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LIM-only protein, LMO3, is up-regulated and acts as an oncogene in aggressive neuroblastomas by physically interacting with a neuronal bHLH transcription factor, HEN2
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LIM-only transcription regulators, which consist of four members including LMO1, LMO2, LMO3 and LMO4, are involved in cell fate determination and differentiation during embryonic development. Accumulating evidence suggests that both LMO1 and LMO2 act as oncogenic proteins in T-cell acute lymphoblastic leukemia, while LMO4 has recently been implicated in the breast carcinogenesis. However, little is known about the functional role of LMO3 in either tumorigenesis or development. Here we have identified both LMO3 and HEN2, which encodes a neuronal basic helix-loop-helix protein with unknown function, as the genes with oncogenic ability in neuroblastoma. 

Results and Discussion: Our previous neuroblastoma cDNA project, which has cloned more than 5,000 independent genes, has identified LMO3 as one of the genes expressed significantly at high levels in unfavorable neuroblastomas. LMO3 mRNA was specifically expressed in brain and adrenal gland. On the analogy of LMO1 in T-cell leukemia, we hypothesized that there must be a neuronal complex of transcription factors including LMO3 and its unknown bHLH binding partner(s) like HEN1 and HEN2. Immunoprecipitation analysis demonstrated that LMO3 physically interacted with HEN2 and both proteins were co-localized in mammalian cell nucleus. The human SH-SY5Y neuroblastoma cells stably overexpressing LMO3 showed a marked increase in cell growth, a promotion of colony formation in soft agar and a rapid tumor growth in nude mice. More importantly, the increased expression of LMO3 and HEN2 was significantly associated with a poor prognosis in 87 primary neuroblastomas, albeit there was no amplification of the LMO3 gene as examined by Southern blot. Thus, our results suggest that the deregulated expression of neuronal-specific LMO3 and HEN2 contributes to the genesis and progression

of human neuroblastoma in a lineage-specific manner.
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