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Vias de transporte de lipidos

e Exogena: Dieta — Higado
« Endogena: Higado — Tejidos periféricos

* T. Reverso: Tejidos perifericos —Higado






Metabolismo lipidico.
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ESTEROLES

* Los esteroles son lipidos esenciales de las
membranas de las céelulas eucariotas y
ausentes en las procariotas

e Elementos fundamentales en el control de
las propiedades de las membranas
celulares

 Especialmente las funciones de barrera de
las membranas estan vinculadas con el
nivel de esteroles
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PRINCIPALES ESTEROLES EN PLASMA

* Precursores sintesis de colesterol
— Escualeno
— Colestenol
— Desmosterol
— Latosterol

e Colesterol

e Esteroles no colesterol
— Colestanol

— Esteroles vegetales
« Campesterol
« Sitosterol
« Avenasterol



ASPECTOS COMPARATIVOS

Colesterol Fitosteroles Fitostanoles

Ingesta/dia 300-500 mg  200-400 mg <10 mg

Fuente huevos, carne, Aceites vege. Ac. Coco, tallos,
mantequilla, semillas, Industria

Sintesis endog. 800-1200 mg No No

Absorcion 40-60% < 5% 0,1-2%

Concentracion 140-300 mg/dl 0.3-1.7 mg/dl 0.3-0.6 mg/dlI

Excrecion 40-60% >95% >98%

Clifton P. Atherosclerosis Supplements 2002;3:5




Mecanismo molecular

canaliculo lumen intestinal

]
r
S

Acidos biliares

Colesterol

produccion
VLDL

Hepatocito

produccion
quilomicrones

Acidos biliares

Colesterol
(quilomicrones)

1=2
%
&
e,
C2

circulacion portal linfa



UTILIDAD CLINICA DETERMINACION
ESTEROLES EN SANGRE

Colesterol: riesgo coronario

Fitosteroles: riesgo coronario ?
Marcadores absorcion intestinal

— Colestanol

— Fitosteroles

Marcadores sintesis enddgena de colesterol
— Escualeno

— Colestenol

— Desmosterol

— Latosterol

Cocientes: absorcion/sintesis
— Clasificacion hipercolesterolemias
— Respuesta a estatinas, ezetimiba,...
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Historia de la genética de las HTG
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Novel LMF1 Nonsense Mutation in a Patient with Severe Hypertriglyceridemia

Presenta mutacion W464X en homocigosis
Exén 9 de LMF1

Angelo B. Cefalu, Davide Noto, Maria Luisa Arpi, Fen Yin, Rossella Spina, Hannele Hilden, Carlo M. Barbagallo,
Antonio Carroccio, Patrizia Tarugi, Sebastiano Squatrito, Riccardo Vigneri, Marja-Riitta Taskinen, Miklos Péterfy and
Maurizio R. Averna

1. Clin. Endocrinol. Metab. 2009 94:4584-4590 originally published online Oct 9, 2009; , doi: 10.1210/jc.2009-0594

* Probando de 42 anos con HTG desde los 32 (no fiene
una clara respuesta a fratamientos).

* TG =2.400 mg/dl CT =374 mg/dl HDL-c = 44 mg/dI
=

isodios recurrentes de pancreatitis y Diabetes ti
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FIG. 2. Analysis of LAMFT gene (reference secuence NM_022773). The
chromatograms show the partial sequence of exon S in the proband
(A), the proband’s son (B), and a control subject (C). The arrow
indicates the c. 1385G>A mutation




LMF1 es una proteina de membrana, que se localiza en el RE en

NH,
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/% domain
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The inset illustrates the N-folding and C-folding domains comprising the lipase monomer; wavy lines indicate an MN-terminal domain that is partially
folded. Only the homodimer exhibits enzyme activity and exits the endoplasmic reticulum ; all other lipase forms are inactive and are retained in the
endoplasmic reticulum. Terminally misfolded forms are destined for endoplasmic reticulum-associated degradation (ERAD). CMX, calnexin; ERp57,
57-kDa endoplasmic reticulum protein; LMF1, Lipase maturation factor 1.

Doolittle et al. Curr Opin Lipidol 2010;21:198-203



"‘% NIH Public Access

&  Author Manuscript

o NATIG %

.0

* HEM

Published in final edited form as:
Cell Metab. 2007 April ; 5(4): 279-291.

Glycosylphosphatidylinositol-anchored high density lipoprotein—
binding protein 1 plays a critical role in the lipolytic processing of

chylomicrons

Anne P. Beigneux!.”, Brandon S. J. Davies, Peter Gin, Michael M. Weinstein®, Emily
Farber!, Xin Qiao’, Franklin Peale?, Stuart Bunting?, Rosemary L. Walzem3, Jinny S.
Wong#, William S. Blaner®, Zhi-Ming Ding®, Kristan Melford”, Nuttaporn Wongsiriij, Xiao
Shu', Fred ge Sauvage2, Robert O. Ryan’, LorenG. Fong1 , André Bensadoun®, and Stephen
G. Youngt

I1Department of Medicine/Division of Cardiology, David Geffen School of Medicine, University of California,
Los Angeles, CA 90095

~omo una proteina de superficie celular que se unia a HDLs.
GPl-anchored Ly6 (como UPAR v CD59).

B TG = 2.500-5000 mg/dl

ido adinosc el corazéon y el musc' llo esquelético.
linc . 4 dominios:

GPIHBP1 se une a LPLy QM
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HIPERTRIGLICERIDEMIAS PRIMARIAS

« Aumento de la produccion hepatica
—  Cromosoma 1: Hiperlipemia Familiar combinada (USF1 ?)
—  Hipertrigliceridemia familiar (?, USF1)

« Defectos catabolismo particulas ricas en TG

—  Periféricos
« Deficiencia de Lipoprotein lipasa
« Deficiencia de apo C-ll
« Deficiencia de apoAV
« Deficiencia de LMF1
» Deficiencia de GPIHBP1
—  Hepaticos
» Deficiencia de Lipasa hepatica

« Disminucion captacion hepatica remanentes

—  Defectos ligando:
*  Mutaciones apoE(2/2): Hiperlipoproteinemia tipo Il

—  Defectos receptor LRP (?)
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RETIRADADE LAS LDL
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Metabolismo de las LDL
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Figure | The LDL receptor pathway.

De Castro-Ords et al The Application of Clinical Genetics 2010:3





































HIPERCOLESTEROLEMIAS LDL

Aumento de la absorcién intestinal
— Primarias:
. ABCG5/G8 : sitosterolemia
. Mutaciones: ABCG5/G8 (?)
. Mutaciones: NPC1L1 (?)
— Secundarias
. Dietas ricas en colesterol

Aumento de la produccion hepética
— Primarias
. Cromosoma 1: Hiperlipemia Familiar combinada (USF1 ?)
. Ligados a Lp(a): Hiper-Lp(a)
— Secundarias
. Obesidad, dietas ricas en grasa saturada
. Sindrome nefrético

Disminucion captamon hepatlca
— Primarias
. Defectos ligando: ApoB 100 defectuosa familiar
. Defectos receptor LDL: Gen receptor LDL: Hipercolesterolemia Familiar
. Mutaciones en PCSK9 con ganancia de funcion
- Secundarias
. Hipotiroidismo
. Farmacos: ciclosporina
Defectos eliminacion colesterol bilis
- MIEUES
« ABCG5/G8 (?)
. Deficiencia de Cholesterol 7 alpha-hydroxylasa (CYP7A1)
- Secundarias
. Colestasis



GENETIC HYPERCHOLESTEROLEMIAS

Monogenic (1/500)

Autosomal dominant
Familial Hypercholesterolemia (LDLR): 60-80%
Familial Defective ApoB-100 (APOB): 1-5%
FH 3 (PCSK9): 0-3%
Unknown 20-40%
Autosomal recessive (<1/1.000.000)
Autosomal recessive hypercholesterolemia (LDLRAP1)
Sitosterolemia (ABCG5/ABCGS8)

Complex diseases (1/50)
Familial combined hyperlipidemia (?)

Polygenic (1/25)
APOE, APOB, LDLR, PSCKO9,...



Retos terapeuticos mas alla del
colesterol LDL

* Lipoproteina(a), Ip(a)
* Apolipoproteina B, (apoB)
» Colesterol no-HDL, (c-no-HDL)
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Metabolismo de Lp(a)

+Lp(a) clearance in dialysis patients

Possible clearance receplors:
Megalin gp330

VLDL receptor

Plasminogen receplor

: ' Y‘ -
ILp(a) productllor in . Active” >« .
nephrotic syndrome transport?” ~ <
Possible clearance receptors: KIV,
coprotein receptor
plasminogen receptor

= Circulating Lp(a)

Fossible clearance receplors:

VLDL receptor (heart, lung, adipose)

Plasminogen receptor (ubiquitous) ~ Other tissues
Megalin gp330 (brain, lung, thyroid)

Macrophage receplor













Uso clinico de la determinacidon de Lp(a)

Sujetos con enfermedad cardiovascular
prematura sin factores de riesgo llamativos

~amiliares de primer grado de sujetos con
niper Lp(a) y enfermedad cardiovascular
orematura

Historia familiar de muerte subita prematura

Diagnostico de hipercolesterolemias
orimarias




Calculo del colesterol unido a Lp(a)
FOormula de Dahlen

Lp(a)-adjusted LDL cholesterol was cal-
culated as recommended by Dahlen (Dahlen 1990

Dahlen 1992) as follows (in mg/dl): total cholesterol —
triglycerides/5 — HDL cholesterol — 0.3xLp(a).




Distribucion de Lp(a)

Frequency

~ Conclusions: HyperLp(a) 1s responsible for
ADH in approximately 6% of nonLDLR/nonAPOB

subjects.

Frequency

J Inherit Metab Dis (2007) 30:970-977

E. Merino-Ibarra + E. Jarauta - A. Cenarro + D. Recalde -

A. L. Garcia-Otin - F. Civeira (1)

Lipid Unit and Molecular Research Laboratory, Hospital
Universitario Miguel Servet, Instituto Aragonés de Ciencias de
la Salud, Avda Isabel La Catolica 1-3, 50009 Zaragoza, Spain
e-mail: civeira@unizar.es
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Retos terapeuticos mas alla del
colesterol LDL

* Lipoproteina(a), Ip(a)
* Apolipoproteina B, (apoB)
» Colesterol no-HDL, (c-no-HDL)
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Metabolismo de LDL en Diabetes
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IMPORTANCIA LDL PEQUENAS Y DENSAS

— Se asoclan con

hipertrigliceridemia,

aumentos de LDL-c y HDL-c bajo

— Favorecen permeabilidad endotelial

— Mayor captacion arterial

— Mayor captacion por macrofagos

— Mayor suscepti
— Menor afinidad

nilidad a oxidacion

nor LDLR



Utilidad clinica de apo B

 Medida del nimero de lipoproteinas
aterogenicas

* Elevada especialmente en presencia de
LDL pequenas y densas

* Mejor predictor de acontecimientos
cardiovasculares que el cLDL en
sujetos con hiperlipemias mixtas y
diabetes






Table 3. Comparison of Lipid Levels in Predicting
CVD Mortality in Men and Women*

y* for Addition
Coefficient (SE)  RR {(95% Cl)t to Modelt

Men
Non-HDL-C§ 017 (0.03 119
LDL-C§ 011 (0.05 111

13-1.26 24.3
02122 5.0

1
1

TC§ 0.15 (0.03 1.16 (1.08-1.23 144
0

HDL-CJ| -0.26 (0.06 0.77

Women
Non-HDL-C§ 014 (0.04 115 (1.06-1.25 3.3
LDL-C§ 0.08 (0.06 1.08 (0.96-1.22 1.8
TC§ 0.09 (0.05 1.10(0.991 .22 2.8
HDL-C|| -0.26 {(0.06 0.77 (0.69-0.88 185

69-0.86 23.2

Lipid Research Program Prevalence Study. Arch Inter Med 2001; 161:1413













Suggested Treatment Goals in Patients
With CMR and Lipoprotein Abnormalities

Table 1

LDL-C Non-HDL-C ApoB
(mg /dl) (mg/dl) (mg/dl)
GHD patients or diabetic patients =70 =100 =80

with 1 or more additional major
CHD risk factor

1) High+isk patients without diabetes =100
or GHD but 2 or more major GCHD
risk factors; or 2) diabetic patients
without other major CHD risk
factors

Other major risk factors include smoking, hypertension, and family history of premature CHD.
Adapted from Brunzell et al. {(21).

apoB = apolipoprotein B; CHD = coronary heart disease; CMR = cardiometabolic risk; HDL-C =
high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol.

Lipoprotein management in patients with cardiometabolic risk: consensus conference
report from the American Diabetes Association and the American College of Cardiology
JACC, 2011;58:464




ESTUDIO PROVE-IT

HR: 0.81
(0.68, 0.96)
P =0.015

LOL =70
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330
Days after Month 1 Visit

JACC Vol BL, Mo, 7, 2008 Miller et al.
February 19, 2002:724-30 Impact of Triglycerides After ACS




Estudio PROVE IT

Eventos coronarios de acuerdo a triglicéridos durante el ensayo

HR: 0.73 TG 2 150

(0.62, 0.87)
P <0.001
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330
Days after Month 1 Visit

JACT Vol B, Mo, 7, 2008 Miller et al.
February 19, 2008724 -30 Impact of Triglycerides After ACS




Estudios IDEAL Yy TNT

Table 1. On-Treatment Values of Lipids, Apolipoproteins, and Their Ratios in Both Treatment Groups of

TNT and IDEAL

TNT

Atorvastatin 10 mg
{n=4665}

Atorvastatin 80 mg

(n=4654)

Simwastatin 20-40 mg

(h=4369)

Aorvastatin 80 myg

(n=4330)

Total cholesterol, mg/dL* 178.1 {28.5)
LDL cholesterol, mg/dL 101.0 {22.3)
HDL cholesterol, mg/dL 46.2 {10.9)

Non-HDL cholesterol, mg/dLt 131.9 (27.9)
Tnglycendes, mg/dL 156.0 {86.5)
Apolipoprotein B, mg/dL

TotalHDL cholesterol

LDL/HDL ¢holesterol
Apolipoprotein B/A-

147.5 (29.5)
75.3 (22.6)
46.1{(11.2)

101.4 (28.0)

131.3 (76.8)

91 (21)

3{0.9)

7{0.6)

7{0.2)

176.1 (29.9)
102.2 (25.2)
47.1 {12.7)
129.0 (29.5)
139.4 (83.8)
107
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147.9 34.1)
79.5 (28.0)
45.7 (12.5)

On-Statin Prediction of Cardiovascular Events

Circulation June 10, 20086




Estudios IDEAL Y TNT

Table 1. On-Treatment Values of Lipids, Apolipoproteins, and Their Ratios in Both Treatment Groups of
THNT and IDEAL

TNT IDEAL

Atorvastatin 10 mg Atorvastatin 80 mg Simwastatin 20-40 mg Aorvastatin 80 myg
{n=4665} {n=4654) in=4369) in=4330})

Total cholesterol, mg/dL* 178.1 (28.5) 147.5 {29.5) 176.1 (29.9) 147.9 (34.1)
LDL cholesterol, mg/dL | 101.0 22.3) 75.3 (22.6) 102.2 (25.2) 79.5 28.0) |
HDL cholesterol, mg/dL 46.2 (10.9) 46.1{11.2) A71{(12.7) 45.7 (12.5)
Non-HDL cholesterol, mg/dLt 131.9 (27.9) 101.4 {28.0) 129.0 (29.5) 2 (32.2)
Tnglycendes, mg/dL 156.0 {86.5) 131.3 {76.8) 139.4 {83.8) 5.3}
Apolipoprotein B, mg/dL 107
TotalHDL cholesterol
LDL/HDL cholesterol
Apolipoprotein B/A-

On-Statin Prediction of Cardiovascular Events Circulation June 10, 2008
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Estudios IDEAL Yy TNT

Table 3. Direct Pairwise Comparisons of the Relationships
With MCVEs for On-Treatment Levels of LDL Cholesterol,
Non-HDL Cholesterol, Apolipoprotein B, or Their Ratios in TNT
and |DEAL

Hazard Rafio® 95% Cl

LComparizong of zingle
MEea3ures

LOL cholesterol 082094
Mon-HOL cholesterolf 1.19-1.44

LDL cholesterol 0.87-1 05
Apolipopratein B 1131 36

Non-HOL cholesterolt 1.00-1 20
Apolipopretein B 0.92-1 20

On-Statin Prediction of Cardiovascular Events Circulation June 10, 2008







TRANSPORTE REVERSO DE COLESTEROL
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HIPOLIPEMIAS PRIMARIAS

DISLIPEMIA Fenotipo Transmision ___Genes Frecuencia
Abetalipoproteinemia ausencia Autosomica MTTP Rara
apo B recesiva

Hipobetalipoproteinemia LDLc bajo  Autosémica  apo B100 1/1000

Familiar dominante

Hipoalfalipoproteinemia HDLc bajo  Autosomica ~ ABCAL, rara

Familiar variable Apo A-1

Enfermedad Tangier HDLc bajo  Autosomica  ABCAl muy rara
Tg altos recesiva

Enfermedad de Ojosde HDLc bajo  Autosomica LCAT muy rara

Pescado Tg altos recesiva



Esquema de la proteina “ATP-binding cassette A1” (ABCA1)
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Esquema del funcionamiento de ABCA1l
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Cridation

CD3&

SR-ATR ¢ < Chalesteral

C hnlester:.rl

tract

| il J ester transfer
Gastraintestinal \ . i g protein inhibitor /

Chylomicrons ™ %
and rernnants

B Nascent pre3-HDL

Li pid poor

Infusion of
apod-l Milano and
phosphelipids




Heterogeneidad de las HDL

FORMA COMPOSICION EN APOLIPOPROTEINAS

HDL4y, HDL>, HDLs, HDLy, HDL,,



Tejidos periféricos, higad
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HDL Subclasses
{mgidL cholestenol)

it
L=

LOL Particles (nmol/L)

Relacion entre la concentracion de HDL-cy la
heterogeneidad de LDL y HDL. Estudio Framingham
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TRANSPORTE REVERSO DE
COLESTEROL

& a

v

"‘-“-"Abuﬂ ?’?

Mature HDL Nascent HDL Macrophage

Figure 1
A schematic overview of the role of the ABCA1 protein in HDL metabolism and RCT. In RCT,




El eflujo de colesterol mediado por ABCAL desde los
macrofagos no es cuantitativamente importante en la
concentracion plasmatica de cHDL

Table 1
Plasma cheolesterol and apoAl levels in mice after bone marrow transplantation.

Baseline Weel 2 Weelk 4

Donor—recipient TPC HDL-c* apoAl® TPC  HDLc apoAl TPC  HDL-c  apoAl
WT—ABCT 15.2 7.3 38.7 : 7.2 15.7¢ 19.1 5.6 10.0P
(2.6)  (1.8)  (9.0) 7.2y (4.8 (2.3) (9.1 (1.0 (2.8)
ABC1--—ABC1~~ 7. 7.5 42.7 : 4.3 101 31.6 4.7 7.2
3.6)  (1.3) (9. 7.4y (3.e)  (2.6) (8.3 (1.0y (1.
WT—WT : 40.8 &76.2 : 471 6B&1 69.4 447 7443
| 1112y (176.1) (4.0% (2.0 (152.1) (7.4)  (7.3) (112.5)
ABCT1-——=WT : 36.7  706.8 . 448 7104 770 461 7813
(7.2)  (2.5) (1158.8) (11.9%  (3.8) (159.5) (12.0) (5.0 (87.4)

Plasma samples were obtained from each mouse on chow diet 1 day before (baseline) and 2, 4, and 6 weeks after the transpl
ing. Total and HOL cholesterol were determined enzymatically, and mouse apoAl was determined by an ELISA. SDs are shown
CP < 0.0071 compared with ABC--—ABCT~"-. P < 0.05 compared with ABC-"-—ABCT-"-,

Haghpassand M, et al. J Clin Invest 2001;108:1317




METABOLISMO DE HDL

Dietary
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INTESTINO
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Sintesis y Metabolismo de la HDL

ENTEROCITO

HEPATOCITO
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HDL MADURO
FIE

LIPOPROTEINA RICA
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