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CD79B Intron Retentions

Summary

Intronic Retention in CD79B: A) For each gene, all known isoforms (green) were aligned to the full

genomic gene span and merged to identify intronic regions not covered by any isoform (red). These

intronic regions were quantified using two-pass STAR and counting reads with at least 10 base pair

overlap. Counts were then normalized by intron length, flanking intron coverage, and gene expression.

B) Integrative Genome Browser (IGV) screen capture of read genomic aligned RNASeq coverage

within a section of the CD79B gene. Each of these three WM patients carries an intronic mutation at the

exon/intron boundary leading to full or partial intron retention. These mutations occur towards the 3’

end of the transcript (carboxyl-terminus of the protein) just upstream of the established activating

mutations observed in activated B-cell subtyped diffuse large B-cell lymphoma and WM. Note that the

intronic splice site mutations are fully clonal to the inclusions. C) Each of the three patients shown in B

were successfully cloned, sequenced, and found to truncate or greatly alter the ITAM domain of the

protein that is essential for propagating down stream BCR signaling.
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Using jackknife resampling to estimate

variance in the controls: MISO only supports

sample to sample comparisons and provides a

Bayes factor, percent spliced (ψ), and associated

confidence intervals. Memory B-cell samples

were merged and used as a common point of

comparison for the study samples. Applying

jackknife permutation to the MB samples

allows for variance estimation around the

merged group and testing for the number of MB

samples that have statistically significant

increased splicing a locus.
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B-cell receptor (BCR) and toll-like receptor (TLR) pathway activation are key

drivers of pro-survival signaling in many B-cell and plasma cell malignancies.

Both pathways are notable for their activation of common cascades that include

BTK, PI3K/AKT, MAPK1 and MAPK3 (ERK1 and ERK2 at the protein level)

signaling, as well as the activation and nuclear translocation of nuclear factor

kappa-B (NFkB). In Waldenstrom’s Macroglobulinemia (WM), the TLR

pathway is driven by activating mutations in MYD88 that are found 95-97% of

patients. Activated BCR signaling in WM has also been observed

(Argyropoulos et al, Leukemia 2016), but the contributions of BCR signaling to

WM pathophysiology remain to be clarified.

Isoform based evaluation of splicing assumes that the data consists of a mixture

of known isoforms, which may not be a reasonable assumption for a cancer

transcriptome wherein mutational events and transcription factor dysregulation

may cause unique combinations of splicing events not observed in healthy

donors (HD). To explore alternative splicing in Waldenstrom’s

Macroglobulinemia (WM), we developed a MISO (Katz et al, Nat Meth 2010)

based protocol to analyze next generation RNA sequencing data from 55 WM

patients, 16 HD plasma cell (PC) samples, 9 HD CD19+CD27- peripheral blood

B-cells (PB) and 9 HD CD19+CD27+ memory B-cells (MB). Novel intron

retentions were investigated by identifying intronic regions not overlapping

known exons. The number of reads mapping to these regions relative their

flanking exons was calculated and compared.

LYN is a known regulator of BCR signaling. Previously, we identified a

p.Ile297Asn LYN mutation in a WM patient harboring a MYD88 p.Ser243Asn

mutation. Recurrent heterozygous copy number losses of LYN have also been

previously reported (Hunter et al, Blood 2013). In addition to being

dysregulated by mutation and copy number loss, we now show differential

isoform usage of LYN between healthy donors and WM patients caused by

alternate 5’ splicing. CD79B is a critical component of the B-cell receptor

pathway and coding mutations have been observed in 7-15% of WM patients

(Hunter et al, Blood 2013; Poulain et al, Am J Hematol, 2013). Preliminary

intron retention analysis identified 3 patients who had intronic retentions on

CD79B that were caused by intronic somatic mutations near the intron exon

boundary. The findings from this study identify transcriptional aberrations in

LYN and CD79B, both important components of the BCR pathway.
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IL-6 Expression

Control LPS treated

LPS stimulation: Healthy donor peripheral blood CD19+ cells stimulated with lipopolysaccharide demonstrated no change in

LYN splicing. The expression of IL-6, a downstream target of LPS-induced TLR signaling, increased significantly within that

same patient. These findings are suggestive of an oncogenic splicing phenotype and indicate that direct TLR signaling is not

responsible for the isoform changes observed in LYN.

LYN Splicing in HD after LPS stimulation

Spliced

Unspliced

B

Isoforms of MYD88

Event based versus isoform based estimation: The MISO permutation approach correctly identified a number of differentially

spliced genes between WM and healthy donor samples that were not detected by the isoform quantifiers Salmon or RSEM.

Above, MISO correctly predicts the splicing ratios for an alternate 5’ splicing event on LYN in WM patients relative to HD

peripheral B-cells (PB), memory B-cells (MB) and plasma cells (PC). PCR validation primers that amplified over the splicing

event were quantified using ImageJ. This splicing event should correspond to the relative expression of the red and green

isoforms shown on the right, though no differences were observed with either Salmon or RSEM.

The BCR Signaling Cascade

Both LYN and CD79B are critical components near the top of the BCR signaling cascade and are

frequently mutated and/or abnormally spliced in WM. With somatic heterozygous deletions in LYN in

up to 60% of WM patients, documentation of a somatic mutation in the hinge region in one patient, and

consistent splicing differences, LYN appears to be highly dysregulated and may play an important role

in WM pathology. Likewise, CD79B is already one of the most recurrently mutated genes in WM and

the addition of these splicing mutations disrupting the ITAM region only increase its frequency. While

the role of these ITAM disrupting splicing mutations is unclear, the transcripts have been cloned and

functional characterization of them is planned. Other results from the MISO analysis included genes in

the NF-kB (ZFAND5, PKCD) and ERK1/2 (CTBP1, VPS28, CCM2) pathways. Together these studies

document a consistent pattern of mutation and dysregulation of the BCR pathway in WM.
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