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Background: Alterations of the MYC gene have been implicated in most cancers, 
including several types of lymphoid tumors. We recently showed that MYC is essential in 
mature B cells for the formation and maintenance of the germinal center (GC) B cell 
reaction. MYC has also been implicated in terminal B cell differentiation, evidenced by 
work showing that BLIMP1 (a key plasma cell differentiation factor) directly inhibits the 
expression of MYC, likely necessary for cells to exit cell cycle and undergo differentiation. 
MYC may promote tumors by inhibiting cell differentiation and by inducing cell 
proliferation. However, MYC deregulated expression makes cells highly prone to 
apoptosis, and survival signals must be provided for B cell transformation to ensure. 
Indeed we have shown that MYC synergizes with PI3K signaling in Burkitt lymphoma 
development. In contrast to Burkitt’s, various lymphoid tumors display genetic mutations 
that enforce NF-kB signalling, including Diffuse Large B cell lymphoma (DLBCL) and 
tumors with a plasma cell component, such as Multiple Myeloma (MM) and 
Waldenström's Macroglobulinemia (WM). Still, we showed that specific induction of 
constitutive NF-kB signaling in GC B cells (the putative cells of origin of DLBCL, MM, and 
WM), lead to the development of B cell and plasma cell hyperplasia, emphasizing the role 
of this pathway in these diseases, but was not sufficient for the development of tumors of 
either phenotype. Aim: Given the widespread involvement of MYC and NF-kB in B cell 
derived tumors we decided to test whether these two factors cooperate in tumor 
development and if arising tumors display a specific phenotype. Results: To this aim we 
used conditional targeted mutagenesis in the mouse, to express a constitutively active 
IKK2 molecule and/or MYC specifically in CD19pos B cells. The genetic system of 
conditional mutagenesis used (called CD19-CreERT2), is unique in three ways: First, 
transgene activation occurs only in a small fraction of CD19pos B cells (3 to 5%) through 
transient Cre expression, mimicking the sporadic nature of oncogenic events. Second, due 
to incomplete Cre mediated recombination in individual cells, the CD19pos B cell 
population in which transgene activation takes place is constituted by 
IKK2capos/MYCpos, IKK2capos/MYCneg and IKK2caneg/MYCpos expressing cells, 
providing all possible “oncogene” combinations in the same mouse at the same time. 
Third, transgene activation is acute and occurs in all mature B cell subsets, except plasma 
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cells, allowing an unbiased approach to test oncogenic cooperation. Following transgene 
activation we observed that all mice (with a latency of roughly 6 months) succumbed to 
clonal plasma cell tumors derived from the IKK2capos/MYCpos B cell population, 
presented in the bone marrow, spleen, and liver. In contrast, mice with conditional 
activation of either NF-kB or MYC in CD19pos B cells developed tumors with a B cell 
phenotype. Activation of NF‐κB signaling and MYC expression together, specifically in GC 
B cells using a genetic system called Cg1-Cre, lead to an identical phenotype to the one 
observed when mutations were activated in all mature B cell subsets via CD19-CreERT2. 
Discussion: Thus, using a system of conditional targeted mutagenesis that recapitulates 
the sporadic nature of oncogenic events, we show that NF‐κB signaling cooperates with 
MYC to induce B cell transformation and tumors with a plasma cell phenotype, while 
activation of either mutation alone leads to tumours with a B cell phenotype. Our work 
exemplifies that the interplay between oncogenic mutations is a critical factor that 
determines the phenotype of the emerging tumor. 
 


