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Abstract

Glioblastoma multiforme (GBM) is the most lethal primary brain tumor despite maximal
resection, radiotherapy, and temozolomide. Growing evidence indicates that standard
therapies drive many GBM cells into therapy-induced senescence (TIS), marked by
permanent proliferation arrest, high metabolic activity, and secretion of the senescence-
associated secretory phenotype (SASP). Although senescent cells may initially limit growth,
their persistence can fuel recurrence by altering the microenvironment while driving
immunosuppression and stem-like traits. GBM is also “chaperone dependent,” relying on
proteostasis networks for rapid growth, invasion, and treatment resistance. The eukaryotic
chaperonin CCT/TRIC, an ATP-dependent complex of eight subunits (CCT1-CCTS8), is
essential for folding actin and tubulin and for the maturation of multiple oncogenic clients.
We review recent findings on CCT/TRIC subunit dysregulation in GBM and propose a
mechanistic link between chaperonin activity and senescence, integrating p53/p21 and
pl6INK4a/Rb signaling, EGFR-driven survival, hypoxia/HIF-mediated metabolic
reprogramming, and immune infiltration in high-SASP tumors. We discuss how CCT/TRIC is
probably involved in maintaining glioma stem cell (GSC) proteostasis by modulating EGFR,
TGF-B, mTOR, Wnt/B-catenin, and Notch pathways, thereby supporting GSC survival, self-
renewal, and invasiveness. We also propose how CCT/TRIC inhibition can lead to impaired
macroautophagy by disrupting mTOR signaling—both crucial for sustaining senescence and
SASP—thereby compromising proteostasis and autophagic flux. Finally, we outline possible

therapeutic strategies based on this axis, including novel combinations of senolytics,



immunotherapy potentiators, and CCT/TRiC-targeted agents to prevent SASP-driven

progression and relapse.
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1. Introduction

Cellular senescence has emerged as a cornerstone of modern oncology, representing a
complex physiological state where cells exit the proliferative cycle while remaining
metabolically [1]. Traditionally viewed as a critical fail-safe mechanism, senescence imposes
a permanent growth arrest in response to oncogenic stress or DNA damage, functioning as a
potent tumor suppressor that thwarts malignant expansion [2, 3]. In healthy tissues, this
system serves as a sophisticated quality-control mechanism, fundamental to homeostasis and
embryonic tissue remodeling [1, 4].

While therapy-induced senescence (TIS) initially restrains tumor growth, the survival
of these non-proliferative cells depends on a highly specialized protein-folding machinery that
prevents proteotoxic collapse [5]. Central to this "survival shield" is the chaperonin-
containing TCP-1 complex (CCT, also known as TRIC), a hetero-oligomeric chaperonin that

ensures the structural integrity and functional maturation of key oncoproteins [6].



A unique and clinically challenging feature of the senescent state is its high metabolic
signaling. Unlike apoptotic cells, senescent glioblastoma multiforme (GBM) cells remain
alive and secrete a potent cocktail of inflammatory cytokines and growth factors, known as
the senescence-associated secretory phenotype (SASP) [7-9].

In the aggressive environment of GBM, the CCT/TRIC complex acts as a metabolic
and structural hub, supporting the SASP and protecting the "resistant reservoir” of senescent
cells from being cleared [10]. By stabilizing the proteome under the extreme stress of chemo-
and radiotherapy, the CCT/TRiC complex can effectively transform senescence from a tumor-
suppressive dead-end into a strategic frontier for therapeutic resistance and eventual
recurrence [11]. In GBM, the most aggressive diffuse glioma, senescence is increasingly
recognized as a frequent outcome of genotoxic therapy and a potential reservoir for relapse
[12].

Crucially, the multifaceted role of the CCT/TRiIiC complex in glioblastoma can be
conceptualized through two distinct temporal phases. Phase | (Pre-treatment and during
therapy): In actively proliferating tumor cells, high expression levels of CCT/TRIC act as a
protective shield, helping cancer cells avoid premature senescence by properly folding key
cell-cycle regulators and oncogenic clients. Phase Il (Post-TIS induction): Following
genotoxic therapies such as temozolomide and radiation, a subset of GBM cells enters
therapy-induced senescence (TIS). These arrested cells become uniquely "addicted" to
chaperonin activity (chaperone addiction) to sustain the high metabolic demands of the
senescence-associated secretory phenotype (SASP) and preserve essential cytoskeletal
structures. This metabolic and structural dependency creates a critical therapeutic window,
transforming CCT/TRIC into a prime target for novel senolytic strategies aimed at eliminating
treatment-resistant reservoirs.

Concurrently, GBM cells experience profound proteotoxic stress due to genomic
instability, hypoxia, and high biosynthetic flux, while the complex—in particular the CCT5
subunit—appears to play a key role in this process. To survive, they amplify proteostasis
programs, including molecular chaperones [13]. CCT/TRIC is a central ATP-driven folding
machine that assists the folding of a subset of cytosolic proteins, notably actin and tubulin,
thereby enabling cytoskeletal dynamics and cell migration. Since GBM is characterized by its
high motility and "tentacle-like™ infiltration into healthy brain tissue, the constant supply of
functional cytoskeletal proteins provided by CCT/TRIC is what enables this lethal
invasiveness. In the aggressive landscape of GBM, the CCT/TRiC complex functions as a

master regulator of proteostasis, acting as a "folding factory" that sustains the tumor's rapid



growth and structural integrity. GBM cells hijack this machinery to manage the high volume
of misfolded proteins generated by their rapid mutation rates and metabolic stress [14].

Beyond structural support, the complex also folds critical oncoproteins such as STAT3,
cyclin D1, and von Hippel-Lindau (VHL), effectively shielding the tumor from the
proteotoxic stress that would otherwise trigger cell death [15].

The CCT/TRIC complex represents a bridge between basic protein folding and
advanced clinical oncology, and increasing evidence indicates that CCT/TRIC subunits are
overexpressed in GBM, detectable in extracellular vesicles, and linked to malignant
phenotypes and patient outcome [16-18]

As we move toward personalized medicine, analyzing the specific subunit signatures
within a patient's tumor could allow for more precise prognostic modeling and the
development of inhibitors that strike at the very heart of the GBM's survival mechanism [19].

This Perspective integrates current evidence on: senescence and SASP biology in
GBM,; CCT/TRIC subunit functions relevant to tumor progression, and plausible mechanistic
links connecting CCT/TRIC activity to therapy-induced senescence and resistance. We
highlight translational implications and outline testable hypotheses for targeting the

chaperonin—senescence axis.

2 Senescence in glioblastoma multiforme: from cancer inhibition to recurrence mechanisms

Recent investigations highlight cellular senescence as a critical biological state that constitutes
a major cellular response to standard-of-care interventions, including temozolomide (TMZ)
chemotherapy and ionizing radiation in GBM [8]. Although the induction of senescence
effectively constrains further proliferation of the primary tumor cell population, the long-term
persistence of these metabolically active, non-proliferative cells within the brain parenchyma
may be detrimental. Sustained secretion of the SASP within the GBM microenvironment can
paradoxically enhance the stem-like properties (“stemness”) of adjacent tumor cells and
promote an immunosuppressive milieu, thereby fostering tumor recurrence and/or increased
invasiveness [20] [Table 1]. Consequently, in GBM, senescence functions as a double-edged
sword: it initially contributes to disease stabilization via durable growth arrest, yet over time it
may facilitate the establishment of a pro-tumorigenic niche [9, 21-23].

Although senescence is classically characterized as an irreversible cell-cycle arrest, in
GBM it frequently manifests as a “senescence-associated reprogramming,” enabling tumor

cells to evade cytotoxic therapies and adopt more aggressive, mesenchymal-like states [24].



The mechanistic link between therapy resistance and the mesenchymal phenotype is therefore
of central biological and clinical relevance [24].

Clinically and experimentally, biomarkers such as p21 overexpression, reduced lamin
B1 levels, and increased cell size are increasingly employed to identify these senescent-like
tumor cell subpopulations [25]. For example, induction of p2l-dependent senescence—
despite its apparent role in enforcing growth arrest—can sensitize cells to specific senolytic
agents, thereby revealing a metabolic vulnerability (“soft spot”) within otherwise treatment-

refractory tumors [25] [Table 1].

Table 1. Representative biomarkers and functional consequences of senescence-like states in
GBM.

Marker Biological effect Clinical implication | Reference(s)
p211, lamin Bl], | Nuclear instability and | Vulnerability to | [25]
increased cell size | senescent  cell  population | senolytics
induced
p21/p53 axis CDK inhibition/cell cycle arrest | Potential markers of | [25]
post-therapy
recurrence
High SASP score Inflammation Worse prognosis [26]
EGFR/Netrin-4 Protection from DNA | Associated with poor | [27]
(NTN4) axis damage/induced senescence | overall survival
and ECM remodeling
Hypoxia (HIF-1a /| Metabolic reprogramming Promotion of | [22]
HIF-2a) resistance and
recurrence

The SASP further adds complexity to this framework. Recent SASP-based transcriptional
scoring systems demonstrate that IDH-wild-type gliomas (which are associated with
significantly poorer prognosis than their IDH-mutant counterparts) exhibit higher levels of
SASP activation [26]. These high-SASP tumor microenvironments are enriched in MES-like
tumor cells and tumor-associated macrophages (TAMS), supporting the concept that the
inflammatory secretome of senescent cells actively reshapes the microenvironment to

promote therapeutic resistance, immune evasion, and malignant progression [26] [Table 1].




At the molecular level, regulation of senescence in GBM is controlled by a finely
balanced interplay between pro-survival signaling pathways and the machinery enforcing
programmed proliferative arrest. As a canonical downstream effector of p53, p21 (CDKN1A)
mediates its function predominantly through inhibition of cyclin-dependent kinases (CDKSs),
thereby imposing a quiescent GO/G1 state [25]. In GBM, although acute overexpression of
p21 can trigger cell death in a fraction of tumor cells, a distinct subset persists and acquires a
stable senescent phenotype. This senescent reservoir may serve as a source for tumor
regrowth and recurrence following apparently successful initial therapy [25] [Table 1].

Pro-survival signaling mediated by epidermal growth factor receptor (EGFR)
cooperates with Netrin-4 (NTN4), a laminin-like axon guidance molecule, to protect GBM
cells from DNA damage-induced senescence [27]. This cooperative interaction not only
mitigates premature cell cycle arrest but also modulates extracellular matrix (ECM)
organization and caspase activity, both of which have been associated with unfavorable
clinical outcomes and reduced overall survival in patients [27] [Table 1].

The tumor microenvironment, particularly hypoxic conditions, plays a pivotal role in
shaping these responses [28]. Hypoxia-inducible factors HIF-1a and HIF-20 are key
regulators of senescence-associated cellular reprogramming [22]. Exposure to standard-of-
care therapies such as temozolomide and ionizing radiation can activate these hypoxia-
inducible factors, resulting in: hypermetabolic reprogramming, which supports the elevated
energetic demands of therapy-resistant cells; activation of the DNA damage response (DDR),
which attenuates apoptosis while maintaining cells in a viable senescent state; and acquisition
of stemness characteristics, enabling senescent cells to re-enter the cell cycle with enhanced
stem-like properties. Collectively, these processes foster the emergence of more therapy-

resistant and recurrent GBM cell populations [22] [Table 1].

3 The CCT/TRIC chaperonin in GBM: subunit-specific roles and vulnerabilities

The CCT/TRIC complex is composed of two identical rings containing eight subunits (CCT1-
CCT8) organized around a central cavity where protein folding occurs [29] [Figure 1]. It
must be emphasized that CCT/TRIC functions as an obligatory hetero-oligomer. Although
individual subunits (e.g., CCT4, CCT6A) exhibit unique patterns of overexpression with
oncogenes in GBM, the inhibition of single elements often results in the destabilization of the

entire chaperonin ring, representing a universal critical point for tumor cell survival.
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Figure 1. Structural organization, regulation, and catalytic cycle of the CCT/ TRIiC
chaperonin.

The CCT/TRIC complex is a sophisticated hetero-oligomeric molecular machine essential for
cellular proteostasis. (A) CCT/TRIC composition and stability control: The complex consists
of two back-to-back stacked rings, each composed of eight distinct subunits (CCT1-CCT8)
arranged in a specific stoichiometric order (CCT5-2-4-1-3-6-8-7) [29]. The cellular
abundance of the complex is post-translationally regulated via the ubiquitin-proteasome
system; the E3 ligase COP1 mediates ubiquitination to trigger degradation, while the
deubiquitinase USP25 stabilizes the complex by preventing its proteasomal targeting [30, 31].
(B) CCT/TRIC subunit architecture: Each monomeric subunit comprises three functional
domains: a conserved equatorial domain containing the ATP-binding site, a flexible
intermediate domain acting as a hinge, and a variable apical domain featuring a substrate-
binding region and loops (RSL, NSL) that facilitate chamber closure [32]. (C) ATP-driven
CCT/TRIC folding cycle: The functional process begins with the delivery of unfolded
polypeptides by co-chaperones (HSP70/prefoldin). In the Open state, the chaperonin captures
the substrate within its central cavity. Upon ATP binding and hydrolysis, the complex
undergoes a massive conformational rearrangement into a Closed state, creating a
sequestered "folding chamber™ where charge asymmetry facilitates protein maturation. The
cycle concludes with the release of ADP+P;, triggering the reopening of the apical domains
and the discharge of the correctly folded protein into the cytosol [33].



It is responsible for the folding of approximately 10% of newly synthesized proteins and plays
a role in preventing protein aggregation associated with neurodegenerative diseases [Figure
2].
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Figure 2. The protein interactome and pleiotropic biological functions of CCT/TRIC. The
CCT/TRIC chaperonin complex serves as a central hub for cellular proteostasis, governing a
wide array of physiological processes through the folding and maturation of specific client
proteins. Cell cycle control: CCT/TRIC facilitates the activation of the CDC20-APC/C
complex, ensuring proper mitotic checkpoint release and chromosomal segregation [34].
Transcription and translation: The complex is essential for the assembly of the TFIID basal
transcription factor (via TAF5 maturation) and the folding of elF3 subunits, thereby
regulating protein synthesis [35]. Telomere maintenance: TRiC promotes telomerase function
by folding TCAB1, a key factor in the trafficking and stabilization of telomerase within T-
loops [36]. Epigenome and mRNA m6A: The chaperonin modulates gene expression by
supporting HDAC3 activation and maintaining steady-state levels of the METTL3/METTL14
methyltransferase complex, which is responsible for m6A RNA modification [37, 38]. T-cell
immunity: CCT/TRIC is critical for T-cell activation, phenotype determination, and the
regulated production of cytokines [39]. Autophagy and proteostasis: the complex interacts
with the mTORC1 signaling pathway to regulate misfolded protein clearance and balance
anabolic versus catabolic cellular states. Collectively, these interactions highlight the



indispensable role of the CCT/TRiC-chaperonin axis in maintaining homeostatic control

across diverse biological systems [38, 40].

Each subunit has an ATP-binding domain, a substrate-binding domain, and a domain involved
in conformational changes [Figure 1] [41-43]. The heterogeneity of the subunits gives
CCT/TRIC a high recognition specificity and a specialized allosteric mechanism, thus
allowing it to guide the correct folding of proteins [44].

Recent research highlights that the individual subunits—CCT1 through CCT8—are not
merely passive components but active drivers of malignancy. Studies in the literature report
the presence of CCT/TRIC subunits in extracellular vesicles (EVs) obtained from
neurosurgical aspirates of patients with GBM, with increased expression in higher-grade
GBM [16, 45]. Specifically, the subunits CCT1, CCT2, CCT5, CCT6A, and CCT7 show
statistically significant differences in expression [16] [Table 2].

Table 2. Selected CCT/TRIiC subunits implicated in GBM biology.

CCT/TRIC | Role in GBM Pathway involved Clinical Reference
subunit implications (s)
CCT1 Increased Present in extracellular | Association with | [16]
expression in | vesicles high-grade GBM
neurosurgical
aspirates
CCT2 Increased Present in extracellular | Association with | [16]
expression in | vesicles; Influences | high-grade GBM;
neurosurgical KRAS stability Depletion inhibits
aspirates; GBM progression
Potential
"bottleneck"
subunit
CCT4 Overexpressed in | Activation via mTOR | Promotes cell | [11]
GBM patients (YB- growth,  survival,
1/CCT4/mLST8/MTOR | motility and
axis) metabolism
CCT5 Increased Present in extracellular | Association — with | [16, 46]
expression in high-grade GBM,;




neurosurgical vesicles: Key role in GBM
aspirates; Signaling  associated cells division
Involved in with Aurora A and | Process
ciliogenesis AKT
CCT6A Increased Present in extracellular | Association with | [16, 47,
expression in | vesicles; TGF-pB | high-grade GBM; | 48]
neurosurgical signaling pathway Resistance to
aspirates; Linked standard radiation
to stemness; and chemotherapy;
Involved in EMT knockdown
reduces migration
and invasion
CCT7 Increased Present in extracellular | Association with | [16]
expression in | vesicles high-grade GBM
neurosurgical
aspirates
CCT8 Associated with | Cell cycle regulation Knockdown [49]
tumor grade reduces migration
and invasion

CCTB6A has also been linked to the TGF-B signaling pathway, which promotes the "stem-like"
properties of GBM cells, contributing to their notorious resistance to standard radiation and
chemotherapy [47] [Table 2].

Collectively, available evidence suggests that CCT/TRIC subunits contribute to GBM through
partially distinct mechanisms: CCT2 may act as a structural bottleneck, CCT4 links the
complex to mTOR signaling, whereas CCT6A and CCT8 are associated with migration,
invasion, and stress adaptation[11, 47-50] [Table 2].

One important thing to highlight is that the CCT4 subunit in GBM patients was found to play
a critical role in the activation of the mTOR signaling pathway, and consequently in cell
growth, survival, motility and metabolism [11][Table 2]. This aberrant activation of the
mTORC1/2 signaling pathways is sustained by a specialized feed-forward regulatory loop
involving the YB-1-CCT4-mLST8 axis [11] [Figure 3].
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Figure 3: The YB-1-CCT4-mLST8 signaling axis drives mTORC1/2 activation and
glioblastoma progression. This schematic illustrates a feed-forward regulatory mechanism
where the chaperonin complex facilitates oncogenic signaling in GBM. Translational
Regulation by YB-1: Overexpressed YB-1 (Y-box binding protein 1) binds to the 5'UTR of its
own mRNA and the CCT4 mRNA, promoting their translation. This positive feedback loop
ensures a high abundance of the CCT4 subunit, which is integrated into the functional
CCT/TRIC complex [11]. Chaperone-mediated maturation of mLST8: The CCT/TRiC complex
provides essential proteostatic support for mLST8, a core component of both mTOR
complexes. CCT/TRIC facilitates the transition of mLST8 from an unfolded polypeptide to its
native, folded conformation. mTORC1/2 Activation and Tumor Growth: Folded mLST8
associates with mTOR and specialized adaptor proteins—Raptor (for mTORC1) and Rictor
(for mTORC2). The activation of these complexes promotes robust glioblastoma growth and
metabolic activity. Therapeutic Intervention: The use of a YB-1 RNA decoy effectively
sequesters YB-1 protein, disrupting the translational upregulation of the CCT4-mLST8 axis.
This inhibition leads to decreased mTORC1/2 activity, resulting in slower tumor growth and

improved survival outcomes in preclinical models [11].

At the translational level, overexpressed YB-1 (Y-box binding protein 1) binds to the
5'UTR of both its own mRNA and that of CCT4, driving their coupled translation and
ensuring a robust supply of the CCT/TRIC chaperonin subunits [11]. This elevated chaperonin
capacity provides critical proteostatic support for mLST8, a requisite component for the
assembly of both mTOR complexes [6]. By facilitating the transition of mLST8 from an
unfolded polypeptide to its functional, native conformation, the CCT/TRIC complex
effectively licenses the formation of the mTOR-Raptor (mMTORC1) and mTOR-Rictor



(mTORC2) signaling hubs [6, 51]. Crucially, the hyperactivation of these mTOR complexes
serves as a molecular switch that regulates TIS following chemo- or radiotherapy [52, 53].
Rather than allowing for terminal growth arrest, CCT/TRiC-driven mTOR signaling enables
senescent GBM cells to maintain high metabolic activity and a robust SASP, which
collectively promote aggressive tumor proliferation and metabolic reprogramming [53, 54].
Conversely, the deployment of a YB-1 RNA decoy—which sequesters YB-1 and disrupts the
translational upregulation of the CCT4-mLST8 axis—tesults in a significant reduction of
mMTORC1/2 activity [11]. This targeted intervention not only slows tumor growth but also
impairs the survival of the senescent cell reservoir, identifying the CCT/TRiC-chaperonin-
MTOR axis as a high-value therapeutic target for overcoming treatment resistance in GBM
[11].

Furthermore, the CCT/TRIC complex, and in particular the CCT5 subunit, appear to
have a key role in the ciliation process of GBM [46] [Table 2].

Therefore, individual subunits appear linked to distinct pathways (e.g., mTOR
signaling, EMT programs, ciliogenesis, KRAS stability) and may represent “bottlenecks” for
complex integrity [55]. These observations motivate systematic efforts to map subunit-
specific dependencies and identify druggable nodes. Importantly, although several
CCT/TRIiC-dependent mechanisms have been directly demonstrated in GBM, including the
YB-1/CCT4/mLST8/mTOR axis, EGFR-CCT6A co-amplification, and EV-associated CCT
subunit expression, other proposed functions derive from studies performed in different
cancer types. Therefore, caution is warranted when extrapolating these findings to GBM and
dedicated functional studies will be required to validate their relevance in glioblastoma
biology (TABLE 3).

Table 3. Evidence demonstrated in GBM or other models.

Mechanism Experimental Disease Major limitations | References
model

YB-1/CCT4/mLST8/ | Patients’ tissues | GBM Possible [11]

MTOR axis and cell lines compensation  for

the many mTOR-

activating pathways




CCT6A Cavitron GBM Some evidence | [16]
overexpression in | ultrasonic regarding the role
GBM EVs and co- | surgical aspirator of CCT/TRIC still
amplification with | (CUSA) fluid requires
EGFR mechanistic

validation
CCT2 as a bottleneck | Patients’ tissues | GBM The CCT2-KRAS | [50]
subunit regulating | and cell lines axis still requires
GBM progression mechanistic
through KRAS validation
stability
CCT6A involvement | Patients’ tissues | GBM Partial mechanistic | [47, 48]
in EMT and invasion | and cell lines support
CCT8 promotes | Patients’ tissues | GBM Partial mechanistic | [49]
glioma proliferation, | and cell lines evidence
migration and
invasion
CCT/TRIC regulation | Cell lines Various Confirmed [56]
of p53 folding and tumors interaction
activity
CCT8-mediated Patients’ tissues, | Colorectal Confirmed [57]
inhibition  of  p53 | murine model | cancer interaction
activity and cell lines
CCT3-mediated YAP | Cell lines Colorectal Limited study | [58]
stabilization cancer model
CCT/TRIC Drosophila Possible [6, 38]
involvement in | melanogaster compensatory
autophagy regulation mechanisms
through MmTOR involving other
signaling mTOR pathways




CCTS5 association with | In silico study Pan-cancer | Current lack of | [59]
immune infiltration analysis experimental data

and inflammatory (including

phenotype GBM)

4. Mechanistic links between CCT/TRIC activity and senescence programs in GBM

CCT/TRIC complex emerges as a pivotal regulator of cellular senescence, a state of
permanent cell-cycle arrest that tumors often seek to bypass [60]. In healthy tissue,
senescence acts as a natural barrier against malignancy; however, in GBM, the CCT/TRIC
complex may contribute an anti-senescence engine that allows cancer cells to maintain an
"immortal™ proliferative capacity.

The relationship between CCT/TRIC and senescence is primarily driven by the
complex’s role in folding proteins essential for cell-cycle progression and DNA repair [11,
44,57, 58, 61-63][Figure 4].
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Figure 4: Regulatory roles of CCT/TRIiC in cell cycle progression and apoptosis. (A)
CCT/TRIC in Cell Cycle Control: The complex regulates multiple transition points within the
cell cycle [44]. (A1) During the G2/M transition, CCT3 and CCT4 subunits are required for
the activation of the APC/C-Cdc20 complex, leading to the degradation of Securin and
Cyclin B1 [61, 62]. (A2) At the G1/S transition, various subunits (CCT6A, CCT5, CCT8)
facilitate the maturation of Cyclins (D, E) and CDKs, driving cell proliferation [63] (A3) In




oncogenic signaling, CCT/TRIC subunits support aberrant growth: CCT4 enhances mTOR
signaling via mLST8 in GBM [11]; CCT8 inhibits p53 nuclear translocation in colorectal
cancer (CRC) [57]; and CCT3 promotes YAP stabilization, collectively driving uncontrolled
proliferation. [58] (B) CCT/TRIC in Apoptosis: Targeted disruption of the chaperonin complex
triggers programmed cell death through multiple mechanisms. [64] (B1) Inhibition of CCT4
(e.g., by Anticarin-p) suppresses STAT3 anti-apoptotic signaling, activating the caspase
cascade. [65] (B2) Small molecules like I-Trp disrupt the S-tubulin—-CCT2 interaction, leading
to proteotoxic stress and apoptosis. [66] (B3) Pharmacological interference with CCT/TRIC
induces severe ER Stress and the Unfolded Protein Response (UPR), characterized by
PERK/IREl\alpha activation and MAPK signaling [67]. This pathway results in
mitochondrial dysfunction, Ca2+ release, and caspase-mediated cell death, highlighting the
CCT/TRIC complex as a high-value therapeutic vulnerability in cancer [68, 69]

When CCT/TRIC subunits, particularly CCT2 or CCT6A, are highly expressed, they ensure
the correct folding of proteins like Cdc20 and cyclin B, which are necessary to push the cell
through mitosis. By maintaining these levels, the CCT/TRIC complex effectively suppresses
the activation of the p53/p21 and p16INK4a/Rb pathways, the two primary signaling axes that
trigger senescence [60, 69]. In GBM cells where CCT/TRIC is inhibited, these pathways are
rapidly reactivated, leading to characteristic phenotypic changes including enlarged cell
morphology, increased B-galactosidase activity, and the secretion of proinflammatory factors
known as the Senescence-Associated Secretory Phenotype (SASP). Notably, CCT/TRIC plays
a central and nuanced role in these processes; while p53 is a well-documented folding
substrate of the complex [56, 69, 70], the functional outcome of this interaction is context-
dependent. It is important to note that the role of the CCT/TRIC complex in regulating p53
activity is highly context-dependent. While CCT/TRIC is required for the stabilization and
proper folding of wild-type p53 under physiological or early oncogenic stress conditions, its
pharmacological inhibition in established GBM cells appears to trigger a stress-dependent
reactivation of the p53/p21 pathway. This functional duality is likely governed by the cellular
mutational status of TP53 and the magnitude of proteotoxic stress; therefore, the therapeutic
impact of CCT inhibition on p53-dependent senescence requires further validation across
various GBM genetic backgrounds. Although this has been demonstrated directly in
gastrointestinal cancers [57], we hypothesize that an analogous mechanism occurs in GBM,;
CCT/TRIC supports the correct folding of wild-type p53, yet the ultimate suppression of

senescence likely depends on the TP53 mutational status, levels of cellular stress, and the



activity of parallel oncogenic networks [Table 3] [Figure 5]. Several mechanisms identified in
other cancer models, such as the CCT3-YAP signaling axis or specific chaperonin-autophagy
interplay, provide a strong theoretical framework for our understanding of GBM [Table 3].
Beyond p53 regulation, the CCT/TRIC complex also plays a pivotal role in modulating the
Hippo signaling pathway by stabilizing the YAP oncoprotein[58] [Table 3]. However, it must
be emphasized that while this interaction has been explicitly established in gastrointestinal
malignancies, these pathways are currently extrapolated from non-GBM cellular
environments. We propose that a comparable mechanism functions in glioblastoma, where
CCT3-mediated folding and stabilization of YAP promotes transcriptional activity, cell
proliferation, and resistance to senescence. While these data suggest potential targets, their
specific operational role and clinical relevance in glioblastoma require dedicated, model-

specific experimental confirmation.
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Figure 5: The figure illustrates the central role of the CCT/TRIC complex in regulating
senescence in GBM. CCT/TRIC acts as a facilitator of this process. This is possible thanks to
the complex's ability to correctly fold key proteins in the cell cycle and DNA repair [56, 70,
71], as well as cellular factors, including EGFR [16, 72] and hypoxia-associated pathways
[14, 22], promoting key pro-senescence pathways. CCT/TRiC contribution to the senescence-
associated secretory phenotype (SASP) and to the modulation of the tumor microenvironment
is also depicted [59]. Overall, CCT/TRIiC appears as an integrating node linking cell cycle
control, proteostasis, hypoxia response, and interactions with the microenvironment,

supporting the survival and aggressiveness of GBM.



As mentioned, EGFR plays a key role in senescence and it has been shown that the CCT6A
subunit of the CCT/TRIC complex colocalizes with EGFR at the 7p11.2 locus, showing also a
strong tendency for coamplification. This was also confirmed by immunohistochemical
analyses, showing a potential link between tissue expression of EGFR and CCT6A [16,
72].This link between EGFR and the CCT/TRiIC complex could therefore represent a possible
cooperation of the two proteins, together with NTN4, in the reorganization of the cellular
matrix typical of senescent cells [Figure 5].

A bioinformatics analysis of CCT5 shows its overexpression in several tumor types,
including GBM, and is significantly correlated with clinical outcome [59]. Furthermore, in
addition to being a potential biomarker and possible oncogene, CCT5 expression has been
shown to be linked to tumor infiltration by immune cells, particularly those that predispose to
an inflammatory phenotype [59]. In senescent cells, the high SASP score, discussed above, is
associated with an increase in MES-like tumor cells and tumor-associated macrophages
(TAMs), which lead to inflammation. In this context, it could be hypothesized that the
CCT/TRIC complex, and in particular subunit 5, contributes to this characteristic of the
senescent phenotype [Figure 5].

Finally, the roles of HIF1la and HIF2a in the induction of senescence were discussed
earlier [22]. In a recent work, it was hypothesized that in hypoxic cells, HIF-1a can
translocate to the nucleus, where it regulates the transcription of key factors for the
pathogenesis of GBM and that the CCT/TRIC complex may influence indirectly by
modulating the folding of PHD3 [14]. In IDH-wild-type GBM, in fact, hypoxia alters cellular
metabolism, reducing available a-KG and leading to the formation of aggresomes (TRiC-
PHD3), impaired pVHL folding and the failure of HIF degradation and its nuclear
translocation, with consequent increase in lipid biosynthesis, oxidative stress and finally to a
major tumor aggressiveness [14]. Considering this, it is possible that CCT/TRIC also plays a
key role in hypoxia-induced metabolic reprogramming of senescent cells [Figure 5].

Overall, we propose that CCT/TRIC influences senescence in GBM through three
interconnected layers: direct folding of senescence gatekeepers and DNA repair proteins;
maintenance of oncogenic signaling that antagonizes senescence, and support of
microenvironment-shaping outputs that reinforce SASP-driven resistance. The CCT/TRIiC
complex emerges as a central molecular hub in cell cycle control, proteostasis, hypoxic
response, metabolism, and interactions with the immune microenvironment. Notably, we do
not propose that CCT/TRIC acts as a direct inducer of senescence. Rather, current evidence

supports a model in which CCT/TRIC contributes to the maintenance, survival, and metabolic



adaptation of therapy-induced senescent cells, thereby sustaining SASP production and
recurrence-promoting activities. Its function in GBM is highly strategic and could represent a

promising target in the context of senescence processes and strategies.

5. The senescence-stemness axis: SASP-mediated TME remodeling and CCT/TRIiC-
dependent proteostasis in GSC maintenance

Beyond its direct role in senescence, the CCT/TRiIC complex appears to contribute to
the emergence of a therapy-induced microenvironment that promotes glioblastoma recurrence.
Indeed, the clinical recurrence of glioblastoma is increasingly attributed to a resilient
subpopulation of glioma stem-like cells (GSCs) that survive standard-of-care radiotherapy
and temozolomide[8, 73] [Figure 6]. Emerging evidence suggests that this survival is not
solely an intrinsic property of GSCs but is actively fostered by the therapy-induced senescent
microenvironment and the specialized proteostasis provided by the CCT/TRIC complex [8,
14]. Following therapeutic insult, both GBM cells and surrounding astrocytes enter a state of
senescence characterized by the development of a SASP [73, 74] [Figure 6]. This secretome,
rich in IL-6, IL-8, CCL2, and TGF-, fundamentally remodels the tumor microenvironment
and is proposed to support the paracrine reprogramming of differentiated GBM cells toward a
progenitor-like state, effectively expanding the GSC pool [8, 73] [Figure 6]. In particular,
SASP-derived IL-6 has been implicated in activating the STAT3 signaling pathway in
neighboring cells, a key pathway associated with the regulation of stemness markers such as
SOX2, Nestin, and CD133 [75, 76] [Figure 6]. Furthermore, the chronic inflammatory
environment generated by SASP is suggested to facilitate immune evasion and protects GSCs
from the pro-apoptotic effects of chemotherapy, allowing them to persist in a slow-cycling
state naturally resistant to TMZ [73, 77] [Figure 6].
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Figure 6: Proposed interaction between the senescence-associated secretory phenotype
(SASP) and the chaperonin CCT/TRIC leading to glioma stem cell support and promotion of
GBM recurrence. CCT6A, coexpressed with EGFR, is suggested to promote TGF-/-dependent
epithelial-mesenchymal transition (EMT); CCT4 is proposed to support, via mTOR, protein
synthesis and self-renewal programs of GSCs; CCT8 may maintain proteostasis under
cellular stress conditions, potentially supporting Wnt/f-catenin and Notch signaling and HIF-
la-dependent metabolic adaptation in hypoxic and nutrient-starved niches. The convergence
of these mechanisms may generate a resistant niche that preserves the survival, plasticity, and
stemness of GSCs, ultimately contributing to post-treatment GBM recurrence.

The chaperonin CCT/TRIC complex is reported to be responsible for the maturation of
numerous principal regulators of GBM stemness [78, 79]. Within this complex, CCT4,
CCT6A, and CCT8 emerge as functionally critical subunits. As noted in the context of
senescence (Section 2), CCT6A co-amplifies with EGFR at the 7p11.2 locus to sustain
receptor signaling [16]. Furthermore, CCT6A directly interfaces with the TGF-p cascade to
facilitate a mesenchymal-like state transition [16, 80-82] [Figure 6]. CCT4, which has a
pivotal element of the YB-1/CCT4/mLST8/mTOR axis [11], sustains elevated mTOR kinase
activity, which indirectly supports the maintenance and self-renewal programs of GSCs [11,
83] via rapid synthesis Oligodendrocyte transcription factor 2 (OL1G2) [84] and Nestin [85]
[Figure 6]. CCT8 functions as a key cytoprotective determinant under conditions of cellular
stress, preserving proteostatic capacity [78] [Figure 6]. This resultant proteostasis robustness



is proposed to support GSC survival in the context of high protein turnover driven by Wnt/p-
catenin and Notch signaling, rather than representing established direct CCT-client
interactions [76, 78].

5. From mTOR inhibition to lysosomal collapse: The role of CCT/TRIC in Autophagy

The primary negative regulator of ULKZ1-dependent autophagy initiation is the
MTORC1 complex [11, 86]. CCT/TRIC influences this process indirectly by supporting the
correct folding of mLST8, which is essential for mTOR complex activity [11, 87].
Simultaneously, CCT integrity supports actin-dependent lysosomal function and
autophagosome degradation. This creates a fascinating dual relationship: CCT/TRIC may
support mTOR-dependent restriction of autophagy initiation while also maintaining late-stage
autophagic clearance [15, 88, 89]. Under basal conditions, CCT-mediated support of mTOR
activity inhibits the ULK1 complex, thereby suppressing the initiation of macroautophagy and
maintaining the high rates of protein synthesis and cell growth that characterize GBM cells.
At the same time, CCT/TRIC is required for the maturation of the actin cytoskeleton, which is
essential for efficient autophagosome-lysosome fusion and lysosomal clearance. Thus, CCT
activity is proposed to support autophagic flux by preserving the structural integrity of the

degradative machinery, even while mTOR signaling restricts autophagy initiation [88].
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Figure 7: Role of the CCT/TRIiC complex in regulating the mTOR axis and autophagy in
senescent GBM cells. The CCT/TRIC complex indirectly influences mTORC1/2 activity (via
mLST8 folding), thereby contributing to the restriction of ULK1-dependent autophagy



initiation, while simultaneously supporting actin-dependent autophagosome degradation and
lysosomal clearance. In senescent cells, mTOR and macroautophagy may cooperate to
produce the SASP and support the survival of GSCs under hypoxic and nutrient-starved
conditions [84, 85]. Thus, CCT/TRIC inhibition is hypothesized to simultaneously impair
mTOR-dependent signaling and lysosomal clearance, potentially leading to proteotoxic

collapse and apoptosis of therapy-resistant senescent cells [15, 83].

In therapy-induced senescent GBM cells, both macroautophagy and mTOR signaling
may be co-opted to sustain the substantial metabolic burden associated with SASP production,
a phenomenon referred to as TOR-autophagy spatial coupling [90]. Through the recycling of
intracellular substrates, autophagy supplies the amino acids and energy required for the
continuous secretion of SASP factors such as IL-6 and IL-8 [90, 91]. While autophagy
inhibition can enhance the induction of senescence, it may also qualitatively reshape the
SASP repertoire, potentially shifting it from a pro-tumorigenic phenotype toward a more anti-
tumorigenic and inflammatory "M1-like" secretome [91]. Moreover, within hypoxic niches,
CCT/TRIC may cooperate with macroautophagy and metabolic adaptation programs to
maintain cellular energy homeostasis, allowing senescent GSCs to survive in nutrient-poor
environments [14, 92].

Evidence demonstrating that CCT depletion impairs autophagic flux has been
generated primarily in HeLa cells, neurons, and Drosophila, rather than directly in GBM or
therapy-induced senescent GBM cells. Although an analogous mechanism can be proposed
for GBM, it has not yet been directly demonstrated. Furthermore, it must be emphasized that
the accumulation of LC3-11 or p62 proteins alone cannot define autophagic flux impairment
without dedicated lysosomal-inhibitor experiments (e.g., using bafilomycin Al) or an
appropriate tandem fluorescent reporter analysis [15, 88].

Although CCT/TRIC inhibition might theoretically promote the early initiation of
autophagy by relieving mTOR-dependent suppression, the resulting proteotoxic collapse
observed in our model is not a product of inhibited initiation, but rather a catastrophic failure
of autophagic completion. This is likely due to the structural requirement of the CCT complex
for proper actin cytoskeleton dynamics and lysosomal organization. Consequently, the
depletion of CCT leads to an abortive autophagic response, characterized by failed
autophagosome-lysosome fusion and the subsequent accumulation of toxic protein
aggregates, rather than a productive autophagic clearance.



Rather than inducing a functional protective autophagy, available evidence suggests
that CCT depletion leads to the accumulation of p62/LC3-positive aggregates and autophagic
vesicles that cannot be efficiently cleared [88, 93]. A plausible mechanism is that the
simultaneous disruption of mTOR-dependent survival signaling and autophagic clearance of
misfolded proteins drives senescent GBM cells toward proteotoxic collapse [11, 93]. This
dual failure of the proteostasis network, characterized by both chaperone depletion and
autophagy blockade, could be a possibility to render senescent cells highly susceptible to
apoptosis and may therefore act as a senolytic mechanism capable of eliminating therapy-

resistant populations [90, 93].

6 Targeting CCT/TRIC as a pro-senescence or senolytic lever
Targeting CCT/TRIC to induce pro-senescence therapy represents a burgeoning strategy in
neuro-oncology [Figure 8].
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Figure 8: Hypothetical therapeutic model for targeting the CCT/TRIC complex in therapy-
induced senescent glioblastoma cells. This diagram illustrates a conceptual framework for
targeting the CCT/TRiIC complex in GBM. Induction of Senescence: Proliferating GBM cells
subjected to genotoxic stress, such as radiation, enter a state of therapy-induced senescence
(TIS). These cells are hypothesized to develop a high dependency on the CCT/TRIiC
chaperonin complex to maintain proteostasis and survive. Hypothetical Mechanism of
CCT/TRIC Inhibition: Pharmacological or genetic CCT/TRIiC interference is proposed to
disrupt critical client protein folding, potentially leading to proteotoxic collapse and the

selective clearance of senescent GBM cells while theoretically sparing non-senescent, healthy



cells such as neurons. Proposed Therapeutic Outcomes: If validated, this strategy could result
in downstream clinical benefits, including: Reduction of the SASP: Decreasing the
senescence-associated secretory phenotype to limit the pro-tumorigenic inflammatory
environment. Inhibition of relapse: Suppressing mesenchymal transition and tumor
recurrence. Enhanced immunity: Potentially activating anti-tumor immunity and improving

responses to immunotherapy.

Unlike traditional chemotherapy, which often induces a complex resistance phenomenon
(determined by multiple molecular alterations, such as variations in cellular signaling
pathways and in DNA alkylation and repair processes)[94] or could cause necrosis with
concomitant radiation [95], it could be induced the senescence via CCT/TRIC inhibition, that
could theoretically "freeze" tumor growth and make the cells more susceptible to senolytic
drugs that specifically clear these arrested cells. This two-step approach, as discussed
previously, consists in using CCT/TRIC depletion to force senescence and then clearing the
senescent cells and offers a promising avenue for overcoming the high recurrence rates typical
of GBM [96] [Table 4].

Also, senescent GBM cells are uniquely reliant on the CCT/TRIC complex, as
discussed; inhibiting this chaperonin system triggers a "proteotoxic collapse” that specifically
eliminates senescent cells while sparing healthy, non-senescent neurons [Figure 5]. So
another “one-two punch” strategy could be applied, for example in an experimental in vitro
model, which would be the first step in testing this hypothesis, first we can induce senescence
with standard-of-care radiation, temozolomide or etoposide (whose use is well established in
the literature e.g., [97, 98]), then clearing the senescent population with CCT/TRiC-targeted
inhibitors, such as HSF1A or CT20p [99, 100], aimed to prevent the SASP-driven
mesenchymal transition that typically leads to lethal GBM relapse. Furthermore, disrupting
this axis may sensitize tumors to immunotherapy by halting the secretion of factors like IL-6
and CSF1, which normally recruit M2-like macrophages to shield the tumor from T-cell attack
[96, 101] [Table 4].

As researchers move toward clinical validation, the chaperonin-senescence axis could
represent a critical vulnerability in the otherwise resilient GBM landscape [8]. Overall, we
suggest that CCT/TRIiC-directed strategies could be deployed in at least two non-mutually
exclusive ways. (i) Pro-senescence sensitization: partial CCT/TRIC inhibition may raise
proteotoxic stress and promote senescence, enhancing the efficacy of radio and chemotherapy.

(ii) Senescent-cell clearance: senescent GBM cells may exhibit heightened dependency on



chaperonin-mediated proteostasis; thus, CCT/TRIC inhibition after TIS induction could
trigger selective proteotoxic collapse of senescent reservoirs. Either approach should be
evaluated with careful neurotoxicity profiling and pharmacokinetic optimization for CNS
delivery [102]. Immediate priorities focus on four complementary lines of work. First, it is
crucial to clarify how different CCT/TRIC subunits specifically contribute to the biological
dependencies of the various molecular subtypes of GBM [19]. In parallel, a systematic
mapping of the CCT/TRIC client proteins most relevant to senescence processes, SASP
modulation, and immune evasion mechanisms is needed. A third objective is to link
CCT/TRIC subunit expression to key clinical biomarkers (such as IDH status and
mesenchymal signatures) to make prognostic models more accurate and clinically useful [14].

The proposed proteotoxic-collapse model is compelling and represents a novel
framework; nevertheless, it is essential to acknowledge that there is currently no direct
evidence that CCT/TRIC inhibition selectively eliminates senescent GBM cells, functions as a
validated GBM senolytic, prevents recurrence through senescent-cell clearance, or spares
healthy neurons. These concepts must be strictly presented as testable hypotheses. To validate
this model, future investigations should outline key experiments, including: CCT-subunit
depletion in proliferating versus senescent GBM cells, evaluation of LC3 turnover with and
without bafilomycin Al, tandem mCherry-GFP-LC3 analysis, lysosomal-function assays and
genetic rescue experiments, utilization of patient-derived GSC models, and comparative

toxicity evaluations with normal astrocytes and neurons.

Table 4. Established and proposed therapeutic strategies targeting senescence and CCT/TRIC
in GBM.

Strategy Mechanism Expected effect References
TMZ + senolytic Elimination of therapy- | Reduction of | [73, 96]
induced senescent (TIS) | recurrence-driving
cells generated after standard | senescent cell
treatment populations and

improved therapeutic

response
Senolytic targeting of | Selective elimination of | Increased [24, 70]
p21-dependent senescent cells induced by | susceptibility of GBM

senescent GBM cells BMP4 or therapy-induced | cells to senolytic




senescence programs treatment
CCT/TRIiC-targeting Disruption of proteostasis | Reduced GBM | [11, 50]
approaches and inhibition of oncogenic | growth, proliferation,
pathways dependent on | migration, and
CCT/TRIC activity survival
SASP-directed Targeting senescence- | Enhanced anti-tumor | [12, 101]
immunomodulation associated inflammatory | immune response and
signaling and | sensitization to
immunosuppressive immune-based
microenvironment therapies

7 Conclusions

This study highlights how the CCT/TRiIiC complex is poised to become a critical future

modulator of cellular senescence in GBM. [Figure 9]
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Figure 9: The CCT/TRIC chaperonin hub as a master regulator of the senescence-to-
progression transition in GBM. This schema outlines the multi-stage cascade from standard
therapy to malignant relapse in GBM. Standard GBM therapy and TIS: Treatment consisting
of maximal safe surgical resection, radiotherapy, and TMZ initially induces TIS. TIS is a
phenotype characterized by stable proliferation arrest, high metabolic activity, and the release
of the senescence-associated secretory phenotype (SASP). While this initially restrains tumor
growth, it also establishes a resistant cell reservoir. Chaperone dependence on the CCT/TRIC

Hub: Continued survival and metabolic reprogramming in TIS are heavily dependent on the




CCT/TRIC chaperonin complex. This ATP-dependent hub folds essential structural
components (actin and tubulin), facilitates the maturation of multiple oncoproteins, maintains
signaling hubs such as EGFR, and supports HIF-mediated metabolic reprogramming under
hypoxic conditions. It also regulates the entry into senescence itself via the p53—p21 and
pl6INK4a—Rb pathways. Outcomes and therapeutic opportunities: The persistent
CCT/TRiC-dependent SASP drives remodeling of the tumor microenvironment, promotes
stem-like traits, and modifies immune infiltration, leading to immunosuppression. These high-
SASP tumors inevitably progress towards relapse. Targeted therapeutic opportunities
(CCT/TRiC-focused approaches) are visualized, including senolytics, immunotherapy
enhancers, and specific CCT/TRIC inhibitors, which aim to disrupt SASP-driven progression

and prevent malignant relapse.

Within the unique landscape of the brain tumor microenvironment, the CCT/TRiIiC complex
acts as a central hub for protein homeostasis, interacting directly with essential regulatory
proteins such as p53, EGFR, and HIF1a [14, 16, 56]. By ensuring the structural integrity and
folding of these clients, CCT/TRIC effectively regulates high-stakes signaling pathways, most
notably the PIBK/AKT/mTOR (PAM) axis, which is frequently dysregulated in high-grade
gliomas [11, 103, 104].

TIS in GBM, primarily triggered by the standard-of-care regimen of TMZ and ionizing
radiation, represents a significant clinical hurdle. Although these treatments initially suppress
tumor volume, they paradoxically drive a subset of cells into a senescent state [70]. These
cells do not die; instead, they undergo a phenotypic shift toward a more aggressive,
mesenchymal-like profile, fostering a resistant tumor reservoir that may contribute to relapse
and poor prognosis of GBM.

Consequently, there is an imperative need for novel molecular markers and innovative
therapeutic interventions to break this cycle of recurrence. At this juncture, CCT/TRIC
subunits appear to be excellent candidates for targeted "negative chaperonotherapy.” By
disrupting the chaperonin-senescence axis, it may be possible to selectively eliminate
senescent GBM cells or dampen their pro-tumorigenic secretome, offering a promising
pathway to enhance the efficacy of current treatments and improve patient outcomes [10].

Further evidence suggests that the CCT/TRIC complex plays a central role not only in
maintaining therapy-induced senescence but also in creating a favorable microenvironment

for stemness, survival, and therapeutic resistance [8, 14, 73, 75, 77]. Therefore, the



CCT/TRIC complex can be considered a potential therapeutic target to limit disease relapse
and improve the efficacy of conventional treatments.

Furthermore, as discussed, through its role in macroautophagy, the complex is a
possible positioned as a key regulator of cellular proteostasis, balancing anabolic growth with
catabolic adaptation, which is crucial in senescent cells because autophagy supports SASP
production and long-term cell survival, even under hypoxic conditions. Consequently,
CCT/TRIC inhibition may disrupt both mTOR-dependent survival pathways and autophagy
mechanisms, likely leading to proteotoxic collapse [15, 83-87].

The concept of "chaperone addiction™ suggests that GBM cells are probably more
dependent on the CCT/TRIC complex than healthy brain cells. This presents a therapeutic
opportunity. By inhibiting the CCT/TRiIC complex, we can theoretically: 1) induce proteotoxic
crisis, forcing the accumulation of misfolded oncoproteins and impairing autophagic
clearance, leading to selective apoptosis in cancer cells; ii) inhibit invasion, disrupting the
folding of actin and tubulin to "paralyze” the tumor's ability to migrate; iii) interfere with
mTOR-dependent adaptive signaling and SASP maintenance; and iv) reverse therapeutic
resistance by removing a central proteostatic hub that sustains stemness and senescent cells
survival.

Overall, we propose that the CCT/TRIC complex influences cellular senescence in
GBM through three interconnected layers: (i) the direct folding of senescence gatekeepers and
DNA repair proteins, (ii) the maintenance of oncogenic signaling pathways, and (iii) the
support of microenvironment-shaping outputs that reinforce SASP-driven resistance. Rather
than acting as a direct inducer of senescence, CCT/TRIC functions as a critical proteostatic
support system. In proliferating tumor cells, the complex prevents premature senescence,
whereas in cells undergoing therapy-induced senescence (TIS), it promotes survival,
metabolic adaptation, and the intensification of the senescence-associated secretory phenotype
(SASP). Consequently, CCT/TRIC should be viewed as a strategic factor facilitating the
survival, plasticity, and recurrence-promoting activities of senescent GBM cells, rather than as
an element initiating the senescence process itself.

The senescence in GBM, leading to the formation of more aggressive and resistant
tumor cells, results in a poor prognosis. For this reason, given the critical role of CCT/TRIC in
GBM proteostasis, the chaperonin-senescence axis represents a promising, albeit highly
experimental, therapeutic target that warrants rigorous validation in future preclinical studies.
This study highlights how the CCT/TRIC complex is poised to become a critical future

modulator of cellular senescence in GBM [Figure 9].
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Highlights

e CCT/TRIC is proposed to maintain proteostasis in senescent glioblastoma cells.

e The chaperonin is hypothesized to support glioma stem cell survival and self-renewal.
e CCT/TRIC inhibition is suggested to disrupt mTOR signaling and macroautophagy flux.
e Targeting this axis represents a novel, testable strategy to help prevent relapse.



