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céio do Metabolisme Lipldice

 CCl

1 Inflamagéio na Aterosclerose

Imunidade natural*:

associades a patogéneos)

* DAMP (padrdes moleculares |8

associados a lesdo)
* Reconhecimento de moléculas
estranhas a0 organismo

Pro-inflammatory

* PAMP (padrdes moleculares

= Mondcitos circulantes pré-inflamatérios e linfécitos T aderem ao\
endotélio com ligagdo seletiva a moléculas de adeséo (e.g. VCAM-
1, ICAM-1, selectina P e E), com transmigragéio de leucécitos na
parede arterial, regulada por citocina e quimiocinas (e.g.
CCL2/MCP-1, IL-8, TNF-a e via IFN-y)

= Na intima, monécitos diferenciam-se em M3, mantendo e
amplificando a inflamagéo local (fator estimulador de colénias de
M@ [M-CSF] promove a maturagdo de monécitos em M@ e induz a
expressdo de recetores scavenger, que lhes permite interiorizar
grandes quantidades de LDL oxidadas e diferenciarem-se em
células espumosas)

= Colesterol intracelular precipita em microcristais com ativagédo do
inflamassoma (NLRP3), que induz a apoptose celular e converte a
IL-1B na forma ativa, promovendo a expressdo de moléculas de
adesdo, metaloproteinases (degradam a matriz) e ativagédo da IL-6
e da PGE2

» Qutras populagdes de leucécitos residentes na placa (linfécitos T
e B, neutréfilos, mastécitos e células dendriticas) promovem e
amplificam o processo inflamatério em curso

Imunidade adquirida: Antigénio
Induzida por qualquer estrutura molecular
reconhecida pelos recetores linfocitdrios

— = Acimulo de células inflamatérias e lipidos com formagéo do
m-:?iemhs ondis IF&v ©% @ C ) nucleo necrético lipidico, associado a matriz extracelular composta
"“"‘"M‘“‘“ / ) de colagénio e outros constituintes produzidos pelas SMC
@'— @] vasculares (capa fibrosa)
@ = Citocinas pré-inflamatérias inibem a sintese de coldgeno e a
- _@ Q proliferagdo de SMC e MMP (foam cells) quebram a matriz,
ﬁh@g comprometendo a integridade estrutural da capa fibrosa

Libby P, et al.

Nature 201 1; 473: 317-25 & atualizado de Hansson GK, et al. Circ Res. 2002; 91: 281-91
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= A lipidologia e os processos
arrolados a aterosclerose no
Homem sustentam uma das
mais expressivas estratégias
terapéuticas dos Ultimos anos

®" O metabolismo e transporte
dos lipidos e das lipoproteinas
no organismo constitui um
requisito fundamental para o
normal metabolismo e é um
elemento fulcral na manutengédo
da integridade de membranas,
na sintese das hormonas
(esteroides) e dos acidos biliares
e na produgdo de mensageiros
de transmisséo/transdugéio
celular

1 O 01 O 0 0O 0

Adaptado de Silva PM. Temas Cardiolégicos, 2002
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Adaptado de Hegele RA. Nat Rev Genetics. 2009; 10: 109-21



Metabolismeo Lipoproteice

Determinentes Genéticos no

I T A i A

Genes do metabolismo || —— Wl Distribuigéo populacional
lipoproteico Gl

Dietary fat, cholesterol

Bile salts, cholesterol

Increasing plasma
concentration of
lipid or lipoprotein|

-

Frequency in population

Intestine
PCSK9

FADS2.3
APOB
HMGCR
SORTI
cnr2
Common:

Phospholipid

Protein Cholesteryl
(PL)

ester (CE)
Triglycerides

Al (TG) ABCA] ABCAT CETP CETP CETP
VDL oo ABCAl
Al & TG 0 -
AV _>$ _>‘ L
Nascent Gk CE GAINT2
AN LcAar HOL ceTP|
HOL /" pi7p :‘T;
Cholesterol, Fatty Somes
. 4 acids PL Lipolysis acids APOAS
Lipolysis * ‘ LPL * LPL
GCKR
—. I ' TRIBI
LPL CD36 ABCAT PG D%  LDIR o
PCSK9 ANGPTLS
Inhibiton tm':gfo%rs Glycosylation boCe
ANGPTL3 GALNT2 CELSR2-PCRC1-SORT/ Degradation L
TRIB1 APOB
Peripheral tissues NCAN-CLIP2-PBX4 cnp2

Lusis AJ, Pajukanta P. Nature Genetics. 2008; 40: 129-30; Hegele RA. Nat Rev Genetics. 2009; 10: 109-21
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Genetics : \

WHOKD  Fredricksonhyper- OMIM number Main lipid change Primary
number  lipoproteinaemia lipoprotein
phenotype change
Familial hyperchylomicronaemia E78.3 Type1l 238600 T Triglyceride T Chylomicrons - Monogenic autosomal recessive due to two mutant alleles of
LPL, APOCZ, APOAS, LMF1, GPIHBP1, or GPD1; presentation
mainly paediatric or early adulthood
Familial hypercholesterolaemia  E78.0 Type 2A 143890 1Total cholesteral  TLDL Monogenic; autosomal codominant; heterozygous form results
from one mutant allele of LDLR, APOE, or PCX9; homozygous
form results from two mutant alleles of these genes or of LDLRAP1
Combined E78.2, Type 2B 144250 1Total cholesteral, TVLDL Polygenic; high GRS for hypertriglyceridaemia; excess of rare
hyperlipoproteinaemia E78.4 Ttriglyceride TLDL variants in hypertriglyceridaemia-associated genes; high GRS for
LDL cholesteral
Dysbetalipoproteinaemia E782 Type3 107741 1Total cholesterol,  TIDL Polygenic; high GRS for hypertrighyceridaemia; excess of rare
Ttriglyceride variants in hypertrighyceridaemia-associated genes; APOE £2/£2
homozygosity, or heterozygous rare mutation in APOE
Primary or simple E78.1 Type 4 144600and  TTrglyceride TVLDL Polygenic; high GRS for hypertrighyceridaemia; excess of rare
hypertriglyceridaemia 145750 variants in hypertriglyceridaemia-associated genes
Mixed hypertriglyceridaemia ~ E78.3 Type5 144650 TTotal cholesteral, TVLDL, Polygenic; high GRS for hypertriglyceridaemia; excess of rare
Ttrighyceride T chylomicrons  variants in hypertriglyceridaemia-associated genes, with higher

burden of risk alleles than for hyperlipoproteinaemia type 4

GRS was created by unweighted tallying of risk alleles from single nudeotide polymorphisms assocated with increased plasma concentrations of triglyceride and hypertriglyceridaemia. Adapted from Hegele
(2009).® ICD=International Classification of Diseases. OMIM=0nline Mendelian Inheritance in Man database. VLDL=very low-density lipoprotein. GRS=polygenic genetic risk score. IDL=intermediate-density

Hegele RA, et al. Lancet Diabetes Endocrinol. 2014; 2: 655-66
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Estrutura basica da
lipoproteina

Estruture cdas Lipoproteinas

Density Electrophoretic Surface companents Core lipids
{gfml) mobility
Cholesterol Phospholipids Apelipoprotein Triglycerides Cholesterylester
Chylomiceons  <0.95 Remains at 1 7 1 6 3
origin
VLDL 0.93-1.006  Pre-p 7 13 g 55 12
lipoproteing
DL 1.006-1.019  Slow pre-fi 9 19 19 a3 9
lipoproteins
LDL 1.019-1.063 f-Lipoproteins 8 ] pr] 6 42
HDL-2* 1.063-1.125  w-Lipoproteins 5 33 40 5 17
HDL-3* 1125-1.210  z-Lipoproteins 4 5 35 3 13
Lp(a)® 10401090 Slow
pre-f-lipoproteins

Adaptado de Rodriguez-Oquendo A, Kwiterovich, Jr. PO. Dyslipidaemias. In: Inborn Metabolic Disorders, 2012




Estrutura das Lipopreoteinas

Fungoes das
apolipoproteinas

10

-4 Ativagéio

8
Formagdo
e estrutura

—— p—

[~

| Ligagdio a~.

e \.3‘!

recetores

N
Integridade

enzimatica estrutural
e——)
\
Major Hssue sources Functions Mobscular
weight (Da)
Liver and intestine Co-factor of LLCAT 29015
Liver and intestine Mot known 17,404
Liver and intestine Activates LCAT 44,455
Imtestine Secretion TG from intestine 240,300
Liver Secretion TG from liver; 512,723
binding ligand o LDL
receplor
Apo C-1 Liver Activates LCAT 5530
Apo C-1T Liver Cofactor LPL S
Apo C-1I1 Liver Imhibits LPL BEOO
Apo I Many sources Reverse cholesterol transpor 19,0000
Apa E Liver Ligand for uptake of 34,145

chylomicron remnants
and IDL

L, intermediate-density lipoprotein: LOCAT, lecithincholesterol acyl transferase; LDL, low-
density lipoproteing LPL, lipoprotein lipase; TS, wriglyceride

Adaptado de Rodriguez-Oquendo A, Kwiterovich, Jr. PO. Dyslipidaemias. In: Inborn Metabolic Disorders, 2012



a=s <
= a\ /
q% | knzyme Majortissue source Functions Molecular welght
E C )Lipopmteinlipase(LPl) Adipose issue Hydrolyses TG and phospholipids of chylomicronsand 50304
7 Striatad muscle large V0L

g o=

O v— Hepaticlpase(H) ~ Liver Hydrolyses TGand phospholpids of smal LOL DL, 53222
= 2 a2

% @' |ecithincholesterol — Liver Transfors afreefaty acid from phosphatidyicholine. 47090
e E: acyfransherase (CAT) onnascent (pre-f) HOL toform choesteryestars and

8 o= mature HOL

g | ——

“‘@ g Cholesterol estertrans- — Liver spleenand Transters cholesteryesters from HOL toapoficontain- 74000
% e portproten (CE®) ~ adiposetissue ing ipoproteins

= '@' w' e & Converts DL to preHDL

& % prep HDL s

@ Phospholiidtransfer ~ Placenta,pancreas adi- ~ Transfersthe majorty of phospholpidsinplasma 81,000
% g C )protein(l’]?) posetissue, king ConvertsHOLto preHHOL

E C )Scavengerclassﬂtypel Liver adrendl gonads, en-  Meciats the selectveuptake of cholesteryl esterfrom 82000
ﬂ?. | receptor dothelium, macrophages  the coreaf ipoproteins, incuding HOL, DL and VDL

5 — T—

‘I I .'lﬂl O VY OO 0O 00 O N O Y T T v e 0

Adaptado de Rodriguez-Oquendo A, Kwiterovich, Jr. PO. Dyslipidaemias, 201 2; imagem: Toth PP. Drugs. 2010; 70: 1363-79
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@ TG: maioria dos lipidos na dieta (75-150
%' g/d); colesterol na dieta = 300 mg/d
A, (100 a 600 mg/d); secregdo biliar de

colesterol para intestino £ 1 100 mg/d

Papel do intestino

* Sintese intestinal de LP é um elemento
central do organismo na elaboragéio
lipidios da dieta para dispersdo pelo
organismo, onde séo pretendidos.

* Paradigmatica a relagdo dos lipidos
da dieta com o enterécito e com os
processos de absorgéo intestinal (boca
e estdmago + lumen intestinal)

* Interagéio entre conteddo alimentar,
absorgdo (passiva e por proteinas
transportadoras), ressintese e transporte
intercelular, que culmina num sistema
complexo de sintese de LP (quilomicron
e apoA-l/HDL) - sujeito a modulagédo
significativa (endégena e exégena)

Adaptado de Henessy AA, et al. Curr Cardiol Rep. 2014; 16: 515



Rara, autossémica recessiva por
mutagées dos ABCG5/G8 (2p21)

‘me

t Absorgdo de esterdis (+ colesterol)
da dieta, com defeito da sua
excregdo biliar

T "

Aterosclerose prematura, xantomas
tendinosos e tuberosos, anemia

hemolitica e macrotrombocitopenia

I ———————

I tEsteréis vegetais plasmaticos (13-37

mg/dl), com t pool de sitosterol e
colesterol (LDL-C 1) e | excregdo de
esterois pela bilis

T

Adaptado de Rodriguez-Oquendo A, Kwiterovich, Jr. PO. Dyslipidaemias, 2012; Escola-Gil JC, et al. Curr Atheroscler Rep. 2014; 16: 424



Secregtio Intes

» t Permeabilidade intestinal (via
GLP-2), com TAG
» Desregulagdo enteroendocrinica

\ GLP-2 indirectly # apical CD36 to

transport dietary fatty acids . . —
= Sinalizagdo

/I lIIIl AGLP-2 / intracelular
(m certain models)
04 . aberrante da
. W&zmln' r é insulina
| B Secregdo de LP 3 O
| ricas em TG @ & ng
S6

Permeabilidade
intestinal

N,

t’*»

Unknown paracrine

. — factors

Resisténcia a insulina

. - i GLP1R
4 I - n de A TG-rich apoB48-containing
|F \ t I.lpoge i lipoprotein secretion

M (™ novo p38 paf

- «tFormagdo e
secregéio de CM

| N
I 03

L]
Warnakula S et al. Can J Cardiol. 2011; 27: 183-91

Insulin receptor
TNFR1/2

Com @ Resist@ncia & insuling (Obesidade, SMet € DMT2)

inflamatério
= tExpressédo da MTP

Inflamagdo

= Efeito excessivo do sinal
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Metelbol

CM com apoB 4

A-lV entram na girc

(ou membrana |
celular) ou

excregdo na
bilis

Endocitose, via
LRP (recetor
dos CMR) o

Adquirem apoE
e apoC-l, C-ll e
C-lll das HDL

Exposigéo a LPL

o (cofator: apoC-ll)

com hidrélise
dos TG em AGL

Formagdo de CMR,

com apoE e EC
adas no figado




Aquisicdo de apoE facilita a ligagdo ao
LDLR ou ao recetor syndecanl com

1Y) interiorizagéio das remanescentes
¢ 0
© c
@
® 9|
x &
@
9 e
R& e
89
y D
a o
@ T
N o
n.

S;dueslrugﬁo através das fenestragdes dos
sinusoides hepadticos e canaliculos-biliares

Dallinga-Thie GM, et al. Atherosclerosis. 2010; 211: 1-8
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e _
Secregéio hepatica de VLDL N Sintese hepatica de VLDL

Metabolismo/oxida¢do dos AGL
com incorporacdao em TG e EC

Sintese de apoB-100 que
interatua com EC

Incorporacdo de TG pela MTP e
formacao VLDL madura

Disponibilidade
hepdtica de apoB- COP Il machinery
100, TG e EC €

olgi
central na sintese ﬂ

_ VLDL madura com fosfolipidos,
apokE; apoC-l, C-ll'e C-lll

P ’ :
. Secrecao hepatica requer apoB-100

—
-
>
)
<
(5}
A
%‘g
)
L
o
w
2
L
)

Kwiterovich Jr. PO, et al. Curr Cardiol Rep. 2013; 15: 371; Hassing HC, et al. Biochimica et Biophysica Acta. 2012; 1821: 826-32




AR = ARRIR D21

Determinantes da captagéo e libertagéo de
AGL pelo adipécit
Adipécito, AG e ApoB-LP J/ oL, pelo adipécito

insulina e ASP (acylation stimulating protein)

7 o /x thylomicron - \ / " chylomicron/VLDL *\
/ /’ @ femngn| | /’ X
0 A' “\

©) Q
apoClll Soch
insulin
Q O]
ASP Insulin = ASP insulin
catecholamines

\ adipose tissue ‘

'———_——“ -

=

| 4

& <

! Y
"-

|

Adaptado de De Graff J, et al. ApoB in Clinical Care, 2015

| L TR INE



N i
- Maior influxo hepdtico de AG influencia ndo s6 a sintese de
| triglicéridos, mas também a sintese de ésteres de colesterol

Chylomicron/VLDL

increased
apoB secretion

Integragtio Metabdlica dos AG
com o Colesterol

Adaptado de De Graff J, et al. ApoB in Clinical Care, 2015




M@'@ﬂ@@ﬂﬁgm@ das YLDL

Geragdo de
VLDL
remanescentes
e depois IDL;
captagdo pelo

figado (LDLR)\

ou hidrélise
(lipase
hepatica) até

LDL

B (3
Rl LY
; “‘\Q.‘.

)
07 ¢ \.\\-:Z . :
7 o e’

o, /|
\n"o(‘*. N

drélise dos TG das
LDL nos capilares
im contacto com LPL

(e apoC-ll) com

libertagdo de AGL

o

=




Heterogeneidade das particulas aterogénicas

ol oA
s ;‘JJJA..-‘;"‘,»

YLDL (e LDL)

Heterogeneidacde das ApoB-LP;

— BALAN cholesterol
average aepletad LDL
cholesteral LDL
righ LDL
Troca confl'nua dO core
| lipidico: VLDL 5 HDL/LDL
e Particulas ricas ov com deplegéo em colesterol
VLDL | rica em TG e VLDL lll mais EC Diferencas no core lipidico
Formas remanescentes enriquecidas em EC Sem evidéncia independente do nimero de particulas

Adaptado de De Graff J, et al. ApoB in Clinical Care, 2015



AG e Metabelisme Hepdtico

VLDL
particles

oxidation

ketone phospholipids
bodies

Fluxo de AG no hepatécito

\f

AG e metabolismo do colesterol
— via ACAT - e heterogeneidade das VLDL j

VLDL particles VLDL particles

ACAT = acil-CoA colesterol aciltransferase

————

Adaptado de De Graff J, et al. ApoB in Clinical Care, 2015



CETP = glicoproteina hidrofébica, de origem
hepatica, associada as HDL
VLDL

&

E
énico

1 "":
@)

§
<

w o
o -=
o
—t = Small
- i1 cholesterol
~ | depleted LDL

P M ﬁ
[popre

e
I
@

[
{
L
—

ipe

High TG
4 | with relatively

J | cholesterol rich
VLDL particles

i

Troca ou fransferéncia no core lipidico depende
H da composigdo diversa das particulas
| \V, ,7 j

Troceis L
Fené

Adaptado de De Graff J, et al. ApoB in Clinical Care, 2015

o

= Se a CETP interatua com LDL e HDL,
ricas em EC, predomina a transferéncia
= Se a CETP interatua com HDL e VLDL
' ou HDL e quilomicra predomina a troca

* CETP medeia trocas no core lipidico

que alteram a composigdo e as
dimensées das particulas lipoproteicas

4
y
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Impaired hepatic
clearance of TRL

Impaired lipolysis of large
TRL to smaller

e ad N
O ¢ ¥
Overproduction of

apoClil-containing TRLs —

| =4l

o RS =
" p - o,
f /ﬁ\ A .
‘H A/ A\ Impaired hydrolysis of TRL

Increased uptake of lipoproteins in artery by LPL on capillaries

Z: wall and increased endothelial inflammation
N e
E'
"

Vascular cell
adhesion

molecule -1

@ 27 Y, ’
7S V€= remnant
/& 7é lipoprotein

g receptors
“‘ Lipoproteins ‘{ e ('L 5

Lipase ¢ < Apolipoprotein C3

| i B
@ l m ¥ Uipdiysls ~1« Hepatlc uptake
@. W VLDL Apollpoprotem E |

™ Trlglycerlde-nch lipoprotein
« in plasma

A esclarecer... e
* Importéncia, nos humanos, na
secregdo de VLDL

* Papel funcional e fisiopatolégico das
isoformas da apoC-lll

* Fatores hormonais e externos
reguladores da expressdo da apoC-lil

* Papel da apoC-lll na HDL e subtipos
de HDL

* Potencial como biomarcador do risco
residual de DCV

* Papel metabolismo lipidico intestinal

i<zl

Adaptado de Taskinen M-R, Borén J. Curr Atheroscler Rep. 2016; 18: 59; imagem de Libby P. Eur Heart J. 2015; 36(13): 774-6




Elevated TRL

Catabolism of HDL-C
Golay A et al., 1987

| |
INormal

Time, days

Adapted from Taskinen M-R. Diabetologia 2003; 46: 733-49

EC transferidos das HDL para TG-LP, pela CETP
FADL ricas TG sédao hidrolisada pela HL , formando HDL pequena removida
pela cubilina renal; PLTP transfere AG insaturados em PL da apo®-\F para
HDL (com aquisigéo de PL por HDL)

Adaptado de Kwiterovich Jr. PO, et al. Curr Cardiol Rep. 2013; 15: 371




IR =
qLo de TG depende da iux% I
o e da fragéo de deputagéio

cada estado metabélico

4 N

Multigenic Can be manogenic:
LPL, APOAS, GCKR, APOB, LMFL, GPHEP1, LPL, APOCZ, APOAS,
CREBH1, APOCZ, APCE, and small-effectvariants LMF1, GPIHBP1, and GPD1
e v L
2% 01%

Mumber of people

L A
0 1 2 3 4 5 6 7 & 9§ W U 1 1B ¥4 -5

Non-fasting plasma triglycerides (mmal/L)
N 8 h
+ Mild-to-moderate triglycerides increase « Severe trigfycerides increase
« Increased CVD risk « Chylomicronaemia
« Pancreatitis risk

Neitureza Poligénice de
_Hipertrigliceridemic

« Increased CVD risk likely

Lewis GF, et al. Endocrine Reviews. 2015; 36(1): 131-47; Hegele RA, et al. Lancet Diabetes Endocrinol. 2014; 2: 655-66



Alteragtes do Metabolisme Exégene

Quilemicronemic

T T R

® Rara; autossémica recessiva
(consanguinidade)

* Homozigética: hiperlipidemia tipo 1 (ou V)
—T11T TG (5 000-10 000 mg/dl) e t CT
(500-1 000 mg/dl)

— Triglicéridos/colesterol = 5%
* Heterozigética:

* habitual = 10

—TG = ou T, hiperTG pés-prandial

— T ApoB

— Hiperlipidemia de tipo IV ({ HDL-C)
* Pancreatite, dor abdominal, xantomas

#splenomegalia
/= Atividade lipolitica pés-heparina (PHLA; 60
U/kg); massa de LPL; anel de quilomicra no

tubo
Formas: défice familiar de LPL; défice
homozigética da apoC-ll (mais raro); défice de
GPIHBPI e - metabolismo das quilomicra -
mutacées da APOAS5 e da caveolina-1

Tl erupiivos, lipaemia retinalis e hepato-
|

Adaptado de Kwiterovich Jr. PO, et al. Curr Cardiol Rep. 2013; 15: 371



Quilemicronemia Priméiri

Features

Monogenic chylomicronaemia

"olygenic chylomicronaemia

Former deslgnations

Main lipoprotein
disturbances

Assoclated lipoproteln
disturbances

Typlcal onset
Clinical features

Assoclation with CVD
Prevalence

Contribution of
secondary factors

Inheritence pattern

Genetlc causes

Current treatment

Fermas Monogénicas e Poligénicas

Famlllal chylomicronaemia
Type 1 hyperlipoprotelnasmia (WHO)

Increased number of chylomicron
particles only®*

Reduced levels of VLDL, LDL and HDL

Paedlatric or adolescent

Fallure to thrive
Abdominal paln
Nausea

vomiting

Eruptive xanthomas
Lipaemia retinalls
Pancreatitis
Hepatosplenomegaly®

Minimal
~1:100,000 to ~1:1,000,000*

Minimal

Autosomal recessive

Mutations In LPL,* APOC2,* APOAS,*
GPIHBP15* and LMF1%5

Dietary control: restriction of fat
Intake+Increased consumption of MCTG
Pharmacologic control: minimal effect
of fibrates, nlacin, «-3 fatty aclds

and statins

Mixed dyslipidaemia

Type 5 hyperlipoprotelnaemia? (WHO)

Translent Increase In levels of tnglycende-nch Ilpoprotelns
Increased number of chylomicron particles

Increased levels of VLDL

Increased number of chylomicron remnants
Increased number of VLDL remnants*

Usually reduced levels of HDL, sometimes reduced levels of LDL

Adulthood

Abdominal pain

Nausea

vomiting

Eruptive xanthomas (rare)
Lipaemia retinalls (rare)
Pancreatitis (~1% risk per year)*

Some evidence of Increased risk?5:63
~1:600°

Major

Familial clustering, but no discrete classical pattern

Genetic pool of affected Individuals has Increased prevalence of:
= Heterozygous rare varlants In LPL, APOC2, APOB, GCKR,
APOAS, LMF1, GPIHBP1 and CREBH with large effects®ost

= Common varlants (SNP) with small effects In ~40 genes
Identified In genome-wide assoclation studiess®

Dletary control: reduced Intake of calories, fats, simple sugars
and alcohol

Control of secondary factors

Pharmacologic control: -3 fatty aclds and niacin (both have

R

variable efficacy)

Brahm AJ, Hegele RA. Nat Rev Endocrinol. 2015;11(6): 352-62




®» Aumento marcado = de colesterol e TG
(> 300 mg/dl)

* Presenga homozigética de apo E2
(arg:cisteina, 158) ou outras mutagdes
afetando a apoE (e.g. apoE Nagoya, R142S)

o
J

® Aparéncia obrigatéria de outros cofatores:
obesidade e diabetes, hipotiroidismo, défice
estrogénico, ...

= > 20 anos, exceto forma dominante

*= Sinais fisicos caracteristicos: estrias
palmares alaranjadas, xantomas,
xantelasmas e xantomas tubero-eruptivos

* Preseng¢a de remanescentes ou de VLDL
ricas em colesterol (beta-VLDL, de origem
intestinal e hepatica) com LDL-C baixo (HDL-
C-loul)

= VLDL-C/TG = 0,3* (VLDL-C/VLDL-TG 2
0,35), CT/TG > 0,42 e TG/apoB > 4,29
(apoE/apoB > 0,15)

* Doenga corondria prematura

.’\.

Metabolisme Endégene e Exégene
isbetalipoproteinemi

* Normal , O, 15-0,25

I

& . Ll

o mm
: :
“—

Sl

Adaptado de Rodriguez-Oquendo A, Kwiterovich PO Jr. Inborn Metabolic Disorders, 2012
Kwiterovich Jr. PO, et al. Curr Cardiol Rep. 2013; 15: 371




Elevated TRL

Catabolism of HDL-C
Golay A et al., 1987

| |
INormal

Time, days

Adapted from Taskinen M-R. Diabetologia 2003; 46: 733-49

EC transferidos das HDL para TG-LP, pela CETP
FADL ricas TG sédo hidrolisada pela HL , formando HDL pequena removida
pela cubilina renal; PLTP transfere AG insaturados em PL da apo®-\F para
HDL (com aquisigéo de PL por HDL)

Adaptado de Kwiterovich Jr. PO, et al. Curr Cardiol Rep. 2013; 15: 371




Défice dei

Pepel cda Lipcse Hepdtice

HL

DestinofdasiV.DL
A [[o]
™

—

v O

FATES OF VLDL REMNANTS

Receptor

HEPATIC

nd
=

TRIGLYCERIDE

Uptake by

" Hepatic LDL :
Receptors :z:z:?ls ‘W
(60% - 70%) Triglyceride

Lipase
(30%-40%)

(¥
* Rara; heterozigética (alteragdes
bioquimicas e enzimatica intermitente)
* Autossdmica recessiva

* |Hidrélise de TG e PL nas IDL, LDL e
HDL “grandes, ricas em TG" com afetagéio
tanto das apoB-LP (e apoA-l)

* = Disbetalipoproteinemia
— tCT/TG; t remanescentes (B-VLDL)

— {LDL-C (habitual) com tHDL-C
(apesar da hiperTG)

— Xantomas plantares, DCV
prematura (pancreatite!)

®* PHLA: auséncia de atividade da HL
(com LPL normal)

(variante comum do promotor do gene da
HL relacionado com maior atividade da HL

e FCHL)

Adaptado de Rodriguez-Oquendo A, Kwiterovich PO Jr. Inborn Metabolic Disorders, 2012
Kwiterovich Jr. PO, et al. Curr Cardiol Rep. 2013; 15: 371
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* Normal > 1,4

- ® Obesidade

Caracteristicas
» Resisténcia a

insulina » Causa desconhecida, fatores

= Intoleréncia oligogénicos

a glucose e » Cluster genético apo A-l1/C-lll/A-
DMT2 IV e resisténcia a insulina; fatores

nucleares varios (e.g. USF1,
TCF7L2, HNF4alfa)

* $S6 depois dos 20-25 anos
(1:25 a 1:200)

* tFluxo de AGL e tsecregdo de
apo B-100/VLDL ricas em TG, com
remodelagem das VLDL e LDL
(apoB-LP): LDL-C/apeoB < 1,2%

* Fenétipo diverso:
— HiperCT, hiperTG
— 1 ApoB (> 120 mg/dl), LDL-C - (1)

— 1 HDL-C (< 40 mg/dl) e perfil B das
LDL (sd-LDL)

* Componentes ndo lipidicos

= HTA + DCV

Adaptado de Rodriguez-Oquendo A, Kwiterovich PO Jr. Inborn Metabolic Disorders, 2012

Kwiterovich Jr. PO, et al. Curr Cardiol Rep. 2013; 15: 371



Individual w
* Adultes: CT > 240 mg/dl (LDL-C >
160 mg/dl) e/ou TG > 200 mg/dl
* ApoB > 120-125 mg/dl
» Perfil B com LDL pequenas e densas
» > 20 anos: CT > 200 mg/dl (LDL-C >
130 mg/dl) e/ou TG > 120 mg/dl
» Excluir IMC > 35 kg/m?, HbAlc >
10%, hipeiroidismo ndo controlade,
etilismo (> 40 g/d)
Familiar:
» > 2 familiares 1° grau com dislipidemia
mista ou desmultiplicagdo de fendtipos
(e, lib ou IV)
» Exclusdo de familiares com xantomas
tendinosos ¢/ou LDL-C > 300 mg/d!
» Historia familiar de DCV prematura
(<60 A)

Norimcton /

ese @ Critérios de Diagnéstice
demia Combinadea Familiar

2 -1
:;\fm
U=

Adaptado Brouwers MCGJ, et al. Nat Rev Endocrinol. 2012; 8: 352-62; Mata P, et al. Atencién Primdria. 2014; 46(8): 440-46
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Destino do colesterol no "’ (N or

hepatécito depende da de
lipoproteina o transporta N “~

y

chylomicron R

epdtico co Colesterol

acids

e

Ciclo

bile

LDL

apoB100

e .
/ regu latory \

\ s /s;u;t\'\(:
pool ) / pathway
- cholesterol ( ACAT
@ i \ synt?eslsi / \chol >

increased 3
apoB secretion
normal »

apoB secretion

cholesterol
in bile acids

Adaptado de De Graff J, et al. ApoB in Clinical Care, 2015
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Fenétipo de Hipercolesterole

Grave

Hipereeolesterolemia grave

Hipercolesterolemia
familiar “classica™ (FH)

Défice familiar de apoB-

100 (mutagdo missense
R3500Q)

Hipercolesterolemia
autossémica recessiva
(defeitos da LDLRAP1)

FH3 heterozigética
(ganho de fungéo da PCSK?9)

Défice de 7-a-
hidroxilase

Sitosterolemia
(ABCG5/G8)

Regulagdo da atividade do LDLR é critica no controlo do LDL-colesterol
FH é o protétipo das doengas que afetam o LDLR (5 alteragées genéticas afetam o LDLR
per se ou tém impacto da atividade LDLR), mas outras alteragées primarias expressam-se
por um fenétipo de hipercolesterolemia grave
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Hipercolesterelemia Familiar

Caso

T8anos indice
DC58anos Histériafomibor

LDLc280 mg/dl -
_.

S0anes 48anos 47anos
SemDC DC48anes SemDC
IDL¢125mg/dl  LDL-c320mg/di | LDL-c92 mg/dl

"I

18anos 15anos 8anos
DLcBSmg/dl LDLc230mg/dl  LDL-c216 mg/dl

® Historia familiar

® Histéria clinica de DC prematura

= Exame fisico (e.g. xantomas, arco
corneano)

® LDL-C elevado (repetido e iterado)

* Mutagdo causadora (genética
molecular)

® Exclusdo de dislipidemia secundaria

Morte 76 anos
SemDC
LDL+c 140 mg/dl

Yuan G, et al. CMAJ. 2006; 174: 1124-9; Nordestgaard BG, et al. Eur Heart J. 2013; 34: 3478-90a
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: MEDPED criteria

-';3 f‘\ levels

UK: Simon Broome criteria
Adults: 290 (190) mg/dL

> @ MED-PED FH/OIMS)

Rating

1 point

ﬂ 2 points

3 points
4 points
5 points
6 points

8 points

Diagnéstico ca FH (Duteh Lipid Clinic

~ Totl cholesterol (and LDL-C)

Children: 260 (155) mg/dL

Total cholesterol (and LDL-C) levels, mg/dL

Tendon >anthomas in the patient or in a first- or second-degree relative

Family history of myocardial infarction at age <<50 in a second-degree relative or at age <60
in a first-degree relative or family history of total cholesterol =290 mg/dL in an adult
first- or second-degree relative or 260 (155) mg/dL in a child or sibling aged <16 years

The Netherlands: Dutch Lipid Clinic criteria

A first-degree relative with premature CVD or LDL-C >95th percentile, or
Personal history of premature peripheral or cerebrovascular disease, or
LDL-C between 155 and 189 mg/dL

A first-degree relative with tendinous xanthoma or corneal arcus, or
A first-degree relative child (<18 years) with LDL-C >>95th percentile, or
Personal history of CAD

LDL-C between 190 and 249 mg/dL

Presence of comeal arcus in patients <<45 years old
LDL-C between 250 and 329 mg/dL
Presence of a tendon xanthoma

LDL-C =330 mg/dL, or
Functional mutation in the LDLR gene

98% specificity
87% sensitivity

First-degree Second-degree Third-degree General
relative relative relative population
220 (155) 230 (165) 240 (170) 270 (200)
240 (170) 250 (180) 260 (185) 290 (220)
270 (190) 280 (200) 290 (210) 340 (240)
290 (205) 300 (215) 310 (225) 360 (260)
Plus

DMNA mutation

Definite FH

Definite FH
Possible FH

Possible Fﬁ
(3—5 poims)

Probable FH
(6—7 points) P r
Definite FH £

(=8 points) b

Nordestgaard BG, et al. Eur Heart J. 2013; 34: 3478-90a



ACTIVITY OF LDL [\
_ RECEPTORS |

®= Forma comum: genes varios influentes,
nédo determinantes, e fatores ambientais
(favorecedores da expresséo fenotipica)
® Valores de CT e LDL-C variaveis,
moderadamente elevados que favorecem
a aterogénese (ou o ambiente onde esta
decorre)

= Substancial proporgédo de
FH — mutagdo -va — deriva da
acumulagdo de diversos
alelos determinantes na
subida do LDL-C

= Componente poligénico
sobre o LDL-C pode também
modular a concentragéo
plasmatica do LDL-C na FH,
mutagdo +va

* Importante reconhecer — a
par do diagnéstico de FH —
da caracterizagéio fenotipica
da hipercolesterolemia grave
(LDL-C > 190 mg/dl)

Adaptado de Talmud PJ, et al. Lancet. 2013; 381: 1293-301




Maturagdo das HDL

Nascent
HDL

Formagéo da HDL
madura

* Transigéio da HDL
nascente em forma de
disco até HDL esférico
(rica em EC) requer a LCAT
(lecitina colesterol acil-
transferase) e seu cofator
apoA-l, que catalisa a
transferéncia de AGL dos
PL, lecitina, até colesterol
livre e, posteriormente EC,
que constituem o nucleo
lipidico da HDL,

= HDL,, particulas
maiores, sdo formadas
pelas iterada atividade de

LCAT
\_

Estrutura

W

Adaptado de Rodriguez-Oquendo A, Kwiterovich PO Jr. Inborn Metabolic Disorders, 2012

= Conjunto heterogéneo de LP,
com origem no figado/
intestino (HDL nascentes), de
restos das TGRLP ou da
conversdo das HDL, e HDL,
(CETP, PLTP HL)

= HDL sdo elementos centrais
no transporte reverso do
colesterol

Marques da Silva P. 20 Perguntas de Dislipidemias, 2004



Heterogeneidade estrutural, carga de
superficie e composi¢do em apo e lipidos

|

Plasticidade de confomagdo das
40 com exposiedo ou ndo de
regides/dominios importantes

Viias apolipoproteinas permutivels
Apol (UG, Apol (1520 pok a0 1%

(#) prostacyclin producton
(-)thromboxane A2 production
(+)ROS production

(- platelet activating factor release
(+)tissue factor expression

as HDL

Funcional «

(+) migration

(+) prolferation
(+)tubeformation

(+) adhesion
) cytokine induction
(+) dendritic cell ifferentiation

Diversideace Estrutureal e

Adaptado de Kratzer A, et al. Cardiovasc Res. 2014; 103: 350-61; Mineo C, Shaul PW. Circula

Células musculares lisas vasculares

(+) prostacyciin roduction

(1 migraton

(<) monocyte recruitment

(11ROS production

(- extracellular matrix degradation

() cell detachment

(#)adiponectin production

Miocitos do musculo esquelético

() glucose uptake
(+)glycogen synthesis

B

Células B pancredticas
(-} apoptosis
(+)insuln secretion

tion Research. 2012; 111:1079-90




HDL

cis cleis

Hipoalfalipoproteinemia familiar,
mutagdo da apoA-l, variantes da
ABCA| (doenga de Tangier) e défice
da LCAT

Hipoalfalipoproteinemia familiar:
$1HDL-C, outras fragdes normais,
por afetagdo da apoA-l (t DCV?)

Doenca de Tangier: defeito do efluxo
de colesterol, com sequestragdo nas
células reticuloendoteliais
(amigdalas, hepatoesplenomegalia,
e medula éssea)

Défice de LCAT e doenga dos olhos de
peixe: sem esterificagdo do
colesterol ({1 HDL), anemia
normocrémica, glomerulosclerose e
opacidades da cérnea (doenga
vascular periférica?)

Adaptado de Kwiterovich Jr. PO, et al. Curr Cardiol Rep. 2013; 15: 371

Imagens: Rader DJ, deGoma EM. J Clin Endocrinol Metab. 2012; 97(10): 3399-407
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Défice da Lipase Ac
Lisessémicel

AR

R

n LALENTYNE  LYSISINAL ACEUMULATION

v 0 «

ks Lpostme Wischndra

u CELLULARDYSFUNCTON

ULoeyme

A

( Dislipidemia (hiperCT + lHDL-C),

aterosclerose e doenga hepatica
(hepatomegalia, transaminases
elevadas, e/ou esteatose
microvesicular) progressiva

102 (omolt): 340 M mmal]L) <12

Doeng¢a de armazenamento
lisossémico caracterizada pela | S
auséncia (ou redugdo) de atividade

‘ | & L 2

}

)

da LAL, com acumulacgdo de ECe TG ‘
""" ¥

» Défice da lipase dacida lisossémica (LAL-D): doenga rara, por mutagéo do gene LIPA,

* Prevaléncia desconhecida (1: 40 000 - 1: 300 000 individuos)

Adaptado de Shapiro MD. Rare Genetic Disorders Altering Lipoproteins, 2016




Hipebeialipoproteinemis Priméria

prutin diorder Geme  [nherfance  Biochemical phenotype Clnical phenotype

Actlipproenenia ~~ MITP Recessive  Abience of LDL and chylomicrons, low  Vaniable inchuds fiu o hrive,
level of rigtyondes, very ow levelsof ~ seatowhiea, and progressive neurologiea

vitmn £ d ophthamologiea abnomalts
Familial APOB Co-dommmt Heterozypous: LDL cholestrol evels ks Heterozygous: genemally asymplomatic
hypobetalpopmicinenia than 30 4 of e nomlforage nd— my ncde ity v Fomorygos. |

sex. Homorygous.absence oforverylow - disingusbble from ;
Jevels of LDL choletol,low lvelsof ~ sbetipopmeineria |

tigycerids, vty low evls ofviamin B |

Funil P9 Codomnat Heorpoms ooty 4% N |
hypobetaipopmeemi reduction i LDL evels, Homorygous: /
vy low LDL. colstrol e |

Chlomion enin e SARIB  Reesive  Absnce ofchylomicons DL chelesterl Vari s e tothve, |
levels s than 50 % o vels ommal for  seatorhea, and progressive newrologied
i mdsex dhromnalits

Familial combined ANGPTL3 Recessive  Reduced levels ofalplasma ipopofems ~ None
hypolpidemia Hassing HC, et al. Biochimica et

Biophysica Acta. 2012; 1821: 826-32

Adaptado de Hooper AJ, Burnett JR. Curr Atheroscler Rep. 2014; 16: 423



Acerca da Lp(a)...

Sintese

Apo(a) sintetizada no figado e reunido
da apo (a) e LDL intra ou extracelular

Ligagdo dissulfureto especifica entre

eor plasmatico

Relagdo inversa foi também o tamanho
da isoforma de apo(a) e nivel de Lp(a)

Catabolismo (?)

Pelo LDLR, por clivagem de LDL e
apo(a), deposigdo na pared vascular

Adaptado de cai A, et al. Disease Markers. 2013; 35(5): 551-9




