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Study progress on traditional Chinese medicine monomer intervening in pancreatic cancer by regulating
PI3SK/Akt signaling pathway

XU Mingyao', HUANG lJing', SHEN Zhiwen', ZHANG Xiaoning', LIU Xin', YIN Jiaqi', LIU Zhu', LI Liqun®,
XIE Sheng’ (1. Graduate School of Guangxi University of Chinese Medicine, Nanning 530001, China;2. Dept.

of Spleen and Stomach Diseases, the First Affiliated Hospital of Guangxi University of Chinese Medicine,

Nanning 530001, China)

ABSTRACT Pancreatic cancer is one of the most destructive malignant tumors; the pathogenesis of this disease is complex and is
closely related to genetic susceptibility, chronic pancreatitis, and gene mutations in signaling pathways. The phosphoinositide 3-
kinase (PI3K)/protein kinase B (Akt) signaling pathway is a classical cancer signaling pathway that is aberrantly activated in
pancreatic cancer cells. In recent years, it has been found that traditional Chinese medicine (TCM) monomers show special activity
in the treatment of pancreatic cancer and can be potential drug for the treatment of pancreatic cancer. Based on PI3K/Akt signaling
pathway, this paper summarizes the mechanism of TCM monomer intervening in pancreatic cancer and finds that TCM monomer of
alkaloids (sinomenine, dictamnine, dauricine, etc.), terpenoids (saikosaponin A, linderalactone, isoalantolactone, etc.), phenols
(6-gingerol, curcumin, pterostilbene, etc.), flavonoids (fisetin, kaempferol, quercetin, etc.) and quinones (B-hydroxyisovaleryl
shikonin, rhein, lucidone, etc.) can inhibit the proliferation, invasion and migration of pancreatic cancer cells, regulate autophagy
and apoptosis, and then inhibit the pathological process of pancreatic cancer by inhibiting PI3K/Akt signaling pathway.

KEYWORDS traditional Chinese medicine monomer; pancreatic cancer; PISK/Akt signaling pathway; mechanism of action
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PG A KRB 245", R IE , PISK/AKt {5538 #% i 7E
JIRE i g A4 A e T L R TR R A M R B A L A
Wi A28 I 7% R A A8 A g, i T 9 %) v P
R, PRk, #f PIBK/AKt {55538 BB A by 2 1 il JBle AR
P B SORE M o A OCHIFFE UESE , Hh 245 A i o3 7 B o
IGIT T R B RRR IS T IR YT B RV TE 2T
SR, R i Bl = vh 25 SR SE T PISK/Akt 5 538 BT 9t
JERAR I DA DG B Ah  BET 1, A S Ao 4 1 v 2 LA
45 PIBK/AKt {5 538 [ 1~ P R i s 1) SCHRIHEA 7283, LA
RIRBRIER R IARTT OB 2 e P T R
1 PIBK/Akt{5 S iR BEHLA

PI3K/Akt {5738 [ 2 41 Ml N 1 2L A5 5 e il 4z
FE A% M o7 200 JEL A5 5 R AR 5 AR A7 AR R A
B A Z AP A AN Sy D fEY . PIBK JZ R B i %
TR — 53 AR A5 1) 9 Oy ORI e S W 4
[ A ARSI AL, A oe [ B i) iz .
PI3K [ 7438 T AN I B2, 1 A JSMEFESRAE I KB
RIE T REEEAEM", AktH 1 E—Fh 2 2R/
R A , A R 2 PISK T i fi B B (R 35O Pl 2 —
)2 PISK/AKt {5 518 AU AZ Lo 5 AN [ A L LR 25 ) 3 b sy
JE [ Y8 A Akt 7R (Akt]  Akt2 F1 Akt3) , B~ A 34 4
B — M RSF A9 N K38 51 52 25 [ (pleckstrin homology ,
PH) [RIJE 25 A8 35—~ ol BRI —A~ C 2R By o8 15 45 4
MY PISK 7 1% 24 2 4 i 32 K (tyrosine kinase receptor,
RTK) . 4 ffd X 7 32 f& F1 G 2K 11 1 B 32 & (G-protein
coupled receptor, GPCR) &5 fil & T i , bifi BV Bk 554 51
JoE B, A AL B NS TR JULIE 4 , 5- — 512 (phosphatidylinositol
4, 5-bisphosphate, PIP2) ) 3" - ¥ Re i iz 1k, =458 — 15
5> FBEHRBELEE 3,4, 5- =B R (PIP3) . PIP3 78 i 5
RURUASEAE & PH RN RSS 8 T AR 25 1 Akt
It 5 B N5 mWE WL B 4K 8 P 3B 1 (phosphoinositide-
dependent kinase 1,PDK1) .PDK2 A EAEH , {2 Akt (1)
Serd73 F1 Thr308 {37 s %% #x , 32 Akt i o Akt £ Al
[ A RN % & S5, AN 2L 3l B AR 2 AR
1 (mammalian target of rapamycin, mTOR ) . JJt K 2& 11 fiff
9 (caspase-9) . &l X fif #7 4K 2 (mouse double minute-2,
MDM?2) #% KT kB (nuclear factor-x B, NF-«B) 5| & 11
{7t (inhibitor of NF-«kB, IKK) % , A& A [ (19 41 i )
RE , HE T 7E 22 Fh P h S 7 2 3 LN 388 95 9 2F 2
PI3K/Akt {553 & A R HLA] LA 1,
2 PIBK/Akt {5 S 18 B& 72 fk AR HP O 1E

TR A (%) 2 S AL o A BH A , Z2 P05 530 B AE &
i P R R ik . PISK/AKt (5 53 2 iR rh ik
SN B E S g 2 — o W5 A, BER L PI3K (p-
PI3K) IR 1k Akt(p-Akt) £ 1A R AT 240 ifL 2 rh s B
FER" . ARZWIFTIESE, PISK | p-Akt /K -5 [ JiR 98 1 9l
J5 B AR 2R OC , I HL PI3K/AKt (553 6 (1 FE A
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mTORC1

MDM2  caspase-9 ~ GSK3B
P21/P27 Bad MDM?2 IKK
PTEN:: [Fl 5P BERR - 5K ) 2511 s P85 \P110: PISK Y IF 4 ; GSK 3B :
I PRI AT 3B 5 P2 L« 24 M0 J) S0 4 1 40O P i e A1 6 5 T P21
P27 : 48 i J S A P AR i 00 A 4K 1 P27 5 Bad - BAA it L 7R3 2. (B-
cell lymphoma-2, Bel-2) #H XAET - JH A T,
Bl PISK/Akt {5 S i@ B HIIFEHLH

LAk KV w] 32 W A0 T g R g AR I I K 4
JT, mTOR & A WI1E S PISK/Akt {5 538 i#% 1) OC 5
U AR, B OGS vT i s S b R - ) T AR
(epithelial-mesenchymal transition, EMT ) 3% 5% [ Jli J 2
AT RS 3, I 1 s 4T W s A PR T
PEM e SEGN A 25" b MRS & B, PISK/ Akt
ST ] A SR B R L 22 2R R AL
H A FINF-«B 5 538 45 2 M 5 R BAE R B A&
To B A A A5 5 I 4, LA I [ 801 930 40 0 %) 22 Fob 4
MITfE , a1 5w 40 A 5 TS AR 2R e A
FERR

P L AT, PI3KY Akt £ 5300 % 7 JR i g 1) 5 0 12
T CHEE Y, A A AR T TR T S o B
PI3K/AKt {5 553 % ] ikt /L J Mo 9 40 e r) 396 4 (=228 i
FE RIS A B, IR0 95 A ML %) 1 I R o) T R 2 T 3
il P A T A
3 HEPHBEMKIFIZE PIBK/AKt 5 51# 8§ T ¥ i
BRTE
3.1 4WmEIE B

WA R S IR R B, T e B T R U e e 4
[] i RE N-45 % 25 11 (N-cadherin) T8 25 11 kK P Al
p-PI3K/PI3K . p-Akt/Akt 1Y) HLAH , F+ = E-45 %6 45 1 (E-
cadherin) F 3K K, IRTEE S F AR K F 1 AR S 00 4%
T BEGH X E-cadherin N-cadherin . ) TE 25 1 235 VEFH o
Zhang 555 FH 11 6 6T T B M5 4 M 2 B, 1 A L
A W EPTEMTAER , 3X $27- (BB ] 38 12 70 il PISK/
Akt {5538 A 5 09 EMT, 128 1 100 4410 F96 it 82 41 i 334 5
1RZFEFEERL S o HHICHIFST R FH it 55 1 I AR B -1+
O JR 95 200 L B, T A X e S I A R g A i b
PI3K . Akt.Bcl-2 2 |4 F1 mRNA F3A5 7K - , 33 457 B 55
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B LA A 4] R A 41 1) PISKY Akt £ 53 4175 S I i
ML A BFEUESE , NEEB B 8 W LR
i 5 VA TS 24 R R A i A Beel-2 A G X
F (Bcl-2-associated X protein, Bax) . 40 it J& 1 45 4 D1
(cyclin D1) mRNA ) K3k, T Bel-2 A fF RE M .
PI3K . Akt.p-Akt 5 1R , i $a 7 /N BER AT 38 12 41 71
PI3K/AKt {5538 i K Y5 BT IR IR 98 E JH™ . Hong 5™
FER B, SRR BT AR % 10 1) 5 IR 48 PANC-1 H1 SW1990
20 M b p-Ake F O A O 3 A 82 BE 3 1T (lipidated
microtubule-associated light chain 3- I , LC3- 11 ) £ 1 A%
FIk MG p62 AU FRIA , IXHEIR S 5 B0 AT S o 41 )
PI3K/AKt 15 5 38 B 41 328 200 L 0 T, - 400 10 40 e |3 s o
Song S L IR, M3 Bl O A AT T 5 [ A PG A
240 Bel-2 ., caspase-3 8 1 1 &R IK K-, BEARA /AR
T 1 . p-PI3K . p-Akt. p-mTOR & [ i 2 A K, H ik
S5 A mTOR BB R W 3 i , ik 320k By Ok
A 3 ] PISK/Akt/mTOR 1553 % 2 17 [ A 68 400 i
T, A WESEIE T, SR R SE B RE G2 410 1 156 R s
SW1990 4 A= K, T i LC3- T/LC3- T HefE AN
H MRN8 F Becelin-1 (357K F , A% p-PI3K . p-Akt
1 p-mTOR H FH A 2B 7KV 5 LI B+ 11 I 410 1l 791 1k
AAEBRE , SW1990 £ it Fh LC3- 1/LC3- T FE 1K, p-
mTOR & R IA 7KV Tk, 32 4 75 0 B8 ] 38 4ok 4100 71
PI3K/Akt/mTOR {553 52 Me 240 . 1 105 , 328 7 400 7 Je g
)[R R

SEN ISy 3 NS TN LS A TN AN
BB 5 2 B A B L B S A A IS L T i
P PISK/ Akt 55188 g 410 il J i Js 200 e ) 10 L =22
TR E W, ISR T
3.2 WEFEBEK

Shi FF*BIFFEUESE , G250 B4 A T I 2 T i IR A
BxPC-3.Mia PaCa-2 4l }fd 7 caspase-3 . Bax £ [ f) & 15
K-, BRI Bel-2 240 16 5v 4 1 K67 BRI T A 35 B2 A
£ A -F 5Z 1K (phosphorylated epidermal growth factor re-
ceptor, p-EGFR) . p-Akt fill p-PI3K £ [ f{) 1A /K, ixX 2
TR SEH AT A W] 3E i #] EGFR/PISK/Akt {5538 %, &
FEPUIR IR TS M o Xu S5 9E R, 48 5 24 P g b 3
J& , B A Bax 22 R R AN SR 5 T 1[poly
(ADP-ribose ) polymerasel , PARP1] % H it 3 ik /K 3 T
= , cyclin A2 cyclin D1, cyclin E1, Bcel-2, PARPI , cas-
pase-3 .p-PI3K Fl p-Akt 2 [ 5 A ACEREK . 1E—451
% R, 1525 IG5 PISK/Akt 4T 77 Y'S-49 L [l 4b Bl S
AEA R0 5 5 245 N TR X p-PISK A p-Akt BOHIHI/EH , 1X
¢ 1 1 2 A AT e 40 ) PISKY Akt (55 1 146 , AR fEG e i
FRAIMETEPE . Zhang S RFRCIESS , 5+ R N R AR
T~ R R g A b 8 1R A6 3K B2 A= K PR (phosphory-
lated epidermal growth factor, p-EGF) . B /iR . S 1] 784 il
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FHIEEE T 2(phosphorylated S-phase kinase associated pro-
tein 2, p-SKp2) il p-Akt & [/ % 15 , |l caspase-3 Fl
Bax K (K, X HE /R 5 4 AT Y TG T 38 i< BB EGF/
PI3K/SKp2/Akt {5 = 1 il o A iy s BRI o AHOCHI
GER I, FHZ A 1 AT FEAR e i 958 Mia PaCa-2 4 Jfd
PI3K . Akt Fl mTOR & 119 F A 7K, X B&7s FHS:1 11
W 38 323 LT PT3K/AKt/mTOR {55388 , 470 il I s 41
By A K AR SRS IE S, 25 B BREES R4 AE A% 11
[ R 5% PANC-1 435 ), B AR 20 i v p-PI3K . p-Akt I
Bel-2 5 19 3R 5 7K F-, 7t 5 Bax . caspase-3 &5 [/ R ik
IR, 3 HE 7R 2 3 P 3 B0 ) PISKYAke £ 5 38 %, i
HERFE I AN T

T S AT A S 2N S R E TR
FES 11 2 PP B TR ) 5 i 28 B4 mT 3 2ok 41 1) PISKY
AK{ 5 [, FAATK R A A0 M s
3.3 EpFEHEK

Jiang 53R F 6- 22 [l {4k 6 iR % Mia PaCa-2
SW1990 4 Jfd, % B H: ml [ A 79 b 240 Jfd b Ki67 \EGFR
N-cadherin . J %8 11 . p-Akt Fl p-PI3K 25 [ 19 2614 /K F
Jt 155 E-cadherin & [ 9 3R 187K F 5 2 — 25 L) EGFR 4|
ISR E 5 6- 221 M 2 6] b B 18 o Oy B 3, 3R 1
6- 25 il /i 1] 3 32k EGFR/PISK/AKt {5 5 18 B4 4 JBs it o
YU 3G 5E AR BT RE . M R, R T
V& JB IR 98 BxPC-3 . PANC-1 41 it /1 p-Akt ., p-NF-«B,N-
cadherin MY R H ik, LU E-cadherin [ 3R ik, %
A 22 85 3% 0] 3 i) BELBT PI3K/AKt/NF-k B {55 538 6 , 74l ok
BRIEEERE™  AHSCF IR, IR AT 2 A 1T U/ J B e 4
MIERS , TR A T p-Ake B AR LA OB A 2 11 S6 S |
PDK 1 B2 1k GSK3B (p-GSK3B) ik, FMHIR A E A
A SE T 0] PISK/AKt/mTOR {5538 s , 0 il ok A s 4t i
HagE IR H AT, A BRI A B, A ]
Mia PaCa-2 4l Jifd ' Bax ., [ W AH G 25 1 5 (autophagy pro-
tein5, Atg5) \Beclin-1 FILC3- I (3%, T 4 B 41 i bk £
J8i x1 2 [ (B-cell lymphoma-xl protein, Bel-x1) , B 3L
AL LR P 2K | £ 24T 245 85 1 1 (multidrug resistance
proteinl , MDR1) . p-PI3K Fl p-Akt [ 323k , F B L6 sl
i ] PISK/AK {5 55 38 [, 175 5 I I 9 40 A 1 s
PHT

AT, 6-22 Y 2R RO A R AR
K AT 3 8 40 ) PISKYAK 35530 8%, 490041 i i 440 o
(35 AR ZE RS | 1F 1T 38 ) e A I P o B A
34 HEERFEHBEK

5T 2, JHEMGSE PANC-1 . Patu-8988 4l il 73 R
THiE , A Ki67 L5 45 JE £ F ¥ 2 (matrix metallo-
proteinase-2, MMP-2) . MMP-9 , p-Akt . p-mTOR FI PI3K
B R IRAKOF 2 8 35 FEAIG, cleaved-PARP | caspase-3
il caspase-8 2 [ 1 FE IR KT, 457 SR ) mT 3 o
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A0 1] PISK/Akt/mTOR {5538 4% , 4101 ] fis AR Jis 200 o 394 4
TREFIER , DA i 8 il B B 1) & ™, A3 2 L2
Py B 11125 W+ 7% 85 Je b 3 PANC-1 . BXPC-3 4Hi 0 , 4
Jifi /f p-EGFR . p-Akt . p-ERK 1/2 Fl Bel-2 25 [ 1926 15 7K F
[ , cleaved-caspase-9 . cleaved-PARP Fll Bax £ [ fit) &
KA X 4R L 23 B o] i ] PI3KY/ Akt {5 518
%, it TR 200 X % R T T U T 3 o
Pl () i JR . Lan S5Vt FA K 2265+ 74 i 1
Ji B 955 Mia Paca-2 40, & BEA0 A Atgh . LC3- 1T . cas-
pase-3 \NF-kB p65 7 [ 735 7K - T , 9 40 0 1) - 24 55%
e A, e A AL 2= ) 32 K (receptor for ad-
vanced glycation endproducts, RAGE) mRNA F1 % [
FEIRAEFEAIG, X AR/ Bz 25 ml i 2 410 i PISK/Akt (55
I, fE AR AR v R T

F b T, AR R L 1L AS Iy A 25 A R R A
o J0 ) PISK/AKt {5 538 %, 32 11 400 il e g s 240 e 1 184
B RIS o
3.5 BREMZE A

Zeng U RIRST S R, B-F 3 S TG I 4 2K Ak HE g
I PANC-1 48 J5 , o] IR 40 i p-PI3K . p-Akt 8 [ %
IR X BN S T 38 A ] PI3K/Akt 5538 %, 30
JER MR AN T5 P o Liu SE R 5T 3 B, R B R Ak P B AR
Ji& PANC-1, Mia PaCa-2 41 g J5 , 40 Jfd *b PTEN. Akt
PDK1 F122 84 1%/ 75 2 I B 1 SR A B R AL /K ST 28 A1
P PI3K/AKt 5 S 4 1 51 LY 294002 b B f5 , w2 K
TR AR HRCR s )2 2 LB shi) 740Y-P A B 5 , T i ]
KHETR AR FHASCR | i 4 7R o 2 wT 3 3 110 ) PISK/Akt
55 A AR AT T Chen SR ST & B,
TR EIRENS T VRN Mia PaCa-2 1l Atg5 Beclin-1 |
LC3- 11 \PI3KI . Bel-xl . = if #% 2 ji% # 11 B1 .RAGE |
p-PI3K .p-Akt fI MDR1 £ [ /) 3235, HLAE T 25 20 il i
FEU ) 2 X e/ 25 2 R AT 38 o 41 i) PIBK/Akt/MDR1
5 T % 0 e R 2T ) A2 R

B LT, B-FRJE R IR SR 2R R R R 2 A
P P25 LA T 38 3 4170 1) PISKU Akt {35538 8%, 410751 e o
UG 1 , 175 5 08 T4 v Ak 2R AR T 3 ) P A
S O PR R
3.6 Hfhek

Yan S FGY R B, SR =R A Amep R
il 15 R 95 BxPC-3 . SW1990 4 Jifg 1 p-Akt . p-mTOR %
Z UMM A MU 1 & AR IE, L caspase-3 £ F 9 5=
ik, X HE7R Amep AT & 70 PI3K/Akt {5538 % , fi iF
JEE IR AR T, Marelia ZE " BFSEIESE , JEE 2 HE AT
A R ARG 16 i 95 PANC-1 . BxPC-3 411 f mTOR . Akt fi¥
FR ALK, Tt caspase-3 F ik /K -, 1 2 78 1% 43 1] 3
I 410 ) PI3K/Aket {5 5530 [ , 7 ) i M 9 400 e 35 5 0 175
SHPE T Li SRS K B, S YR AT AR IR R g
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Capan-2 ., SW1990 £l Jitg ' MMP9 . Bcl-2 , Akt1 il p-Akt &5

1) 22 35 7K F- , T8 Bax | cleaved-caspase-3 Fll 22 24 J5 i1

AR VO 2 1 AR K KT 3 B T AL T i 3

i PISK/AKt {5538 % , 4101l Je st 2 0 PO 0 4% AR 22

I AT

B AT 2508 = AT AE Y Amep  FIRE R AL,

5 s DAY TR A5 Gl IS P A RT3 5 ) PISKY/ Akt 5 53 %

VS A0 R TR JBR R A PR

4 £5iF

B iR IR A Sl — MR v R, LTS 22

FEAR " E R R B B R, BE 2GR B R TR AR

T LA 36 R G 0 B, DR rp 2 B (R e A% il o 1)

PI3K/AKt {5 1 5 , BELIT A B ) 1k Joe o AR SO 47k

Hh 2 BRI 45 PISKY/ Akt £ 3 i T T J i o ) F 52

184, R BRI IS (N sl | 1 S T 8w 158 5 B

55) i (UNSEW R A 25 NE 2 L ARFNERSE) |

B2 (N 6- 22 2 30 3R VSR ECAE) VRS (A

B LS M M KSR ) (RS (B- R R B 5 R

R A5 Z ) S5 25 B4R s i # il PISK/Akt

T B, 10 T R R A M B AR RS, IR A

AT T JBR AR A B AR

25 LT, PISK/AKt 5 58 B REAE 5 2 M5 59Uk

AREATE P, P (w1400 )[R Fi s 200 L P 14 AR ZE AT AS L (H

LU LA 49 2K B B, % PISKY Ak {5 538 15 A A

T3 B ) B S SRS Fp e — 2D A% 4 o A, 2 FL A

WFE 2215 BR TR 20 M0 S 36 22 1T, PR O P T B 7y 2l

YWt FE RN PROTFEAT AR SEAR R, LU O [ e i6 7 7

Lo P2 BRIl R AL AR AR
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