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Rare Diseases



Rare Dyslipidemias (rare 

lipoprotein disorders)

Rare monogenic disorders caused by mutations 

in 23 known genes

• LOF mutations in different genes may produce the 

same phenotype

• Different LOF mutations in the same gene may 

produce different phenotypes

• Contrasting mutations (LOF and GOF) in the same 

gene may cause opposite phenotypes 



Rare Dyslipidemias (rare lipoprotein disorders)

Hyperbetalipoproteinemia

LDL-C >10 mml/L - 400 mg/dL(untreated)

LDL-C  >8 mmol/L- 300 mg/dL (treated)

Hypobetalipoproteinemia

LDL-C <1 mmol/L – 40 mg/dL

Hypertriglyceridemia

TG>10mmol/L – 880 mg/dL

Hypoalphalipoproteinemia

HDL-C <0.5 mmol/L – 20 mg/dL

Hyperalphalipoproteinemia

HDL-C >2.6 mmol/L – 100 mg/dL





Rare Dyslipidemias - Diagnosis
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Rare Dyslipidemias - Diagnosis

Genetic analysis

CInical assessment



Rare Dyslipidemias - Diagnosis



Rare Dyslipidemias - Hyperbetalipoproteinemia



Rare Dyslipidemias - Hypobetalipoproteinemia



Rare Dyslipidemias - Hypertriglyceridemia



Rare Dyslipidemias - Hypoalphalipoproteinemia



• cost of and access to current diagnostic modalities 

and emerging therapies 

• lack of information about prevalence, 

pathophysiology, and outcomes

• difficulties in running studies on hard outcomes 

(entire global population with a rare dyslipidaemia

may number in the few hundreds or thousands)

• lack of effective treatments for certain conditions 

Rare Dyslipidemias – Unmet needs

underdiagnosis and undertreatment

Referral of patients to specialized centers

Development of collaborative registries



Novel Therapeutics for Rare Dyslipidemias
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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)

SR-BI deficiency (OMIM 614025)

Low HDL

High HDL

CETP deficiency (OMIM 607322)



HDL-C and Cardiovascular Mortality
Copenhagen  Studies

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



Plasma HDL-C HDL Function

HDL and atherosclerosis

HDL-mediated atheroprotection

insights from inherited HDL disorders



ApoA-I deficiency (OMIM #107680)

LCAT deficiency (OMIM #245900, 136120)

Genetic HDL disorders in Italy

CETP deficiency (OMIM #607322)

103 carriers (3 mutations)
2 HOZ and 101 HEZ

89 carriers (28 mutations)
25 HOZ and 64 HEZ

8 carriers (3 mutations)
1 HOZ and 7 HEZ

GGP02264

GGP06132

GGP08052

GGP14125

PRIN2005

Cariplo 2003-1743

Cariplo 2009-2576

Cariplo 2011-0628



HDL LDL

Unesterified Cholesterol

Cholesteryl Ester

HDL LDL

Unesterified Cholesterol

LCAT

FLD
(Familial LCAT Deficiency)

FED
(Fish-Eye Disease)

x x x

Genetic LCAT Deficiencies

x HDL-CE LDL-CEx



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=64)

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



Mean ±SD

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)

0.654

0.017

0.759

0.135

0.329

0.007

0.003

0.021

PFLD
(n=11)

167.6 ±84.1

153.2 ±70.6

106.6 ±69.8

8.7 ±5.2

269.1 ±169.2

37.9 ±7.3

7.7 ±4.1

41.4 ±23.1

FED
(n=7)

148.0 ±95.7

73.7 ±41.9

96.0 ±70.6

13.5 ±7.8

193.5 ±129.1

57.5 ±19.1

15.3 ±4.9

90.2 ±57.5

Carriers of 2 mutant

LCAT alleles 

Genetic LCAT Deficiency in Italy
Plasma Lipids/lipoproteins



UC/TC 

CER (nmol/ml/hr)

LCAT act (nmol/ml/hr)

LCAT (mg/ml)

Genetic LCAT Deficiency in Italy
Cholesterol Esterification

0.53 ±0.15

44.6 ±8.9

0

2.2 ±0.5

FED
(n=7)

0.93 ±0.08

0

0

1.3 ±0.8

FLD
(n=11)

<0.001

<0.001

0.018

PCarriers of 2 mutant

LCAT alleles

Mean ±SD



Genetic LCAT Deficiency
Carotid Intima-Media Thickness
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Calabresi et al, Circulation 2009 

Hovingh et al, Circulation 2005



Genetic LCAT Deficiency
Carotid Intima-Media Thickness

Dutch and Italian Carriers

Images recorded in Amsterdam and Milano

Single reader (Samuela Castelnuovo-Milano)

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

Oldoni et al, Circulation. 2018;138:1000



Genetic LCAT Deficiency
Carotid Intima-Media Thickness

Dutch and Italian Carriers

FLD Carriers FED Carriers Controls

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 et al, Circulation. 2018;138:1000



Genetic LCAT Deficiency
Carotid Intima-Media Thickness

Dutch and Italian Carriers
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*P<0.001 vs FLD and P=0.050 vs controls; **P=0.028 vs Controls, adjusted for age and sex, BMI, smoking, 

hypertension, family history of cardiovascular disease, total cholesterol, HDL-cholesterol, and triglycerides

**



Fish-Eye Disease

(FED)LDL-CE

Familial LCAT deficiency

(FLD) Less prone to atherosclerosis

More prone to atherosclerosis

HDL

LDL-CE

CE
HDL

CEVLDL

VLDL

FC

FC

CE

CE

CE

FC
LCAT (β)

LDL

LDL

CE LCAT (β)

LCAT (α)

X
FC

LCAT (α)

X

X
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