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W49: Concurrent targeting of the proteasome (ixazomib) and BTK (ibrutinib) is 

highly toxic inducing apoptosis through mitochondrial disruption and Bcl-2/BCR 

downregulation in Waldenström Macroglobulinemia cells.   

 

Alak Manna PhD1, Sonikpreet Aulakh MD2, Sharoon Akhtar MPhil1, Aarushi Sharma PhD1, 

Prachi Jani MD2, Salman Ahmed MD2, Madiha Iqbal MD2, Taimur Sher MD2, Asher Chanan-

Khan MD1,2, Sikander Ailawadhi MD2, and #Aneel Paulus MD1,2 

 

1. Department of Cancer Biology, Mayo Clinic, Jacksonville, FL, USA 
2. Division of Hematology and Oncology, Mayo Clinic, Jacksonville, FL, USA 

 
# Corresponding author 

 

 

Introduction: Waldenström macroglobulinemia (WM) remains incurable despite availability of 

several therapeutics. Biologically, in addition to reliance on the B-cell receptor (BCR) signaling 

pathway, (targeted by ibrutinib, [IBR]); WM cells also require an optimally functioning ubiquitin 

proteasome degradation system (UPS).  Clinically, the UPS has been exploited effectively with 

proteasome inhibitors (PI) such as bortezomib (Btz. reported with 85% ORR). Unfortunately, 

chronic use of Btz or IBR results in outgrowth of drug-resistant WM clones resulting in 

compromised survival of patients. We hypothesized that combined interference of both the BCR 

and UPS survival pathways; the latter particularly with newer generation PI (such as ixazomib, 

IXA), would result in enhanced WM cell death, including in drug-resistant clones.   

 

Methods:  WM cell lines (BCWM.1 and RPCI-WM1) and ibrutinib resistant (IR) isogenic cell line 

pairs (BCWM.1/IR and RPCI-WM1/IR) were used in experiments. Cell viability was measured 

using MTS/PMS assay, whereas apoptosis was measured by annexin-V/PI dual staining using a 

flow cytometer.  Mitochondrial transmembrane potential was measured using DilC(1)5/Mito 

tracker based assay.  Protein profiling was conducted by immunoblot analysis. Statistical 

analysis was performed with the nonparametric Mann-Whitney test or nonparametric Kruskal-

Wallis multiple comparison test and data were represented as mean±SEM (as applicable). 

Ibrutinib and ixazomib were provided as a kind gift by Pharmacyclics and Millenium/Takeda, 

respectively.  

 

Results: The in vitro activity of IXA (20nM) was tested in wildtype and IR cell lines +/- IBR 

(5µM) for 72h; where we noted a marked decrease in cell viability. Indeed, mean loss of viability 

was greater in WM cells treated with the IXA + IBR combo (35.61±3.52%; wildtype) and more 
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prominent in IR subset of cells (26.54±1.63%).  In comparison, IBR alone reduced wildtype and 

IR WM cell viability to a mean of 41.54±2.75% and 68.58±2.68, respectively. Likewise, IXA 

alone reduced wildtype and IR WM cell viability to 59.22±5.03% and 56.45±2.41, respectively. 

Apoptosis was more significant in cells treated with the IXA + IBR combination (92.80±1.31% in 

wildtype vs 50.59±11.32% in IR clones) compared to IBR (27.68±4.90% vs 22.02±1.17%) or 

IXA alone (36.12±8.09% vs 29.60±2.92%, wildtype vs IR, respectively). Mechanistically, 

apoptosis was associated with loss of mitochondrial transmembrane permeability (MOMP) in 

cells treated with IBR, IXA or the combination. In wildtype WM cells, mean MOMP induced by 

IXA or IBR was 25.89±1.61% or 21.76±1.58%, respectively, which was significantly increased to 

44.08±3.63%. In IR WM cells, combination treatment resulted in 57.61±2.76% MOMP, whereas 

IXA or IBR alone induced 34.66±1.53% or IBR 13.04±0.95% MOMP, respectively.  We also 

probed for changes in WM-survival proteins and observed that while IXA alone downregulated 

Bcl-2 and Mcl-1 levels and IBR alone downregulated pPLC2 in WT and IR WM cells, this effect 

was markedly greater in WM cells treated with IXA + IBR.  

 

Conclusion: Our pre-clinical profiling of IXA and IBR demonstrate enhanced anti-WM activity 

with this combination. The lethality of these two agents is conveyed via mitochondrial disruption 

and downregulation of Bcl-2/BCR signaling pathways.  Based on these observations, we have 

initiated a phase II study testing IXA + IBR in relapsed WM patients (NCT03506373).  


