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Genetics

� We will not be talking about simple single gene disease.  Those are well 
described.
� IE, CF, MSUD, Sickle Cell, etc 

� Like all things, genetics represents a risk factor for diseases.  Lifestyle 
choices, both good and bad, along with good medical care will still 
dictate the magnitude and likelihood of a disease. 

� The number of new diseases which are determined by a single gene is 
likely to be rare.   
� If it was controlled by a single gene, these are easy to tell by Mendelian 

relationships. 
� Sickle Cell, Cystic Fibrosis, etc. 

Terminology

� Genome  
� All of the genes within the individual human 

� Exome (Exon) 
� The sections of the genome which gets transcribed into proteins 

� Intron
� The parts in between exons which are spliced out 

� SNP
� Single nucleotide polymoprhism 

� Along the code, a single nucleotide is different than the majority of the population 

� A for a G, etc. 

� Transcriptome 
� All the proteins which are transcribed by a sample 



SNPs – Single Nucleotide Polymorphism 

Terminology cont. 

� GWAS
� Genome wide association study 

� A statistical method used to find SNP variants which are associated with a 
disease

� Genofotainment
� The use of genetic testing to tell fun information such as ancestry, baby 

characteristics, etc. with little to no medical value 

� Some medical information invariably flows from this 



GWAS – Genome Wide Association 
Study – Manhattan Plot 

Overview

� The Field of Genetics Remains in It’s Infancy 
� In April 2003 the mapping of the human genome was declared complete. 
� The Era of precision medicine was hoped to start after this. 
� Though we have mapped the human genome, we have a poor 

understanding of how it fits together. 
� Many genes are poorly understood as to what they do, how other genes 

interact with them 
� Some SNPs exist in regions outside the exome 

� Binding regions 

� Regulatory regions 



Example:

� 45 year old male presents with a family history of a  mother with highly 
elevated total cholesterol into the 280s.  His maternal uncle also had a 
cholesterol over 300.  

� He is physically fit, normal BMP with no bad habits.  He is running the Boston 
Marathon this year.  His recent blood work shows an LDL of 185 with an HDL 
of 51. 

� Due to his concern for his family history, he took a genetics test for FH 
(Familial Hypercholesteremia) which was negative produced by a leading 
commercial vendor. 

� What is the diagnosis? 

Answer:

� Familial Hypercholestermia 

� Caused by defects in: 
� LDLR

� APOB

� LDLRAP1

� PCSK-9



Genetic Testing and Diseases 

� How is a disease diagnosed?  FH is a clinical diagnosis! 

� This same analogy will come over again and again! 

� A 25 year old F presents to your office for evaluation of a headache.  For a 
few years she gets headaches, 4 times per year preceded by blurry vision 
in one corner of her vision field by 30 minutes.  Her pain is severe, bilateral 
and throbbing associated with photophobia, phonophobia, nausea and 
vomiting.  It remits if she falls asleep after 2-3 hours.  She has no other risk 
factors and her neuro exam is normal, no bad habits.  The remainder or her 
exam is normal. 

� She asks if she needs a head CT? 

� Do you order one? 



You Order A Head CT! 
What is the finding? 

What is the finding? 

� I have no idea, I’m a cardiologist. 
� The point is, the diagnosis of a migraine is a clinical diagnosis.  It generally 

does not require a head CT. 
� You now have an incidental finding of some kind. 
� Does it explain the headaches? (Probably not) 

� Work with me here! 

� Can you be sure? 
� Conundrum! 
� The same analogy holds in genetic medicine. 



This is how to think about patient 
directed genetic testing. 

� In other words, without the clinical suspicion of a disease, most findings are 
going to be incidental at best. 

� With the current understanding of genetics, gene tests do not (yet) have a 
role for screening. 

� Genetic testing does have a role in confirmatory testing. 

� Genetic results available as incidental results from commercial 
entertainment tests must be thought of as increasing or decreasing risk. 

Another Pedantic example 

� A 28 year old male presents with recurrent witnessed syncope.  He was 
seen in the ER.  Head CT was negative.  He has a father who died of a 
sudden heart attack at age 38.  No autopsy was performed.  His older 
brother died suddenly at age 19.  They thought it was a PE but no autopsy 
was performed. 

� You get and EKG: 



EKG:



You send him for Genetics Testing 
(after he gets his STAT Cardiology consult 
and defibrillator) 

� His results show a variant in the alpha sub-unit of the Na channel, not 
previously described 

� This variant is in the middle of the protein, near the Na channel. 

� Most likely diagnosis, Brugada syndrome from the Na subunit with recurrent 
VT

My point 

� Let the clinical situation determine the testing. 

� It works far worse to order testing then, try to interpret the findings. 



WHY IS THIS IMPORTANT?? 

WHY IS THIS IMPORTANT 

� COST IS FALLING 

� CAN BE ORDERED BY ANY PATIENT 

� GIVES THE PATIENT BACK CONTROL OVER THEIR HEALTH 

� RESULTS ARE HAPPY AND FUN! 

� FDA IS HAVING PROBLEMS KEEPING UP WITH THE PACE 
� 2013 WARNING TO 23&ME 

� IN 2015, ILLUMINA CEO ESTIMATED GENOME MARKET TO BE WORTH 22 
BILLION, OTHERS AT 45 BILLION BY 2024 



Why Use Direct to Consumer Genetics 

Consumer use and response to online third�party raw DNA interpretation services 

Molecular Genetics & Genomic Medicine
2 NOV 2017 DOI: 10.1002/mgg3.340 
http://onlinelibrary.wiley.com/doi/10.1002/mgg3.340/full#mgg3340-fig-0001 



When Shared with PCP 

� Primary reason was to learn about ancestry 
� However, almost tied was to learn more about individual health 

� Primary care provider (MD) = 77/96, 80% (57/96, 59% shared only 
with PCP) 

� Doctor not interested in results, did nothing (13/57, 23%) 
� Doctor interested, learned from patient, patient-driven care 

(16/57, 29%) 
� Modification of supplements or medications (7/57, 12%) 
� Follow-up testing or treatment (7/57, 12%) 

Specific Providers 

Genetic counselor (GC) = 13/96, 14% (3/96, 3% 
shared only with GC)

•Reassurance that there 
was nothing to worry 
about.
•Explained mutations 
and gave 
recommendations. 
•He was completely 
disinterested. And 
tossed them away. 



Neuro-ophthalmologist •He was intrigued that I found my own LHON 
mitochondrial mutation by exploring my raw 
data. He did related testing and was able to 
figure out why my eyesight had gotten so 
bad. This disease had been misdiagnosed in 
relatives for generations as MS or other 
things. The outcome has been very helpful 
since now we have access to the correct 
kind of doctor, testing, information, patient 
resources, online support group, research 
studies, etc., since I found my 11778 
mutation. It is passed from a mother to all 
children so this has been very important 
information for my three children and other 
maternal relatives. Any doctors I had tried to 
discuss my genetic results with prior to that, 
including primary care, ophthalmologist,

MD, NP, GC, Geneticist •They thought it was bullsh*t [sic] 
until I showed exact matches to 
their clinical testing and 
23andMe results. The reasonable 
ones agreed that the testing was 
useful. I fired the unreasonable 
doctors! 



MD, GC, Surgeon •Through Promethease I learned I 
carry the BRCA1 mutation. I 
chose to have preventative 
surgeries. 

Future, No promise or scary? 

� Most concerning is additional testing which may not be indicated 

� Prophylactic surgeries are very concerning 

� What if you find a gene defect that there is no treatment for? 



Who are the Major Players 

� 23&Me

� Color

� Invitae

� Helix

� Futura

� Veritas

� Pharmacogenomics 

� MyDNA

� Quest

� MyMedLab

� LabCorp 

Genetic Testing Companies 

� 23&Me

� Founded in 2006 

� In 2013, the FDA made them stop 
reporting some health information to 
consumers due to lack of validation 

� Focused on ancestry and other 
reporting



2013

� A limited panel of traits was allowed to be reported 

� Example: My 23&Me Report 
� Sickle Cell negative 

� Cystic Fibrosis negative 

� Hereditary Fructose Intolerance Negative 

� Maple Syrup Urine Disease Negative 

� Phenylketonuria negative 

� Tay-Sachs Negative 

� Along with Others 

� What do these all have in common?  They are obvious by age 25,,, errrrr so. 

Whew!!  Glad I know all that! 



But Wait, there’s More! 

In comes a New player 

� Promethease

� Mines the data from SNPedia and reports back what variants you may 
carry 

� The data is reported back from peer reviewed literature 

� Prior work which has shown which SNPs are associated in a GWAS study 
with a certain disease 

� IE – 23&Me can’t tell you about your risk, but using published data 
available from SNPedia, they can panic you 



More good news for me 

� Slow metabolizer of some drugs 
� Anti-epileptics 
� Estrogens
� PPIs
� Anti-platelet drugs 

� Clopidogrel (plavix) 

� Maybe a carrier of phenylketonuria 
� Huh??

� 18.5 X risk of developing type 1 diabetes 
� 1.5 X risk of a-fib and stroke 

� Starting to panic here  

The Icing 



WTH???

OK, I’m Confused 

� Recall theses are all Odds ratios 
expressed as increased risk 

� No one is going to live forever 

� A 1.7 X higher risk of extinction by 
meteor is still very low 



The Reverse PRoblem 

� Does a negative gene test confer protection? 

� A 58 year old female with no significant PMH expect for HTN controlled on 
lisinopril and mildly elevated fasting cholesterol returns to clinic.  She has 
never had a screening colonoscopy which you recommend.  She says she 
does not need this as she recently took a genetic test for cancer which 
said was normal.  This also included genetic counseling. 

What do we tell her? 

� Inherited genetics are responsible for 5-10% of all cancer (NIH Statistics, 
2017).

� The rest still have an unknown or poorly understood cause. 

� Cancer screening recommendations have taken these factors into 
account.



What test did she take? 

� Her mom died at a young age (40) due to metastatic breast cancer. 

� She looked online and found Color Genomics 

� She took the hereditary cancer test. 



Colon Cancer Risk 
(www.cancer.gov Genetics of Colorectal Cancer (PDQ®)–Health Professional Version)

Colon Cancer  

� Most colon cancer is not inherited. 
� 2-3% according to NCI 

� Genetic counseling is included in her testing 

� One time visit with a certified counselor 

� Unclear what the downstream effect of this is 
� Either positive or negative 



Breast Cancer 

� Estimated that 5-10% have an inherited component 

� Most of these are not well understood and yet to be described 
� Some might be polygenic 

� Women with a BRCA1 mutation carry a 70% lifetime risk of breast cancer 

� Testing for a BRCA mutation and finding no risk of colon cancer does not 
protect one from developing disease 
� Kind of obvious 

Other Genetics Testing Companies 

� The direct to consumer testing companies generally all follow the same 
business plan 

� Most of the testing is centering around most common conditions 
� Breast Cancer 

� FH

� Colon Cancer 

� Helix….. 



Helix testing 

� An open app store model where you pay a one time fee for the genetic 
testing

� From there you can purchase “modules” or apps to review your genetics 
� Personalized weight loss 

� Metabolism

� Wine tasting 

� Etc. 

� Slightly expensive at the moment 

� Price will continue to come down over time 

The Future 

� Single nucleotide polymorphisms will continue to be researched to 
validate risk 

� Polygenic risk scores are starting to be built based on SNP data  
� IE – one SNP does not create risk, but what about 15 of them for a single 

disease?

� CAD – Khera et al, December 15, 2016 N Engl J Med 2016; 375:2349-2358 



PGS – Polygenic Risk Scores 

� Starting to appear for numerous diseases 
� CAD

� Atrial fibrillation 

� COPD

� Breast Cancer 

� Etc. 



Ex: Breast Cancer 
JNCI J Natl Cancer Inst (2015) 107(5): djv036 

Recent Study of PGS for Colon CA 
Ann Oncol. 2016 Mar;27(3):429-34.

� PRS in the top 1% have a 2.9-fold increased CRC risk over the 
population median.  

� Compared with age-based screening (aged 60: 10-year absolute 
risk 1.96% in men, 1.19% in women, as per the UK NHS National Bowel 
Screening Programme), personalised screening of individuals aged 
55-69 at the same risk would lead to 16% fewer men and 17% fewer 
women being eligible for screening with 10% and 8%, respectively, 
fewer screen-detected cases.  

� If all susceptibility variants were known, individuals with a PRS in the 
top 1% would have an estimated 7.7-fold increased risk.  

� Personalised screening would then result in 26% fewer men and 
women being eligible for screening with 7% and 5% fewer screen-
detected cases. 



PGS – Polygenic Risk Scores 

� Indicate what we have been saying all along: 

� Genetics are just one part of the risk 

� But, they show that the risk can be broken down into: 
� Modifiable  

� Non-modifiable risk factors 

IN Conclusion 

� Risk  

� Risk  

� Risk



IN Conclusion 

� Risk is Modifiable 

� Is Genetics the New Screening Tool 

� There are personalized Genetics Education Programs Online and CMEs 

� Renown has Genetic Counselors Available 

For more INformation 

� American Society of Human Genetics 
� https://www.ashg.org/education/Health_Professionals.shtml 

� Genetics in Primary Care Institute 
� https://www.aap.org/en-us/advocacy-and-policy/aap-health-

initiatives/pages/Genetics-in-Primary-Care-Institute.aspx 

� Primary Care Genetics 
� https://www.primarycaregenetics.org/?page_id=109&lang=en 



Thank you! 


