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Investigation of the relationships among cholesterol, lipid raft and platelet function
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[ ABSTRACT ] Aim To investigate the role of cholesterol in the regulation of lipid raft and the function of platelets.
Methods Using in vitro incubation of methyl B-cyclodextrin (MBCD) and in vivo elevation of peripheral blood total cho-
lesterol levels to remove and load platelet cholesterol, respectively.  Cholera toxin B staining combined with flow cytometry
was used to detect platelet lipid raft content, fluorescence antibody staining combined with flow cytometry was used to detect
the expression levels of P-selectin and activated integrin o Il b3, annexin V labeling combined with flow cytometry was
used to detect the level of phospholipid efflux, in vitro experimental system and rat tail bleeding experiment were used to
detect platelet aggregation ability. Results The content of lipid raft on B lymphocytes decreased with the removal of
cholesterol, while in vitro incubation of MBCD to remove platelet cholesterol significantly increased its lipid raft level ( P<
0.05). Consistent with this, in vivo cholesterol loading increased the lipid raft content of B lymphocytes but decreased
the lipid raft content of platelets (P<0.05). The increase in lipid raft after removing cholesterol was not conducive to
platelet activation and aggregation function.  In wivo cholesterol loading downregulated platelet lipid raft content (P <
0.05) , enhanced its ability to respond to low concentration stimulant for activation aggregation and coagulation, and this
enhancing effect disappeared after cholesterol removal. Conclusion Platelet cholesterol is a key regulator of platelet
lipid raft content and platelet function, which can negatively regulate lipid raft, promote platelet activation, and enhance
their coagulation function.
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Figure 1. Effects of cholesterol removal in vitro on platelet LR content, activation and coagulation function
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Figure 2. Effects of in vivo cholesterol loading in WT mice on platelet LR content, activation and coagulation function
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Figure 3. Effect of in vivo cholesterol loading in LDLR KO mice on platelet LR content, activation and coagulation function
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Figure 4. Cholesterol removal in vitro reversed the increase of platelet activation and procoagulation by

in vivo cholesterol loading in LDLR KO mice

5 H A — 0, A 50 & BSR4 A B | % IR
[l A ) 1 i BT AL S AR RE T AR B 4
B b GM1 St BT . 50—, AH [ 7 7 28k
TR SRR [ B = A il /MR TR AT ARG &
L, A PR L T 67 R A PR AR B T GMLL 9 [ I 52 17
FETF T /MR Y & TP E 33X 2645 2R 3 B H [
AR GM1 A 2RI M /MR LR Ef5 5 & 3 r ¢
HART, A WFSE & I /NI Ak ) S I [
FEASTR] LR DX 44340 24 DS Ot e ) AL T B LR I
89 7313 R RE-L 2 e I/ MRS R A T 15
e AT 5 2 B v JIEL [T P i L v 9l = 1 1f
RE T REAR T i /N 4 52 X AT AR AR R
ARG %% B2 B5 25 M i ok CD36 3T i /)N B 1 45
SREPOIDORAT i I S AR B A P ol AR B
I P 2 ) 41 20 B 3 T g R R e £ K
BEmMRER, 51— AT L B 2 JH s s E
[l B PR e T T BF A= A LDLR KO /)N BUAR ] i & iH
[E] it /K- - 3 5 1 /MR TR AL S RETIRE. E
PR R B A /N A A 32 B4R T Y J2 o
A5 & 1 H [# B ( high density lipoprotein cholesterol ,
HDLC) /K~ B 9K ey 5 B i 2 11 HL AT e I [ e
HMFREAE O B HDLC F 8 B, A 5 A L [0 e
P2 nT LAE I SR-B 1 A 5 1A 38 8% 11 B a7 A 32 %
PESEA . SR-B I B& K @R/ BUA ) HDLC 7K

Fhis , BAR /MR E HDLC fr)38 8% bl FELIT , {H ) H
UL A 18 T e A 1 a0 SRS P L /I A Y
JIEL T e a5 AR R ) X L4 KR
UG it/ I [ e ) £ Tl g i T g i EL-S5 R
BIREA BTN T0 R, YR, AW RToIE 8 2
HEBRTETE S AR B A 5 2R G RAE K P T i Y 3
Wi, CATRIESE A AL A R IL-12 AT R 53 il /iR Y
BB g ) 2 J] v i v IR R R o
JERE /N (LR B A ) 2R S8 S AE A e A A+
SIATBR T EL 24 TE PR B S 1Y LR 22 Skl A
e R MLAE B 4 /NI DT RE DR IEE A A A P Y
ML 5P 2 S e 394 o L ] 5 AR 4 T i /)
M s A5 R L RE

BN AR ST A B, /IR L I P A RE
PR ML/ LR 55 i LA I/ AR S 8 S 30 7 A
+ AT P LR e /A T T i
BEIMIIRE,

[ &% k]

[1] VAN DER MEIJDEN P E J, HEEMSKERK ] W M. Platelet biology
and functions: new concepts and clinical perspectives[ J]. Nat Rev
Cardiol, 2019, 16(3) : 166-179.

[2] SEMPLE J W, ITALIANO J E J R, FREEDMAN ]J. Platelets and
the immune continuum [ J]. Nat Rev Immunol, 2011, 11 (4):

264-274.



842

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 10,2024

[3] SAVAGE B, ALMUS-JACOBS F, RUGGERI Z M. Specific synergy
of multiple substrate-receptor interactions in platelet thrombus forma-
tion under flow[ J]. Cell, 1998, 94(5) : 657-666.

(4] BALHL, FIREE, ik B BB P2YI12 SZIRHS IR B i) i

/MRS BT B[], P E Sk de s, 2022,
30(2) . 180-184.
ZHAO K K, BAI'J Q, ZHANG B. Research progress on the mecha-
nism of broad-spectrum antiplatelet effect of novel P2Y12 receptor
antagonist ticagrelor [ J ]. Chin J Arterioscler, 2022, 30 (2):
180-184.

[5] OHLMANN P, LAUGWITZ K L, NURNBERG B, et al. The human
platelet ADP receptor activates Gi2 proteins[ J]. Biochem J, 1995,
312(3) . 775-779.

[6] OFFERMANNS S. Activation of platelet function through G protein-
coupled receptors[ J]. Circ Res, 2006, 99(12) ; 1293-1304.

[7] KAHN M L, ZHENG Y W, HUANG W, et al. A dual thrombin re-
ceptor system for platelet activation[ J]. Nature, 1998, 394 (6694 ) .
690-694.

[8] LI Z, DELANEY M K, O'BRIEN K A, et al. Signaling during
platelet adhesion and activation[ J]. Arterioscler Thromb Vasc Biol ,
2010, 30(12) ; 2341-2349.

[9] GIBBINS J M. Platelet adhesion signalling and the regulation of
thrombus formation[ J]. J Cell Sci, 2004, 117 (Pt 16) ; 3415-3425.

[10] EZUMI Y, SHINDOH K, TSUJI M, et al. Physical and functional

association of the Src family kinases Fyn and Lyn with the collagen

receptor glycoprotein VI-Fc receptor gamma chain complex on

human platelets[ J ]. J Exp Med, 1998, 188(2) : 267-276.

AGARWAL S, SAHA S, GHOSH R, et al. Elevated glycosylation

of CD36 in platelets is a risk factor for oxLDL-mediated platelet ac-

tivation in type 2 diabetes[ J]. FEBS J, 2024, 291(2) ; 376-391.

[12] NKAMBULE B B, CHAN M V, LACHAPELLE A R, et al. The

[11

-

association between platelet reactivity and lipoprotein levels in Fram-
ingham heart study participants [ J ]. Thromb Res, 2023, 225.
103-109.

[13] SHRIMPTON C N, BORTHAKUR G, LARRUCEA S, et al. Lo-
calization of the adhesion receptor glycoprotein Ib-IX-V complex to
lipid rafts is required for platelet adhesion and activation[ J]. J
Exp Med, 2002, 196(8) : 1057-1066.

[14] QUINTON T M, KIM S, JIN J, et al. Lipid rafts are required in
Galpha (1) signaling downstream of the P2Y12 receptor during
ADP-mediated platelet activation[ J]. J Thromb Haemost, 2005, 3
(5): 1036-1041.

[15] BODIN S, TRONCHERE H, PAYRASTRE B. Lipid rafts are crit-

[

ical membrane domains in blood platelet activation processes| ] ].
Biochim Biophys Acta, 2003, 1610(2) ; 247-257.

[16] SAPUTRIF C, AZMIN U, PUTERI M U, et al. High-fat diet en-

—

hances platelet activation and is associated with proprotein conver-
tase subtilisin kexin 9; an animal study[ J]. Nutrients, 2023, 15
(20) : 4463.

[17] SHIRAISHI M, TANI E, MIYAMOTO A. Modulation of rabbit
platelet aggregation and calcium mobilization by platelet cholesterol
content[ J]. J Vet Med Sci, 2010, 72(3) . 285-292.

[18] ROTHBLAT G H, DE LA LLERA-MOYA M, ATGER V, et al.

Cell cholesterol efflux: integration of old and new observations pro-
vides new insights[ J]. J Lipid Res, 1999, 40(5) : 781-796.
SILVIUS J R. Role of cholesterol in lipid raft formation: lessons
from lipid model systems[ J]. Biochim Biophys Acta, 2003, 1610
(2):174-183.

[20] LHERMUSIER T, CHAP H, PAYRASTRE B. Platelet membrane

—
—_
=

[

phospholipid asymmetry: from the characterization of a scramblase
activity to the identification of an essential protein mutated in Scott
syndrome[ J]. J Thromb Haemost, 2011, 9(10) ; 1883-1891.

[21] ZHU X, LEE J Y, TIMMINS J M, et al. Increased cellular free

[

cholesterol in macrophage-specific ABCA1 knock-out mice enhances
pro-inflammatory response of macrophages[ J]. J Biol Chem, 2008,
283(34) . 22930-22941.

[22] MANES S, VIOLA A. Lipid rafts in lymphocyte activation and mi-
gration ( Review) [J]. Mol Membr Biol, 2006, 23(1) : 59-69.

[23] PIZZO P, VIOLA A. Lipid rafts in lymphocyte activation[ J]. Mi-
crobes Infect, 2004, 6(7) : 686-692.

[24] RABANI V, MONTANGE D, MENEVEAU N, et al. Impact of ti-
cagrelor on P2Y1 and P2Y12 localization and on cholesterol levels
in platelet plasma membrane [ J ]. Platelets, 2018, 29 (7).
709-715.

[25] CHETTY N, NARAN N H. Platelet hyperreactivity in hyperlipi-

[

daemia with specific reference to platelet lipids and fatty acid com-
position[ J]. Clin Chim Acta, 1992, 213(1/3) ; 1-13.
GHOSH A, MURUGESAN G, CHEN K, et al. Platelet CD36 sur-

—
[\S]
=)

[

face expression levels affect functional responses to oxidized LDL
and are associated with inheritance of specific genetic polymorphisms
[J]. Blood, 2011, 117(23) : 6355-6366.

[27] PODREZ E A, BYZOVA T V, FEBBRAIO M, et al. Platelet

[

CD36 links hyperlipidemia, oxidant stress and a prothrombotic
phenotype[ J]. Nat Med, 2007, 13(9) : 1086-1095.
MAGWENZI S, WOODWARD C, WRAITH K S, et al. Oxidized
LDL activates blood platelets through CD36/NOX2-mediated inhi-
bition of the cGMP/protein kinase G signaling cascade[ J]. Blood,
2015, 125(17) : 2693-2703.

[29] PANES O, GONZALEZ C, HIDALGO P, et al. Platelet tissue

[28

[l

factor activity and membrane cholesterol are increased in hyperchol-
esterolemia and normalized by rosuvastatin, but not by atorvastatin
[J]. Atherosclerosis, 2017, 257 164-171.

[30] CALKIN A C, DREW B G, ONO A, et al. Reconstituted high-

[

density lipoprotein attenuates platelet function in individuals with
type 2 diabetes mellitus by promoting cholesterol efflux[ J]. Circu-
lation, 2009, 120(21) : 2095-2104.

KORPORAAL S J, MEURS I, HAUER A D, et al. Deletion of the

—
(98]
—

[

high-density lipoprotein receptor scavenger receptor BI in mice
modulates thrombosis susceptibility and indirectly affects platelet
function by elevation of plasma free cholesterol [ J]. Arterioscler
Thromb Vasc Biol, 2011, 31(1) : 34-42.

[32] PAGE M J, BESTER J, PRETORIUS E. Interleukin-12 and its
procoagulant effect on erythrocytes, platelets and fibrin(ogen) ; the
lesser known side of inflammation[ J]. Br J Haematol, 2018, 180
(1) 110-117.

(HESCHwHE SCEIM)



