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W50: Targeting IRAK4 and PI3Ka/d induces synergistic cell death in ibrutinib-

resistant Waldenstrom macroglobulinemia cells.

*Alak Manna PhD?', *Tim Kellett!, Sharoon Akhtar MPhil*, Aarushi Sharma PhD®, Sonikpreet
Aulakh MBBS? Madiha Igbal MBBS? Rami Manochakian MD? Taimur Sher MD? Asher
Chanan-Khan MD'?, Sikander Ailawadhi MD? and *Aneel Paulus MD*?

I Department of Cancer Biology, Mayo Clinic, Jacksonville, FL, USA
% Division of Hematology and Oncology, Mayo Clinic, Jacksonville, FL, USA

* Contributed equally
# Corresponding author

Background: Targeting BCR signaling (with ibrutinib/acalabrutinib) in Waldenstrom
macroglobulinemia (WM) patients results in high overall responses, however, no complete
remissions are observed; indicating WM-cell dependency on additional survival pathways.
MYD88,,6sp mutations (highly prevalent in WM) function to promote spontaneous formation of
IRAK1/IRAK4 complexes resulting in enhanced NF-kB activity, which supports WM cell growth
and survival. Disruption of IRAK1/4 assembly by RNAi or commercial inhibitors has been
shown to induce WM cell death. We expanded on these observations by investigating the
effects of a novel IRAK4 inhibitor (BAY9282) alone and in combination with various agents that

have been shown to possess anti-WM activity in wildtype and ibrutinib-resistant WM cells.

Methods: WM cell lines (BCWM.1, MWCL-1 RPCI-WM1) and their ibrutinib resistant isogenic
clones were used. Cell death with BAY9282 and copanlisib (a novel PI3Ka/d inhibitor); or other
agents with anti-WM activity, were tested in combination at 6 concentrations in fixed ratios.
Tumor cell viability was determined using CellTiter-Glo®. Data was converted to Fraction
affected (Fa) and combination index (Cl) values using CompuSyn and ComBenefit software. A
Cl of <1 was denoted as synergistic, >1 as antagonistic. An effective dose for further assays
was selected based on combinations with an Fa>0.5 and Cl<1. Apoptosis was measured by
Annexin V/PI dual staining, mitochondrial transmembrane potential (AWYm) was measured using
DilC(1)s and cell cycle was analyzed using EdU incorporation assay, followed by flow-
cytometery analysis. Statistical analysis was performed with the nonparametric Mann-Whitney

test or nonparametric Kruskal-Wallis multiple comparison test (as applicable).
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Results: WM cell lines (n=6) were treated with BAY9282 +/- ibrutinib, copanlisib, venetoclax or
carfilzomib at various concentrations to determine synergy. ICs of individual agents in different
cell lines is shown in Table 1. BAY9282 showed synergy with each of the aforementioned anti-
WM agents. Notably, the combination of BAY9282 + copanlisib revealed a mean of 31 and 38
synergistic concentrations in wildtype and ibrutinib-resistant WM cells, respectively (Fig. 1A).
LOEWE synergy analysis is shown in Fig. 1B. Similarly, BAY9282 + carfilzomib showed synergy
at 58 and 39 combinations in wildtype and ibrutinib-resistant WM cells, respectively (Fig. 2A).
LOEWE synergy analysis is shown in Fig. 2B. Next, we examined apoptosis in WM cells
treated with BAY9282 + copanlisib and noted a median apoptosis of 61.75+4.20% and
29.93+1.78% in wildtype and ibrutinib-resistant cells, respectively (Fig. 3A). Similarly, with the
BAY9282 + carfilzomib combination, a median of 64.27+4.90% and 32.01+2.06% of annexin-
V/PI+ wildtype and ibrutinib-resistant WM cells, respectively, was observed (Fig. 3B). Cell cycle
analysis in cells treated with the latter combination revealed a median increase (16.69%) in

subGO0/G1 cell populations.

Summary: Therapeutic agents to target the TLR - MYD88, 555 2 IRAK1/4 axis continue to be
developed for treatment of hematologic malignancies and autoimmune disorders. Drug
combination strategies that target complementary yet mutually exclusive pathways can vyield
enhanced tumor cell death, and herein, we show that disruption of IRAK4 (with BAY9282)
coupled with either PI3Ka/® or the 20S proteasome results in synergistic cell death of WM cells,
including in those resistant to ibrutinib. These combinations are being examined in vivo and will

lay the foundation for future clinical testing.
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Fig.1 Drug synergy between BAY9282 + copanlisib or BAY9282 + carfilzomib in
wildtype and ibrutinib-resistant (IR) WM cell lines

B. BAY9282 + Copanlisib ynergy 3D-mapped to drug response (LOEWE analysis)
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Fig.2 Apoptosis induction in wildtype or ibrutinib-resistant (IR) WM cells treated
with BAY9282 +/- copanlisib or BAY9282 +/- carfilzomib. MWCL.1 cell shown as

representative.
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Table 1: Inhibitory concentration (ICsp) of individual drugs

Cell line BAY9282 Copanlisib Ibrutinib Venetoclax Carfilzomib
(nM) (nM) (HM) (LM) (nM)
BCWM.1 669.7+0.95 1.04+0.54 1.0+0.77 5.0+1.25 1.2+0.54
BCWM.1/IR 810.8+1.25 1.27+0.39 20.0+0.48 5.0+1.04 1.240.22
MWCL.1 6427+1.15 1.05+0.61 6.0+1.04 5.3+1.01 1.2+0.25
MWCL.1/IR 8334+0.55 1.24+0.38 29.0+£1.69 4.3+0.95 1.18+0.41
RPCI-WM1 1301+1.02 1.01+0.47 7.2+1.54 3.6+0.62 0.95+0.21
RPCI-WM1/IR 7705+1.24 0.95+0.55 43.0£2.54 4.8+0.54 1.0+£0.15
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