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Outline

Professional context and problems
Why this problem is at the center of genomic 
medicine
How distributed and standardized solutions can be 
used to address the problem.
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Clinical Informatics vs. Bioinformatics
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Bioinformatics: A House Divided
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bioinformatics "is a tool, not a 
discipline, and tools have a way 
of getting absorbed into 
science." -L. Stein
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Combining Genomics from Different Species: Sequence and 
Expression Based Comparative Genomics

The hypothesis that conservation of sequence across 
species has borne many fruit

The harvest from the conservation of functional 
genomic dependencies (in expression or proteomics) 
has been less fruitful.

We provide an example
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Functional genomics of complex tissue

Cerebellum has pivotal roles in the coordination of posture and locomotion
Laminar organization of the cerebellar cortex has facilitated understanding its 
basic circuitry, functions and ontogeny
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Sonic Hedgehog (Shh), development and 
tumorigenesis

Zhao et al. PNAS 2002
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Integrative Approach to Comparative 
Genomics

We studied time-series of day 1 to day 60 of life of the mouse
Each time point, cerebellum measured with a microarray
PNAS Zhao et al. 2002

How can we leverage this developmental view of the mouse?
Does it matter for clinical medicine?

Human medulloblastoma microarray data
Pomeroy et al, Nature 2002

Principal Component Analysis to find the main sources of 
variance in the developmental time series



But first, how do we compare the 
two organisms?
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Principal Components

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
QuickTime™ and a

TIFF (Uncompressed) decompressor
are needed to see this picture.
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Does this pattern generalize to 
other tissues?
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Is this phenomenon, merely 
reporting proliferation?

Or, does it reflect the tissue-specific 
developmental program?
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What about a macro view?
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Interim Conclusion (I)

Revisiting an old idea with the quantitation and 
precision of the genomic era.
Lobstein (1829) and Cohnheim (1887) were amongst the 
first to theorize similarities between human embryogenesis 
and the biology of cancer cells . 

The brain tumor classification system of Bailey and 
Cushing (1926), 

from which modern taxonomies derive, 

emphasizes the histologic resemblance to cells of the 
developing central nervous system

Kho et al. Genes and Development, March 
2004
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Conclusion (II)

Projecting human solid tumors against a background 
of mouse models provides insight

Into diagnostic staging
Into biological process that characterize the tumors
May have biologically ground prognostic value

We demonstrate that this may be generalizable to 
many other systems of human disease
Demonstrate that  comparative functional genomic 
data sets  DEPENDS crucially: on a COMMON 
VOCABULARY and cross-species mapping.
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Integrative Biology

With the multiplicity of data sets, increasing efforts at 
integration to learn more about the underlying 
biology.
Integration however present fundamental 
methodological problems.
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Example: Alizadeh 2000

Alizadeh et al.
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Example: Shipp 2002
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Example: Rosenwald



Isaac S. Kohane BECON/BISTI-2004

Interim Conclusion

Less than 100 patients is small in any clinical study
With thousands of genomic variables, 100’s is even 
smaller with respect to the dangers of:

Over-fitting
Multiple-hypothesis testing

Many methodological ills can be forgiven by large 
numbers of cases 



So, how do we get enough 
samples?
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C
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High-throughput phenotyping at MCW
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Interim Conclusion

Tasteful delegation of control and access enables 
large data sharing at the scale required of the 
genomic age.
A COMMON VOCABULARY across our clinical 
systems is essential.
A common set of STANDARDIZED PROTOCOLS
across distributed systems is the only way to scale to 
the national level.
Taking seriously the building of LEVELS of 
ABSTRACTION and ABSTRACTION BARRIERS is 
the key to large system construction
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But if medical records are incomplete, how 
do we get the entire patient 

history/phenotype?
Daily medications
Exercise level
Adverse events with over the counter medications
Absence from work
…

Given persistent failure to get institutional buy-in
Can we harness the patient?
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The Problem

Medical records are fragmented across multiple 
institutions
There’s no unified view of a patient’s record
Patients have difficulty accessing their medical 
information
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X X

• Highly mobile patients
• No formalized data exchange
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Internet

• “Data sponge”
• Independent
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Clients access the PING server, which 
in turn, accesses the patient’s record
The PING server authenticates the 
agent and can perform the following 
four atomic operations:

Create
Read
Modify
Annotate

The server manages the PING records 
which may be stored by service 
bureaus or on any server of the 
patient’s choice
Medical record data and images may 
be stored with the PING record, or the 
record may contain pointers to 
information and images stored 
elsewhere.
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Personal Internetworked Notary and 
Guardian

For large-scale disasters (PING-Response)
For patients poorly tied into the healthcare system.

PING-Citizen (Canada)
For immunization record 

PING ‘baby book’
PING Genome
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And Let’s Bring it All Together

The National Multi-Protocol Ensemble for Self-scaling 
Systems for Health (NMESH) 
Cover an entire region (Northeast)
Use HL7 data flow from multiple hospitals into PING 
records
Use SPIN to provide a peer-peer mechanism to query 
all the PING records
Apply for research, clinical care and disaster 
management.
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Summary

STANDARDIZED VOCABULARIES and PROTOCOLS are the
essential glue to allow

Linking of disparate data types and sources
Leveraging existing methodologies and tools

E.g. homology maps and phenotypic classification
Lightweight social engineering is necessary

Preserve local autonomy
Enable local curation 
Represent the first and most important steps to unifying clinical 
informatics to bioinformatics and the tool builders  and discoverers.

Do not try to solve all data representations problems
Tasteful, partial solutions will incrementally bring you to 
your goal
All out effort will bring you nowhere.
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Thank you

Isaac_Kohane@harvard.edu


