
Genetic HDL Disorders
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Criteria for selection of primary 

hypoalphalipoproteinemia

• HDL-C <10th percentile for age and gender

• Absence of secondary causes of HA

• High likelihood of inherited low HDL-C (primary low 

HDL-C in at least one first-degree family member)





HDL-C and Cardiovascular Mortality
Copenhagen  Studies

Eur Heart J. 2017;38(32):2478-2486



Monogenic HDL Disorders

LCAT Deficiency Syndromes
Familial LCAT deficiency (FLD) (OMIM 245900) 

Fish Eye Disease (FED) (OMIM 136120) 

Tangier Disease (OMIM 205400) 

Apolipoprotein A-I deficiency (OMIM 107680)

CETP deficiency (OMIM 607322)



Apolipoprotein A-I Gene Mutations
Phenotypes

No phenotype

Low HDL

Amyloidosis

21 mutations

41 mutations

16 mutations
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Apolipoprotein A-I Gene Mutations
Low-HDL Phenotype

Missense/nonsense

Splicing

Small deletions

Small insertions

Gross deletions

Gross insertions

Complex rearrangements

Repeat variations

TOTAL

18

1

14

3

2

1

2

0

41



Pisciotta et al, Atheroscleoris 2003, 167:335

II-3: planar xanthomas, corneal opacity, angina, carotid plaques

HDL-C, 8 mg/dl; apoA-I, 0 mg/dl

II-4: planar xanthomas, corneal opacity

HDL-C, 6 mg/dl; apoA-I, 0 mg/dl

ApoA-I Q5FsX11



Low-HDL ApoA-I Variants

D1EPPQSPWDRVKDLATVYVDVLKDSGRDYVSQFEGS36
A37 LGKQLNLKLL47

DNWDSVTSTFSKLREQLG65 helix 1

P66 VTQEFWDNLEKETEGLRQEMS87 helix 2

K88 DLEEVKAKVQ98 helix 3

P99 YLDDFQKKWQEEMELYRQKVE120 helix 4

P121LRAELQEGARQKLHELQEKLS142 helix 5

P143LGEEMRDRARAHVDALRTHLA164 helix 6

P165YSDELRQRLAARLEALKENGG186 helix 7

A187RLAEYHAKATEHLSTLSEKAK208 helix 8

P209ALEDLRQGLL219 helix 9

P220VLESFKVSFLSALEEYTKKLN241 helix 10

TQ243
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Cys

Pro

Franceschini et al, JCI 66:892,1980

Hovingh et al, JACC 44:1429,2004



R173C L178P

BMI (kg/m2) 25.1 ± 2.7 24.9 ± 5.0

Males/Females 11/10 32/22

Age (y) 42.2 ±17.5 37.6 ±19.2

Smokers (%) 33.3 17.6

Hypertension (%) 19.0 7.4

mean±SD

Low-HDL ApoA-I Variants
Demographics

Sirtori et al, Circulation 103:1949,2001

Hovingh et al, JACC 44:1429,2004



R173C L178P

Apolipoprotein B 103 ±35 99 ±26

Total Cholesterol 182 ±45 162 ±41

LDL Cholesterol 137 ±36 122 ±36

HDL Cholesterol 18 ± 8 17 ± 8

Triglycerides 188 ±93 111 ±75

Apolipoprotein A-I 78 ±28 70 ±33

mg/dl

Low-HDL ApoA-I Variants
Plasma Lipids

mean±SD
Sirtori et al, Circulation 103:1949,2001

Hovingh et al, JACC 44:1429,2004
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Low-HDL ApoA-I Variants
Vascular Structure and Function

Sirtori et al, Circulation 103:1949,2001

Hovingh et al, JACC 44:1429,2004

Gomaraschi et al, Circulation 116:2165,2007

Hovingh et al, JACC 44:1429,2004
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Favari, … and Calabresi, JBC 282:5125, 2007

Anti apoA-I Anti apoA-I Anti AIM-AIM

Control A-IM Carrier

A-IMilano Carriers
HDL Subpopulations

HDL2

HDL3



median, 25th and 75th percentiles (box), 10th and 90th percentiles (capped bars)
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Favari et al, JBC 282:5125, 2007
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Vascular Function in A-IMilano Carriers
Inhibition of VCAM-1 Expression by HDL

Gomaraschi et al, Circulation 116:2165,2007
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Monogenic HDL Disorders

LCAT Deficiency Syndromes
Familial LCAT deficiency (FLD) (OMIM 245900) 

Fish Eye Disease (FED) (OMIM 136120) 

Tangier Disease (OMIM 205400) 

Apolipoprotein A-I deficiency (OMIM 107680)

CETP deficiency (OMIM 607322)



ABCA1 Protein

 2261 amino acids

 2 transmembrane domains 

 2 large extracellular loops

 C-terminal and N-terminal     

cytoplasmic domains

NH2
COOH

S-S

EC

PM

IC

Mutations in ABCA1 may cause:

• traffic defect to the PM;

• impaired binding to ApoAI;

• efflux defect;

• impaired 3D folding



Clinical manifestations

• orange tonsils 

• peripheral neuropathy

• cloudy cornea

• hepatosplenomegaly

• premature CVD

Tangier Disease



ABCA1 

Heterozygotes

Normal 

relatives

P

N. 71M, 82F 47M, 66F NS

Age (y) 43.7  21.2 41.8  20.1 NS

TC (mg/dl) 172.142.0 199.242.1 0.0001

LDL-C (mg/dl) 111.937.1 125.038.6 0.007

HDL-C (mg/dl) 29.710.4 51.713.1 0.0001

TG (mg/dl) 142.4109.6 104.048.0 0.001

Apo A-I (mg/dl) 100.8  24.4 135.8  23.2 0.0001

Carriers of ABCA1 mutations
Lipid profile



Carriers of ABCA1 mutations
Cholesterol efflux
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Carriers of ABCA1 mutations
Cholesterol efflux and Carotid IMT

Van dam. et al, Lancet 2002;359:37



Carriers of ABCA1 mutations
Carotid IMT

Van dam. et al, Lancet 2002;359:37



ABCA1 mutations and IHD risk

Frikke-Schmidt, Atherosclerosis 2009,



Monogenic HDL Disorders

LCAT Deficiency Syndromes
Familial LCAT deficiency (FLD) (OMIM 245900) 

Fish Eye Disease (FED) (OMIM 136120) 

Tangier Disease (OMIM 205400) 

Apolipoprotein A-I deficiency (OMIM 107680)

CETP deficiency (OMIM 607322)



HDL (LDL)

Unesterified Cholesterol

Cholesteryl Ester

HDL (LDL)

Unesterified Cholesterol

Cholesteryl Ester

LCAT

FLD
(Familial LCAT Deficiency)

FED
(Fish-Eye Disease)

x x x

Genetic LCAT Deficiencies



Mean ±SEM, *adjusted for age, sex and family

TC (mg/dl)

UC (mg/dl)

LDL-C (mg/dl)

HDL-C (mg/dl)

TG (mg/dl)

ApoA-I (mg/dl)

ApoA-II (mg/dl)

ApoB (mg/dl)

160.7 ±20.8

125.1 ±17.5

102.9 ±16.5

10.4 ±1.6

242.4 ±37.5

44.8 ±3.8

10.4 ±1.4

60.7 ±11.7

Two
(n=18)

Number of mutant

LCAT alleles

0.344

<0.001

0.578

<0.001

<0.001

<0.001

<0.001

0.004

Trend
P*

One
(n=44)

162.4 ±7.2

49.3 ±2.2

97.2 ±6.6

40.0 ±2.0

125.1 ±8.6

101.8 ±3.6

29.4 ±1.0

90.0 ±4.2

Zero
(n=20)

196.7 ±9.2

50.4 ±4.1

114.6 ±8.5

51.4 ±2.9

118.8 ±30.3

131.4 ±5.0

34.3 ±1.6

93.9 ±6.1

Genetic LCAT Deficiency in Italy
Plasma Lipids/lipoproteins

Calabresi et al  ATVB, 25:1972, 2005



HDL-C (mg/ml)

LpA-I (mg/dl)

LpA-I:A-II (mg/dl)

HDL2 size (nm)

HDL3 size (nm)

Preb-HDL (%)

Genetic LCAT Deficiency in Italy
HDL Subpopulations

Zero
(n=13)

Two
(n=17)

One
(n=41)

<0.0001

<0.0001

<0.0001

ns

<0.0001

0.0006

Trend
P*

Number of mutant

LCAT alleles

Mean ±SEM, *adjusted for age, sex and family

40.0 ±2.0

40.9 ±1.5

59.9 ±3.6

11.3 ±0.1

8.9 ±0.1

19.6 ±1.1

10.4 ±1.6

26.1 ±3.6

17.4 ±3.0

nd

7.4 ±0.1

48.2 ±6.1

51.4 ±2.9

47.5 ±3.8

76.6 ±6.3

11.2 ±0.1

8.9 ±0.1

14.7 ±1.7

Calabresi et al  ATVB, 25:1972, 2005



Genetic LCAT Deficiency in Italy
HDL Subpopulations

Control Hoz/cHez
preb a preanm

7.1

17.0

12.2

9.4

Asztalos, … and Calabresi, JLR 48:592; 2007
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Control Heterozygotes
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Genetic LCAT Deficiency in Italy
HDL Subpopulations
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Genetic LCAT Deficiency in Italy
ABCA1-mediated Cholesterol Efflux

median, 25th and 75th percentiles (box), 

10th and 90th percentiles (capped bars)
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Calabresi, Favari, et al Atherosclerosis 2009;204:141 



Genetic LCAT Deficiency
The Clinical Phenotype

Santamarina-Fojo S, Hoeg JM, Assmann G, Brewer HBJr

The Metabolic & Molecular Bases of Inherited Diseases

McGraw-Hill, 2001: 2817-2833.

Corneal opacity

Anemia

Renal disease

CHD?

Corneal opacity

CHD?

FLD FED



Genetic LCAT Deficiency in Italy
Clinical Phenotype in Hoz/cHez

Corneal opacity

Anemia

Renal disease

Total

18/18

12/18

10/18

FLD

11/11

10/11

8/11

FED

7/7

2/7

2/7

CVD 1/18 0/11 1/7

Age: 39.2 ±3.9 y. (19-71y.)



Genetic LCAT Deficiency in Italy
Clinical Phenotype in Heterozygotes

Corneal opacity

Anemia

Renal disease

CVD

0/64

0/64

2/64

2/64

Age: 48.6 ±3.4 y (4-76 y)

stroke at 68, 70 y

diabetic nephropathy,

autoimmune glomerulonephritis
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Geometric means and 95% CI; values adjusted for 

BMI, smoking status, hypertension, and plasma lipids

Genetic LCAT Deficiency in Italy
Carotid Intima-Media Thickness
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P=0.0011 P=0.007

Calabresi, Baladassarre et al, Circulation 120:628,2009 
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Genetic LCAT Deficiency
Carotid Intima-Media Thickness
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FLD 

Carriers

FED 

Carriers
Controls

n. 33 41 280

Italian/Dutch 26/7 9/32 113/167

Gender (M, %) 18 (54.5%) 27 (65.9%) 152 (54.3%)

Age (y) 44.8 ± 19.3 44.5 ± 13.8 43.9 ± 13.3

Total Cholesterol 

(mg/dL)
168 ± 39 186 ± 53 200 ± 39

LDL Cholesterol 

(mg/dL)
102 ± 35 124 ± 47 123 ± 35

HDL Cholesterol 

(mg/dL)
42 ± 13 38 ± 14 58 ± 16

Triglycerides 

(mg/dL)
97 (77; 144) 100 (81; 146) 86 (60; 123)

Non-HDL 

Cholesterol (mg/dL)
126 ± 41 148 ± 51 142 ± 40

Ratio LDL-C/HDL-C 2.2 (1.9; 3.4) 3.4 (2.2; 4.2) 2.1 (1.6; 2.8)

Oldoni,…..Calabresi, Circulation 2018

Genetic LCAT Deficiency - IMT



ABCA1

ApoA-I

LCAT

CETP

~ 170 mutations

~ 60 mutations

~ 85 mutations

~ 25 mutations

frequency CHD


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→
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Genetic HDL Disorders

HDL-C
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Genetic HDL defects – treatments 
under development

CSL-112
Synthetic 

HDL

TD

ApoA-I

Deficiency

Plaque 

stabilazation
Phase 2

CER-001
Synthetic 

HDL

TD

ApoA-I

Deficiency

Plaque 

stabilazation
Phase 2

rhLCAT
Recombinant 

protein
FLD ERT Phase 2



HDL-Therapy in Familial 
Hypoalphalipoproteinemia

Kootte et al, JLR 2015; 56:703

Effect of open-label infusion of an apoA-I-containing 

particle (CER-001) on RCT and artery wall thickness in 

patients with FHA



HDL-Therapy in Familial Hypoalphalipoproteinemia

Kootte et al, JLR 2015; 56:703



HDL-Therapy in Familial 
Hypoalphalipoproteinemia

Kootte et al, JLR 2015; 56:703



HDL-Therapy in Familial 
Hypoalphalipoproteinemia

Kootte et al, JLR 2015; 56:703
J774 Macrophages



HDL-Therapy in Familial 
Hypoalphalipoproteinemia

Kootte et al, JLR 2015; 56:703



rhLCAT – Proof of concept

Shamburek et al, J Clin Lipidol 2016;10:356 

1 FLD carrier with end-stage renal disease

Treated with rhLCAT (9.0 mg/kg)

Analysis of HDL subclasses



 The most common lysosomal storage disorder

 Autosomal recessive disease

 Incidence 1:50000

 Mutation in the gene coding for the acid hydrolase 

β-glucocerebrosidase(GBA) leading to the 

accumulation of glucocerebroside

 First successfully managed lipid storage disease: 

enzyme replacement therapy for type 1 available 

since 1991

GAUCHER’S DISEASE



GAUCHER’S DISEASE



GLUCOCEREBROSIDASE

497 aa, asssociated with the lysosomal membrane

Gene on chromosome 1

300 mutations described

3 mutations with high frequency: N370S, L444P, 

84G>GG (70% cases of GD)



GAUCHER’S DISEASE

Clinical features

• Hepatomegaly

• Splenomegaly

• Anemia

• Thrombocytopenia

• Skeletal involvement

A multi-organ chronic disorder (macrophages)



Ceredase (1991), from human placenta

Cerezyme (1994), hr-glucocerebrosidase (CHO cells)

Dose: 2.5-60U/kg, IV, every two weeks (depending on 

response)

Annual cost: 180.000$ per patient

Abs: in 15% of patients

ERT for GAUCHER’S DISEASE



ERT for GAUCHER’S DISEASE


