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Columbia University Medical Center  

Columbia scientists discover 2 genes that drive 

aggressive brain cancers 

Discovery made using new systems biology method, which enabled the scientists 

to pinpoint the genes from a mass of data 

NEW YORK – A team of Columbia scientists have discovered two genes that, when 

simultaneously activated, are responsible for the most aggressive forms of human brain 

cancer.  

This finding was made possible by the assembly of the first comprehensive network of 

molecular interactions that determine the behavior of these cancer cells, a map so complex 

and elusive that, until now, it could not be constructed. The discovery may lead to 

completely novel strategies to diagnose and treat these incurable tumors. 

The findings will be published in an advanced online edition of Nature on Dec. 23, 2009, by 

a team of Columbia scientists led by Antonio Iavarone, M.D., associate professor of 

neurology in the Herbert Irving Comprehensive Cancer Center, and Andrea Califano, Ph.D., 

director of the Columbia Initiative in Systems Biology. 

The researchers studied a type of human malignancy, called glioblastoma multiforme, 

which is among the most lethal because it rapidly invades the normal brain producing 

inoperable brain tumors. Recently, glioblastoma claimed the life of Senator Edward 

Kennedy only sixteen months after diagnosis. 

Before this study, cancer researchers had little idea why glioblastoma is so aggressive. "We 

now know that two genes – C/EPB and Stat3 – are the disease's master 'control knobs'," 

said Dr. Iavarone. "When simultaneously activated, they work together to turn on 

hundreds of other genes that transform brain cells into highly aggressive, migratory cells." 

The two genes are active in about 60 percent of all glioblastoma patients and help identify 

poor-prognosis patients. All patients in the study whose tumors showed activation of both 

factors died within 140 weeks after diagnosis, while one half of the patients without these 

factors were still alive. 

"The finding means that suppressing both genes simultaneously, using a combination of 

drugs, may be a powerful therapeutic approach for these patients, for whom no 

satisfactory treatment exists," said Dr. Califano.  

This approach, called combination therapy, is supported by this study since silencing both 

genes in human glioblastoma cells completely blocked their ability to form tumors when 

injected in a mouse. Based on these results, the Columbia scientists received a grant from 

the American Recovery and Reinvestment Act to develop drugs specifically aimed at these 

genes.  

Two Genes Uncovered with a Systems Biology Approach 

Biomedical researchers today are like city engineers trying to reduce traffic jams without a 

street map. Armed only with a list of congested roads, engineers would not be able to 

locate the traffic jams or find the best way to unclog them. But with a city map in hand, 

clusters of congestion would immediately become apparent along with possible solutions. 

"We are fighting very much the same problem in the post-genomic era," said Dr. Califano. 

"The human genome project has given biologists a wonderfully comprehensive list of street 
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names – the genes inside every human cell. Unfortunately, it provided virtually no 

understanding of how all those genes may work together, within highly complex control 

networks, to operate the cell. In short, biologists need a map of the cell." 

Thirty years of laboratory experimentation have revealed glimpses of the complete 

network. Yet, with trillions of potential interactions among our genes and different network 

structures in different cells, experimentation alone is unlikely to succeed. Best estimates 

indicate that only 10 percent of all the molecular interactions in a cell are understood and 

only a very small fraction of them in any specific cell type. 

The Columbia team, which includes physicists and biologists, has for the first time 

assembled and experimentally validated such a cellular network for a glioblastoma cell, a 

hugely complex challenge that required several novel approaches drawn from the fields of 

information theory and computational biology.  

"Armed with such a blueprint of the cell machinery, we can now ask pointed questions, 

such as which genes are responsible for the most deadly features of these tumors," said 

Dr. Iavarone. 

From this blueprint, produced in Dr. Califano's lab, the scientists pinpointed the tumor's 

two master regulator genes. Experiments conducted by Dr. Iavarone in brain cancer cells 

and mice then confirmed the accuracy of the network and the importance of the two 

genes.  

Discovery Accelerates Search for Better Treatments, Changes How Scientists 

Investigate Disease 

"The identification of C/EPB and Stat3 came as a complete surprise to us, since these 

genes had never been implicated before in brain cancer," said Dr. Iavarone. Based on 

traditional approaches, their critical role may have eluded researchers for a long time.  

"From a therapeutic perspective, it means we are no longer wasting time developing drugs 

against minor actors in brain cancer," added Dr. Iavarone. "We can now attack the major 

players."  

Given its generality, the new approach has the potential to change the way researchers 

think not just about cancer but also about many other diseases.  

In the last decade, reams of data have been generated by the human genome project and 

new high-throughput technologies that measure the activity of each gene inside a cell. Yet, 

the way cancer biologists evaluate this data seemed very biased to the Columbia scientists. 

Typically, researchers compare data from cancer cells and normal cells and focus on the 

genes with the greatest change in activity.  

It's like investigating a plane crash and blaming the wing because it has the most damage. 

The actual alterations that caused the crash – like the causes of cancer – may be far more 

subtle, like a tiny defective control circuit that shows almost no damage.  

Instead of focusing on the "damaged wings" of cancer, the new network approach allows 

biologists to pinpoint causal genes by tracing their downstream effects back to the source. 

Indeed, in the case of glioblastoma, the activity of the two master genes was virtually 

identical in cancer cells compared to normal cells. Yet, like a tiny control switch causing a 

plane crash, their combined effect turned out to be massive.  

### 

The Herbert Irving Comprehensive Cancer Center at Columbia University Medical Center 

and NewYork-Presbyterian Hospital encompasses pre-clinical and clinical research, 

treatment, prevention and education efforts in cancer. The Cancer Center was initially 

funded by the NCI in 1972 and became a National Cancer Institute (NCI)–designated 

comprehensive cancer center in 1979. The designation recognizes the Center's 

collaborative environment and expertise in harnessing translational research to bridge 
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scientific discovery to clinical delivery, with the ultimate goal of successfully introducing 

novel diagnostic, therapeutic and preventive approaches to cancer. For more information, 

visit www.hiccc.columbia.edu. 

Columbia University Medical Center provides international leadership in basic, pre-clinical 

and clinical research, in medical and health sciences education, and in patient care. The 

medical center trains future leaders and includes the dedicated work of many physicians, 

scientists, public health professionals, dentists, and nurses at the College of Physicians and 

Surgeons, the Mailman School of Public Health, the College of Dental Medicine, the School 

of Nursing, the biomedical departments of the Graduate School of Arts and Sciences, and 

allied research centers and institutions. Established in 1767, Columbia's College of 

Physicians and Surgeons was the first institution in the country to grant the M.D. degree 

and is now among the most selective medical schools in the country. Columbia University 

Medical Center is home to the most comprehensive medical research enterprise in New 

York City and state and one of the largest in the United States. Columbia University 

Medical Center is affiliated with NewYork-Presbyterian Hospital, the nation's largest not-

for-profit hospital provider. For more information, please visit www.cumc.columbia.edu.  
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