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The Number of Familial Dyslipidaemias in Italy

Familial hypercholesterolemias 230.000
Familial combined hyperlipidemia > 600.000
Type Ill hyperlipidemia 10.000 ?
Severe hypertriglyceridemias 200 ?
Familial hypertriglyceridemias ?
Familial hypobetalipoproteinemias 20.000
Combined hypolipidemia

Abeta & Chylomicron Retention Disease
Familial hypoalphalipoproteinemias
Familial hyperalphalipoproteinemias




CH = 20%
PL = 18%
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INHERITED MONOGENIC
HYPERCHOLESTEROLEMIAS

e Genetic disorders due to mutations of a single gene
(monogenic / Mendelian disease)

e (linical phenotype: - Tendon and cutaneous
xanthomatosis

- Premature coronary artery
disease (pCAD)




INHERITED MONOGENIC
HYPERCHOLESTEROLEMIAS

Dominant transmission Recessive transmission

e Heterozygote LDL-C 1 1 e Heterozygote LDL-C -
(One mutant allele) (One mutant allele)

e Homozygote LDL-C 1t 1t 1 1 e Homozygote LDL-C 1t 1 1
(Two mutant alleles) (Two mutant alleles)

e Gene dosage effect




DOMINANT HYPERCHOLESTEROLEMIAS
(Familial hypercholesterolemia phenotype)

Disease

Gene

Prevalence in
population

FH-1 (Classic FH)
Heterozygous
Homozygous

LDL-R

1 per 500
1 per million

FH-2 (FDB)
Heterozygous
Homozygous

Apo B-100

1 per 1000
>1 per million

FH-3 (ADH)
Heterozygous
Homozygous
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Homozygous
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‘DOMAINS”

“Ligand binding”
292 aa

“ EGF precursor
homology”
400 as¢

“O-linked sugars”
o8 aa

“Membrane spanning”[ |

22 aa

“Cytoplasmic”
50 aa

cysteine

FH in Italy

Heterozygotes n. 120.000
LDL chol. 240-450 mg/dlI

Homozygotes and
Compound Heterozygote:
n. 50

LDL chol. 420-950 mg/dlI




LDL receptor gene (chr. 19p13)

Exons 1 3 /7 10 1112 1314 15 1617 18
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MUTATIONS OF LDL-R GENE IN ITALIAN FH-1 PATIENTS

Major Rearrangements 17
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LDL-CH (mmol/L)
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r =-0.655
P =0.0003
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Residual LDL-R activity (%)




DOMINANT HYPERCHOLESTEROLEMIAS
(Familial hypercholesterolemia phenotype)

Disease

Gene

Prevalence in
population

FH-1 (Classic FH)
Heterozygous
Homozygous

LDL-R

1 per 500
1 per million

Heterozygous
Homozygous

1 per 1000
<1 per million

FH-3 (ADH)
Heterozygous
Homozygous




Apolipoprotein B gene (chr. 2p24)

g

ApoB-100: 4536 aa.

CGG - TGG Arg3480>Trp
CGG - CAG Arg3500>GlIn
CGG - TGG Arg3500>Trp
CGC- TGC Arg3531>Cys
CAC- TAC Arg3543>Tyr
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DOMINANT HYPERCHOLESTEROLEMIAS
(Familial hypercholesterolemia phenotype)

Disease

Gene

Prevalence in
population

FH-1 (Classic FH)
Heterozygous
Homozygous

LDL-R

1 per 500
1 per million

FH-2 (FDB)
Heterozygous

Homozygous
FH-3 (ADH)

Apo B-100

1 per 1000
<1 per million




PCSK9 gene (1p32)

89 10 11 12

mMRNA (3636 nt)

1-30 31-152 153-425 426-692




Regulation of LDL-R number by PCSK9 activity

ER

LDL-R
degradation

Endosome

DNA =——p RNA =——)

SYNTHESIS OF
PCSK9

Coated Pit

SECRETION
OF PCSK9




Reduction of LDL-R number induced by increased PCSK9 activity
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INHERITED MONOGENIC
HYPERCHOLESTEROLEMIAS

Recessive transmission

e Heterozygote LDL-C -
(One mutant allele)

e Homozygote LDL-C 1t 1 1
(Two mutant alleles)




M. Family (from Sardinia)

. ‘ LDL-R activity in fibroblasts
Normal

38y 36y Affinity of LDL for LDL-R
LDLc 108

Normal
FCR of LDL in vivo

Reduced as in homozygous FH

17y 16y 12y
LDLc 99.5 LDLc94.5 LDLc 483
Apo B 270

Clinical diagnosis: Pseudo-homozygous FH LbLe= mo/dl
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Hypothesis: ARH Clusters LDLR
in Coated Pits




8y 5y 3y
Tc 770 Tc 650 Tc 211
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DISLIPIDEMIE

DEFINIZIONE FENOTIPO

l

INDIVIDUAZIONE NATURA

/\

PRIMITIVA SECONDARIA

l

DEFINIZIONE GENOTIPO

SPORADICA TRASMISSIONE
AMBIENTALE nella FAMIGLIA:
e Co-dominante
» Recessiva




CLINICAL DIAGNOSIS OF FAMILIAL
HYPERCHOLESTEROLEMIA

 Clinical history

e Family history




LDL cholesterol distribution in FH families

Frequency (%)
30

25

20

15

<80 101-120 141-160 181-200 221-240-28Q 301-320 341-360 381-400
81-100 121-140 161-180 201-220 241-260 281-321-340 361-380 >400

® non FH LDL cholesterol (mg/dl) EH




LDL cholesterol levels in FH patients according to age

mmol/I

8

0-10 11-20 21-30 31-40 41-5 51-60 >60

males B females




CLINICAL DIAGNOSIS OF FH
Plasma LDL-C level

LDL-C > 8.5 * > 330 **
LDL-C 6.5-8.4 250 -329
LDL-C 5.0-6.4 190-249
LDL-C 4.0-4.9 155-198

* mmol/ ** mg/dl




Approccio clinico al paziente FH 1




Gerontoxon Xanthelasmas

Tendon xanthomas

|




Prevelence of Tendon Xanthomas in FH
heterozygous patients
(%)
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Coefficienti di correlazione r tra aree TC del tendini
e parametri esaminati

ETA’

BMI

CT

LDL-C
HDL-C
CT/HDL-C
TG
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Eventi Eventi Decessi
cerebrali cardiaci

Chambers BR et al. N Engl J Med 1986;315:860-865







CHD in Italian FH heterozygotes

aiti

30-34 35-39 40-44 45-49 50-54 ©55-59_ >6QYears)

M Males (n.216) Females (n.354)




CLINICAL DIAGNOSIS OF FH
Clinical History

Patient with pCAD

Patient with premature cerebral/perlpheral
artery disease

Tendon Xanthomas

Arcus Cornealis




CLINICAL DIAGNOSIS OF DEFINITE FH

MI[

40y

LDLc 240

‘ Lipids mg/d|

71ly

TX

D

40y 40y

O

/ 10y

LDLc 250

Tx = tendon xanthomas MI = myocardial infarction




CLINICAL DIAGNOSIS OF FH
Family History

First degree relative with pCAD
First degree relative with LDL-C > 95° = 1 p.
First degree relative with Tx 2 p.

Children <18 with LDL-C >95° = 2p.




CLINICAL DIAGNOSIS OF FH
Final Score

o Definite FH score > 8p.
e Probable FH score 6 -—8p.

e Possible FH score 3 -5p.

e No diagnosis score < 3 p.
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Hyperlipidemia in Coronary Heart Disease

II. GENETIC ANALYSIS OF LIPID LEVELS IN 176 FAMILIES
AND DELINEATION OF A NEW INHERITED DISORDER,
COMBINED HYPERLIPIDEMIA

Josepu L. GorpstEIN, HELMUT G. ScaroTT, WiLLiaMm R. Hazzarp,
Epwmv L. BiErman, and Arno G. MotuLsky with the technical
assistance of ELLEN D. CAMPBELL and MARY Jo LEVINSKI

The Journal of Clinical Investigation Volume 52 July 1973-1544-1568




DISLIPIDEMIA nel sopravissuti a IMA
(n=807)

lperCT
poligenica
Normolipidemia

" IpoalfaCT

W perTG
Iperlipidemia
combinata

lperCT familiare

M [perlipidemia
remnant




FAMILIAL COMBINED
HYPERLIPIDAEMIA (FCHL)

A Common (1-3:100)

A Cholesterol and/or triglyceride levels are
elevated, usually to only a moderate extent,
reflecting increased LDL and/or VLDL

A FAMILIAL: 1st degree relatives with different
phenotypes

A HDL may be low
A Characterized by overproduction of apoB-100
A Coronary heart disease risk increased




Angina| MI, BP‘ Angina MI‘
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CHD in Itallan FCHL

25-29 30-34 35-39 40-44 45-49 50-54 55-59 >60

Males (n.301) M Females (n.217)




FCHL neil bambini

La FCHL rappresenta la piu frequente (47%)
dislipidemia genetica in bambini che afferiscono ad
una “lipid clinic” pediatrica.

La manifestazione fenotipica piu frequente e
rappresentata da un aumento combinato di CT e TG

| livelli del lipidi plasmatici nei bambini con FCHL
sono molto “sensibili” al peso corporeo,
all'insulinemia (i.e. TG) e all'eta (i.e. CT).

Queste osservazioni suggeriscono che il controllo

del peso corporeo puo essere un utile approccio
terapeutico alla FCHL in eta pediatrica.




Caratteristiche del bambini
Famiglie FCHL Famiglie Normali

Affett Non affett
(n =98) (n =9) (n = 28)
Eta 9.0+4.3 9.9+4.56 8.2+4.3
BMI (kg/m?2) 19.0 + 3.7 19.7 + 2.7 18.3+ 3.2
Lipidi (mg/dl)
Colesterolo 216.4 + 39.7*** 158.7 + 6.6 148.1 + 14.7
HDL-C 51.3+14.3 44.0 + 7.51 52.0 + 9.7
Trigliceridi 131.7 + 74.2%** 63.3+ 16.0 59.9+17.1
LDL-C 138.6 + 42.6** 102.0 + 11971 84.1 + 16.5
Apo B 97.6 + 30.0** 71.8+841 59.2 + 11.6
Glicemia 82.5+12.0 83.5+21.7 1 64.9 +9.2
Insulina (LU/ml) 8.7 + 6.8 8.9 + 6.4 5.7+ 4.0

*p<0.001; ***p<0.001 affetti FCHL vs non affetti 'p<0.05;1p<0.01 non affetti FCHL vs Normali




Caratteristiche dei genitori
Famiglie FCHL Famiglie Normali

Affetti Non affetti
(n=61) (n=51) (n =38)
Eta 40.1 5.9 39.3+4.6 37.5+6.0
BMI (kg/m?) 26.8 + 3.7*** 24.1+3.4 24.7 +3.9
Lipidi (mg/dl)
Colesterolemia 246.5 + 58.7*** 186.3 + 28.2 181.8 £+ 21.4
HDL-C 47.1 +17.0 48.7 + 9.4t 55.7 + 15.6
Trigliceridemia 265.9 + 183.6%** 91.1 + 28.7 85.8 +32.5
LDL-C 150.1 + 65.1** 119.3 + 24.81 109.0 + 24.6
Apo B 140.5 + 50.0** 91.8+19.1 83.8 £ 18.9
Glicemia 93.0 £ 31.1* 81.4 £ 15.411t 69.0 £ 13.1
Insulinemia (uU/ml) 10.0+£6.1 8.6 + 13.8 6.6 + 4.7

*p<0.05;**p<0.01;***p<0.001 affetti vs non affetti'p<0.05:TTp<0.01;777p<0.001 non affetti vs normali




Frequency distribution of LDL size in hyperlipidemi c FCHL relatives
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Georgieva, A.M. et al. Arterioscler Thromb Vasc Bio | 2004;24:744-749

Arteriosclerosis, Thrombosis,
and Vascular Biology




Dimensioni delle LDL negli infartuati e nel
controlli

ASHS

25,5
AW

LDL (nm)

25,3
25,2

25,1
IMA Controlli

Valori corretti per colesterolemia HDL, trigliceathia, colesterolemia
totale, sesso, diabete, ipertensione arteriosaljdaita cardiovascolare




Metabolic FCHL 1 ApoB
syndrome

Arteriosclerosis, Thrombosis, and Vascular Biology. 2003;23:1289
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Plasminogeno

Apo B100




DISTRIBUZIONE DI Lp(a) IN DIABETICI
(N=355) E CONTROLLI SANI (N=568)

Diabetici B Controlli

- -
5 25 45 65 85 105 125 145

Lp(a) mg/dl
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Lipoprotein(a) Levels and Risk

of Future Coronary Heart Disease

Large-Scale Prospective Data

[A] Paired
Measureaments, CHO
Emerging markers Mo, Emerging markers Cases, No.
Lipoprotein{a)* 3772 B Lipoprotein{a) 2047 ——
C-reactive protein® arn —B— C-reactive protein 2038 ——
Triglycerides* 358 —B— Triglycerides 1968 ——
von Willebrand factor 378 —i— von Willebrand factor 2066 ——
Established risk factors Established risk factors
Total cholesteral 379 —— Total cholesterol 2078 ——
Systolic blood pressure a7a —B— Systolic blood pressure 78 ——
0.0 []:5 1.IIIJ U.I? 1:[] 1.|5 2:0 2:5 3:[]
Regrassion Dilution Ratio Odds Ratio

Comparison of Lp(a) values, established cardiovascular risk factors, and

emerging markers across 12 years
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ABSTRACT

METHODS

We used a novel gene chip containing 48,742 single-nucleotide polymorphisms (SNPs)
in 2100 candidate genes to test for associations in 3145 case subjects with coronary
disease and 3352 contro! subjects. Replication was tested 1n three independent popu-

lations involving 4846 additional case subjects with coronary disease and 4594 con-
tro! subiects.

CONCLUSIONS

We 1dentified two LPA variants that were strongly associated with both an increased
level of Lp(a) lipoprotein and an increased risk of coronary disease. Our findings
provide support for a causal role of Lp(a) lipoprotein in coronary disease.

M Engl ] Med 2009;361:2518-28.
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ABSTRACT

Figure 3. Association of the LPA Genotype Score
with the Lp(a) Lipoprotein Level and the Risk
of Coronary Disease in the PROCARDIS Cohort.




CONCLUSIONI

- identificazione precoce dell’Ipercolesterolemia
Familiare attraverso anamnesi, esame obiettivo ed
assetto lipidico esteso ai familiari di 1° grado;

- Identificazione della Dislipidemia Familiare Combinata
attraverso anamnesi, esame obiettivo ed assetto
lipidico esteso ai familiari di 1grado;

- valutazione vascolare periodica al fine di identificare I’
arteriosclerosi in fase precoce;

= Ottimizzazione della terapia farmacologica

!

LDL aferesi
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