Genomic evolution by serial single-cell sequencing identifies high tumor
expression of LYN as a promoter of resistance in Waldenstrom’s
Macroglobulinemia undergoing ibrutinib monotherapy
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Ibrutinib, as a first-line treatment for Waldenstrom macroglobulinemia
(WM), has demonstrated a good safety profile and efficacy, particularly in
MYD88™Ut patients. However, resistance to ibrutinib remains a significant
clinical challenge.

To dissect the resistant tumor clones, we performed high-throughput
droplet-based 5'-single-cell RNA sequencing paired with B-cell receptor
(scBCR) sequencing on 75 longitudinal bone marrow samples collected at
multiple timepoints from WM patients treated with ibrutinib monotherapy, with a
median follow-up of 50 months

Three evolutionary patterns defined by copy number variations (CNV) were
identified: 'clonal evolution', 'clonal de-evolution', and 'no evolution'. Whole
exome sequencing (WES) of baseline and last-cycle samples confirmed the
existence of these contrasting clonal evolution patterns. Notably, the 'clonal
evolution' pattern was observed exclusively in patients with disease
progression and showed a significant correlation with shorter progression-free
survival (PFS). We further explored the dynamic transcriptional variations that
might cause clones with static CNV to evolve ibrutinib resistance by comparing
the 'winner clone' versus the 'loser clone' in patients with the 'clonal evolution'
pattern. Analysis of commonly enriched upregulated and downregulated genes
constructed a gene expression signature of response to ibrutinib, which was
validated in a bulk RNA-seq cohort. Among these genes, the expression of the
BCR signaling component LYN showed the highest upregulation. In vitro
functional studies suggested that LYN contributes to the proliferation of WM
cells and promotes ibrutinib resistance, pinpointing LYN as an informative
biomarker and a novel therapeutic target in WM.



