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Introduction: Waldenström Macroglobulinemia (WM) cells secrete high amounts of IgM and 

rely on the proteasome for optimal protein homeostasis. Clinically, disruption of the protein 

homeostasis using proteasome inhibitors (PI) such as bortezomib results in induction of 

remission in >85% of patients. The catalytic activity of the proteasome rely on its multiple 

subunit and the current generation of PI are specifically designed to target its ß5 subunit. 

Despite initial responses all patients with WM develop resistance to ß5-targeted therapeutics. 

Our preclinical models of PI resistance identified upregulation of the ß1i subunit catalytic 

activity. We therefore hypothesized if concurrent targeting of both ß1i and ß5 subunits could 

(overcome resistance) or enhanced anti-WM activity. Herein we report design and synthesis of 

our own proprietary chemical inhibitors co-targeting ß5 and ß1i-proteasome catalytic subunits 

and their effect in WM cells.  

 

Methodology:  BWCM.1, MWCL-1 and RPCI-WM1 and isogenic PI-resistant subclones were 

used in experiments. WM cell viability determined by 72hr CellTiter Glo assay. Proteasome 

enzyme activity was estimated by fluorogenic substrates specific for ß5 and ß1. Protein 

expression was determined by western blotting. Apoptosis was assessed by annexin-V/PI 

staining.  

 

Results: We designed a series of novel chemical analogs capable of inhibiting enzymatic 

activity of both ß5 and ß1i-. A total of 15 inhibitors were screened in vitro of which 3 chemotypes 

were short-listed for further analysis. Of these inhibitors, 1 particular analog (CKLG3-005, 

Fig.1A) showed remarkable cytotoxic activity in WM cell lines; with a median EC50 of 196.95nM 
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(Fig.1B, C).  In silico docking for CKLG3-005 to PSMB5 and PSMB9 showed a binding energy 

of -8.1Kcal/mol and -8.3Kcal/mol, respectively. Comparatively, bortezomib binds PSMB5 and 

PSMB9 at -7.8 and -1Kcal/mol, respectively; thus, showing superior binding affinity of CKLG3-

005 over bortezomib. In vitro proteasome enzyme activity at the ß5 and ß1 subunits was 

examined in all WM cell lines +/- CKLG3-005 (with bortezomib serving as a comparator). 

Indeed, we noted that in wildtype WM cells, median % inhibition of ß5 and ß1 enzymatic activity 

was 97.1% and 97.4%, respectively.  In bortezomib-resistant isogenic WM clones the median % 

inhibition of ß5 and ß1 enzymatic activity was 30.4% and 18.8%, respectively (CKLG3-005; 

250nM) (Fig.1D, E). As anticipated, bortezomib however did not decrease ß1 activity but only 

ß5 enzymatic function. We also noted that CKLG3-005 induced robust apoptosis in WM cells, 

however at concentrations similar to those required to inhibit ß5 and ß1 activity, apoptosis was 

most prominent in RPCI-WM1 cells (developed from a bortezomib-resistant WM patient) 

(Fig.1F). Apoptotic cell death was also accompanied by induction of the ER-stress response as 

a dose-dependent increase in XBP-1 and XBP-1s proteins and polyubiquitinated protein was 

evident (Fig.1G). 

 

Conclusion: We have synthesized a novel class of proteasome inhibitors with dual affinity for 

the ß5 and ß1 proteasome subunits. Screening campaign of these molecular entities has 

identified for us a lead analog that is undergoing further lead optimization, in vitro as well as in 

vivo testing for future clinical evaluation in WM patients. 
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Fig.1 Design and screening of a novel inhibitor of ß5 and ß1proteasome activity. 
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