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What is “Individualized Medicine” ?? 

“At it’s most basic, personalized medicine 
refers to using information about a 
person’s genetic makeup to tailor 
strategies for the detection, treatment or 
prevention of disease” 

Francis Collins 
Interview published July 17, 
2005 in the Boston Globe 
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 Personal 

 Relating to somebody’s private life, 
intimacy 

 Relating to one person, a particular 
individual 

Genetics & medicine, 2011: Some 
terms * 

* Encarta World English Dictionary, 1999 

 Individual 

 A particular person, distinct from others 
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Individualized Medicine: Why now? 
 Enormous success of modern medicine 
 Prolongation of lifespan 
 Improved quality of life 

 Ongoing concerns 
 Many diseases with increasing 
incidence 
 Unacceptable frequency of adverse 
events 
 Increasing expense 
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Type 2 Diabetes 

 Incidence increasing throughout 
 the industrialized world and 
 intertwined with obesity  

 Chronic illness with an array of 
 complications 

 Microvascular 

 
 Macrovascular 
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Suppose a member of your family 
develops type II diabetes ….. 

 Would you like to know the prognosis and 
 response to existing treatments for the 
 average patient? 

 Or, would you like to know as precisely as 
 possible the specific features, prognosis 
and  response to therapy for your loved one? 

 Even better, would you like to know ahead 
of  time, assuming preventative measures 
were  available??? 
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Medicine of the 20th Century 

 “Average medicine” – medicine for the 
 average patient (the “classic case” 
 mentality) 
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The “classic case” mentality 
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Medicine of the 20th Century 

 “Average medicine” – medicine for the 
 average patient (the “classic case” 
 mentality) 

 “Trial and error medicine” – trying 
 possible treatments sequentially 
until  you find one that works 
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Individualized medicine 
“The experienced physician knows that no two 
 patients are exactly alike” 

“There is no science of the 
individual, and medicine suffers 
from a fundamental contradiction: 
its practice deals with the individual 
while its theory grasps universals 
only” 

     O. Temkin, 1963 
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“The doctor does not treat ‘man’ except 
accidentally; he treats Calius or Socrates 
or someone else... So if someone 
…knows the universal without knowing 
the individuals contained in it, he will 
often fail in his treatment; for it is the 
individual who has to be treated” 

         
 - Aristotle 

        

Not a new idea….. 

~350 BC 
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Each of these individuals has his or her 
own: 
 unique sampling of our species genetic 
  endowment 
 unique history of in utero development 
 family with its unique constellation of  
 socio-economic variables Valle_Dec_2011 



What has changed ?? 
 HGP, sequencing technology and 
 appreciation of sequence variation 

 Whole Genome Sequence (WGS) 
biology 

 Increasing prominence of evolutionary 
 thinking in medicine 

 Disease gene identification 

 Individual genome sequences  
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What has changed ?? 
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 appreciation of sequence variation 

 Whole Genome Sequence (WGS) 
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 Increasing prominence of evolutionary 
 thinking in medicine 

 Disease gene identification 

 Individual genome sequences  
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 Conceived in the  
 mid 1980’s 
 Debated and argued 
 Oct 1, 1990 start date 
 Initially focused on 
  technology, 
maps &  model 
organisms 
 Reference human 
 sequence complete 
in  2003  
 

Human Genome 
Project 
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What is a gene? 

Proximal 
promoter 

Enhancer 

1 2 3 4 
* 3’ UTR 

Introns Exons 



Some features of the reference 
genome 

Human Mouse 

(3.0 Gb) (2.5 Gb) 

 

Genes (protein coding) 

 

~ 22,000 

 

~ 22,000 

   known function ~ 75% ~ 75% 

   exons / transcript 8.7 8.4 

   total exons “exome” ~ 220,000 ~ 210,000 

   the “exome” 

 

~ 50 Mb (1.5%) 



DNA Sequence: Are We All the 
Same ? 
 Humans are 99.6% identical at the sequence 
level 
 Evolutionary perspective: 
 H. sapiens a young species (100 K yr) with a 

small  founding population (~ 10,000) 
 Similarity with our relatives 

• 70-90% identity with mouse 
• 98.5% identity with chimp 



27 October 2005 

HapMap : A 
Database of Human 
Sequence Variation 

www.hapmap.org 
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Nature 467: 1061, 2010 

 Study ~2,500 individuals from ~50 populations 

 Catalog >95% of variants with an allele frequency > 1% 
 across the genome 

 Catalog lower frequency alleles (> 0.1%)                               
 in coding sequence 



Sources of Genetic Variation 
 Insertions / deletions -“indels”   ~10% 
 Length polymorphisms - STRp   ~  
5% 
 Single nucleotide                     
 polymorphisms (SNPs)   ~ 
45% 
 Copy number variants (CNVs)  ~ 
40% 
 Inversions       ?  
 Recombination 



Single Nucleotide Polymorphisms 
(SNPs) 
   Single base pair variant with both  

  possibilities relatively frequent 
   allele 1 … G A T C A … 
   allele 2 … G A G C A … 
   Frequent ~ 1/1000 bp or at least 3 x 106 

per   haploid genome  
   Current SNP genotyping platforms score  

 >1 x106 SNPs across the genome 



Copy Number Variants (CNVs) 

Deletion 

Duplication 

 Expose dosage sensitive genes 

 For deletions, expose otherwise “normal variation” on 
the  remaining allele 

 Create “fusion” genes with new functions 



Increasing 
appreciation for 
human genetic 
variation 

2007 

 SNPs  
 > 30 M in our species 
 ~ 3 M differences 
between  individuals 

 CNVs 
 3-7 large CNVs/individual 
 5-10% have 1 CNV > 
100kb 
 1-2 % have 1 CNV > 1 
Mb 
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Human Variation 

Differ at 
only 

~ 1 / 1000 bp !! 



Year 

B
ill
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ns

 o
f b
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e 
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irs

 

Cost/million BP 

Progress and cost of DNA 
sequencing (April, 2010) 

26 WGS  

$100 

$10 

$1 

~2,700 WGS 
October 2010 Sanger sequencing 



What has changed ?? 
 HGP, sequencing technology and 
 appreciation of sequence variation 

 Whole Genome Sequence (WGS) 
biology 

 Increasing prominence of evolutionary 
 thinking in medicine 

 Disease gene identification 

 Individual genome sequences  
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Whole genome sequences: bridges that connect all 
biology 

 > 2500 as of Dec 2011 
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What has changed ?? 
 HGP, sequencing technology and 
 appreciation of sequence variation 

 Whole Genome Sequence (WGS) 
biology 

 Increasing prominence of evolutionary 
 thinking in medicine 

 Disease gene identification 

 Individual genome sequences  
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Evolutionary thinking and 
medicine* 
 Centrality of variation 

 Continuity and consequences of natural 
  selection 

 Evolvability and systems biology 

 Emphasis on integrated biology 

 Individuality 
 * Making evolutionary biology a basic science for medicine 

 Nesse et al, PNAS, Jan 2010 

-- Selection acts on 
individuals 
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Comparative 
Genomics of 
Higher Primates 



Some genes with positive 
selection around the time of 
divergence: 

 THADA – energy metab 
 DYRK1A - cognition 
 NRG3 - neurodevelopment 
 several microRNAs 

Science 328: 710, 2010 
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What has changed ?? 
 HGP, sequencing technology and 
 appreciation of sequence variation 

 Whole Genome Sequence (WGS) 
biology 

 Increasing prominence of evolutionary 
 thinking in medicine 

 Disease gene identification 

 Individual genome sequences  
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Progress in Disease Gene Identification – Dec 2  

2005 

~2650 

~200 
complex trait loci 



Progress in disease gene identification 

  OMIM lists ~2500 disease genes 

  GeneTests lists  >1900 diseases 
 with molecular tests 

  Molecular cytogenetics 

   Progress in identifying genes contributing 
risk  for complex traits 
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Growth of Genetic Tests * 

* Beaudet, Nature 466: 816, 201  

~15% of total   



Online Mendelian Inheritance in Man 

www.OMIM.org 



Online Mendelian Inheritance in Man 

www.OMIM.org 



Online Mendelian Inheritance in Man 

www.OMIM.org 



Online Mendelian Inheritance in Man 
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Progress in Disease Gene Identification – Dec 2  

2005 

~2650 

~200 
complex trait loci 



Genome wide association studies 
(GWAS) 
  Agnostic approach that identifies SNP markers 

 enriched in cases as compared to controls  

  Identification of causative variants in LD with 
the  marker leads to definition of genes & 
biological  systems involved in the disease 
of interest 

  Understanding pathophysiology increases the 
 opportunity for prevention and/or treatment 



Manolio, NEJM 
363: 166, 2010 

Manhattan plot 
Genome wide sig <5 x 10-8 



Published Genome-Wide Associations through 3/2011,  
779 published GWA at p<5x10-8 for 205 traits 

NHGRI GWA Catalog 
www.genome.gov/GWAStudies 

Some conclusions: 
 Many tag genes & 
systems  previously 
not know to be 
 relevant 
 > 80% in regulatory 
space 
 In aggregate, much of 
 heritability remains to 
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The dark matter 

The missing “Dark Matter” 

Variants so far identified 
explain from < 5% - 60% 
of the variation for 
various phenotypes 
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The problem of poor predictive value 

“the risk allele at this SNP confers a risk to individuals 
that is only 1.2 x greater than those who do not have the 
risk allele”   
 Calculated in populations, applied to 
 individuals 
 Biologically naïve 

 Need for a biologically – based analytic methods that 
 consider the constellation of variants as well as 
 developmental, environmental and epigenetic 
variants  in a particular individual 
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 2820 individuals 
 600 K SNP genotypes 
 Metabolomic screens > 250 metabolites 
 25 loci with effect sizes 10-60%   
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Nature 477: 54, 2011 



What has changed ?? 
 HGP, sequencing technology and 
 appreciation of sequence variation 

 Whole Genome Sequence (WGS) 
biology 

 Increasing prominence of evolutionary 
 thinking in medicine 

 Disease gene identification 

 Individual genome sequences  
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4 September, 2007 

  4.1 million variants vs. reference sequence including 
  3.2 million SNPS 
  ~ 300,000 CNVs 
  90 inversions 
  total covers 12.3 MB  
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What does 
this all 
mean for 
medicine? 

Dr. Cerani on rounds,  
Eugene Smith 
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Science of the Individual: 
Some Consequences for Medicine 
  Exposes the pitfalls of typological thinking - 

the  classical case mentality 
  Confirms physiologic view of disease - each 

  individual has their own disease 
  Emphasizes the importance of asking: 

 “ Why does this patient have this illness at 
this  time?” 

  What prevention/treatment best for this  
  individual? Valle_July_2011 



The stimulus of sudden cardiac death (SCD) 



Lancet 375: 1525, 2010 

“The explanatory power and path to clinical translation of risk 

estimates for common variants reported in GWAS remain unclear. 

…present analytical methods are insufficient to make genetic data 

accessible in a clinical context, and the clinical usefulness of these 

data for individual patients has not been formally assessed. We aim to 

undertake an integrated analysis of a complete human genome in a 

clinical context ” 

 

1 Medical geneticist 
1 Genetic counselor 
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Going forward:  
the path to individualized medicine 
 Rigorous research – basic, translational and 
clinical 

 New technology will greatly accelerate the pace 

 Will not be quick but has already begun… 

 Acute lymphoblastic leukemia 

 Sickle cell disease 

 Glioblastoma multiforme & isocitrate 
 dehydrogenase I (12% of tumors het for 
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Gudmundsson … Stefansson, Sci Transl Med 2: 62ra92, 2010 

 ~40% variation in PSA levels is genetic 

 Influenced by at least 6 loci 

 3834 men with PSA levels and 
prostate bx 
 Suggests individualized PSA cutoff 
 value (i.e. the population average) 
too  high for some and too low for 
others 
 



The special case of 
pharmacogenetics 
 Environmental variable well defined in 
terms  of timing and amount 

 Drug and drug metabolites can be 
measured 

 Metabolism often known 

 Alternatives available 
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 Odds ratio for myopathy 4.3 in 
heterozygotes;  17.4 in homozygotes 

 

Search Collaborative Group, NEJM 359: 789, 2009 
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 rs12979860, 3 kb 
 upstream of IL28B, 
 encoding 
 Interferon  λ3 

 Response to 
 treatment with PEG-
 IFN-α-2a or 2b 

 OR for SVR ~7 for 
 CC vs, CT or TT 

 

Nature 461: 399, 
2009 
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Sir Luke Fildes, The Doctor, 1891 Valle_July_2011 



Thanks for your attention! 
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NEJM 362: 2001, 2010 NEJM 365: 22, 2011 
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