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Overview

Introduction to Familial Hypercholesterolemia.

Methods

Results

Translating Results / Methodology to Potential Clinical Use 

Conclusions

Our lab’s preliminary results regarding the cardiovascular risk of monogenic 
versus polygenic causes of elevated low-density lipoprotein cholesterol.



Cardiovascular disease and low-density lipoprotein 
cholesterol (LDL-C).

↑ LDL-C 

Major, causal 
risk factor



Familial hypercholesterolemia (FH)
• Most common autosomal dominant disorder 

• 1/250 people worldwide 

• Characterized by damaging monogenic variants in LDLR, APOB, or PCSK9
• ↑ low-density lipoprotein cholesterol (LDL-C)
• ↑ risk of premature coronary artery disease



FH

Defesche et al. Nature Reviews 2017;3(17093):1-20.

• The gold-standard for a diagnosis of 
FH is DNA testing

• However, this is not frequently done. 
Instead clinical scoring systems exist:

• Dutch Lipid Clinic Network 
criteria

• Simone Broome diagnostic criteria
• Etc. Wong et al., 2013 BCMJ



Familial hypercholesterolemia (FH)

• It is estimated that ~20 0000 people in 
British Columbia have FH, however 
>85% are undiagnosed and 
undertreated (Benn et al. 2016; Nordestgaard et al., 
2013; Wong et al., 2013)

• Problem: these individuals have the 
highest risk for cardiovascular disease 
and would most strongly benefit from 
preventative medicine



Polygenic causes of hypercholesterolemia

• LDL-C is a polygenic trait

Causes of Hypercholesterolemia
• ~30 – 80 % monogenic FH-causing variants (SNPs, CNVs) 
• ~20% polygenic hypercholesterolemia (Talmud et al., 2013; Futema et al., 2015; Wang et 

al., 2015)
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The Question…

• Is the identification of FH-causing variants or polygenic risk clinically 
meaningful?

• LDL-C levels alone associate with coronary artery disease risk in patients with 
FH (Perak et al.; 2016).

• FH-causing variants associate with coronary artery disease independent of 
LDL-C (Khera et al., 2016; Tada et al., 2017).

Causes of Familial Hypercholesterolemia
• ~30 – 80 % pathogenic FH-causing variants 
• ~20% polygenic



Hypothesis

Clinical FH with:

• An FH-causing variant 
• and elevated LDL-C polygenic risk 

scores…

…have greater risk of premature coronary 
artery disease (<55 years old) than patients 
in whom a causative variant is not identified. 



Methods: Overview

DNA isolated
& prepared for 

lipid-gene
next-generation

sequencing.

J Lipid Res. 2015 Oct;56(10):1993-2001.

Prospective database of 
626 patients clinically diagnosed 

with heterozygous FH. 

Dutch Lipid Network Clinic 
criteria:

• Possible
• Probable
• Definite



Methods: Variant annotation
Variants were considered 
monogenic single-
nucleotide FH-causing 
variants if:
• LDLR, APOB, PCSK9, 

LDLRAP1 genes 
variants were annotated 
in ClinVar as pathogenic 
or likely pathogenic

• Novel LDRL frameshift 
or nonsense variants

• Novel or ambiguously 
annotated LDLR
missense variants were 
deemed pathogenic by 
5 of 6 bioinformatic 
tools 

LDL-C polygenic score 
calculations:
• LDL-C weighted scores were 

calculated using the effect sizes 
of 28 SNPs from the genome-
wide association study 
discovery sample 

• Polygenic risk scorey = Σ 
[βx,discovery * SNPxy]

Variants were considered 
monogenic CNV FH-
causing variants if:
• VarSeq Copy-Number 

Variation (CNV) Caller 
application was used to 
detect structural 
variants in the LDLR, 
APOB, PCSK9, and 
LDLRAP1 genes 
(Iacocca et al. 2017; 
Journal of Lipid 
Research)



Results: Patient characteristics



Results: LDL-C levels versus monogenic variants
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Results: LDL-C levels versus polygenic status

LDL-C polygenic score
≥80th percentile was 
considered elevated



Results:

Wong et al., 2013 BCMJ



Results: Patient characteristics



Results: Genetics and premature cardiovascular risk
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Results: Genetics and premature cardiovascular risk 
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Results: Genetics and overall cardiovascular risk 

Adjusted for age, sex, LDL-C, 
diabetes, & hypertension 



Preliminary Summary

• We identified 22 monogenic FH-causing 
variants in the LDLR gene not reported in 
ClinVar potentially novel

• An elevated LDL-C polygenic score acted 
as a risk enhancer in patients with 
monogenic FH

• Genetic testing for monogenic and 
polygenic causes of FH provides 
important prognostic information that is 
independent of LDL-C levels. 

Paquette et al. 2017, Journal of Clinical Lipidology 



Making Clinical Use 

• VarSeq software 
suite includes VS 
Clinical 

• ACMG/AMP joint 
guidelines for 
variant 
interpretation 
provide a set of 
criteria to score 
variants

Sequencing 
data











Conclusions

• Assessing cardiovascular disease risk

• Initiate cascade screening  primary 
prevention

• Identification of monogenic FH-causing 
variants identifies patients at greatest 
CVD risk, in which the use of the more 
intensive lipid-lowering therapies may 
result in the greatest absolute reduction 
in risk.

Identifying genetic causes of FH is clinically meaningful:

Paquette et al. 2017, Journal of Clinical Lipidology 
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