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RIZIKOVÉ FAKTORY - OVLIVNITELNÉ

DYSLIPIDÉMIE

▪ Diabetes mellitus

▪ Arteriální hypertenze

▪ Kouření

▪ Obezita

▪ Malá pohybová aktivita

▪ Stres
Souček a kol, Vnitřní lékařství, Grada Publishing, 2011, ISBN 978-80-247-2110-1



Normální rozdělení – Wikipedie (wikipedia.org)

Gaussova křivka

https://cs.wikipedia.org/wiki/Norm%C3%A1ln%C3%AD_rozd%C4%9Blen%C3%AD
https://cs.wikipedia.org/wiki/Norm%C3%A1ln%C3%AD_rozd%C4%9Blen%C3%AD
https://cs.wikipedia.org/wiki/Norm%C3%A1ln%C3%AD_rozd%C4%9Blen%C3%AD


Lipoprotein (a)

Zdroj: Archiv autora



Lipoprotein (a) - lipoproteinu s 
antigenními vlastnostmi

prof. Berg roce 1963 objevil antigen, který přiřadil do oblasti lipoproteinů. 
Původně označil jako LDL částicí, ale  jedná se o antigen reprezentující odlišnou 
lipoproteinovou částici a označil ji jako lipoprotein (a). 

prof. Seeger objevil pomocí elektroforézy lipoprotein, o kterém se domníval, že 
se jedná o genetickou variantu -migrující LDL. Následně bylo dokázáno, že se 
jedná o nový lipoprotein pohybující se v oblasti pre . 

V roce 1970 popsal prof. Rider lipoprotein, který se sice elektroforeticky choval 
jako VLDL, ale ultracentrifugací byl porovnatelný s LDL. 

Všechny práce popisovaly ve skutečnosti Lp (a). 

Název Lp „(a)“ vznikl jako označení lipoproteinu s antigenními vlastnostmi

Zdroj: Archiv autora



Lipoprotein (a)

Zdroj: Archiv autora



~1.4 bilionu lidí má hladinu > 50 mg/dL

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. 

Obyvatelé Afriky a jižní Asie mají obecně vyšší hladiny Lp(a)
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Lipoprotein (a) 

apo, apoprotein; KI, kringle type I; KII, kringle type II; KIII, kringle type III; KIV, 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.  

• Produkce v játrech 

• LDL (apo B) vazba S-S můstkem

Lp(a) differs from LDL in that Lp(a) contains a molecule of apo(a)1,2

Lp(a) 

apo(a) Fosfolipidová vrstva

Triglyceridy

Cholesteryl Estery

Volný Cholesterol

Apo B-100

Protease Similar Domain

Fosfolipidy



Lipoprotein (a) 
Gen na 6. chromosomu v oblasti 6q26-q27 
50 kb od genu pro plasminogen, 
se kterým sdílí asi 80% homologii. 
Jeho rozsáhlost je dána mnohonásobným opakováním 
5,5kb dlouhé jednotky kódující kringl IV typ 2
objevuj²c² se v rozd²ln®m poļtu repetic. 



Lp (a)  x  plasminogen



Zvýšená hladina Lp(a) je asociována s……………

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. 

CMP

Srdeční selhání

PAD

ICHS

Stenóza 
Ao chlopně

CKD



Vyšší hladina Lp (a) zvyšuje riziko velkých KV příhod o 
30-50% (výskyt u třetiny populace) 

European Heart Journal, 38,  32,2017, 2490–2498, https://doi.org/10.1093/eurheartj/ehx166

velk® KV pŠ²hody

>90. percentil - HR 1,49 (1,29 -1,73)

66. ð90. percentil - HR 1,30 (1,15 -1,46)

KV riziko

+30%

KV riziko

+50%

https://doi.org/10.1093/eurheartj/ehx166


Section 1: Lp(a) is a highly prevalent ASCVD risk factor

Copenhagen City Heart Study
Data from the 1991‒1994 examination of the

study (n=7524) with up to 16 years of follow-up 

PROCARDIS cohort
Data available for 1,259 “trio” families (families with a proband and two 

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

Meta-analysis1,2 Mendelian Randomization1,3 Genome-wide Association1,4
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Multivariable and KIV2 adjusted
Myocardial infarction (592 cases) 
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Geometric Mean Lp(a) (mg/dL) 

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; CI, confidence interval; KIV2, 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 et al. JAMA. 2009;301(22):2331‒2339; 4. Clarke R et al. N Engl J Med. 2009;361(26):2518‒2528.

Epidemiologické a genetické studie prokazují asociaci 
mezi zvýšenou hladinou Lp(a) a zvýšeným rizikem KVO

Emerging Risk Factors Collaboration
Individual records of 126,634 participants in 36 
long-term, prospective epidemiological studies

Adjustment for age and sex only
Nonfatal MI and coronary death (9318 cases)
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Stanovení hladiny Lp(a): 

• Měření hladin Lp(a) je problematické: 
• Problém nastává, pokud ELISA protilátky cílí na opakující se K-IV typ 2

• Většina komerčních kitů používá polyklonální protilátky. 

Upraveno dle Čaprnda M., SAS, Bratislava



Stanovení hladiny Lp(a): ideál vs realita

Ideálný kit na stanovení hladin Lp(a)

Upraveno dle Čaprnda M., SAS, Bratislava



Stanovení hladiny Lp(a): 

Upraveno dle Čaprnda M., SAS, Bratislava



Stanovení hladiny Lp(a): 
Porovnání šesti komerčních kitů (assays) na 144 vzorcích. 
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Lp(a) hladiny dle odborných společností

• Family history of premature ASCVD

• Personal history of ASCVD not explained by major risk factors 
Lp(a) ≥125 nmol/L

 or ≥50 mg/dL

• With family history of premature ASCVD

• With premature ASCVD, particularly in the absence of traditional risk 
factors

• At very-high-risk of ASCVD†

Lp(a) ≥100 nmol/L 
or ≥50 mg/dL

• Should be considered at least once in each adult person’s lifetime to 
identify those who may have a lifetime risk of ASCVD equivalent to the 
risk associated with HeFH

Lp(a) ≥430 nmol/L 
or ≥180 mg/dL

Classed as very high

• Personal or family history of premature ASCVD (<60 years)

• Familial hypercholesterolemia or other genetic dyslipidemia

• Calcific aortic valve stenosis

ACC/AHA 1

NLA2

ESC/EAS3

Heart UK 4

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

*There is no direct conversion factor between nmol/L and mg/dL.2,4 All levels shown are as stated in the guidelines/scientific statements. †The NLA defines very high risk of ASCVD as individuals with a history of multiple major ASCVD 
events or 1 major ASCVD event and multiple high-risk conditions.
ACC, American College of Cardiology; AHA, American Heart Association; ASCVD, atherosclerotic cardiovascular disease; EAS, European Atherosclerosis Society; ESC, European Society of Cardiology; HeFH, heterozygous familial 
hypercholesteremia; Lp(a), lipoprotein(a); NLA, National Lipid Association.
1. Grundy SM, et al. J Am Coll Cardiol. 2019;73:e285-e350. 2. Wilson DP, et al. J Clin Lipidol. 2019;13:374-392. 3. Mach F, et al. Eur Heart J. 2020;41:111-188. 4. Cegla J et al. Atherosclerosis. 2019;291:62-70. 



Stanovení hladiny Lp(a): konverze mg/dl a nmol/l

Upraveno dle Čaprnda M., SAS, Bratislava



Guidelines – EAS/ESC 2019 + ČSAT 
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• 30 otázek……………..10 otázek   Okruhů ??



Vliv zvyšující se hladiny Lp(a) a odhadované
základní absolutní riziko závažných KVS příhod

Vrablík M., Blaha V., Cífková R., et al. Stanovisko ČSAT ke Konsenzu Evropské společnosti pro aterosklerózu: Lipoprotein (a) při aterosklerotických kardiovaskulárních onemocněních a aortální stenóze.









http://www.lpaclinicalguidance.com/



Pacientská organizace

31

• The Lipoprotein(a) Foundation 2019 Impact Report 
(yumpu.com)

• www.testLPA.org

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/






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

Zdroje: Capoulade JACC 2015.



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

Zdroje: Capoulade JACC 2015.



Time for randomised controlled trials

Zdroje: Kronenberg, EAS Consensus Statement on Lp(a). EHJ 2022.





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

Asociace mezi Lp(a) DM 2. typu a Met sy



DM 2. typu, Lp(a), ICHS

6668 jedinců (median 62 let), Lp(a) cutt off 50 mg/dl, 
13,9 let sledování → zvýšená incidence KV příhod (KV 
úmrtí, IM, zástavy srdeční)

6238 jedinců (median 54 let) bez ASKVO, cutt off (90 
percentil) Lp(a) 216 nmol/l 12,9 let sledování →  zvýšená 
incidence KV příhod (KV úmrtí + IM)

Rikhi R, et al. Atherosclerosis 2025 
Shiyovich A, et al. Cardiovasc Diabetol 2024



Vztah Lp(a) a DM1T

•  ĵťƣĲƖĳШƚƣƨĬŔĲШƓƖŸťċǍƨŢŖШǍƻǄƜĲŰĳШőũċĬŔŰǃШLpыċьШƨШƓċĦŔĲŰƣƹШƚШÑΝ?~, zejména 
ƓƘŔШƜƓċƣŰĳШťŸůƓĲŰǍċĦŔШ(Littmann et al., 2020), zatímco jiné ǏČĬŰĳШƻǄǍŰċůŰĳШ
souvislosti nenacházejí, ba naopak .

• ËƓċƣŰČШťŸůƓĲŰǍċĦĲШŊũǃťĳůŔĲШ(vysoké hodnoty HbA1c) a albuminurie korelují s 
ƻǃƜƜŖůŔШőũċĬŔŰċůŔШLp(a), ĦŸǏШŰċǍŰċĨƨŢĲШƚŸƨƻŔƚũŸƚƣШƚШůĲƣċĤŸũŔĦťŸƨШdysregulací.

•  ċШƖŸǍĬŖũШŸĬШÑΞ?~ЯШǍũĲƓƜĲŰŖШŊũǃťĳůŔĲШƨШƓċĦŔĲŰƣƹШƚШÑΝ?~ШŰĲƻĲĬĲШťŸŰǍŔƚƣĲŰƣŰĵШťĲШ
ƚŰŖǏĲŰŖШőũċĬŔŰǃШLpыċьЯШĦŸǏШƓŸƨťċǍƨŢĲШŰċШŸĬũŔƜŰĳШůĲƣċĤŸũŔĦťĳШůĲĦőċŰŔƚůǃШыRamirez
et al., 1992; Pérezet al., 1998).



Vztah Lp(a) a DM1T
• LpыċьШŸĤƚċőƨŢĲШŸǂŔĬŸƻċŰĳШŉŸƚŉŸũŔƓŔĬǃЯШťƣĲƖĳШċťƣŔƻƨŢŖШůċťƖŸŉČŊǃШċШƨƻŸũųƨŢŖШ
ǍČŰĵƣũŔƻĳШĦǃƣŸťŔŰǃЮ

• LpыċьШŰċƖƨƜƨŢĲШŉƨŰťĦŔШĲŰĬŸƣĲũƨЯШĦŸǏШŢĲШťũŖĨŸƻǄШůĲĦőċŰŔƚůƨƚШ
aterosklerózy a diabetických komplikací

• Hladiny Lp(a) nad 120 nmol/l: 
• ΝЯΡǂШǍƻǄƜĲŰĳШƖŔǍŔťŸШf9cÉШ
• 2x riziko kalcifikace AoĦőũŸƓŰĵ
• (Littmann et al., 2020)



Rozložení hladin Lp (a)

Koncentrace 

Lp(a)

Pacienti s T1DM/

sledovaný soubor

Pacienti CPK/

kontrolní skupina

nmol/l počet % počet %

≤ 5 80 25 314 20,1

≤10 145 45,3 557 35,7

≤15 180 56 693 44,4

≤30 224 70,0 914 58,6

≥75 60 19,0 441 28,3

≥125 40 12,5 350 21,2

celkem 320 1560



Rozložení hladin Lp (a)

Koncentrace 

Lp(a)

Pacienti s T1DM/

sledovaný soubor

Pacienti CPK /

kontrolní skupina

nmol/l počet % počet %

0-5 80 25 % 314 20,1 %

5-10 65 20,3 % 243 15,6 %

10-15 35 10,9 % 136 8,7 %

celkem 320 1560



Lp(a) u T1DM: srovnání s kontrolní skupinou

DM1
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Vliv na hladinu Lp(a)…….

GFR, glomerular filtration rate; Lp(a), lipoprotein(a).
1. Cegla J, 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. 

Genetická determinace (70% to >90%)1
Dominantní 

vliv:

• CKD: ↑Lp(a) s ↓GFR (nefrotic. syndrom)1

• Jaterní selhávání: ↓Lp(a)1

• Hypothyreóza: ↑Lp(a)1

• Postmenopuzální ženy: ↑Lp(a)2

• Akutní zánětlivé onemocnění (acute phase reactant): přechodně ↑Lp(a)3

Parciální 

efekt:

Lifestyle change ( dieta, fyzická aktivita,….)No effect



Možnosti ovlivnění hladin Lp(a) 

1. Swerdlow DI 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. Cl in 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, 
et al. Metabol ism. 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, et al. J Am Heart 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. Nichol ls SJ, et al. J Clin Lipidol. 2016;10:519-527.e4. 15. Thomas T, et al. Arterioscler Thromb Vasc 
Biol.  2017;37:1770-1775.

Drug or drug class Effect on Lp(a)

Statins Substantial heterogeneity between statin drugs in a meta-analysis of RCTs. Effects ranged from 13% 
reduction (95% CI 10–15%) for atorvastatin in the CARDS study

2
to 15% increase (95% CI 13–17%) for 

simvastatin in the 4S study.
3

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

4

Ezetimibe No significant effect in a meta-analysis of RCTs.
5

Niacin Reduced by 22.9% (95% CI 18.5–22.9%) in a meta-analysis of RCTs.
6

Effect was not dose-dependent.

Fibrates No significant effect in a meta-analysis of RCTs.
7

Bempedoic acid No significant effect on Lp(a) in phase 2 study.
8

PCSK9 inhibitor monoclonal antibodies Median Lp(a) reduction with evolocumab was 26.9% [interquartile range (IQR) 6.2–46.7%) in the FOURIER 
study.

9
 Median reduction with alirocumab was 25.6% (IQR 7.2–42.7%) in pooled phase 3 trial data.

10
This was 

confirmed in a pooled analysis.
11

Inclisiran 18.6% reduction from baseline in the phase 3 ORION-11 study.
12

Mipomersen Median Lp(a) reduction in pooled phase 3 trials was 26.4% (IQR 5.4–42.8%).
13

CETP inhibitors Evacetrapib reduced Lp(a) by up to 40% in a phase 2 study.
14

Anacetrapib reduced Lp(a) by 34.1% in a small 
phase 2 study.

15

Adapted from Swerdlow DI et al. 

Statins
Substantial heterogeneity between statin drugs in a meta-analysis of RCTs. 
Effects ranged from 13% reduction (95% CI 10–15%) for atorvastatin in the CARDS study to 
15% increase (95% CI 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% CI 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.



Možnosti ovlivnění hladin Lp(a) 

1. Swerdlow DI 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. Cl in 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, 
et al. Metabol ism. 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, et al. J Am Heart 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. Nichol ls 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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PCSK9 inhibitor monoclonal antibodies Median Lp(a) reduction with evolocumab was 26.9% [interquartile range (IQR) 6.2–46.7%) in the FOURIER 
study.

9
 Median reduction with alirocumab was 25.6% (IQR 7.2–42.7%) in pooled phase 3 trial data.

10
This was 

confirmed in a pooled analysis.
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Inclisiran 18.6% reduction from baseline in the phase 3 ORION-11 study.
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Mipomersen Median Lp(a) reduction in pooled phase 3 trials was 26.4% (IQR 5.4–42.8%).
13

CETP inhibitors Evacetrapib reduced Lp(a) by up to 40% in a phase 2 study.
14

Anacetrapib reduced Lp(a) by 34.1% in a small 
phase 2 study.

15

Adapted from Swerdlow DI et al. 

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.

Inclisiran 
Lp(a) median after 510 days in the ORION 10 trial reduction was 18.6 % comparing with the placebo group.

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

Mipomersen : Median Lp(a) reduction in pooled phase 3 trials was 26.4% (IQR 5.4–42.8%).



Možnosti ovlivnění hladin Lp(a) 

1. Swerdlow DI 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. Cl in 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, 
et al. Metabol ism. 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, et al. J Am Heart 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. Nichol ls SJ, et al. J Clin Lipidol. 2016;10:519-527.e4. 15. Thomas T, et al. Arterioscler Thromb Vasc 
Biol.  2017;37:1770-1775.

Drug or drug class Effect on Lp(a)

Statins Substantial heterogeneity between statin drugs in a meta-analysis of RCTs. Effects ranged from 13% 
reduction (95% CI 10–15%) for atorvastatin in the CARDS study

2
to 15% increase (95% CI 13–17%) for 

simvastatin in the 4S study.
3

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

4

Ezetimibe No significant effect in a meta-analysis of RCTs.
5

Niacin Reduced by 22.9% (95% CI 18.5–22.9%) in a meta-analysis of RCTs.
6

Effect was not dose-dependent.

Fibrates No significant effect in a meta-analysis of RCTs.
7

Bempedoic acid No significant effect on Lp(a) in phase 2 study.
8

PCSK9 inhibitor monoclonal antibodies Median Lp(a) reduction with evolocumab was 26.9% [interquartile range (IQR) 6.2–46.7%) in the FOURIER 
study.

9
 Median reduction with alirocumab was 25.6% (IQR 7.2–42.7%) in pooled phase 3 trial data.

10
This was 

confirmed in a pooled analysis.
11

Inclisiran 18.6% reduction from baseline in the phase 3 ORION-11 study.
12

Mipomersen Median Lp(a) reduction in pooled phase 3 trials was 26.4% (IQR 5.4–42.8%).
13

CETP inhibitors Evacetrapib reduced Lp(a) by up to 40% in a phase 2 study.
14

Anacetrapib reduced Lp(a) by 34.1% in a small 
phase 2 study.

15

Adapted from Swerdlow DI et al. 
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Princip efektu terapie antisense oligonukleotidy?

53

• Oligonukleotid = krátká sekvence nukleové 
kyseliny

• Antisense oligonukleotidy (ASO) = zrcadlová 
kopie určitého úseku mRNA schopná se na 
tento úsek cíleně navázat

• uměle připravené oligonukleotidy se na 
principu párování RNA bází „nalepí“ na 
přirozenou mRNA, a zabrání translaci 
proteinu, který je zodpovědný za vznik
onemocnění

• Příklad ASO terapie již i v lipidologii –
mipomersen (schválený FDA)

• Pelacarsen, APO(a)-LRX



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

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

ApolipoproteinDNA
Target mRNA

degradation
Degraded mRNA

Olpasiran  - synthetic GalNAc -conjugated*

 siRNA specifically against apo (a)

Transcription Translation

*N-acetylgalactosamine (GalNAc) siRNA conjugates:

• Enables efficient delivery of siRNA to 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.

Home 
with solid 
fill

https://arrowheadpharma.com/science/


RNA-targeting therapeutics: siRNA vs. ASOs

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



2 hlavní třídy RNA-targeted léků: 
small interfering RNA (siRNA) and antisense oligonucleotide (ASO)1

•

➔Dočasná a reverzibilní downregulace exprese genu

➔Shared mode of action2: Parenteral administration → uptake into target tissue → release in cytoplasm → binding to 
complementary mRNA sequence → degradation target mRNA → reduced translation encoded protein

• Chemical modifications for stabilization, delivery, release into target tissue, protection from nucleases1,2

• Rozdíly:

siRNA: small interfering RNA; ASO: antisense oligonucleotide; RISC: RNA-induced silencing complex; mRNA: 
messenger RNA
1. Swerdlow DI et al. Cardiovasc Res. 2022;118(5):1218-1231. 2. Levin AA. N Engl J Med 2019;380:57–70. 3. 
Katzmann JL et al. J Am Coll Cardiol. 2020;76(5):563-579.

siRNA ASO

# strands Dvou-vlákno Jedno-vlákno

Délka Obvykle 21-23 nucleotidů/vlákno Obvykle 15-30 nucleotidů

mRNA degradace Enzymatická degradace pomocí RISC
Několik mechanismů

(např. pomocí RNasy H1)

Stochiometry
Degradace více cílových mRNA

po delší časové období
Degradace cílové mRNA obvykle v poměru

1:1



Lp(a)-lowering effect of TQJ230 was observed within 
1 month, with maximal effect reached by Week 16

Error bars indicate 95% confidence intervals

Lp(a), lipoprotein A. PAT, primary analysis time point. 

Tsimikas, et al. N Engl J Med. 2020;382(3):244-255. 58

Change from baseline over time in Lp(a) level

Le
as

t-
sq

u
ar

e
s 

m
e

a
n

 p
er

ce
n

t 
ch

an
ge 20

0

10

−10

−20

−30

−40

−50

−60

−70

−80

−90

PAT
(25 or 27)

0

Weeks

2 4 6 8 10 12 14 16 18 20 22 24

Pooled placebo

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

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



Lp(a) Percent Change from Baseline After a Single Dose 
of Placebo or Olpasiran 

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: 
21Oct2020.
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Study Day

Cohort 6 (9 mg)

Cohort 7 (75 mg)

Cohort 1 (3 mg)

Cohort 2 (9 mg)

Olpasiran

Cohort 3 (30 mg)

Cohort 4 (75 mg)

Cohort 5 (225 mg)

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







Nová možnost:    Muvalaplin



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



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



Lipoprotein (a) 

• Nezávislý rizikový faktor aterosklerózy, resp. KVO
• Dominantně genetická determinace 
• Minimální efekt režimovými opatřeními
• Dosud dostupné léčebné možnosti ( PCSK9i)
• Velkou nadějí ASO x siRNA terapie, MUVALAPLIN
• Vyčkáme výsledku klinických studií

• Vztah k DM nejasný, jistě další RF KVO u DM
• U DM nižší hladiny Lp(a) 

• Vyšetřit alespoň 1x za život !!!!!
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