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Turning strength into weakness: protein degradation 
and autophagy as therapeutic targets in glioblastoma?
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Cells not only need to know how to synthesize proteins but also 
how to degrade them. This task is taken over by the ubiquitin-
proteasome system, which eliminates misfolded, damaged, or 
simply unneeded proteins. Adequate protein degradation is of 
utmost importance for cell homeostasis, in particular, in fast pro-
liferating cancer cells with a high protein turnover. The idea of 
targeting the proteasome to interfere with protein homeostasis 
in cancer has therefore emerged over the last two decades.

The proteasome is made up of a 20S core and two 19S reg-
ulatory subunits, together forming the 26S proteasome in 
mammals.1 The core subunit constitutes the catalytic part, 
containing several enzymatic sites with different proteolytic 
specificities. Proteins are tagged for degradation by a small 
protein called ubiquitin, which is added in multiple steps to 
form a polyubiquitinated protein. The polyubiquitin chain at-
taches the tagged protein to the regulatory subunit of the pro-
teasome and starts the degradation process, leading to small 
peptides or amino acid sequences that can be reutilized by the 
cell for new protein synthesis. This is similar to autophagy, 
the cell’s route for orderly degradation and recycling of large 
cellular components. Both pathways are tightly regulated by 
multiple oncogenes and tumor suppressors, centering around 
PI3K/mTOR signaling. PI3K/mTOR is one of the most important 
intracellular pathways that is often deregulated in cancer.2 In 
glioblastoma, increased pathway activity is generally due to 
loss of the tumor suppressor and negative regulator PTEN.

Inhibitors of the proteasome target one or all of the catalytic 
sites in a reversible or irreversible manner. The best-known 
and first-in-class inhibitor, Bortezomib, was introduced in 
clinical practice in 2003 and is highly active in hematological 
malignancies, including multiple myeloma and mantle cell 
lymphoma. Unfortunately, its success was not reproduced in 
solid tumors and new generations of inhibitors are actively 
being pursued, including for brain tumors.3 Carfilzomib, used 
in a study in this issue,4 is a selective, potent, irreversible in-
hibitor of the β5 subunit that does not cross the blood-brain 
barrier (BBB). The new kid on the block, Marizomib, inhibits all 
three catalytic sites, crosses the BBB and has been positively 

evaluated in phase I/II clinical trials in glioblastoma patients.5 
Currently, a phase III trial on newly diagnosed glioblastoma is 
ongoing (EORTC-1709, MIRAGE, NCT 03345095).5

The work by Benitez et  al.4 strengthens a role for protea-
some inhibition in the treatment of glioblastoma and sug-
gests that patients with PTEN deficiency and high PI3K/mTOR 
pathway activity may be specifically sensitive to such treat-
ment (Figure 1). Starting from a 320-compound library screen 
in PTEN-expressing (PTEN-wt) vs PTEN-null glioblastoma 
stem-like cells (GSCs), Carfilzomib was identified as the only 
drug showing specificity in the PTEN context. PTEN-null cells 
were more sensitive to Carfilzomib, which was also true in cells 
expressing an enzymatically dead PTEN mutant. The data were 
consolidated in multiple GSCs and with several proteasome in-
hibitors (Ixazomib, Delanzomib, Oprozomib, and Marizomib). 
The higher sensitivity can be explained by increased protein 
synthesis in PTEN-deficient tumor cells via increased PI3K/
mTOR activity. In line, the authors show that concomitant ap-
plication of PI3K or mTOR inhibitors reduced the sensitivity to 
proteasome inhibition. Interestingly, the effect was not due to a 
difference in baseline proteasome activity, rather it correlated 
with a low autophagic flux in the PTEN-null context, resulting in 
increased protein ubiquitination followed by cell death through 
apoptosis. Surprisingly, Carfilzomib also showed activity in an 
orthotopic GSC xenograft model in mice. Since only one model 
was used and no histological data were provided, it is unclear 
whether this result can be translated into multiple patient-
derived models with defined PTEN status. In this context, the 
use of brain-penetrant Marizomib would be of higher value.

In an attempt to provide a mean to stratify responders from 
nonresponders to proteasome inhibition, the authors analyze 
differentially expressed proteins in PTEN-null and PTEN-wt 
cells upon treatment, and propose a 102-protein signature rep-
resenting proteins uniquely activated upon proteasome inhi-
bition in PTEN-null cells. Refinement to a 48-gene signature 
and a ROC bioinformatics analysis of TCGA gene expression 
data asked if the signature could discriminate glioblastoma 
with high or low PI3K/mTOR pathway activity. This was indeed 
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the case, based on prominent expression of genes like 
mTOR, AKT1, and PIK3CA, however, it did not discriminate 
according to PTEN expression. Interrogating PTEN at the 
genetic level may be more reliable than gene expression. 
On the other hand, PI3K/mTOR activity can be deregulated 
through a variety of other mechanisms including mutation 
or amplification of PI3K and activation of tyrosine kinase 
receptors upstream of PI3K.

Overall, these data are critical to guide novel treat-
ment options against glioblastoma, while they also raise 
additional puzzles in the grand scenery of PI3K/mTOR 
signaling. At first sight, the data suggest that clinical trials 
with proteasome inhibitors might benefit from stratifi-
cation based on PTEN status and/or PI3K/mTOR activity, 
with increased activity in PTEN-deficient and PI3K/mTOR 
high patients (Figure 1). However, whether the distinction 
should be based on PTEN deficiency or pathway activity 
remains an open question. If available, molecular informa-
tion from upcoming clinical trials may provide insight into 
selective efficacy in patient subgroups. In this context, an-
other study recently linked the impact of proteasome inhi-
bition in glioblastoma to the p53 pathway.6

Importantly, concomitant inhibition of proteasome ac-
tivity and autophagy led to increased cell death in all 
GSCs, which was at least partially independent of PTEN 
status. This may not be too surprising since even PTEN-
proficient glioblastoma is highly proliferative and thus 

likely to display high protein synthesis rates. Autophagy 
is considered a resistance mechanism against proteasome 
inhibition, thus supporting a dual-targeting strategy for gli-
oblastoma patients. However, glioblastoma cells differ in 
their baseline activity of autophagy,7 and the sensitivity 
to proteasome inhibition may depend on the balance be-
tween protein synthesis and autophagy in each tumor. 
Despite multiple remaining questions, the present work 
warrants a cautiously optimistic view on the outcome of 
the ongoing EORTC-1709 trial.
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Fig. 1  Schematic representation of proteasome inhibition in PTEN-wt and PTEN-null glioblastoma cells, as described in the study of Benitez 
et al.4 (Illustration created with Biorender.com).
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likely to display high protein synthesis rates. Autophagy 
is considered a resistance mechanism against proteasome 
inhibition, thus supporting a dual-targeting strategy for gli-
oblastoma patients. However, glioblastoma cells differ in 
their baseline activity of autophagy,7 and the sensitivity 
to proteasome inhibition may depend on the balance be-
tween protein synthesis and autophagy in each tumor. 
Despite multiple remaining questions, the present work 
warrants a cautiously optimistic view on the outcome of 
the ongoing EORTC-1709 trial.
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