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Residual risk control in familial hypercholesterolemia: lIdentification of lipids
responsible for HDL malignant transformation
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In this research project, we searched for the lipids that are responsible
for making HDL bad in patients with familial hypercholesterolemia (FH). We have previously reported
that cholesterol efflux capacity is a more useful residual risk marker than HDL-C levels in patients

with FH. However, we faced the challenge of not being able to standardize the method for measuring
the efflux capacity. We decided to overcome the problem by identifying the true bad lipids, which
are common to both impaired efflux capacity and coronary artery disease, among the HDL components.
Therefore, we performed lipidomic analysis of patient HDL fractions and identified several lipid
species that were negatively associated with efflux capacity and positively associated with
atherosclerosis severity.

HDL



1 HDL-C 2016
1 -3
HDL-C
CETP
11 7411 4 LDL-C
HDL-C
2 HDL
HDL
9. 6 HDL-C
HDL-C familial
hypercholesterolemia: FH !
8
HDL-C atherosclerotic cardiovascular disease:
ASCVD
HDL
FH ASCVD
1 FH 250 HDL PEG
B PC
SM PC LPC
2 FH ASCVD 12 17 HDL
SFC/MC HDL
ASCVD HDL
1 HDL PC SM LPC FH 250
E1. HDLAE R DL VIEBEICEHEE)VIEE (BFKE) OB & L5|1Eh Tt DREE
14 14 14
& 1.2 1.2 . 12 |-e
'“U ., o0 . oo { PPy .
8] 1 2 2 o 1 32 . o
v ® - e . *
08 0.8 N 0.8 s e
IQ 0.6 0.6 5y -. ...:.. ‘\v.' . 0.6 . .“ *
& 0.4 . 0.4 . 0.4 .
X o2 0.2 0.2
D
M o 0 0
0 0.2 0.4 0.6 0.8 p 0 0.05 0.1 0.15 0 0.1 0.2 0.3 0.4 0.5
PC / Total PL SM / Total PL LPC / Total PL
HDL Total PL
PC R=0.73 SM R=-0.38 LPC

R=-0.78

LPC/Total PL



HDL
44

2

29
FH 29
42 ASCVD
LDL LDLR PCSK9 ARH LDLRAPI1

Fz1. FHREE S AR E298 DEGRAEHE

FH

F# 44415 B
%t (%) 15(52%)
BMI 23+4
LDL-C 176 [125-255] mg/dL
TG 105 [58-141] mg/dL
HDL-C 42 [32-57] mg/dL
T EAREE (%) 12 (42%)
Mutation LDLR/LDLR 14 (48%), LDLR/PCSK9: 13 (45%), ARH*PCSK9 &1
FEPRR (%) 4 (14%)
TED 2 PR Current: 2 (7%), Past: 6 (21%), Never: 21 (78%)
TI2zLYR(%) 9 (31%)
ATT (mm) 13 [10-20]
Whole Max IMT 1.7 [0.9-2.8] mm
CCA Max IMT 1.3 [0.8-1.7] mm
CCA Mean IMT 1.1 [0.7-1.3] mm
Corneal arcus 23 (79%)
Efflux capacity 0.8 [0.7-0.9]
3 FH
2 FH FH
ASCVD
FH
B 1-5. FHAERAHKIZHEITD B 1-4. JEFH, FHAT DAk, FHARERA KIS B 1-6. FRRERAHBEICHITD
2 BB 28 (CAD) DA e B BALRFO—LBIERERED AHRAEPERSHES
BlEREREDBE 12 AL RAFA—)LEIERERED LBIE
12 P = 0.0004 ' rﬂ1 1.2
@ ! 2 ]
) ' ® & ' ~‘“.
":f 0.6 I‘ 0.6 E]l* :j & ..
i~ * 0.4 Iis:0:
= 5 Ko, R=-068
Mo2 o2 n P =0.0010
0 o ° 0 1 2 3
cADZL cADBHY JEFH FHAFO FHARE MR ABP B S A (mm)
4 FH HDL
29 PEG HDL SFC/MC
215 phosphatidylcholine (PC), LPC, phosphatidylethanolamine

(PE), Lyso-PE, Ether-PC, PE plasmalogens (PE pln), phosphatidylinositol

sphingomyelin  (SM),
triacylglycerol (TAG)

(PD),

Ceramides, cholesterylester (CE), diacylglycerol (DAG),

HDL-C
LPC 14:0/total LPC



ASCVD PC PE SM CE
ASCVD
Lyso-PC Lyso-PE ASCVD
Pl  Ceramides DAG TAG
PC PE PC 18:0-20:4/Total PC
PE 18:0-20:4/Total PE ASCVD
A2 PLA2 sn-2
PC PE
HDL HDL-C HDL
HDL-C 86 mg/dL
HDL-C HDL
LPC
LPC
4 HDL 4
B4
1o HDL
Lyso-PC  Lyso-PE
w3 ASCVD
Lyso-PC  Lyso-PE PLA2
PLA2 PLA2
PLA2 HDL PC PE
PLA2
3. HDLY B DPC 18:0-20:4/Total PC (%) [T EEIT—H—
M. P=0.0014 P=0.0291  ° P=0.0068

5 A S s J 5

45 5 45 S 45

4

4 4

%PC 18:0-20:4
%PC 18:0-20:4
\
o -e o . .
|
%PC 18:0-20:4

[ T

35 £ 35 — — £ 35
. - >~ .
3 . . ¢ ] -
25
25 . ] 25 L] :

. -y
2 . 2 5 2

20 25

15
Achilles tendon

cvD

%PC 18:0-20:4
%PC 18:0-20:4

25 ..
.

2
03 04 05 06 07 08 09
Efflux Capacity

2 25

1 1.5
CCA mean IMT

1 Ko DT, Alter DA, Guo H, Koh M, Lau G, Austin PC, Booth GL, Hogg W, Jackevicius CA,
Lee DS, Wijeysundera HC, Wilkins JT and Tu JV. High-Density Lipoprotein Cholesterol
and Cause-Specific Mortality in Individuals Without Previous Cardiovascular Conditions:
The CANHEART Study. J Am Coll Cardiol. 68:2073-2083.

2 Madsen CM, Varbo A and Nordestgaard BG. Extreme high high-density lipoprotein
cholesterol is paradoxically associated with high mortality in men and women: two
prospective cohort studies. Eur Heart J. 38:2478-2486.

3 Hirata A, Sugiyama D, Watanabe M, Tamakoshi A, Iso H, Kotani K, Kiyama M, Yamada M,
Ishikawa S, Murakami Y, Miura K, Ueshima H, Okamura T and Evidence for Cardiovascular
Prevention from Observational Cohorts in Japan Research G. Association of extremely
high levels of high-density lipoprotein cholesterol with cardiovascular mortality in



a pooled analysis of 9 cohort studies including 43,407 individuals: The EPOCH-JAPAN
study. J Clin Lipidol. 2018;12:674-684 e5.

4 Keene D, Price C, Shun-Shin MJ and Francis DP. Effect on cardiovascular risk of high
density lipoprotein targeted drug treatments niacin, fibrates, and CETP inhibitors:
meta-analysis of randomised controlled trials including 117,411 patients. BMWJ.
349:94379.

5 Khera AV, Cuchel M, de la Llera-Moya M, Rodrigues A, Burke MF, Jafri K, French BC,
Phillips JA, Mucksavage ML, Wilensky RL, Mohler ER, Rothblat GH and Rader DJ.
Cholesterol efflux capacity, high-density lipoprotein function, and atherosclerosis.
N Engl J Med. 364:127-35.

6) Rohatgi A, Khera A, Berry JD, Givens EG, Ayers CR, Wedin KE, Neeland 1J, Yuhanna
IS, Rader DR, de Lemos JA and Shaul PW. HDL cholesterol efflux capacity and incident
cardiovascular events. N Engl J Med. 371:2383-93.

7) Ogura M, Hori M and Harada-Shiba M. Association Between Cholesterol Efflux Capacity
and  Atherosclerotic  Cardiovascular Disease in  Patients With  Familial
Hypercholesterolemia. Arterioscler Thromb Vasc Biol. 36:181-8.

8) Furuhashi M, Ogura M, Matsumoto M, Yuda S, Muranaka A, Kawamukai M, Omori A, Tanaka
M, Moniwa N, Ohnishi H, Saitoh S, Harada-Shiba M, Shimamoto K and Miura T. Serum FABP5
concentration is a potential biomarker for residual risk of atherosclerosis in relation
to cholesterol efflux from macrophages. Sci Rep. 7:217.

9 Agarwala AP, Rodrigues A, Risman M, et al. High-Density Lipoprotein (HDL)
Phospholipid Content and Cholesterol Efflux Capacity Are Reduced in Patients With Very
High HDL Cholesterol and Coronary Disease. Arterioscler Thromb Vasc Biol; 35:1515-1519.
10 Tsuda S, Shinohara M, Oshita T, et al. Novel mechanism of regulation of the 5-
lipoxygenase/leukotriene B4 pathway by high-density lipoprotein in macrophages. Sci
Rep; 7:12989.



7 7 0 5

Makino Hisashi Koezuka Ryo Tamanaha Tamiko Ogura Masatsune Matsuki Kota Hosoda Kiminori 26

Harada-Shiba Mariko

Familial Hypercholesterolemia and Lipoprotein Apheresis 2019

Journal of Atherosclerosis and Thrombosis 679 687
DOl

10.5551/jat.RV17033

Hori Mika Ohta Naotaka Takahashi Atsushi Masuda Hiroaki Isoda Rieko Yamamoto Suguru Son 289

Cheol Ogura Masatsune Hosoda Kiminori Miyamoto Yoshihiro Harada-Shiba Mariko

Impact of LDLR and PCSK9 pathogenic variants in Japanese heterozygous familial 2019

hypercholesterolemia patients

Atherosclerosis 101 108
DOl

10.1016/j -atherosclerosis.2019.08.004

Nohara Atsushi Ohmura Hirotoshi Okazaki Hiroaki Ogura Masatsune Kitagawa Kazuo Koseki 25

Masahiro Sato Kayoko Tsukamoto Kazuhisa Yamashita Shizuya On behalf of the Japan

Atherosclerosis Society Working Group on Statement for Appropriate Use of PCSK9 Inhibitors

Statement for Appropriate Clinical Use of PCSK9 Inhibitors 2018

Journal of Atherosclerosis and Thrombosis 747 750
DOl

10.5551/jat.45229

Harada-Shiba Mariko Arai Hidenori [Ishigaki Yasushi Ishibashi Shun Okamura Tomonori Ogura 25

Masatsune Dobashi Kazushige Nohara Atsushi Bujo Hideaki Miyauchi Katsumi Yamashita

Shizuya Yokote Koutaro Working Group by Japan Atherosclerosis Society for Making Guidance of

Familial Hypercholesterolemia

Guidelines for Diagnosis and Treatment of Familial Hypercholesterolemia 2017 2018

Journal of Atherosclerosis and Thrombosis 751 770

DOl
10.5551/jat.CR0O03




Takiguchi Shunichi Ayaori Makoto Yakushiji Emi Nishida Takafumi Nakaya Kazuhiro Sasaki 38
Makoto lizuka Maki Uto-Kondo Harumi Terao Yoshio Yogo Makiko Komatsu Tomohiro Ogura
Masatsune lkewaki Katsunori

Hepatic Overexpression of Endothelial Lipase Lowers High-Density Lipoprotein but Maintains 2018
Reverse Cholesterol Transport in Mice

Arteriosclerosis, Thrombosis, and Vascular Biology 1454 1467

DOl
10.1161/ATVBAHA.118.311056

Harada-Shiba Mariko Ohta Takao Ohtake Akira Ogura Masatsune Dobashi Kazushige Nohara 25
Atsushi Yamashita Shizuya Yokote Koutaro Joint Working Group by Japan Pediatric Society and
Japan Atherosclerosis Society for Making Guidance of Pediatric Familial Hypercholesterolemia

Guidance for Pediatric Familial Hypercholesterolemia 2017 2018
Journal of Atherosclerosis and Thrombosis 539 553
DOl

10.5551/jat.CR002

Ogura Masatsune 71

PCSK9 inhibition in the management of familial hypercholesterolemia 2018

Journal of Cardiology 17
DOI

10.1016/j . jjcc.2017.07.002

15 8 4

Ogura M, Takeda H, lzumi Y, Hori M, Matsuki K, Ymamamoto M, Bamba T, Harada-Shiba M

Lipidomic analysis for the prediction of cholesterol efflux capacity and atherosclerotic cardiovascular disease among
patients with familial hypercholesterolemia

International Conference on the Bioscience of Lipids

2019




Ogura M, Takeda H, lzumi Y, Hori M, Matsuki K, Ymamamoto M, Bamba T, Harada-Shiba M

Identification of bad lipids in HDL fraction which predict both decreased cholesterol efflux capacity and the severity of
atherosclerosis

International Atherosclerosis Society 2019 HDL Workshop

2019

HDL

33

2019

FH

51

2019

51

2019




FH

51

2019

HDL

51

2019

LDL FH

11

2019

Masatsune Ogura, Yuji Hirowatari, Daisuke Manita, Mariko Harada-Shiba

Association between alpha-tocopherol concentration in HDL fraction and cholesterol efflux capacity in patients with familial
hypercholesterolemia

European Atherosclerosis Society Congress 2018

2018




Masatsune Ogura, Yasuki Ito, Mariko Harada-Shiba

Clinical significance of apolipoprotein E-containing HDL cholesterol/total HDL cholesterol ratio in patients with familial
hypercholesterolemia

59th International Conference on the Bioscience of Lipids

2018

HDL

61

2018

HoFH

50

2018

FH

50

2018




Masatsune Ogura, Makoto Watanabe, Megumu Horiuchi, Yoshihiro Miyamoto, Mariko Harada-Shiba

Cholesterol efflux capacity and incident atherosclerotic cardiovascular disease events in a Japanese general population: The

Suita Study

50

2018

HDL a

55

2018

2020

14

(Bamba Takeshi)




(Harada-Shiba Mariko)




