


• Crisis in new drug discovery 

• Side-effect issue of successful drugs 

• Repurpose/repositioning of old drugs 

• Cancer is a systems disease 

• Cells can be reprogramed 

Background 



• Multiple cohort gene expression data  
   多列隊基因表達數據 

•  Integrate multiple data types 
– gene expression  基因表達 
– protein interaction 蛋白質相互作用 
– gene ontology  基因功能分類 

• Drug repurposing  舊藥新用 

•  Systems treatment 西藥中用* 
– Multiple network targeting 
– No intra-cell side-effects  無胞內不良副作用 

Drug discovery principle 





Drug prediction flow-chart	
 









 Drug discovery for colorectal cancer 
adenoma 

–  Microarray data from colorectal 
cancer and adenomas and from 
normal mucosa of 32 individuals 
(GEO accn. GSE08671)  

–  Design drug compounds for multiple 
network targeting  
• Select functional group according to 

“Hallmarks of Cancer” 



Interaction map for functional modules 







Predicted functional specific drugs and 
carcinogen/mutagen or antitumor agents 



Some predicted side-effect free  
drug compound for colorectal adenoma  

Abbreviation 
ISP: immune system 
process - trifusal or 
morantel or gingolide or 
cetirizine or imipenem   
APO: apoptosis – 
irinotecan or doxazosin or 
cycloserine or repaglinide 
CC: cell cycle –
doxorubicin or withaferin 
A 
ST: signal transduction –
6-azathymine or tyloxapol  
TR: transcription – 
sanguinarine 
DR: DNA replication –  
piperlongumine 
CP: Cell proliferation – 
bepridil 
RM: RNA metabolic 
process 
TDNA: transcription and 
DNA replication –chrysin 
or thioguanosine or 
luteolin or thiostrepton or 
sulconazole  



• NCBI GEO, access. # GSE25066 
C. Hatzis, et al., (2011) A genomic predictor of response and survival  
following taxane-anthracycline chemotherapy for invasive breast 
cancer. JAMA 305 (18), 1873-1881. 

•  Composed of two series, GSE25055 (untreated) 
and GSE 25065 (treated). 

* No. of chips	
 

GEO 
No.	
 

Grade 1	
 Grade 2	
 Grade 3	
 Other	
 Total	
 

GSE250
55	
 

19*	
 117	
 151	
 23	
 310	
 

GSE250
65	
 

13	
 64	
 107	
 14	
 198	
 

Drug discovery for breast Cancer 



Breast cancer drug-function association map  
Grade 2 versus grade 3, Estrogen response NEGATIVE	
 



Breast cancer drug-function association map  
Grade 2 versus grade 3, Estrogen response POSITIVE	
 



Paclitaxel is detrimental to many functions 	
 

Drug is  
 Not strongly + or 

– for any 
function 

 Adverse to many 
functions  

 Responses 
differently to  
chip sets  

 Overall adverse 
to most subcate-
gories: ER+ 
G12, ER+/- G23, 
ER- G13 



Exemestane is detrimental to  
many functions	
 

Drug is  
 Highly adverse 

to immune 
response and 
beneficial to  
DNA metabolic 
process in all 
cases  

 Good for ER+ 
G12 except for 
immune 
response  

 Good for ER+ 
G12 except for 
immune & 
inflammatory 
response  



•  WHO-grading of astrocytoma – based on 
appearance of features: atypia, mitosis, endothelial 
proliferation, and necrosis  

• We used: GSE4290  
– Grade 1 (non-tumor) (23 arrays)  
– Grade 2 (7) 
– Grade 3 (19) 
– Grade 4 (77) 

Drug discovery for Astrocytoma 

WHO Grade	
 Astrocytomas	
 Description	
 %	
 
Grade 1	
 Pilocytic astrocytoma	
 None of the features 	
 2%	
 

Grade 2	
 Low-grade astrocytoma	
 One feature (usually atypia) 	
 8%	
 

Grade 3	
 Anaplastic astrocytoma (AA)	
 Two features	
 20%	
 

Grade 4	
 Glioblastoma multiforme (GBM)	
 Three or four features  	
 70%	
 



Astrocytoma drug-function association map (preliminary)  
Grade 3 versus non-tumor	
 



Astrocytoma drug-function association map (preliminary)  
Grade 4 versus non-tumor	
 



•  ToP - trend of disease progression applied 
to multistate gene-interaction networks led 
to powerful tool for cancer gene prediction  

• Use of multiple functional modules (gene 
sets) instead of whole genome expression 
profile to screen drugs with Connectivity 
Map yielded drug compounds that were 
predicted:  
– To be free of intra-cellular adverse side effects 
– Good for systems treatment of diseases  

Summary  



Genomic functional signatures of 
psychiatric disorders  

•  Are there functional characteristics in the 
genomic profiles of patients of psychiatric 
disorders 

•  Bipolar disorder, schizophrenia, 
depression  

• Cohort gene expression microarrays   



• Cell model validation - Predicted 
drug compound now under validation 
in cell model   

• Mouse model validation planned for 
future  

Validation Underway 



Condition  Data sets  Patient cases Control cases   

Bipolar 
Disorder          12                      253                       240 

Schizophrenia  9                       185                       193 

Depression       4                        48                          51                             



Functional analysis of genomic profile of patients  
of three psychiatric disorders I 	
 

There are many differentially overrepresented functions (compared with normal cohorts)   
Gene Ontology terms 

Cellular component, 
 macromolecular complex,  
ribosomal subunit  

Cytosol  

Catabolic processes  



Functional analysis of genomic profile of patients  
of three psychiatric disorders II 	
 

There are many differentially overrepresented functions (compared with normal cohorts)   
Gene Ontology terms 

Establishment of localization 

Establishment of protein  
localization 

Cellular component organization 

Multi-organism process 



Functional analysis of genomic profile of psychiatric disorder 
patients (detail) 	
 

Multi-organism processes: Viral reproduction process, multi-
organism reproduction process, viral infection cycle, viral 
transcription  
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Thank you for your attention	
 




