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Designing novel inhibitors by targeting cholesteryl ester transfer protein

LIU Bing—wang'?, MA Ying', LI Bin—han', WANG Run-ling'

(1. School of Pharmacy, Tianjin Medical University, Tianjin Key Laboratory on Technologies Enabling Development of Clinical
Therapeutics and Diagnostics, Tianjin 300070, China;2.Department of Molecular Imaging and Nuclear Medicine, Cancer Institute and
Hospital, Tianjin Medical University, National Clinical Research Center for Cancer, Key Laboratory of Cancer Prevention and Therapy ,
Tianjin 300060, China)

Abstract Objective: To develop highly active cholesteryl ester transfer protein (CETP )novel inhibitors to facilitate further research.
Methods: In this study, torcetrapib was modified by means of “core hopping”; the small molecule drug—like database was screened by
Glide of Schrodinger Suite 2009 and then was modified. It was further validated by the outcomes of their ADME (absorption, distribution,
metabolism, and excretion) predictions that the new agonists could have high potential to become drug candidates. Results: Eight
compounds were discovered to inhibit CETP based on torcetrapib by means of “core hopping”. One CETP inhibitor— ZINC26608950 was
discovered by high throughput virtual screening, and 6 compounds were discovered to inhibit CETP based on ZINC26608950. It was
observed by docking that these novel inhibitors had more favorable conformation for binding to the receptor than torcetrapib. It was
predicted that the values for these novel candidates were all within the reasonable ranges. Conclusion: The binding affinity of the designed
molecules is theoretically higher than the torcetrapib in CETP. And the new inhibitors may become potential drug hits.

Key words cholesteryl ester transfer protein; inhibitors; computer aid design drug; molecular docking

O MU HAT R e Bk R e SETo R
SRR I RIEZ T R S R S R
FABBRE, O A T AL TR R 2 i I ek
KRR LR R R 2 — WA T AR S Dk ok AT
REALZ ) X6 TSI RS 70 LAY A A H R L,
BIF 5 A BR8P 2 i 2 11 (CETP) R AR R iR Y7 3
KEEALHBTAE AL, — BRI RABE CETP =2 Y%K
2 B R NR A (HDL) K- T [R5l 0o A s
HU TR, I H S0 CETP BiE e, iEA 3R
E&E B XIARE(1981-), B, F L 753, HFsR 5 1o - it B B 254
&it; @5 1EE : i@, E-mail: wangrunling @tijmu.edu.cn,

F S A HDL % 5K 9, fir L CETP #I#A
NSRS B RERE AL (AS) A AT T I 1125 2
2 ARG B A T 3 PR 5 — v e R AL
FES B T B CETP 445

1 #RE5FE®

L1 A B R s )% 78 DELL T5500 115 T
Vel FEATHAE, W WA R Schrodinger 2009,
B Bt 41 45 ligPrep, QikProp, Combiglide, Glide, 7F
ChemBioOffice2010 F# T4, A Bty FRACH
W PE . 521K F PDBbank %4



552 4

AL, 26 R I8 I 1 e o 2 40 o 00 9 20 1 0t 123

1.2 Fik

121 Z RS R HES & E 45 AL B
Schrodinger Suite 2009 #X - H 1Y) Protein preparation
wizard FEHE B . B SEXT CETP 2 1 4544 (PDB
ID:AEWS)WHEATEIE , (AR B IR AL 2, i, b 3
EEET BIE N 5 C P FR LA HE R, bR 2
A BT ARGR ThK r RZR R, R R
I SRR . PR B T DAk
Z:H N Sample water orientations, 1 fk 71 37 ¥ £
OPLS 2005,k RMSD 0.5 A Aesihrifi .

122 &FW™g DURIRECA/NT T torcetrapib
Sty K/NEERR A 1A A it &7 S . o
PR T SRS BB &R X &7 S R4 T 5%
UE o ARSI E 1K /N3 torcetrapib XT 4% 3] CETP
(AEWS) I BCAARSE & X, #5308 5 A IR 45 44 b i ic
IRAE G B LU SR S0 TR X 02 Ty 3 R e SO ik
PERAEH,

123 Fiiiess XTI BE, i
Tt LigPre LT SE 1. /Ny TR B T35
OPLS_2005, 7=4: pH {H 7.0+2.0 FAYE LIRS,
Fdh A AT BRI B A AR

1.2.4 S FxHE A Glide™ Bt 7140145 .
LUERBCAR /N TR 7l , K/ 111 xTTA
H g o e & - S0 o REAUAGH B P R Tl
HTVS (Rl i ) o Xk R SPORRERTE) R
FHZRM 4 | X e 2R 25 a5 P R Y R VI
{90, B SR PRECFE T 43 st XoF - T 784 174 e A
STV e S B BOAE,

1.2.5 Z5k&Mi “Core Hopping” il oA R Bk
N 735 WIPE X422 PRI RE , ) DL & B4R B9 #h b
LER B ZRFIE HErFo #E Core Hopping” it F2H, 26
— IR XA AW, 7 Define Combinations step
e R B, 55 AN U S IR
T3 A Receptor grid file 1, 5 =L RS,
SR BOR B TSR % CA i BOldE 2 A b
HAFI r BEBIR R o /ol Boss A shiE R R
A RUET AL S Y BE L AS B A S Y EE R
TR 42 o AR XA 43 AT — 2P 0
T, A3 53 A 4 X EBR R , IO A4 5 52 AR Y S F0 i
456 1

1.2.6 ADME Tiil|  QikProp £ 3k Al LL 151 I 1k &
Yy, AR EEANSFH 3D SR T, ik v
e SEWEIK R SR Tog Ps, log S, log BB; 444~
CNS i ; Caco—2 Fl MDCK #7835 4 ; 1f 3 11 4K
1454 1% 1 log Khsa; HERG Y K 55 7~ 38 FH i v

log 1C50, ASZE X} logPo/w \PSA logS I PMDCK 3t
A7 7 e

2 %R

2.1 sPagr ke XRS5 AT ER
JE AR G B3 5 R 22 (RMSD )R 0.8 AL Uil &
T RE S B A R . K1 CETP 5
torcetrapib 45 G A

1 CETP 5 compoundl.torcetrapib By 45 &&= &
Fig1 The conformation obtained by docking torcetrapib and
compound]l to CETP

2.2 CETP )5

2.2.1 X torcetrapib Z5 M FEAT B AN LR R HL
torcetrapib {E N ZE B 0 RA% . ELARME o F 4n
K 2 izl ext A R BOl T B R BIAE &
SiEAY B, R 2 ML R BE AL A2 SR)E N B
BOl AT LR B g K R T SR 0 Fr Be, 4kt 4
Ak A BE B1.B2 B3 B4 X FERE A2 T 2x4=8 4>
G R EI L 2 1 sl T
&M J5 19 8 /™ torcetrapib 2L W) 43 F, 46
torcetrapib 2% B 7E N IOXTHZELS 5 .

R

‘ CF,
N @ torcetrapib

A B CF,
COOEt COOH %/\O m
L “
o o}‘g 5 O oé Core B1 Core B2
O O Ty 0
Core A1 Core A2 Core B3 Core B4

2 K torcetrapib A EHZHI &SGR IZE

Fig 2 A flowchart to show the agonists design process of torcetrapib

222 BB E X druglike "R
10 000 MEEWIHEA TR L, 1EHRE S 2k CETP )
AANEEA RGNS EGEHEE 1 MEEY



124 FHEHKREEH

%22 %

ZINC26608950., M AL GHIRESS & 25 2,34 H4%,
I, ¥E ZINC26608950 1 hyifk— A& i i A 75
Y. ZINC26608950 [ i 2B AT 1] CETP SZAR 5
—EE A I, WRES CETP ZMR4h & X pldR
UFRIVCTEL, A AAT AR T BEAS di dls CETP 2
TR 4 255 X R AW IR o X 2548 W © Core
Hopping” AT 45 M & 6 AP 14510, W&
1o BB RRNE 3 s e L g+ R B
DI 5 Z R B E K X DR, $ i 6 A1 A
Bt R1.R2.R3.R4 .R5 il R6, XHELE R BN /3 145
F5 CETP BAARAFHIVCEYE . [l 4 24 torcetrapib |
comp-vs#l 5 CETP 2551 A

ZINC26608950
0
N K 0
”Y’ 1 N\ -
N
CF; o
(0] LLLSH/\’O
A VIRS Y
Yy ©
5 D

3 3t ZINC26608950 K& & TR EE
Fig 3 A flowchart to show the agonists design process of
ZINC26608950

(0]
0\
ijlﬁ
S
0

4 Torcetrapib,comp-vs#l1 5 CETP &&=z
Fig4 The conformation obtained by docking torcetrapib and
comp-vs#l to CETP

2.3 ADME fm £ & i A Schrodinger2009 1
£ QikProp FEHUNT 5 24 RAHOCHT 5 AMPE BTk AT
TN, G5 R AN 1 s s AR S Y logPolw
PSA \logS .PMDCK 4754 HLAYTE I

%1 ADME Willfnxi#55
Tab 1 Physiochemical descriptors calculated by QP and docking

score

L&Y PSA*  logPo/w®  logS®  PMDCK?!  Xf45454)
torcetrapib 59.963 8395  -10.803 1000.049  -7.689
compi#]1 50375 5397  —6.581 1607494 8397
comp#2 50561 5227  -6.088 1601354  -8.105
comp#3 51.002 4542  -5444  1607.543  -7.280
comp#4 50789 5099  -6.156  1607.501  -7.874
comp#3 65348 4548  -5303  1370.050  -7.727
comp#6 65530 4389  -4.806 1360295  -7.134
comp#7 66.065 3719  -4226  1370.046  —6.624
comp#8 65761 4260 -4.899  1307.049  -7.577
comp-vs#l 16640  4.36 -5.481 1195380  -8.012
comp—vs#2 12610  4.64 -4863 1189350  -8.126
comp—vs#3 13271 3.16 -4874 1190290  -8.236
comp-vs#4 16632 4.35 -5.668 1179230  -8.632
comp-vs#5  198.62 524 -4651  1178.690  -8.624
comp-vs#6 13474 4.82 -5353  1183.670  -8.391

HEHUINBHE T a:7.0~200.03h:-2.0~6.5;¢:-6.5~0.5;d:<25 %,
>500 fIt
3 iFie
3.1 CETP &h#ph Al eg kit ¥R Mtk &
YRS B CEEMEH . CETP 88 58 i
ARG AE) DAY 5 5 T SCAR VRIS P T 8, AR L T 2%
1« P e B AR AR G5 4 S ALY 5 AR &5 4 v ik
WRIRIEIAT 578 s AR LS 43 R/ VT 2.6A17,
Torcetrapib!™ 2 Fh 3 [E] 15 5 2~ w A A& 19 2 — 4>
CETP #5022 — AT KA LE s f I DF
Yl RIRER (1) CETP #1715 . torcetrapib it H Tt
249 5 mmHg, [FIR 57 0006 A S B 1 [Tl 7K
o DIPTSR N T3 T AR TR AN, S 2k
W5 B ik SR RAER 5 CETP #I AL JC ¢, R
HAt CETP A —& A X AR R/E R . CETP i
) torcetrapib HAT = B P (cLogP=8.395 ), #i Ik 7K
TR XA S A T AR o torcetrapib A
PSS B2 TR - 43 BT it ) 500 FH i B
Wk o T DATE BT A& 10 100 IR 3k 1 B 52 7
Ao A, — U IE DRV AL B Y 25 5
AR KEEE, LLRCRN LI PR 25 85060 G (1) 38 375
P HERR R ADME T X} i — 255 ke )45 AR
Mo AR L5 &I 01k & 9 logPo/w PSA logS.
PMDCK HJ7ES MG . 4 logPo/w B , 25
A RE SR (HANRE 1L B H 3 logPo/w 7K, 3K AE
SR BIITEIR N 2% . XS BB
TET AU G 2 TAARE S CETP A1RAFHY
PHEAER, S b sefb & WM 2s & e )i it



52 M XA HE 45 0 it i A 32 28 4 o500 A 43 et 125
torcetrapibo Atherosclerosis, 2015, 244: 29

Or XN UE W AT LI CETP, AA

WG, RUPIET CETP IR @R Sk FEE {1 H.
A —E AT, iRy ek S Kk AR RE AL ) e AL
B OE SR PRI E BERE T A

SE

(1]

2]

(3]

(4]

(5]

[6]

(7]

(8]

Zhang L, Yan F, Zhang S, et al. Structural basis of transfer between
lipoproteins by cholesteryl ester transfer protein [J]. Nat Chem Biol,
2012, 8(4): 342

Bishop B M. Systematic review of CETP inhibitors for increasing
high—density lipoprotein cholesterol: where do these agents stand in
the approval process [J] Am J Ther, 2015,22(2): 147

Chapman M J, Wilfried L. G, Guerin M, et al. Cholesteryl ester
transfer protein: at the heart of the action of lipid —modulating
therapy with statins, fibrates, niacin, and cholesteryl ester transfer
protein inhibitors [J]. Eur Heart J, 2010, 31(2): 149

Barter P J, Brewer H B, Chapman M J, et al. Cholesteryl ester
transfer protein: a novel target for raising HDL and inhibiting
atherosclerosis [J]. Arterioscler Thromb Vasc Biol, 2003, 23(2): 160
Ding Y Y, Zhang W, Zhang M Q, et al. Functional and association
studies of the cholesteryl ester transfer protein (CETP) gene in a
Wannan Black pig model[J]. Anim Genet, 2015.46(6): 702

Morton R E, Izem L. Modification of CETP function by changing its
substrate preference: a new paradigm for CETP drug design[J]. J
Lipid Res, 2015, 56(3): 612

WAE, BRAEC. FEER TIA. 9.0 10557 T B ML 52
Ik fE 2%k, 2011,19(4): 372

Collins H L, Drazul —Schrader D, Sulpizio A, et al. L -Carnitine

[J1. )

intake and high trimethylamine N —oxide plasma levels correlate

with low aortic lesions in ApoE transgenic mice expressing CETP[J].

(L% 121 7)

[4]

[5]

6]

[7]

(8]

(9]

[10

e, AT, A8 /NALLFRAR A I SE ). TR EHT,
2005, 28(2): 98

Lee M W, Lee Y A, Park H M, et al. Antioxidative phenolic
compounds from the roots of Rhodiola sachalinensis A. Bor[]]. Arch
Pharm Res, 2000, 23(5):455

Nakamura S, Li X Z, Matsuda H, et al. Chemical structures of
acyclic alcohol glycosides from the roots of Rhodiola crenulatal]].
Chem Pharm Bull, 2008, 56(4):536

Yurdanur A, Daneel F, Ehab A, et al. Lotaustralin from Rhodiola
rosea roots[J]. Fitoterapia, 2004,75(6): 612

Sigurskjold B W, Haunstrup I, Bock K. Hydrolysis of substrate
analogues catalysed by beta—D—glucosidase from Aspergiuus niger.
Part Ill. Alkyl and aryl beta—D-glucopyranosides|J]. Acta Chem Acand,
1992,46(10):451

PRZCAS, PR 28, RINTE , 45 AR 2T 50 R A= i3], 2= e
YIESE , 1999,21(4) : 525

Liu B M, Chen R G, Cai Q L. Preliminary study on the chemical

constituents of Glochidion ericarpum Champ|J]. Guangxi J Tradit

(9]

[10

[1

[2

[}

—

]

Miyosawa K, Watanabe Y, Murakami K, et al. New CETP inhibitor
K -312 reduces PCSK9 expression: a potential effect on LDL
cholesterol metabolism[J]. Am J Physiol Endocrinol Metab, 2015,
309(2): 177

Jeenduang N, Porntadavity S, Nuinoon M, et al. Studies of
the CETP TaqlB and ApoE polymorphisms in southern thai
subjects with the metabolic syndrome[J]. Biochem Genet, 2015, 53
(7/8): 184

Hitchcock E, Patankar J V, Tyson C, et al. A novel microdeletion
affecting the CETP gene raises HDL —associated cholesterol levels
[J]. Clin Genet, 2015,1

Greene D J, Izem L, Morton R E. Defective triglyceride biosynthesis
in CETP-deficient SW872 cells[J]. J Lipid Res, 2015, 56(9): 1669

[13] Liu S P, Mistry A, Jennifer M, et al. Crystal structures of cholesteryl

[14

[15

[17

(18

[l

[

—

]

]

ester transfer protein incomplex with inhibitors|J]. J Biol chem, 2015,
287(44): 37321
Oostenbrink C, Soares T A,Vander Vegt N F.et al.Validation of the
53A6 GROMOS force field [J]. Eur Biophys J, 2005,34(4): 273
Halgren T A, Murphy R B, Friesner R A, et al. Glide: a new
approach for rapid, accurate docking and scoring. 2. Enrichment
factors in database screening [J]. ] Med Chem, 2004, 47(7): 1750
Trwin J J, Shoichet B K. ZINC ——a free database of commercially
available compounds for virtual screening|J]. ] Chem Inf Model, 2005,
45(1):177
TN T 4 i A 1 B HAT R R 0 T XSS (D). bk
MR#,2007
Morehouse L. A, Sugarman E D, Bourassa P A, et al. Inhibition of
CETP activity by torcetrapib reduces susceptibility to diet—induced
atherosclerosis in NZW rabbits[J]. J Lipid Res, 2007,48(6):1263
(2015-10-09 i)

B S e e e S T e S

Chin Med, 2000, 23(40): 52

[11] &FA L ATEGAEHTRATE IR 23 B 5 45 0E D). 14K : Ll AR Uil

YR, 2013.

[12] DingHY, Lin HC, Teng C M, et al. Phytochemical and pharmacological

(3

—_

[14]

[15

(16

—

—

studies on Chinese Paeonia Species|J]. ] Agric Food Chem, 2000, 47
(2):381
SRS, 22 B, BRSBTS A B SE. 2R,
2013, 36(3): 401
Xiao H, Parkin K. Isolation and identification of phase Il enzyme—
inducing agents from Nonpolar Extracts of Green Onion (Allium
spp)lJ]. J Agric Food Chem, 2006, 54(22): 8417
Bai N S, He K, Roller M, et al. Flavonolignans and other constituents
from Lepidium meyenii with activities in anti —inflammation and
human cancer cell lines[J]. ] Agric Food Chem, 2015,63(9 ): 2458
H ussein S A, Hashem A N, Seliem M A, et al. Polyoxygenated
flavonoids from Eugenia edulis[J]. Phytochemistry, 2003, 64 (4):
883

(2015-09-15 i)



