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Drugs against class I histone deacetylases interfere with cancer-associated metastatic programs
Oliver H Krämer and Nicole Kiweler 
University Medical Center, Germany 

The spreading of metastases from primary cancers leads to poor prognosis and tumor-related deaths. Inhibitors of histone 
deacetylases (HDACi) are promising epigenetic drugs that are tested in clinical trials. There are conflicting data on the 

regulation of metastatic epithelial-mesenchymal and mesenchymal-epithelial transitions (EMT/MET) by histone deacetylases 
(HDACs) and their inhibitors. To address this issue, we chose a systems toxicology approach, in which we combined 
morphological, cellular, functional, and global proteomic analyses. We tested whether and how HDACi affect the growth and 
metastatic behavior of transformed kidney and breast cells in vitro and in a murine kidney-to-lung cancer dissemination model 
in vivo. In addition to this pharmacological approach, we investigated how the genetic elimination of HDACs affects cancer cell 
fate. HDACs fall into four classes (I-IV). Class I HDACs have cancer-relevant functions. We analyzed how the class I HDACi 
valproic acid (VPA) affects the growth and spreading of syngeneic kidney cancer cells into the lungs of BALB/c mice. We tested 
in vitro how VPA and another class I HDACi, Entinostat (MS-275), affect tumor cell growth, apoptosis, migration, and the 
expression of metastasis modulators. Methods include flow cytometry, immunoblot, immunofluorescence, qPCR, proteomics 
on a global scale, RNAi against the class I HDACs HDAC1/HDAC2, and tumor analysis in vivo. Inhibition of HDAC1/HDAC2 
causes growth arrest, morphological alterations, and apoptosis of kidney cancer cells. HDACi block cancer cell migration, 
integrin-dependent cell adhesion, and EMT induced by the cytokine TGF-β. Global proteomics and qPCR analyses illustrate 
that HDACi abrogate EMT and MET programs that are necessary for metastatic spread. Moreover, we elucidate pro-apoptotic 
molecular mechanisms that trigger apoptosis in HDACi-treated cancer cells. Our data suggest class I HDACi as treatment 
options for cancer. Such drugs disturb the expression of proteins controlling the EMT/MET balance for metastasis formation. 

HDACs are epigenetic modifiers that are often mutated or aberrantly regulated in cancer cells. Small molecule inhibitors can
correct this disequilibrium and are therefore appreciated anti tumor agents.
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