
1 
 

Eukaryotic initiation factor 5B (eIF5B) regulates temozolomide-mediated apoptosis in brain 1 

tumor stem cells (BTSCs).  2 

 3 

Authors and Affiliations: Joseph A. Ross1, Bo Young Ahn3, Jennifer King3, Kamiko R. Bressler1. 4 

Donna L. Senger3,4,5, Nehal Thakor1, 2, 3* 5 

1 Alberta RNA Research and Training Institute (ARRTI), Department of Chemistry and 6 

Biochemistry, University of Lethbridge, Lethbridge, Alberta, Canada. 7 

2 Canadian Centre for Behavioral Neuroscience (CCBN), Department of Neuroscience, University 8 

of Lethbridge, Lethbridge, Alberta, Canada. 9 

3 Arnie Charbonneau Cancer Institute, Cumming School of Medicine, University of Calgary, 10 

Calgary, Alberta, Canada. 11 

4 Clark H. Smith Brain Tumour Centre, University of Calgary, Calgary, Alberta, Canada. 12 

5 Department of Oncology, University of Calgary, Calgary, Alberta, Canada. 13 

 14 

Author Contributions: Joseph Ross: Conception and design, collection and assembly of data, 15 

data analysis and interpretation, manuscript writing. Bo Young Ahn and Jennifer King: Provision 16 

of expertise and protocols for working with BTSCs. Kamiko Bressler: Collection and assembly of 17 

data, manuscript editing. Donna Senger: Conception, Provision of study materials. Nehal Thakor: 18 

Conception and design, financial support, final approval of the manuscript.   19 

 20 

*Corresponding Author: Nehal Thakor, Ph.D., University of Lethbridge, 4401 University Drive 21 

W, Lethbridge, Alberta, T1K 3M4, Canada, Phone: 403-317-5055, Email: nthakor@uleth.ca 22 

 23 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by OPUS: Open Uleth Scholarship - University of Lethbridge Research Repository

https://core.ac.uk/display/346635199?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


2 
 

Abstract 24 

Glioblastoma multiforme (GBM) is among the deadliest cancers, owing in part to complex inter- 25 

and intra-tumor heterogeneity and the presence of a population of stem-like cells called brain tumor 26 

stem cells (BTSCs/BTICs). These cancer stem cells survive treatment and confer resistance to the 27 

current therapies—namely, radiation and the chemotherapeutic, temozolomide (TMZ). TMZ 28 

induces cell death by alkylating DNA, and BTSCs resist this mechanism via a robust DNA damage 29 

response. Hence, recent studies aimed to sensitize BTSCs to TMZ using combination therapy, such 30 

as inhibition of DNA repair machinery. We have previously demonstrated in established GBM 31 

cell lines that eukaryotic initiation factor 5B (eIF5B) promotes the translation of pro-survival and 32 

anti-apoptotic proteins. Consequently, silencing eIF5B sensitizes these cells to TRAIL-induced 33 

apoptosis. However, established cell lines do not always recapitulate the features of human glioma. 34 

Therefore, we investigated this mechanism in patient-derived BTSCs. We show that silencing 35 

eIF5B leads to increased TMZ sensitivity in two BTSC lines, BT25 and BT48. Depletion of eIF5B 36 

decreases levels of anti-apoptotic proteins in BT48 and sensitizes these cells to TMZ-induced 37 

activation of caspase-3, cleavage of PARP, and apoptosis. We suggest that eIF5B represents a 38 

rational target to sensitize GBM tumors to the current standard-of-care.     39 
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Introduction 47 

Glioblastoma multiforme (GBM) is the most lethal form of brain tumour in adults, with a 48 

median survival of just 15 months (Stupp et al. 2005). Several factors—including complex tumour 49 

heterogeneity and a sub-population of stem-like glioma cells, termed brain tumour stem cells 50 

(BTSCs) (Cusulin et al. 2015; Kelly et al. 2009)—promote resistance to conventional therapies, 51 

including radiotherapy and the standard-of-care chemotherapeutic agent temozolomide (TMZ) 52 

(Bao et al. 2006; Salmaggi et al. 2006). TMZ is an alkylating agent that produces toxic methyl 53 

adducts at O6-guanine, leading to activation of the mismatch repair pathway and ultimately, lethal 54 

DNA breaks (Mojas et al. 2007). Intrinsic TMZ resistance is primarily mediated by O6-55 

methylguanine-DNA methyltransferase (MGMT), which removes the methyl adducts from the 56 

DNA (Kitange et al. 2009). Other mechanisms for resistance to alkylating agents include base-57 

excision repair and homologous recombination (Gil Del Alcazar et al. 2016; Trivedi et al. 2005). 58 

In preclinical studies, combination therapy has been shown to improve the efficacy of TMZ by 59 

overcoming these resistance mechanisms (Lun et al. 2016; Yuan et al. 2018).  60 

We have previously shown that in established GBM cell lines, eIF5B is required for 61 

optimal translation of anti-apoptotic and pro-survival proteins from internal ribosome entry site 62 

(IRES)-encoding mRNAs, including X-linked inhibitor of apoptosis (XIAP), B-cell lymphoma 63 

extra-large (Bcl-xL), cellular inhibitor of apoptosis protein 1 (cIAP1), and the short isoform of 64 

cellular FLICE-like inhibitory protein (c-FLIPS) (Ross et al. 2019). Consequently, depletion of 65 

eIF5B by RNAi sensitizes these cells to TNF-related apoptosis-inducing ligand (TRAIL), 66 

enhancing apoptosis by a caspase-8/9-dependent pathway (Ross et al. 2019). As both extrinsic (i.e. 67 

receptor mediated) and intrinsic (i.e. DNA damage-mediated) apoptotic pathways converge on 68 

caspases-9, we reasoned that eIF5B depletion would also sensitize GBM cells to TMZ. As 69 
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established cell lines do not always recapitulate the features of human glioma, we investigated this 70 

mechanism in patient-derived BTSCs. We show here that siRNA-mediated depletion of eIF5B 71 

sensitizes two BTSC lines, BT25 and BT48, to TMZ. We show in BT48 cells that silencing eIF5B 72 

leads to enhanced TMZ-mediated activation of caspase-3, cleavage of PARP, and apoptosis. 73 

Moreover, eIF5B depletion in these cells leads to modestly decreased levels of XIAP and cIAP1, 74 

and substantially decreased levels of Bcl-xL and c-FLIPS proteins. We suggest that eIF5B 75 

represents a novel target to sensitize BTSCs to temozolomide.  76 

 77 

Materials and Methods 78 

 79 

Cell culture, transfection, and reagents 80 

BT48 (previously called 48EF) and BT25 (previously called 25M) have been previously described 81 

(Sarkar et al. 2014). Cells were cultured in serum-free media supplemented with epidermal growth 82 

factor, fibroblast growth factor, and heparan sulphate in a humidified incubator (37ºC, 5% CO2) 83 

as described elsewhere (Kelly et al. 2009). To propagate these cells in monolayer, cells were 84 

dissociated with Accutase (Innovative Cell Technologies, San Diego, USA) and seeded into plates 85 

coated with laminin (Millipore Sigma, Toronto, Canada) at 1 µg/cm2. U343 cells were propagated 86 

in Dulbecco’s high modified Eagle’s medium (DMEM, HyClone, Logan, USA) with 4 mM L-87 

glutamine, 4500 mg/L glucose, and 1 mM sodium pyruvate supplemented with 10% fetal bovine 88 

serum (Gibco, Waltham, USA) and 1% penicillin-streptomycin (Gibco). Transfections were 89 

carried out using Opti-MEM (Gibco) and Lipofectamine RNAiMAX (Invitrogen, Madison, USA) 90 

according to manufacturer’s instructions. Non-specific control siRNA and siRNAs targeting 91 
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eIF5B (HSS114469/70/71) were obtained from Qiagen (Hilden, Germany) and Invitrogen, 92 

respectively. TMZ was obtained from Active Biochem Ltd (Hong Kong, China).    93 

 94 

Immunoblotting 95 

Cells were seeded at 400,000 cells/well in 6-well plates, incubated 24 hours, and forward 96 

transfected. After a further 24 hours, TMZ or DMSO (vehicle control) were added where indicated. 97 

After a final 72 hours, cells were harvested, and immunoblotting was performed as previously 98 

described (Ross et al. 2019).  99 

 100 

In vitro viability assay 101 

Cells were seeded at 13,000 cells/well in 96-well plates, incubated 24 hours, and forward 102 

transfected. After a further 24 hours, cells were treated with a vehicle control (DMSO) or TMZ. 103 

Where indicated, cells were pre-treated for 2 hours with z-VAD-fmk (R & D Systems, 104 

Minneapolis, USA) or Necrostatin-1 (Millipore-Sigma) before adding TMZ. After a further 96 105 

hours, cell viability was determined by alamarBlue assay (resazurin sodium salt; Sigma-Aldrich, 106 

Oakville, Canada) as previously described(Ross et al. 2019). 107 

  108 

Microscopy 109 

Cells were grown and treated the same as immunoblotting, except that instead of harvesting, a 110 

general DNA stain (1 µg/mL Hoechst 33342; Thermo Scientific, Waltham, USA) was added to 111 

the cells. After a 30-minute incubation, the cells were imaged in a Cytation 5 plate imager (BioTek, 112 

Winooski, USA). For fluorescence microscopy, cells were imaged using a DAPI filter to analyze 113 
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Hoechst-stained nuclear DNA. The percent of Hoechst-stained nuclei per field-of-view 114 

demonstrating fragmentation were quantified using the onboard Cytation 5 analysis software.    115 

 116 

Statistical analyses 117 

All quantitative data represent the mean ± standard error on the mean (SEM) for at least 3 118 

independent biological replicates. Statistical significance was determined by an unpaired, two-119 

tailed t-test. The significance level was set at a p-value of 0.05. Data were analyzed using 120 

GraphPad Prism, version 8. 121 

 122 

Bioinformatics analyses 123 

Kaplan-Meier survival curves were plotted using PROGgeneV2-Prognostic database 124 

(http://watson.compbio.iupui.edu/chirayu/proggene/database/?url=proggene) (Goswami and 125 

Nakshatri 2014). EIF5B mRNA levels across 20 cancer types were examined in The Cancer 126 

Genome Atlas (TCGA) cBioportal (http://www.cbioportal.org/) (Cerami et al. 2012).  127 

 128 

 129 

Results 130 

 131 

Depletion of eIF5B enhances TMZ-induced apoptosis in BTSCs. 132 

We have previously demonstrated that depletion of eIF5B leads to increased apoptosis in GBM 133 

cell lines (Ross et al. 2019). However, established cell lines do not always recapitulate the features 134 

of human glioma. We therefore tested whether eIF5B depletion has a similar effect in BTSC cell 135 

lines (BT48 and BT25), which normally grow as neurospheres in liquid suspension (Figure 1A). 136 
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In order to deplete eIF5B by RNAi, we grew BT48 or BT25 cells in a monolayer on laminin-137 

coated plates as previously described (Pollard et al. 2009), before transfecting with a non-specific 138 

control siRNA or a pool of eIF5B-specific siRNAs. We successfully depleted levels of the eIF5B 139 

protein by ~90% in both cell lines, leading to no significant effect on alamarBlue activity (Figure 140 

1B). We next tested whether eIF5B depletion increases the sensitivity of BTSCs to a frontline 141 

therapeutic agent, TMZ. We measured the effects of various concentrations of TMZ on control or 142 

eIF5B-depleted BT25 or BT48 cells by alamarBlue assay. Indeed, silencing eIF5B decreased the 143 

IC50 of TMZ approximately 3- and 2-fold in BT25 and BT48, respectively (Figure 1C, D). 144 

Moreover, pre-treatment of the cells with a pan-caspase inhibitor (z-VAD-fmk) prevented the 145 

enhancement of TMZ sensitivity by eIF5B depletion, consistent with apoptotic cell death; 146 

conversely, the TMZ sensitivity phenotype was not reversed by a RIP1-kinase inhibitor 147 

(Necrostatin-1), indicating that eIF5B does not affect the ability of TMZ to induce necroptosis 148 

(Figure 1E).  149 

To confirm that decreased alamarBlue activity is due to increased apoptosis, we performed 150 

a series of microscopy experiments in BT48. First, brightfield microscopy confirmed that TMZ-151 

treated, eIF5B-silenced BT48 cells grew to a lower density compared to untreated control cells 152 

(Figure 2A, left panels). Moreover, the combination of eIF5B depletion and TMZ treatment led to 153 

an altered cell morphology (Figure 2A, left panels). Specifically, a large proportion of the cells 154 

shrank and became rounded, as opposed to the elongated adherent cells observed for untreated 155 

control cells. Consistent with apoptotic cell death, Hoechst live-cell nuclear staining revealed 156 

increased nuclear fragmentation and condensation in TMZ-treated, eIF5B-depleted cells (Figure 157 

2A, middle and right panels, and Figure 2B). Finally, we observed a significant increase in cleaved 158 

caspase-3 and cleaved PARP in eIF5B-depleted, TMZ-treated cells (Figure 2C-F). Moreover, 159 
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depletion of eIF5B did not lead to decreased levels of the stemness marker, SRY-box 2 (SOX2), 160 

indicating that stemness was maintained in BT48 upon silencing eIF5B (Figure 2C). Taken 161 

together, the data indicate that depletion of eIF5B enhances sensitivity of BT48 cells to TMZ-162 

induced apoptosis.  163 

 164 

Depletion of eIF5B leads to reduced levels of anti-apoptotic proteins in BTSCs.   165 

We have previously demonstrated that depletion of eIF5B leads to decreased translation of anti-166 

apoptotic proteins in GBM cell lines (Ross et al. 2019). We therefore tested whether silencing 167 

eIF5B decreases the expression of such proteins in BT48 cells. Indeed, depletion of eIF5B lead to 168 

a modest but significant reduction in the levels of XIAP, cIAP1, and c-FLIPL, and a more robust 169 

reduction (~2-fold) in Bcl-xL and c-FLIPS levels (Figure 3). This indicates that, consistent with 170 

our previous findings, eIF5B is important for the optimal expression of anti-apoptotic proteins.       171 

 172 

Discussion 173 

 174 

We show in this work that eIF5B depletion leads to decreased anti-apoptotic protein 175 

expression and increased TMZ sensitivity in BT48 BTSCs. Our findings are consistent with a 176 

recent body of work suggesting that eIF5B is involved in regulating pro-growth pathways (Jiang 177 

et al. 2016), central carbon metabolism and hypoxia adaptation of glioblastoma (Ho et al. 2018), 178 

and non-canonical translation by IRES- and uORF-mediated mechanisms (Joseph A. Ross 2018; 179 

Ross et al. 2019; Thakor and Holcik 2012).  180 

Notably, the effects of eIF5B depletion on Bcl-xL and c-FLIPS levels were larger in 181 

magnitude than those observed for XIAP, cIAP1 and c-FLIPL (Figure 3). It is not surprising that 182 
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c-FLIPL levels decreased modestly upon eIF5B depletion, as we previously observed a similar 183 

phenotype in an established GBM cell line (U343) which we attributed to the lack of an IRES 184 

element in c-FLIPL (Ross et al. 2019). XIAP is translated from two alternative transcripts, only 185 

one of which encodes an IRES; as we have previously demonstrated that eIF5B is important for 186 

IRES-dependent translation of XIAP (Thakor and Holcik 2012), this could explain the relatively 187 

modest drop in XIAP levels reported here. Members of the inhibitor of apoptosis protein (IAP) 188 

family (e.g. XIAP, cIAP1) function as competitive inhibitors of caspases (Roy et al. 1997). XIAP, 189 

the most potent of the IAPs, plays a key role in suppressing the activity of caspase-9 and the 190 

executioner caspases (Silke and Meier 2013). Bcl-xL inhibits pore formation by Bim, Bid, Bax, 191 

and Bak, which would otherwise cause mitochondrial outer membrane permeabilization (MOMP) 192 

(Lomonosova and Chinnadurai 2008). c-FLIP is expressed in humans as a short isomer (c-FLIPS) 193 

and a long isomer (c-FLIPL), both of which can inhibit caspase-8 activation by death receptors 194 

(Safa 2013).  195 

Depletion of eIF5B did not lead to decreased levels of SOX2, a transcription factor 196 

essential for self-renewal or pluripotency (Figure 2C). The effect of eIF5B depletion on TMZ 197 

sensitivity in BTSCs is therefore unlikely due to any loss of stemness. The robust levels of SOX2 198 

detected here are in line with Pollard et al. (2009), who demonstrated that glioma stem cells 199 

expanded in adherent culture on laminin-coated plates recapitulated the features of neural stem 200 

cells—including the expression of stemness markers like SOX2 (Pollard et al. 2009).     201 

 Importantly, the increase in TMZ sensitivity upon eIF5B depletion was prevented by z-202 

VAD-fmk but not by Necrostatin-1, suggesting that eIF5B promotes resistance to caspase 203 

activation (Figure 1E). This notion was supported by microscopy, which indicated increased 204 

nuclear condensation and fragmentation—indicative of apoptotic cell death (Tsujimoto 2012)—in 205 
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TMZ-treated, eIF5B-depleted BT48 cells (Figure 2A). We also observed significantly increased 206 

caspase-3 activation and PARP cleavage upon eIF5B depletion (Figure 2C). Notably, we used an 207 

antibody specific for the 89 kDa C-terminal fragment of PARP classically generated by caspase-3 208 

cleavage (Chaitanya et al. 2010). Cleavage of PARP by caspases separates its catalytic domain 209 

from its DNA-binding domain, attenuating DNA repair (Chaitanya et al. 2010). Interestingly, the 210 

PARP cleavage observed here did not depend entirely upon TMZ treatment, as eIF5B depletion 211 

also enhanced PARP cleavage in the absence of TMZ (Figure 2C). This suggests that eIF5B 212 

protects PARP from cleavage resulting from a pro-apoptotic stimulus besides TMZ. We previously 213 

demonstrated that eIF5B depletion leads to decreased levels of the master regulator of oxidative 214 

stress response, NRF2, leading to increased ROS accumulation in an established GBM cell line 215 

(Ross et al. 2019). It is possible that eIF5B depletion has a similar effect in BT48. Increased 216 

oxidative stress would cause increased MOMP and, hence, increased caspase activation (Sinha et 217 

al. 2013), which would be further enhanced by decreased levels of Bcl-xL and other anti-apoptotic 218 

proteins. Thus, we propose that eIF5B depletion sensitizes BT48 cells to intrinsic apoptosis 219 

stimulated by TMZ-induced DNA damage due to decreased levels of anti-apoptotic proteins. 220 

Moreover, the increased cleavage of PARP would lead to a less robust repair response to the DNA 221 

damage caused by TMZ. 222 

Transcript levels are routinely measured from tumors and are corelated with patient 223 

survival. In line with this notion, using The Cancer Genome Atlas (TCGA) data, Yi et al. (2018) 224 

correlated decreased levels of EIF5B mRNA with worse outcome for patients with glioblastoma 225 

(Yi et al. 2018). eIF5B at the protein level does not work alone, and its dynamic interactions with 226 

eIF1A, eIF2A, and eIF5 play a critical role in regulating non-canonical translation (Kim et al. 227 

2018; Lin et al. 2018; Nag et al. 2016). For example, eIF5B interacts with eIF1A to stabilize 228 
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initiator tRNA into the ribosome (Lin et al. 2018; Nag et al. 2016). Its interaction with eIF5 229 

regulates the displacement of initiator tRNA from ternary complex (eIF2-GTP-Met-tRNAi). 230 

However, eIF1A and eIF5 have conserved eIF5B-binding sequences and they compete to bind to 231 

eIF5B (Lin et al. 2018). Moreover, eIF2A (not to confuse with eIF2α) binds and cooperates with 232 

eIF5B to deliver initiator tRNA to the ribosome, specifically during IRES-mediated translation 233 

initiation (Kim et al. 2018). We have demonstrated that the stoichiometry between eIF5B and its 234 

interacting partner(s) is critical for uORF-mediated non-canonical translation initiation (Joseph A. 235 

Ross 2018). These findings suggest that eIF5B is a critical scaffolding protein for regulating non-236 

canonical translation initiation via its dynamic interactions with eIF1A, eIF2A, and eIF5. 237 

Therefore, EIF5B mRNA levels alone should not be used as a prognostic marker for GBM patient 238 

survival. To this end, we have looked at the association between ratios of EIF5B/EIF2A, 239 

EIF5B/EIF1AX, and EIF5B/EIF5 mRNAs and overall survival of GBM patients using various 240 

patient cohorts (Supplemental Figure S1). These data suggest that higher levels of EIF5B mRNA 241 

over EIF1AX, EIF2A, and EIF5 was correlated with worse patient outcomes. Further, Yi et al. 242 

(2018) also showed that eIF5B levels decrease in TMZ-treated U87 cells. Moreover, our data 243 

suggest that EIF5B is not lost in GBM (Supplemental Figure S2), in fact, eIF5B protein levels are 244 

modestly enhanced in TMZ-treated U343 cells and brain tumor initiating cells (BTICs) 245 

(Supplemental Figure S3 and Figure 2D, respectively). Additionally, the ratios of eIF5B/eIF1A, 246 

eIF5B/eIF5, and eIF5B/eIF2A proteins are also modestly enhanced (Supplemental Figure S3) 247 

under TMZ treatment in U343 cells. It is known that TMZ-mediated genotoxic stress induces the 248 

production of reactive oxygen species (ROS) (Jiang et al. 2012; Lee et al. 2014) that leads to eIF2α 249 

phosphorylation (Supplemental Figure S3). TMZ enhances the unfolded protein response (UPR) 250 

in GBM cells (Jiang et al. 2012; Lee et al. 2014; Yuan et al. 2012; Zeeshan et al. 2016). Under this 251 
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condition canonical translation would be attenuated due to eIF2α phosphorylation. However, the 252 

enhanced levels of eIF5B would execute the switch from canonical to non-canonical translation 253 

and would likely support the cell survival by facilitating non-canonical translation XIAP, Bcl-xL, 254 

cIAP1, and cFLIPs. Interestingly, eIF5B depletion leads to downregulation of these anti-apoptotic 255 

proteins and sensitizes GBM cells to pro-apoptotic agents. Therefore, in contrast to Yi. G. Z., et 256 

al. (2018), our data warrants a study on validating eIF5B as a therapeutic target for GBM tumors.      257 
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 408 

 409 

 Figure Captions 410 

 411 

Figure 1. Depletion of eIF5B sensitizes BTSCs to TMZ. (A) BT25 and BT48 neurospheres were 412 

grown for 1 week in liquid suspension and imaged at 10x magnification. (B-D) BT25 or BT48 413 

cells were transfected with a non-specific control siRNA (siC) or an eIF5B-specific siRNA pool 414 

(si5B) and treated with a vehicle control (0.5% DMSO) or various concentrations of TMZ. 415 

AlamarBlue activity was measured after a further 96 hours. In (C) and (D), the resulting 416 

fluorescence readings are expressed as percent alamarBlue activity, where the readings for control 417 

or eIF5B-depleted cells were each normalized to the vehicle treatment. (E) Control or eIF5B-418 

depleted BT48 cells were pre-treated with a vehicle control (0.5% DMSO), z-VAD-fmk (20 µM), 419 

or Necrostatin-1 (100 µM) for 2 hours before adding 62.5 µM TMZ or a further 0.5% DMSO 420 

(vehicle control). Data are expressed as mean ± SEM for three independent biological replicates. 421 

*, p < 0.05; **, p < 0.01. 422 

 423 

 424 

Figure 2. Depletion of eIF5B enhances TMZ-induced apoptosis. (A) Control or eIF5B-depleted 425 

BT48 cells were treated with 62.5 µM TMZ or a vehicle control (0.5% DMSO) for 24 hours and 426 

stained with Hoechst 33342 for 30 minutes. The cells were then imaged at 20x magnification (left) 427 

by brightfield microscopy, or at 20x magnification (middle) and 40x magnification (right) by 428 

fluorescence microscopy to image DNA (blue). Images from a representative experiment are 429 

shown in the left and middle panels; images from a separate experiment are shown in the right 430 
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panels. (B) The percent of Hoechst-stained nuclei per field-of-view demonstrating fragmentation 431 

were quantified using the onboard Cytation 5 analysis software. The percent of Hoechst-stained 432 

nuclei from (A) displaying fragmentation (white arrows) were quantified. (C-F) Control or eIF5B-433 

depleted BT48 cells were treated with 62.5 µM TMZ or a vehicle control (0.5% DMSO) for 72 434 

hours, harvested in RIPA lysis buffer, and 30 µg of total protein resolved by SDS-PAGE before 435 

performing immunoblotting. (C) Representative immunoblots probing for eIF5B, caspase-3 (Pro-436 

Cas-3), cleaved caspase-3 (Cas-3), cleaved PARP (Clv PARP), SOX2 (n=1), and β-actin (internal 437 

control). (D-F) Quantitation of eIF5B (D), cleaved- versus pro-caspase-3 (E), or cleaved PARP 438 

(F), all normalized to β-actin. Data are expressed as mean ± SEM for three independent biological 439 

replicates. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001. 440 

 441 

 442 

Figure 3. Depletion of eIF5B leads to decreased levels of anti-apoptotic proteins. Control or 443 

eIF5B-depleted cells were harvested in RIPA lysis buffer and 25 µg of total protein resolved by 444 

SDS-PAGE before performing immunoblotting. (A) Representative images of immunoblots 445 

probing for eIF5B, XIAP, cIAP1, Bcl-xL, c-FLIPL, c-FLIPS, or β-actin (internal control). (B) 446 

Quantitation of eIF5B, XIAP, cIAP1, Bcl-xL, c-FLIPL, or c-FLIPS, all normalized to β-actin. Data 447 

are expressed as mean ± SEM for three (cIAP1, c-FLIPS, c-FLIPL) and four (eIF5B, XIAP, Bcl-448 

xL) independent biological replicates. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001. 449 

 450 
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EIF5B/EIF1AX EIF5B/EIF2A

EIF5B/EIF2A EIF5B/EIF5

EIF5B/EIF5 EIF5B/EIF5

Supplemental Figure S1: We have looked at the association between ratios of EIF5B/EIF2A,
EIF5B/EIF1AX, and EIF5B/EIF5 mRNAs and overall survival of GBM patients using various patient
cohorts. These data suggest that higher levels of EIF5B mRNA over EIF1AX, EIF2A, and EIF5 were
correlated with worse patient outcomes.



Supplemental Figure S2: Increasing median expression of EIF5B mRNA in various cancer
types, suggesting that EIF5B is not lost in GBM.
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Supplemental Figure S3: The protein level of eIF5B modestly increases in TMZ-treated U343
cells. The ratios of eIF5B/eIF1A, eIF5B/eIF2A, and eIF5B/eIF5 are modestly enhanced upon
TMZ treatment. U343 cells were treated with 250 µM TMZ for 24 hours, harvested in RIPA lysis
buffer and 25 µg of total protein was resolved by SDS-PAGE before performing immunoblotting.
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