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Waldenström's Macroglobulinemia (WM) is an incurable B-
lymphoproliferative disorder (BLPD), characterized by the infiltration of bone 
marrow (BM) by a heterogeneous population of small B lymphocytes with 
variable plasmacytoid differentiation, as well as mature plasma cells, along 
with the presence of an IgM monoclonal gammopathy in the blood. The bone 
marrow microenvironment in supporting the malignant cells expansion, 
invasion, and migration seem to play a noteworthy role in the pathogenesis 
of WM. We therefore analyzed the gene expression profiles (GEP) of CD19+ 
(n=11), CD138+ (n=11) and CD19-CD138- (n=10) cells obtained from BM 
of WM patients, and compared their profiles to the same cell counterparts 
from normal individuals (CTRL) (n=5) and to the CD19+ from CLL patients 
(n=24) using Affymetrix HGU133 Plus 2.0. Gene expression analysis was 
performed using robust multi-array average (RMA). The comparison between 
WM CD19+ and the normal and CLL cell counterpart was performed using 
ANOVA and t-test adapted for microarray data analysis, and corrected for 
multiple testing using false discovery rate. This analysis highlighted a large 
number of differently expressed genes. Intersection between genes selected 
in WM vs control, WM vs CLL, and CLL vs control, in CD19+ cells is shown in 
Fig.1. Gene ontology (GO) enrichment analysis was performed using the 
Bioconductor R-package TopGO. We found that the most relevant gene 
ontology biological processes (GO-BP) associated with WM CD19+ were: cell 
division, nuclear division, cell cycle check point, interphase of mitotic cell 
cycle and regulation of cyclin-dependent protein kinase activity. Comparison 
across all CD19+ cells identified 180 genes which were significantly 
overexpressed in WM B cells respect with both normal and CLL cell 
counterpart. Among the significantly overexpressed genes in WM CD19+ 
there were: IL6, BIRC5, BUB1, BUB1B, CDC6, CENPF, CDT1, CCNA2, CCNE2, 
CDKN2C, CDKN3, GTSE1, SMAD1, TTK, ZWINT. As well as B cells, the 
comparison between WM CD138+ and the normal plasmacells, performed 
using t-test adapted for microarray data analysis and corrected for multiple 
testing using false discovery rate, showed several differently expressed 
genes. In particular, the most interesting GO-BP in WM CD138+ cells 
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compared to the normal CD138+ cells were: immune response, positive 
regulation of transcription, induction of positive chemotaxis. We found that 
JUN, FOSB and CXCL12 were overexpressed in WM plasmacells respect with 
the normal plasmacells. JUN, a gene associated with proliferation and 
angiogenesis, and FOSB are both members of the activator protein 1 (AP-I) 
pathway, which is involved in cellular proliferation, transformation and 
death, while the chemokine CXCL12 regulates homing of tumoral cells in 
bone marrow in WM. Likewise CD19+ and CD138+, many genes appeared 
differently expressed from the comparison between CD19-CD138- cells and 
the normal cell counterpart. We identified among the main GO-BP in WM 
CD19-CD138- cells respect with the normal CD19-CD138- cells, the 
following: B cell receptor transport into membrane raft, chemokine receptor 
transport out of membrane raft, defence response, regulation of cytokine 
and chemokine mediated signaling pathway. Intersection between genes 
selected in WM CD19+, WM CD138+ and WM CD19-CD138- cells vs the 
same normal cell counterparts is shown in Fig.2. The most important genes 
overexpressed in WM microenrvironmental cells respect with the same 
normal cell types, were the following: MMP8, MMP9, two matrix 
metalloproteinases that might promote tumour invasion and alter 
microenvironment, ANXA3, CEACAM6 might be involved in signal 
transduction and cellular growth while CEACAM1 in angiogenesis process in 
WM. In addition, CEACAM8, ORM1, ORM2, OLR1, OLFM4, PRG2 might play a 
role in immune system processes in WM. In conclusion, this gene expression 
study reveals a set of pathways and genes characteristic of WM in CD19+, 
CD138+ and CD19-CD138- cell types respectively, indicating a distinct 
expression signature of WM compared with both normal and CLL cell 
counterparts. Ultimately, we also found biological mechanism associated 
with both malignant and microenvironmental WM cell types respect with the 
normal cell counterparts, concerning cell cycle and mitosis, regulation of 
cyclin-dependent protein kinase activity, DNA replication checkpoint, 
regulation of transcription, immune response and signal transduction. Future 
investigation in a large series of WM patients might elucidate the role of 
these genes and their associated pathways in WM disease.  


