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PCSK9 Regulates LDLR Turnover
Through Increased Intracellular
Dearadation
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This research was originally published in Journal of Lipid Research. Lambert G, et al. The PCSK9 decade. J Lipid
Res. 2012; 53: 2515-24. © the American Society for Biochemistry and Molecular Biology.




Loss-of-Function Mutations in PCSK?9 Are

Associated With Decreased LDL-C and CHD Risk

PCSK9 Variant Population

R46L ARIC, DHS 1 15%*
Y142X or C679X ARIC, DHS | 28%-40%"2
R46L CGPS 1 11%3

Heterozygous LOF mutations found in 1% to 3% of population’
Associated with

= Lower serum LDL-C!

= Lower incidence of coronary heart disease’

PCSK9 null individual identified (compound heterozygote for two inactivating mutations)
= No detectable circulating PCSK9 with strikingly low LDL-C (14 mg/dL)*
= Healthy and fertile college graduate in apparent good health*

Inhibiting LDLR/PCSKS interaction may lower plasma LDL-C levelss

LOF = loss of function.

Adapted from 1. Cohen JC, et al. N Engl J Med. 2006;354:1264-1272.

Adapted from 2. Cohen J, et al. Nat Genet. 2005;37:161-165.

Adapted from 3. Benn M, et al. J Am Coll Cardiol. 2010,55:2833-2842.

Adapted from 4. Zhao et al. Am Journal of Hum Gen. 2006;79:514-534.

Adapted from 5. Steinberg D, et al. Proc Natf Acad Sci U 5 A. 2009;106:9546-9547

CHD Risk
| 47%
| 88%
| 46%3

Table 1. Plasma Lipid and Lipoprotein Levels in Family Members of an Individual Who Is
a Compound Heterozygote for Loss-of-Function Mutations in PCSK9

Age Fasting Plasma Levels, in mg/dL (Percentile) PCSK9 Allele
Individual (vears) Sex Cholesterol LDL-C HDL-C TG* 1 2
L1 51 M 96 (<1st) 39 (<1st) 44 (55th) 88 (25th) AR97 WT
1.2 53 F 144 (<1st) 49 (<1st) 88 (90th) 51 (<1st) Y142X WT
.1 10 F 137 (15th) 77 (20th) 49 (45th) 78 (50th)  AR97  WT
1.2 32 F 6 (<lst) 14 (<1st) 65 (80th) 119 (70th) AR9T  Y142X
11.3 28 F 152 (20th) 80 (15th) 59 (65th) 92 (55th) WT wT
1111 6 M 106 (<1st) 30 (<1st) 65 (75th) 77 (75th)  Y142X  WT
I11.2 3 F 106 (<Ist) 37 (<1st) 59 (70th) 71 (55th)  Y142X  WT
II1.3 13 F 174 (60th) 104 (60th) 55 (65th) 110 (75th) WT WT

NoTe.—Plasma lipid and lipoprotein levels were measured after a 12-h fast. The percentile of the lipid and
lipoprotein levels are compared with age- and sex-matched African American control individuals.

* WT = wild type.

" HDL-C = high-density lipoprotein cholesterol.

° TG = triglycerides.
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PCSK9 GAIN-of-Function Mutation: .
Identifying the Cause and a Potential Treatment Target I$4Pn AL REMARSES! Wi ISEiEr Sa IS L1 VRN

Mutations in PCSK9 cause
autosomal dominant
hypercholesterolemia

Risk prediction with proprotein convertase subtilisin/kexin type 9
(PCSK9) in patients with stable coronary disease on statin treatiment

Christian Woerner 2, Michael M. Hollimann ¥, Karl Winkler ¥, Michacl Béhm #, Ulrich Laufs &%

Marianne Abifadel"2, Mathilde Varret!, Jean-Pierre Rabes',
Delphine Allard!, Khadija Ouguerram?®, Martine Devillers',
Corinne Cruaud’, Suzanne Benjannet®, Louise Wickham®,

Daniele Erlich!, Aurélie Derré!, Ludovic Villégcr'. Michel Farnier’,
Isabel Beucler®, Eric Bruckert’, Jean Chambaz'?, Bernard Chanu'',
Jean-Michel Lecerf'?, Gerald Luc'?, Philippe Moulin'?,

Jean Weissenbach®, Annick Prat®, Michel Krempf*

Claudine Junien', Nabil G Seidah® & Catherine Boileau'+*

50
HR 1.55 (95%-Cl 1.11-2.16) — PCSK9 = 622 ng/ml
P=0.009

Autosomal dominant hypercholesterolemia (ADH;

" ! . —_ . —— PSCKS 471-622 ng/ml
OMIM144400), a risk factor for coronary heart disease, is B; " !
characterized by an increase in low-density lipoprotein Affected family members with: o —
cholesterol levels that is associated with mutations in the genes = — PCSK2 < 471 ng/ml
LDLR (encoding low-density lipoprotein receptor) or APOB » Total cholesterol in 90t percent”e g r—"_'_’_r‘_
(encoding apolipoprotein B). We mapped a third locus w
associated with ADH, HCHOLA3 at 1p32, and now report two « Tendon xanthomas s
mutations in the gene PCSK9 (encoding proprotein convertase =
subtilisin/kexin type 9) that cause ADH. PCSK9 encodes « CHD o
NARC-1 (neural apoptosis regulated convertase), a newly %
identified human subtilase that is highly expressed in the liver - Ear|y MI E
and contributes to cholesterol homeostasis. =

« Stroke =

Reprinted by permission from Macmillan Publishers Ltd: Nature Genetics o

CHD, coronary heart disease. (Abifadel M, et al. Nat Genet 2003;34:154-8), copyright (2003)
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| livelli di PCSK9 sono aumentati nel diabete mellito di tipo 2
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| livelli di PCSKO sono aumentati nel diabete mellito di tipo 2
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FIGURE 1 A, Comparison of proprotein convertase subtilisin/kexin type 9 (PCSK?) levels by group. B, Comparison of PCSK9 levels by group
within each sex. C, Comparison of PCSK? levels by sex. The boxes denote the distribution between the 75th and 25th percentiles; the
horizontal lines within the boxes denote the median values; the whiskers represent the 5th and 95th percentiles. Closed circles represent
individuals below the 5th or above the 95th percentiles. The asterisk indicates a P-value of <.01 between the groups by ANOVA (& B) or
independent t test (C).
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LINSULINA AUMENTA LESPRESSIONE DI PCSK9 A LIVELLO EPATICO

Published i final edited form as:

Arterioscler Thromb Vasc Biol. 2015 July ; 35(7): 1589-1596
The Role of Insulin in the Regulation of PCSK9

Ji Miao'!, Praveen V. Manthena'!, Mary E. Haas!, Alisha V. Ling’, Dong-Ju Shin!, Mark J.
GrahamZ, Rosanne M. CrookeZ, Jingwen Liu’, and Sudha B. Biddinger!

Approach and Results—sing rat hepatoma cells and primary rat hepatocytes, we found that
insulin increased PCSK9 expression and increased LDL receptor degradation in a PCSK9-
dependent manner. In parallel. hepatic Pesk9 mENA and plasma PCSK9 protein levels were
reduced by 55-75% 1n mice with liver-specific knockout of the msulin receptor; 75-88% 1 mice
made nsulin deficient with streptozotocin; and 65% in ob/ob muce treated with antisense
oligonucleotides against the insulin receptor. However, antisense olignonucleotide mediated
knockdown of msulin receptor in lean, wildtype mice had little effect. In addition. we found that

fasting was able to reduce PCSK9 expression by 80% even in mice that lack hepatic insulin
signaling.



Efficacy with PCSK9 Inhibitors in Diabetes 1657

lipids and
FCSKE Effect (95% CI) 12 P P interaction
LoL-GC
Alirocumab * -42 00 (-55.58, -18.42) 97.8% <0001
Evolocumat —_— -59 46 (-59.22, -49.70) B1.4% <0001
Inclisiran —_— 42,00 (-50.84, -33.18) 0.0% <0001
Owverall —_— -18.20 (-51.17, -35.23) 96.6% <0001 0.028
reR-HDL-C
alirocumab —_—— -41.91 (-48.21, -35.60) 73.0% <0001
SYSTEMATIC REVIEWS AND META-ANALYSES Evolocumab —_— -52 23 (-59.98, -44.49) 76.7% <0001
Inclisiran —— -32.50 (-42.49, -22.51) 0.0% <0001
. . . . . . Owerall —_— 4523 (-51.02, -39.43 84.1% <0001 0.008
Efficacy and safety of PCSK9 inhibitors in patients with diabetes: ‘ ’
A systematic review and meta-analysis o - — oo o001
Evolocumat —— 753 (535 972) 0.0% <0001
Tian Chen ?, Zhenwei Wang ?, Jing Xie ®, Shengjue Xiao ?, Wei Li *<, Naifeng Liu ** Inclisiran B 040(-822 1002) 0.0% 0835
Overall - 5.97 (4.59, 735) 0.0% <0001 0126
“Department of Cardiology, Zhongda Hospital, School of Medicine, Southeast University, Nanjing, fiangsu, China
_hL'oHege of Eas:'c_Mec?icme cmd_ Qinimf Pharmamjt}ainu Pharrflaceuriru‘f UI"!!'I*E‘FS!'[J.& Nanjm_g,.jiangm. China TC
Department of Cardiology, Affiliated Hospital of Yangzhou University, Yangzhou, Jiongsu, China alirocumab ‘ 27,68 (-30.84, 24.52) 0.0% <0001
Evolocumatb —— -36 56 (-39.98, -33.14) 39.0% <0001
Inzlisiran —_— -11.80 (-20.81, -2.75) 0.0% 0.01
Nutrition, Metabolism & Cardiovascular Diseases (2023) 33, 1647—-1661 Overall —_— -30.39 (-36.17, -24.61) 86.3% <0001 =0.001
TG
alirocumab —_— -10.93 (-17.58, -4.28) 56.9% <0001
Ewvolocumab —— -16 24 (-21.57, -10.90) 0.0% <0001
Incligiran + 930 (-8.00, 26.50) 0.0% 0202
Onerall —— -11.96 (-17.19, -6.73) G51.8% <0001 0017
Lipoproteina)
Alirocumab —_—— 26 46 (-34.27, -18.64) 4% <0001
Evolocumaty —— 3203 (-37.15, -25.90) 0.0% <0001
Inclisiran ——— =18.00 (-27.17, -8.83) 0.0% <0001
Onerall — -7 .84 (-33.17, -22.50) G4.5% <0001 0.029
Apolipepratein B
alirpcumab —_— -42 53 (-49.94, .35.11) 80.8% <0001
Evolocumaty —_—— -47 48 (-58 45, -35.51) B8 8% <0001
Inclisiran —_— 2580 (-38.31, -21.29) 0.0% <0001
Ovarall —— 42 43 (-48.05, -35.61) B3 7% < 0001 0.2
T l T

-40 20 0 20

Figure 2 Primary Efficacy Endpoints for PCSKS Inhibitors versus Control. Results are reported as weighted mean differences and 95% confidence
intervals estimated using DerSimmonian-Laird random effect model.




PCSKS inhibitors Placeba Odds Ratio Odds Ratio

Study or Subgroup Evenls Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

1.42.1 Diabetic patients

FOURIER 2017 417 5515 508 5516 24.9% 0.81 [0.70, 0.92] -

QDYSSEY COMBO I 2017 b} 148 2 77 0.4% 2.14 [0.44, 10.35] #
ODYSSEY OUTCOMES 380 2693 452 2751 22.7% 0.84 [0.72, 0.97] -

Subtotal {95% CI) B356 8344 48.0% 0.82 [0.74, 0.91] »

Total events BOS 962

Heteragenaity; Taw® = 0.00; Chi* = 1.55, df = 2 (P = 0.46); I = 0%
Tast for averall effect: Z = 3.84 (P = 0.0001)

1.42.2 Non-diabetic patients

FOURIER 2017 399 B269 505 B2ed  25.0% 0.78 [D.68, 0.89] =
DDYSSEY COMBO 11 2017 15 331 B 164 0.9% 1.25 [D.48, 3.28]

ODYSSEY OUTCOMES 423 6769 600 6711 26.1% 0.68 [0.60, 0.77] b
Subtotal {95% CI) 15369 15139 52.0% 0.73 [0.64, 0.84] -“<>
Total events B3/ 1111

Heterageneity; Tau® = 0.01; Chi* = 3,29, df = 2 (P = 0.19); I* = 39%
Test for overall effect: Z m 4.36 (P < 0.0001)

PCSK®9 inhibitor therapy: A systematic review and meta-

lvsis of taboli d di | t . tient Total (95% CI) 23725 23483 100.0% 0.78 [0.71, 0.85] &
ar!a \/SI-S OoTr metabolic and cardaiovasculiar outcomes In patients Total events 1642 2073
with diabetes Heterogeneity: Tau? = 0.00; Chi® = 7.88, df = 5 (P = 0.16); I* = 37% I I I I
Test for averall effect: 2 = 5.23 (P < 0.00001) 0.2 0.5 1 2 5
Matteo Monami MD? © | Giorgio Sesti MD? | Edoardo Mannueci MD? Tast for subgroup differences: Chi® = 1.70,df = 1 (P = 0.19), I* = 41.2% Favours [PCSK-9i] Favours [Placebo]
Dlabetes Obes Metah 2019-21:903-008 FIGURE2 Effect of PCSK? inhibitors on the incidence of major cardiovascular events in individuals with and without diabetes in placebo-

controlled trials

PCSK -3 inhibitors Placabo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.43.1 Diabetic patients
ODY55EY CHOICE 1l 2016 2 1458 1 i7 20.5% 1.04 [0.09, 11.67]
QDYSSEY DM INSULIN 2017 Q 344 1 170 11.6% 0.16 [0.01, 4.05] #
Subtotal (95% CI 492 247  32.2% 0.53 [0.08, 3.67] ——
Total events 2 2

Heterogeneity: Tau® = 0.00: Chi® = 0.82, df = 1 (P = 0,373 1* = 0%
Test for overall effect: £ = 0,64 (F = 0.52)

1.43.2 Non-diabetic patients

DDYSSEY COMBO 1 2017 4 331 5 164 E7.8% 0,39 [0.10, 1.47] ——
Subtotal (95% CI) 331 164 67.B% 0.39 [0.10, 1.47] -
Total events 4 5

Heterogeneity: Mot applicable
Test for overall effect: £ = L.39 (P = 0.18)

Total {95% C1) 823 411 100.0% 0.43 [0L14, 1.29] ——ni——

Total events [ 7

Heterogeneity: Tau® = 0.00; Chi® = 0,88, df = 2 (P = 0.64); I* = 0% . t t {
Test for averall effect: 2 = 1.51 (P = 0.13) 0.0l 0.1 1 10 100
Test for subgroup differences: Chi® = 0.07, dlf = 1 (P = 0.79), I = 0% Favours [PCSK-9i] Favours [Placebo]

FIGURE 3 Effect of PCSKY inhibitors on all-cause mortality in individuals with and without diabetes in placebo-controlled trials
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Effects of alirocumab on cardiovascular and metabolic x

outcomes after acute coronary syndrome in patients with or
without diabetes: a prespecified analysis of the ODYSSEY
OUTCOMES randomised controlled trial
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ODYSSEY OUTCOMES
diabete

Relative risk reduction  Hazard ratio Absolute risk reduction Absolute risk reduction
Pinteraction™ D'gg Piosterse I|<|r\.=':]":"“:|:I'9 [95% El}
Alirocumal Placebo
/N (%) n/N (%)
Overall 903/9462 1052/9462 -l 0.85 (0.78-0.93) . 1-6% (07 to 2-4)
(9-5%) (11-1%) ' !
Mormoglycaemia 1922639 220/7595 < -85 (070-1-03) ——r 1.2% (-0-3te 2.7)
7-3%) (8:5%) ' 5
Prediabetes 3314130 380/4116 —II— 0-86 (0-74-1-00) —l— 1-2% (0-0to 2-4)
(8-04) (9-2%) : :
Diabetes 1802603 A2/ 2751 S 0.84 (074-0.97) —-—E— 23% (0-4 to 4-2)
(14-1%) (16-4%) i i
| : I I I II 1
075 0-85 1-0 3-2 16 00
4 > < >
Favours Favours Favours Favours

alirocumab  placebo

alirocumab  placebo

riduzione relativa (RRR) e assoluta (ARR) della incidenza di eventi cardiovascolari nel
gruppo placebo in base allo stato glicemico di base :
dal momento che il rischio assoluto & maggiore la sua riduzione piu evidente

Ray KK, Colhoun HM, Szarek M et al. Lancet Diabetes Endocrinol 2019



PCSK9 genetic variants and risk of type 2

diabetes: a mendelian randomisation study

Sample size Bodyweight Mean difference Sample size BMI Mean difference
1511583680 300238 < » 1635(-3399t0o 6-669) 527384 4—-— -1-255(-2:661t0 0151)
152479409 307813 . 1470 (-0-408t03349) 541284 : 0-098 (-0-382t0 0-578)
1511206510 337818 0642 (-0-.956t02-241) 568448 : -0161 (-0-568 to 0-247)
1511591147 185131 om 1.027 (-0-029t0 2:084) 338086 —_— 0-248 ( 0-000 to 0-496)
GS fixed effect P ——.— 1:027 ( 0-239 to 1-815) —_— 0-105 (-0-087 t0 0-297)
GS random effects [ 1.027(0-239 t0 1-815) —'— 0-011(-0:330t0 0-352)
X=0-49,p=0-92, =0 (97:5% C1 0 to 0): x’=6:51, p=0-09, I>=53-91(97-5% Cl 0 to 71-25) H
r | T 1 T 1 T
-1.000 0-000 2.000 4-000 -0-600 0-000 0-500

kg, scaled per 1 mmol/L decrease in LDL cholesterol

kg/m?, scaled per 1 mmol/L decrease in LDL cholesterol

Sample size Waist-to-hip ratio Mean difference Sample size HbA Mean difference
1511583680 342391 ————————————p  0021(-0005t00047) 126293 < -0.046 (-0-325 t0 0-234)
152479409 360174 : -0-002 (-0-012 t0 0-008) 127853 —_— -0-088 (-0-194 to 0-018)
1511206510 390477 — . 0-004 (-0-004t0 0:012) 131330 R 0-079 (-0-014 to 0-173)
1511591147 227538 —. 0-009( 0-004t00-013) 102083 —— 0-051 (-0-005 to 0-107)

0-006 ( 0-003 to 0-010)

GS fixed effect . ——
: 0-006 ( 0-000to 0-011)

GS random effects
X'=4-92, p=0-18, P=39.07 (97-5% CI O to 60-23)

|

r T T T 1
-0-020 -0-010 0-000 0-010 0-020

Scaled per 1 mmol/L decrease in LDL cholesterol

—a— 0-032 (-0-011t0 0-075)
— 0-017 (-0-059 to 0-094)

X>=6-61, p=0-09, I’=54-59 (97-5% Cl 0 to 71.71)
T

I T T 1
-0-300 -0-100 0-100 0300

Percentage, scaled per 1 mmol/L decrease in LDL-Y cholesterol

Sample size Fasting insulin Mean difference Sample size Fasting glucose Mean difference
1511206510 65653 E »  0:09(-034t00-80) 180410 . »  0231(-0206100-668)
1511591147 67418 RN -0-11 (-0-24 to 0-06) 185361 —_— -0-001 (-0-149 to 0-148)
152479409 68457 —.—-— 0-03 (-0-11 to 0-20) 131682 —_— 0-026 (-0-105 to 0-158)
1511583680 55271 —— 0-02 (-0-06 to 0-11) 98709 D 0-141( 0-051 to 0-230)
GS fixed effect —— 0-00 (-0-06t0 0-07) |—|— 0-087 (0-022t0 0152)
GS random effects —— 0-00 (-0-06 t0 0-07) B 0-079 (-0-003 to 0:161)

¥?=2-23, p=0-53, P=0 (97-5% CI 0 to 0)

f T f T 1
-0-40 -0-20 0-00 0-20 0-40
Percentage, scaled per 1 mmol/L decrease in LDL cholesterol

¥>=3-96, p=0-27, [%=24-18 (97-5% Cl 0 to 45-68)

f T T T T 1
-0-400 -0-200 0-000 0200 0-400 0-600
mmol/L, scaled per 1 mmol/L decrease in LDL cholesterol

Figure 2: Association of genetic variants in PCSK9 with glycaemic and anthropometric biomarkers

Effect estimates are presented as mean difference with 95% Cls. Associations were scaled to a 1 mmol/L reduction in LDL cholesterol. SNP-specific results are pooled by use of a fixed-effect model;
weighted gene-centric score (GS) models combining all four SNP-specific estimates are presented as fixed-effect and random-effects estimates. The size of the black dots representing the point
estimates is proportional to the inverse of the variance. Between-SNP heterogeneity was measured as a two-sided Q-test (x*) and an 2 with one-sided 97:5% Cl. Note that results from individual
participant data are supplemented by repository data from the Global Lipids Genetics Consortium, the Meta-Analyses of Glucose and Insulin-related traits Consortium, and the Genetic Investigation of

Anthropometric Traits consortium.

www.thelancet.com/diabetes-endocrinology Vol 5 February 2017
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Figure 4: Correlation between PCSK9 associations with LDL cholesterol
concentration and type 2 diabetes

Effect estimates are presented as mean difference in LDL cholesterol concentration
(mmol/L) and odds ratios (ORs) for the incidence or prevalence of type 2 diabetes,
with 95% Cls. Associations are presented per LDL cholesterol-decreasing allele. The
Pearson correlation coefficient, regression line (grey), and its 95% Cl (red) were
calculated by weighting the SNPs for the inverse of the variance in the type 2
diabetes association. Excluding the SNP with the largest effect on LDL cholesterol
(rs11591147) resulted in a correlation coelMicient of 0-993 and a p value of 0-437.



PCSK9-deficient mice exhibit impaired glucose tolerance and pancreatic
islet abnormalities

Majambu Mbikay *>*, Francine Sirois?, Janice Mayne ?, Gen-Sheng Wang? Andrew Chen?,
Thilina Dewpura?, Annik Prat¢, Nabil G. Seidah ¢, Michel Chretien*"<, Fraser W. Scott "¢
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Fig. 2. Glucose homeostasis is altered in PCSK9-deficient mice. Female (F) and male (M), Pcsk9*!* and Pcsk9~/~ 4-month-old mice (n = 8/gender/genotype) were phenotyped
for glucose homeostasis parameters. (A) Fasting glycemia was similar in females; but was increased (P < 0.05) in male Pcsk9 '~ mice. (B) Insulinemia was reduced (P< 0.01) in
male Pcsk9 /'~ mice. (C) Pancreatic insulin content was reduced (P < 0.05) in Pcsk9 '~ mice.

Insulin (ng/ml)

Time (min)

Fig. 3. OGTT. Pcsk9*/* and Pcsk9~/~ male mice (n = 9/genotype) were subjected to an
OGTT. (A) Plasma glucose was not different between the two genotypes at 15 min,
but was significantly higher in mutant mice at later time points. (B) Plasma insulin
was significantly lower in mutant mice at all time points, most noticeably at
15 min. *P < 0.05; ***P < 0.001.




PCSK9 deficiency reduces insulin secretion and PCSKY9 in diabetes: sweet, bitter or sour?
promotes glucose intolerance: the role of the Francesco Paneni"?* and Sarah Costantino?

'University Heart Center, Clinic for Cardiology, University Hospital Zirich, Switzerland; and *Center for Molecular Cardiology, University of Ziirich, Wagistrasse 12, Schlieren
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Figure | Effects of proprotein convertase subtilisin/kexin type 9

Figure 6 Circulating PCSK9 does not impact glucose metabolism and -cell function. (A) PCSK9 gene expression in human tissues according to the

Genotype-Tissue Expression (GTEX) portal are shown. Data are reported as RPKM (Reads per Kilobase per Milion mapped reads): 12.775 RPKM in . . . . . .

b 09 RoX3 0 el 3363 R oo 1874 th s s 1578 e prcrn 1263 clon (ranmers loss-of function vs. blockade of circulating, liver-derived proprotein

0.577 in the nerve (tibial), 0.287 in cells (transformed fibroblasts), and 0.108 in the whole blood. (B) A repr ive image of the

cence of pancreatic islets from WT mice showing that PCSK9 is expressed in 3 cells (somatostatin) (light blue staining in the overtay) are shown. (C) conve r'taS e su bt|l|S| n /keXin t)’P e 9 LD L_C lOW d en S|t)’ ll p Opr‘otei n-
e ; )

PCSK9 mRNA expression in the liver or in the pancreas of AlbCre-+/Pcsk9 ™2 and AlbCre-/Pcsk9">* % mice are shown (data are shown as mean
+ standard deviation, n = 5) (*P< 0.05), while (D) PCSK9 protein expression in the pancreatic islets from the same animals (the maximum intensity

projection of serial confocal sections is shown) are shown. Scale bar: 20 um. Low-density lipoprotein receptor expression in pancreatic B cells is Cholesterol; LDLR’ low density lipoprotein recep’tor‘; PCSK9’ pro_
protein convertase subtilisin/kexin type 9; T2D, type 2 diabetes.




PCSK9 Inhibitor Safety Data

FOURIERL] ODYSSEY [l

Evolocumab Placebo Alirocumab Placebo

(n=13,769) (n=13,756) (n=9451) (n=9443)

Injection-site reaction, 21 16 Diabetes worsening or diabetic
%* ’ ’ complications: patients w/ DM at 18.8 21.2
Allergic reaction, % 31 2.9 baseline, %
New-onset diabetes: patients w/o
Muscle-related event, % 5.0 4.8 DM at baseline, % 2.6 101
Rhabdomyolysis, % 0.1 0.1 General allergic reaction, % 7.9 7.8
Cataract, % 1.7 1.8 Hepatic disorder, % 5.3 5.7
Adjudicated case of 8.1 7.7 Local injection-site reaction, %" 3.8 2.1
¢ ) 0 : :
= .d.labetes, e Neurocognitive disorder, % 1.5 1.8
Neurocognitive event, % 1.6 15
Cataracts, % : o | 1.4
Hemorrhagic stroke, % <0.1 0.2

*The between-group difference was nominally significant (P <.001).
THR vs placebo = 1.82 (95% Cl 1.54, 2.17).

a. Sabatine MS, et al. N Engl ] Med. 2017;376:1713-1722.
b. Schwartz GG, et al. ACC 2018.




New-Onset Diabetes in FOURIER

20+ [ Evolocumab
3 Placebo
In all patients without diabetes at
16 p=0-32 ) g :
— li)zsselllge (1.291 |rTC|dent cases in
~ 11.6% ,510 patients):
% - -I- 10:9% HR 1.05
& p=0-64 I T (95% Cl: 0.94, 1.17)
= 7.3% 7.0% In patients with prediabetes at
|- 8 p=0-43 T T baseline (1163 incident cases in
5— — - 23 10,338 patients):
4-0% 3.89 HR 1.00
4+ ok (95% Cl: 0.89, 1.13)
0 I 1 1
End of year 1 End of year 2 End of year 3

Reprinted from Lancet Diabetes Endocrinol, 5, Sabatine MS, et al., Cardiovascular safety and efficacy of the PCSK9 inhibitor
evolocumab in patients with and without diabetes and the effect of evolocumab on glycaemia and risk of new-onset diabetes: a
prespecified analysis of the FOURIER randomised controlled trial, 941-950., Copyright 2017, with permission from Elsevier.



Studi ORION 9-10-11: le sole reazioni avverse associate a inclisiran sono state le reazioni in
sede di iniezione (8.2%)

ORION 9 n° pazienti 240/241 Inclisiran/Pbo

ORION 10 781/778 Inclisiran/Pbo
ORION 11 811/804 Inclisiran/Pbo
Adverse events recorded over trial period of 540 days

AEs Rachialgia

SAEs Gastroenterite

AEs interruzione T Diabete mellito Differenze
Nasofaringite |pertensione tutte non significative
URTI Artralgia

Dispnea Osteoartrite

Le reazioni al sito di iniezione sono state prevalentemente lievi, nessuna severa o persistente




2025 Focused Update of the 2019 ESC/EAS
Guidelines for the management of

dyslipidaemias

[SCORE2/SCORE2-OP <2%)

—_——

Treatment goal
for LDL-C

| « SCOREZ/SCORE2-OP 2% and <10% ‘l
| - Young patients {T1DM <35 years;

| T2DM <50 years) with DM duration |
I_ <10 years without other risk factors |

—_—_———- e - -  ——

<3.0 mmollL

Classllb (<116 mg/dL) risk

<26 mmoliL

Classlla (<100mg/dL) risk

& =50% reduction N
from baseline ™

<1.8 mmollL
(<T0mg/dL)

Class|

<14 mmollL

a
Class| (<55 mgidL)

<1.0 mmol/L

Classllb (<40 mg/dL)

|+ SCORE2/SCOREZ-OP 210% and <20% !

l Markedly elevated single risk factors, in particular I
TC =8 mmol/L (310 mg/dL) or LDL-C »4.9 mmol/L (190mg/dL) |
or BP 2180/110 mmHg I

|+ FHwithout other major risk factors I

|+ Moderate CKD (eGFR 30-59 mL/min/1.73 ml:, |

|+ DM wy/o target organ damage, with DM duration =10 years |
| or other additional risk factor |

| « ASCVD (dinical/imaging) !
I = SCORE2/SCORE2-0OP =220%
| » FHwith ASCVD or with another major gﬁk factor
| = Severe CKD (eGFR <30 mL/min/1.73 m*<)

| « DM & target organ damage: =3 major risk factors;

lL or early onset of TIDM of long duration (>20 years)

iT Patients with ASCVD who experience !
| recurrent vascular events while taking
| maximally tolerated statin-based therapy|
|.. patients with polyvascular (g coronary |
lL and peripheral) arterial disease I

d(lass lla for individuals in primary prevention with FH at very high risk

CVRisk

@ESC Qens



CONSENSUS

DOCUMENTO DI CONSENSO SULLA
DIAGNOSI € GESTIONE DELLA
IPERCOLESTEROLEMIA FAMILIARE
DELLA SOCIETA ITALIANA PER LO
STUDIO DELLATEROSCLEROSI

Consensus document on diagnosis and
management of familial hypercholesterolemia
from the Italian Society for the Study
of Atherosclerosis (SISA)

PATRIZIA TARUGI'. STEFANO BERTOLINEY, SEBASTIANO CALANDRA® MARCELLO ARCAS,
FRANCESCO ANGELICOS, MANUELA CASULAS?, ANGELO B. CEFALUS, LAURA D'ERASMO?,
GIUUANA FORTUNATC®, PASQUALE PERRONE-FILARDI®, PAOLO RUBBA", PATRIZIA
SUPPRESSA= MAURIZIO AVERNAZE, ALBERICO L CATAPANO“=

Tabella 4 - Percentuale di riduzione dei livelli plasmatici di colesterolo LDL indotta da diversi trattamenti ipocoleste-

rolemizzanti.

Statine di moderata intensita (aforvasiating 10-20 mg; roswuasiating 5-10 myg; 30%
simvasfating 20-40 mg; pravastafing 40-B0 mgj

Statine ad afta intensita [storvastating 40-80 mg; rosuvasiating 20-40 mg) 50
Statine ad alta intensita + ezetimiba 10 mg 65%
Inibitor di PCSKS afrocumab, evolocumab, sottocute ogni due sattimana) B0%
Statine ad alta intensita + Inibitor di PCSKS 9%
Statine ad alta intensita + Inibion di PCEKS + exatimibe 10 mg BD%
Acido bempedoico 180 mg 20%
Acido bampedoico 180 mg + ezatimibe 10 mg 40%




Combination Therapy as First-Line Strategy
In Very High-Risk Patients

siRNA, small interfering RNA
Ray KK, et al. Eur Heart J. 2022;43:830-833

Cardiovascular risk

assessment

v

Very High
CVD Risk

v

Extremely high risk
patient¥

Start statin +

Start statin +
ezetimibe*

ezetimibe* + PCSK9
targeted therapy#

\ 4

v

=9 a
Reduction <50%

OR Reduction >50% &

LDL-C >1.4 mmol/L, tD'-'C <1.4 mmol/L

v

v

Add PCSK9 e

targeted therapy® or

.

No further action
needed

(« In statin-intolerant patients consider ezetimibe i
bempedoic acid or PCSK9 targeted therapy

& Extremely high risk = post ACS + history of
other vascular event/peripheral artery disease/
polyvascular disease/multivessel coronary artery
disease/familial hypercholesterolemia

# monoclonal antibodies directed against PCSK9

e PCSKS9 siRNA therapy )

bempedoic acid -

These matenials are provided o you solely as an educafional resource for your personal use. Any commestial use or distribusion of these matenials or any porfion thereof is sinaly prohibited



Evolocumab

*pazienti di eta <80 aa con ipercolesterolemia familiare
omozigote - in prevenzione primaria in pazienti di eta <80
aa con ipercolesterolemia familiare eterozigote e livelli di
LDL-C =130 mg/dL nonostante terapia da almeno 6 mesi
con statina ad alta potenza alla massima dose tollerata +
ezetimibe oppure con dimostrata intolleranza alle statine
(vedere successivamente la definizione di intolleranza) e/o
all'ezetimibe;

«in prevenzione secondaria in pazienti di eta <80 aa con
ipercolesterolemia familiare eterozigote o
ipercolesterolemia non familiare o dislipidemia mista con
livelli di LDL-C = 70 mg/dL nonostante terapia da almeno 6
mesi con statina ad alta potenza alla massima dose
tollerata + ezetimibe oppure dopo una sola rilevazione di C-
LDL in caso di IMA recente (ultimi 12 mesi) o eventi CV/
mulitpli oppure con dimostrata intolleranza alle statine
(vedere successivamente la definizione di intolleranza) e/o
all'ezetimibe.

Alirocumab
Inclisiran

*in prevenzione primaria in pazienti di eta <80 aa con
ipercolesterolemia familiare eterozigote e livelli di LDL-C =130
mg/dL nonostante terapia da almeno 6 mesi con statina ad alta
potenza alla massima dose tollerata + ezetimibe oppure con
dimostrata intolleranza alle statine (vedere successivamente la
definizione di intolleranza) e/o all'ezetimibe;

«in prevenzione secondaria in pazienti di eta <80 aa con
ipercolesterolemia familiare eterozigote o ipercolesterolemia non
familiare o dislipidemia mista e livelli di LDL-C = 70 mg/dL
nonostante terapia da almeno 6 mesi con statina ad alta potenza
alla massima dose tollerata + ezetimibe oppure dopo una sola
rilevazione di C-LDL in caso di IMA recente (ultimi 12 mesi) o
eventi C/ multipli oppure con dimostrata intolleranza alle statine
(vedere successivamente la definizione di intolleranza) e/o
all'ezetimibe.



Le dosi raccomandate di aliroeumab sono 75 mg una volta ogni 2 settimane, 150 mg una volta
ogni 2 settimane, 300 mg una volta ogm 4 settimane (mensilmente), somministrate per via
sottocutanea. Tutte le dosi possono essere utilizzate per 'inizio del trattamento.

La dose raccomandata di evolocumab & 140 mg ogni due setimane o 420 mg una volta al mese; le due
dos1 sono chinicamente equivalenti.

Somministrazione' )
Uso sottocutaneo. I Formulazione?2 >
Inclisiran & somministrato tramite * Siringa preriempita
iIniezione sottocutanea nell’addome; siti * Ogni siringa preriempita contiene inclisiran sodico
di iniezione alternativi comprendono il equivalente a 284 mg di inclisiran in 1,5 mL di
braccio o la coscia. soluzione

+ (Conservazione a temperatura ambiente

Ogni dose da 284 mg viene

somministrata utilizzando una singola . —r
siringa preriempita. I Regime posologico™ >

.. : s Inizio del Trattamento a lungo termine
Ogni siringa preriempita € solo monouso. trattamento Ogni 6 mesi

.. . i T T T T
Inclisiran & destinato alla ?‘ 3 ? ° H ° H

.. . . IMESI mesil mesl
somministrazione da parte di un
operatore sanitario. - |
Dose 22 3= X..dose

iniziale dose dose




Semplicemente

m | diabetici hanno nella maggior parte dei casi un rischio cardiovascolare alto o
molto alto

m Lobiettivo di c LDL per tale rischio non sempre viene raggiunto con la dose massima
tollerata di statina + ezetimibe

m | farmaci che agiscono su PCSK9 rappresentano una opzione terapeutica efficace e
sicura

m Dai trial clinici non risulta un aumento del rischio di diabete




zle per l'ascolto
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