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Introduction: In Waldenstrom’s Macroglobinema (WM) patients, ibrutinib therapy is highly
effective, however, complete remissions (CR) are rare. Furthermore patients who progress on
ibrutinib therapy have compromised survival (21 vs. 32 months, p=0.04). We and others have
noted that ibrutinib resistant WM cells maintain their survival via activation of the PISK/AKT
pathway. As such, we hypothesized that targeting BTK and PI3K concurrently would effectively
eradicate WM cells, including those resistant to ibrutinib. We have previously reported on the
ability of a naturally-derived tetraterpenoid, nimbolide, to induce WM cell-specific death in vitro
and in a WM xenograft model. In addition to other WM-relevant biotargets, nimbolide can also
interact with BTK and PI3K. Thus, we developed a series of nimbolide-based chemical analogs.
We identified a number of various chemotypes that potentially bind BTK and PI3K with equal

affinity and induce robust WM cell death in wildtype and ibrutinib-resistant WM cells alike.

Methods: BCWM.1, and ibrutinib resistant BCWM.1/IR were used in experiments. 72 hr. cell
viability assay (CellTiter Glo 2.0) was used to determine ICsy of nimbolide-based analogs.
Peripheral blood mononuclear cells (PBMC’s) from healthy human donors were separately
incubated with the compounds to serve as non-cancer controls. In silico docking (GlideXP) was
used to predict relative binding affinity of novel inhibitors towards BTK and PI3K. Nimbolide was
purchased from BioVision. Analog synthesis and medicinal chemistry was performed by

Enamine.

Results: Our previously published data shows that nimbolide, the active limonoid tetraterpenoid

constituent of neem leaf extract is lethal to WM cells including ibrutinib-resistant tumor clones
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(Chitta et al Blood Cancer Journal, 2014). However, nimbolide cannot be given to human
patients due to structural volatility and low bioavailability. As such, we developed chemical
analogs of nimbolide, which have improved solubility and structural stability. Moreover, these
analogs bind to both BTK and PI3K with higher affinity than parent nimbolide (in ranges
equivalent to that of ibrutinib and umbralisib/TGR-1202, respectively), as based on in silico
docking. We synthesized and screened 29 analogs in BCWM.1, BCWM.1/IR and PBMCs and
noted tumor-selective activity of several analogs to be significantly greater (by 4 — 5-fold) in
BCWM.1 and BCWM.1/IR cells relative to healthy PBMCs. Moreover, analog CKLN-G304, was
found to have an ICsq of 0.6uM in BCWM.1/IR cells vs. >50uM in PBMCs. In silico docking
experiments showed CKLN-G304 to bind BTK with an energy of -5.6kcal/mol and PI3Ky at -
6.2kcal/mol. This analog has been selected for further optimization, in vitro target engagement

studies and tumor xenograft efficacy analysis.

Conclusion: We have previously shown that ibrutinib-resistant WM cells utilize PI3K signaling
mechanisms to overcome chronic inhibition of BTK. Our prior analysis to identify naturally
occurring substances with anti-cancer activity revealed nimbolide to be lethal to WM cells
through disruption of BTK/PI3K signaling. Building on these discoveries, we have developed
nimbolide-based analogs with activity in ibrutinib-resistant WM cells. These novel and
patentable chemicals represent a new class of molecules with the ability to target both BTK and
PI3Ky, which are being further developed for clinical use and potential treatment of WM

patients.
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