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Abstract

Background: CETP inhibitors block the transfer of cholesteggter from HDL-C to VLDL-C
and LDL-C, thereby raising HDL-C and lowering LDL-Cn this study, we explored the effect
of CETP inhibitors on hepatic LDL receptor (LDLRnhdh PCSK9 expression and further
elucidated the underlying regulatory mechanism.

Results: We first examined the effect of anacetrapib (ANgX)d dalcetrapib (DAL) on LDLR
and PCSK9 expression in hepatic cells in vitro. ABbhibited a dose-dependent inhibition on
both LDLR and PCSK9 expression in CETP-positive G2pcells and human primary
hepatocytes as well as CETP-negative mouse prirhapatocytes (MPH). Moreover, the
induction of LDLR protein expression by rosuvastati MPH was blunted by cotreatment with
ANA. In both HepG2 and MPH ANA treatment reduced #mount of mature form of SREBP2
(SREBP2-M). In vivo, oral administration of ANA wyslipidemic C57BL/6J mice at a daily
dose of 50 mg/kg for 1 week elevated serum totallagdterol by approximately 24.5%
(p<0.05%) and VLDL-C by 70% (p<0.05%) with concaamit reductions of serum PCSK9 and
liver LDLR/SREBP2-M protein. Finally, we examineletin vitro effect of two other strong
CETP inhibitors evacetrapib and torcetrapib on LIR®SK9 expression and observed a similar
inhibitory effect as ANA in a concentration randgelel 0 uM.

Conclusion: Our study revealed an unexpected off-target e CETP inhibitors that reduce
the mature form of SREBP2, leading to attenuatadstrription of hepatic LDLR and PCSKO.
This negative regulation of SREBP pathway by ANAnifested in mice where CETP activity

was absent and affected serum cholesterol metaholis



1. Background

Epidemiological studies have strongly suggestatl ¢levated plasma concentrations of low-
density lipoprotein-cholesterol (LDL-C) and reduahcentrations of high-density lipoprotein-
cholesterol (HDL-C) are independent risk factansdeveloping cardiovascular disease (CVD)
[1]. The plasma LDL-C concentrations are primarily colteéd by expression levels of hepatic
LDL receptor (LDLR) [2-4]. Hepatic LDLR mediatesethuptake of LDL particles from the
circulation and delivers the receptor-bound LDLtlie endosomal system for degradation while
the LDLR returns to the cell surface. Statins @mpetitive inhibitors of HMG-CoA reductase
(HMGCR), the rate-limiting enzyme in the cellulahatesterol biosynthetic pathway. The
inhibition of cholesterol de novo synthesis leadsncreased numbers of cell surface LDLR by
activation ofLDLR gene transcription. Thus, statins are the mosdehlyiprescribed drugs to
treat hypercholesterolemia and combined hyperlpidg5].

The plasma concentrations of HDL-C are modulatgddweral proteins including plasma
protein cholesteryl ester transfer protein (CEMa)ich is a hydrophobic glycoprotein secreted
from liver. CETP mediates the equal molar transferCE from HDL to apoB containing
lipoproteins VLDL and LDL and the equimolar transté triglycerides (TGs) from VLDL and
LDL to HDL. Thus, inhibition of CETP activity raisplasma HDL-C and lowers LDL-C, which
favorably reduces both CVD risk factors simultarsdpu Over the last decade, a great deal of
efforts has been put into the development of CHEFibitors as new therapy to raise HDL-C [6-
9]. Thus far, four CETP inhibitors have been testedhuman clinical studies including
torcetrapib (TOR) [7] dalcetrapib (DAL) [10-13], aretrapib (ANA) [14-17] and evacetrapib
(EVA) [18]. The TOR program was terminated earlyedo its off-target effects on inducing

aldosterone and cortisol production that were tidedine causes for excess CVD endpoints and



mortality in the TOR group versus placebo [19]. WL program was discontinued in 2012
due to the lack of its efficacy in reducing thekredf recurrent cardiovascular events despite the
elevation of plasma HDL-C levels [20,21].

ANA is a potent CETP inhibitor that is currentipdergoing Phase Il clinical trials. In a
clinical study of 589 hyperlipidemic patients, ANAonotherapy increased HDL-C up to 139%
and reduced LDL-C up to 40%. When added to atoatiastANA 150 mg daily produced a
statistically significant 20% reduction in Frieddd/aequation-calculated LDL-C [22]. With
regard to its effect on LDL-C reduction, a receptvnstudy to compare different methods to
determine LDL-C levels in placebo and ANA treateatignts suggested that the true LDL-C
reductions with this CETP inhibitor may have beesslthan reported, while its inductions on
HDL-C were unaffected by different measurementg.[23

The primary functionality of HDL-C rising by CETRhibitors is the enhanced reverse-
cholesterol transport (RCT) from extra periphesgties to the liver. Due to the lack of CETP
activity in mice and rats, hamsters [24-27] and @Hansgenic mice [28] have been used as
animal models for evaluations of effects of CETRibitors on RCT.

Besides CETP, PCSK9 is another promising theraptarget [2930]. Plasma PCSK9 binds
to hepatic LDLR, promoting its degradation, andsagjuently raising plasma LDL-C. Owing to
the critical function of PCSK9 in the control ofopein levels of LDLR, currently many
approaches have been taken to either block itsactien with LDLR by anti-PCSK9 antibodies
[31] or to reduce PCSK9 expression by antisensgoolicleotides [32] or small interference
RNAs (siRNAs) [33]. Interestingly, it was recentlgported that a new CETP inhibitor (K-312)
exhibited negative effects on PCSK9 expressionap®R cells at the level of gene transcription

[34,35].



It is well established that transcription BESK9 and LDLR genes shares one common
regulatory mechanism mediated by sterol-regulatdeynent binding proteins (SREBPSs) [36-
38]. SREBPs are members of the basic helix-loopcHelicine zipper family of transcription
factors. SREBPs contain 2 transmembrane domainar@ndcated to the endoplasmic reticulum
(ER) after synthesis. In the inactive state witBiR, the C-terminal domains of the SREBPs
interact with another membrane protein SREBP-clgenactivating protein (SCAP), which
functions as a sterol sensor. In sterol-depletdld, CBCAP escorts the SREBPs from the ER to
the Golgi, where they are processed by two memkaaseciated proteases, the site 1 (S1P) and
site 2 (S2P) proteases, which release the NH24tértranscription-activation domain of the
SREBPs (mature forms of SREBPs) from the precupsoteins. The active forms of the
SREBPs translocate to the nucleus, where they toirile promoters of SREBP target genes,
including genes involved in the synthesis and nadisim of cholesterol [39]. In addition,
transcription of the genes encoding SREBP 2 andB3RE is enhanced by SREBPs by a feed-
forward mechanism through SREBP binding sites engitomoters of these genes.

PCSK9 andLDLR both contain an SRE-1 motif in their proximal pmaers and thus are
coordinately upregulated by statins through adtwatof SREBP [37,40]. In addition to
SREBP2, our laboratory has identified HNF#&s a critical transcription factor fd?CSK9
through its binding to HNF1 motif located 28 bp tipam to SRE-1 site of theCSK9 gene
promoter [41]. Because HNF1 site is not presenh@lLDLR promoter, modulations d?CSK9
transcriptions through HNF1 sequence will not &fledoLR gene expression. Indeed, we have
shown that the natural cholesterol lowering compbuoerberine suppressdeCSK9 gene
expression without an effect @DLR promoter activity. We further demonstrated thabbéane

inhibits PCSK9 transcription by reducing cellular HNé&protein levels in liver cells [41].



In light of the new reports of PCSK9 regulation ¥ ETP inhibitor and the critical role of
PCSK9 in LDL-C metabolism via LDLR, we decided twéstigate whether other potent CETP
inhibitors possess similar functions and what dre tinderlying regulatory mechanisms.
Initially, we utilized both CETP-positive human éivcells and CETP-negative mouse primary
hepatocyes (MPH) to examine effects of ANA and D&LPCSK9 andLDLR gene expression.
We did not detect effects of DAL up to the tolembbncentration of 10 uM. In contrast, ANA
showed significant effects within the concentratiamge of 1-10 uM in a dose dependent
manner. Thus, we carried out further investigatiom#ANA to examine its in vivo effect on liver
tissue of mice fed a high cholesterol diet or amadrchow diet. Our studies obtained compelling
results that ANA negatively regulates bdtHlr and Pcsk9 gene expression via the common
regulatory SREBP pathway by a mechanism that itsilthe processing of SREBP2,
independent of its inhibitory activity to CETP. Blly, we extended this study to EVA and TOR
to determine their effects on SREBP2-mediated trgpiton of LDLR and PCSK9 in HepG2

cells and demonstrated a similar inhibitory effestANA.

2. Materials and methods

2.1. Animalsdiet and drug treatment

All animal experiments were performed accordingptocedures approved by the VA Palo
Alto Health Care System Institutional Animal CardadJse Committee (IACUC). Eight-week
old male C57BL/6J mice were purchased from Jacksds (Bar Harbor, Maine). Mice were
housed (4 animals/cage) under controlled temperd@2°F) and lighting (12 h light/dark cycle).

Animals had free access to autoclaved water andl foo



In the first in vivo study, after an acclimatizati period of 7 days, mice were fed a high-fat
high-cholesterol diet (HFHC) containing 35% calerieom fat and 1.25% cholesterol (#D12336,
Research Diets, Inc., New Brunswick, NJ) for twoek® Mice were then divided into two
groups (n = 8 per group) and were given a dailyedafsANA at 50 mg/kg by oral gavage. The
control group received vehicle (0.5% methyl celddp The drug treatment lasted 7 days.

In the second in vivo study, mice fed a normalvelibet were treated with ANA (50 mg/kg,
n=8) or vehicle (n=8) for 10 days.

Serum samples were collected after a 4 h fastgigré and after the drug treatment. After
the last dosing, all animals were sacrificed fdtembion of serum and liver tissues. Livers were
immediately removed, cut into small pieces, andest@t —80°C for RNA and protein isolations

and cholesterol measurement.

2.2 Céllsand Reagents

The human hepatoma cell line HepG2 was obtaineah fATCC. HepG2-B11 is a HepG2
derived cell line expressing human LDLR promotenstouct pLDLR-234 [42]. HepG2-CL26
cells express human PCSK9 promoter construct pGL3K®-D1[41]. Human primary
hepatocytes were obtained from Invitrogen. MPHenisolated from male C57BL/6J mouse at
San Francisco General Hospital Liver Center. A itahbti-LDLR antibody was obtained from
Biovision (Mountain Viev, CA). Rabbit anti-SREBP2 and anti-PCSK9 antibsdieere generously
provided by Dr. Sahng Wook Park (Yonsei Universitgllege of Medicine, Seoul, Korea) and were used
as previously described [41]. Monoclonal gactin antibody was obtained from Sigma-Aldrich. AN
and DAL were purchased from Selleckchem (Houston, TX) withitigs over 99%. EVA was
purchased from Medchem Express (Princeton, NJ) puittity of 99.33%. TOR was purchased

from Sigma-Aldrich with 98% purity. Rosuvastatin §®R) calcium was purchased from AK
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Scientific (Union City, CA).Mouse and human PCSK9 Quantikine ELISA Kits werecpased
from R&D system(Minneapolis, MN).Methyl Cellulose was purchased from Sigma-Aldrich

(Cat. No. M0512).

2.3 Cultureof primary hepatocytes

Primary human and mouse hepatocytes were seedeallagen coated plates at a density of
0.5-1x10 cells/well in 12-well plate in Wiliams E Mediumugplemented with a Cell
Maintenance Cocktail (Cell Maintenance SupplemeakPInvitrogen). After overnight seeding,
cells were treated with CETP inhibitors for 24 RAfilliams E Medium or DMEM supplemented

with 10% FBS.

2.4 Transient transfection and luciferasereporter assays

The plasmid pLDLR234-WT was constructed by subdgma 177-bp fragment of tHeDLR
promoter obtained bidindlll digestion of pLDLR-CAT 234 intdHindllI-digested pGL3-basic
vector (Promega). The plasmid pLDLR234-SRE-mu whtained by site-directed mutation
[43]. The plasmid pGL3-PCSK9-D4 contains 5’ flargkiregion of thdPCSK9 gene from -440 to
-94, relative to the ATG start codon in front oétluciferase coding sequence [38]. The plasmid
pGL3-PCSK9-D4-SRE-mu was obtained by site-direategtation [38]. PCSK9 or LDLR
promoter reporters of wild-type and SRE-1 mutatiwere cotransfected with pRL-SV40, a
renilla luciferase vector, into HepG2 cells seette@6 well plates in MEM medium containing
10% FBS. One day post-transfection, cells werddcewith indicated compounds for 24 h prior

to cell lysis. Dual luciferase activities were asared and the firefly luciferase activity was



normalized to the renilla luciferase activity. Tigate wells were assayed for each transfection

condition.

2.5 Céell viability assay

Cells were seeded in a 96 well plate overnighorptio the treatment by different
concentrations of CETP inhibitors for 24 h. Cekliility was measured using the CellTiter-Glo
Luminescent Cell Viability Assay kit from Promegacarding to vendor’s instruction. Four

wells were evaluated under each experimental dondit

2.6 RNA isolation and real time quantitative RT-PCR (QRT-PCR)

Total RNA was extracted from cells or liver tissusing the Quick RNA mini Prep kit
(Zymo Research) and was reverse-transcribed infdAc@s described previously [44]. Real-
time qRT-PCR was performed with 50 ng of cDNA teatpland specific primers using a SYBR
Green PCR Kit (power SYBR® Green PCR Master Mixjl an ABI Prism 7700 system
(Applied Biosystems® Life Technologies) accordiogthe manufacturer's protocols. gRT-PCR
primers for each gene is listed in Table 1. TanggNA expression in each sample was
normalized to the housekeeping ge&®®PDH. The 2**“' method was used to calculate relative

MRNA expression levels.

2.7 Small interference RNA (SRNA) transfection
A pool of four pre-designed siRNAs targeted to BanCETP mRNA (Cat. No. L-009485-
00) were obtained from Dharmacon (Lafayette, COie Silencer negative control sSiRNA was

obtained from Applied Biosystem. 4x16ells were mixed with 50 nM siRNA using siPORT



NeoFX siRNA transfection reagent (Ambion) and plate 6-well plates. Next day, fresh
medium was added to the transfected cells anddékéswere treated with ANA for 24 h prior to

isolation of total RNA.

2.8 Western blot analyses of LDLR, PCSK9 and SREBP2 in total lysates of hepatic cells
and LDLR in mouse liver tissue

Approximately 50 mg of frozen liver tissue frondimidual hamster were homogenized in
0.3 ml RIPA buffer (50 mM Tris, 150 mM NaCl, 1 mMDEA, 1% Triton X-100, 0.5% sodium
deoxycholate, 0.1% SDS, pH 7.4) containing 1 mM PM&hd protease inhibitor cocktail
(Roche). Hepatic cells in culture dishes were wddine cold PBS and lysed by incubation in
RIPA buffer for 5 min on ice, followed by a briedrdcation using Bioruptor 300 (Diagenode
Inc. Denville, NJ). After protein quantificationing BCA™ protein assay reagent (PIERCE), 50
Mg of homogenate proteins from individual liver séespor 30ug protein of total cell lysates
from HepG2 cells were separated on SDS-PAGE, tearesf to nitrocellulose membranes, and
blotted with specific antibodies. LDLR protein wdstected with a rabbit anti-LDLR antibody
(Biovision, Mountain View, CA). Intracellular PCSKif HepG2 cell lysates were detected by
rabbit anti-human PCSK9 polyclonal antibody as jgesly described [41]. Membranes were
reprobed with antf-actin antibody (Santa Cruz Biotechnology). Immwaative bands of
predicted molecular mass were visualized using &igeal West Substrate (Thermo Scientific)

and quantified with the Alpha View Software withrn@lization by signals di-actin.

2.9 Western blots of SREBP2 in cytoplasmic extracts and nuclear extracts
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Cytoplasmic and nuclear protein extracts wereatsdl from 2x10 HepG2 cells or 20 mg
liver tissue using NE-PER nuclear and cytoplasmitaetion reagents from Thermo Scientific
according to the vendor’s protocol. Aliquots of leaample (3Qug protein) were separated by
denaturing SDS-PAGE (10%), transferred onto a céltalose membrane and blotted with a
rabbit anti-SREBP2 antibody [41]. Immunoreactivends of predicted molecular mass were
visualized using SuperSignal West Substrate (TheBoientific) and quantified with the Alpha
View Software with normalization by signals of HDACor the mature form of SREBP2
(SREBP2-M) [41] or by signals of GAPDH for SREBP2qursor form (SREBP2-P). Different
exposure times were used to detect SREBP2-P (80 sec) and SREBP2-M (up to 10 min).

In addition to using the NE-PER nuclear/cytoplasmktraction reagents, we used the
dounce-homogenization method to obtain nuclearaetdrfrom individual liver samples as
previously described [45]. Briefly, ~ 100 mg frozdramster liver tissue were dounce-
homogenized 15 times in buffer A (10 mM KCI, 1.5 nMgCl,, 10 mM Hepes, pH 7.9, 1 mM
DTT, 1 mM PMSF, protease inhibitor cocktail (Rochem)d phosphatase inhibitor cocktail
(Sigma)). After centrifugation at 2,000g for 10 mah 4°C, the pellet was resuspended in the
same buffer and incubated on ice for 10 min, foddwy dounce-homogenization of 10 times
and centrifugation at 2,000g for 10 min at 4°C. Tielei-containing pellet was resuspended in
buffer B (420 mM NacCl, 10 mM KCI, 20 mM Hepes, pk9.,720% glycerol, 1 mM DTT, 1 mM
PMSF, protease inhibitor cocktail and phosphatalsiitor cocktail) and extracted for 30 min at
4°C on a shaking rotor. After centrifugation at@X)g for 15 min at 4°C, the supernatant was
collected and stored in -80°C. The protein conegioin was determined using BCA protein

assay kit (Thermo Scientific).
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2.10 LDL uptake assay

HepG2 cells in 6-well culture plates were treatgth ANA for 24 h. The fluorescent Dil-
LDL (Biomedical Technologies, Stoughton, Massacttesat a concentration of 2g/ml was
added to the cells at the end of treatment for @ti cells were trypsinized. The mean red
fluorescence of 1xf0cells was measured using FACScan (filter 610/20 BIF LSRII, Becton

Dickinson).

2.11 Serum isolation and cholester ol determination

Mice were fasted for 4 h before blood collectiantl@e beginning and the end of drug
treatment. Serum was isolated at room temperatutdestored at -80°C. Standard enzymatic
methods were used to determine TC, LDL-C and HDlith commercially available kits

purchased from Stanbio Laboratory (Texas, USA)hEsmmple was assayed in duplicate.

2.12 HPL C analysis of lipoprotein-cholesterol profiles

Fifty ul of serum sample from two serum samples of theesaeatment group were pooled
together and a total of 4 pooled samples from Velgooup and 4 pooled samples from ANA-
treated group were analyzed for cholesterol lewélach of the major lipoprotein classes
including chylomicron (CM), VLDL, LDL, and HDL witha dual detection HPLC system
consisting of two tandem connected TSKgel Lipopkopa columns (300 X 7.8-mm; Tosoh,

Japan) at Skylight Biotech, Inc. (Tokyo, Japan).

2.13 Assay of secreted PCSK9
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Secreted PCSKS9 in culture medium of HepG2, prinmaouse hepatocytes and in serum of
C57BL/6J mice were measured using human or mouSKBELISA kit obtained from R&D

System according to the instruction.

2.14 M easurement of hepatic cholesterol

Fifty mg of frozen mouse liver tissue was thawedd ahomogenized in 1 ml
chloroform/methanol (2:1). After homogenizatioipids were further extracted by rocking
samples overnight at room temperature, followeddmntrifugation at 5000g for 10 min. One ml
lipid extract was dried under nitrogen stream asdissolved in 0.25 ml isopropanol containing

10% triton X-100. Total cholesterol mass was mesbusing a kit from Stanbio Laboratory.

2.15 Statistical analysis

Values are presented as mean + SEM. Significdfardnces between control and treatment
groups were assessed by One-way ANOVA with promesttest or Student two-tailettest.
Statistical significance is displayed ps< 0.05 (one asteriskp < 0.01 (two asterisks) qu <

0.001 (three asterisks).
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3. Results

3.1 SRE-1 dependent suppression of PCSK9 and LDLR promoter activities by ANA

To determine whether CETP inhibitors aff@@3K9 andLDLR gene transcription, first we
utilized two HepG2 derived cell lines CL26 and Bhat express 8CK9 promoter luciferase
reporter construct pGL3-PCSK9-D1 (CL26) [41] dridLR promoter construct pGL3-LDLR234
(B11) [42]. These cells were treated with differdoses of ANA or 10 uM of DAL for 24 h and
luciferase activities were measured. A significatuction ofPCSK9 promoter activity by ANA
was detected at 3 uM concentration (-22%, p<0.ad)farther lowered to 68% of control at 10
UM (Fig. 1A). Likewise, luciferase activity of B11 cells wedecreased by ANA at 3 uM
concentration and reached to a maximal reductid@8&6 of control at 10 puMHig. 1C). Upto a
10 puM concentration, DAL had no effect bBDLR or PCSK9 promoter activities. In parallel, we
conducted cell viability assays and demonstratadt ¢all viability was not affected by ANA or
DAL at these concentration&i@. 1B &D), indicating that decreased luciferase activités
CL26 and B11 upon ANA treatment were not causeckdyction of viable cell numbers.

To determine whether ANA downregulatP€3K9 promoter andLDLR promoter via a
common mechanism involving SREBP2, we transiemtindfected HepG2 cells with the wild-
type and SRE-1 mutatdlCSK9 promoter constructsF{(g. 1E) andLDLR promoter constructs
(Fig. 1F) along with the promoter-less vector pGL3-basiaasegative control. The plasmid
pRL-SV40 was cotransfected to normalize variationsransfection efficiency. One day post
transfection, cells were either treated with vehiobMSO, ANA (10 pM), or HMGCR inhibitor
RSV (5 uM). None of the drug treatments affectesl dctivity of pGL3-basic. RSV and ANA

produced opposite effects @DLR andPCSK9 promoter activities. RSV increased the wild-type
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promoter activity of PCSK9 and LDLR whereas ANA reduced the promoter activities.
Importantly, both RSV stimulation and ANA repressioere not detected in SRE-1 mutated
LDLR reporter. Likewise, ANA lost its effect on SRE-lutatedPCSK9 promoter completely.

Taken together, the results of promoter assaysestgtpat ANA inhibits SREBP-mediated

transcription oLLDLR andPCSK9 in HepG2 cells.

3.2 Reduction of mature SREBP2 cellular levels by ANA treatment

Next, the effect of ANA and DAL on PCSK9 and LDURRNA expression were examined
in HepG2 cells by gRT-PCRF(g. 2A). Consistent with the promoter analysis, ANA bot n
DAL exhibited a dose-dependent suppression on miRNAls of PCSK9 with a 22% reduction
by 1 uM (p<0.01). At 10puM concentration, ANA lowered PCSK9 mRNA level to%of
control and LDLR mRNA level to 67% of control. West blot detections of LDLR and PCSK9
proteins in total cell lysates showed that in spitéhe reduction of PCSK9, LDLR protein levels
were still lowered by ANA treatment, particularlyl® yuM concentrationFg. 2B).

In a pilot experiment to detect SREBP2 in totaales using anti-SREBP2 antibody, we
observed that the inactive precursor form of SREBBREBP2-P) was highly abundant in
HepG2 cells and the amount of SREBP2-P did notghafter ANA treatment. In contrast, the
amount of active mature form of SREBP2 (SREBP2-M§wcarce and it was reduced in ANA-
treated cellsSupplementary Figure 1). Therefore, using different exposure times, wgasated
detected SREBP2-M/P forms in HepG2 cells treated different doses of ANA. We show that
levels of SREBP2-P were comparable in differentamwhereas the amount of SREBP2-M
was decreased by ANA treatment dose-dependdfity 2B). In these assays, DAL showed no

effects at concentrations up to 10 uM (data notwsho To further determine whether the
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function of LDLR was affected by ANA treatment, LRIptake assays with fluorescent Dil-LDL
were conducted in HepG2 cells treated with ANA arr30uM concentrationsKig. 2C). The
amount of fluorescent dye that accumulated inskie dells was reduced by approximately
12.8% (p<0.01) and 18.8% (p<0.01) when cells weratéd with ANA at 3 and 10 pM doses.
Altogether, these results confirm the negativeatftd ANA on LDLR expression.

Since SREBP2-M is the active form for SREBP2 taggmes, the reduction of SREBP2-M
accounted for the coordinated repressiohER andPCSK9 gene expression. To confirm this,
we analyzed a set of genes that are known targe3REBPs or genes encoding for upstream
regulators of SREBP processirigg. 2D shows that mRNA levels of SCAP, INSIG2 and S1P
were unchanged by the drug treatment whereas mRNAId of all four genes involved in
cholesterol and fatty acids metabolisms includdRiEBP2 were downregulated in HepG2 cells
treated with ANA. We did not observe changes in mMRMvels of HNFL, the key
transactivator foPCSKO.

Because HepG2 cells are derived from a human teyatwe wanted to know whether ANA
treatment affects PCSK9/LDLR pathway in normal haringer cells. Thus, we treated different
primary human hepatocytes derived from three imial donors with ANA at 3 and 10 pM
concentrations. Total cell lysates were analyzed LR and PCSK9 protein levels by Western
blotting. Fig. 2E shows imaging results of individual blots and ditative results after
normalization withp-actin are presented iaig. 2F. ANA at 3 uM lowered LDLR protein by
33% (p<0.05) and PCSK9 by 27% (p<0.05), respegtivEhe 10 uM dose produced similar
effects as 3 uM, suggesting that ANA at 3 uM cotegion reached a plateau in these primary
liver cells. Importantly, the results of primary rhan hepatocytes were consistent with the

observations made in HepG2 cells.
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Next, we applied siRNA approach to address thestipre of whether the downregulation of
LDLR/PCSK9 expression is related to the primarycercof inhibition of CETP activity by this
potent CETP inhibitor. HepG2 cells were transfeatgith 50 nM si-CETP or a control siRNA
for two days before ANA treatment. Gene expressinalysis by gRT-PCR showed that CETP
MRNA levels were reduced by around 60-70% in dedissfected with si-CETP as compared to
the control SiRNA, and ANA treatment (10 uM) hadeftect on CETP mRNA level$={(g. 3A).

In contrast, LDLR mRNA levels were reduced to sanitlegrees by ANA in si-CETP and si-
control transfected celld(g. 3B), suggesting that the ANA-mediated suppressioiSREBP

activation is unrelated to its inhibitory activity CETP.

3.3 Reduction of SREBP2-M and LDLR protein levels in mouse primary hepatocytes by
ANA

In order to absolutely rule out the involvementGETP in ANA-mediated suppression of
LDLR and PCSK9, we utilized primary hepatocytedatsd from a C57BL/6 mouse; a species
naturally does not have CETP activity. MPH in tigpte wells were treated with different doses
of ANA for 24 h before isolations of total RNA oeltlysates. The results shownFkig. 4A are
Western blots of individual lysate samples. Quatitie analyses of the results are presented in
Fig. 4B. Western blotting with anti-SREBP2 showed that at\3, ANA lowered the level of
SREBP2-M by ~24% (p<0.05) and further reduced SREBFby 41% at 10 uM as compared
to control. LDLR protein levels were reduced appmately by 35% (p<0.001) at ANA 10 uM
dose. We utilized a mouse PCSK9 ELISA kit to measuedium PCSK9 levels. As expected,
the amount of PCSK9 secreted to cell culture medias reduced in ANA-treated hepatocytes

(Fig. 4C).
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Gene expression analysis of qRT-PCR showed thetrsg at 3 uM ANA dose-dependently
reduced LDLR, PCSK9, SREBP2, HMGCR and FASNg( 4D), which was in line with its
effects on lowering SREBP2-M protein levels. Imtast to SREBP pathway, ANA treatment
did not affect mRNA levels of IDOL, ABCA1 and ABCQEig. 4E), whose transcriptions are
commonly regulated by liver X receptor (LXR), thadicating that the reduction of SREBP2-M
abundance was not caused by activation of the LigRaing pathway.

We have tried to detect SREBP1 protein levelsantol and ANA-treated cells by using
several commercial anti-SREBP1 antibodies. Unfately, these antibodies failed to detect
specific signals of SREBP1 by Western blotting athoMPH and HepG2 cells due to the high
background and appearance of multiple nonspec#dimdb within the molecular mass of 50 to
100 kDa. However, qRT-PCR results clearly demeastt reduced mRNA levels of FASN, a
SREBP1 target gene, in ANA treated MPH, which sstgg that the active form of SREBP1

was also reduced by ANA.

3.4 Antagonism of ANA to statin in mouse primary hepatocytes
Statins reduce LDL-C in hypercholesterolemic imndiials primarily by activation of liver

LDLR transcription mediated by SREBP2. Through thiscess, PCSK9 levels were also
induced by statin, particularly at higher statirse® [3745]. So far our results indicated that
CETP inhibitor ANA acts in opposite direction o&sh to inhibit SREBP2 activation regardless
of CETP expression status, which could lead totarg@l antagonism to statin drug. To address
this important question, we treated MPH with 10 AMA, 5 uM RSV and the combination. At
protein levels, RSV treatment elevated SREBP2-MIdDAR protein levels by 58% and 46% as

compared with control, which were in clear contréstthe effects of ANA that lowered
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SREBP2-M and LDLR protein abundances to 56% and 6#%ontrol, respectively. In cells
treated with the combination of RSV and ANA, LDLRofein expression was unchanged and
SREBP2-M protein levels were higher than contrdl the induction was less prominent as
compared with RSV alond=(g. 5A&B). Analysis of medium PCSK9 levels showed a similar
trend of regulation as LDLR proteifrig. 5C). Gene expression analysis of qRT-PCR largely
confirmed the results of protein analysis and shibthe opposite effects of RSV and ANRi{.
5D). The RSV-induced increases in LDLR and PCSK9 mRé&i&ls were still detectable in the
presence of ANA but were statistically lower tha8\Ralone. Altogether, these in vitro study
results of HepG2 and MPH consistently demonstrétednhibitory activity of CETP inhibitor

ANA on SREBP2 mediated transcriptional activatibh.DLR andPCSKO.

3.5 Reduction of active form of SREBP2 and LDLR protein levels in liver tissue and
elevation of serum cholesterol in dyslipidemic micetreated with ANA

Animal models of hamsters [24-27] and CETP-tranggenice [28] have been used to
demonstrate the activity of CETP inhibitors in nags HDL-C and lowering LDL-C in vivo.
Unfortunately, none of those studies have descridbaemnsequential impact of plasma CETP
inhibition on hepatic LDLR and PCSK9 expression,nmatter through indirect or direct actions
of CETP inhibitors. To further investigate the putal effect of CETP inhibitors on LDL-C
metabolism through their negative effects on SREBEhway, we employed a dyslipidemic
mouse model. Male C57BL/6J mice were fed a HFHQ fdietwo weeks that elevated serum
total cholesterol (TC) by 35% (p<0.0001), HDL-C »§% (p<0.0001) and LDL-C by 3.1-fold
(p<0.0001) Bupplementary Fig. 2). While continued on HFHC diet, mice were randpml

divided into two groups. One group was given ANAaataily dose of 50 mg/kg by oral gavage
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and the control group received equal volume of elehi This dose in mice is extrapolated to a
human equivalent dose (HED) of 4 mg/kg [46]. Afteweek of treatment, mice were fasted for
4 h and sacrificed for terminal serum and livesuss collection. We first measured individual
serum lipid levels using enzymatic methods with pwrcial TC, LDL-C and HDL-C kits. ANA
treatment modestly elevated serum total serum stestd levels ~10% (p<0.05Fig. 6A) and
increased serum LDL-C by 26% (p<0.05) as compacedsehicle control Eig. 6B). No
significant changes were detected by HDL-C measen¢énkit. Next, we performed HPLC
analysis of lipoprotein-cholesterol profiles in W& and ANA-treated serum samplésd, 6C,

D). The results showed a 24% (p<0.05) increasetal tholesterol and a prominent increase of
70.8% (p<0.05) in VLDL-associated cholesterol byANeatment while the increase in LDL-C
(21%) in ANA group did not reach a statistical sfigance. In addition, the amount of
cholesterol in HDL fraction was slightly reduced ANA group with a statistical significance.
Particle sizes of lipoproteins were similar betwéka two groupsKig. 6E). Altogether, the
analyses of serum lipid levels by two different sil@@ments consistently showed an increase in
serum cholesterol level and further confined tiretrease to VLDL/LDL fractions in ANA-
treated dyslipidemic mice.

To seek a clear understanding of the effect of AdAserum cholesterol metabolism in mice
in the absence of its target protein CETP, profewels of LDLR in liver homogenates,
SREBP2-M in liver nuclear extracts, and SREBP2-Ryitoplasmic extracts were individually
assessed by Western blottifgg. 7A shows results of Western blots of individual ligamples.
Quantitative analyses of the results are presantédy. 7B. Amounts of SREBP2-M in nuclear
extracts of liver samples were 19% lower (p<0.04) &4DLR protein levels in whole liver

homogenates were 24% lower (p<0.05), respectivelANA treated group as compared to
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vehicle group. Similar to HepG2 cells, no signifitahanges in protein levels of SREBP2-P
were observed among liver tissues of control andhAf¢ated mice. We also determined serum
PCSKO levels in individual mice by ELISA, which indted a 35% (p<0.05) reduction of serum
PCSK9 by ANA treatmen{Fig. 7C). qRT-PCR measurements of mRNA levels of LDLR,
PCSK9 and other four SREBP target genes in alf Ibzanples revealed that mRNA levels of
SREBP2-target genes were reduced in the range -d¢020in ANA group as compared to
vehicle groupEig. 7D), which were corroborative to the results of piotEnalyses. In contrast,
MRNA levels of three LXR target genes IDOL, ABCAAdaABCG1 were the same between
two groups, which confirmed our in vitro studiesiPH and underscored the negative effect of
CETP inhibitor on SREBP pathway.

In an attempt to identify the underlying causeattenuated activation of SREBP2, we
measured cholesterol levels of all liver sampled abserved an 18.4% increase (p<0.05) by
ANA treatment Fig. 7E), which could be responsible for the reductiorS&EBP2-M in ANA-
treated liver.

Next, we examined the effect of ANA in normolipndie mice. C57BL/6J mice fed a normal
chow diet was given ANA at the same daily dose @fndg/kg for 10 days. The results are
presented irSupplementary Figure 3A-F. ANA treatment increased serum LDL-C by 33%
(p<0.05), which was consistent to the observati@ienin hypercholesterolemic mice. Hepatic
gene expression analysis showed that LDLR mRNAl$ewere reduced by 20% (p<0.01) and
PCSK9 mRNA levels were reduced by 35% (p<0.01) biAAreatment. Serum PCSK9 levels
were 24% (p<0.05) lower in ANA-treated group. Westdlot analysis of individual liver
homogenate revealed a 35% reduction of SREBP2-M.Q% upon ANA treatment while

LDLR protein levels did not significantly differ tieeen the two groups. Importantly, similar to
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what we have observed in the HFHC diet study, dduction of the mature form of SREBP2
was accompanied by a 43.3% (p<0.01) increase iatlvegholesterol mass in ANA-treated liver

samples as compared to control.

3.6 Downregulation of SREBP2-mediated LDLR and PCSK9 expression by EVA and TOR
in HepG2 cells

We wanted to know if the negative effect of ANA BREBP pathway is shared by other
strong CETP inhibitors. We tested dose-dependdettsf of EVA and TOR ofPCSK9 and
LDLR promoter activities in CL26 and B11 cells treatwdh 1-10 pM of each of these
inhibitors. Both inhibitors exerted a strong intdny effect onLDLR (Fig. 8A) andPCSK9 (Fig.
8C) promoter activities at M concentration with no effect (EVA) or small eftd@OR) [Fig.
8B& D) on cell viability. Western blot analysis of pristdevels of LDLR in total cell lysates,
SREBP2-P in cytoplasmic extracts and SREBP2-M idlear extractsKig. 9A& B) revealed
dose-dependent reductions of LDLR and SREBP2-M MA ENnd TOR. Likewise, serum
PCSKO9 levels were reduced by these strong CETitors in the same concentration range

(Fig. 9C).

4. Discussion

It is well documented that the expression levelepatic LDLR and its function in removing
LDL-C from circulation are dictated by two critickdctors: intracellular cholesterol levels and
serum PCSK9 concentrations. Sterols inhlditt R gene transcription by suppression of the
processing and the release of the mature form &BFR to prevent its entry into the nucleus to

bind to the SRE-1 site dfDLR promoter as well a®CSK9 promoter. The serum PCSK9
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reduces hepatic LDLR protein levels by promoting Iysosomal degradation. Thus, any
modulators affect PCSK9 expression will ultimatefhange liver LDLR density and influence its
capacity in removing LDL-C from the circulation.

We set out to understand the potential impact BT E-inhibitor mediated suppression of
PCSK9 expression on hepatic LDLR protein level #telconsequential impact on serum LDL-
C metabolism, following up an initial report th&et CETP inhibitor K-312 repressed PCSK9
expression in HepG2 cells through a SRE-1 dependechanism [34,35]. We were interested
in learning whether other CETP inhibitors shareilsinfunctions. This investigation led us to
uncover a previously unrecognized effect of ANAnagl as EVA and TOR that inhibitddDLR
and PC3K9 transcription via reducing the active mature f@hfSREBP2 in hepatic cells. This
shared property of CETP inhibitors is independdntheir actions to inhibit CETP enzymatic
activity and is effective within a concentratiomge of 1-10uM when added to HepG2 cells.
Our conclusion was built upon several differeneéirf investigations.

Our initial studies of the dose-dependent effdcANA and DAL on promoter activity,
MRNA level and protein abundance of PCSK9 and LBbRwed a coordinate suppression of
PCSK9 and LDLR gene expression by ANA but not byLD&ince ANA is a stronger CETP
inhibitor than DAL [9 47], at first, we considered the possible involvatref CETP activity in
ANA mediated inhibition of LDLR/PCSK9 expressiony Bransfection of specific sSiRNAs to
knockdown CETP mRNA expression in HepG2 cells, Wweeoved that ANA produced a similar
inhibitory effect on LDLR mRNA expression in si-CEBTransfected cells and cells transfected
with a nonspecific SiRNA control oligonucleotidéisereby suggesting that CETP activity is not

required for the observed downregulation of LDLRI &CSKO9.
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We also considered the nature of HepG2 cells @éinatderived from a human hepatoma
which might not truthfully represent the respongenormal liver cells exposed to CETP
inhibitors. Thus, we tested primary human hepaexgerived from three individual donors. The
results of Western blotting showed a clear decreat®LR and PCSK9 protein level in ANA-
treated hepatocytes at a concentration of 3 uMghvhias not further reduced by increasing the
drug concentration to 10 uM, implying that humamnmal liver cells could be more sensitive to
this CETP inhibitor than HepG2 cells.

The inhibitory effect of ANA onPCSK9 and LDLR promoter activity was abolished by
mutations of SRE-1 sequences on both promoters. diservation promoted us to examine the
SREBP processing in control and drug treated cBNsanalyzing total cell lysates as well as
cytoplasmic and nuclear extractions, we found fH&A treatment did not notably reduce the
amount of precursor form of SREBP2 but it dose-ddpatly lowered abundance of mature
form of SREBP2. Because SREBP2 precursor formgklyiabundant and the level of SREBP2-
M is extremely low in HepH2 cells, it is highly mille that the method of Western blotting is
not sensitive enough to detect the small chang8RIEBP2-P density after ANA treatment. One
piece of supporting evidence is that RSV treatmpateased SREBP2-M in mouse primary
hepatocytes without altering SREBP2 precursor gfe&h. 5A). We could not detect changes
in SREBP1 protein levels due to the lack of a dpeeanti-SREBP1 antibody. Therefore, we
measured MRNA levels of several genes that areettan§ SREBP2 and SREBP1 and
demonstrated that these mMRNA expressions wereealledsed after ANA treatment, which
indicated the reduced transactiviting activitieboth SREBP2 and SREBP1. It is worthy to note
that ANA did not change mRNA levels of SCAP, S1R dNSIG2 whose gene products are

upstream modulators of the processing pathway &R [48]. Furthermore, HNEIMRNA
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levels were not altered by ANA treatment that pded additional evidence against the
involvement of HNF& in PCSK9 suppression by this CETP inhibitor.

Mice and MPH have not been previously describefiimttional studies of CETP inhibitors
due to the natural absence of CETP in this spekiesever, in this study MPH provided us a
clean system to investigate the CETP-independefectef this class of compounds on
LDLR/PCSK9 pathway. By treating MPH with ANA atfidirent doses, we demonstrated the
same inhibitory effect of this compound on reductioi SREBP2-M cellular levels and the
consequential decrease in cellular protein levelsDd.R and PCSK9 as we observed in human
liver cells. The reduction of PCSK9 was further fowned by quantitative measurement of
medium PCSK9 of cultured MPH. We noticed that inus® system, inhibition adfdlr gene
transcription appeared to exert a more dominamtirotletermination of the LDLR protein levels
than the reduction of serum PCSK®9. This is evidignthe observation that PCSK9 serum levels
were reduced by ANA due to the reduced SREBP2-rtetlizanscription but the LDLR protein
levels were still lower in ANA treated MPH than ¢a.

Since we have observed a CETP-independent inhybétiect of ANA on LDLR/PCSK9
pathway in human and mouse liver cells in vitrasitmportant to know whether this aspect of
ANA action alone could affect serum cholesterol abetism. First, we treated dyslipidemic
mice with ANA at 50 mg/kg, which is translated irtang/kg of HED and equates to a 240 mg
dose of ANA for a 60 kg person [46]. In a clinictldy to examine the efficacy, safety and
tolerability of ANA, up to a daily dose of 300 mgNA was applied to patients with
dyslipidemia [22]. Thus, treating mice with 50 kgday was within its clinical dosing range.
By using conventional enzymatic reagents to measerem lipid levels as well as HPLC

method to comprehensively profile cholesterol Isvel different lipoprotein fractions, we
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provided consistent results that ANA treatment ificgmtly increased VLDL-C/LDL-C levels in
dyslipidemic mice. Analysis of live tissues of thwe groups by Western blotting confirmed the
reductions of SREBP2-M in nuclear extracts of dimggted liver versus control liver. Despite
the reduced serum PCSK9 levels, liver LDLR protimounts were lower in ANA treated mice
as compared to control mice fed the HFHC diet. €hesults suggest that in the absence of
CETP inhibition, the negative effect of ANA on SREBactivation manifested and produced an
unfavorable impact on serum cholesterol metaboliBne purpose of our second in vivo study
was to examine the effect of ANA on LDLR/PCSK9 pedly in mice under a normal diet. The
overall results of lipid analysis and hepatic gexpression analysis largely confirmed the
findings made in hyperlipidemic mice. Importanthy, measuring hepatic cholesterol contents in
all liver samples, we demonstrate that ANA treathvess associated with a significant increase
in liver cholesterol levels in normolipidemic as livas hyperlipidemic mice. Since hepatic
cholesterol is the most effective regulator of SREBrocessing, the raise in cellular cholesterol
might be the causing factor for the fall in SREBRZbundance by ANA treatment in absence
of CETP. It was reported that two week treatmerdydlipidemic hamsters with ANA at a daily
dose of 60 mg/kg lowered liver cholesterol mass|,[ptesumably through the accelerated
hepatic excretion of cholesterol upon ANA treatmarthe CETP-positive rodent model.

Our further in vitro studies in HepG2 cells showbdt two other strong CETP inhibitors
EVA and TOR behaved quite similarly to ANA with eds to lowering SREBP2-
M/PCSK9/LDLR in a similar concentration range ofiQM, which are substantially higher
than their reported I§g in CETP activity inhibition. It is unclear how thiclass of compounds
reduces the mature form of SREBP2. It has beenrtexpthat certain oxysterol ligands of LXR

inhibit the processing of SREBP and suppress SR&BJet genes while activating LXR target
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genes [49]. We considered a possibility that thebition of SREBP2 processing by CETP
inhibitors was mediated through a similar mecharo$ioXR agonists. However, examination of
MRNA expressions of three authentic LXR regulatedeg ABCA1, ABCG1 and IDOL in MPH

and in mouse liver tissues did not reveal any changy ANA treatment. Clearly, further

investigations are required to fully understang tff-target action of CETP inhibitors.

5. Conclusion

We have demonstrated that treatments of liveiscgith ANA as well as EVA and TOR
reduce the mature form of SREBP2 which leads tateenuated transcription @DLR and its
degradePCSK9. This negative effect on LDLR/PCSK9 pathway mastie in mice by ANA in
the absence of CETP inhibition and modestly imghstrum cholesterol metabolism.

Importantly, one must be cautious in interpreting results and in relating these findings
with human clinical studies of ANA or other CETFhibitors. Clinical studies of ANA have
demonstrated its strong efficacies in raising HDla#@ lowering LDL-C by itself and with a
statin [22]. It is possible that the inhibition GETP activity in humans naturally lowered LDL-
C which is dominant over the modest inhibitory atyi of this compound in reducing LDLR
transcription. Furthermore, the concentration regglito impact SREBP pathway in our cell
culture studies are significantly higher than dos&ghese inhibitors in producing complete
inhibitions of CETP activity in cell free systemadam plasma. Nevertheless, considering the
critical roles of LDLR and PCSK®9 in control of ptaa LDL-C levels and their relations to CVD
risk, further in vivo studies in CETP-positive aihmodels to detect changes in serum PCSK9
and liver LDLR expression by CETP inhibitors willgwide additional critical information for a

better understanding of the impact of CETP inhipiton plasma LDL-C metabolism mediated
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through the LDLR/PCSK9 pathway, a major route f@moving circulating atherogenic LDL-

cholesterol.

Acknowledgement
This study was supported by the Department of Mdete Affairs (Office of Research and
Development, Medical Research Service) and by grafitRO1 AT002543-01A1 and

1R01AT006336-01A1) from National Center of Completaey and Alternative Medicine.

REFERENCES

[1] Grundy SM, Cleeman JI, Merz CN, Brewer HB, &lark LT, Hunninghake DB, Pasternak
RC, Smith SC, Jr., Stone NJ. Implications of readimical trials for the National Cholesterol

Education Program Adult Treatment Panel Il Guides.J Am Coll Cardiol 2004;44:720-32.

[2] Spady DK. Hepatic clearance of plasma low dgnipoproteins. Semin Liver Dis

1996;12:373-85.

[3] Brown MS, Goldstein JL. A receptor-mediatedhyeay for cholesterol homeostasSsience

1986;232:34-47.

[4] Goldstein JL, Brown MS. Regulation of the mioraate pathwayNature 1990;343:425-30.

[5] Grundy SM. Statin trials and goals of cholestdowering therapy. Circulation

1998;97:1436-9.

28



[6] Clark RW. Raising high-density lipoprotein witholesteryl ester transfer protein inhibitors.

Curr Opin Pharmacol 2006;6:162-8.

[7] Clark RW, Ruggeri RB, Cunningham D, Bamberlygk. Description of the torcetrapib series
of cholesteryl ester transfer protein inhibitorscluding mechanism of actiord Lipid Res

2006;47:537-52.

[8] Chapman MJ, Le GW, Guerin M, Kontush A. Chtdegl ester transfer protein: at the heart
of the action of lipid-modulating therapy with stes;, fibrates, niacin, and cholesteryl ester

transfer protein inhibitor€ur Heart J 2010;31:149-64.

[9] Miyares MA, Davis K. Patient considerationgdagiinical impact of cholesteryl ester transfer
protein inhibitors in the management of dyslipidenfocus on anacetrapivasc Health Risk

Manag 2012;8:483-93.

[10] Ballantyne CM, Miller M, Niesor EJ, Burgess Kallend D, Stein EA. Effect of dalcetrapib
plus pravastatin on lipoprotein metabolism and ‘dghsity lipoprotein composition and
function in dyslipidemic patients: results of a pballb dose-ranging studyAm Heart J

2012;163:515-521.

[11] de Grooth GJ, Kuivenhoven JA, Stalenhoef A€,@J, Zwinderman AH, Posma JL, van
TA, Kastelein JJ. Efficacy and safety of a noveblesteryl ester transfer protein inhibitor, JTT-

705, in humans: a randomized phase Il dose-resmbundg.Circulation 2002;105:2159-65.

[12] Stroes ES, Kastelein JJ, Benardeau A, Kuhim@yrBlum D, Campos LA, Clerc RG,
Niesor EJ. Dalcetrapib: no off-target toxicity olodd pressure or on genes related to the renin-

angiotensin-aldosterone system in r8tsJ Pharmacol 2009;158:1763-70.

29



[13] Stein EA, Stroes ES, Steiner G, Buckley BMp@ani AM, Burgess T, Niesor EJ, Kallend

D, Kastelein JJ. Safety and tolerability of dalaptb. Am J Cardiol 2009;104:82-91.

[14] Gutstein DE, Krishna R, Johns D, Surks HK, BlanHM, Shah S, Mitchel YB, Arena J,
Wagner JA. Anacetrapib, a novel CETP inhibitor:quimg a new approach to cardiovascular

risk reductionClin Pharmacol Ther 2012;91:109-22.

[15] Krishna R, Bergman AJ, Green M, Dockendorf MFagner JA, Dykstra K. Model-based
development of anacetrapib, a novel cholesteryerestansfer protein inhibitorAAPS J

2011;13:179-90.

[16] Krishna R, Bergman AJ, Jin B, Fallon M, CoteVan HP, Laethem T, Gendrano IN, lll,
Van DK, Hilliard D, Laterza O, Snyder K, Chavez-E@gLutz R, Chen J, Bloomfield DM, De
SM, Van Bortel LM, Gutierrez M, Al-Huniti N, Dykstr K, Gottesdiener KM, Wagner JA.
Multiple-dose pharmacodynamics and pharmacokinatic&nacetrapib, a potent cholesteryl
ester transfer protein (CETP) inhibitor, in heal8ubjects Clin Pharmacol Ther 2008;84:679-

83.

[17] Krishna R, Anderson MS, Bergman AJ, Jin B,IéalM, Cote J, Rosko K, Chavez-Eng C,
Lutz R, Bloomfield DM, Gutierrez M, Doherty J, Bietdlorf F, Chodakewitz J, Gottesdiener
KM, Wagner JA. Effect of the cholesteryl ester sf@m protein inhibitor, anacetrapib, on
lipoproteins in patients with dyslipidaemia and 2#+h ambulatory blood pressure in healthy
individuals: two double-blind, randomised placelootolled phase | studiesLancet

2007;370:1907-14.

30



[18] Cao G, Beyer TP, Zhang Y, Schmidt RJ, Chen Y0@ckerham SL, Zimmerman KM,
Karathanasis SK, Cannady EA, Fields T, Mantlo NEadetrapib is a novel, potent, and
selective inhibitor of cholesteryl ester transfeotpin that elevates HDL cholesterol without

inducing aldosterone or increasing blood pressliepid Res 2011;52:2169-76.

[19] Barter PJ, Caulfield M, Eriksson M, Grundy SKastelein JJ, Komajda M, Lopez-Sendon
J, Mosca L, Tardif JC, Waters DD, Shear CL, Revkih) Buhr KA, Fisher MR, Tall AR, Brewer
B. Effects of torcetrapib in patients at high ri$&r coronary eventsN Engl J Med

2007;357:2109-22.

[20] Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Ba®J, Brumm J, Chaitman BR, Holme IM,
Kallend D, Leiter LA, Leitersdorf E, McMurray JJ,uvdl H, Nicholls SJ, Shah PK, Tardif JC, Wright
RS. Effects of dalcetrapib in patients with a reé@aute coronary syndromis.Engl J Med

2012;29;367:2089-99.

[21] Schwartz GG, Olsson AG, Ballantyne CM, Bar&l, Holme IM, Kallend D, Leiter LA,
Leitersdorf E, McMurray JJ, Shah PK, Tardif JC, @han BR, Duttlinger-Maddux R,
Mathieson J. Rationale and design of the dal-OUTE&SMtrial: efficacy and safety of

dalcetrapib in patients with recent acute cororsgndrome Am Heart J 2009;158:896-901.

[22] Bloomfield D, Carlson GL, Sapre A, Tribble McKenney JM, Littlejohn TW, IlI, Sisk
CM, Mitchel Y, Pasternak RC. Efficacy and safetytbé cholesteryl ester transfer protein
inhibitor anacetrapib as monotherapy and coadneirgdt with atorvastatin in dyslipidemic

patients Am Heart J 2009;157:352-60.

31



[23] Davidson M, Liu SX, Barter P, Brinton EA, CaamCP, Gotto AM, Jr., Leary ET, Shah S,
Stepanavage M, Mitchel Y, Dansky HM. MeasurementE-C after treatment with the CETP

inhibitor anacetrapihl Lipid Res 2013;54:467-72.

[24] Castro-Perez J, Briand F, Gagen K, Wang SBnCh McLaren DG, Shah V, Vreeken RJ,
Hankemeier T, Sulpice T, Roddy TP, Hubbard BK, 3obt. Anacetrapib promotes reverse
cholesterol transport and bulk cholesterol excretio Syrian golden hamsterd. Lipid Res

2011;52:1965-73.

[25] Wang SP, Daniels E, Chen Y, Castro-Perez duZH, Akinsanya KO, Previs SF, Roddy
TP, Johns DG. In vivo effects of anacetrapib orbgta HDL: improvement in HDL remodeling

without effects on cholesterol absorptidrLipid Res 2013;54:2858-65.

[26] Briand F, Thieblemont Q, Muzotte E, SulpiceUpregulating reverse cholesterol transport
with cholesteryl ester transfer protein inhibiticequires combination with the LDL-lowering

drug berberine in dyslipidemic hamstehsterioscler Thromb Vasc Biol 2013;33:13-23.

[27] Niesor EJ, Magg C, Ogawa N, Okamoto H, von di&r, Matile H, Schmid G, Clerc RG,
Chaput E, Blum-Kaelin D, Huber W, Thoma R, PflieggrKakutani M, Takahashi D, Dernick
G, Maugeais C. Modulating cholesteryl ester tranpf®tein activity maintains efficient pre-

beta-HDL formation and increases reverse choldgensportJ Lipid Res 2010;51:3443-54.

[28] Bell TA, lll, Graham MJ, Lee RG, Mullick AE, FW, Norris D, Crooke RM. Antisense
oligonucleotide inhibition of cholesteryl esterrisfer protein enhances RCT in hyperlipidemic,

CETP transgenic, LDLr-/- micd.Lipid Res 2013;54:2647-57.

32



[29] Seidah NG. PCSK9 as a therapeutic target alipigemia. Expert Opin Ther Targets

2009;13:19-28.

[30] Lambert G, Sjouke B, Choque B, Kastelein JdyiHgh GK. The PCSK9 decad&Lipid

Res 2012;53:2515-24.

[31] McKenney JM, Koren MJ, Kereiakes DJ, Hanotin R&érrand AC, Stein EA. Safety and
efficacy of a monoclonal antibody to proprotein werase subtilisin/kexin type 9 serine
protease, SAR236553/REGN727, in patients with prymhypercholesterolemia receiving

ongoing stable atorvastatin therapyam Coll Cardiol 2012;59:2344-53.

[32] Graham MJ, Lemonidis KM, Whipple CP, SubranaaniA, Monia BP, Crooke ST, Crooke
RM. Antisense inhibition of proprotein convertasitiisin/kexin type 9 reduces serum LDL in

hyperlipidemic miceJ Lipid Res 2007;48:763-7.

[33] Frank-Kamenetsky M, Grefhouse A, Anderson Rdcie TS, Bramlage B, Akinc A, Butler

D, Charisse K, Dorkin R, Fan Y, Gamba-Vitalo C, M&kr P, Jayaraman M, John M,
Jayaprakash N, Marier M, Nechev L, Rajeev KG, REaRo6hl I, Soutschek J, Tan P, Wong J,
Wang G, Zimmermann T, Fougerolles AD, VornlocherPH-Langer R, Anderson DG,

Manoharan M, Koteliansky V, Horton JD, Fitzgerald Rherapeutic RNAI targeting PCSK9
acutely lowers plasma cholesterol in rodents andl cBolesterol in nonhuman primatd&.oc

Natl Acad Sci USA 2008;105:11915-20.

[34] Shibata H, Murakami K, Murakami T, Miyosawa Kyashita M, Yamazaki H, Ohgiya T.

Haruki Yamazaki K, Kimiyuki Shibuya K, Akimune Asama A, Tanabe S. A Novel and Potent

33



CETP Inhibitor K-312 with PCSK9 Inhibitory Propertigxerts Strong Reduction of LDL-C and

Anti-atherosclerotic Effect<Circulation 2012;126:A11879-a11880.

[35] Miyosawa K, Watanabe Y, Murakami T. Desai Dp Matsumoto J, Tanabe S, Aikawa M.
A Novel CETP Inhibitor, K-312, Suppresses PCSK9regpion Through the Modulation of Its

Promoter Activity.Circulation 2012;126:A13436-A13437.

[36] Horton JD, Shah NA, Warrington JA, Anderson NRark SW, Park SW, Brown MS,
Goldstein JL. Combined analysis of oligonucleotiagcroarray data from transgenic and
knockout mice identifies direct SREBP target gemesc Natl Acad Sci USA 2003;100:12027-

32.

[37] Dubuc G, Chamberland A, Wassef H, Davignoisdidah NG, Bernier L, Prat A. Statins
upregulate PCSK9, the gene encoding the proprateivertase neural apoptosis-regulated
convertase-1 implicated in familial hypercholeskenaa. Arterioscler Thromb Vasc Biol

2004;24:1454-9.

[38] Jeong HJ, Lee H-S, Kim K-S, Kim Y-K, Yoon Daik SW. Sterol-dependent regulation of
proprotein convertase subtilisin/kexin type 9 esgpien by sterol-regulatory element binding

protein-2.J Lipid Res 2008;49:399-409.

[39] Bengoechea-Alonso MT, Ericsson J. SREBP in siggaakduction: cholesterol metabolism and

beyond.Curr Opin Cell Biol 2007;19:215-22.

[40] Costet P, Cariou B, Lambert G, Lalanne F, eardB, Jarnoux A-L, Grefhorst A, Staels B,
Krempf M. Hepatic PCSK9 expression is regulatednbyritional status via insulin and sterol

regulatory element-binding protein 11Biol Chem 2006;281:6211-8.

34



[41] Li H, Dong B, Park SW, Lee H-S, Chen W, LiuHepatocyte nuclear factolplays a
critical role in PCSK9 gene transcription and regjon by the natural hypocholesterolemic

compound berberind.Biol.Chem. 2009;284:28885-28895

[42] Liu H, Fenollar-Ferrer C, Cao A, Anselmi C, r@eai P, Liu J. Molecular dissection of
human oncostatin M-mediated signal transductiorsutjh site-directed mutagenedist J Mol

Med 2009;23:161-72.

[43] Liu J, Streiff R, Zhang YL, Vestal RE, Sperdd, Briggs MR. Novel mechanism of
transcriptional activation of hepatic LDL recepbyroncostatin MJ Lipid Res 1997;38:2035-

48.

[44] Dong B, Kan CF, Singh AB, Liu J. High-fructodeet downregulates long-chain acyl-CoA
synthetase 3 expression in liver of hamsters vigainng LXR/RXR signaling pathwayl Lipid

Res 2013;54:1241-54.

[45] Dong B, Wu M, Li H, Kraemer FB, Adeli K, SeiddNG, Park SW, Liu J. Strong induction
of PCSK9 gene expression through HMRnd SREBP2: mechanism for the resistance to LDL-

cholesterol lowering effect of statins in dyslipmie hamsters] Lipid Res 2010;51:1486-95.

[46] Reagan-Shaw S, Nihal M, Ahmad S. Dose transldtmn animal to human studies revisitdthe

FASEB Journal 2007;22:659-61.

[47] Miyares MA. ANA and DAL: two novel cholestergster transfer protein inhibitor8nn

Pharmacother 2011;45:84-94.

35



[48] Brown MS, Goldstein JL. A proteolytic pathwalyat controls the cholesterol content of

membranes, cells, and blod?#toc Natl Acad Sci USA 1999;96:11041-8.

[49] Yang C, McDonald JG, Patel A, Zhang Y, Umetdhi Xu F, Westover EJ, Covey DF,
Mangelsdorf DJ, Cohen JC, Hobbs HH. Sterol inteiated from cholesterol biosynthetic

pathway as liver X receptor ligandsBiol Chem 2006;281:27816-26.

FIGURE LEGENDS

Figure 1. Analysis of PCSK9 and LDLR promoter activities in stable and transiently
transfected HepG2 cells without and with CETP inhibitors. HepG2-CL26 cellsA, B) or
HepG2-B11 C, D) cells were incubated with ANA or DAL for 24 h.utiferase activities were
measured to determirfRCSK9 promoter activity in CL26 cells andDLR promoter activity in
B11 cells. Cell viabilities in CL26B) and B11 cells ) were determined as described in
methods. HepG2 cells were transiently transfectiéd RCSK9 (E) or LDLR (F) wild-type and
SRE-1 mutated reporters along with pRL-SV40 rerabatrol vector. One day post transfection,
cells were treated for 24 h with 5 uM RSV or 10 MMA. Cells were harvested and dual
luciferase activities were measured. Firefly lu@fe activity was normalized with renilla
luciferase activity. After normalization, the releg luciferase unit of each vector is expressed.
Significant differences between control and treatthiavere assessed by One-way ANOVA with
posttest of Dunnett's Multiple Comparison Test.aDsthown are representative of 2-4 separate

experiments with similar results.

Figure 2. Downregulation of the mature form of SREBP2 by ANA attenuated LDLR and

PCSK9 expression in HepG2 and primary human hepatocytes.
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(A, B) HepG2 cells were treated with vehicle DMSO, ANADAL for 24 h. Total RNA was
isolated and mRNA levels of LDLR and PCSK9 werergifi@d by gPCR inA. In B, total cell
lysates were isolated and protein levels of LDLRESK9 and SREBP2 were examined by
Western blotting. PCSK9-P refers to the PCSK9 mtgm and PCSK9-M refers to the
processed mature protein. SREBP2-P refers to réupsor form and SREBP-M refers to the
processed and active mature form of SREBP2.

(C) HepG2 cells cultured in 10% FBS medium on six-veelture plates were treated for 24 h
with 3 uM or 10uM ANA. After treatment, fluorescent Dil-LDL at a moentration of 3ug/ml
was added to the medium and cells were trypsinikdd later. The uptake of Dil-LDL was
measured by FACScan with 1X16€ells per sample. The data shown are mean + SENMuof
wells per treatment condition. Data shown are ative of 2 separate experiments with
similar results.

(D) HepG2 cells were treated with 10 uM ANA for 24rddotal RNA was harvested for gene
expression analysis. Significant differences betweontrol and ANA treatment were assessed
by two-tailed Student’s t-test.

(E, F) Primary human hepatocytes of three different den®tu8105, Hul488 and Hul421)
were seeded in 12-well plates at a density of ixdélls/well in Wiliam E Medium
supplemented with 10% FBS. After overnight seedaafis were treated with 3 or 10 uM ANA
for 24 h before cell lysis for Western blotting wianti-LDLR, anti-PCSK9, or anfi-actin
antibodies. The LDLR and PCSK9 bands were quadtifigh the Alpha View Software with

normalization by signals ¢¥actin and were graphed relative to vehicle DMSéxtied cells.
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Figure 3. Examination of the involvement of CETP in ANA-mediated suppression of LDLR

MRNA expression. HepG2 cells were transfected with si-CETP or a mrgiRNA for 48 h,
followed by ANA treatment of 24 h. gPCR was conedcto determine CETP mRNA levels)(
or LDLR mRNA levels B). The figures shown are representatives of 2 s¢pdransfection

experiments with similar results.

Figure 4. CETP-independent suppression of SREBP pathway by ANA in MPH. MPH in
triplicate wells were treated with ANA for 24 h. K, total cell lysates were isolated and the
protein abundance of LDLR or SREBP2 was examinetlViegtern blotting and specific signals
were quantified and presented B In C, concentrations of secreted PCSK9 in medium of
different treatments were measured by a mouse PA3HKSA kit. In D & E, total RNA was
isolated and mRNA levels of SREBP-target gei®sand LXR target gene&) were measured
and presented relative to control without ANA treaht. Data are mean + SEM of triplicate

RNA samples with duplicate measurements of eachAcB&inple.

Figure 5. Antagonism to statin-induced activation of SREBP2 by ANA in MPH. MPH in
triplicate wells were treated with 5 uM RSV, 10 |ANA or RSV+ANA for 24 h. InA, protein
levels of LDLR and SREBP2 were examined by Westdatting and specific signals were
guantified and presented B1 In C, concentrations of secreted PCSK9 in medium déght
treatments were measured by ELISA. Significanted#hces between control and treatment were
assessed by One-way ANOVA with posttest of Bonféfsamultiple comparison foB & C. ~ p

< 0.05 and” p < 0.01 as compared to DMSO vehicle control. DJriotal RNA was isolated and

MRNA levels of SREBP-target genes were measuredpeggbnted relative to control without
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treatment. Data are mean £ SEM of triplicate RNAgkes with duplicate measurements of each
cDNA sample. Significant differences between cdraral treatment were assessed by One-way
ANOVA with posttest of Tukey’s multiple comparisorp < 0.05 and” p < 0.001 as compared

to DMSO control? p < 0.05 and” p < 0.01 as compared to RSV treatment alone.

Figure 6. ANA treatment affected serum cholesterol levels of micefed aHFHC diet.

(A, B) Male C57BL/6J mice fed a HFHC diet were orally db&) mg/kg/day ANA (n=8) or
equal volume of vehicle (0.5% methyl cellulose)ttas control group (n=8) for 7 days. Serum
TC and LDL-C were measured at day 0 before the ttreagment and day 7 after the last dosing
by commercial kits. Data are mean + SEM.

(C-E) Fifty pl of serum sample from two serum samples of theestneatment group were
pooled together and a total of 4 pooled sample® fvehicle group and 4 pooled samples from
ANA-treated group were individually analyzed forobtdsterol levels of each of the major
lipoprotein classes including chylomicron (CM), VLPLDL, and HDL after HPLC separation.
In C, cholesterol levels in individual lipoprotein fteans are presented as mean + SEMDI|n
the mean value of cholesterol in vehicle and AN#ated samples are plotted. The calculated
particle sizes are presented as mean + SEM. Rignifdifferences between control and ANA

treatment were assessed by two-tailed Studend'st1-t

Figure 7. ANA treatment reduced the mature form of SREBP2 and LDLR protein levelsin
liver tissue and decreased serum PCSK9 levelsin dyslipidemic mice.
(A) Individual liver protein extracts were prepared gmotein concentrations were determined.

50 pg of homogenate proteins of individual livempées were resolved by SDS-PAGE and
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LDLR protein was detected by immunoblotting usimgi-#DLR antibody. The membrane was
reprobed with ant-actin antibody.

Nuclear fraction and cytoplasmic fraction of indival liver homogenate from the ANA and
vehicle groups were analyzed for SREBP2-M and SREBProtein levels by Western blotting.
The membranes were reprobed with anti-HDAC1 anfiegla control of equal nuclear protein
loading or GAPDH as a control of equal cytoplaspniatein loading.

(B) The protein abundance of LDLR was quantified wiltle Alpha View Software with
normalization by signals ¢f-actin. Values are mean £ SEM of 7 samples perpgyrop < 0.05
compared to the vehicle group. The protein aburelaxicSREBP2-M in nuclear extracts was
guantified with normalization by signals of HDAC\alues are mean = SEM of 8 samples per
group.** p < 0.01 compared to the vehicle group. The prosdnondance of SREBP2-P in
cytoplasmic extracts was quantified with normalmatby signals of GAPDH. Values are mean
+ SEM of 8 samples per group.s., not statistically significant as comparethi® vehicle group.
(©) Individual serum PCSK9 levels were quantified dyyFA. Values are mean £ SEM of 8
mice per group.

(D) gPCR analysis of liver mRNA levels of LDLR and $K9 along with 4 additional SREBP-
target genes and 3 LXR regulated genes in ANA4ceanhd vehicle-treated control mice. Values
are mean + SEM of 8 mice per group

(E) Cholesterol levels in vehicle and ANA-treated tivsamples were measured. Values are

mean + SEM of 8 mice per group.

Figure 8. EVA and TOR inhibited LDLR and PCSK9 promoter activity. HepG2-B11 cells

(A, B) or HepG2-CL26 €, D) cells were incubated with EVA or TOR at indicated
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concentrations for 24 h. Luciferase activities eveneasured to determineDLR promoter
activity in B11 cells andPCSK9 promoter activity in CL26 cells. Cell viability wadetermined
as described in methods. Significant differencesvéen control and treatments were assessed
by One-way ANOVA with posttest of Dunnett's MulgpComparison Test.

Figure 9. Downregulation of SREBP2-M by EVA and TOR reduced LDLR and PCSK9
expression. HepG2 cells were treated with EVAY or TOR B) at indicated concentrations for
24 h. Total cell lysates (30g) were analyzed for the protein abundance of LA B-actin.
Nuclear and cytoplasmic extracts were isolated femoh sample. Nuclear extracts of |39
protein per sample were used to detect SREBP2-M. Mbmbrane was reprobed with anti-
HDAC1. Cytoplasmic extracts of 3@y protein per sample were used to detect SREBAZ.
membrane was reprobed with anti-GAPDH.

The amount of secreted PCSK9 in culture medium dedsrmined by a human PCSK9 ELISA

kit (C).

Statement of originality

All results presented in this manuscript are o@agjiand unpublished data. This manuscript

has not been submitted to any other journals.
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Table 1. gRT-PCR primer sequences.

Forward Reverse
Human
GAPDH ATGGGGAAGGTGAAGGTCG GGGGTCATTGATGGCAACAATA
CETP TGCCAAAACAAGGGAGTCGT AATAGGAGGCCTGGACGGTA
LDLR GACGTGGCGTGAACATCTG CTGGCAGGCAATGCTTTGG
PCSK9 AGGGGAGGACATCATTGGTG CAGGTTGGGGGTCAGTACC
SREBP1 | CCTTGCATTTTCTGACACGCT TCCCCATCCACGAAGAAACG
SREBP2 | GACGCCAAGATGCACAAGTC ACCAGACTGCCTAGGTCGAT
ACLY ATCGGTTCAAGTATGCTCGGG GACCAAGTTTTCCACGACGTT
FASN CAGGAGTTCTGGGACAACCTC TTGGGGTGGACTCCGAAGA
HMGCR | TGATTGACCTTTCCAGAGCAAG CTAAAATTGCCATTCCACGAGC
HMGCS1 | CATTAGACCGCTGCTATTCTGTC TTCAGCAACATCCGAGCTAGA
HNF1A TGGCGCAGCAGTTCACCCAT TGAAACGGTTCCTCCGCCCC
INSIG2 ACCCCTGCATTGACAGACAT TCCACTTTAGCACTGGCATGA
SCAF TATCTCGGGCCTTCTACAACC GGGGCGAGTAATCCTTCACA
S1P AAACACAAGGCAGTGGTGGA CCTTCATACAGGCCATCGCT
M ouse
GAPDH AACTTTGGCATTGTGGAAGG GGATGCAGGGATGATGTTCT
LDLR ACCTGCCGACCTGATGAATTC GCAGTCATGTTCACGGTCACA
PCSK9 TTGCAGCAGCTGGGAACTT CCGACTGTGATGACCTCTGGA
SREBP2 | CCAAAGAAGGAGAGAGGCGG CGCCAGACTTGTGCATCTTG
HMGCR | CTTTCAGAAACGAACTGTAGCTCAC CTAGTGGAAGATGAATGGACATGAT
FASN GGCATCATTGGGCACTCCTT GCTGCAAGCACAGCCTCTCT
IDOL AGGAGATCAACTCCACCTTCTG ATCTGCAGACCGGACAGG
ABCA1 AACAGTTTGTGGCCCTTTTG AGTTCCAGGCTGGGGTACTT
ABCG1 GAGGACCTTCCTCAGCATCA AGGACCTTCTTGGCTTCGTT
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Highlights

CETP inhibitors reduce the mature form of SREBP2 |eading to attenuated expressions of
LDLR and PCSK9

Effects of CETP inhibitors on SREBP pathway are off-target actions

Anacetrapib treatment reduced serum PCSK9 and lowered liver LDLR in mice

CETP inhibitors may affect serum LDL-C metabolism by modulating LDLR/PCSK9 pathway



SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure 1. Detection of SREBP2 mature form and precursor form in HepG2
cells without and with ANA treatment

HepG2 cells were treated with vehicle DMSO or 5 uM ANA for 24 h. Total cell lysates were
isolated and protein levels of SREBP2 were examined by Western blotting. SREBP2-P refers to

the precursor form and SREBP-M refers to the processed and active mature form of SREBP2.

Supplementary Figure 2. Mice serum lipid levels
Male C57BL/6J mice (n=16) were fed a normal diet for 1 week and then switched to a HFHC
diet for two weeks. Four hour-fasted serum lipids were measured before and after the two week

HFHC feeding.

Supplementary Figure 3. ANA treatment affected serum cholesterol levels and
LDLR/PCSK9 expression in mice fed a normal chow diet.

(A)Male C57BL/6J mice fed a normal chow diet were orally dosed 50 mg/kg/day ANA (n=8) or
equal volume of vehicle (0.5% methyl cellulose) as the control group (n=8) for 10 days. Serum
TC, HDL-C and LDL-C were measured at day 10 after the last dosing by commercial kits. Data
are mean £SEM. Significant differences between control and ANA treatment were assessed by
two-tailed Student’s t-test.

(B) gPCR analysis of liver mRNA levels of LDLR and PCSK9 along with 4 additional SREBP-
target genes and 3 LXR regulated genes in ANA-treated and vehicle-treated control mice. Values

are mean = SEM of 8 mice per group. * p < 0.05 and ** p < 0.01 compared to the vehicle group.



(C) Individual liver protein extracts were prepared and protein concentrations were determined.
50 pg of homogenate proteins of individual liver samples were resolved by SDS-PAGE and
LDLR protein was detected by immunoblotting using anti-LDLR antibody. The membrane was
reprobed with anti-p-actin antibody. Individual nuclear extracts isolated from liver homogenate
from the ANA and vehicle groups were analyzed for SREBP2-M protein levels by Western
blotting. The membrane was reprobed with anti-HDAC1 antibody as a control of equal nuclear
protein loading.

(D) The protein abundance of LDLR was quantified with the Alpha View Software with
normalization by signals of B-actin. Values are mean + SEM of 8 samples per group. The protein
abundance of SREBP2-M was quantified with normalization by signals of HDAC1. Values are
mean + SEM of 8 samples per group.

(E) Individual serum PCSKO9 levels were quantified by ELISA. Values are mean + SEM of 8
mice per group. * p < 0.05 as compared to vehicle group.

(F) Cholesterol levels in vehicle and ANA-treated liver samples were measured. Values are

mean £ SEM of 8 mice per group. ** p < 0.01 as compared to vehicle group.
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