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Coupling Control of Cell Proliferation and Nucleotide Metabolism through MYC, E2F1 and their
Target Genes

c-Myc and E2F1 are two key transcription factors that are involved in tumorigenesis by activating target
genes involved in cell cycle progression and cell death. We recently identified target genes common to
Myc and E2F1 by chromatin immunoprecipitation (ChIP) coupled with pair-end ditag sequencing analysis
(ChIP-PET), computation and microarray expression studies in a MY C-inducible model of human B
lymphoid tumor. We found genes, which are putatively regulated by the Myc-E2F1 transcriptional
network, encoding enzymes involved in both purine and pyrimidine metabolism. Subsequent ChIP
experiments with quantitative PCR characterized direct MYC and E2F1 binding to the promoter and/or first
intron region of these target genes. The expression of these genes could be induced by increased MYC
level but not all of them responded to decreased E2F1 level in the E2F1 knockdown study. Hence, despite
of the direct binding of these two transcription factors, gene expression regulation among the nucleotide
metabolism genes varies. We focused on inosine monophosphate dehydrogenase 2 (IMPDH2) involved in
de novo purine synthesis and dihydroorotate dehydrogenase (DHODH) involved in pyrimidine synthesis,
since overexpression of IMPDH2 appears to be a common feature in human malignancies and both
enzymes have known small molecule inhibitors available for loss-of-function studies. Mycophenolic acid
(MPA) inhibits IMPDH, causing S phase cell cycle arrest and delayed cell apoptosis in Myc-
overexpressing B cells. On the other hand, significant cell death instead of cell cycle arrest was found by
inhibiting DHODH with leflunomide. The fact that the end nucleotide product (guanosine or uracil) of each
pathway could rescue both phenotypes demonstrated the specificity of the inhibitory effects. Presumably,
differences in nucleotide pool depletion by the specific inhibitors led to significantly different phenotypes.
To determine the potential therapeutic role of these inhibitors, we studied mycophenolic mofetil, a prodrug
of MPA, and found that it significantly inhibited tumorigenesis in the P493 human B lymphoid tumor
xenograft model. Since efficient nucleotide synthesis is critical to dysregulated tumor cell growth, these
results link transcriptional regulation of nucleotide metabolism by factors central to tumorigenesis to small
molecule inhibitor and provide a solid base for potential cancer therapy targeting the nucleotide metabolism
pathways in cells with dysregulated Myc or E2F1 transcriptional networks
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