
 

COMMENTARY TO HABILITATION THESIS1 

 
Characteristic of the Investigated Matter 

The thesis addresses a clinically important challenge in multiple myeloma (MM) therapy: the 

near-universal development of resistance to proteasome inhibitor (PI) therapy despite the well-

established dependence of malignant MM plasma cells on the proteostasis network. Its central 

premise is that PI resistance arises not primarily from irreversible genetic alterations but rather 

from adaptive and reversible remodeling of the proteostasis network, with important 

implications for overcoming therapeutic resistance. 

 

Employed Methodologies 

The mechanistic studies were primarily conducted in vitro using paired PI-sensitive and PI-

resistant MM cell line models. The work employs subunit-selective activity-based proteasome 

probes to monitor proteasome activity in living cells, complemented by functional reporter 

assays and standard validation techniques. These approaches are integrated with unbiased 

quantitative and functional proteomics, LC-MS metabolomics, transcriptomics, and genome-

wide CRISPR/Cas9 screening. The findings are further supported by ex vivo analyses of 

patient-derived samples. 

 

Obtained Results 

The work demonstrates that selective inhibition of the proteasome β5 subunit alone is 

insufficient to achieve maximal PI cytotoxicity and that effective proteasome blockade requires 

simultaneous β5/β2 co-inhibition, a pharmacological profile clinically achieved only with high-

dose carfilzomib [1]. This mechanism was validated in patients, where carfilzomib dose 

escalation restored clinical responses in more than half of carfilzomib-resistant cases [2]. 

Furthermore, PI-resistant MM cells tolerate substantial proteasome inhibition through 

coordinated adaptive remodeling characterized by increased proteasome capacity and 

metabolic reprogramming, including enhanced redox buffering, oxidative phosphorylation, and 

sphingolipid remodeling, thereby improving their ability to maintain protein folding and 

proteostasis [3, 4]. These adaptive vulnerabilities can be therapeutically exploited with 

nelfinavir, an HIV protease inhibitor [5]. Nelfinavir restores PI sensitivity by inducing proteotoxic 

stress through membrane lipid bilayer stress independently of direct proteasome inhibition, 

providing a mechanistic explanation for its clinical synergy with PIs [5]. 

 

Applicant’s Contribution 

Across the five annexed publications, the applicant is first co/author on four manuscripts 

(Annexes 1, 3, 4, and 5), corresponding author on three (Annexes 1, 4, and 5), and senior 

co/author on one (Annex 2). Her documented contributions include study conception, 

development of the key PI-resistant cell models, leadership of the mechanistic work and data 

interpretation, and manuscript preparation. Collectively, these contributions demonstrate 

strong and independent scientific direction, based on coherent research topic and international 

collaborations. 

 
1 The commentary must correspond to standard expectations in the field and must include a brief characteristic of 

the investigated matter, objectives of the work, employed methodologies, obtained results and, in case of co-

authored works, a passage characterising the applicant’s contribution in terms of both quality and content.  
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