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It all started with… 
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Overview – The Genetics of FH  
Knowledge is Power  

 Genetics 101 

 The Genetics of FH 

 The Family Tree, or Pedigree 

 Inheritance 

 Genetic testing 

 FH Genetics 

 Genetic and genomic testing advances 

 Genetic testing and the guidelines 

 Genetic counseling 

 Genetic counselors 

 CASCADE FH Registry 

 Cascade testing 

 Family dynamics and privacy 

 Genetic discrimination 

 Resources 
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Genetics 101 

19p13.2: location of LDLR gene 



Genetics 101:  
Chromosomes, Genes, and DNA 

Cell 
Nucleus 

Chromosomes 

Gene 

Protein 



Disease-Associated Genetic Variations 
Alter Protein Function 

Functional protein Nonfunctional or 
missing protein 



Nobody is “perfect” 
 

All of us, regardless of ethnic or religious 
background, carry an estimated 5-50 significant 

genetic variants, or mutations. 
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The Family Tree,  
or Pedigree 
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Why is Family History Important? 

• Family history is a powerful 
tool that can focus your 
personal health promotion and 
disease prevention efforts  

 

• Family history reflects shared 
genetic susceptibilities, shared 
environment, and common 
behaviors  

 

• Knowing your family’s health 
history can save your life! 

 



Constructing an Informative Pedigree 
 

 

 

 

• >3 generations 

 

Questions should include: 

1. Current ages 

2. Health status and age at 

diagnosis 

3. Age and cause of death 

4. Focus on “red flags” (e.g. 

premature CAD, SCD) 

5. Family’s racial/ethnic 

background 

Family history is imperative in:  

1. aiding diagnosis  

2. determining inheritance 

pattern 

3. identifying at-risk relatives  

4. selecting the most informative 

family member for genetic 

testing initiation  

 



Autosomal Dominant Inheritance 

Affected 

Unaffected  

• First degree relatives 

(FDRs) have 50% 

chance of inheriting 

predisposing genetic 

variant 

• Genetic variant does 

not skip generations 

• Transmitted by men 

and women 



d.57 

MI 

d.51 

Cancer 

d.70s 

73 

Aortic aneurysm 50 

CABG x4 38 

High chol 35 

Prev smoker 

d.62 

CAD 

High chol 45 

d.30s 

CAD 

High chol 27 

d.70 

CAD 52 

High chol 45 

CHF 

65 

d.52 

CAD 52 

MI 52 

smoker 

51 

CAD 43 

High chol (340) 43 

Previous smoker 

30 27 

High chol 23 

48 

High chol; birth 

(250 LDL) 

46 

MI 34 

CABG x3 

Stents 

High chol 10 

Smoker 

49 

28 

High chol 10 

(300-400) 

22 16 

High chol 14 

7 5 2 8 6 4 

=MI 

=CAD 

=High chol 

18 16 

Example FH 
pedigree 
 
 



Genetic Testing 



Genetic Testing 

 Clinical & research genetic testing  

 Determining the appropriate 
genetic test and lab is critical 

 Genetic tests are often covered 
by insurance 

 Interpretation and implications of 
genetic tests is not always 
straightforward 

 



Types of Genetic Testing 

 The identification of a gene variant 
may: 
 Confirm the diagnosis of a genetic condition 

(diagnostic testing) 

 Identify the risk to develop a condition 
(predictive or presymptomatic testing) 

 Testing should begin with an affected 
individual 

 Targeted genetic testing can be done 
for at-risk family members once the 
causative variant has been identified in 
the proband, or index patient 



 
FH 

Genetics 
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Genetic Mutations That Cause FH Impair LDL-C 
Particle Clearance, Increasing Plasma Cholesterol 

Apo B: acts as ligand-binding  

LDL particle to receptor  

Liver cell 

Circulation 

LDL receptor (LDLR): on hepatocyte, binds to Apo B 

on LDL particle, inducing endocytosis of LDL  

PCSK9 enzyme: degrades LDL receptors  

LDLRAP1 = low-density lipoprotein receptor adaptor protein 1. 

Image reproduced from: Department of Life Sciences and Institute and Institute of Genome Sciences Web site. http://www.dls.ym.edu.tw/ol_biology2/ultranet/Endocytosis.html. 
Published June 11, 2001. Accessed January 19, 2012.  
De Castro-Oros I, et al. Appl Clin Genet. 2010;3:53-64.; Rader DJ, et al. J Clin Invest. 2003;111:1795-1803.; Hopkins PN, et al. J Clin Lipol. 2011;5(3 suppl):S9-S17. 

LDLRAP1: mediates internalization  

via clathrin-coated pits 

FH is typically caused by mutations in LDLR, Apo B, PCSK9,  

LDLRAP1, or other as-yet-unidentified genes1 



*  Yield for genetic testing is higher in “definite” FH (~80%) vs. “probable” and 

“possible” FH (35-60%) 

GENE Chr 
# Causal 

Mutations 
% of FH cases* 

LDLR  
(LDL Receptor) 

Chr 19 > 1600 60-80% 

APOB  
(Apolipoprotein B) 

Chr 2 
Handful 

(esp. Arg3500Gln or 

R3500Q) 

1-10% 

PCSK9  
(proprotein convertase 

subtilisin/kexin type 9) 

Chr 1 Handful <5% 

Unknown 20-40% 

Genetics of FH 

*Slide modified from Josh Knowles, MD, PhD 



LDLR variant type may affect  
cardiovascular disease (CVD) risk 

 Curves for CVD-free 
survival in FH men 
with null and defective 
LDLR variants 

 Patients with null 
variants had 
significantly higher 
CVD frequency  
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Overlap of Clinical and Mutation Diagnosis of 

Heterozygous Familial Hypercholesterolemia  

Nordestgaard B G et al. Eur Heart J 2013. 



Genetic Counseling 



The Process of Genetic Counseling 

• Medical history 

• Family history 

• Collection and review of family members’ medical records 

• Cholesterol panels, other medical records, death certificates, autopsy reports   

• Physical examination – collaborating physician 

• Evaluation for physical signs of FH 

• Risk assessment 

• Inheritance, recurrence risk 

• Education 

• Genetic testing 

• Informed consent, sample collection, insurance pre-authorization 

• Genetic test result interpretation, disclosure, and documentation 

• Screening/prevention/management recommendations in collaboration 
with referring physician  

• Discussion of reproductive options 

 

 

 



The Process of Genetic Counseling  
 

• Psychosocial counseling and anticipatory guidance 

• Provision of resources from national organizations and advocacy 
groups 

• Connection with families with the same condition 

• Discussion of DNA banking availability, when applicable 

• Discussion of available research options 

• Enrolling FH patients into the CASCADE FH Registry 

• Facilitation of family-based care/evaluation of at-risk family members 

Cascade testing 



Cascade Testing: Critical for FH Families 

 Process of systematic family 
tracing to identify at-risk 
relatives 

 Should begin with 1st-
degree relatives and then 
extend to 2nd and 3rd degree 
in a stepwise fashion 

 DNA testing should be used 
if the pathogenic variant has 
been identified  

 Newly identified FH patients 
provide additional relatives 
who should be screened 

 Facilitates early detection 
and treatment 

 A cost-effective method for 
identifying people with FH 
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After FH has been diagnosed, any family 

member can have lipid or genetic testing, 

but a cascade strategy saves resources 

and headaches! 
 Nordestgaard et al. European Heart Journal. 2013 



CDC Office of 
Public Health 
Genomics has 
classified 
cascade 
testing for FH 
as a “Tier 1” 
genomic 
application 
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Genetic counseling promotes  
family communication 

    
Prevention 

Family 
communication 

Proband 



Dear Family 
Member Letter 
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Located on the  

resources page of 

the FH Foundation 

website 



Dear Family 
Member Letter 
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Family Dynamics 

 Encourage family involvement and a shared approach to decision making 

 Common emotional issues  

 Grief, Guilt, Blame, Responsibility  

 Parental guilt 

 Helpful to emphasize benefits of information (i.e. knowledge is power) 

 Survivor guilt 

 Family members may have discordant results 

 Take care to avoid coercion 

 “Nagging” of children by parents 

 Could lead to relationship breakdown 

 Protect and maintain privacy and confidentiality 

 Paternity 



Genetic Discrimination 

 Genetic Information Non-discrimination Act 
(GINA) 

 Federal Law signed on May 21, 2008  

 Prevents health insurers from denying 
coverage, adjusting premiums, or otherwise 
discriminating on the basis of genetic 
information 
 Group and self-insured policies 

 Employers cannot use genetic information to 
make hiring, firing, compensation, or 
promotion decisions 

 No protection for disability or life insurance 
discrimination 



CASCADE FH Registry 

“Science tells us what we can do;  

 and registries tell us what we’re actually doing.” 
 guidelines tell us what we should do; 



CASCADE FH  

CAscade SCreening for Awareness and DEtection of FH 

Registry 

1. PROMOTE AWARENESS OF FH at both the patient and provider levels. 
 

1. IDENTIFY AND ENROLL FH PATIENTS through clinic-based, community-

based, and family-based screening initiatives. 
 

1. EVALUATE PATTERNS OF REAL-WORLD CLINICAL PRACTICE AND 

PATIENT EXPERIENCES  
 

1. CONTRIBUTE TO THE STATE OF SCIENTIFIC KNOWLEDGE OF FH  
 

2. IMPROVE HEALTH OUTCOMES, quality of life, and impact policy decisions. 




