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DYSLIPIDEMIE
Diabetes mellitus
Arterialni hypertenze

Koureni

Obezita

Mala pohybova aktivita

Stres

Soucek a kol, Vnitini Iékarstvi, Grada Publishing, 2011, ISBN 978-80-247-2110-1



Gaussova krivka

Normalni rozdéleni — Wikipedie (wikipedia.org)
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Lipoprotein (a) - lipoproteinu s
antigennimi vlastnostmi

prof. Berg roce 1963 objevil antigen, ktery pfiradil do oblasti lipoproteind.
PlUvodné oznacil jako LDL ¢astici, ale jedna se o antigen reprezentujici odliSnou
lipoproteinovou castici a oznacil ji jako lipoprotein (a).

prof. Seeger objevil pomoci elektroforézy lipoprotein, o kterém se domnival, ze

se jedna o genetickou variantu [3-migrujici LDL. Nasledné bylo dokazano, ze se
jedna o novy lipoprotein pohybujici se v oblasti pre .

V roce 1970 popsal prof. Rider lipoprotein, ktery se sice elektroforeticky choval
jako VLDL, ale ultracentrifugaci byl porovnatelny s LDL.

VSechny prace popisovaly ve skutecnosti Lp (a).

Nazev Lp ,,(a)” vznikl jako oznaceni lipoproteinu s antigennimi vlastnostmi

Zdroj: Archiv autora
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~1.4 bilionu lidi ma hladinu > 50 mg/dL

Severni s
evernl ey
Amerika

- Jizni
Amerika

Obyvatelé Afriky a jizni Asie maji obecné vysSi hladiny Lp(a)

AHA, American Heart Association; ACC, American College of Cardiology; Lp(a), lipoprotein(a); M, millions.
Tsimikas S.J Am Coll Cardiol. 2018;71:177-192.



Lipoprotein (a)

Fosfolipidova vrstva
Triglyceridy
Cholesteryl Estery

* Produkce v jatrech
* LDL (apo B) vazba S-S mustkem

Volny Cholesterol

Fosfolipidy

Apo B-100

Protease Similar Domain

Lp(a) differs from LDL in that Lp(a) contains a molecule of apo(a)??

apo, apoprotein; Kl, kringle type I; KlI, kringle type II; KlIl, kringle type III; K1V, kringle type IV; KV, kringle type V; Lp(a), lipoprotein (a).
1. Cai A, et al. Dis Markers. 2013;35(5):551-559. 2. Tsimikas S.J Am Coll Cardiol. 2017;69:692-711. 3. Jawi MM, et al.J Lipids.2020:1-26. doi.org /10.1155/2020/3491764.



Plasminogen

Lipoprotein (a) TITTt
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domain

Gen na 6. chromosomu v oblasti 65/

50 kb od genu prglasminogen

se kterym sdili asi 80% homologii.

Jeho rozsahlost je dana mnohonasobnym opakovanim

5,5kb dlouhé jednotky koduji&ringl IV typ 2
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/vysena hladina Lp(a) je asociovana s...............

ICHS CMP
PAD CKD
Srdecni selhani stenoza .
Ao chlopné

Disease associations were determined using logistic regression data from UK Biobank, adjusted for age, sex, and 10 other key components, with the exception of chronic kidney disease, which was determined using statistics from
CKDGen.

Lp(a), lipoprotein(a).
Emdin CA, et al. J Am Coll Cardiol. 2016;68:2761-2772.
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Lipoprotein(a) and the risk of cardiovascular
V vv/ ° v ° ° ° 4 v/ disease in the European population: results
sSi hladina Lp (a) zvysuje riziko velkych KV pfihod o
y hris ‘.". xullyAka“;‘J‘“,T-qal—lbr';‘;l—nx-!idﬂmb:l”. $
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European Heart Journal, 38, 32,2017, 2490-2498, https://doi.org/10.1093/eurheartj/ehx166
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Risk ratio (95% Cl)

Epidemiologické a genetické studie prokazuji asociaci
mezi zvySenou hladinou Lp(a) a zvySenym rizikem KVO

Meta-analysis'?

Adjustment for age and sex only
Nonfatal Ml and coronary death (9318 cases)
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Emerging Risk Factors Collaboration
Individual records of 126,634 participants in 36
long-term, prospective epidemiological studies

Mendelian Randomization?3 Genome-wide Association’*
Multivariable and KIV, adjusted 0 variant 1 variant 2 variant
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Copenhagen City Heart Study

Data from the 1991-1994 examination of the . w PSOCABDIS CO'|"10r't .
study (n=7524) with up to 16 years of follow-up Data available for 1,259 “trio” families (families with a proband and two

parents or a proband, a parent, and 2 one sibling)

Mendelian randomization studies have established Lp(a) as an independent, genetic and causal risk factor for MI,

ischemic stroke and coronary artery disease

ASCVD, atherosclerotic cardiovascular disease; Cl, confidence interval; KIV,, Kringle IV type 2; HR, hazard ratio; MI, myocardial

infarction.

1. Tsimikas S.J Am Coll Cardiol. 2017;69(6):692-711; 2. Erquo S et al. JAMA. 2009;302(4):412-23;
3. Kamstrup PR etal. JAMA. 2009;301(22):2331-2339; 4. Clarke R et al. N Engl J Med. 2009;361(26):2518-2528.



Stanoveni hladiny Lp(a):

 Méreni hladin Lp(a) je problematické:
* Problém nastava, pokud ELISA protilatky cili na opakujici se K-IV typ 2
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 VétSina komercnich kitl pouziva polyklonalni protilatky:.

n 2 to > 40 K-V, copies

Upraveno dle Caprnda M., SAS, Bratislava




Stanoveni hladiny Lp(a):

Idealny kit na stanoveni hladin Lp(a)

Apo(a) Isoform-

Insensitive Assay 9 @)€)€)©)§)G)Q)©)@) )& @@_@w

Repemwe KIV; Small Apo(a) Isoform Each apo(a) molecule is only recognized
once. This allows measurement of Lp(a) in

/ molar units.
A
Q099909 AACAANA09ANNDADINDE gp

I
Repetitive KIV, Large Apo(a) Isoform

A Antibody against a unique kringle (e.g. KV)

Kronenberg: Atherosclerosis 349: 123-35, 2022

Upraveno dle Caprnda M., SAS, Bratislava



Stanoveni hladiny Lp(a):

Absolute bias nmol/L

50
40
30
20
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0

based on data from Marcovina et al., Clin.Chem. 41:246-55, 1995

Overestimation by
ﬂ =5-10 nmol/L = (2-4 mg/dL)

[0°°o.oo].o..
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\ Underestimation by
=5-10 nmol/L (22-4 mg/dL)

Marked underestimation by =35-45 nmol/L (=15-20 mg/dL):
observed in 2% of the population

Number of KIV repeats

Kronenberg: Atherosclerosis 349: 123-35, 2022

Upraveno dle Caprnda M., SAS, Bratislava
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Stanoveni hladiny Lp(a):

Porovnani Sesti komercnich kitl (assays) na 144 vzorcich.
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Scharnagl et al. Atherosclerosis 2019; 289: 206-13



Indications for Lp(a) Assessment Lp(a) Level of Concern*

¥




Ratio molar to mass

Stanoveni hladiny Lp(a): konverze mg/dl a nmol/!

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

0.0

Molar assay from Northwest Lipid Metabolism and Diabetes Research Laboratories (NLMDRL)

University of California, San Diegeo

+=20%

versus mass assays from

Denka Assay-1 Denka Assay-2
+50%

3.64

2.80
- 2.62 +71%
: 232 233
_25%, +159% _7? 218 224
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1.82 2 7% 172
I 152 I I I

All <75 75- 125- 175- 225- 275-

>324 <75 75-124 >124 <75 75-124 >124

124 174 224 274 324

n=1635 494 296 239 242 170 70

based on Tsimikas et al.: J. Clin. Lipidol. 12:1313-23, 2018

167 80 43 26 11 80 43 26 11

Lp(a) nmol/L

Kronenberg: Atherosclerosis 349: 123-35, 2022

Upraveno dle Caprnda M., SAS, Bratislava



Guidelines — EAS/ESC 2019 + CSAT

Recommendations for lipid analyses for EAS @ @ESC
cardiovascular disease risk estimation (3) Eurogean Socety
Recommendations Class Level

Lp{a) measurement should be considered at least once ineach adult

person’s lifetime to identify those with very high inherited Lp(a) levels

>180 mg/dL (>430 nmol/L) who may have a lifetime risk of ASCVD lla C
equivalent to the risk associated with heterozygous familial

hypercholesterolaemia.

Lp(a) should be considered in selected patients with a fap--« it~ ¢ >
premature CVD, and for reclassification in people who are Poprvé sevy doporuc':enych postupech ObjeVUJ e ,povinn é" vy-

cehwEsnmogerate and en ik Setfeni koncentrace lipoproteinu(a) u véech osob alespoi je-
denkrat v zivoté. Pacienti s koncentracemi Lp(a) > 180 mg/dI
onescascusener (330 nmol/l) maji celozivotni riziko shodné s nemocnymi
eeeses s familiarni hypercholesterolemii. Zjisténi vysoké koncent-
race Lp(a) maze slouZit ke zméné kategorie rizika.

www.escardio.ong/guidelines

21



Lipoprotein(a) in atherosclerotic cardiovascular
disease and aortic stenosis: a European
Atherosclerosis Society consensus statement 3

Florian Kronenberg & Samia Mora, Erik S G Stroes, Brian A Ference, Benoit J Arsenault,
Lars Berglund, Marc R Dweck, Marlys Koschinsky, Gilles Lambert, Francois Mach ... Show
more

Author Notes

European Heart Journal,Volume 43, Issue 39, 14 October 2022, Pages 3925-3946,



Consensus panel recommendations for Lp(a) testing

« Lp(a) should be measured at least once in adults to identify those with high
cardiovascular risk.

« Screening is also recommended in youth with a history of ischaemic stroke
or a family history of premature ASCVD or high Lp(a) and no other
identifiable risk factors.

« Cascade testing for high Lp(a) is recommended in the settings of FH, family
history of (very) high Lp(a), and personal or family history of ASCVD.



Box 2. Critical knowledge gapsinthe Lp(a) field

Many aspects of the genetic regulation of Lp(a) are not fully understood.
Identification of causal variants and the mechanisms by which they
modulate Lp(a) concentration or enhance Lp(a) pathogenicity require

urther researchy

Better understanding Qf the pathogenicity of the various moieties of Lp(a)

particles1s d priority.

Investigation of the mechanisms underlying the link between very low Lp(a)

concentration and the development of diabetes mellilm needed.

Standardization and harmonization of Lp(a) measurgfent needs to

improved.

Studies in larger samples of different ethnic@re needed.

Whether Lp(a) lowering reverses accelerated atherogenesis and AVS
progression and reduces cardiovascular events has to be tested. The extent of
Lp(a) lowering required for clinical benefit i€also not known.




Konsenzus Evropské spolecnosti pro aterosklerézu
o lipoproteinu(a) z roku 2022 - odpoveédi na casté

otazky k témto doporucenim

Consensus statement of the European Atherosclerosis Society on the 2022
lipoprotein(a) - responses to the frequently asked questions about these

recommendations

Lukas Zlatohldvek, Viadimir Blaha, Renata Cifkova, Tomas Freiberger, David Kardsek, Pavel Kraml, jJan Pitha,
Hana Rosolova, Vladimir Soska, Tomas Stulc, Michal Vrablik (za Vybor CSAT) a Jana Maskova

4 doc. MUDr. Lukas Zlatohlavek, Ph.D. | lukas.zlatohlavek@If1.cuni.cz | www.If1.cuni.cz

e 30 otazek.................10 otdazek Okruhu ??
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V

iv zvysujici se hladiny Lp(a) a odhadované

zakladni absolutni riziko zavaznych KVS prihod
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Vrablik M., Blaha V., Cifkova R., et al. Stanovisko CSAT ke Konsenzu Evropské spole&nosti pro aterosklerézu: Lipoprotein (a) pFi aterosklerotickych kardiovaskularnich onemocnénich a aortalni stenéze.



Tab. 3

koncentrace Lp{a} bezléeby

celkové :
flaz:,fféaggﬂg;rg <10 mg/dl 10a<20mg/dl  30af<50mg/dl  50a%<75mg/dl 75aZ<100mg/dl =100 mg/dl
<25 nmol/l 25az<75 nmol/l 75 aZ< 125 nmol/l 125 a7 <188 nmol/l 188 a7 < 250 nmol/l =250 nmol/l
Gprava ZS Uprava 7S

L : skace Stlikare fibace Sl ?:rzr‘:lajzglterapie ?armakoterapie

nizkériziko 0 7S 0 7S 0 /S 0ZS (napf LDL-C, (napF. LDL-C,
TK, glukdza) TK, glukéza)

Gprava 7S Gprava 7S Gprava 7S
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: edukace edukace edukace : : :
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(napt. LDL-C, {napf. LDL-C, {napf. LDL-C, {napi. LDL-C, {napf. LDL-C, {napf. LDL-C,
TK, glukéza) TK, glukéza) TK, glukéza) TK, glukdza) TK, glukdza) TK, glukdza)

©
O
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o i
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\g Uprava ZS Gprava ZS Gprava ZS Gprava 7S
= =5a7<10 ke zvaZeni a a a
3 nebo g%lgkace Edzuskace farmakoterapie farmakoterapie farmakoterapie farmakoterapie
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nebo : ke zvaZeni a a a a
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= Gprava 7S Gprava 7S Gprava 7S Gprava 7S Oprava 7S Gprava 7S
= 0 7w s
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Lp(a) [nmol /1]
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intenzivni redukce hladiny LDL-C [nmol /1] potfebna
pro sniZeni rizika zvySeného hodnotami Lp{a) [mmol /1]

nutnost zahajeni 1é¢by od véku pfi hodnotach Lp{a)

30 let
1,2 mmol/I
1,0 mmol /I
0,8 mmol/I
0,6 mmol/I
0,4 mmol /I
0,2 mmol /I

ref

40 let
1,4 mmol/I
1,2 mmol/I
0,9 mmol/I
0,7 mmol/I
0,5 mmol/I
0,2 mmol/I

ref

50 let
1,7 mmol /I
1,5 mmol/I
1,2 mmol/I
0,9 mmol/I
0,6 mmol /I
0,3 mmol/I

ref

60 let
2,3 mmol/I
1,9 mmol/I
1,5 mmol /I
1,1 mmol/I
0,8 mmol /I
0,4 mmol/I

ref



Obrn

wypliite své zdravotniinformace nife

: jednotky jednotky
Jednotipreliedhotchntesteno pro télesnou viysku pro télesnou hmotnost
mmol/l @ mg/dl @® cm in ® ke Ibs
pohlavi viyska (cm)
vék (30-75 let) télesna hrmotnost (kg)
va3e hodnoty cholesterolu: vade hodnoty BMI:
celkowy cholesterol {rozmezi 2,5-8,0) BMI
5,43 23,8

LDL-cholesterol {rozmezi 2,0-5,0)

"\.?

2,49
7 HDL-cholesterol {rozmezi 0,6-2,8)
1,16
systolicky krevni tlak (mm Hg) {rozmezi 90-200)

120

|

U#ivate léky na snifeni krevniho tlaku?

he

wypocitat riziko

ald
<
o

Mate diabetes?
Jste kurak?

ne

Byl jste nékdy kurak?

] ‘7‘ &

Prodélal nékdo ve vasi roding infarkt myokardu
nebo c¢évni mozkovou pithodu?

— SH‘:‘

Graf 1

vase riziko infarktu myokardu nebo cévni mozkové prihody

70 e vaSeriziko bez vivu Lp{a)
B0 e a5 e riziko vEetn@vlivu Lp(a)

50 -
40
30+
20
104
0

riziko (%)

45 50 60 70
veék (roky)
riziko infarktu myokardu
nebo cévni mozkové prihody do v&ku 80 let je:

pfi zapoditani hladiny Lp{a) 100 mg/dl
seriziko infarktu myokardu nebo cévni mozkové
piihody do véku 801et zméni z 52,1 % na:

Graf2
vaSeriziko infarktu myokardu nebo ¢dwni mozkowé pithody

70 -

69,0%

20
52,1%

w350 riZiko bez vlivu Lp{a)
60 o e e riziko vEetné vlivu Lp(a)

— 50 == vaZe riziko vEetné viivu Lp(a)
= po shifeni hodnot LDL-C
nebo krevniho tlaku

45 50 60 70 80
veék (roky)
pfi zapoditani hladiny Lp{a) 100 mg/dl
<= HN N .

seriziko infarktu myokardu nebo cévni mozkové
prihody do v&ku 80let zméniz 52,1 % na:

I 46,1% 1
‘s = = = P

pfi zapomtanl hladiny Lp{a) 100 ma/dl

a odhadovaném riziku 63,0 % snifeni hladiny LDL-C
olmmolflaSTK o 10mm Hg od véku 45 let povede
ke zmeénérizika do v&ku 80 let na:



Lp(a) Clinical Guidance

Lp(a) is a chelesteral-carrying macromolecule circulating in the blood that can damage your arteries, causing a heart attack or stroke. The Lp(a) level in your bloed is
largely inheritad. Indeed, high Lp(g) levels may be the most commonly inherited cause of heart attacks and strokes.

This website will help you determine how much your Lp(a) level increasas your risk of having a heart attack or stroke, and provide you with spacific guidance about
what you can do to lower your risk if your Lp(a) level is elevated.

Estimating the risk of heart attack & stroke caused by Lp(a)

H H H Please enter your health information in the baxes below. After yau enter your information, a graph will appear to show you your estimated risk of having a heart attack,
http ://WWW. I pa CI I n I c a Ig u Id a n ce L] co m/ stroke, or undergoing a procedure to clear a blocked artery at any age up to age B0.

This estimated risk does not take into acoount your Lp(a) level. The only way to know how much your Lp(a) level increases your risk of having a heart attack or stroke is
to measure it. Persons with high levels of Lp(a) may be at increased risk and nat even know it

To see how much your Lp(g) level increases your risk of having a heart atiack or stroke, enter your Lp(a) level using the slider bar below the graph. A secend line will
appear on the graph showing you how much your Lp(a) level increases your risk of having a heart attack or stroke.

Enter your health information below

Chalesteral units: Height units: Weight units:

® mmol/L O mg/dL ®cm Cin ®kg Olbs

Sex Height (cm)

Male ‘ Female ‘ | |

Age (ages 30-75) Weight (k)

Cholesterol Your BMI is calculated as:
Total Cholesterol (mmel/L) {range 3.5 - 8.0) B

LDL Cholesterol (mmel/L) (range 2.0- 5.0) Do you have disbetes?

Mo ‘fes

HOL Cholesterol (mmal/L) (range 0.6 - 2.8) Do you currently smoke?

Mo ‘fes

Systelic Blood Pressure (mmiHg) (range 90 - 200) Haive you ever smioked?

Mo ‘fes

Are you taking a medicine to lower blood pressure? Has anyone in your family had & heart attack or stroke?

No Mo ‘es
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How could | be young, fit, === P e
. . have no risk factors and 2 A
» have a heart attack?

The public needs to know.

It has been another amazing year for the Lipoprotein(a) o zﬁ
Foundation being named a Top Nonprofit of 2019. We ey

31


https://www.yumpu.com/en/document/read/63585647/the-lipoproteina-foundation-2019-impact-report
https://www.yumpu.com/en/document/read/63585647/the-lipoproteina-foundation-2019-impact-report
https://www.yumpu.com/en/document/read/63585647/the-lipoproteina-foundation-2019-impact-report
http://www.testlpa.org/
http://www.testlpa.org/

@ ESC European Journal of Preventive Cardislogy (2024) 00, 1-10 FULL RESEARCH PAPER

European society https:/{doi.org/10.1093/eurjpc/zwae007
of Cardiclogy

Impact of elevated lipoprotein(a) on coronary
artery disease phenotype and severity

David M. Leistner © '"*?*3T, Andres Laguna-Fernandez®!, Arash Haghikia © "*°*,
Youssef S. Abdelwahed"*?, Anne-Sophie Schatz"*?, Aslihan Erbay’*",

Robert Roehle*’, Ana F. Fonseca®, Philippe Ferber®, and Ulf Landmesser © "%
Department of Cardiclogy, Campus Bangasrin Franklin (CBF), Charité—Universititemedizn Berfin, Hindenburgdarmm 30, 12203 Berlin, Gerrmarry; “Deutsches Zentrurm fiir
Herzgkreishwforsehung (DZHK), partmer site Barlin, DZHE-Geichiftsstells, Potsdamer Str. 58, 10785 Berlin, Germany; ‘Friede Springer Cardiovascular Prevertion Center, Charité,
Hindenburgdarmm 30, 12203 Berlin, Germany: *Berfin Institute af Health (BIH). Anna-Lousa-Karsch-Strafle 2, 10178 Berdin, Germary: “University Hospital Frankfurt and Wollgang Goethe
University, Theodor-Stern-Kai 7, 60596 Frankfurt, Germarry, “Novartis Pharma AG, Fabrikstrasse 2, CH-2056 Basel, Switzertand; and  Institute of Biometry and Clinical Epadesriclogy,
Charité—Universititemedizn Barlin, corporate member af Freie Universitit Berdin and Humboldt-Universitit 2o Berlin, Barlin, Germany

Received 22 June 2023: revised 20 Decemnber 2023; accepted 21 Decemnber 2023 anling publsh-aheod-of-pririt 13 Februany 2024



Original Investigation
July 17, 2024

Lipoprotein(a) and Calcific Aortic Valve Stenosis
Progression
A Systematic Review and Meta-Analysis

Benoit J. Arsenault, PhDu; Krithika Loganath, MBBS3; Arnaud Girard, BSc1; Simona Botezatu, MD, Ph D3-4; Kang H. Zheng, MD,
PhDS-E’; Evangelos Tzolos, MD, PhD3; Kathia Abdoun, MSc1; Lionel Tastet, PhD1; Romain Capoulade, PhD?; Nancy Coté, PhD1;
Neil Craig, MBChBB; Kwan L. Chan, BS, MS, MDS; James W. Tam, MDg; Koon K. Teo, MBBCh, Pth; Christian Couture, MSc1;
Marie-Annick Clavel, DVM, PhD'+?; Patrick Mathieu, MD"''; Sébastien Thériault, MD, MSc"'?; Erik S. G. Stroes, MD, PhD>; David
E. Newby, MD?; Sotirios Tsimikas, MD'; Philippe Pibarot, DVM, PhD'%; Marc R. Dweck, MD?

» Author Affiliations
JAMA Cardiol. Published online July 17, 2024. doi:10.1001/jamacardio.2024.1882



Elevated Lp(a) associated with faster haemodynamic
progression and clinical events

Qp
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Zdroje: Capoulade JACC 2015.



ASTRONOMER TRIAL Lp(a) associated with faster AS
progression & events

220 patients with mild or moderate
aortic stenosis participating in the Progression of Aortic Stenosis
ASTRONOMIER trial (age 58+13) e licinecionin Lv

-
<
;
K
-

Peak Aortic Jet Velocity (m/s)

Investigated whether elevated Lp(a)

(top tertile >58.5 mg/dL) was

associated with

- Faster disease progression in echo

- Clinical events AVR + cardiac
death

2-fold Faster
Hemodynamic
Progression Rate

Lp(a)-OxPL
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Zdroje: Capoulade JACC 2015.



Time for randomised controlled trials

2022 EAS Consensus on Lp(a)

Lp{a) should be measured
at least once in aduits

New risk factor for
A0rtic valve stenosis

Not a risk factor for

venous thrombosis
Very low Lp{a) may

associate with type 2
diabetes

Zdroje: Kronenberg, EAS Consensus Statement on Lp(a). EHJ 2022.
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Causal associations between insulin and Lp(a)
levels in Caucasian population: a Mendelian
randomization study
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Asociace mezi Lp(a) DM 2. typu a Met sy

Large Lp(a) isoforms Small Lp(a) isoforms
Reference to each group rg\p( J

Lp(a) <4 vs. >= 4 mg/dL

Lp(a) <3 vs. >= 3 mg/dL

Low Lp(a) concentration
<20% ,

jw]
; . | | ]<2.5% R
Increased risk of —
T T T T 1 developing T2DM \@‘
. 1.2 1.4 1.6 2.0 ﬁj

Lp(a) <2 vs. >= 2 mg/dL

Lp(a) <1 vs. >= 1 mg/dL

e e T T T Y i

0.8 1.0
HR +/- 95% CI
MR Test
Inverse variance weighted Weighted median
Odds Ratio Odds Ratio / MR Egger

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Barkas F et al. -0.6154 0.1385  5.0% 0.54 [0.41, 0.71] - 001-
Cankurtaran M et al. 0 0.0041 13.9% 1.00[0.99, 1.01]
Cardoso-Saldana G et al. -0.5611 0.1201  6.0% 0.57 [0.45, 0.72] - s
Gentile M et al. -0.5973 0.2493 21% 0.55[0.34, 0.90) - £
Guven Aetal. 0.6878 0.3601 1.1% 1.99[0.98, 4.03] I [ ) *
Jun Jetal. -0.462 01282 5.6% 0.63[0.49, 0.81] - §
Kotani K et al. 0.01 0.0102 13.8% 1.01[0.99, 1.03] ]
Mokhsin A et al. (A) 0 01201 6.0% 1.00[0.79, 1.27] - £
Mokhsin A et al. (B) 0.0724 04525 0.7% 1.08 [0.44, 2.61] e 1‘3
Muntner P et al. -0.2485 0.1876  3.3% 0.78[0.54, 1.13] - z
Onat Aetal. -0.478 01413  4.9% 0.62[0.47, 0.82] - c
Panagiotakos D et al. -0.1448 00924 7.8% 0.87[0.72, 1.04] - 2
Prasad M et al. -0.3567 0.1717  3.8% 0.70 [0.50, 0.98] - g
Reynoso-Villalpando G et al. -0.2353 0.3325 1.2% 0.79[0.41, 1.52] -1 5
Rohit A et al. -0.0724 02955 1.5% 0.93[0.52, 1.68) T 5
Sung K etal. -0.0408 0.0681 9.8% 0.96 [0.84, 1.10] T g ’ d
Vaverkova H et al. -1.1744 0.2645 1.9% 0.31[0.18, 0.52] - 5
Wu X et al. 05128 0.048 11.5% 1.67 [1.52, 1.83] - £

7]
Total (95% CI) 100.0% 0.89 [0.82, 0.96] ]

Heterogeneity: Tau? = 0.01; Chi? = 219.44, df = 17 (P < 0.00001); I* = 92% " y y
Test f Il effect: Z = 3.11 (P = 0.002 0.01 0.1 1 10 100 . ‘ ‘
st for overall effect: 2 = 3.11 (P = 0.002) Low Lipoprotein(a) levels  High Lipoprotein(a) levels 0.01 0.02 0.04 0.05
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Fig. 5 Association between lipoprotein(a) and MetS

Lamina C, Ward NC. Atherosclerosis 2022, Pablo C, etal. Curr Diab Rep 2024, Ulloque-Badaracco JR, et al. Lipids Health Dis 2023, Lejawa M, et al. Cardiovasc Diabetol 2024



DM 2. typu, Lp(a), ICHS
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6238 jedincll (median 54 let) bez ASKVO, cutt off (90
percentil) Lp(a) 216 nmol/l 12,9 let sledovani > zvySena
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Rikhi R, et al. Atherosclerosis 2025
Shiyovich A, et al. Cardiovasc Diabetol 2024



Vztah Lp(a) a DMI1T

* J Ul i W q 2 A RDAWT] uYLIl[’ibuémsllllelﬂlIG.let H R eumnelgaLLH LI
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Vztah Lp(a) a DM1T
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 Hladiny Lp(a) nad 120nmol/I:
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. (Littmann et al., 2020)



Rozlozeni hladin Lp (a)

Koncentrace Pacienti s TIDM/ Pacienti CPK/

Lp(a) sledovany soubor kontrolni skupina

. nmol/l  [EETEE: % pocet %
<5 80 25 314 20,1
<10 RV 45,3 557 35,7
. <15 EEEES 56 693 44,4
- <30 PY 70,0 914 58,6
B 19,0 441 28,3
2125 [N 12,5 350 21,2
 celkem 320 1560




Rozlozeni hladin Lp (a)

Koncentrace Pacienti s TADM/ Pacienti CPK /

Lp(a) sledovany soubor kontrolni skupina

pocet % pocet %
. 05 N 25 % 314 20,1 %
65 20,3 % 243 15,6 %
35 10,9 % 136 8,7 %
. celkem 320 1560



Lp(a) u T1IDM: srovnani s kontrolni skupinou




Vliv na hladinu Lp(a).......

Dorrslllri]\?ntm > @ Geneticka determinace (70% to >90%)’

 CKD: 1Lp(a) s | GFR (nefrotic. syndrom)’
Parcialni .6. « Jaterni selhavani: |Lp(a)’
* Hypothyredza: tLp(a)’
* Postmenopuzalni zeny: tLp(a)?
* Akutni zanétlivé onemocnéni (acute phase reactant): pfechodné 1Lp(a)3

efekt:

@
No effect > A)O Lifestyle change ( dieta, fyzicka aktivita,....)

GFR, glomerular filtration rate; Lp(a), lipoprotein(a).
1. CeglaJ, et al. Atherosclerosis. 2019;291:62-70. 2. Newman CB, et al. J Clin Endocrinol Metab. 2020;105:3613-3682.
3. Pirro M, et al. Pharmacol Res. 2017;119:178-187. 4. Wilson DP, et al. J Clin Lipidology. 2019;63:374-392.



Moznosti ovlivneni hladin Lp(a)

Statins

Substantial heterogeneity between statin drugs in a meta-analysis of RCTs.

Effects ranged from 13% reduction (95% Cl 10-15%) for atorvastatin in the CARDS study to
15% increase (95% Cl 13—-17%) for simvastatin in the 4S study.

No overall effect when data meta-analysed leading to uncertainty of the effect of statins.

Ezetimibe: No significant effect in a meta-analysis of RCTs.

Niacin

Reduced by 22.9% (95% Cl 18.5-22.9%) in a meta-analysis of RCTs. Effect was not dose-dependent.
Fibrates: No significant effect in a meta-analysis of RCTs.

Bempedoic acid: No significant effect on Lp(a) in phase 2 study.

CETP inhibitors
Evacetrapib reduced Lp(a) by up to 40% in a phase 2 study.
Anacetrapib reduced Lp(a) by 34.1% in a small phase 2 study:

1.Swerdlow Dl et al. Cardiovasc Res. 2022;118(5):1218-1231. 2. Deshmukh HA, et al. J Lipid Res. 2012;53:1000-1011. 3. Berg K, et al. Clin Genet. 1997;52:254-261. 4. Willeit P, et al. Lancet. 2018;392:1311-1320. 5. Sahebkar A, et al. Sci Rep. 2018;8:17887. 6. Sahebkar A,
etal. Metabolism.2016;65:1664-1678. 7. Sahebkar A, et al. BMC Med. 2017;15:22. 8. Thompson PD, et al.J Clin Lipidol Elsevier. 2015;9:295-304. 9. 0'Donoghue M, et al. Atherosclerosis. 2018;275:e9ee10. 10. Ray KK, et al. Atherosclerosis. 2019;288:194-202. 11. Toth

PP,etal.J AmHeart Assoc. 2020;9:e014129. 12. Ray KK, et al. J Am Coll Cardiol. 2020;75:1853. 13. Santos RD, et al. Arterioscler Thromb Vasc Biol. 2015;35:689-699. 14. Nicholls SJ, et al. J Clin Lipidol. 2016;10:519-527.e4. 15. Thomas T, et al. Arterioscler Thromb Vasc
Biol. 2017;37:1770-1775.



Moznosti ovlivnéni hladin Lp(a)

Lomitapide 17% reduction Small phase 2 and 3 randomized, placebo-controlled trials

PCSK9i

Median Lp(a) reduction with evolocumab was 26.9% [interquartile range (IQR) 6.2—46.7%) in the FOURIER.
Median reduction with alirocumab was 25.6% (IQR 7.2-42.7%) in pooled phase 3 trial data.
This was confirmed in a pooled analysis.

)
)
)
)

: Baseline Month 4 median  HR (95% CI) for Lp(a) ' Joint risk reductic
20 Lp(a) Uncorrected LDL-C Corrected LDL-C Lp(a) quartile Lp(a) reduction median reduction attributable to Lp(
Quartile 1
10 (<6.7 mgldL) 0 mg/dL 1.00 | 0%
= (0]
K Quartile 2
& 10 (6.7 to <21.2 mgldL) 5.1 mg/dL 0.975 (0.952, 0.997) B B 13%
E
2 Quartile 3
- ‘ .2 to <59.6 m - - Bl S
i o-2 e . L 9.9 mgldL 0.951 (0.909, 0.995) — - 23%
@ ‘
=
@ — 304 .
= Quartile 4
: L ! ! — -
(j (=59.6 mg/dL) 20.1 mg/fdL 0.903 (0.824, 0.990) 39%
= — 404
&
& —so0]
— 60+ Owerall 5.0 mg/dL 0.975 (0.953, 0.997) - 13%
— 70 I Evolocumab 140 mg Q2W (n = 739)
I Evolocumab 420 mg QM (n = B69) 0.80 0.90 1.00 1.11
R Ccontrol (n = 1,153) n-:::-d |n=M..-.d




[,bi;nosti ovlivnéni hladin Lp(a)

Statins

a
Drug or drug class be ,'e Effect on Lp(a)
Sis

“ntial heterogeneity between statin drugs in a meta- analg5|s of RCTs. Effects ranged from 13%
70 =% Cl 10— 15%) for atorvastatin in the CARDS study to 15% increase (95% Cl 13—17%) for
‘ <tudy No overall effect when data meta-analysed leading to uncertainty of the effect

OoT 5.

Ezetimibe No S|gn|f|ca. ut -is of RCTs.”

Niacin Reduced by 22.9% (5. ’ 350 meta-analysis of RCTs.” Effect was not dose-dependent.

. < t

Fibrates No significant effect in a meta-anaiy. Ih,

Bempedoic acid No significant effect on Lp(a) in phase 2 stuu,. e~

PCSK9 inhibitor monoclonal antibodies Mediagn Lp(a) reduction with evolocumab was 26.9% ,. V ,. ™ 6.2-46.7%) in the FOURIER
study.” Median reduction with ?1“ rocumab was 25.6% (IQR /.. ag ~a 3 trial data.” This was
confirmed in a pooled analysis.

Inclisiran 18.6% reduction from baseline in the phase 3 ORION-11 study.12 dUCt )
Mipomersen Median Lp(a) reduction in pooled phase 3 trials was 26.4% (IQR 5.4—42.8%).13 0/7

CETP inhibitors Evacetrapib reduced Lp(a) by up to 40% in a phase 2 study Anacetraplb reduced Lp(a) by 34.1% in a small
phase 2 study

1.Swerdlow Dl et al. Cardiovasc Res. 2022;118(5):1218-1231. 2. Deshmukh HA, et al. J Lipid Res. 2012;53:1000-1011. 3. Berg K, et al. Clin Genet. 1997;52:254-261. 4. Willeit P, et al. Lancet. 2018;392:1311-1320. 5. Sahebkar A, et al. Sci Rep. 2018;8:17887. 6. Sahebkar A,
etal. Metabolism.2016;65:1664-1678. 7. Sahebkar A, et al. BMC Med. 2017;15:22. 8 Thompson PD, et al.J Clin Lipidol Elsevier. 2015;9:295-304. 9. 0'Donoghue M, et al. Atherosclerosis. 2018;275:e9ee10. 10. Ray KK, et al. Atherosclerosis. 2019;288:194-202. 11. Toth
PP,etal.J AmHeart Assoc. 2020;9:e014129. 12. Ray KK, et al. J Am Coll Cardiol. 2020;75:1853. 13. Santos RD, et al. Arterioscler Thromb Vasc Biol. 2015;35:689-699. 14. Nicholls SJ, et al. J Clin Lipidol. 2016;10:519-527.e4. 15. Thomas T, et al. Arterioscler Thromb Vasc
Biol. 2017;37:1770-1775.
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Antisense Oligonucleotides

Bind apo(a) mRNA preventing
translation and production of Lp(a)

DA

Pelacarsen

Phase 3 completed
enrollment

In phase 2, mean
percent reduction in
Lp(a) ranged from
35-80%

=,

Emerging Lp(a) Therapeutics

Small-interfering RNA

RNA-induced silencing complex (RISC) mediated
degradation of apo(a) mRNA, preventing translation
of protein and subsequent production

Olpasiran

Phase 3
enrolling

In phase 2, mean
percent reduction in
Lp(a) ranged from
70.5%-100.5%

Zerlasiran Lepodisiran

Phase 2 Phase | & 2
completed ongoing
enrollment

In phase 1, reduction
in Lp(a) in dose
dependent manner;
well-tolerated

Oral Agents

Disrupts noncovalent
interaction between apo(a) &
apoB 100, preventing disulfide
bond and Lp(a) formation

Muvalaplin

Phase 2
ongoing

In phase I, placebo
adjusted Lp(a)
reduction 63-65%



Princip efektu terapie antisense oligonukleotidy?

Oligonukleotid = kratka sekvence nukleové
kyseliny Antisense Oligonucleotide Therapy

Antisense oligonukleotidy (ASO) = zrcadlova
kopie urcitého useku mRNA schopna se na
tento usek cilené navazat

mRNA Disease-Associated

J Protem
Translation .

T O
2
\5@

Transcription

q & ﬂ

uméle pripravené oligonukleotidy se na
principu parovani RNA bazi ,nalepi“ na
prfirozenou mMRNA, a zabrani translaci
proteinu, ktery je zodpovédny za vznik

N
o

) RNaseH
3 Degrades RNA

Transcription ( _.j Na Translation

AN
WA NN

onemocnhéni l_;.}ii_‘?
— ): -9 g N, |
v/ . cov . . .. Antisense Drug .
Pfiklad ASO terapie jiz i v lipidologii — ( (Oligonucleotide) ; N6 Disoass hssodiatad
. 7 7 |’ -
mipomersen (schvaleny FDA) Proteins Produced
Q&) l\!lll',‘lr'!\’ﬁnn“ from Goldberg AC. J Clin Lipidal. 2010:4: 350-356. h&art., Medlscape

Pelacarsen, APO(a)-Lgy

53



Princip efektu terapie small interfering RNA (Olpasiran, SLN360)?

Translation

Transcription

¥
ey
— Sk

Target mMRNA
degradation

Degraded mRNA Apolipoprotein

Olpasiran - synthetic GalNAc -conjugated*
SIRNA specifically against apo  (a)

Designed to reduce production of apolipoprotein(a), a key component of Lp(a), olpasiran is a

chemically modified, GalNAc -conjugated siRNA which results in cleavage of target mRNA

*N-acetylgalactosamine (GalNAc) siRNA conjugates:
* Enables efficient delivery of siRNAto the liver
* Increases potency of the siRNA by up to 30-fold

Adapted from Cauchon N, et al.J Pharm Sci 2020:108;2207—-37 and Arrowhead Pharmaceuticals Inc. Platform
overview: https://arrowheadpharma.com/science/. Accessed April 2022.


https://arrowheadpharma.com/science/

RNA-targeting therapeutics: siRNA vs. ASOs

CYTOPLASM

ivl;

ll'iii'_-IQ'

; v 'y o

Degradad mRNA

k
=

DNA Target mMRNA

1%

i A 43U | L
LU, S v

RISC
recycling

.....

. Figure taken from Katzmann JL et al. ) Am Coll Cardiol. 2020;76(5):563-579.

siRNA: small interfering RNA; ASO: antisense oligonucleotide; RISC: RNA-induced silencing complex; mRNA: messenger RNA
Katzmann JL etal. J Am Coll Cardiol. 2020;76(5):563-579.



2 hlavni trfidy RNA-targeted Iéku:
small interfering RNA (siRNA) and antisense oligonucleotide (ASO)?

=» Docasna a reverzibilni downregulace exprese genu

e Rozdily:
siRNA ASO
# strands Dvou-vlakno Jedno-vlakno
Délka Obvykle 21-23 nucleotidl/vlakno Obvykle 15-30 nucleotid(
mRNA degradace Enzymaticka degradace pomoci RISC (nglpikglcl)l:nrziiclal\rl];?:l)
: Degradace vice cilovych mRNA Degradace cilové mRNA obvykle v poméru
Stochiometry . , ,
po delsi casové obdobi 1:1

siRNA: small interfering RNA; ASO: antisense oligonucleotide; RISC: RNA-induced silencing complex; mRNA:
messenger RNA

1. Swerdlow Dl et al. Cardiovasc Res. 2022;118(5):1218-1231. 2. Levin AA. N Engl J Med 2019;380:57-70. 3.
Katzmann JL etal. J Am Coll Cardiol. 2020;76(5):563-579.



Lp(a)-lowering effect of TQJ230 was observed within
1 month, with maximal effect reached by Week 16
Change from baseline over time in Lp(a) level

—— TQJ230 20 mg every 4 weeks
—— TQJ230 40 mg every 4 weeks

—— TQJ230 20 mg every 2 weeks
TQJ230 60 mg every 4 weeks
—— TQJ230 20 mg every week

| 80%

| Lp(a){ with 20
mg QW at 6
months

v

—

Least-squares mean percent change

0 2 4 6 8 10 12 14

Weeks

16 20 22

Error bars indicate 95% confidence intervals

TQJ230 was previously known as APO(a)-LRx ; In this slide-deck, APO(a)-LRx is replaced with TQJ230

Lp(a), lipoprotein A. PAT, primary analysis time point.
Tsimikas, et al. N Engl J Med. 2020;382(3):244-255.
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Lp(a) Percent Change from Baseline After a Single Dose
of Placebo or Olpasiran

Placebo Olpasiran
Cohort1-5  —#— Cohort1 (3mg) —@— Cohort4 (75 mg) —#— Cohort6 (9 mg)
—4— Cohort6-7 —— Cohort2 (9mg) —#&— Cohort 5 (225 mg) —#— Cohort 7 (75 mg)
25 —sk— Cohort 3 (30 mg)

e T+

-25 —

-50 —

=75 —

Change From Baseline (%)

-100 I | | | | | | |
047 15 22 29 43 57 71 85 113 155 183 225
Study Day
Baseline values are the mean of screening and day 1 pre-dose values. If only 1 value was available, that value was used as the baseline value. As-is data snapshot date:
210ct2020.

Koren MJ, et al. Poster presented at American Heart Association Scientific Sessions 2020; November 13-17 2020, Virtual.
Koren et al. Nature Medicine. 2022. Doi: 10.1038/s41591-021-01634-w



ALPACAR: Zerlasiran vs. Placebo in Reducing Lp(3)
Concentration in Patients With ASCVD

Nov 18, 2024
ACC News Story

Results found the least-squares mean placebo-adjusted
time-averaged percent change in Lp(a) serum
concentrations was —85.6%, -82.8%, and -81.3% for the 450
mg every 24 weeks, 300 mg every 16 weeks, and 300 mg
every 24 weeks groups, respectively. The most common
adverse events were mild injection site reactions, and no
safety concerns emerged with infrequent dosing, according
to the researchers. Additionally, persistent reductions in

L P(a) were observed 60 weeks following initial
administration.



Antisense Oligonucleotides

Bind apo(a) mRNA preventing
translation and production of Lp(a)

DA

Pelacarsen

Phase 3 completed
enrollment

In phase 2, mean
percent reduction in
Lp(a) ranged from
35-80%

=,

Emerging Lp(a) Therapeutics

Small-interfering RNA

RNA-induced silencing complex (RISC) mediated
degradation of apo(a) mRNA, preventing translation
of protein and subsequent production

Olpasiran

Phase 3
enrolling

In phase 2, mean
percent reduction in
Lp(a) ranged from
70.5%-100.5%

SLN360 1.Y3819469

Phase 2 Phase | & 2
completed ongoing
enrollment

In phase 1, reduction
in Lp(a) in dose
dependent manner;
well-tolerated

Oral Agents

Disrupts noncovalent
interaction between apo(a) &
apoB 100, preventing disulfide
bond and Lp(a) formation

Muvalaplin

Phase 2
ongoing

In phase I, placebo
adjusted Lp(a)
reduction 63-65%



Nova moznost: Muvalaplin

@ESC

European Society

of Cardiology

Clinical Trial > JAMA, 2023 Sep 19;330(11):1042-1053. doi: 10.1001/jama.2023.16503.

Muvalaplin, an Oral Small Molecule Inhibitor of

Lipoprotein(a) Formation: A Randomized Clinical
Trial

Stephen J Nicholls 1 Steven E Missen 2, Cynthia Fleming 3 Shweta Urva 2, Jeffrey Suico 3
Paul H Berg 2, Helle Linnebjerg 2, Giacomo Ruotolo 2, P Kellie Turner 3, Laura F Michael 3



Inhibitor of Lipoprotein (a)

an Oral Small Molecule
INi Trial
. Mechanisms of action of investigative therapies to lower Lp(a) levels

Muvalaplin
Formation : A Randomized Clinical
(5] e
i Injectable RNA-based therapies: Antisense oligonucleotides and small

interfering RNA (siRNA) prevent translation of LPA messenger RNA (mRNA)
: siRNA W

RNA-induce

complex

E] Structure of lipoprotein(a) (Lp[a])

Lp(a) is a low-density lipoprotein (LDL)-like lipoprotein with
apolipoprotein(a) [apo(a)] bonded to apolipoprotein B,, (apo B,y,) |
Lp(a) STRUCTURE

g Antisense oligonucleotlde ;

\ 5 P SiRNA
WU i guide strand Srencing
L | LPAmRNA m‘u | LPAMRNA m

apo B,y
un

LDL-like
lipoprotein : =
LPA mRNA degradation blocks production of apo(a) necessary for Lp(a) synthesis
- J
Oral small molecule inhibitor therapy: Muvalaplin binds to apo(a)

to prevent formation of Lp(a)

apo(a) Muvalaplin binding to apo(a)
KIV7 and KIV8 prevents bond
between apo(a) and apo B,

KIV7 and KIV8
Initial noncovalent bond of apo(a) kringle domains 7 and 8
(KIV7 and KIV8) to lysine residues of apo B, followed

by the formation of a covalent disulfide bond
Muvalaplin

Increased levels of Lp(a) are :
independent and causal risk
L

by diet or exercise




Muvalaplin , an Oral Small Molecule Inhibitor of Lipoprotein (a)
Formation : A Randomized Clinical Trial
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&
Lipoprotein (a) e—

* Nezavisly rizikovy faktor aterosklerozy, resp. KVO
* Dominantné geneticka determinace

* Minimalni efekt rezimovymi opatrenimi

* Dosud dostupné |écebné moznosti ( PCSK9i)

* Velkou nadéji ASO x siRNA terapie, MUVALAPLIN
e Vyckame vysledku klinickych studii

e Vztah k DM nejasny, jisté dalsi RF KVO u DM
* U DM nizsi hladiny Lp(a)




Dékuji za pozornost
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