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Background: Neuroblastoma, a developmental tumor that originates from the neural crest, exhibits a broad spectrum of clinical behavior and histologic differentiation.  Accurate stage assignment is essential for appropriate management.  However, the biological basis of heterogeneity and metastasis in this tumor remains unclear.

Methods: We performed a genome-wide expression analysis to identify genes and biological pathways associated with disease stage. 931 genes were found to be differentially expressed at a 5% false discovery threshold between local regional (stages 1, 2, 3) and metastatic (stage 4) neuroblastoma. Separately, models predictive of stage were developed using a variety of approaches, and tested in leave-one-out method. These methods included support vector machine, K-nearest neighbor, and logistic regression. 

Results: Genes thought to be associated with arrested differentiation during neural crest development were found to be differentially expressed. The accuracy in cross validation was 89% for the support vector machine model, 85% for K-nearest neighbor model, and 76% for the logistic regression model. DLK1 and TWIST were two of the genes in neural crest development found to be highly expressed in a subset of neuroblastomas. Their expression levels were confirmed by RTPCR and northern blot analyses. DLK1 and TWIST protein levels correlated well with transcript abundance and were detected in the neuroblastic component of tumors. 

Conclusion: Using differentially expressed genes, a predictive model for local-regional versus metastatic stage assignment performed well, and may provide further refinement for risk-based strategies in neuroblastoma. Since some of these proteins are ligands or surface receptors on neuroblastoma cells, they may provide therapeutic targets for patients with high-risk disease.
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