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Transcriptome-wide analysis demonstrated significant differences in gene expression
variability between WM and IgM-MGUS BM B cell clones
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In this study we focused on determining the transcriptome differences between Waldenström's
Macroglobulinemia (WM) and IgM Monoclonal Gammopathy of Undetermined Significance (IgMMGUS) by gene expression profiling (GEP) considering all the different transcript isoforms of
genes that map the human transcriptome (coding transcripts, non-coding transcripts). We
performed

the

analysis

on

BM

B

cell

clones

(CD45+,CD38+,CD19+,LAIR-1-

,CD27dim,IgM+,CD22dim,CD25+) from WM (n=21) and IgM-MGUS (n=13) patients. These
populations were identified with a 8-colors panel by flow cytometry and successively isolated by
cell sorting. GEP of WM vs. IgM-MGUS BM B cell clones was performed using Affymetrix Gene
Chip HTA 2.0.
Data was first pre-processed using Affymetrix Expression Console and then normalized using
ComBat [1] and quantile normalization. We investigated both differential expression using SAM
test [2] and differential variability using F-test to compare means and variances between groups,
respectively. In particular, testing the variability is useful to investigate a heterogeneous disease
like Waldenström's Macroglobulinemia as well as IgM-MGUS, since B clonal cells proliferation and
growth are driven by different mutations acting as perturbations in different molecular pathways,
and these perturbations vary from individual to individual. False Discovery Rate (FDR) [3] p-values
adjusted for multiple testing below 5% were considered significant. “Genomic Regions Enrichment
of Annotations Tool” (GREAT) [4] was used to annotate the selected probe sets and perform
biological pathway enrichment analysis.
We considered 67,529 probe sets for the analyses. There were no differentially expressed probe
sets in means after the correction for multiple comparisons, whereas 446 probe sets showed
differential variability between IgM-MGUS and WM samples. Figure 1 shows how the selected
probe sets map on the human genome according to GREAT.
Enrichment analysis performed on these 446 probe sets showed after correction for multiple
testing (FDR threshold set at 5%), significant enrichment for apoptosis, B cell receptor signaling
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pathway, chemokine signaling pathway, ERBB signaling pathway, PI3K-AKT signaling pathway
and WNT signaling pathway. Of note, BCL2, RAF1, MAPK1, GRB2, GSK3B, NRG1, SOS1,
WNT5A, NLK, PTK2B genes belonging to these pathways, demonstrated significant different
expression variability (table 1). We found that IgM-MGUS showed significantly increased variability
of expression of all the selected genes (a part from SOS1 and NLK) across patients.
We could speculate that IgM-MGUS B cell clones showed increased expression variability in the
identified genes in their developmental stage, indicating the likely presence of cells at different step
of differentiation whereas the expression of the same genes was more stable in WM patients.
In summary, we found that IgM-MGUS was characterized by higher variability in gene expression
across patients which could be related to higher intra-patient variability suggesting the possible link
between expression variability and genetic heterogeneity. Important functions showing increased
variability in IgM-MGUS compared to WM were related to apoptosis, B cell receptor signaling
pathway, chemokine signaling pathway, ERBB signaling pathway, PI3K-AKT signaling pathway
and WNT signaling pathway. Larger datasets and clinical evolution of IgM-MGUS individuals would
provide a deeper insight into the functional context of the pathways and the differential variable
genes highlighted by the comparison between IgM-MGUS and WM.
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Figure 1. Distribution of the 446 probes showing significant differential variability in IgM-MGUS vs.
WM samples.

Pathway (KEGG)

Genes annotated to the pathway with
significant different expression variability

Apoptosis
B cell receptor signaling pathway
Chemiokine signaling pathway
ERBB signaling pathway
PI3K-Signaling pathway
WNT Signaling pathway

BCL2, RAF1, MAPK1
GRB2, SOS1, RAF1, MAPK1, GSK3B
GRB2, SOS1, RAF1, MAPK1, GSK3B, PTK2B
NRG1, GRB2, RAF1, MAPK1
GRB2, SOS1, RAF1, MAPK1
WNT5A, GSK3B, NLK

Table 1. Pathways significantly enriched with genes showing significant different expression
variability in IgM-MGUS vs. WM.
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