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This X-ray image shows metastatic bone tumors in a mouse with kidney cancer. The metastatic tumors appear as hollow or dark areas in the bones.

Summary

I Scientists have identified genes and biological mechanisms that one day could be targeted with drugs to stop kidney cancer from spreading to the bone, brain, or
other organs.

Metastasis , the process by which some tumors spread from their site of origin to other body parts, accounts for more than nine out of ten cancer-related
deaths. But scientists still know relatively little about the genes and biological processes that cause metastasis to occur — information that potentially
could translate into new ways to stop cancers from reaching advanced or terminal stages.
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Now a Memorial Sloan Kettering research team has shed light on the mechanisms by which kidney cancer metastasizes to distant organs, including

the lungs, bone, and brain. Published in the journal Nature Medicine in December , the findings point to potential therapeutic strategies to control the
spread of the disease. The study also offers scientific insights that could advance metastasis research in other cancer types.

Focusing on Kidney Cancer

The research was led by cancer biologist Joan Massagué , Chair of the Sloan Kettering Institute’s Cancer Biology and Genetics Program and Directo
of the Metastasis Research Center . In recent years, his laboratory has uncovered basic causes of metastasis in a number of cancer types, including
breast and lung cancers .

“In this study, we focused on clear cell renal cell carcinoma, the most common subtype of kidney cancer, for which there is an urgent need for more-
effective therapies,” says postdoctoral fellow Sakari Vanharanta , the first author of the Nature Medicine report. “The metastatic form of this disease is
almost always incurable.”

In the vast majority of patients, clear cell renal cell carcinoma (ccRCC) tumors carry DNA changes in a gene called VHL. These mutations have been
shown to cause the formation of primary kidney tumors, but they do not necessarily lead to metastasis. Until recently, researchers did not know what
makes some renal cell carcinoma cells capable of forming secondary tumors in distant organs.

Back to top ~

New Potential Drug Targets

In the recent study, the team addressed this question by performing experiments in mouse models and cell lines, and by analyzing biological and clinical
data from more than 700 patients with ccRCC, whose tumors had been analyzed in large-scale cancer genomics projects.

They discovered that two genes called CYTIP and CXCR4 are activated in metastatic tumor cells but inactive in non-metastatic cells. Their experiments
suggest that the activation of the two genes might be essential for the spread of kidney cancer.

“CXCR4 has been linked to metastasis before in this and other tumor types, including breast cancer ,” Dr. Vanharanta says. “Now, our study shows that
blocking CXCRA4 function with a drug called plerixafor can reduce kidney cancer metastasis in mice.” Plerixafor (Mozobil ™) is currently used to stimulate
blood stem cells in some cancer patients treated by bone marrow transplantation.

The researchers plan to investigate further whether CXCR4 and CYTIP, and other genes identified in the study, might offer new targets for the
development of more-effective drugs for kidney cancer.
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Exploring the Epigenetics of Metastasis

In addition, the investigators explored the mechanisms by which the CXCR4 and CYTIP genes are switched on in kidney cancer cells to incite
metastasis. Their study revealed that the genes undergo a series of epigenetic changes — modifications in the proteins that package a cell’s DNA and
regulate genes.

Unlike gene mutations, which alter a cell’s genetic code, epigenetic changes leave the DNA sequence unaffected. Nevertheless, such changes can
influence a cell’s behavior by switching individual genes on or off.

Epigenetic modifications are commonly seen in many types of cancer and have recently been associated with more-advanced disease. However, little is
known about the specific genes and mechanisms by which tumor cells may reconfigure their epigenetic makeup, causing a person’s disease to progress
and establish itself in new organs.

“Our study has demonstrated with clear examples how epigenetic alterations can lead to the activation of metastasis-inducing genes,” Dr. Vanharanta
notes. “This is a conceptual advancement that is likely to help us understand how metastasis occurs in kidney cancer as well as in other cancer types.”
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