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Hypercholesterolemia and Coronary Artery
Disease

• FH afflicts approximately 1 in 300 individuals, manifesting as severely 
elevated blood cholesterol levels and increased risk for early-onset 
myocardial infarction. 





However, a single pathogenic variant in the canonical FH-genes (LDLR, APOB or PCSK9) is identified in only 

15–50% of phenotypical FH patients (classified by clinical scoring systems)

At present, over 3100 common genetic variants have been shown to be associated with LDL-C 

levels

PRS is constructed by summing the number of alleles from trait-affecting variants an individual 
has, weighted by their effect size as reported in the GWAS.

in the early 2000s, linkage and cloning analyses of families with autosomal recessive FH prioritized a large

region on chromosome 1.

Ultimately, homozygous mutations in LDLRAP1 (previously known as ARH, autosomal recessive

hypercholesterolemia).

LDLRAP1 encodes LDL receptor adaptor protein 1, which is required for endocytosis of the LDL receptor.



LDLR Mutations:
Patients with mutations in the LDLR gene have a more severe form of FH and may respond less effectively to
statins compared to those with mutations in other genes like APOB or PCSK9.

APOB Mutations:
Statins are generally more effective in patients with APOB mutations compared to those with LDLR mutations.

PCSK9 Mutations:
Patients with gain-of-function mutations in PCSK9 may also have a different response to statins. While statins
can still lower LDL cholesterol levels, these patients may require additional therapies, such as PCSK9 inhibitors,
for optimal management due to their unique genetic profile.

For patients who do not respond adequately to statins due to their genetic makeup, 
other medications such as ezetimibe or PCSK9 inhibitors may be recommended.







• This mutation was first identified in Chinese patients and this homozygous
mutation is a new genetic type of FH.

• This is the first time that WES was used in Chinese FH patients.

• They detected a novel genetic type of LDLR homozygous mutation.

• WES is powerful tools to identify specific FH families with potentially
pathogenic gene mutations.



Metabolic Syndrome and Coronary Artery 
Disease

In 2007, linkage analysis of an extended family of Iranian ancestry with premature CAD and
features of the metabolic syndrome resulted in the identification of a causal missense
variant in LRP6.

Whole exome sequencing and focused analysis within the prioritized region
identified a perfectly co-segregating missense variant in DYRK1B in all three
families.
Screening of morbidly obese individuals of European descent with CAD and
multiple metabolic phenotypes identified a family with co-segregation of a
different missense variant in DYRK1B



• In 2007, researchers studied a large Iranian family with early coronary artery

disease (CAD) and metabolic syndrome.

• They found a specific genetic change (missense variant) in the LRP6 gene that

disrupted a key signaling pathway called Wnt signaling.





the same team examined three additional large 
Iranian families with similar health issues.





• They used linkage analysis to narrow down a specific area on chromosome 19

that was linked to these conditions.

• By performing whole exome sequencing in this region, they discovered another

missense variant in the DYRK1B gene that was consistently found in all three

families.



Case-Control and Population-Based Studies

• A GWAS (Genome-Wide Association Study) is a research approach 
used to identify genetic variations across the entire genome that 
may be associated with a particular disease or trait.

• Scanning the genome of large groups

• High-throughput technologies (like SNP arrays or sequencing) to

• For cardiovascular diseases: lipid metabolism, blood pressure regulation, inflammation, 
or the structure and function of the vascular system.





Genome-Wide Association Studies for Lipids

Genome-Wide Association Studies for Coronary Artery Disease

Advances driving GWAS success:
1. Larger sample sizes.
2. Improved genotyping arrays.
3. Inclusion of diverse ethnicities.
4. Genotype imputation improvements.









As a result, precision medicine, by

incorporating established biomarkers,

functional tests, imaging, and new

genomics and omics developments

for each population, aims to provide

the “right treatment to the

right patient at the right

time”



THERAPEUTIC RESPONSE PREDICTION

• Genetic variants that change protein activity can help predict how 
effective drugs will be before they are developed.
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Somatic Genomics

• Age is a major risk factor for coronary artery disease

(CAD), but its specific contributors are not fully

understood.

• Many adults over 70 have clonal hematopoiesis of

indeterminate potential (CHIP), which is linked to both

cancer and CAD.

• Studies suggest that inhibiting the NLRP3

inflammasome may better reduce atherosclerosis in

those with CHIP, indicating that targeting

inflammation could be particularly beneficial for these

individuals.



Epigenetics

• Epigenetics may play a role in CAD because environmental factors that cause changes in DNA methylation and
histone acetylation are linked to CAD risk and advanced atherosclerosis.

• For instance, higher levels of histone deacetylase 3 and 9 have been found in areas prone to plaque buildup, and
inflammation in atherosclerotic plaques.

• Recent studies identified 52 specific DNA methylation sites related to CAD risk, with two showing a causal link.

• Additionally, certain genetic variants affect genes involved in CAD, such as ITGA6 and long noncoding RNAs
(lncRNAs). These lncRNAs, like ANRIL, may influence atherosclerosis development and progression.



Single-cell RNA sequencing

• Single-cell RNA sequencing (scRNA-seq) is a valuable technique for studying 
atherosclerosis by analyzing individual cells in plaques. 

• It provides detailed insights into the unique gene expression profiles of various cell 
types, revealing new populations like activated macrophages and "fibromyocytes." 

• This technology helps researchers understand the roles of these cells in disease 
progression and how specific genes influence atherosclerosis. 

• Overall, scRNA-seq enhances our understanding of cellular interactions and potential 
therapeutic targets in atherosclerosis.





Therapeutically Targeting the Genome

• Human genetics has inspired new therapeutic strategies that target mRNAs 
instead of just proteins. 

• Key approaches include antisense oligonucleotides (ASOs) and RNA interference 
(RNAi), both of which inhibit mRNA translation. 

• Gene therapy can replace deficient gene products or enhance protective genes, 
while emerging gene editing techniques aim to directly correct harmful genetic 
variants.





• Mipomersen (INN; trade name Kynamro) is a drug used to treat homozygous
familial hypercholesterolemia and is administered by subcutaneous injection.

•

• There is a serious risk of liver damage from this drug, and it can only be
prescribed in the context of a risk management plan.




