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Recent progress on the effects of structured lipids and fluidity of
plasma membrane on tumor metastasis

LI Lin®

(State Key Laboratory of Bioactive Substances and Functions of Natural Medicine, Beijing Key Laboratory of Drug
Delivery Technology and Novel Formulation, Institute of Materia Medica, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing 100050, China)

Abstract: The lipid composition of cell plasma membranes of aggressive tumors is significantly altered from
normal, affecting the membrane fluidity and function. Plasma membrane fluidity involves multiple steps in tumor
invasion and metastasis, including cell movement, adhesion, lateral diffusion of membrane molecules, signal
transduction, material exchange and so on. This review highlights the difference in plasma membrane lipid
composition and fluidity between normal and cancer cells, as well as the correlation with the invasion and
metastasis potential of cancer. We also point out that the proliferation, invasion and metastasis of tumors can be
inhibited by improving membrane fluidity or interfering with the membrane structured lipid composition, this
focusing more on changing the biophysical properties of cancer cell membranes, and providing a novel strategy
that works for treatment of tumor metastasis.
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Differences in plasma membrane lipid composition and fluidity between normal and cancer cells (A); structures of plasma

membrane lipids (B). PC: Phosphatidylcholine; PE: Phosphatidylethanolamine; PS: Phosphatidylserine; PI: Phosphatidylinositol; SM:
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Table 1 Deregulation of the plasma membrane lipids of malignant tumors. T Upregulated metabolites; | Downregulated metabolites;

HCC: Hepatocellular carcinoma; HNSCC: Human head and neck squamous cell carcinoma; LPC: Lysophosphatidylcholine; LPE:

Lysophosphatidylethanolamine; MUFA: Monounsaturated fatty acid; S1P: Sphingosine-1-phosphate; SFA: Saturated fatty acid; UFA:

Unsaturated fatty acid

Lipid Cancer type Plasma membrane Cell/Tissue
Glycerophospholipids PC HCC 1@ L8
LPC HCC, lung (nude mice) 1 (2300
Breast 12
PE HCC, leukemia 1 (2025:26]
Lung (nude mice) 1B
Breast 1
LPE HCC 10
Breast (e
PI HCC 1 e
Breast 129
PS HCC s
Melanoma 1 Outer leaflet®”
Sphingolipids SM HCC, leukemia J o6
Lung (nude mice) 160
Colon 16
Ceramide Colon e
HCC | Long-, 1 short-""
HNSCC | C18:0, 10547
S1P Endometrial, ovarian 1 5839
Fatty acid chains SFA HCC } B J sl
Breast e
UFA HCC, lung (nude mice) 1 2330 T MUFA®"
Cholesterol Breast, HCC, leukemia, melanoma, lymphoma | 16:25:2682.83.85]

Breast, prostate, colon

1 137778.85)

SN AR T 4 B S IS B 1T T 4 R 9 B P 3 R
PR 9 2 1, A L I D o L A R O A o
JI Wi B B 1 22 /D1 R BRI AT AIE S, A 0 iR 4
60 PR Jo B T[] T 2 PR AR, AN R R U7 IR T R R 1
Z o, 40 MG P ME RS b, S OEL R Bh PR A N
JipI6.7:19,25,26.28,63-65,82]

A 5 0 A RIS B0 1 5 T e R 42 28 AL AT
THEIC, ¥R LA J5 1 : @ A0 E B o 5 R 3 1 R
L2 4D e O 3k 45 ) T D 10 G A 1) SR 4R, AT S5 1 firk
AN S N I . Zeisig 25O EL 8 T 48 Bk K
AN A 2 B MT3 ZL R g 20 e, mil 4 41 i LA 9
B v PR O SR B[] B 2 S ) T A B B
T, bHME R Lewis X/A Bt 44 A 5 1 20 i 2 P 1k 2
w1 248 . A AN, R[] (1 P ARG R0 I 5T AN v A0 Al
Jii7 R B P M8 0, B v T MBS T e 8 M ) B R R B
B . 38 IR TR Bl 1 B 0 M 0 R 45 A B-k
B 5 0 PR DR T A R )RR D, A TR R S
TR %, FEAS B IR A B 44 E T, 3R 5
2 527 A 4 B R S R0 g, e DI R 7 Ont L s 400
R 2B = A . @ ek s A A KA 7
3T . EGF X 22 b i 40 e B A 12 41 i 4y 4358 5 1)
1R, H %2 & EGFR 13 R 1k 5 M8 5% 14 72 B A

SR, EGFR Jy it 5 8 (1, 75 5 L b B A 0 1) 97 3
PEo ARWE K EGFRE H AR S N . R
A AR [F 5 A EGFR 43 1 M1 45 &, $3F EGFR
{1 B 23 T A — SR Ak, A4 AT V& AL EGFR B, 4 Ji5 W
ZATHESHEFRE. ORI E TR
1, EGFR HJ4H 0 3 A5 I AN &), 32 85 A T- A it #
BT W o WF 70 R B, EGFR 18 3T 7 40 g b ) 52 1o b %
ST A5 308 3 M 10 AR AR T 2 3 MO, L R AL A2 B IR
BRI o 5T B B0 1 3 A Bh T EGFR — %4k .
T 38 L 10 e 17 18 i, 48 Jin B 22 AN R0 1) iR
U IR, P K 4 e JBE 00 ) 0 2 4 R 4 A TR A, gD
EGFR — AL, T Ht o m) 1 ¥ 193 24 5 A7, 32F i 400 o]
EGFR {5 5 Z Bk B0E , 55 2406k 20 g 19 5 ) 38 8 0
1278, @ EMT I # U N1 EEIRKSF R,
21 5 3% 2 A 16 R o S 000 41 i S B RE D 1 O,
L5 i 98 4 B T M A1 EMT 78 77 235 45 5. Angelucci
LN MCF-7 7L 9 40 i 5 98 AH OC BRUZT 45 240 il CAF
L 9%, CAF filt )k MCF-7 4l g P~ AE R R AN T 10
EMT, [A] B 58 4R 5T 7R 5 CAF FL 15 77 (1) 96 240 o Jofd fist
B PEI 5 . Wang SN = B M 2L g R A
) NNMT & it i ABCA1 %3z & [ 2 i3 I8 [# &% 4k
He, B58 7 TR )P, [FIR NNMT i Rk 5 N-25 5
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HE YR B A Snail2 £ H 5 EMT A 5515 5 7> 5K
PR IEAASG . AT LA, 4 AR I 2 14 3 i A2 iR 4 B
BAT RN ) b AN RAE .
4 YHAERRRENIME TS 5 A HH]

JH IR Y A B R A B 1, mT AT N 3 A e e
ML R 22 5 4%, F T Hu MR iR T R EEE . 5
I, B K E MK (amitriptyline) 195K BE B (haloperidol)
SR AT H ) EMT (1) 244 e % [ AT 40 B JEE e 3 1 4
Ff B 38 Bl R iR ) T A R, SRR RIA N B R
%o T 4 DR 3 FL M IR B M AN AR I, IX Se A
WGV A TR A R el B, ISR B P T R
S L7 Je R 2% e ) — Foh o] 47 (198 97 B AR

UL AL HR AN TR T 7 T AR L T D o B R
JoT L AN ) S DR R o 2 R A R I D TR T A A
R (C16:0) X Jae 4 Jfg 3047 A BRI, W 5 25 B AU JH 8 240
RS 308 B0 P, 0ok e B 4R 2 e 0 I ek 2 4R B T A TR
A5 Y o () Jie g A A RS, S A, — SR ) w3 0
JTEE A 8 2H A B A ] SCD1 1 259, 8, BE B AR 5T B IR
) P - $0 1) e A P ) £ 281700 A 23 K SCD i
71 aramchol 5 P 2 I A I 4170 1k 7 B FH, ] Sl 5 1 o &2
Y4 HE Jé £ HCC JH- i 7% A 98 155 28 o 1 5 i 988 A FHE7
JUFL ] P RTS8 A0 B R 3 M A R, I PR B B 1,
R 2E . Hl T8 SIHE KRS LS 5%
55 T WSS M S R AR A ORI B B B
IS A ] e 5 Ml o B A R T i e A
955 8 T N 20 P I 245 )45 S e T BT, R L AR
FHAE 2% o 3o i I ] e 5 ol 35 I e 3 A A HE R S 1
Jie 9 AL ] e A 2 5 (1) B B ARR AR, O B ) R SR
Jie 78 F AL [ 25 o e N B A HES Sl R A R R L ©
BEAIE SEEA — 5 Buis /E 70 dE ok K E IR IR
W TR, AT 28 25 1 ] AR KB 40 e A (14 7 s 26 AT
FET22, U2 e AL e 101 X n] g S5 Aty T 28
240 ) REL [T 5 RN A0 M Y R AR o0 . /N TR
® [ Al % 5 7 apabetalone, ¢ 4% % i 45 H % &
ABCALI %3z 8 [k 324, i ik gk /b I8 [ i o0 HE, 06 4%
i 6 S R A A T A ) 45 R e R B L AR 22 R
R,

— S IR AR R AR B A T A I B 1 DA A e
JIRBME S . A ARE", RETTFILHRRER
TIREE M S R SERER KD ERE 10RMHT
i T8 PR AR DAL 2 140 DA % 22 S B B ARA B S5 S 0 1R
24, LEAMIHI] /)N B R B R A i 3 B ) [ I, S5 B A T 40
JEE B, R 2 1 B P ARG ae o ] e s A
o 3t AR A o IG5 il 5 17 3 P e R A o T T R SR )
2 T A6 B P RERR AR SCD1 7K, M 1T B A 41 i i

¥
25106
R,

BBAL, A7 L6 254 B IR AN BE Wl 50 4 28 1 b e 1)
2 i R 30 B, AE RIS T 0 g A B 5 AR 2 e A
AH G TR 4 B B I ot 2 s B i sgg H . Wu ZEHO0
22 R % %2 P¥ (pachyman polysaccharides, PPS) % /s ff
PAIJEE S180 4 ffd N\ F I o5 K562 4H i 114 44 &1 14 B 4100 i)
YER o I J3 A 4 BB i 2 3O, IR ] e 5 e %
e JIE A 0 A £ OB ] s Al Al 2 B C/P B R 0 I AR A,
A B e 948 2 5 T v, UL B8 IS P P % 46 Y S 4 400
il o H BB AR S 07 IR 4L Bk AR AR AL, A8 A T I TR
(C20:4) M EERR (C14:0) FEK. #2755 PPS & i@ i #
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T 400 81 e 200 L ) PR 184 5, HL 70 e AL 1) 5 B A A o
BB K. Petrangeli S5 TPRAL T A AE AR R 5 S A 4R
HY %) (lipido-sterolic extract of serenoa repens, LSESr)
Xof A 2R AR PC3 iy 41 i 24 6 1% 470 38 B 2 17
TG . LSESr#43#5 1 h &, PC3 i 41 Ji i 40 i fr) 40
JHo B A SRR B 1t R AR T A AR A . AR [ A
/>, 4,5- W R % IR Ik UL (phosphatidylinositol
4,5-bisphosphate, PIP2) 7KV F# 1%, I 5 Akt 3 IR 1k ik
/U0 0 L T 8 0 v A D%, TR DT AT i R T e gk >
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Table 2

Anti-cancer compounds that target lipid composition or fluidity of cytoplasmic membrane. AA: Arachidonic acid; EGCG:

Epigallocatechin gallate; EMT: Epithelial-mesenchymal transition; ER: Endoplasmic reticulum; HMGCR: HMG-CoA reductase; LSESr:

Lipido-sterolic extract of serenoa repens; MACE: Major adverse cardiovascular events; mTOR: Mammalian target of rapamycin; NASH:

Nonalcoholic steatohepatitis; OSC: Oxidosqualene cyclase; PIP: Phosphatidylinositol 4-phosphate; PPS: Pachyman polysaccharides; SCD1:

Stearoyl-CoA desaturase-1; STAT3: Signal transducer and activator of transcription 3; TK: Tyrosine kinase

Compound Target Mechanism Cancer type Ref.
Alprostadil, Membrane  Inhibited cell motility and EMT; repressed the metastatic phenotype of Breast cancer models [73]
haloperidol, fluidity, cancer; decreased ABCA1 expression and cholesterol efflux
amitriptyline, et al. ABCALl
Palmitic acid Membrane  Decreased membrane fluidity, reduced malignant cell proliferation, and HCC liver cancer models [66]

fluidity impaired cell invasion; attenuated phosphorylation levels of mTOR and
STAT3 pathway proteins
EGCG, quercetin, Membrane  Decreased membrane fluidity and suppressed cell proliferation; Myeloma cells [105]
genistein, daidzein, fluidity inhibition of free radicals, membrane lipid peroxidation, and membrane
et al. enzymes
SSI-4 SCD1 Suppressed tumor growth; mediated ER stress; in combination with HCC liver cancer models [96]
sorafenib, showed a maximum growth inhibition
Grape skin extracts SCD1 Decreased membrane fluidity and inhibited cancer cell migration Colon cancer cell lines [106]
Aramchol + SCD1 + TK Combination therapy displayed a potent tumor growth inhibition. HCC liver cancer models [97]
donafenib Monotherapy of aramchol has no significant anti-tumor effect.
Aramchol as an SCD1 inhibitor for therapy of NASH and liver injury
(in phase III)
Statins HMGCR Inhibited cholesterol biosynthesis; inhibited cell proliferation and Colon, prostate, multiple [98,99,
migration; promoted apoptosis; decreased cancer mortality and longer myeloma and other cancers 102,
survival, according to retrospective clinical analysis 103]
Ro 48-8071 OSC Inhibited cholesterol biosynthesis; decreased cell proliferation and HCT116 colon carcinoma and  [100]
migration; increased apoptosis HPAEF-II pancreatic
adenocarcinoma models
Apabetalone ABCAL1 Decreased ABCA1 expression and cholesterol efflux; reversed malignant Colon cancer cell lines [104]
phenotype; decreased cell proliferation and invasion; APOA1 mRNA
inducer; apabetalone for therapy of MACE (in phase III)
PPS Membrane  Inhibited cell proliferation; inhibited PI phosphorylation to PIP; K562 leukemia cell and S180  [107]
lipid modifications in fatty acid composition of phospholipids; decreased sarcoma cell
composition AA and myristic acid
LSESr Membrane  Inhibited cell proliferation and stimulated apoptosis; modifications in ~ PC3 prostate cancer cells [108]
lipid phospholipid composition, cholesterol content, the SFA/UFA ratio and
composition membrane fluidity; decreased PIP2 and Akt phosphorylation

& TTBK: 2=k DT SCRR A B L SC R BT R E A

FEEHRS: AEH A AR R PR
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