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A Novel Selective PPARa Modulator (SPPARMa), K-877 (Pemafibrate),
Attenuates Postprandial Hypertriglyceridemia in Mice
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Aims: Fasting and postprandial hypertriglyceridemia (PHTG) are caused by the accumulation of tri-
glyceride (TG)-rich lipoproteins and their remnants, which have atherogenic effects. Fibrates can
improve fasting and PHTG; however, reduction of remnants is clinically needed to improve health
outcomes. In the current study, we investigated the effects of a novel selective peroxisome prolifera-
tor-activated receptor ¢ modulator (SPPARMa), K-877 (Pemafibrate), on PHTG and remnant
metabolism.

Methods: Male C57BL/6] mice were fed a high-fat diet (HFD) only, or an HFD containing 0.0005%
K-877 or 0.05% fenofibrate, from 8 to 12 weeks of age. After 4 weeks of feeding, we measured
plasma levels of TG, free fatty acids (FFA), total cholesterol (TC), HDL-C, and apolipoprotein (apo)
B-48/B-100 during fasting and after oral fat loading (OFL). Plasma lipoprotein profiles after OFL,
which were assessed by high performance liquid chromatography (HPLC), and fasting lipoprotein
lipase (LPL) activity were compared among the groups.

Results: Both K-877 and fenofibrate suppressed body weight gain and fasting and postprandial TG
levels and enhanced LPL activity in mice fed an HFD. As determined by HPLC, K-877 and fenofi-
brate significantly decreased the abundance of TG-rich lipoproteins, including remnants, in post-
prandial plasma. Both K-877 and fenofibrate decreased intestinal mRNA expression of ApoB and
Npclll; however, hepatic expression of Srebplc and Mttp was increased by fenofibrate but not by
K-877. Hepatic mRNA expression of apoC-3 was decreased by K-877 but not by fenofibrate.
Conclusion: K-877 may attenuate PHTG by suppressing the postprandial increase of chylomicrons
and the accumulation of chylomicron remnants more effectively than fenofibrate.
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1. Introduction

Fasting hypertriglyceridemia is an independent

Address for correspondence: Daisaku Masuda, Department of
Cardiovascular Medicine, Osaka University Graduate School
of Medicine, 2-2 Yamadaoka, Suita, Osaka, 565-0871, Japan
E-mail: masuda@cardiology.med.osaka-u.ac.jp

Received: January 22, 2017

Accepted for publication: June 12, 2017

142

risk factor for coronary heart disease (CHD)"?, even
when patients are treated with statins®. Patients with
high fasting triglyceride (TG) level (= 150 mg/dL)
have a high risk of CHD and are encouraged to
receive secondary checkups and medical intervention.
Similarly, postprandial hypertriglyceridemia (PHTG)
reflects the CHD risk® ¥, as Zilversmit suggested over
30 years ago”. In PHTG, the TG-rich lipoproteins
(TRLs) predominantly increase during the postpran-
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Table 1. Primers used for mRNA quantification by real-time RT-PCR

Gene Forward(‘5-’3) Reverse(‘5-"3)

ApoB TGGGATTCCATCTGCCATCTCGAG GTAGAGATCCATCACAGGACAATG
Npclll GCTTCTTCCGCAAGATATACACTCCC GAGGATGCAGCAATAGCCACATAAGAC
Srebplc CTGACAGGTGAAATCGGCG GCATGTCTTCAAATGTGCAATCC

Mttp CATGTCAGCCATCCTGTTTG CTCGCGATACCACAGACTGA

Apoc3 TCAGATCCCTGAAAGGCTAC ATAGCTGGAGTTGGTTGGTC

Gapdh ACTCCACTCACGGCAAATTC TCTCCATGGTGGTGAAGACA

dial state, and their hydrolyzed products, remnant
lipoproteins (or remnants), are increased during the
fasting state®. The accumulation of intestine-derived
chylomicron (CM) remnants has been shown to be
highly atherogenic®”, as have liver-derived very low-
density lipoprotein (VLDL) remnants and low-density
lipoprotein (LDL) particles. Thus, treatments to ame-
liorate the accumulation of atherogenic CM remnants
are needed.

Fibrates are recommended for the management
of hypertriglyceridemia in the Japan Atherosclerosis
Society Guidelines 2012%. Fenofibrate improves car-
diovascular outcomes in combination with a decrease
in fasting TG levels in patients with a high risk status
for CHD, such as those with diabetes®!'V. Fenofibrate
attenuates postprandial increases in TG and remnant
lipoproteins in patients with hypertriglyceridemia'?,
partially through decreasing CM production in the
small intestine'?. Fibrates activate a class of intracellu-
lar receptors known as peroxisome proliferator-acti-
vated receptors (PPARs), especially PPARa. Because
PPARs modulate carbohydrate and fat metabolism
and adipose tissue differentiation, the activation of
PPARa upregulates the transcription of multiple
genes that facilitate lipid metabolism such as apolipo-
protein (apo)A-5 and lipoprotein lipase (LPL), and
downregulates that of apoC-3. These proteins modu-
late the amount of free fatty acid utilized for synthesis
and secretion of apoB-containing lipoproteins'®.
However, the currently used fibrates are weak PPARa
-agonists or pan-PPAR agonists; therefore, they have
less selectivity for PPAR«a and have a high risk of caus-
ing unwanted side effects’. Therefore, a novel mem-
ber of the selective PPARa modulator (SPPARM «)
family designed to have higher PPAR« agonistic activ-
ity and selectivity than fibrates, named K-877 (Pemafi-
brate), was produced'?. In patients with hypertriglyc-
eridemia, the administration of K-877 (0.025-0.4 mg,
for 12 weeks) has been found to decrease fasting TG
levels (-30.9% to -42.7% from the baseline) more

potently than fenofibrate at 100 mg (-29.7%, p<
0.001)1". K-877 also decreased levels of VLDL-cho-
lesterol, CM-cholesterol, remnant lipoprotein choles-
terol, apoB, and apoC-3 without causing a significant
increase in the incidence of adverse events. These
results suggest that K-877 is also effective for amelio-
rating impaired metabolism of TRLs and remnant
lipoproteins in patients with hypertriglyceridemia;
however, its mechanism is unknown.

In the current study, we examined whether
K-877 ameliorates PHTG by using a mouse model
with diet-induced hypertriglyceridemia and investi-
gated the consequent effects on TRL metabolism.

2. Materials and Methods

2.1 Animals and OFL Test

Male C57BL/6] mice were housed in a tempera-
ture- and humidity-controlled facility with a 12-h
light/dark cycle and fed a normal chow diet. From
eight to twelve weeks of age (for four weeks), mice
were fed a high-fat diet (HFD, Oriental Bio Laborato-
ries, Chiba, Japan) only, HFD containing 0.0005%
K-877, or HFD containing 0.05% fenofibrate (n=
10/group) (Fig.1A). This concentration was adopted
from the former experiment using mouse for investi-
gating lipid-lowering effect of K-877'®. K-877
decreased TG levels and increased HDL-cholesterol
levels significantly when it was used in this concentra-
tion and toxic responses were not observed in this for-
mer study'®. The weight gain and dietary intake of all
mice were recorded. When the mice were twelve weeks
of age, oral fat loading (OFL) tests were performed
through administration of olive oil by gavage (17 pL/
g body weight) after an overnight fast. Blood (50 pL)
was drawn from an orbital vein with a capillary micro-
pipette (Ringcaps, Hirschmann Laborgerate, Eber-
stadt, Germany) while mice were under 2% isoflurane
anesthesia. Mice used for the experiment were anes-
thetized by an intraperitoneal injection of medetomi-
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Fig.1. Body weight gain and food intake in mice fed after treatment with K-877 and

fenofibrate.

Mice (n=10, male, C57B6/]) were fed a normal chow diet up to 8 weeks of age, and they were
then fed with a HFD only, an HFD containing 0.0005% K-877, or an HFD containing 0.05%
fenofibrate for 4 weeks (A). Body weight gain from the baseline level (g) (B) and food intake (g/
day) (C) were observed in these groups from 8 to 12 weeks of age. *: p<0.05, **: p< 0.01

compared to HFD only.

dine (0.3 mg/kg), midazolam (4 mg/kg), and butor-
phanol (5 mg/kg). Adequate anesthesia was main-
tained by monitoring the respiration rate and the lack
of response to paw pinching. The experimental proto-
col was approved by the Ethics Review Committee for
Animal Experimentation of Osaka University Gradu-
ate School of Medicine and was conducted in accor-
dance with the Public Health Service (PHS) Policy on
the Human Care and Use of Laboratory Animals,
which was incorporated into the Institute for Labora-
tory Animal Research (ILAR) Guide for the Care and
Use of Laboratory Animals.

2.2 Measurements

Plasma levels of TG, total cholesterol (TC) and
FFA were measured by enzymatic methods (Wako
Pure Chemical Industries, Tokyo, Japan), and these
levels were compared at each time point. Areas under
the curve (AUC) were calculated with the trapezoidal
method. Lipoprotein profiles of plasma 4 hours after
OFL were compared using high performance liquid
chromatography (HPLC) (Liposearch, Skylight Bio-
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tech, Tokyo, Japan)'?. LPL activities were compared
among the 3 groups during the fasting state (LPL
Activity Assay Kit, Roar Biomedical, Inc., New York,
USA); we administered sodium heparin (1U/10gBW)
via left carotid vein and blood samples were collected
from right carotid vein 15 minutes after the injection.

2.3 Protein Analysis

Plasma samples were diluted in 1:100 in SDS
sample buffer and incubated at 37°C overnight. Sam-
ples were applied to an SDS-PAGE gel, separated
using SDS running buffer and subsequently trans-
ferred onto polyvinylidene difluoride membranes. The
membranes were incubated for one hour at room tem-
perature in 5% skim milk (Wako Pure Chemical
Industries, Tokyo, Japan) in TBS with 0.1% Tween-20
(TBS-T) as blocking buffer. They were then probed
with a rabbit polyclonal anti-apolipoprotein B (ApoB)
antibody (1:1000, Meridian Life Science Inc., Ohio,
USA) in TBS-T overnight at 4C for the detection of
apoB-48 and apoB-100 proteins. Then, they were
probed with an anti-rabbit secondary antibody conju-
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gated to HRP (1:100,000, GE Healthcare, Uppsala,
Sweden) in TBS-T for 30 minutes at room tempera-
ture. The reactions were developed with Chemilu-
miOne Ultra (Nacalai Tesque, Kyoto, Japan). Images
were analyzed by ImageQuant LAS 4000 mini (GE
Healthcare, Uppsala, Sweden).

2.4 Quantitative Real-Time PCR

Messenger RNA expressions in jejunum entero-
cytes and liver were measured with quantitative real-
time PCR (qRT-PCR). The mouse intestines were
divided into three segments and washed with PBS,
and tissues containing enterocytes in the center seg-
ment were harvested from mice before and three hours
after OFL. Briefly, total RNA was extracted from
snap-frozen, homogenized enterocytes with an RNeasy
Mini kit (Qiagen, Hilden, Germany). The RNA was
reverse-transcribed using a SuperScript VILO cDNA
Synthesis Kit (Thermo Fisher Scientific, Massachu-
setts, USA). Diluted cDNA was used as the template
to quantify the relative concentrations of mRNA. The
sequences of primers were designed with Primer3
(http://biotools.umassmed.edu/bioapps/primer3_
www.cgi). The sequence and information for primers
used in this study are shown in Table 1. qRT-PCR
was performed using Fast SYBR Green master mix
and a 7900 Sequence Detection System (Thermo
Fisher Scientific). The relative gene expression values
were normalized to those of GAPDH gene expression
using the comparative Ct (threshold cycle) method
according to the manufacturer’s instructions.

2.5 Statistical Analysis

All data are presented as mean = SEM. All statis-
tical analyses were performed with EZR (Saitama
Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The
R Foundation for Statistical Computing, Vienna, Aus-
tria). We used a modified version of R commander
designed to add statistical functions frequently used in
biostatistics'®. Student’s #tests, one-way ANOVA,
and Holm’s multiple comparison tests were performed
as appropriate. p<0.05 was considered statistically
significant.

3. Results

3.1 Body Weight and Dietary Intake

Body weight gain (approximately 6 gram per 4
weeks) was observed in mice fed an HFD, but this
gain was suppressed by addition of fenofibrate or
K-877 to the HFD (Fig.1B). Notably, body weight
was decreased when mice were fed an HFD contain-
ing K-877 from the baseline to twelve weeks of age

(Fig.1B). In all groups, other causes of weight loss
such as diarrhea were not observed. Food intake was
increased in mice fed an HFD containing fenofibrate,
but there were no significant differences among mice

fed an HFD only and those with HFD containing
K-877 (Fig.1C).

3.2 OFL Test and LPL Activity

OFL tests were performed after the four week
feeding of HFD only, HFD containing fenofibrate or
K-877. Fasting levels of plasma TG in mice fed an
HFD containing fenofibrate or K-877 were signifi-
cantly lower than those with HFD only. TG increases
after OFL were also decreased (Fig.2A). Thus, the
AUC of plasma TG level (AUC-TG) was markedly
decreased by fenofibrate or K-877 (Fig.2B). FFA lev-
els were also decreased by the addition of fenofibrate
or K-877 in mice fed an HFD (Fig.2C and 2D).
However, fasting plasma TC levels were higher in mice
with HFD containing fenofibrate or K-877 than those
fed an HFD only, but there was no increase after OFL
(Fig. 2E and 2F). There were no differences in plasma
HDL-cholesterol (HDL-C) levels during the fasting
state and after OFL (Fig.2G). Fasting LPL activity
was substantially increased in mice fed an HFD con-

taining fenofibrate or K-877 (Fig.2H).

3.3 Lipoprotein Profile and ApoB-48/ApoB-100
Mass

Lipoprotein profiles three hours after OFL were
analyzed by the HPLC method'. The addition of
fenofibrate or K-877 strikingly decreased TG levels of
lipoproteins in CM, VLDL and LDL (Fig.3A). Cho-
lesterol levels of lipoproteins were increased in LDL
and decreased in HDL by the addition of fenofibrate
or K-877 (Fig.3B). During fasting, both apoB-48 and
apoB-100 levels were higher in mice fed an HFD con-
taining fenofibrate or K-877 than in mice fed an HFD
only (Fig.3C). ApoB-48 levels were increased after
OFL in mice fed an HFD only but not in mice fed an
HFD containing fenofibrate or K-877 (Fig.3C).
Moreover, the increase in apoB-100 levels after OFL
was ameliorated in mice fed an HFD containing

K-877 (Fig.3D).

3.4 Quantitative Analyses of mRNA Expression
Messenger RNA expression of genes related to
lipoprotein metabolism were analyzed in intestinal
epithelial cells and hepatocytes during fasting and
three hours after OFL (Fig.4). In intestines, mRNA
expression of Apob (Fig.4A) and Npclll (Fig.4B)
was substantially inhibited by fenofibrate and K-877
during fasting and after OFL. However, mRNA
expression of Mttp (Fig.4C) and Srebplc (Fig.4D)

145



Sairyo et al.

>
w

400 -0 HFD :f 1500- O HFD
g -0- Fenofibrate 3 = Fenofibrate
3 300 - K877 £ . m K877
E o 1000
2 200 @
T £
£ & 500
& 100 % ™
o e
o g Ll | oo NN
< HFD  Fenofibrate  K-877

Time after OFL (h)

[¢]
L
L4

o
-
o

_ =
3 2.0 L -
w (-3
E w
= 1.5- £ 6 3
E E s
" 1.0 i 4-
g -
Bos = - Q 2
3=} e : N
o <
0.0 r . v [ . T
[ 2 4 ] HFD Fenofibrate K-877
Time after OFL (h)
E F
1660 < 300-
ok - -
- - 3 S
R o - £ e00 N
Emo o
o 8 4001
2 w ]
[ 200
o ‘s
[0
[ r T ! I 0 v .
0 2 4 6 HFD  Fenoflbrate  K-877
Time after OFL (h)
G H
100 __25-
3 5 -
E, 80 =20 "
5; 60 g. 154
% 40 * %1_0.
s s
E <
g 3 0.5-
o
o4 . . . oo [ ; l ,
0 2 1 6 HFD  Fenofibrate  K-877

Time after OFL (h)

Fig.2. Oral fat loading test after treatment with K-877 and fenofibrate.

At twelve weeks of age, the OFL test was performed using olive oil by gavage (17 pL/g body weight) after an over-
night fast. Blood (50 pL) was drawn from an orbital vein, and plasma levels of TGs (A, B), FFA (C, D), TC (E,F)
and HDL-cholesterol (HDL-C) (G) were measured, and these levels were compared on the basis of incremental
AUC. Lipoprotein lipase (LPL) activities were compared among the three groups during the fasting state. *: p<
0.05, **: p<0.01 compared with HFD only.
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Fig.3. Lipoprotein profile and apolipoprotein B-48/B-100 relative mass of plasma after the oral

at loa

Lipoprotein profiles were analyzed and compared among the 3 groups by measurement of TG and cho-
lesterol concentrations of every sub-fractionated sample 4 hours after OFL by using HPLC. Increases in
apoB-48 and apoB-100 concentrations after OFL were compared by western blot using a rabbit poly-
clonal anti-apoB antibody. *: p<0.05, **: »<0.01 compared with HFD only.

was significantly enhanced in mice fed an HFD con-
taining fenofibrate during fasting and after OFL com-
pared with HFD only. In contrast, this increase was
not observed in mice fed an HFD only or HFD con-
taining K-877 (Fig.4C, 4D). In hepatocytes, there

were no differences in ApoB mRNA expression among

the three groups (Fig.4E). K-877 suppressed ApoC3
mRNA expression during fasting and after OFL but
fenofibrate did not (Fig. 4F).
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Fig.4. Fasting and postprandial messenger RNA expressions of genes related to lipoprotein
metabolism after treatment with K-877 and fenofibrate.

Gene expression in the intestinal epithelial cells and hepatocytes was measured with qRT-PCR. Intesti-
nal mRNA expressions of Apob(A), Npcll1(B), Srebp1c(C) and Mttp(D) were compared among the 3
groups, and hepatic mRNA expressions of ApoB(E) and ApoC3(F) were compared in the same manner.
The relative gene expression values were normalized to those of GAPDH gene expression. *: p<0.05,
**; p<0.01 compared with HFD only, *: p<0.05, **: p<0.01 compared with HFD containing fenofi-

brate.

4. Discussion
4.1 K-877 and PHTG

In the current study, we provide the first evidence
that K-877, a novel selective PPARa modulator
(SPPARMua), attenuates PHTG in mice fed an HFD.
K-877 decreased fasting levels and postprandial
increases in plasma TG and apoB-48 and ameliorated
the postprandial accumulation of TRLs, including
CM remnants (Fig.2 and 3). Similarly to K-877, we
reported that fenofibrate also decreased postprandial
TG and apoB-48 levels and ameliorated the postpran-
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dial accumulation of TRLs, including CM remnants,
in an animal model of PHTG, CD36 knockout
(CD36-KO) mice' . TG contents of lipoproteins in
the size from small CM particle to large VLDL parti-
cle (elution time; 18-22 min.) were relatively lower in
mice fed an HFD containing K-877 (Fig.3A) than
those containing fenofibrate; it is supposed that K-877
is more effective for decreasing TG and CM remnants
during the postprandial state than fenofibrate. More-
over, the dose of K-877 was one-hundredth of that of
fenofibrate; it is supposed that K-877 is more efficient
for decreasing TG and CM remnants than fenofibrate.
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In the current study, we investigated the mechanisms
underlying PHTG amelioration by both fenofibrate
and K-877. In our former study, we have found that
the addition of fenofibrate markedly decreases the
intestinal production of CM into intestinal lymph and
also decreases mRNA expression of apoB in the intes-
tinal epithelium without affecting any other genes
related to CM assembly and production'. In the cur-
rent study, both fenofibrate and K-877 decreased the
intestinal mRNA expression of ApoB and Npclll
(Fig. 4A and 4B) and enhanced LPL activity (Fig. 2H);
these effects are related to the attenuation of the post-
prandial increase in small CM remnants®”. The
decreased mRNA expressions of ApoB and Npclll in
mice fed an HFD containing K-877 or fenofibrate
may be related to decreased numbers of CM particle;
thus postprandial apoB-48 levels were decreased in
these mice (Fig.3C). There was no significant differ-
ence in hepatic mRNA expressions of apoB and
Npclll (data not shown). Fenofibrate substantially
increased the intestinal mRNA expression of Srebplc
and Mttp, whereas K-877 did not increase their
expression (Fig.4C and 4D). Because Srebp-1c is a
regulator of genes required for de novo lipogenesis, and
Mttp has a role in the intestinal assembly of CM par-
ticles with TG, their increased expression may conse-
quently enhance the production of CM in the intes-
tine. TG contents in CM and CM remnants are
smaller in mice fed an HFD containing K-877 than
those containing fenofibrate (Fig.3A); the postpran-
dial clearance of CM remnants may be faster in K-877
than fenofibrate. Therefore, K-877 may suppress the
intestinal CM production more efficiently than feno-
fibrate without affecting the expression of Srebplc
and Mttp. Both fenofibrate and K-877 enhanced LPL
activity (Fig.2H), that attenuates the postprandial
increase in CM remnants. On the other hand, there
was no significant difference in hepatic mRNA expres-
sions of Mttp and Srebplc (data not shown). Addi-
tionally, K-877 not only increased LPL activity but
also decreased the hepatic expression of apoC-3, an
inhibitor of LPL activity, more effectively than fenofi-
brate, which may cause an enhanced hydrolysis of CM
and CM remnants. Although we did not analyze
mRNA expressions of LPL or apoA-5 that are related
to a PPARa stimulation, we confirmed that K-877
significantly downregulates the mRNA expression of
apoC-3 that mainly inhibits LPL activity (Fig.4F).
These changes might be related to the upregulation of
LPL activity and the decrease in CM and CM rem-
nants. These results strongly suggested that K-877
suppresses the postprandial increase in CM remnants
more effectively and strongly compared with fenofi-
brate.

4.2 Comparison of K-877 and Fibrates

Fibrates are a PPARa-agonist clinically used for
improving hypertriglyceridemia and hypo-HDL-cho-
lesterolemia in patients with dyslipidemia; however,
their selectivity is so weak that fibrate use is limited
because of dose-related adverse effects, such as nausea,
renal and liver dysfunction, or myopathy. Fibrates are
not only PPARa-agonists but also PPARy-agonists,
and the adverse effects caused by stimulating PPARy
occur when fibrates are used at high doses*”. In con-
trast, K-877, pemafibrate, activates PPARa selectively
in very low doses iz vitro and in vivo, decreases CM
production from the intestine, stimulates reverse cho-
lesterol transport by promoting macrophage choles-
terol efflux, and exert anti-inflammatory activities®”.
In the current study K-877 attenuated PHTG at con-
siderably lower doses than fenofibrate (one-hundredth
dose of fenofibrate). The use of low doses may be safer
and more effective for avoiding the side effects
observed in fenofibrate. A PPARa stimulation causes
weight loss by the decreased CM production from the
intestine?”. To the contrary, a PPARy agonist, thia-
zolidinedione (TZD) causes body weight gain par-
tially by increasing citrate synthase activity and fatty
acid synthase activity in adipose tissue, and enhances
the food consumption®. K-877 that is a selective
PPARa modulator did not cause enhanced food
intake; however, fenofibrate that stimulates both
PPARa and PPARy did (Fig.1C). It was supposed
that the higher levels of body weight gain in mice fed
HFD containing K-877 than in mice fed HFD con-
taining fenofibrate may be due to the increased food
intake by an additional PPARy stimulation. In
Fig.3C and 3C, postprandial increase in apoB-48 was
suppressed by K-877 and fenofibrate; however, that in
apoB-100 was suppressed by K-877 only. A PPAR«a
stimulation by K-877 causes weight loss by the
decreased CM production from the intestine, as post-
prandial increases of apoB-48 level and apoB-100 level
are decreased. On the other hand, a PPARy stimula-
tion combined with a PPARa stimulation by fenofi-
brate may cause body weight gain and enhance the
food consumption, it may relate to postprandial
increase of apoB-100 in mice fed an HFD containing
fenofibrate.Given the selectivity of K-877 in witro,
K-877 is more suitable and flexible for improving ath-
erogenic properties in patients with hypertriglyceride-
mia than fenofibrate.

4.3 Anti-Atherogenic Effects of K-877

Fibrates are used as a representative drug for
hypertriglyceridemia and are also recognized as a use-
ful treatment for preventing coronary events. Fenofi-
brate decreases serum TG levels and atherogenic rem-
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nant lipoproteins and also improves postprandial free
fatty acid oxidation and inflammatory responses by
decreasing postprandial levels of oxidized fatty acids,
soluble VCAM-1, and soluble ICAM-129, The effi-
cacy of fibrates in preventing coronary risk is critically
different among the subjects investigated, partially
because of the diversity of their metabolic profiles.
Bezafibrate decreased mortality in patients with hyper-
triglyceridemia (BIP trial*”), and fenofibrate did not
decrease CHD events in diabetic patients (FIELD
trial®®). Fenofibrate has been found not to decrease
CHD events in diabetic patients previously treated
with simvastatin; however, this combination therapy
significantly decreases CHD events in diabetic patients
with both hypertriglyceridemia and hypo-HDL-cho-
lesterolemia (ACCORD Lipid trial*”). These results
suggest that fibrates may prevent CHD events in
patients with accumulated remnants but are not nec-
essarily effective in all cases. The atherogenicity in
patients with fasting hypertriglyceridemia and PHTG
has been reported to be due to the accumulation of
TRLs and their remnant lipoproteins by many stud-
ies” %, and postprandial increases in CM remnants
are more atherogenic than those in apoB-100-contain-
ing lipoproteins®”. The accumulation of CM rem-
nants can be evaluated by measuring serum apoB-48
levels with anti-apoB-48 antibodies®¥, and high
fasting apoB-48 levels are related to the PHTG,
intima-media thickening of the carotid artery, and the
prevalence of coronary artery stenosis**>®. In the pres-
ent study, we have shown that K-877 attenuates
PHTG and decreases postprandial increases in CM
remnants, thus suggesting that K-877 may effectively
decrease ASCVD risk and the morbidity of cardiovas-
cular events by ameliorating accumulation of CM
remnants.

4.4 Limitations of this Study

There are several limitations in this study. First,
hepatic mRNA expression of PPARa is very low, at
5%-10% of the levels found in mice®”. Second, the
plasma lipoprotein profile in mice is very different
from that in humans, especially in regard to LDL and
HDL, because mice lack expression of CETP?¥. The
result that cholesterol levels of lipoproteins were
increased in LDL and decreased in HDL by the addi-
tion of fenofibrate or K-877 might be specific in
mouse. Thus, the effect of K-877 must be assessed in
human clinical investigations.

5. Conclusions

The current study revealed that a new selective

SPPARMa, K-877, effectively ameliorates postpran-
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dial accumulation of CM remnants in mice fed an
HFD, when it is administered at a lower dose than
fenofibrate. Therefore, K-877 therapy may be useful
for preventing cardiovascular events, especially in
patients with hypertriglyceridemia and accumulated
CM remnants.
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