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Learning ObjectivesLearning Objectives

● At the conclusion of this activity, participants will be able to:

– Describe the main known genetic causes of familial 
hypercholesterolemia (FH)

– Articulate the criteria for genetic testing in FH

– Explain recent developments, utility and limitations of 
monogenic and polygenic genetic testing



  

Introduction – FHIntroduction – FH

● Familial hypercholesterolemia (FH):

– An inherited lipid disorder

– Lifelong exposure to highly elevated LDL levels

– High risk of premature coronary artery disease (ASCVD)

– Untreated men are at a 50% risk for a coronary event by age 
50 years. Untreated women are at a 30% risk by age 60 years.

● One of the most common monogenic disorder  
encountered in clinical practice (~1/250 individuals)

● Formal diagnostic criteria (Western countries):

– UK Simon Broome FH Registry

– Dutch Lipid Clinic Network

– US MEDPED Program



  



  

● Early diagnosis and treatment can normalize life 
expectancy



  

The genetics of FHThe genetics of FH

● Inheritance

– Autosomal dominant (Heterozygous FH [HeFH])

– Autosomal recessive (Homozygous FH [HoFH])

– "Polygenic" inheritance

Autosomal dominant Autosomal recessive



  

The genetics of FHThe genetics of FH

● Heterozygous pathogenic variants in one of 3 genes 
(LDLR, APOB, PCSK9) in 28-80% of cases

● Rare autosomal recessive form (homozygous FH, HoFH)

Source: GeneReviews



  



  

LDLRLDLR gene gene

● Main disease-causing gene

● ~80% of disease-causing variants

● Loss-of-function variants

● > 2,000 known pathogenic variants



  



  

APOBAPOB gene gene

● Ligand responsible for LDLR binding 
during LDL-C uptake 

● ~5% of disease-causing variants

● Loss-of-function variants

● Typically less severe than LDLR



  

PCSK9PCSK9 gene gene

● Responsible for LDLR degradation in 
liver cells

● ~3% of disease-causing variants

● Gain-of-function variants (increased 
PCSK9 activity & LDLR degradation)



  

Other genesOther genes

● Rare reports of disease-causing variants in other genes 
(e.g. APOE, LDLRAP1, ABCG5, and ABCG8)

● Mostly autosomal recessive inheritance



  

Clinical validity of genetic testingClinical validity of genetic testing

● Genetic testing of LDLR, APOB and PCSK9

● Monogenic forms of FH

● Severe cases: sensitivity of > 80%

● Milder presentations (e.g. no xanthomas): sensitivity of 
~50%

● LDL-C > 4.9 mmol/L: ~2% of cases



  

Who to test?Who to test?

● Untreated LDL-C ≥ 5.0 mmol/L for age ≥ 40

● Untreated LDL-C ≥ 4.5 mmol/L for age 18-39

● Untreated LDL-C ≥ 4.0 mmol/L for age ≤ 18

● AND at least one of the following:

– Major criteria (definite FH):
● Tendon xanthomas in proband
● Known FH-causing mutation in a 1st-degree relative
● High LDL-cholesterol in proband (≥ 8.5 mmol/L)

– Minor criteria (probable FH):
● 1st-degree relative with high LDL-C
● Proband or 1st-degree relative with early onset 

atherosclerotic cardiovascular disease (men < 55; 
women  < 65 yr)



  

Who to test?Who to test?

● Additional details:

– Elevated LDL-C not due to secondary causes:
● Severe or untreated hypothyroidism
● Nephrotic syndrome
● Hepatic disease (primary biliary cirrhosis)
● Medication (especially antiretroviral agents)

– If baseline LDL-C is unknown:
● Imputed level using the CardioRisk Calculator
● http://www.circl.ubc.ca/cardiorisk-calculator.html



  

Who to test?Who to test?

● No evidence of the cost-effectiveness of broad 
population-based screening for FH

– Khera et al.: FH-causing variant in 1.7% (27/1,386) of 
cases with an LDL-C > 4.9 mmol/L

– Abul-Husn et al.: FH-causing variant in 2.5% 
(112/4,433) of cases with an LDL-C > 4.9 mmol/L



  

Who to test?Who to test?

● Confirm diagnosis ≠ Exclude diagnosis

– Most genetic tests do not exclude a clinical diagnosis

– This test should be used to confirm, not to rule out a 
diagnosis of FH

– “A negative result does not rule out the possibility that 
this individual harbors a pathogenic variant not detected 
by this assay”



  

Who to test?Who to test?

● Testing of known familial variants:

– All 1st degree and relevant 2nd degree relatives 
(regardless of the LDL-C level)

– Testing limited to the known familial variant (“cascade 
testing”)

– Exceptions:
● Familial variant not found in symptomatic case 

(phenocopy) => reflex to full panel
● Suspicion of homozygous FH (HoFH): 2nd hit to be 

identified



  

Clinical utility of genetic testingClinical utility of genetic testing

● Confirm diagnosis

● Cascade testing

● Risk stratification

● Genotype-phenotype correlation

● Overall management



  

Clinical utility of genetic testingClinical utility of genetic testing

● FH is under-diagnosed

● Early diagnosis & management is important

● Cascade testing of known familial variants

● Known to be highly cost-effective 



  

Clinical utility of genetic testingClinical utility of genetic testing

● Genetic counseling

● Cascade genetic testing to assess the penetrance of 
familial variants

– Garcia-Garcia et al.: 7% of individuals positive for a 
FH-causing variant are asymptomatic  



  

Clinical utility of genetic testingClinical utility of genetic testing



  

Clinical utility of genetic testingClinical utility of genetic testing

● Evidence of increased adherence to treatment

● Umans-Eckenhausen et al.: 37.6% of patients treated at 
genetic screening, 92.5% and 85.9% 1 and 2 years after 
screening. 

● Severe disease-causing variants:

– Patient may require more aggressive therapy

– Early consideration of advanced lipid powering therapy 
(e.g. PCSK9 inhibitor)?



  

Clinical utility of genetic testingClinical utility of genetic testing



  

Polygenic FHPolygenic FH

● Accumulation of common, small effect variants affecting 
LDL-C levels

● Identified by genome-wide association studies (GWAS)

● Calculation of a polygenic risk score (or GRS)

● 12 alleles from the Global Lipid Genetic Consortium 
(GLGC)



  

Polygenic FHPolygenic FH

● Individuals with severe hypercholesterolemia:

– 20% with a high polygenic risk score

– 2% with a rare disease-causing variant



  

Polygenic FHPolygenic FH

● High GRS: Possible cause in FH patients with no disease-
causing variant

● Currently used by direct-to-consumer genetic testing 
companies

● Limited clinical applicability

– Individual risk difficult to assess

– Ethnically biased (towards European ancestry)

– Probable gene-environment (GxE) interactions

– Unknown cost-effectiveness

– The absence of a monogenic variant cannot be 
excluded



  

Genetic testing in QuébecGenetic testing in Québec

● What is currently offered in Quebec?

– Genotyping of 11 recurrent disease-causing LDLR 
variants in the French-Canadian (FC) population

– Collectively account for up to 90% of FH cases in FC

– Limitations: not tailored to the needs of a more diverse 
population (e.g. Montreal area)



  



  

LDLRLDLR, , APOBAPOB and  and PCSK9PCSK9 testing testing

● Single-nucleotide variants (SNVs) and small indels

– Sequencing of LDLR, APOB and PCSK9 coding 
regions and flanking intronic regions

– Now performed by targeted NGS

– Known familial variants: Sanger sequencing
● Copy number variants (CNVs) for LDLR

– Multiplex ligation-dependent probe amplification (MLPA)

– Quantitative PCR (qPCR)

– Gap-PCR (for recurrent CNVs with known breakpoints)



  

Summary – The genetics of FHSummary – The genetics of FH



  

Conclusion & PerspectivesConclusion & Perspectives

● Standard or care:

– Genetic testing for monogenic FH (LDLR, APOB and 
PCSK9)

– Cascade screening in families

– Should be offered in Québec province
● The use of polygenic risk scores requires further studies:

– Management of FH patients NEG for monogenic testing

– Risk assessment in FH patients POS for monogenic 
testing

– Management of severe hypercholesterolemia patients

– Clinical outcomes, feasibility, cost-effectiveness, 
reimbursement, ethics



  

Thank you!Thank you!
Questions?Questions?


