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Cholesterol
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Cholesterol which can be
synthesized de novo or
absorbed intestinally is

required by humans for cell

membranes, steroid, bile
acid and vitamin D
production.

OH

Braunwald E. Atlas of Heart Diseases. Brown WV. Volume X Atherosclerosis:
Risk Factors and Treatment. Mosby, Current Medicine Inc. Philadelphia 1996
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Normal Lipid Transportation

Bree & esterified sterols
riglycerides
Phospholipids

Lipid Transfer Proteins

Apolipoproteins

“Lipid” movement is lipoprotein driven




LIPIDS Near or above
mg/dL Optimal optimal Borderline-high High Very High

loLc [ 112 ]

(calculated)

mg/dL mg/dL mag/dL

HDL-C Triglycerides Total Cholesterol

Desirable =40 Desirable <150 Desirable <200

LDL-C cannot be reported if triglycerides are >400 mg/dL. LDL-C will be inaccurate if the sample is nonfasting.




The Particle or

apoB Story




Apoprotein-related MOrtality RISk
AMORIS Study

+ 175,553 patients from screening programs
* 98,722 men and 76,831 women

+ Examined relationship of apoproteins and
lipids and prediction of fatal M

+ Mean Follow up 66-68 months

Wallidius G et al Lancet 2001;358:2026-2033



Apoprotein-related MOrtality RISk
AMORIS Study

+ In multivariate analyses adjusted for age,
TC and TG

+ _ was a stronger predictor
of risk than LDL-C in both sexes

ApoB is obviously a marker of
atherogenic lipoprotein particles

Wallidius G et al Lancet 2001;358:2026-2033



Lipoprotein Class & Subclass
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V6 V5 V4 V3 V2 V1

VLDL

There is one molecule of apoB on each
beta-lipoprotein particle

Arterioscler Thromb Vasc Biol 1998;18:1046-1053
Handbook of lipoprotein Testing 2"Y Ed 2000 AACC Press Washington DC



LDL Particle Subclass (NMR*)

LDL-P = # of LDL particles in a liter of plasma
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+ LDL particles are a heterogeneous mixture of particles of varying composition and
size, each with a single molecule of apoB

+ The larger, more buoyant particles are termed

+ The smaller, denser, less buoyant particles are termed

+ LDL-C is the sum of the cholesterol within all of the LDL particles per/dL of serum

MRSl | DL-C = cholesterol content within all of the [

LDL particles in a deciliter (dL) of plasma

*Nuclear magnetic resonance spectroscopy Arterioscler Thromb Vasc Biol 1998;18:1046-1053
www linonrofile com Handbook of Lipoprotein Testing 2000 AACC Press



Lipoprotein entry influenced

Plasma rimarily by particle
apoB particles P conc);nt):'aliion
% e % Lipoprotein associated and endothelial integrity
phospholipase A,
& (Lp-PLA,)
& % P 2

T : \ ) Endothelium
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LDL particle surface phospholipids are subject

% ®  Lysophosphatidyl choline to oxidative modification by reactive oxygen
% % Tk . Oxidized fatty acids species
e e The oxidized surface phospholipids are further
W e U 5 hydrolyzed into lysophosphatidyl choline and

Modified apoB e e e ) . .
28 oxidized fatty acids by Lp-PLA, (a lipoprotein

e associated enzyme).

Smooth Muscle Cells The oxidants & the now-modified LDL particle

- sets off an endothelial inflammatory reaction,
‘- agve upregulating VCAM and slecectins
-l g 4 T O

de Winther MPJ et al. Arterioscler Thromb Vasc Biol. 2005;25:904-914
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de Winther MPJ et al. Arterioscler Thromb Vasc Biol. 2005;25:904-914




NHANES lll: Apolipoprotein B Levels by Age,
50t and 90t Percentile
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Carr M & Brunzell J J Clin Endo & Metab 2004;89:2601-2607



Jooned of beenc! Malidne 3005 255 347-355

ok IO LR LA PIEE-2 400

Apo B versus cholesterol in estimating cardiovascular risk
and in guiding therapy: report of the thirty-person/ten-

M. BALLANTYNE® R. c:,-.num;n‘_ M. CASTRO CAREZAS® M. JOHN

CHAPMAN®. P. COOTURE®, |. DE GRAAFT, F.

. FROHL 1. FORBERG !,

LLJUNGNER'S “-n M.KERADSSY P.K
T. A. PEARSC
ANIDERMA? A. P. STALENHOEP?. E.

G.WALLDIDS* & K. M.8_ WILLIaAMSE""
From the "Hirest Bararch biatsai © ek, fydwyn
Fadornolpa ead Matition Pacaliad de Malidae g Hoopie!

ROVICH™, S.MARC
CE_SRINATH REDD Y. B ROSENSON®, N.SARRAPZADEGA
STEIN?®, P. . TALMUD'_ A M. TOO

. PAERGEMAN",
3. B HOMPHRIES !4,
O LPACKARD®,

. DUORRINGT

Colrge of Mrdiiar, Hoaston, T3 1004 "Ilmlqr
e, S "'.: Frm.f:-.m--..n.'m-: Ead terddom, the

Mrthrdonds ‘]ﬁp’dﬁ' dr la Paw, Pods Frones "-hﬁ-r]f'-rp'dn'l'r Vv sitaiee de (i
eimapea Mabea! Cmier, SNeavpen, S Nededonds, "reaon of Gerdionaraler ead Fadaine
Igemarg Uttty of Moncheies, Monchegteor, 18 "h oo Amirgpdia vy Hopise] I‘im’m:rl Ilulnmﬂi,

Calembie, & Peal's Hogitel, Venmaser, R
! Lol Qafbwe, (oo ”'I.'rr.-mrq.

s New Dl lndie;

ik "h’.:h-]-"a-m Ureweeritg Scnd af Medinr, Wik,
[ '-11 Jewonio, TH |"I\. "'L."nn'f'rrrmd

"Wntweeri g of B

ape, AL, 154 PUha Conbovenalar

Uik B oardlioom Rishanet cung [l Cordivnsicn fiar Barmrarh, MG hiseratty Hadth Scvnces Grdow, Moo o] (e
Aghemrdens o Ombe, Ondanet, OF, 154 T onnd Uiy, Watarfe, dortadie; and ™Ning Garta/ 1V Beendt bttt end

Nonloke botitatr, Sovckholm, Sandm

Abstract. Harter P, Balantyne (M. Carmena R,
Castro (abezas M. John Chapman M. Conture F. de
Graad |. Turringtom PY. Faergeman O, Frombch ],
Furherg CIL Gagne O Hafiner SM. Humphries SH.
Jungner [ Kramss BM. Kwierovich P Marcovina 2.
Packard C]. Pearson TA, Srmath Raddy K. Rosemson
R farrafadegan M. Snidermam AT Stalenhosf AF.
Ztein E Talmud Pl Tonkim AM. Walldms G. Wil
limms EMS (Heart Research Insfitnte, Sydney. NEW,
Anstra i Raplor College of Medicme, Homsdon, TX.
TEA: Hosprtal (Qimico Universitario, Valmcia, Spain:
Et Pramciscms Gasthuis. Rotterdam. the Netherlands:
Héipital d= la Prisé Paris, France; Cemre Hospltaber
Universizire de (héher, (néhec. Canada Radhond
Oniversity Nfjmegen Medical Center. Mjmegen. the

O 2008 B clewndl Fabliking Lid

Metherlands: Umvensty of Manchester, Manchester,
1 Aarhus Amtisygehns University Hosmital Az
his O Denmaric University of British Colombia, 3t
Faml's Hospital Vencowver., BE Canadac  Walke
Forest Imiversity School of Medicme., Wnstone
Zalem, NIC, DEA: Universid de Laval Laval, Qudhec,
Camadar Iniversity of Texas Health Science Center.
Ean Amonia. TX. USA: Royal Free and University
College Medical School Lemdon, UK: Harolnsia
Instinte. Stockholm: CALAR Ressanch. Sdockholm.
Sweden: Children’s Hospiial Oakland Research
Institute. Jailand CA: The Johns Hoplkms Medica

fion Ihstinfions. Baltimore, MD: University of

Washmgtom, Seattle. WA, 1BA: Glasgow Royal
Infrmary, Glsgow, UK Universty of Rochester,

247

AllfeithEmatienalfiandirensnatonal
SereeninefandihERPENHCIOUICENESAre
gziseel op) totell o ERIE epjglasiage),

Barter PJ et al. J Intern Med 2006;249:247-258



The apoA-l Story




Apoprotein-related MOrtality RISk
AMORIS Study

+ In multivariate analyses adjusted for age, TC
and TG

+ _ was a stronger predictor
of risk than LDL-C in both sexes

<> was protective

Wallidius G et al Lancet 2001;358:2026-2033



Apoprotein-related MOrtality RISk
AMORIS Study

+ In multivariate analyses adjusted for age, TC
and TG

+ _ was a stronger predictor
of risk than LDL-C in both sexes
<> was protective

* The values for Apo B and the |
ratio were strongly and positively related to risk
of fatal Ml in men and women

Wallidius G et al Lancet 2001;358:2026-2033
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The evidence also indicates that
the apo Blapo A-l ratio is
superior to any of the
conventional cholesterol ratios
in patients without symptomatic
vascular disease or diabetes to

evaluate the lipoprotein- related
risk of vascular disease.

Barter PJ et al. J Intern Med 2006;249:247-258




Apollpoprotem B & A-l Surrogates

Total (?rrdesterol

TC > 200 mg/dL is an HDL-C is the lipid
apoB surrogate apoA-| surrogate

TC/HDL-C ~ apoB/apoA-I ratio
S A 2 A A A AL AL INAIR D AN AIEIES

Handbook of lipoprotein Testing 2" Ed 2000 AACC Press Washington DC



HDL Subpopulations by GGE & NMR

Nuclear Magnetic Resonance Subpopulation Nomenclature

[ HDL5  HDL4 HDL3 HDL2 TER

apoA-II

[ HDL,, HDL,, HDL,, HDL,, HDL,, |

10.6 nm 9.2 nm 8.4 nm 8.0 nm 7.6 nm
Gel Electrophoresis Subpopulation Nomenclature

Barter, Philip et al. Atherosclerosis 2003;168:195-211



HDL-cholesterol Concentration

HDLS HDL4 HDL3 HDL2 HDL1

HDL,,  HDL,, HDL.,, HDL,, HDL,,

R

/

HDL-P reflects the number of HDL particles

<

HDL-C primarily reflects cholesterol levels
within large, cholesterol-rich particles and
lacks sensitivity to detect small
cholesterol-poor particles




HDL Functionality and
Vascular Protection
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Macrophage Reverse Cholesterol Transport

Prebeta, and
a-HDL (large
and small)

Macrophage “Foam Cell” ABCG1, G4

ATP Binding Cassette
Transporters A1 & G1, G4

PPAR/RXR RXR/LXR

Macrophage RCT does
not affect plasma
HDL-C level

Increased
concentrations of
cellular sterols

Free
cause enhanced [SEs el Esterification of & : J-C

expression of Ot cholesterol by Ik | > « T
Liver X receptor-a L E5 05

(LXR) causing ! ’S

. ester (Y

apoAl-induced S naer Where are the HDL

cholesterol efflux cavenge particles going?

Receptor B1

LCAT on apoAl

from
macrophages.

Adapted from Chinetti G et al. Nature Med 2001; 7:53-58 &




Interpreting the
Lipid Profile

and Understanding
NCEP ATP-lll Goals




Lipoprotein & Lipid Concentrations
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ApoB-lipoproteins ApoAl-lipoproteins
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Total Cholesterol

N—

What are the Lipid Surrogates of
apoB and apoA-|
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Apollpoprotem B Surrogates

— —

Total Cholesterol

TC > 200 mg/dL is LDL-Cholesterol is a
an apoB surrogate better apoB surrogate

Handbook of lipoprotein Testing 2" Ed 2000 AACC Press Washington DC



National Cholesterol Education Program

Adult Treatment Panel Il NCEP-ATP Il
Goals of Therapy

+ Normalize LDL-C (depending on risk)
* 130 mg/dl in moderate risk patients (10-20% 10 year risk)
* <100 mg/dl in high risk patients (>20% 10 year risk)
 Option for < 70 in very high risk patients

LDL-C Is a surrogate of apoB

NCEP JAMA 2001;285:2486 Final Report Circulation 2002;106:3143-3421



Apollpoproteln B Surrogates

—

ApoAI lipoproteins

N
e O B
i iyt
Y
HDL-C

ApoB-Cholesterol

Non HDL-C

Non HDL-C = TC — HDL-C

-9 999 @ e e e e eeeeesesew
Handbook of lipoprotein Testing 2" Ed 2000 AACC Press Washington DC
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Non-HDL cholesterol is not a clinically
accurate surrogate for apo B. The two are
highly correlated but only moderately
concordant. Thus, at any level of non-HDL
cholesterol, there will be considerable
variation in apo B levels.

The converse is also true: at any level of
apo B, there will be substantial variation in
non-HDL cholesterol.

Non- HDL cholesterol is the sum of the
cholesterol in VLDL, IDL, LDL and Lp(a). Of

the total plasma apo B, approximately 90%
are IDL and LDL particles with almost the
remainder VLDL particles.

Not so for VLDL cholesterol, which can
easily range from 10% to 25% or more of
non-HDL cholesterol, with the result that

there is much greater variance in VLDL
cholesterol as a percentage of non-HDL

cholesterol than there is of VLDL apo B as a
percentage of total apo B.

Barter PJ et al. J Intern Med 2006;249:247-258
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Lipidation of Apolipoprotein B

Hepatocyte or Enterocyte
Endoplasmic Reticulum

Degradation mRNA

. MTP = Microsomal

MGMbrane TG Transfer Protein

Ribosome

P
<

Cytosol

Nascent apoB interacts with
lipid free MTP and is
ubiquinated

AN
Endosomal free &
esterified cholesterol

apoB associates with MTP-
Lipid complexes and forms a

VLDL precursor which after
lipidation with TG becomes a Mature

mature VLDL in the Golgi VLDL Trig|ycerides

Whitfield AJ et al. Clin Chem 2004;50:1725-1732



ApoA-V facilitates the binding of ApoC-ll to lipoprotein lipase (LPL)

y ‘ apoC-l I
§ ¢ ApoE facilitates VLDL

binding to VLDLr

Several transferable apolipoproteins attach to
VLDL. They are synthesized and secreted by
the liver and often trafficked on HDL particles

Blood Vessel Intima



VLDL Lipolysis

Hydrolysis of TG by Lipoprotein Lipase | and Hepatic Lipase

DO OO ==X (L T 2
N »
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= / W () “
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Liver

LDL Rece

apoB and E are

TG hydrolysis releases free (nonesterified) fatty acids which
bind to albumin and are used for energy or adipogenesis

Blood Vessel Intima



The apoB Story

TG/HDL Axis Abnormalities
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Lipoprotein Abnormalities

in TG/HDL Axis Disorders
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i e LDL

Larg Small LDL
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SEN S Hepatic o |
(CETP) L f, Lipase Qe
e
N TG enriched
: Y Cholesterol depleted particles

SRCE
(CETP) /
= %ﬁ, Large

HDL

TG-depleted,
cholesterol-rich

VLDL Remnant



Framingham Offspring Study
LDL-P and Metabolic Syndrome

Mean adjusted total LDL-P and LDL-C

High Risk

LDL-C (mg/dL)

W e wm w

Triglycerides (mg/dL)

Kathiresan S, Otvos JD, Sullivan LM et al. Circulation. 2006;113:20-29.



HDL Particle Abnormalities

in TG/HDL Axis Disorders
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Large LDL Small LDL
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Smaller Yok Lipase
cholesterol-rich
VLDL remnants Large Small HDL
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HDL Particle Abnormalities

in TG/HDL Axis Disorders

L . L L L L ( [ ([ 4 4 { [ 4 4 i [ [ |
Small LDL

_ TG/HDL I.\xis Hepatic .
disorders will lack Lipase gt:}: |

HDL particles S
(] HDL-P or apoAl) {}
Of those HDLs that
remain the

predominant species ApoB ||
will be small

Hepatic @ .,
The apoB or LDL-P !@ Lipase y

will be elevated Large Small HDL
HDL l

<




Lipoprotein Abnormalities
of Type 2 Diabetes
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Particle Concentration (nmol/L)

NMR Lipoprotein Particle Concentrations In
IS, IR, and Type 2 Diabetic Subjects

BLDL-P
BEIDL-P

EVLDL-P

Garvey et al. Diabetes 2003;52(2):453-462



Framingham Offspring Study
LDL-P and Metabolic Syndrome

n=2993  Mean adjusted total LDL-P and LDL-C

High Risk

=
o
—
=
E
O
(]
-
o
1

Borderline-High Risk

J I E—

HDL-C (mg/dL)

Kathiresan S, Otvos JD, Sullivan LM et al. Circulation. 2006;113:20-29.



National Cholesterol Education Program
Adult Treatment Panel Il NCEP-ATP I

Treatment of Triglycerides

What is the NCEP ATP lll goal for TG therapy,
iIf baseline TG is 200-500 mg/dL"?

Elevated TG is simply a
surrogate of apoB or LDL-P

NCEP JAMA 2001;285:2486 Final Report Circulation 2002;106:3143-3421



National Cholesterol Education Program
Adult Treatment Panel Il NCEP-ATP I

Treatment of Triglycerides

What is the NCEP ATP lll goal for TG therapy,
iIf baseline TG is 200-500 mg/dL"?

\

1) Normalize LDL-C

2) Normalize the ~| ApobB
non HDL-C value

NCEP JAMA 2001;285:2486 Final Report Circulation 2002;106:3143-3421



The LipoScience

Story
Particles




LDL Particle Numbers

Near or above Borderline

LDL-P nmol/L Optimal optimal High High Very High
(LDL Particle Number) 1654 under 1000 Under 1300 | | 1300 - 1599 |1600-2000| Over 2000
Borderline
nmol/L Low Moderate High High
Small LDL-P 1354 under 1000 Under 1300 | | 1300 - 1599 || 1600 - 2000

High Risk Patients: Moderately High Risk Patients:

Patient b imary goal: LDL-P < 1000 nmol/L - primary goal: LDL-P < 1300 nmol/L

Goals:
- secondary goal: small LDL particle

- secondary goal: small LDL particle
number < 850 nmol/L

number < 850 nmol/L

Metabolic Syndrome Markers These markers increase the risk of developing Type 2 diabetes mellitus

Large (Pattern) A Small (Pattern) A
LDL particle size | 19.1 23.0-20.6 20.5 - 18.0
Low Risk Intermediate High Risk
Large HDL-P 3.1 > 9.0 4.0-9 <4.0
Low Risk Intermediate High Risk
Large VLDL-P 6.1 >0.5 0.5-5.0 >5.0
Small LDL Low High
size V4 Large HDL-P V4 Large VLDL-P V4
(=£20.5 nm) (< 4.0 umol/L) (> 5.0 nmol/L)




SUBCLASS LEVELS

LP subclass particle numbers are given in parentheses above each bar. The height of the bar is the percentile
indicating if the value is “high” or “low” based on a reference population consisting of >6900 subjects enrolled in the
Multi-Ethnic Study of Atherosclerosis (MESA)

The concentration of small LDL particles (in nmol/L) is given in parentheses above the percentile bar. The suggested
treatment goal for the high-risk and moderately high-risk patients is < 850 nmol/L (<50 percentile)

VLDL Subclasses LDL Subclasses HDL Subclasses
Low values are Desirable Low Values are Desirable High Values are Desirable
(especially large VLDL) (especially small LDL) (especially large HDL)
64.8
/\ (648) : 1320 /\
| |
| |
l | | /
/5% ' ! (23.9) 0
(6.1) ' ' &
| |
| |
0 (37.2) ! 0%
20% : (300) G ’
| |
) -
25% | A | 25%
: L | (0.9)
: . o (3.1)
| |
Large Medium Small Large Small Large Medium Small
VLDL VLDL VLDL LDL LDL HDL HDL HDL



SUBCLASS LEVELS

VLDL Subclasses LDL Subclasses HDL Subclasses
Low values are Desirable Low Values are Desirable High Values are Desirable
(especially large VLDL) (especially small LDL) (especially large HDL)
(64.8)
75% 239) |-z,
(6.1) 75%
50% (37.2) 50%
25% I 25%

Large Medium Small .
IDL Large Small Large Medium Small
VLDL VLDL VLDL LDL LDL HDL HDL HDL

The concentration of small LDL particles (in nmol/L) is given in
parentheses above the percentile bar. The suggested treatment
goal for the high-risk and moderately high-risk patients is
< 850 nmol/L (<50th percentile)




The apoB Story




Very Low Density Lipoprotein (VLDL)

+ The primary TG
transporting lipoprotein

+ Size, depending on TG
content varies from 350 A
(35 nm) to 700 A (70 nm)

+ Normal particle
composition is 80% TG
and 20% cholesterol
(or a 5 to 1 ratio)

+ VLDL-C ~TG/5




VLDL Size or Subclass

Nuclear Magnetic Resonance Spectroscopy
6 particles: (V6, V5 largest ------ V1 smallest)

www.liposcience.com



Using the NMR LipoProfile

Large VLDL-P

(Large VLDL Particle Number)

+ Large VLDL subclass particles in nanomoles per liter

Low Risk

< 251 Percentile

Intermediate

High Risk

> 75 Percentile

www.lipoprofile.com



Using the NMR LipoProfile
VLDL Subclasses

nmol/L
75%
(37.2)
50%
250/ Low values are
0 Desirable

Large Medium Small
VLDL VLDL VLDL
(V5+V6) (V3+V4) (V1+V2)

o a p

LP subclass particle concentrations re given in parentheses above each bar. The height of the
bar is the percentile indicating if the value is “high” or “low” based on a reference population
consisting of >6900 subjects in Multi-Ethnic Study of Atherosclerosis (MESA)



Rheological Abnormalities
in TG/HDL Axis Disorders

L L L L L L ( L ( 4 4 { [ { 4 i [ [ |

Increased hepatic production
of large TG-rich VLDL particles
Is also associated with

* Increased blood viscosity

 Decreased arterial flow-mediated
dilation (endothelial dysfunction)

* Increased hypercoagulability

» Cholesteryl ester ®




Postprandial Triglyceride Levels
in Subjects With and Without Coronary Artery Disease

=ll= No CAD (n=40)
CAD (n=61)

400 A 1

300 A

200 A

100 -

Plasma triglycerides (mg/dL)

Hours after meal
*P=0.025; tP<0.001.

Patsch JR et al. Arterioscler Thromb. 1992;12:1336-1345.



The apoB Story




Using NMR LipoProfile

CHD Risk Categories

Near or Borderline _
nmol/L - High Very High
' above High : _
DL Particle ontima ot e Ll
Numbers

LDL-P 1000 - 1300- 1600 -
1299 1599 2000 >2000

20th 50th  80th  95th

Risk categories for LDL particles correspond to
NCEP risk categories for LDL-C
(20t 50th, 80th, & 95t percentile cut points)

www.liposcience.com



Using the NMR LipoProfile

Small LDL-P (Small LDL Particle Number)

+ The total number of small LDL particles in nanomoles
per liter is a significant source of CHD risk in many
metabolic syndrome and diabetic patients

* The treatment goal for small LDL-P is < 850 nmol/L
(50t percentile)

Low Moderate Borderline  Very High
High

www.lipoprofile.com



Quantitating LDL Particles
LDL-P (LDL Particle Number)

+ The total number of LDL particles in nanomoles per liter
* 1 nmol/L = 6 X 10" particles/L.
- 600,000,000,000,000 (six hundred trillion)

* Thus with an ideal LDL-P of 1000 nmol/L there would be
» 600,000,000,000,000,000 (six hundred quadrillion) per liter

* In 5 liters of plasma there would be
- 3,000,000,000,000,000,000 (3 quintillion LDL particles)

J00-1299 1300-1599 1600-200C

Optimal Near Borderline High Very
Optimal High High

www.lipoprofile.com



LDL Particle Subclass (NMR*)

LDL Particle Numbers

, Near or above Borderline
nmol/L Optimal optimal High High Very High
1654 under 1000 Under 1300 1300 - 1599 I 1600 - 2000 I Over 2000

LDL-P
(LDL Particle Number)

Borderline

nmol/L Moderate High High

Small LDL-P 1354 600-849 850-1200 | > 1200 |

High Risk Patients: Moderately High Risk Patients:
cp;it:l":_t - primary goal: LDL-P < 1000 nmol/L - primary goal: LDL-P < 1300 nmol/L

- secondary goal: small LDL particle - secondary goal: small LDL particle
number < 850 nmol/L number < 850 nmol/L

www.lipoprofile.com



Using the NMR LipoProfile
LDL Subclasses

(1354)
/5%
Low values are Desirable
500 | High
Low
25%

Large Small
LDL-P LDL

LP subclass particle concentrations re given in parentheses above each bar. The height of the
bar is the percentile indicating if the value is “high” or “low” based on a reference population
consisting of >6900 subjects in Multi-Ethnic Study of Atherosclerosis (MESA)



LDL Particle Size

Does size make an LDL

.. LDL Particle Size Iiilili iiii“iliilii



Using the NMR LipoProfile

LDL Particle Size

+ Average diameter (nm) of the patient’s LDL particles.

+ A predominance of small LDL particles is associated with
metabolic syndrome and insulin resistance

Large Small
(Pattern A) (Pattern B)

LDL Sizes are referenced to those measured by
electron microscopy and are 5 nm smaller than
gradient gel electrophoresis estimates

www.lipoprofile.com



LDL-C Often Fails to Reflect the
Number of LDL Particles (LDL-P)

+ LDL particles can be large or small, and the amount
of cholesterol and triglycerides contained within
these particles varies widely.

It takes 40-70% more of smaller LDL particles
compared to large to carry X amount of cholesterol

LDL-C = whatever (mg/dL)
:&@ =R % L P= ’%@Qﬁﬁ’ = :i?;:t::::;

LDL-P=X LDL-P=2X LDL-P=3X LDL-P=6X LDL-P=12X

LDL-P in nmol/L

Otvos JD, Jayarajah E, Cromwell, WC. AJC 2002;90(8A):22i-29i




LDL Particle Number Distribution in T2DM Subjects

Percent
of
Subjects

Percent
of
Subjects

20

15

10

20

15

10

L 20t 50th 80t  percentile
1% 1 24% 43% 21% I 11%
(n=19) | (n=364) (n=631) (n=307) | (n=163)
I I

e

| |
| |
| |
| | |
! ! ! LDL-C
: : : : 71-99 mg/dL
| | [ |
| | | | (n=1,484)
| | | |
700 1000 1300 1600 (nmol/L)
16% 1 43% 1 30% 1 9% | 2%
(n=147)1  (n=377) 1| (n=260) | (n=76) 1 (n=15)
| | [ |
| |
sl EEETEEE o
| | | |
| | | | <70 mg/dL
| | [ |
| | | | (n=871)
| | | |
700 1000 1300 1600 (nmol/L)

AHA Scientific Sessions, 2005



Multi-Ethnic Study of Atherosclerosis
(MESA)

+ Previous studies have shown that individuals with
predominantly small LDL particles (pattern B) have
greater cardiovascular risk than those with
predominantly large LDL (pattern A).

+ However, these studies examined only the
distribution of LDL subclasses or LDL size phenotype
(large or small) rather than particle concentrations of
LDL subclasses.

+ Thus, they did not adequately control for the inverse
correlation between small and large LDL particle
concentrations (LDL-p) and potential confounding
due to their differing associations with other
lipoproteins, lipids, and traditional cardiovascular risk

factors

Mora S, Szklo S, Otvos JD et al. Atherosclerosis 2006;



Multi-Ethnic Study of Atherosclerosis
(MESA)

+ Contrary to current opinion, both small and
large LDL were significantly associated with
subclinical atherosclerosis independent of
each other, traditional lipids, and established
risk factors, with

after
accounting for the concentrations of the two
subclasses.

Mora S, Szklo S, Otvos JD et al. Atherosclerosis 2006;



Multi-Ethnic Study of Atherosclerosis (MESA)

Large LDL-P (nmol/L)
1300 [1<250 F1250-499 M 500-749 M 750+

1200

1100

1000

900

800

700

N: 10167 368 168 116 862 700 95 365 880 325 24 771 46563 9
<400 400-799 800-1199 21200
Small LDL-P (nmol/L)

Mean IMT (y-axis) for increasing
levels of large LDL patrticle
concentration

(LDL-p) are shown across
increasing levels of small LDL-p.

Increasing concentrations of
large LDL were positively
associated with carotid IMT
within any category of
small LDL-p

Mora S, Szklo S, Otvos JD et al. Atherosclerosis 2006;



Multi-Ethnic Study of Atherosclerosis (MESA)

Large LDL-P Quintiles
1101 MQ2 MQ3 mQ4 WQ5

When adjusted for
age & sex but not
small LDL-P, there
was ho association Pireng < 0-001
between large
LDL-P and IMT

After adjusting for
small LDL-P there
was significant
association

between large T
LDL-P & IMT Adjusted for age and sex Adjusted for age, sex
and small LDL-P

Mora S, Szklo S, Otvos JD et al. Atherosclerosis 2006;



LDL Receptor & LDL Particles

Normal sized

: LDL particle

apoB on LDL particles (Pattern A)
bind if their surface

charges align properly Smaller LDL

~ particle
ﬁ% (Pattern B)

Insulin Resistance; MS T2DM

ApoB conformation
changes on smaller or
larger LDL particles

making those particle Very Large
less amenable to LDLr LDL particle
(Pattern A)

binding

Familial Hypercholesterolemia

LDL Receptors (LDLY)

IR v °




The apoB Story




Using the NMR LipoProfile
IDL

Low values are Desirable

5% If present in increased
numbers IDL particles are
very atherogenic particles

50%
Very high IDL is typical of
Fredrickson’s Type lll
25% Hyperlipidemia

IDL

LP subclass particle concentrations re given in parentheses above each bar. The height of the
bar is the percentile indicating if the value is “high” or “low” based on a reference population
consisting of >6900 subjects in Multi-Ethnic Study of Atherosclerosis (MESA)



Type III Dysllpoprotelnemla
EOCOCEOEOEDTNE

Hepatocyte ooooooooooooooooo-o-o-oo... IDL & VLDL remnants
3 @gssamssmmwmmam% are enriched with apoE

LDLr

VLDL remnant

oS LRP

{ I |
ABCG4 ABCGS/8 ABCB11 /
—— T Id J 9 (
Bile Ductule

With defective apoE there is impaired hepatic
clearance of apoE enriched lipoproteins




Using the NMR LipoProfile
IDL

Low values are Desirable

5% If present in increased
numbers IDL particles are
very atherogenic particles

50%

Very high IDL is typical of
Fredrickson’s Type llI
25% Hyperlipidemia

Is it possible to have an IDL of zero?

Yes: they have very short half lives and are
post-prandial lipoproteins

LP subclass particle concentrations re given in parentheses above each bar. The height of the
bar is the percentile indicating if the value is “high” or “low” based on a reference population
consisting of >6900 subjects in Multi-Ethnic Study of Atherosclerosis (MESA)



The HDL Particle

Story




Using the NMR LipoProfile

Large HDL-P

(Large HDL Particle Number)

+ Large HDL subclass particles in micromoles per liter

« 1 umol/L =6 X 1077

particles/L

- 600,000,000,000,000,000 (600 quadrillion)

Low Risk

> 75t Percentile

Drug Naive patients

Intermediate

High Risk

< 25t Percentile

www.lipoprofile.com



Using the NMR LipoProfile

Large
HDL-P

CHD Risk Categories

Low Risk
umol/L Intermediate High Risk

e BT TR

In drug naive patients, large HDL is

associated with less risk

Levels < 4.0 umol/L (30t percentile) indicate higher
risk and > 9 umol/L (75t percentile) lower risk

www.liposcience.com



Using the NMR LipoProfile
HDL Subclasses

High values of all HDL
particles are desirable

5%

(0.9)

50%

25%

Large Intermed Small
HDL HDL HDL
(H4+H5) (H3) (H1+H2)

LP subclass particle concentrations re given in parentheses above each bar. The height of the
bar is the percentile indicating if the value is “high” or “low” based on a reference population
consisting of >6900 subjects in Multi-Ethnic Study of Atherosclerosis (MESA)



National Cholesterol Education Program

Adult Treatment Panel Il NCEP-ATP I
Treatment of Low HDL-C

+ Low HDL-C: is defined as
No specific goal defined for raising HDL-C

+ Targets of therapy:

* Normalize LDL-C in all

* Those with TG 200—499 mg/dL: >l ApoB

achieve as
secondary priority

—/

JAMA 2001;285 :2331-2338



Drug Effect on HDL-C vs HDL-P

Patient on Fenofibrate Patient on Niacin

x\( . /f%\)

r
r dommanc‘eﬁ\
rge partic es
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Veterans Affairs HDL Intervention Trial (VA-HIT)
Explaining the Beneficial Effect of Gemfibrozil

Variable Baseline (SD) Change P~

HDL Particles, umol/L 25.1 (4.6) +10% <0.001
Large HDL, umol/L 2.7 (1.7) 0.71
Small HDL, pmol/L 20.4 (5.2) <0.001
Ave. HDL size, nm 8.5 (0.3) -0.1 nm 0.68

Otvos J et al Circulation 2006:113 on line



Particles



Lipoprotein Analysis

SNMR
% LIPOPROFILE "

Ooo

The NMR LipoProfile technology directly measures the lipoprotein
particles responsible for coronary heart disease (CHD). The NMR
LipoProfile test enhances clinical management of CHD risk by
identifying patients whose true risk is higher or lower than assessed
by cholesterol testing. Treatment of at-risk patients is improved by
directing therapy to reduce overall numbers of LDL particles, the
primary causal agents of atherosclerosis.

LipoProfile Panel: reports key lipoprotein risk factors not supplied in a
lipid panel. Highlighted boxes indicate which CHD risk categories
apply to the patient, guided by recommendations of the National
Cholesterol Education Program (NCEP) and recent research results.




Using the NMR LipoProfile

Goal for High
Risk Patients

LDL-P

500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
20th 50th 80th  Population Cut Points (MESA Trial)

LDL-C l l l LDL-C

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

* 20th 50th 80th  Population Cut Points (NCEP ATP llI)
Optional Goal
for Very High §_°i';°:_"'"-;’h National Cholesterol Education Program
Fle Pl ISk Fatients Adult Treatment Panel [l NCEP-ATP Il
Goals of Therapy

LDL-C is used as a surrogate of apoB or LDL-P

www.lipoprofile.com
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