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Total 1.07 million microarrays available 

Doubles every 2-3 years 

Butte AJ. Translational Bioinformatics:  
coming of age. JAMIA, 2008. 



















Validation methods are increasingly 
commoditized 
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We are used to starting 
computer, IT, and Internet 

companies in garages... 
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Potentials for starting a 
“garage biotech”? 

 



Type 2 Diabetes Mellitus 

• Affects 20 million in US, 170 million world-wide 

• Leading cause of kidney failure, blindness, amputation 

• Major risk factor for heart disease, stroke, birth defects 

• 12% of all US health-care dollars 

 

• Prevalence in children born after the year 2000 expected 
to reach 30% 

 

• Many drugs available to elicit more insulin secretion, 
heighten insulin response, lower glucagon secretion 

• New drugs still needed and used: DPP-4 inhibitors (2008) 



• One example of a 
microarray experiment 
with diabetes and 
control samples 

• 187 genes differentially 
expressed 

Any one experiment does not yield  
clear disease-causal factors 
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# of positive RNA microarray experiments (out of 130) 

Intersect 130 T2D microarray experiments 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 
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# of positive RNA microarray experiments (out of 130) 

Intersect 130 T2D microarray experiments 

Most of the 25000 genes in the 
genome are positive in few T2D 
microarray experiments 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 
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# of positive RNA microarray experiments (out of 130) 

Intersect 130 T2D microarray experiments 

TCF7L2 
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IDE 

LEPR 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 

The 186 best known drug targets or 
genes with DNA variants (from 
GWAS) are positive in more 
experiments 
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Close collaboration with Dr. Takashi Kadowaki, Momoko Horikoshi,  
Kazuo Hara, University of Tokyo 
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Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 
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Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 
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Gene A is higher in high fat diet 
Gene A is expressed in mouse fat infiltrate 

Gene A and B are co-expressed in fat 

Gene A 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 



Gene A knockout has reduced infiltrate in fat 

Keiichi Kodama 

Kyoko Toda 

• Mac-2 stain 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 



Gene A knockout has increased insulin sensitivity 

Keiichi Kodama 

Kyoko Toda 

• No change in weight gain 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 
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Inflammatory infiltrate in human fat   
Protein of Gene A 

• Paraffin-embedded omental adipose tissue from an  
obese 57 year woman, BMI 36.9 kg/m2 

• Analyzed for Protein A immunoreactivity 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 
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Serum soluble Gene A protein  
correlates with human HbA1c and insulin resistance 

• n = 55 non-diabetics 

• 60.3 years of age ± 15, 36 males, 19 females 

• BMI 23.2 ± 4.3 kg/m2 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 
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Therapeutic antibody against Gene A  reduces glucose 

• C57BL6/6J fed high-fat diet for 18 weeks 

• Intraperitoneal injection of rat anti-mouse anti-A antibody (n=8) or isotype 
control (n=8) 

• 100 μg at day 0 and 50 μg at day 1-7 

Kodama K, Horikoshi M, ..., Maeda S, Kadowaki T, Butte AJ. PNAS, 2012. 



~300 Diseases 
and Conditions 

20k+ Genes 

Blue: gene goes down 
in disease 
Yellow: gene goes up 
in disease 

Human Disease  
Gene Expression Collection 

Butte AJ, Kohane IS. Nature Biotechnology, 2006, 24:55. 
Butte AJ, Chen R. Proc AMIA Fall Symposium, 2006. 
Chen R, Butte AJ. Nature Methods, 2007. 
Dudley J, Tibshirani R, Deshpande T, Butte AJ. Molecular 

Systems Biology, 2009. 
Shen-Orr S, ... Davis MM, Butte AJ. Nature Methods, 2010. 

Joel Dudley 



Lamb J, ..., Golub TR. Science, 2006.  
Sirota M, Dudley JT, ..., Sweet-Cordero A, Sage J, Butte AJ.  

Science Translational Medicine, 2011. 
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Anti-seizure drug works against a rat model of 
inflammatory bowel disease 

Dudley JT, Sirota M, ..., Pasricha J, Butte AJ. Science Translational Medicine, 2011. 

Marina Sirota 
Joel Dudley 
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Jay Pasricha 

 
 



Rat colonoscopy Rat with 
Inflammatory 
Bowel Disease 

Inflammatory 
Bowel Disease 

After  
Anti-seizure Drug 

Dudley JT, Sirota M, ..., Pasricha J, Butte AJ. Science Translational Medicine, 2011. 



Six Lessons Learned 
• Public molecular data has incredible utility 

– All public-funded data should eventually become publicly-available 

– Consider mechanisms to promote secondary uses and computation 

• Sufficient high quality data already exists to impact medicine 

– More is better, but no reason to wait for more data 

– Should never wait for perfect data, experiment, conditions 

– Requiring perfection can even slow secondary use 

• It’s not just about infrastructure, it’s about using it 

– Too many tools. Those who build platforms  use them too! 

• Sticks seem to work better than carrots 

– Continue exponential growth, more transparency 

• Need to train students to initiate science with data 

– High school  higher education  career changers 

– Scaling through students 



Medical Entrepreneurship at Stanford 
• Help academicians overcome obstacles in moving research 

innovations from bench to bedside for real clinical needs. 
• Educate faculty, postdoc fellows and graduate students on 

translational research process and path to clinic so 
developing promising discoveries becomes second nature 

• Accelerate the development of Stanford’s top entrepreneurs 
through experimental education. Community for founders. 

• 12% of Stanford has applied.  650 companies applied. 
10% accepted; of those 85% funded. 

• Train students, fellows and faculty in systematic approach to 
needs finding and invention of new technologies (devices). 

• Fellowships, classes, mentoring, career services. 

• Entrepreneurship center for engineering school. Provides 
students from all majors with entrepreneurial skills needed 
to use innovations to solve major world problems.  

• 2000 free videos and podcasts, featuring entrepreneurship 
and innovation thought leaders. 
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