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Every rare disease was once 
an undiagnosed disease!! 



6% of patients contacting the Office of 
Rare Disorders do not have a diagnosis 
 



The unmet need… 

Of the 6000 calls to the NIH Office of Rare 
Diseases Research in 2007, nearly 400 (6%) were 
from patients who did not have a diagnosis. 
 
Of the callers who did have a diagnosis 
 33% took 1-5 years to receive that diagnosis and,  
 15% took >5 years. 

 



Launched in May, 2008 as a 5 year pilot project 
with two main objectives that reflect the mission 
of the NIH: 
Public Service 
 To provide answers to patients with mysterious conditions 

that had long eluded diagnosis 

Biomedical Research 
 To advance medical knowledge by providing insight into 

human physiology and the genetics of rare and common 
diseases 

The Dream: 
The NIH Undiagnosed Diseases Program 



The dreamers… 

Steve Groft Bill Gahl 
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UDP Operations 

 Applications are received, 
acknowledged, and additional 
records, radiographs, photos, or 
pathology slides are requested. 
 Charts are organized and 

scanned electronically. 
 Adult and pediatric directors 

triage records for review by 
appropriate specialists 
 Directors synthesize specialist 

reviews and make a final 
disposition 
 Patients and referring physicians 

are informed of the decision. 



All UDP applicants are desperate-- 

Everyone gets something from the UDP 
 Complete charts are organized  
 Every chart is read thoroughly by specialists 
 Applicants not accepted (75%) & their physicians receive a 

personal letter with recommendations for further work up 
 Accepted applicants (25%) receive a one week inpatient 

evaluation at the NIH Clinical Center in Bethesda, Maryland  



Patients more likely to be selected 
Objective documented physical or biochemical finding 
Completely evaluated  in an academic medical setting 
 Family structure favorable to genetic analysis 
 Both parents available for blood samples 
 Additional family members with the same phenotype 
 Unaffected siblings 
 Consanguineous families 

Optimizing Selection Criteria 



Inquiries     7585 
Medical Records   3124 (41%) 
Acceptances      966 (31%) 
Pediatric probands      348  (36%)   
Female                       519 (54%) 
Neurologic phenotype             (~50%) 
Diagnoses   176 in 150 (20%) 
Pediatric diagnoses       93 (33%) 

UDP statistics 2008-2015* 

* As of October 12, 2015 



             Applicants        Accepted 
                (N=1006)           (N=288) 
Cardiovascular     4%      8% 
Dermatology      5       3 
Endocrine      3       5 
Fibromyalgia/CFS    8       1 
Gastrointestinal          10       4 
Hematology      2       2 
Immunology      6       5 
Neurology           51                  57 
Pulmonary      3       5 
Renal       2       3 
Rheumatology     5       6 
__________________________________________________________ 
 
Female     60%     56% 

Major Phenotypes 
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   phe·no·type 

  the observable properties of an organism that are produced 
by the interaction of the genotype and the environment 

 
Without accurate phenotyping, exome/genome analysis is 

uninterpretable. 
 
 Careful phenotyping is everything!! 



Phenotyping in the UDP 
 Starts when charts are received  
 Becomes more focused as charts are reviewed and patient 

accepted 
 Expands during the patient evaluation 
 Comes together once all clinical and diagnostic testing is 

received 
 



Scheduling the evaluation… 

Wrap-Up 

Genetic 
Counseling 

Informed Consent 

Sedate Day 



Choreography of pediatric sedation 
day… 

Pediatric anesthesia services in MRI suite to accomplish multiple 
studies under a single 3-5 hour sedation:  
 Brain MRI/MRS    
 Lumbar puncture 
 Skin biopsy 
 Eye exam  
 Brainstem evoked response 
 Dysmorphology exam 
 Dental exam 
 EMG/NCV 
 Large blood draws 
 Catheterization for urine sample 
 Minor surgical procedures 



Pediatric UDP:  First 5 years 

 Patients Evaluated                                215 (193 families) 
 
 Patients diagnosed                                          56 (26%) 
 Two families had 3 diagnoses each 
 Nine families had 2 or more affected sibs 
 Two patients had a deceased sib 

   with the same phenotype 
 

 Genetic diagnoses made               50 
 Next Gen/SNP analysis                22 
 Conventional testing                                28 
 
 May excellent candidate genes not previously linked to human disease 
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Working hypotheses… 

An extremely rare disease 
More than one disease…. 
An unusual presentation of a more common disease 
An entirely new disease 



Extremely rare disease 



 5 year old with adducted thumbs, clubbed feet, hypotonia, and 
bleeding disorder 

 

? 

UDP 1846 



UDP 1846 



SNP array shows 26 Mb of homozygosity unique to the 
patient containing 72 genes. 
One gene fits clinical picture: CHST14 
Patient homozygous for G>C in exon 14. 
 
 
 

 
CHST14 encodes dermatan-4-sulfotransferase 1 important 

for the formation of dermatan sulfate which is fibrinolytic.   
Could one prevent the bruising/bleeding by treating with 

dermatan sulfate? 

Phenotype suggests candidate gene 



Extremely rare disease with  
expanded phenotype 



UDP 2146, 2156 



proband 

affected sib 

mother 

father 

unaffected sib 

exon26:c.3638A>G:p.H1213R exon29:c.3988C>T:p.R1330X 

UDP 2146,2156 
6q 



Filtered Variants, Family vs No Family 



Exome analysis in the UDP 

Exome analysis 
• 360 families 
• 1329 exomes 
Average Family Size 
• Pediatric patients  4.1 
• Adult patients        3.3 
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UDP 887,1248 

 11 year old Male 
Dysmorphic facial features 
Global developmental delay 
Spastic paraparesis 
Truncal hypotonia 
Bilateral hearing loss 
Optic atrophy 
Cerebral atrophy, 
   small corpus callosum,  
    low NAA 
Multiple fractures 
Leukocytosis 
Generalized aminoaciduria 
Hypogammaglobulinemia 
Normal carbohydrate 
   deficient transferrin 

 
 

 6 year old Female 
Dysmorphic facial features 
Global developmental delay 
Generalized hypotonia 
Neonatal seizures 
Cerebral folate deficiency 
Optic atrophy  
Cerebral atrophy, small 

corpus callosum, low NAA 
Leukocytosis 
Hypogammaglobulinemia 
Normal carbohydrate 

deficient transferrin 
 



Urine glycans prove key 
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More than one disease 
in a non-consanguineous family 



 Sibling pair with recurrent episodes of ketotic hypoglycemia 
 

Careful phenotyping is key 



 PCK1 mutation for enzyme PEPCK 
 Smith Magenis Syndrome (RAI1) 

 PCK1 mutation for enzyme PEPCK 
 GRIN2B mutation for ID phenotype 



Unusual presentation of a more 
common disease 



UDP 5316 

 GARS 
 Glycyl tRNA synthetase 
 Charcot-Marie-Tooth 

disease, type 2D 
 Distal hereditary motor 

neuronopathy type VA 
 Autosomal dominant 



New disease/gene association 



UDP 3866 

Mosaicism in 1st generation (fertile) 

Ablepharon macrostomia syndrome 



TWIST2:c.223G>A(p.E75K) 
Transcription factor 
Group A helix-loop-helix transcription 
factor (E box) 
Mesenchyme and craniofacial and 
dermis in embryogenesis plus cell 
maintenance 
Autosomal dominant 
 
7 families with Ablepharon macrostomia 
10 families with Barber-Say syndrome 

TWIST2 (NM_057179) 

R74 E75K R76 
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The finding of additional families 
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Courtesy S. Ziegler 



Expanding the vision… 



What about the 75% of cases 
unsolved… 

 Good candidate genes in an additional 70 families (quartets on 
average) 
 Mendelian consistent, rare, good coverage, and predicted deleterious,   

BUT 
 Gene is not associated with any known disease 
 Gene associated with known disease,  but not our phenotype 
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UDP Integrated Collaboration 
System 

 A patient centric information, process management and 
communications system designed to improve productivity and 
collaboration. 
 Enables UDP leaders to manage each patient’s disease as a unique 

research project with unique experimental design and cohort of 
collaborators. 



Specificity meter  
HPO terms 



Phenotype similarity across patients or 
….any organism 

https://code.google.com/p/owltools/wiki/OwlSim Courtesy M. Haendel 



Finding the second case… 
Matchmaker Exchange 



No good deed goes unpunished… 
 
 



Undiagnosed Diseases Network 

The Undiagnosed Diseases 
Network 



UDN Objectives 

1. Improve the level of diagnosis and care for 
patients with undiagnosed diseases  

2. Facilitate research into the etiology of undiagnosed 
diseases 

3. Create an integrated and collaborative research 
community to identify improved options for optimal 
patient management 







A cry for help….. 



   “A small group of thoughtful 
people could change the world. 
Indeed, it’s the only thing that 
ever has.” 

     
      -Margaret Mead 
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