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1. Features and functions

Lipids:
* Fats, oils, waxes, steroids
« Common properties:

- insoluble in water

- soluble in nonpolar solvents

<Fatty acid based lipids> <Cholesterol based lipids>
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1. Features and functions

Functions:

* Storage of energy

* Major structural elements of biological membranes

* Other functions: Enzyme cofactors,
Electron carriers,
Light-absorbing pigments,
Hydrophobic anchors for proteins,
Emulsifying agents in digestive tract,
Hormones,

Intracellular messengers
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2. Fatty acids

Fatty acids:

« Aliphatic carboxylic acids (C4 to C3z,).

» Contain even number of carbon atoms.

« Saturated or unsaturated.

= As esters in natural fats and oils, as free fatty acids.

AN M [ CHL(CH,),, COO-

A saturated fatty acid (palmitic acid, C16)

Hydrophobic Hydrophilic
hydrocarbon chain carboxyl group

(ionized at pH 7)

R i i T daa

A monounsaturated fatty acid (oleic acid, C18:1)

/\/\\/:\.//W cooH

A polyunsaturated fatty acid (lincleic acid, C18:2)

2. Fatty acids
% Ester bond

T
C
R TOR
R-COOH R'-OH

H
Glycerol

1-Stearoyl, 2-linoleoyl, 3-palmitoyl glycerol,
a mixed triacylglycerol

= <00
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2. Fatty acids

*¢* Nomenclature of Fatty acids

<systemic name:>

- anoic for saturated fatty acids: octadecanoic acid (C,;, stearic acid)

- enoic for unsaturated fatty acids: octadecenoic acid (C,;, oleic acid)

- A for indicating the number and position of double bonds (count from 1)
- monounsaturated, polyunsaturated fatty acids

- ®9, ®6, ®9: position of double bonds (count from methyl end- ® carbon)

O @ 4
\ 1
C/Z\/\/\/\=/\/W\
_o/ 3 2 10 18

(a) 18:1(A°) cis-9-Octadecenoic acid

9 1011 121314 15 16 17 18 19 20

o.\\ 4 2345 6 7 8
(<% e WO S
e 7 6 5 4 3 2 1
(6] @
(b) 20:5(A5-811.14.17) Eijcosapentaenoic acid (EPA),
an omega-3 fatty acid

2. Fatty acids Fatty acids with chain lengths of

4 to 10 carbons are found in
significant quantities in milk.

Structural lipids and triacylglycerols
contain primarily fatty acids of at
least 16 carbons.

STRUCTURE

Formic acid 1

Acetic acid 20

Propionic acid 3:0

Butyric acid 4:0

Capric acid 10:0 _

Palmitic acid 16:0

Palmitoleic acid 16:1(9) |cie:l, ©7
Stearic acid 18:0

Oleic acid 18:1(9) |cis:1, 9
Linoleic acid 18:2(9,12) C18:2| ®-6
o-Linolenic acid 18:3(9,12,15) C18:3| ®»-3
Arachidonic acid| 204 (5, 8,11,14)_C230:4, -6
Lignoceric acid 240

Nervonic acid 24:1(15)

[F’recursor of prostaglandins
Essential fatty acids|
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3. Classification of lipids

<Fatty acid based lipids>

_ [ sohngoipidstpelen |
Newwraitipis | [ Phospholipigs (pen | [ Giveoiipias Goian ]

IEEIEEIEIEIE_

[Trlncylglycerols] I Phospholipids I [ Sphingomyelin ] | cé::::;?&::s | I Gangliosides

Membrane lipids |

| Storage lipids | |

4. De novo synthesis of fatty acid and triacylglycerol

Fatty acid and TG synthesis
Regulated by insulin (+), glucagon (-)

Glucose

SOSDG
Pyruvate I OSE ) Triacylglycerol
"' <De Novo Lipogenesis> (Triglyceride)
o Fatt id —
Acetyl-CoA i e L iiiiiiiiiiiiiliogg
9
1 via VLDL
TCA cycle ciz_i_::eo Adlpo',.m tissue
Die‘l’al“y fcﬂ' :‘_" ::_"";—;_'{J-I—“: (1 {
Essential fatty acids - ‘_‘,“.,." ':A:‘
Non-essential fatty acid P T o ¥
- e o

- <00
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4. De novo synthesis of fatty acid and triacylglycerol

De novo synthesis of fatty acids

Oxaloacetate
Pyruvate — Acetyl-CoA

Citrate
Mitochondria

‘l ATP-Citrate lyase
| Acetyl-CoA e=

Fyryate Acetyl-CoA Carboxylase
1 (Acc)
1 — Malonyl-CoA eeo
Phosphate — NADPH Fatty Acid Synthase
pathway (FAS)
Glucose Palmitic Acid

(16:0) Stearoyl-CoA

ELO\? wesamrase (scp)

Stearic Acid Palmitoleic Acid eeeesses
(18:0) (16:1)
Stearoyl-CoA

Desaturase
Oleic Acid M

(18:1)

4. De novo synthesis of fatty acid and triacylglycerol

Biosynthesis of triacylglycerols
1. Storage of fatty acids as components of TAG
+ Structure: 3 fatty acids esterified to a glycerol molecule

+ Cytosolic lipid droplet as the major energy reservoir

e

i
H f e == nd'pua-:n.-ll!
. \\‘:
— A -4

= § ," i

‘“)-;/ <L L < P

. r
il @ /) o mu.,.,mmmm
. fh { g /"& <

- . C e

1-Stearoyl, 2-linoleoyl, 3-palmitoyl glycerol,
a mixed triacylglycerol
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4. De novo synthesis of fatty acid and triacylglycerol

Fatty acid
ATP Coenzyme A
Acyl-CoA synthetase
AMP+ PPi
Fatty acyl-CoA

G)

Glycerol 3-phosphate §_
B

Acyltransferase Fatty acyl-CoA
Coenzyme A {Fnﬁy acyl chain
P

Fatty acyl-CoA
Acyltransferase
Coenzyme A
Fatty acyl chain
Fatty acyl chain
P

Phosphatidic acid
1, 2-diacylglycerol-3P

(Phosphatidic acid)
phosphatase
Diacylglycerol
P E Fatty acyl-CoA
Acyltransferase [\ Coenzyme A

Fatty acyl chain
Farty acyl chain

hd Fatty acyl chain
Triacylglycerol £me acyl chain

Fatty acyl chain

5. Lipolysis and fatty acid p-oxidation

Glucose
[ st etn e

Acetyl-CoA
‘: Ketone body ‘
TCA cycle

Extrahepatic tissues
Acetyl-CoA

Lipolysis and fatty acid oxidation
Regulated by insulin (-). glucagon (+)

Gluconeogensis M P

<pB-oxidation>

Fatty acids

NADH
FADH:

€o,, H,0 g .
Ay Adipose tissue

o A e

X Ay 000

. 'r‘f—‘_ 5= “-——‘9_ f Lipolysis

o W o

PRI
Triacylglycerol
(Triglyceride)

= <00
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ATGL
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Triacylglycerol
Diacylglycerol
Lipid droplet

Monoacylglycerol

©

5. Lipolysis and fatty acid p-oxidation

Epinephrine

Glucagon

EEORNGR

i o2 ,@ Hormone-
3,\ G P)  sensitive
&P I lipase
Perilipin =P
o @ e ®
—_— T ¥

Adenylyl
cyclase

Fatty acids

Adipocyte

Mobilization of stored TAG triggered by hormones

Fatty acid

i’ transporter
P

10

B oxidation,
citric acid cycle,
m respiratory chain

ATP
Co,

Serum
/ albumin

Myocyte

Bloodstream

5. Lipolysis and fatty acid p-oxidation

Fatty acid
ATP

Acyl-CoA synthetase

Fatty acid B-oxidation

(In mitochondrial matrix)

Coenzyme A

AMP+ PPi Outer mitochondrial Inner mitochondrial
Eatty acyl-CoA membrane membrane
Cytosol Intermembrane Matrix
space Carnitine
3 o = acyltransferase Il
(o] ( a/ (]
=G b R— cf
5-C. Carnitine T — ]
oA = , Carnitine F=C0R
& —
R—C_ = /m
Carnitine CoA-SH
CoA-SH 2

~ Carnitine

acyltransferase |

A

(Carnitine palmitoyltransferase I, CPT-1)

group to mitochondrial matrix.

i

Transporter

Carnitine

Malonyl-CoA inhibits Carnitine acyltransferase-1, preventing the entry of acyl

10
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5. Lipolysis and fatty acid p-oxidation

Stage 1 Stage 2
CH3

i
e Oidation

CHy 8 Acetyl-CoA
¥ CHa

CH
72 16C0,

ﬁ'ﬂ“.s NADH, FADH; |:

20t + 1o
Respiratory ' ¥ %2
(electron-transfer)
chain \‘ H,0

N

ADP + P, ATP

6. Phospholipids

Phospholipids and Sphingolipids

G - ! 'i_,- - ‘:‘..,. ."
e pussmsnase. [l

: B ? Sphingolipid § =
Phospholipid
Pyr-:l.\:a'l-e . e Degradation in lysosome
t “"Lysosomal lipid storage diseases”

J De Novo Lipogenesis -
Acetyl-CoA e Fatty acids

L}

Chylomicron

- cO,, H,O ) .
TCA cycle iy t Adipose tissue

Dietary fat ™ i S P
Essential fatty acids W o o=

Non-essential fatty acid s D _"v‘g.',#

i T .

T bt

T T I A

- <00
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6. Phospholipids

(6]
i |:_a_ O -
Glycerophospholipids: o
- phospholipids containing glycerol as a backbone (Al E
MEMBRANE EXTRACELLULAR SPACE

(phosphatidic acid)
- major class of phospholipids

- predominant lipids in membranes

Serine + PA: phosphatidylserine (PS)
Ethanolamine + PA: phosphatidylethanolamine (PE)
Choline + PA: phosphatidylcholine (PC)

Inositol + PA: phosphatidylinositol (PI)

Glycerol + PA: phosphatidylglycerol (PG)

Cardiolipin

Phosphatidylcheline

Plasminogens

m.g-ocl&
Platelet-activating factor (PAF) - =
6“.-‘@
Phosphatidic acid

6. Phospholipids

< + Fara
PC synthesis from PS, PE PPPPPRON, N I8 R, i
CHa (B CHLCH CHg
coo oH
Phosphatidic acid "'; Z:
CTP H!ﬂmh-lﬂdbﬁ‘- anw ity -
PR, e I (bm ox ’
o / \
I-I’Q_(?—O—CM Wco Tave,,
C-O-C-H HO-CH CH
1] T Wc o oﬂ —
O HC-O-CDP :n—‘g (B-CH,CH, MH-. e
CDP-diacylglycerol ALCOHOL Phosp v Serine
Glycerol
Inositol oM,
Adencaine- 5
cmMpP =
&
; HGHNHL™
T SOy
HLC -0~ C A Adencayt-
c-o-coH e
O H.C-(P)-Alcehol s ""'"2 NN ansiorases (PE M T)
Phospholipid ‘;::
R,
CMP (==
S-Adenosyl-
CDP-ALCOHOL R
CDP-choline Q 4
S CDP-ethanolamine choTu, A
- - L =]
© H.C-O-C MWWWW . s L cH,
C—D—C H - ZH; {E CHCHN— CH
H. ! 1
2!3 OH ) cr,
Diacylglycerol Phosphatidic acid
Phosphatidylicholine

12 s=X/E - US| BS9S]
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6.

Phospholipids

Degradation of phospholipids by phospholipases

PHOSPHOLIPASE A,

Phospholipase A, is present in many

mammalian tissues and pancreatic juice.
It is also present in snake and bee venoms.

Pancreatic secretions are especially rich

in the phospholipase A, proenzyme,
which is activated by trypsin and
requires bile salts for activity.

Phospholipase A, acting on phosphatidyl-
inositol, releases arachidonic acid (the

precursor of the prostaglandins).

Phospholipase A; is inhibited by
glucocorticoids (for example, cortisol

PHOSPHOLIPASE A,

= Phospholipase A, is present
in many mammalian tissues.

1).

PHOSPHOLIPASE D
* Phospholipase D is involved

in signal transduction, gen-
erating phosphatidic acid
(PA) from phosphatidyl-
choline and diacylglycerol
from PA.

PHOSPHOLIPASE C

* Phospholipase C is found in liver
lysosomes and the a-toxin of
clostridia and other bacilli.

* Membrane-bound phospho-
lipase C is activated by the PIP,
system and, thus, plays a role in
producing second messengers.

A

7. Cholesterol

Cholesterol
Hydrocarbon "tail"
21f = i ﬁar

Steroid
nucleus

HO b =

Cholesterol
Fatty
acid
‘l’ 2 g
C=0
Cholesteryl ester
BRI - SUAsIEE| WeeiRs 13
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7. Cholesterol

Cholesterol

Essential component of animal tissues
-Component of cell membrane

-Precursor of
bile acids
steroid hormones
vitamin D

Not an energy source

Hydrophobic molecule

In lipoproteins in plasma

7. Cholesterol

Cholesterol

» Essential component of animal tissues

-Component of cell membrane

Cholesteral Fits Between Phosphollpids

Phospholipid
Cholesteral

* Regulate membrane fluidity and stability
(more cholesterol, less fluid, more stable)
* Reduce permeability

[=imle )

14

ron

R[E - SOHABIIE) WSS
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7. Cholesterol

<Bile salts>

Cholic acid Glycine
K H B
C-N-CH,COO
HO® “OH
H
S ——— __.__..--'
Glycocholic acid
(a conjugated bile salt)
Chenodeoxycholic acid Taurine

e e —— e

Q H
G- N=-CH,CH,S0,~

Taurochenodeoxichollc acid
(a conjugated bile salt)

Lipid
droplet  Bile salt
P o
s
@;gi?_b—eid + %

Small
lipid droplets

7. Cholesterol

Cholesterol

In lipoproteins in plasma

Triacylglycerols

\\ Free (unesterified)

cholesterol
a

sl

__,l

TGS %

T
b's
X

=
Cholesteryl
esters
Phospholipid
monolayer

- <00
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7. Cholesterol

7. Cholesterol

De novo synthes:s
Acetyl-CoA

Dietary fat
!
CM

[
CM Remnant

16 32X - SUeI3H| DKL
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7. Cholesterol

<Dietary cholesterol absorption>

Intestinal lumen Intestinal epithelium

———I\-c"\ 2 Lymph vessel

FA
(in mixed micelles) el . TAG Chylomicron
INPCALA E
cHOL NECaa

(in mixed micelles)

#.",g NPcaLdl —_Iir PCIL
Absorption e ~

“ - - o Ezetimibe ™"
Ezetimibe (::gL 4
i ! \,.CE
a

@°
o
< [FECeEGE] Ls —» —» [EEEAT]» woL
Transintestinal cholesterol excretion

Apical membrane

Basolateral membrane

Chang and Chang, Cell Metabolism 2008

7. Cholesterol

<De novo synthesis>

2 :n.—-c:
S-Com  Acetyl-CoA

thisinre CohH

<u.—3—m.—t'o o
“scon Acetosceryl-Cof Mewilasi
M“‘““’I: are
O-Coh m..—g\’ PR———— -
rymthase 3oty o
e "y 5
o= OOC—cH, -j—(.n.—uc.-o—?-.o
rHa % M-md:nn-
M, —C—0H
® S—— aTe
fi-Hydraxy- fi-methylglutaryl-CoA Anw
o scon [HMG-CoA) "
L~ 2 INADPH, - an*
e, 3
]
= = |

H .'ﬂ: ._ Edonné Red
Y Statin®

coprames il ?
gt =M CHy —- O B O — O

o o
Dimethylaliyl pyrophoiphate

S - SUZlstsl BRI 17
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7. Cholesterol

Lipoproteins

Cholesterol

@m HDL Cholesterol

CETP Cho% ‘f
Fatty acids —_—

LDL e== IDL<y -~ ‘s

7. Cholesterol
Dietary fat
cetimibe” =
De novo synthesis C{“
Ace'fyl CoA CM Remnant '¢: g

: Bile salts = oo
! Free Cholesi’er'ol

18 32X/ - SUeIsHE| IR9IS
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LipoproteinO|2t? (1)

« Lipoproteins contain an “oil droplet” core of hydrophobic lipids
(TGs and cholesteryl esters) surrounded by a shell of hydrophilic
lipids (phospholipids, unesterified cholesterol) and proteins (called
apolipoproteins) that interact with body fluids.

* The plasma lipoproteins are divided into major classes based on
their relative density: chylomicrons, very-low-density lipoproteins
(VLDLs), intermediate-density lipoproteins (IDLs), low-density
lipoproteins (LDLs), and high-density lipoproteins (HDLs).

Harrison's Principles of Internal Medicine, 21e

LipoproteinO|2t? (2)

« Lipoproteins are complexes of lipids and proteins that are
essential for transport of cholesterol, triglycerides (TGs), and
fat-soluble vitamins in the blood. Lipoproteins play essential
roles in the absorption of dietary cholesterol, long-chain
fatty acids, and fat-soluble vitamins; the transport of TGs,
cholesterol, and fat-soluble vitamins from the liver to
peripheral tissues; and the transport of cholesterol from
peripheral tissues back to the liver and intestine for excretion.

Harrison's Principles of Internal Medicine, 21e

22 32X - SUASISIE| WR9IRS|
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LipoproteinO|2t? (3)

* Lipids, such as cholesterol and triglycerides, are insoluble in
plasma. Circulating lipid is carried in lipoproteins that
transport the lipid to various tissues for energy utilization,
lipid deposition, steroid hormone production, and bile acid
formation. The lipoprotein consists of esterified and
unesterified cholesterol, triglycerides, phospholipids, and
proteins referred to as apolipoproteins (apo).

Inner hydrophobic core
of esterified cholesterol
and triglycerides Unesterified

Wﬂ

Outer hydrophilic core

Apolipoprotein

Schematic drawing of lipoprotein structure. Information derived from Champe et al. 2005.

= <00
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ApolipoproteinO|£t? (1)

Each class of lipoprotein particle contains protein that is referred to as
apolipoprotein. Understanding the major functions of the different
apolipoproteins is important clinically, because variants in their structure
or alterations in their metabolism can lead to abnormalities in lipid
handling.

The six major lipoproteins particles are chylomicrons and
chylomicron remnants, VLDL, intermediate-density lipoprotein (IDL),
LDL, HDL, and lipoprotein(a) (Lp(a)). All six lipoproteins carry
cholesterol and triglycerides to varying degrees. These particles have
been classified based on their physicochemical characteristics (eg, size,
density) and apolipoprotein composition. LDL and HDL have been
divided into subclasses.

ApolipoproteinO|£t? (2)

The proteins associated with lipoproteins, called
apolipoproteins, are required for the assembly, structure,
function, and metabolism of lipoproteins. Apolipoproteins
provide a structural basis for lipoproteins, activate
enzymes important in lipoprotein metabolism, and act as
ligands for cell surface receptors.

Harrison's Principles of Internal Medicine, 21e
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0.95 -

1.006

E
k=) Chylomicron
B Ve remnants
g
(@] Chylomicron
1.06
1.10
1.20
1 1 1 1 1 1 f’ |
5 10 20 40 60 80 1000

Diameter, nm
Source: Joseph Loscalzo, Anthony Fauci, Dennis Kasper, Stephen Hauser,
Dan Longo, ). Larry Jameson: Harrison's Principles of Intemal Medicine, 21e
Copyright © McGraw Hill. All rights reserved.

The density and size disinbution of the major classes of lipoprotein particles. Lipoproteing are classified by density and size, which are inversely related. H
DL, high-density lipoprotain; |DL. intermediate-da nsity lipe protain; LDL. low-density lipoprotein: VLOL, very-low-da nsity lipo pratein.

Ciatior: Crepter£07 Diorder of Lipopotsin Metaboiom, Loseaize J Faus &, Kecper O, Hawser S, Longo D, Jemezon J, Horison's Erincples of inisrmal Medicine, 21e: 2022
rpe ffacoes rhmaaical. 'DoMent.ScpT oo 3095Ecectonl d=265446 78] Accecced Temember30, 2024

Harrison's Principles of Internal Medicine, 21e >Disorders of Lipoprotein Metabolism

Joseph Loscalza, Anthony Fauri, Dennis Kasper, Stephen Hauser, Dan Longo, J. Larry Jameson+
TABLE 407-1Major Apolipoproteins

APOLIPOPROTEIN FRIMARY SOURCE LIPOPROTEIN ASSOCIATION FUNCTION
. Care structural protein for HOL, promotes cellular
-l Intestine, liv HDL, eh
e i s fiid effux via ABCAI, aciivales LCAT
HApanddl Liver HDL, chylomicrons Structural protein for HDL
ApoA-V Liver VLDL, chylomicrons F LPL-medi aly lipolysis:
Apo(a) Liver Lp(a) Structural protain for Lp({a)
ApoB-48 Intestine Chylomlcrons, chylemicron remnants Caore si | protein for chy
Core siructural protein for VLDL, LDL. IDL. Lpda):
ApoB-100 Liver WLOL, IDL, LDL, Lp(a) igand for biding 1o LOL récapiar
ApoC-ll Liver Chylomicrons, VLDL, HDL Cofactor for LPL
" Liver, intestine Chylori ’ HDL Inhibits LPL activity and lipoprotein binding to
¢ receptars
Ligand for hinding 1o LOL I ne oth
ApcE Liver Chylomicron remnants, IDL, HOL Kot for + e B
receptars
Abbreviations: HDL, high-density lipoprotein; DL, i density lipopratein; LGAT, lecithin acyltrar ; LDL, low-density lipoprotain; Lpia), lipopratein(a); LPL, lipoprotain ipase; VLOL, very-

low-density lipoprotein.
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Size and density profile of major apolipoprotein B-containing lipoprotein classes

VLDL, small, dense
VLDL IDL

Liver-derived (/"“ B P,_‘“_‘I LDL LDL 5

lipoproteins 70% 50% ) 10% % [ J6% \

ApoB100 \ 1% ) Sty byl E@ @ (CE%
b // — — s

Density (g/ml) <0.95 1.006 1019 1.045 1063

Diameter (nm) 70 35 28 24 22

Intestine-derived £ ( L) )

lipoproteins ' 3 E E%, 3

ApoB48 -

Chylomicrons
European Heart Journal (2021) 42, 4791-4806

HDL

[
Lp(a)
IDL

= -
VLDL
Chylomicrons
® ApoB
“ Cholesterol
. Triglyceride Johannesen, C.D.L. et al. J Am Coll Cardiol. 2021;77(11):1439-50.

26 SR/ - SULIKE| 1SN




142 Clinical Application of Apolipoprotein: An Updated Overview Focused on ApoB

Atherogenic Particles

Apolipoprotein B
Non-HDL-C

VLDL VLDLg IDL LDL Small,
Chylomicron Chylomicrong dense
a LDL

A
~
TG-rich lipoproteins

“ Conventional Lipid battery “

Cholesterol in VLDL, IDL, and LDL

Total ;
Cholesterol Cholesterol gster in HDL
Free fatty acids ‘ Apo B (esp. 100) ‘
Triglycerides Chylomicron | Apo B48, C, E |
VLDL and IDL

HDL Cholesterol ester

Friedewald formula
LDL cholesterol = TC — TG/5 — HDL-C (MLDL-C = Triglycerides/5)
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Enhanced
generation of
remnant
lipoproteins during
inefficient lipolysis
of ViDL and
chylomicrons

Enhanced formation of
small, denseLDL

Formation of triglyceride-rich lipoprotein remnants and their role in atherogenesis. Metabolic scheme for the generation and clearance of triglyceride-rich
lipoprotein remnant particles (A). In hypertriglyceridaemia, overproduction and inefficient lipolysis of both very low-density lipoprotein and chylomicrons
lead to increased remnant formation. Triglyceride-rich lipoprotein remnants contribute to the initiation and progression of atherosclerotic lesions (B).
Particle retention in the subendothelial space is followed by inflammation, cholesterol deposition, and macrophage foam cell formation,

European Heart Journal (2021) 42, 4791-4806

1) The liver combines a single apog rh"blg‘cu'

lipoprotein and secretes it into plasma

¢ w»densiw lipwrotein (LOL).
avery low»denstty lipoprotein (VLDL).

LDL

VLOL to LDL conversion decurs In 6
hours. An LDL is i the circulation for
48 hours total, 5o an apoB lipoprotein

d spends 90% of its [Hecytle asan LOL.
@ andstorage

- DLisremnndimmthedrml Tikae e GndGtheliat barrier S -
L receptors on hepatocytes - @ @ @ i =
% (01 (k. (61 - -
SR 9@ | et B < =
- - — - X A
Aa'ip'v LUMEN. R . & - /"' NN
. r“ : " ‘,‘ - /
& Macrophage ) Most apoB lipnpmtems :
Atherosclerotic plague ) 3 - are returned to the circulation
: Tt (5 =
. — AT 2 — _ Some apoB “p oproteins ca via ﬁm lym| nllattc system
Dver time, the atherosclerntic plague grows as mare apoB-containing - become mpped in tlle artery m“. _,_.f.' -
VLDL, remnant, and LDL particles become trapped in the artery wall. — - e Z____._ _-/
The goal of Lipid-lowering therapy therefore is to reduce the number of ; ARTERY NALL :
circulating apoB lipoproteins that can become trapped in the artery wall. . B e e M TTATIC BUCT
- = o = — ——— AL S 2
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Atherogenic Lipoproteins

*Non-HDL-C = TC — HDL-C
*Non-HDL-C = atherogenic cholesterol

«Apo B concentration represents total number of lipoprotein
particles (LDL + IDL + VLDL)

S

e46M| EHX}

0207t Sl F 23| 4F 28 W 2F

¢7| 170 cm, HIF 79 kg, BMI 27, 2| =8| 97 cm

e ¥ 140/100 mmHg

o SHEE 125 mg/dl, 35 & T 25 ulu/ml, HbA1c 6.7%

(= B I — =]

o EE Y AHE 210, TG 330, HDL 44, LDL 100 mg/dI
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Secondary causes of hypercholesterolemia or @
hypertriglyceridemia

Elevated LDL cholesterol Elevated Triglyceride

* Intake of saturated fatty acid = Alcohol drinking
* Intake of trans fatty acid = High caloric intake
* High caloric intake * High carbohydrate intake

= Oral estrogen * Glucocorticoid
* Diuretics = Bile acid sequestrant = Protease inhibitor
* Glucocorticoid * Retinoic acid * Anabolic steroid
» Amiodarone * Sirolimus * Haloxifen
= Cyclosporine * Tamaxifen * Beta-blocker
»Thiazide diuretics

* Obstructive liver disease = Chronic kidney disease
Disease » Nephrotic syndrome = Nephrotic syndrome
* Anorexia nervosa * Sepsis

. = Obesity = Obesity
meta = Pregnancy = Pregnancy
bolism W s Hypothyroidism = Uncontrolled diabetes
Y y

LOL, lowe-density licoprotein

S

Chix 21} Rosuvastatin 10mg £0{ F0|C}
O|Y4X|ZE S0l thet 71X Fofo| €At

SEYAHE 210 mg/d,
Z’dX|4 330 mg/dl,
HDL E2|AHE 44 mg/dl,
LDL E2H 2HE 100 mg/dl
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Clear Cardiovascular Benefits of
Intensive Lipid-Lowering Therapy

POSCH-PL
Primary
o prevention trials

Secondary
POSCH-Rx prevention trials
45-Rx
A HPS

LIPID-PL
TNT-10A

: HPS-PL
CARERX LIPiD-RxA \iDScorsPL

™Te0A LA oo WOSCOPSRx
ASCOT-PL__
HSCC’CSE"/’. ®rcapspL
O ArcaPs-Rx

50 70 90 110 130 150 170 180 210 (mg/dL)
1.3 1.8 2.3 2.8 3.4 3.9 4.4 4.9 54

(mmolfL)
(mmolfL) LDL cholesterol

—
=

@

=>
(1]
(m]
L
O
=
L=

2
n
e

s

@
=

1y
o
B

0

Estimated residual risk even in statin?

. 20%
. 30%
40%
. 50%
. 60% O]t

v B WN R
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Residual CVD Risk in Statin vs Placebo Trials

40
25-40% CVD Reduction Leaves High Residual Risk

P=0.003
30 9 20 ® Placebo
® Statin
20 19.4 P <0.001

15.9 P=0.003 P = 0.0001 P <0.001

123 132 f0o U3 . P<0.001 109
. 79

‘O
o
@

=
D
o
=

L

8
=
@

s
©

o

5.5

LIPID? 7 HPS* WOSCOPS® AFCAPS/TexCAPS®
9014 20 536 6595 6605
-25% -29% -26% Ly
Secondary High Risk Primary

148 Group. Lancet, 1994;344:1383-1389, *HPS Collaborative Group. Lancet. 2002;360:7-22,
2LIPID Study Group. N EnglJ Med. 1998,339:1348-1357. Shepherd J el al. N EnglJ Med. 1995;333:1301-1307.
33acks FM et al. N EnglJ Mad. 1996;335:1001-1009, fDowns JR et al. JAMA. 1998;279:1615.1622.

Epidemiology
Genetic study
Biologic study

TG/TRL/TRL-C Atherosclerosis

ASCVD

Triglyceride-rich lipoprotein cholesterol
(TRL-C): the ugly stepsister of LDL-C

Michael H. Davidson*

European Heart fournal (2018) 38, 620-622
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Observational study
(association only)

Randomized trial
(causal estimate)

Mendelian randomization
(causal estimate)

I Non-random distribution I I

Randomization methods

I I Random distribution of alleles I

¥ L

\d V

¥ \d

TG & remnant TG & remnant Placebo Drug: TG & remnant Normal Allele: TG & remnant
cholesterol * cholesterol cholesterol | allele cholesterol ¢ or 1
: 7
- L ]
. Confounders . Confounders evenly Confounders evenly
- unevenly distributed : distributed distributed
: : A
L] : :
= Atherosclerotic cardiovascular Atherosclerotic cardiovascular | Atherosclerotic cardiovascular
. disease T . disease - . disease . or T
= -

Rewverse causation

[ Reverse causalion I

Single point association
Confounding + reverse causation
Regression dilution bias

2-10 year effect
Double-blind
Pleotropic (=off-target) effects

Life-long effect
Double-blind
Pleotropic effects

Circ Res. 2016;118.547-563

Clinical focus on lipoproteins for ASCVD prevention

'
100%

FH, Nobel prize 85 & statin trials

Epidemiology

Early trials

50%

L

Vo

Remnant hyperlipidemia

Postprandial hypothesis

v v

Epidemiology
1

LDL

Genetics & “failed” HDL trials

bl

Remnants
TG

.
r 4

0% Y
1980

1990

2000

2010

1
2020

Circ Res. 2016;118.547-563
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Relations of LDL particle number

and LDL cholesterol value to TG level

2000 : 180

LDL Particles
......... LDL Cholesterol

£ 1800 =
o 160 =
H g
£ 1600 e
:
E 140 E
< 1400 5
H £
a 120
— 1200

1000 100

(1] 100 200 300 400
TR EeE Circulation. 113:20-29, 2006

LDL-C Doubly Underestimates CVD Risk in Cases of Small, Dense LDL

ApoB |48

130 mg/d More Apo B

Cholesterol
Ester

Fewer Particles &
Less Risk/Particle
Lipid profile:
TC 198 mg/dL
LDL-C 130 mg/dL
TG 90 mg/dL
HDL-C 50 mg/dL
Non-HDL-C 148 mg/dL

Otvos JO, et al. Am J Cardiol. 2002
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LDL-C
e [

Mofe Partif:les &
More Risk/Particle

Lipid profile:
TC 210 mg/dL
LDL-C 130 mg/dL
TG 250 mg/dL
HDL-C 30 mg/dL
Non-HDL-C 180 mg/dL
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Non-HDL-C vs. Apo B

Favoring Non-HDL-C Favoring Apo B

- Cholesterol content - Apo B play causalrole
conceptually better in atherosclerosis

« Free with lipid profile « May stronger CVD
(no extra testing factor in the recent
needed) studies

» Well standardized

« Already incorporated
in guidelines

ESC/EAS GUIDELINES
@ E SC European Heart Journal (2020) 41, 111188 #5385,

Eurcpean Society 45i10.1093/eurheartj/ehz455
of Cardiclogy

2019 ESC/EAS Guidelines for the management
of dyslipidaemias: lipid modification to reduce
cardiovascular risk

Changes in recommendations

Upgrades

2016

ApoB should be considered as an alternative risk marker whenever available,
especially in individuals with high TG.

2019
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«In general, LDL-C, non-HDL-C, and ApoB concentrations are
very highly correlated. As a result, under most circumstances,
they provide very similar information about ASCVD risk.

«Considering the potential inaccuracy of LDL-C in
dyslipidaemia, among patients with DM or high TG levels,
and in patients with very low LDL-C levels, measurement of
both ApoB and non-HDL-C is recommended as part of
routine lipid analysis for risk evaluation in patients with
elevated plasma TGs.

«Because ApoB provides an accurate estimate of the total
concentration of atherogenic particles under all
circumstances, it is the preferred measurement to further
refine the estimate of ASCVD risk that is modifiable by lipid-
lowering therapy.

European Heart Journal (2020) 41, 111188

Recommendations for lipid analyses for cardiovascular disease risk estimation

Recommendations Class®

TC is to be used for the estimation of total CV risk by means of the SCORE system.

HDL-C analysis is recommended to further refine risk estimation using the online SCORE system.

LDL-C analysis is recommended as the primary lipid analysis method for screening, diagnosis, and management.

TG analysis is recommended as part of the routine lipid analysis process.

Non-HDL-C evaluation is recommended for risk assessment, particularly in people with high TG levels, DM, obesity, or
very low LDL-C levels.

ApoB analysis is recommended for risk assessment, particularly in people with high TG levels, DM, obesity, metabolic syn-
drome, or very low LDL-C levels. It can be used as an alternative to LDL-C, if available, as the primary measurement for
screening, diagnosis, and management, and may be preferred over non-HDL-C in people with high TG levels, DM, obesity,
orvery low LDL-C levels.

Lp(a) measurement should be considerad at least once in each adult person’s |ifetime to identify those with very high
inherited Lp(a) levels =180 mg/dL (=430 nmol/L) who may have a lifetime risk of ASCVD equivalent to the risk associated la c
with heterozygous familial hypercholesterolaemia.

Lp(a) should be considered in selected patients with a family history of premature CVD, and for reclassification in people

lla c
who are borderline between moderate and high-risk.

Apo = apolipoprotein; ASCVD = atherosclerotic cardiovascular disease; CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus; HDL-C = high-density lip-
oprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; Lp(a) = lipoprotein(a); SCORE = Systematic Coronary Risk Estimation; TC = total cholestercl, TG =
triglyceride.

European Heart Journal (2020) 41, 111188
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Table7 Treatment targets and goals for cardiovascular disease prevention

Smoking

Diet

Physical activity
Body weight
Blood pressure
LDL-C

Non-HDL-C

ApoB

Mo exposure to tobacco in any form.

Healthy diet low in saturated fat with a focus on wholegrain products, vegetables, fruit, and fish.

3.5—7 h moderately vigorous physical activity per week or 30—60 min most days,
BMI 20-25 kgfrn’. and waist circumference <94 cm (men) and <80 cm (women).

<140/90 mmHg."

Very-high risk in primary or secondary prevention:
A therapeutic regimen that achieves >50% LDL-C reduction from baseline”® and an LDL-C goal of <14 mmol/L (<55 mg/dL).
Mo current statin use: this is likely to require high-intensity LDL-lowering therapy.

Current L DL-lowering treatment: an increased treatment intensity is required.

High risk: A therapeutic regimen that achieves >50% LOL-C reduction from baseline® and an LDL-C goal of <1.8 mmol/L

(<70 mg/dL).
Moderate risk:

A goal of <2.6 mmol/L (<100 mg/dL).

Non-HDL:C secondary goals are <2.2,26,and 34 mmollL (<85, 100, and 130 mgldL) for very-high- high- and moderateqrisk

people, respectivel.

ApoB secondary goals are <65, 80, and 100 mg/dL for very-high-, high-, and moderate-risk peapl, respectively

European Heart Journal (2020) 41, 111188

Attribute

2021 CCS guideline

2019 EAS/ESC guideline

2018 AHAJACC guideline and 2022 update

Screening
demographic for
baseline lipid
profile

Nonfasting lipid
profile
acceprable?

Risk algorithm in
primary
prevention

Risk modifiers

ApoB v non-
HDL-C

Lp(a)

Threshold vs target
LDL-C

Adults older than 40 years, or younger
with specified conditions®

Yes: repeat fasting depending on TG

level elevation

Either FRS or CLEM

Rl.'llti\'l.‘l}' rc“' ['.'F'. !‘Jmil}' |1II\1UT'YP.
hsCRP, coronary artery calcium,
[Lp(a)]); vulnerable populations

Both are equivalent 1o LDL-C and
preferable w it if TG level > 1.5
mmol/L

Once in every adult’s lifetime as part of
ASCVD risk assessment

Thresholds in secondary prevention 1o
emulate RCTS; intensify LDL-C
lowering therapy if LDL-C > 1.8
mmol/L or non-HDL-C > 2.4
mmol/L or ApoB > 0.7 g/L

Men older than 40 years, and women
older than 50 years or
postmenopausal

Yes: repear fasting depending on TG
level elevation

SCORE-2

A wide range of dlinical conditions
resembling those for initial lipid
screening in the 2021 CCS
guideline”

Both are equivalent 1o LDL-C and
preferable 1o it if
TG level > 1.5 mmaol/L

Onee in every adult’s lifetime as part of
ASCVD risk assessment

LDL-C targets with 4 levels of risk:

e Very high—LDL-C < 1.4 mmol/L

o High—LDL-C < 1.8 mmol/L.

o Moderate—LDL-C < 2.6 mmal/L

o Low—LDL-C < 3.0 mmol/L

Broad inclusion; adulis older than 20 years

Yes; repeat fasting depending on TG level

elevation

Pooled cohort equation

A wide range of clinical conditions resembling
those for initial screening in the 2021 CCS
guideline,” plus hsCRP, Lp(a), and ApoB

Non-HDL-C is preferable if nonfasting or TG
II.'VE] CIE\'Jl(d: <ﬂp‘lfB not gfl".'l.'l[l‘\'
recommended

Measure only if personal or family history of
premature ASCVD

Thresholds for treatment intensification:

e Scvere 1 hypercholesterolemia—LDL-C >
2.6 mmol/L

e 2° Prevention—LDL-C > 1.8 mmol/L

Canadian Journal of Cardiclogy 40 (2024) 513519
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ORIGINAL RESEARCH ARTICLE

©

Comparison of Conventional Lipoprotein
Tests and Apolipoproteins in the Prediction

of Cardiovascular Disease
Data From UK Biobank

Editorial, see p 553

BACKGROUND: Total cholesterol and high-density lipoprotein cholesterol
{HDL-C) measurements are central to cardiovascular disease (CVD) risk
assessment, but there is continuing debate around the utility of other lipids for
rsk prediction

METHODS: Participants from UK Biobank without baseline CVD and not taking
statins, with relevant lipid measurements {n=346 636), were incuded in the
primary analysis. An incident fatal or nonfatal CVD event occurred in 6216
participants (1656 fatal) over a median of 8.9 years. Associations of nonfasting
lipid measurements (tatal cholesteral, HOL-C, non-HDL-C, direct and calculated
low-density lipeprotein cholesterol [LOL-C], and apolipoproteins [Apo] A1 and B)
with CVD were compared using Cox models adjusting for dassical risk factors,
and predictive utility was determined by the C-index and net reclassification
index. Prediction was also tested in 68 649 participants taking a statin with or
without baseline CVD (3515 CVD events)

Claire Welsh, PhD

Carlos A. Celis-Morales,
PhD

Rosemary Brown, MSc

Daniel F. Mackay, PhD

James Lewsey, PhD

Patrick B. Mark, MD

Stuart R. Gray, PhD

Lyn D. Ferguson, MBChB

Jana J, Anderson, PhD

Donald M. Lyall, PhD

John G. Cleland, MD

Pardeep S. Jhund, MBChB,
PhD

Jason M.R. Gill, PhD

Jill P, Pell, MD

Maveed Sattar, MD*

Paul Welsh, PhD*

CONCLUSIONS:
Measurement of total
cholesterol and HDL-C in
the nonfasted state is
sufficient to capture the
lipid-associated risk in
CVD prediction, with no
meaningful improvement
from addition of
apolipoproteins, direct or
calculated LDL-C.

Circulation. 2019;140:542-552

EDITORIAL

From the UK Biobank Study

Cholesterol Insights and Controversies

Three Take-Home Messages for the Busy Clinician

Circulation. 2019;140:553-555

Among the subset of 63520 UK Biobank participants who were discordant
(>10% absolute percentile difference with respect to apo B and LDL
cholesterol), only apo B was associated with increased CVD risk (adjusted
hazard ratio per SD, 1.23 [95% Cl, 1.12-1.35]; P<0.001), whereas no increased
CVD risk was noted for directly measured LDL cholesterol or for calculated
LDL cholesterol. Likewise, among these discordant individuals, non-HDL
cholesterol also was not associated with increased CVD risk.

This discordant subset of participants represented =~15% of the UK Biobank
study population, which is a relatively healthier population compared with
the general UK population. In other study populations, the proportion of
individuals with discordant apo B and LDL cholesterol test results has been
noted to be at least one-quarter of the general population, with greater
prevalence noted among populations enriched with cardiometabolic risk
factors such as obesity, metabolic syndrome, and diabetes mellitus.
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JAMA Cardiology | Original Investigation

Association of Apolipoprotein B-Containing Lipoproteins and Risk

of Myocardial Infarction in Individuals With and Without Atherosclerosis
Distinguishing Between Particle Concentration, Type, and Content

Published online November 13, 2021.

OBJECTIVE To determine whether common measures of cholesterol concentration, TG
concentration, or their ratio are associated with cardiovascular risk beyond the number of
apolipoprotein B (apoB)-containing lipoproteins.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort analysis included individuals
from the population-based UK Biobank and from 2 large international clinical trials, FOURIER
and IMPROVE-IT. The median (IQR) follow-up was 11.1(10.4-11.8) years in UK Biobank and 2.5
(2.0-4.7) years in the clinical trials. Two populations were studied in this analysis: 389 529
individuals in the primary prevention group who were not taking lipid-lowering therapy and

40 430 patients with established atherosclerosis who were receiving statin treatment.
EXPOSURES ApoB, non-high-density lipoprotein cholesterol (HDL-C), LDL-C, and TG.

MAIN OUTCOME AND MEASURES The primary study outcome was incident myocardial

infarction (M1).

Published online November 13, 2021.

Figure 1. Lipid Parameters and Risk of Myocardial Infarction

Zl Primary prevention: clinically adjusted

Hazard ratio
Lipid parameter per 1 5D (95% CI)
Apo B 1.38(1.34-1.42) ]
Non-HDL-C 1.36 (1.32-1.40) —.-
TG 1.16 (1.13-1.19) i -

09 1 11 12 13 14 15
Hazard ratio per 1 5D (95% CI)

"¢ Secondary prevention; clinically adj

Hazard ratio
Lipid parameter  per 1 SD (95% CI)
Apo B 1.19(1.14-1.25) i =
Non-HDL-C 1.16(1.11-1.22) ——
16 1.03 (0.99-1.07) -~

08 09 1 11 12 13 14 15
Hazard ratic per 150 (95% Cl)

_T Primary prevention: clinically and Lipid adjusted

Hazard ratio
Lipid parameter per 15D (95% Cl)
Apo B 1.27 (1.15-1.40) ]
Non-HDL-C 1.09(0.97-1.21) S i —
TG 1.00(0.96-1.04) -

09 1 11 12 13 14 15
Hazard ratio per 1 SD (95% Cl)

D] Secandary prevention: clinically and lipid adjusted

Hazard ratio

Lipid parameter  per 1 5D (952 CI)

Apo B 1.17 (1.00-1.36) : ]
Nan-HDL-C 1.03(n.88-1.20) ——
TG 0.94 (0.89-1.00) e

08 09 1 11 12 13 1415
Hazard ratio per 1 5D (95%Cl)

All models were adjusted for age, sex, body mass index (calculated as weightin
kilograms divided by height in meters squared), smoking status, hypertension,
diabetes, ethnicity, and kidney function. The secondary prevention cohort was
also adjusted for prior myocardial infarction, stroke, and peripheral artery

disease. Clinically and lipid-adjusted models also included apaolipoprotein B,
non-high-density lipoprotein cholesterol, triglycerides, and high-density
lipoprotein cholesteral in addition to the clinical variables.
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Apolipoprotein B and Non-HDL
Cholesterol Better Reflect Residual Risk
Than LDL Cholesterol in

Statin-Treated Patients

Camilla Ditlev Lindhardt Johannesen, MD, """ Martin Badtker Mortensen, MD, PuD,*"*"
Anne Langsted, MD, PuD,""" Borge Grenne Nordestgaard, MD, DMSc"

J Am Coll Cardiol. 2021;77(11):1439-50.
BACKGROUND In cholesterol guidelines, low-density lipoprotein (LDL) cholesterol remains the primary target while
apolipoprotein B (apoB) and non-high-density lipoprotein (non-HDL) cholesterol are secondary targets.

OBJECTIVES This study sought to determine if elevated apoB and/or non-HDL cholesterol are superior to elevated LDL
cholesterol in identifying statin-treated patients at residual risk of all-cause mortality and myocardial infarction.

METHODS In total, 13,015 statin-treated patients from the Copenhagen General Population Study were included with 8
years median follow-up. Cox regressions among apoB, non-HDL cholesterol, and LDL cholesterol, respectively, and all-
cause mortality or myocardial infarction were examined on continuous scales by restricted cubic splines and by categories
of concordant and discordant values defined by medians.

All-Cause Mortality
N =13,015
2,499 Deaths

Myocardial infarction
N = 11,365
537 Events

All-Cause Mortality
N = 13,015
2,499 Deaths

Myocardial Infarction
N=1,365
537 Events

08
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fraction of populi at diferent lipid teait The a indlicate the of the lipkd tait with the lowest all-cause
mertality. Analyses were adjirsted for age, sex, smoking stotus, pack-years, systolic Hlood pressure, and any diagnasis of atherascleratic
carclovascular chtease, cancer, or chrorsc chetrective pulmonary disedss 3t baseline, Based on indiidials from the Copenhagen General
Popuiation Study, LEL = |ow-densty lipopratein: noa-HOL = noa-high-densty lipaprotein.

(AajEuag) vogemtng jo vy

™
Nen-HOL Chalesteral Concentration

n 1 M e WS 19

Mon-HDL Chelesteral Concentration

a2

40




2242 Clinical Application of Apolipoprotein: An Updated Overview Focused on ApoB

Discordant values compared to concordant low values
4 LDL . :
Non-HDL/ —* No mm:eased risk of

¥ ApoB mortality or MI Also, discordant high apoB

with low non-HDL cholesterol
yielded hazard ratios of 1.21
¥ LDL | 19 risk of mortality (95% CI: 1.03 to 1.41) for all-
A EBSI;HDU T ) 49%-78% risk of MI cause mortality and of 0.93
(95% Cl: 0.62 to 1.40) for
myocardial infarction.
¥y LDL
4 23% risk of mortality
4 Non-HDL —»
} ApoB ) 82% risk of MI

Johannesen, C.D.L. et al. J Am Coll Cardiol. 2021;77(11):1439-50.
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EDITORIAL COMMENT

Tracking Residual Risk
Time for a Change?*

Neil J. Stone, MD, Donald Lloyd-Jones, MD

“Progress is impossible without change, and
those who cannot change their minds cannot
change anything.”
—George Bernard Shaw (1)

Current guidelines, both American and European,
acknowledge the usefulness of both apoB and non-
HDL-C in their risk algorithms, and their use as
possible targets to indicate efficacy, but they do not
yet strongly recommend measurement of apoB for
assessment of residual risk. Subsequent guideline
panels should use these observational data and other
informative studies to consider how to translate the
benefit to improved patient care, and whether these
markers should be routinely or selectively measured.
In situations where statin use is suboptimal, maxi-
mizing statin intensity would appear to be the most
important first step in reducing residual risk, and
then it may be important to consider how measure-
ment of apoB and non-HDL-C could influence
guideline-directed care.

SRR - SHzslElE 1SYlYs| 41

= <00



“ Lipid

Academy

Summaries

*Non-HDL-C > LDL-C in certain situation
(DM or high TG levels, and in very low LDL-C levels)

ApoB > Non-HDL-C
*New lipid battery — TC, TG, HDL-C and ApoB (/n my view)

«More evidence is needed for ApoB targeting therapy

2zt
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Cholesterol metabolism, PCSK9, Cardiomyocyte differentiation
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Lee, S.-H., et al. (2024). “Inhibition of TBL1 cleavage alleviates doxorubicin-induced cardiomyocytes death by
regulating the Wnt/B—catenin signal pathway.” Cardiovascular Research

Jeon, S. B., et al. (2023). “Human induced pluripotent stem cell line YCMi007-A generated from a dilated
cardiomyopathy patient with a heterozygous dominant ¢.613C ) T (p. Arg205Trp) variant of the TNNT2 gene.” Stem
Cell Res 67: 103048.

Min, D. K., et al. (2015). “In silico Screening of Chemical Libraries to Develop Inhibitors That Hamper the Interaction
of PCSK9 with the LDL Receptor.” Yonsei Med J 56(5): 1251-1257.

Park, S. W., et al. (2004). “Post—-transcriptional regulation of low density lipoprotein receptor protein by proprotein
convertase subtilisin/kexin type 9a in mouse liver.” J Biol Chem 279(48): 50630-50638.
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Insights into Genetic and Enzymatic
Machinery of Cholesterol Synthesis
and Metabolism

o
HF A} 2
AHE‘Z'_BI-_IAI

SMO|D ot AY = Stu A

Cholesterol ” ”

AN\ o 15
2 L (1R35,35,75,9aR 0bS, 112k)-0, 1 1a- Dimethyl-1-((2R}-6-
methylheptan-2-y1]-2,3,33,3b,4,6,7.8,9,9a9b,10,11,11a-

C
1
A B
. tetradecahydro-1H-cyclopentafglphenanthren-7-ol
T
Ho* 3 %
6 -

* Perhydrocyclopenta[a]phenanthrene nucleus

* Asingle hydroxyl group at C-3
) ted center between C5 and C6
rbon chain at C17

* An 8-membered branched hydroca
' sthyl group attached at C10 and C13
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Good? - Normal repertoire of cholesterol

Bile acids
Steroid Vitamin D
hormones
Cholesterol
Vitamin A ] Rubber
Vitamin E \ / Phytol chain
\ CH, of chlorophyll
Vitamin K C—CH Dolichols
3
\ éuz Quinone
Carotenoids | electron
~ CHy il carriers:
l:I) ubiquinone,
Plant hormones i plastoquinone
abscisic acid o0=P—0"
and gibberellic | Isoprene
acid Cl’
O—FI’ —0
o
A3-1sopentenyl pyrophosphate
Figure 21-50
defninger Principies of Bochembiry, Seventh Edition
27TV H Freeman a (i

More than 20,000 isoprenoids (terpenoids) in nature

Lipoproteins  apos-100

Triacylglycerols

\ Free (unesterified)
\\ cholesterol

LY

§ .\ =] )
: \_ - __‘.. #
'“I"_ A B

S\ s

e

g
Cholesteryl /
esters
Phospholipid /

monolayer

Figure 21-30a

Lehninger Princiales af B
© 2017 W H Fropman and Comparsy
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Insights into Genetic and Enzymatic Machinery of Cholesterol Synthesis and Metabolism

Two sources of cellular cholesterol

Diet

Acetyl-CoA
‘ Synthase

HMG-CoA
Reductase

Mevalonate %

@mxm-mamm

Lipoprotein and lipid transport

Reverse

j\ cholesterol
= Jtransport

Intestine
F Y HDL®
\ \Lm\
- .
. _/y ) Extrahepatic
h 7 VLDL Chylomicron vioL g tissues
®9 remnants () ’em“a““D
Q (oL £
Chylomicrons

HDL precursors
(from liver and
intestine)

-
v

T Caplllary

lipoprotein lipase
Free fatty acids
Mammary, muscle, or adipose tissue

F'gur! 21-40a
of B Fifth Edition
2008 W,H.Freeman and Com mripany

= <00




1

Lipid
Academy

Endogenous cholesterol synthesis
from Acetyl CoA in cytosol

1.Synthesis of mevalonate from acetyl-CoA
* Acetyl-CoA acetyl transferase {thiolase 1)
* HMG-CoA synthase in cytosol

* An isozyme of HMG-CoA synthase in mitochondria for synthesis of
ketone body

* HMG-CoA reductase

* The rate-limiting enzyme

= Sources of acetyl CoA & acetoacetyl-CoA
1. the pyruvate dehydrogenase reaction (from glucose)
2. the [3-oxidation of fatty acids
3. the oxidation of ketogenic amino acids
4, by (acetate thiokinase

acetyl-coA synthase (ac ) from free acetate

Latminger Principles of Brochemistry, Sevenith Edition
£2017 W H Freeman and Company

o
ch,—c‘:

S-CoA Acetyl-CoA
L\' CoA-SH

e
CH3—C—CHz—C

thiolase

S-CoA Acetoacetyl-CoA

HMG-CoA
synthase

cuy—f——ou

Hz
E\ f3-Hydroxy- -methylglutaryl-CoA
6" Ns.con (HMG-CoA)

miliat

HMG-CoA =

reductase INADP*

CoA-5H

1coo™

2 H;
CH;2C—0H

ACH,

5CH0M Mevalonate

Acetyl-CoA

| Acetyl-Co acetyltransferase

Acetoacetyl-CoA
| HMG-CoA synthase
[-Hydroxy-[-methylglutaryl-CoA (HMG-CoA)
NADPH +2H* | HMG-CoA reductase
Mevalonate

ATP | Mevalonate 5-phosphotransferase

5-Phosphomevalonate )
2 ATP 1‘ ;Ilup_l_loms\ralonafetmsle

boxylase

A*-isopentenyl pyrophosphate

¥
Dimethylallyl phyrophosphate

| Geranyl phyrophosphate synthase

Geranyl pyrophosphate

| Famesyl phyrophosphate synthase

Farnesyl pyrophosphate
NADPH +2H* | Squalene synthase
Squalene
NADPH +2H* l
Squalene 2,3-epoxide
| Cydase
Lanosterol

Wi

Cholesterol

} Acyl-CoA cholesterol acyl transferase (ACAT)

Cholesteryl ester
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Multiple mechanisms
of regulation of cholesterol formation

Acetyl-CoA |

multistep

B-Hydroxy-g-methyl-

1. Allosteric feedback inhibiton by mevalonate glutaryl-Coh
Cholesterol & non-steroidal isoprenoids act as allosteric inhibitors | Mle oo
. HMG-CoA @« Lo
2. Phosphorylation/dephosphorylation ~ "eductase ®+ ------ glucagon
ATP] —=———~ - —_———
TP~ ® X< =S
| stimulates
|Mevalonate! ! proteolysis
X 1 ! of HMG-CoA
- multistep | reductase
: _ |
Cholesteryl @ Chnlus‘tﬂml |
‘ esters p,,cm tintracellular] >
receptor- :I
mediated @ PSR
endocytosis
LDL-cholesterol
(extracellular)
Figure 21-41
Lenminger Principles of Siochenisiry, Seventh Edition
2017 W H. Freeman and Company
Transcriptional Regulation: SREBPs
(Sterol regulatory element-binding proteins)
Citrate Acetate
ATP<itrate | A CoA syntheta
SREBP-2  APewimee\  hesmicoasmiese gpppp.qc
Acetoacetyl CoA ﬂ'IV y Acetyl CoA carboxylase
Acetoacetyl CoA Malonyl CoA
HMG CoA synthase Malate Fatty acid synthase
/ ﬂ| @ Long chain fatty acyl elongase

HMG CoA
sy 5 D__ Malic enzyme

FiiiG CoA "’““"““‘}W ‘L | Saturated fatty acids |

t
Mevalonate kin;;: el [ NADPH Stearoyl CoA desaturase
raah Monounsaturated
Mevalonate PP decarboxylase GG6PD PGDI-I L
GPP synthase @ fa“y acids
IPP isomerase Glucose-6-P 5~P-gluounate
FPP synthase
Squalene synthase Fatty acyl CoA

Squalene
Squalene expoxidase GPAT

Lanosterol synthase
CYP51 a» M ylglycerol 3-phosphat
Lathosterol oxidase

DHCR ¥ LDL
receptor

Cholestero] amaimm= Triacylglycerides and phospholipids

Horton et. Al, J Clin Invest (2002) 109; 1125-1131
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Receptor mediated endocytosis of LDL

Plasma Apob-300

membrane Cholesteryl LDL particle
I e rs
® = < / o LDL receptor binds
apoB-100 on LDL,
\ initiating endocytosis.

o LDL receptor is
segre- gated into

vesicles, recycled to
surface, k é

Lysosome
o LDL receptor synthesized }“ i

PN Q € LoLisinternalized
el \ in endosome.

ER in rough endoplasmic 9 Endosome with LDL
— reticulum moves to fuses with lysosome.
plasma membrane via

L"
| Golgl apparatus. i Lytic ink i
; apoB-100 and choleﬂeryl esters,
releasing amino acids, fatty acids,
: and cholesterol,

Amino acids Fattyaods Chulesturul

Nucleus A : I.ipid
droplet

Flgure 21-41
Lehninger Prineples of iachemistry, Seventh Edition
2017 W H, Freeman and Company

Reverse cholesterol transport: HDL

Macrophages,
foam cells

7
ra ! Reverse cholesterol transport {\C ;

! .
®: i
]
i OHoL
srai® a’ /
receptor LDL receptor |
LDL
4
c —

* HDL originates in the liver as small, protein-rich particles, that contain relatively little cholesterol and no
cholesteryl ester (nascent HDL)
- contains apoA-l, A-l, C-1, C-Il, C-lll, & E

* Nascent HDL also contains LCAT (lecithin-cholesterol acyl transferase) which converts peripheral cholesterol
(transfer via ABCA1/G1) to cholesterol ester, then becomes mature HDL

* Mature HDL returns to liver via Scavenger receptor type B1 (SR-BI)
- Unloading of sterol via SR-Bl does not involve endocytosis
- Mediates partial and selective transfer of cholesterol and other lipids into cells, then depleted HDL recirculates and reused.

* Some of cholesteryl esters in HDL is transferred to LDL by cholesteryl ester transfer protein (CETP).

50
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DISORDERS OF LIPOPROTEIN METABOLISM

Primary Hyperlipoproteinemias Caused by Known Single Gene Mutations (Monogenic)

Lipoproteins ; Estimated
Genetic Disorder Gene Defect Elevated Clinical Findings Genetics inclderice
) - . . Erupti th 3
Lipoprotein lipase deficiency LPL (LPL) Chylomicrons r;f;;‘;:;{; nc?m:; aly pancreatitis AR 1/1.000,000
Familial apolipoprotein C-Il deficiency ~ ApoC-ll (APOC2) Chylomicrons Eﬁf;;i:;g:gm:;a o™ AR <1/1,000,000
Familial hepatic lipase deficiency Hepatic lipase (LIPC) VLDL remnants Premature atherosclerosis AR <1/1,000,000
i 2 §i Chylomicronand  Palmar and tuberoeruptive AR
Familial dysbetalipoproteinemia  ApoE (APOE) VLDL remnants xanthomas, CHD, PVD AD 1/10,000
Familial LDL receptor
hypercholesterolemia (LDLR) LDL Tendon xanthomas, CHD AD 1/500
Familial defective ApoB-100
apoB-100 (APOB) LDL Tendon xanthomas, CHD AD 1/1000
Autosomal recessive
hypercholesterolemia ARH (ARH) LDL Tendon xanthomas, CHD AR <1/1,000,000
Sitosterolemia ABCGS5 or ABCG8 LDL Tendon xanthomas, CHD AR <1/1,000,000
Familial hyper-cholesterolemia 3 PCSK9 LDL CHD AD <1/1,000,000
(FH3) ?

Note: AR, autosomal recessive; AD, autosomal dominant; VLDL, very low density lipoprotein; CHD, coronary heart disease; PVD, peripheral vascular disease; LDL, low-

density lipoprotein.

PCSK9

Proprotein convertase subtilisin/kexin type 9

™ \*’ EP\

@ \ ,,mhf ;"m N>

Endol:ymsu N al = Endccytnsls
. | =

-
’{., i‘\m,«— IDOL
LDLR / 2

recycling = A S, p—

racuel o - 1 1 .
y 15 SREBP LDLE K9
o'y

Lysosomal LDLR

degradation A IDOL

Endosome

Nucleus

Lysosome
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* Statin drugs as inhibitors
* arate-limiting enzyme of

HO
Ho coo" Ccoo-
HsC
OH OH
/ﬁa,/?\() Mevalonate

CHy CH;

R,=H R.=H Compactin

R,=CH; R,=CH; Simvastatin (Zocor)
R,=H R,=0H Pravastatin (Pravachol)
R;=H R;=CH; Lovastatin (Mevacor)

of HMG-CoA reductase,
cholesterol biosynthesis

Acetyl-CoA

Statins

|

HMG-CoA
reductase

SREBP- /
N

I
I
[
1
I
1
1
I
1
I
I
[

\j

Cholesterol

LDLR

PCSK9

LDLR protein

N
)

Antibodies against PCSK9

Developer Molecule escription

Regeneron/ Alirocumab

Sanofi (REGN727, SAR236553) Fully human lgG1imAh

Amgen Evolocumab (AMG145) Fully human IgG2 mAb
’ Bococizumab ;

Pfizer (PF-04950615, RN-316) Humanized IgG2a mAb

Roche RG-7652 mAb

Eli Lilly LY3015014 mAb

Merk ID 05-1gG2 mAb

Norvatis Dq_quTmyntyne CM. Lipid lowering with PCSK inhibitors. I]IﬁAgCardiol 2014;11:563-75.

Clinical stage

Phase 3

Phase 3

Phase 3

Phase 27
Phase 2
?

Phase2
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Lipid, atherosclerosis, preventive cardiology

)
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New onset diabetes mellitus and cardiovascular outcomes according to statin intensity in patients after drug—eluting stent
implantation in Asian patients. Chung J, Kim HL, Lim WH, Seo JB, Zo JH, Kim MA, Kim SH. Sci Rep. 2023 Sep
25;13(1):16061.

Efficacy, safety and clinical outcome associated with statin use for primary prevention in Korean patients with low—density
lipoprotein cholesterol level > 190 mg/dL: A retrospective cohort study.
Kim HL, Lim WH, Seo JB, Zo JH, Kim MA, Kim SH. PLoS One. 2023;18(6):e0280586

One—-month changes in blood pressure—adjusted pulse wave velocity for predicting long—term cardiovascular outcomes
in patients undergoing percutaneous coronary intervention.
Kim HL, Joh HS, Lim WH, Seo JB, Kim SH, Zo JH, Kim MA.J Hypertens. 2023 Mar 1;41(3):437-442.

Association between inter-leg blood pressure difference and cardiovascular outcome in patients undergoing percutaneous
coronary intervention. Moon IK, Kim HL, Lim WH, Seo JB, Zo JH, Kim MA, Kim SH. PLOS One. 2021;16(10):e0257443
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Current Landscape of LDL Cholesterol
Lowering Therapies: Pharmaceuticals
and RCTs Overview

The most important strategy for the management of patients with dyslipidemia is to prevent
cardiovascular disease and decrease cardiac death through the comprehensive management of risk
factors, especially LDL cholesterol. The current main treatment strategy for lowering LDL
cholesterol is to treat the patients with statin-based medications and lifestyle management.
Ezetimibe, monoclonal antibody or RNA-based therapy of PCSK9, bempedoic acid and other drugs
including lomitapide, mipomersen and angiopoietin-like protein 3 (ANGPLT3) inhibitor/antibody
such as evinacumab are valuable for further treatment of dyslipidemia. And upcoming treatment

drugs are oral PCSK9 inhibitor and CETP inhibitors.
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Metabolic syndrome, Lipid and energy metabolism, Mitochondrial calcium, Mitonuclear signaling
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Chang JS, Namkung J.
Effects of exercise intervention on mitochondrial stress markers in metabolic syndrome patients: a

randomized controlled trial.
Int J Environ Res Public Health. 2021 Feb 24;18(5):2242.

Shong KE, Oh CM, Namkung J, Park SK, Kim H.
Serotonin regulates de novo lipogenesis in adipose tissues through serotonin receptor 2a.
Endocrinol Metab (Seoul). 2020 Jun;35(2):470-479.

Namkung J, Sohn JH, Chang, JS, Park SW, Kim JY, Koh SB, Kong ID, Park KS.
Increased serum angiopoietin—like 6 as a biomarker for metabolic syndrome: a prospective cohort study.
Diabetes Metab J. 2019 Aug:;43(4):521-529.

Choi W*, Namkung J* Hwang |, Kim H, Lim A, Park HJ, Lee HW, Han KH, Park S, Jeong JS, Bang
G, Kim YH, Yadav VK, Karsenty G, Ju YS, Choi C, Suh JM, Park JY, Park S, Kim H.

Serotonin signals through a gut-liver axis to regulate hepatic steatosis.

Nat Commun. 2018 Nov 16;9(1):4824. (* co—first author)

Namkung J, Shong KE, Kim H, Oh CM, Park S, Kim H.
Inhibition of Serotonin Synthesis Induces Negative Hepatic Lipid Balance.
Diabetes Metab J. 2018 Jun;42(3):233-243.
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Unveiling the Genetic and Enzymatic
Machinery of Triglyceride Synthesis
and Metabolism

Contents

» Clinical significance of triglycerides

= Synthesis of triglyceride

= Triglyceride mobilization

» Regulation of triglyceride metabolism

» Therapeutic approaches

SRR - EMABIEIE mSYINs| 59
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1. Clinical Significance of Triglycerides

= Hypertriglyceridemia

= Hyperlipoproteinemia

= Metabolic syndrome

= MASLD

= Ectopic fat deposit

= Metabolically healthy obesity

Primary Hyperlipoproteinemia by Single Gene Mutations

Protein (Gene) Genetfc Esﬂnﬂted
el oo

Lipoprotein lipase deficiency LPL (£LPL) Chylemicrens, VLDL ~1/1,000,000
= — - Eruptive xanthomas,
Familial apoC-Il deficiency  ApoC-ll (APOC2)  Chylomicrens, VLDL hepatosplenomegaly, AR <1/1,000,000
ApoA-V pancreatitis
ApoA-V deficiency (4P045) Chylomicrons, VLDL AR <1/1,000,000
GPIHBP1 deficiency GPIHBPT Chylomicrans Eruptive xanthomas, AR <1/1,000,000
pancreatitis
Familial hepatic lipase Hepatic lipase Pancreatitis, corenary heart
deficiency (LIPC) VLDL remmmnts, BOE diseases (CHD) AR A AER000
Familial Chylomicron remnants, Palmar and tuberceruptive
dysbetalipoproteinemia ApokRrER VLDL remnants xanthomas, CHD, PVD AR “H/1R000
Familial LDL receptor
hypercholesteralemia (LDLR) L 0 Ui
- ; ApoB-100
Familial defective apoB-100 (4P08 LDL Tendor xarthomas; CHD AD <~1/1500
Autosomal dominant :
L T e e PCSK9 (PCSKS LDL AD <1/1,000,000
Autosomal recessive
hypercholesteralemia ARH (LDLRAP) LDL AR <1/1,000,000
* . ABCG5 or
Sitosterolemia ABCGE LDL AR <1/1,000,000 .
e e
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Lipid Transport
(b Fadiad
(a) Fed state Glucase and asted state
Liver other fuels Brain Liver

.
i

Small intestine

=
Chylomicrons Very low density
lipoproteins

Fatty acids

i acids (+ Ketcne bodies*
—— o e

Triacylglycerol

Muscle and

Adipose tissue other tissues Adipose tissue

Fundamental Concepts of Triglyceride Metabolism

= Changes of triglyceride
+ Functional balance
» Synthesis vs mobilization
» Expression of enzymes
» Flux of substrates

= Locations of existence
+ TRLs in blood
# Dyslipidemia
+ |Ds in cells
» Insulin resistance

= Altered cellular metabolism

= Targets for therapeutic intervention
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2. Synthesis of Triglyceride

= Esterification of fatty acids to glycerol backbone
+ Decreasing toxicity of fatty acids
# To lipid droplet
« Storage of energy
» From ATP to triglyceride

o

o isering, chaline,

[l ethanalamine, etc 3
H,C—0—C—R!

§ o]

' I
B H,C—O—C—R!
H.C—0OH cl)
1,2-Diacylglycerol HC—0O (I'_ R?

0 ¢]
RI—C HC--O--#- 0___Haad
“sCoA | group
a-
,\H‘ CoA-SH Glycerophospholipid

(4]

|
H_,C—O—J—R'

0]

| Il
HC—0—C—R?

L

| |
HyC—0—C—R?

Triacylglyceral

) Major sites { W
+ Adipose tissue HC —0 -
(0]
* Muscle | | s owow |
« Liver HC—0] Yl
» Intestine
7 @) vz nmzes
Synthesis of Triglyceride
ooy 9
W HC—0—C—R!
u!(-u Q
Imnmu'm‘m 1 ':E:: Hé -Q- \’1 R’ Phosphatidic acid
phosphate (8]
MADM ) + H* < _ e H,C—0O lll—O
) |
g phossh it
+ il / \ attachment of
head group

(@) r=mmpmgann
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Synthesis of Triglyceride

A Glycercl Phosphate Pathway

= GPAT, glycerol 3-phosphate
acyltransferase

Glycerol-3-Phosphate « Rate-limiting in TG synthesis
FA CoA | GPAT |
= AGPAT, 1-acylglycerol-3-
Lysophosphatidate phosphate o-acyltransferase
FA CoA AGPAT |
= PAP, phosphatidic acid
e Phosphatidate phosphatase (Lipin)
Pathway | PAP_|
FA CoA R memmerny = MGAT, monoacylglycerol
Monoacylglycerol —=——- Diacylglycerol —=—= Sihesis acyltransferase
' & ! i
FA CoA = DGAT, diacylglycerol
acyltransferase
Triacylglycerol
@ pxnrmyans
Triglyceride to LD and VLDL

Acyl-CoA

Choline

Compr Physiol, 2017 Dec 22:0r2ys 9, (@) LT RHRI
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VLDL Assembly and Secretion

Transcription and translation ER and lipidation VLDL transport Golgi and secretion

Proteosomal
breakdown

Lysosomes e 2SORTILIN
i

.’ t-l
Od

Girc Res. 2024 Jan 19;134(2)i226-244. @1"3-’5’-‘—P bk

Secretion of Triglyceride-Rich Lipoproteins (TRLs)

Assembly and secretion Intravascular processing Claarance
Intestinal basal ApoB-48
(fasting) apoB-48 precursor— @@ ApoBi-45-YLDL,
secretion particles L ) 50 mg/day
ool Oae
C"""‘“’?}.'Sp'l‘i;‘i{ < ApoB-45-¥LOL,
L GIJ'Z- Chylomicrons
Response to < FFA  Chylomicran remnant
dietary fat load 15, iﬂ-:\ﬂm
00 mg/day to b
A50mg/day LPL y
(type 2
diabetes melliws)
iDL,
Linsilin — Adipose tissue, Insulin
L NE% Oestrogen —
o Glucagon VLDL remnant
Ch \Z}m . (S, 12-60)
nant: ] 400 mg/day 10 .
| T
YY. . 1,500 mgy/d. LPL
prow thngh TG It P
Hepatic Osidation +—[FA! ‘ ryp VLDL, :
apoB-100 = " E
Echethon e l\ | . diabetes meilulusj H
. 250 mg/day to
2 Bl el Kin —
.J 180 mg/day LPLarHL
(high cholesterol DL
VLDL,
ApoB-100 level) T
12 Blheoes uriieg Nt Rev Cardiol, 2022 Seps19(9):577-592, @-’4’3-’5’-‘—P b
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ApoB Lipoproteins

= Non-HDL-cholesterol

apoBl100  apoB100

apoB48 apoB48

chylomicron
remnant

apoB100  opoB100

JAMA Cardiol, 2019 Dec 1:4(12):1287-1295, @"3535—‘-‘53&5!

3. Triglyceride Mobilization

= Lipolysis

« Lipid droplets
» Fatty acids to blood stream

= Lipoproteins
» Endogenous lipid transport
» Exogenous lipid transport

@ S k]
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Canonical Pathways of Lipolysis

Neutral lipolysis Acid lipolysis

Insulin

|

16 Nat Metab, 2021 Nov:3(11):1495-1965,
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Lipoprotein Lipase

Lysosomal
degradation

HSPG

/

GPIHBP1

Capillary
Lumen

Parenchymal
Cell

- £l
17 Trends Endocring! Metab, 2021 Jan;32(1):98-61. @ et i

ApoC-1II and ApoC-III in TRL Metabolism

a VLDL Interstitial b VLDL
ApoE = space

ApoB-100 © ApoE @ \NApoCHlil
SpoCi LDLRi %LRM
Endothelium — \ Adipocyte Hepatocyte
18 WNat Rev Cardiol, 2022 Sep i1 9R):577-592, @gif‘"m_"s}m
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Lipolysis and Clearance of TRLs

Fufmg state Fed state (peak absorption)
I T -

a Optmnal meubdbc stam ﬂG lsva{s 41 ‘3 mmlm He-pamcwes

st sl o L ___________ ==

(@) r=mmpmgann

Obesity Insulin
: resistance
Diabetes ' FFA

apoB-48

Plasma pool of
Intestine triglyceride-rich lipoproteins

Triglyceride , Trfgyoeride
CETE,
CE
-l apoal

Triglyceride

@ @ﬂzxm kb

Nat Rev Cardiol, 2013 Nov:10{11):698-61,  \BY =200
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Cholesteryl Ester Transfer Protein (CETP)
A Shuttle mechanism

Free plasma CETP Free plasma CETP

Q. T I

|

T
3
=
‘-)',r f..'b" Q o Cholesteryl ester
(} Triglycerides

o
Cardiovasc Res 2022 Nov 10;118(14):2919-2531, @ L ek e

Atherogenic TRL Remnant

Vascular
lumen

33
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Atherogenic Dyslipidemia

Plasma

Foam cell
formation
Foam cells
£ Nat Rev Cardioi, 2013 Nov:10{11).548-61, s v fuicin
4. Regulation of Triglyceride Metabolism
Capill L o
apillary LLumen
APOC3 .ﬁ: &
@rrA @
o ® &
Inactive . .
LPL .
Moremere
Subszndotizlial
Space 1 ‘
LPL dimer
- Gire 1. 2021 May 25;85(6):759-766. g i
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Interplay of ANGPTL3/4/8

SKM/Heart

SKM/Heart

FASTING

ANGPTL4

ANGPTL3
Front Ceff Dev fiol, 2021 Jul 152702508, @

BERLS ek

5. Therapeutic approaches

|
\ .
= l D g - @

VLDL
precursor

>

FFA

Muscle or adipose tissue

Liver @

VLDL
precursor

e~ ANGPTL3

D o e

Muscle or adipose tissue

J Gin Invest 2622 Jan 4:132(1) 146555, @ L ek e

X \ é)i ANGPTL3

BRI -

Suzsst| 189t 71
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Lipid-lowering Therapies targeting ApoC-III
(LPL
ASO
Vaveull - EVeVAN ApoClls AT DL and YLDL
Volanesorsen Oiezfraen FATARATILE
l ASGR _T Low-affinity,
high-capacity
l l uptake via remnant
= receptors
=]
> _ ApoC-ll  VLDL
APOCS gene ApoC-iil
MARNAMR synthesis
AVAVAN X
APOC3 mRNA . Riase HI)
_ FAVAVAWAN e AVAVAVAN TR AN NI
e YAYA '
(RNase H APOC3 mRNA
= ANMAY \ degradation
|
"y v/ APOC3 mRNA
! degradation
27 Nat Rev Cardiol, 2027 Sep:20(9):500-515. @-’5-’! bk
Lipid-lowering Therapies targeting ANGPTL3
mAb
siRNA Evinacumab =i =
ASO ARC-ANG3 & —2¢——apL
Vupanorsen LY3561774 sl o Emg
WAV AT IDL and VLDL
Rlasa | ! @ remnants
{nembrane ASGR —T ASGR -T Low-affinity,
Hepatocyte high-capacity
cytoplasm JL uptake via remnant
@ receptors
=)
EE T - = ; ANGPTL3 VLDL @
ISPR-Cas "aNGPTL3 gene : ANGPTL3
base editing |~ MAMAVA RISC synthesis
| VA /AU /A AN
RS\ : - X
-!‘ SN T
ANGPTL3 mRNA
JAVAVAY A\ o e A VAV AV AN f'{ﬁ\\f4'
A I AWVAVAN 3 /
p—— e ANGPTL3 mRNA
RNase H1Y (RNase H1/ :
AVAY \ ‘T‘!%\VAV \ [|/degradation
Nucleus
IS/ ANGPTL3 mRNA
degradation
28 Nat Rev Cardiol, 2027 Sep:20(9):500-515. @-’5-’! bk
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Summary

» Synthesis
« LD formation
# Storage of excess ATP

» Ectopic fat deposit
> Metabolically healthy obesity

+ TRL secretion
» Endogenous and exogenous lipid transport

» Endothelial dysfunction
» Dyslipidemia

» Mobilization
* Free fatty acids
» Fuel supply
» Insulin resistance
* TRL remnant
» Atherogenic
» Oxidative stress
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PI2gE]
12 EER

CEEC UENE
1987-1993 24000 S
1994-1996 BLOIT MAL
2001-2003 SLO|CH LRt HEAL
[z
AEgE | MRS
2001-2003.02 | AFHOI) AMMSHY AB7|UTH ANZA
2003.03-31 | MHOIL) LSANHY 2SI\ Eu4(-2008), £DH(~2014), Hi4(2014~37H)

2007-2008 Dept. of Epidemiology and Preventive Medicine, UC San Diego ¢

IS0l

Lipid and atherosclerosis, Preventive cardiology, Hypertension, Epidemiology

=&l

Lipoprotein(a)-related cardiovascular and all-cause mortalities in Korean adults. Eur J Prev Cardiol 2023;30:308-317

Association between LDLC level and cardiovascular outcomes in Korean adults: a Nationwide cohort study. Diabetes
Metab J2023:47:59-71

Cardiovascular outcomes according to comorbidities and LDLC in Korean people with type 2 diabetes mellitus.
Diabetes Metab J 2023;47:45-58

Comparison of office BP, automated unattended office BP, home BP, and 24-hour ambulatory BP measurements.
JKorean Med Sci 2023;38:e406

2022 Consensus statement on the management of familial hypercholesterolemia in Korea. Korean J Intern Med
2022;37:931-944




Xl Latest Insights into TG-lowering Therapies: Pharmaceuticals and RCTs Summary

Latest Insights into TG-lowering
Therapies: Pharmaceuticals and
RCTs Summary

CONTENTS

> TG-rich lipoprotein(TRLs) 3} remnant cholesterol(RC)2 £ 21 217}2

» TG} RCE= CV risk markerl 712

> TGS} RCO{| LS RCTO| CV outcome ZATH= OB}
»TG RCTE Si4A| F2I7 H2 A=7R
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Conclusions

» TG-rich lipoprotein(TRLs)Z} remnant cholesterol(RC)= £ P17|7
+ P22 TRLE VLDL+IDL, RCE VLDL+IDLO| &-7& cholesterol& 2[0|phCt.
» TG2} RC= CV risk marker 21712
|
» TGS2F RCO| CHEF RCTE| CV outcome 21— O THI}L?
* Inconsistent®r BIHE EQX|TFE2 ZEE E0IC}
» TG RCTE Sl Al o2 HE Bl
. E’ﬁﬁﬁf%ﬂ%*ﬂ High TGXIEH| AFBA| TGHASIHE 2 7|E0HE apoB, LDLC, nonHDLCO| BsHE & ZHEs|
erLr.
« FibratesAt2A| Crel 2iket O3FAAIEA| new-onset Afib monitoring® 11298} OFstCt,
» TG2F RCO|| et HAf XK= X|EZ 0|37}

* RCOIl CHEt X2 X[H 2 OF% 2HEl=(0f 2AX| Bt

« TGXIE= 1 2{E 0|0 statinAbZ(LDLC lowering therapy)Ol = high TG® & fibrates == O3FAS| At
28 18fsf == AZCH (Class lib)

» IZHR|SEZS 0| A2 K| T

+ apoClll ASO and siRNA, ANGPTL3 mAb and siRNAS| H+E0| T=4F0|CH

1% Lipld Academy

CONTENTS

> TG-rich lipoprotein(TRLs) 3} remnant cholesterol(RC)2 £ 21 217}2
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Size, Density, and Core and Surface components of LPs

TABLE 1 Size, Density, and Core and Surface C ts of Lipoprotei
Components (% of Dry Weight)
Diameter Molecul Density Core Surface s
(nm) Weight = 10° (Da) (g/ml) Triglycerides €l Ester  Chol | Phospholipid  Apolipop Apolipoproteins
_fbwmium 751,200 50-1.000 0.93 86 3 2 7 2 A B-48,C.E
VLDL 30-80 10-80 0.93-1.006 55 12 7 18 8 B-100,C. E
IDL 25-35 5-10 1.006-1.019 23 29 9 19 19 B-100, C, E
Lipoprotein(a) 25-30 4-5 1.040-1.090 8 30 8 25 28 B-100, a
LDL ) 18- 23 1.019-1.063 B 42 8 22 22 B-100 J
= = % -
HDL 5-12 0.2-0.4 1.063-1.210 4 15 5 34 42 CAGE
Size and density profile of major apolipoprotein B-containing lipoprotein classes TG <1.5 mmol/L
Chylomicron/ VLDL St
small,
Liver-derived = Wil Lot LD:M ::::::::t on : A @
lipeproteins % ! &S _gng_ —}f{— _ﬂ_ %’f_. @@ @@@@@
Density /) 085 1008 1019 1045 1063 LB ®
Bancer e g = = E QOO0
e n = (a]slslasls[slalals ]
Nedlrent: o @) [slaisis]elslslalsls]
Apobas il [slsslaslslsisis]sls]
POOPOOOORROO
" PP0POOOOOOOO0
1% Lipld Academy J Am Coll Gardiol 2017;70:1637-46; Eur Heart J 2021:42:47 91-4806:JAMA Cardiol 2019:4:1287-1295

Metabolism of apoB-containing lipoproteins

Adipose tissue

Liver

synthesis

— ) Dietary fat
Ch .
ah Sl in 6 hours
| S \ Chylomicrons

Skeletal muscle

ﬁ VLDL io LDL conversion m:cuh

v' An LDL is in the circulation for

Lipidation
”I{ v 48 hours total,
b 818 so an apoB lipoprotein spends
(Synthesis

K 90% of its lifecycle as an w;../

Intestine

Adipose tissue

1% Lipld Academy

Eur Heart J 20214247 914308, JAMA 2020,324 595-6
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What is TRLs and remnant cholesterol?

TRLs: TG-rich lipoprotein particles
TRLs-remnants:

TRL-remnant particles

Intestinal-derived CM remnant

| Liver
uptake

LP(a)

VLDL

Liver-derived

TRL-cholesterol

1% Lipld Academy

What is TRLs and remnant cholesterol?

TRLs: TG-rich lipoprotein particles
TRLs-remnants:

TRL-remnant particles

Intestinal-derived

/ Using Friedewald’s formula
|LDLC=TC-HDL-C-TG/5 |
Remnant C = (TC - HDL-C) - LDLC
=non-HDL-C -LDLC

Remnant-cholesterol ‘ ‘ ‘ Remnant C =TG/5 ‘
1 Lipld Academy : _

Liver-derived
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» TG} RCE= CV risk markerl 712

1% Lipld Academy

Suggested role of TGs and remnant cholesterol in intimal low-
grade inflammation and development of atherosclerosis

Plasma Intima ] Ay hos
6% higher per 1 mmol/L|
//'/:/ M= 115618 TG
CALA R 5 954
LDL T LDL \\)\I\-\_ sl F 06
A /S f // £ i .
-/ CLLL B
\.\\.\\ a T g Fou
1)) e L § 26
) . A 1§ 8 G w M
Remnant cholesterol Remn: ants T R‘,mn.}nh / :. ( / LDLC (mmol/L) 5 s
\ \\ b 2
\ N ;]
|
\\ 51 @J / [/ / K 1.5 o
T “rm“ L L I\. | 36%h1gherper1mmol/[. 5] o z r z 3
hyeerol \:I \ )\_ “‘I moidL 0 1 354 52 708 886
<20 20-25 25-30 =30 l /1)) Sl 4 a4
BMI (kg/m?) { kf\j" Ew N=115377
70 nm Inﬂnmmﬂtlon ﬁ[uphil& \ ) 2. a5 LDLC
.-"',-'i_.f 4 U‘_‘ ol
: P . 4 E
1 3 5 7 8 N oo &
o / D RC (mmolL) | 5/ g
)
L e hylomicron " o
Y
{) \‘ ;
Trighveerides \‘ 154 . o
T _/ T T
T B - 18 222 %o
1% Lipld Academy Circ Res 2016:118:547-63; Clin Chem 201%66:321.332; Circulation 20 13;128:1298-1302
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Putative effects of TRLs and their remnants on vascular wall biology

> Impaired vasodilation

» Upregulated production of
proinflammatory cytokines

» Enhanced endothelial
inflammatory response

» Upregulated expression of VCAM-1
and monocyte activation

Lipolytically released SFAsan

v Activated toll-like receptors of
subendothelial macrophages

v Producing ROS and proinflammatory
lipids and proteins

1% Lipld Academy

6 Activated NLRP3 inflammasome ih
human monocytes

¥ Inducing alternative NLRP3
inflammasome via caspase-8 with

dimerization of toll-like receptors 2
and 4

ApoCll
» Impeding endothelial

‘ TRLs

W L regeneration /,/

Ls(oxidized FAs)

Mg /§ Plaque rupture and thrombus \
formation via:

¥ redox-sensitive mechanisms

¥ Tissue factor secretion form
endothelium

¥ Stimulation of monocytes and
thrombin generation.

v Coagulation factors VII and X
transported by chylomicrons
and VLDLs /

%

Biochim Biophys Acta 2012;1821:858-66; Curr Atheroscler Rep 2009;11:199-205; J Lipid Res 20095 0:204-13;
Matura Immuno 2020;21:30-41; Circulation 2000;102:670-6; J Clin Patho| 1988;41:9404

CVD increases dramatically with TG increases
even just “normal” to “upper normal” range

A

" |

| %

]
Frredetnd VD Rim

Paechcen) CVTH Rish

v' 8068 primary prevention patients in
Atherosclerosis Risk in Communities

Study (ARIC) and Framingham Offspring
Study
- 40 to 65 years old

-No CVD
v' >72 TG measurements on record

|- — 1 o
"

Cubic splines model ofassociation between average TG

m »
Aiepeage Trghyrondes feghil)

and CVD risk *Dotted lines represent 95% CI.

TG min 10 <hi B
i

gt

1% Lipld Academy

Prokability of Event (%]
\

v" Endpoint: time to MI, stroke, or CV death
v’ Follow-up for up to 10 years to first
evenl

CVD events steeply increase across the entire
range of TG levels to ~ 200 mg/dL,
above which the relationship isless graded.

J Chin Lipidol 2020;74 435447 &3
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High TG is a “Red flag” for Residual Risk in Statin Monotherapy,
even with LDLC < 70mg/dL

[PROVE-IT TIMI 22 Study|

25 40% RRR for CV events if TG <200mg/dL

& HR 0.60(0.45-0.81)

) 20.3%

& _ 2

LS

o

cQ

= 157 13.5%

£

£2

§ % 10 -

S %

"E = RRR

g3 > in coronary events,

p=0.001

U .

TG 2 200mg/dL TG < 200mg/dL
(n=603) (n=2796)

1 Lipid Academy JACC 2008.51:724-730

Copenhagen General Population Study, Copenhagen City Heart study,
Copenhagen Ischemic Heart Disease Study

Associations of lipoprotein cholesterol and TGs

7.0 -
R | Remnant HOL LDL
4 604 p-valug cholesterol  cholesterol  cholesterol Triglycerides
s CETP
£ Remnant Remnant 2045 012 0.6
5 80 cholesterol : ; !
K]
8 40
% HoL p<0.0M 212 042
- cholesterol : ' /
; 30 LDL CE TG
g 20 4
o LoL
g chotedteral | P00 £<0.001 0.12
I 5
HDL" \

00 Triglycerides | p<0.001 <0 001 p<0.001 ~
Triglycerides, <1  1-1.99 2299 33.99 4499 >=5
mmol/L
Number 14906 28,041 10722 3826 1418 982

Increased TGs were associated with increased remnant cholesterol and reduced HDLC.

1% Lipld Academy J Am Coll Gardiol 2013:61:427 436
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Explained risk from apoB-containing lipoproteins to MI

Copenhagen General Population Study (25,480 subjects free of LLT and MI, median 11-yr FU)

Multivariable Adjusted Ex%a;;:d ul;m Explained Risk From ApoB Containing Lipoproteins to Myocardial Infarction
50% (22%-78%)
50% by VLDL cholesterol
- 8% (0%-24%) 29% bv IDL + LDL cholesterol
ApoB A 0% by VLDL triglyerides
29% (3%-45%) foootane

Likely Mechanism

VLDL cholesterol explained one-half of the myocardial infarction risk from elevated apoB-containing
lipoproteins, whereas VLDL triglycerides did not explain risk.

1% Lipld Academy

JACC 202075272535

Epidemiological studies
TRL-remnant cholesterol and incident CVD

TABLE 1 Triglyceride-Rich Remnants Lipoprotein Cholesterol and Incident Cardiovascular Disease

sample Fasting ( A / HR (95% C1) \
Study Association (Ref. #) Size Status Measurement Outcome Adjusted Risk
CGS, CCHS, CIHS (13) 75513 Nonfasting TC-LDL-C-HDL-C Ischemic heart disease 2.3 (1.7-3.1) for highest vs lowest quintile
CGS (6) 106,213 Nonfasting TC-LDL-C-HDL-C M Normal weight: 2.0 (1.3-3.2)
Overweight: 1.9 (1.4-2.6)
Obese: 2.3 (1.4-3.5); for highest vs
lowest quartile
CGS (11) 102,964 Nonfasting TC-LDL-C-HDL-C Ischemic stroke 1.99 (1.49-2.67) for highest vs lowest
quartile
PREDIMED (12) 6,901 Overnight fast TC-LDL-C-HDL-C Cardiovascular event (MI, 1.83 (1.30-2.58) highest (>30.95 mg/dL)
ischemic stroke, CVD death) vs lowest quartile (<17.5 mg/dL)
Women's Health Study 480 cases, Nonfasting TRL cholesteral Cardiovascular events (MI, 1.87 (1.14-3.06)
(13,18) 496 controls ischemic stroke, PAD, CVD
death) \ /
\ o

CCHS = Copenhagen Community Health Study; CGS = Copenhagen General Study; €l = confidence interval; CIHS = Copenhagen Ischemic Heart Study; CVD = cardiovascular disease; HDL-C = high-density
lipoprotein cholesterol; HR = hazard ratio; LOL-C = low-density Lipoprotein cholesterol; MI = myocardial infarction; PAD = peripheral artery disease; PREDIMED = Prevencion con Dieta Mediteranea;
TC = total cholesterol; TRLC = triglyceride-rich lipoproteln cholesterol,

1% Lipld Academy

JACC 2021,78:1817-30
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Association of remnant cholesterol with risk of CVD events, stroke, and

mortality: Meta-analysis

Association of remnant cholesterol with risk of cardiovascular disease events, stroke,

Aims @

Methods

Conclusions

1% Lipid Academy

and mortality: A systemic review and meta-analysis

To evaluate the association of remnant cholesterol (RC) with the risks of
cardiovascular diseases (CVDs), coronary hearl disease (CHD), stroke, and mortality.

Five databases
screened for 232 studies

31 studies
N=2,857,236

Outcomes
» CVD

» CHD

» Stroke
» Mortality

Elevated RC is associated with an increased risk of CVD, stroke, and moriality. In
addition to the traditional cardiovascular risk factors, such as total cholesteral and

Results

CVD \

RR = 1.53, 95% CI 1.41-1.66
» CHD
RR =141, 95% CI 1.19-1.67

» Stroke
RR = 1.43, 95% CI 1.24-1.66

» CVD mortality

RR = 1.83, 95% CI 1.53-2.19
# All-caunse mortality

RR = 1.39, 95% CI 1.27-1 y

LDL-C, clinicians should also pay attention to RC in clinics.

Atheroaclerosis 2023.371:21-31

Observational and genetic association of remnant cholesterol and TGs with
risk of IHD, MI, and all-cause mortality: Copenhagen General Population Study

Ischaemic heart di: e
e et o wwecwmn| | Myocardial Infarction | Number
(9551 n of events

] | nvs | (DL cholesterok increaseof 39mg/dl (1 ol | |
[Comalminggenetics. 73513 11984 e 2800442 | Observational 108,554 2210 ‘ 0

¢ 1 3 4 8 Genetic (APOB, HMGCR, LDLR,PCSK9) 95,008 4,155 ——
ST Ol ratio o canisal risk ratio (95% O |

Ntotal N events ‘:g:*:‘(‘;“‘m [Rem]‘mnt Ciwlesffmlf increase ﬂ! 39 rng."d, ‘1 mmow ] ‘

Pemant holeredevblng ] . Observational 0858 2219 |
Dibaryational 10391 1098 L7 (14-20)
Covsalusing geretics. 60111 5705 e 1 22(15-34) [GEDETiC (APOAS, GCKR, LPL, TRIB1) 07,745 4,199 —
[Trighyceride doubling in concentration
obsecvationst w3 1098 R woasta) | Lipoprotein(a) cholesterol: increase of 39mg/dl (1 mmol/l)
Causal using genetics 60113 5705 —e— 19{14-27)

; : A ; Observational 108550 * 2210 | o

Cdds ratio or catssal risk .:n‘. io (5% 1) Genelic |:LPA 103. 115 4|42 5 ——
Jull-cause mortality ) . } - T T T T T
Miotal  Nevents Fgu;k;::;nm ) 10 15 20 25 30 35
F—— Copenhagen General Population Study Hazard ratio or causal risk
o @ ki ratio for myocardial
, Lt —— kgl infarction (95% CI)
o 1 3 5
1= ek ] ik ¢ 9 Lancet 2014:384:626-635; Nal Rev Cardiol 2018;15:2617-272
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Remnant cholesterol normal range?

Quintile Lipid levels Lipid levels Ntotal N cases Hazard Ratio Hazard Ratio P
{mmol/L or ratio)| (mg/dL or ratio) Ischemic Heart Disease (95%Cl}) for trend
Remnant cholesterol
No risk 1 0.4 <15 11,589 m . 1
Low risk 2 04-08 15-23 11,410 471 H® 11(0.8-186)
Low-mediumrisk | 3 0607 23.27 11,265 578 e 12(09-186) ix10™
High-medium risk | 4 07-11 27-43 11,241 736 = 20(1526)
High risk 5 >1.1 >43 11,152 778 *: 23(17-31)
2009 NHIS-HEALS over 8,000,000 individuals i et
Q1 Q3 Q4 o
Men
Mean Remnant C, mmol/L.  <0.36 0.39-0.54 0.57-0.75 =0.78

2009-2011 NHID over 3,600,000 individuals
Median[lQs] 0.58 (0.43 - 0.82) mmol/L, 22[17, 32] mg/dL

2003~2016 KSHS over 200,000 individuals ‘

Median RC

v" 0.47[0.33. 0.69] mmol/L for Friedewald’s equation (18.1 mg/dL)
v 0.39[0.23. 0.60] mmol/L for direct LDLC (15.1 mg/dL)

(]

I —=rpr T

JACC 2013:61:427-436; Diabetes Care 2023 45:305-312; EJPT 2023;30:1142-50

33" percenines oA TTEEL
= perceanes  oaTEOIDAL
7 paTani G T

Women
| Median 0.378 mmol/L (14.6 mg/dL)

= 1 1
R et e | nreTas

CONTENTS

1% Lipld Academy

> TGS} RCO|| CHBH RCTO| CV outcome A= O{IHSHI1?
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Omega-3 fatty acid

1% Lipld Academy

Interesting History of omega-3 fatty acids

Inuit Paradox

1% Lipld Academy

Hugh Macdonald Sinclair (1910-1990)

&y

7. N
OF e / /4 (20

Fish Oil

He is best remembered for his belief that
diets deficient in essential fatty acids are
the cause of most degenerative illnesses,
including coronary heart disease.
Sinclair's forceful arguments on this
matter preceded firm scientific evidence,
however; and his self-experimentation,
including the infamous 100 day seal-
meat diet, were the subject of
widespread ridicule and professional
ruin.

2 Lancet 1956 Apr 7;270{6919):381-3,
Deficiency of essential fatty acids and
atherosclerosis, etcetera

H M SINCLAIR

PMILY, 13307936
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Hypothesized mechanisms of n-3 PUFAs that decrease CVD risk

Anti-inflammatory Effects
Altered prostaglandin synthesis

4 C-reactive protein, inflammatory cytokines
Synthesis of resolvins, protectins, maresins

Pl Stabilization Eff _ Memt Stabilizing Effect
Omega-3 : z e

1 Foam cells Antiarrhythmic actions

| Plaque volume y/Adds 4 Cholesterol oxidation

Lipid Effects

v nglyestide tich 1 Cyclooxygenase-2 activity
| Thromboxane A2

Improved endothelial function

lipoproteins
1 Apolipoprotein B
1 Apolipoprotein C3

1% Lipld Academy J Am Coll Cardiol 2021;77:593-608

DART(Diet And Reinfarction Trial)(1989)

> 2 servings/week of fatty fish or fish 0il(500mg/d) vs SOC

m\\ v'2033 post MI men, 2yr FU
.
> T v' All death: 0.71[0.54-0.93]

H
s \hxx; v IHD events
: , T e . (IHD death and nonfatal MI)

o R | -0.84[0.66-1.07]

No fish M\\__‘
854
0 100 200 300 400 500 600 700
DAYS N TRIAL
1% Lipld Academy

LANCET 1980:2:757-61
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ZHI Latest Insights into TG-lowering Therapies: Pharmaceuticals and RCTs Summary

JELIS study: statin+EPA 1800 mg vs. statin

Primary any major coronary event: a composite of sudden cardiac death, fatal and nonfatal MI, UAP,

angioplasty, stenting, or CABG HR 0.81 (95% Cl: 0.69-0.95); P=0.011
& Total E Primary prevention ¢ Secondary prevention
41 2.0 120
— Control -
—_— A /;- = JJI _/
- 7~ , o
£ 3 151 ¥4
: i P
a‘ T e
: Eventrate  '* P
: EPA28% / 40
T s Control 3.5% | 051 i
r/ Hazard ratio: 081 (0-69-095) Az Hazard ratio: 0-82 (0-63-106) Hazard ratio: 0-81 (0.657-0-998)
p=0.011 — p=0132 p=0-048
o T T T T 1 o T T T =
0 1 2 3 4 5 0 . 2 2 i n-fatal coronary
ntion of major coronary events, and especially no

tation EPA is a promising treatment for preve

Interpre y .
4 emic patients.
events, in Japanese hypercholesterola pa rrom—rT—TEIT G55 6308 841 1727 1658 1592 154 1450

T3s6  Ho29 BASE B389y 8153 794 7503 7110 7020 6823 6643 6482 1823 1719 1638 1566 1504 1442
Lancst 2007:369 1090-1098

1% Lipio acagemy

RCTs for omega-3 FA and CVD events (until 2017)

Trials Type DHA &/or EPA Control Number duration Primaryoutcome
DART S 2 serving/week(LD) Standard of care 2,033 2
GISSI-P S EPA+DHA(LD) 11,324 35
JELIS P>S EPA(HD) +statin ~ Statin 18,645 46 positive
GISSLHF  HF EPA+DHA(LD) Oil (unspecified) 6,975 39
DOIT P>S EPA+DHA(HD) Corn oil 563 3.0 negative
a OMEGA S EPA+DHA(LD) Magarine(+-ALA) 4,837 3.4 negative
OMEGA S EPA+DHA(LD) Olive oil 3,851 1.0 negative
SU.FOL.OM3 EPA+DHA(LD) Undefined 2 negative
ORIGIN negative
R&P negative
AREDS2 negative

P, primary prevention; S, secondary prevention; LD, low-dose; HD, high-dose;EE, ethyl ester; ALA, alpha linolenic acid

1% Lipld Academy

| Am Coll Cardial 20 21;77:503-608
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ASCEND study: n-3 FA 1g (EPA 460mg DHA 380mg) vs. Olive oil

Primary serious vascular event: a composite of nonfatal MI or stroke, T1A, or vascular death (excluding

He. af

Cuml

no signiﬁcant
were assigned
Place Signed to recei
Current Contro
«{ NCT00135226.) I

confirmed ICH) =5 HR 0.97 (95% Cl: 0.87-1.08); P=0.55
Primary endpoint Key secondary endpoint: 3-point MACE
100+ 15
o Rate ratio, 057 {95% {1, 0.87-1.04) e
il G o Falg Acids  Placebo
g 1 Typa of Evert (N=7740)  (N=T740] Rita Ratio [95% CI)
- no, of potierds with pverd (%
5 ol Honfatal myocardial infarcivan 166 24 @
& : 5 Ronfats! schemic strake .','r,-‘n; 203”: _—'-p
£ % Yearsicit Hchernie attack e 1s0) :.:1
N 404 Waacular death —
$n o lar disease, there was
. i cular disease,
CONCLUSIONS . ; vidence of cardiovas =
: . without € those W ;
Among patients with diabetes s vascular events berween ¥,

those who were as-\.,

i is iou

ifference in the risk of seri : -

C:gieceive n—3 fatty acid Siupl:;e‘?}:t?tgéz?t aFIL -
.

~cebo. (Funded by the rit . —

\{Tegld'f(is-lls number, ISRCTNG[)(ﬁSSOO, ClinicalTr1

dation and others;
als.gov number,

1% Lipld Academy

NEIM 2018370 1540-1550

043 (076-1.14)
101 {0:84-1.20)
103 joie4-1.26)
081 [067-059)
097 (D&7-1.08)
104 (0.90-1.20)
1.00 [D91-1.09)

VITAL study: n-3 FA 1g (EPA 460mg DHA 380mg) vs. placebo

Primary MACE endpoint: a composite of CV death, MI ,and stroke

cardiovascular eve
of Health and others;
—

=5 HR 0.92 (95% Cl: 0.80-1.06); P=0.24
Primary MACE endpoint Primary, secondary, and other endpoint
Placebo i _ -3 Greup Placeha Group Harard Ratio
104 0039 Hazard ratio, 0.92 (95% C1, 0.80-1.06) 4 fnd ol (N30 (NeIasH) sy
0.5 wa o particponts with peni
o 084 Carbavascular disesss
§ 0.74 Frlﬂ'.arre.jc point: major cardiovascular 1 413 .52 (0L80-1 O6)
?E 0.6 Cardiovaseular event in expanded composite 517 561 033 0821 04)
- ard painti
E 0.3+ I‘I'm.z:rmmldlalmfinc»cn 148 200 ﬂ.?ZlU.SS-OK‘PI
£ 04 Total stroke ) T 104 08-130)
E 034 Death fraem cardwovascular causes 142 148 0,86 [0.76-1 21)
g 0.24 I : Otbet cardinviiculst end pairt]
01- i £ major 9
. incidence © )
. . n a lower 1n¢ -
CONCLUSIONS ; £ ds did not result 1 . Institutesy’
: _3 fatty aci tional Ins
Supplementation with n—3 fatty lacebo. (Funded by the Na :

nts or cancer than pl
VITAL ClinicalTrials.go

T 12,312 9278 765

v numbef, NC-101169259‘] 0,75 {0L40-1.16}

‘#ath from myocardial infarction 13 % 0.50 [0.26-087)

Dtk froem stioke i n 1.0 [0 602 01}

12 Lipid A

lemy

danson JE, et al NEIM 20193802332
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ZHI Latest Insights into TG-lowering Therapies: Pharmaceuticals and RCTs Summary

OMEMI: 1.8 g n-3 PUFA(930 mg EPA+660 mg DHA) vs. Corn oil

Primary outcome: a composite of non-fatal MI, unscheduled revascularization (stenting or bypass
surgery), stroke, HF hospitalization, or all-cause mortality

- HR 1.07 (95% Cl: 0.82-1.40); P=0.62
= Primary Outcome " All-Cause Mortality
22— Event rate ; s Event rate
é n-PUFA 21.0% bt n-PUFA 5.54%
%3 Placebo 19.8% g3 Placebo 5.50%
§2- e
] = E‘“
< ] f _ o Ty patients with recent AMI
e Ne could not detect reduction 1n clinical eve . il
fix{Condlusion=: ¥/ cO'th 1.8 g n-3 PUFAs daily for 2 years. Regisgases ———ar"'"\
o B — T
3Hwhao were trea":e"?‘l “:ltr'la'ls gov; Unigue identifier: NCT01841944' i3 457 447
https: walclmlca : . ——— Piaceto n-3 PUFA |
HR 1.07 (95% Cl: 0.82-1.40); P=0.62 ‘ ‘ HR 1.01 (95% CI: 0.60-1.71); P=0.97 |

£
1% Lipld Academy Kalstad &4 et 3l Circulstinn 2021 F=b 9143F1GR-530

REDUCE-IT vs STREGNTH
Icosapent ethyl reduces ASCVD risk but Omega-3 carboxylic acid does not

‘ Primary MACE endpoint: a composite of CV death, MI, stroke, coronary revascularization, or hospitalization for unstable angina ‘

' REDUCE-IT ' STRENGTH
. Icosapent ethyl 4g vs Mineral oil | Omega-3 carboxylic acid 4g vs Corn oil
30+ ’
Hazard ratio, 0.75 (95% Cl, 0.68-0.83) o 25 s rat
P<0.001 .1"'. — Omega-3 CA Omega-3 CA 12%
Placebo o " f 204 Corn oil Cornoil 12.2%
20- P o EB HR 0.99 (95% Cl: 0.90-1.09)
P [ ~-0.84
o Icosapent ethyl §
10 £ i
? / HR, 0.99 (95% Cl, 0.90-1.09); P=.84
0 T T T I T T 0 é Ill IIB 2:1 3-I0 SIE 4I2 4‘8 5‘4
0 1 2 3 4 5 Months from randomization
1% Lipid Academy NEJM 201%:380:11-22

= <00




1*‘ Lipid
Academy

RESPECT-EPA
Icosapent ethyl numerically reduces CV events risk without a statistical significance

20-79 years, stable CAD with EPA/AA <0.4, Median FU 5 years
Primary MACE endpoint: a composite of CV death, nonfatal MI and stroke, UAP, and coronary revascularization

t ITT set (n=2,460) Per protocol set (n=1,779)
A Primary endpoint A Primary endpoint
30 — Control
30 | = Control = — EPP

g — EPA < HR: 0.68 (85%C: 0.5-0.95)

< | HR:0.79 (95%Cl: 0.62-1.00) 3 st logounk P= 01021

5] Stratified log-rank p: 0.055 o 29

g 20 =

T ]

8 E

S 2

210 A g

= : =

£ ' €

=

- ] / © 0 Lt = : g =

"3 z X ¥ z 0 2 4 g 8

No. at risk Years since Randomisation No. ALk Temrs alnce rndomieation
Confrol 1235 1087 908 282 Control 984 019 811 346
EPA 1225 982 793 352 EPA 815 774 €91 31

1% Lipld Academy rculation 2024:160:425-434

Omega-3 fatty acid: since 2018

Trials Type DHA &/or EPA Control Number duration Primary outcome
VITAL P EPA+DHA(LD) Inert placebo 25,871 5.3 negative
ASCEND P(DM) EPA+DHA(LD) Olive oil 15,480 7.4 negative
REDUCEIT  S(70%)>P EPA(HD) Mineral oil 8,179 49 positive
STRENGTH S(56%)=P EPA+DHA(HD) Corn oil 13,078 3.5 negative
OMEMI S EPA+DHA(HD) Corn ol 1,027 2 negative
RESPECT-EPA S EPA(HD) Control(No) 2.506 5.0 negative

P, primary; S, secondary; LD, low-dose; HD, high-dose;EE, ethyl ester

1% Lipld Academy

90 SIEXE . SHASISIE| WSAS|




Latest Insights into TG-lowering Therapies: Pharmaceuticals and RCTs Summary

Omega-3 PUFAs and CV outcome studies

{ EPA + DHA

]

EPA

e

l Primary prevention “ Secondary prevention ‘

Primary prevention

~

I Secondary prevention

no data

no data

JELIS, REDUCE-IT

low-dose(<1g/day); high-dose(>1g/day: 1.8 g/day or 4g/day)

JELIS, REDUCE-IT

1% Lipld Academy

Fibrates

1% Lipld Academy
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Gemfibrozil 600mg bid vs placebo, mean FU 6.2 years

Helsinki Heart Study: 4081 asymptomatic middle-age men

atalM[andcardjacdeathI - 34% reduction, p<0.02

SuBIECTS RECEIVING SuBJECTS WITHDRAWN
CoRoNARY EVENT TREATMENT FROM TREATMENT TotaL
GEMFIBROZIL PLACEBO  GEMFIBROZIL PLACEBO  GEMFIBROZIL  PLACEBO
40
',“' e, [rawe!1000)
#
3of- Rt “,"" Definite
oSy o Nonfatal myocardial Ly 61 5 10 5219 T1(35.0)
- i e infarction
Femfibrozil Fatal myocardial 3 7 3 I 6(29) 8(3.9)
A infarction
10 ,.-" Sudden cardiac death 3 3 2 1 5(24) 420
7 3 Unwitnessed death 0 |l 0 0 0(0.0) 1(0.5)
2 Total 46 n 10 12 56 (27.3) 84 (41.4*
o4 1’ 2‘ :‘3 i 2'_, —é % 12 f % |50 e} B LR 5
YEARS
Gemfibrozll N = 2051 14 13 12 10 & 18 *Log-rank chi-square = 6.0: nominal P value <0.02 (two-tailed). Lan-DeMets sequential-procedure critical value
Placsbo N - 2030 13 15 16 19 18 3| |=4.02; overall P value <0.05 (two-tailed).
1% Lipld Academy NEJM 1987,317.1237-45

L ]
VA-HIT study: 2531 CHD men
Gemfibrozil 1200mg/day vs placebo, median FU 5.1 years
e death from coronary causes | [ W 22% reduction, p=0.006
PLaceen GEMFIBROZIL Risx REDucmion
[EvenT (N=1267) N=1264} {95% CI} P Ve
somas no. (%) %
é Nonfaral myocardial infarction or 275 (21.7) 219(1%3) 22 (7 tor 35) 0006
a death due to CHD
5 Nonfaral myocardial infarction or 241 (19) 195 (15:4) 21 (4 10 34) 0602
o 157 death due o CHD (excluding
"g silent myocardial infarction )
= Nonfatal myocardial infarction, death 330 (26) 258 (20.4) 24 (11 1o 36) <0.001
g Gemfibrozi due to CHD, or confirmed stroket
= 104 Nonfatal myocardial infarction 184 (14.5) 146 (1L.6) 22 (4 to 38) o2
g Death due to CHD 118 (9.3] 93 (74) 22{-2w4dl) 0.07
E Dcath from any cause 220 (174) 198 (15.7) Il (—8 10 27) 0.23
5 5 Iovestigatne-designated stroke 88 (6.9) o4 (5.1) 29 (2 1o 48) 004
Confirmed stroke 7o ) 58 (4.6) I5(-0 w47 0.10
Transicnt ischemic arrack 53 (4.2} 22(1.7) 59 (33 10 T5) =<0.001
CARG 173 (137) 164 (130 6 (=17 1 24) e
0 T T T T T 1 PFTCA 147 (11.6) 120 (9.5) 21 (=1 o 38) .06
0 1 2 3 4 5 6 CARG or PTCA INT (227) 266 (21.0) 9 (=% to 23) .29
Year Peripheral vasenlar surgery 2% 12.3) 19 (1.5) AR (=20t 63) .18
Carotid endarterectomy 44 {3.5) 16 (1.3) 65 (37 to B0) <041
N a1 Risk Huospitalization for unstable angina 453 (35.8) 457 (36.2) 04{-141w0132) 095
Flacebo 1267 1200 1118 1040 952 666 486 Ilr\v_upinliza:inn for congestive heart 168 (12.3) 134 (10.6) 223210 38) 0.04
Gemfibrozil 1264 1201 1128 1067 1008 706 498 fluare
1% Lipld Academy NEJM 1999,341.410-418
SIEAIR . E0HZI51E1S| T190lel5
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LEADER study: 1568 men with lower extremity arterial disease

Bezafibrate 400mg qd vs placebo, median FU 4.6 years

2 Active (n=783; Placebo (n-785;
:‘: 3029 person years) 3076 persan years)
s 20 Evenls  Rate Evenls  Rale  RR (95%CI)f P value
= ---- Placebo All primary end points 150 495 160 520 096(076t01.21) 072
l_% 15 Coronary heart disease:
Fatal B4 211 65 211 095 (0.66 to 1.37) 078
10 Non-fatal 2% 86 46 150 060(036t0098 005
Al % 97 m 361 081(060t01.08) 0.5
5 Stroke:
 Fatal 13 43 g 29 124(046W337) 067
0 Non-fatal a7 155 40 130 134(086w210) 0.9
0 1 2 3 4 S | wr B 198 49 153 134(080ta201) 049
Years in trial || Deaths, all causest 204 63.9 195 506 103(083t0126) 081
ﬁlCtIVE ?23 655 606 439 148 Tizzt;gldeﬂl;i:r:; ::;:;Sclt;ﬂ:lrll::sﬂl time in trial for event-ree men,
Placebo 730 670 619 451 149 | |tmainly cancer (47 active treatment, 47 placeba), heart failure. and respiratory disease (see text),
1 Lipld Academy BMJ 2002;325.1130- 1141

BIP study: 3090 patients with previous MI or SAP

Bezafibrate 400mg qd vs placebo, mean FU 6.2 years
' i fatal Ml sudden death | mmp EENRCRE I

TABLE 3. Cumulative Probability of Primary End Points at 6.2
Years of Follow-Up by Baseline Triglycerides and HDL-C Levels
Bezafibrate, Placebo, Reduction,
n (%) n (%) Yo P
Triglycerides
<150 mg/dL 938 (12.6) am (13.7) 79 0.43
=150 mg/dL 603 (16.3) 629 (17.1) 4.6 0.48
=175 mg/dL 407 (15.9) 385 (20.3) 21.6 0.07
=200 mg/dL 234 (12.0) 225 (19.7) 39.5 0.02
HDL-C =35 mg/dL and
triglycerides
<150 mg/dL 378(13.5) 382 (15.5) 12.4 0.46
=150 mg/dL 420 (18.5) 436 (19.4) 4.5 0.56
=175 mg/dL 294 (17.2) 286 (22.2) 226 0.09
=200 mg/dL 184 (13.0) 162 (22.3) 41.8 0.02
1% Lipld Academy Circulation 2000,102:21-27
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Two Fenofibrate trials: FIELD and ACCORD-LIPID Trials
' FELD e e
L | dajor cardiovascuiar even
= (TG 154 mgfd") i m“:::;“hnl the first occunencgd nonfatal myocardid infarction, nonfatal stroke,
o g 21% Reduction 1 or death from cardiovascular causes
| 8 (>204 mg/dL) (<34 mg/dL)
g B Ll % Reduction — = UL =
5 ; 'm T == s High TG and low HDL-C
T PR g == = 17.6% (n=94.1) of entire cohort
49 i — 20
t“.I == [** = = .
21 - L
| |ﬂ lﬁl | LI 5
’ Componite CHD death CHD dosth Mardatd M Total OV evnts Comnary A reaculirantion | ? 16 31 %
oo SR e = 14 (p=0.032)
Prisnary outoome o
g 12
k<]
e 10
8
::C,-w B
ACCORD 2 6
(TG 162 mg/dL) S s
5 o
e Simvastatin Simvastatin +Fenofibrate
1% Lipld Academy Lancet 2005:366:1849-1861. J Clin Lipidal 2011;6:9-20; N Engl J Med 2010:362:1563-1574.

Landmark Fibrates CV outcome studies:
Posthoc or subgroup analyses

Gemfibrozil Primary,
1200mg/day  Only men

176 mg/dL  -34%(p=0.02)

Bezafibrate Mlor SAP 145 mg/dL

-7.3%(p=0.24)

400mg/day
LEADER Bezafibrate  PAD, 188 mg/dL  -4%(p=0.72)

400mg/day  Only Men
FIELD Fenofibrate DM 154 mg/dL -11%(p=0.16)

HHS, Helainki Heart Study; VA-HIT, V! Affaire High-Denstty Lipoprotein Chol ol |ntervention Triak BIF, Bezafibrate Infarction Prevention; LEADER, Lower Extremity Arterial Disease Event Recuction;
FIELD, Fenofibrae Intervention and Event Lowering in Diabetes; ACCORD, Action to Contrel Car diovasoular Rik in Disbetes

M EnglJ M Med 1987:317:1237-1245: N Engl J Med 1999:341:410-418: Circulation 2000:102:21-27:
B 2002:325:1139-1141: Lanca1 2005:366:1843-1861:M Engl J Med 2010:36 215631574

1% Lipld Academy
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Xl Latest Insights into TG-lowering Therapies: Pharmaceuticals and RCTs Summary

'PROMINENT: Pemafibrate to Reduce Cardiovascular Outcomes by
Reducing Triglycerides in Patients with Diabetes

10497 patients with type 2 DM, fasting TG 200-500 mg/dL, and HDLC < 40mg/dL
Primary prevention cohort 33.1%, median FU 3.4 years (early termination)

] e NEW ENGLAND JOUENAL of MEDICENE

l Any statin: about 96%. High-intensity statin: about 70%

Primary Endpoints: nonfatal M, ischemic stroke, coro. revasc. or CV death. b -
EDITORIALS

Placebo Pemafibrate HR P value

(N=5257) (N= 5240) (95%Cl)

Ay

Primary Composite 560 572 1.03 067 .
Endpoint (0.91-1.15)
Companents The Fibrates Story — A Tepid End to a PROMINENT Drug
Nonfatal Ml 178 205 1.16 - Salim S, Virani, M.D. Ph.D.

(0.95.1.42) = -

First, fibrates should not be used to reduce the risk of

Nonfatal Ischemic Stroke 104 95 092 B . ; : .

(0.69.121) atherosclerotic cardiovascular disease among statin-
Coronary revascularization 344 334 0.98 E treated patients,

(0.84-1.13)

Alternatively, triglyceride lowering without decreases
Death from CV causes 133 133 ‘0_]’1901?23} - iﬂ.ﬂlﬁ.ﬂﬂﬂﬁﬂﬂﬂ[ﬂtﬂiﬂ.ﬂﬂﬁf_\'\’i“ probably ﬂﬂtsuﬂice if

. . therapies in development are to produce meaningful
+ The overall incidence of serious adverse events did not differ significantly P P P &

between the groups, but pemafibrate was ascociated with a higher incidence decreases in the risk of atherosclerotic cardiovascular
of adverse renal events and VTE and lower incidence of NAFLD. disease
11! L|p||:| Mﬂdﬂnr m?ﬂg ﬂlur?a ?-Dﬁd !l'l."J BRIGHAM AND \EOE ENir CSATAL, Boston, MA; Sosntfic Secoone 222, @ 2022 Avencan Heant Ascocatoe. AN tghtcrecened.

CONTENTS

»>TG RCTE Sl|AA| =o|T M2 Q=T

1% Lipld Academy

= <00



T Lipid

Academy
=Oo
CV outcome?{ 410 1}H EPA7} EPA+DHAELCH 27172
REDUCE-IT vs STRENGTH: Indirect comparison
Patients with event/total patients, n/N (%)
REDUCE-IT|(70.79%) Icosapent ethyl Mineral oil
4.9 years All participants 705/4088 (17.29%) 901/4090 (229%) 0.75 (0.68-0.83)" I‘
Primary prevention 146/1197 (12.2%) 163/1197 (13.6%) 0.88 (0.70-1.10)
X114 Secondary prevention 559/2982 (19.3%) 738/2893 (25.5%) 0.73 (0.65-0.81)
STRENGTH Eicosapentaenoic acid + | Carn oll
3.5 years Docosahexaenoic acid
All participants 785/6539 (12%) 16.8%| 795/6539 (12.29)17.1% §0.89 (0.90-1.09) I]
Primary prevention 216/2901 (74%) 10.4% 185/2861 (6.5%) 9.1%| 1.16 (0.95-1.41)
Secondary prevention | 569/3638 (15,6%:)21.8% 610/3678 (16.6%)23.2%| 0.94 (0.84-1.05)
1% Lipld Academy Revised from Circulation 2021,144.183-185

REDUCE-IT vs STRENGTH: indirect comparison

Presumed estimated MACE incidence adjusted for FU period

REDUCE-IT STRENGTH
Mineral il IPE EPA+DHA Corn oll
Eventitotal |All patients 22% 172%  16.8% 17.1%
patients, ‘ Primary prevention 13.6% 12.2% 10.4% 9.1% ‘
VN(%) \ Secondary prevention  25.5% 193%  21.8% 23.2% \

MACE incidence

| EPA=EPA*DHA=Comoil | < [ Mineraloil |

1 Lipid Academy
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ZHI Latest Insights into TG-lowering Therapies: Pharmaceuticals and RCTs Summary

REDUCE-IT Biomarker Substudy/(1I):

Mineral oil > Icosapent ethyl

Median percent difference

LP 2.4% O
@ Among participants in REDUCE-IT,
Homocysteine 3.0% allocation to icosapent ethyl had
. minimal effects on a series of
Oxidized LDLC 4.2%
biomarkers associated with ASCVD,
IL-6 19.8% whereas levels increased over time
‘ Lp-PLAZ 26.2% ‘ L among those allocated to placebo.
hsCRP 38.5% The effect of these findings on the
L-18 48.7% interpretation of the REDUCE-IT
trial results remains unclear and
12 Lipid Academy Circulation 2022;146:372-379

'PROMINENT: Pemafibrate to Reduce Cardiovascular Outcomes by
Reducing Triglycerides in Patients with Diabetes

10497 patients with type 2 DM, fasting TG 200-500 mg/dL, and HDLC < 40mg/dL
Primary prevention cohort 33.1%, median FU 3.4 years (early termination)

] e NEW ENGLAND JOUENAL of MEDICT N

[ Any statin: about 96%. High-intensity statin: about 70%

Primary Endpoints: nonfatal M, ischemic stroke, coro. revasc. or CV death. b -
EDITORIALS

Placebo Pemafibrate HR P value

(N=5257) (N= 5240) (95%Cl)

Primary Composite 560 572 1.03 067
Endpoint {0.91-1.15)
Companents The Fibrates Story — A Tepid End to a PROMINENT Drug
Nonfatal Ml 178 205 1.16 - Salim S, Virani, M.D. Ph.D.
(0.95-1.42) = -
First, fibrates should not be used to reduce the risk of
Nonfatal Ischemic Stroke 104 95 092 -

(0.69.1.21) atherosclerotic cardiovascular disease among statin-
treated patients,

Coronary revascularization 344 334 098 =
(0.84-1.13)
Alternatively, triglyceride lowering without decreases

SO cae w e m_;ﬁ,"ga} : in the apolipeprotein B level will probably not suffice if
e < did ot diffr signticartly therapies in development are to produce meaningful

between the groups, but pemafibrate was associated with a higher incidence decreases in the risk of atherosclerotic cardiovascular

of adverse renal events and VTE and lower incidence of NAFLD. disease

1= L|p||j MW“' :Ej;ﬁg ﬂluna D‘Dmdhu, BlllGHAMAND“OUENSHOSHTAL Boston, M&; Sosnific Secgone X020, 2022 Arvencan Heant Aococatioe. AN sghtoresensd.
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Pemafibrate
(N=5240)

Placebo

(Nosas7) PROMINENT

Variable

Median Value (IQR} MACE 1.03 ¢um)
Triglyceride-related biomarkers

Triglyceride level, measured

Baseline — mg/d| 273 (227 10 342) 269 {226 10 338)

4 Mo — mg/d| 139 (143 to 253) 254 (193 10 341) TG

Median change from baseline — % -3L1 (-48.910.-9.6) 69 (-2841020.2)
Remnant cholesterol level, measured

Baseline— mg/dl 56 (43 to 73) 56 (431072)

4 Mo —mg/d| 30 (23 1o 41) 44 (32 10 61) RemnantC §

Median change from baseline — % -43.6 (-57.8t0-24.1) -20.2(-383103.8) -25.6 (-27.3 to -24.0

LDL chelesterol level, measured
Baseline— mg/d| 79 (60 to 104)

91 (71t 115)

78 (5910 102)

4 Mo — mg/dl 80 (62 to 105)

LDLC

Median change from baseline — %
Non-HDL cholesterol level, calculated§

Baseline — mg/dl

4 Mo — mg/dl

Median change from baseline — %
Apolipoprotein B level, measured

Baseline — mg/dl

4 Mo — mgyd|

Median change from baseline — %

14.0(-6.3 o 41.4)

128 (106 1o 159)
125 (102 to 153)
-2.4 (-18.0 10 15.0)

90 (75 to 108)
93 (7710 111)
32 [-1201019.7)

2.9 (-13.5t024.6)

12.3 [10.7 to 14.0)

128 (104 to 157)
122 (100 to 154)

noNHDLC ¢
-25 (-16.3 to 13.0) 02 (1.3 t0 1.0,

89 (74 to 107)
87(131105 ApoB 1

16 (-13410118) 48 (3.8t05.8)

1% Lipld Academy

Landmark Fibrates CV outcome studies vs PROMINENT

Trials FU TGs FU LDLC FU NonHDLC FU Remnant C
(mg/dL) (mg/dL) (mg/dL) (mg/dL)

HHS 43% reduction l 10% reduction l -14% l

VA-HIT 31% reduction l 113vs 113 4= 145(P)vs 136 l 32(P) vs 23 l

BIP 21% reduction l =145(P)vs =139 173(P) vs 160 l 1

LEADER 23% reduction l 8.1% reduction 1

FIELD 299% reduction l 100(P) vs 94 l 133(P) vs 120 1 32.4(P) vs 25.9 l

ACCORD 13.5% reductlonl 80.0(P)vs 81.1 = 113(P)vs 110 l 33.2(P) vs 28.8 l

1% Lipld Academy
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Meta-analysis: the effect of fibrates on lowering LDLC

and CV risk reduction

Experimental

Control

Study Events Total Events Total Risk Ratio RR BET-Cl L]
MNewcasse 1971 57  2as8 84 268 ——— 083 (048 083 n
Scotmsh 1971 5% 380 8 3eT N 1] ors [Dss: ) os|
Cororary Orug Proget 1978 308 1103 =39 27E9 - 09 (083 10d]
WHO CO-0P 1978 167 5331 208 =396 ——— 080 [065 087]
HHS 1987 56 2051 Bd 2030 ———=—- 065 [0aT; 093]
VA-HT 1909 219 1284 275 1267 i 080 (068 094]
1P 2000 211 1888 232 1842 - Q@1 [076 1 08]
DAIS 2001 33 207 80 21 F———t 0.77 [0.563;1.13]
LEADER 2002 180 Tas 160 788 — - 0.04 [077;1.15]
FELD 2206 612 4806 683 4800 - 090 [0.81;090]
ACCORD 2010 2091 2766 310 2763 et 053 [0.80; 1.08]
PROMNMENT 2022 572 5240 Seo0 sas? I 1.02 [0.82:1.14]
Common effect model 25781 27450 - 0.90 [0.8E; 0.94]
Random effects madel — 0.57 [0.51: 0.94]
Heterogeneiny: = 47%, 1 = 0.0003, p = (.03 :
o5 1 2

12 trials
Primary outcome:
a composite of CV death, AMI, Stroke, Coro REVASC

Fibrate therapy was associated with decreased risk of MACE
[RR 0.87. 95% confidence interval (CI) 0.81-0.94] with
moderate heterogeneity (I* = 47%).

The heterogeneity of fibrates in reducing major adverse cardiovascular events was largely

Each 1 mmol/L reduction m LDLC after fibrate treatment
reduced MACE (RR 0.71, 95% CI 0.49-0.94. P=10.01)

actributable to the r
0.71 for each Immal/L decrease in |

in low-densit

PP

).

risk r

TG level changes did not show a significant association (RR
per lmmol/L reduction 0.96, 95% CI 0.53-1.40, P=0.86).

1% Lipld Academy

| mun:mzﬁg. - =
* el >
Cronsey Db BNGRE 20T wooonD /!
=3 | FEELD 2008 o ool —
2 =
& -
@ ot
- | - Wil VAHIT o
2 e SHPEO o 010 i
&
e vnr @
Nancantie 1971
@
S
o8 o6 04 az 00 oz

LDL-C reduction (mmcbL )

Treatment with fibrates was associated with
decreased risk of MACE. The reduction in
MACE risk with fibrate therapy appears to
be attributable to LDL-C reduction rather

» | | than a decrease in triglyceride levels.

J

e

Eur] Prev Cardiol 20 24:31:291-301

Variable

Triglyceride-related biomarkers
Triglyceride level, measured
Baseline — mg/d|
4 Mo — mg/dl

Median change from baseline — %
Rermnant cholesterol level, measured

Baseline — mg/dl

4 Mo—mgjdl

Median change from baseline — %
LDL cholesterol level, measured

Baseline — mg/d!

4 Mo — mg/dl

Median change from baseline — %
Non-HDL cholesteral level, calculated

Baseline — mg/d|

4 Mo — mg/dl

Median change from baseline — %
Apolipoprotein B level, measured

Pemafibrate
(N=5240)

Placebo
(N=5257)

Median Value {IQR)

273 (227 1o 342)
189 (143 to 253)
-3L1(-43.910-9.6)

56 (431073)
30 (23 to d1)
~43.6 (-57.8 to-24.1)

79 (60 to 104)
91 (71to 115)
14.0 (-6.3 to 41.4)

128 {106 to 159)
125 {102 to 153)
-2.4 (-18.0 t0 15.0)

269 (22610 338)
254 (103 to 341)
6.9 (-28.4 10 20.2)

56 (4310 72)
44 (320 61)
202 (-383103.8)

78 (59 to 102)
30 (62 to 105)
2.9 (-13.5t0 24.6)

128 (104 to 157)
122 (100 to 154)

-2.5 (-16.3 to 13.0) | -0.2 i-l.3 ta l.l)i

MACE 1.03dmm

PROMINENT

TG

-26.2 (-28.4 10 -24.10)

Remnant C

-25.6 {-27.3 t0 -24.0

REDUCE-IT

EPA
TG

[

-18.3% vs +2.2%

Placebo

MACE 0.99 ¢/

STRENGTH

EPA+DHA placebo

2

-19% vs -0.9%

Remnant C

-20.5% vs -5.9%

-20.0% vs-4.0%

LDLC 1

12.3 (10.7 to 14.0)

nonHDLC 4=

Baseline — mg/dl 90 (75 to 108) 83 (74 o 107)

4 Mo — meg/dl 93 (77to 111 87(3t0105) ApoB t

Median change from baseline — % 32(-1201t019.7) -L6(-13.4t0 ]].8}| 48 (38t0 5.8]
T Lipld Academy

t A
vs+10.2% +12%vs-1.1%
e T 8
vs +10.4% -6.1% vs -1.1%
=
-2.5% vs +7.8% -2.09% vs -1.0%

= <00
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Omega-3 PUFAs and Afib

Trials Active arm Placebo Afib Incidence Change P value
VITAL EPA+DHA 840mg Inert placebo 7.2% vs 6.6% 9% S7t 0.19
OMEMI EPA+DHA 1.8g Corn oil 7.2% vs 4.0% 84% =7t 0.06
STRENGTH EPA+DHA 4g Corn oil 2.2%vs 1.3% 69% S 7t <0.001
REDUCE-IT EPA 4.8g Mineral oil 5.3% vs 3.9% 36% =7t 0.003
RESPECT-EPA EPA 1.8g No drug 3.1% vs 1.6% 94% S 7t 0.017

v HEHENATE

1% Lipld Academy

Crrculation 2019;140:0673-691; Cardiovasc Drug Ther 2021:35:793-800; Groulation 2021;144:1981-1990

Fenofibrate and serum creatinine

1% Lipld Academy

FIELD ACCORD-LIPID
Baseline FU (p<0.001) 8 wksafter D/C |Baseline All patients Fenofibrate  Placebo
Fenofibrate 77.7umol/L 91 umol/L 77 umol/L Seum creatinine — mg/dl 08:02 03:02 0.9:02 0.9
(0.88 mg/dL) (1.03mg/dL) (0.87 mg/dL) Estimated glomerdlar fltration rate — o {%)
Placebo 77.4umol/L 80 umol/L 79 umol/L 30-49 rnl{min /173 m? 14126) 18 0§ 08
(Eemea] Wb meidl (e el 550 il 173 2 BOEY  BEY %)
v" The rate of progression to albuminuria was significantly | Follow-Up Fenohibrates Placebo
[reduced by fenofibrate, [Serum creatinine elevation
= Progression: 119%(Placebo) > 10%(Fenofibrate) Womenever>13mgd  235(27.9%)  15T(187%)  <0.001
" Re'gres sion: 8 %(Placebo] <9% (Fenoﬁbrate] Men ever > 1.5 mg/d 698(36.7%)  350(18.5%)  <0.001
Past-randomization incidence of
microalbuminuria (> 30 to < 300 mg/g™) 050(38.2%) 1137 (416%) 001
Post-randomization incidence of
{mactoabuminuria (> 300 majg**) 289(10.5%) 337 {(123%) 004

Lancet 2006:366:1340-1861; N EnglJ Med 2010:362:1563-1574
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ZHI Latest Insights into TG-lowering Therapies: Pharmaceuticals and RCTs Summary

CONTENTS

»TG2 RCO| CHTE HIY X|2X|E 2 IHTH7}?

1% Lipld Academy

2019 ESC/EAS £l =2 X|&:5dxY

2016 ESC Guideline
Table I8 R dations for drug tr of
hypertriglyceridaemia

.I Recommendations Ref*

Drug treatment shouid be
considered in high-risk patients with
TG =23 mmaliL (200 mgidL).
Seatin treatmant may ba
considered as tha first drug of
choice for reducing CVD risk
I higherisk individuals with
hypertrighyceridaemia.
In high-risk patients with TG
1.3 mmol/L (200 mgidl} despite
statin treatment. fenofibrate may
be considered in combiration with I
stazins.

1% Lipld Academy

2019 ESC Guideline 2021 ESC Guideline for CVD
prevention

R dations for drug tr of patients with

hypertriglyceridaemia

Class®  Level® Recommendations

Statin treatment is recommended as the first
drug of choica for reducing CVD risk in high-risk
Incividuals with hypertriglycendaemia [triglycer-
ides 2.3 mmollL {200 mg/dL)L™

In patients taking statins who are at LDL-C peal
with trighycerides >2.3 mmolL (200 mgidL), fencfi-
brate or bezafibraze may be considered, ™ **

- <00



A statement from EAS Task Force:
Suggested algorithm for high and very-high-risk patients with high TG

High-risk and very-high-risk patients with elevated TG

TG ~2.3 and <5.6 mmol/L T 7
o(:ﬁl::ls:;l: Tmn;g‘:;l;‘)? ’ YES 9 On HI statin*? 9 NO: Add HI statin
STEP 1 YES
If TG are >10 mmol/L v
g;,):t?g :;?::el;);cmsmm AtLDL-C goal? w3 No‘tmf::{;:m

N

TG>2.3 and <5.6 mmol/L
(>200 and <500 mg/dL)?

Monitor LDL-C and TG after 4-6 weeks

D D D D T D D D D S D D S D S S S D TR D S S S S T -
Type 2 diabetes mellitus
WIlVASEND without ASCVD
STEP 2 |
||
W N
Consider risk for ( Consider high-dose r Consider fenofibrate I
atrial fibrillation icosapent ethyl
1% Lipld Academy Atherosclerosis 2021,325:99-102

2022 Korean Dyslipidemi a Guidelines Others including TG lowering therapy

OIdXIZEEC A=RB 1I (1) 202t

—

=) ATES SHAE
ZMT|%0| 500 mg/dL OIA 2 SHHITIO| (LS Qs SZHOI OIS LSO WSS RIHM | A
S AEtet S AT}
EMX|20] NISHCZ 500 mo/dL 0140 AL, SMT|H THE s UHIZ IEBM QTHE " A
DAL =
ZMT|80| IILEHOF 500 mg/dL 014101 AL, EATIE THS Y5t UHI= Q-3 TIgAS I A
TSI =
ZMT|80| 200~499 mg/dL 91 A, B YKIHOI XT SHE HAE AFEH YSTH D2t
LDL 2HAHSES SHA [SIO2 SEE 210/[, 012 Yol SHSOZ XSH MBSEHM U A | A
EHEl 2 XISE ATSHL
ZMT|20| 200~499 mg/dL 2! Z2, LDL SYAHE SELH S S4TIL0| 200 mg/dL 0140 lla B
AL non-HDL 2HAHIE SH| 0/40|3 USX|ISE T243HL

102 =R - Susise) TS9IRS)
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2022 Korean Dyslipidemia Guidelines Others including TG lowering therapy
XISi=0| OF2 Ot -
OlSXIZE SO A= Il (2) 2100t
i ansg | 2w
SHZoHY HELEH0IL S BXHM SIS i 3 AEH 29 2T 200 mq{dt Ol
O IESTLHE0] XSS [, SEHZEO HYE AoHH IPE (0FF 4 gE It §9fot= HE Ib B
g = ALk
SyZsky HETE0IL SE EXHHM SES2 2 AR S0 20| 200 mg/dL 01
O] IEMTIUHEE0] XIS [, SR WS 2AotH NESM ST HE FIt E%fol= 28 IIb B
Lz ELE R i 5
SHATHY METRO0ILE St XL M2S2 i 8 AREISUSHE 200 mg/dL 0l
o] DEATIUSS0I XIS M, ASEHRE (I4S 916101 EPAQ DHAZ E8I8H QMHIJH-3 TIHAS IIb E
FIHEUdSH= 2E DafE »~ AUk
HHDOL EHAHIEES SATHAHE ZXANSSHE LDL SHAHES SH ~XE ZEGI=2AS # | A
TEHE
HDL SEYAHZES d&LA1317] 2igt Y2 KT = ADGH Y=Lt n A
Gemfibrozillt AEHEIC| €8 XS E 2|YSO| &Y QUS SIHIFIZZ 2161 R=CE i B

2021 ACC Expert Consensus Decision Pathway for hyperTG

- e . . B
Adils with ASCVD and Adults with diabetes mellitus Adults aged =20 years with no

fasting TG >150 mg/dL or aged 249 years, no ASCVD, ASCVD or diabetes mellitus Adults aged >20 years
and fasting TG =150 mg/dL and fasting TG 2150 mg/dL
nonfasting TG =175 mg/dL I ; with TG 2500 mg/dL
and TG <500 mg/dL or nonfasting TG =175 mg/dL or nonfasting TG =175 mg/dL
and TG <500 mg/dL and TG <500 mg/dL
- \ \ + + .
Factors to Consider

* Evaluate and manage secondary causes

= Optimize diet and lifestyle interventions for hypertriglyceridemia

« Implement guideline-directed statin therapy and optimize statin adherence

« Optimize glycemic control

* Monitor response to therapy and adherence

« Conduct clinician-patient discussion of potential benefits, potential harms, and patient preferences.

+

[ Persistent Fasting Hypertriglyceridemia J

‘Optional Interventions to Consider
= Referral to registered dietitian nutritionist
= Addition of a triglyceride risk-based pharmacological agent

1% Lipld Academy
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[ Adults with ASCVD and fasting TG =150 mg/dL or nonfasting TG 2175 mg/dL and TG <500 mg/dL )

Persistent fasting hypertriglyceridemia* 150-499 mg/dL ]

P

LDL-C 70-99 mg/dL LDL-C 2100 mg/dL

- LDL-C <70 mg/dL

Consider LDL-C-guided N

"/rislﬁ%l:gad B nonstatin therapy as per
> -0d > | 2018 AHA/ACC/multisociety
- approach | ciolesterol guideline

< = | =

1% Lipid Academy

Adults with diabetes mellitus, aged =40 years, no ASCVD, and fasting TG 2150 mg/dL
or nonfasting TG 2175 mg/dL and TG <5600 mg/dL

[ Persistent fasting hypertriglyceridemia 150-499 mg/dL* J

Age <50 years or =50 years with no Age =50 years with 1 or more
additional ASCVD risk enhancing factors. ASCVD high-risk features?

Continue LDL-C \.J
b tisk-based approach g/

( May consider icosapent ethy! )

1% Lipld Academy
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Adults aged >20 years with no ASCVD or diabetes mellitus and fasting TG 2150 mg/dL
or nonfasting TG >175 mg/dL and TG <500 mg,/dL

[ Persistent fasting hypertriglyceridemia 150-499 mg/dL and aged 40-75 years ]

b 4 A 4

Low ASCVD risk (<5%) ] [ Borderline to intermediate ASCVD risk (5% to <20%)] [ ASCVD risk 320% ]

+

i'/ Consider initiation or intensification -\‘\I & Initiate or intensify to 2\
\_ of statin therapy 4 . high-intensity statin therapy
1% Lipld Academy
[ Adults aged =20 years with TG 2500 mg/dL J
Crmommaa)
¥
Adults aged 20-39 years or agec Adults aged 40-75 years with
4075 yonrs with T8 500,090 g/l TG 500999 mg/dL. and with
and 10-year ASCVD risk <5%, 10-year ASCVD risk 25%, ASCVD,
or with TG 2500-999 mg/dL : or diabetes mellitus J
without ASCVD or diabetes mellitus ,l,
' Initiate or increase intensity of statin )
 therapy and optimize statin adherencej
v +
[ Persistent fasting hypertriglyceridemia 500-999 mg/dL ]
1. Emphiashie lw-Tat dist, Reasonabla tb consider "1, Emphasize low-fat diet. Reasonable to consider very low-fat diet in select
very low-fat diet in select patients (See Figure 2) patients (See Figure 2)
2. Consider fibrate* or prescription omega-3 fatty 2, Increase intensity of statin therapy and optimize statin adherence
acids (icosapent ethyl or omega-3 acid ethyl esters) 3, Consider fibrate* or prescription omega-3 fatty acids (icosapent ethyl or
_ “_?_redme risk of pancreatitis \e omega-3 acid ethy| esters) to reduce risk of pancreatitis %

- <00
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Perspectives
Dyslipidemia Treatment for prevention and reduction of ASCVD

LDLC TRL LPa

|Risk category, Target and Threshold

lTG 500mg/dLO| &

50 mg/dL(125 nmol/L)0] &
Risk enhancing factor

Additionally, monitor apoB,
LDLC, or nonHDLC

| PCSK9 mAb PO(MK-0616) |
{mm protein monoclonal Ab {

106 SI=XE - SHsRE| 1S9l



Xl Latest Insights into TG-lowering Therapies: Pharmaceuticals and RCTs Summary

Conclusions

»TRLZ VLDL+IDL, RC= VLDL+IDLY| 9=l cholesterolS 2|0|3HC}

»TG2t RCE CV risk markerO|C}.

»>TG2t RCO| CHet RCTL| CV outcome &
R FE2 BSS 2ol

> AHE 7hs T High TGXIE2 X AFEA| TGHAEINE
apoB, LDLC, nonHDLCO| Bi3IE & #H&S HOFS._ f

>FibratesAt&A| Cro| B3t O3FAALE Al new-onset Afib monitoring
= 12{3lOFtC}.

Zi b= Inconsistent?t ZIE B

HI|BC=

1% Lipld Academy

Conclusions

»RCOf| CHot X|ZX| &2 OtA] = E|0f UAX| L
N2 O| &0f| A statinAHE(LDLC lowering therapy)0l =

>TGX|E =
high TGY Z 2 fibrates EE= O3FAS| AFE 2 11E{sl = = JUA
Ct.(Class lIb)

»apoClll ASO and siRNA, ANGPTL3 mAb and siRNA2| ¢ 50| TIeH
S0|Ct

2R - Susists meoies 107
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Day 1

Session 4

Exploring Residual Lipid Risks(ll)

(14:30 - 17:00)

14:30-15:00 Unraveling the Enigma of LP(a) and Perspectives on OIS (ol AsH|LED
LP(a) Treatment

15:00-15:30 Role of HDL Cholesterol and Current Evidence on WrSE (TS0l AL
HDL Cholesterol Treatments

15:30-156:60 E=Z

16:20-17:00 Humanities Lecture THE (Muelry Filzizgelstap
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e HEAE

1993.3.2-1999.2.25 | &

2008.3.3-2011.2.25 | &
70:1

2008.3.3-2011.2.25
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==

I Y
o
100 |10t | o0

[z
2020.10.1-4x4 AL NSt 2517|H o
2020.10.1-%4X H2AE AL S Al

—

ZHAlE0f

Intervention cardiology

=2

[—L

1. Intravascular modality—guided versus angiography—guided percutaneous coronary intervention in acute myocardial infarction.
Kim N, Lee JH, Jang SY, Bae MH, Yang DH, Park HS, Cho Y, Jeong MH, Park JS, Kim HS, Hur SH, Seong IW, Cho
MC, Kim CJ, Chae SC; Korea Acute Myocardial Infarction Registry — National Institute of Health Investigators. Catheter
Cardiovasc Interv. 2020 Mar 1;95(4):696-703. doi: 10.1002/ccd.28359. Epub 2019 May 27.

2. Usefulness of Calculation of Cardiovascular Risk Factors to Predict Outcomes in Patients With Acute Myocardial Infarction.
Kim CY, Lee JH, Jang SY, Bae MH, Yang DH, Park HS, Cho Y, Jeong MH, Park JS, Kim HS, Hur SH, Seong IW, Cho
MC, Kim CJ, Chae SC; Korea Acute Myocardial Infarction Registry — National Institute of Health Investigators. Am J Cardiol.
2019 Sep 15;124(6):857-863. doi: 10.1016/j.amjcard.2019.06.010. Epub 2019 Jun 25.

3. Coronary Endothelial Dysfunction and the Index of Microcirculatory Resistance as a Marker of Subsequent Development
of Cardiac Allograft Vasculopathy.
Lee JH, Okada K, Khush K, Kobayashi Y, Sinha S, Luikart H, Valantine H, Yeung AC, Honda Y, Fearon WF. Circulation.
2017 Mar 14:135(11):1093-1095. doi: 10.1161/CIRCULATIONAHA.116.025268. No abstract available.

4, Coronary Collaterals Function and Clinical Outcome Between Patients With Acute and Chronic Total Occlusion. Lee
JH, Kim CY, Kim N, Jang SY, Bae MH, Yang DH, Cho Y, Chae SC, Park HS. JACC Cardiovasc Interv. 2017 Mar
27:10(6):585-593. doi: 10.1016/].jcin.2016.12.009.

5. Pulling the RIPCORD: FFRCT to Improve Interpretation of Coronary CT Angiography. Fearon WF, Lee JH. JACC Cardiovasc
Imaging. 2016 Oct;9(10):1195-1197. doi: 10.1016/j.jcmg.2016.01.037. Epub 2016 Aug 24.
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O|ZZ Unraveling the Enigma of LP(a) and Perspectives on LP(a) Treatment

Unraveling the Enigma of LP(a) and
Perspectives on LP(a) Treatment

KNUH

astsmas

Lp(a): Unraveling its Enigma and Perspectives on Treatment

* Brief history

KNUH@® sstisiaggl
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Short overview on important milestones in Lp(a) research e
Discovery of First MR studies
First assoclations of  Lpla)>30 mgfdL  apoia) size demonstrating causal
Lpia) with CAD as risk threshold  polymarphism assoclation with CHD

1989-91 1991/92

|

Lp{a) first
described by
Kitre Berg

I 55—
l A NEW SERUM TYPE SYSTEM IN MAN—THE Lp SYSTEM 7 %

'
Wik P

First MR studies
using pulsed field
ge! electrophoresis Fig. 1.1 Panel a: Kire Berg and the author at the first “International Lp workshop™ 1967 in
Marburg/Lahn (Germany). Panel b: Title page of Kare Berg's first publication on Lp(a) with dedi-
cation to the organizer of the workshop Gerhard G

[

Owidized First large scale Low Lp(a) First phase 1 study on Start of HORIZON End of HORIZON
as i with specific ASO therapy phase 3 trial trial expected
part of Lp{a) studies diabetes mellitus to lower Lp(a)
KNUH @ 35tisiagal

Koschinsky ML, et al. Atherosclerosis. 2022;349:1-6

Qualitative and Quantitative separation of Lp(a) DS
* Electrophoresis: mobility; alpha-, B-, and pre-B Lp
 Ultracentrifugation: Density; VLDL, LDL, and HDL % Distribution of Lp(a)
. Density Gradient Ul ifugati
* Immune-affinity methods: Lp-A, Lp-B, and Lp-C B
%
_ Electrophoretic mobility alpha-Lp (HDL) VLDL 58
100 — 27
1 “sinking pre-B Lp”
] Lp(a) LRL 10,9 i
- 261 75% in
5 Pre-B-Lp (VLDL) Lp(a) as HDL
d /\ HDL, 22
I W \ HDL, e
0 T - T : T
0 5 {0 wm 15 | BOTTOM a7

112 Si=RE - SHHsHRlE| 1S9l
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KINnuH

AEHSER Weos

Lp(a): Unraveling its Enigma and Perspectives on Treatment

* Brief history

e Structure

KNUH @ 35tisiagal

KINnuH

ASSInER Ees

Structure of Lp(a) versus LDL

KNUH @ 35tisiagal

ShRAIE - SMEsleke| WS

- <00



1*‘ Lipid
Academy

KNUH

BEErTEal

Chemical composition of Lp(a) in comparison with LDL
Compound Lp(a) % w/w LDL % w/w
Protein 26-30 21.0
Carbohydrates 4-8 1.3
Cholesterol ester 31-37 42.0

Free cholesterol 7-8 9.0
Phospholipids 16-20 20.7
Triglycerides 4-6 6.0

KNUH® Z=msimyel

KNUH

BSoHatnmal

. ?
What is Lp(a)? LDL-Like Particle

Kringles

KIV domain expanded to 10 : Lp(a) = LDL + apo(a) + OxPLs

subtypes (KIV, to KIV,,)
KIV, repeats vary from 2 to >40

Postulated sites
where OxPL are
present on Lp(a)

‘ @ ) KIV,, is important in

\‘-- 43 ’ Apo(a) OxPL binding

Danish Pastry
KNUHB® 3=oisiagal KIV, connects to apoB via disulfide bond

114 SR - SUSISHE| BS0I)
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]

Lp(a) is found only in the plasma of humans
Kringles  Attachment to LDL Protease Fibrin Binding OxPL (E06) Binding
m v v Domain Activity
Plasminogen of all mammals No
Apolipoprotein(a)
Human No
Bonobo No No* No
Chimpanzee No No* No
Gorilla No No* No
Orangutan No No ?
Baboon No Nof No
Cynomolgous No No* No
Rhesus No No* No
Hedgehog No No No
KNUH@z=sHemsd Tsimikas 5. et al. } Am Coll Cardiol. 2022;80:934-946.
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Pathogenic mechanism of Lp(a) OxPL
Pro-inflammatory
+ Macrophage IL-8 * Monocyte
‘expression chemotaxis/transmigration
. Oxidized Ph holipid:
sl kol Uk OSOPRIPEE Carries MCP-1
A EC binding
Upregulation AV, £ Plasminogen activation
Pro-atherogenic Fachee v Pro-thrombotic
] A SMC KN, @ +Fibrin degradation
LDL proliferation apo (a)

Proteoglycan A EC PAI-1 expression
matrix binding

A Foam/cell formation A TFPI activity

A Necrotic core formatiom

* Platelet responsiveness
+ Lesion calcification
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Elevated Lp(a) and CVD Outcomes
Data from the Copenhagen Studies

Ischemic stroke
1.60 (1.24-2.05)

However, only scare information in available on the
metabolism of Lp(a) in humans.

waluvaaLuigl
mortality
1.50 (1.28-1.76)

diuiiie aul ue
valve stenosis
2.00(1.20-3.40)
2.90 (1.80-4.90)

Myocardial All-cause
infarction mortality
1.85 (1.50-2.26) 1.20(1.10-1.30)
2,47 (1.54-3.96)
A= CHEEY Y
KNUH@zsmHemy Arsenault and Kamstrup. Atherosclerosis. 2022;349:7-16.
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Lp(a): Unraveling its Enigma and Perspectives on Treatment

* Brief history

e Structure
* Biosynthesis — interconversion or not
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Potential for VLDL, LDL and Lp(a) Interconversion

ApoB100 ApoB100 ApoB100 ApoB100

* VLDL and LDL are not precursors to Lp(a).
* There is no interconversion of the apoB 100 moiety.

* Lp(a) is secreted as a separate lipoprotein.

Krempler F, et al. Biochim Biophys Acta. 1979;575:63-70.
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Assembly of Lp(a): apo(a) + ApoB

Details of the assembly process
LDL
: Unknown

K o
Endoplasmic
Reticulum

KNUH® 3!

- <00



15‘ Lipid
Academy

Biosynthesis of mature Lp(a) she's
Hepatocyte Mature Ln(a)
A
B
C
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Impact of the Assembly on Plasma Concentrations of Lp(a): Apo(a)

* Gene sequencing of APOA in Caucasian individuals with almost zero Lp(a) levels
revealed a G—>A substitution at the 1+ donor splice site of K-IV type 8 introns.
This nonsense mutation led to the expression of a truncated form of apo(a)
that consisted of a N-terminal fragment lacking all entities after kringle-IV-T7.

* Since K-IV T9 in apo(a) contains the single free —SH group that is necessary for
the covalent binding to apoB-100, such truncated apo(a) are not able to stably
assemble with LDL.

* Interestingly, there are small amounts of free truncated apo(a) found in plasma
indicating that the liver secretes such apo(a) mutants, but it seems that they
are very rapidly catabolized.

* This opens up the question wheth rﬁ isma Lp{aj ieveis might b
reduced in general by inhibition of L assembly.

o
€ arasticaily

KNUH @ 35tistayal

118 SI=XIE - SUSISHE| BS9S]



O|ZZ Unraveling the Enigma of LP(a) and Perspectives on LP(a) Treatment

KNUH @;

BRI

Impact of the Assembly on Plasma Concentrations of Lp(a): Apo(a)

* It was speculated that individuals with apo(a) mutations or
polymorphisms that cause reduced plasma Lp(a) levels might be at a

lower risk for CAD.
* This was addressed in a cohort of the PROCARDIS study published by
Kyriakou (Kyriakou et al. 2014).

* It was found that the LPA null allele as identified by the rs41272114 SNP
not only is associated with reduced plasma Lp(a) concentrations but
also with a significantly reduced CAD risk.

KNUH® 3ssiangal

KNUH

ZASHatmisel
Impact of the Assembly on Plasma Concentrations of Lp(a): LDL-C

*  Why apo(a) only assembles with LDL and not with other serum proteins?
* The composition and morphology of LDL have just the right prerequisites for this assembly.

*  Whereas wild-type LDL mixed with apo(a) complexed under the given experimental
conditions between 15% and 44% with apo(a), LDL from a homozygous familial defective
apoB-100 (FDB) patient showed only 2-16% association and heterozygous FDB individuals
showed 2-30%.

KNUH®zsoms

LDL from LCAT-D Patient
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Catabolism of Lp(a)
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Catabolism of Lp(a)

. Apo(a)
Liver

PIGRKT
Annexin A2/
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Catabolism of Lp(a) e
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Plasminogen Lipoprotein Lectin  Scavenger Plasminogen Lipoprotein  Lectin - Scavenger

Catabolism of Lp(a) KT
_ UK Biobank
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VLDLR g
a
a
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TRL2
Tha aanatic data da nat ctranalu ciinnAre
\ T gCliclulv Uawa uw 1ive oLt UIIEI" DUP‘P‘UI L
gt;;; . a role for the LDL receptor in directly
mediating the catabolism of Lp(a)
A&
KNuH B Sl ﬂu%ﬂ Trinder M, et al. } Am Coll Cardiol. 2020;75:2682-2693.
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Synthesis, Assembly, Secretion, and Catabolis of Lp(a) KT

e
KNUH B 3soisiagal
B e '@ Jawi MM et al. | Lipids. 2020;2020:3491764.
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Lp(a): Unraveling its Enigma and Perspectives on Treatment

Brief history

Structure

Biosynthesis — interconversion or not

Determinants of Lp(a) concentration

—Kringles isoform?

KNUH @ 35tisiagal
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What is Lp(a)?

sminogen
Kl Kl K| KIVv Kv
TN

missing

Kringles

The kringles are the
same as in

Plasminogen

KNUH @ 35tisiagal
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Composition of Lp(a)

* Lp(a) comes in different sizes
depending on the Kringles length.

* The Kringles length is genetically
determined.

* The number of particles determines

the activity of the Lp(a).

KNUH @ 35tisiagal
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Same Lp(a) levels? LI el

KNUH @ 35tisiagal

The Kringle length is genetically determined e e

High KIV-2 repeat number
-> Long Kringle length

- Low particle number

-> Low Lp(a) concentration

Small isoforms can be produced faster per
unit time in the hepatocyte, thus leading to
higher plasma Lp(a) levels.

Low KIV-2 repeat number
->» Short Kringle length

-> Higher particle number
-> High Lp(a) concentration
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KIV, Repeats in Apo(a) and Lp(a) Concentration e
|
n =1 to >40 KIV, copies
11-22 copies = small isoforms >22 copies = large isoforms
60 o
3 50 47 48
N
£ 40
=
s 30
§ 20
5 13
g 10 s 7 I ° 7 4
: i = B B - =
11-16 17-19 20-22 23-25 26-28 29-31 32-34 35-37 >37 NULL
Number of KIV repeats
KNUH@z=sHemsd Laschkolnig et al. CV Reasearch. 2014;103:26-36.
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Copenhagen General Population Study

Men Women

Fraction of population

20% 20%

0 50 100 150 200 O 50 100 150 200
Lp(a) (mg/dL) Lp(a) (mg/dL)

KNUH @ 35tisiagal

Nordestgaard et al. EH). 2010;31:2844-2853.
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Lp(a) Concentration by Ethnicity

Dallas Heart Study Dallas Heart Study

2501
200 5 2251
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White South Black Chinese

Median Log Lp(a), nmol/L
Lipopro

Bt:.u:k Bl.;ck WI';ite WI-;Re Hisplanic Hisp;anic Asian
Female Male Female Male Female Male Race
Tsimikas S. et al. J Am Coll Cardiol. 2022;80:934-946. Patel et al. ATVB. 2021;41:465-474.
KNUH@® sstisiaggl

Global 2022 Prevalence of Elevated (2100-125 nmol/L) Lp(a) Level 'T(rH'H.ﬂHe,

Year 2022 estimated prevalence of Lp(a) >100-125 nmol/L = -1.5 billion

))));;;;,3“)

1.4 billion (2018)
- 1.5 billion (2022)

small large
KNUH® 3soistagal

Tsimikas S. et al, } Am Coll Cardiol. 2022;80:934-946.
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@== s Schmidt K, et al. | Lipid Res. 2016;57:1339-59.
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Lp(a): Unraveling its Enigma and Perspectives on Treatment

Brief history

Structure

Biosynthesis — interconversion or not

Determinants of Lp(a) concentration
—Kringles isoform?

—production or clearance?

KNUH @ zsthstmgs
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Same Lp(a) levels?

KNUH @ 35tisiagal

i

Log apo(a) concentration

Apo(a) kringle-IV repeats

Smaller apo(a) isoforms are more readily
secreted from hepatocytes, likely due to
more efficient intracellular processing

KNUH @ 35tisiagal

15 20 25 30 35

Characteristics Apofa) levels
Low (< 22 nmol/L) High (>22 nmol /L)
Predominant apo(a) 24 (22-26)" 18 (17-19)
isoform KIV
Apo(a), nmol/L 12 (11-14)t 56 (45-72)
Apofa) FCR. pool/day 045 (0.40-0.52)* | 033 (0.28-0.38)
Apo(a) PR, nmol’ka/day | 0.25 (0.21-30)" 0.83 (0.63-1.08)
TDL-apoB-100, ma/L A61L146 F0-132
LDL-apoB-100 FCR, 0.46-+0.13 0.45+0.13
pools/day
LDL-apoB-100 PR, mg/ | 9.843.7 8.6+4.1
kg/day

Values expressed as meanSD or geometric mean (95% confidence interval); Apo,
apolipoprotein; FCR, fractional catabolic rate; LDL, low-density lipoprotein; PR,
production rate.

P Q.0

P < 0.001.

Chan DC, et al. | Am Heart Assoc. 2019;8:2011781.
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T T o5
S e =0.930 o A = 0744
g P <0.001 2 ol P <0.001

There were substantial differences in the production of rate of
Lp(a) among individuals with the same sized apo(a) isoform,
perhaps due to variants in the LPA gene.

E..E. . 2 +
A . e® . :Eu L4 L . .
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g P005 3 9l Py
n-.1 08 -e..e -n.al 4.2 o °_M 25 @k 4% o3 %4 o m o
Log apo(a) FCR (pool/day) Log apola) FCR (pool/day)
Smaller apo(a) isoforms Larger apo(a) isoforms

KNUH & Z=cHstoEel
@3 shwas Chan DC, et al. | Am Heart Assoc. 2019;8:e011781.
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Production rate & fractional catabolic rate of Lp(a)
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Lp(a) production is the most important determinant of the
plasma level of Lp(a) independent of apo(a) isoform size.
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Franz Krempler, et al. J Clin Invest. 1980;65:1483-1490.
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Determination of Lp(a) plasma levels by LPA gene variation and other factors I‘j(sglg,u_tﬂsg

Allele 1: small apo(a} aliele Allgle 2: large apo(a] allele

oNA l[l 0 o | l[l oo Y ] ]

n=25 KIV,

Jn=10 19,

Because roughly 70-90% .
of all subjects express in plasma
two apo(a) isoforms in

plasma, a mixture of ® — %
Lp(a) particles can be e . i %‘“ N §°"
found in plasma. Eo S 3z 3

J n=19 KV

i\
§
¥

Total
Lp(a) concentration

Lpla) mg/dL
3
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Schmidt K, et al. | Lipid Res. 2016;57:1339-59.
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Combined effects of the KIV-2 VNTR and SNPs in the LPA gene 'STAUH

Subject A B

* This basic situation is modulated by SNPs. Somrae W o ol

* Allele 2 in subject A carries the Lp(a) [¢] [] (] [7]
decreasing SNPs KIV-8 IVS+1G>A and KIV-2 e B -
R21X which are in strong LD and result in a [% g S B lg_:_ i
null allele. KN: KV, KIV: Kiv,

. {!\Ilele 4in s:ubject B \-whicl? codes for Efn % % %
isoform of intermediate size and carries the I@ A Ig
variant 4733G>A in KIV-2 which affects oA TR - -
splicing and moderately decreases Lp(a). mui m""" "“[%,vj Enﬂn-zs

» The total plasma Lp(a) concentration in a KWV, [KV] [
subject is the sum of the two allele- I?] l l @
associated concentrations. — . o "

* Other loci may have minor effects by - T g I
unknown mechanisms Epa imose ‘i :(” 5“\ ;

KNUH® Zsoisimga ot ooy —> 12 PSR e

Copenhagen Baby Heart Study: Lp(a) Concentration SR e,
o A
Z. 125 25
§*: Newborn Offspring Levels
g 50 i 20|
“Hllx £
%0 3 5-_9- T 15 W . E 15
Neonatal venous lipoproteindal, mg/dL E
2
210 B
. ¥
x 150 :J
E’: 2 Months 5 I Parental Levels
T “ I I
10|
D T T H B T et - I:%rﬂ Nllltlllm Infzant In{gm lloliilur Me;_hur Ilr.it;m Faah!r Fag_hlr
Eamorrhi blod Npaprocein(a) mg/dc N 402 356 320 148 435 360 167 418 309
70 C
“ * Lp(a) at birth predicts Lp(a) at 15 months of age
2; 50 o > & al=) sk laldiklh wanth 02l mradlcbe lmla) A mam FAl S AT v b b
- 15 Months Lpjaj] at WL <Ju sanc }chulbw I-IJ‘GJ =L IR UL al Lo dniviiiia
g X * Lp(a) at birth >90"" %ile predicts >1 parent with Lp(a) >42 mg/dL
): l e e
R W R R Strandkjar N, et al. The COMPARE Study. J Clin Endocrinol Metab. 2022;107:324-335,
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Lp(a): Unraveling its Enigma and Perspectives on Treatment

Brief history

Structure

Biosynthesis — interconversion or not

Determinants of Lp(a) concentration
—Kringles isoform?

—production or clearance?

Lipid-regulating agents on Lp(a) metabolism

KNUH@® sstisiaggl

KNUH

Apo(a) Isoform size and PR/FCR

* Smaller apo(a) isoforms have been shown to have a shorter retention
time in the endoplasmic reticulum and probably lesser intracellular
apo(a) proteasome degradation, resulting in a more efficiently
secretion from hepatocytes (White et al. 1994; Brunner et al. 1996;
Lobentanz et al. 1998).

* On the other hand, Lp(a) with apo(a) isoforms of different sizes may
have different binding affinities for the LDL receptor or other receptors
(Marz et al. 1993).

* Lp(a) particles with larger isoform size have been shown to be more

offortiviohs vormavod vin I NI vo i
CJJELVUIVEIY ICINIVVEOUW VIW LIYVL TCLC LW iMoo iivoiIiL HWLIIWWU V2

KNUH® sstisiaggl
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Apo(a) Isoform size and PR/FCR

background statin use.

* Lp(a) particle catabolism may only play a modest role in determining

Lp(a) concentration in subjects with larger apo(a) isoform size.

the hepatic production and secretion of Lp(a) (Tsimikas 2017).

KNUH@® sstisiaggl

* These observations also support the clinical use of agents that target

-

* Plasma Lp(a) concentration is predominantly determined by the rate of
production of Lp(a) particles, irrespective of apo(a) isoform size and

KNuUH

astsmas

Mechanism of action of lipid-regulating agents

* Diet and lifestyle interventions, such as weight loss or physical
activity, do not seem to influence Lp(a) concentrations.

* Lipoprotein apheresis is the only FDA approved treatment for
elevated Lp(a).

* Currently, there are no approved pharmacologic therapies that
specifically target Lp(a) concentrations (Cegla et al. 2009; Tsimikas 2017).

KNUH@® sstisiaggl

-

A major challenge in managing patients with elevated Lp(a) is a lack
of effective and specific treatment for lowering Lp(a) concentrations
(Tsimikas 2017; Tsimikas et al. 2018; Reyes-Soffer et al. 2022; Schwartz and Ballantyne 2022).
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Statin

 Statins competitively inhibit HMG CoA reductase, thereby decreasing
cholesterol biosynthesis, reciprocally upregulating hepatic LDL
receptors and enhancing clearance of LDL and other apoB-100-
containing particles, including TRLs (Ginsberg 2006).

* Given the structural similarities between LDL and Lp(a), one would
speculate that statins could lower Lp(a) concentration by increasing
the clearance of Lp(a).

* However, the effect of statins on Lp(a) levels is conflicting: some
studies show a neutral role (Wang et al. 2021; de Boer et al. 2022),
while others report a decrease (Takagi and Umemoto 2012) or increase
of plasma Lp(a) levels (Tsimikas et al. 2020).

KNUHB® z=msimya

aHE

Statin

* The statin-induced increase in Lp(a) level is supported by experimental
evidence in HepG2 cells showing a higher LPA mRNA level in response to
atorvastatin (Tsimikas et al. 2020).

* In a study of healthy normolipidemic subjects, atorvastatin (80 mg daily) did
not significantly alter the FCR or PR of apo(a) (Watts et al. 2017). This finding
does not support a role of LDL receptor in the regulation of apo(a) FCR under
physiological condition.

* However, it remains unclear whether statin has a potential impact on Lp(a)
metabolism in subjects with high Lp(a) concentration. There is also evidence
showing that statins increase Lp(a) levels exclusively in patients with a small
size apo(a) defined as <22 KIV repeats (Yahya et al. 2019).

* The precise mechanisms of action of this effect on Lp(a) metabolism remain to
be investigated.

KNUH® z3smstmggl
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Author (year) Subjects Agents concentration FCR

PR

Watts et al. (2018) Healthy normolipidemic men Atorvastatin - -

KNUH
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Niacin

* Experimental data suggest that niacin decreases the expression of LPA mRNA
(Chennamsetty et al. 2012).

* This is consistent with a kinetic study showing that niacin lowered Lp(a)
concentration by decreasing the production of apo(a) in non-diabetic, obese
and hypertriglyceridemic men (Croyal et al. 2015).

* The lowering of the PR of apo(a) by niacin was confirmed in another
postprandial kinetic study in statin-treated patients with type 2 diabetes (Qoi
et al. 2015). In this study, extended-release niacin (1-2 g/day) significantly
decreased plasma Lp(a) concentration and the production rates of apo(a), with
greater treatment effect in individuals with elevated Lp(a) concentration.

* Extended-release niacin was more effective in iowering Lp(a) level in subjects

with small apo(a) isoform than those with large isoform (Artemeva et al. 2015).

KNUH @ 35tistayal
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Author (year) Subjects Agents concentration FCR PR

Watts et al. (2018) Healthy normolipidemic men Atorvastatin - -
Qoi et al. (2015) Statin-treated men with T2DM ER niacin N =
Croyal et al. (2015) Non-DM, Obese men with HyperTG ER niacin bk Jenke

KNUH =
ZENoEEE)

PCSK9 Inhibition

PCSK9 mAbs can lower plasma Lp(a) concentration.

The effectiveness of PCSK9 mAbs in reducing ASCVD events is also found to be most
pronounced in patients with high Lp(a) and that the reduction in Lp(a) could also
partly mediate the cardiovascular benefit of PCSKS mAbs (Bittner et al. 2020;
Schwartz et al. 2021).

In a kinetic study of healthy normolipidemic men, evolocumab monotherapy
significantly decreased plasma Lp(a) concentration chiefly by reducing the PR of
apo(a) with no effect on the corresponding FCR (Watts et al. 2018).

The mechanistic effect of evolocumab may involve reduced hepatic production of
Lp(a) by decreasing the assembly of Lp(a) particles through the reduction of apo(a)
binding with LDL on the surface of hepatocytes (Lambert et al. 2017).

This speculation is supported by in vitro studies showing that PCSK9 induces Lp(a)
intracellular assembly and secretion, whereas PCSK9 mAbs reduce the
extracellular release of Lp(a) (Villard et al. 2016).

KNUH @ zsthstmgs
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PCSK9 Inhibition

* However, as combination therapy with high-dose atorvastatin, evolocumab reduced the
plasma concentration of Lp(a) chiefly by a significant increase in the FCR of apo(a)
(Watts et al. 2018). The PR of Lp(a) was not significantly altered with the combination.

* However, the increase in apo(a) FCR in the latter study was not statistically significant,
probably owing to greater variability in study subject characteristics.

* The mechanistic effect of evolocumab in combination with atorvastatin may involve
supraphysiological upregulation of the activity of LDL receptors and decreased
competition of Lp(a) with very low concentrations of LDLs for clearance by these
receptors.

* This mechanism suggests that the LDL receptor likely plays a significant role in
mediating Lp(a) clearance only when its expression is markedly uprequlated and when
LDL plasma levels are substantially lowered, allowing decreased competition between
LDL and Lp(a) for receptor-mediated uptake in the liver.

KNUH® 3ssiangal
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PCSK9 Inhibition

* Using stable isotopes, PCSK9 inhibition with alirocumab-lowered plasma Lp(a)
concentration by increasing apo(a) FCR in patients with elevated Lp(a) receiving
maximally tolerated statin therapy (Watts et al. 2020).

* However, in patients with very high-Lp(a) concentration, alirocumab signifcantly
lowered plasma Lp(a) concentration by a dual mode of action involving both
increased clearance and decreased production of apo(a) (Ying et al. 2022).

* Taken together, the mechanistic action of PCSK9 mAbs on the PR and FCR of apo(a)
appears to be dependent on background statin use and Lp(a) concentration at
baseline.
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Author (year) Subjects Agents concentration FCR PR
Watts et al. (2018) Healthy normolipidemic men Atorvastatin - - -
Ooi et al. (2015) Statin-treated men with T2DM ER niacin bl - b
Croyal et al. (2015) Non-DM, Obese men with HyperTG ER niacin N b NN
Reyes-Soffer et al. Healthy normolipidemic men and women Alirocumab N I -
(2017)

Watts et al. (2020) Statin-treated men and women with high Lp(a) Alirocumab Sl i il -
Ying et al. (2022) Statin-treated men and women with very high Lp(a) Alirocumab bl T %
| —
Watts et al. (2018) Healthy normolipidemic men Evolocumab N R %ﬁ
Watts et al. (2018) Healthy normolipidemic men Evolocumab + deale T i
Atorvastatin

KNUH (@;
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CETP inhibitors

Treatment with CETP inhibitors, either alone or in combination with statin, can lower
Lp(a) concentrations up to 30% (Schmidt et al. 2021).

In a kinetic study of patients with hypercholesterolaemia (Thomas et al. 2017), CETP
inhibition with anacetrapib lowered Lp(a) concentration by reducing the PR of apo(a)
with no effect on the corresponding FCR.

However, there is no clear explanation for the reduction in apo(a) PR with anacetrapib.
Despite these metabolic changes, CETP inhibitors did overall not have clinically
meaningful effects in large clinical trials.

Two clinical trials with a newer CETP inhibitor obicetrapib (TA-8995; 10 mg) has been
shown to increase HDL-cholesterol by 160%, and reduce LDL-cholesterol, apoB and Lp(a)
levels approximately by 50—-60%, 30-50% and 25-50%, respectively, in patients treated

raridlsh AbkAviiantadtiin A mmaminismandkakim [Llavivm~le A+ Al AIN1C. DA TNADNDY)
WILI dLUT VdsLdLin Ul TUSUvVdsLdulll {AUVITNIEI EL dl. LUlD, RAY LULL].
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Author (year) Subjects Agents concentration FCR PR
Watts et al. (2018) Healthy normolipidemic men Atorvastatin - = =
Ooi et al. (2015) Statin-treated men with T2DM ER niacin N - N2
Croyal et al. (2015) Non-DM, Obese men with HyperTG ER niacin N/ N N2
Reyes-Soffer et al. Healthy normolipidemic men and women Alirocumab NE ™ -
(2017)
Watts et al. (2020) Statin-treated men and women with high Lp(a) Alirocumab N2 ™~ S
Ying et al. (2022) Statin-treated men and women with very high Lp(a) Alirocumab N SN NN
Watts et al. (2018) Healthy normolipidemic men Evolocumab N o NP
Watts et al. (2018) Healthy normolipidemic men Evolocumab + Jode by =

Atorvastatin

Thomas et al. (2017) Mildly hypercholesterolaemic men with women Anacetrapib NP + @@9 I

{CETP inhibitor) |

KNUH
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ApoB Antisense Oligonucleotides (ASO)

* Mipomersen is an antisense oligonucleotide (ASO) directed to liver mRNA of apoB that
inhibits apoB synthesis (Parham and Goldberg 2019).

* Accordingly, mipomersen has been shown to significantly lower plasma concentrations
of apoB-containing lipoproteins including LDL and Lp(a).

* In a kinetic study of healthy volunteers, treatment with mipomersen caused a significant
decrease of plasma Lp(a) levels that was associated with a significant increase in the
FCR of Lp(a), with no effect on corresponding apo(a) PR (Nandakumar et al. 2018).

* These results were unexpected because inhibition of apoB synthesis with mipomersen
would reduce the availability of apoB100 substrate for the assembly of hepatic apoB
with apo(a) to form an Lp(a).

* It is noteworthy that mipomersen also did not reduce VLDL apoB secretion in the same
subjects studied (Reyes-Soffer et al. 2016). These observations appear to support the
presence of spare apoB pool in the liver that would be utilized for the assembly of Lp(a)
in order to maintain hepatic homeostasis for apoB.

KNUH @ 35tistayal
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Author (year) Subjects Agents concentration FCR PR
Watts et al. (2018) Healthy normolipidemic men Atorvastatin - - =
Ooi et al. (2015) Statin-treated men with T2DM ER niacin N2 - N
Croyal et al. (2015) Non-DM, Obese men with HyperTG ER niacin N/ N N2
Reyes-Soffer et al. Healthy normolipidemic men and women Alirocumab NE ™ -
(2017)

Watts et al. (2020) Statin-treated men and women with high Lp(a) Alirocumab N2 ™~ -

Ying et al. (2022) Statin-treated men and women with very high Lp(a) Alirocumab Jid SN NN

Watts et al. (2018) Healthy normolipidemic men Evolocumab Iy - NP

Watts et al. (2018) Healthy normolipidemic men Evolocumab + N ™~ -
Atorvastatin

Thomas et al. (2017) Mildly hypercholesterolaemic men with women Anacetrapib N2 « N2

(CETP inhibitor)

Nandakumar et al. (2018) Healthy normolipidemic men and women Mipomersen N2 M -

(ApoB ASO)

Mechanism of ASO Targeted to Apo(a) to reduce Lp(a) levels

Antisense Oligonuclectide

| Effectal
| 0% Yo -29%)

-=g——— | Effect of Apheress
| [Time avmraged -50% 1 - 454
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Study Name, Phase Therapy Mechanism Therapy Formulation Population Outcome
(Therapy)
ORION-11,° siRNA that inhibits PCSK9  SC injection of 300 mg on 218 years of age Secondary outcome

thesi:
phase 3 (inclisiran) SR

day 1 and day 90, then
every 6 months vs.
placebo

LDL-C level 270
mg/dL

History of ASCVD

evaluating effect of
inclisiran on Lp(a)
level

Preliminary results:
percent reduction of
Lp(a) level by 28.5%

Lp(a) HORIZON, 4 ASO against Apo(a)
phase 3

(pelacarsen [TQJ230])

SC injection of 80 mg
monthly vs. placebo

8,323 participants
18-90 years of age

Lp(a) level 270
mg/dL

Established CVD

Time to occurrence
of MACE in 4 years

TQJ230,f ASO against Apo(a)
phase 3
(pelacarsen [TQJ230])

. KNUH@ zssmys

SC injection of 80 mg
monthly vs. placebo

60 participants
Established ASCVD

Currently undergoing
lipoprotein apheresis
for isolated Lp{a)

Superiority of
pelacarsen over
placebo in reducing
the rate of
lipoprotein apheresis
sessions

Take Home Message

KNUH

ELELE

* Major advances have been made in our understanding of the factors that regulate Lp(a) metabolism for 60 years.

* The synthesis of apo(a) is largely under genetic control and ultimately determines the production rate and

concentration of Lp(a) in plasma.

e Asingle receptor that regulates Lp(a) clearance has not been identified to date; the LDL receptor does not appear to

play a major physiological role.

* Niacin and cholesteryl ester transfer protein inhibitors lower plasma Lp(a) concentration by increasing the clearance or

catabolism of apo(a).

* ApoB ASO lower plasma Lp(a) concentration by decreasing hepatic production.

e PCSK 9 inhibitors can lower plasma Lp(a) concentration by a dual mode of action involving both increased clearance

and decreased production of apo(a), further studies should investigate nucleic acid-based inhibitors for apo(a),

angiopoietin-like 3 and apoC-lll inhibitors on the metabolism of Lp(a) and other lipoproteins.

KNUH® 3soistagal
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Role of HDL Cholesterol and Current
Evidence on HDL Cholesterol Treatments

High Density Lipoprotein - HDL
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HDL structure & metabolism
“?Tﬂghrceridu
0 Cholestaryl ester
) Apoprotein
) Phospholipid

Advanced Drug Delivery Reviews 2020;15%: 4-33

@ Unesterified cholesterol

Role of HDL in circulation

N Engl ] Med 2005;353:1252-60.

Cholesterol is
excreted from the

body in the bile

containing
cholesterol

Peripheral
artery
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Reverse cholesterol transport

Atherosclerotic lesion

Proatherogenic
monocytes and
neutrophils

HSPC mobilization |
and hematopoiesis |

ABCGIO"_

<

ABCA1 9%~ lispCs
Nat. Rev. Cardiol. 2009
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Hazard Ratio for CHD & Stroke Across HDL-C Levels
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Emerging targets for management of dyslipidemia

V) LDL lowering
Inhibition of
spoB-containing

Small Intestine PCSKS9

Dietary i} LDL lowering: s it
Cholesteral Chalestars! synthesis inhibition ¥
Bempedoic Acid
Statins
Common Bile Duct
FC -~— FGC.BA =—

) LDL lowering
Intertaronce with intestinal abaorption
Hepatic Portal Vein

/T ==

Bile Acid Sequestrants

NPC1L 1 |—Ezstimibe
\ ~- e tiparvovec
\;--MTP—- ApoE-48 — DL
TG l
/: {DGAT |—Pradigastat _ﬂ&
Fe~ ABCGSE A o =
‘BA Enterocyte f'l‘??_\'_.\t
LDL
1 Triglycaeride lowaering:
ot apoB.
Focos

‘}— PCSK Inhibltor

1) LOL lowering!
Enhancement of LOL
uptake and degradation

HOL ralsing strategles

Niacin

Macrophage/
External Tissue

Nascent
HOL

ABCAT

ApoA-l infusion/mimetics

Advanced Drug Delivery Reviews 2020;15%: 4-33

Lipid-lowering medication & effects of HDL-C

Common and Serlous Side Effects by Class

Comman: flushing,§ pruritus, nausea, vomiting,
rash, dyspepsia, elevated liver aminotransferase
levels, hypotension, paresthesias, abdominal
pain, hyperglycemia,§ elevated lactate dehydro-
genase levels, hyperuricemia

Serious: h ity, arrhyth , severe hyp:

sion or hemorrhage (rare reports with nicotinic

acld and Slo-Niacin)

Common: elevated liver aminotransferase levels,
abnormal liver-function tests, abdominal pain,
elevated creatine kinase levels, nausea, respira.
tory disorders, back pain, headache, rhinitis, con-
stipation

Serious: myositis, myopathy, c
tis, pancreatitis

. hepati-

Commaon: myalgia, elevated creatine kinase levels,

1 liver amir levels, dyspep-
sia, abdominal pain, diarrhea, nausea, headache,
back pain, flu-like syndrome, urinary tract infec-
tion, rhinitis or sinusitis, constipation, arthralgia
or arthritis, rash, paresthesias, peripheral ede-
ma, pharyngitis, asthenia

Serious: myopathy, hepatotoxicity, pancreatitis,
A ol A ke

E penia, ytopenia,
vesiculobullous rash, photosensitivity, rhabdo-
myoclysis (rare)

Common: flushing, warm sensation, redness of skin,
pruritus, tingling, hausea or vamiting, diarrhea,
dyspepsia, flatulence, constipation, paresthe.
sias, rash, asthenia, myalgia, hyperglycemia, ele-
vated creatine kinase levels, elevated liver amina-
t

HDL Contraindications
Medicati I i Mechani Specific Agents by Class
Miacin 20-35% Inhibits hepatic uptake of ded-release niacin (Niaspan), Hypersensitivity, hepatic
apolipoprotein A-| and 1000-2000 mg orally nightly dysfunction, active pep-
enhances plasma pre-  Miacin (nicotinic acid), 1-2 g orally tic uleer, unexplained
B HOL cholesteral; two or three times daily elevations of liver-func-
improves endothelial ~ Sustained-release niacin [Slo-Niacin), tion tests, alcohaolism
function and enhanc- 250-750 mg orally once or twice daily
es endothelial nitric
oxide synthase activity
Fibrates 10-25% Activates PPARwx, which  Fenofib micronized (A ). 43-130 mg Hypersensitivity, gallblad-
stimulates apo- orally once daily der disease, hepatic
lipoprotein A-| Fenofibrate, micronized (Lofibra), 67200 mg dysfunction, severe
expressioni® orally once daily renal dysfunction, un-
Fenofibrate (Tricor), 48145 mg orally once daily  explained elevations
Gemfibrozil (Lopid), 600 mg orally twice daily of liver-function tests,
primary biliary cirthosis
Statins 5-15%  Increases apolipoprotein  Rosuvastatin (Crestor), 5-40 mg orally once  Hypersensitivity, active
Al synthesis daily liver disease, unex-
Fluvastatin (Lescol), 20-40 myg orally nightly plained elevations
Fluvastatin (Lescol XL), 80 mg orally nightly of liver-function tests,
Simvastatin (Zocor), 580 mg orally every pregnancy, breast-
evening feeding
2-12% Pravastatin (Pravachal), 10-80 mg arally
once dail
2-10% Arorvastatin (Lipitor), 1080 mg orally once
dail
2-8% Lovastatin (Altoprev), 10-60 mg orally nightly
Combination 21-26% Lovastatin-niacin (Advicor), 20500 mg Hypersensitivity, active
statinand te 20-1000 mg orally nightly liver disease, unex-
niacin plained elevations
of liver-function tests,
active peptic ulcer,
arterfal bleeding, preg-
nancy, breast-feeding
N EnglJ Med 2005;353:1252-60.

levels, hyperuricemla, hypotension

Serious: hepatotoxicity, fulminant hepatic necrosis,
thrembocytopenia, peptic ulcer, arrhythmias,
myopathy, pancreatitis
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Clinical trials for HDL-C in therapy: Niacin

Drugs

Trials

OQutcomes

Niacin alone
Add on colestipol
versus placebo

Add on statin

Add on statin

Add on statin

Add on statin

Coronary Drug Prevention project (1975)%
Cholesterol Lowering Atherosclerosis
study (CLAS) (1987)%

HDL Atherosclerosis Treatment

study (HATS) (2001)™

Avrterial Biology for the Investigation of the
Treatment Effects of Reducing Cholesterol
(ARBITER) 2 (2004)"

ARBITER 3 (2006)"

ARBITER-6 HDL and LDL Treatment
Strategies (HALTS) (2010)™

Reduced Ml and stroke in 3,906 patients with prior M.

Significant atherosclerosis regression was noted in treatment group
compared to placebo. Fewer people were found to develop new
lesions in grafts and coronary arteries.

Simvastatin plus niacin showed notable angiographic and clinical
benefits among patients with CAD and low HDL-C levels.

ERN added to statins slowed the progress of atherosclerotic disease
among patients with previous CAD and moderately-low HDL-C.

VWhen added to statins, ERN significantly increased HDL-C and
regression of CIMT,

Niacin showed superiority to ezetimibe for regression of CIMT
among patients on statins.

Add on statin

Add on statin;
niacin/laropiprant

Atherothrombosis Intervention in Metabolic
Syndrome with low HDL-C/High Triglyceride
and Impact on Global Health Outcomes
(AIM-HIGH) (201 1)"*

Heart Protection Study 2: Treatment of HDL
to reduce the incidence of vascular events

(HPS2-THRIVE) (2013)"

This trial was ended early as it did not show increased benefit on
ASCVD outcomes, in spite of a 10% increment in HDL-C.

No reduction in CVD events compared to statins alone over a mean
follow-up of 3 years.

Vascular Health and Risk Management 2014

@w ATy Fupm

AIM-HIGH trial

® Randomly assigned eligible patients to receive ER niacin, 1500 to 2000 mg/day, or matching placebo.

® All patients received 40-80 mg/day simvastatin, plus 10mg/day ezetimibe to maintain LDL-C of 40- 80 mg/d|

® Primary end point was the composite of death from CHD, nonfatal MI, ischemic stroke, hospitalization for an ACS, or symptom-
driven coronary or cerebral revascularization.

Table 1. Lipid Values at Baseline and during Follow-ap.*
ariable

[N~ 1638
LOL cholasiaml

Mean [rg/d)

131418

IERE

i1

Wedan dhange from baselne [)

N EnglJ Med 2011;365:2255-67.

Paceb s Satn [N <1686

Year | 2 Year ! Basebne Te
N-1554) N=873| N=171E

M4:1B8  BRE:19F  EB3-I9) h2eiid
] ] 1) n
W 5% %11 5585
43 -1 I8
135 153 52 615 i
13- 1r-1g 4-4 -1t 85I B
50 1 41 il 15
h4:TH W74 191e77 LIRS ] 5109 3.8:106
| ] ] i\ i
341 43 2] -1 340 1150
i ] ik} i i

Exteedsd Release Niscin plus Seatin [W=171§

50+
4
£
]
Bu 404
55
o o
MR-
¥4 304
$f
E Niacin plus statin
$E P
$ E P=0.79 by log-rank test
f. ';‘ 104 Placebo plus statin
[V 2
n £
3
v )]
0 T T T T T T 1
0 1 2 3 4
. Years
il
q No. at Risk
W Placebo plus statin 1696 1581 1381 910 436
i Niacin plus statin 1718 1606 1366 903 428
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HPS2-THRIVE trial

® Randomly assigned 25,673 adults with vascular disease to receive 2 g of extended-release niacin and 40 mg of laropiprant or a
matching placebo daily.
® Primary outcome was the first major vascular event (nonfatal MI, death from CHD, stroke, or arterial revascularization).
65 20 Naacin-Laropiprant ~ Placebo
] TypeofMajorVascular Eient (N=IEB) (Ne12839) Rat Rato 55% ] PValue
[ P=0.29 by log-rank test =
g 15.0 . of participants with event (%)
& Mifor coromiry event :
§ Nonfstel myocardal infarction 023 i) —
z Death from coronary cause 102 24) W —_——
] ey major corenary event €68 5. 634 54 e 096 (0.87-107) st
E Stroke 3
2 Nanhemartigic stroke BIRY sy i
"ﬂ: Hemarhagic stroke 14 [0 BT —
R Aoy stroke ] mag - 1008133 0%
Revistul procedure 1
Comnary revascularzation 591 [48) B4 {5.2) —F—
Years of Follow-up Noncoranry revescularization 16 (LY S0 ——
Niaihisk ey revastulasization precedure 07 63 LLHY] B 090 (0.62-0.9) 0@
0. at Ris| A 2
Niacin-laropiprant 12838 12232 11,517 7672 4978 iy major vascular event 1686 {131 175k {137 g 0.96 (0.90-1.03) ]
Placebo 12,835 12,247 11,523 7643 5036 08 10 15
Benefit per 1000 0+3 343 545 547 S T
participants i .
assigned to Niacin-Larepiprant. ~ Placebo
niacin-laropiprant Better Better
N EnglJ Med 2014;371:203-12. @v_u Sl ek ]

Clinical trials for HDL-C in therapy: CETP inhibitors

Drugs

Trials

Outcomes

Torcetrapib

Investigation of Lipid Level Management to Understand
its Impact in Atherosclerotic Events (ILLUMINATE) trial
(2007)™

Increased mortality, possibly from off-target effects on blood pressure
and electrolytes,

Rating Atherosclerotic Disease Change by Imaging With
A New CETP Inhibitor(RADIANCE) (2007)™
Investigation of Lipid Level Management Using Coronary
Ultrasound to Assess Reduction of Atherosclerosis

by CETP Inhibition and HDL Elevation (ILLUSTRATE)
(2007)™

Elevated HDL-C and lowered LDL-C substantially; also increased
systolic BF and did not change CIMT.

Reduced LDL-C and enhanced HDL-C markedly. Study group had
elevated BP. There was no significant decrease in evolution of
corenary atheroma.

Dalcetrapib

Efficacy and safety of dalcetrapib in patients with recent
acute coronary syndrome (dal-OUTCOMES) (2012)"

Increased HDL-C up to 40%, without altering LDL-C, with no
improvement on CVD outcomes.

Anacetrapib

Evacetrapib

Safety and efficacy of dalcetrapib on atherosclerotic
disease using novel non-invasive multimedality imaging
(Dal-PLAQUE) Phase IIb (2011)™

Determining the EFficacy and Tolerability of CETP
INhibition with AnacEtrapib {DEFINE) (2010)™

Randomized EValuation of the Effects of Anacetrapib
Through Lipid-modification (REVEAL)

(ongeing)™

A randomized trial (201 1)*'

Vascular Health and Risk Management 2014

Increased HDL-C by 31% with decreased CETP over a mean of 2 years,
Failed to show plaque progression at 2 years or inflammatory response
at 6 months. No increased adverse events noted.

Improved HDL-C by |38%, decreased LDL-C by 40%, and decreased
Lp(a) by 36%.

No significant variation in BP compared with placebo noted.

Will test effects of anacetrapib 100 mg daily added to atorvastatin

in reducing CHD events among 30,000 individuals with ASCVD or
diabetes. To be completed in 2017,

Evacetrapib alone or combined with statins reduced LDL-C (14%—
36%) and augmented HDL-C (54%—129%). No discernible effects an
BP or production of aldosterane or cortisol were noted.

To test the effects on ASCVD events among | | .000 postacute
coronary syndrome patients,

@M'm Fupmns)
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ILLUMINATE trial

® Randomly assigned 15,067 patients at high CV risk to torcetrapib plus atorvastatin or atorvastatin alone.
® Primary outcome was the time to the first MACE (death from CHD, nonfatal M, stroke, or UA.
Table Z. Changes from Baseline at 3 Months and 12 Months in Selected Measures.* A Death from Any Cause (HR, 1.58; 95% €I, 1.14 - 2.19; P = 0.006)
Variable Change #1 3 Months Change at 12 Marths 5 'g‘g" = Atorvastatin only
Atorvastatin Torcetrapib pls Atdrvastatin Torcetrapib plus 2 F il o ————
Only Monaststin P Value Only Morvastatin P Value 3t 0 Torcetrapib plus atorvastatin
Lipids [absalute changs] — mp/d % § 96
Chalestaral k= W oggd
Tatal AL6:205 4516239 <0001 FRLZIA. +934263 <0001 £ o - ; 7 : > : — :
High-density lipoprosein 05162 +29,0s 14,4 0,001 10.5:63 +34.2:17.0 0.001 G %0 180 270 360 450 540 630 720 210
Low-dersity ipapeatain W6e158  -205:208  <0,00) 4096171 215:227 <000l Days after Randomization
Mo. at Risk
a 10 <0.001 oL 10 <001 Atorvastatin only 7534 7530 7521 7509 7487 5833 4043 2078 956 109
R TR it eva Torcetraplbplus 7533 7526 7511 7494 7464 5827 4049 2069 943 114
atorvastatin
At 042160  +30.8:219 <0.001 NA NA NA B Major Cardiovascular Events (HR, 1.25; 95% CJ, 1.09 -1.44; P = 0.001)
B s0elll  -101sl4d <0001 NA NA NA -
Lipids [pereent ehange) 8 _ =
Cholesteral g F e ——— Atorvastatin only
Tatal 175133 <0001 220148 L0177 <0001 2 g o
High-density lipoprosein 174127 <0001 FLELIA0 4TRLEAT <0.001 % o Torcetrapib plus atorvastatin
Low-density fipopratein 234217 <0.001 04237 -249:285 <0001 a ’ ; . " ; ; . - ;
90 180 270 360 450 540 630 720 BIQ
4 5 <0001 +1 -0 <0001 Days after Randomization
Interquartie range 171023 21011 18025 7101 No. at Risk
Agolipopintein Atorvastatin only 7534 7479 7406 7340 7255 5627 3872 1965 898 103
Al <13s18 5 35 92244 <0001 NA A NA To:cctra:ltb'plus 7533 7434 7345 7267 7177 5567 3B3IE 1953 858 107
atorvastabin
'] (206166 -125:192 <0001 N NA A
N Engl } Med 2007;357:2109-22. @qu XY Fugmns

dal-OUTCOMES trial

= <00

® Randomly assigned 15,871 patients with ACS to receive dalcetrapib, at a dose of 600mg daily, or placebo.
® Primary end point was a composite of death from CHD, nonfatal Ml, ischemic stroke, UA, or cardiac arrest with resuscitation.
A
— [ 100+ 4
o e —e - = 129 placebo
g TF E 90+ 104 — Dalcetrapib
P =37 80 8
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5 o w2 704 6
§ Lrﬂ—‘-’/.’_/l o8
) 2 % 60~ 4-
| . T 504 A
Manths g —_—
w- e o sest E £ 401 0 T T T
: e £ § 30 0 1 2 3
=3
ot E O 20+ P=0.52 by log-rank test
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S 10 I
0 T T T
0 1 2 3
Year
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REVEAL trial

® Randomized, double-blind, placebo-controlled trial involving 30,449 adults with atherosclerotic vascular disease who were
assigned to receive either 100 mg of anacetrapib once daily or matching placebo.
® Primary end point was a composite of coronary death, MI, or coronary revascularization.

| A First Major Coronary Event Tabie 2. Effocts of Anacetrapib on liood Lipids and Lipeprateing 2t Trial Midpoint *
100 154 Anacetrapit Placebo Absolute Relative
Rate ratio, .91 (95% €1, 0.85-097) Lipid or Lipoprotein [N=15,225) [N=15,224) Difference | Difference
50 P=0,004 Placebg parcent
# St LIIL chedestral (rp)d]
il Direct methad 1% [ 6 41
- 104 .
3 Beta quantific 53 5 1 w
?, 0 Anacetrapib 9 M 17 5
§ il 8 a2 43 104
;‘ 160 118 42 i1
] 5t 5 + 66 1 18
3 4 156 148 i8]
§ a3 58 15 5
Fow
o _ § : : . B First Major Caronary Event, According to Year of Follow-up
i o 1 2 3 H ear of First Anscetrapd Placebo
) Event N=15225 [N=15224) Rate Ratio (355 CI) P Valug
104 w0 i th eevet (%)
) 1 g5 1) 476 (34} ——m—  osess-L1)
b ! . ! 2 L ! . ' 2 9B 2.7) 414 (28 — w096 (B4 110}
f n 1 370 (1.8 2150 — 0,86 (075-0.99)
Years of Follow-up = 407 (1.0} 486 (1.7) —— A1 (0.73-094)
——— 1 11075 (8.0} 1327 1) - o8 s1-0s5) oo
H:';::O - i o o e & all 1640 [10.5) 1803 {115} - 091 (085-097)  0.004
Anacetrapit 15,738 14,656 14,104 13,353 L] a4 87 [Pelit) Ll o4 1a 12
Benefit per 1000 patients 142 143 623 LY FHEE T L Anaceruph ko
Inanacetrapid group > : Batter
N Engl ) Med 2017;377:1217-27 @;_...:x.x__-.,.q_"._m?.

HDL heterogeneity — structure & components

HDL subclasses

HDLz HDL 2, HDL;; HDLaw HDLs a

L

shape size or density apolipoprotein composition
> B0 proteins or peptides > 200 lipid species microRNAs

Apolipoproteins and lipocalins: Isoprenoids: esterified and unesterified miR-223
apoA-l, apoA-Ill, apoA-IV apoA-V, cholesterol, oxysterols, bile acids, steroid miR-126
apoC-l, apoC-Il, apoC-Ill, apoC-IV, hormones miR-92a
apoD, apoE, apoF, apoH, apoJ, Acvlglycerols: triglycerides miR-150
apolL-l, apoM S

;i Glycerophospholipids: (lyso)- miR-30c*

: LCAT, CETP, PLTP, phosphatidylcholines, -ethanolamines, miR-145*
PON1, PON3, GPx, Lp-PLA;, MPO  _ garines, -inositols, plasmalogens, cardiolipins miR-146a*
Other proteins: SAA1, SAA2, SAA4,  gphingolipids: sphingomyelins, ceramides, miR-155
Coe, Hp, Hb, HRP, hPBP, PSP, C3, gy colipids, sphingosine-1-phosphate miR-378*
C4, a4-AT, a,-HS-GP, o,-AP, TTR, s : :
aFib, o -Pl Vitamins: a-tocopherol, carotenoids, retinoids

Circ12013; 77: 2432 - 2448 @ manaann
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HISZF Role of HDL Cholesterol and Current Evidence on HDL Cholesterol Treatments

HDL heterogeneity — concentration & number

Concentration (umol/L Mean number of
molecules per particle
10000
Average plasma concentration total cholesterol
1000 of HDL particles: ce,pc %}— 100
10-20 umol/L e .
TAG, SPM e
100 i — 10
: apoA-| e
apoA-ll o ®
Total HDL & PE, plasmalogen
N == @ aHDL S apoC-lll g — ceramides 3T — — 1
3
apoD o
HDL, ® apoE, apoM,
1 Preg1-HDL ¢ a':JoJ, PON-1® — 0.1
Sphingosine-1-P ®
LCAT, CETP ¢ oxysterols, bile acids ¢
0.1 apolL1, PLTP o — 0.01
particles proteins lipids
Circ 12013; 77: 2432 - 2448 @y

Human genetics for HDL-C & risk of CVD

Gene Effect on HDL-C  Effect on CVD

APOAI |
ABCAI | I

Mature HDL

Macrophage/ Small HDL m}
other peripheral

|

BCA s
= e y ’ GALNT2 I ND
.. aa & e i LEGEND IO .
L ol w Free cholesterol fLu + nu
4 ¢ Cholesterol esters ' 19
— pre-f HOL - 5 : L SCARB1 7
Hepatocyte/ = Blood ® FPhospholipids
enterncyte vessel M Triglycerides

Progress in Lipid Research 2015;58: 14-25 @v_.-_a_'u_a Fugmas
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Genetic variants of HDL & risk of CVD

Gene  Chromosomal Studydesign Variant type Effecton  CHD Comments Refs
location HDL-C association
levels

ABCA1 99311 Observational; HomozygousLOF  Severe Variable Inclassic Tangier disease, LDL-C levels are 132
kindreds deficiency low, which might mitigate the association
Mendelian Homozygous LOF  Reducedby None Adecrease in HDL-C levels predicts increased 17
randomization 0.44mmol/l risk of CHD (OR 1.70,95% Cl 1.56-1.85)

APOA1  11q233 Observational; HomozygousLOF  Severely Strongfor  Apolipoprotein A-| deficiency with most 132
kindreds deficientto  premature  APOA1 variants associated with CHD

absence CHD

CETP 16913 Observational; HomozygousLOF Increasedby Variableto  Some families with CETP deficiency have 133
kindreds 80-100% none paradoxically increased risk of CHD
Mendelian CommonSNPs;  Increased by Variable Some studies show reduced risk of CHD, 35,
randomization rare, 20-30% especially with rare LOF variants, but 134

heterozygous LOF meta-analyses have neutral results

LCAT 16q22.1 Observational; HomozygousLOF  Severe None LCAT deficiency or fish eye disease have 132
kindreds deficiency multisystemic manifestations; no early CHD
Mendelian HomozygousLOF Reducedby None Adecreasein HDL-C levels predicts increased 51
randomization (p.S208T) 0.21 mmol/l risk of CHD (OR 1.18,95% Cl 1.12-1.24)

Nat. Rev. Cardiol. 2018 @?' i e b

Timeline for evidence between HDL-C & ASCVD

1970 1980 1990 2000 w0 2020 :-‘!Rullésteml ey o A
‘ L in the artery wall g
Observational epidemiology !

! J——=| Vasodilatory activity
oy

1 a5
— ——— _ 5 \‘- ; :
=

| Endothelial repair
Human genetics ks and improved function

General poputation

Prospective population studies

Randomized clinical trials

Cross-sectional population studies V
v

= Visceral obesity and ectopic lipid depasition
« Sedentary lifestyle and lack of vigorous physical activity —— -
+ Smoking PHOL L b eHD risk

Mendelian randomization x » insulin resistance and inflammation ™ cholesterol

HOL cholesterol deficiency

« Hypertriglyceridemia and increased apolipoprotain B lavel
» Increased intake of refined camaohydrates or SSB

Consortia

» Genetic vaniants specifically associated with low HOL } HOL No increase
T mhnalmotmemd bt b ——
chatesters, butl no :

T T T T
1970 1980 1990 2000 2010 2020

Nat. Rev. Cardiol. 2013
BBA - Molecular and Cell Biology of Lipids 2022 @ SR N
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HISZF Role of HDL Cholesterol and Current Evidence on HDL Cholesterol Treatments

A causative role of HDL in CVD

Evidence in favour

= |Inverse association of HDL cholesterol level with CVD risk in epidemiological studies

= HDL has a role in reverse cholesterol transport from in vitro and animal studies

= HDL has pleiotropic effects in vitro and ex vivo, for example anti-inflammatory, anti-oxidative
and anti-thrombotic effects

= Atherosclerosis lesion regression occurs in animals and humans after infusion of HDL
or its components

= Some human genetic evidence, for example early atherosclerosis in some ApoA-I-deficient
or ABCA1-deficient families

= Early clinical trials from the prestatin era of gemfibrozil and niacin

= Association between biomarkers of cholesterol efflux and CVD risk

Evidence against

= Frequent neutral relationships between rare monogenic disorders affecting HDL and CVD risk

= Negative findings in Mendelian randomization studies of the association between CVD and
both common and rare genetic variants affecting HDL

= Negative findings in terms of CVD risk in clinical trials of niacin and fibrates published in the
past few years

= Negative findings or deleterious effects of CETP inhibitors on CVD risk

Nat. Rev. Endocrinol. 2013; 9:308-312 @f_' AT Fupm e

HDL metabolism & reverse cholesterol transport

08 O Free cholesterol
0©

Triglyceride

Cholesteryl ester Macrophage

VLDL and LDL

Nat. Rev. Cardiol. 2009 @ AT Fugms
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HDL cholesterol efflux capacity

® \We measured cholesterol efflux capacity in 203 healthy volunteers, 442 patients with CAD, & 351 patients without CAD.
® \We quantified efflux capacity by incubation of macrophages with apolipoprotein B-depleted serum from the study participants.
Table 3. Coronary Artery Disease Status According to Quartile of Efflux Capacity.
No. of
Variable Patients Odds Ratio for Coronary Artery Disease (95% CI)*
Adjusted for Adjusted for
Adjusted for Cardiovascular Cardiovascular
Cardiovascular Risk Factors and Risk Factors and
Risk Factors HDL Cholesterol Apolipoprotein A-|
Quartile 1 198 1.00 1.00 1.00
Quartile 2 198 0.75 (0.48-1.16) 0.79 (0.51-1.24) 0.77 (0.49-1.21)
Quartile 3 198 0.58 (0.37-0.89) 0.64 (0.41-1.00) 0.63 (0.40-0.99)
Quartile 4 199 0.40 (0.25-0.63) 0.48 (0.30-0.78) 0.46 (0.28-0.75)
P value for trend <0.001 0.002 0.002
N Engl ) Med 2011;364:127-35. @’.' i ol i i

HDL cholesterol efflux capacity

® \We measured cholesterol efflux capacity in 203 healthy volunteers, 442 patients with CAD, & 351 patients without CAD.

® \We quantified efflux capacity by incubation of macrophages with apolipoprotein B-depleted serum from the study participants.
Risk Factor Odds Ratio (95% Cl) P Value
Diabetes e 1.92 (1.26-2.93) 0.003
Hypertension ,  — 1.80 (1.31-2.47)  <0.001
Smoking —— 1.30 (0.95-1.73)  0.10
LDL cholesterol —— 1.01 (0.86-1.18) 0.93
HDL cholesterol e 0.85 (0.70-1.03)  0.09
Efflux capacity — | 0.75 (0.63-0.90) 0.002

| 1 I 1
0.5 1.0 2.0 4.0
N EnglJ Med 2011;364:127-35. @ L4
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HISZF Role of HDL Cholesterol and Current Evidence on HDL Cholesterol Treatments

HDL cholesterol efflux capacity

® \We measured HDL-C level, HDL particle concentration, and cholesterol efflux capacity at baseline in 2924 adults free from CVD
who were participants in the Dallas Heart Study
® The primary end point was ASCVD, defined as a first nonfatal MI, nonfatal stroke, or coronary revascularization or CV death.

Models

HDL cholesteral
Unadjusted analysis
Analysis adjusted
For traditional risk factors
For traditional risk factors and
HDL particle concentration
Cholesteral efflux capacity
Unadjusted analysis
Analysis adjusted
For traditional risk factors
For traditional risk factors and
HOL cholesteral
For traditional risk factors and
HDL particle concentration
For traditional risk factors, HDL
cholesteral, and HOL particle
concentration

Hazard Ratio (95% Cl)

01

10 100

0.64 {0.40-1.03)
0.80 {0.47-1.37)
1.08 (0.59-199)
0.4 {0.27-0.73)

0.30 {0.18-0.50)
031 (0.18-052)

034 {0.20-0.56)

0.33 (0.19-0.55)

N Engl ) Med 2014;371:2383-93.

A Atherosclerotic Cardiovascular Disease

'W“l 10 Hazsrd Ratio

| Unadjusted  Adjusted
S04

| 2 QL Reference Rofarance
04

|

Participants with Event (3)
-1
E—

074 (DAE-113) 071 {0.46-110)

049 (031-079) 047 (0.26-068)
04 048 (D27-073] 033 {0.18-055)

404 2
|
R 0 1 1 3 4 5 & 71 & »
109 P=0002 by log-rarik test
|
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ORIGINAL RESEARCH ARTICLE

HDL particles & Ischemic Events

Cholesterol Efflux Capacity, High-Density
Lipoprotein Particle Number, and Incident
Cardiovascular Events

ORIGINAL RESEARCH ARTICLE

Associations Between High-Density
Lipoprotein Particles and Ischemic Events
by Vascular Domain, Sex, and Ethnicity

A Baseline Biomarkers

HOL Phenotype Mean (SD)  Odds Ratio / 5D Increment  95%Ci
Primary Endpaint
HOL Cholesterol 51 (15) - 0.82 [0.66; 1.02]
Apolipoprotain A=l 182 (32) = 0.83 067, 1.U3|[
HDL Particla Numbar 32 (B) —— 0.568 10.56; 0.86]
Cholestarol Efflux Capacity 15 (4) - 0.88 [0.72; 1.10]
Primary Endpoint + Total Mortality
HOL Cholastaral 51 (15) - 0.74 [0.82; 0.87]
»\%Gil rotain A—| 162 (31) - o7 U.SEI.UQ"[
HDOL Particle Mumber 32" - 0.61 |0.51; 0.72]
Cholesterol Effiux Capacity 15 (4] = 0.85 [0.73; 1.00]
T { s
04 08 oe 1 12
B. on-statin Biomarkers
HDL Phanctype Mean (SD) Odds Ratio / SD Increment  95%CH
Primag Endpaoint
HODL Cholesterol 85 (17) =
Apolipoprotein A— 160 (35) -
HOL 4n L
Cholosteral Efflux Capagity 14 (4] -
Primary Endpoint + Total Mortality
HOL Cholesterol 55 (17) ] 0.72 (0.54; ©.95]
Apclipoprolein A=l 168 (35) = 0.72 [0.54; 0.95]
HDL Parficle Mumbar 337 L 0,58 [0.42; 0.80]
Cholesterol Efflux Capacity 14 (4) = 0.79 [0.59: 1.07]

P-Value

P-Value

0.01

HDL-C HDL-C
(unadjusted for HDL-P) (adjusted for HOL-P)
HR 04 vs 011 (95% CI] HA 04 vs 1 (95% C1)
ASCVD i ASCVD j
=i —— .y %
ns1243/15784 ' 4 09 {0.57044) n=1242f15784 ¥ L
Stroke + M1 0.76 (0.61-0.04) e s —&—  089(0761.20)
n=f05/ 15758 n=805/15758 :
M 079 (0.61-1.02) o & 102{0.74-141)
n=515/15763 n=515/15763
Stroke a4 077(058-1.10) Strake — m 108[070158)
n=321/15748 i n=321/15749 :
os 1 2 08 1 2
Hazard ratio Hazard ratio

Circulation, 2017;135:2494-2504
Circulation, 2020;142:657-669
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HDL particles & apoA-I structure

; ApoB-100
‘\p";' / b FCPL ¢
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O ¥ helix
0 Proline [ Apolar face W Positively charged residues
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Acc. Chem. Res. 2018, 51, 127-137
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HDL function & Anti-inflammatory properties

.ljmmutes cholesterol efﬂu_j_'g_-

{ Antithrombotic ). g :__'Anti-inﬁammatory'

Antifibrotic

i

( Vasoprotective

Protects against PS>

“Increases NO
production

Nat. Rev. Cardiol. 2011;8: 222-232

- Downregulates :
. EC VCAM-1, ICAM-1 7

{ Regulates macrophage TNF 3

“differentiation and function,”

Breserves dendritic cell

 Antioxidant ‘ A Inhibits elevation of £ >
NADPH oxidase activity .Aa?tl-!nnammaiory HDL }—+

“Prevents expression
< Of EC ILB, MEP1 5
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< Antioxidant PONL 3

g Upregulates EC y
« NO production
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HDLs & Endothelial function

lipid-free
HDL ‘\ ‘\ ‘\ .‘ ‘\ apoAd g ATP
’ (
Oxysterol v v apolt/ 51P o ADP + Pi
efflux ﬁp i
ABCGA[ ~ . ;SR'B' ~'S1P183  sR.BI S1P1&3 p-ATPase & P2YR
. i \ l p Vs
N\
‘ eNOS-phosphorylation ‘ “\ : ,, 4
1 Ve I p
Yo v ¢ /
Vasorelexation Junction stability
Proliferation & migration Stimulation of proliferation
EPC differentiation Inhibition of apoptosis
Junction closure
Inhibition of VCAM expression
Inhibition of apoptosis
NO-dependent signalling NO-independent signalling
Circ12013; 77: 2432 - 2448 (@ uusupns

HDL & Coronary atherosclerosis

Macrophages _— . | B-cells @
Dendritic cells T-Cells
+ Reduced BCR signalin
* Anti-inflammatory cytokine ; ; - Inhibiion of B-cell actvation
release, via reduced IFN- ' Impalrme_nt of antigen
signalin'g presentation * Increased ng cell counts
« Attenuated TLR signaling * Inhibited differentiation and by enhanced survival and
- S1P mediated M2 polarization maturation reduced conversion
« Apoptosis inhibition via S1P « Attenuated migration *  S1P-mediated inhibition of
i Drasinflarmmateng rolakine potential Tna-g differentiation
're'l‘(; ase“wa;K‘E:’r;‘;:B“ + Reduced DC-mediated T-cell ||+ Restrained lymphopoiesis
signaling and/or ER-stress c——— i s 3.1 - i
+ Immunosuppressive effects + |mpaired TCR signaling
via S1P
Nat. Rev. Cardiol. 2009 ®?_._J,_-._; Fougms
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HDL remodelings during inflammation

Subendothelial space

Macrophage

Antinflammatory
Anti-oxidative
Emiothehal cells Antithrombotic
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Circulation
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Complex proteome
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Increased HDL clearance

| —

Nat. Rev. Endocrinol. 2013; 9:308-312
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HDLs & Macrophages
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HISZF Role of HDL Cholesterol and Current Evidence on HDL Cholesterol Treatments

High HDL-C: Interstitial myocardial fibrosis

HDL-Cholesterol

T CMR Measures of
5 ﬂ’ Interstitial Myocardial Fibrosis
Q'\%‘H e . ) Higher Native T1 (msec) ECV (%)

Traditional CVD risk factors
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. - ’
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" |

t2
/ L
Dyslipidemia Type 2 Dinbetes Mellitus
Scientific Reports 2023;13:20115 @ LAT FuRms|
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HDL & Coronary atherosclerosis — Bad !
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HISZF Role of HDL Cholesterol and Current Evidence on HDL Cholesterol Treatments

Reconstituted HDL

Scafifoild Component

+ Apolipoproteins
* Amphipathic peptides
+ Apolipoprotein chimeras

Hydrophobic Bioactive

Agents for Delivery
« All trans retinoic acid

Ligand Binding Molecules
+ Synthetic cationic lipids

+  Curcumin " + Synthetic lipid chelators
. - -— \j ¥ ¥
+ Amphotericin B “"” TIRANWY + Cardiolipin
. MPLA -trmunmnumw“" +  Ganglioside GM1
+ Simvastatin
+ Sphingadiene l
Bilayer Forming
Phospholipid
« DMPC
+ EggPC
« DMPG
+ Cardiolipin
BBA - Molecular and Cell Biology of Lipids. 2021;1866:159025 @’.' il n i

Clinical trials of reconstituted HDL

- R VINARY |

COMMUNICATION
A First-in-Man, Randomized, Placebo-Controlled
Study to Evaluate the Safety and Feasibility of

Ef_fECtS of BeCOFStitUteq - Autologous Delipidated High-Density Lipoprotein Plasma
High-Density Lipoprotein Infusions Infusions in Patients With Acute Coronary Syndrome

On Coronary AtherOSCIerOSIS Ron Waksman, MID," Rebeced Torguson, MPH," Kenneth M. Kent, MDD, PuD,*

A Randomized Controlled Trial Awgueta 1, Pichard, MD,® William ©. Suddath, M1, Lowell F. Satler, MD,* Brenda 1. Martin, RN,*

Timothy ], Pertman, BSME, Jo-Ann B, Maleis, Pul.f Neil [ Weissman, MD,"
Perer |. Fitggerald, MD.g H. Bryan Brewer, Jr, MDY
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Clinical trials of reconstituted HDL

IVUS parameter

ETC-216

CSL-111

Autologous
HDL

Atorvastatin
80mg

Duration of therapy

Baseline atheroma
volume (mm?)

Change in total atheroma
volume (mm?; %)

5 weeks

268.4

-14.1;-1.1

4 weeks

151.0

-5.3;-3.4

7 weeks

229.3

-12.2;-1.0

18 months
184.4

—0.4:-0.2

JAMA, 2007

@1. ATy Fupm

Reconstituted HDL - Clinical trials

Stuedy Ageenil Phase  Intervention Population Patlent  Primary outcome Rasferrenc
Clin-Pharma Soybean 1 Single /v doses of 25mg/kg or Healthy voluniteers 7 Change in plasma lipoprotein levels Nanjee et al, 1999)
Research AG P oL ar 2

Eecombinant ETc-216 2 [t

Acute coronary syndromes 47

apoA-1 Milano mg/k (ACS)

Kecombinant ETC-216 2 Pl Acute coronary syndromes

apo A= Milano [ [ACS)

ERASE CSLe-111 2 " Acute coronary syndromes 60
ar (ACS)

Alfred Hospital CSe=111 " Type 2 diabetes mellitus 13
RO ke

NCTO | 2966 | cSL-112 Placeho vs, single escalating doses  Mealthy volunteers 57

NCTO1281774 CSL-112 Placebo vs, multiple ascending Mealthy volunteers 16

MNCTO1 409420

CS-112 2

infusions of CSL112

Placebo vs 1.7, 3.4, 6.8 ¢
Infusion of CSL112

NCTO1 201857 CER-001 3 Placebo v, €
gk, G
CER-001

CHI-SOUARE CER-D01 2 Placeho vs. bivw

NCTO1489420

CSL-112 24

of CER-001 for 24

Placebo vs CSL-112 (single
escalating I/v doses)

NCTO1281774 CSL-112 Placebo vs, multiple ascending
Infusions of CSL112
CER-001 in FPHA  CER-DO) 2 Open-label uncontrolled study

20 infusions of CER-001 (8
mg ki) over 6 months

MO CER-DDY 2 Placebo va, biweekly infusion af

CER-O0T for 24 weeks

13
Acute coronary syndromes =400
(ACS])

Homoeygous familial i
hypercholesterolemia

stable atherothrombotic 40
disease

Healthy voluntsers i
Familial
hypoalphalipoproteinemia
(FPHA) deficiencles
Homoeygous familial 0

hypercholesterolemia

% Change in atheroma volume [ IVLUS)
& Change in atheroma volume (IVLS

% Change in atheroma volime (IVLIS)

Anti-inflammatory effects of plasma
HIDL
Safety

[QCA

Xy Rlucose

sion

wmprited

1y scans
Change in total carotid

plaguie valume [MRI

rase (AST
na volume [(IVUS)

[ MNissen et al, 2003)
Micholls et al, 2006)
Tardif et al., 2007a
{Patel et al., 2009

Gille, A, Easton, R,
Wright. 5, 8 Shear

Tardif et al, 2014)

Tardif et al, 2014)

Hovingh et al, 2015)

Pharmacology & Therapeutics 2016;157: 28—-42
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HISZF Role of HDL Cholesterol and Current Evidence on HDL Cholesterol Treatments

HDL nanobiologic platform technology

WA eve HDL reconstitution
% <+ Phospholipids

p. ] |

A Labeling B Nanoerystal core C payloads
f( + PET/SPECT imaging o Hydrophobic « API
ﬂadumsolnpe ¢ +— + Picomolar sensitivity drug @ + —= * Cytotoxic
+ Quantitative + Immunomodulatory
: Core loadin 3
= + MR imaging : Jron-oxicle e * Polymers
Paramagnetic 9 +r— ) * Micro- to millimeter resolution — + . fé’g +r— « Controlled release
« Solft tissue contrast = + Fatty acids
- )
N + Optical methods l Quantum dot - API
Fluorophnre.u_ ) + Mulitplexing «— + . q+ — + Functional group
“Q + Limited tissue penetration 9 Sutaes - Targeting
N loading
+ Computed tomography & Gold

+ Micrometer resolution @ Targeted therapy
+ Poor sensitivity @
p Precision imaging

Acc. Chem. Res. 2018, 51, 127-137 @rwswennn

HDL nanobiologics production

Apos-|
baad 6=
Phospholipids y
Step 1a: Mixing in apolar sofvent: lipid film formation &5 tep 2a: Lipid film hydration with apoA-1
Step 1b: Mixing in apolar solvenl; infusion info buffer Step 2b: Adding apof-| Step 3: Sizing,
purilying +*
A I A I
+ Labels + Payloads
"
5 Chelatar lunctionalized phasphelipid Hydraphobie drug
B Q - DTPA, DOTA, NOTA, DFO o - E.g., simvastatin
g - =19 - Encapsulation efficiency = 50%
o

Paramagnetic phospholipid
+ G

- 10% - 259, + PLGA, PLA —s 50 - 250 nm HDL

? Amphiphilic or lipophilic dyes Manoorystal
= DIO, DIR, Cy#-phospholipid ° + QD, gold, iron oxide
= 2.5% - Hydrophobic capping ligands

. Cora material
@ - Triglycerides —s 10 - 25 nm HDL

B
i - F'hDSE'I'?UIIDIdE HOL library - O © @ '\ Extended loop
§ +‘PJ;-;IEI:::;S \_.fm‘] - O R\ Mixing chip /
g In apolar solvent Puritying, ° o i >
= AmA i ‘\Bn I concentrating In ‘ - O —\Reamng ch“r._.
n m..r!w : - -
c

Acc. Chem. Res. 2018, 51, 127-137
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HDL subpopulations

HDL: Future direction

Translation

Discovery research

o @] o ©
(&)
o
o
Sizes / Proteins / Phospholipids Proteomics / Lipidomics / Transcriptomics
HDL functions
Ox-LDL
Oxidation

Cholesterol Mediators Inflammation

efflux/ACT Ma h

Macrophage pich-c g el

HDL
> | v ¥
E_mxl Mediators A Anti- ¥
Liver ‘., PPAR agonists a
Endothelial cell -1
RCTl ‘%\ -}
Mediators = ) ::“""“"“““ Pl Nover
Feces infusions [an o therapies,
Anti-inflammatory LA
| i Novel functions ”":Z‘é”:f:a"'
Nat. Rev. Cardiol. 2009 @1_._4_-.3.33_,_?1,,_.

Nat. Rev. Cardiol. 2009

Take Home Message 1: HDL reverse cholesterol transport

¥ endothelial lipase/
hepatic lipase

HDL (discoidal)

Macrophage

() Free cholesterol

() Cholesteryl ester

ﬁphosplmhpid

(o LT FE
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HISZF Role of HDL Cholesterol and Current Evidence on HDL Cholesterol Treatments

Take Home Message 2: Improving HDL functionality

Endothelial Cell
High Phasphalipid I Triglycerides
Rdeln tn ca:,tem LPhospholipids
v Functional HDL [X'l e — I

Restored HDL properties |

i [y '8

Front. Cardiovasc. Med.2020; 7:39.

sl METABOLIC INTERVENTION |
: : o |

"RYGB |

EXCERCISE

DIET |

@w ATy Fupm

Take Home Message 3: Therapeutic targets in HDL metabolism

Intestinal cell ABLEOS
I~
ApoAl Ap"ﬁf-']. = ) | i Ther X
therapy - 4 - / { receptor :I
7 agonlsts
. -
LT \, Apodl © ABCAL —_ ApoAdl ©
| receptor ;
\@gonists)/ Phospholipid | | | |]I
- \ Prep-HDL aBcAL L J
\BC/ TLCAT VLDL
PELS )= activators.’ = porL DL
Free © LCAT Hepatocyte
cholesterol
o < e Y . \
ABCG1 [ 727 Rl B SR-BI )
e l“ — D -
— Triglycerides Cholesteryl /‘“’— N B
SRA1 GETP esters W Hepatic
/{ / flpase
Macrophage “‘i .
acrophage \ Jt j{ ‘5"‘_’. g ‘?{,r
(&) e HDL2
aHDL o
nhubu.ors / HDL3
HoL2
v ApoA-d
&) O Degradation
g

Nat. Rev. Cardiol. 2011

TEndothelial-lipasél
) inhibitars -

Endothelial cell

D Endothelial lipase

— [} Cubilin/
\rn(,bcllln

= 4 Kidney cell

W

LR LR
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2007 eI el
2010 ol TfSITHEm ThEHY AA ¢
2019 ROITYBITHEM THEHY YIAL Z¢
2]
2008-2012 Xto|dfsttfsty BRI iAo et MF 2|
2015-2019 | AMSUHSITER FAZIZOIs Mo o BXH4
2019- At 254y garzelstat
[BAE20f]
APELIofe) 7|2-0, SR, XY

Psychological Distress Trends and Effect of Media Exposure Among Community Residents After the Seoul Halloween
Crowd Crush (2024) JKMS, correspond

Medication burden reduction and early clinical benefit through aripiprazole once monthly in schizophrenia patients
with polypharmacy (2024) Progress in Neuropsychopharmacology and Biological Psychiatry, correspond

The gender difference of moderated mediating effect of grit between occupational stress and suicidal ideation in
Korean workers (2024) JKMS, correspond

Sex Differences in the Association between Prolonged Sitting Time and Anxiety Prevalence among Korean Adults
(2024) Brain Science, correspond

Exploring the Association between Elevated Anxiety Symptoms and Low Skeletal Muscle Mass among Asymptomatic
Adults: A Population—Based Study in Republic of Korea (2024) Brain Science, correspond
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Day 2

Session 1

Understanding of Severe
Dyslipidemia

(09:00 - 10:20)

09:00-09:30 Key Points You Need to Know About FH Of&sh (M|l AbEtiha

09:30-10:00 Insights into the Etiology, Diagnosis, and Treatment of

H1F (Zelol L=
Severe Hypertriglyceridemia bl

10:00-10:20 E=

" Lipid
Academy

SI2X|E - 5W 7 stets| X 18] Lipid Academy




1“ Lipid
Academy

o
e
19
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1988-1994 AM|2|CH
1997-1999 AMITH CHSHR AfA}
2002-2005 HAMICH CHEHE et

ol
pa
-

10|

[z4]
2003-2006 SOl ZEdd
2007344 HAMQIC MEZtA
2010-2012 0j= UCSD YEd+

Kim J, et al. Statin therapy in individuals with intermediate cardiovascular risk. Metabolism 2024;150:155723

An DB, et al. Hepatic Cdkal1 deletion regulates HDL catabolism and promotes reverse cholesterol transport.
Atherosclerosis 2023;375:21-29

Lee CJ, et al. Cardiovascular risk and treatment outcomes in severe hypercholesterolemia: a nationwide cohort
study. J Am Heart Assoc 2022;11:e024379

Ann SJ, et al. Role of IncRNA HSPA7 in human atherosclerotic plague in sponging miR-223 and promoting
proinflammatory vascular smooth muscle cell transition. Exp Mol Med 2021;53:1842-1849.

Roh JW, et al. Pravastatin versus fluvastatin after statin intolerance: the PRUV-Intolerance study with propensity
score matching. Am J Med 2019;132:1320-1326
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¥y

712%H]

¥ o3

Zs|of ZS3a|tstuEE LiZH|CHAL 2t

=

oigd: MIEAr

1088.3-1004.2 | ZAB|IH&tw O|BILHEH OJSHA}
1995.3-1097.2 | ZAB|IH5tw [HEHY O[StAA}
1997.3-1999.2 | ZAB|IH5tm [HEHY O[SHA}

EE]

igHEE MEAb

2008.3-2009.7 Harvard University Joslin Diabetes Center visiting researcher
2015.3-84xH dsltfsiy 2& 2S48t Ea W we

2022.3-2024.7 | Z3iEE 24 SHIUSLEY UL 2
2024.8-3X | Zalstl B4 ASFSHSLYY ITLUY

ZHE0H

- Glucose and lipid metabolism (Et=3tE 2! X[2THAL - Vascular biology and diabetic vascular complication (St SSHES A7)
— Non-alcohoalic fatty liver disease and energy metabolism (X[2$Zt &471) — Pancreatic beta cell biology and insulin secretion (HIEIAIE S0

—_

[=E]

1. Jeong IK, Choi KM, Han KA, Kim KA, Kim IJ, Han SJ, Lee WY, Yoo SJ. Efficacy and safety of dapagliflozin add-on
to evogliptin plus metformin therapy in patients with type 2 diabetes: A randomized, double-blind, placebo-controlled
study. Diabetes Obes Metab. 2024 Nov;26(11):5065-5077.

2. Jeong IK, Han A, Jun JE, Hwang YC, Ahn KJ, Chung HY, Kang BS, Choung SY. A Compound Containing
Aldehyde Dehydrogenase Relieves the Effects of Alcohol Consumption and Hangover Symptoms in Healthy Men:
An Open-Labeled Comparative Study. Pharmaceuticals (Basel). 2024 Aug 20;17(8):1087. doi: 10.3390/ph17081087.
PMID: 39204192; PMCID: PMC11357502.

3. Jeong IK. Letter by In—-Kyung Jeong Regarding Article, Trends in Prevalence of Hypertriglyceridemia and
Related Factors in Korean Adults: A Serial Cross—Sectional Study. J Lipid Atheroscler2024 Jan;13(1):80-81.

4. Kim HJ, Noh JH, Moon MK, Choi SH, Ko SH, Rhee EJ, Hur KY, Jeong IK. A Multicenter, Randomized, Open-Label
Study to Compare the Effects of Gemigliptin Add—on or Escalation of Metformin Dose on Glycemic Control
and Safety in Patients with Inadequately Controlled Type 2 Diabetes Mellitus Treated with Metformin and
SGLT-2 Inhibitors (SO GOOD Study). J Diabetes Res. 2024 Jan 5;2024:8915591

5. Yang YS, Kim NH, Baek JH, Ko SH, Son JW, Lee SH, Rhee SY, Kim SK, Sohn TS, Jun JE, Jeong IK, Kim CH, Song K, Rhee
EJ, Noh J, Hur KY; Committee of Clinical Practice Guidelines, Korean Diabetes Association. Real-World Treatment
Patterns according to Clinical Practice Guidelines in Patients with Type 2 Diabetes Mellitus and Established Cardiovascular
Disease in Korea: Multicenter, Retrospective, Observational Study. Diabetes Metab J. 2024 Mar;48(2):279-289.
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Insights into the Etiology, Diagnosis,
and Treatment of Severe
Hypertriglyceridemia
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Korean guidelines for dyslipidemia management

Risk Triglyceride

=500

High

200~499

Border
line

150~199

Clinical Practice Guideline of Korean Society of Lipid and Atherosclerosis

Definition of hypertriglyceridemia

Consensus of European atherosclerosis society

Category Triglyceride level mmol/L (mg/dL)
Optimal <1.2(<~100)

Borderline 12-1.7 (100-150)

Moderately elevated 1.7-5.7 (150-500)

Severe 5.7-10.0 (500-880)

Extreme >10 (>880)

Henry Ginsberg et al. European Heart Journal (2021) 42, 47914806

|
(TG=200 mg/dL) 15.5%

Prevalence of hypertriglyceridemia in Korea

KNHANES data

Crude prevalence of

[ 2016-2020
hypertriglyceridemia by sex and age E
ﬂﬁl":ﬁ‘;‘ oty hlghc: provalence of hypertriglyceridemin than women:
L] ) [ ] B Men W Woman
50 50

EL

287
2o =

Age (204}

Hge tyrh

B'&:E&'éiﬁﬂ
1=

Prevalence (%)

m B

o
[— |
|
]
-
L ]
I
I
.

ol HE | 4 | o | . 1=
Total 208 FE] 0-48 50-50 50-60 0
Ae (yr)
® TG0 nbathsens 176400 nbathsemas
TGiSONmde B TG00inmde
WTGEONGmde  WTG00 nfemae

Jeong IK et al | Lipid Atheroscler. 2023 Sep;12(3):237-251
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Q1A Insights into the Etiology, Diagnosis, and Treatment of Severe Hypertriglyceridemia

Prevalence of hypertriglyceridemia (TG>150 mg/dL) in USA
NHANES 2007-2014
Table 1 Weighted prevalence of TG levels > 150 mg/dl among adults > 20 years of age in NHANES 2007-2014
Prevalence, Patients with TG levels 2 150 mg/dl, Total number of patients,
% millions” millions"
Overall | 259 I 56.9 219.9
Statin treated 316 123 389
Statin treared and 276 6.0 21.7
LDL-C < 100 mg/dl
Statin treated and diaberes 395 49 124
Statin treated and ASCVD 305 3.1 10.1
Statin treated and diaberes or 344 6.4 18.6
ASCVD
ASCVD atherosclerotic cardiovascular disease, LDL-C low-density lipoprotein cholesterol, NHANES National Health and
Nutrition Examination Survey, TG triglyceride
* Projected number of US adules
Cardiol Ther (2020) 9:207-213
. L] . L] L
Epidemiology of severe hypertriglyceridemia
[—— o
Plasma TG concentration Prevalence
mmol/L mg/dL
Marral <17 < 1EN
INOTmiai < 1./ < 10U
; common
Mild to moderate 2:0~9.9 177- 884 :
(obesity, T2DM)
Caviaral S 10 < garc N 1.0 2oz
Severe Z U > 00J U.1-U.2/0
Very severe? >20 >1770 0.014%

1.] Clin Lipidol 2019;13:80-88.2. J Clin Lipidol 2019;13:89-99.
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Q1A Insights into the Etiology, Diagnosis, and Treatment of Severe Hypertriglyceridemia

Sources of triglycerides

Qely 3=

Dietary lipids

Intestinal
cell

Capillaries

Lipoprotein lipase

Remnant
receptors
(LDLR/LRP)

\an—\{

Ec B-100 E B-100

I! Capillaries !'

4 Lipoprotein lipase

Related factors with hypertriglyceridemia in Korea

Obesity

Diabetes

Alcohol drinking
Smoking status
Low income status

KNHANES data

Tablo 2. f aga- and 1 ely 5 Intervals) according to smokdng status. alcohal drinking pattem. and axercise
Varlables Agagroups Curront mol:hg_ High-risk akcohol drinking  Fegularmmercss
C Make Mule Female

No 0009 10,6 (15.4-21.8) l_n(m 10.8) 18,7 (16.5-24.8 7.7 (5:8-5.8) 01,4 (16.4-26.4) 8.3 (8.5-12.1)
1093 34,5 (30.6-38.4) 15,7 (15.9-18.3) Th4 (34.9-418) 14.7 (12.4-17.1) 43.5 (38.5-44.5) 15,3 (12.4-18.3)
4043 454 (41L5-48.3) 15.4(13.3-17.8) A (43.1- 45,8 15.3(15.0-17.5) BY.B(48.7-57.9) 16,8 (13.8-18.7)
50-59 41.0 (37.4-44.8) 23.8(01,6-06.1) 405 (39.1-45.8) 24.1 (21,8-06.3) 48,8 (45.1-52.6) 24,8 (21.8-07.9)
BO-63 33.1 (2.8-36.3) 26.7 (24.3-29.0) 34.4(31.3-37.8) 27.0(24.6-29.3) 40,1 {36.0-44.1) 311 (26:0-34.9)
] 24.6 (20.7-27.5) 272 (24.6-09.9) 25.0(22.2-27.9) 27.3(24.7-29.9) 27.3 (24.1-30.5)

o5 w023 £ 0.5 (3.8-15.2) 33.5(25.2-41.7) 16.3 (10.1-26.5) a7 (5.0-11.4)
30-39 16.1 (10.6-35.6) 41,5 (42,5 57.0) 7.8 (19,3-36.4) 38.0(33,7-42.4) 16,9 (13.3-20.5)
i 56,8 (SE3-61.%) 1.9 {13.3-30.6) B0 (54, 3-55.6) L4 (19,8 30.0) 45,4 (4 10-48,5) 15,4 (12.4-18.3)
50-59 56.7 (SL8-81.5) 40.9 (28.0-53.7) L1 (55.4-50.8) 344 (22.7-46,1) 453 {(388-48,1) 24,3 (20,5-27.6)
80-69 47.6 (42.3-50.9) 375 {23.4-51.7) 48.3 {41.7-54.9) 33.0(18.3-48.1) 34.0(90.8-35.1) 18,5 (16.9-90.8)
70 36,5 (27.5-43.4) 33,4 (16.9-48.9) AL (31,0-5L7) 7.1 (8.8-21.0) 27.4(20.6-32.2) 23,7 (18.0-28.5)

Table 1. Preval : tily fidence Intervals) g to | nd Table 3. Prevaience of age- and sex-specific hypertriglyceridemia (35% confidence Intervals) according to presence of abesity, abdominal obesity, hypertension,
‘education level medlitus
Varlables Mals Famala Variables Age groups. Obasity
Incomit om Mals
Quartile 1 AL.2(36.0-85.4) W5 (17.0-24.1) Mo “20-78 15.0(118-18.3) 5.4 5 [ ) 7 ) [ ] 1 ) ] t
Quartile 2 36,3 (36.5-41.0) 18.1{17.3-11.0) 30-38 20.8(04.0-304) S2(T.0-1L4) 10.3(263-34.3) S.0(6S-119) 367 (19.0-40.1) 143 {19.1-16.5) 15,1 (35.8-40.5 [12.4-17.0)
Quartile 3 25.2(36.5-41.5) 18,2 (16:4-20.0) 40-48 38,3 (34.4-49.3) 10.0 (B8-10.8) 403 (I6.6-44.0) 118 (10.0-13.9) 448 (41.4-46.5) 14.3 (12.1-16.4) 47,7 (44.7-50.8) 14,7 (12.7-16.7)
Quartile 4 36.8(34.6-30.0) 15,7 {13.8-17.5) 50-58 38,3 (35.4-43.3) 18.0{16.4-01.3) 38.0 (35.5-42.9) 195 (17.0-02,0) 42.1 (30.4-45.7) 01,8 (19.0-24.5) 44,3 (41.1-47,5) 02.5 (20.2-24.7)
P far trends 0.040 0,001 BO-ES 34,1 (30.4-37.7) 92.7 (19.9-05.5) 30,0 (I6.6-32.7) 20.0 (19.9-95.7) 301 (26.2-36.0) T4.6 (21.6-27.7) 34,5 (31.4-37.7) 24,8 (22.3-27.4)
Education a7 93,1 (19,6-26.6)23.2 (20.1-06.4) 19.7 (16.4-93,0) 20.9 (17.2-04.6) 25.9(01.4-30.4) 17.9 (23.7-30.0) 04,6(21.2-27.9)95.2 (92.3-26.1)
sElamantary sshool 431 (16:1-68.0) 24.4(14.7-34.3) Yes 20-28 321 (26.6-37.5) 207 (17.5-09.8) 37,6 (30.8-44.4) 30,7 (20,9-30,5) 324 (20.0-44.7) 005 (6.0-38.8) 457 (1.6-88.7) 5LE(13.6-80.5)
Middle schocl gradusts 45.3(34.1-56.4) 26.4(12.6-34.1) 30-38 S2.0(47.6-56.3) 30,4 (32.5-44.4) 58.7(50.7-80,8) 44.1 (37.1-51.1) 61.0(53.0-68.8) 51.4 (37.8-65.0) 63,1 (45.4-79.9) 72,8 (55.6-90.0)
Highschoal graduate 38.9(36.5-410) 17.5{18.7-18.9) 40-48 63,2 (59.1-67.4) 707 (24.5-30.8) 640 (568.5-68,6) 30.3(04,4-36.0) 603 (56.6-67.7) 07.9(01.1-34.6) 68,0 (50.8-76,6) 45,3 (30.2-58.5)
akinbvorsity graduate 383 (36.4-00.1) 165 (14.6-18.3) 50-39 56,8 (52.3-61.3) 37.4 (33.0-41.9) 58.4 (54,0-62,8) 37.3 (32.7-41.9) 54.7 (50.1-59.4) 31.1 (26.6-35.7) 58.3 (51.6-65.0) 42,2 (34.6-51.4)
pforrends. 0,038 0,001 60-88 41 !{36 = ﬁ-ﬂ 34.5{30.3-30.7) 46.7{42.9-51,1130.0(28.4-35.1) ﬂ,s {311 5-46.6) 1.3 (15.8-30.9) 42.9(37.2-48.7)36.9(30.7-43.9)
- . e T s a3 ? 38 (09,037 4) 33.000.9-38.5) 33.0 /0 5736 B} 33 5 (08 538 81071 (34 3-30.0)
Tha prayaisnce bamid an a F005 popuiation projction, ——
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Causes of hypertriglyceridemia
I

Primary

A. Severe HTG (TG >10 mmoliL)
Monagenic chylomicroraemis (formerty HLP Type 1 or familial chylomicranaemia syndrome)
Lipoprotein kpase deficiency (Bi-allelic LPL gene mutations)
Apo Cl deficiency (Bi-allelic APOCZ gene mutations)
Apo AV deficiency (Bi-allebe APOAS pene mutations)
Lipase maturation factor 1 deficiency (Bi-allelic LMFT gene mutations)
GPIHBP deficiency (Bi-allelic GFIHBP] gene mutations)
Multifactorial er polypenic chylomicronaemia (formerly HLP Type 5 or mixed hyperiipidaernia)
Complex genetic susceptibility, including
Heterozygous rare large-efiect gene variants f }

ia (see above); andlor

FADS1-2-3, NCAN, APOB, PLTP, ANGPTLI)
Other
Trarsient infantile HTG (ghycerol-3-phosphate dehydrogenase 1 deficiency) from bi-allelic GRD1T gene mutations
B. Mild-to-moderate HTG (TG 1.0-8.9mmoliL)
Multifactorial or polygenic HTG (formerly HLP Type 4 or familial HTG)
Complex genetic susceptibility (see above)
Dysbetalipoproteinaemia (formerly HLP Type 3 or dysbetalipoproteinacmia)
Complex genetic susceptibility (see above), plus
APOE EVE2 homozygosity or
APOE dominant rare variant heterozygosity
Combined hyperlipoproteinaemia {formerly HLP Type 2B or familial combined hyperlipidasmia)
Complex genetic susceptibility (see above), plus
Accurmulation of common small effect LDL-C-raising polymorphisms

Accumulated common small-effect TG-raising pnl)!na'phlﬂu (g, numerous GWAS loci inchuding APOA 1-C3A4-A5; TRIBT, LPL, MLXIPL GCKR,

Taufs U'et al Eur Heart J 202041, 99

Elevated Triglyceride

+ Alcohol drinking
« High caloric intake
+ High carbohydrate intake

+ Oral estrogen + Glucocorticoid

« Bile acid sequestrant - Protease inhibitor
+ Retinoic acid

» Sirolimus

» Tamoxifen

« Thiazide diuretics

» Anabolic steroid
+ Raloxifen
+ Beta-blocker

« Chronic kidney disease
« Nephrotic syndrome
« Sepsis

Abnormal + Obesity
meta- » Pregnancy
bollsm « Uncontrolled diabetes

vlvlnhm-rlll-mln Inculin Raci nea
Hyneririglycoeridemia Resistance,

and the Metabolic Syndrome
Scott M. Grundy, mp, PD

M Taow ‘ Pysertnnsien
dmh Endothelial
N A resistance dysfunction
Systemic
Fr-grade METABOLIC SYNDROME
p—
Visceral Atherogenic
ity tﬁ S o
+we 4 Hoe

High TG = Insulin resistance => Metabolic syndrome

" Insulin resistance

.-

| YC-reactive protein
t fibrinogen

t ALt
1 Lipid peroxidation

1 Triglyceride-rich VLDL, LD
t Plasma glucose
tFra
| HOL

V.4 AN

¢ Y

T2DM atherosclerosis

Scott M. Grundy, Am J Cardiol 1999;83:25F-25F, Noce A, Nutrients 2021, 13, 630

Gaggini M et al, Nutrients 2013, 5, 1544-1560
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Major Apolipoproteins

Prima
source

Core structural protein for HDL,

It liver HiL B promotes cellular lipid efflux via ABCA1, activates LCAT

Al liver HDL, CM Structural protein for HDL 12

AV liver VLDL, CM Promote LPL-mediated triglyceride lipolysis l?
B8 liessice ™ r:!:::‘r;ants, core S:E::gt:cr)?j:;::::‘afyo re 2
o || WRJLEL | e i 0 Gl &

c-ll liver CM, VLDL, HDL Cofactor for LPL, LPL activity + il

CIll  Intestine, liver  CM, VLDL, HDL LPL activity | 1
E liver o reml-ll'lgrts, 1ok, Ligand for binding to LDL receptor and other receptors {2
() liver Lp(a) Structural protein for Lp(a) ik

HOL, high-density lipoprotein; IDL, Intermediate-density lipoprotein; LCAT, lecithin-cholesterol acyliransferase; LOL, low-density lipoprotein; Lp(a), lipoprotein(a); LPL, lipoprotein lipase;

ity lipoprotain

Genetic Severe HTG/ Mixed dyslipidemia

Genetlc

Severe hypertriglyceridemia
Familial hyperchylomicronemia Biallelic LoF mutations oM. TG 1 Pancreatitis,
(Type 1) = Familial LPL , APOC2, APOAS, HDL U AR eruptive xanthomas,
chylomicronemia syndrome (FCS) GPIBHP1, LMF1 hepatosplenomegaly
Insulin resistance,
: fatty liver disease,
Familial partial lipodystrophy H_eterazygous LoF mutations CM, LDLC, pancreatitis, central
in: LMNA, PPARG, PLINT, TG ™1 AD :
(FRLD) AKT2, ADRAZA HDL 4 obesity, lack of
& subcutaneous adipose in
extremities
Mixed dyslipidemia
CM remnants,
Hepatic lipase deficiency Biallelic LoF mutations in L/PC TG T, IDL, AR Premature ASCVD
HDLT
Familial dysbetalipoproteinemia APOE polymorphrsm CM remnants Palmarand whemerpive
(TR AR 7 o oo =1 L\ . Y SISy | el e R ' AR xanthomas,
\Iypl: nijy \rupoL) r‘cllllldllt UWiHI we \b g, IwLi | premature ASCVD

LMF1: lipase mutation factor1

N <00
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Key factors of hypertriglyceridemia
|
Adipose tissue
Dietary fat
Liver
* ApoCll : an activator of LPL
o « ApoClll : an inhibitor of LPL
s *  ApoAV: increases LPL-mediated
lipolysis
f":"mﬁ * GPIHBP1( glycophosphatidylinositol-
e anchored high-density
lipoproteinbinding protein-1)
. * LMF1: lipase maturation factor 1;
ESSIas « LRP1: LDL receptor-related protein 1;
* ANGPTL3, 4, 8 (angiopoietin-like
proteins): inhibit LPL
Skeletal muscle Adipose tissue
Causes of hypertriglyceridemia in the population
|—— o
&
P Py 5 R = " 5 o
s e g JEm— g Decreasgd lipolysis is the
o 8 predominant feature at
—— Decreased TRL lipolyss. % i ]
o increased vintproduction | 3 N18NET TG concentrations.
Accurmulation of
Increasing accumulation of large TG-rich VLDL

large TG-rich VLOL and their remnants and chylomicrons
"

Frequency
/
N

o 1 2 5 10 15 mmaoal/i
100 500 1000 1300 | mg/di

Plasma triglyceride

Distribution of plasma triglyceride levels in a population {adapted from a survey of >100 000 individuals in the Copenhagen General Population Study).
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Key predictors of plasma triglycerides.

* A multicenter study using dual stable isotopes (deuterated leucine and glycerol) and multicompartmental modeling
was performed to elucidate the kinetics of triglycerides and apoB in VLDL1 in 46 subjects with abdominal obesity.

SYNTHESIS PATHWAY CLEARANCE PATHWAY

Liver

fat .,

0.56"* % 0.46" e

v .'.4 B‘.° -0 $¢-—
V;DRLi / Plasma

0.44* . TG 7 _0.49*** VLDL1

A ¥z FCR
0_51 ke ..".

Fat 0.32*

mass

Liver fat (r = 0.46, p < 0.01)

Fat mass (r = 0.32, p <0.05)

Plasma apoC-lll concentration (r = 0.84, p < 0.001)
Plasma apoC-Il concentration (r = 0.60, p < 0.001)
Plasma apoE concentration (r = 0.60, p < 0.001)

Conclusions—Reduction in liver fat and targeting
apoC-lll may be an effective approach for
correcting triglyceride metabolism atherogenic
dyslipidemia in obesity.

Jan Borén et al. Arterioscler Thromb Vasc Biol. 2015;35:2218-2224
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5. Treatment

Current status of hypertriglyceridemia
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Residual CV risk after LDL-C lowering therapy
|— D
o » Therapies Patients with or at high risk for ASCVD
32_ 10 based on
E 20 LDL-C Despite dence-based
e g idual risk of ASCVD event: v
ﬁ 30 Iowenng residual ll! even' 5""“ I
3 reduce the
E 401 37 37 37 36 risks of CAD
£ : Efri';’;-‘:éé"“" B Oodmimmii iy Fans ol
2 e Despite the benefits of LDL- both g a a;,
g 70 Lowering therapy, about 60-80% traditional risk 2
5% residual risk remains. factors. — | o d b
© gg &further lipid Blomarker [ \DCERI00MOL  hCRR xdmgit L R e S
x modification : N
100 Patential m! Tepated Dryeted Tsgeted '-l:::‘ ﬂl“m
= avian Sim vl = as| = I ] s
mscemsesan st | | B0 B R |RE | & I
; HPS = Haarl Proteciion Shady; PHDSPER‘ Fm’ le’ Pravasiain in Eldeny al Risk: CARDS = Colaboralive Alorvasiain - — —_— — —
%wm w:amwm:’;‘ﬁovc T -mumam ooyt gt Ll Therapy: IDEAL = Incramental Dacresss in Randomized | IMPROVEST CANTOS PEGASUS EMPA-REG
wough A Trial FOURIER coLcor COMPASS m Plannes =
from Chay J. Eow Heart J. 2008; kFM! Frigeocs o lopeca e CREDENCE
Pm.‘ maaum_l nmnaj\l!nguund 1964 338:1001-1008; Shaphard J st al N Engl J Mad, ot S LEADER
‘m!:‘w‘—ﬂﬂ?‘. Tha Long-Tanm Imﬂm With Pravastatin in lchaemic Disease ﬂ.ml Shady Group. NWJM 159.139 1349 SUISTAN G
1357; Dowwrs JR ot il JALGA 1“2?&1515—(522; Heai Predection Siudy Cobaborative Qroup, Lancet. 2002,36 7-22: Shephedd J ot al, Loncel REYAND
2002:360: 1623~ 1630: Camain HM st sl Lancer. 2004:364-685-606; Saver PS a1 al, Lancs! 2003:361:1145-1158: laﬁnea .ICG{SI N'B|GJ
Ml 2005.352:9425-1435. O&MMCPHH N Eng J Mad, Z004:350:1425-1505,; Pedarsen TR of o, JAMA. 2005294, F
Patrick R. Lawler European Heart Journal (2021) 42, 113-131
Lipid & CHD Mortality
|—
1Nl _C Aictribidinn T and CUN markalivg
LLAL™W UoLnivuLiuvg I8 Gl i IIIUPI.GIII.Y
25 40
[ All cause mortality
I CHD mortality
20 | Controls
- -L E CHD 1
o cases
5 . ] —|
= 3
2 154 =
= =]
g 8 201
E 0] 2
2 £
3 S
i l_l | = .
51
0 0
80 120 160 200 240 280 320 ! i n v v
LDL-C( ma/dh Age adjusted all cause and CHD mortality per 1000 persons in male
WO From Genest, JACC 1982 TG 1<94.3, 1l 94.3~124.4, 111 124.4~160.7, IV 160.7~217, V=217 mg/d|
Haim et al, Circulation 1999,100:475
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High TG is dangerous even after high dose statin treatment

Impact of TG Levels beyond LDL-C after ACS
in the PROVE IT-TIMI 22 Trial

L]
=

LDL-C>70

-
o A )

LDL-C<70

Rate of death, MI or

=

Frauns 3 TG Livelasnd iRk AfEACS

Shoet-Term fisk After ACS Long:Term Risk After ACS

0%
020
s
= ¥ 0w
£ £
5, 2 =
_g- o 4
=
008
4
aos{  J
| .
000 - opod
T T T r T T
o 4 i 12 3 o 1 2

Woek of Follow-Up

Yuoar of Follow-Up

Hurmber at fissk Murmiber 3t Bigk

534 441 478 41 ELE 3124 281 2525 653
492 439 430 417 350 am 2952 2552 657
475 a3 404 396 280 1142 2,921 2585 &al
— 313§ 2542 2619 730

— 1,245 1028 2669 m

Tertile of Trighycandes tmgid) Quintile of Trighycerides (mg/dl)

*185 >135 to 195 s135 75 13010 175 *B w130 — »80t0 103 — sBO

Recurrent ACS after 30 days
o

TG<150 TG 3150

Kl Mber analyits of coromary Iwart disssrie dea, nomtatal myocind il infar ctio, ichumic sticke, Cardies amest with miuscitation, o hosphalzaton
For wnstable angine Mfter acse coronary TACS). ek anding to tertiles of trighy a
itiak random sSIgRaent in The ateevastatin grous of the MIRAEE (Myocardial b chensia Redsction with Aggressive Chobesteral Lowasing] tilal. Tive

O conesponds 1o a e of 63 h after index ACS irange: 2410 96 Wi p = 003 for trend acmss Dertiles. (Right) Lang-teem cusmdative incidence of events
according i quintile of TGs at dal-OUTCOMES trial. aponds o4 median of § weeks after mdex ACS irange:
4t T2 weeksh p < 0.007 for Dend acmss quintiles. Repmduced with permission frim Schwarez et al. (35

Canadion J Cardiol 1988;4:5A, JACC 2008:724-30

4Am Coll Cardiol. 2018 Jul 17;72(3):330-343.

Does lowering TG reduce ASCVD risk ?
N
Previous landmark clinical trials of TG-lowering therapy have failed
to establish a consistent association between TG lowering and reduction in MACE.

MACE : major adverse cardiovascular events

TABLE 1 Clincal Trials of Flbrates lor Reduction of 76

TABLE 2 Clinical Trials of Omega-3 Fatty Acids

PROMINENT" 02 Participasts with type 2 dabetes, WA Pemafbrate02mg  -26.2% at 34y Composie of nosfatal MI,
TE 200-409 mafdl, HOL- a0
=40 mgfdL on guideline
statin therapy

Sample Fibwate and 6 Liswering Primary Primary Dutcame Te-Lowering
Study Ret.d Ve Population Siae () Dase Mect Outoame MR (5% ) Sample  Omega-3 PUFA  Effect Compared  Primary Outcome
Hekinki Heart 1987 Asymptemitic middle-aged men A081  GembmplB00 mg:  43%atZy Fatal and nonfacal Miand 068 (DAT4-0318] Study, Rel, & Yaar Population Siznin)  and Dose (g) With Placebo HR (95% O
Sty (ages 40-55 y) with son- vce dafy rdiat desth EPA clincal trials
i JELIS® 2007 Hypercholesterolemia patients with 18645 EPAEETBGQ 5.0% 0.81 {0.69-0.55)
VA-HIT' 1993 Men with knowa coranary hearl 153 Geedlwood1200mg  -3W%at1y  Nenfstsl i of desth from  DUP870V65-0.901 baseline LOL-C =183 mgidL ' : . : : '
diseise, HOL-C <40 mgldl, ity CoMmRarY causes =
LDL-C =140 mojd. REDUCE-T" 2079 Diabetic patients and patierts with ASCVD 8179 EPAEE4q 0.5% 0.75 {0.68-0.83)
e 000 PatentswipeviosMidrstable 3090 4O0mgbefiete 29N at1y  Fatal o nonkstal Ml or 09 (P = 036 RESPECT-EPA" 2022 Patients with chronic coronary artery 1506 EPALSg = 0.785 (0,62-1.00)
anginz, TC 180-250 mgidL, daly sutkden death disease with EPA/AA rato <04
HOLE <45 gl EPA/DHA dlinical trials
T =300 mg/dl,
LDL-C <180 mgid VITAL® 2018 Healthy volunteers {men =50 y o 2587 EPAEEQAGD Unknowr: 092 (0.8-1.06)
FELD" W05 Patiipatioge S0-TSywithtype 9795 FenofitrateX0mg  -29%at4 o Covomary everts [comrary 0.89{0.75-1.05) wamen 533.) DHAEED38g
2 dlahetes and not o statin daly heart disazse death of ASCEND 2018 Disbetic patients without ASCVD B480 EPAEEDAGQ Unknown 0.97 {0.87-1.08)
tharany nenifatal MI) OHAEED.38g
ACCORDHLipicf X0 Participants with type 2 diabetes 5518 Fenofibratel6Omg  -256%atSy Firstocourence of nonfatal 0,90 (079-1.08) STRENGTH™ 2020  Dishetic patients, patients with ASCVD, and 13,078 EPA2lg 181% 0.99 (0.3-1.09)
being treted with Smvastatin dly ML nondatsl stroke, or high-risk patients DHA OB g
death from CY casses.
1030315

These results st sted that apo B or remnant choleste

eride-rich lipoproteins (TRL

o'y

her than HTG per

are more important pathophysiologic factors in ASCVD.

Malick WA Am Coll Cardiol. 2023 Apr 25;81(16):1646-1658,
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TG, TRLs, and TRL remnants

[—
* TRLs (Triglyceride-rich lipoproteins) : CM, CM-Rm, VLDL, VLDL-Rm, IDL
* Remnant cholesterol : cholesterol component of TRL = [TC-HDLC-LDLC]

VLDL Remnants l'.‘i.i‘yhliunn- Chylomscron WOl oL
HDL Lp{a) LDL iDL VLDL Chyl p
Density, omt| 1063 10061128 1011080 | 10064810 1008 841010 s | S () e
Duarmtes, nm -1 %3 nssms p. o 1040 50.14 T5-800 148 =
TTE e ';;
0 @ O 50.65%
N 1A
Apo ALILIV.Y  Apo B 108 Apo B 190 Apo 8100 Apo B 100 ApcBda
Apola) L
Triglyceride-rich Lipoproteins
a1
WF—Cholesterol Non-HDL-C
Apo B
Number of atherogenic Npoprotein particles Q—J h+ =T
;Immm Lpde) = ,u—uu |ow-density , D= ¥ VLDL = vy ¥
A= . WDL-C = high-demsity LD&-C = low-demy lipaproten chosesteral. 2y oo, 7o - Hgairitn. 1 » st sw
Heo JH et aE J Korean Med Sci. 2023 Sep 25;38(38):e295
Metabolism of remnant lipoproteins
in optimal vs hypertriglyceridemia
[— i
Optimal Moderate - Severe
plasma triglyceride elevated plasma triglyceride
(<1.2mmol/T) (1.7-5.7 mmolfl)
VLDL overprodurtion
lincreosed fiver fot,
VADL production insulen resistance.
tyee 2diobetrs)
Inomol tver fof) /'—'\ g ﬂ e
@ Neewdy secreted v
ey T — irtinc FRrasie s
ester increasing cholesterol
content of remaant CETP transfer
o =
Debasdation and
remuodeling
‘?‘.‘E'“m _ oy
e W gemete vanans
high apoC T
Branch in ViDL proceinng leading
o remnant formation and
clewrance, or comeeraionta LOL deodation
D)) e G e
increasing mtherogenicity!
Henry Ginsberg et al. European Heart Journal (2021) 42, 4791-4806
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Remnant cholesterol and ASCVD

ﬁwnfasting remnant cholesterol increase of 1 mmol,-’l (.39 meg/dl) is In Korean patients with T2D, remnant-C was a/w CVD,
associated with a 2.8-fold causal risk for ischemic heart disease. independent of the LDL-C level or other conventional CVD risk factors.
Ischemic heart disease Niotal  Nevents Risk estimate (5% CI) |, ®
Remnant cholesterol increase of 1 mmol/L (All p <0.001) i -
Obsenvational: Elevated plasma levels 56667 2874 » 14(1315)

Causal: Genetically elevated levels 73513 11984 e 28(1942) |

1 !
Remnant cholesterol doubling in concentration I

Observational Elevated plasma levels 10391 1098 i 17(14-20) by e
s gl e e
. ' - —— §
Causal: Genetically elevated levels 0113 5705 ——e 22{15-34) . S - == :{h -
I TR - o
e — ) o — — Lt -
Myocardial infarction ‘ T - = E :--. =
= ' T o k= H = —
Remnant cholesterol increase of 1 mmol/L ==k - R
o e il R G —
Observational: Elevated plasma levels 108508 219 4 14(13-15) L e == :f.“—“ 2
e L i HI g el =
Causal: Genetically elevated levels 97745 4199 — 17(1.0-30) .:.i : 1:: . E e N
- ] = - iy i o
o ] 1 il it ’ o 6 " _____—_—‘—
Wang K et al. Front Cardiovasc Med. 2022 Oct 17;9:913869. Huh JH et al. Cardiovasc Diabetol. 2022 Nov 2;21(1):228.

Role of TG-rich lipoprotein remnants in atherogenesis

|—
A chylomicron B
overproduction
VLDL
Monocyte recruitment
and macrophage
foam cell formation
Enhanced Remnant
generation of
remnant B | cosscabytons
lipoproteins during OR
inefficient lipolysis = erietrats
of VLDL and | 2l Z 1
chylomicrons 'J i

Enhanced formation of
small, denseLDL

Henry Ginsberg et al. European Heart Journal (2021) 42, 4791-4806
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Linking severe hypertriglyceridemia to acute pancreatitis
(— I
: i HTG — Induction of HTGAP
o,
o X Unsaturated FAs —-»smi efects
: o Acinar Ca” concentrationt Eunww
N . s o D n | seasem
Lérand Kiss et al Acta Physiologica. 2023;237:e13916
Major goals of treatment of hypertriglyceridemia
(— I

1. Prevention of cardiovascular disease
2. Prevention of Pancreatitis

3. Improvement of insulin resistance and MAFLD
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5. Treatment

Treatment of hypertriglyceridemia: GUIDELINE

Pationt with slovated TG

® Uaing ang achieve LOL-G goar®

® Defing nan-HOL-C goal

@ Excludefraat secondary causes of HTG®
& implement ifestyle changes

Non-HOL-C goal not achisved
TG elevated

//\n

03 < 10 manoi, 6.2 10 mmol,

Primary goal CV rish reduction
b CV rigk, evaluate for further
non-HOL-C feduction;
# Conaidar further LDL-C recuction®

Furthor TG reduction roquired:
® nfmrady [fe-styls changes

® Corsidar fibrate ardior omags-1 FAS ® Consider MCT fat®
® Consult ipid creg
1 r
M.-_a TGz nélmoll.
Consider experimental therapy’

Primary goal: prevention of pancreatitis

® Cunider Morale andix criega-3 FAY

Q)

¥ IMindicated, fibeates

Take home figure Troament Agorithm for patients with g
absalute cardiovmcular ritk, *Potential seoondary couses for l‘\wmrlgmr-ﬂbm are

efium-chain fatty acidh. Experimental therapios are listed in Tobie &

“Low-density

12 For individuals with a 1 A I B
triglyceride concentration should be used 1o contral
of oo mgML or higher, triglyceride concentration,
immediate drug therapy 1 Ifindicated, omega-3 Bitty Ia B
and lifestyle modification acids should be considered
are impartant to prevent to control trighyceride
acule pancreatitis. ¢
1y For individuals with a 1 A 17 Combination drug therapy I C
triglyceride concentration may be considered if
of 200-400 mg/dL, the targeted triglyceride level is
primary ireastment goal Is not met after monotherapy,
to lower the LDL-C 1o the 8 The primary goal for low I A
targeted level based on the HDL chalesterolemia treas
caleulated cirdiovascular ment is to control LDL-C lo
risk. below the target.
iy Forindwvidusls witha la B
trighyceride concentrathon
al'2c0~g99 mghdL,

pharmacological therapy
should be coneidered to lower
trighyeeride concentration
after achieving the targeted
LDL-C level if triglyeeride
comeentration is> 200 mgidL

with cardiovascular risk
Gictors, or (Mnon-HDL-C
ton s dhove the

lted in Table 2. Further low-density ip

rerkiction wiliakia el I achiewieg Fomhighckrciy g abek cholestori gk, O PA. ooz 3 futy ackls. H1CT; mm.mgn-

target,

Laufs U et al Eur Heart J 2020:41, 99

Jeong IK et al. Korean J Intern Med 2019;34:723-771
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Drug class/agents :f[;:;:(t: ‘I;?f:; Triglyceride effect
Statins T 5-15% J 18-55% J 7-30%
Fibriates 1 10-20% {r 5-20% ¥ 20-50%

Niacin 1 15-35% { 5-25% J 20-50%
Ezetimibe 1% J 18% ¢ 8%

Bile acid sequestrants T 3-5% J 15-30% gl?iilbagsz
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oAl

| zoxgs| gmagE | =2 oAl

AE}E! (HMG-CoA
reductase [nhibitor)

ofi=|E|0|E (cholesterol
absorption inhibitor)

Bile acid sequestrants

PCSK3 inhibitor

Fibric acid derivatives

Omega-3 fatty acids

Myalgia, arthralgia,
elevated transaminases,
dyspepsia

Cholesterol synthesis §
Hepatic LDL-Rt
1 VLDL production

LDL-Ct
acvelEz

Intestinal cholesterol

absorption § LDL-R1 Elevated transaminases

LDL-Ct

Bile acid excretiont
LDL-Rt

Bloating, constipation,

LoL-Ct elevated TG

Itching at the injection site,

EepaticlDL it} flu-like symptoms

Dyspepsia, myalgia, gallstones,
elevated transaminases

Z4X4t | LPLt VLDL synthesis}

Dyspepsia, diarrhea,
fishy odor to breath

S48t | TG catabolismt

Fibrates

+ gemfibrozil, fenofibrate, bezafibrate, pemafibrate

Free fatty Liver cell Muscle cell
acids (2] 1)
¥ ApoClll 4 LPL -
—>TA
|
hgtochgnc_lml
! Mrtochon fal b Bt"’rf
| _Z
pemxisumal - —
FA axidation Fcﬁ'j/’,/,-”'

o
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Omega-3 relative strength of effect

|
PICA T, TYPIC PPLEMENT, i -3 fatty acids are found
HBCAL OIETaRY IGAL LR TMENTAL Clinical Effect Ii‘.ﬁ.&’é“l‘rh"":'u“u“'.'ﬂd"“
Antiarrhythmia
3
&
S
- o
B
[ Triglyceride-Lowering PADAM
ﬁ Heart Rate-Lowering -
2 7 . e ,.
£ BP-Lowering ’J‘" .
E S T -
%99 9y
Antithrombosis
0 500 1000 1500 2000 2500

EPA + DHA Intake, mg/d

JAMA, 2006;296(15):1885-1899

Strategy to lowering of TRL and remnants for ASCVD prevention
[— D

1. Inhibiting lipoprotein production

1) Mipomersen [an antisense oligonucleotide (ASO) inhibitor of apoB-100 translation] : block apoB synthesis : HoFH
2) Lomitapide (an inhibitor of microsomal triglyceride transport protein) block VLDL assembly : HoFH
=>» Adverse events : elevated liver enzyme and hepatic fat accumulation

2. Reducing cholesterol ester enrichment of remnants

CETP inhibitor : evacetrapib or anacetrapib

- marked decrease in the cholesterol/TG ratio in VLDL

- While anacetrapib treatment led to a smali risk reduction, putatively linked to a decrease in LDL-C,
greater LDL-C reduction with evacetrapib did not confer cardiovascular benefit.

3. Stimulating lipolysis

192 Si=Xi - SUSISHE| BS9Is]
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Key factors of hypertriglyceridemia management
|— e

. 1) CM : Intestine from dietary fat
1. TG synthesis ,',
2 2) VLDL : Hepatic synthesis

2. TG clearance ' 1) Lipolysis of TG by Lipoprotein lipase (LPL)
2) Hepatic clearance of remnants

TG catabolism : Lipoprotein lipase (LPL)

Lipoprotein Lipase

mmsm.:\ o l

N <00
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TG catabolism : Lipoprotein lipase (LPL)
. LPL is a key and essential enzyme for the catabolism of TGRLs.
Emerging two therapeutic targets.
1) ApoC-llI o ol
2) ANGPTL3 m 1 J P"'“"":_ ;,‘iu'p;u Lipoprotein Lipase
2 |
-,

- Volanesorsen (Waylivra; ISIS 304801 or IONIS-APOCIIIRx; lonis/Akcea)

Novel emerging drugs for TG

1. Treatment to reduce Apo C-llI
- Olezarsen (ASO targeting APOC3 mRNA)
- Piozasiran (siRNA of APOC3)
2. Treatment targeting angiopoietin-like protein 3
- Evinacumab or IONIS-ANGPTL3-LRx

3. FGF 21 analogue

Laufs U et al Eur Heart J 2020041, 99
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Q1A Insights into the Etiology, Diagnosis, and Treatment of Severe Hypertriglyceridemia

Take home message

The prevalence of hypertriglyceridemia (= 150 mg/dl) is 30% in Korean adults aged 20 years older.
TRL, Remnant cholesterol, rather than hyperTG itself, are more important pathophysiologic factors in

ApoC3 inhibits the LPL and decreases the clearance of TRL and remnants, and results in hyperTG.
. Recent clinical, epidemiological and genetic studies : causal relationships of apoC3 with hyperTG

R N

but, injection site reactions and thromobocytopenia were common adverse events.
7. Olezarsen (ASO targeting APOC3 mRNA) : reduced TG, ApoC3, prevent AP. Adverse events was mild.
8. Plozasiran (siRNA of APOC3) : reduced TG, ApoC3, in phase 2 study.
9. Pegozafermin (FGF 21 analogue) : reduced TG, improved NASH.
10. Despite the significant reduction in TGs with apoC-Ill, ANGPTL3 inhibitors, and FGF 21 analogues
it remains to be seen whether these reductions in TG can translate to reductions in MACE.

Stimulation of Lipolysis through Inhibition of ApoC3 or ANGPTL3 : novel target for management of HTG.

Volanesosen (ASO targeting APOC3 mRNA) : reduced TG, ApoC3, prevent AP, improved insulin sensitivity.

ASCVD.

N <00
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Clinical metabolomics, clinical mass spectrometry, metabolic disorders, laboratory results standardization
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1. Lee KS, Lee YH, Lee SG. Alanine to glycine ratio is a novel predictive biomarker for type 2 diabetes mellitus.
Diabetes, obesity & metabolism. 2024;26(3):980-8.

2. Yun SY, Rim JH, Kang H, Lee SG, Lim JB. Associations of LDL Cholesterol, Non-HDL Cholesterol, and
Apolipoprotein B With Cardiovascular Disease Occurrence in Adults: Korean Genome and Epidemiology Study.
Annals of laboratory medicine. 2023;43(3):237-43.

3. Ahn S, Lee SH, Chung KS, Ku NS, Hyun YM, Chun S, et al. Development and validation of a novel sepsis biomarker
based on amino acid profiling. Clinical nutrition. 2021;40(6):3668-76.

4. Kim SR, Lee SG, Kim SH, Kim JH, Choi E, Cho W, et al. SGLT2 inhibition modulates NLRP3 inflammasome
activity via ketones and insulin in diabetes with cardiovascular disease. Nature communications. 2020;11(1):2127.

5. Nam HS, Ha J, Ji D, Kwon |, Lee HS, Han M, et al. Elevation of the Gut Microbiota Metabolite Trimethylamine
N-Oxide Predicts Stroke Outcome. Journal of stroke. 2019;21(3):350-2.
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Lipid Measurement Methods and

Interpretation

o 4 =

AN TITHHAC|St

Contents

* Lipoprotein(a)

« LDL subfraction, sdLDL-C 2=7{
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@ nanypRnnn

& X|CH (lipoprotein)2] 5 &

U o K| ched

Chylo- / \
microns / i
@w < 096 _\lI Chviomicrons
1.006-1. 019 IDL . et S SRS \

3 Chylotnicron \
E 1 019-1.063 retmnanls _____//
< 1.006 ———— VIDL
HDL’ Lp(a) t 1.040-1.130
| 1iog:3_ e LDL
TC HDLC LDLC Remnant-C £
I | |
Non-HDLC
16 I on | 1.063 — ﬁ HDL
AWM Ak 1.21 \ y
o @ romamg=s
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0|4= Lipid Measurement Methods and Interpretation

LDL-C assay: assay dependent ambiguity

Assay—dependent ambiguity

Circulating
non-HDL cholesterol

W
-
a3

...LE............................. .

Do not enter the arterial intima Enter the artenai. intima

‘LDL-cholesterol’
assay * Beta- quarltlﬁcanan — Reference method
Y —

=
fff“ Sl:e speuﬁc

Friedewa Ed and direct
Nat Rev Cardiol 2019:16:197-8. @ rmrmyme

Beta-quantification (ultracentrifuge and polyanion
precipitation)

Ultracentrifuge laboratory

1{952'—=| Dcnner Laboratory Ol Al 2
oAl = E|7| }\Io-l)\l

I._—|—I_|:I

J Clin Lipidol. 2007;1:100-3. @E’i’!!'.‘!.’.’.‘ﬂ‘
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Heparin/Mn?* HDL and beta-quantification LDL RMP
separates lipid classes according to their densities

1. Ultracentrifuge serum 2. Hep/Mn** precipitate
(~16.5 hrs, 37,000 rpm, 18°C)

3. Abell-Kendall Cholestero|
(LDLC+HDLC) — HDLC = BQ-LDLC
@ oo rmsme

Ultracentrifugation 2 H|

Uitracentrilugation

|—-—|:|—| 5.0 mL serum sample

1.008 Kg/L densty

40,000 rpm for 18.5 h at 10°C

| Bottom Fraction (LDL and HOL) |

| quantitalive transfar
1o 5.0 mL volumatric Nask
and brought 1o volume

L \
Sselective Precipitation

2.0 miL aliquot Bottom Fraction
[ 80 L hoparin (5,000 uniwml:-]

100 pl MaCly (1.0 mol/L)

Centrifugation
1500x g for 30 min st 47 C

Beckman-Coulter Preparative Centrifuge /
Cholestarol Analysls

J Clin Invest 1955:34:1345-53. Motfified Abalt-Kendall procedure lor cholesterol @ LI 8 ekl
optimized luﬂlnbwmpalHOL-cv_wu Sl S
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Chemical Precipitation with polyanions

TABLE 2 LirorroTeINs PRECIFITATED BY VARIOUS SULFATED TABLE 3 Fmvaw ConcentraTions o Reacents ReQuIRED
Porvsacciarimes anp Divarent Cations FOR THE PRECIPITATION OF LIPOPROTEINS
Sulfated Polysaccharide Chylomicrons
- - Reagents plus VLDL LDL HDL
f N Dextran Dextran ——
Cation Heparin Sulfate Sulfate 2000 Heparin 0.01% 0.19% no ppt
> — z Mnt*+ 0.05 0.05
Mg**, Cat*+ Chylomicrons |Chylomicrons Chylomicrons " : = »
VLDL VLDL VLDL Dextran sulfate 0.01% 0.1% no ppt
LDL L.DL 1\15"‘* {Ca**} 0.1 m 0.1 m
1 HDL Dextran sulfate 0.05%, 0.65%
Mn*t Chylomicrons | Chylomicrons Mn** 0.05 m 02m
VLDL VLDL Dextran sulfate 2000 0.05% 0.55%
LDL LDL Cat* 0.1 M 0.2 u
\ g ok NaPhT 0.05%, 0.29 2.09,
Mgt 0.1 M 0.1 m 0.2 m
NaPhT 0.08%; 0.69%
Mn*+ 0.05 M 0.2 m

J Lipid Res. 1970/11:583-95. @ T

CDC has two reference methods for cholesterol

Abell-Kendall Method GC/MS Method

‘ Serum (250 uL}) ‘ ‘ Serum 250 ul) |

.

‘ Add Intemal Standard ([**C;]cholesterol) |
h 4 ‘
‘ Hydm lysis (EtOH/KOH 50 °C, 80 min) ‘ ‘ Hydrolysis EtOH/KOH, 50 °C, 60 min) |

v ‘

‘ Liguid/Liquid E sraction (Hexane) ‘ ‘ Liguid/Liquid Extraction (Hexane} |
v L

‘ Evaporate Hexane (Vacuum} ‘ ‘ Evaporate Hexane (Vacuum}) |
"

‘ LiebenmnnBut:ham Reaction ‘ ‘ Derivatize (trisil BSA, 70 °C, 90 min) |
v +

‘ Spectrophotometric Measurement ‘ ‘ GCIMS analysis |

From the Dr, Hubert W. Vesper's presentation in Korea, 2011

N <00
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Relative bias between AK and GC-ID-MS for the serum samples

examined
The mean %bias of AK RMP against ID-GC-MS RMP was 1.6%
Ellerbe P, et al. Clin Chem 1990;36:370-5.
Proposed master equation for epidemiological comparison:
AK= 1.0181GC-IDMS)- 0.0937
~ = 0.9996
Edwards SH, et al. Clin Chem 2011576 14-22.
B T m e m e e e
_ 80 s ol
17| TR S IR, S S 5.80 e
X a . E 450 o ,_‘fﬁﬁ'

- EE‘ =30 &9
§ : .E: a0
g = [+ F %) 181 -850 180 480 £30
g 150 = IVGCNS Cholesteral immol)
:: a o im .
b L sttt bttt * Good correlation between the methods for total

0.304 STRRR .S — cholesterol measurements

0.0 SIS e gl DG SIS CTERNG *  AKRMP has small positive difference to ID/GC/MS

0o Lo 20 10 &0 50 6.0 1.0 E0

CDC GC-IDMS cholesterol (mmol/L)

@Tull'.' wmEnnn

 17to| FH[ot CrYTt 7|27t E R, 4
3

Ab =40 T2

3t 7|20l Tat g2l 2o 7Ho|7} ol
- YAE Ol HAL2 A8 BT |0 BE B

@ oomammmss
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Friedewald &2

Fig. 1. William Friedewald.

Clin Chem.2004;50(10).1861-70.

@ LELLS k-]

Friedewald = 4! 2| X| gt

LDL-C (mg/dL) = TC — HDL-C - TG/5

o SX|E0] 400 mg/dL O| A AL
« AN0 Z 20|93 20|
o A0 B|EfE A L& X| THEO] (VDL remnant) %A= &4

» 2 Bt NEEE S0) $U0 TXHS

UE BT (B8M 12472 X 7[X] B2 EF)

[
o
< (Type Il hyperlipoproteinemia)

* Friedewald =210 2|2 | pLC ¢}
Ol H cv,:4.0% HEESHE K| & HAA ~109 2 MZALAY

[0 varlablllty = 37 =824 2] variability?} 2o & (Friedewald 54

Clin Chem. 1972:18:499-502.

@ DN ERINTS
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Friedewald = 4! 2| H|2tH

TABLE 7. Estimates of total analytical variation in LDL-cholesterol measurements

LDL-chol

No. of Concentration cv, CV, (LDLchol)
Sample Laboratories mg/dL (mmol/L) (%) CV, (Total chol)
co3 1,149 138 (3.57) 10.8 1:9
Cco4 1,138 167 (4.32) 11.3 2.0
co8 1,282 171 (4.42) 11.4 2.0
co9 1,371 195 (5.04) 126 21
Cc13 1,405 132 (3.41) 11.8 2.0
Cc14 1,393 153 (3.95) 117 21
C16 1,349 191 (4.94) 13.3 2.2
c17 1,340 159 (4.11) 12.3 21
Source: CAP data taken from College of American Pathologists Comprehensive Chemistry Survey, 1989, NIH Publication No. 95-3044

September 1935 @ panyymgmen

Direct Methods

* First-generation methods (chemical precipitation)

Precipitant

Heparin at pH 5.12 Merck, Genzyme, Polymedco
Polyvinylsulfate | Roche Diagnostics
Unspecific amphiphatic polymers | Bio Merieux

Dextran sulfate | Progen

LDL-C,,ec = TC — supernate (non-LDL) C

Clin Chem. 2002:48(2) 236-54. @ e

206 =R - SusHE) DRI
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Direct Methods

* Second-generation methods
« ResinOfl Z2El apo A-11} apo E0fl P L2 24 SH|IS 0]:8310] 11 0] 2|9| X| THvipL, IDL,
HDL)E B TAIE

EELEES VLDL IDL LDL HDL

resin - polyclonal Abs (apo A-l, apo E)

@ nanypRnnn

Direct Methods

* Third-generation methods (Homogeneous assays)

« 1998 F|FO| IpLc A HO| Y20 E N E

A2 222 2 E N

@ oemasim

N <00
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Homogeneous Methods - 41BN |pL-c 5™

LDL

VLDL

™

Redrawn from Anal Methods. 201353612,

@ nanypRnnn

Homogeneous Methods2| &

ofr

5| 7'—

« M = (SEAIY, 2 AHE, HoLC )=

SZA 0 Qg HIPE 20| 7

o SAX|H0| 200 mg/dL O| &9 F2E =
o 24| Ok %2 HAMME ZH 7Hs
2+2 2 6HH A 2 St= B 0| of H|sj THY

@ oemasim
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Accuracy — CRMLN program

Standardization using CRMLN

For assay manufacturers and organizations
using y-developed method:

Manufacturer or
Clinical Laboratory
; Evaluates all results and Provides single-denor
4 issues certificale of sora with measuremant
SAFER  HEALTHIER PEOPLE accuracy and precision results as needed
if appropriate
CHOLESTEROL REFERENCE METHOD
LABORATORY NETWORK (CRMLN) €DE Lipids
Standardization CRMLN Laboratory
LIST OF ANALYTICAL SYSTEMS & 29l
REAGENTS CERTIFIED FOR LDLC e
results with those from parficipant
Date Updated: March 2019 Provides comparison results along

with measurement results

O]= cDC2| CRMLN (Cholesterol Reference Method Laboratory Network) &£ = “1 3= &9t & A

IS -HTAAE I 24 @remvmame

NCEP Recommendations for Analytical Performance of Lipid
and Lipoprotein Measurements

CONSISTENT WITH
Total Error, % Bias, % v, %
Cholesterol 8.9 243 =3
Triglycerides £15 =45 5
HDL cholesterol £13 S 45 2
LDL chelesterol =12 | z

Roche Diagnostics GmbH
Dr. H. Klima
Nonnenwald 2
Penzberg, Germany
Phone: -

Instrument Reagent Reagent Lotis) Calibrator Calibrator Lot(s) Matrix Certification Date Netwerk Laboratory POC

Roche Diagnestics GmbH Cobas | Roche Diagnostics GmbH LDLC3 | 658154 Roche Diagnostics GmbH Clas 469280 Serum 2/16/2023 Erasmus MC No

Lipids

@ oemasim

N <00
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CRMLN USA and international members are regional reference

laboratories
Laborataire national
de métrologie et
Canadian d'essais (LME),
External Quality Frange
Assessment X '
Laboratory, o B
Vancouver %
\* o, q
Medpace % A
Reference
Laboratories,
Cincinnati, &
Chio i}“ \ .
CDC,
Atlanta,
GA
Fundacion Biochimica
Argentina, La Plata

Presented by Selvin H. Edwards,

ahnaz Dasti, Hubert Viesper on Nowv. 1712 in Seaul

Erasmus MC, |
Rotterdam, The |/
MNetherlands

Korean CDC
CRMIN lab

Mational Cerebral and
} Cardiovascular Center,
lapan

Beijing Institute of
Geriatrics, China

@ nIY-yeynen

LDL-Cholesterol accuracy evaluation

5 LDL cholesterol
% difference i —
32
28 A
24
20 X
16 & A |a 0
12 A - + %
8 £ = & Al &l s x I8 ° L
0 ......... o S — A o ot = b Ei e 2
4 8 X % o ¥ % P i 9 D 1 J® 13
T —. - LTI 9 SN VIO OO oS LMY
-12 e
o o s - A
X F G +
@ '_' ::_'Il'_.' l.‘ }.|.II.‘.. n
210 =R - SHZHsLEE| WA
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LDL-C/TG ratio is associated with LDL-C bias

Sample LDL-C/TG LDLC
number ratio Average ¥%Bias
1 0.87
Z 229 43 147 179 0.82 3.4
3 143 55 77 71 1.08 232
4 188 57 116 77 1.51 -0.7
5 214 52 131 136 0.96 3.0
6 192 49 12 100 1.21 15
7 152 38 85 155 0.55 7.6
8 174 65 95 60 1.57 3.2
9 193 47 118 118 1.00 4.8
10 183 48 102 153 0.66 9.4
11 178 43 81 218 0.37 20.8
12 163 55 91 83 1.11 3.5
@ oo rmsme
Difference of test results among routine methods
for measuring LDL-cholesterol Clinical chemistry 2010;56:977-986
100 147%  185% 142%
80 L *
o
£ 60
@
e 4
o
2 20 T
o
0 =
nE: —
y 20
3
8 4w
© * * *
2 -0 . X
(=]
-80 * * *
% *
00— X ok e . x
De De Ky Ky Ro Ro Sr Sr Sk Sk Sy Sy Um Um Wa Wa
D NDNUDWN NUDM NUDN NDNUDND N
Fig. 2. Box-and-whisker plot of the differences in percentage between the direct and RMP results for LDL-C for each
direct method (abbreviations as defined in the Fig. 1 legend).
The median is the center line, the ends of the box represent 25th and 75th percentiles, the end of the lines extend to the 10th
and 90th percentiles, and individual results are shown beyond the lines. @ romrsmm
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CRMLN certification: Samples from patients with dyslipidemia

* Additional five specimen that are collected (not part of certification)

must:

* Include at least one sample from donor with Diabetes Mellitus (type | and type i)
* Include at least one sample from donor with Hypertriglyceridemia

* Include at least one sample from donor with Cirrhosis
* Include two additional sample types (Lipid-lowering drugs, Dyslipidemias, CVD, ESRD)

@Tull'.' peEnnn

Lp(a) measurement

@T'J'I‘.‘ pmEnnn
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Immunochemical heterogeneity of Lp(a)

hhhhh
Saaa

e -
—

Waeak LBS Strong LBS

i@(24~.|w.|$;|§._113,1$.;.¢.1r\,:,i g

Isolorm size
heterogeneity

= Size polymorphism of apola)
2742 copies of the KN type 2 (KIV,) elements

Molzcular weight [~250- 8300kD=)

Plasminogen

Inactive protease

Apola)

@ nanypRnnn

Lp(a) measurement

Polyclonal antibody

= Raised in animals and are of polyclonal nature.

* |f an antibody is directed against this repetitive
motif, the protein might be recognized by the
antibody more than once, which makes a

measurement in molar terms hardly possible.

* Monocdonal antibody against non-repeated

region?

Immunoturbidimetric assay

* Monodonal antibedies yield very low signalsin
homogenous turbidimetric assays and are thus

not applicable for such tests.

-
1. A

- LY

& # 3 *
i -
-
~ ¥ Y ] ‘ - 4
5 Y —_— ” !
. T o . 1 .
- # T~ F
. ’, . A ~ -
i/ - s
" i
/ P ™~ -

@ remrsim
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Influence of KIV,-dependent immunological

assays on quantification

c(Lplah? — cvDriskt

;ﬂ underestimation of ¢(Lplal)

o’kimerestimatiun of c(Lplal)

* Same immunoreactivity
per particle between

samples ?

+ (Calibrator

c[Lp[a]H — CVDrisk 4

@ Rt N ek i)

Lp(a) concentration

A A

Lp(a) concentration and Lp(a) isoform size

Clinical samples with these high
concentrations are expected to have “ "

small apola) isoforms ,. ’

24 L

avis. RIS
stse. el
: gals
o 42 ./.K-wk Clinical san_'lples with these low
2 concentrations are expected to
k“‘w € have large apol(a) isoforms

e

Absorbance

Atherosclerosis 2022;349:123-135

Lp(a) Value

250 4
isoform indepandent assay Higher Lp(a)
values are
200 — underestimated
by isoform
dependent
assays
Lower Lp(a)
150 5 values are
overestimated
by isoform
100 —
Isolorm depandent assay l
50 —
9 T I | I 1
o 40 35 3 25 20 15

Lp(a) Isoform Size
loumal of Clinical Lipidology 2018;12:1313-1323

@ LML R k- i)
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Lp(a) standardization

* |soform sensitive assay = Isaform insensitive assay

* Lack of an international reference material and hence the non-traceability of manufacturers' Lp(a) calibrators
to a reference material

* In 1995, the IFCC (International Federation of Clinical Chemistry) Working Group for Lp{a) Assay Standardization

A Horseradish peroxidase
* Candidate reference method (Morthwest Lipid Metabolism and Diabetes Research MAB a-40

apofa) K4 type 9
Laboratories {MLMDRL), University of Washington, Seattle, USA}: ELISA using MAB a-40

* In 2003, IFCC Standard Reference Material (SRM) 2B (107 nmol/L) was approved. ‘* *
apofa)

* SRM 2B: used for value assignment of manufacturer's calibrators apola)
MAB
I w1 |
i L g i
Journal of Clinical Lipidology 2018;12:1313-1323 NLMDRL Lp(a)

Comparisons between an isoform-sensitive and an
isoform-insensitive assay

>

Absolute bias nmol/L

50
40 * Both assays used
30 Overestimation by same calibrator (K4,
20 ﬂ =5-10 nmol/L = (2-4 mg/dL)

10 [. o-® ° . ] 21 repeats).

; ® L e ® o0

e ® « Still bias in isoform-
-10
o9 Underestimation by St
-20 =5-10 nmol/L (=2-4 mg/dL) sensitive assay.
-30
-40 Marked underestimation by =35-45 nmol/L (=15-20 mg/dL):
£ observed in =2% of the population
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
MupiheratkN repeats Atherosclerosis 2022/389:123-435

N <00
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B Lp(a) might be even underestimated in some patients
l” with CAD
80 " CAD more frequent ' CAD less frequent
70
Simulated Lp(a) correction according to data from
60 Marcovina et al., Clin.Chem. 41:246-55, 1995

w
o

Median Lp(a) mg/dL
s
o

Apo(a) isoforms Lp(a) quantification
Small il Isoform-dependent
Small Isoform-independent
30 Large [l |soform-dependent
Large Isoform-independent
20
10 I
i) | | B8 DR TE N OR PEee

11-16 1719 20-22  23-25 26-28  29-31 32-34  36-37 >37
N (43) (167) {435) (457) (421) (491) (380) (398) (277)

Number of KIV repeats (number of individuals in parenthesis s i
e r f B ) Atherosclerosis 29!!2}311(53‘]?5‘;;{3

The isoform-sensitivity is not even more pronounced
considering the wide range in the number of KIV repeats

* apo(a) protein isoform size has between roughly

250 and 800 kDa.
* IgG antibody has a size of =150 kDa.

* Therefore, a steric hindrance might avoid the
binding of several IgG antibodies per molecule of

apofa).

* Some assay manufacturers try to avoid this by
using more than one calibrator with different

apo(a) isoforms.

e Ve L L]
1 Am Coll Cardiol 2017:69:692-711 @

216
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Size-calibrated polyclonal
Immunoassays

* Calibrator
* Serial dilution from high concentration

* Independent calibrator with different isoform

Calibrator
i

Overestimation of Lp(a)

Patient specimen
b

Underestimation of Lp(a)

Size-calibrated polyclonal immunoassays
‘ underestimation

r overestimation

reERZO—Twn

1 2 3 4
CALIBRANT
s ncreasing molar concentration and decreasing average molecular weight

SRR Q @

DENY-EanTn
Annals of Clinical Biochem istr\r@Z‘l 162
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2023;60:262-272

Tabled Relationship of the assigned Lp(a) value to the observed value for 30 samples.”
Participant System Method® Slope y-Intercept  Average
absalute
bias, nmol
Daiichi Pure Chemicals Co. Ltd. Hitachi 717 ITA 0.85 4.1 12.4
DakoCytomation A/S (formerly Cobas Fara ll ITA 0.82 206 184
Dako A/S)
Denka Seiken Co. Ltd. Hitachi 917 ITA 0.99 1.7 4.4 |
DiaSys Diagnostic Systems GmbH EPOS 5060 ITA 0.81 255 19.3 i
* 22 assay systems were calibrated
DiaSorin Inc. {formerly Incstar) Cobas Fara Il ITA® 0.86 a8 13.2
DiaSorin Inc. {formerly Incstar) Cobas Fara ll ITA? 089 15.8 174 traceable to IFCC SRM 2B.
Nitto Boseki Co. Ltd. Hitachi 7150 ITA 0.89 22.6 19.6
QOrion Diagnostica® Kone Specific ITA 078 743 59.3 « Despite the use of a common
Roche Diagnostics GmbH Caobas Integra ITA 092 ma 13.7 )
Roche Diagnostics GmbH (formerly  Hitachi 911 ITA 074 20.0 19.8 refErEnce R naation,. i
Boehringer Mannheim GmbH) harmonization in Lp(a) values among
Immuno AG BN100 INA 079 89 16.1 )
Beckman Coulter, Inc, (formerly Beckman Array INA 093 10.0 15.8 the different methods.
Beckman Instruments) . .
Beckman Coulter, Inc. (formerly IMMAGE INA 0.88 205 218 * Low level of impact of apo(a) size
Beckman Instruments) varigtion chserved by the Denka
Children's Hospital, Boston BN INA [15:3] 151 171
Dade Behring Marburg GmbH BNl INA 079 136 16.7 method is primarily due to the use of
{formerly Behringwerke AG) five independent calibrators.
Cliniga Corp. (formerly Beckman Array INA 0 16.1 147
International Enzymes Inc.)
Princess Alexandra Hospital, Brisbane Beckman Array INA 030 74 12.6
Tenon Hospital, Paris Beckman Array INA 090 10.6 15.0
Medical Biochemistry Institute, Graz ~ DELFIA (a/B) FlA 078 79 16.7
Medical Biochemistry Institute, Graz DELFIA {a/a) FIA 0.66 189 238
SEBIA EID 072 12 201
Baylor College of Medicine, Houston ELISA 077 184 19.4 Clin Chem Lab Med 2004;42{@15_—‘& i i
P.e.portlng Assay name Calibration traceability Lt Method g
units {n) range
nmel/L Roche Lp(a) Tina-Quant SRM2B 5 Turbidimetry 7-240
Randox Lipoprotein(a) Assay SRM2E 5 Turbidimetry 5.23-206
Sentinel Lp(a) Ultra SRM2B 5 Turbidimetry
Diasys Lp{a) 21FS SRM2B 5 Turbidimetry 6—260
mg/dL Roche Lp(a) Tina-Quant converted Calculation (nmol/L X 0.4167)
Randox Lipoproteinfa) Assay Manufacturer's internal standard 5 Turbidimetry 3-30
Sentinel Lp{a) Uttra Manufacturer's internal standard 5 Turbidimetry 10100
Diasys Lp(a) 21FS Manufacturer's internal standard 5 Turbidimetry 3-110
Denka Seiken Lp(a)-Latex SEIKEN Manufacturer's internal standard 5 Turbidimetry 0.5-80
Abbott Alinity c Lp{a) Manufacturer's internal standard 5 Turbidimetry 3-90
Sekisul Lp {a) Latex " DAICHI” Manufacturer's internal standard 3 Turbidimetry 1-100
Siemens Healthineers Atellica CH Manufacturer's internal standard 5 Turbidimetry 10-85
Clinical Chemistry  Siemens Healthineers N Latex i_p{a]lc Manufacturer's internal standard 5, serial dilution Mephelometry 10100 n
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20243 D17 BRI NETA 382 M

CAL-24-02 Target value: 36.85 mg/dL

N CV(W) 3
All 20 3685 742 201 404 26 887
Abbott 2 256 ETH1
Alinity ¢ system 2 546 281
Beckman Coulter Inc. B3 3067 642 209 226 411
AUTSE00 Senas i ] 30.61 &7 21e »2 228 411
ALTSS0 1
Canon Medical Systems (7 Toshiba Medical Systems) ] 240 %9
TEA-2000FR. 1 450
TBA-c8000 1 240
TBA-FXS 2 318 “7
Hitachi high-technologies corporation 13 2312 o il 353 240 3.0
‘Hitachi 7180 1 254
Himachi 7600 2 258 300
Hitachi Labospect 006 2 241 48
‘Hitachi Labaspect 008A5(S) 3 46 240 252
Labospect 008 5 258 250 275
Roche 1 4117 181 44 @ 318 587
‘cobas pro ¢503 4 2 391 833
<obass00 501 with Electrolyse Module 4 401 393 447
cobas800 502 3 381 a3
cobasgo <702 4 4153 166 4.0 a4 I 8.7
Siemens Healthineers 7 ’m 279 s
Atellics CH 930 Anslyzer ] - 437 75
BN™TI Syseem 1 e
=Abbett = Siemens = Roche & Beckman - Randox -~ LDT — ALTM (N=17 labs)
500
a ' &
i £
450 5 A
L] Ll ™Y
. ? ~
4 i
- L @ te » : : g
L ] A -
.
: . B 20 i3
350 'i' 4 ok A H i L L ' a P
” A A A : — 1 L ] & .
. & 9 — é ! o B . & l L l ™ s @
g 0| 2 oz - = . =
¢ 2. ] L] L] e 8 )
E - l s o . 1 2 » H .
b : T° e ., . & ° A LI "
= 20| 48 N * T N e . et . ]
& ® 4 g * . ® 0 o ® [ (] s ® s T
9 T [ - ° - - E 5
—_— ) 1 ° . L] [}
g . . g 8 ! .
200(gw . 8 R § . — °
? " ol ° = o 388 ]
[ ]
10| * 8 L . * . o ' -
- L ] L ]
100
* The inability to compare absolute Lp(a) content between different clinical studies and the large
50
inter-method variation in values documented by several surveys.
0
1A 3B 2F 4A 2B 4C 2C 3D 1C 4E 1F 3C 2A 3F 1B 4B 1E 4F 2D 3E 2E 4D
Paired ECA-samples (NL, 2018) L8 i

Clinica Chimica Acta 2020;51%: J60-268
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METROLOGICAL TRACEABILITY OF APOLIPOPROTEIN TESTS:

TRANSITIONING TO AN SI-TRACEABLE REFERENCE MEASUREMENT SYSTEM

CURRENT

~ Immunoassay-based reference measurement
procedure (RMP) no longer available

~ WHO Reference materials AP1-01, SP3-08, SRM2B
running out of stock in 2021/2022

WHO-IFCC Reference Materials

for apoA-I, apo8; Lp{a)
not S-traceable, commutability unknown

Current Traceability Chain

~Manufacturer )

TRANSITION

Sera from COC’s Clinical Standardization

‘Programs, Atlanta, GA, USA

standardization@cdc.gov

Sera from Laborataire National de Métrologie
et d’Essals (LNE), Paris, France

Pormare

Pt . v A e R A PR W R

SOON

~ New mass spectrometry-based reference
measurement procedure (RMP) finalized
by the IFCC Working Group Apolipoproteins by Mass
Spectrometry (WG-APO M5)

# MNew serum-based reference materials with values

assigned with new RMP available in 2022/2023

JRC-IFCC/LNE Reference Materials
for apoA-l; apo8, Lp(a), and other apolipoproteins
Sk-traceable, commutability known
developed in collaboration with IFCC WG-APO MS

New Traceability Chain

Sl-Units

Primary reference
Materials

100
75
50

Identity [%5]

25

=
3 ;
‘ — £ —— AT g
Detection = Purification& ¢ -
Tine Separation -
TPENYPMAGLTR
m/z 666.8308
= - = == | | [==:] =

< 7 S v o A K7 I
1500

1000
Amino acid position

https://fanalyticalscience.wiley.com/content/article-do /mass-spectro metric-protein-analysis-clinical-laboratories

Beference; sl Towards an 5. Symam for WL BarC-Up S Chm 025, 67(3L 478
nepE/ fpodcans appie. o ¥ e
— A ) : * Mass spectrometer based
Denaturation Reduction Alkylation

reference method

Digesﬂon. S\Q
P )
= % * Isoform insensitive assay

GISSTTVTGR LFLEFTQADIALLK
m/z 489.7644 m/z 786.4558
| -

Identity

80
60
40

@ LML R k- i)

PD
2000

T10 (K5
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Current status of Lp(a) method

Polyclonal Immuncassay
Single calibrator, Size dependent

Mass assay (mg/dL)

Marcovina et al.

ELISA at NWLRL

Monoclonal antibody to K3
Sizeindependent

Molar assay and Reference method

Size-calibrated polydonal immunoassays Size-calibrated polyd onal immunoassays

5 independent calibrators, At least size depende 5 independent calibrators, At least size dependent
Manufacturer's internal standard Traceable to WHO /IFCC reference materials

Mass assay (mg/dL) Mol ar assay (nmol/L)

Emerging IFCC reference method and reference
Isof orm insensitive assay th:i:r;a!s ——
Monaclonal antibody targeted for non- aesp
_ Size independent
repeated region Molar assay
@ oo rmsme

LDL subfraction & sdLDL-C

@ LML R k- i)
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LDL subfraction separation

HDL VLDL
— VLDL 1 .‘
<+«—— |DL
HDL LDL VLDL
} LDL subfractions 4\ |
._JL | Ll J q

< HDL HDL .Sd[.-DL. ‘ VLDL
||| ok

€ Mobility in tube gel

@ oo rmsme

Homogenous assay for sd-LDL-C

TRL
1b-LDL sd-LDL HDL

Stepl Surfactant A Sphingomyelinase  Surfactant B Surfactant A

H 4 Oy 0+ Oy . 2H 0+ O

Purple-red colore==  1:0; <= Cholesterol

Cholesterol esterase \\d_LDL
Mc asurement Choleseral oxjdase
. Peronidase

Step2

| Dissociate | Dissociate \ Protect Dissociate
Cholesterol Cholesterol H Cholesterol
Cholesterl esterase

Cholesierol esterase - - Cholesterol oxidase
Chuolestenol axidase Catalase
Catalpse

Clin Chem. 2011:57:57-65.

@ oemasim
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Thank you!
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