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How Can Genomics Help You and Me?

Ultimately shedding light on the genetic 
underpinnings of almost every disease – & ultimately 

informing treatment and prevention

• Hypertension
• Diabetes (Types I & II)
• Alzheimer Disease
• Infectious Diseases
• Cancer
• Osteoporosis
• Glaucoma

• Cardiovascular Disease
• Age related Hearing 

Loss
• Head Trauma Outcome
• Schizophrenia
• Bipolar Disease
• Depression

A partial list of diseases with a genetic component



Practical, Near to Midterm 
Applications of Massively Parallel 

Sequencing
What are the 

appropriate “nails”
for the hammer of 
Massively Parallel 

Sequencing?

In healthy people



Family History Has Screening 
Utility

• About 1-2% of those in the general population has 
a classically Mendelian (and therefore 
recognizable) condition that strongly predisposes 
them to a serious but preventable disorder
– Thus, there is value to screening your patients by 

obtaining a family history
• Initially confine to 1st and 2nd degree relatives

• Ask about conditions that “run in the family”
• Relatively common and actionable conditions, e.g.:

– Cancer predisposition
– Vascular catastrophes
– Sudden death / heart attacks at young ages

• If initially positive, ask about size of family, ages at 
presentation, ancestry and unusual occurrences 
(e.g. synchronous cancers)



Family History Needs Help
• Families are smaller than they used to be
• Not everyone knows their family history

– People often don’t share medical details with family 
members

– Families are rife with dysfunction & poor 
communication

– Adoption is common
• US: 7.8 million adoptees (2.5% of population) 

– ~125,000 kids adopted each year 
• Globally, the UN estimates ~ 260,000 adoptions/year

• FHx is retrospective; we’ve already waited for 
people to get sick to signal a high risk for the 
family and individual

How might we use genomics to overcome such obstacles in the 
general population?



Genomics for the Healthy
• The most significant gains in 

medicine have been in the context 
of public health
– The chance to benefit millions
– Prevention is better than curing

• Historic examples
– Vaccines
– Fluoridated water

• Public health involves a different 
set of challenges and rewards than 
does clinical medicine



Applying Genomics to Populations?
• Inflicting medical care on the healthy requires 

great caution
• Healthy people have less to gain than sick people 
• Different relationship between provider & recipient

– The individual isn't typically seeking us out 
• Benefits are less obvious

– “Great news! You didn't get sick!”
• The downsides are easy to see

– All interventions have downsides
• Applications are implemented en masse

– All have a say - including the influential but ignorant
• Policy issues are orders of magnitude                      

more difficult  

The ratio of benefit to harm must be very high 



Public Health Genomics

• The field’s focus has thus far been on common 
diseases
– With the hope that by assessing risk for disorders like 

HTN, DM, Cancer, CVD we can decrease morbidity 
and mortality

• Even small progress in decreasing common 
diseases could have big payoffs

• The hope that we can use genomics to assess 
risk and productively alter our approach to 
common disease

Finding the Right Nails

However, applying genomic tools to common 
diseases has thus far been disappointing…



Common Diseases Have Many 
Etiological Components

• The genetic 
component is just 
one of many
– Relatively small 

• Placing an inherent 
ceiling on the utility 
of germline genetic 
analysis in these 
disorders

Genetics

Diet
Exercise

Smoking

Diabetes

Hypertension



Predictive Power is Feeble

• Many risk alleles identified 
for common diseases

• RR are typically 1-2
– What do I do with such 

information?
– Little practical utility for the 

individual
• Or at the population level

• Few data suggest that 
knowledge of one’s risk 
changes behavior

The Problem of Relative Risk



Confusing Relative and Absolute Risk

• For common diseases, what does it 
really mean to be at a relatively
reduced risk?
– The absolute risk for common diseases is 

so high that we’re all at significant risk for 
these maladies - regardless of our relative 
risk

• Many die each day of common diseases for 
which they are at a relatively decreased risk

– Everyone will benefit from population 
measures to reduce CVD, obesity, etc.

Risk assessment will be most valuable when the 
identified risks are high

I Know What You’re Going to Die Of…



If you carry a mutation that essentially 
guarantees that you will develop a serious 

condition by age 65 that can be readily 
prevented, would you wish to know?

1. Yes
2. No
3. I’m not sure

•Hereditary colon cancer
•Hereditary breast & ovarian cancer
•Hereditary aortic aneurysms
•Familial hypercholesterolemia

A few genetic diseases amenable to prevention…



A New Opportunity for 
Public Health Genomics

• 1-2% of the population harbors a mutation that   
leads to a high risk of a preventable disease
– e.g. Lynch syndrome

• ~1/400 individuals at high risk for CRC +
• Currently identified only after they or family members 

develop cancer

• MPS could allow population screening of carefully 
selected genes that, when mutated, result in a 
high-risk of severe but preventable disorders
– Several cancer syndromes, types of cardiac disease, 

vascular catastrophe, etc.
• 1-2% of US population (~3-6 million) carries such a 

mutation 
• Potentially benefitting millions in the US alone



Public Health & Rare Diseases?
• Targeting rare diseases can yield tremendous 

public health benefits if certain conditions are 
met
– Serious disease with a clinically silent latent 

period
– Detection possible during latent phase                  

with affordable, effective test
– Existence of acceptable and effective            

preventive measures
– Sufficient aggregate prevalence to                       

make screening worthwhile

New born screening for adults



“Newborn Screening” for Adults?

• NBS represents the most successful 
application yet developed of genetics to 
public health

• In the US about 0.12% of newborns are 
found to have an “actionable” condition

• The prevalence of mutations in the adult 
population that predispose to a high risk of a 
serious but preventable disorder: 1-2%



GeneScreen

• Team with expertise ranging from Internal Medicine & Medical 
Genetics to ethics & the law

• Investigating ethical, legal and social challenges, including 
understanding, acceptance, perceptions and feasibility

• Recruiting 1,000 people over 4 years
• Sequencing DNA from mouth rinses
• Targeting highly selected genes that result in highly actionable 

conditions 
• Using MIPS technology allows sequencing costs per individual of 

< $10 & total cost / individual < $80
• Recruitment through primary care offices in NC
• Systematically addressing benefits & harms

– Potential harms may include physical, 
psychological, economic and opportunity 
costs

NIH/NHGRI-funded study to investigate 
targeted genomic screening in the general adult 

population (Henderson, PI)



Picking the Right Genes to Target
• There exist ~22,000 genes in the human genome
• About 3,000 are implicated in disease (the 

“Mendeliome”)
• Most are inappropriate for general population 

screening, e.g…
– Those that when mutated confer only modestly 

increased risk of disease
• Risk alleles for diabetes, CAD, etc.

– Genes that confer high risk of disease for which we 
have no (or only poor) interventions

• PSN1, FFI, SOD, etc.
– Genes that are very rarely mutated and so affect very 

few individuals
• Formulation of a semi-quantitative metric to 

“score” different genes based on five criteria…



Semiquantitative Metric to Score “Actionability”

Highly Effective                 3
Moderately Effective         2
Minimally Effective          FAIL

Likelihood of Disease 
(Penetrance) 

Efficacy of Intervention

Burden of Intervention

Knowledge Base

Sudden Death 3
Possible Death  2
Serious Morbidity             1
Modest/Minor Morbidity  FAIL

>50%                                3                                                                
5-50%                               2
1-5% 1
<1% 0

Nature of threat

Low Burden 3
2
1

High Burden 0

High                                   3
Moderate                           2
Low FAIL

MSH2 BRCA1Characteristics of Threat & Rx Score

2 2

33

3 3

2 1

3 3

13 12



Condition Gene(s)
Mutation 

Prevalence
Expected Cases
(out of 50,000)

Familial Hypercholesterolemia LDLR 1/200 250

Long QT/ Brugada Syndrome KCNQ1, KCNH2, 
SCN5A

1/1,000 50

Marfan Syndrome FBN1 1/5,000 10
Hereditary Hemochromatosis HFE 1/200 

(C282Y)
250 

(homozygous)
Malignant Hyperthermia RYR1 1/3,300 15
Lynch Syndrome MLH1, MSH2, 

MSH6, PMS2
1/400 130

Colonic Polyposis (FAP and 
aFAP)

APC, MUTYH 1/20,000 10

Hereditary Breast and Ovarian 
Cancer

BRCA1, BRCA2 1/400 130

Multiple Endocrine Neoplasia 
Type 2

RET 1/30,000 5

TOTALS ~850 positive 
~49,000 negative



Study Pathway

Brochure 
Website

Joiner 
Survey

Saliva kit

Sequencing

Return of results on-line

Follow-up interview

CLIA-Confirmed test

Clinic return
of results/
genetic
counseling Family testing

if desired

Clinical care
Follow-up interview

Decliner survey

Follow-up survey

Follow-up
survey

Choose screen

Follow-up interview

2nd Follow up
interview



Survey Topics
• Reasons for joining
• Personal and family medical history
• History of compliance with screening and prevention 
• History of genetic testing; genetic testing beliefs and 

attitudes
• Genomic testing knowledge
• Understanding GeneScreen test and possible results; 

hopes and expectations of GeneScreen test
• Plans re: communicating results to family
• Acceptability of website, study procedures
• Demographics



Further Considerations
• Optimal age at which to screen will differ by gene

– Early childhood or infancy
• RET (Thyroid Ca), APC (Colon Ca), RYR1 (Anesthesia)

– Young Adulthood
• FBN1 (Marfan), BRCA, Lynch (Colon Ca)

– Middle-age
• HFE (Hemochromatosis)

• Prevalence threshold?
– Lynch, BRCA  = ~1/400
– RET (Thyroid Ca) = ~1/35,000

• Consider ethnicity?
– Differing prevalence of HFE in different populations



Controversies
Should a positive result be confirmed only with further 
permission from participant? 
• Clinical obligations vs. respect for participant autonomy 

– Should participants be the ones to decide to have CLIA confirmation, 
or not?

– Who should decide to inform physician (PCP) about a confirmed 
result and whether it goes in medical record?

• Resolved by recruiting at UNC clinic via PCPs there, and 
explaining plan thoroughly in consent materials, that joining 
= positive results go in medical record



Expansion of 

• Many important questions will not be answered by 
ongoing study given its relatively small size

• 50-100,000 (or more) subjects will be needed to 
address further critical questions such as:
– The true prevalence and penetrance of mutations
– Long-term outcomes after screening:

• Understanding by patients & providers
• Adherence to recommendations
• Actual prevention
• Clinical utility
• Family impacts

– Economics/Opportunity costs
• If properly pursued, could represent an opportunity 

for near-term benefits from Obama’s “Precision 
Medicine” Initiative
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• A large uncontrolled experiment in public 
health

• With likely uptake by an extremely narrow 
slice of the population

The Time to Carefully Study 
Such a Scheme is Now
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Rare is the New Common

• Medical Genetics has 
historically been focused upon 
rare diseases, it’s work directly 
applicable only to a few

• Now new technology provides 
us with new tools, making 
identification of rare alleles 
potentially sensible in the 
general population

• Pleasantly ironic that through 
embracing our expertise in rare 
diseases we can potentially 
improve the health of millions in 
the near-term

Coming Full Circle in Medical Genetics

We shall not cease 
from exploration, 
and the end of all 

our exploring will be 
to arrive where we 
started and know 
the place for the 

first time 

TS Eliot, 1942

Little Gidding



Looming Challenges
• Genetic Discrimination

– In the US GINA now protects against medical 
insurance discrimination

• But no protection in the realm of LTCI, disability, life 
insurance 

• The threat of “allelism”?
• Gene Patenting

– Threat greatly ameliorated by SCOTUS
• Proprietary data bases of variants
• Privacy Issues

– Genomic information is digital and easy to 
distribute… and hack

– “Privacy is dead, deal with it,”
– Bankruptcy of DeCode

• Designer babies

“We envision a new 
type of community 
where people will 

come together 
around specific 
genotypes…”

Sun MicroSystems 
CEO Scott McNealy



Gene-Screen CEER
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Jim Evans 

Gail Henderson - PI

Kelly Hogan
Eric Juengst

Kate Foreman

Julianne O’Daniel



Thank you

jpevans@med.unc.edu
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