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Objectives:

_Ipoprotein metabolism.

—amilial Hypercholesterolemia (FH).

_ipid abnormalities in FH patients.

_DL -apheresis (Futura and liposorber) for FH.

Difference between LDL-apheresis and plasma exchange.
Difference between Futura and Liposorber.
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FH Gene Mutations

A One of the most common genetic defects.

A Usually caused by mutation to the human LDL receptor gene
located on the distal short arm of chromosome 19.

A Over 1,000 mutations have been reported.

Homozygous FH: 1in 1,000,000 people
Each parent contributes a mutant LOlLreceptor gene.
Heterozygous FH: 1in 500 people
Mutation in the autosomal dominant gene encoding the-CDEceptor.
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FH Gene Mutations

One of the most common genetic defects.

Usually caused by mutation to the
located on the distal short arm of ¢

numan LDL receptor gene
nromosome 19.

Over 1,000 mutations have been reported.

Homozygous FH: 1in 1,000,000 people

Each parent contributes a mutant LOlLreceptor gene.

Heterozygous FH: 1in 500 people

Mutation in the autosomal dominant gene encoding the-CDEkceptor.

Familial Combined Hyperlipidemia: 1

Molecular etiology is unknown.

In 200 people

Approximately 20% of patients who develop CHD before age 60.



Clinical Features of FH

Xanthelasm Arcus Senilis

Xanthomas




Risk of Cardiovascular Mortality
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Schuster HAtherosclerosis Supplemez(2002) 2732.



Frequency of Deaths for FH Homozygotes
based on LDL Receptor Activity

Age at Death

[0 <15 years
B 15-46 years

Deaths (%)

10+

<2% 2-10% >10%
LDL Receptor Activity

Goldstein JL, Hobbes HH, Brown MS. Familial Hypercholesterolemia 19



Cumulative Survival for FH Patients
According to Risk Factors
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Plasma Lipoproteins in Normal and FH Patients

LDL-C (ngiay | HDL-C mgioy

Normal 110 +/25 53 +-13 00 +/-25

Heterozygote 241 /60 43 4112 82 +1-51

Homozygote 625 +/-160 34 +/10 101 +/-51

Goldstein JL, et al. In: Scriver CR, et al, eds. The Metabolic and Molecular Bases of Inherited Disease. Vol 2.



Potential Antiatherogenic Actions of HDL-C

Monocyte

Adhesion
molecule

Vessel Lumen

Endothelium

Cytokines .
y Intima

Foam

Macrophage cell

MCP-1=monocyte chemoattractant protein-1.
Adapted from Barter PJ et al. Antiinflammatory properties of HDL. Circ Res. 2004;95:7641 772.



Potential Antiatherogenic Actions of HDL-C

HDL-C inhibits expression of endothelial cell
adhesion molecules and MCP-1
Monocyte /

Vessel Lumen

LDL-C
MCP-1 . -
Adhesion LDL-C Endothelium
molecule
Cytokines Oxidized LDL-C Intima.
Foam
Macrophage cell

MCP-1=monocyte chemoattractant protein-1.

Adapted from Barter PJ et al. Antiinflammatory properties of HDL. Circ Res. 2004;95:7641 772.



Potential Antiatherogenic Actions of HDL-C

HDL-C inhibits expression of endothelial cell
adhesion molecules and MCP-1
Monocyte /

Vessel Lumen

LDL-C
>~y -_— - _
Adhesion | Endothelium
molecule HDL-C inhibits
oxidation of LDL-C
Cytokines Oxidized LDL-C Intima.
Foam
Macrophage cell

MCP-1=monocyte chemoattractant protein-1.

Adapted from Barter PJ et al. Antiinflammatory properties of HDL. Circ Res. 2004;95:7641 772.



Potential Antiatherogenic Actions of HDL-C

HDL-C inhibits expression of endothelial cell
adhesion molecules and MCP-1
Monocyte /

Vessel Lumen

LDL-C
— Vi) - -—_ _
Adhesion ‘ Endothelium
IOLEELE HDL-C inhibits
oxidation of LDL-C
Cytokines Oxidized LDL-C Intima.
Foam
Macrophage “ 5% :‘}r j cell

HDL-C promotes efflux of
cholesterol from foam cells

MCP-1=monocyte chemoattractant protein-1.

Adapted from Barter PJ et al. Antiinflammatory properties of HDL. Circ Res. 2004;95:7641 772.



Mechanisms other than Reverse Cholesterol
Transport (RCT) by which HDL -C
may be Antiatherogenic

A Antioxidant

A Anti-inflammatory

A Inhibition of adhesion molecule expression
A Inhibition of platelet activation

A Prostacyclin stabilization

A Promotion of NO production

A Improved Hemorrheology



Effect of HDL-C on MACE in the IDEAL Trial
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Adjusted for
apoA-| and apoB

6 7 8
Relative Risk for MCE in IDEAL

apo = apoliprotien; HDL-C = high-density lipoprotein cholesterol; MACE = major adverse cardiac events.

Van der Steeg, W. A. et al. J Am Coll Cardiol 2008;51:632



Circulating Lipoproteins
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A NonHDL dtherogenic
T LDL
I IDL
T VLDL /VLDL remnants
X
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A HDL dntiatherogehic

i UHDL

T PrebHDL

Chylomicraemnants

Lp(3

3ApoBs a component of all lipoprotein particles currentlydcathsidege nic.

Apo =apolipoproteitDL = intermediakensity lipoprotein; VLDL = vedeluwsity lipoprotdip(a = lipoprotein (a).

1.0lofsso®0O et aWasdHealth Rislanag2007;3:49%02 2. Grundy SMCirculatiar2002;106:25Z6293. Kunitak&T et all Lipid Re4992;33:180¥816.
Images available at: hitp.mc.vanderbilt #&ghs/article/?id=186&pg=999. Accessed January 2010.Apaptessia.
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Biological and Molecular Functions of HDL
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Proteins Isolated from HDL, of
Control and CAD Subijects

Enriched in Enriched in
control subjects CAD subjects
apoC -1V 3
POMNT -
Complement C3
apoA-IvV
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apol 1
SAAT
B-2-gilycoprotein |
Complement Ca4B
apoCT-i
apohA
LCAT
CETP
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Vaisar T, et al. J. Clin. Invest. 117:786 (2007).




Conditions Associated with
Pro-inflammatory or Dysfunctional HDL

CHD

Coronary Risk Equivalents
Metabolic Syndrome
Chronic Kidney Disease
Obstructive Sleep Apnea
Surgery

Infections

Rheumatologic Diseases

o o o To To Io Io I

Ansel Bj, et al. Curr Opin Lipidol 18:42434. 2007



Role of HDL in the redistribution of lipids from cells
with excess cholesterol (e.g., macrophages)
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ApoE Binding with a Phospholipid Particle
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Apolipoprotein E

A Polymorphic multifuntional protein.

A Contains three allelesZ, €3, e4) and six genotypes (E2/E2,
E2/E3, E2/E4, E3/E4, E4/EA4).

A Pleotropic effects involve lipid metabolism, coagulation,
oxidative processes, macrophages, glial cell and neurona
cell homeostasis, adrenal function, CNS physiology,
iInflammation, and cell proliferation.

A ApoE4 isoform carriers have elevated levels of small den:
LDL-C, low HDL-C, and increased Lp(a).

Davignon J. ATVB. 2005;25:2689. Hopkins P, et al. J. Lipid Res. 2002. 43: 1881



Coronary Disease With
Apolipoprotein E Genotypes
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HDL -C and RCT Pathway
IS Defective In FH Patients

Reduction in the capacity of HDL2 particles to mediate
cellular free cholesterol efflux via both SR-Bl and ABCG1
pathways.

ApoAlI production is reduced whereas the fractional
catabolic rate of apoAl is accelerated in FH patients.

Elevated CETP-mediated CE transfer from HDL2 and
HDL3 particles to LDL-C.

Reduced capacity of HDL parti
liver for cholesterol excretion.

Five to ten fold increase of ApoE-rich HDL1.
Increase amount of ApoE4 than the general population.

Bellanger N, et alATVB 2011. Schitz GJ. Lipid Res23(6),1982.
Assmann GClin. Chem 30(5). 1984.



Apolipoprotein E4 and The variance of
HDL levels in FH Children

Table 3. Variance of mean paired differences in HDL-cholesterol
levels as explained by specific determinants

Determinant HDL difference Yo p Value

g4 allele —0.15 (—0.24 to —0.05) 72.4 0.003
Age —0.01 (—0.03 to —0.002) 12 0.02

Gender —0.03 (—0.10 to 0.04) 14.7 NS
Unexplained 0.01 (—0.04 to 0.06) 5.7 NS

Values for HDL cholesterol are given as means in millimole per liter with
95% confidence interval in parentheses (The negative value of the difference in
HDL cholesterol as a result of differences in €4 carrier status within the pairs
is the result of a larger number of relatives with the &4 allele compared with
the probands.)

Wiegman A, et al. Pediatr Res. 53: 1608 2003.



Plasmapheresis
|

Preparative

Plasmapheresis

Plasma Protein Coagulation
Concentrates Factors

Human Albumin|
Freshfrozen

Plasma

10l

Collection of

Conserved Plasm Plasma Fractions Blood cells

L

Leukocyte
Erythrocyte

Thrombocyte
Concentrates

Therapeutic

Plasmapheresis

non-selective

Therapeutic
Plasma Exchange

Activated Charcoal
Adsorption

lon Exchange
Adsorption

Cascade Filtratio
Cryofiltration

Immuno
adsorption

Phenylalanin

Tryptophan

Removal of

blood components

blood components

semiselective m

Enzyme Adsorption (Bioreaction

Immunao adsorption

Protein A

LDL -Apheresis

hemopheresis

Heparin Precipitation

Dextransulfate
Adsorption
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Lipid Apheresis Procedures
[

Plasma substitution, single use,
Plasma Exchange on.selective

Plasma filtration, single use,
semtselective

: (DSA) Liposorber, Plasma
Dextran sulfate Adsorptlon adsorption, single use, selective

Cascade Filtration

Ad : Therasorb, Plasma adsorption,
Immuno sorptlon reusable, selective

: Coe . H.E.L.P., Plasma modulation,
Heparln PreC|p|tat|0n single use, selective

Whole blood adsorption, single use,

Polyacrylamide Adsorption  ___.ive




Mean Percentage Reduction of Plasma Proteins
with Different Methods of LDL -Apheresis

Lipid

: ) HELP DALI DISYAY 1A
Filtration

mg/dL MDF

LDL-C
HDL-C

56-62%
25-42%

55-61%
5-17%
55-68%

53-76%
5-29%
28-74%

49-75%
4-17%
19-70%

62-69%
9-27%
51-71%

Lp(a) 53-59%

Triglycerides  37-49% 20-53% 29-40% 26-60% 34-49%

Fibrinogen 52-59% 51-58% 13-16% 17-40% 15-21%

Adigh variation of values are partially due to differences in treated plasma and blood volum

AVDF, membrane differential filtratiotdELP, heparininduced extracorporeal LDL precipitation;
DALI, direct adsorption of lipoproteinBSA, dextrum sulfate adsorptiolA , immunoadsorption.

Moriarty PM. Clinical Lipidology, Ball a474.3089% : A



FDA Indication for Treating FH
Patients with LDL - Apheresis

1. Functional hypercholesterolemic homozygotes
with LDL-C > 500mg/dI

2. Functional hypercholesterolemic heterozygotes
with LDL-C > 300 mg/dI

3. Functional hypercholesterolemic heterozygotes
with LDL-C > 200 mg/dl with documented CHD



Course of H.E.L.P. Therapy

Buffer/Heparin
pH 4.85; 25ml/min

Plasma- Precipitation
Separation pH 5.12

Blood
70 ml/min
Filtration

Heparin-
Adsorption

Dialysis and
Ultrafiltration

H,0 LDL Precipitate
25ml/min




The H.E.L.P. Principle: Precipitation

. LDL and Heparin at
physiologic pH.

. At5.12, LDL forms
additional positive charges.

. This altered charge causes
greater association betwee
LDL and heparin.

. Increasing cros8nkage
leads to the formation of
LDL -heparin precipitate




Precipitability as a Function of pH
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Armstrong VW et al. (1994); Chem PhysMLipids 67/68;-3P3




H.E.L.P. Precipitate Filter

H.E.L.P. I ¢

Pre-Apheresis

Total Cholesterol 611 mg/dL

Triglycerides 128 mg/dL

HDL -C 78 mg/dL
LDL -C 507 mg/dL
Fibrinogen 446 mg/dL

CRP 2.0 mg/dL



H.E.L.P. Precipitate Filter

H.E.L.P. ’rccipitateE

O TOFRELP sl
¢ ELP. GR Mo
o LELP. R Tanhe

HELP-aferenig | i

Pre-Apheresis

Total Cholesterol 611 mg/dL

Triglycerides 128 mg/dL
HDL -C 78 mg/dL
LDL -C 507 mg/dL
Fibrinogen 446 mg/dL
CRP 2.0 mg/dL
PostApheresis

Total Cholesterol 216 mg/dL
Triglycerides 49 mg/dL
HDL -C 72 mg/dL
LDL -C 134 mg/dL
Fibrinogen 193 mg/dL

CRP 0.5 mg/dL



H.E.L.P. Provides Sustained Efficacy
LDL Response During LongTerm Therapy

+ Statin

Pre-H.E.L.P.
® Post-H.E.L.P.
¢ H.E.LP-Interval

Reduction [9%]
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Seidel D (2003); Z Kardiol 92 (Suppl 3); [IH&/27




LIPOSORBER® SYSTEM (DSA)
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LIPOSORBER® SYSTEM (DSA)

Adsorption mechanism i

Dextran
sulfate

Cellalose) .
~beads




DSA Kaneka MA-03 System

Pre-Apheresis
Total Cholesterol 430 mg/dL

Triglycerides 316 mg/dL
HDL -C 30 mg/dL
LDL -C 316 mg/dL
Fibrinogen 182 mg/dL

CRP 2.7 mg/dL



