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                    Abstract
Carcinoid cancers arise from the neuroendocrine cell system of the gastrointestinal tract, lungs, and other organs. Hepatic metastases are common, and patients often suffer from endocrinopathies secondary to tumor secretion of various hormones and peptides. As complete surgical resection is often not possible because of widespread disease, new therapeutic and palliative treatments are needed. In this study, we characterized the effects of suberoyl bishydroxamic acid (SBHA), a histone deacetylase inhibitor, on the growth and neuroendocrine phenotype of carcinoid cancer cells. SBHA treatment of human gastrointestinal and pulmonary carcinoid cancer cells resulted in a dose-dependent inhibition of cell proliferation. Western blot analysis showed a decrease in cyclin D1 and an increase in p21 and p27, indicating that the mechanism of this growth inhibition is cell cycle arrest. Furthermore, SBHA treatment suppressed two neuroendocrine tumor markers, chromogranin A and achaete-scute complex-like 1. These changes in the growth and neuroendocrine phenotype of carcinoid cells were associated with activation of the Notch1 signaling cascade. We conclude that SBHA shows promise as a potential anticancer agent for the treatment of patients with advanced carcinoid tumor disease.
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Additional information
Discussion

                        Kevin Staveley-O’Carroll, M.D. (Hershey, PA): Thanks very much, Dr. Greenblatt, for a very well-executed study and an excellent presentation. In your study you describe the consequences of treating two carcinoid tumor cell lines with SBHA, and you found that SBHA suppressed the growth in a dose-dependent manner, and you further showed with Western blot analysis that this was associated with cell cycle arrest. In addition to this, SBHA upregulated protein expression of Notch1, and from this you conclude that Notch1 activation with SBHA or other drugs may represent an important approach to the treatment of patients with carcinoid tumors. Clearly, this would be a very important finding, as we all know that there is no effective chemotherapy for carcinoid tumors. Along these lines I have a few questions for you.
As you noted, Notch1 is overexpressed in a number of cancers, gastric cancer, colon cancer, pancreatic cancer, and esophageal cancer, and at this meeting there are a number of posters that say perhaps we should be inhibiting Notch1 for these cancers. Now, you, on the other hand, propose that we stimulate Notch1 for carcinoid tumors. Is there any chance that as we treat carcinoid tumors in this way we might actually be promoting the growth of the other cancers?

                        David Y. Greenblatt, M.D. (Madison, WI): Thank you, Dr. Staveley-O’Carroll. As you noted, Notch1 is overexpressed in a variety of cancers, including several GI malignancies. Earlier research has shown that Notch is overexpressed in cancer of the pancreas and colon, and a poster at this meeting reported that Notch is overexpressed in gastric adenocarcinoma as well. And so certainly it is a concern. We wouldn’t want to cure a patient’s carcinoid tumor and end up sparking the growth of an occult pancreatic adenocarcinoma. We have studied the effects of SBHA treatment in two pancreatic adenocarcinoma cell lines, Panc-1 and MiaPaCa-2, and at the concentrations that we used for this carcinoid study, there was no effect on Notch signaling or pancreatic cancer cell growth. So, while it is certainly a valid concern, we have no evidence that SBHA is likely to cause an increase in the growth rate of adenocarcinomas.

                        Dr. Staveley-O’Carroll: Have you treated other cell lines with SBHA and have you used other HDAC inhibitors such as valproic acid?

                        Dr. Greenblatt: We have. We have looked at several other HDAC inhibitors, including valproic acid, sodium butyrate, and trichostatin A. Our research with valproic acid has progressed the furthest to date, and essentially we found very similar patterns of response to treatment. When we treated carcinoid cells with valproic acid, there was a dose-dependent inhibition of carcinoid cell growth, and the mechanism was also cell cycle arrest.

                        Dr. Staveley-O’Carroll: What barriers do you see ahead as you move to in vivo studies or even clinical trials with SBHA and other HDAC inhibitors?

                        Dr. Greenblatt: We have conducted experiments using valproic acid in a mouse xenograft model of carcinoid tumors, and in that study we found that treatment with valproic acid at nontoxic doses did slow the growth of these tumors. So, on the basis of those findings, we are currently accruing patients for a pilot clinical trial of valproic acid for the treatment of patients with advanced carcinoid tumor disease. We believe that HDAC inhibitors such as SBHA, SAHA, and valproic acid may represent a new form of targeted therapy for carcinoids and other neuroendocrine tumors. We are eager to perform additional animal studies with SBHA and SAHA, with the goal of eventually taking these drugs to clinical trials.
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