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Summary: Glioblastoma multiforme, the most aggressive glioma, is a tumor characterized by fre-
quent recurrence and unfavorable prognosis. There is growing literature concerning therapy-induced 
senescence in glioblastoma, with many compounds found to exert a senescence-promoting effect, 
offering new potential treatment possibilities. However, some studies indicate that senescence and 
senescence-associated secretory phenotype may play a role in glioblastoma progression and re-
currence. Taken together, those findings underscore the importance of senescence in glioblastoma 
pathophysiology and show the need for the development of novel senescence-associated approach-
es, such as senescence-associated secretory phenotype reprogramming and two-step senescence-fo-
cused cancer therapy.
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Streszczenie: Glejak wielopostaciowy, najbardziej agresywna postać glejaka, charakteryzuje się 
skłonnością do częstych nawrotów oraz niekorzystnym rokowaniem. W ostatnich latach opub-
likowano wiele badań dotyczących terapii wywołującej starzenie komórkowe w komórkach glejaka, 
co daje nadzieję na opracowanie nowych sposobów leczenia tego nowotworu. Z drugiej strony, niek-
tóre badania wskazują na związek starzenia komórkowego z progresją glejaka oraz ze skłonnością 
do nawrotów. Podsumowując, analiza najnowszych doniesień podkreśla, że starzenie komórkowe 
pełni ważną rolę w patofizjologii glejaka wielopostaciowego, a także pokazuje potrzebę opracowa-
nia nowych podejść terapeutycznych związanych ze starzeniem, takich jak przeprogramowywanie 
fenotypu wydzielniczego komórek starzejących czy dwustopniowa terapia starzeniowa.

Słowa kluczowe: glejak niedojrzały, nowotwory – farmakoterapia, wznowa miejscowa nowotworu
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INTRODUCTION

Glioblastoma multiforme (GBM) is the most common malignant central nervo-
us system tumor in adults [50], yet it still lacks successful treatment options. Mu-
tations in either IDH1 or IDH2 are revealed in over 70 % of grade II–III gliomas 
and secondary glioblastomas. Isocitrate dehydrogenase (IDH)-wildtype GBM has 
an especially grim prognosis, as even with standard treatment and supra-total resec-
tion the median survival ranges from 14 to 20 months [59]. It is thus clear that novel 
therapeutic approaches are needed, and one of such approaches is pro-senescence 
therapy. In recent years, there has been a number of articles that furthered our un-
derstanding of the role cellular senescence plays in pathophysiology and treatment 
of malignant gliomas. In this review paper, we summarize latest research on thera-
py-induced senescence (TIS) in glioblastoma and discuss the role senescence likely 
plays in GBM recurrence, as well as potential ways to counter its deleterious effects.

CHARACTERISTICS OF CELLULAR SENESCENCE

Cellular senescence is a state of stable cell cycle arrest that occurs in diploid cells 
and limits their proliferative lifespan [7]. In vivo senescent cells do not differ mor-
phologically from normal cells, but in vitro they are characterized by a set of particu-
lar changes, which include cell enlargement, flattening, vacuolization and sometimes 
multinucleation. There is however a collection of biomarkers that can be used to defi-
ne senescent cells in vitro as well in vivo [25]. The most significant one is immunohi-
stochemical detection of senescence-associated β-galactosidase (SaβGAL) activity, 
which is increased in the lysosomal content of senescent cells. This test must be car-
ried out on subconfluent cell populations, since SaβGAL activity might be sponta-
neously induced in confluent populations [9]. Metabolic changes are known to occur, 
such as elevation of glucose consumption and lactate production, though they are not 
routinely used as biomarkers [13, 7]. Physiology of senescent cells also differs, as they 
increase expression of certain proteins, such as cell cycle inhibitors p16INK4a, p21, p27 
and p53 which can be used as markers of senescence [42, 7]. In addition, senescent 
cells secrete a number of extracellular factors called SASP (senescence-associated se-
cretory phenotype) [25], which will be described later. 

PATHWAYS AND TRIGGERS OF SENESCENCE
There are many triggers that induce senescence, and they can be divided into 

a few categories. “Programmed senescence” is the result of polyploidy, develop-
mental cues, cell fusion or influence of SASP. “Damage-induced senescence” 
may be triggered by reactive oxygen species, DNA damage, oncogenic signaling, 
tumor suppressor inactivation and also by SASP. Depending on the triggers, diffe-
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rent enzymatic cascades are recruited, however they all converge on dephospho-
rylation of one of various CDK enzymes, leading to hypophosphorylation of the 
RB protein which in turn results in the triggering of senescence [25, 7]. 

THE ROLE OF SENESCENCE
Physiological purpose of cellular senescence comes down to homeostasis ma-

intenance and proper tissue and organ development. It is achieved by limiting pro-
liferation and by withdrawal of stressed or damaged cells through morphological 
and functional changes that occur during the senescence process [26, 7]. These 
effects are desirable during tissue regeneration and embryonic life, but senescence 
can also have harmful consequences. If the rate of elimination of senescent cells 
is lower than their rate of growth, it leads to their accumulation. This process 
can occur as tissues age, but it may also lead to disease development [25, 7]. To 
understand the detrimental role senescent cells may play in disease – including 
tumorigenesis – we must examine the effects of SASP. 

WHAT IS SASP?
The term “senescence-associated secretory phenotype” (SASP) refers to a set of 

particular chemokines, cytokines and other substances by which senescent cells af-
fect its microenvironment. The composition of SASP, and hence its influence, may 
vary depending on the type of cells that underwent senescence as well as the factor 
that induced it, though the molecular mechanism of this phenomenon is still not well 
understood [34, 7]. The main purpose of SASP is microenvironment manipulation by 
senescent cells, rebuilding the extracellular matrix and activating the immune system 
in order to limit the proliferation of damaged cells [37, 20]. However, antiproliferative 
effect on tumor cells is not always achieved and SASP may even promote tumorige-
nesis by boosting vascularization and tumor proliferation. This phenomenon is called 
maladaptive senescence and may occur during chemotherapy, which in addition to 
causing senescence in both normal and tumor cells also impairs their elimination by 
the immune system [7]. The possibility of manipulating the senescence process, and 
thus SASP features, creates original ways of approaching antitumor therapies. 

GLIOBLASTOMA THERAPY-INDUCED SENESCENCE

Many compounds applied in glioblastoma therapy have been found to induce 
senescence in various glioblastoma cell lines, both established and primary. In 
some studies only cell cycle arrest and senescence markers were observed, while 
in others signs of apoptosis have been detected as well. Notably, cells that survi-
ved treatment by apoptosis-inducing agents often displayed markers of senescen-
ce [52, 44, 61]. In this part, we provide a short review of mentioned studies.
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TEMOZOLOMIDE
Temozolomide (TMZ) is a DNA methylating drug that induces apoptotic cell 

death [41]. It is the first-line chemotherapeutic treatment option in glioblastoma 
multiforme. TMZ has been found to induce senescence through activation of the 
DDR (DNA damage response) in glioma cell lines [1]. TMZ-induced senescence 
in vitro required functional p53 and NF-κB pathways. Additionally, some studies 
found compounds that potentiate the effects of TMZ on cancer cells. Afatinib 
(pan-EGFR inhibitor) strengthened the cytostatic and senescence-inducing ability 
of TMZ in U87MG and U251 cells with amplified EGFR signaling [49]. Thera-
peutic efficacy of TMZ might be enhanced by the combined treatment with leveti-
racetam in glioblastoma primary [38] and established cell lines [23], as described 
below, in the section concerning HDAC inhibitors.

CYCLIN-DEPENDENT KINASE INHIBITORS
CDK4/6 inhibitors, such as ribociclib, abemaciclib and palbociclib, are a no-

vel group of compounds that target the corresponding cell-cycle regulatory ki-
nases. They are currently tested in a clinical setting against various tumors. In 
particular, abemaciclib and ribociclib are investigated as potential single-agents 
in the treatment of recurrent GBM, with the former in a phase II and the latter in 
an early-phase clinical trial [35]. To our knowledge, their ability to induce sene-
scence has not been studied in a GBM model. Given that there is data indicative of 
senescence induction by ribociclib in particular [30] and other CDK4/6 inhibitors 
(e.g. palbociclib) in general [19], such research may be warranted. Of the three 
compounds, only palbociclib has been tested in terms of its senescence-inducing 
effects on GBM cells [24]. The study was conducted on patient-derived, stem 
cell-enriched GBM cell lines. Palbociclib was found to rapidly inhibit prolifera-
tion without changes in cell viability, and prolonged exposure (14 days) resulted 
in an increase of senescence-associated markers and SASP development. Howe-
ver, those senescent-like cells resumed proliferation in 7-14 days following drug 
withdrawal, and the authors concluded that palbociclib induces a senescent-like 
quiescence in patient-derived glioma stem cell-enriched cell lines. 

Recently, long-term treatment with TG02 (a multi-CDK inhibitor, most po-
tent against CDK-9) was found to induce positive SaβGal staining in the LN-229 
GBM cell line, but not in any of the other thirteen studied glioblastoma lines [31].

MDM2 INHIBITORS
Nutlin-3a, the compound most commonly used in anti-cancer studies, binds to 

the MDM2 protein, inhibiting its interaction with p53 and causing p53 pathway 
activation. In vitro studies showed that this drug induced cell-cycle arrest with an 
increase in senescence markers and apoptosis in p53 wild-type U87 GBM cell lines, 
but not in p53 mutated T98G cells, which is in line with its established mechanism 
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of action [52, 57]. Furthermore, this effect was found to be mediated by the down-
regulation of DYRK1A-EGFR axis by p53, while upregulation of EGFR attenuated 
the effects of nutlin-3a both in vitro and in a mouse xenograft model [57].

AURORA KINASE INHIBITORS
Aurora kinases (AurK) A, B and C play an important role in multiple mitotic 

events. AMG900, a pan-AurK inhibitor with potential antineoplastic activity, was 
found to induce senescence in A172, U-87MG and U-118MG GBM cell lines 
through p53 and p21 activation [32]. In another study, five patient-derived glio-
ma stem cell lines were treated with AurK inhibitor danusertib. In two of those 
lines, a 48h danusertib treatment decreased viability, mitogenic index and clo-
nogenic potential while inducing positive SaβGal staining [8]. This response did 
not correlate with TP53 mutation status but only occurred in cell lines with the 
highest chromosomal content. Three remaining lines, classified as resistant, had 
lower initial ploidy levels when compared to danusertib-sensitive cells, but sho-
wed a similar increase in ploidy following drug treatment. Second 48h danusertib 
treatment of resistant lines further increased chromosomal content and induced 
changes similar to those observed in sensitive cells, including SaβGal+ staining, 
in one of the remaining lines. Based on those finding, the authors suggest that 
a ploidy threshold may determine GBM sensitivity to AurK inhibitor treatment.

HISTONE DEACETYLASE AND DEMETHYLASE INHIBITORS
Various studies have found that the inhibition of enzymes with histone deacety-

lase (HDAC) or histone demethylase activity may influence senescence. Treatment 
of U87MG GBM cells with tenovin-1 and EX527, small-molecule sirtuin inhibitors, 
increased p53 expression and induced cellular senescence [58]. Another sirtuin inhi-
bitor, R/S-N-3-cyanophenyl-N′-(6-tert-butoxycarbonylamino-3,4-dihydro-2,2-dime-
thyl-2H-1-benzopyran-4-yl)urea, has been shown to induce G1 cell cycle arrest and 
positive SaβGal staining in U373 GBM cell line [36]. HDAC inhibitor suberoylanilide 
hydroxamic acid (SAHA) at 1 μM and 2.5 μM concentrations inhibited U87MG cell 
growth via cell cycle arrest and p53-, p38-mediated senescence [16]. Interestingly, 
high concentrations of SAHA (> 5 μM) triggered apoptosis accompanied by caspa-
se-8 and caspase-9 pathways activation. Other research showed the ability of sodium 
butyrate (also a HDAC inhibitor) to induce senescence in A172 GBM lines [27]. This 
effect was accompanied by a reduction in cellular motility and invasiveness, while 
p21, p27 and p53 levels were elevated. Final HDAC inhibitor, levetiracetam (widely 
known for its antiepileptic effects), was found to potentiate the effects of TMZ treat-
ment in a synergetic way, although only about 7% of cells stained SaβGal+ after 72h 
long combined treatment [23]. Lastly, lysine-specific demethylase (LSD1) inhibition 
by various compounds (OG-L002, SP2509 and GSK2879552) induced senescence in 
U87MG, U251 and T98G GBM cell lines through HIF-1a level reduction [33]. 



28 M. KOTAS ET AL

CNF1
Cytotoxic necrotizing factor 1 (CNF1) is a bacterial Rho GTPase-activating 

protein produced by some strains of extraintestinal E. coli. It was found to in-
duce senescence in GL261 GBM cells both in vitro and in a mouse intracranial 
xenograft model, reducing tumor volume without causing adverse effects in ne-
ighboring neural cells [48]. CNF1 enters the cell via 67LR-mediated, clathrin-
-independent endocytosis and is subsequently cleaved. Then, its catalytic part 
is released from the endosome [46]. Activation of Rho GTPase reorganizes the 
actin cytoskeleton in such a way that it can no longer guide cytokinesis, which 
leads to a multinucleated phenotype in proliferating cells exposed to the toxin 
[46]. Additionally, CNF1 induces neuronal remodeling and has been reported to 
exert a beneficial effect in various brain pathologies, such as Parkinson’s and Al-
zheimer’s disease [46]. 

PHYTOCHEMICALS
Different plant-derived compounds have been found to posses antitumor ac-

tivity, including the ability to induce senescence. Thymoquinone, found in black 
cumin,  upregulated the prostate apoptosis response-4 protein, leading to sene-
scence and an increase in p53 and p21 levels in the U87MG line [43]. Artesunate, 
artemisin analogue (derived from the Artemisia annua L) inhibited growth, mi-
gration and distant seeding of U251, U87, U138 and SK-N-SH GBM cell lines 
via inhibition of the mevalonate pathway and induction of p21 expression [55]. 
Flavokawain B (FKB), a kava chalcone, induced senescence in approximately 
60% of U251, U87 and T98 GBM cell lines after 48h long treatment. This effect 
was potentially related to autophagy, as autophagy inhibition by FKB treatment 
caused U251 cells to undergo apoptosis instead of senescence [54]. Resveratrol, 
a polyphenol present in grapes and other plants, was found to reduce cell viability 
and tumor volume as well as induce positive SaβGal+ staining in U87 and U118 
cell lines, which was caused by mono-ubiquitination of histone H2B (uH2B) [11]. 
Another polyphenol – epigallocatechingallate (EGCG), found in green tea – re-
duced telomere length and induced positive SaβGal staining after long-term, lo-
w-dose treatment of U251 GBM cells [47]. On the 98th day of treatment with 10 
μg/mL of EGCG, the telomere length was three times shorter when compared to 
day one and around 50% of cells stained SaβGal+. Finally, matrine – an alkaloid 
extracted from sophora flavescens – was found to reduce cell viability and in-
crease senescence markers in U251, U87 and P3 (primary) GBM cells [62]. IC50 
values for 72 h incubation time ranged between 0.2 and 0.3 mmol/l for cancer 
cells. In immortalized normal human astrocytes IC50 was equal to 0.483 mmol/l. 
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PI3K/mTOR PATHWAY INHIBITION
One study found that PQR309, an inhibitor of pan-PI3K and mTOR, induces 

growth arrest and senescence in various IDH wild-type GBM cell lines. Additio-
nally, the authors evaluated if molecular profiling could be used to predict cell 
sensitivity to PI3K/mTOR inhibition [2]. Genetic analysis showed that PQR309 
sensitivity was correlated with NF1 mutation, while CDKN2C loss was linked to 
PQR309 resistance. In addition, pAKTThr308, pAKTSer473 and pGSK3β levels were 
strongly negatively correlated with clonogenicity assay EC50 values, while p4E-
-BP1Thr37/46 levels exhibited positive correlation. 

TELOMERE TARGETING
Loss of telomeres is a known cause of cellular senescence [7]. One study fo-

und that treatment with BRACO-19, a ligand for telomeric G4, induced apoptosis 
and p53- p21-mediated senescence in U87 and U251 GBM cell lines, but not in 
normal primary astrocytes [61]. These changes were accompanied by a reduction 
in telomerase activity and the displacement of telomerase from nucleus to cy-
toplasm. Naturally-occurring polyphenol, epigallocatechingallate (already descri-
bed above), also exerted its effects through telomere shortening [47]. 

OTHER SENESCENCE-INDUCING AGENTS
UNC2025, a MER receptor tyrosine kinase (MERTK) inhibitor, has been re-

ported to decrease cell viability and colony formation in U251, and A172 GBM cell 
lines in a dose-dependent manner. The highest dose (200 nM) of the drug induced 
apoptosis in approximately 80% of A172 and 60% of U251 cells. After five days of 
200 nM UNC2025 treatment, almost all surviving cells showed various markers of 
senescence, and SASP-associated factors IL-6 and IL-8 were significantly elevated 
[44]. In another study four potential protein arginine methyltransferaze 5 (PRMT5) 
inhibitors were tested. Banasavadi-Siddegowda et al. found CMP5, a potential pro-
tein arginine methyltransferaze 5 inhibitor, to induce senescence in GBM cells in 
vitro and in a zebrafish xenograft glioma model [4]. Study of U87MG-luc cells in 
vitro showed that treatment with high doses of progesterone induced positive Saβ-
Gal staining [3]. In vivo, it limited the rate of tumor growth and extended survival in 
U87MG-luc-inoculated mice without signs of organ toxicity [3]. Thus, it was conc-
luded that progesterone may induce premature senescence. Other research showed 
that protein kinase D2 silencing or its inhibition by CRT0066101 induced senescen-
ce in both p53 wild-type (U87MG, A172) and p53 mutant (GM133, T98G, U251) 
cell lines [5]. Finally, subcytotoxic copper sulfate concentrations were found to in-
duce U87-MG GBM cell senescence by downregulation of the Bmi-1 pathway [21]. 
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POTENTIAL TARGETS FOR PRO-SENESCENCE THERAPY

There has been a number of studies that identified potential targets for pro-
-senescence treatment in glioblastoma, mainly through gene knockdown or si-
lencing techniques. Below, we provide a review of studies that describe such tar-
gets which, to our knowledge, have not yet been tested with pharmacological 
inhibitors. 

IDH1 SILENCING
According to latest WHO classification, IDH mutation status is an impor-

tant prognostic marker in glioblastoma [51]. IDH-wildtype tumors depict a less 
favorable prognosis and thus the research of IDH-targeting therapies seems war-
ranted. Wahl et al. measured the effects of IDH1 knockdown (via siRNA and, 
independently, via doxycycline-induced shRNA) on radiation sensitivity in both 
p53 mutant and p53 wild-type GBM cell lines, with IDH1kd cells showing signi-
ficant radiosensitization [53]. A similar effect was observed in mice inoculated 
with U87 GBM cells with doxycycline-inducible shRNA IDH1 knockdown. This 
indicates that pharmacological inhibition of IDH-1 may improve the outcomes of 
GBM radiotherapy.

INTEGRIN αvβ3/PAK4 SIGNALING
A study on six glioblastoma cell lines showed that si-RNA mediated knoc-

kdown of β3 induced growth arrest and senescence in GBM cells, but not in bre-
ast, colorectal, lung and pancreatic carcinomas [10]. PAK4 was identified as a do-
wnstream mediator of this effect, which was found to be p-21 dependent but p-53 
independent. Overall, the study revealed integrin αvβ3/PAK4 axis as a potential 
target for therapy-induced senescence. 

FETUIN-A DEPLETION
Fetuin-A, a liver-derived serum protein, has been shown to modulate the gro-

wth of the LN229 GBM cell line [28]. Furthermore, LN229 cells have the ability 
to support their own growth in culture in the absence of serum through ectopic fe-
tuin-A synthesis [28]. Reduction of cellular fetuin-A levels via knockdown of its 
ectopic production or by asialofetuin treatment (which attenuated fetuin-A upta-
ke) triggered senescence in LN229 cells, thus identifying a new potential thera-
peutic approach. 

BcL11B KNOCKDOWN
B cell CLL/lymphoma 11B (Bcl11b) is a C2H2 zinc finger transcription factor 

that was found to be upregulated in glioma cells [22]. The study by Liao et al. has 
showed that Bcl11b knockdown repressed growth and induced positive SaβGal 
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staining in U87 and U251 GBM cell lines [22]. This effect was accompanied by 
p21 upregulation and downregulation of the Sox-2 gene and Bmi-1 protein. 

MCL1 SILENCING
siRNA-mediated silencing of the myeloid cell leukiemia-1 (MCL1) gene in pa-

tient-derived glioblastoma cell lines was found to decrease the expression of Bcl-2, 
Bmi-1, Akt, and PI3K and to increase Bax and PTEN expression [56]. Furthermore, 
it inhibited cell proliferation as well as induced apoptosis and senescence, although 
only 14.26% of MCL1 silenced cells expressed positive SaβGal staining.

14-3-3β DEPLETION
14-3-3β is a 14-3-3 scaffolding protein isoform and its expression in astrocy-

tomas correlates with malignancy grade [39]. 14-3-3β depletion by siRNA gene 
silencing managed to induce senescence in U87 and A172 GBM cells. This effect 
was accompanied by an upregulation in p27 expression, while the expression of 
other cell cycle regulators remained unchanged [39].

THE DARK SIDE OF GLIOBLASTOMA SENESCENCE 
AND POTENTIAL WAYS TO COUNTER IT

It is now clear that the induction of senescence may be a double-edged sword: 
while on one hand, cancer cells growth arrest and the secretion of some SASP cy-
tokines is certainly beneficial, there is increasing evidence that senescence plays an 
important part in tumor recurrence and long-term adverse effects of chemotherapy 
[40, 7]. In glioblastoma, its deleterious consequences may be especially important, 
since both TMZ treatment [1] and radiotherapy [18, 60] (i.e. standard clinical GBM 
treatment) are known to induce senescence. IL-6 and IL-8 secretion was signifi-
cantly increased in TMZ [18, 1, 60]- and radiotherapy-induced senescent cells. 
Moreover, a study on U87MG and LN229 murine xenograft models revealed that 
radiotherapy-induced senescent cells stimulated vascular formation and recruitment 
of Ly6G+ inflammatory cells, which in turn promoted the conversion of glioblasto-
ma cells to glioblastoma stem cells through the NOS2-NO-ID4 axis [17]. A study 
by Jeon et al. reports that co-injection of irradiated and non-irradiated GBM cells 
into immuno-deficient mice resulted in faster tumor growth when compared to non-
-irradiated U87MG and LN229 control samples [18]. In all of the papers discussed 
above, SASP expression was correlated with NFκB activation.

Furthermore, glioma stem cells cultured in neurospheres were observed to dif-
ferentiate into non-stem glioma cells (NSGCs) in the presence of serum. Those NS-
GCs subsequently entered senescence and started secreting pro-inflammatory and 
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pro-angiogenic factors [29] (VEGF-C, VEGF-A, IL-6, IL-8). As senescent NSGCs 
were also detected in a mouse xenograft model, it is likely that they are clinically 
relevant and may promote glioblastoma progression. Finally, extracellular vesicles 
isolated from patient-derived GBM stem cells induced changes in gene expression 
of human astrocytes that may be indicative of pro-oncogenic SASP acquisition [12].

All of those studies highlight the important role senescence seems to play in 
glioblastoma pathophysiology, irrespective of whether we actively try to indu-
ce it or not. We should therefore seek ways to counter those adverse effects of 
senescence, preferably while simultaneously preserving desired ones. There are 
currently two strategies under investigation: senolysis and SASP-reprogramming 
[40, 7]. Although the literature on these topics is growing, it is still scarce, espe-
cially concerning glioblastoma specifically. 

The concept of two-step senescence-focused cancer therapy is to follow up 
pro-senescence chemotherapy with senolytic therapy which aims to target sene-
scent cells specifically [40]. It should, in theory, take advantage of beneficial, 
short-term senescence effects while evading detrimental long-term consequences. 
Step one – the induction of senescence in glioblastoma cells – has been exten-
sively reviewed earlier in this paper. As for step two, a study by Sulli et al. fo-
und that circadian clock nuclear receptors REV-ERBα and REV-ERBβ agonists 
SR9009 and SR9011 were lethal to cancer cells and senescent cells, including 
GBM cells, while normal cells were spared [45]. In a murine model, they im-
paired GBM growth and improved survival without notable toxic effects, which 
presents a very interesting therapeutic opportunity. Another paper showed that 
TMZ-induced senescence was significantly reduced in LN229 and A172 cells 
when they were post-treated with artesunate, while the number of apoptotic cells 
increased, suggesting ART might exert a senolytic effect [6], although the subject 
deserves further study. 

The other approach – SASP reprogramming – seeks to attenuate the adverse ef-
fects of senescence by reducing the secretion of pro-oncogenic SASP molecules [7]. 
Two studies report that ginsenosides, F1 and Rg3, suppress IL-6 and IL-8 secretion 
by senescent astrocytes [15, 14]. In both cases the effect was accompanied by sup-
pression of p-38MAPK activity and a reduction in NFκB nuclear translocation.

CONCLUSIONS

In the last few years, there has been a substantial increase in our understan-
ding of the role senescence plays in glioblastoma and of senescence in general. 
We now know many more senescence-inducing compounds, a few of them cur-
rently in clinical trials, and some yet untested targets for pharmacological action. 
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However, with the emergence of SASP and senescence as likely co-culprits of 
glioblastoma recurrence, it now seems likely that successful glioblastoma therapy 
will require further study of various ways to combat the deleterious effects of se-
nescence, such as SASP reprogramming or senolytic therapy. 
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