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The triglyceride-high-density lipoprotein axis: An

important target of therapy?
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High TG, low HDL-C and normal
levels of LDL-C can be described as
abnormalities of the TG-HDL axis.

This lipid abnormality is a
fundamental characteristic of
patients with the metabolic
syndrome, a condition strongly
associated with the development of
both type 2 diabetes and CHD.

Patients with high TG and low

HDL-C should be aggressively

treated with therapeutic lifestyle
changes.

For high-risk patients, lipid-modifying
therapy that specifically addresses
the should also be
considered.

Current pharmacologic treatment
options for such patients include
statins, fibrates, niacin, fish oils, and

thereof.



Oral Triglyceride Tolerance Test
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Incidence of cardiac events

per 1000 patient years
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- Helsinki Heart Trial -
Triglyceride, HDL-C and Risk for CAD
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The Copenhagen Male Study

2906 men free of CVD: 8 year follow up: 229 men had first CHD event
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Risk of CHD by Triglyceride Level
The Framingham Heart Study

3 =
¥ Men ¥ Women
N = 5127

2.5 -

y

1.5 -
1
0.5 -
0-

Triglyceride Level, mg/dL

Relative CHD Risk

Castelli WP. Am J Cardiol. 1992;70:3H-9H.



Paris Prospective Study: 11 Year Follow-up
Hypertriglyceridemia as a Risk Factor for CHD in
Male Patients with Diabetes or IFG
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National Cholesterol Education Program

Adult Treatment Panel Il NCEP-ATP lli
Risk of Triglycerides

Risk Classification of Serum Triglycerides
Normal <150 mg/dL

sorcerline nign150—199 rrig/dl

High 200-499 mg/dL

Very nhigh =500 mg/dL

NCEP JAMA 2001;285:2486 Final Report Circulation 2002;106:3143-3421
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Apo B versus cholesterol in estimating cardiovascular risk
and in guiding therapy: report of the thirty-person/ten-
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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



Normal VLDL Lipolysis

In patients with normal triglycerides,
VLDL lipolysis (hydrolysis of TG) is rapid

Hepatic
Lipase

VLDL 5,6 VLDL 3,4 VLDL 1,2

aslake acka urrOpin Lipido ;19



Indirect RCT at the Hepatocyte

Bile Acid Synthesis
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LDL receptor endocytosis of LDL
particles carrying cholesteryl ester
acquired from HDL

Bile Duct

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



National Cholesterol Education Program
Adult Treatment Panel lll NCEP-ATP lll: ApoB Surrogate

Total (?rrdesterol
ApoB-Cholesterol

Non HDL-C
Non HDL-C = TC — HDL-C

L4 4 4 4 4 4 o 4 4 o 4 4 4 4 4 o 1
NCEP JAMA 2001;285:2486 Final Report Circulation 2002;106:3143-3421




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

2004 Addendum
Risk Category = IfLDLCis:  LDLC = ="

very High: GVD + ACS, > 100, initiaste TLC& <70 _,
dlabeltes, MS, 1BP, : consider drugs . (optional)
smoking,

High: CVD or diabetes > 100, initiate TLC & <100 <130
or CHD equivalent _ consider drugs _
Moderately High: 22 risk | > 130, initiate TLC & <130 160

factors with 10-20% MI risk consider drugs 100-129 §(<100 optional) (<130 option)

Moderate: 2 or more risk§ > 130, initiate TLC &

factors with <10% Ml risk = 160 consider drugs =1 160
Low: Zeroor 1risk 2160, initiate TLC &

; <
factor - 2190 consider drugs 160 190

Circulation 2004;110:227-239



NEPTUNE Il Survey Non HDL-C Goal

NCEP Evaluation ProjecT Utilizing Novel E-technology
TG > 200 mg/dL
B Achieved LDL-C Goal I 1 Achieved Non HDL-C Goal

Optional Goals (n=170) Optional Goals (n=311)
LDL-C <100 mg/dL LDL-C <70 mg/dL
Non HDL-C <130 mg/dL Non HDL-C <100 mg/dL

38%

Moderately Very High Risk
High Risk

Am J Cardiol 2005;96:556-563



Statin Therapies for Elevated Lipid Levels Compared
Across Doses to Rosuvastatin (STELLAR)

Percentage (#/group) of Metabolic Syndrome patients and
TG > 200 mg/dL who met both LDL-C goal of <100 mg/dL
and non HDL-C goal of 130 mg/dL after 6 weeks

71%
24/34 67%
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22/36
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Deedwania PC. Amer J Cardiol 2005;95:360-366



Lipid Trafficking

ApoA-| Particles




HDL-cholesterol Concentration

HDLS HDL4 HDL3 HDL2 HDL1

HDL,, HDL.,, HDL.,, HDL,, HDL,,
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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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Bile ductule
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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 &




ApoA-l Cholesterol Transport

The major determinant of serum HDL-C
is the cellular ABCA1 transporter

The vast majority of the cholesterol in
HDL originates in hepatocytes
or enterocytes




High Density Lipoprotein Flux
— Changing HDL Composition & HDL-C -

HDL-C levels make no
statement about RCT Decrease HDL-C
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HDL Therapies

Plasma steady state

. which is a
dynamic process that can only be assessed
through kinetic measures of cholesterol flux.

An important concept is that simply raising
HDL-C levels may not necessarily be the
optimal target for the development of new

therapies targeted toward HDL.

Duffy D & Rader D. Circulation 2006;113:1140-1150



Understanding

Triglycerides




T VLDL Synthesis in Diabetics
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Increased production

of TG-rich VLDL




Lipoprotein Abnormalities
in TG/HDL Axis Disorders

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

+ Increased hepatic
production of large apoB
enwrapped TG-rich VLDL

particles

+ The more VLDL that is
produced, the higher the
apoB will be

» Cholesteryl ester ®




ApoAV and TG-rich VLDL Lipolysis

s A K A A A & A 2 2 A A A A A A A 2 2 2

ApoA-V targets VLDL to
proteoglycans placing VLDL
In close proximity to LPL

After hydrolysis, VLDL
remnants are released and

apoA-V can be transferred to
HDL and reused.

AV deficiency leads to

hypertriglyceridemia




Lipoprotein Abnormalities
in TG/HDL Axis Disorders

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

+ TapoClll is an independent
risk factor for CHD

+ 1 apoClll blocks or displaces
apoCll and apoE, which
delays VLDL lipolysis

+ tapoClll is associated with
fasting and postprandial
hypertriglyceridemia

+ TapoClll is common in
insulin resistant patients

» Cholesteryl ester ®



Rheological Abnormalities
in TG/HDL Axis Disorders

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 ®




LDL Particles in Patients with Elevated TG

LDL

LDL-C is
reduced

e e
olesteryl Ester Transfer Protein C\

The LDL particle composition shifts with
more I'G and less, cholesterol




Fate of TG-rich LDL Particles

LDL-C is
reduced

LDL particle size
is reduced

+ LDL-P

Hepatic Lipase causes further lipolysis
(hydroelysis ofi TG & phospholipids) which
reduces, the size of the LDL particle




Trlglycerlde HDL Axis

There will be a lack of large HDL
and predominance of small HDL

Endothelium

HDL,, facilitated by CETP, gathers TG, becomes a larger, TG
rich HDL, which is subject to lipolytic action of hepatic lipase

With TG removal the large HDL, becomes a small HDL; which is
is then subject to renal elimination or relipidation at ABCA1



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

Treatment of Triglycerides

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

1) Normalize LDL-C

2) Normalize the
non HDL-C value

\

~| ApoB

-/

TG are surrogates for apoB

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 Low HDL-C

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

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 Low HDL-C

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

If HDL-C is low, the TC/HDL-C and
Non HDL-C will likely be high

( )
Low HDL-C Is often a surrogate

of elevated apoB

\_ J

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 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



National Cholesterol Education Program

Adult Treatment Panel Il NCEP-ATP Il
Non HDL-C: Treatment

If the non HDL-C is elevated on a
statin, it should be normalized with
the use of a fibrate or niacin.

COMBINATION THERAPY

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



Fibrates




Lipid-Modification Trials in

Patients With Type 2 Diabetes

Secondary Prevention

4S
202

CARE

Post-CABG

LIPID
GISSI-Prevenzione
GREACE

Primary Prevention

WOSCOPS pravastatin
AFCAPS/TexCAPS lovasatin
CARDS atorvastatin
Mixed
PROSPER pravastatin
ALLHAT-LLT
3638

HPS simvastatin
ASCOT-LLA atorvastatin

All Statin = 18,707

Therapy

simvastatin

pravastatin
lovastatin
pravastatin
pravastatin
atorvastatin

pravastatin

DM (n)

586
122
1077
582
313

76
155
2838

623

5963
2532

FIELD Study Investigators. Cardiovasc Diabetol. 2004;3:9-24.

Therapy DM (n)
Secondary Prevention
VA-HIT gemfibrozil 769
BIP bezafibrate 309
Primary Prevention
SENDCAP bezafibrate 164
HHS gemfibrozil 135
Mixed
DAIS fenofibrate 418
LEADER bezafibrate y{1:]

All Fibrate = 11,858

The FIELD Study

Primary and Secondary Prevention
N =9795




Statins: Mechanism of Action

Acetyl-CoA—— > HMG-CoA~———— Mevalonate

—4< Cholesterol
HMG-CoA Reductase

+ Statins competitively inhibit HMG-CoA
reductase, reducing cholesterol formation

a o
Sole’e's's's'0 0'0'0'0'0'0'0'0'0'0'e 0000000000000 '0'0 00010 "e 0"
Honda A et al. J Lipid Res. 1998;39:44-50.



LDL Receptor Upregulation

Sterol regulatory binding element proteins (SREBPs) are
nuclear transcription factors regulating LDL receptors




Indirect RCT at the Hepatocyte

Hepatocyte L& W™ | | receptors
S S BBSBB s rrriry, -

& Cholesteryl ester
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ﬁ‘lrli yw)jm& LDL receptor endocytosis of LDL
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ABCB11 particles carrying cholesteryl ester

| ABCG5/8
4 TTTT7
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Bile Duct

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



Fibrate agonism of PPARa
and heterodimerization with
Retinoid X Receptor

Fibrate

+ 4+ o+

4

1 Fatty acid catabolism

| TG synthesis

7 insulin sensitivity

1T production of lipoprotein lipase

1 production of apoAl, apoAll and
apoA-V

| production of apoCll|

1 lipidation of HDL via ABCA1
upregulation

T hepatic delipidation of mature HDL
via SR B1 upregulation

T macrophage reverse cholesterol
transport and HDL functionality

Beneficial modification of multiple
inflammatory markers via
transrepression of NFkB

| levels of hs-CRP & Lp-PLA2



Fibrates and Macrophage Reverse

Cholesterol Transport

Macrophage “Foam Cell”

ATP Binding Cassette
PPAR/RXR RXR/LXR Transporters A1 & G1

Fenofibrate

\‘af""-\ ’ ' A :
increases
apoAl-induced e oo
cholesterol efflux E& Ch‘ S
e oile
from normal S5
™ h SRS
macrophages. S

Cholesteryl

These effects are e

likely due to
PPARa enhanced

No effect on HDL-C

Scavenger
Receptor B1

expression of
liver-x-receptor a

Reijiro Arakawa et al. Arterioscler Thromb



Direct RCT at the Hepatocyte

Hepatocyte Mt e o

;

S A :
 SRXR | 3
S : ,\: i Smaller alpha,
) SSeu, ; HDL now
Cholesteryl estersReicee : available for
) : relipidation or
Free cholesterol ~».‘ excretion
A SOOI O OO OO
| { Jh (& [ Scavenger Receptor B1
L L delipidation of large
4 seccsn oo alpha, HDL

Bile Duct



National Cholesterol Education Program

Adult Treatment Panel lll NCEP-ATP Illl Addendum
Use of Fibrates

One class of drugs that modestly raises HDL-C is the fibrates.

Post-hoc analysis of several clinical trials with fibrates indicates
that they reduce risk for CHD events in patients with high
triglycerides and low HDL-C, especially when the patients have
diabetes or characteristics of the metabolic syndrome.

Although the evidence base to support fibrate therapy is not as
strong as that for statins, fibrates may have an adjunctive role
in the treatment of patients with high triglycerides/low HDL-C,

especially in combination with statins.

Circulation 2004;110:227-239



Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD)

Laser Treatment for Retinopathy
30% Reduction

<.001
6- p
5.2
5-

3.6

Patients, %
T

0-
Placebo Fenofibrate

*Progression of albuminuria was defined as the proportion of

patients who progressed either from normoalbuminuriato
microalbuminuria or from microalbuminuria to macroalbuminuria

Patients, %

Progression and Regression
of Albuminuria®

14% Reduction

12 11\4\97.001

10
101

P F P F
Progression Regression

Keech A, et al. Lancet. 2005;366:1849-1861.



Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD)

+ Amputations
 Placebo 74 (1.5%) 31%
* Fenofibrate 51 (1.0%)
* RR=0.69 (95% CIl = 0.48-0.99) p = 0.04

+ Hospitalizations for Angina Pectoris
* Placebo 252 (5.1%
. e 18%
* Fenofibrate 209 (4.3%)
* RR=0.82 (95% CIl =0.69-1.00) p=0.04

Tertiary Endpoint

The FIELD Study Investigators.



National Cholesterol Education Program

Adult Treatment Panel lll NCEP-ATP Illl Addendum
Use of Fibrates

Concern about development of myopathy with this

combination has been lessened somewhat by the

recent finding that one fibrate, , does
not interfere with catabolism of statins

and thus likely the
risk for clinical myopathy in patients treated with
moderate doses of statins.

Circulation 2004;110:227-239



National Cholesterol Education Program

Adult Treatment Panel [l NCEP-ATP lli
Mortality and Fibrates

+ Worldwide clinical experience with various
fibrates is vast

+ No evidence of specific toxicity that enhances
non-CHD mortality has emerged

+ This experience, taken in the light of all the
clinical trials, provides little support for the
concern that fibrates carry significant short-term
toxicity that precludes their use for appropriately
selected persons.

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



Helsinki Heart Study (HHS):
18 Year Follow UP of Mortality
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Those in the OG group with both body
mass index and triglyceride level in
the highest tertiles had a 71% lower
RR of CHD mortality (P.001), a 33%

lower RR of all cause mortality (P=.03),

and a 36% lower RR of cancer
mortality (P=.22) compared with those
in the OP group.

Tenkanen L. et al. Arch Int Med 2006;166:743-748



Ezetimibe — Fenofibrate Study

% Achieving NCEP ATP lll Goals

70, === Placebo Ezetimibe
gGO Fenofibrate === Combination More than 62% of
© patients shifted to
%50 the larger, more
p= buoyant LDL
E L pattern from the
'g 3 smaller, more
g dense pattern with
9920 coadministration,
1—; and FENO alone
§'1° treatments.
o
Non HDL-C
The Non HDL-C goal attainment was Baseline: LDL-C ~ 140

: HDL-C ~ 40 TG ~ 240
comparable across baseline TG values

Farnier M, et al. Eur Heart J. 2005;26:897-905.
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Ezetimibe and Fenofibrate Increase Stool Cholesterol Excretion

Micelles
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Niacin and Monocyte ABCA1 Transporters

Cholesterol
esters

{ Upregulation of
ATP Binding
Cassette
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Niacin increases

prostaglandin D, by ARy

interfering with cyclic T T oty
AMP/ protein kinase A ‘

pathway

Macrophage
A major metabolite of “Foam Cell”

PD, is 15d-PGJ2, a
potent PPAR y agonist

Rubic T., et al. Biochem Physiology 2004;67:411- 419
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National Cholesterol Education Program
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Use of Niacin

Another drug that raises HDL-C is . Several
clinical trials support the efficacy of nicotinic acid for
reduction of CHD risk, both when used alone and in

combination with statins.

The combination of a statin with nicotinic acid produces a
marked reduction of LDL-C and a striking rise in HDL-C.
statin/nicotinic acid combination.

Although the majority of patients can tolerate nicotinic acid
therapy, a sizable minority are intolerant because of a
variety of side effects.

Circulation 2004;110:227-239



Niacin & Reverse Cholesterol Transport
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Drug Effect on HDL-C vs HDL-P
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Targeting HDL Metabolism and RCT

HDL metabolism is exceedingly complex, and because the protective
ability of HDL may relate to the flux of cholesterol through the RCT
pathway and to other aspects of HDL functionality, the plasma level of
HDL-C alone an adequate predictor of the
potential clinical benefit of an HDL-targeted therapy.

Some interventions that raise HDL-C may not reduce atherosclerosis or
cardiovascular events; conversely, other interventions may not raise
HDL-C but through effects on RCT or HDL function may have major

effects on atherosclerosis or cardiovascular events.

There is a great need for the development of novel biomarkers and
kinetic methods to assess the effects of novel interventions
on RCT and HDL function.

Duffy D & Rader D. Circulation 2006;113:1140-1150
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