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Abstract

The PI3K/AKkt signaling pathway plays a crucial role in various cellular regulatory processes such
as cell growth, proliferation, migration, metabolism and secretion. PI3K/Akt signal transduction is
a carcinogenic pathway. Multiple studies have shown that activation of PI3K/Akt signal transduc-
tion is conducive to increasing the proliferation and metastasis of tumor cells and inducing thera-
peutic resistance, which makes the PI3K/Akt signaling pathway a new target for tumor diagnosis
and treatment. Therefore, drug targets of this pathway are expected to become effective clinical
therapies for cancer prevention and treatment. PI3K/Akt signaling pathway inhibitors include
pan-PI3K inhibitors (panPI3Ki), subtype-specific PI3K inhibitors (ISPI3Ki), dual PI3K/mTOR inhi-
bitors and Akt inhibitors. PanPI3K inhibitors are the most studied of these drugs. This article re-
views the molecular mechanism of PI3K/Akt signaling pathway inhibitors in diseases and their
relationship with gynecologic malignancies, providing a new option for the treatment of gyneco-
logic malignancies.
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1. 518

ERREIESE, SCHR SIS S 78 A B AR IR A SR, S U M R .
JE BT FAREARANA By 7% (W77 MAGIT) A R I RHR 8 A A7 3BT B =, {H 5%~10%1: 31
FIAL RGN IR IR T U038 /2 — PR [1]. PISK/AKL 2 i M5 55 Tl —, S 5285,
YA A . AN TS A SO B A B AR, 12l B R T i R L R RS R 2, R I R
ARG B AN TR OSBRSS . BRI, T DU AR S 24590 201 R BELIBT X4 ) PIBK/AKt 15 5 il B, LLJE it
PR RE RS E o AN (R PR P B R RS 7 1AL R G R ) BAR D BT AR AN BT, A AR A B
FORBEATWEIC; PRI, BRI AN Rl BAE [EG T 250 3k A5 1 it B IJT R ANSRIE[2] . IR,
Bt KRBT FOTEENLEI RN I [3], ZIB A2 Bl R SR 172 60T, Y2 R s 5 i+
J I3 25 ARSI SR AT 1 W TEANITAl o W FC A BLIZI@ A2 i) 40 22 RhA 7 i) 751 3k A\ i PR
BIG AS RN B, B op RUA /b B 56 [ £l A 245 W0 B )R (FDA) HEHE T TR A vy T o BRI, A0t
PIBK/AKt {5 JE B L SRR R o O P FOT UL, VA B2 O I R I R S i 1R T 3
W o

2. PIBK/Akt (5 5@ H ST P 4mBa & & BOHLE

H BRI 3-IlE . & (110 B (protein kinase B, AKT)4H 15 53 i e 5 4415 5 RIBL ) — 3845,
EH AN T () 30 5 IR R0 R U R8O T2 EATTHE N SR B TR st A2 Hh A o B E I [4]. PISKSs it
AR VLR (B4, MR PIP2 21 PIP3 [146#2, PIP3 /& PI3K/AKt 15 5 il I 2 AN NI FE bR 1 24 .
PI3Ks f % 3 2%: PI3Ks | 25, PI3Ks Il 51 PI3Ks 11 25, EATREH 450 O HLFE A AEREAT X 43[5].
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IA Z5F0 1B ZRIE v Gy HE A Bk RAS [F320E G B B2 1A (GPCR) [6]. B4k, 1A ZEiE AT PA%Z
AR A TR A (RTKS) AL 3 3 A 4% . 1A 2 PIBBKS A8 — AN 1 3V 3 (p85ar, p854, p110y)Fl—4>
AL B 7T(p110a, p110B, p1105, p29y), EAlE T 7 A7), TR T AL WIS, iR E, 1A
2% PI3K HJLUE IS p85 V& S5 4L B 41 M Bt _L3h A7 SE PR IR Ak . pL10 HEAK IV 358 PRI S ik R SLE T R
55[8]. P85 552k, pl10 i@ 7E PIP3 Vs InZmA MRS £h ok (A PIP2 TR R, PTEN {22 PI (3,
4,5) P3 ¥ #% 0] PI (4, 5) P2, AT idE i A U5 i Jod ok R B B4 1K PIP3. Akt 55 PI (3, 4, 5) P3 X321 N i X A7
BT g r) A, S8 AKT BUE, WAEZERE SRS R . 25 LR, PUK E5%SH
VA A LA S N IS IE TP A AKEL 05 . ARt 9 PISK AR # M GS WL & Akt 5 PIP3 IAHE AR, S8
H A BN, Horh 3 Thr308 F1 Serd73 {7 55 % 7% . PDKL @R 1k Akt f) Thr308 £ &, 1E N Akt #iE
#—. M5, PDK2 BERRILER /KR FE AN Serd73 fir i, LASZILR K AKt 05 [9]. — H58 4,
Akt BRI TR, AR S AT RE, iR s, AR, AR, B, EARAR
FESEANANMIT. . AT 4ERE (L S A ARG Ak, (5 IR 4 e = A 22 251 2451

3. PI3K/Akt {5 SiBEEHPH

1) PI3K i3]

PIBK A&HARETRIT I R B T, RN B I S AR 5 NS gk e o bR i L T R e IR
P e 4T 5 1 i R S A 9. PISK AR 43 8 = K2 72 PISK #1177 (pan-PI3Ki) . WV B4R 5 M PISK #1
HI7(1S PISKI)FIX PISK/MTOR #lI#17). LY294002 & PISK [z fHI57, 28 I HE A B0 KM ik
(ICs0), S HALZE LB S EFIA R, A R EEVE W REBH L 7 #0HI 771)37:45 FDA #E##E[10]. copanlisib
DI PR B e ¥ 2 A0 U A S IR 8 90 0 P e AR 6 A S AR 1) B 2496277 [11] - Alpelisib 52— Xt PI3Ka MY
HA R T U SRR e 258, SRR BFCG AT, fEIE 2R (HR)+/HER2-PIK3CA JEAZ [ i Sl i
Rt AL Mg B3 P o B IR R 2 AL, alpelisib FRIIE PR BT RT 5 14 LA E B 2 L e [ 1 2] A0 A g 34
SRR IR ZR YT . A SR ST PIBKIAKL HIHI A T A REGE Mg th e e T i, (2, 256
N FIGARE AR v R, R, BATE R B — ST,

2) Akt F| 571

VFZ W) nT UK S d ) Akt BR 1, MTIBHIE PAM {5 538 B b T U B 0 3 R S 4
capivasertib. ipatasertib F1 M2698 1 4 HA S48 1 B — 7 vk 5 HAW e &R 97, ABE H T IR
RGUGIENIRE . SR1MT, XL A IKTG FDA HIHLAE[13]. capivasertib 72 RS 798 (J0 3 2 AL
T AKT SR 259 . 1RGN 3 3 CAPItello-291 #F 7t [14], 5 Bphfli F 4 w1 BEAH L, R EHEH]
FEIC& M8 FHOGE 5 5 A B 1) 771 F1 CDK2/CDK4 #1157 77 AL it 245 P 1) HR+. HER6-7L i J8 3% 1) PFS 1
T —f%, Fik, capivasertib Jyix &8 BSR4 T —FOB A MERIEIT IR R, A BIEE Y RHEIRS
FDA [tk .

3) PI3K/AKt 5 S B i A G R R i 7

PI3K/AKt 558 B AR T 5 A ERIR T 3 I R

PIBK/AKt 15 5% Tl B & 1 5 P e v fe i LI AR AL R 2 o Sl B R, %38 B 7E 80%[1)
z FE R R S [15]. PISKIAKT A5 5 3 4 08 ik (2 30 200 A 336 5 R A R 15 1 5 P9 e 1 ik
[16].Liao J %5 AW 5T & W] PIBK/AKYMTOR 15 5 38 B F 0 AT DA 25 R 1F z 55 P 50 g 240 I 1 184 5 A
F, LY294002 HEIE3& 0|15 P IS 4 B i 3 BB AE RS [17]. ARAMIF 73R IH, & )2 & Je vl LA Akt
Ffd EC 4 H B AR AU, SR B R LA SR EC ST BOBSUBE AN BT OR e PR [ 18], X sEEEip R
B, PI3K/AKt 155l I 7E ¥ 5 A SO R B OCBIE A, @ A I I 70 A B8 o 1 5 P e ()9 9T 3R
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PI3K/Akt {5 5B B HPHIFIE B BURIRIT + FISLH
PIBK/AKt 15 5l B0 E i T R AR 28 B G B . FRATII S UE B, a4 o 29008 40 i A7 7

(1 AKT BERRILKF, B B0 ARG A2 22 68 ) WA PR AK. S5 RR I, BRRRILID AKT & 5 250 4 f 1
AR R 2 5% 2 —[19]. JeniitseR i, {4 PI3K #lifi5H LY294002 /647 5, LC3 ik
. &Y LY294002 1 PISKIAKL {5 518 #5155 B SUR A1 H WE[20]. IXUELHR BN, PISKIAKt (55
R 45 A1) 75 T A0 s e 4 AR 2B

PI3K/AKt {5538 B | 772 BN SO YR T H I S A

MRAE L I Ge v B8, O S92 — X AR L A e B™ T B R RV R . HEARIE, PIBKI/AKE {5
5 I 5 O L 10 R A R R DDA SR [21] o 1230 K A B0 SRR T 23 3 3 e 0 1) B R ) T R SR A RAZ AN
B D) B R TTE[22] . £ 2%~20% ) /5 0 I e A1 20%~46% )1 55 I AR TS 6V 1 g 152 B
4 AR I PIK3CA JEBE ¥ D e SRASME Y 14 BUR AR 2 3] pl10a MEAY[23]. TESEHT /M i, 20%11)
PIK3CA #34, 5 Akt SEAI A 67%H 3 PTEN Hh6 . /NRBRLBE SR B, OF S48 2 tH PIK3CA RALHI
PTEN R IS 51K, #] PIBK/AKt AJ 23 2E K i (1) A K ANAETE I [R] . p-Akt A PIK3CA [ 1A
KPS 9P B A A7 2R A0, PITOK/AKE I8 % FBUE IR HE U A 72 O S5 I S7 75 A5 £ [24] . PIBK/Akt
AR O S PR, WFFTE ], PISK/AKUMTOR JEER T fE 29677 OC (R FE#E 5, 230 B 130 ]
AR I Jieh g L/ A e AN 7k o PIBK/AKE 8 2% 1 77 Ak B W DA 2598028 OC AR K. 7E K2 7T0%TH)
OC Jiffil, PIBK/AKt i@ Fii, FHUME A B A MAATE A I [25] . B b2 0k REF 76 W, PIBK
S IRTT OC I — A IR .

PI3K/AKt 15538 B ) F1UAE SR S 5 4 L FF R YR 57 I 2

UL YR SR A R LA TR B IR AR . SREE (CCA) IR IE 7% 40 i e A1 b Bz FE % 5= 40
HJiIes o PISK/AKt {55 B8 & —Fh P AX A B %, 78 28BS Hh 480 Bl o BE M0 [26] . E IE 5 20 B A0 i
SR R R A e R AR TR PIBKYAKE 5 5B % ¥ T BB ThRE, I HAESRERE I, =28, M%)
TR AE T T B AR A, DR e 555 8 B VR 9T 8 B I 1 — /N EE L $E 2 [27] - H AT, PI3K/AKt
5 T B VA% 7 A PR v PR R A R AL NI AR, 10 B 110 0 ) ) D 3 7 A i e e P
FALAEN D, R — DR R .

4. INGE

g LRTR, PI3KIAKE (55 @i B S, 7EALIME . S5, BE. UPEUE. JRAME. SR
FFODR e P 45 R B0 o TR, 12388 5 A TR P01 7] 2 48 N e R R38O AN [RI o B 445 /D Bl il 5771 45 (FDA)
HEAE FH THRETRTT - WFALRE, PISK/IAKL AR VAT CABN T — B B, BEEWFLIIRAN, PI3K/AKt
1 7 ML 2R G0 e B L e o OO = A 7S o SR, AT DG T PISKIYAKE I 71 42 4/ A it
FAAREEAE R 76T, TR A7) 1) 253 B DL E AR RN AT 8. K281 PISK #lifil7)5&
DU FE RS R, 1 PISK EZYRE R M IS AL B 75 v T Re 1, BRI D . IXRT e S )
PI3K/AKt FIZ5PNTT R BRAEHE T o DL PIBKIAKE AR s (BB v6 9T, H AT O A 308 T %M Mg 697
BT T REBE B8 T 5, PRI, ST PISKIAKE 1 77X U4k 3 M I8 5 W0 RO RIF 72 1 7 5 o
A LR ] B Y — 0 S R 4 R A PIBK/AKE = S IE XA, F4n Copanlisib. alpelisib
capivasertib. ipatasertib %5, R4 FIHUIRIE M TR & CE AR 70 A TE s iR, R 2 IR I R
FeomiE T A o ix SR A R TS T . M, YR EE 2 TR PISK/AKL B B AE IR
g6 K e R SRR AL, AR R X PP VEATAE B 22 4 . TG RUIRIR T SR

DOI: 10.12677/wjcr.2024.141006 38 SR k7T


https://doi.org/10.12677/wjcr.2024.141006

EETHE
RLFRARMLITR o TGF-p1 31 PISKIAKL X L B2 [8] S A4 AL K2 M (T H 4 %5« 2022SLSFGG-034).

Sk

[1] Guo, X., Zhang, J., Shang, J., Cheng, Y., Tian, S. and Yao, Y. (2023) Human Leukocyte Antigen-G in Gynaecological
Tumours. International Journal of Immunogenetics, 50, 163-176. https://doi.org/10.1111/iji.12626

[2] Shi, X., Wang, J., Lei, Y., Cong, C., Tan, D. and Zhou, X. (2019) Research Progress on the PI3K/AKT Signaling
Pathway in Gynecological Cancer (Review). Molecular Medicine Reports, 19, 4529-4535.
https://doi.org/10.3892/mmr.2019.10121

[3] Dibble, C.C. and Cantley, L.C. (2015) Regulation of mTORCL1 by PI3K Signaling. Trends in Cell Biology, 25, 545-555.
https://doi.org/10.1016/j.tch.2015.06.002

[4] Diaz-Padilla, I., et al. (2012) Biologic Rationale and Clinical Activity of mTOR Inhibitors in Gynecological Cancer.
Cancer Treatment Reviews, 38, 767-775. https://doi.org/10.1016/j.ctrv.2012.02.001

[5] Osaki, M., Oshimura, M. and Ito, H. (2004) P13K-Akt Pathway: Its Functions and Alterations in Human Cancer.
Apoptosis, 9, 667-676. https://doi.org/10.1023/B:APPT.0000045801.15585.dd

[6] Passirani, C., Vessiéres, A., La Regina, G., Link, W. and Silvestri, R. (2022) Modulating Undruggable Targets to
Overcome Cancer Therapy Resistance. Drug Resistance Updates, 60, Article ID: 100788.
https://doi.org/10.1016/j.drup.2021.100788

[7] Mayer, LLA. and Arteaga, C.L. (2016) The PI3K/AKT Pathway as a Target for Cancer Treatment. Annual Review of
Medicine, 67, 11-28. https://doi.org/10.1146/annurev-med-062913-051343

[8] Margaria, J.P., Ratto, E., Gozzelino, L., Li, H. and Hirsch, E. (2019) Class Il PI3Ks at the Intersection between Signal
Transduction and Membrane Trafficking. Biomolecules, 9, Article No. 104. https://doi.org/10.3390/biom9030104

[9] Li, Q. Li, Z., Luo, T. and Shi, H. (2022) Targeting the PI3K/AKT/mTOR and RAF/MEK/ERK Pathways for Cancer
Therapy. Molecular Biomedicine, 3, Article No. 47. https://doi.org/10.1186/s43556-022-00110-2

[10] Fergusson, A.D., Zhang, R., Riffle, J.S. and Davis, R.M. (2023) Encapsulation of PI3K Inhibitor LY294002 within
Polymer Nanoparticles Using lon Pairing Flash Nanoprecipitation. Pharmaceutics, 15, Article No. 1157.
https://doi.org/10.3390/pharmaceutics15041157

[11] Lenz, G., Hawkes, E., Verhoef, G., Haioun, C., Thye Lim, S., Seog Heo, D., et al. (2020) Single-Agent Activity of
Phosphatidylinositol 3-Kinase Inhibition with Copanlisib in Patients with Molecularly Defined Relapsed or Refractory
Diffuse Large B-Cell Lymphoma. Leukemia, 34, 2184-2197. https://doi.org/10.1038/s41375-020-0743-y

[12] Savas, P., Lo, L.L., Luen, S.J., Blackley, E.F., Callahan, J., Moodie, K., et al. (2022) Alpelisib Monotherapy for
P13K-Altered, Pretreated Advanced Breast Cancer: A Phase Il Study. Cancer Discovery, 12, 2058-2073.

[13] Jones, R.H., Casbard, A., Carucci, M., Cox, C., Butler, R., Alchami, F., et al. (2020) Fulvestrant plus Capivasertib
versus Placebo after Relapse or Progression on an Aromatase Inhibitor in Metastatic, Oestrogen Receptor-Positive
Breast Cancer (FAKTION): A Multicentre, Randomised, Controlled, Phase 2 Trial. The Lancet Oncology, 21, 345-357.
https://doi.org/10.1016/S1470-2045(19)30817-4

[14] Sidaway, P. (2023) Capivasertib Delays Disease Progression. Nature Reviews Clinical Oncology, 20, 579.
https://doi.org/10.1038/s41571-023-00790-x

[15] Sorolla, M.A., Parisi, E. and Sorolla, A. (2020) Determinants of Sensitivity to Radiotherapy in Endometrial Cancer.
Cancers (Basel), 12, Article No. 1906. https://doi.org/10.3390/cancers12071906

[16] Xie, P., et al. (2019) TRAF4 Promotes Endometrial Cancer Cell Growth and Migration by Activation of PI3K/AKT/
Oct4 Signaling. Experimental and Molecular Pathology, 108, 9-16. https://doi.org/10.1016/j.yexmp.2019.03.003

[17] Liao, J., Chen, H., Qi, M., Wang, J. and Wang, M. (2022) MLLT11-TRIL Complex Promotes the Progression of En-
dometrial Cancer through PI3BK/AKT/mTOR Signaling Pathway. Cancer Biology & Therapy, 23, 211-224.
https://doi.org/10.1080/15384047.2022.2046450

[18] Hirai, H., Sootome, H., Nakatsuru, Y., Miyama, K., Taguchi, S., Tsujioka, K., et al. (2010) MK-2206, an Allosteric
Akt Inhibitor, Enhances Antitumor Efficacy by Standard Chemotherapeutic Agents or Molecular Targeted Drugs in
Vitro and in Vivo. Molecular Cancer Therapeutics, 9, 1956-1967. https://doi.org/10.1158/1535-7163.MCT-09-1012

[19] Che, Y., Li, Y., Zheng, F., et al. (2019) TRIP4 Promotes Tumor Growth and Metastasis and Regulates Radiosensitivity
of Cervical Cancer by Activating MAPK, PI3K/AKT, and hTERT Signaling. Cancer Letters, 28, 1-13.
https://doi.org/10.1016/j.canlet.2019.03.017

[20] Yap, T.A., Garrett, M.D., Walton, M.1., Raynaud, F., de Bono, J.S. and Workman, P. (2008) Targeting the PI3K-AKT-

DOI: 10.12677/wjcr.2024.141006 39 SR k7T


https://doi.org/10.12677/wjcr.2024.141006
https://doi.org/10.1111/iji.12626
https://doi.org/10.3892/mmr.2019.10121
https://doi.org/10.1016/j.tcb.2015.06.002
https://doi.org/10.1016/j.ctrv.2012.02.001
https://doi.org/10.1023/B:APPT.0000045801.15585.dd
https://doi.org/10.1016/j.drup.2021.100788
https://doi.org/10.1146/annurev-med-062913-051343
https://doi.org/10.3390/biom9030104
https://doi.org/10.1186/s43556-022-00110-2
https://doi.org/10.3390/pharmaceutics15041157
https://doi.org/10.1038/s41375-020-0743-y
https://doi.org/10.1016/S1470-2045(19)30817-4
https://doi.org/10.1038/s41571-023-00790-x
https://doi.org/10.3390/cancers12071906
https://doi.org/10.1016/j.yexmp.2019.03.003
https://doi.org/10.1080/15384047.2022.2046450
https://doi.org/10.1158/1535-7163.MCT-09-1012
https://doi.org/10.1016/j.canlet.2019.03.017

H
&
T
48

[21]
[22]

[23]

[24]

[25]

[26]

[27]

mTOR Pathway: Progress, Pitfalls, and Promises. Current Opinion in Pharmacology, 8, 393-412.
https://doi.org/10.1016/j.coph.2008.08.004

Aoki, M. and Fujishita, T. (2017) Oncogenic Roles of the PIBK/AKT/mTOR Axis. Current Topics in Microbiology
and Immunology, 407, 153-189. https://doi.org/10.1007/82_2017_6

Cheaib, B., Auguste, A. and Leary, A. (2015) The PI3K/Akt/mTOR Pathway in Ovarian Cancer: Therapeutic Oppor-
tunities and Challenges. Chinese Journal of Cancer, 34, 4-16. https://doi.org/10.5732/cjc.014.10289

Ediriweera, M.K., Tennekoon, K.H. and Samarakoon, S.R. (2019) Role of the PI3K/AKT/mTOR Signaling Pathway in
Ovarian Cancer: Biological and Therapeutic Significance. Seminars in Cancer Biology, 59, 147-160.
https://doi.org/10.1016/j.semcancer.2019.05.012

van der Ploeg, P., Uittenboogaard, A., Thijs, A.M.J., Westgeest, H.M., Boere, I.A., Lambrechts, S., van de Stolpe, A,
Bekkers, R.L.M. and Piek, J.M.J. (2021) The Effectiveness of Monotherapy with PI3K/AKT/mTOR Pathway Inhibi-
tors in Ovarian Cancer: A Meta-Analysis. Gynecologic Oncology, 163, 433-444.
https://doi.org/10.1016/j.ygyno.2021.07.008

Chu, X., Lou, J,, Yi, Y., Zhong, L. and Huang, O. (2023) Knockdown of ARHGAP30 Inhibits Ovarian Cancer Cell
Proliferation, Migration, and Invasiveness by Suppressing the PI3BK/AKT/mTOR Signaling Pathway. European Jour-
nal of Histochemistry, 67, 3653. https://doi.org/10.4081/ejh.2023.3653

Mak, V.C., Wong, O.G., Siu, M.K,, Wong, E.S., Ng, W.Y., Wong, R.W., Chan, K.K., Ngan, H.Y. and Cheung, A.N.
(2015) FBI-1 Is Overexpressed in Gestational Trophoblastic Disease and Promotes Tumor Growth and Cell Aggres-
siveness of Choriocarcinoma via PI3K/Akt Signaling. The American Journal of Pathology, 185, 2038-2048.
https://doi.org/10.1016/j.ajpath.2015.03.011

Shih, 1.M. (2007) Gestational Trophoblastic Neoplasia—Pathogenesis and Potential Therapeutic Targets. The Lancet
Oncology, 8, 642-650. https://doi.org/10.1016/S1470-2045(07)70204-8

DOI: 10.12677/wjcr.2024.141006 40 SR k7T


https://doi.org/10.12677/wjcr.2024.141006
https://doi.org/10.1016/j.coph.2008.08.004
https://doi.org/10.1007/82_2017_6
https://doi.org/10.5732/cjc.014.10289
https://doi.org/10.1016/j.semcancer.2019.05.012
https://doi.org/10.1016/j.ygyno.2021.07.008
https://doi.org/10.4081/ejh.2023.3653
https://doi.org/10.1016/j.ajpath.2015.03.011
https://doi.org/10.1016/S1470-2045(07)70204-8

	PI3K/Akt信号通路抑制剂在妇科恶性肿瘤治疗中的研究进展
	摘  要
	关键词
	Research Progress on Inhibitors of PI3K/Akt Signaling Pathway in the Treatment of Gynecological Malignant
	Abstract
	Keywords
	1. 引言
	2. PI3K/Akt信号通路诱导恶性肿瘤细胞发生的机制
	3. PI3K/Akt信号通路抑制
	4. 小结
	基金项目
	参考文献

