hl, 37 CHE

2h, VeSS RG], KBRS R 5
AT PTRAL 737
2.10 qRT-PCR #Ul PRDXI. VDACI. p53.
PI3K/Akt/GSK-3f iBEEFN Nrf2/HO-1 BESHEXE
ESE P

¥ MCE-7 #HILL 1 X105 ANALIERT 6 FLIK
W, $% “2.37 TR iR T o ISR 2, 5557 48 he
WCERAHMY, A TRIzol {FFIFEHUE RNA. 2
F G UL 54 % cDNA, #E{T qRT-PCR 41. 514
FPHINEE 1, KA 27283k 5 H 13 R A R
B,

x1 514955
Table 1 Primer sequences
S L5195 (5°-37) TSI (5°-37)
GAPDH ACACCCACTCCTCCACCTTTG TCCACCACCCTGTTGCTGTAG
VDACI ACAGAGTTTGGCGGCTCCATTTAC GAAGCAGGCGTCAGGGTCAATC
HO-1 TAGAAGGGCGGCGGTCATCG CGAACCTCATCTCTTCCACGAACC
PI3K ATGGTGAGGCGGAGGACAGTG TGCTGTCGTTCGCTCATCATCAC
Akt CAAGCCTCAGGTGACATCCGATAC GCGGCGTCAACTCCACACTC
PRDX1 TGTGTTGGGACTGCTGATAGG GCTGTGGCTTTGAAGTTGGG
p33 GGAAGCCGCCGAAGAAGATGAG GCTATCATTGCTCTCCGTGTCCTC
GSK-34 GACAGTGGTGTGGATCAGTTGGTG TCCTGCTCCTGGTGAGTCCTTTG
Nrf2 TCCAAGTCCAGAAGCCAAACTGAC GGAGAGGATGCTGCTGAAGGAATC

2.11 FtESH

A LA X £ s £R, KA SPSS21.0 AT 48
THorHT, ZFREAREILECR A One-way ANOVA 77
M, 1#id Graphpad Prism 8 #Kf4H2 i Z&
3 Z#R
3.1 ¥ 2EXT MCF-7 4RpmiEsEpyinEl1E A

W 1 Fs, 1~32 pug/mL ¥ CUB 2 2 3
MCF-7 40135 71 (P<<0.01), HEFEMKME. ¥

1.0 7

—_—
0.8 — 2 %

k%
R 0.6
et
k%

2 04+ ﬂ ok
S
0.2 — ‘ \
0 T T T T T T T

X1 2 4 8 16 32

KB 2B (ng-mLT)
EX AR " P<0.01,
**P <0.01 vs control group.
1 BIEHEX MCF-7 AREEEIHEHER (X+s,n=3)
Fig. 1 Tetrandrine inhibits proliferation of MCF-7 cells
(Xxs,n=3)

B CLBBNT MCF-7 41 1) ICso fE4 15.31 pug/mL,
I J5 825 245 B BIKR FEVE N 104 20 pg/mL.
3.2 PRDXI siRNA ¥%3ERS5EK PRDX] 158
¥ BH 2 ExT MCF-7 4R AT 15 S1E R

K:H] Western blotting F1 qRT-PCR 5l A& 28 kb
HE ) MCF-7 41 fi f1 43k PRDX1 siRNA B e 5% 4L )
MCF-7 4ii g+ PRDX1 & Al mRNA FKi&, a1 2-
A~C Fi7x, 433 PRDX1 siRNA Wi % 44 ) MCF-
7 40k PRDX1 2 A1 mRNA FiE /KT 2 B
(P<<0.01), UEMHFE YT . BE— B4 TR 2T
i, Wik 2-D fios, SIRAANENGERE RITF. &
e, RIEFAERKIRE: WP O g g
A ERA IS, EIUR A TRAE, H 2=
FIZEME s TERUIK PRDXT R:R 5, 404 KA,
ST ) R K, 20 BRI I I 5, A B R A
W, 20 E 4. SR Hoechst 33258/P1 XL i A
MR TS, i 2-Ev G s, X B 4140
RIS OTE, H Py @AY, MBic
TRl ZE 441 o G € TR B £, 24 65 S RE MR B AR, 4
TR EZFTHE (P<0.01); 5¥FiCil iz,
#iBi O +siPRDX1 AN TRt —L BET S
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1.5+ _
. m@ 1.5
PRDX1 ———————EE 22X 104 H-% ey T
&= 1.0 T = 1.0
= =z
{ < *x
i &
05 - Kk 0.5 -
GAPDH | " S 3.7 10* = E
: m
Xt siPRDX1 &0 T &o .
pagit siPRDX1 PO siPRDX1
MR BB 10 pg-mL! K3EH S0 20 pg-mL' 3B S 4-siPRDX1
b G
1007 ##
%: 80
e
E 41 60+ **
=
Hoechst 2 404
33258 = o
50 um 204
0-
XTI 10 20 #BiCHs+siPRDX1
B O/ (g -mL ")
- - - ] -
50 pm| < 20 oo
F AR IR 10 pgrmL! BT 20 pgmL *’H%EWJmPRDXl ﬁf 15+
* £ ]
o 3 , =
2 1 % 5 —
5/ 21 .f"l.“ T N 77 m
= 11 S : : 1 0
o= . a | G s | o XJ i 10 20 WﬁaﬁmﬂlPRDXl
0 2 4 60 2 4 60 2 4 60 2 4 6 Fi O/ (ug- mL™)

Annexin-V (X 10%)

A~C-Western blotting Fl qRT-PCR Il PRDX1 £ (/1 mRNA #ik; D-f31E BHEMEMMIEA (X400); E. G-Hoechst/P1 IU4A I 4H )4

T (X200); F. H-J4UARR A0 3R, SXFRA . “P<0.01;

S5¥piem (20 pgomL™D AL #P<0.01, FERF.

A—C-expressions of PRDX1 protein and mRNA detected by Western blotting and qRT PCR; D-cell morphology observed by inverted microscope (x 400);

E, G-cell apoptosis detected by Hoechst/PI double staining (x 200); F, H-cell apoptosis rate detected by flow cytometry; **P < 0.01 vs control group; *P <

0.01 vs tetrandrine (20 ug-mL™") group, same as below figures.

& 2

B PRDX1 ¥E3E#3 5 DY MCF-7 ARUET-RIESIER (X+s,n=3)

Fig. 2 Knockdown of PRDXI enhances induction of apoptosis by tetrandrine in MCF-7 cells (X £ s, n =3)

(P<<0.01). Jm A AL R (] 2-F. H) 5 Hoechst
33258/PT XYLt J—5. LA 455K H, PRDX1 &
Wi CRi% T MCF-7 20 B T 1 B 6 4 R 7
) PRDX1 ] LA 58 MCF-7 40 fd X6k B CUB )
JEAE

3.3 A PRDX1 55 2T MCF-7 4Hpa(%
ZATRAHNHIE R

WK 3-A C fizn, STHEZHAG K S 40 i 2 i 2

JR RGO 77 LA P 25 P 4T ff 50 o B S kD>

(P<0.01), B PRDXI J5& % EAMEE I —

B (P<0.01). WK 3-B. D fiz~, XT84 400 0 2
FRRIXIBGER, #r7 Cidl kR & A & B E R K
(P<0.01), W& PRDXI #t— 54|40 it # fe
(P<<0.01). FH¥pB OB Ee A 2 3NH MCF-7 41
MR AR 2%, H PRDX1 7EH & 3% S 71
WEER .
3.4 MEICEIFS MCF-7 AfEkE T

BRAE TR RFAIE A2 Bk B8 0t 1) i oo 4

67, WK 4-AL B B, SxTRALEREL, A B O
35 5 IR U A28 ) MDA RIERAET A B[R]
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CET
3
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(=)
L
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SlliE

20 B d—i—siPRDXl

B OB/ (g mL)

X JE

10

RIR &S 2%

20 WﬁderstDXl
BB B/ (g mLY)

807

604

40

204 H#i

XTRE 10 20 BB CBs+siPRDX1
I O/ (ng-mL)

3 RIK PRDXI HESEMFG SR MCF-7 AAE1RE (A, C) FiE#H (B. D) HYIENER (X+s,n=3)
Fig. 3 Knockdown of PRDXI enhances inhibitory effect of tetrandrine on invasion (A, C) and migration (B, D) in MCF-7
cells(Xts,n=3)

##
Hk

=[]

TE” 1020 20 *ﬁ@—dw-FSIPRDXl

i O (ng-mL™)

il

#i

o 10 20 KB+ siPRDX1
HiBi B (ng-mL™)

]

#i

XJEE 10 20 )u’z‘r%aerstDXl
BB i (ng-mL")

i

Hk

A B C
#it 100
g’ 4 g2 -
54 " 515 - = 80
< ~<& Q
<+ 3 & o *% S 60
= 2210 -
< 2 5 = 40
£ E 5 == 2
£1 g F 20
- H [
a 0 0 T T E T
> X 10 20 HPCH+sPRDXI *BE 10 20 BIBTCUHE+siPRDX1
Kl U (ug-mL") Kl A/ (ng-mL)
S OB 10 pg-mL ! AR U 20 'ﬁ?lﬁ?ﬂﬁerPRDXl H 3
D TN ©
. L 2 20
2 =4
B3 o <
=10
E &
0
50 um
; I
F S 50
o
3 40
b
) 3 E 30
4 =
= 20
G : ( by
JC-1 = 10
Green ®N
50 pm
J
JC-1 100
Red § 30
50 <
pm = 60
— =
- - ¥ 40
ia
Merge R 20
0

A-MDA 7/K*F-; B-Fe?*/KF;
AR ALK (X200).
A-MDA level; B-Fe?* level; C, D-ROS level in cells (x 400); E, H-mitochondrial ROS level (x 200); F, I-mitochondrial membrane pore permeability (x 200);

G, J-mitochondrial membrane potential level (x 200).

4 MEICRIBES MCF-7 4REESKFET (X+s,n=3)

Fig. 4 Tetrandrine induces ferroptosis in MCF-7 cells (X £ s, n =3)

C. D-ZHfay ROS /KF (X400); E. H-Zehifk ROS 7/KF (X200);

X]‘HE 10 20 %Wpﬁk-&-m}’RDXl
BB Y (ng-mL")

F. -ZRRBEFLIEENE (X2000; G. J-4%
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T FeX R (P<0.01), R Fe I B2 EIET:
(1 )a shis 5 Ay, ool B AN SRt g it
FALME RN SRR BRI A B R
HHZ, MLkl 2 ROS K EEF=4 3707, Wl 4-
C~E. H PR, SXHRAILE:, Frbh kiS4 &
RN ROS KT A (P<0.0D). Ui 4-F.
G. I. J iR, SxRRALEE:, Bl gl ki A
FLEENERETHE (P<0.01), LRkl fr B354
i (P<<0.01), FRIALFIARDI RSN - AKX PRDXT FE

K= 25 T8 b7 AL T 991,

A[RE—25 TR MDA

Fe?* [ ROS /KF- (P<<0.01), H4finLkki i i 7L i%s

PE (P<0.0D), BEIRERLAREREL (P<0.01), FKH

ik PRDXT W] 34550 B U5 3 R AE T 2808

3.5 #MBFCHEXT MCF-7 A9 VDACI1. PI3K/

AKt/GSK-3p i@ & HIEZ MG
PI3K/Akt/GSK-3B 15 7 1t B% & 2k AU - 1) 4 i

I, TEGIEMR S A AR R 5 A P Y
A HEE T, e v gk AE T, AR 4 i
WK AU T 3 ARG GSK-3B E A PI3K/ Akt
TSR W 81, R R BB T S AR
F, SR UG 2E 4 P A A S B Ty e 4
ffio VDAC1 201 TN FLIE R A, F2E
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