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Monomer Components of Chinese Herbal Medicines Regulate PI3K/Akt
Signaling Pathway to Inhibit Bladder Cancer: A Review
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[Abstract] Bladder cancer is the most prevalent malignant tumor in the urinary tract in China. Western
medical treatments, including long-term regular endoscopy, intravesical chemotherapy, immunotherapy, and
radical cystectomy, are effective, whereas the high recurrence rate still plagues both doctors and patients.
Among the classical signaling pathways involved in the formation and progression of bladder cancer, the
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway is a key one. Modern
pharmacological studies have demonstrated that Chinese herbal medicines and their monomer components can
alleviate the discomfort, prolong the survival, and improve the quality of life of the patients undergoing tumor
treatment. The relevant literature in the past decade has revealed that flavonoids, terpenoids, polysaccharides,

gambogic acids, bibenzyls, and alkaloids from Chinese herbal medicines regulate the PI3K/Akt signaling
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pathway to play a role in the proliferation, apoptosis, invasion, migration, drug resistance, and autophagy of
bladder cancer cells, thereby exerting the activity against bladder cancer. Although some targets and the potential
mechanisms of the monomer components in the treatment of bladder cancer have been clarified, the research on
the monomer components is limited to in vitro cellular experiments and animal experiments. Researchers face the
great challenge in the application of the monomer components from Chinese herbal medicines into clinical
practice. We summarized the recent studies about the regulatory effects of monomer components from Chinese

herbal medicines on the PI3K/Akt signaling pathway in bladder cancer, aiming to give insights into the research

on the drug therapy of bladder cancer and the underlying mechanism.

[ Keywords]

bladder cancer; extracts of Chinese herbal medicines; phosphatidylinositol 3-kinase (PI3K)/

protein kinase B (Akt) signaling pathway ; research progress
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AR (ACC) 1 /K F B8, mTOR A 56 & H K
SEF A, # W Tet 7] 68 8 37 AMPK/mTOR i 1215 &
i I 98 2 A ) W R TS . ZHANG 451 % B Tet i
i U 5 Gli-1 3 5% EMT, fF 17 310 i) BC 40 i (1 1 7%
AR 78 . O8Ok A T 0E R P 35 1 19 2 iR
ZE-TE T D o 2RI A AR A B O B RE P
T24 20 M 9 38 58 O 4R 3 B TR i, AL v e 2 iE
o P LC3B I &EHMERX, L pe2&EHY
LC3B Il 5 H Ay R KK [ I BE U5 5 T24 40 A
Wiz A B B, 3 150 B 3 O BB 3 412 1 T24 41 1Y 3 Wi
SR B E A

3.5 BN BEREAAM. ZHUE O KM
AT 0 B B A BT T24 40 i 34 5, AL 2 cleaved
Caspase-9. cleaved Caspase-7. cleaved Caspase-3.
p-JNK . p-c-Jun 1 p-Bel-2(Ser70) ) % ik L, If H.
INK #il  SP600125 4b 3 fig i Z 96 59 E 2 £k 5
F14) 3 B4 R 9 TR R, SR 2 R T g
RLARYE TR 42 FINK iR 12 75 5 s e i A i i 1=
3.6 ETIRZS BEHIR(GA) 2 Y B
MRy B UR PR BUR S DIR . BE
alosl e g GA ) BIU-87 40 i i 3T 7% & 12 22, [l
i} , E-cadherin mRNA 14 H 19 £ & W & W,
Vimentin ) % 35 T i , & B GA v] fg i i i #%
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EMT & #% Bt Jb e 98 09 /5 o B AR 551 & 3 GA
0361 BC 40 M 3 58, HoAL I AT e 2 iE 2k BH A 4 A
JE 1 S B K B4 Jin Caspase-3 #H 3¢ 7 7= 25 H 3 15 3k
P i P T

*1 B PBK/AktESERMERENPZGRE

4 PBK/AKtESERAENEREBEERNDS
Bk

TSV T PI3K/AK R 5 3 (% & #5 BT 195 e 68 1
FH 2y gk W3 1,

Table 1 Summary of herbal monomers against bladder cancer via PI3K/AKkt signaling pathway

b rh 24 Lk G F AR Bt BN
fropihide w2 p-Akt ViR he [31]
T p-Akt R [36]
HAMNEST  p-Akt. mTOR.PTEN .Bcl-2 Mcl-1,Bcl-xl . Bad .Bax .cleaved  £&Ri {4 i T . 8 76 08 T 3% 48 S BH BT PI3K/ [ 38]

Caspase-3 .cleaved Caspase-9 . 4 Jffi {4 3 C .Smac/Diablo Akt/mTOR il #5398 1=
HEE PI3K .p-Akt,p-mTOR PI3K/Akt/mTOR {5 538 # 75 1= [39]
ik KJFSE PI3K .p-Akt.p-mTOR NF-«B .PTEN HOF PTEN AT 0 PI3K/AK I 8% SRl [43]

g R =78
FOENEE  p-PI3K . p-Akt.p-mTOR .MMP-9 Bcl-2 .cleaved Caspase-3 . PI3K/Akt/mTOR {5 538 4% 411 il 334 i - 175 [44]
cleaved Caspase-9 .Bax T

=iZE FMREH D p-PI3K .p-Akt.miR-129-5p .PABPC1 4% 3% PI3K/Akt {5 53 1175 S Ui T [48]
HEAR TR p-AMPK .p-ULK-1,p-mTOR 38 32 AMPK/mTOR/ULK 13 J# 3005 T F W [50]

LW MIRRZHE p-Akt PISK RS MR LY-294002 Fli# 3 71 IGF-1 i) PI3K/ Akt ik £ 10 i) 1 5 A0 3 B [51]
I S PTEN .p/t-PI3K/Akt.LINC00472 .PDCD4; p-Akt.p-PI3K . i 1 PTEN/PI3K/Akt i 0 fil 18 5 5 [55.
VEGFR2 VEGF VEGF/PI3K/Akt il 15 5 04 - 58]

5 FAELESETBCMRE

XFF NMIBC M # % Ui, b 1 — IR 97 2 78 i
17 TURBT & AR ZJ5 , fi Kk KA 1 (BCG) ® iR
7 AR ML B IR A 35% MR, T 42 40%~60% 1 &
FHT 2N R S R A R R O BRI R
B, —&B o R A JC RN M BC B AT RE R o R
T N P G FR T A0 A B IR AT LA 8 P e 2 A A A
il 3% A1 R A B R R AT IR YT . MIBC L MR A 2 e
B BC 19 —Z3R 97 R F LU R SE 6k 09 fb 7, 2R
T 446 K 22 4000 3 2 Gl 7= AR it 24 1, = B0 T RICR
H 508055 o 5% 38, 10 e T 8 Ak 7 25 90 5 B A
WAl A > BC IR R R B &R P s
WU SR B, T 160 5] 3% 32 4= B B 5K A5 A
AN R B Y R B9 NMIBC H 3%, Gk 1R 2H % Bt 1 5
FEE R, S A AE e AL IR R 25 R AR
R, WA 4 0E T IL-6., C [ I & 1 (CRP) |
TNF-a /KB B AL FXF B4, IF HOW 884 1) 3 4F 22
FUAE A7 2B 8 1 AL, K 150 B v 245 % B P B 36
I7, Al 3 PR ARE IR A VB 2 4 1 g o e A%
MERMER REEELEFN. FREE, B
B E AT YT B mE (ART) b BRITUAA 4508 (SR A Fil
JIFECTTE 25 (4 BC 4H Jf , ART W] A 5090 41 55 A< Fi I 40
it 25 BC 20 M (1 A 4 R 3 5, I 51 S 42 b7 14 T E P

T TG A W, DT 75 -5 2 A X R i 25 BC 4t i 94
T2AET, B, ART SR >k 507 AT LAAE S — Fh 4 B )
A B DU Ry 3 Atk 4 W 9 BC SII4A TH 245 BC
A BIBIT ™. XFTF BC B E MBI KDL, 75 LATE
BEyR YT oA AL b G B b 2 R B R Ak
BHE AT IR BN, T R B, A
HAH A, 25 BC B R AL A R TR YT -
6 INESRE

H A, B b i iR C 2 IS T B & B
PRACH , H 2 7 0035 R A A o &, ORI JWS e o R
Jo BB E R R T AN A SR TR A ] B 2 Kb 2
PR AE D R IR YT O 1 AT LA SR 4y kR IR AT 4 R 2
R, v 2 R AT DU I 9 5 PI3K/AK {5 53
5 W) JB5 e g 200 A S A AN R L A R T A
1228 AYT BRI S i i 2 AE R . ARy
B A ) I b g A R R A AL © 2 W R L (HR
A3 5E LLAA S0 20 M S 56 0 B S ol S 0 g 3 4
PI3K/Akt S H I 7F i 3 P4 %) 1 AL 1 BF 52t 48 Ry
FUR [ B R = 0 PR 9 ok afE — 20 ik A S, B
UK LA Bt 5 e 38 3 1 1 v 28 B Ry R B I R IR
I X I R A R U AT G . A AT LA
TRAAZ 38 LA AL, DAIA 3R AT 2 42 1 56 ik F 5% 450
i, Ry e R e Ak 5 9 25 0 & 250 k. P, A )R
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FE TR A KRBT ILAVE AL, 05 36 H AL ) BH B 1 4
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SR 190 1 PR L B SRy Wi PR % Ak 508 25 01 kB4 5 S Ak OF
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