the tumor suppressor ras-GAP neurofibromin localizes in the nucleus and interacts with the MAP kinase ERK
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Neurofibromatosis type 1 (NF-1), a common genetic disease, progressively affects the architecture and function of many tissues, including Central Nervous System. The function of its GAP-related domain as a RasGAP and therefore its impact on the Ras/Raf/MEK/ERK signal transduction pathway is well established. Given that Ras signalling is restricted in the cytoplasm, the question of how the resulting activated signalling complex, containing activated ERK, translocates to the nucleus to exert its effects on transcription remains to be elucidated. Neurofibromin has been reported to localize by immunocytochemistry studies to both cytoplasmic structures in continuum with the nucleus and in the nucleus, particularly in neural cells (1). In addition, neurofibromin splice variants containing a fully functional Nuclear Localization Signal in its C-terminal domain (CTD) are conserved in mammals, fish and chick but are not found in Drosophila or yeast. Interestingly, the ΔΕ43 splice variant of human neurofibromin that lacks NLS is expressed in tissues not implicated in NF1-pathology (2). Taken together these studies suggest that nuclear neurofibromin may serve a specific function in higher organisms, by participating in the trafficking of Ras-dependent signalosomes to the nucleus, or, by organizing as a scaffold protein nuclear kinases and transcription factors inside the nucleus.
In this report we have established that the neurofibromin C-terminal helical domain (CTD-C570, lacking the C-tail of neurofibromin) is localized in the nucleus of non-neuronal (COS-7 and HeLa) and neuronal (SH-SY5Y neuroblastoma and chick embryonic astrocytes) cells when expressed as a GFP-fusion protein. Overexpression of GFP-C570 does not ablate or modulate the ERK activation/nuclear localization induced by Epidermal Growth Factor (EGF) or phorbol ester (TPA). Moreover, co-transfection with HA-tagged PKCα or HA-tagged ERK2, does not result in substantial changes in GFP-C570 nuclear localization. In a second series of experiments, we sought to establish the nuclear localization of endogenous neurofibromin using immunofluorescence and specific nuclear fractionation protocols. Our results showed that neurofibromin was constitutively localized to the nucleus. Importantly, when nuclei were further fractionated, a significant amount of nuclear neurofibromin was recovered in TX-100/DNase I/high salt-resistant fraction, together with the nuclear protein lamin-A. This finding suggests a possible scaffolding or structural role of neurofibromin within the nuclear skeleton. Given that ERK, an important downstream effector of Ras via the Raf-MEK module, shuttles in and out of the nucleus upon activation we reasoned that the nuclear localization of neurofibromin may depend on ERK activation. Preliminary studies on putative neurofibromin-ERK interactions, using overexpression of HA-tagged ERK2 and co-immunoprecipitation assays, revealed that neurofibromin stably associates with ERK2. Activation of the Ras/Raf/MEK/ERK module by EGF or TPA results in increased association of neurofibromin and activated ERK2. These findings suggest the presence of a novel feedback mechanism that may be implicated in the overall regulation of the signaling strength of the neurofibromin/Ras/Raf/MEK/ERK pathway.
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