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In most cases, prostate cancer is a relatively slow-growing disease.  In fact, nearly 90 percent of prostate cancers are detected at the local stage, when they are mostly curable.  Nearly 50 percent of men with localized prostate cancer, however, develop metastases, typically in the bones, lymph nodes, liver, and lungs, and many of these are not diagnosed until the disease has spread.

Male hormones called androgens—primarily testosterone and dihydrotestosterone—stimulate prostate cancer cells to grow.  Androgen deprivation therapy lowers androgen levels or stops them from getting into prostate cancer cells, often making prostate tumors shrink or stop growing.  Many prostate cancers are considered castrate-resistant, however, meaning that they do not respond to such therapy. 

Physician-scientists in Dana-Farber Cancer Institute’s Lank Center for Genitourinary Oncology are leading innovative studies of prostate and other genitourinary cancers.  Aided by a large database of blood and tissue samples from patients maintained by the Arthur and Linda Gelb Center for Translational Research, these investigators are making groundbreaking discoveries in prostate cancer and translating these findings into clinical benefit for patients.  

The philanthropic support of the H. L. Snyder Medical Foundation is advancing innovative research by William Hahn, MD, PhD, and Matthew Freedman, MD, who are studying the genetic and biological underpinnings of prostate cancer and other malignancies. The knowledge gained from these studies may lead to new therapies for more intractable forms of the disease.  Thank you for dedication to this important work.
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Mapping Cancer Vulnerabilities

Under the direction of Dr. Hahn, scientists at Dana-Farber and the Broad Institute of MIT and Harvard have identified more than 760 genes upon which malignant cells from multiple types of cancer are strongly dependent for their growth and survival.  Their study is one of the largest efforts to build a comprehensive catalog of genetic vulnerabilities, called dependencies, in cancer.  Their findings were published in the August 2017 Cell.

Many of these dependencies are specific to certain cancer types; however, about 10 percent are common across multiple cancers.  This suggests that a relatively small number of therapies targeting these core dependencies might hold promise for treating several tumor types.

Dr. Hahn and his colleagues conducted genome-wide screens of RNA interference—a natural process that turns off or silences unwanted or harmful genes—on 501 cell lines representing more than 20 types of cancer.  They turned off more than 17,000 genes in each cell line to identify genetic dependencies unique to cancerous cells. 

The data revealed striking patterns:  Many dependencies were cancer-specific, in that silencing them affected only a subset of the cell lines.  More than 90 percent of the cell lines, however, had a strong dependency on at least one of 76 genes, suggesting that many cancers rely on a relatively few genes and pathways for their survival.

More than 80 percent of the dependencies were associated with either increases or decreases in a gene’s expression.  Mutations, which are often used as drug targets, accounted for only 16 percent of dependencies.  Twenty percent of the dependencies were associated with genes previously identified as potential drug targets. 

The findings from the study, called the Cancer Dependency Map, provide insight into cancer cells’ survival strategies.  Such a map would allow researchers to define and predict genes that are essential for cancer cell viability, leading to the identification of targets for highly focused treatments.

Uncovering the Roots of Drug Resistance

Human tumors are genetically complex, harboring hundreds or thousands of DNA alterations.  The specific constellation of mutations within an individual tumor is unique and influences drug responses in unpredictable ways.  Even if two tumors from different patients bear the same cancer-promoting mutation, each patient’s tumor will also harbor other mutations and natural variations not found in the other.  These genetic differences may help explain why one patient responds to the appropriate targeted therapy, whereas another does not.  Furthermore, a tumor that initially responds to a targeted therapy may grow resistant over time due to the accumulation of other mutations.

A major goal in precision medicine is to find the genetic factors that influence drug resistance and individual patient responses to targeted therapy.  In two studies published in the February 2017 eLife and February 2017 Cell Reports, Dr. Hahn and his colleagues used an innovative technology called CRISPR, which allows scientists to modify DNA in living cells, to rapidly uncover these factors.

The researchers systematically eliminated thousands of genes in laboratory-grown lung cancer and pancreatic cancer cells that harbored mutations promoting the activity of a cellular communication system known as the MAPK pathway.  After using CRISPR to delete the genes one by one, Dr. Hahn found that some deletions allowed the cancer cells to survive and grow despite the presence of MAPK pathway-targeted therapies.

Specifically, the team found that eliminating the KEAP1 gene encouraged resistance to MAPK pathway-targeted therapies in lung cancer cells.  Furthermore, deleting the CIC or ATXN1L genes influenced how pancreatic cancer cells responded to these therapies.  The results suggest that researchers may be able to predict patient responses to MAPK pathway-targeted drugs by looking for mutations affecting the KEAP1 gene in lung cancers and the CIC or ATXN1L gene in pancreatic tumors.

More broadly, these studies show how scientists can analyze thousands of mutations in human tumors to identify those that help determine which drugs are most likely to work best in each patient.
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Prostate-related BRCA2 Mutations Confer Sensitivity to Platinum-based Drugs

Long associated with women’s cancers, such as breast and ovarian cancer, therapies developed to target BRCA2 mutations may now be used to treat prostate cancer.  Recent findings by Dana-Farber investigators revealed that BRCA2 mutations are more common than previously thought in prostate cancer and could represent a viable target for therapy. 

Under normal circumstances, BRCA2 produces tumor suppressor proteins, which help to repair damaged DNA and play a role in ensuring the stability of a cell’s genetic material.  When BRCA2 is mutated, DNA damage cannot be properly repaired, causing cells to develop additional genetic alterations that lead to cancer. 

BRCA2 mutations can be inherited and convey a risk of developing many forms of cancer.  The Stand Up To Cancer and Prostate Cancer Foundation Dream Team, led by Dana-Farber’s Mary-Ellen Taplin, MD, found that eight to 12 percent of men with metastatic castration-resistant prostate cancer have inherited BRCA2 genetic alterations.

The knowledge that BRCA2 mutations can be inherited has opened up a novel treatment for men with metastatic prostate cancer.  In the June 2017 Cancer, Dr. Freedman and his colleagues revealed that BRCA2 mutations are one of the hallmarks of aggressive disease (disease that is high grade and likely to spread outside the prostate).  The findings suggest that men who have prostate cancer with inherited BRCA2 mutations could potentially be treated more effectively with therapies that are successful in other cancers with this mutation.

Using prostate cancer samples from the Arthur and Linda Gelb Center for Translational Research, Dr. Freedman identified 150 patients who had been treated with platinum-based chemotherapy.  While not typically used to treat prostate cancer, researchers have studied platinum-based chemotherapy in a handful of clinical trials, with negative results.  When Dr. Freedman and his colleagues looked at these previously treated samples to evaluate how men with BRCA2 mutations responded to treatment, the results showed that carriers of these mutations responded significantly better compared to those without BRCA2 mutations.  The data strongly suggests that platinum-based chemotherapy could be a viable therapeutic option for men whose tumors harbor these mutations.

Probing the Biologic Underpinnings of Prostate Cancer

Enhancers are a subset of master switches in the epigenome (the complete assembly of DNA that makes each individual unique) that turn genes on and off.  Enhancers are found adjacent to genes that drive a variety of cellular functions, including growth, survival, secretion of growth and signaling factors, and regulation of transcription factors that determine if a gene is active or inactive. 

Prostate cancer cells depend on both the hormone androgen and the androgen receptor to relay signals that tells them to divide.  Without the androgen receptor, cells are not able to read the message that tells them to divide and grow.  Dr. Freedman and Mark Pomerantz, MD, are investigating how enhancers and transcription factors—proteins that help a cell control which types of proteins are made from DNA—drive prostate cancer growth.  When certain transcription factors bind with their enhancers, androgen receptor levels increase, but researchers do not yet know which ones influence androgen receptor levels.

Drs. Freedman and Pomerantz conducted comprehensive studies using a technology called ChIPseq to identify one of the first androgen receptor enhancers in metastatic prostate cancer.  They demonstrated that this enhancer does, in fact, alter androgen receptor levels and thus drive the proliferation of prostate cancer cells.  This is the first time that investigators have been able to identify an enhancer for the androgen receptor in metastatic prostate cancer and the first time that such a study was done using primary patient samples rather than a cell line.

Building on this work, the Dana-Farber team is now studying how best to target this interaction.  Dr. Freedman is working to identify which transcription factors bind with the enhancer to turn on the androgen receptor gene.  By developing a drug to target this interaction, researchers could be able to block the androgen receptor in a wholly novel way.

Conclusion

Your vision and generosity enable Drs. Hahn and Freedman to uncover new insights into the genetics and biology of prostate cancer. The remarkable advances described here continue to help pave the way for new, more effective therapies for patients. We are grateful for your support of Dana-Farber’s lifesaving mission.
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