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Phelps Family Contributions to FIRST 
 
 
 
 
 
 

Via Lennox Foundation: 
•  Supported 2 Ichthyosis Scholars 
•  Support of our research group (3 new genes) 
•  Support of FIRST family conferences 
•  Support of Tele-Ichthyosis program 
 

Via Dane’s Friends for FIRST: 
•  Support of a MD/PhD student in my lab 
•  FIRST general programs 
 
  
 



About me 

Born: Upstate New York 
Grew up: Rural Connecticut 
Moved to the Bay Area in 1991 
 
I thought that I’d likely become a small town doctor.  
 
 
 
 
 
 



How my path developed 
What I thought my career would be…    



A funny thing happened… 
What my career became     



How my career developed: 
Stanford Undergraduate Research Experience 
 
 
 
 
 
 
 
 

We sought to develop treatments for Lamellar Ichthyosis. 
Experience with these patients was the foudation for my 
interest in becoming a physician-scientist 



Training 
MD/PhD program: 1996-2004 
Internal Medicine internship: 2004-2005 
Dermatology residency and genetics fellowship: 2005-2008 
 
My lab in 2010: 



Frontiers  
in Medical Genetics 



Recognition that traits are heritable 
Throughout human 

history we have 
manipulated genetics: 

Crops 
Food 

Companion Animals 



DNA has a Code Which can be Read  



DNA is Organized in Chromosomes 



DNA is an Organism’s Blueprint 



If DNA is Identical,  
Organisms are Identical (mostly) 



Sometimes, mistakes are made when DNA 
is copied, natural selection is purifying 

Larvae Adult

Mutations in a single genes  
can have dramatic effect 



Human Variation

Wilt Chamberlain 
 

Famous basketball player 
7 feet 1 inch tall 
225 pounds 
 
 
Willie Shoemaker 
 

Famous horse jockey 
4 feet 11 inches tall 
100 pounds 
 
 
 
 
 
 



Jim Fixx Winston Churchill

5’10”, 150 lbs
Marathon runner
Healthy lifestyle promoter
Died MI, age 52 (while running)

5’8”, 270 lbs

Legendary gluttony
Smoker

Slothful

Died age 90Father died MI age 43



Leading Causes of Death in U.S. 
Heart disease    725,000 
Cancer     550,000 
Stroke     167,000 
Lung disease    124,000 
Accidents       98,000 
Diabetes       68,000 
Pneumonia      63,000 
Alzheimer’s      45,000 
Kidney failure      35,000 
Others     510,000 
Total             2,390,000 
         All have genetic determinants   

Source: CDC



Genetic approach to understanding 
human disease 

Identify mutations that cause or contribute to 

disease requiring no prior knowledge of 

disease biology other than  

that the disease has a genetic basis 



Utility of genetics in medicine 
To understand fundamental mechanisms of disease 
To enable early diagnosis 
To enable disease prevention  
To identify new targets for therapeutic intervention 
 
Facts: 

 > 14 billion human alleles on the planet (Population ~7B)  

    All mutations compatible with life are likely present 

    Even very rare diseases in remote locations come to attention 

    Despite ~21,000 genes in genome, function is known for ~4000

  

 
 



Progress in Understanding Genetic Disease 

From: Amberger, et al. Hum. Mutat., 32: 564–567. 2011. 

Timeline: 

1980: First linkage (RFLP) 
1986: First Positional Cloning 
1989: Genome-wide STS makers 
1997: DNA Microarrays permit  

CNV Detection 
2001: First Genome Draft 
2005: 454 Sequencer Available 
2010: First Disease Mutation 

Identified via exome seq. 

Up to 50% of Mendelian Disorders remain unsolved. 

In the last year >40 disorders have been solved with next generation approaches 

Genetic Disorders OMIM 1987-2010 



Human Genome Sequence
•  Draft published 2001

•  Complete finished 
sequence deposited 
in public databases 
April 2003

•  3.1 billion bases/
haploid genome

•  20,000 - 30,000 genes



Traditional (Sanger) Sequencing  
Production sequencing for  
 the first human genome: 

  250 machines x 1 year 
Cost: $3,000,000,000 NIH/public 
          $   300,000,000 Celera 
 
 

Next Generation Sequencing 
Using today’s technology, 
 same production:  

1 machine x 1 week 
>60X coverage 
Cost: ~ $3000 



Technology drives discovery 

Modified from: Mardis , Nature,  470: 198-203. 2011. 

Sanger: 115kbp/day Second and Third Gen Sequencing 

54 Gbp/day 

Throughput has increased by >50,000-fold 

 Genome cost = $100M  Genome cost = ~$3-5K 



Cost has dropped precipitously 

Moore’s law:  The number of transistors on a chip will double 
every two years, increasing power and decreasing cost.   

 



Selective sequencing of all the  
genes in the human genome 

Genes comprise ~1% of the genome but 
harbor ~90% of the mutations with large 
effect.

Selective sequencing of genes only (the 
“exome” can reduce cost of mutation 
discovery by 10 fold compared with whole 
genome sequencing. 

Applicable to discovery of disease genes, 
therapeutic targets and clinical diagnosis.

Our cost: In 2010: ~$2500/exome
     Now:      ~$400/exome



Discovery opportunities from next 
generation sequencing 

 Quickly solve remaining simple inherited disorders 

 Solve previously intractable inherited disorders 
•  Dominant traits with high lethality likely to be mostly de 

novo mutations, can be found by sequencing parent-offspring 
trios (congenital malformations, syndromes, etc) 

•  Traits with high locus heterogeneity (caused by mutations in 
many different genes) 

Obtain genetic diagnoses 

 
 



Gene Discovery in Ichthyosis with Confetti 
Ichthyosis with Confetti 

Severe, rare disorder  
Small kindreds 
Impaired reproductive fitness 
Sporadic cases likely de novo 

 

Clinical Features 
Erythroderma 
Plate-like scale 
Ectropion 
Palmoplantar keratoderma 
White spots 

 

Approach to Gene Discovery 
1.  IWC results from widespread 

revertant mosaicism. 
2.  We predicted LOH mapping 

would define IWC locus. 
3.  We would use next generation 

sequencing to identify  
causative mutations.   Red-White Junction Affected Skin White spot 



Gene Discovery in Ichthyosis with Confetti 
Paired SNP genotyping 
of 32 white spots and 
corresponding 
peripheral blood 
samples from six 
patients revealed LOH 
events on chromosome 
17q. 
 

We discovered that in each case,  
the mutated copy of the disease 
gene was being lost during mitosis 
suggesting that mitotic recombination 
was the mechanism.  



Next-generation sequencing  
of the IWC genetic interval  

 We used next generation sequencing in the affected patients 
and their unaffected parents , expecting the disease mutation 

to be a de novo event. 

De novo mutations were identified in two kindreds, both affect 
splicing of a gene called KRT10 and lead to frameshift. 



KRT10 mutations cause IWC 

All IWC kindreds showed mutation in KRT10.   
Mutations lead to frameshift into a highly charged  

arginine-rich reading frame. 
 



KRT10 mutations cause IWC 

Revertant Mutant 

Mutant KRT10 expression induces intermediate filament network 
collapse and is mis-localized to the nucleolus. 



Not all KRT10 mutations revert 

Epidermolytic Hyperkeratosis (EHK) 
 

Autosomal dominant 
Blistering and skin fragility at birth  
and at sites of trauma later in life 
Corrugated hyperkeratosis 
+/- erythroderma 
+/- keratoderma 
Recurrent bacterial skin infections 
No evidence of revertant mosaicism 
 
 
 
 

EHK mutations occur in the highly conserved rod domains of KRT10 and KRT1. 
 
If reversion events occur, they do not expand sufficiently for clinical observation. 



Is therapeutic recombination 
possible? 

We know that many diseases result from single 
mutations including many types of cancer. 
 
It appears that IWC mutations specifically stimulate 
reversion.  Selection is likely an important factor. 
 
Our group is actively studying mechanisms necessary 
for genetic reversion in the skin with the hope that 
they might be applied to many disorders. 



Gene Discovery in 
Disorders of 

Keratinization 
 
 



Disorders of Keratinization: 
Potential for gene discovery 

1.  There are disorders for which there is not yet a known 
genetic cause:   

 Many palmoplantar keratodermas 
Syndromic cases 
Subtypes of congenital ichthyosis, particularly mild 
Unusual or unique cases 

2.  Mutations in known genes are not found in many cases in 
clinical genetic testing. 

3.  Prior reports suggest a large fraction of patients do not 
have mutations in known genes. 



Disorders of Keratinization: 
Potential for gene discovery 

We seek to identify every genetic cause of ichthyosis. 
 
Genetic insights have informed our understanding of how the 
skin functions and renews itself. 
 
Genetic discoveries provide the framework to develop new 
therapies for rare and common disorders.  



A new approach to screening: 
 In clinical practice it previously cost ~$13,000 to do testing 

    Now, costs are still in the thousands. 
 Many families cannot afford sequencing. 

 
We developed a method employing next generation 
sequencing to achieve diagnosis in about 80% of patients 
for about $50. 
 
We provide genetic diagnoses to affected families and 
identify those without mutations in known genes to permit 
discovery of new genetic causes for these disorders. 

Disorders of Keratinization: 
Pre-screening of known genes 



Disorders of Keratinization: 
Gene discovery results 

Total kindreds:  450  
 
Referring Physicians: 47, from 18 countries 

  
Total Screened:  300 

  
Genetic diagnoses obtained:  247 

  ~70% from pre-screening  
  ~30% from exome sequencing (73)  



Gene Discovery: 
Rare & Syndromic Disorders of Keratinization 

244 total cases 
22% have no mutation in known genes (53 total) 



A novel Erythrokeratodermia 
Variablis Phenotype 

Subject 102-1: Adopted from Guatemala, no skin phenotype



A novel Erythrokeratodermia 
Variablis Phenotype 

•  No phenotype at birth 
•  Onset at 6 months 
•  Darkening then thick scale 

at sites of friction 
•  Profound keratoderma 

Rapid generalization to 
severe, thick, malorodous 
hyperkeratosis. 

Milky white leukonycia is 
present in all cases.  



A novel Erythrokeratodermia 
Variablis Phenotype 

Transient figurate erythema develops in infancy and progresses



A Novel EKV Phenotype 
Exome sequencing: 

  101-1: de novo E227D mutation in GJA1 
  102-1: E227D mutation in GJA1, adopted 
  102-1: de novo A44V mutation in GJA1 

 
  GJA1 encodes Connexin 43 which 

forms gap junction intercellular 
plaques. 

Other dominant mutations in GJA1 
cause Oculodentodigital (ODDD) 
syndrome. 

ODDD does not manifest skin findings 
seen in our cohort and has other 
features notably absent in our cohort.  



GJA1 Mutations cause EKV 

Mutant Cx43 fails to localize to intercellular junctions.
Mutant protein accumulates in Golgi.
Likely has trans-dominant effects on many connexins.



Conclusions 
GJA1 mutations cause EKV

Lack of phenotype in early life with appearance at sites of friction 
suggests that this induces mutant Cx43 expression, setting off a 
cascade of abnormal gap junction intercellular communication.

Cx43 is the most widely expressed connexin and the skin-limited 
phenotype of EKV suggests that the mutations identified are at 
residues central to epidermal homeostasis. 

Local silencing of the mutant allele could revert phenotype.

 
 



Applications of genetics to clinical medicine 
 

We are now at a moment where no child should be 
left undiagnosed for any disorder. 
We are making remarkable progress in inherited 
disorders and cancer. 
New tools will enable new discoveries. 
Genetic discoveries have already enabled 
development of new therapies in ichthyosis, cancer, 
and other disorders. 
Your generation will see personalized genomic 
medicine to optimize treatment.  
 
 



We owe a debt of gratitude to our patients who 
are the inspiration for our work.   

 

They give of themselves to permit scientific progress and we all 
benefit. 

Collaborators: 
Leonard Milstone  John DiGiovanna 
Amy Paller   Mary Williams 
John Browning   Albert Yan 
Alanna Bree   Amy Nopper 
Peter Elias   Susan Bayliss 
Mary Spraker   Moise Levy 
Eli Sprecher   Richard Antaya 
Phil Fleckman   Many, many others…. 
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