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ABSTRACT 

Oral squamous cell carcinoma (OSCC) is a common malignancy of the mucosal epithelium 

affecting ~600,000 patients a year. Patient prognosis remains poor despite improvements in the 

therapeutic regime. Therefore, new therapeutic targets must be identified that improve the 

current standard of care. Regulation of mRNA translation plays a critical role in oncogenesis and 

cancer progression. Particularly, the IRES-mediated non-canonical translation of distinct mRNAs 

has been implicated in tumorigenesis. Eukaryotic initiation factor 5B (eIF5B) is a key factor that 

drives IRES-mediated translation of distinct anti-apoptotic proteins and is implicated in the 

pathophysiology of several malignancies. Single-cell RNAseq data analysis demonstrated that 

EIF5B is predominantly expressed in cancer cells compared to other cells in the tumor 

microenvironment. Further bioinformatic analyses revealed that higher EIF5B mRNA is 

correlated with poor patient prognosis for OSCC patients. Therefore, we aimed to establish the 

pre-clinical rationale for eIF5B as a therapeutic target for OSCC. Cell viability data suggested 

that RNAi-mediated eIF5B depletion significantly increased OSCC cell death under TRAIL 

treatment. eIF5B depletion also resulted in decreased levels of multiple antiapoptotic proteins. 

Bromodeoxyuridine (BrdU) incorporation, invasion, and wound healing assays suggested eIF5B 

depletion hinders proliferation, invasion and migration phenotypes, respectively. Western blot 

analysis revealed that proteins involved in ERK and NF-κΒ signalling, VEGF and HIF-1α, 

decreased upon eIF5B depletion. eIF5B depletion also resulted in the decrease of angiogenic 

biomarkers and endothelial tube formation, suggesting a role of eIF5B depletion in decreasing 

the angiogenic capability of OSCC cells. Stable eIF5B depletion was achieved with the use of 

shRNA. Under these conditions, eIF5B depletion increased cell death in the presence of 

cisplatin. Decreased invasion phenotypes were also observed using shRNA-mediated 
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knockdown, setting up the pipeline to transition experiments into preclinical mouse models. 

Thus, my work has a strong potential to establish eIF5B as a therapeutic target for OSCC 

treatment. 
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Investigating the role of eukaryotic initiation factor 5B (eIF5B) in oral squamous cell carcinoma 
Introduction  
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Introduction 

1.1 Overview of OSCC 

 Oral squamous cell carcinoma (OSCC) is the most common cancer of head and neck 

malignancies, accounting for up to 90% of cancers in the oral cavity (Pires et al, 2013, Yang et 

al, 2023, Cui et al, 2023, Rahadiani et al, 2023). OSCC affects approximately 600,000 patients 

per year 1, with about 30,000 people diagnosed in North America each year 2 3,4.  OSCC 

occurrences are found in the tongue, tonsils, floor of the mouth, and soft palate (Figure 1.1) 

(Anwar et al, 2020, Pires et al, 2013). Key risk factors associated with OSCC include tobacco 

use, alcohol consumption, exposure to carcinogens, heritable predisposition, diet and human 

papillomavirus (HPV) infection (Nokovitch et al, 2023, Palve et al, 2018, Wu et al, 2022) 3. 

OSCC tumors are heterogeneous with six different variants recognized being classified according 

to aspects such as invasive margins, the ratio of keratinized cells, nuclear polymorphisms, the 

grade of cancer, and the intensity of inflammation 4. Continual exposure to these risk factors 

leads to genetic and epigenetic alterations, dysregulated tumor environment (eg, hypoxia) and 

improper activation of oncogenic pathways 3 

1.2 Clinical challenge in OSCC treatment 

OSCC is recognized as an aggressive cancer with a high mortality rate 3,5, ranging from 

10% in early stages to 70% in later stages 6. Treatment for OSCC includes a combination of 

therapy (Elsaady et al, 2023) of radiation (Lang et al, 2023) and surgical resection (Bajwa et al, 

2020). The prognosis for OSCC patients is unfavorable (Ferreira et al, 2021) and is dependent 

upon the anatomical location and metastasis status of cancer (Al-Rawi et al, 2023), and if it is 

HPV positive or negative, with HPV-positive cancers being associated with a better prognosis 7. 

Despite advances in treatment, the prognosis for OSCC remains unfavorable (Ferreira et al, 
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2021), with the 5-year survival rate estimated to be about 50% (Davaatsend et al, 2023). Given 

the poor outlook for patients, it is imperative that additional therapeutic targets be investigated. A 

key hallmark of many malignancies is the ability to resist and avoid apoptotic cell death with the 

aid of several different antiapoptotic proteins 8,9. Therefore, the ability to reduce and regulate the 

level of these antiapoptotic proteins serves as a valuable opportunity to identify such therapeutic 

targets.  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Figure 1.1. Visual schematic showing anatomical locations of OSCC. Image generated with 
BioRender 
 

1.3 An overview of apoptosis 

 

 Apoptosis is an intricate, preprogrammed cell death program whose function is to ensure 

homeostasis in multicellular organisms by eliminating damaged, obsolete, or potentially 
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dangerous cells 10-12. Apoptosis is activated by interaction with receptors on the cell surface, 

referred to as extrinsic apoptosis, or when pro-apoptotic proteins cause the permeabilization of 

the outer mitochondrial membrane, referred to as the intrinsic apoptotic pathway 12. 

1.3.1 Extrinsic apoptosis 

 Extrinsic apoptosis is initiated by the binding of a death receptor ligand to death receptors 

of the tumor necrosis factor (TNF) gene family such as tumor necrosis factor receptor 1 

(TNFR1), cluster of differentiation 95 (CD95), and TNF-related apoptosis-inducing ligand 

(TRAIL)-R1 and TRAIL-R2 13-16. Upon ligand binding (eg, tumor necrosis factor (TNF), Fas-L 

(Fas ligand), TRAIL), a multiprotein complex called death-inducing signaling complex (DISC) 

is formed, consisting of a Fas-associated death domain, procaspase-8, procaspase-10, and the 

antiapoptotic protein cellular FLICE-inhibitory protein (cFLIPs) 17-19. DISC dimerization causes 

the self-proteolysis of procaspase-8, releasing the activated caspase 8 into the cytosol 19,20, where 

it can cleave procaspase-3 and -7 into their active caspase form, leading to the induction of 

apoptosis 21. Another role of cytosolic caspase-8 is to cleave a BH3-only protein called Bid, 

allowing the truncated Bid (tBid) to translocate to the mitochondria 22, leading to activation of 

the Bcl-2 effectors BAX and BAK at the mitochondrial outer membrane 23,24. This leads to 

permeabilization of the mitochondrial membrane, allowing cytochrome c (Cyt C) and second 

mitochondrial-derived activators of caspases (SMACs) to enter the cytosol 19,25,26. SMACs 

inhibit inhibitor of apoptosis proteins (IAPs), allowing cytochrome c to form the apoptosome, 

which is a quaternary platform that activates procaspase-9 which then activates caspases -3,-6, 

and -7, leading to apoptotic cell death (Figure 1.2) 19,27.  

1.3.2 Intrinsic apoptosis 
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 Intrinsic apoptosis is triggered by various cellular stressors, such as DNA damage, 

hypoxia or cytotoxic drug treatment 19,28,29. These stressors stimulate an increase in p53 

production, resulting in increased Bax/Bak localization to the mitochondrial outer membrane and 

its subsequent polarization, leading to SMAC and cytochrome c release 19,28 and allowing the 

apoptosis pathway to proceed as described above (Figure 1.2). 

 

Figure 1.2. Visual schematic displaying the sequence of events in extrinsic and intrinsic 
apoptosis. Image generated with BioRender 
 
 
 
1.4 Role of antiapoptotic proteins in apoptosis 

 Apoptosis is a highly regulated process to ensure that is activated at appropriate times and 

is executed carefully and efficiently 30. One method of regulating apoptosis is with antiapoptotic 

proteins that aid in preventing extrinsic and intrinsic apoptosis. As mentioned above, cFLIP is an 

antiapoptotic protein found in two isoforms, a long isoform (cFLIPL) and a short isoform 

(cFLIPs), that is a component of the DISC and regulates extrinsic apoptosis 31. cFLIP is found 

overexpressed in many malignancies and functions by sterically inhibiting FAS associated death 
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domain protein (FADD), the activator of caspase-8 32,33. cFLIP has also been suggested to 

interact directly with caspase-8, caspase-10 and death receptor 5 (DR5) to aid in evasion of 

apoptosis 17. The cellular inhibitor of apoptosis protein 1 (cIAP1) is another antiapoptotic protein 

that aids in apoptotic resistance by competitively inhibiting the activation of caspases 34. X-

linked inhibitor of apoptosis (XIAP) is a multi-domain antiapoptotic protein that interacts with 

caspases 3,7, and 9 to inhibit the apoptotic cascade 35,36. Another antiapoptotic protein of note is 

B-cell lymphoma-extra large (Bcl-xL), a member of the Bcl-2 family located in the membrane 37. 

Bcl-xL sequesters pro-apoptotic members of the Bcl-2 family such as Bax and Bak 38; this 

inhibits cytochrome c and SMAC release from the mitochondria, thus preventing apoptosome 

formation and XIAP inactivation. 

1.5 Overview of invasion, migration, proliferation, and angiogenesis 

In addition to evading apoptosis, additional hallmarks of cancer formation and progression 

include evasion of growth suppression mechanism, establishing replicative immortality, 

sustained proliferative signalling, angiogenesis, and invasion and migration 39-41. Proliferation is 

a fundamental requirement for organismal growth and homeostasis which is tightly regulated 

through the progression of the cell cycle 42,43. Normal tissues tightly regulate production and 

release of pro-growth factors that guide cells through growth and division 41. Dysregulation of 

this process results in uncontrolled growth and cell division, a key step in tumor formation, 

particularly with the aid of increased production of growth factors that bind cell membrane 

receptors 41,44. Angiogenesis is the process by which vascular tissue is formed to provide cells 

with valuable nutrients and oxygen as well as remove wastes 41. Migration and invasion are the 

processes by which cells dissolve the surrounding extracellular matrix and spread into the 

surrounding tissue and/or distant sites, a process referred to as metastasis 45,46. A well 
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characterized event in the process of invasion and metastasis is a decrease in E-cadherin a 

molecule that aids in cell-cell adhesion 41. 

1.5.1 Overview of ERK signaling pathway 

A central signalling pathway whose aberrant regulation is known to drive invasion, migration, 

and proliferation is the extracellular signal-regulated kinase/mitogen-activated protein kinase 

(ERK/MAPK) pathway 47,48. This is a signalling pathway that is sequentially activated via 

phosphorylation 48. The binding of mitogens or growth factors to their cell membrane receptors 

(eg, epidermal growth factor receptor (EGFR), the canonical activator Ras-ERK signalling) 

results in their activation via phosphorylation forming phosphorylated EGFR (p-EGFR), leading 

to downstream activation of Ras and Raf, which in turn phosphorylate and activate ERK1/2, 

forming phosphorylated ERK (p-ERK1/2) 48-51. p-ERK 1/2 in turn aids in the activation of 

transcription factors such as ribosomal S6 kinases (RSK 1-4) 52 48,53. Another driver of 

proliferation to mention is hypoxia-inducible factor-1 alpha (HIF-1α), as it is stabilized in 

hypoxic environments and has been reported to support the adaptation of tumor cells to hypoxic 

environments, which has been reported in early tumor development 43,54. HIF-1α has also been 

detected in normoxic conditions in neuroblastoma cells where it was suggested to play a role in 

metabolic regulation to promote the viability of tumor cells 55. 

1.5.2 Overview of NF- kΒ signaling pathway 

Nuclear factor kappa B (NF-κB) is a protein transcription factor that modulates cellular 

activities whose aberrant activity has been linked to cancer 56. The NF-κB transcription factor 

family is composed of five proteins: p65, also called RelA, RelB, c-Rel, p105/50 (NF-κB1), and 

p100/52 (NF-κB2) 57. The NF-κB signalling pathway can occur via a canonical pathway or non-

canonical pathway 58. In the canonical pathway, p65/p50 heterodimers are crucial for the 
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transcriptional regulation of target genes 58. Under steady-state conditions, NF-κB is typically 

sequestered in the cytoplasm and is inhibited by an inhibitor of NF-κB (IκB) proteins 58,59. The 

canonical pathway can be activated by the binding of a diverse array of immune receptors 60. 

Ligand binding leads to the eventual degradation of IκΒ, resulting in NF-κB dimer activation via 

phosphorylation (p-NF-κB) and translocation to the nucleus 58.  

In non-canonical NF-κB signalling, the binding of ligands from a subset of the tumor 

necrosis factor receptor (TNFR) family leads to a signalling cascade in which activation of NF-

κB-inducing kinase (NIK) leads to the processing of p100 to p52; the p52/RelB dimers then 

translocate to the nucleus where they promote transcription of target genes 60,61. 

Constitutive NF-κB activity has been reported in multiple human cancers where it has 

been suggested to promote tumor cell proliferation, suppress apoptosis and facilitate invasion 62. 

NF-κB is also associated with angiogenesis, another hallmark of cancer in which the formation 

of new blood vessels plays a crucial role in tumor growth and invasion 62,63. In addition to NF-

κB, vascular endothelial growth factor (VEGF) is the most typical regulator of angiogenesis in 

tumors 63. There has been reported cross-talk between ERK and NF-κB signalling pathways. 

ERK activation has been associated with phosphorylation of p65, leading to its subsequent 

phosphorylation (p-NF-κB) and activation 64. VEGF, in addition to being a key promoter of 

angiogenesis, has been reported to activate ERK signaling 65 

 

1.6  Addressing the clinical challenge with mRNA translation machinery 

Aberrant mRNA translation has been strongly linked with oncogenesis and tumor progression 66-

68. Directly relevant to my research project, the expression of distinct anti-apoptotic proteins is 

regulated at the mRNA translation level 17,69,70, which in turn allows cancer cells to resist cancer 
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therapeutics 8. As the current standard of care for OSCC has limited success in the clinic71, the 

mRNA translation machinery may provide an opportunity to identify novel therapeutic targets 

for the treatment of OSCC 

 

1.7 Overview of translation and translation initiation 

Translation initiation, the process by which messenger RNA (mRNA) is translated from 

the nucleic acid code to the protein amino acid code, is a highly regulated and complex process, 

requiring the action of at least 12 different initiation factors 72. These initiation factors play key 

roles in the translation of mRNAs and are crucial components of several cell signalling pathways 

(Hinnebush et al, 2012, Hao et al, 2020). Under normal growth conditions eukaryotic cells 

mostly utilize a canonical translation initiation process (see below) (Sharma et al, 2016). 

However, under pathophysiological stress conditions, the canonical translation initiation is 

attenuated due to modifications of critical eukaryotic initiation factors (eIFs) 73,74. Importantly, 

certain mRNAs circumvent the global mRNA translation attenuation and continue to be 

translated via non-canonical translation mechanisms 73,75. These mRNAs can encode distinct cell 

survival proteins such as anti-apoptotic proteins. Thereby, the non-canonical translation process 

can provide critical cell survival advantages to the cell under pathophysiological stress 

conditions such as cancer. 

 

1.8 Canonical translation initiation 

 Canonical translation initiation, or cap-dependent translation is a complex process 

requiring more than 25 different proteins, including at least 12 initiation factors (Sharma et al, 

2016, Hinnebusch et al, 2012). Canonical translation initiation begins with the formation of the 
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eIF4F complex consisting of three different initiation factors: the cap-binding factor eIF4E, the 

scaffold protein eIF4G, and the eIF4A helicase onto the 5’m7G cap on mRNA (Sharma et al, 

2016). The ternary complex, consisting of eIF2, GTP and the met-tRNAi, interacting with the 

40S ribosomal subunit, is then brought to the 5’ mRNA end via connection with eIF4G. This 

connection is facilitated by eIF3 and assisted by eIF1A and eIF1 75, resulting in the formation of 

the 43S preinitiation complex (Sharma et al, 2016). The ternary complex then scans along the 

mRNA in search of an AUG start codon in the optimal context for translation to begin. This is 

obtained with the help of the eIF4A helicase, eIF1, eIF1A and eIF3 (Sharma et al, 2016). eIF1 

binds to the P site of the 40S subunit and prevents met-tRNAi incorporation into the P site during 

the scanning phase (Sharma et al, 2016, Yi et al, 2022). In addition to working together with 

eIF1A to facilitate the binding of the preinitiation complex onto the start codon, eIF1 also 

prevents premature GTP hydrolysis by eIF2α (Sharma et al, Yi et al, 2022). Upon binding to the 

optimal start codon, two additional initiation factors, eIF5 and eIF5B, mediate the hydrolysis of 

GTP by the GTPase eIF2α, causing the release of bound initiation factors (Sharma et al, 2016). 

This results in the start codon being placed in the P site with the initiator tRNA and allows the 

60S ribosomal subunit to bind with the aid of eIF5B, creating a functional 80S initiation complex 

that can proceed onto elongation (Sharma et al, 2016). To facilitate further initiation, an initiation 

factor named eIF2B recharges the spent GDP on eIF2α with GTP (Figure 1.3) (Sharma et al, 

2016).  
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Figure 1.3. Visual Schematic displaying the process of canonical translation initiation. Image 
generated with BioRender 
 
 
1.9 Shift from canonical translation initiation to non-canonical translation initiation and IRES 

elements 



  12 

Under conditions of stress, such as nutrient deprivation or hypoxia, the process of 

translation initiation undergoes a shift from canonical to non-canonical, or cap-independent 

translation initiation (Sharma et al, 2016). One of the key events causing the shift to non-

canonical translation initiation is the kinase-mediated phosphorylation of the initiation factor 

eIF2α, preventing the ability of eIF2α to deliver met-tRNAi to the 40S ribosome 76. This 

phosphorylation event leads to the halting of global protein synthesis and the activation of 

alternative translation mechanisms. One such mechanism involves the use of internal ribosome 

entry site (IRES) elements (Sharma et al, 2016, Martinez-Salas et al, 2017). 

IRES elements were originally discovered in the genomic RNA of viruses that lack 5’ cap 

structures, such as poliovirus and encephalomyocarditis viruses, but have also been found in 

eukaryotic RNAs; for example, an estimated 10% of mammalian mRNAs have elements that 

function as IRESs 31,77-80. IRES elements are cis-acting regulatory regions of RNA that can 

recruit the 40S ribosomal subunit without relying on the 5’ cap structure 77,78,81,82. Interestingly, 

IRES elements are found in the 5’ untranslated region (UTR) of mRNAs encoding distinct anti-

apoptotic proteins such as XIAP, Bcl-xL, cIAP1, and cFLIPs. Additionally, the translation of 

mRNAs encoding the critical angiogenesis and invasion regulators such as vascular endothelial 

growth factor (VEGF) and hypoxia-inducible factor 1-alpha (HIF-1α) have also been known to 

be translated from IRES elements 83,84. Therefore, the regulation of mRNA translation via an 

IRES-mediated mechanism has a strong potential to govern cellular processes involved in 

tumorigenesis. 

 

 

1.10 Noncanonical Translation Initiation 
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As previously mentioned, eIF2α phosphorylation caused by cellular stress attenuates 

general protein synthesis and inhibition of cap-dependent translation by inhibiting delivery of 

met-tRNAi to the 40S ribosome 77. However, translation initiation on a pool of mRNAs switches 

from canonical to non-canonical mode, which allows translation of a subset of IRES-containing 

mRNAs under stress conditions. A body of work has identified eIF5B as a key driver of IRES-

mediated translation initiation as its depletion was associated with the decrease in proteins whose 

mRNAs harbor IRES elements such as XIAP, Bcl-xL, and cIAP1 31,75,76. Normally, eIF5B 

facilitates the association of 40S and 60S ribosomal subunits during canonical translation 73. 

However, eIF5B, a homologue of bacterial initiation factor 2 (IF2) 85, appears to have other 

functions. Notably, eIF5B can deliver and stabilize initiator-tRNA independent of eIF2 85. Thus, 

eIF5B parallels the role of eIF2 under stress conditions. As such, eIF5B forms an alternative 

ternary complex (eIF5B-GTP-Met-tRNAi) and delivers initiator tRNA during the IRES-mediated 

translation initiation (Figure 1.4) 75 

 

Figure 1.4. Two pathways of met-tRNAi delivery to P-site of 40S ribosome. Under canonical 
translation initiation (A), eIF2 delivers the initiator tRNA. However, when eIF2α is 
phosphorylated, eIF5B takes the role of eIF2 in delivering tRNA. Image obtained from Chukka 
et al, 2021 (CC-BY Creative Commons Attribution License) 
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1.11 Role of eIF5B in cancer 

The influence of eIF5B in the survival, proliferative, migratory, and invasive capabilities 

of multiple cancers has been investigated. In glioblastoma cells, eIF5B expression was associated 

with resistance to apoptosis, and eIF5B depletion increased the susceptibility of glioblastoma 

cells to TRAIL-mediated apoptotic death by reducing levels of the antiapoptotic proteins 

mentioned above (Figure 1.5) 31. Interestingly, depleting eIF5B in a non-cancerous cell line had 

no significant impact on viability or susceptibility to apoptosis 31. In prostate cancer, eIF5B 

expression was correlated with poor immune response sensitivity via high expression of PD-L1 

86 87. eIF5B depletion resulted in decreased proliferative capabilities in prostate cancer cells and 

increased sensitivity to apoptosis 86. A similar relationship between eIF5B and PD-L1 was 

established in lung cancer 88. In hepatocellular carcinoma cells, eIF5B was shown to promote 

proliferation and invasion by increasing levels of ASAP1; these effects were reversed upon 

eIF5B depletion 89.  
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Figure 1.5. eIF5B regulates IRES-mediated translation of the antiapoptotic proteins cIAP1, 
XIAP, Bcl-xL and cFLIP. The expression of these proteins in turn promotes resistance to intrinsic 
and extrinsic apoptotic cell death. The depletion of eIF5B is correlated with decreased levels of 
these proteins and increased sensitivity to TRAIL 31. As shown in the results section of my thesis, 
eIF5B transcript and eIF5B protein are expressed at a higher level in OSCC cells compared to 
other cells in OSCC tumors. Additionally, eIF5B is associated with poor prognosis in OSCC 
patients. Therefore, the overarching goal of my thesis is to establish the pre-clinical rationale for 
targeting eIF5B for OSCC treatment. Image generated with BioRender 

 
 
 

1.12 Project objective and hypothesis 

 Given the role of eIF5B in the IRES-mediated translation of proteins involved in cell 

survival under stress conditions, and the established influence of eIF5B in the survival of 

multiple malignancies, the overarching objective of my project is to establish the pre-clinical 

rationale for eIF5B as a therapeutic target in OSCC. I hypothesize that eIF5B depletion will 

increase apoptotic cell death in OSCC Cal33 by decreasing the IRES-mediated translation of 

antiapoptotic proteins. I also hypothesize that eIF5B depletion will result in a decrease in 
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proteins involved in proliferative, invasive and migratory pathways, leading to inhibited 

invasion, proliferation, and migration upon eIF5B depletion. Accordingly, I have focused my 

study on the following three aims. 

Aim 1: To define the role of eIF5B in OSCC cell survival. 

Aim 2: To define the role of eIF5B in proliferation, angiogenesis, and invasion and migration of 

OSCC cells. 

Aim 3: To establish the pipeline (validate reagents) for studying the role of eIF5B in OSCC using 

an orthotopic xenograft mouse model. 
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Methods and Materials 
 
2.1 Cell Culture and Reagents 
 

Cal33 (OSCC tongue carcinoma, provided by Dr. Pinaki Bose) and BJ5TA (immortalized 

fibroblast, provided by Dr. Igor Kovalchuk) cell lines were propagated in Dulbecco’s high-

modified Eagle’s medium (DMEM, HyClone) with 4mM L-glutamine, 4,500 mg/L glucose, and 

1 mM sodium pyruvate, supplemented with 10% heat-inactivated fetal bovine serum (Gibco) and 

1% penicillin-streptomycin (Gibco). Cells were incubated at 37°C in an incubator supplemented 

with 5% CO2. Reverse transfections were performed using Lipofectamine RNAiMAX 

(Invitrogen) according to the manufacturer’s instructions and scrambled non-specific negative 

control siRNA (siC; Quiagen) and Stealth RNAiTM siRNA targeting eIF5B (HSS114469/70/71; 

Invitrogen. Transductions were performed using a scrambled control shRNA (shC, provided by 

Dr. Donna Senger lab) or an shRNA specific for eIF5B (sh30,  

sequence:5'AAACCCAGGGCTGCCTTGGAAAAG - 3', from Horizon, 

https://horizondiscovery.com/en/gene-modulation/knockdown/shrna/products/trc-lentiviral-

shrna?nodeid=entrezgene-9669). Cal33 cells were seeded in media containing 3μg/mL polybrene 

and 250μL lentivirus. 24 hours after transduction, 2μg/mL puromycin was added. Cells were 

incubated for 48-72 hours to allow for successful selection. 

 
2.2 Cell Viability Assay 
 

Cal33 and BJ5TA were seeded at 1,000 cells/well. After 24-48 hours of incubation, cells 

were treated with 100 ng/mL TRAIL. After 72 hours, alamarBlue was added and absorbances 

(excitation at 560nm; emission at 590nm) were measured after 17 more hours using a Cytation 5 

plate imager (BioTek). TRAIL was obtained from Millipore-Sigma. 
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Moreover, Cal33 cells were transduced with either a scrambled control shRNA (shC) or 

shRNA specific for eIF5B (sh30) and 150,000 cells/well were seeded in a 6-well plate in media 

supplemented with 2 μg/mL puromycin. Upon successful puromycin selection, 3,000 cells/well 

were seeded in a 96-well plate. 24 hours after incubation, 20 μM cisplatin or 2μL dimethyl 

sulfoxide (DMSO; vehicle control for cisplatin, corresponding to 20 μM cisplatin) was added. 

After 72 hours, alamarBlue was added and the absorbance was measured after 17 more hours 

using a Cytation 5 plate imager. 

Cisplatin Kill Curve 

Cal33 cells were transduced and seeded into a 96-well plate as described above. 24 hours 

after seeding, cisplatin was added at concentrations ranging from 0 to 30 μM in 2 μM increments 

while 2μL DMSO was added to the 0μΜ wells as a vehicle control. After 72 hours, alamarBlue 

was added and absorbances were measured after 17 more hours using a Cytation 5 plate imager. 

 

2.3 Western Blotting 
 

Cal33 and BJ5TA cells were seeded at 100,000 cells/well in a 6-well plate and reverse 

transfected. 100ng/mL TRAIL was added 92 hours after transfection and harvested after 4 more 

hours. Cells were harvested in radioimmunoprecipitation assay (RIPA) lysis buffer with protease 

inhibitors. Equal amounts of proteins (typically 20 μg; 40 μg for cFLIPs and cleaved caspase 7) 

were resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred onto 

0.2 μm nitrocellulose membrane (GE Healthcare). Individual proteins were detected by 

immunoblotting with the antibodies listed in Table 1. Nitrocellulose membranes were blocked 

with milk powder (typically 10% wt/vol; 1% wt/vol for cFLIPs and cleaved caspase 7) dissolved 
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in 0.1% phosphate buffer saline. Immunoblots were imaged in an AI600 image (GE Healthcare) 

and densitometry was performed using the AI600 analysis software. 

 
Antibodies Used in Western Blotting 
Table 1. Vendor Information for Antibodies Used in Western Blotting 

Company Antibody Target 
Catalogue 
Number 

Abcam 
Secondary: Goat anti-rabbit-HRP 

conjugate ab97051 
ProteinTech eIF5B 13527-1-AP 

Bio-Rad β-actin (hFAB Rhodamine) 12004163 
Cell Signalling 
Technologies Bcl-xL 2764 

 cIAP1 7065 
 Caspase 7 12827 
 DR4 42533 
 DR5 69400 
 FLIP 56343 
 EGFR 4267 
 p-EGFR 3777 
 ERK 9102 
 p-ERK 4695 
 HIF-1α 3716 
 NFκΒ 4764 
 p-NF-κΒ 3031 
 XIAP 14434 

Invitrogen VEGFA JH121 
 

2.4 BrdU Incorporation Assays 

Cal33 and BJ5TA cells were seeded at 1,000 cells/well and reverse-transfected in a 96-

well plate. After 48 hours of incubation, 1x BrdU was added according to the manufacturer’s 

instructions. After a further 48 hours cells were fixed with fixing solution provided by the 

manufacturer and absorbance readings were taken at 450 nm and 550nm using a Cytation 5 plate 

imager according to the manufacturer’s instructions. 
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2.5 Invasion Assays 

24 hours before beginning the assay, spent media was removed from Cal33 cells and 

replaced with serum-free media. Cal33 cells were then seeded at 100,000 cells/well and reverse-

transfected with either a scrambled control siRNA (siC) or siRNA specific for eIF5B (si5B) into 

collagen inserts in a 24-well plate in serum-free media with serum-containing media on the other 

side of the insert. Cells were incubated for 48 hours before cell staining and extraction were 

performed according to the manufacturer’s instructions (QCM Collagen Cell Invasion Assay, 24-

well 8μm, calorimetric; ECM551 from Sigma Aldrich). 

Additionally, Cal33 cells were transduced with either a scrambled control shRNA (shC) 

or shRNA specific for eIF5B (sh30) and 150,000 cells/well were seeded in a 6-well plate in 

media supplemented with 2 μg/mL puromycin. Upon successful puromycin selection, media was 

removed, and cells were washed with 1x phosphate-buffered saline (PBS) wash buffer and 

supplemented with serum-free media 24 hours before beginning the assay. Cells were then split 

in serum-free media into the collagen inserts with serum-containing media on the other side of 

the insert. Cells were incubated for 48 hours before cell staining and extraction were performed 

according to the manufacturer’s instructions (QCM Collagen Cell Invasion Assay, 24-well 8μm, 

calorimetric; ECM551 from Sigma Aldrich). 

2.6 Wound Healing Assays 

Cal33 cells were reverse-transfected with either a scrambled control siRNA (siC) or 

siRNA specific for eIF5B (si5B). After reaching appropriate confluency, a scratch was 

introduced using a P10 pipette tip. Brightfield and phase-contrast images were taken using the 

Cytation 5 plate reader at the time of scratch introduction and 24 hours after. Wound healing was 

analyzed using ImageJ wound healing macro. 
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2.7 Angiogenic Biomarker Analysis 

Cal33 and BJ5TA were seeded at 100,000 cells/well and reverse-transfected in a 6-well 

plate. After 72 hours of incubation, the media was removed, washed with 1x PBS, and replaced 

with serum-free media 24 hours before harvesting. 4 hours before harvesting, 100 ng/mL TRAIL 

was added. Spent media was collected and centrifuged at 3,000 revolutions per minute (rpm) 

(Thermo Scientific ST 8R) for 2 minutes. Media was stored and frozen at -80°C and shipped to 

Eve Technologies for the Human Angiogenesis & Growth Factor 17-Plex Discovery Assay® 

Array (HDAGP17). The multiplexing analysis was performed using the Luminex™ 200 system 

(Luminex, Austin, TX, USA) by Eve Technologies Corp. (Calgary, Alberta). Seventeen markers 

were simultaneously measured in the samples using Eve Technologies' Human Angiogenesis & 

Growth Factor 17-Plex Discovery Assay® (MilliporeSigma, Burlington, Massachusetts, USA) 

according to the manufacturer's protocol. The 17-plex consisted of Angiopoietin-2, BMP-9, EGF, 

Endoglin, Endothelin-1, FGF-1, FGF-2, Follistatin, G-CSF, HB-EGF, HGF, IL-8, Leptin, PLGF, 

VEGF-A, VEGF-C, VEGF-D. Assay sensitivities of these markers range from 0.2 – 42.8 pg/mL 

for the 17-plex. Individual analyte sensitivity values are available in the MilliporeSigma 

MILLIPLEX® MAP protocol. 

 

2.8 Endothelial Tube Formation Assays 

Human umbilical vein endothelial cells (HUVEC) were seeded at 50,000 cells/well in a 

96-well plate coated with Matrigel. Cells were supplemented with spent Cal33 media collected 

for the angiogenic biomarker assay. Branch formation was allowed to take place for 8 hours. 

Brightfield microscopy images were taken at 4-hour and 8-hour intervals. One well per condition 

https://www.evetechnologies.com/product/human-angiogenesis-growth-factor-17-plex-discovery-assay-array-hdagp17/
https://www.evetechnologies.com/product/human-angiogenesis-growth-factor-17-plex-discovery-assay-array-hdagp17/
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was imaged and collected by taking images with a Cytation 5 plate imager. Analysis of tube 

formation characteristics was performed using ImageJ using available angiogenesis macro. 

2.9 Tissue Microarray Analyses 

Slides were deparaffinized in xylene followed by ethanol washes of differing 

concentrations (100%-70%) followed by a final wash in H2O. Antigen retrieval was performed 

by placing slides in antigen retrieval buffer (10mM Citrate buffer pH 6.0 + 0.05% Tween 20) and 

microwave at full power for 2 minutes followed by 20 minutes at 20% power. After allowing the 

slides to cool, a border was created with a hydrophobic pen. Slides were washed for 2 min in 1x 

tris-buffered saline (TBS) wash buffer (1x TBS with 0.05% Tween20), then peroxidase blocked 

for 15 minutes, followed by 2 more washes (3 min each) with wash buffer. A protein block 

supplemented with 0.2% Triton X-100 was then performed for 20 minutes after which a 1:100 

eIF5B solution in Ab diluent was added for incubation at 4°C for 1 hour. Washing steps were 

repeated as above followed by a 30-minute incubation with labeled polymer-HRP anti-rabbit 

reagent. Washing steps were then repeated followed by incubation with (3, 3’-diaminobenzidine 

(DAB) reagent (1 drop DAB in 1mL DAB substrate for ~5 minutes). Slides were then washed 

with water for 2 min and then counterstained with hematoxylin for 1 min. Slides were then 

placed under running lukewarm water for 1 min and then dehydrated by dipping in ethanol 

solutions of increasing concentration (70%-100%) followed by dipping in 2 separate xylene 

solutions. After this, slides were fixed with dibutylphthalate polystyrene xylene (DPX) mounting 

solution and a cover slip was added and left at room temperature overnight. The next day excess 

DPX was removed and the perimeter of the coverslip was sealed with nail polish and allowed to 

dry at 4°C. Individual cores were then imaged on the Cytation 5 machine at 10x magnification. 

Scoring was performed in double-blind based on staining intensity within the cores. A score of 0 
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was given for no staining, a score of 1 was given for weak staining, a score of 2 was given for 

medium staining and a score of 3 was given for strong staining as described in 90.  

URL for slides used: HN811:  https://www.tissuearray.com/p_HN811_2599424852  

   OR601c: https://www.tissuearray.com/tissue-arrays/Oral_Cavity/OR601c  

2.10 Patient Survival Analysis 

The patient survival curve for HNSCC was generated using the GEPIA2 database. To 

generate the figure, Survival Analysis was chosen. eIF5B was listed as the gene symbol and 

Overall Survival was chosen. A median group cutoff was chosen (50% Cutoff-High(%) and 50% 

Cutoff-Low(%)). Hazards Ratio (HR) was chosen and the 95% confidence interval as a dotted 

line was not chosen. The axis units were set as days and HNSC was chosen with the subtype 

filter, where all subtypes (atypical, basal, classical, and mesenchymal) were chosen for analysis. 

2.11 Apoptosis Assay 

Cal33 cells were seeded at 1,000 cells/well and reverse-transfected in a 96-well plate. 100 

ng/mL TRAIL was added after 92 hours of incubation. 4 hours after TRAIL addition, cells were 

rinsed in 1x PBS, followed by the addition of 1x annexin binding buffer with 1μg/mL Hoechst as 

well as Annexin V-FITC. Cells were imaged at 20x magnification using the Cytation 5 plate 

imager. For visualizing Hoechst and Annexin-V, cells were imaged using a DAPI filter or a GFP 

filter, respectively. 

2.12 Statistical Analyses 

Unless specified, all quantified data shows the mean ± standard error of the mean (SEM) 

for 3 biological replicates. Statistical significance was determined by an unpaired, two-tailed t-

test without assuming equal variance. The significance level was set at a p-value of 0.05. Data 

was analyzed using GraphPad Prism, versions 9-10. A two-tailed t-test was used instead of a one-

https://www.tissuearray.com/p_HN811_2599424852
https://www.tissuearray.com/tissue-arrays/Oral_Cavity/OR601c
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tailed t-test as a two-tailed t-test will test if a mean is significantly changing in both directions. 

Using an α value of 0.05, a two-tailed will assess if the test statistic is in the top 2.5% or bottom 

2.5% of a probability distribution. This approach allows us to identify potential changes in the 

untested direction. An unpaired t-test was chosen over a paired t-test as an unpaired analysis 

compares independent and unrelated samples. Because we compared variations in cells under 

eIF5B depletion conditions (or eIF2A or eIF2D depletion) to cells with no proteins depleted, an 

unpaired analysis was deemed appropriate. 
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Results 

Oral squamous cell carcinoma (OSCC) is one of the most common cancers globally and 

despite advances in treatment, the prognosis remains poor with a high recurrence rate 91,92. OSCC 

is characterized by dysregulation of the apoptotic and proliferative pathway as well as enhanced 

invasion and migration 93-95, and resistance to cisplatin, an alkylating agent considered the first-

line treatment in the management of OSCC 96-98. As a result, identifying additional therapeutic 

targets in the treatment of OSCC is crucial.  

 To address this clinical challenge, components of mRNA translation machinery are 

presenting opportunities to identify novel therapeutic opportunities, as the components of protein 

synthesis machinery have been identified to play a role in various malignancies 99,100. Translation 

initiation is a key step in the translation process that can occur via a canonical, cap-dependent 

manner, but can switch to a non-canonical cap-independent mode of translation initiation when 

under stress conditions, such as hypoxia or nutrient limitation 73,79,101,102. Under 

pathophysiological stress conditions, IRES elements found in the 5’ UTR of certain mRNAs can 

recruit the 40S ribosomal subunit without the need for the 5’ cap structure 73,103. The mRNAs 

encoding antiapoptotic proteins such as cIAP1, XIAP, Bcl-xL and cFLIPs harbor these IRES 

elements 31,104-107. 

 eIF5B has been shown to drive IRES-mediated translation under pathophysiological 

stress conditions by delivering the initiator tRNA to the P-site of the ribosome 75 and shown to 

upregulate levels of the antiapoptotic proteins listed above 31. A body of work has shown that 

eIF5B expression was associated with resisting apoptotic cell death and its depletion resulted in 

increased cell death and decreased proliferative and invasive capabilities in cancers such as 

glioblastoma multiforme (GBM), prostate cancer lung cancer, and hepatocellular carcinoma 
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31,86,88,89. The established role of eIF5B in multiple different malignancies suggests that eIF5B 

could be playing a role in the survival of OSCC and therefore the overarching objective of my 

project is to establish the pre-clinical rationale for eIF5B as a therapeutic target in OSCC. 

Aim 1: To define the role of eIF5B in OSCC cell survival. 

3.1.1 eIF5B expression is correlated with poor patient survival in OSCC 

To check if eIF5B is prognostic for HNSCC and OSCC, we performed a bioinformatic 

analysis of the RNAseq data available through the cancer genome atlas (TCGA). The results 

indicate that eIF5B gene expression is correlated with poor patient survival (Figure 3.1). Single-

cell RNA sequencing (RNA seq, provided by Dr. Pinaki Bose) was performed to analyze the 

levels of eIF5B mRNA expression in different cell types in OSCC tumor environments (Figure 

3.1). Of the different cell types sequenced, the greatest expression of eIF5B mRNA (expressed as 

black dots) was reported for cancer cells. The wide peak of the box plot high on the y-axis for 

cancer cells also suggests a high frequency of eIF5B mRNA expression compared to other cell 

types, suggesting that in OSCC tumors, the high expression of EIF5B is predominantly 

expressed in cancer cells (Figure 3.1). 
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Figure 3.1. EIF5B mRNA expression in OSCC tumors is predominantly located in cancer cells. 
Single-cell RNA sequencing data was generated and provided by Dr. Pinaki Bose 
 

To visualize the expression of eIF5B protein in OSCC tissue, tissue microarray (TMA) 

staining was performed (Figure 3.2A-F). To confirm the specificity of staining, TMA staining 

was first performed in mouse colon tissue with the surrounding muscularis (Figure 3.2A) (data 

provided by Dr. Bo Young Ahn). eIF5B is highly expressed in colon tissue but poorly expressed 

in the surrounding muscularis. The staining results reveal strong eIF5B expression (displayed in 

the brown color) in colon tissue and sparse staining of the muscularis section, suggesting strong 

specificity of the eIF5B antibody used. Subsequent staining of OSCC tissue (Figure 3.2D-F) 

compared to cancer-adjacent normal tissues (Figure 3.2B-C) reveals a greater expression of 

eIF5B in OSCC tissues. Scoring analysis of OSCC (n= 108 cores) and cancer-adjacent normal 

tissue (n=34 cores) show higher eIF5B protein expression for OSCC tissues compared to cancer-

adjacent tissues (Figure 3.2G), suggesting that eIF5B protein is highly expressed in OSCC 

tissues compared to non-cancerous tissues. The number of cancerous cores compared to non-

cancerous cores are unequal because all patients may not have provided cancer adjacent normal 

tissues. The heterogeneity between cores can be visualized as seen by the unique distribution of 

staining between cores. Due to the presence of multiple cell types in the tumor environment such 

as cancer cells or connective tissue, the staining per core is unique due to the heterogeneous 

nature of the tumors. 



  30 

 

Figure 3.2. eIF5B protein expression is greater in OSCC tissue compared to cancer-adjacent 
normal tissue. (A) Colon tissue with surrounding muscularis was stained for eIF5B to confirm 
the specificity of staining. (B-F) OSCC and cancer-adjacent normal tissue cores were de-
paraffinized and antigens were activated. Peroxide and protein blocking was performed before 
incubating with eIF5B primary and secondary antibodies. Slides were then dehydrated and fixed 
before imaging and scoring. (G) Visual scoring of OSCC TMA slides displaying positive results 
for eIF5B as a function of tumor score for OSCC and cancer adjacent normal tissues. 

 
Patient survival analyses for head and neck squamous cell carcinoma patients (HNSCC) 

(Figure 3.3A) and specifically HPV-negative OSCC (Figure 3.3B) reveal that as time progresses, 

patients with higher-than-median expression of eIF5B have a statistically shorter overall survival 

probability compared to patients with lower-than-median eIF5B expression (~25% poorer 

survival probability for higher-than-median eIF5B expression patients after 5000 days).  

 

Figure 3.3. EIF5B mRNA transcript expression is correlated with poor patient survival. (A) 
Patient survival data showing overall survival and eIF5B gene expression in HNSCC patients 
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was generated using the GEPIA 2 database (B). Patient survival data showing overall survival 
and eIF5B gene expression in OSCC patients was generated and provided by Dr. Pinaki Bose 

 
3.1.2 eIF5B depletion increased Cal33 cell death with TRAIL treatment 

To investigate the impact that depletion of different initiation factors has on the 

susceptibility of Cal33 cells to TRAIL, alamarBlue assays were performed. Of the initiation 

factors associated with delivering tRNA in non-canonical conditions studied in this assay, 

only depletion of eIF5B resulted in a significant reduction in alamarBlue absorbance in the 

presence of TRAIL compared to eIF5B depletion conditions in the absence of TRAIL (30%) 

(Figure 3.4).  

 

Figure 3.4. eIF5B depletion significantly decreases alamarBlue absorption in Cal33 cells 
upon TRAIL treatment. Cal33 cells were reverse transfected with a non-specific scrambled 
control siRNA (siC), or with siRNA specific for eIF2A, eIF2D, and eIF5B (si2A, si2D, and 
si5B, respectively). 100ng/mL TRAIL was added 48 hours post-transfection. AlamarBlue 
was added after a further 72 hours followed by a 17-hour incubation with alamarBlue. Data is 
expressed in mean ± SEM for 3 biological replicates. *, p < 0.05 
 

3.1.3 eIF5B depletion reduced levels of anti-apoptotic proteins and activated caspase 7 in 

Cal33 cells, but not in non-cancerous BJ5TA cells 
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To assess the effect of eIF5B depletion on cell death of OSCC cells and non-cancerous cells 

to TRAIL-mediated cell death, cell viability assays were performed using Cal33 and non-

cancerous fibroblast BJ5TA cells (Figure 5A and 5B, respectively). There was little change in 

alamarBlue absorbance between siC and si5B conditions without TRAIL treatment. However, in 

the presence of TRAIL (an apoptotic agent), eIF5B depletion in Cal33 cells resulted in 

significantly reduced alamarBlue absorption (40%) compared to si5B conditions without TRAIL 

or siC conditions with TRAIL (Figure 5A). In cell viability assays performed in BJ5TA cells, 

there was no significant, or visually noticeable, change in alamarBllue absorption between 

control or eIF5B depletion conditions, either in the absence or presence of TRAIL (Figure 5B). 

To understand why TRAIL treatment had a significant effect on Cal33 cells, I performed 

western blot analyses of OSCC Cal33 cells and fibroblast BJ5TA under control and eIF5B 

depletion conditions and measured the levels of the antiapoptotic proteins cIAP1, XIAP, Bcl-xL, 

cFLIPs as well as activated/cleaved caspase 7 (Figure 5C-D, respectively). In Cal33 cells, eIF5B 

depletion resulted in a significant and robust decrease in cIAP1 levels, both in the presence and 

absence of TRAIL (40% and 60%, respectively); the same trend was seen in Bcl-xL levels as 

well in Cal33 cells (80% in the absence of TRAIL and 90% in the presence of TRAIL). Levels of 

cFLIPs and XIAP were significantly reduced in TRAIL treatment conditions (60% and 40%, 

respectively) but were not significantly changed in the absence of TRAIL in Cal33 cells. 

Additionally, under eIF5B depletion and TRAIL conditions, levels of caspase 7 were robustly 

and significantly increased (200%), suggesting a role of eIF5B depletion in activating the 

apoptotic pathway under TRAIL treatment. 

In contrast, when eIF5B was depleted in BJ5TA cells, there was no significant change in 

any of the antiapoptotic proteins studied. Caspase 7 was probed for but in all 3 biological 
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replicates performed, no bands were visible for activated caspase 7. To ensure that cell 

membrane receptors for TRAIL were present on BJ5TA cells, BJ5TA lysates were subsequently 

probed for the presence of DR4 and DR5 receptors; the results reveal that these receptors are 

indeed present in these cells (Figure 5D), suggesting that TRAIL binding would likely does 

occur in these cells, but the subsequent effect on viability and antiapoptotic proteins seen in the 

cancerous Cal33 cell line does not take place. 
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Figure 3.5. eIF5B depletion significantly reduces alamarBlue absorption and levels of 
antiapoptotic proteins, and activates caspase 7 in Cal33 cells, but not in BJ5TA cells. (A-B) Cell 
viability data showed significant depletion in alamarBlue absorbance upon eIF5B depletion and 
TRAIL addition (A), but not in BJ5TA cells (B). Cells were reverse transfected with a non-
specific scrambled control siRNA (siC), or with siRNA specific for eIF5B (si5B). 100ng/mL 
TRAIL was added 48 hours post-transfection. AlamarBlue was added after a further 72 hours 
followed by a 17-hour incubation with alamarBlue. (C-D). Representative western blot data 
showing levels of antiapoptotic proteins and activated caspase 7 in Cal33 cells (C) and in BJ5TA 
(D) in addition to the presence of DR4 and DR5. Cal33 and BJ5TA cells were reverse transfected 
with a non-specific control siRNA (siC) or siRNA specific for eIF5B (si5B) and incubated for 96 



  35 

hours. 100ng/mL TRAIL was added 4 hours before harvesting. Cells were harvested in RIPA 
lysis buffer and 20μg of protein were loaded onto SDS-PAGE for western blotting (40μg for 
cFLIPs and caspase 7). (E-F) Quantification of proteins assessed normalized to β-actin. Data is 
expressed in mean ± SEM for 3 biological replicates. *, p < 0.05; **, p< 0.01; ***, p<0.001; 
****, p<0.0001 
 

 

To further visualize the apoptotic process, microscopy images were taken for Cal33 cells 

under control or eIF5B depletion conditions in the presence or absence of TRAIL. The cells were 

treated with Hoechst stain and Annexin V-specific stain and visualized in a Cytation 5 plate 

imager. In one biological replicate assessed, we were able to see the formation of multiple 

apoptotic bodies under eIF5B depletion conditions in the presence of TRAIL. (as highlighted by 

arrows in Figure 6). There were no apoptotic bodies detected in any of the other conditions 

analyzed (siC/si5B without TRAIL, siC in the presence of TRAIL) (Figure 6 A-C). Hoechst 

staining revealed the presence of nuclear fragmentation when eIF5B was depleted in the 

presence of TRAIL (Figure 6H); this was not seen in siC or eIF5B depletion conditions in the 

absence of TRAIL, and nuclear fragmentation was not observed in siC conditions in the presence 

of TRAIL either (Figure 6 E-G). Annexin V stain suggested phosphatidylserine flipping was 

occurring at a greater rate in eIf5B depletion and the presence of TRAIL by the presence of cells 

fluorescing bright green (Figure 6L). Bright green cells can be seen in siC and si5B conditions 

without TRAIL as well (Figure 6 I-J) but since apoptotic body formation or nuclear 

fragmentation is not present in these coordinates, these may be artifacts or potentially cells 

undergoing early steps of apoptosis.  As this is a single replicate, statistical significance cannot 

be stated; however, the microscopy data correlates with the western blot and cell viability data in 
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Figure 5, further suggesting that eIF5B depletion is enhancing apoptotic cell death in eIF5B-

depleted Cal33 cells in the presence of TRAIL.  

 

Figure 3.6. Microscopy Images of Cal33 under control or eIF5B depleted conditions in the 
presence and absence of TRAIL. Cal33 cells were reverse-transfected and incubated for 96 
hours. After 92 hours, 100ng/mL TRAIL was added for 4 hours of incubation. Cells were rinsed 
with 1x PBS and treated with 1x annexin binding buffer with 1μg/mL Hoechst stain as well as 
Annexin V. A-D: Cells were imaged at 20x magnification by brightfield microscopy. E-H: Cells 
were imaged at 20x magnification by fluorescence microscopy to analyze Hoechst-stained 
nuclear DNA or Annexin V-FITC-positive cells (I-L). Brightfield, Hoechst, and Annexin V 
images for each condition (siC, si5B, siC TRAIL, si5B TRAIL) were taken from the same 
coordinates. 
 

 To summarize, EIF5B mRNA expression is correlated with poor patient outcomes. RNA-

seq data revealed that eIF5B is predominantly expressed in cancer cells in the tumor environment 

and TMA analyses showed that eIF5B expression is higher in OSCC cells compared to cancer-

adjacent normal tissues. eIF5B depletion increased cell death in the presence of TRAIL, led to 

decreased levels of anti-apoptotic proteins and drastically increased activated caspase 7 levels. 

eIF5B depletion in BJ5TA cells did not affect alamarBlue absorbance in the presence of TRAIL 

and did not activate caspase 7. Microscopy images revealed the formation of apoptotic bodies, 

nuclear fragmentation and phosphatidylserine flipping when under eIF5B-depletion conditions in 
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the presence of TRAIL, phenotypes not detected in the other treatment conditions. These results 

suggest that eIF5B depletion is enhancing OSCC cell death to apoptotic agents by promoting 

activation of apoptosis. 

Aim 2: To define the role of eIF5B in proliferation, angiogenesis, and invasion and migration 

of OSCC cells. 

 In addition to evasion of apoptosis, additional hallmarks of cancer include sustained 

proliferation, metastasis via invasion and migration and angiogenesis 41,93,108. Aberrant activity of 

the MAPK/ERK and NF-κB signalling pathways have been associated with increased 

proliferation, invasion, and migration phenotypes 51,109. VEGFA has been reported to be a crucial 

regulator of angiogenesis 110. To investigate the impact of eIF5B depletion on the proliferation, 

invasion, and migration phenotypes of OSCC cells, BrdU incorporation assays, collagen-based 

invasion assays, and wound healing assays were performed in Cal33 cells, respectively. Cytokine 

analyses of spent Cal33 media for angiogenic biomarker analyses and endothelial tube formation 

assays were performed to study the impact of eIF5B depletion on the angiogenic capability of 

OSCC cells. To see how proteins involved in ERK and NF-κB signalling pathways and 

angiogenesis are affected upon eIF5B depletion, levels of proteins involved in the MAPK/ERK 

and NF-κΒ axes, levels of EGFR, p-EGFR, NF-κΒ, P-NF-κB, ERK, p-ERK, HIF-1α, and 

VEGFA were assessed. 

3.2.1 eIF5B depletion hinders proliferation, invasion, and migration phenotypes in OSCC cells, 

but does not hinder proliferation in fibroblast BJ5TA cells 

We began by performing BrdU incorporation assays in Cal33 cells to test for changes in 

proliferation upon eIF5B depletion (Figure 3.7). The results revealed significantly depleted BrdU 

incorporation upon eIF5B depletion (Figure 3.7A), suggesting hindered proliferative capability 
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of Cal33 cells. To compare these results to the effects eIF5B depletion would have on BrdU 

incorporation in a non-cancerous cell line, BrdU incorporation assays were performed in BJ5TA 

cells (Figure 3.7B). Upon eIF5B depletion, a significant increase in BrdU incorporation was 

seen, indicating that eIF5B depletion increased the proliferative capabilities of these cells.  

 

Figure 3.7. eIF5B depletion hinders proliferative and invasive capabilities in Cal33 cells but does 
not impair proliferation in BJ5TA cells. (A) BrdU incorporation data shows depleted 
proliferation upon eIF5B depletion in Cal33 cells, but not in BJ5TA cells (B). Cal33 and BJ5TA 
cells were reverse transfected with a scrambled non-specific control siRNA (siC) or siRNA 
specific for eIF5B (si5B). 48 hours post-transfection, 1x BrdU was added and incubated for a 
further 48 hours, after which cells were fixed and incubated with antibodies according to the 
manufacturer’s instructions. Data is expressed in mean ± SEM for 3 biological replicates. **, p< 
0.01; ****, p<0.0001 
 

To assess the effect of eIF5B depletion on the invasive capabilities of Cal33 cells, a 

collagen layer-based invasion assay was performed (Figure 3.8A). In this assay, Cal33 cells are 

seeded in serum-free media. Serum-containing media is separated by a collagen layer that is 

permeable to cells. The invasion of Cal33 cells upon eIF5B depletion through this insert 

compared to control conditions can indicate how the invasion phenotype is affected. Upon eIF5B 

depletion, a significant depletion in the percentage of invading cells was seen (32%). After 

staining, cells that had not invaded through the collagen layer were scraped off and images were 

taken of the cells that had invaded. Comparing the presence of invaded Cal33 cells as indicated 
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by the purple stain in the siC condition (Figure 3.8B) compared to eIF5B depletion conditions 

(Figure 3.8C), there are much fewer cells that have invaded through the collagen layer. These 

results suggest that eIF5B depletion is hindering the proliferation phenotype in OSCC cells. 

 

Figure 3.8. eIF5B depletion results in a decrease in OSCC cell invasion. (A) Collagen-based cell 
invasion assay showed a decrease in the percentage of invading Cal33 cells compared to control 
conditions. eIF5B depletion reduced the invasive capability of Cal33 cells. Cal33 cells were 
seeded in serum-free media into collagen inserts and reverse-transfected with either a scrambled 
control siRNA (siC) or a siRNA specific for eIF5B (si5B). Cells were incubated for 48 further 
hours to cross the insert into the serum-containing media. Cells were stained and extracted 
according to the manufacturer’s instructions. Upon incubation and staining, non-invaded cells 
were scraped off and images were taken for Cal33 cells that had invaded the collagen layer under 
siC treatment (B) or under eIF5B depletion conditions (C). 
 

To investigate the effect eIF5B depletion has on the migratory ability of OSCC cells, 

wound healing assays were performed in Cal33 cells (Figure 3.9). 24 hours after introducing a 



  40 

scratch, the results reveal that, in the scrambled control siRNA condition, almost 100% of the 

scratch area was covered by Cal33 cells. In the eIF5B depletion condition, there was a robust and 

significant decrease in the wound area covered (65% reduction), suggesting that eIF5B depletion 

strongly hinders the migratory capability of Cal33 cells. 

 

Figure 3.9. eIF5B depletion significantly reduces the migratory capability of Cal33 cells. Cal33 
cells were transfected with either a scrambled control siRNA (siC) or siRNA specific for eIF5B 
(si5B). Upon reaching appropriate confluency, a scratch was introduced with a P10 pipette tip. 
Brightfield images were taken at the time of scratch introduction and 24 hours after. Wound 
healing was analyzed using ImageJ software. (A-D) Phase contrast microscopy images showing 
wound area in siC-treated Cal33 cells at the time of scratch introduction (A), eIF5B depleted 
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Cal33 cells at the time of scratch introduction, siC-treated Cal33 cells 24 hours after scratch 
introduction (C) and eIF5B depleted Cal33 cells 24 hours after scratch introduction (D). (E) 
Quantification of the percentage of wound area covered after 24 hours normalized to wound area 
at the time of scratch introduction. Data is expressed in mean ± SEM for 3 biological replicates. 
**, p< 0.01. Wound healing assay experiments were performed by Pavan Lakshmi Narasimha 
 

3.2.2 eIF5B depletion reduces the presence of angiogenic markers in spent Cal33 

media and hinders certain angiogenic characteristics in HUVEC cells 

To assess how levels of angiogenic markers are affected upon eIF5B depletion, Cal33 cells 

were transfected with a scrambled control siRNA or an siRNA specific for depleting eIF5B. 

Spent media was collected and sent for a 17-plex discovery assay for angiogenic markers 

performed by Eve Technologies. Of the markers assessed in the media, significant depletion in 

VEGF-C, VEGF-A, Endothelin-1, Interleukin 8 (IL-8), and placental growth factor (PLGF) was 

reported (ranging from 50-80% reduction) (Figure 3.10A-E). It should be noted that the 

concentrations between the different biomarkers varied drastically, with the highest 

concentrations being reported for VEGFA (up to 18,000 pg/mL) and the lowest reported 

concentration being reported for PLGF (up to 1 pg/mL). It may be possible that those factors 

present in higher concentrations (VEGFA, IL-8) may have a greater impact on angiogenesis 

compared to those factors present in much lower concentrations. Upon confirmation of reduced 

angiogenic markers, HUVEC cells were treated with spent media to assess their branching 

capabilities (Figure 3.10F-G). Upon Image J analysis a significant reduction in the percentages 

of junctions, segments, and nodes formed (20% reduction) was observed in HUVEC cells 

(Figure 3.10H-J). The ability to hinder the formation of these in HUVEC cells suggests that 

eIF5B depletion reduces the angiogenic capability of Cal33 cells. 



  42 

 

Figure 3.10. eIF5B depletion reduces levels of certain angiogenic markers in Cal33 media and 
hinders branch formation characteristics in HUVEC cells. (A-E) Levels of angiogenic 
biomarkers in spent Cal33 media. Cal33 cells were reverse transfected with a non-specific 
control siRNA (siC) or siRNA specific for eIF5B (si5B) and incubated for 96 hours. 100ng/mL 
TRAIL was added 4 hours before harvesting. Cells were harvested in RIPA lysis buffer and 20μg 
of protein were loaded onto SDS-PAGE for western blotting to confirm eIF5B depletion and 
caspase 7 activation. Spent media was collected after 96 hours of incubation and centrifuged at 
3,000 rpm for 2 minutes. 200μL were aliquoted and stored for angiogenic marker analysis by 
Eve Technologies. The concentrations provided are in pg/mL. (F-G) Representative images of 
HUVEC branch formation. HUVEC cells were seeded into a Matrigel matrix in HUVEC-
specific media before being supplemented with spent Cal33 media treated with either a 
scrambled control siRNA (siC) or siRNA specific for eIF5B (si5B). Branch formation was 
allowed to take place for 6 hours before images were taken. (H-J) Quantification of percentages 
of junctions, segments, and nodes formed in control and eIF5B depletion conditions. 
Quantifications were performed using the ImageJ angiogenesis macro program. (A-E) Data is 
expressed in mean ± SEM for 3 biological replicates. (H-J) Data is expressed in mean ± SEM for 
2 biological replicates. *, p < 0.05; **, p< 0.01; ***, p<0.001; ****, p<0.0001 
 

3.2.3 eIF5B depletion reduces levels of HIF-1a and VEGF in Cal33 cells and hinders 

proliferative, invasive, and migratory capabilities of Cal33 cells, but does not 

hinder proliferation in BJ5TA cells. 
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To study the effect of eIF5B depletion on known drivers of invasion, migration, and 

proliferation, western blot analyses were performed. Cal33 cells were treated with a scrambled 

control siRNA or with an eIF5B-specific siRNA to deplete eIF5B in the presence and absence of 

TRAIL. Levels of HIF-1α, EGFR, phosphorylated EGFR (P-EGFR), NFκB, phosphorylated 

NFκΒ (P-NFκB), ERK, phosphorylated ERK (P-ERK), and vascular endothelial growth factor A 

(VEGFA) were assessed in one biological replicate (Figure 3.11A). Upon eIF5B depletion, there 

was a robust decrease in HIF-1α in the absence and presence of TRAIL (75%  and 85%, 

respectively, Figure 11C). There was also a noticeable decrease in HIF-1α in the scrambled 

control with TRAIL (40%). A similar pattern of depletion was seen for VEGFA (Figure 3.11J) 

and p-ERK levels (Figure 3.11I). Analysis of EGFR reveals an increase in EGFR levels upon 

eIF5B depletion (40%, Figure 11D) in the absence of TRAIL, but a decrease was reported in the 

presence of TRAIL (40%). p-EGFR levels decreased upon eIF5B depletion in the absence and 

presence of TRAIL (50% and 25%, respectively; Figure 11E); p-EGFR levels also decreased 

about 50% in the scrambled control condition upon TRAIL treatment (Figure 3.11F). NF-κB 

levels were noticeably reduced upon eIF5B depletion in the presence of TRAIL (50%); a 

decrease in NF-κB was also observed in the scrambled control condition with TRAIL (35%). A 

similar robust depletion in p-NF-κΒ was observed upon eIF5B depletion with TRAIL treatment 

(75%, Figure 11G). p-NF-κΒ levels were also decreased upon eIF5B depletion in the absence of 

TRAIL and scrambled control condition in the presence of TRAIL (40%). Analysis of ERK 

revealed a strong depletion upon eIF5B depletion in the presence of TRAIL (75%, Figure 11H). 

To summarize, a single replicate analysis showed that eIF5B depletion resulted in the depletion 

of multiple proteins known to be involved in proliferative, migratory, and invasion pathways, 

especially HIF-1α, VEGF, p-NF-κB and p-ERK. 
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Figure 3.11. eIF5B depletion decreases levels of known drivers of proliferation, invasion and 
migration. (A) Western blot data showing levels of eIF5B and proteins involved in proliferation, 
migration and invasion pathways. Cal33 cells were reverse transfected with a non-specific 
control siRNA (siC) or siRNA specific for eIF5B (si5B) and incubated for 96 hours. 100ng/mL 
TRAIL was added 4 hours before harvesting. Cells were harvested in RIPA lysis buffer and 20μg 
of protein were loaded onto SDS-PAGE for western blotting. (B-J) Quantification of proteins 
assessed normalized to β-actin.  
 
 
 

Aim 3: To establish the pipeline (validate reagents) for studying the role of eIF5B in OSCC 

using an orthotopic xenograft mouse model 

 
 

3.3.1 eIF5B can be successfully depleted using shRNA, which decreased the viability of 

Cal33 cells to cisplatin 
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To transition experiments into in vivo orthotopic xenograft mouse model work, eIF5B 

depletion must be established with the use of short hairpin RNAs (shRNAs). Upon optimization 

of the use of shRNA to deplete eIF5B levels in Cal33 cells, robust, significant, and sustained 

eIF5B depletion was seen for the initial transduction and 2 subsequent passages (65% for the 

initial transduction and 80% for the 2 subsequent passages) (Figure 3.12A-B). To investigate the 

impact eIF5B depletion would have on Cal33 cell death to cisplatin, a kill curve for cisplatin was 

first generated. An IC50 value of 19.42 μM was obtained (Figure 3.12C); as a result, subsequent 

experiments were performed with a 20 μΜ cisplatin concentration. Cell viability analyses 

revealed a drastic and significant reduction in alamarBlue absorbance upon eIF5B depletion and 

treatment with cisplatin (80% reduction, Figure 12D). Invasion assays using shRNA were 

performed and the results indicate shRNA-mediated eIF5B depletion also significantly impaired 

invasive capabilities in Cal33 cells (50%, Figure 12E). 
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Figure 3.12. eIF5B is successfully depleted using shRNA in Cal33 cells and eIF5B depletion 
increases Cal33 cell death in the presence of cisplatin and hinders invasive capabilities. A: eIF5B 
depletion with shRNA lasts multiple passages. Cal33 cells were transduced with either a 
scrambled control shRNA (shC) or shRNA specific for eIF5B (sh30) and seeded in media 
supplemented with 2μg/mL puromycin. After selection, half of the wells were harvested, 
generating Passage 0 and half of the wells were seeded again (Passage 1). This process was 
repeated once again, generating passage 2. B: Quantification of eIF5B through multiple passages 
normalized to β-actin. C: Cal33 kill curve for cisplatin revealed an IC50 value of 19.42μM. Cal33 
cells were transduced as described above and subsequently seeded into a 96-well plate. 24 hours 
after seeding, different cisplatin was added, ranging from 0-30μM. After a further 72 hours, 
alamarBlue was added and absorbance readings were taken 17 hours after. D: eIF5B depletion 
increased Cal33 cell death to cisplatin. Cal33 cells were transduced and subsequently seeded as 
described above. 24 hours after seeding, 20μM cisplatin was added. After a further 72 hours, 
alamarBlue was added and absorbance readings were taken 17 hours after. E: eIF5B depletion 
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reduces the invasive capability of Cal33 cells. Transduced and puromycin-selected cells were 
seeded in serum-free media into a collagen insert with serum-containing media on the other side 
of the insert. Cells were incubated for 48 hours and stained and extracted according to the 
manufacturer’s instructions. Western blotting, cell viability, and invasion assay data are 
expressed in mean ± SEM for 3 biological replicates. *, p < 0.05; **, p< 0.01; ***, p<0.001; 
****, p<0.0001 
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Discussion 
 

OSCC is an aggressive cancer with a high mortality rate and unfavourable patient 

prognosis despite improvements in treatments 5,111,112. Therefore, additional therapeutic 

opportunities must be explored. In this work, I investigated the potential of eIF5B as a 

therapeutic for OSCC. First, I aimed to define the role of eIF5B in OSCC cell survival. I then 

wanted to study the role of eIF5B in the proliferation, invasion, migration, and angiogenesis of 

OSCC cells. Finally, to generate the reagents for experiments in an orthotopic xenograft mouse 

model, I wanted to establish stable shRNA-mediated knockdown of eIF5B in OSCC cells and 

test their cell viability under the treatment of cisplatin. 

 To establish a link between EIF5B mRNA expression and poor patient outcomes, I 

performed a bioinformatic analysis of publicly available RNAseq data. The single-cell RNAseq 

data demonstrated that EIF5B mRNA expression was found to be expressed predominantly in 

cancer cells in OSCC tumors (Figure 1), compared to other cells within the tumor 

microenvironment. eIF5B protein expression was higher in OSCC tumor cores compared to 

cancer-adjacent normal tissue (Figure 3.2). Additionally, patient survival analyses performed by 

Kaplan-Meier plots revealed a significant decrease in overall survival for patients with high 

EIF5B mRNA expression (Figure 3.3). This data suggests that EIF5B mRNA level is prognostic 

for OSCC tumors and intrigued me to investigate if eIF5B can be established as the therapeutic 

target for OSCC treatment. Under cellular stress conditions, the switch from canonical cap-

dependent to non-canonical cap-independent translation initiation has been well established 

31,75,76,113. Under certain stress conditions, the selective translation of mRNAs harboring IRES 

elements is regulated by eIF5B 75. Distinct anti-apoptotic proteins such as cIAP1, XIAP, Bcl-xL, 

and cFLIPs are translated using IRES elements 31,104-107, and eIF5B has been reported to regulate 
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the translation of these mRNAs 31. Thereby, eIF5B can provide critical survival advantages to the 

cells under pathophysiological stress conditions. As eIF5B is crucial for regulating the translation 

of mRNAs encoding distinct anti-apoptotic proteins 31, OSCC tumors with high eIF5B 

expression will likely result in higher levels of antiapoptotic proteins being translated, enabling 

increased survival and proliferation of these tumor cells. As mentioned earlier in this thesis, 

eIF5B regulates IRES-mediated translation initiation by regulating the initiator tRNA delivery to 

the ribosome 75. Like eIF5B, among the regulators of mRNA translation, eIF2A and eIF2D are 

also reported to interact with initiator tRNA and take part in IRES-mediated translation initiation 

114. However, depletion of eIF2A or eIF2D did not increase the cell death of OSCC cells under 

TRAIL treatment conditions (Figure 3.4). In contrast, eIF5B depletion resulted in increased cell 

death of OSCC cells under TRAIL treatment conditions (Figure 3.4). This suggests that eIF5B is 

unique among the regulators of non-canonical translation and can be implicated in the OSCC 

pathophysiology. 

 

 The significant increase in the TRAIL-mediated cell death upon eIF5B depletion in 

combination with the decreased levels of antiapoptotic proteins (Figure 3.5) further supports the 

role of eIF5B in the survival of OSCC cells likely via regulating the translation of mRNAs 

encoding antiapoptotic proteins. This could be due to the translational regulation of mRNAs 

encoding distinct anti-apoptotic proteins, however, to confirm that polysome profiling 

experiments will need to be performed to establish this notion. eIF5B depletion alone (without 

TRAIL treatment) or the control cells treated with TRAIL did not affect viability to the extent of 

eIF5B depletion with TRAIL treatment. The drastic increase in the levels of cleaved caspase 7 

when eIF5B is depleted in the presence of TRAIL, not seen in any of the other conditions (siC 
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and eIF5B depletion in the absence of TRAIL and siC in the presence of TRAIL), suggests 

activation of the apoptotic pathway. Comparing this to the effects of eIF5B depletion in 

fibroblast BJ5TA cells, we can see no significant change in viability or levels of antiapoptotic 

proteins. Since antiapoptotic proteins did not decrease upon eIF5B depletion, I did not see a 

phenotypic effect under eIF5B depletion in BJ5TA cells. 

 

Microscopy images of Cal33 cells revealed the formation of apoptotic bodies (Figure 

6D), nuclear fragmentation (Figure 6H), and phosphatidylserine flipping under eIF5B depletion 

conditions in the presence of TRAIL (Figure 6L). In healthy cells, the lipid composition of the 

cell membrane is asymmetrical 115. Under these conditions, phosphatidylserine is a phospholipid 

predominantly localized in the inner membrane with its polar head exposed to the cytoplasm 115. 

During apoptosis, this asymmetry is lost and enzyme-mediated “flipping” of phosphatidyl serine 

to the outer lipid bilayer can occur 115,116. Annexin V is a calcium-binding protein that can bind to 

phosphatidylserine 115 and fluorescently labelled annexin V can be used to detect this event as 

cells appear bright green. Another indicator of apoptosis is the fragmentation of DNA, which can 

be identified by the binding of a DNA-specific stain, such as Hoechst 33342, which can stain 

DNA in live cells and be visualized with fluorescent microscopy 117,118. Additionally, apoptosis 

results in loss of cell adhesion and abnormal membrane appearance 119 which can be visualized 

using brightfield microscopy. No apparent apoptotic body formation, nucleotide fragmentation or 

phosphatidylserine flipping was detected in the control or eIF5B depletion without TRAIL or 

control conditions in the presence of TRAIL (Figure 3.6).  There is a bright signal for annexin V 

staining for siC conditions (Figure 3.6I). Since there is no apoptotic body formation or nuclear 

fragmentation present in these coordinates, the bright signal may likely be an artifacts. In 
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summary, eIF5B depletion seems to activate the apoptotic pathway in OSCC cells, thus 

increasing cell death to pro-apoptotic agents such as TRAIL. The effects of eIF5B depletion in 

BJ5TA cells seem to suggest that the levels of antiapoptotic proteins are not decreased. Some 

reports suggest depletion of eIF5B from HEK 293T cells or WI38 cells does not reduce the 

levels of distinct anti-apoptotic proteins 31,76 under normal growth conditions. These reports 

corroborate my findings in BT5TA cells (non-cancer cells) and suggest that the eIF5B depletion 

effect on anti-apoptotic proteins is largely restricted to cancer cells. 

 

 As mentioned earlier, characteristic hallmarks of cancer also include phenotypes such as 

uncontrolled proliferation, metastasis via invasion and migration, and angiogenesis 39,40. To 

explore the role of eIF5B in the proliferation of OSCC cells, we performed 5-bromo-2’-

deoxyuridine (BrdU) incorporation assays in Cal33 and BJ5TA cells. BrdU is a thymidine analog 

that incorporates into newly synthesized DNA; BrdU incorporation can hence be measured by 

immunostaining of fixed cells 120. Since the concentration of BrdU incorporation can be 

correlated with new DNA synthesis, a decrease in BrdU incorporation can be associated with 

decreased proliferation. Upon eIF5B depletion in Cal33 cells, a significant depletion in BrdU 

incorporation was reported, suggesting that eIF5B depletion hinders proliferation capability in 

OSCC cells. Interestingly, BrdU incorporation was significantly increased in BJ5TA cells upon 

eIF5B depletion, which indicates that in these non-cancerous cells, depletion of eIF5B is 

increasing proliferation.  

 

Metastasis has been identified as a major cause of failed treatments and cancer-associated 

deaths 121. Metastasis is the process by which cancer cells grow in distant sites 122. Key steps in 
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the initial processes of metastasis are the migration of cancer cells from the original site and 

invasion through surrounding tissues, into blood and/or lymph vessels and invasion through 

tissues at distal sites 40,108. We performed collagen-based invasion assays and wound migration 

assays to assess invasion (Figure 3.8) and migration phenotypes (Figure 3.9) in OSCC cells, 

respectively. In Cal33 cells, a decrease in OSCC cell invasion was also detected. Additionally, 

wound healing assays also suggest depleted migratory capabilities in Cal33 cells. 

 

Two cellular signalling pathways involved in promoting proliferation, invasion, and 

migration in cancer cells are the NF-κB and MAPK/ERK pathways  48,123,124. To assess how these 

phenotypic changes occur upon eI5B depletion, I performed a western blot analysis and 

determined the levels of protein markers involved in these axes. We looked at changes in EGFR, 

p-EGFR, NF-κB, p-NF-κB, ERK, p-ERK, VEGF, and HIF-1α upon eIF5B depletion. In one 

replicate of western blotting, there was a noticeable decrease in levels of HIF-1α, p-EGFR, p-

NF-κB, p-ERK, and VEGFA upon eIF5B depletion (Figure 3.11). Similar decreases were also 

seen under siC conditions with TRAIL. Except for p-EGFR, the most robust decrease in these 

proteins was detected under eIF5B depletion in the presence of TRAIL. For unphosphorylated 

EGFR, NF-κB and ERK, their respective levels were not drastically impacted upon eIF5B 

depletion alone; a noticeable decrease in NF-κB was also seen in siC conditions under TRAIL 

treatment. For all these proteins, the most noticeable decrease was also seen for eIF5B depletion 

conditions with TRAIL treatment, with the most robust decrease being seen for ERK. These 

results suggest a possible route for how OSCC cell proliferation, invasion, and migration were 

affected upon eIF5B depletion.  
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The MAPK/ERK pathway begins with the binding of a growth factor or mitogen to a 

receptor, resulting in its phosphorylation/activation 125. EGFR has been identified as having a 

pivotal role in activating ERK signalling and has been implicated in abnormal proliferation in 

numerous cancers 126,127. This leads to a phosphorylation (and subsequent activation) cascade, 

ultimately leading to the phosphorylation/activation of ERK1/2 which translocates to the nucleus 

to activate transcription factors 128 (eg, ribosomal S6 kinases (RSK1-4) which have been reported 

to regulate proliferation, invasion, and migration 52 and implicated in OSCC growth 3. EGFR 

activation can also lead to activation of the MAPK signalling, which consists of serine-threonine 

kinases that are regulated via phosphorylation and have been implicated in metastasis in different 

tumors 129. EGFR mRNA has been reported to contain 130. Thus, the decrease in p-EGFR upon 

eIF5B depletion suggests that eIF5B may be regulating levels of EGFR via IRES elements. Since 

eIF5B depletion resulted in a drastic decrease in the levels of p-ERK, this may lead to decreased 

activation of these transcription factors, leading to the decreased proliferation, invasion, and 

migration witnessed in OSCC cells. VEGFA expression has been reported to activate the ERK 

pathway in gliomas; thus, the decrease in VEGFA levels upon eIF5B depletion may reduce the 

level of ERK pathway activation, aiding in decreased proliferation, invasion and migration 

phenotypes 65.  

It was interesting to see the expression of HIF-1α in Cal33 cells even though they were 

not subjected to hypoxic conditions as HIF-1α is synthesized but rapidly degraded under 

normoxic conditions 131 . HIF-1α under normoxic conditions was detected in neuroblastoma cells 

where it was suggested to have a metabolic role in processes needed for tumor cell viability 55. It 

has been observed that HIF-1α stabilization can occur under normoxic conditions by the 

inflammatory regulators Interleukin-8 (IL-8) and macrophage colony-stimulating factor (M-CSF) 
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followed by translocation to the nucleus to promote transcription HIF-1α-related genes (M-CSF) 

132.   The decrease in the levels of these proteins upon eIF5B depletion indicates that eIF5B may 

be involved in the regulation of key proteins involved in proliferation, invasion and migration. It 

is reported that hypoxia is present in early tumor development and HIF-1α is important in 

helping cancer cells adapt to these conditions 43,54. The decrease in HIF-1α levels seen upon 

eIF5B depletion suggests that eIF5B depletion in tumors may make tumors less adaptable to 

hypoxia and may help in stopping tumor development and growth. To summarize, the depletion 

of eIF5B in OSCC cells resulted in decreased proliferation, invasion, and migration. Western blot 

analyses showed that known markers of these processes were decreased upon eIF5B depletion, 

suggesting that eIF5B depletion may hinder these phenotypes by downregulating the activity of 

the ERK and NF-κB pathways. The decrease in HIF-1α levels upon eIF5B depletion suggests 

that eIF5B depletion may hinder tumor growth and development by making tumors less 

adaptable to hypoxic conditions. 

 

The NF-κB pathway can occur through a canonical or non-canonical pathway 133. The 

canonical pathway is activated by a diverse array of ligands; this pathway leads to degradation of 

the NF-κB inhibitor IκBα, allowing the NF-κB components p50 and RelA(p65) to translocate to 

the nucleus to regulate transcription of target genes 134,135. The non-canonical pathway is 

specifically activated by ligands of the tumor necrosis factor receptor (TNFR) superfamily; this 

pathway does not include IκBα degradation but the processing of a protein called p100, resulting 

in p52 formation; the p52/RelB dimer then translocates to the nucleus 134. Canonical NF-κΒ 

signaling is involved in most aspects of immune responses whereas non-canonical activation 

seems to aid in specific adaptive immune responses 134. NF-κB signalling is involved in immune 
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responses and inflammation 62. Aberrant NF-kΒ activity has been associated with cancer 

progression by compromising the immune system from attacking tumor cells and inducing cell 

proliferation 62. Upon eIF5B depletion, levels of NF-κB were not drastically affected; levels of 

NF-κB were decreased by 40% under siC conditions with TRAIL and 50% with eIF5B depletion 

with TRAIL treatment. Levels of p-NF-κB decreased by 40% under the eIF5B depletion 

condition in the absence of TRAIL and siC conditions in the presence of TRAIL. A robust 

decrease (70%) was seen for eIF5B depletion conditions in the presence of TRAIL. Constitutive 

activation and aberrant activity of the NF-κB pathway has been linked with pro-tumorigenic 

effects such as increased proliferation and malignant cell invasion and migration 109,136. 

Therefore, the decrease in p-NF-κΒ seen under eIF5B depletion suggests that eIF5B depletion 

may also be impacting the proliferative phenotype observed by regulation of NF-κB signalling. 

There is a body of work suggesting that crosstalk EGFR/ERK and NF-κΒ pathways, HIF-

1α and VEGF can contribute to proliferation, invasion, and angiogenesis phenotypes while 

suppressing apoptosis. EGFR activation by epidermal growth factor (EGF) was linked to NF-κB 

signalling activation by multiple mechanisms, such as inducing phosphorylation of the NF-κB 

inhibitor IΚΚB 137. Additionally, activated NF-κB promotes transcription of the KIAA1199 gene, 

which cycles back to EGFR signalling by promoting EGFR phosphorylation and epithelial-

mesenchymal transition (EMT) in cervical cancer cells, suggesting how these pathways combine 

to sustain cell survival and invasion 137. In pancreatic cancer cells, activation of the 

EGFR/MEK/ERK pathway leads to increased HIF-1α expression, which limits the excessive 

release of reactive oxygen species (ROS) and this reduction of ROS activates EGFR in a positive 

feedback loop to aid in invasion and subsequent metastasis 138. 
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Cytokine assays of spent OSCC cell media under control and eIF5B depletion conditions 

were performed in the presence and absence of TRAIL. Under eIF5B depletion conditions, 

significant reductions in the levels of the angiogenic biomarkers IL-8, Endothelin-1, PLGF, 

VEGFA, and VEGFC were detected (Figure 3.10). IL-8 has been reported to increase endothelial 

cell tube formation by directly interacting with endothelial cells and increasing mRNA levels of 

VEGFA 139,140. In chondrosarcoma cells, Endothelin-1 promoted the growth of vascular 

endothelial tissue to facilitate angiogenesis and metastasis 141. PLGF has been shown to direct 

VEGF to a VEGF receptor to promote angiogenesis 142. VEGFA and VEGFC are members of the 

VEGF family that promote angiogenesis by binding to VEGF receptors and triggering signalling 

cascades that promote endothelial cell proliferation and migration by increasing the permeability 

of existing vessels 143. The decrease in the levels of these markers upon eIF5B depletion suggests 

that eIF5B depletion in OSCC cells may have the potential to hinder angiogenesis. When 

HUVEC cells were treated with spent Cal33 media from cells under siC or eIF5B depletion 

conditions, a significant reduction (20%) was seen in the percentage of nodes, junctions, and 

segments formed in HUVEC cells under eIF5B depletion conditions. These parameters have 

been used in literature as a measure of HUVEC growth and correlated with angiogenic potential 

144. Therefore, eIF5B depletion may hinder the angiogenic capabilities of OSCC cells.  

In addition to the role of VEGF and the biomarkers listed above, HIF-1α has also been 

reported to be a master regulator of angiogenesis by interacting synergistically with other 

angiogenic biomarkers, including VEGF 145. As discussed above, HIF-1α and VEGF have also 

been linked to proliferation, invasion, and migration. Interestingly, both VEGF and HIF-1α 

mRNAs are known to harbour IRES elements 83,84. As eIF5B has been known to regulate IRES-

mediate translation, eIF5B may be likely to be involved in these processes affecting oncogenesis. 
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Transfection of OSCC cells for experiments in vitro is quick and efficient; however, they 

have some disadvantages when working with animal models. siRNA-mediated knockdown of 

eIF5B is only stable for one passage; however, with the use of shRNA-mediated knockdown, 

stable eIF5B knockdown can be maintained over multiple passages. A report suggests that the 

use of shRNA was found to be less likely to initiate an inflammatory response compared to 

siRNA of the same sequence, likely because shRNA is spliced by the cell’s own mechanisms 146. 

Therefore, we aimed to establish shRNA-mediated knockdown of eIF5B in Cal33 cells to 

transition experiments into orthotopic xenograft mouse model work. We were able to see stable 

eIF5B depletion using shRNAs lasting for the initial transduction and two subsequent passages 

(Figure 3.12 A-B). Using shRNA-mediated knockdown of eIF5B, cell viability assays were 

performed with cisplatin, the front-line therapeutic for OSCC treatment 96. Under eIF5B 

depletion conditions with DMSO or control conditions with cisplatin, there was a 40-50% 

reduction in alamarBlue absorbance. The most robust decrease in alamarBlue absorbance was 

seen under eIF5B depletion and cisplatin treatments (80% reduction) (Figure 3.12 D). Because 

cisplatin is an alkylating agent that induces DNA damage, this stressor may lead to the unfolded 

protein response 147, leading to eventual phosphorylation of eIF2α and reliance upon IRES-

mediated translation. These results suggest that successful and stable eIF5B depletion may be 

achieved in mouse models and that there may be increased OSCC cell death in mice with eIF5B 

depleted conditions to cisplatin. Additionally, shRNA-mediated knockdown of eIF5B in OSCC 

cells resulted in decreased invasion compared to control conditions (Figure 3.12E), suggesting 

that eIF5B-depleted OSCC cells in mouse models may exhibit decreased invasive capabilities. 

Given the influence of eIF5B reported in this project, identifying/generating drugs that can target 
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eIF5B would be of great importance. One such compound is LWW31, a small molecule ligand 

that has been suggested to interact with eIF5B and interfere with protein translation 148. 

Treatment of hepatocellular carcinoma cells with LWW31 suggested that LWW31 is more 

cytotoxic to hepatocellular carcinoma cells than noncancerous cells 148, suggesting that eIF5B is 

a druggable target. Further efforts into the design of compounds that can interact with and 

interfere with the role of eIF5B in IRES-mediated translation would be of great value. In 

particular, targeting domain IV of eIF5B which is known to interact with tRNAi 75would be of 

great importance. 

In addition to OSCC, the impact of eIF5B in cancer formation and progression in other 

cancers has been identified. In GBM cells, eIF5B depletion was correlated with decreased levels 

of the antiapoptotic proteins cIAP1, XIAP, Bcl-xL, and cFLIPs 31. GBM cells also exhibited 

increased sensitivity to TRAIL upon eIF5B depletion due to activation of apoptosis, as well as a 

decrease in p-65 levels 108, suggesting that eIF5B depletion is hindering NF-κB pathway activity 

as well. In lung cancer, the overexpression of eIF5B was found to upregulate levels of PD-L1, 

promoting immune evasion of lung cancer cells and thus promoting cancer survival and 

progression 88. The expression of eIF5B and its effect on PD-L1 were also seen in prostate cancer 

cells as well 86, suggesting that eIF5B is aiding multiple cancer types in resisting immune 

responses. In addition to aiding in the evasion of immune responses, eIF5B expression has been 

correlated with aggressive phenotypes, shorter recurrence-free survival and increased 

proliferation and migration in hepatocellular carcinoma cells 89. These reports suggest that eIF5B 

has the potential to be a valuable therapeutic target in multiple different cancer types. 

eIF5B depletion has been shown to be beneficial in cancer cells, however, it is important 

to consider the potential limitations of eIF5B depletion and its off-target effects. During cap-
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dependent transitions, eIF5B primarily mediates efficient interaction of the 40S and 60S subunits 

73. In addition to this, eIF5B has been reported to have other roles as well, including aiding in 

ribosome maturation, interacting with eIF5 to facilitate stable 48S pre-initiation complex 

formation, and interacting with eIF1A to stabilize tRNAi 75. eIF5B has also been reported to aid 

in the regulation of cell cycle progression and thus depletion of eIF5B in eukaryotes has been 

shown to display a stunted growth phenotype 75. 

 

 In conclusion, our work suggests that eIF5B may be involved in OSCC cancer 

biology by playing a likely role in IRES-mediated translation. The reduction of anti-apoptotic 

proteins upon eIF5B depletion indicates that eIF5B depletion may hinder the evasion of 

apoptosis and promote cell death. The decreases in levels of VEGF, HIF-1α, and other markers 

of invasion, proliferation and migration suggest that eIF5B depletion may also slow proliferation, 

invasion, migration and invasion, as well as angiogenesis in OSCC cells. The presence of IRES 

elements in mRNAs of HIF-1α, VEGF and certain anti-apoptotic proteins may be how eIF5B is 

regulating their levels. Bioinformatic analyses have shown that eIF5B is a prognostic biomarker 

for OSCC and this work will aid in establishing eIF5B as a therapeutic target for OSCC 

treatment. 

 

Future Directions 

So far, the data generated has been from Cal33 cells, an OSCC cell line derived from 

differentiated squamous tongue carcinoma 149. To gauge a better understanding of the effects of 

eIF5B depletion in OSCC, it may be beneficial to perform these experiments in OSCC cell lines 

derived from other anatomical locations. In our lab, we have access to UMSCC1 (floor of 
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mouth) and UMSCC29 (alveolar ridge) cell lines 150. Performing experiments in these 

anatomically diverse cell lines may provide us with a clearer picture of how eIF5B depletion 

may affect OSCC cell survival, proliferation, invasion, and migration. In this body of work, I 

have shown a correlation between eIF5B depletion and decreases in antiapoptotic proteins and 

markers involved in proliferation, invasion, and migration. However, to show that these proteins 

are regulated by eIF5B at the translational level, polysome profiling experiments will have to be 

performed. At the translational level, mRNAs being translated more frequently will have more 

ribosomes bound to them. Using cycloheximide, ribosomes can be “frozen” onto the mRNAs in 

control or eIF5B depletion conditions. mRNAs with many ribosomes, referred to as polysomes, 

have high molecular weight and can be separated from mRNAs with few ribosomes or no 

ribosomes through centrifugation on a sucrose gradient 31,151. Upon fraction collection and 

absorbance measurement, we can obtain a polysome profile revealing the presence of polysomes 

under control and eIF5B depletion conditions. The presence of less polysome under eIF5B 

depletion conditions suggests that the mRNA being analyzed is downregulated at the 

translational level. To confirm this is the case, reverse-transcriptase polymerase chain reaction 

(RT-PCR) can be performed to gauge steady-state levels of mRNAs under control and eIF5B 

depletion conditions. If the mRNA levels are similar between the two conditions, it can further 

suggest that any change we observe in protein expression is at the translational level. This study 

is restricted to looking into the role of eIF5B in regulating levels of anti-apoptotic proteins and 

markers of proliferation, invasion, migration, and angiogenesis as we cannot establish a direct 

link between eIF5B and IRES-mediated translation of these mRNAs. To better understand the 

role of eIF5B in OSCC pathophysiology, we will also need to perform ribosome profiling 

(RiboSeq) experiments. 
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