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“Genetics can truly claim to be the 
central basic science of medicine at 
the beginning of the 21st century.”

- Francis S. Collins, M.D., Ph.D.
Director, National Human Genome Research Institute

editorial Genetics in Medicine 1:3, 1998.



Breast ca

Bilateral
breast ca

• 14% internists and ob/gyn did not know that risk is increased

• 75% would provide counseling

• 9% refer to geneticist, 15% to oncologist or surgeon, 22% call 
colleague

Hayflick, S.J., et al.  Genetics in Medicine 1: 13-21, 1998



Breast ca

Bilateral
breast ca

• 57% internists and ob/gyn did not know that risk is increased

• 55% would provide counseling

• 9% refer to geneticist, 15% to oncologist or surgeon, 22% call 
colleague

Hayflick, S.J., et al.  Genetics in Medicine 1: 13-21, 1998



J. Clin. Psychiatry 2005;66:821-830.



Human Genome
Classical Perspective

DNA sequence → RNA → protein → metabolites
Genome → Transcriptome → Proteome → Metabolome

$ = Econome



Human Genome
Modern Perspective

Genome Organization

Transcriptional Regulation

Biological Pathways

Metabolic Networks



Human “Phenome”

Monogenic
• sickle cell
• cystic fibrosis
• Huntington

Multifactorial
• asthma
• hypertension
• diabetes

Pharmacogenomics
• drug metabolism
• new drug targets

Cancer
• familial
• sporadic



Genetics in the News



Direct to Consumer Genetic Testing





What Should Physician Assistants Know 
About Genetics?

1.
2.
3. Family history can be a clue to risk.





Hemochromatosis

• Excessive Fe absorption
• Fe overload in tissues

– cirrhosis
– diabetes mellitus
– heart failure 
– bronzing of skin
– hypogonadotrophic

hypogonadism
– more severe 

manifestations in males
• Treat with phlebotomy

– 1 pt = 250 mg Fe



DISEASE-RELATED CONDITIONS IN RELATIVES OF PATIENTS
WITH HEMOCHROMATOSIS

ZANETA J.BULAJ,M.D.,RICHARD S.AJIOKA,PH.D.,JOHN D.PHILLIPS,PH.D.,BERNARD A.LASALLE,B.S.,
LYNN B.JORDE,PH.D.,LINDA M.GRIFFEN,B.A.,CORWIN Q.EDWARDS,M.D.,AND JAMES P.KUSHNER,M.D.

N Engl J Med 2000;343:1529-35



Legal Precedents
• Pate v. Threkel, 1995

– Pate discovered she had medullary thryoid carcinoma 3 years 
after her mother was treated for disease. She sued physician 
arguing he had a duty to warn her mother of genetic 
transmission and recommend testing children.

– Court found no duty to warn children directly, but did find duty
to warn the patient about familial implications

• Safer v. Estate of Pack, 1996
– Safer’s father tx for colon cancer associated with 

adenomatous polyposis coli. Two decades later, once she 
was diagnosed with colon cancer, she sued her father’s 
physician’s estate for a failure to warn.

– Court upheld a duty to warn those at-risk of avoidable harm 
from genetic disease
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What Should Physician Assistants Know 
About Genetics?

1.
2. Clinical decisions will increasingly rely on 

the results of genetic tests.
3. Family history can be a clue to risk.



= Breast

= Ovarian

= Lung

= Leukemia

= Prostate

BRCA1+ BRCA1-



Breast Cancer Prevention



GeneTests.org



Genetic Variation
CCCCAGCCTCCTTGCCAACGCCCCCTTTCCCTCTCCCCCTCCCGCTCGGC
GCTGACCCCCCATCCCCACCCCCGTGGGAACACTGGGAGCCTGCACTCCA
CAGACCCTCTCCTTGCCTCTTCCCTCACCTCAGCCTCCGCTCCCCGCCCTC
TTCCCGGCCCAGGGCGCCGGCCCACCCTTCCCTCCGCCGCCCCCCGGCC
GCGGGGAGGACATGGCCGCGCACAGGCCGGTGGAATGGGTCCAGGCCGT
GGTCAGCCGCTTCGACGAGCAGCTTCCAATAAAAACAGGACAGCAGAACA
CACATACCAAAGTCAGTACTGAGCACAACAAGGAATGTCTAATCAATATTTC
CAAATACAAGTTTTCTTTGGTTATAAGCGGCCTCACTACTATTTTAAAGAATG
TTAACAATATGAGAATATTTGGAGAAGCTGCTGAAAAAAATTTATATCTCTCT
CAGTTGATTATATTGGATACACTGGAAAAATGTCTTGCTGGGCAACCAAAG
GACACAATGAGATTAGATGAAACGATGCTGGTCAAACAGTTGCTGCCAGAA
ATCTGCCATTTTCTTCACACCTGTCGTGAAGGAAACCAGCATGCAGCTGAA
CTTCGGAATTCTGCCTCTGGGGTTTTATTTTCTCTCAGCTGCAACAACTTCA
ATGCAGTCTTTAGTCGCATTTCTACCAGGTTACAGGAATTAACTGTTTGTTC
AGAAGACAATGTTGATGTTCATGATATAGAATTGTTACAGTATATCAATGTG
GATTGTGCAAAATTAAAACGACTCCTGAAGGAAACAGCATTTAAATTTAAAG
CCCTAAAGAAGGTTGCGCAGTTAGCAGTTATAAATAGCCTGGAAAAGGCAT
TTTGGAACTGGGTAGAAAATTATCCAGATGAATTTACAAAACTGTACCAGAT
CCCACAGACTGATATGGCTGAATGTGCAGAAAAGCTATTTGACTTGGTGGA
TGGTTTTGCTGAAAGCACCAAACGTAAAGCAGCAGTTTGGCCACTACAAAT
CATTCTCCTTATCTTGTGTCCAGAAATAATCCAGGATATATCCAAAGACGTG
GTTGATGAAAACAACATGAATAAGAAGTTATTTCTGGACAGTCTACGAAAAG
CTCTTGCTGGCCATGGAGGAAGTAGGCAGCTGACAGAAAGTGCTGCAATT
GCCTGTGTCAAACTGTGTAAAGCAAGTACTTACATCAATTGGGAAGATAACT
CTGTCATTTTCCTACTTGTTCAGTCCATGGTGGTTGATCTTAAGAACCTGCT
TTTTAATCCAAGTAAGCCATTCTCAAGAGGCAGTCAGCCTGCAGATGTGGA
TCTAATGATTGACTGCCTTGTTTCTTGCTTTCGTATAAGCCCTCACAACAAC
CAACACTTTAAGATCTGCCTGGCTCAGAATTCACCTTCTACATTTCACTATG
TGCTGGTAAATTCACTCCATCGAATCATCACCAATTCCGCATTGGATTGGTG
GCCTAAGATTGATGCTGTGTATTGTCACTCGGTTGAACTTCGAAATATGTTT
GGTGAAACACTTCATAAAGCAGTGCAAGGTTGTGGAGCACACCCAGCAATA
CGAATGGCACCGAGTCTTACATTTAAAGAAAAAGTAACAAGCCTTAAATTTA
AAGAAAAACCTACAGACCTGGAGACAAGAAGCTATAAGTATCTTCTCTTGTC
CATGGTGAAACTAATTCATGCAGATCCAAAGCTCTTGCTTTGTAATCCAAGA
AAACAGGGGCCCGAAACCCAAGGCAGTACAGCAGAATTAATTACAGGGCT
CGTCCAACTGGTCCCTCAGTCACACATGCCAGAGATTGCTCAGGAAGCAAT
GGAGGCTCTGCTGGTTCTTCATCAGTTAGATAGCATTGATTTGTGGAATCCT
GATGCTCCTGTAGAAACATTTTGGGAGATTAGCTCACAAATGCTTTTTTACA
TCTGCAAGAAATTAACTAGTCATCAAATGCTTAGTAGCACAGAAATTCTCAA
GTGGTTGCGGGAAATATTGATCTGCAGGAATAAATTTCTTCTTAAAAATAAG
CAGGCAGATAGAAGTTCCTGTCACTTTC

CCCCAGCCTCCTTGCCAACGCCCCCTTTCCCTCTCCCCCTCCCGCTCGGC
GCTGACCCCCCATCCCCACCCCCGTGGGAACACTGGGAGCCTGCACTCCA
CAGACCCTCTCCTTGCCTCTTCCCTCACCTCAGCCTCCGCTCCCCGCCCTC
TTCCCGGCCCAGGGCGCCGGCCCACCCTTCCCTCCGCCGCCCCCCGGCC
GCGGGGAGGACATGGCCGCGCACAGGCCGGTGGAATGGGTCCAGGCCGT
GGTCAGCCGCTTCGACGAGCAGCTTCCAATAAAAACAGGACAGCAGAACA
CACATACCAAAGTCAGTACTGAGCACAACAAGGAATGTCTAATCAATATTTC
CAAATACAAGTTTTCTTTGGTTATAAGCGGCCTCACTACTATTTTAAAGAATG
TTAACTATATGAGAATATTTGGAGAAGCTGCTGAAAAAAATTTATATCTCTCT
CAGTTGATTATATTGGATACACTGGAAAAATGTCTTGCTGGGCAACCAAAG
GACACAATGAGATTAGATGAAACGATGCTGGTCAAACAGTTGCTGCCAGAA
ATCTGCCATTTTCTTCACACCTGTCGTGAAGGAAACCAGCATGCAGCTGAA
CTTCGGAATTCTGCCTCTGGGGTTTTATTTTCTCTCAGCTGCAACAACTTCA
ATGCAGTCTTTAGTCGCATTTCTACCAGGTTACAGGAATTAACTGTTTGTTC
AGAAGACAATGTTGATGTTCATGATATAGAATTGTTACAGTATATCAATGTG
GATTGTGCAAAATTAAAACGACTCCTGAAGGAAACAGCATTTAAATTTAAAG
CCCTAAAGAAGGTTGCGCAGTTAGCAGTTATAAATAGCCTGGAAAAGGCAT
TTTGGAACTGGGTAGAAAATTATCCAGATGAATTTACAAAACTGTACCAGAT
CCCACAGACTGATATGGCTGAATGTGCAGAAAAGCTATTTGACTTGGTGGA
TGGTTTTGCTGAAAGCACCAAACGTAAAGCAGCAGTTTGGCCACTACAAAT
CATTCTCCTTATCTTGTGTCCAGAAATAATCCAGGATATATCCAAAGACGTG
GTTGATGAAAACAACATGAATAAGAAGTTATTTCTGGACAGTCTACGAAAAG
CTCTTGCTGGCCATGGAGGAAGTAGGCAGCTGACAGAAAGTGCTGCAATT
GCCTGTGTCAAACTGTGTAAAGCAAGTACTTACATCAATTGGGAAGATAACT
CTGTCATTTTCCTACTTGTTCAGTCCATGGTGGTTGATCTTAAGAACCTGCT
TTTTAATCCAAGTAAGCCATTCTCAAGAGGCAGTCAGCCTGCAGATGTGGA
TCTAATGATTGACTGCCTTGTTTCTTGCTTTCGTATAAGCCCTCACAACAAC
CAACACTTTAAGATCTGCCTGGCTCAGAATTCACCTTCTACATTTCACTATG
TGCTGGTAAATTCACTCCATCGAATCATCACCAATTCCGCATTGGATTGGTG
GCCTAAGATTGATGCTGTGTATTGTCACTCGGTTGAACTTCGAAATATGTTT
GGTGAAACACTTCATAAAGCAGTGCAAGGTTGTGGAGCACACCCAGCAATA
CGAATGGCACCGAGTCTTACATTTAAAGAAAAAGTAACAAGCCTTAAATTTA
AAGAAAAACCTACAGACCTGGAGACAAGAAGCTATAAGTATCTTCTCTTGTC
CATGGTGAAACTAATTCATGCAGCTCCAAAGCTCTTGCTTTGTAATCCAAGA
AAACAGGGGCCCGAAACCCAAGGCAGTACAGCAGAATTAATTACAGGGCT
CGTCCAACTGGTCCCTCAGTCACACATGCCAGAGATTGCTCAGGAAGCAAT
GGAGGCTCTGCTGGTTCTTCATCAGTTAGATAGCATTGATTTGTGGAATCCT
GATGCTCCTGTAGAAACATTTTGGGAGATTAGCTCACAAATGCTTTTTTACA
TCTGCAAGAAATTAACTAGTCATCAAATGCTTAGTAGCACAGAAATTCTCAA
GTGGTTGCGGGAAATATTGATCTGCAGGAATAAATTTCTTCTTAAAAATAAG
CAGGCAGATAGAAGTTCCTGTCACTTTC



Genetics in Medicine

Birth
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Genetics Dashboard
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What Should Physician Assistants Know 
About Genetics?

1. A new medical paradigm will emerge.
2. Clinical decisions will increasingly rely on 

the results of genetic tests.
3. Family history can be a clue to risk.



Medicine in Transformation
Two Convergent Forces

Information Technology Genetics

Predictive testing and prevention
Stratification of disease and targeted treatments
Pharmacogenetics & Pharmacogenomics

“Personalized Medicine”

Administer the right Administer the right 
dose of the right dose of the right 

treatment to the right treatment to the right 
person at the right time. person at the right time. 



α1-Antitrypsin Deficiency

• Inhibitor of neutrophil 
elastase

• Pulmonary emphysema
• Hepatic cirrhosis 
• 1:2,500 Caucasians
• Carrier frequency 0.03

J K Stoller and L S Aboussouan, Thorax 2004;59:708-
712



Targeted Therapy

N Engl J Med 2001; 344:1084-1086, Apr 5, 2001. 



Genomic Analysis



EGFr Mutation and Gefitinib Sensitivity 
in NSC Lung Cancer

NSCLC response to gefitinib

EGFr mutations

N Engl J Med 2004;350:2130.



Disease Stratification
Targeted Therapy

hypertension



Pharmacogenetics

• CYP2D6 (debrisoquine 
hydroxylase)
– Poor metabolizer (PM)

• Mutations that decrease 
expression

– 5-10% N.A. whites; 1-
2% African Americans

– Ultrarapid metabolizer 
(UM)

• Duplications
– 5-10% whites, 29% 

Ethiopians

Weinshilbaum,R., NEJM 2003;348:529



Drugs Metabolized by CYP2D6



Warfarin Pharmacogenetics

www.pharmgkb.org

pharmacokinetics pharmacodynamics



Sesti F, et al. Proc. Natl. Acad. Sci. (USA) 2000;97:106133-10618.

Polymorphism in KCNE2 potassium channel 
(1.6%)  found in patient who developed 
prolonged QT while treated with Bactrim

Drug Toxicity

Potassium flux



Pharmacogenetic Testing

Evans WE, Relling MV.  Science 1999;286:487-491.



The $1,000 Genome SequenceThe $1,000 Genome Sequence



Your patient is a slow metabolizer of azathioprine.



The future of healthcare?







Pedagogy

• Genetics is a natural integrator
• Teach things that matter
• Recognize the importance of roll 

models



2002

J.L.

CAD
age 57



2007

J.L. is admitted to the hospital.  He rules out 
for myocardial infarction by enzymes and 
electrocardiography.  Family history reveals 
two siblings who died suddenly and a child 
who has had a syncopal episode.  Blood is 
sent for a DNA test and J.L. is found to have 
a mutation in the β cardiac myosin heavy 
chain gene.  A.L. is found to have the same 
mutation, but it is not present in B.L. or C.L.  
A.L. is started on a program of regular 
monitoring by echocardiography.  

syncope

sudden
death

CAD
age 57

J.L.

A.L. B.L. C.L.



2010

A.L.’s pediatrician learns of a family history of sudden 
death on his father’s side.  He arranges for a blood 
specimen to be sent to the laboratory for a panel of tests 
involving genes associated with cardiac dysfunction.  
A.L. is found to have a mutation in the β cardiac myosin 
heavy chain gene.  The same mutation is found in J.L.  
A.L. is started on a program of monitoring by 
echocardiography.  An echocardiogram done in J.L. 
reveals signs of advanced hypertrophic cardiomyopathy.  
He is started on a new β blocker medication, and is 
advised to consider implantation of a defibrillator.

syncope

sudden
death

CAD
age 57

J.L.

A.L. B.L. C.L.



2015

In the course of a routine primary care visit, D.L. 
is noted to have a family history of early 
unexplained death (her mother and maternal 
aunt).  She is tested for a set of risk factors 
known to predispose to early death and is found 
to have a mutation in the β cardiac myosin heavy 
chain gene.  She is started on a new class of 
medication known to prevent the occurrence of 
hypertrophic cardiomyopathy.  Four of her 
children are also found to carry the mutation.  
They, too, are started on medication and a 
program of regular monitoring.

D.L.



Medical Genetics Training

• Medical Genetics
– 2 year genetics residency

• 2 prior years of ACGME-accredited residency
– 5 year combined internal medicine-genetics or pediatrics-

genetics program
– ACGME-accredited, ABMG certification

• Genetic Counseling
– 2 years masters program
– ABGC Certification



Genetics in Medicine
Primary Care Specialist Medical Geneticist

Single Gene or 
Chromosomal

recognize signs and 
symptoms; make 
referral; support 

family; 
longitudinal care

manage 
specific 

problems

diagnosis; counseling; 
longitudinal care

Major Gene 
Multifactorial

Appreciate role of 
family history; 

arrange testing and 
referral to specialist 
as needed; provide 

longitudinal care

Diagnosis and 
management of 
system-specific 

problems

Advise on interpretation 
of test results; genetic 

counseling; evaluation of 
complex cases

Complex 
Multifactorial

Use of genetic tests 
to guide treatment

Use of genetic 
tests to guide 

treatment

Reservoir of knowledge 
and handling of complex 

cases



•Education of health professionals and the general public

•Access to information

•Tools for screening, education

• Protection of individual rights and privacy

• Knowledge of outcomes

• Development of new prevention strategies and treatments



AmaraAmara’’ss LawLaw


