
Role of PCSK9 inhibitors

in primary and secondary prevention

Livia Pisciotta
AMBULATORIO DISLIPIDEMIE                                  

U.O. Clinica di Medicina Interna 1                                
IRCCS AOU SAN MARTINO-IST                                     

Di.M.I. Università di Genova





LDL-C and Lipid Changes in IMPROVE-IT 



Primary Endpoint — ITT 



STATINE

• Prevenzione CVD
• Non target colesterolo
• Adeguato dosaggio statina in 

rapporto al rischio



STATINE

• Prevenzione CVD
• Non target colesterolo
• Adeguato dosaggio statina in 

rapporto al rischio

Farmaci ipolipemizzanti
statine,ezetimibe, lomitapide, ac.anti-PCSK9

• Target colesterolo
• Tutti i farmaci che riducono colesterolo



The Role of PCSK9 in the Regulation 
of LDL Receptor Expression
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For illustration purposes only



PCSK9 in human plasma

Plasma concentrations in control subjects range
from 35 to 225 ng/mL (mean 89.5±31.9 ng/mL) 

and are positively correlated with LDL-C                   
(r = 0.543, P<0.01)

Dubuc G et al J Lipid Res 2009 

Chan D et al. Clin Chem 2009 



PCSK9:
Rapid Progress From Discovery to Clinic

Seidah NG. Proc Natl Acad Sci USA 2003;100(3):928-33, Abifadel M. Nat Genet 2003;34(2):154-6, Maxwell KN. Proc Natl Acad Sci USA 2004;101(18):7100-5, Rashid 
S. Proc Natl Acad Sci USA 2005;102(15):5374-79, Lagace TA et al. JCI 2006;116:2995-3005 Cohen JC. N Engl J Med 2006;354(12):1264-72, Zhao Z. Am J Hum 
Genet 2006;79(3):514-23, Hooper AJ. Atherosclerosis 2007;193(2):445-8, Chan JC. Proc Natl Acad Sci USA 2009;106(24):9820-5; Stein et al N Engl J Med 
2012;366:1108-18 

Stein modified from Swergold, Regeneron

2000         2001        2002        2003        2004        2005        2006        2007        2008        2009        2010 2012

• PCSK9 (NARC-1) discovered 

• PCSK9 GOF mutations 
associated with ADH
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HeFH: DIAGNOSTIC CRITERIA



Xantomi tendinei

Arco corneale



47 y

21 y
696

Total chol. (mg/dl)

PCSK9
D374Y (English)
Asp374>Tyr

30 y
735

6 y
352

8 y

57 y
499

14 y
410

19 y
464

MI

MI



62 y
BMI 27.2 
ε3ε4

Ac, Xa 
PVD

Tc 371
LDLc 312
HDLc 39
Tg 122
A-I 123
B 157

BAGNARA CALABRA FRANCOFORTE

Ca-ATS (60% stenosis)

62 y
BMI 20.0 
ε3ε3

Tx, Xa

35 y
BMI 22.9 
ε3ε4

31 y, 3V-CAD 
4 BP

Tc 358
LDLc 216
HDLc 81
Tg 126
A-I 271
B 119

Tc 580
LDLc 518
HDLc 50
Tg 58
A-I 190
B 260

LDL-R
Exon 4
GAG>AAG
(c.682 G>A)
p.Glu 228 > Lys

PCSK9
Exon 9
CGG>TGG
(c.1486 C>T)
p.Arg 496 >Trp

LDLc level in 9 unrelated
patients with p.Glu 226 > Lys
mutation 330.6±56.8 mg/dl

Pisciotta L et al. Atherosclerosis 2006



EAS Consensus Panel statement on homozygous FH Stock J. Atherosclerosis 2015; 242: 323-6

*
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N -
1-30           31-152                      153-426                                      
427-692

SP             PRO                Catalytic domain                           CRR
- C

V4I 

E32K
E54A

R104C
S127R
D129G

D186Y

F216L
R218S

A220T
R357H
D374Y S465L

R469W

R496W

A514T

V624MN425S

R46L

c.202 del G, A68FsX82
T77I
R93C

del R97 G106R

V114A
Y142X

N157K
Q219E

R237W

A239D
L253F

W428X
A443T
G452D

A522T

P616L
S668R
C679X

Gain of function mutations

Loss of function mutations

R215H D374H
H553R

Q554E

G236S
E57K

N354I
S386A
H391N

H417Q E482G

S462P

L9/L10



-80

-60

-40

-20

0

20

40

60

80

Amount of cell surface LDLR and internalization of LDL in 
HepG2 cells transfected with mutant PCSK9 plasmids

% of WT-PCSK9

R46L G106R N157K R237W
Loss of 
function

Gain of function

S127R D374Y

LDLR on cell surface
LDL internalization

Cameron J et al Hum Mol Genet 2006;15:1551



Y142X + R97 del CHE

C679X HO

14-34 mg/dl

15.4 mg/dl

LDL-C

Y142X HE (n. 10) 48.2±22.2 mg/dl

C679X HE (n. 49) 64.0±16.0 mg/dl

c.202 del G (A68fs82) HE (n. 4) 64.0±16.0 mg/dl

R97 del HE (n. 2) 58.0±26.8 mg/dl

88% reduction of CAD risk

Cohen et al. Nat Genet 2005; Tarugi et al. ATVB 2007







LDLR mut LDLR mut + PCSK9 mut

C210G C210G + R46L

LDL-C on SIMV 40 -34.5% -54.0%

N804K N804K + N157K

LDL-C on ATORV 10 -32.0% -51.4%

P664L P664L + R46L

LDL-C on ATORV 40 -45.0% -67.2%

PCSK9 loss of function mutations increase the LDL-C 
lowering effect of Statins in patients with LDLR gene 

mutations 

Berge K et al. Arterioscler Thromb Vasc Biol 2006; 26: 1094-100



L9/L9 (n. 42) L9/L10 (n. 40) +                                
L10/L10 (n. 2) P

Baseline LDL-C             
(mmol/L) 7.58 ± 1.28 7.71 ± 1.30 NS

Absolute 
changes 
(mmol/L) 

-2.44 (2.29-3.05) -3.14 (2.53-3.77) <0.001

Percent 
changes -34.3 ± 5.6 -42.5 ± 6.2 <0.001

An additional Leucine in the signal peptide of PCSK9 
impairs the protein processing in ER causing a partial LOF 

and icreases the response to Statins in HE-FH patients 

Pisciotta L et al. Nutr Metab Cardiovasc Dis 2012; 22: 831-5

FH patients were matched for gender, age, type of LDLR gene 
mutation, and for type, dose and duration of statin treatment



Comprehensive Whole-Genome and Candidate Gene Analysis for 
response to Statin therapy in the Treating to New Targets (TNT) 

Cohort
(Thompson J et al. Circ Cardiovasc Genet 2009; 2: 173-81)

Number of SNPs investigated 291,988 in 11490 CHD subjects 
treated with ATORV 80

Among SNPs tested only SNPs in APOE (rs 7412 ε2/ε3 and rs
429358 ε3/ε4) and a SNP in PCSK9 (rs 11591147 R46L) were found

to influence statin response significantly



PCSK9:
Rapid Progress From Discovery to Clinic

Seidah NG. Proc Natl Acad Sci USA 2003;100(3):928-33, Abifadel M. Nat Genet 2003;34(2):154-6, Maxwell KN. Proc Natl Acad Sci USA 2004;101(18):7100-5, Rashid 
S. Proc Natl Acad Sci USA 2005;102(15):5374-79, Lagace TA et al. JCI 2006;116:2995-3005 Cohen JC. N Engl J Med 2006;354(12):1264-72, Zhao Z. Am J Hum 
Genet 2006;79(3):514-23, Hooper AJ. Atherosclerosis 2007;193(2):445-8, Chan JC. Proc Natl Acad Sci USA 2009;106(24):9820-5; Stein et al N Engl J Med 
2012;366:1108-18 

Stein modified from Swergold, Regeneron

First publication  
POC in patients

• First patients with 
FH & nonFH treated 
with PCSK9 mAb 

2000         2001        2002        2003        2004        2005        2006        2007        2008        2009        2010 2012

• PCSK9 LOF mutations  found 
with 28%  LDL-C  
and 88%  CHD risk

• Humans null for PCSK9 have 
LDL-C  ~15 mg/dL

 LDL-C in mice and non-
human primates treated 
with anti-PCSK9 mAb

• PCSK9 (NARC-1) discovered 

• PCSK9 GOF mutations 
associated with ADH

• First subject treated 
with PCSK9 mAb 

• Adenoviral  expression in mice

• PCSK9 KO mouse  LDL-C  

Plasma PCSK9 
binds to LDLr



STRATEGIES FOR PCSK9 INHIBITION
Antisense oligonucleotides (stopped in phase 1)

 Small interfering RNA (siRNA): specific degradation of mRNA

 EGFA mimetic peptide that inhibits PCSK9 binding to LDLR 
(SX-PCSK9)

 Adnectin (recombinant protein derived from fibronectin) which 
bloks interaction between PCSK9 and LDLR-EGFA

 Monoclonal antibody SAR236553/REGN727 (Alirocumab)

 Monoclonal antibody AMG 145 (Evolocumab)

 Humanized mAb RN316 which interacts with LDLR-EGFA 
(longer serum half life and increased duration of LDL-C 
lowering in mice and monkeys)





Quale ruolo degli inibitori di 
PCSK9 in prevenzione primaria 

e secondaria?





Cause di mancato raggiungimento del TARGET di LDL-C         
con statina in monoterapia

 Utilizzo inappropriato di Statine a bassa potenza (LOV,
FLUV, PRAV) o di Statine a potenza intermedia (SIMV)
anche a dosi massimali
Utilizzo di Statine a più elevata potenza ma a dosi non
massimali (ATORV 10-20 mg, ROSUV 5-10 mg)
Pressione sul MMG da parte delle ASL con l’obiettivo di
un risparmio economico
 Scarsa aderenza alla terapia farmacologica ed alle
prescrizioni dietetiche
 Cause secondarie di ipercolesterolemia non
correttamente diagnosticate (ipotiroidismo, colestasi, e
farmaci concomitanti che inducono ipercolesterolemia e/o
accelerano il metabolismo delle statine (steroidi,
paroxetina, ciclosporina…)

 Utilizzo inappropriato di Statine a bassa potenza (LOV,
FLUV, PRAV) o di Statine a potenza intermedia (SIMV)
anche a dosi massimali
Utilizzo di Statine a più elevata potenza ma a dosi non
massimali (ATORV 10-20 mg, ROSUV 5-10 mg)
Pressione sul MMG da parte delle ASL con l’obiettivo di
un risparmio economico
 Scarsa aderenza alla terapia farmacologica ed alle
prescrizioni dietetiche
 Cause secondarie di ipercolesterolemia non
correttamente diagnosticate (ipotiroidismo, colestasi, e
farmaci concomitanti che inducono ipercolesterolemia e/o
accelerano il metabolismo delle statine (steroidi,
paroxetina, ciclosporina…)



Cause di mancato raggiungimento del TARGET di LDL-C         
con statina in monoterapia

terapia farmacologica discontinua per intolleranza reale
o presunta







Increase in the area under the plasma concentration - time curve 
(AUC) of statins according to genotypes in the SLCO1B1 gene: 

summary results of studies with different statins

*The TT wildtype is considered as the reference genotype
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JAMA. 2016;315(15):1571-1572. 



Cause di mancato raggiungimento del TARGET di LDL-C         
con statina in monoterapia

Ipercolesterolemie monogeniche resistenti alla terapia

 Presenza nel paziente di varianti genetiche che
riducono l’effetto ipocolesterolemizzante delle statine, o
aumentano il rischio di miopatia
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Individual of LDL-C response to Atorvastatin 40 mg/day in 
28 FH patients with severe LDLR gene mutation

mean –41.6 ± 11.6 %

median –
43.8%

c.1415-1418 ACAT dupl in Exon 10  → Stop 515                  
(FH Savona-1)

Pisciotta L et al. Atherosclerosis 2007; 194: e116-22 



Correlation between % decrease of LDL-C induced by STATINS and by 
EZETIMIBE in 65 heterozygous FH

Pisciotta L et al. Atherosclerosis 2007; 194: e116-22 





Grazie dell’attenzione
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