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Abstract

Ovarian cancer is one of the malignant tumors with a high mortality rate in obstetrics and gyne-
cology, and most of its diseases are rapidly progressing and hidden, causing great distress to pa-

TEIEH .

XESIH: MBS, Wask, ki SR AR LR IG T UV SR BT T R ). AEMEE A, 2023, 13(4): 354-358.
DOI: 10.12677/hjbm.2023.134041


https://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2023.134041
https://doi.org/10.12677/hjbm.2023.134041
https://www.hanspub.org/

tients and doctors; aerobic glycolysis refers to the preference of tumors for glycolysis to metabol-
ize substances and generate energy even when oxygen is sufficient, providing conditions for rapid
growth and reproduction of tumors; therefore, if targeted inhibition of the metabolic reprogram-
ming of tumors can be carried out, it is possible to block the growth and replication of tumor cells
and improve the sensitivity of drugs to tumors. Therefore, targeted blockade of aerobic glycolysis
may be a promising treatment strategy. This article will provide an overview of the research
progress in the treatment of ovarian cancer through the glycolysis pathway.
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1. 518

AR bR 2 At Lo MR T I R R A, S W 1 DR RO SR A5 P i 24 T AL 1 T A 50R 9T B
%, PR SEIIC T L AT R G ATAT HAERE AR 2 2 . BEE R AR R IE, 15 N B ) 5
W R IR B 20 A A BT, g A AR L E RS TR T B T 50%~70%; SAT, N S I 1 I A 4
Wk, R B, Mk 50%1 B S PUR CAL25, BRI, R IRITIERREAN T . shAk, op
SR SRR 2 S 25 PR R BRI SR AME, U A R[L].

AR tH 5 T A 20 20 i () Lo Ve AR B A IR 2L 2327 432, DR S ) 2 BEA 222 0 0 b s . S BN
SRR . YER U AL YIRS . R, R O OR SR  OER R R AR IR
Ve ORSRME . R N ISURE B2 B 4 MR e A R R AR . EASE R A, R RO W R A R
PRI I B, 5 b AR SRAET ) 75% [2]. BT 9P S E LR B A B R ARER 8 R
WA B k. Bhah, 29 75% B ETEIZ W L2 GRS, B e v . R IEGRA
AT IX ISERE A SRR 2, (H i T RS WI R, A AR I e .

H AT, e DIBRIC G A7 A2 ON S AR VR IT , 1B T AR A H AT S AZ e A7 v] S 8RN 75%
(R B IR R G2 (3] SR, K2 HMe i 0 S B BOR B AR 24, S BURIT RICRIBET:[4].

2. FEAHEER

AR g R 2 AT bR AT RO AT 98 A, R A R I 5 A PR A B B AR T T AP R 2 . 1
IEE IR, ZeRiR B R A SR AL A TE R AL B, I 7E SR A K p iR de b, B 0K
ATl R AR, IR AR Warburg ZUSE[5]. FLRFAE 2 &) HE 10 DURT LR AL s . R
B AR S — PP L E B R AR IR Z M RE R = A TR, (HERNTE 2 IR A0 v] LR AMNX R 2L
K, INECRERE A DL A T B IR T =R (adenosine triphosphate, ATP) Kz 40 A8 KNG 5E ;79 B R %
A SRR S b BRI R #1711 48 (reactive oxygen species, ROS)/KF, J8/b 4 il P9 AL S 3, {2
BEEANBEAT IS s IR TR 358 R AL I 225 I 42 J& A (1 I (mattrix metalloproteinase, MMP), it — 25 23 fif 4t i
B, NERARAZ R AR ANE S SRR AR KT IE AT 4 AR A R AR R TR SR . IR AR,
NIEAMRANE AR, QSR RE ST e 4 i A 7 s AT AR, A T e I ) e 4 S
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WETE, JFOCE R AN B VR TT 25 U, O 1) BELIT A SR BB A T BE S — A BT SR I0IR YT RS, A
SRR X R S g B AR AR A T AT AU R B AT AR .
3. EEERIER

BB AR AT A2 TR CE A M T 8 AT B8 4> 1 CoH1206 e NN EHER 70, IR P2 AR/ B R — IR ATP
MR FE . ZE AR FEEFE 10 BRI, B D R 2 IR, Fodfg 3 AN S 1) PRE
fitg, 43 772 COHE I (hexokinase, HK). TR S B (phosphofructokinase, PFK). 74 i i 4 i (pyruvate kinase,
PK), 7EUtidFEd, PRIEEEENS 50 RN E AT .

3.1. CHEREE HK

TR T SRR A0 55— 25 OB A SRR PR, HIK G DR, o HIKIN 76 38 P i 4143
ik, HHMERZHEISE L HKI NG YT #E5, WET% S (1) P-p53 (Serl5)E Ak 2 MUski: L iz §p
BB E HKN AT S N (AIF), FHEMAERRRAReZ s e, %S AIF BSNET, &k
JEIR T SR G CPE B RS AL 1K) P-p53 (Serd5)7EA: M BE A4k 7 BUBAE I 5 o i ShBEAH HLAF FH 6]
SR [Kenny] & BILLE 5P S48 TR AT /N SR AR, IR gL 2 nl 652, 5 W8 HIF 1o %8
AR FLER LA A FICREEEE 2 (72420 gLt 2 B, RIS TE A KR A g-Lit 2 B
A1 YA 97 B9 S8 TR TR oA w110 e i R SR A PRk 9 11 B SR A 3R (07 0 (7] [RIRERG,  [25] [81 R Bkt %
1% miR-125B-5p (1] SKVO03 4 fifd 14 14 5 % i 3% PG (P < 0.05), AR /152 F#K(P < 0.05), 40T T+
(P <0.05), HK2 ] mRNA ik (P < 0.05), i FEAHXHFEE: . FLERAHRT A4 il 2 A ATP IR FEFEAIK(P <
0.05), H.idid 7 45 HK2 FEAR R S 20 A 0 B IR A, ATl Aok 200 i AR s [ 2K [O] HIBA ik — 5t
FHEMHRI, TRIEN HK2 s A EH DXN 5T A OF S I 245 (DDP) 4 ik SKOV3/DDP
i 245 (1300 4 FE R AR A E D, 327 DXIN IS R R HK2 ek J i i i gt 3t 1 1% 4% SKOV3/DDP 4 g fir
Zy; [MFIE] [101UE S Al AT SL a6 % FRZH 48 h S 4N AIGAE . AT MESREL . FLERF 4. ATP IR, 4ifiuiE
A H . Snail fl HK-2 EEKFHEETHEP < 0.05), Skl E-cadherin (155 A # A& B ERHAP <
0.05), #3456 — FXUICATiEE HK2 H s, SR SKOV3 g5 1L #%: [Schab] [11]
RIS SZ AR T 28 A5 K482 Ak 2 DDR2 [ R AF 4E A0 i 5EVE K, 145 DDR2 ik AKT/SNAIL 1 154 i
fift, FECRPE-1, 6- XU RREGH AN IR ORI s G N, %] DDR2 J&, ABLE A BT & B2 Wi,
A ANERE R BE AN, A R NAR B BE S — P BRAIC: [Vidoni C] [L21JU KB 7B, H2E e EE
RV 1 LLE S HH] CE B 2 (HK2), Hi@id mTOR #dfilfilk B Wai i ROpE I A R HE Y 1L-6 {23k 1) 9P Sy
R, FESCREE ) Warburg AR R FRERE % 8% KUK 4Rk, [Chun J] [13] &3R4 N BR Re A RICHE 1] o6
BEPERE MR (1, FLER MRS AL FICBEEEE 2). 9800 IR 24 N S 40 B (R 2 A2780 F SNU-8)H
{136 2T R VA RE AN FLIR AR R B B 1) S R AR AR AT, S TR PRV A o IR 245 PR AR v NV BE YR 7 1R 9T 2K
AL T — MR ITIE,

3.2. BiERRPERES PFK

R SR HE PG (PFK) 244 6-TE IR SUBE LAy 1, 6- WL LB, X 2 MBI R 28 P A AT ) RO
[Taylor C] [141 & BIHsAT 2273 B4 [A116 T 55 W IR R S 400 4 7 0Bk 5 16 FH ] R i A 22 73 2445 e VE 4 A
TR 2270 225 WAE 91 540 P A s R RPN PO 410 1) 771 PRK(158 2 5 B0 &) RS BB L, ATP
A D LR TR D JE T O S A R T, [RII E v EE RS I P 245 B A Py B 85/ B R o
HRAB/NRALL, PFK158 5 -RHAK & I 24 23 PR 7 iR & AIEIK[15]; [Yang H] [16]0 A&

DOI: 10.12677/hjbm.2023.134041 356 W=


https://doi.org/10.12677/hjbm.2023.134041

855

48

PFKFB2 & —F# e s, ROS RS PFKFB2 milfs, Hl Jun N Ryl f ps3 R, H5FM T,
A DA 5 SAZ LAY X O S AE A . 2, 6- REIR FLNE(F2, 6BP)JE PFK I3 M MBS 77 . XUIh RERf
6- TR SR W -2- Vg S -2, 6- IR 3 (PFKFB3)XTSRKE-2, 6 MR 6-BA MR SbH-1-8 il = A= IEAE )
BRGS0 B 1) PRLAEAG 7 5 2 — . [Boscaro C] [17]52 5 45 522 B P U5 1t miRNA 7K 55 e g 4] 25
RLZ ARG, FFHRRIRE miR-206 AR T — i AE A ME FIXCE T PFKFB3/FAK 38, L% LA
FAK it B 31K RN 24 AR AIE 1 O S i R AT s PCNA e M 568 - (PCLAF), XK KIAA0101, =&
—Fl PCNA M558 1, [Jia YS] [181@ L riks: KIAA0101 SZBLXT Yes I 1 (YAP)E S ], M
1) Bt TR AL W A A k2 B9 B e e A JRE R R PRI B AR 1) 2, 27 KIAAO101 W] AR A B S5 98 vR 97 (1 4 A
LT DR, PR 250 R 250 B B 140177 PFK158. PFKFB2 /2 KIAA0101 &84 )5 nf & H)
H TN SRR BRI /7.

3.3. WEEERHES PK

HATA VYA PK. PKL. PKR HI PKM1 [F] TR 73 AIE AT . 2L fl B g il ik . IR ER s M2
(PKM2) EEAZAE T ARG LY, Jo e . [Tae IH] [19]& 3L SIRT 0#75] MHY?2245 i it BH
PKM2/mTOR &34 G 2 i & IRE T 2/M 3, JFidid Rkt 2 oo 24%-PARP. 24 caspase-3 #ll
Bax /55 SKOV3 41 JA T- 4N AE T RAFDURNBE M, #ly MHY2245 & —Fig B rIPUE 254, Al LA
IR O S A0 B AR s s i [Park JH] [20] 0 SRR AR AR LA 58 245 SR 3R B, A9 3K X PKM2 (14l 5
1 Warburg 28, 5 1 ERRAHMIAET . DRI, A AR S PIMI2 1701 750) L BRI T At s 420 AR S [ e 4
HAR 26T PKM2 i B R34 B S0 (1 — Pl oA A5 BB ITRYT 3% [Sun T] [21] K 232 F i PSMD14 F#{
7 PKM2 | K63 iz 34k, T 1 PKM2 DR = SN SR (K LUAE, Bl 5 P4 TR I e i P PR A1
HEF PKM2 k% 560, GBIT OV 4uf b 0 i S RERR, T DUSCAZE AR S ANE ST e ) B8 AEAE
s RGBT, [Dou L] [22] &3 E T IR#E 22 ADM 22 8 A EH R R [R) LEE M2 2 (PKM2) i
FI7KF, PKM2 #0115 5 25 5 BR 7 ADM B2 15 (1) A0 BEAAT5 22 M1 ADM 0l g 1, Ll ind 280 267 B A6 110 2
TR R 2 B SE 5 200 A 1 R0 ) T, AT (2 ST 245 5 AL 47 0T 48 2R (SK) ‘B AT B 3 PKM2
FE3E 5 G LI A0 olaparib(Ola) KIFTIMEE 7S, JUEk PKM2 8¢ Sk 5 Ola th[E/EH, Wb did K. B
TR, i SAMIET, MIMHE T PKM2 &R i0vE 7 O S Smg[23].

4. BEERE

it A L PR i 3 5 A AU LR AR O, FLBORI S (W 70 DR 1 B Aok A A QUL AR, S d T
AU B AR HE T 51 A6 R AR A A AR e 2RI, AR AR A 29 10 B AR RIPLERMLA . 2540
FARE R SN L 25 ARG 1 45 2R 57 R AR A R+ I, 12 H TR FE Rk b (HE, 23 BT
A L) e 0 e P I o Lt T AP A, 7 ) O SR PR B I R 2R R FU R R T O S A,
WO GN B IR TT R AL I AL RIA T AR A KGR T B

SE

[1] Stewart, C., Ralyea, C. and Lockwood, S. (2019) Ovarian Cancer: An Integrated Review. Seminars in Oncology Nurs-
ing, 35, 151-156. https://doi.org/10.1016/j.soncn.2019.02.001

[2] Ree, I.LA., White, V.A., Indave, B.I. and Lokuhetty, D. (2020) Revising the WHO Classification: Female Genital Tract
Tumours. Histopathology, 76, 151-156. https://doi.org/10.1111/his.13977

[3] Vergote, I., Gonzélez-Martin, A., Ray-Coquard, ., Harter, P., Colombo, N., Pujol, P., et al. (2022) European Experts
Consensus: BRCA/Homologous Recombination Deficiency Testing in First-Line Ovarian Cancer. Annals of Oncology,
33, 276-287. https://doi.org/10.1016/j.annonc.2021.11.013

DOI: 10.12677/hjbm.2023.134041 357 W=


https://doi.org/10.12677/hjbm.2023.134041
https://doi.org/10.1016/j.soncn.2019.02.001
https://doi.org/10.1111/his.13977
https://doi.org/10.1016/j.annonc.2021.11.013

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Zhang, C. and Liu, N. (2022) Noncoding RNAs in the Glycolysis of Ovarian Cancer. Frontiers in Pharmacology, 13,
Article 1D: 855488. https://doi.org/10.3389/fphar.2022.855488

Warburg, O. (1956) On the Origin of Cancer Cells. Science, 123, 309-314.
https://doi.org/10.1126/science.123.3191.309

Han, C.Y., Patten, D.A,, Kim, S.I., Lim, JJ., Chan, D.W., et al. (2021) Nuclear HKII-P-p53 (Ser15) Interaction Is a
Prognostic Biomarker for Chemoresponsiveness and Glycolytic Regulation in Epithelial Ovarian Cancer. Cancers
(Basel), 13, Article No. 3399. https://doi.org/10.3390/cancers13143399

Kenny, H.A., Hart, P.C., Kordylewicz, K., Lal, M., Shen, M., Kara, B., et al. (2021) The Natural Product s-Escin Tar-
gets Cancer and Stromal Cells of the Tumor Microenvironment to Inhibit Ovarian Cancer Metastasis. Cancers (Basel),
13, Article No. 3931. https://doi.org/10.3390/cancers13163931

2, FEEEL IR EE AL miR-125B-5p I A% CUEIINE-2 PR R B8 A G R AR 40 B IG BE ).
JiE, 2021, 40(9): 394-403.

T, &, ELE, & AR HK2 ks A 50508 T 25 41tk SKOV3/DDP i 2414 5%
W], BEEmf e AR 23R, 2022, 35(8): 806-812.

WA, =20, BT L HORUNGE I ORI 2 110 B A (A ] U0 SO AN LS ALE R[], P R 4R
ki, 2022, 42(9): 2242-2245.

Schab, A.M., Greenwade, M.M., Stock, E., Lomonosova, E., Cho, K., Grither, W.R., et al. (2023) Stromal DDR2
Promotes Ovarian Cancer Metastasis through Regulation of Metabolism and Secretion of Extracellular Matrix Proteins.
Molecular Cancer Research, OF1-OF15. https://doi.org/10.1158/1541-7786.MCR-23-0347

Vidoni, C., Ferraresi, A., Vallino, L., Salwa, A., Ha, J.H., Seca, C., et al. (2023) Glycolysis Inhibition of Autophagy
Drives Malignancy in Ovarian Cancer: Exacerbation by IL-6 and Attenuation by Resveratrol. International Journal of
Molecular Sciences, 24, Article No. 1723. https://doi.org/10.3390/ijms24021723

Chun, J. (2023) Isoalantolactone Suppresses Glycolysis and Resensitizes Cisplatin-Based Chemotherapy in Cispla-
tin-Resistant Ovarian Cancer Cells. International Journal of Molecular Sciences, 24, Article No. 12397.
https://doi.org/10.3390/ijms241512397

Taylor, C., Mannion, D., Miranda, F., Karaminejadranjbar, M., Herrero-Gonzalez, S., Hellner, K., et al. (2017) Loss of
PFKFB4 Induces Cell Death in Mitotically Arrested Ovarian Cancer Cells. Oncotarget, 8, 17960-17980.
https://doi.org/10.18632/oncotarget.14910

Mondal, S., Roy, D., Sarkar Bhattacharya, S., Jin, L., Jung, D., Zhang, S., et al. (2019) Therapeutic Targeting of
PFKFB3 with a Novel Glycolytic Inhibitor PFK158 Promotes Lipophagy and Chemosensitivity in Gynecologic Can-
cers. International Journal of Cancer, 144, 178-189. https://doi.org/10.1002/ijc.31868

Yang, H., Shu, Z., Jiang, Y., Mao, W., Pang, L., Redwood, A., et al. (2019) 6-Phosphofructo-2-Kinase/Fructose-
2,6-Biphosphatase-2 Regulates TP53-Dependent Paclitaxel Sensitivity in Ovarian and Breast Cancers. Clinical Cancer
Research, 25, 5702-5716. https://doi.org/10.1158/1078-0432.CCR-18-3448

Boscaro, C., Baggio, C., Carotti, M., Sandona, D., Trevisi, L., Cignarella, A. and Bolego, C. (2022) Targeting of
PFKFB3 with miR-206 but Not mir-26b Inhibits Ovarian Cancer Cell Proliferation and Migration Involving FAK
Downregulation. FASEB Journal, 36, e22140. https://doi.org/10.1096/fj.202101222R

Jia, Y.S,, Yang, L., Zhu, Y.Q. and Ma, C.B. (2023) Beta-Catenin Knockdown Impairs the Viability of Ovarian Cancer
Cells by Modulating Y AP-Dependent Glycolysis. American Journal of Translational Research, 15, 982-994.

Tae, I.H., Son, J.Y., Lee, S.H., Ahn, M.Y., Yoon, K., Yoon, S., Moon, H.R. and Kim, H.S. (2020) A New SIRT1 Inhi-
bitor, MHY 2245, Induces Autophagy and Inhibits Energy Metabolism via PKM2/mTOR Pathway in Human Ovarian
Cancer Cells. International Journal of Biological Sciences, 16, 1901-1916. https://doi.org/10.7150/ijbs.44343

Park, J.H., Kundu, A,, Lee, S.H., Jiang, C., Lee, S.H., Kim, Y.S., Kyung, S.Y., Park, S.H. and Kim, H.S. (2021) Spe-
cific Pyruvate Kinase M2 Inhibitor, Compound 3K, Induces Autophagic Cell Death through Disruption of the Glycoly-
sis Pathway in Ovarian Cancer Cells. International Journal of Biological Sciences, 17, 1895-1908.
https://doi.org/10.7150/ijbs.59855

Sun, T., Liu, Z., Bi, F. and Yang, Q. (2021) Deubiquitinase PSMD14 Promotes Ovarian Cancer Progression by De-
creasing Enzymatic Activity of PKM2. Molecular Oncology, 15, 3639-3658. https://doi.org/10.1002/1878-0261.13076

Dou, L., Lu, E., Tian, D., Li, F., Deng, L. and Zhang, Y. (2023) Adrenomedullin Induces Cisplatin Chemoresistance in
Ovarian Cancer through Reprogramming of Glucose Metabolism. Journal of Translational Internal Medicine, 11,
169-177.

Zhou, S., Li, D., Xiao, D., Wu, T., Hu, X., Zhang, Y., et al. (2022) Inhibition of PKM2 Enhances Sensitivity of Olapa-
rib to Ovarian Cancer Cells and Induces DNA Damage. International Journal of Biological Sciences, 18, 1555-1568.
https://doi.org/10.7150/ijbs.62947

DOI: 10.12677/hjbm.2023.134041 358 AW


https://doi.org/10.12677/hjbm.2023.134041
https://doi.org/10.3389/fphar.2022.855488
https://doi.org/10.1126/science.123.3191.309
https://doi.org/10.3390/cancers13143399
https://doi.org/10.3390/cancers13163931
https://doi.org/10.1158/1541-7786.MCR-23-0347
https://doi.org/10.3390/ijms24021723
https://doi.org/10.3390/ijms241512397
https://doi.org/10.18632/oncotarget.14910
https://doi.org/10.1002/ijc.31868
https://doi.org/10.1158/1078-0432.CCR-18-3448
https://doi.org/10.1096/fj.202101222R
https://doi.org/10.7150/ijbs.44343
https://doi.org/10.7150/ijbs.59855
https://doi.org/10.1002/1878-0261.13076
https://doi.org/10.7150/ijbs.62947

	靶向有氧糖酵解途径治疗卵巢癌的研究进展
	摘  要
	关键词
	Research Progress in Targeted Aerobic Glycolysis Pathway for the Treatment of Ovarian Cancer
	Abstract
	Keywords
	1. 引言
	2. 糖代谢概况
	3. 糖酵解途径
	3.1. 己糖激酶HK
	3.2. 磷酸果糖激酶PFK
	3.3. 丙酮酸激酶PK

	4. 总结与展望
	参考文献

