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Abstract Cardiovascular diseases (CVDs) are the leading cause of death worldwide. Human cholesteryl esters
(CEs) are naturally transferred from atheroprotective high-density lipoproteins ( HDLs) to atherogenic low-
density lipoproteins (LDLs) and very low-density lipoproteins ( VLDLs) by cholesteryl ester transfer protein
(CETP), resulting in a higher probability of CVDs. Finding out the mechanism of CETP in CE transport is an
important basis for designing new CETP inhibitors for treating CVDs. This review is focused on the recent
studies of CETP structure and interactions with lipoproteins. Transmission electron microscopy ( TEM) studies
showed that CETP not only can bind to HDL, LDL and VLDL into binary complexes, respectively, but also
connects HDL and LDL or VLDL into a ternary complex via penetrating into the HDL core with its N-terminal
domain and the LDL or VLDL surface with its C-terminal domain. Molecular dynamics simulations suggested
that the penetrated distal ends are highly flexible under physiological conditions and when CETP contacts lipid

droplets. This flexibility allows for large-scale conformational changes, and can even open pores in the distal
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ends. These pores and the original hydrophobic cavities within the CETP crystal structure are generally stable in

physiological solution, and can even connect together into a continuous tunnel for CE transfer. Based on above

results, scientists introduced and discussed the “tunnel” model for CETP-mediated lipid transfer in detail, and

further suggested new interfaces of CETP for being targeted by a new generation CETP inhibitors to treat CVDs.
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Hh A SR i R ) i 2452 ) S5 [l B ) 245 PR )
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P, AR YETE T CETP 5428 & A YA B A
FHEY &5 43 38 3% 8F # 7 B 1 ( transmission electron
microscopy, TEM) #F5%, LA KXt CETP 78 AFE B 55,
55 BT 72 RS T S5 AR 19 20 B0 ) 2540 43 B
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electron microscopy , OpNS-EM) '"7-8) w8 5l 25 46 14 45
P A L S S MG e 5 = A F R AL
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( Contrast Transfer Function, fij #% CTF) J& #E17 A0/
Bk, FEJE, B h 8 ORI boxer + 2T
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2.1 CETP-HDL — R BIMILE
CETP A1 HDL FY R 5 15 W 1Y) 325 559 L B8 15 b
7, CETP (AR ) A1 HDL( [RIBRAR, EHAE ~85 ~ 110
AIRE&Y R WL AKE R CETP 5 HDL 45 5E 14—k
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CETP 5[RERIR ) HDL 45:E )5 , CETP FEEAEIMAK
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CETP-HDL —RIKJ5, & A ERE™ , EZWT
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KR &, 5ERIA R CETP il 5 HDL 454
AR A AR R X, AT gk iR T CETP 7] fiE
A 7 —Fh e,

B 1 JEE PR A AL R AR R R
H RS IR A, ASTIR H300 &A1 i P 1k T
BRI % (a) CETP - HDL 3R {&; (b) CETP-LDL —
1k ; (¢) CETP- VLDL —%{£; (d) HDL- CETP- H300 =
& (e) HDL: CETP- LDL = 2{&; (f) HDL-CETP- VLDL
SR B AUR AT M /RSS2 0 R HZE T A/
(¥ LR 5 k48 1) CETP, A5 R 100 A

Fig.1 Structural conformations of CETP with HDL, LDL,
VLDL or antibody H300 by OpNS-EM'*). (a) CETP-HDL
complex. (b) CETP - LDL complex. (c¢) CETP - VLDL
complex. (d) HDL - CETP - H300 ternary complex. (e)
HDL-CETP-LDL ternary complex. (f) HDL-CETP-VLDL
ternary complex. The schematic on the bottom right of each
panel represents the corresponding complex on the bottom
left of each panel. CETPs are labeled by the yellow arrows.

Scale bars, 100 A.
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SEM AR T —AN2 20 A TR R GT LA B — A
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FEAE—H A ARG 40, 7 ELIZE 48 5 45 44 [R) B 2 i
1t CETP fy— it A 3] LDL Hr i i, 3F B AE
BERG A [ — A CETP Wi 4% 45 & — > LDL
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A —¥i 5 LDL 4822 ; K451 CETP 5 B 3Rk 1Y
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2 CETP-HDL Rk =445 &F > . (a) CETP-
HDL TR = 4% B &5 (b) CETP & 4 45 4 ik A
CETP-HDL —R{AH) =4E% 2K ; (¢) CETP-HDL —2R{A
eSS R 1 ) 1H R AR ] UCSF Chimera #E47 = 45
Yel2o0 HA g 2 CETP 1 v ARSSH , #F kb7 /R CETP L
A2 2 B (A L A 0 2 A RUE R 20 A

Fig.2  Three-dimensional reconstruction of CETP - HDL
complex by OpNS-EM™.
map of CETP-HDL complex. (b) Transparent CETP - HDL

(a) 3D reconstructed density

complex with purple CETP crystal structure. (¢) Cut-away
surface view of CETP-HDL complex. CETP crystal structure
is shown in purple. Its two phospholipid-binding pores are

labeled by black arrows. Scale bars, 20 A

LDL 4} % J5 #8276 SM ) CETP K 254 100 = 10
AP PEIA KA 25 £10 A B B S8l vt AR
T LDL 1,

F1 LDL 2548, CETP H1 VLDL ( Ei 4% ~ 370 ~ 570
N IREER A BB G B R IREWTT
FERFA CETP 5 VLDL 4658 76— i) — R AR 4544
(Fl 1e) 1 Hizgh e 25k [FIRER3E i CETP Y —biffi
AZE| VLDL i JE & 0, it A8 A% v A [6) B 3
VLDL-CETP-VLDL () = 5R{& 13, 568 CETP [AlFEA
HAEA—% 5 VLDL 485, CETP #£ CETP-VLDL
TR EE 294105 10 A™ 358 VLDL ik
A CETP 383 K254 20 10 A K|
2.4 HEEALERRE
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B 18 XIS C-vii5 B 7B A X 48k ; N13 HLik Y
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CETP ;&3 T %4 HDL 1 VLDL 9 “@ 8" fE 1 ; B
CETP () N-¥iti 5 HDL 454, C-%itil5 VLDL 454,

2.6 CETP jEPEEAIE

T AEUESE B CETP  HDL 11 LDL %5:{754% B
AIEH AW, ik FE S AT T % T CETP HDL
AN LDL =R N 525620 A SR AT 2 1o 1 2
REIEH A8 HDL rf A9 IH [ Bl of 2 9 CETP LASEFp
J7 XLz 45 LDL, AT Al g 23 i HDL Jikr RO1 i
R4k, BT AR DL o 5 HDL 9 R~) B R 8] 19 A8
ok L R [ i ) 5 AL ALl 75 A 8, RIIT A 2R

B2 HE 2014, 26(5) : 879 ~888

F A AR M 5 IR

M HDL-CETP- LDL — A& & K% 37 5256 (1) 45 53
K HDL B RT BE & B[] 5235 A8 /N 24 h 5K LT
FAE| HDL, iEB] HDL () JH [ B R A 2 7S 2%
MAEIR G A HDL A1 LDL, A& CETP 1yX%f
FLSE S HDL (4 R I8 W A4k

FELL EWASSEEG T LDL AR SHIL 1A A8k
XN 2R LDL f RS AER K (LDL AR 2924 HDL
HARM 3 4%, Bt L LDL AR HDL (AR ik 30
%), Bt LARIE HDL f AR F 43 5T ik 45 LDL (4% i
HDL: LDL =2: 1§y He ) , LDL B4R FR ek 28 /N T
7% , BARAE W /NTF 3% , R H R ~F 28 Ak 2 Ak o
ENIETAIOR

FEFTA A CETP (5255, HDL 1 LDL H)JE
BARCB A B ) R A AT AT B S A8 Ak 5 26 BT A AR 537
SEES AR SR LI, & AR B AT CETP TR
WAL AW A2 4 {0 > HDL CETP #1 LDL —{&
RARE, A4 %4 HDL RSFI 45/ Mg )

3 HIER%S CETP SHSEHSFah
AR BT

JE [ B AR5 RS 25 11 CETP 1Y AL # ] Ry A1
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R Fe K1Y 30% SR O T b Ak, HLAE Hh 40 A T
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Q6 (GInl55 ~ Trpl62) (Kl 3a) , IR 5% CETP
A A 485 /) 1) 7 TE A8 K40 B 45 R W G AR AR 4 (I
3b) 20 BeAh, CETP 38 a3 U1 5 B i 45 22 ), 4

LS — R A SRR R SR HURSS A S N AR AR
2 () BRI AR RE " 43 2l g 2 AL v 3 48 X4
P 22 R R E A X3 5 4 A A TR, T P 45 M)

IR R K B B NS -3 ERAR T CETP 45 H IR

(a) a Q2 (b)

Q5 05 07 09 11 13
> i X )
Y \’/ \\‘f ‘). > 97y
Q4 > 2 PN ol

AN LA
o @ ONQE IS Y

30% 10%

B3 CETP 4519531 3h J12p il oot 7 . (a) CETP 7L BRI AU Z5 M 21, CETP 75 AR BRI 0 BB E 450 CHFIR
R ) $37 Cou JET23 6] 057 B 934 7 AR 8125 €5 (b) CETP [ ERISSEI 21, CETP ARG (R ) AR 38 AT IEAR 04 15
FIRIEER T4 0 (o) CETP SRS NEBIE (C1, €2, C3) 5L (P1) , N-3if i i () I 5 /K B S (b 5 (d) CETP )
25 1 5 LR A BRSO T A AEE R 5 (e) CETP SRS R 1) P4 350 1 T FE—AAE (7 IE AR a0 AR =R (B b 7 Shdmo ) 338 o 5t
2 CETP RS /KE I (/K 56, Bk B8 6, BT . & 60) 5 A5 fif B UCSF Chimera $E47 = 47 2

20971 " (a) Structural flexibility of CETP in physiological solution.

Fig.3 Molecular dynamics simulation studies of CETP structure
Equilibrated structure of CETP in physiological solution ('shown in ribbon model) is colored by root mean square fluctuations of Cov.
(b) Theoretical structural flexibility of CETP. Crystal structure of CETP ( shown in ribbon model) is colored by its theoretical
temperature factors obtained from normal mode analysis. (¢) Cavities (Cl1, C2, C3) and pore (Pl) in CETP crystal structure.
The two hydrophobic chains at the N-terminal distal end are colored orange. (d) Probability of cavities and pores of CETP in
physiological solution. (e) A continuous hydrophobic tunnel cross section (hydrophilic; blue, hydrophobic: orange, cross section

plane: green) through CETP can be formed by connection of the cavities in CETP crystal structure through a special normal mode

shown by the arrows in subfigure b.

RS S IIRER 2 AT I, gk
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AR PR Y R R R IR ] T IR G ) 56 B 0 A
AHy sy, FE A T A S, BRI A R
JLP A R IR s = £h 5 SRS AT S A H
PR — B, —Jr s JA T ER s i WA 4 T CETP
SRR RRE I 2 R R B W , S IR CETP 4544
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Fig. 4  Tunnel mechanism for neutral lipid transfer by
CETP™!. (1) CETP initially interacts with HDL and
penetrates its N-terminal B-barrel domain into HDL
cholesteryl ester core, forming CETP «- HDL complex. (2)
CETP C-terminal B-barrel domain penetrates into a LDL or
VLDL surface, leading to a HDL+CETP-LDL or HDL-CETP-
VLDL ternary complex. (3) Interactions with lipoproteins
trigger the twisting of the CETP B-barrel domains, opening
of the two flexible distal ends and connecting of the internal
cavities into a hydrophobic, continuous tunnel through
CETP.
cholesteryl ester transfer from HDL to LDL or VLDL. (4)

Upon finishing lipid

This tunnel serves as a conduit, mediating

transfer, the ternary complex

dissembles, releasing CETP for subsequent lipid transfer.
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