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Advances on Reverse Cholesterol Transport in Atherosclerosis
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Abstract

RCT (reverse cholesterol transport) is a multi-step process, by which peripheral cell cholesterol

can be returned to the liver for catabolism by HDL (high density lipoprotein) via the plasma compartment, and it is

an essential mechanism to maintain the lipid homeostasis of peripheral tissue cells. The dysfunction of individual

genes relavant to RCT may result in lipid deposition, chronic inflammation and foam cell formation in atheroscle-

rosis, and modulation of RCT serves as a valuable therapeutic strategy for atherosclerotic diseases. This article re-

views the latest advances in study on regulation and quantification of RCT in atherosclerosis.
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F R H [ B2 BE (cholesterol ester, CE) 5% ZHDLZ
Loy (3)HDL N CE Hi JFF 240 i i % 2 i a1 32 4k B
1784375 18 K 52 fA (scavenger receptor class B type I, SR-
B OFAE g AR (K.

2 KSR A AL BE S PR R 40 T R YR T B
2 R I T LA M, 12 R 52 22 DR 3 ) S
TE T 4 i P JIEL ] 7 R 958 T I I B T A
P T2 M R M AT DA P I T Y R LR
21 ff ] 38 ik SR-BURIAIG 2% B2 i 2 1 52 & (low density
lipoprotein receptor, LDLR)Z5 45 Hi g & H (HDL A
LDL) JH [ B, %14 72 Nk 18 RAN T W6
Bl A T 15 45 45 (FILDL S LDLRAR &5, /K A#LDL A CE N
FC, 2 JaFCiliid CA! JE =L 50 & [ (Niemann-Pick
protein C, NPC)iz fE HAth 41 fu 255, LIAOZE % i
FERII IR A, 75 JE 4 M )% IR F-xB(nuclear factor-
kB, NF-kB)i& /2, NF-kBH] H #2454 TNPC-2J5 3)
FIX L HENPC-2%5 55 . SANDHUZ T 5T R,
JIEL [ 52 N5 S 5] Y 5 Xl (endoplasmic reticulum, ER)
g R, it Aster® A/ F AR RIS A
7R AsterH F 2 1 1 H [ WEAE i P 20 AT 1 72 15
LGP U

(5 8 00 L T P 22 A ) ] e e 3 i A
AR B A N CEAFfifi 8 i3 (lipid droplets, LDs)H1,
T 38 S JIEL 2 2 A b oof 20 i = AR R AR . 0
0D JIEL 2] P R 45 5 R 4 i A JHE X2 AR (liver X recep-
tor, LXR)[5R1& e LXR AT LLSR ) JH [ B i H i A%
g 2 AR R Ik, WARATPS: & Bk is EE HAL/
G1(ATP-binding cassette proteins Al and G1, ABCA1/
G1)5%; Pt 3 5 A 2 H 32 AR B fi# ) (inducible de-
grader of the LDLR, IDOL), —FIE3{Z & G M 1) 3£
i, B ) 2 i 38 G LDLROG &0 5 4 JIH [ B () i — 2
U, LAKESEME f 38 0 F0UE B, 12 o 1 OK
B 5 1 45 A & 1 2(trafficking protein, kinesin-binding
2, TRAK2)/ZLXRS FABCA1FRIA ., JH[FH B H A1
HDL & A= 2 2 00 35 B8 15 K o SR TRAK 2%
AT S INABCA LI i 53¢, 33k 11 38 n i [ B 7] Apo AT
HDLH . ZHANGHE! 38 2 % K /K *F-LDL-H
fiz (LDL cholesterol, LDL-C)HJ & 40 A FE (acute
myocardial infarction, AMI)E & 5T, KIS 3+
I H A T R e 2 2K T S 2 2 A% 2B 1 b
(hydroxysteroid sulfotransferases 2B1b, SULT2B1b)
A o A AL XR - A 1A M P AL ] e B AN 98 S

No Rk, HISULT2B1 b3 IE W] e & —Fia 20w
AR BN (coronary artery disease, CAD)JVR T
J7ie

XF ERH [ B2 10 5 o R 45 & 8 A (sterol regula-
tory element-binding protein, SREBP) 41l fill th 7] &
A Mk 4 i P L T B AR . 4] SREBP A FEAIK
5 1L e 5 il (% PP 2 I TR BRI i g AR JiR g ) A
I (LDLRYAH SR R B TE 1 , 1 AT /> SREBP
T X 4R TS () miR-33 1/ %1k . miR-33n[ )]
RCTi&f2 2 MR (ABCAL. NPC-1. ABCII
MATPSBI)f) mRNAFH ", FERNANDEZ-HER-
NANDO/NH ) e84 H5 uE B, miR-33 3 15 BG4
i L ] e AT AS I T L2 | ABCALL

JOEL ] e 2 23 DA i 5 T 2N W 4 L PN VA

L I 4 i K LDs P CE /K fiff Y FC R L[] 37 H ) B
BOR RV, R A S A N, B R K
AVE 2 B WA B AT K M e 5 1 B
WM AR B REEZRASIRE A G, B
HE AW, BRSO URLDsH K12 2 Rk,
FELDs7E 3% Bl 4 o [ AR U PC, 1 5 5 400 Jf e
YR IRCT . N ZELIPAJE PR Gt L £ 75 ik A 1 1
Hig Wi ¥ (lysosomal acid lipase, LAL) "] 7K fi# 5 LDsAHH
RICEP, 4R A RERVERT 7T C 00, LIPAR AR
T R Th B8 B SR 2 SR TROR 8. IH[E
F P T AR AICAD R JiR [RIPY, — BBt FE 3R BH, 4]
miR-33 800 ik [ Wk S Bl A4 R O 25 DA ) 3
S R ——F% 3 [A-FEB(transcription factor EB,
TFEB), 1] DAYK & BB A EWE AT A Fl 1 W58, o0 A8 i,
B ARG AS [k 22,

FCIRHDLIH Wl IE FCRIREAIY #. F oAl
ABCA1/G1. SR-BUM g iz ig Az AT P+, FC
AT BV R R AR 8 2 T IABCAL/
G1, B A U] B 1 AR 2R B, ZHOUSER K
I, i Bk A1 8 B 2 (122(peripheral myelin protein
22, PMP22)JE R 23 #51 F ABCA 141 5 1) JH 3] B 41 3t
e 77, LB 7R PMP227E 4 7 4 A E ] i s o 1)
KHEVEH . JIH B B % 52 30 W] el S A T B 45 5 3R
(oxysterol-binding protein, OSBP)-48 . [ii] iz &5 & #H
K25 [ (oxysterol-binding related protein, ORP)/| 5o
AT R T RS B s A SR, AT DA E
WEAE N 502 2 (A (R FE BRI L #, AT $2 iy V. 44 i
i JIE 2 [B) R[] i i 3 K %% . OUIMETAEP VB 8 K
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Liver ]

SREBP| =3»niR-33]

ABCAI :
. H
e aci ABCG5 o H
Bile acui . ABCGR { ] : Macrophage
@ : .3_-—'-:'1?5 i
TICE .
Intestine RBC ® . * —— CE l
*s : '. ApoAl ! i
l Blood circulation = TTEEETTTT
Faces

[5G 200 f R N ok e LT . 1 LX R, I SREBPHE T N HmiR-333%1%; FCA R4 FABCA1%: 12 %2 4 ApoAUE OB AEHDL; E ME4H fig
PN RE [ 87 LAFCHE N ABCA 1 #12 HDL; BT AAHDLAE ML A LCATAE F 2 B BWHDL; HDL A RELRE A 7] Z8HDLR . SR-BI. LDLR X #4309
Az 22 A0 M AR LI AR VR T SERFC 2 ABCGS FTABCGSHEA BV #E N 38, HDL A FC W AT 141 i it i TICERE N TE, 528
FEfEHE

Macrophage intakes excessive cholesterol, which up-regulates the expression of LXR and inhibits SREBP, down-regulating the expression of miR-33;
free cholesterol in liver cells efflux to ApoAl via ABCA1 (ATP-binding cassette transporter A1) yields nHDL (nascent high-density lipoprotein); mac-
rophage free cholesterol is transported to HDL via ABCA1; nHDL esterification by LCAT (lecithin:cholesterol acyl transferase) gives spherical HDL;
liver cells intake HDL cholesterol for catabolism via HDLR, SR-BI, LDLR and passive diffusion; cholesterol transformed to bile acid and free choles-
terol via ABCGS and ABCGS are excreted to bile, HDL free cholesterol enters the intestine through TICE via red blood cells, and finally be excreted
from the faces.

Bl FTIRCTHVEE = (RHES Sk [47-48]1E2%)
Fig.1 Targets in regulation of RCT (modified from references [47-48])

I, ORP6R] LA 5 JE [ B b MTHDL N F2 25, K11, A. TCR5CD3% &, K AKTCR-CD3E &%), #E

XFORPOFIORP SR J Ho At Al 53 18 15 12 18 2% HL 1] ) it
FAl e R AIRCTI® T A 1.

2 HKBRGEEMRMBERCTHIET
R B L T2 5 1 L S 4, A 4

P W AFLE T BRI BE B rp o B o (358 97 14
G 4 M S ER TN, 755 B sh Pt 7, CD4*
T EASHEE R FI{E R 3 2HESE . it ik
I, CDI37%FCD8" T4H M (1) 3L i) ¥ 2 CD8™ T4 g 1N
B R RAE RN 77, HIX RS ASHUER IR 51 6B,
X—RIEW, MBEHFFRMCD8" THI AT AE
A 5 SOGE AT S T R, IR MG IR T 2 ASEE
BN, REGE o AR 28 A0 MR IR -, S5 LA G 928 40
I 1] g 5 1% e 21 i 3L [R) 5 B ASBE B (1) T 1 FN B fe
KA A S

T4 i) 52 44 (T cell receptor, TCR) /& flt /5 T4H il
F M AR B2, S A T ASTE 1 4 5 ) 75 75 B

4 Hf R S M R 5 I 2 R T (Tymphocy te-specific
protein tyrosine kinase, LCK)fE TCR T Jjf# 18 #% 71 b
TRRIEZ O ALE, v {2 THH M 0 3 58 5 % I
L, KT 4ERFTCRIE M AN TN B v& A0 A 5 B 2 P,
LIUSE BYRIE 5 R 30, LCKAMHIF 2828 ASH K &
TGP PeAE e 1, 38 T i I #0H| PI3BK/AK T/mTOR
B9 B FOR PR Th 40 i 5 79 TR i 2 tE, 7T g

HHASIEH

Sk = MBS F (artery tertiary lymphoid or-
gan, ATLO)& 5 ASHH 9% 1) 5 2% (1) Ik T2 40 Bl 2R A 7,
B o e 0 A S g (R i X EAE . ATLOE
SEEEAHEMR A L 45395 IR TR HH g 0 AR R
PR 2 /bR E 200 T T 1R AR 3 2 Je WP, {HL L
FE R 7 ASIE R A 0T B 8 S 8= AR AT R AR DA & dn
I FTRCT i — P A .

MERGEREHFAST LHRCTHEY . fif
T2 ik o83 A A A B B A B 7 94k U & (lymphatic ves-
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sels, LVs), 5]t Ja #8148 40 j A 48 14 A i, v 0 )
JR BB JERE SRE, IELZ AS IR FEDST . 8 A7 Aar L[] e (1)
(5 2 ) i 5 3 L ] I ) 2o R o, AR R G0
T LR i Ay B [ T )95 okt kS 1 SRR, L
BRIL) 5 50%07 . BhAh, NI E DI REA 4
& IEH B & B AR (Tt LDL-CH TGZK - ) A
MAEFZS, AIINEASHEREPY. LV g8 2 2
W 1z 41 i (lymphatic endothelial cell, LEC)#J % 1] »
XLV BT 78 AT i i LEC b ¥ bR i 2 #E 4T, itk B2
N B % B 5 R 52 48 1 (lymphatic vessel endothelial
hyaluronan receptor 1, LY VE1)F1 ML Py Bz A= K A
% {43 (vascular endothelial growth factor receptor 3,
VEGFR3)%:. VEGFR37ELECH /& % £iA, 72k
f 11, VEGFR3/E N VEGF-CHIVEGF-DF) % {4,
BWLVSIER,  MHVEGFR3N S ME S S 5
FASIH AL T I 5 4R, (B I AT W Bl Bk A i
W B, FER I B AR KX VEGFR3 I 4R K
RS, {H A B MILAS ANZEH2 ) — I 57t 26 1,
VEGF-C152S(# % VEGFR3 ] 5 2| VEGF-C2 1L\ 4)
XSLDLR™ /NG ASBEHLIRITE A #i 1

SR AE X ApoE R [ /)N BRASTH A8 [ BIF 5% 1, 4]
XAFBNA S 4518 . EPEHLE R B, S0 7% 40 Jf A\
F B kCEE B3 2 R A, L E SN
P FT AR i 1R Y, FEDE SR B R ANV AR, B
WIEA SR, TSR 1 ELRR 4w e A 2 KR
LB K ) E N EE TS . it
Xf b3 AH AR B HIRE T FT e A B AT TIVIRLVSs &
FLAEASHERE b e ACH% ) B AR H, JRER IR A B0tk B2
AR A B I TAS I .

3 BEEMEL R A

FCH## Z HDLJ5, 3K LCAT¥ FCHs{t N CE
H e H ZHDLAZ L, M= A B 4 FTHDL . HDL N
CE R Ji ok JFF 41 i S SR-BIM S B PEER L . 7E AR,
HDL% 0 7 [F) CEAR A 3 3ok BH [ i Fi %% 12 55 9 (cho-
lesterol ester transfer protein, CETP)fil ¥ % 2| & &
=i (triglyceride, TG)HI G & H I, i#id LDLR#E
AN RRACHS . BRI, SRVE T NS0 E 4 I FC 4
TEIR 32 2 IE AT AR i FE 0 R 2 2% 45, B4
1% 12 (HDL-SR-BI) Al [A] % i& 42 (HDL-LDL/VLDL-JH
LDLR). & 702 W, /N BOKHES 708 A HDLH (1]
FC2 4 1 JIE i ¥ 4 17 A 3% 1 2R LCAT R R Ak, £H It

SR-BI/" 3 & #EVECEREL, B H¥Zig R vl se b T
—ANRE 7 14 [E] B BASHOREZE I BT 71 1R,
ABCA 1R 5K T 40 i W] A A2 — P L sk $E R FCHE
1B IBA%, AWM 4 M 22 15 LDLR, Jf B H A
50 ST I A HDL ) aze 56 1 B R, (2 3 JH [ P 22
AR, 4% 1 BT 40 fg WFCZHDLF #E N M3, H itk
$2 U 4H R ABCA L W] fie 75 B I ofi A [ s 52 77 T
HHEEEHEND.

TE  J 5 A D R IR A2 IR i A Q8 1) 3 20k
2. SR-BIE $: M 45 HU I CEAE JH 4 Jfa A 5 /K i, 7K
fife = A I FCELAE A A IR IR, B DL 244 ABCGS
MABCG8%¥% iz Byt v, BEAS(EHEH . Bk, JH[E
it 3 T 3 Ik 8 g JIE [ A1 143 42 (transintestinal cho-
lesterol efflux, TICE) B 2 M\ LYK & 17 b B s 4% 12
2 s, DL B R & AR 6 N AR RE ] I 3 B 2
i EE 23 9 H65%H135% . 12 JE BEX 32 4 (farnesoid X
receptor, FXR)FLXR 2 IH [ iz Hf itk o 742 11 2 22
TR, BT RAR A 22 [ 4 i R R B
il P e SR AN e o RO I [ I T DA JEE AR G i B I
VAR RHE AR AN, AR JE BRI A R AT AT) 2 el
FLAN P RE [ B S fd A ) 3 B A2R0. A, FXR
AILXRAS Ay 34 5 TICEAN AH 1 A [ B2 5 s DA B A2 3
RCTHEHE 1 AE BRI HE R,

4 RCTHIEZIEHR

15 %% JiE JIG 2 14 JIH [ % (HDL-cholesterol, HDL-C)
W =% % g B 1 UL (HDL particle, HDL-P)Fl
e 5 5 I i 1 JIH [ B9 22 (HDL cholesterol efflux
capacity, HDL-CEC) & A& N 5 HDLAH K1) RCTHR
B, FETIE I X AR B RCTHEAT 2 & .

HDL-C AR #A N 52 S AAARCTHE /1 Tl 15
P EY. (HIEMADSENZESIF 58, 5 85I R4
1 FJHDL-CAH b, o 253 I HDL-C S 1M 5 A\ B 4 A%
(4R PET: A 5%, HHDL-C5 4K BT LA J 0
AT R Z A RBGEUR K. w L, HDL-CH A
N EEM TS HEMIRYT B s, X FHDL-CEC,
A g 7o JUE A AR IR I R A T BT S PRI AT
AN T 5 0 A S TR IR SRR DGRBS, e A,
15 % R HEASHI % F hFCAD A 26 o1 A FI/HDL-CECH
SE AT R W, HDLAY T 19 JH ] B3t 6 JE 28 R
CADEHH RY1EHEY. HDL-PAE N —FPH 40m
%R R A bR cy, Ul AR IR BT IT
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FE 2R B YR B B HL VKR AT E BT . KHERAZEPY
JE B — TUPE Al B A7 A A YT (JUPITER) 1) TR 56 78
i, #% FHDL-CEC. HDL-CHIApoAL# ¥, HDL-P
72 CV D 5 I S 1] 500 K] 5

ItAh, BFFRCTH 2 &, CUCHELZE S H£ S )
TPEHAT 7B AT DO AARCTRT E & . £
WZITVEHR, Tl K A N2 A - L I ) 44 K R
SRAE MM S FE S, XTI 3% . JEHDLATHDL P & 34 {F
W B B R BEAT THE, AT 8 B AERCT. K%y
1% 5HDL-CECE & M 56 I g B AR M 454, il in
M NEARAE. CEH T B Z /AT 20
i, ek IR A BES R, BT DLEE 47 i Ad N AARCTHE
J13£ 093657 CADHIHT 24 lim PRI G TR AR SRR

5 ERESRE

BEE AT SRR s . N R R A
)]Gy SR T AREZY ) W) YNE S FE A= v
KT RCTHIHEFE, X4 4 fian ABCAL. SR-BI.
LXRALCATEE IAE FHALEIR A B ERAE, AT TRCT
PRAL T HIR SRR AR G A A ] IR
FHOCHE SRR 702 B 2 B, AR OCHLR I 7E i H
R ELAR L Rl X L AR AT 25 ) W CE TP
HIFR LXRIEESN IS IE ARG RIS B B, (2 —1262)
V) EIE P CANLXRE I 197 14 JH 28 )t A5 JH T8 A8 5 1)
oo 78 e i i B E B -, B SeRCTHIHT I
WA AR 22 i A R R I R, SR FRATT 4R SR R I
HAT R 7
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