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Paper?
Patent?
Patient?
People?

CP Muroi R et al. Diabet Med 2006
LCAT LCAT Wang XL et al. J Atheroscler Thromb 2011

IR Enkhtuvshin B et al. Diabet Med 2015, 2016
PCSK9? Nagashima S et al. J Atheroscler Thromb 2016

β MTTP Takahashi M et al. J Clin Lipidol 2021

Kallmann syndrome 
Waardenburg syndrome

SOX10 Wakabayashi T et al. Endocrinol Diabetes Metab Case Rep. 2021

VIPoma MEN1 Sakurai M et al. Endocr J in press
LPL

GPIHBP1

Tangier ABCA1
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Copy number analysis

Sakurai M, Wakabayashi T et al. Endocr J in press

Loss of heterozygosity (LOH)

Global knockout mice (1990~) 
Gene Abbreviation

LDL receptor Ldlr Ishibashi S et al. J Clin Invest. 1993
Asialoglycoprotein receptor type 2 Asgr2, Hl2 Ishibashi S et al. J Biol Chem. 1994
Cholesterol 7α-hydroxylase Cyp7A Ishibashi S et al.  J Biol Chem. 1996
Apolipoprotein B editing protein 1 Apobec1 Osuga J et al. BBRC. 1997
Squalene synthase Sqs, Fdft1 Tozawa R et al. J Biol Chem. 1999
Hormone-sensitive lipase Hsl, Lipe Osuga J et al. PNAS. 2000
Acyl-CoA cholesterol acyltransferase 1 Acat1, Soat1 Yagyu et al. J Biol Chem. 2000
Asialoglycoprotein receptor type 1 Asgr1, Hl1 Tozawa R et al. J Biol Chem. 2001 
HMG-CoA reductase Hmgcr Ohashi K et al. J Biol Chem. 2003
Scavenger receptor expressed by endothelial cells 1 Srec1 Tamura Y et al. J Biol Chem. 2004
Neutral cholesterol ester hydrolase 1 Nceh1 Sekiya  M et al. Cell Metab. 2009
Triglyceride hydrolase 2 Tgh2, Ces1f Unpublished 

Horton J, Goldstein JL and Brown MS J Clin Invest 2002;109:1125-31 

Steroid hormones Bile acids

Oxysterols

Cholesterol

Oxysterols Fatty acids Glycerol

Adipose triglyceride lipase (ATGL)
Hormone-sensitive lipase (HSL)

Monoglyceride lipase (MGL)

ACAT1, ACAT2, LCAT

ACAT1, ACAT2, LCAT

HSL, NCEH1
Fatty acid

Fatty acid CYP7A1

Ishibashi S et al. J Clin Invest 1993 

7 8

9 10

11 12
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Ishibashi S et al. J Clin Invest 1993 

Ishibashi S et al. J Biol Chem 1996; Schwarz M et al. J Biol Chem 1996

NPRA

GTP

IR

cGMP
PKG

β1-β2-AR

ATP

cAMP

PKA
5' AMP

α2-AR

PDE3B PKB

IRS

P13-K

Perilipin

ALBP HSL

MGL

Triglycerides

Fatty acids

Glycerol

Gs Gi

AC

J Osuga et al. 2000 PNAS 97:787-92 

BAT WAT

Albert J et al. Null mutation in hormone-sensitive lipase gene and risk of type 2 diabetes N Engl J Med.  2014 

. Murano I et al Dead adipocytes, detected as crown-like structures, are prevalent in visceral fat depots of genetically obese mice. J Lipid Res 2008
Osuga J et al. Proc Natl Acad Sci USA 2000;97:787-92 

13 14

15 16

17 18
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0.1

ATGL

LAL

PL

HL

LPL

EDL

CEL

TGH(CES1, Ces3, CEH)

TGH2(CesML1. Ces1f)

HSL(LIPE)

CEH1(AADACL1, KIAA1363,CPO-BP) 

AADAC

Okazaki H et al. Diabetes 2006;55:2091-7

HSL (LIPE)

ATGL TTS2.2 PLA2x PNPLA2 desnutrin

Regulatory module

TGH1(Ces3, Ces1d)

TGH2 (CesML1, Ces1f)

Ser221
GXSXG

potential lipid binding site

His467 HXEL

C

potential lipid binding site

Ser221
GXSXG

Asp353 His466 HXEL

C

Patatin-domain

Ser47
GXSXG

DXG/A potential lipid binding site

N-terminal domain c-terminal catalytic domain

Ser423
GXSXG

C

C

Ser565 Ser565 Ser659 Ser660

Asp354

AA561

AA569

AA486

AA775

Asp703 His733

N

N

N

N

Holm C et al. Science 1988

Zimmerman R et al. Science 2004

Lehner R  et al. Biochem J 1999
Soni KG et al. J Biol Chem 2004

Okazaki H et al. Diabetes 2006

NPRA

GTP

IR

cGMP
PKG

β1-β2-AR

ATP

cAMP

PKA
5' AMP

α2-AR

PDE3B PKB

IRS

P13-K

Perilipin

ATGL

ALBP HSL

TGH MGL

Triglycerides

Fatty acids

Glycerol

Gs Gi

AC

CGI-58

Okazaki H et al. J Biol Chem 2008
Sekiya M et al. Cell Metab 2009
Igarashi M et al. J Lipid Res 2010
Igarashi M et al. Circ Res 2010
Sakai K et al.  J Lipid Res  2014
Yamazaki H et al. J Atheroscler Thromb 2019 

Adopted from Sekiya M et al. J Atheroscler Thromb 2011

19 20

21 22

23 24

209



Yagyu H et al. J Biol Chem 2000 Wakabayashi T et al. Arterioscler Thromb Vasc Biol 2018

0.1

ATGL

LAL

PL

HL

LPL

EDL

CEL

TGH(CES1, Ces3, CEH)

TGH2

HSL(LIPE)

CEH1(AADACL1, KIAA1363,CPO-BP) 

AADAC

Okazaki H et al. J Biol Chem 2008;283:33357-64

HSL

NCEH1
Hydrophobic 

regions

catalytic core 
domain

lipid binding 
domain

HG oxyanion motif

regulatory
domain

GXSXG motif

1-759aa

1-408aa

Okazaki H et al. J Biol Chem 2008;283:33357-64
Igarashi M et al. J Lipid Res 2010; 51:274-285 

NCEH1-GFP ACAT-DsRed merge

ACAT-DsRed mergeΔN-NCEH1-GFP

Targeting of NCEH1 to ER requires 
the N-terminal sequence

Igarashi M et al. J Lipid Res 2010; 51:274-285 

Sekiya M et al. Cell Metab 2009 Yamazaki H et al. J Atheroscler Thromb 2019

25 26

27 28

29 30
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CCoonnddiittiioonnaall  kknnoocckkoouutt  mmiiccee  
((22000000~~))

Gene Promotor/procedure

HMG-CoA reductase Albumin Nagashima S et al. Arterioscler Thromb Vasc Biol. 2012

Alfa skeletal actin Osaki Y et al. BBRC 2015

Lysozyme Sakai K et al. Arterioscler Thromb Vasc Biol. 2018

Lysozyme Takei A et al. Diabetes. 2020

Insulin Takei S et al. Diabetes. 2020

Squalene synthase 2ʹ,3ʹ-cyclic nucleotide 
phosphodiesterase (CNP)

Saher G et al. Nat Neurosci. 2005

Albumin Nagashima S et al. J Lipid Res. 2015

Lipoprotein lipase Lysozyme Takahashi M et al. J Lipid Res. 2013

Lysozyme Takahashi M et al. J Biol Chem. 2022

J Horton, JL Goldstein and MS Brown J Clin Invest 2002;109:1125-31 

Small G proteins 
(Rho, Rac, Rab, Rap)  

Geranylgeranyl transferase (GGT)

Heme A, Dolichol, Ubiquinon, Ras
Farnesyl transferase (FT)

GG
GG

GG GG GG

F

1) Liver
2) Macrophages
3) βcells

Nagashima S et al. Arterioscler Thromb Vasc Biol 2012

3 weeks 5 weeks

Sakai K et al. Arterioscler Thromb Vasc Biol 2018 

Takei A et al. Diabetes 2020
Takei S et al. Diabetes 2020

31 32

33 34

35 36
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J Horton, JL Goldstein and MS Brown J Clin Invest 2002;109:1125-31 

Fatty acids Glycerol

Adipose triglyceride lipase (ATGL)
Hormone-sensitive lipase (HSL)

Monoglyceride lipase (MGL)
Lipoprotein lipase (LPL)

Macrophages 

Takahashi M et al. J Lipid Res 2013 Takahashi M et al. J Biol Chem 2022

M

Lipid vesiclesExpanded healthy adipocyte

Death

LPL+

LPL-

HMGB1

CollagenVI

Small adipocyte

Hypoxia

M

A Hypothesis
Healthy efferocytosis via LRP1

J Horton, JL Goldstein and MS Brown J Clin Invest 2002;109:1125-31 

Small G proteins 
(Rho, Rac, Rab, Rap)  

Geranylgeranyl transferase (GGT)

Heme A, Dolichol, Ubiquinon, Ras

Steroid hormones Bile acids

Oxysterols

Cholesterol

Oxysterols

Fatty acids Glycerol

Adipose triglyceride lipase (ATGL)
Hormone-sensitive lipase (HSL)

Monoglyceride lipase (MGL)

Lipoprotein lipase (LPL)

Farnesyl transferase (FT)

GG
GG

GG GG GG

ACAT1, ACAT2, LCAT

ACAT1, ACAT2, LCAT

HSL, NCEH1

Fatty acid

Fatty acid CYP7A1

F

37 38

39 40

41 42
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Oxidative metabolites of cholesterol

Plasma concentration : 200 mg/mL

24(R)-Hydroxycholesterol7β-Hydroxycholesterol

22(R)-Hydroxycholesterol

25-Hydroxycholesterol

β y y

20(R)-Hydroxycholesterol

4β-Hydroxycholesterol

20α-Hydroxycholesterol

Cholesterol

Plasma concentration : 2 200 ng/mL
1/1000,000

etc

Oxidation

Hydroxy cholesterol

Dzeletovic S. et al., Anal. Biochem., 225, 73-80 (1995)
Lee C.Y. et al., Free Radic. Biol. Med., 44, 1314-1322 (2008)

Sekiya M et al. J Lipid Res 2014 

Excessive 25-HC ester may trigger ER stress 

Sekiya M et al. J Lipid Res 2014

bacteria virus

IFNLPS

Chol
CH25H

SREBP

25-HC

Ig A

CYP7B1

7α,25-HC

EBI 2
(GPR 183)

B cell 
migration 

ACAT1

NCEH1

LXR

25-HC ester

ER stress

apoptosis

IL 17
neutrophil

Caspase 1
IL 1

Reboldi A, et al. Science 2014

Liu SY, et al. Immunity 2013
Blanc M, et al. Immunity 2013 

Bauman DR, et al. PNAS 2009

Hannedouche S, et al. Nature 2011
Liu C, et al. Nature 2011 

Shibata N, et al. J Biol Chem 2013mevalonate

isoprenylation

Multifaceted roles of 25HC in immunity and inflammation

Sekiya M, et al. J Lipid Res 2014 

Asano T et al. J Clin Lipidol 2023

43 44

45 46

47 48
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2017 10 100

2019 72018 10 2022
• Honesty is the best policy.

• Stay hungry, stay foolish.

• Party is over, go back to the bench.

•

4P’s of POR (Patient-oriented research)

Passion
Patients
Patience
Poverty

Goldstein J and Brown M. The  Clinical Investigator: Bewitched, Bothered, Bewildered-But Still beloved. 
J  Clin Invest 1997;99:2803-2812 

Collaboration

49 50
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