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<84 84~116 116~166 =166 <84 84~116 116~166 =166

m;ERIZ)EYE (mg/dl)

m;#~I7JEUF  (mg/dl)

[Iso H. et al. : Am J Epidemiol. 2001 ; 153:490-499.]
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PROCAM (n=4,407) : A
CSCHDS (n=4,860) ]

PPS (n=6,999)

B (n=46,413) " (__1_° 32?_.

Hokanson JE and Austin MA, J. Cardiovasc. Risk, 3: 213, 1996
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CHYLOMICRONAEMIA SYNDROME

NORMAL LIPOPROTEIN LIPASE APQ C-ll DEFICIENCY
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LPLRIEFEDMENME (Lipemia retinalis)
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TG-rich U/REBRDPREIAHEY)

Chylomicron T Chylomicron Remnant

VLDL =i IDL (VLDL Remnant) m'ELLDL




L AF> MUREBDATEX

ZHO—AEBRXE (broadp/\5—>)
PAGT 1 XAV ESXE (midband. broadp/\F—>)

BNV
IDLOLAO-IVEE

Immunoaffinity chromatographyZzRU\3 5%
RLP-JL AX>0O—Jl (RLP-C)

EiFAIEZE (RemL-C)

7 MB48HIE (ELISA, CLEIAX)



PAG Disc Electrophoresis

TC 231 mg/dl
TG 367 mg/dl
HDL-C 35 mg/dl

Small dense LDL

TC 192 mg/dl
TG 85 mg/dl
HDL-C 56 mg/dl



Serum lipids and lipoproteins in patients
with myocardial Infarction

Myocardial Infarction Control
Male
Number 70 23
T-CH 208 = 4494 197 = 31
TG 158 = 84*1 116 = 63
HDL-CH 36 = 8>* 48 <« 14
VLDL-CH 29 = 18 16 = 15
VLDL-TG 83 = 73 59 = 52
VLDL-(CH/TG) 0.31 = oot 0.27 = 0.08
IDL-CH 11 = 5~ } 8= a
IDL-TG 15 = 10O 10 = 6
LDEL-CH 136 = 41 1249 = 27
Female

Number 27 10
T-CH 237 =~ 47 209 = 45
TG 161 = 57***1 82 = 21
HDL-CH 41 = 11> 57 = 19
ViLDL-CH 29 = 23* 8 =5
VLDL-TG T =~ 84 30 = 15
VLDL-(CH/TG) 0.31 = 0.07 0.26 = 0.10
IDL-CH 17 = o~ | 9=~5
IDL-TG 20 = g~ 1 10 = 5
LDL-CH 156 = 36 1385 = 27

*P<0.05, **P<0.01, **P<0.001 Mean=SD



Incidence of CAD in FH Heterozygotes
with and without Midband

p<0.01

-
o

Incidence of CAD (%)

midband(+) midband (-)

Yanagi K, Yamashita S, et al: Atherosclerosis 132:43-51, 1997



B A& sF (JIMRO)

Serum (5 ul)

+
RLP separation gel (300 ulL}

x RLP

@ LDL +some VLDL

& HDL

Sepharose +
anti-apo B-100

Sepharose +
anti-apo A-|

MAPO A-1.B-100iAEE{LEETUE: 3kFMH

on an automated RLP mixer

'

Let RLP separation gel separate for 15 min

= RLP: EREE S
b 4 e ag p e n rme g e

ZEDMDIRES L

Fig. 1 Schematic procedure of separation and determination of
remnant-like particles.

"RLP-C"0D#l 15
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=L AT > MIEE

MMM OEEDHIgh risk status

Cumulative event-free probability

rr|

Remnants < 3.3 mg/dl

8 =
i '_‘——|_ﬂnnants > 3.3 mg/dl,
6 - < 5.1 mg/di

Remnants > 5.1 mg/dl

2, =] P = 0.003 by log-rank test

1 | 1 T | | | I I
0 5 10 15 20 25 30 35 40

Months after enrollment

Kugiyama, K. et al. Circulation 1999;99:2858-2860
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Mechanisms of Uptake of TG-rich Lipoproteins
by Macrophages

o)
e & | CMR
w)B
ApoE
o w»
§ ApoB4s
§ ApoB100

LPL
g PLA2 Fatty ®@
= . 7 acids

@ e
CE-depleted
particle

TRL are taken up by macrophages by receptor-mediated and non receptor-mediated
routes. Uptake via LDLR, LRP1 and VLDLR is apoE-dependent and uptake via apoB48R is

apoB dependent
Botham KM et al: Progress in Lipid Research, Volume 52(4): 446 — 464, 2013
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Chylomicron Remnants

Influx and retention in vascular wall
Endothelial cells
PAI-11
Small dense LDL 1 Inflammation?

HDL | Egr-1, MCP-1,IL-18,

CD40, and others
Smooth muscle cells

Proliferation?

apotosis?
endothelial dysfunction?

Macrophages
Foam cell formation?

Atherosclerotic lesion formation

Fujioka, et al, J Atheroscler Thromb 16:145-154, 2009



Measurement of fasting serum apoB-48 levels in
normolipidemic and hyperlipidemic subjects by ELISA

Maohiko Sakai,*** Yoshiaki Uchida.*' Koji Ohashi.* Toshiyuki Hibuse,* Yasuhiko Saika,*
Yoshiaki Tomari.* Shinji Kihara,* Hisatovoe Hiraoka, ® Tadashi ™akamura, * Saworo T, -
Shirura Yamashiia, * and Yuji Maisyrasa®

Department of Intemal Medicine and Molecular Science,® O=saka Liniversiny Gradouate School of Bedicine,

RS, E-2Yamadaoka, Suila, (kaka 550871, Japan; amd Diagnosiac Kessanch Labssrabories’ Fujirebio, Inc.,
51 Komiya-chee, Hachiogi, Tokeo 1920051, |agremn

§ Schematic Representation of apoB-48 Assay
] Procedure by 2-Step Sandwich ELISA
&
=
E Read at 450nm
=
[
E Substrate ApOB100
o
=
[~
3
ApoB48
Anti-bodyagainstApoB-48
(monoclonal antibody : B48-151)
v==i|

) Enzyme conjugated antibody against ApoB-48/100
(monoclonal antibody :B01)

(SakaiN. etal, J Lipid Res, 2003:44:1256).

Sakai N. etal: JLipid Res 44: 1256, 2003
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Number of Subjects

N
o

IE BE M £ & (n=335)(C B ) D ZERERF
MiFapoB-48{ED1h

85% 95%
: Mean: 5.2 £3.8ug/ml

Median: 3.9 ug/ml
95 percentiles 13 ug/ml
85 percentiles 8.5 pg/mi

IIIII‘.'!I‘ ) <2 = <7 Z,

2 4 6 10 12 14 16 18 20 22 24
Apo B-48 Concentration (ug/ml)



RFEEESENESREICHTHapoB-48EE

100 [
90 } ®

80
*p<0.0001, vs Control
70 F **p<0.001 vs Control

60
50
40

J \J/
ol s . ¢

Control | Ila I1b 11 1V \Y

Apo B-48 Concentration (ug/ml)

Male Female 92.4/34.3 11.6+6.2* 12.749.4*
56.4+7.9** 37.7+£14.9*

Sakai N. etal: J Lipid Res 44: 1256, 2003
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Changes of Lipids and Lipoproteins after 'Standard and High-Fat Diet

LDL-C (mg/dl)

TG (mg/dl)

200
180

~ 160
S 140
£ 120
O 100
F 80
60

40

120
100
80
60

40 -
20 -

350
300
250
200
150
100

50

1 2 3 4 5 6 7

0 1 2 3
Time af

4 5 6 7
er meal (h)

mm HF diet (n=10)
CJ ST diet (n=10)

Apo B-100(mg/dl)

2 3 4 5
Time after meal(h)
20 H
O L] L] L] L] L] L] L] 1
0 1 2 3 4 5 6 7 8
18 - Time afte meal (h)
€15 i T
::'1312
3 TT
m 6 L= ST
g —
s 3
O L] L] L] L] L] L] L] L] 1

0 1 2 3 4 5 6 7 8
Time after meal (h)

Masuda D, et al:J Atheroscler Thromb, in press
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RLP-TG (mg/dl)
o
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5 6 7

Time after meal (h)

**

ST(n=10)

HF(n=10)

IAUC-apo B-48
(ug/mI*8h)
w
o

—

HF diet (n=10)

ST diet (n=10)

Changes of Serum RLP-TG, RLP-C, iIAUC-TG and
IAUC-apo B48 after Standard and High-Fat Diet

= N
(6] o
1 1

RLP-C (mg/dl)
H
o

0 1 2 3 4 5 6 7 8
Time after meal (h)

60 A *x

NN
o
1

N
(@)
']

=
o
']

o

ST(n=10) ' HF(n=10)

**P<0.01
Masuda D, et al:J Atheroscler Thromb, in press
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ERSBDEGZERREIE
DIEFREDVRIBAFELGD

W% ERILATO-IVEOHZEA 11,0686l

5.0 -
JFRIEH W <84mg/dL
TG*% m 84-115mg/dL
4.0 116-165mg/dL .
=166mg/dL Yk X X
X X X 3.14 3.12
30 - 2.86 X
o v 2.67
X 2.46
= X X
B oon 0 2.05
= 2.0 5 1641.74
1.0
0.0 -

BERESR  DAEE BRI EE RIATE

%:p<0.05, *x:p<0.01, *x%:p<0.001
X BRI 8 2% A Rk 2RI LA (Iso H et al. Am J Epidemiol 2001; 153: 490-499)



BEESELEIEEIREBRIED ) XA TI1Z7E D5
W% MRFITE#E%2,8096l
20 -
Nonfasting TG <200 mg/dL
------------ Nonfasting TG =200 mg/dL
e 154
.I.6
u
2
#® _
5 10- A
I
§ s —
w
B
0+ e
0 5 10 15 20 25 30

EREW
Eberly LE et al. Arch Intern Med 2003; 163: 1077-1083
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**

)
m e

1.0

* p<0.05
** p<0.01

0.97

mean=*=SD

0.87

0.7
0.67

057
1 (31) (11)

TG  <150mg/dL <150mg/dL >150mg/dL
B#4h-TG <200mg/dL >200mg/dL >200mg/dL

Jul BF 0 ik i B ik 2 3 )

(FEI3%)

22*@@%%%‘611@%?\1%(:\ BR4ABEOMmMFER) ) ) FELSESFARIMTORE{EZZE
BRELT= Teno S.:Diabetes Care,23,1401-1406,2000.



Copenhagen City Heart Study

FELEEN)T)ESARFBEUEBaLATA—ILIC
CT-EmERRZEDRD) R

il e MITUESAE #aLRTE—L el AT i

=it
ERRE
<89 2,210 (29)/183 4  p<0.001 L p=0.17 <193 1,167 (15) / 76
89~176 3,985 (53) / 451 ~ o 193~231 2,246 (30) / 218
177~265 985 (13) / 146 i e 232~270 2,197 (29) / 259
266~353 241 (3) / 29 o 271~308 1,300 (17) / 187
354~442 96 (1) /17 4 8 :[: 309~347 480 (6) / 69
>443 62 (1) /11 — 15 Jo— >348 189 (2) / 28
s LIt
<89 2210(29)/183 ¢  p<0.001 ¢  p=0.18 <193 1,167 (15) / 76
89~176 3,985 (53) /451 - 193~231 2,246 (30) / 218
177~265 985 (13) / 146 o - 232~270 2,197 (29) / 259
266~353 241 (3)/ 29 He— 271~308 1,300 (17) / 187
354~ 442 96 (1) / 17 g 8 309~ 347 480 (6) / 69
=443 62 (1) /11 2 g 11 =348 189 (2)/ 28

1 1 1 1 1 1

1.0 3.0 50 70 1.0 3.0 50 7.0
NY—FL (95%{E$E X )

* D SEf, MR, EME. BE, 7))L a—)LERE. DEWE. BEETRE. RLEVMIERE. BERKETHE

%1% : Copenhagen City Heart Study(Z&mL71=%& 17,5796l
Ak EU;%?;;E#TE?FEEH#FU JESAFEXCELIALRATO—)LERIE., BAEL. TORRAIBEMOTIAEBHFAEZTL ., SHORMMEMKIEPF

Varbo A, et al: Ann Neurol (in press).&Y—EBRZE
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BEREBEBESIVBEIFO—ILIZEITS
=EMEAMEOMFPIEERRE

—a— CHD(+) (n=60
—a— Contro(n=40)

=
S

o
E
@)
l_

#P<0.05 (CHD(+) vs control)
* P<0.05 (CHD(+) vs control) ,** P<0.01(CHD(+) vs control),*** P<0.01 (CHD(+) vs control)

fatty meal contained 729 kcal per square meter of body surface and
consisted of 5.3 g protein, 24.75 g carbohydrate, 240 mg cholesterol, and
65.2 g fat (from heavy whipping cream) with a polyunsaturated to saturated

fat ratio of 0.06 Patsh JR et al: ATVB 12:1336-1345, 1992



Factors and Diseases Affecting Postprandial
Hypertriglyceridemia

Extent of change in
pastprandial lipaemia

Dietary factors
@Inum of fat (meall >

T},rpa of fat (meaal)

Protein {(meal)
H L

Lifestyle factors

Dacco us

Physiological factors

FEIEI:IH-Q triacylghrceralaem
Central obesity
Inﬁulin resistancae/Type

+ -4+
+/{ — (depending on type of fat)

+/ — (depending on type of fat)

+ 4+

Mo/ — (depending on type of protein)
+ -+

Mo/ — {(depending on type of fibre)

——

+ (malas)
_|,_

+ (postmenauposal status)

++ +
— —
- —

Lopez-Miranda J, et al.: Br J Nutr 98:458-473, 2007



Factors Affecting Postprandial Hyperlipidemia

POSTPRANDIAL LIPEMIA

Botham KM et al: Progress in Lipid Research, Volume 52(4): 446 — 464, 2013
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Distribution of Fasting Serum ApoB-48 Levels in Subjects
With or Without Intima Media Thickeness of Carotid Arteries

Total (n=164)

B Max IMT under 1.0mm (n=137) 20
Max IMT over 1.0mm (n=27)
15
10
)
i “ulln

O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Fasting apoB-48 levels(ug/ml)

Nakatani K, et al: Atherosclerosis 218:226-232, 2011
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B FFapoB-48/F TGIE & # (100<TG=150mg/dl)
[CHUITEEIRIMTE G T

Nakatani K, Masuda D, Yamashita S et al, Atherosclerosis. 2011;218(1):226-32.

2.5 group(N-1) (n=58) 2.5 group(N-2) (n=53) 2.5 group(H) (n=53)
, | | TG<100 - 100=TG<150 5 | 150=TG
15 - 15 - 15 - . o
ot subjects Todo | 100creas | 1s0eTo

Fvalue | pvalue Fvalue | pvalue | Fvalue | pvalue | Fvalue | pvalue
Age 18.889 | <0.0001 not remain 5.51 0.023 12.603 0.0009
sBP 6.467 0.0120 not remain not remain 8.249 0.0060
In apoB-48 5.542 0.0198 not remain 5.106 0.0283 not remain
HbAlc 2.541 0.1129 6.123 0.0164 2.098 0.1538 not remain
tepwise Multiple Regression Analysis of Max-IMT

(Stepwise multiple regression analysis was used to determine independent predictors of max-IMT measurement with p value-to-enter and p
value-to-retain set at 0.20. explanatory variables; Age, sBP, dBP, TC, In TG, LDL-C, HDL-C, apoB-48, apoB-100, In RemL-C, FPG, HbAlc, In

HOMA-IR, and IRI)




Distribution of Fasting Serum Apo B48 Levels
In CAD and Non-CAD Subjects

25 -

20 A —

B CAD(n=96)

[ERY
ol
1

Onon-CAD(n=67)

0 HI II L] L] L] L] L] L] II I. Iklhll I. II II n
6 7 8 9 10 11 13 14 16 17

1 2 3 4 5 12 15

[ERY
o

Number of Subjects

L
8 19

1
ApoB-48 (ug/ml)

Masuda D. et al: Eur J Clin Invest 2013



e FFapoB-48IX I B/ FEE FELHEL . apoB-485
1E(EMetSD YR VEIFEDHFICLYEREZIEETS

Masuda D, Yamashita S et al, Eur J Clin Invest

Univariate p Multivariate p 100 - - 100 - #—|
value value a0 - 801 ‘

age 0.1581 % 60 ‘ g o0
l sex 0.3698 - £ 0. S 401
I Log-BMI 0.4645 < ) " 20y H _‘

0
I Smoking 0.0492 - ® Tiow 6 [rign 76 ] 1ow 76 [nigh 76 higthDLibwgDL'highg e
. T C 0 7 4 40 _ low apoB-48 high apoB-48 low apoB-48 high apoB-48
B LbL-C 0.8508 )
o HDL-C 0.0085 0.3721 00 - - 100 - =
[ ] TG 0.0017 0.1098 w0l Y
I Systolic BP 0.9747 - % 60 - E’ 60 -
B Diastolic BP 0.6757 i £ P
] FPG 0.0081 0.6110 o 0
B HbAL 0.0008 0.3036 HoATc | HBATC | HEATC | HbATC
I Log_apoB_48 <O 0001 <O 0001 low apoB-48 high apoB-48 low apoB-48 high apoB-48
B TG=150mg/dl, HDL-C=40mg/dl, HbAlc

I Log-APN 0.0239 0.6039 =5.8%. adiponectin(APN)<4.0 pg/ml&%5Tlid7s

WEEFIZ 3V CCADRR A L
B apoB-48fF<5.0 pg/mlis L OapoB-48{H>5.0 ug/ml

TAREIZ 1T TSRO A S 2% fRET (by chi-
square test)

Univariate and Multivariate Analyses of correlations
between CHD and various parameters
Univariate;Pearson’s correlation analysis,
Multivariate;Stepwise multiple regression analysis.
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Effect of Pitavastatin on Chylomicron
Secretion into Lymph after OFL of Rats

&
%

=)

| R

0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Time (h) Time (h)

()

CM-TC (mg/h)
e o o

&
=)

e
0

—O— Control
—0— NK-104 (1 mg/kg)

| PRy

0 1 2 3 4 5 6 7 8 0O 1 2 3 4 5 6 7 8
Time (h) Time (h)

CM-PL (mg/h)
: - S S
(=2
CM-protein (mg/h)
[ i
1}

=)
=)
=
=)

Aoki T. et al. Eur J Pharmacol. 2002



Administration of Fenofibrate Reduces Fasting and

Postprandial Plasma Triglyceride Concentrations in
Wild-type and CD36-null Mice

900

800
E% 700
= 600
2 500
o 400
(&)
= 300
.20
“ 200
—

100

*

B Chow diet
Chow diet + Fenofibrate 0.05%
*p<0.05
* *
— —
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Ezetimibe Reduces Postprandial Cholesterol and TG Levels

TG (mg/dl)

600
500
400
300
200
100

0

oD
EmD

N

iet alone
iet + Ezetimibe

B

N

160

Fasting ‘ Postprandial

WT chow diet

Fasting ‘ Postprandial

WT western diet

Fasting ‘ Postprandial

CD36KO chow diet

Fasting

Postprandial Fasting

WT western diet

Postprandial

CD36KO chow diet




EzetimibelX/MNETH3H-labeledZA L A B
DR U ZE N T3 (CD3IBKORIRBEIUWTIHR)

Plasma3H (dpm/mL plasma)

Intestinal absorption of labeled Intestinal absorption of labeled
triolein in CD36KO mice triolein in WT mice
200000 -
T 60000 -
Z
150000 - = 50000 -
|
*
E 40000 - :
100000 - g
* T 30000 - I
I I
[4s] _
50000 4 1 . 20000
[30]
= 10000
0 4 0 4
Chow diet Chow diet + ezetimibe Western diet Western diet + ezetimibe




Liver

Fatty (Cholesterol pool)l
Acids
DG, TG
O
O_0O
CD36 DGAT1
S — 5
O others _ e DGAT2
Absorption § O MGAT CM
of FFAs
ABCG5/ rnpy scb1 ; O TG Remnantsl
FATP4 Q Q Q
FABP2 ACAT ’ Q
A holesteryl MTP — Plasma
AA esters
NPCI1L1 @ Q
Cholestero Q »
~N— N
| ApoB mRNA} 1 CM 1
Ezetimibe

Lymph



ERSIBIME D EYA
B AX2F

B J7—Fh
B TtPF=7

B EPA. EPA/DHAZFE

B SRR A R
B Z Ot




£ 1 8l L 0D 305
B X2F
BT 77— F
BTt F=7
B EPA. EPA/DHAELE
B ERIR R E
B 70ih




Take Home Messages
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