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Cell signaling governs all aspects of cellular homeostasis and therefore altered responses 
to extrinsic stimuli are substantial to cancer pathogenesis. Physiological B-cell survival, 
proliferation, differentiation and migration are highly dependent on three routes: the B-
cell Receptor (BCR), Toll-like Receptor (TLR) and Chemokine Receptor pathways. In B-
cell malignancies these three pathways are highly activated, as a result of genetic, 
epigenetic and microenvironmental alterations. In the context of the recently discovered 
MYD88 L265P and CXCR4-WHIM mutations, most signaling studies in Waldenström’s 
Macroglobulinemia (WM) have focused on canonical and non-canonical TLR and CXCR4 
signaling. Nevertheless, WM’s BCR signalosome is still poorly elucidated. Moreover, while 
novel BCR-directed biological agents, like ibrutinib, show activity in WM, there is no 
BCR-specific therapeutic rationale for the treatment of WM. Over the last decade, a 
rapidly emerging technology used for signaling studies is phospho-flow cytometry, which 
permits the tracking of multiple intracellular signaling molecules at a single-cell level. 
The application of single-cell phospho-profiling in WM bone marrow samples enabled us 
to characterized aberrant BCR signaling in both an inter-patient and inter-clonal setting.  
Overall, primary WM cells exhibited profound remodeling of the BCR-pathway, 
compared to healthy donor B-cells. In basal state, cells had a heterogeneous pattern of 
activation for almost all the proteins tested, with Btk and Akt being the most highly 
phosphorylated (p<0.01 and p<0.05, respectively). Upon BCR stimulation, WM cells 
exhibited pronounced proximal hyper-activation, as reflected by the robust induction of 
LYN and PLCγ2 phosphorylation (p<0.01), while defective Btk, NF-κΒ and Akt 
phosphorylation was noted when the pathway was activated in the presence of H2O2, a 
pan-phosphatase inhibitor (p<0.01, p<0.05, and p<0.0001 respectively). Principal 
component analysis (PCA) showed that BCR phospho signatures are WM-specific and can 
discriminate normal B-cells from clonal WM cells. Moreover, as part of an ongoing 
ibrutinib clinical trial, WM cells showed a significant normalization in key signaling 
nodes over the course of treatment. Within each WM bone marrow, we observed that 
clonal cells show high variability in CD20 expression and therefore CD20 could serve as a 
useful marker for the discrimination of WM sub-clones. Indeed, CD20low cells exhibited 
impaired BCR signaling, in both proximal and distal levels, while BCR hypo-
responsiveness was not restored in the presence of H2O2, suggesting that this is not an 
epiphenomenon of increased phosphatase input. Screening for the expression of multiple 
B-cell antigens, revealed that CD20low cells additionally express lower levels of CD19 and 
CD138.  We hypothesize that this novel WM clonal subpopulation exhibits impaired BCR 
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activation due to the loss of positive input by CD20- and CD19-costimulation, while lower 
levels of CD138 suggest a lack of plasmacytic features. As a proof of the latter, FACS sorted 
CD20low cells represented a population of mature lymphocytes, as opposed to their 
CD20bright counterpart, which was a mixture of lymphocytic and lymphoplasmacytic 
cells. The presence of this novel BCR insensitive sub-clone, which we plan to further 
characterize, could be of great clinical importance for the biology of the disease and the 
efficacy of BCR-directed therapies. 
 


