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Structure of Lipoprotein(a) 

A characteristic feature of 

apo(a) is the presence of 

loop-like structures called 

kringles. 

 

 Kringle domains are triple 

loop structures stabilized 

by three internal disulfide 

bonds  

 

The linker domain between 

kringles is glycosylated in 

apo(a) 



Plasma levels of Lipoprotein(a) 

Plasma concentrations of Lp(a) show 

remarkable variation between individuals.  

Such variation exists also between different 

human populations and has been observed in 

non-human primates, too 

 

RANGE: from <0.1 to >200 mg/dl  

 

Plasma levels of Lp(a) are genetically controlled  

for 70-90%  



Lp(a) and atherosclerotic 

cardiovascular risk 

thrombosis atherosclerosis 

Structural omology 

with LDL 
Structural omology 

with plasminogen 



Lipoprotein(a) Concentration and the Risk of Coronary 

Heart Disease, Stroke, and Nonvascular Mortality 

JAMA. 2009;302(4):412-423.  

aFurther adjustment for usual levels of systolic blood 

pressure, smoking status, history of diabetes, body mass 

index, and total cholesterol. 



Gene LPA chr 6q27 

The strong role of genetics in determine Lp(a) plasma levels, 

is responsible of the particular distribution in the population, 

not normal but very asimmetric  



Structure of LPA gene  

Schmidt et al. Jour of Lipid Res 2016 

Human LPA shares a 

high sequence homology 

(78% to 100%) to human 

PLG in both the un-

translated and coding 

regions: 

- Kringles I to III were lost 

by deletion 

- an expansion and 

differentiation of the 

Kringle IV domain in LPA 

resulted in ten different 

types of KIV domains, all 

specific in their amino 

acid composition 



Schmidt et al. Jour of Lipid Res 2016 

Further expansion of 

one of the KIV domains 

(Kringle IV type 2, KIV-2) 

resulted in the 

multiallelic (1 to >40 

copies) intragenic copy 

number variation (CNV) 

known as the KIV-2 CNV  

 

The other Kringle IV 

encoding domains (KIV-

1 and KIV-3 to KIV-10) 

are present only as 

single copies  

Structure of LPA gene  



KIV-2 CNV and Lp(a) plasma levels 

An inverse correlation of CNV length with Lp(a) 

levels has been demonstrated in almost all 

analyzed populations 

  

This inverse correlation is explained by the 

processing of apo(a) isoforms during transit 

through the secretory pathway from the 

hepatocytes: shorter apo(a) isoforms are 

secreted more efficiently than longer ones Apo(a) size polymorphism is a major predictor of Lp(a) 

levels contributing between 40% to 70% of the 

variation in Lp(a) concentrations 



Recent Studies that Have Investigated Apo(a) Size and               

Non-Size Polymorphisms 



Clarke R et al. N Engl J Med 2009;361:2518-2528. 

Associations of Single-Nucleotide Polymorphisms 
(SNPs) in LPA with the Lp(a) Lipoprotein Level and the 
Risk of Coronary Disease in the PROCARDIS Cohort. 



Mighty Medic multicentric project 
SELECTION OF PATIENTS:  

FROM ROME (prof.Claudia Stefanutti): 24 patients  

FROM VERONA (prof. Maria Grazia Zenti): 5 patients 

Inclusion criteria: isolated or combined+iperLp(a) 
+CVD or/and ATS in lipoprotein apheresis therapy 



 

 

 

Parma LAB (dott. Federica Vacondio) 

 

•Liquid chromatography/mass spectrometry 
method capable of measuring apolipoprotein(a) 
concentration while simultaneously determining 
the number of kringles present per protein will 
be set up. 



 

 

 

Parma LAB (prof. Elda Favari) 

 

•Cholesterol Loading Capacity (CLC) of sera 
containing Lp(a) will be performed in order to 
understand possible correlation to number/size of 
kringles determined by chromatography/mass 
spectrometry. 

These analysis will be done in sera from patients 

before and after Lipoprotein Apheresis. 

 



Genoa LAB: NGS sequencing 



Next-generation sequencing (NGS) based on a 

custom AmpliSeq™ panel designed for sequencing of 

human genes related to the lipoprotein metabolism 

will be performed with Ion PGM™ Sequencer: 

 

 

Genes in the panel:  

 

 LIPA, GBA, PCSK9, LDLRAP1, ANGPTL3,GALNT2, 

CH25H, APOA1.APOA5, APOC3, HNF1A, SCARB 1, 

GPD1, LIPC, LCAT, LMF1, CETP, SREBF1, LIPG, 

ANGPTL4, LDLR, APOC2, APOE, CREB3L3, 

APOC1, APOB, GCKR, ABCG5, ABCG8, PLTP, 

HNF4A, SCAP, STAP1, MTP, MYLIP, LPA, NPC1L1, 

CYP7A1, LPL, GPIHBP1, ABCA1 



PRELIMINARY RESULTs in 9 

patients from Rome (prof. Claudia Stefanutti) 

R155 AF     Lp(a) 82 mg/dl 

 

 

MTTP Ex 6 Val168Ile c.502 G>A            

HZ S=0.22 P=0.98  non common 

 

LPA Ex 40 Arg 2016 Cys c.6046 C>T 

OZ S=0.01 P=1 pathogenic common 

variant 

 

LPA rs 10755578 OZ gen G/G ref. C 

R157 DLG   Lp(a) 96 mg/dl  3V-CAD 

 

ABCA1 Ex25 Ala1182Thr c.3544 G>A 

HZ non common 

APOAV Ex3 Ser19Trp c.56 C>G HZ  

Pathogenic common 

 

 APOE EX 4 GENOTYPE  E3 E4 

 

LPA Ex 40 Arg 2016 Cys c.6046 C>T 

HZ S=0.01 P=1 pathogenic common 

variant 

 

LPA rs 10755578 HZ gen C/G ref. C 



R158 AS         Lp(a) 134 mg/dl 

 

ANGPTL4 Ex 3 +1 G>A                         

HZ  non common 

APOE GENOTYPE E3 E4 

SCAP Ex 17 Pro852Ser c.2554 C>T 

HZ non common 

LPA rs 10755578 HZ gen C/G ref. C 

R159 CD    Lp(a) 104 mg/dl   3V-CAD 

 

 

LPA Ex 40 Arg 2016 Cys c.6046 C>T 

HZ S=0.01 P=1 pathogenic common 

variant 

 

LPA rs 10755578 OZ gen G/G ref. C 

  

 



R 160 PP    Lp(a) 244 mg/dl 3V-CAD 

 

APOAV Ex3 Ser19Trp c.56 C>G HZ  

Pathogenic common 

 

LPA Ex 40 Arg 2016 Cys c.6046 C>T 

HZ S=0.01 P=1 pathogenic common 

variant 

 

LPA rs 10755578 OZ gen G/G ref. C 

  

  

  

R161 AB    Lp(a) 118 mg/dl 2-V CAD 

 

APOE GENOTYPE E3 E4 

NPC1L1   Ex 2 Leu272Leu c.816 C>G                

HZ common variant 

LPA Ex 40 Arg 2016 Cys c.6046 C>T                 

OZ S=0.01 P=1 pathogenic common 

variant 

 

LPA Ex 27 Thr1339Pro c.4195 A>C                    

HZ S=0.08 P=1 pathogenic common 

variant  

LPA rs 7765803 HZ gen G/C ref. G 

LPA rs 7765781 HZ gen G/C ref. G 

LPA rs 10755578 OZ gen G/G ref. C 



R162 EA  Lp(a) 138  mg/dl     1V-CAD 

 

ABCG8 Ex10 Tyr479 Cys c.1436 A>C          

HZ S=0.18 P= 0.931 non common 

variant 

LPL Ex2 Asp36Asn c.106 G>A                      

HZ S=0.05 P=0.074 pathogenic 

common variant 

LPA Ex 40 Arg 2016 Cys c.6046 C>T        

HZ S=0.01 P=1 pathogenic common 

variant 

 

LPA Ex 21 Pro1090Arg c.3268 C>G           

HZ S=0.0 P=1.0 pathogenic non 

common variant 

 

LPA rs 10755578 HZ gen C/G ref. C 

R 163 NC   Lp(a) 169 mg/dl   2V-CAD 

 

 

LPA Ex 27 Thr1339Pro c.4195 A>C                    

HZ S=0.08 P=1 pathogenic common 

variant  

LPA rs 7765803 HZ gen G/C ref. G 

LPA rs 7765781 HZ gen G/C ref. G 

LPA rs 10755578 HZ gen C/G ref. C 



R 164 DM     Lp(a) 30 mg/dl 

 

ABCG8 Ex1 Asp19His c.55 G>C           HZ S=0.0 P=0.796 Common 

APOE GENOTYPE E2 E3 

LDL-R EX7 Cys352(331)Trp c.1056 C>G OZ            S=0.0 P=1.0                    

(FH-AVELLINO-1) 

NPC1L1   Ex 2 Leu272Leu c.816 C>G    HZ Common 

LMF1 Ex8 Arg364Gln c.1091 G>A     HZ S=0.3 P=0.997 Common 

PCSK9    Ex 1 p.Leu15 Dup c.65_66 INS GCT      HZ  Common 

LPA EX 40 Arg2016 CYS c.6046 C>T HZ S=0.01 P=1.0 C 

LPA rs 10755578 HZ gen C/G ref. C 



sex age BMI Lpa CHD ATS therapy 

HELP 

start 

BL M 56 25,7 120 2V-CHD Carotid stent alirocumab 2014 

PV M 60 27,8 122 3V-CHD 

Popliteal bilateral 

Endoarterectomy St+ Eze 2015 

TM M 61 28,4 130 2V-CHD 

Carotid bilateral 

endoarterectomy St+ Eze 1995 

TE M 75 22,9 108 1V-CHD Carotid stenosis 30% Nutraceutical 2015 

MD F 65 29,9 435 2V-CHD 

Carotid stenosis           

35-40% 

St+ Eze 

 2005 

CLINICAL DATA OF PATIENTS FROM 
VERONA  (dott. Maria Grazia Zenti) 



Conclusions  

Preliminary data demonstrated that LPA gene is 

extremely polymorphic  

 

Studying the correlation between genotype and 

phenotype we will confirm rhe role of genetic 

variant of LPA gene and cardiovascular risk 

 

We will analyze the Cholesterol Loading Capacity 

of sera in relation to number of kringles repeat 

and lipoprotein apheresis to investigate new 

mechanisms increasing cardiovascular risk and 

the therapeutical effect of apheretic therapy 



Thank you to Kaneka for the 

support 

 

Thank you for your attention! 


