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Research Progress on Abnormal Lipid Metabolism in Ovarian Cancer

and Targeted Therapy with Enzyme Inhibitors
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Abstract Ovarian cancer is the gynecological tumor with the highest mortality rate. Up to 75% of ovarian
cancer patients have developed into advance stage when they are diagnosed as ovarian cancer. The five-year sur-
vival rate is less than 45% worldwide. The main treatment methods for ovarian cancer include surgery and chemo-
therapy with paclitaxel, platinum and other targeted therapies. However, due to its susceptibility to drug resistance
and high recurrence rate, the prognosis of patients is poor, which brings great challenges to the treatment of ovarian
cancer. Recent researches shows that secondary cytoreductive surgery is of great benefit to the survival of patients
with platinum sensitive recurrent ovarian cancer. Maintenance therapy with the PARP inhibitor Olaparib can pro-
long the OS (overall survival) of patients with BRCA mutation in recurrent ovarian cancer, suggesting that some
ovarian cancer may evolve into chronic diseases. Abnormal lipid metabolism is one of the most significant meta-
bolic changes in ovarian cancer. For example, the changes of cholesterol, glycerolphospholipid, sphingomyelin and

their related metabolic pathways are closely related to the occurrence, development and drug resistance of ovarian
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cancer. In recent years, some progress has been made in the preclinical study of lipid metabolism related enzyme

inhibitors in the treatment of ovarian cancer. This review focuses on the abnormal changes of important lipids and

lipid metabolism related transcription factors such as SREBP, PPARs, and APOA1 in ovarian cancer cells. This

review summarizes research progress on drug resistance and the roles of enzyme inhibitors such as FASN, SCDI,

CPT1 and ACLY in targeted therapy of ovarian cancer, providing information for clinical research and treatment of

ovarian cancer.
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Fig.1 Important regulation pathways of lipid metabolism related to lipid metabolism in ovarian cancer cell

(modified from reference [76])
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FH B R TIOR B ATP,

242 JEMERAF  ZIBFARY, FARIS WA
TERENE )R A J it e i AR = AR B . R 240
TE 5 20 A F) T B NSNS FA, H R PR idi 38 5 ) i
JEAMH, FAGRER N, R4 RENE, 33
Yl ATPAE 1 0 1, FASNIHI R IA A FA I A
kA KA B W, il PO, S B 2 P
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AT o R AT T, SCD I 5716 7 Rl 40 1] /)
R AR 2R B £ Pl - 4 PR ) AR T, 3 B FAAR
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YA N g TR 1R 5 . PPAROUE I CPT1/2%5 5%
BOE , U5 S 4ORLAA N G DT IR A HL . PPARaT] |
TSN TAG/K BRI R IE , HRE SBU™H N
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TAG IfLE A HDLA: S 2> 1, PPARofR 2 5 i
SR AU TR I KBS, S 52 RE A/
AR A R e,

ACLY & 5 2 5 o1 & BB, AT A AT B R A
il A(coenzyme A, CoA) At N £ 5l A(acyl-
CoA) ML .18 (oxaloacetic acid, OAA), [A]H¥f
ATPIKfiRN ADPRIBEIR £5 . Acetyl-CoA 2 P YR 1 i
0 R ) 2 B TR, 2 B I [T e K AT AR )
IRTPRYD R . ACLY 07 T AR T AR 8 i 1) de L, A2
A ARG A IR B A AR A . AKTA 51 ACLY
il R A T 1 3 e 4T Y R 7 92 400 i R 1) 4L B (1 2 T
b L 7 350 A0 IR i S RIS 555 5, ACLY
5% SREBPI{#3% 875 dhah, BB E. e b
#. TGF-BEEH A5 th B (e 32 ACLY BB 1L 1,
ACLY 7E VT 2 5 AL (P he 6045 U0 S0 . Moo 7L
Jo S5 R R I T il A2 TR 4 R e E ) R B
TR, 4 Hh R 2 ORI B A T3 Sk
RLARKFT R R Bh 1) 45 BCRE T3 0 o R TR A 1 21
SR, T ACLY #Av h LB A ZEHRE A
2 MR TR G AN FR 2 T R a4 A% v 1) B AR )6 T
PRUST, B FEE B, ACLY fai ik nl {2 ik g Jog & A
MR AL A AR, B i O TR P B AR 2R e
77, 350 B0 B SR AE AR R PRI, ACLY B #
R 5 0 S 40 R A 0%, £ A2780H RIKACLY,
AT S L4 3 N S, )BT et L 2] e R 7 R
RRIE AR, BHIE O SR R R B, ] ACLY W] 4G 2540
i OF S I . 75 OP S AH L R A2780. SKOV3
FHEY ™, R ACLY ] #1) PI3K/AK T 2% A0
AMPK/ROSE 6, M1 410l 5N S48 21 a4 4, o mT et
GRS 245 P 9 B B8 0 24540 7 A U

FASN 4 i F Py Y5 1 K R R 15 o ) 6 e
Big, A7Ks 2Bk 4#HES A(acetyl coenzyme A, acetyl-CoA)
NP Bt 4 % A (malonyl-coenzyme A, malonyl-CoA)
HEAAR & A BT /S BRAR AR R (palmitic acid, PA), 72
Mk K R T TR ) < B , 1B M i IR ik 4
MY LR . e AR AR AT R 9, IR RO
T, FASNH A = ZAEH . — 2B 2 RImKI S
WIEAL R AR, M Wi Rt — D ek v B i =K, &%
Y3 I - S i A7 TE 41 R P B 43 A D 40 i 4 it
RETE; 2 RSO M IS A 2 B 55 R I DA B 5 ST
HWRTEEY R . AEN TN 28, FASNTT LU
PI3K/AKT/mTOR. Wnt/B-catenin{ 5 # 538 % Al

A7 SREBP1. pS3H15- 14 K e B 2 -1 (early
growth response-1, EGR-1)58 30 71, #ff 52 I,
FASNYE 80% 1) 51 i vhim 2k, w5 5t B A
ErbB1. ErbB2 Fili i) PI3KAS 5 ¢ ok i AH H.AF FH
S )3 O g 20 AR K . FASNGA AT 3 411 1) E-45
FEAB IS RN R AR iR
HE I fz —8] U 5% 4k, (epithelial-mesenchymal transition,
EMT), 3455 51 S5 241 M (1) 12 28 58 71, S B000 S5 4
FeL P MR 55, A4 RR 3 U 2 R AR A7 2R BRI

SCD1& G iR e 1, 05 5 06 s A 1y
FIE A T4 PPARs. SREBP. NF-1f1AP-2[1)45 &
AL, AT A TR T 7 TR G R IR TR (C18:0) AR AR 2
(C16:0) 1 21N, 2k Fr 40 B g o b b A iy 182 F0
FAANRLR i 0 TR 1 T 1l 10500 IR AT ER A, O S A
il OV AT fig g £ AL &, [FIHE4 SCD1
FIFADS2IE i R 2 va ARG i B . Thae i iR i,
SCDI1/FADS25 OVCA4N 3G 5A . 20 i 3t % A firh 8
KRR, RIS & N85 A 58 b 4 1 20
L JE H G/SPH AR . AR AT e FE T, A2
ROERASF-1, 55 OF S0 1 & AR U270 Rl SRART
P 1) O 5598 40 P R e 5 1k Bl A T 2 24 A R B G
RA, 4 R AR M e 2 g XA e AT T
iDL, IR AR LA o R 5 E R,
SCD1 I FRIEAM S §P Hljw T A T3R5 %, i
AR AR O A T S A R R st T s
22 T 2R O ST 4 i R AT R I & B, SCD1AE X £k
HU T BN M AH O (14 18] 78 52 BN S8 40 i R v R0k
KFf . SCD1HEFRIA TR 4H i fT-26T:; A
R, $H SCD 1232 iy A5 5 AR M Pt AL A4 8 Q107K
PR E BRI, TS S 00 Sm Ak sE T . WDt
FOUE IR AT B PR DhRe , el & 164 D0 )
FR(C20:4)80 B _E IR 3 (C22:4) B AR L 2. B I (PE) )
AR R 0 M R AR R T IR OB U X BN B
TR IT RIS 2552 it 1R L

CPT1/2 W2 B-4E 1k (FAO) [ IR I B, K
M 107 Tk 268 A Bl A 0 A9 T 2 PRI L, MG A6 1 75 T
HEN 2R B 5T HEAT B-28 4G . RN DL =Fh AN
A [ AEAE : CPT1IA. CPTIB. CPTIC., H
CPTIAT V253 4i T2 R4, BiEPER 58, CPTIB
F AR R ALC VLA R R IE ) 1 CPTICE
B NP R AL P RIE. HFFRH, CPTI
1 e 2 W] R BUIR TR B- A e, R B e
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Gk -

R IET, 50K BLCPTIATE K 2 H 9P L9 41 i R
rei ik HCPTIA R R ) UN S g 3 A0 A,
S5 B G 197 TR 4 A Ao 3 I v 1 400 e ] S o R ok
2 12 51 5398 40 PR 3 HE0Y . I CPT 1A TR 38 i s
AMPK. p38. INK{Z #FoxO® ML 1k, M ifp21
FIB, J5 T Y JE S CE Go/G Y, AT FHL L 248
ﬁj\%wﬂo
2.5 BEi#(lipid droplet, LD)FF AR

JEW(LD)S2 —FhaAEFF A g M s, e g o A
S NG r E R H RS T =
(TAG). HHI[& BE EE(cholesteryl ester, CE) LA A fiff fig 5.
oy T E i B R B BE B, WIPLINS®S . iR i
TERRSZE TR (5T NMEASOE S Wi shas
B, MR R AGIRAE IR R EM R E
A 5T A 1) O B i 4H 2 R AR AR Ak, AT 51D
W R A, (LD R B2 A, AT fELD 1) 2L
. K/NBLRLDREOr 35 R A AR (IR B %) . i
HIILDZ 5 IR i A2 s A, (555
T M SR R 2 AN A R, IS S
Hl =R S RS B JIE A A8 A DY AR R
AR

LDAEVERRA ML b T2 A AE , AN 515040 Tl
JRA, TR BT BT B A R A SR AR A [
W), AT A R A B B 2 AR T, e AT AR g TR 3R B
MECER U7 e i) 2 A2 N B3 1) B8 B N W A 2 B A
W, 4 & T E AILD, 67 7 KREFICEFMTAG,
A2 50 BT Re T . E UG DT B (hormone-
sensitive triglyceride lipase, HSL) & i 17 g 5 fiti £7 A1
ST R OB, TR LR B il s =, € 7 TLD.
LD 85 I PLIN-12 IR iR 1S58 . BRI,
FEFEREZCAF N, PLIN-1A] BEL ok 20 i o H-ah = 6 i
fiff (adipose triglyceride lipase, ATGL)FIHSL5LD#%
i, AT BH L LD AR 77K A B8 BB RIBCT
cAMP/PKA(E S G, 185 M2 /L PLIN-1F1HSL,
i HSL A A it % 4 2 LD, R f5 2540 il . CE@
TEHSL K AR Tt JIE [ e A0 g J0T R U7 AEAR i
ToW 2 BT & AL 2 T I R [ B AR . H o = R elRk
NEAAAAR R A 7 IR #6 A& fig & 7 A I G 2R 6 BT 4 77
E(][76]0

5 15 A0 7 A2 ATP 3 AR B R A S A0 T 1R
AR ANE, e 40 B RUAEAE S S8 R AR T, 4D
Mo PR R PE R B . BRI I A L 2

A/ B ATP, AH AT DARR B & (R AR b 8] =4 AT
FA MG AR 0 7 EORL, Wi E R JIEIR. N
AR O T A AR A K T B R R R TR
SK, TR 4 B 3 RT3 I LD S B8 Ak P K g s
I HAEAEE LD, JEELD N B AR A — 2
IR TR B-E AL, P 4R f A KR i pe e,
FwoN, (£ PR R, W sn . g, A
Jigs USRI HO S 3 T LD B ESE hn . 5P S
20 M ALK LD I TAGHICE, K A 1 fig 105 R, kb
%G BSOS RE B AR, ARG A M A Sk A s g
TR ) OB, S 4 B e 8 AE AR SEUK P RS R Bk = 4%
AT T AFIET

EL W %2 31 £ B ON S8 41 i A7 AELDI R 2L
LR OF SR M AR b, 22 b R 1t OR S 40 i & R
LD &R EAES . BRI, 7550 S 40 i ]
IS LPA RIS FASN I A, 340 A5 i = Ag 7 g () 7
SR, dEmE g R I B TR AR K
4 B 559 40 i LD SR AR 5 IR o AR B AN TS A
K, HA 2 LD i 704 00 1 5% MV B S 18
AEIE R AR 5 S A M - LD AR 208 5 AR i e
BRI o B S 41 B JE I (ICD362 — K%
NI BR SZ A4, W Fi e BH, oK DX JE R J 40 B w375 e e
YA RICD363 55, MK B i 197 IR i 1 3] 9N 5L
FE A P (), (R HELDIITE A, e 15 B 5598 41 i 4%
%o HMICD36 R F 1] i 5 4 A 55 S 1) BE [ B AL D
FH R, AT BEAEG O 5298 241 A 5 P AR 28 8 710, w]
DLLD ) 2 AN A Jie 8 4 i 1) A KR R B R &
fits £, I Be % I 2 Pl 42 (e a3k N 530 41 18 4% 7
AAFNG o RN IE AR AT 5 8 2 FF i 309 248
HEBELDIE R B 7, H8 ON S 12 Wi AR T
R’itS%.

3 BERIBIHE RERHIGIF X E B EETT
EEREPHNRAMR
3.1 BERAEE & AEB(FASN)HIHIF

B A FASNAN ST 417 1) 51 55468 408 it + i )5t 1)
B B, 34 AT E I I R B 41 i H PIBK ATMA PK 45
55 B AWz 2, AL AR, A 28 805
PI3KAE 5 1R 4 5, b 1T 00 1) 19 B39 41 L f 2 A 86870
7 W 7 & (cerulenin) 2 FASN/IN 7y T3 1) 551, F 4k
HE O S 0 i T 5 0 3 7 B AR RS S Al R TR T
1R 3 2 B P BT 24 1S, B ] At (orlistat)
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XTFASNE@W%EIJ S R I 2 BE o i, Ak
AT IE R S AMPK 1, 338 17 40061 40 it mobE R A
I FE FASN%WJ%IJ 7 TVB-3166 | A @ it # 1 G 5
96 41 0 PI3SK/AKT/mTORF B-catenin/s 5 38 14 5k
PG RE 5T A B, BTN 200 B RS g o 5 40, (R a3k P e 4
PR T0(E2) . FASNHHI T 2 i B . 3R
A H AT DR N T, IR TSR AR A R4
e S i b BT R B 1R 2% 1 FASNAIRI) () A= 902 i 3, AoF
FUah SRR BH, FASNA ] w3 436 1 b 40 1) vk 78 &40 i £
A HNFIA P AR KRG 7, BIE R/ BT gz, S o
SREYT IR TR R .
3.2 TERSEriHESA K IRFNES1(SCD1)HNHIF
SCDI1H#I77CAY 10566 1] i i NF-B B AI% G £
Jeg BROUR 40 B 16 B SSRAS TR AT 7K ST, AT 98 55 B 592
BRORGH M 1)1, I BOSCH B SR LB G SCD 1
il FICAY 1056641 75 — i i 17 B8 2 161 A B FAD S 24111
i1l 71lsc26 196 7T fith 2 U 559 41 B (R Bk AU T2 fpe L 2L
fR) A, 8 3% PE 01 FCAY 10566 F1sc261967% 45 /™ H
I FH, 3 5 B I A R B R IR PR
FHIEE 170 AR AR iR B, 80 254 A 939572
FIHISCD 1A AT LLIA 21 40 ] B S5 8 A= K 19 H
(1), T HAS S 068 /N B AR B AN R s B 81 2)

et

X R N SCDIE N 15 3T AL B g 2590 (¥ 7 5 ]
ATRE AR TR AT IR .
3.3 ARAEHEE R P ES1(CPT)HIHIFI

CPT1#E 7] 25 ¥ MK FE 52 =] (etomoxir)id i #71i1 g
Uiy B2 B~ A I L 200 A ) 39 B 410 k) B0 988 4
()5 220800 o It ) 7 B SRR AR 3 VR M S A AR A
T DR FE 5 ) R g 5 ks, LW /N R B
PEELFITY(EI2). BRIk, CPTIAT] 2 — AN TS 4R
YIbR BRI AE VA 7 T A A B AR A, L AR
FE 25 ] bR ROR I HL 55, snT N T IR R 24
WITF R
3.4 ATPITIRER ZLHREG(ACLY)HIHIF

SB-204990/2 ACLY [ 4 57 P4 # i) 71, WF 78 &
B2 400 61 750 AT 55 M4 7= A= B [ A P, ok 5339 0 8 9 4
PP BT 247, 63 PR S5 3 v I R B A L
BAVIE A CN O SRR SR AT RE IR T Y. X
I UL ACLY 0] 576 T7 O 598 18 3 R (E12).
ACLY 1l 771 5 M AH B A5 Y8 97 1T B A A 1k O B0
NGVEATIN 24 (9 2 T B
3.5 HMG-CoAXEEF(HMGCR)HHIFI

T 5259 = HMGCR (41551, 883k BRI ]
A6 B HR 8] 20 R RR R KV B, Y87 e R[]

I

!
TR

36 ATP
El2 $REbRRERENHR

Fig.2 Mechanism of targeting inhibitors of enzymes related to abnormal lipid metabolism in ovarian cancer

A

MCD

AR KB RIAE AHLEI(R RS E SCRk (65112250

A939572

@ @/ MF-438

Cerulenin
TVB-3166

@ \/ Orlistat

SB-204990
-

(modified from reference [65])
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W IMUAE, (7)o A2 PR AE S8 2 (VI PRAE 70 A A e B
2 W BE [ A QU R R 2590 . 7 I 08 A A PR S 56 I
B AR YT 2R 259 mT 15 5 K 22 S0P S0 4 i &% I, (2
AT BeAh, (7T 2K 254 I ICVEGFHIMMP9
FIEKE, 40 f ES AR 22, VT RS
R0 87 2R 1 B 15 FH 4 77 A B 5 ) DN A5 473 A P-H 2 1
(P-glycoprotein, P-gly) il /£, M98 55 O 55 1)
M 241 . 5 AN SEORAE I, K ik B Ah VT 2R 254
5 R AL B ICE SR, 20 0 TR R R
VER—Fh & R TG R 259, fh7T 2525 Pk S
TH R REEM BT b, T
Vi—Fh 2 hae i), BA Z e 7 8. sk
Bt~ EIE /D S50 i, DR AR YT 2R 259036 97 W] LA
WA IR YT N S (1 —Fh T AT B B A7 i, (153
— .
3.6 FHEEZAES(SPHK)HIHIF
SPHKTE 15 2 ) 5 5 14 B SE 968 1 fieb 89 1] J5 Hp s
FIE, BRI Z HUEHE R W], SPHKAEHE MR AR K.
SPHEK 1) 71%6F 51 S A7 $0 6 FH, 5o FH 6 24 B4
HIF R A R R, ELFE N,N- B RE (V,N-
dimethylsphingosine, DMS)Fl DL- = — & # & ¥
(DL-tri-dihydrosphingosine, DHS). f&4hSZI8IE B
AR RISV 2 R R A, BAA %
Kb, FEREHEINH AR P R R K, (e AT/ R Y
| L P E I I, DRI R 97 226 HY TG K SKHP A 1) 771,
A T 25091 K o AR AR FEIE B, #0077 SKI-TURT D
%5 X (safingol) A] $11 il fr 988 A= K HW A AR BIE FH 3
N, Fed b 25 S NDRIG R PEAN KPP, it S
T4 %) (phenoxodiol) i BLHE 155 K 22 HiuJi 48 i (1) 22
oy FE AR T, H AT AR S BN S AT B 1)
g7 25 AT I R R 6 . T, SPHKY i 2 i
S 5 T T AT, LR PR 58 B SPHK A #1771
F I R fa BRI EE 45 B Y B RFFSIE M, AR
XU ) B S g R 3 I S TP/ i 25 FA. —
PR XU A] 3 2o 40 o] sk 40375 3 R -1 (HIF 1oofl HIF2a)
BEL W7 420175 5 (1) SPHKC 1 #E 1) B RE AR 41, 32k 1T BELAS 1
BRI RS . WA R E Y, R SPHK
POHIFYE T R S 1) 7 R, (B Lk R 5 %2
BNV R BRI o T R 2P M ) — B R
IR, AT IR IR 291k B0 K H bR S A2
TV IE B 22 A 1 3 )32 1 AR 0 A 38 RUE 1 25 47)
.

3.7 EEETTHESEB(SREBP)EEAIINE
REIaTT R

H i & 2 FhEF %t SREBP I 254 F T 90 S
WBIT . BN, M 2K (fatostatin) ] B 4% 5 SCAP
gh, JERHL W SREBP M N Ji I 21 i /R LA 1 5
Az, M) SREBPER [ I T AN B ; FIAERE 2=
(betulin) JU LA i 2 86 1) 77 205 SCAP LS & K il
SREBP M P4 Jifi [ 21| 151 /R B 44 (1) 5 A it 72 PF-429242
T A S1P )R IE R AN H1] SREBP-A B [F B 1 ik
2, AT 1) 0 A A 5 S 4R M R T2 BF-1754 7]
0 SREBPY) % 5 id M, AT FEAR 40 M i 107 6 R
FERMFRIE, FAEVE 2 9E A on HHUM R/ 7L,
e Bk B- A il i (cystathionine B-synthase, CBS)7E %
Folt G SR A i % P R IA B TR Y O A AR
FARE . TR AR ZE . CBSYTUER v 15 5 3 K 1
Spl, M HIHISREBPI ¥ 5%, SREBP/2 % Fi l5 X
W R I R EE ), HE R IA S N S R
BERRAHSC, I H A 2 EFE R Y 5T HRAIE B L0
1) 700 T 0 1 e R ) A A B 247 71, Sk Y B PR I PR
BT R R LE R,
3.8 IR HIERAIEEMBIEZ K (PPARs)SEE
RIBRERRITIIR

AR O S R R B, S A A R
e [K ¥ 4(dedicator of cytokinesis 4, DOCK4)fE
A PPARsHHESER | AL 0G5 5 Ras Fll Wnt/
B-cateninid i F R, AT (i 2E R 4 LT A R AR 22
W7k I, DOCK4 5 Bl §%w 5 R 5 CD4" T4H
PRI R SRR S A Y22 ) AR R b 2 R i Y 3
FHOG, Ly R AT A B SRR 3k Y I S e R 1T 3R
L, AT EE WU, s PPARsTA Y R R A
(1) 235 WA B S8 X B 2R 25 D UK ), HE 7 R B
¥ PPARo IR 4 5 DU FR (clofibric acid, CA)F1 PPARY
(AR 2 4% BB IE & S, AT 4k 4 S R 7 AP-111
Rk, W SN T U AR Rk, AT X B
P IR R P AR B R R O RN BRI
PPARY L A4 2 4 41 B RVE R 25 W0 A5 FH 2, 0o 8
Folv 519 e g (17 /N ROEEAT VR T I, IR 2280, B
AT R I PPARY AT BRI 5 4028967 IPUIE R K
<@ B XA, IMMTIG. MTIH. MTIL.,
MTIXFIMTIZE SR 1K, WmiHe s IR S X 5128
LI BRI 0, JE T PPARsS SifER 4 i h 2 A
HEE WM, TR 5 U0 S 4 i A K K it
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Ve OV, B FLEC AR (1 25 W AT 7 s mT figh ok R
SIS 25 TR RVBTTHES o

4 1%\_2_:5
B4 PARPISE AW I RO, 01 B8 16 97

RGBT E G TT R R, IRR BT REE AR T
T+ BBl A O O S R OR IR T 3. 5 IEH O
SLANMIAR B, O SR 40 P i S A R A e
R, BRBUACH R W BRI S . i AE . Feis.

A SE A 73 PR 25 T R 15 O SR 0 5k 2R ORI T L
KRR . V2B AN S PRI 7 — 2

JE TR A R AF DG ) PR B Tl R A5 5 A Sl
P 52 e O 595 20 ff o 22 B R o AR R, AT 2
HEON S AN M 3G (R 2%, I R Ak . iR
JRAR AN 5 O S R R0 D%, I X O R A
PRI /80375 DA B AT RO Pt P2 A= 5 %ﬁw
FURBEMARBUG . BEARENXT 5P 519 A Qi 7

mmr%&w&%aw%&ﬂf@mﬂz*@mﬁ
TR A F BB 75k H AT 78 R I 20% 50 #L
Joi BB WL ERAE N BRCA1/2587% | B B AT 4% 5) =%
PEo BRI, w0 B S 8 A% PR 1 51 530 R

AT TR ACEAH G B R T A, ARZR N @ 20
s & S W T .
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