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Abstract

Head and neck cancer (HNC) is a term that describes malignancies that arise in areas such as
the mouth and lips, larynx, pharynx, salivary glands, nose, paranasal sinus, and nasopharynx. HNC
usually occurs after exposure to carcinogenic factors such @sogltobacco, and human papilloma
virus (HPV). Moreover, this type of cancer has a high recurrence rate at the primary site after treatment.
Cisplatin is a cornerstone in the chemotherapeutic treatment of HNC, utilized for its ability to induce
cancer cdldeath. However, resistance to cisplatin remains a significant challenge, reducing its efficacy.
There is evidence that extracellular particles (EPs) such as extracellular vesicles (EVs) and vault
particles mediate resistance to chemotherapy in somercypes. However, little is known of their
relative contribution, especially in HNC. Given the pivotal role of cisplatin in HNC treatihevds
hypothesized that EPs released from HNC cells exposed to cisplatin facilitate chemotherapy resistance
by expoting cisplatin or by mediating intercellular communication with neighbouring dell&est this
hypothesis, MTT assay was used to determine the concentration of cisplatin required to reduce cell
viability by 50% (IC50) in H357 and FaDu HNC cell lines. EV deficient (H35GS) and vault
particle deficient (H357 MVP) were utilised to explore their contribution to cisplatin resistance. A
cisplatinresistant H357 cell line (cisplatinR) was generated by prolonged exposure to increasing
concentrations of cisplatj and putative proteins involved in resistance were quantified by western
blotting. The proportion of cells undergoing apoptosis in response to cisplatin treatment was determined
by flow cytometry. The concentration of EPs in cell line conditioned medinehultracentrifugation
pellets were determined by nanopatrticle tracking analysis (NTA). EPs pellets were characterised by

western blotting to detect EV (CD63 and TSG101) and vault particle (MVP) markers.

Apoptosis was triggered in the H357 cell line following treatment with cisplatin, but not in the
FaDu cell line. Treatment of H357 with cisplatin also resulted in increased release of EPs, which
included EV and vault particles. Despite releasing fewernERssponse to cisplatin treatment, the EV
deficient cell line (H357 HGS) showed no significant difference in cisplatin sensitivity, whereas the

vault particle deficient cell line (H357MVP) was more resistant to cisplatin treatment. The cisplatinR



cell line showed increased viability and reduced apoptosis but released fewer EPs following cisplatin

treatment.

Thefindings suggest that the differential release of EPs in response to cisplatin treatment might
contribute to the variability in chemotherapy resistance among HNC cell lines. Specifically, vault
particles may play a more crucial role than previously undedsin mediating resistance to cisplatin.

This insight into the mechanistic underpinnings of cisplatin resistance in HNC cells could guide the
development of novel therapeutic strategies aimed at enhancing cisplatin sensitivity by targeting the

releaseor function of specific EPs.



Chapter 1 Introduction

1.1 Head and neck cancer

Head and neck cancer (HN@hcompass a variety of tumoutsat typically arise from the
squamous cells lining the mucosal surfaces within the head and neck (€bmn, 2020) These
cancers commonly affect areas suctitesnasal cavity, nasopharynx, paranasal sinuses, oral cavity,
oropharynx, hypopharynx, larynx, lip, and salivary gla(elsnmarised in Table 1.1how, 2020;
Rezende et al., 20L0HNC was ranked as the seventh most prevalent cancer globally in 2018,
comprising 3% of total cancer cag@&say et al., 2018; Siegel et al., 2016) the United Kingdom,
there has been a significant increase of 33% in the incidence of these cancers since the early 1990s
(Cancer Research UK, 2020). Data from 2017 showed 12,238 new cases, while deaths in 2018
numbered 4,077 as reported by Cancer Research UK (20d®)ally, HNCs account for about 2% of
cancefrelated mortalities globallfHead and Neck Cancers Statisti2917) Common signs of these
malignanciesmay include a noiealing wound or sore, a neck lump, difficulty swallowing, or
unexplained bleeding or pain. Established risk factors for HNC development include tobacco use, which
increases the risk of oral cavity and pharynx cancers-byidhes and leyngeal cancers by 10 times
compared to nosmokergJohnson et al., 2020\dditional risks involve genetic factors, alcohol use,
suboptimal nutrition, and infectious agefBot et al., 1988; Gillison et al., 2008; Goldenberg et al.,
2004) Specifically, HPV type 16 has been implicated as an etiological factor for these ogucers
Hausen & de Villiers, 1994)Vithin Europe, an estimated 73% of oropharyngeal cancer instances are
attributed to HPV, and the virus is also present in 12% of cancers of the oral cavity, hypopharynx, and

larynx (Mehanna et al., 2013)



Table 1.1. Rate of HNC morbidity and mortality cases in 2018combinedfrom 185 countries of
the world (Bray et al, 2018)

Cancer site Morbidity in 2018 Mortality in 2018

Lip, oral cavity 354,864 177,384

Larynx 177,422 94,771

Nasopharynx 129,079 72,987

Oropharynx 92,887 51,005

Hypopharynx 80,608 34,984

Salivary glands 52,799 22,176

1.2 Oral squamous cell carcinoma

Oral squamous cell carcinoma (OSCC) is the most common type among head and neck cancers,
accounting for more than 90% of cagBerdomo et al., 2016DSCC can arise in any part of the oral
cavity's mucosa, with the tongue and floor of the mouth being the most commonly affectéDaraas
etal., 2012; Kouketsu et al., 2016)SCC predominately affects men who are in their fifties and sixties,
and its risk is considerably increased by the use of tobacco, alcohol, and befeetfi@009)Recent
trends indicate a concerning increase in OSCC incidence among younger individuals. The exact impact
of traditional risk factors such as tobacco and alcohol use within this age group remains elusive. This
ambiguity might stem from the hypothesis thatinger individuals have had less time to accumulate
exposure to these risk factors, traditionally linked to OSCC development. Despite this, the rising
incidence suggests that other elements, possibly including genetic predispositions, viral irdactions
as HPV, or novel environmental and lifestyle factors, might play a significantkalminagakura et
al., 2012) Although HPV infection has a wedistablished link with oropharyngeal cancer, its role in
OSCC development remains a subject of delbéith-risk HPV strains, particularly (HP\(6/18) have

been more closely connected with OSCC, and the number of OSCC cases involving these HPV strains
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has been increasédiang & Dong, 2017)The survival outcomes for individuals diagnosed with OSCC
are disappointingly low, hovering between@@b, which is largely attributed to the advanced stage of
the disease at the time of diagnosis, despite the presence of advanced therapeutic optass such

surgical intervention, radiation therapy, and chemothef@aft et al., 2017)

1.3 Treatment of HNC

The management of head and neck cancer (HNC) typically necessitates a multidisciplinary
approach, incorporating surgery, radiation, and chemotherapy. Chemotherapy plays a pivotal role in the
treatment of patients with locally advanced forms of the disa&s@g to reducéumoursize and the
risk of metastasis. Among various strategies, chemotherapy utilized as induction therapy or in
conjunction with radiotherapy (chermadiotherapy) prior to definitive loeregional therapy has shown
promising outcomes. Numerous randomizedgriave explored the efficacy of different combinations
of chemotherapy and radiotherapy treatments, highlighting the significant role of such interventions in

enhancing patient survivéiPosner, 2005)

In the realm of induction chemotherapy, the combination of fluorouracil (FU) and cisplatin
(CDDP) has been identified as beneficial for patients with locally advanced HNC, contributing to
tumourreduction and a decreased metastatic rate. A landmark randomized trial further indicated that
augmenting this regimen with docetaxel (DTXprming a TPF (docetaxel, cisplatin, and fluorouracil)
induction chemotheraply significantly improves survival daomes compared to the standard FU and
CDDP regimen, thus séty a new benchmark in HNC treatméghbrch et al., 2011)Despite these
advancements, challenges such as high rates of recurrence, metastasis, and mortality persist, partly due

to the emergence of chemotherapy resistance, particularly against agents like CDDP.

A comprehensive longitudinal study over 6.0 years (72.2 months) has underscored the
superiority of the TPF regimen over the standard PF (cisplatin and fluorouracil) treatment in managing
head and neck cancer. The findings revealed that patients receRgxperienced significantly

extended median survival times of 70.6 months (95% CIi 89.0 months) compared to 34.8 months



(95% CI. 22.648.0 months) for those on the PF regimen (p=0.014). Theyéae overall survival (OS)
rates further affirmed the efficacy of TPF, with 52% survival in the TPF group versus 42% in the PF
group, translating to a 26% reduction in mortalitk rjslR= 0.74, 95% CI: 0.58.94) (Lorch et al.,

2011)

Additionally, progressioiiree survival (PFS) was markedly improved in the fifated
cohort, registering at 38.1 months (95% CI: 1881 months) against 13.2 months in the PF group
(95% CI: 10.620.7 months; HR= 0.75, 95% CI: 0i@D94). Subgroup anadgs based otumour
location highlightedthat patientwith hypopharyngeal and laryngeal cancers benefited significantly
from TPF, with improved OS and PFS (PFS HR= 0.68, 95% CIi 0.98), although the survival
difference was not statistically significagt=0.11), likely due to the role of salvage surgeries-post

progression.

For individuals with oropharyngeal primamgmours TPF demonstrated a significantly
enhanced comparative survival benefit over time when juxtaposed with PF (p=0.045), where the median
OS for PF stood at 64months andvas yet to be reached for the TPF arm (HR= 0.69, 95% CIi 0.48

0.99). No significant difference in OS was observed for patients with oral ¢awityurs

The study also revealed that TPF's benefits were particularly pronounced in patients with Stage
IV tumours showcasing a marked improvement in overall survival over aygee period compared
to the PF regimen (p=0.03). This distinct advantage was not observed among patients with Stage |IlI
disease (p=0.26), underscoring the importance of tailoring treatrmatégses to individual patient

profiles and disease characteris{icsrch et al., 2011)



1.3.1Molecular mechanisms of cisplatin action against tumour cells.

Cisplatin is an inorganic compound with square planar structure, which reacts with DNA to
induce DNA damage or irreversible cell death. In its natural conformation, cisplatin is neutral and
requires activation through a series of chemical transformatmepses that involves the aquation of

the cisplatincis-chloro ligand position for it to interact with DNA (Figutel) (Rezaee et al., 2013)
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Figure 1.1. Cisplatin activation in agueous solution

Interaction between (1) cisplatin and water molecule cause displacement of one chloride ion to form a
(2) moneaqua derivative, the reaction is repeated for the second chloride forming (&qaadi
derivative due to the stronger bond formed between methindrogen compared to the metal and
chloride ion. The aqua species formed has high acidity at pH 7 causing complete deprotonation (4) as
a monohydroxo and (6). Adapted fr¢gBavies et al., 2000)

The aquation reaction is a spontaneous event taking place within the cytoplasm, aided by the
low concentration of chloride ions. This results in the creation of highly reactive-moddiaquated
forms of cisplatin(Michalke, 2010) The toxicity of cisplatin to tumour cells can be attributed to the
interaction between the nucleophilic nitrogen at position seven of the purine bases in DNA, leading to
crosslinks within and between DNA strands, and forming BEDMA adducts and DNAproten
interactiongSiddik, 2003) Notably, the ApG and CpG crosslinks are the most recognised DNA lesions,
primarily responsible for cisplatimduced cytotoxicity. Furthermore, the reactivity of the aquated

cisplatin molecule in the cytoplasm renders it susceptible to reactions wittussagndogenous



compounds, such as those involved in maintaining redox balance, thus inducing oxidative stress that
also contributes to DNA damagé/ang et al., 2021)

DNA lesions or damage, like those caused by cisplatin, are repaired through different pathways.
Examples include the nucleotide excision repair (NER) pathway, which is primarily responsible for
removing cisplatiinduced DNA adducts, and the mismatch re@dMR) pathway(Duan et al., 2020;

H. Zhu et al., 2016)Typically, when a lesion sncountered, the cell cycle halts in the S and G2 phases,
activating the DNA repair protein p53 and initiating the DNA damage response pathway to restore
DNA integrity. In instances where the damage is extensive and irreparable, the cells within the tumor

environment are destined for apoptotic cell déailbrey et al., 2018)
1.3.1.1Apoptosis activation in cisplatin treated cancer cells

P53 is a short lived tumour suppressor that plays a central role in maintaining genome integrity.

Upon treatment with cisplatin, the creation of DNA adducts and oxidative stress often lead to excessive
DNA damage which signals activation of ataxia telataga (ATM) and Rad3elated (ATR) proteins
which leads tophosphorylation of p530nce stabilised, p53 takes on the role of inducing the
transcriptional expression of various proteins. These include cell cycle proteins like papoptotic
proteins such as Bax, and DNA repair proteins such as GAB45u & Krishnamurthy, 2010)
Moreover, it has been discovered that p53 induces apoptosis in cells treated with cisplatin by degrading
FLICE-like inhibitory protein (FLIP), a protein typically known to bind death receptors and inhibit
executioner caspases. Additionally, p53 assogiatth the antiapoptotic/survival protein Bcl2, which
has the effect of neutralising its activity in binding Bax, thus enhancing apojtbsidini et al., 2010)

Beyond the activation of apoptosis mediated by p53, the tyrosine kinfddehas a noteworthy
partto play. It's capable of transitioning between the cytoplasm and nucleus in response to DNA damage
caused by cytotoxic agents. Evidence from numerous sthdie pointed out that for the induction of
apoptosis resulting from DNA damage, the nuclear localisatiorAdfl ¢s crucial(Barila et al., 2003;
Yoshida et al., 2005)urthermore, -@Abl is implicated in cisplatiinduced apoptosis. Mice deficient
in the nuclear signal of theAbl localisation motif were found to have reduced apoptosis in renal tubule

cells where cisplatin was concentrat&tidevi et al., 2013)Imatinib, an inhibitor of €Abl, has also



been found to prevent cisplatinduced apoptosis in both laboratory and living organism environments
(Kim et al., 2013) All of these findings suggest that cisplatin appears to instigate the transition of c

Abl from the cytoplasm to the nucleus to provoke apoptosis.

1.3.2Molecular mechanisms of resistance to cisplatin.

One of the underlying molecular mechanisms that give rise to CDDP resistance in tumour cells is
a decrease in its intracellular bioavailability or accumulation. This is further enhanced by an increased
sequestration of cisplatin by metallothioneins, ghitate, and other nucleophilic scavengers within the
cytoplasm. The Copper transporter 1 (CTR1) is a transmembrane protein that facilitates the internal
transport of cisplatin. This protein can boost the translocation of cisplatin into the cell and its
cytatoxicity when copper is present. However, tumour cells have adapted to lower the expression of
CTR1 under clinically relevant concentrations of cisplétialayda et al., 2012)

Furthermore, multidrugesistant proteins such as MRP1, MRP2, and MRP3, with special
emphasis on MRP2, are part of the ABC ATPase family of proteins that play a significant role in the
efflux of cisplatin out of cancer cells. There have been previoustsepdicating that the expression
level of MRP2 could serve as a prognostic factor in assessing the cancer cell response to cisplatin
treatmen{Kaorita et al., 2010; Yamasaki et al., 201A}ditionally, coppeextruding Ptype ATPases,
ATP7A and ATP7B, are another set of proteins found to be upregulated in cispisitant cancer
cells(Huo et al., 2016)

As stated earlier, the reactivity of aquated cisplatin allows for a nucleophilic attack by cytoplasmic
molecules such as GSH and metallothioneins, leading to the sequestration of cisplatin out of the
cytoplasm. This has been observed in cisplasistantcancer cells derived from ovarian cancer
patients before and after the acquisition of resistéisbé&kawa, 1992)

Alongside these mechanisms that predispose cisplatin for sequestration, there are proteins that
identify DNA adducts of all types and trigger DNA repair pathways for the cell to recover genomic

integrity. However, these proteins and their associated pgthwtien exhibit hyperactivation in
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cisplatin resistance, granting the cells the capacity to repair the damage rapidly or withstand a high level
of damage without initiating any apoptotic mechanigi@alluzzi et al., 2018)For example, the
excision repair crossomplementing rodent repair deficiency, complementation group 1 (ERCC1), is a
DNA endonuclease in the NER pathway that, in conjunction with ERCC4, forms a heterodimer that
excises DNA at the 5' of cisplatinducedDNA adducts. The expression of ERCC1 has been shown to
positively correlate with NER proficiency and negatively correlate with cancer cell survival in various
cancergGalluzzi et al., 2018Moreover, ERCCL1 is involved in DNA intstrand adduct repair, which

is found to be deficient in cisplatgensitive cells but enhanced in cisplatsistanttumour cells

(Usanova et al., 2010)

1.3.3Tumour microenvironment and resistance to chemotherapy

The tumour microenvironment (TME) is a mdfticeted ecosystem of various cell types, including
tumour cells, immune cells, fibroblasts, and extracellular components, such as growth factors, enzymes,
and signalling molecules (Figure 1{&jinshaw & Shevde, 2019What influences tumour fate is the
relationships between all these various components of the TME. The tissue architecture is characterised
by interactions between extracellular matrix (ECM) and cell. The TME therefore modulates the typical
architecture ¥ signalling the progress of tumours and metastases through cell adhesion molecules,
tissue reshaping via metalloproteinases, as well as the hypoxic envirofumenet al., 2009) The

TME's role in the progression of tumours, metastasis and therapy resistance is well demonstrated in the
literature(Son et al., 2016)ECM has been proposed to provide protection against apoptosis induced
by chemotherapy in small cell lung cancer and other cafidedehurst & Dalton, 2001)t has been
suggested that integrimediated signal transduction, includifyotein Tyrosine KinasesPTKs)
dependent mechanisms, may provide protection against apoptosis through activation by an ECM ligand.
The TME promotes the interaction of cancer cells and stromal cells, resulting in appropriate ECM
interactions. Excessive accumulation of dense and rigidl,B&hich often encapsulates tumour cell
clusters and may serve as a shield, is thought to protect the cells from therapeutic agents. This effect is
directly associated with a decreased supply of oxygen, nutrients, and metabolites, which are affected

by this barrier. Increased hypoxia and metabolic stress contribute to pathways that triggmoatotic
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and drug resistance mechanisms. Finally, through integrin Fanoél Adhesion KinaseFAK)-
signalling, ceHECM interaction and increased tissue stiffness can directly contribute to tumour
chemoresistanc@Henke et al., 2020Clearly, a greater understanding of the molecular mechanisms
contributing to cisplatin resistance will provide targets for agents that can modulate cisplatin resistance
and improve chemotherapy effica(@ghermarBaust et al., 2003)Serial analysis of gene expression
(SAGE) revealed a large number of genes that are expressed in response to cisplatin resistance. Collagen
VI, an ECM protein with growth factdike properties, is abundantly expressed in cisplaggistant

cells whichhas been showin vitro to significantly increase cisplatin resistance in ovarian cancer cells.
Importantly, ovarian tumour staining with a collagen VI antibody reveals areas of high concentration
of collagen Vlin vivoand shows that the tumour cells eegs collagen VI. Collagen VI RNA levels in
tumours have been associated with tumour grade, a predictor of prognosis in ovarian cancer. These
results indicate that in the presence of chemotherapeutic drugs, tumour cells may modulate their
microenvironmentd favour surviva(ShermarBaust et al., 2003Lellular communication in the TME

is accomplished by various signalling networks, including paracrine and juxtracrine interéati&ns

Nabet, 2019)Paracrine signalling includes the production of secreted molecules such as cytokines,
growth factors, chemokines and extracellular vesicles (EM<s% Nabet, 2019; Milane et al., 2015)

EVs are membranrenclosed particles that contain proteins, nucleic acids and metalfbéidal &

Debnath, 202Q)which act as signalling agents to modulate the TME. EVs, with their capacity to alter
the TME and distant sites, play a major role in tumour progression and metgd&ihsist & Kalluri,

2013)
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Figure 1.2 Tumour microenvironment.

Tumours include neoplastic cells, immune, stromal and endothelial cells found in an extracellular
matrix, coexisting togethefhe tumour niche is a complex system of vascular supply and exposure to
numerous growth factors (lllustration generated using Biorender software).

1.4 Extracellular Vesicles (EVs)

1.4.1Discovery of Extracellular vesicles

The consensus in the scientific community is that extracellular vesicles (EVs) were first identified
by a scientist named Rosemary Johnston in 1987. Johnston's work was focused on examining the
behaviourof the transferrin receptor during the development of reticulocytes in sheep. Employing
methods like transmission electron microscopy (TEM) and immunolgdidlling she provided
evidence showing the transfer of receptors from the cell membrane into multivesicular bodies (MVBSs).
Subsequently, as these MV&sed with the cell's plasma membrane, the receptors were released from
the cell in the form of vesicle€Johnstone et al., 1987)his is often thought of as the start of a newly
discovered field of research. However, the term "exosomes" was used for the first time in a 1981 study

to describe vesicles with diameters between 500 and 1000 nm, which were also accompanied by small
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vesicles with diameter of 40 nffirams et al., 1981 he authors suggested that all vesicles would be
called exosomes. After initially being thought of as a cellular waste disposal system, EVs were
recognised to have an important role in intercellular transfer of mMRNA and m{R&#ajczak et al.,

2006; Valadi et al., 2007 pivotal advancement in the study of extracellular vesicles (EVs) occurred
with the finding that cancer cells emit a substantially higher volume of EVs comparedd¢ammarous
cells(Logozzi et al., 2009; Taylor et al., 2008)his discovery has propelled a surge in EV research,

with a growing body of investigators exploring the roles of EVs in various aspects of health and disease.

1.4.2 Nomenclature of EVs

EVs are discharged into the extracellular environment from many different cell types that have
been studiedThéry et al., 2001) including but not limited to: cytotoxic T cells, B lymphocytes
(Harding et al., 2013)and neoplastic cellvan Niel et al., 2001)The nomenclature in the field of EV
research can be complicated, with some researchers naming EVs based on their cell or tissue origin.
For example, cardiosomes are released from cardiomyoytedurvedi et al., 2015prostate cell
derived exosomes are callptbstrasomeqVlaeminckGuillem, 2018) immunogenic EVs are called
tolerosomes, and canederived EVs are known as oncosor{idiciacchi et al., 2015More recently
the International Society for Extracellular Vesicles (ISEV) has supported the use of a common EV
nomenclaturéThéry et al., 2018)One of the main challenges in the field is the overlapping size and
other physical properties of EV subpopulations, as current abilities to isolate them from the biological
fluids or cell culturemediumare unable to produce pure populations of the various EV types. In the
mostrecent ISEV position paper, researchers are encouraged to use operational terminology for EV
subtypes referring to physical characteristics of EVs, such as size (small EVs (sEVS), medium EVs
(mEVSs), and large EVs (IEVS)) and biologl structure (CD63, CD81, Annexin Afositive EVs etc.).
According toconditionsor source of the cellhypoxic EVs, podocyte EVs, apoptotic bodies, large

oncosomespught to replace terms such as microvesicles and exos@rhésy et al., 2018)ISEV has

recommended that the term EMsouldbe used where th@ogenesis is unknown.
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1.4.3Types of Extracellular Vesicles

The literature refers to several types of EVs. However, according to their biogenesis, three
different subpopulations of EVs exist: exosomes, microvesatidsapoptotic bodies/EVs (Figure 1.3).

Also, see table 1.2 for a summary of physical EV characteristics.

1.4.3.1Exosomes

Originally, the term &éxosomesreferred to vesicles of various sizes {#@00 nm) produced
by cells(Trams et al., 1981and smaller vesicles (3000 nm) derived from endosom@®hnstone et
al., 1987) Safaei et al. (2005b) suggested a size range of 50 nm to 200 nm for exosomes. For a long
time, exosomes were believed to have ashgiped morphology when viewed by TERRposo et al.,
1996) However, later studies using crgtectron microscopy revealed a spherical si{@tmgren et
al., 2000) with the cup shape being an artifact caused by drying during TEM sample preparation
(CondeVancells et al., 2008 Exosome density has been determined to be between 1.13 g/ml to 1.19
g/ml (Escola et al., 1998; Raposo et al., 199@hough Thery et al. (2001) reported a density range of
1.10 g/mlto 1.21 g/ml. Recently, exomeres, a new type of particle potentially related to EVs, have been
identified, ranging between 30 and 50 nm and possibly contaminating exosome prepgattiemet

al., 2019)

Exosomes are generated through the multivesicular body/endosome (MVB/MVE) pathway,
with the Endosomal Sorting Complex Required for Transport (ESCRT) playing a crucial role in their
biogenesis (Figure 1.4). Typically, proteins are mabauitinated to beeacognized by ESCRT
machinery, and proteins from ESCRTII, and Il are sequentially recruited to the early endosomal

membrane, where they regulate cargo loading and membrane invagination to form intraluminal vesicles
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(Y. Zhang et al., 2019)The resulting MVB can either be trafficked to the lysosome for degradation or

fuse with the plasma membrane to release exosomes (Figu(&édllén & Davidson, 2014)
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Table 1.2 Categorisation of extracellular vesicle types.

The table summarizes characteristics commonly used to classify EVs. Listed are the three types
of EVs that are most studied. Adapted from Théry et al. (2009).

Feature Exosomes Microvesicles Apoptotic bodies
Size 50-150 nm 100-1000 nm 50-1000 nm
Density 1.13-1.19g/mL ND 1.16-1.28 g/mL
Appearance by electron microscope Cup shape Irregular shape Heterogenous
Sedimentation 100,000 g 10,000 g 1200 g, 10,000 g or 100,000 g
Intracellular origin Endosomes Plasma membrane ND

Shedding Microvesicles

Plasma membrane o

Early endosomes

ILVs
Endocytosis =L =
F
’ l
Exocytic MVB
Degradative MVB
N
P AR Exosomes
ys 30-50 nm

Apoptotic bodies
Biogenesis of Extracellular vesicles

Figure 1.3 Extracellular vesicle biogenesis.

Microvesicles (MVs) are generated through the outward budding of the cell's plasma membrane. While
exosomes originate as small vesicles that are created from the inward folding of the membrane of early
endosomes, which contain intraluminal vesicles (ILMsjimately leading to the formation of
multivesicular bodies (MVBs). These MVBs can either fuse with the plasma membrane, discharging
the ILVs as exosomes into the extracellular milieu, or they can converge with lysosomes where they
are degraded. In theontext of cell death through apoptosis, the resultant vesicles are referred to as
apoptotic bodies or EVEreated wittBioRender.com.
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Exosomes can also form in the absence of ESCRT. Although E&@RRpendent mechanisms
are not welldefined, mammalian cells lacking main ESCRT components can still form MVBs and
exosomegStuffers et al., 2009hese mechanisms rely on lipids, often investigated through disrupting
lipid biogenesis, such as ceram{deajkovic et al., 2008)Exosomes are rich in cholesterol, an essential
component of MVBs. ESCRiInhdependent MVB formation is supported by evidence that cells depleted
of four ESCRT subunits can still produce Chg3sitive MVBs (Stuffers et al., 2009)However, it
remains uncleawhether MVBs designated for degradation or fusion with the plasma membrane are

distinct forms of MVBs. This biogenesis cycle from MVBs is typical only for exosomes.

1.4.3.2Microvesicles (MVs)

Microvesicles, also known as shedding vesicles, microparticles or ectosomes, have diameters
ranging from 1061000 nm and are generated through the regulated release of the plasma membrane
via outward buddingCocucci et al., 2009; EL Andaloussi et al., 201)crovesicle density is not
well-defined(Castellana et al., 2009 ut they are estimated to sediment at centrifugal speeds of 10,000
xg (Heijnen et al., 1999hey appear heterogeneous in morphology when observed byAiiEdhyak
et al., 2011; Heijnen et al., 1999)he biogenesis of microvesicles differs from that of exosomes.
Generally, local lipids and proteins are redistributed as a result of the plasma membrane's external
blebbing,this process is accompanied by a perpendicular repositioning and concentration of protein
and nucleic acid contents within the area of the emerging microve@iaere 1.6). However, the
molecular mechanisms behind this process remain un¢{l@&ouzaSchorey & Clancy, 2012)
Microvesicle biogenesis starts with membrane curvature, which is potentially induced at the site of the
future microvesicle by proteidriven local force¢MuralidharanChari et al., 2010)The generation of
membrane curvature is thought to stem from the accumulation of proteins, where the interplay among
these proteins exerts a force that facilitates the bending of the mengBtaokowiak et al., 2012)
Notably, proteins that are part of the endosomal system and the ESCRT (Endosomal Sorting Complex

Required for Transport) machinery have been associated with the formation of microvesicles.
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Figure 1.4 Model of protein sorting in MVB intraluminal vesicles.

Pavary

Within the endosome, ESCHRTidentifies the ubiquitinated CPS, subsequently activating the function

of ESCRII in assembling and oligomerizing the small coitaall proteins, leading to the formation

of ESCRTIII. This ESCRTIII protein assembly then seg&tes and concentrates CPS into a specific
endosomal subdomain, which subsequently invaginates to produce a vesicle. The deubiquitinating
enzyme, Doa4, associates with ESCIRJTacilitating the removal of the ubiquitin label from the cargo
before its inorporation into the MVB vesicle. Once MVB sorting concludes, the Ajge ATPase

Vps4 is drawn to ESCRTII, causing the protein complex to detach from the membrane. Taken from
(Babst et al., 2002)

1.4.3.3Apoptotic bodies

Cells undergoing apoptosis exclusively release apoptotic bodies, also known as EVs, which are
noticeably larger and exhibit more variability in size, ranging from 100 to 5000 nm. These structures
are packed with pieces of genomic DNA, cellular cytoplasm, @ganelles. It's been proposed that
apoptotic bodies may serve to transport "“find" and "eatme" signals from dying cells, thereby
recruiting macrophages and immature phagocytes to facilitate the process of cellular clearance
(Depraetere, 2000; Ravichandran, 201@cal phagocytosis, driven by macrophage receptors, is also

a pathway for the clearance of these bofewill, 1997) The signals dispatched may comprise various
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chemokines, such as-X3-C motif chemokine ligand 1, and nucleotides like ATP and uridine 5'
triphosphatdElliott et al., 2009; Truman et al., 2008)

A pivotal change in the membrane of apoptotic cells is the translocation of phosphatidylserine
to the external layer of the lipid bilayer, marking the cells for Annexin V binding and aiding in their
recognition by phagocytd#iartinez & Freyssinet, 2001Additionally, alterations at the membrane's
surface include the exposure of thrombospondin and C3b bindingFsited et al., 2002; Takizawa et
al., 1996) which along with Annexin V are now established as standard markers for identifying
apoptotic bodies.

Apoptotic bodies are a heterogeneous group, believed to consist of at least two main subsets
(Hauser et al., 2017Considering their more random packaging of contents, some apoptotic bodies
may be more nucleotidéch while others may primarily encase cytoplasm, leading to variations in
density and distinctive sets of markers that can be detected. Such variabiétgeores the need for
nuanced methods in their separation and identification. Their significant size disparity means that

apoptotic bodies often might be isolated alongside other EV types dugtwmification.

1.4.4Molecular cargo of EVs

Despite there being EV subtypes, many studies have shown that they contain similar molecular
cargo, which are sorted into the EV during biogengkitinstone, 2006; Bhy et al., 2002)namely

lipids, proteins, and nucleic acids (Figure 1.5).

1.4.4.1 Lipid and carbohydrate

EV membranes are composed of lipids such as cholesterol, sphingolipid, phosphoglyceride,
ceramide, and phosphatidylseri(gheng et al., 2014)Although their structure and sizes may vary,
their composition is generally representative of the parent cells. As such, the chetesterol
phospholipid ratio in vesicle membranes is similar to that of the cell mempvatad et al., 1989)
Nonetheless, specific differences exist, such as the lack of enrichment with lysophosphatidic acid in the
lipid bilayer, which is often associated with MVBs where exosomes are genéBatenvers et al.,

2013; Llorente et al., 2013EVs also contain numerous carbohydrates, including polylactosamine,
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mannose, glycoprotein, and glyo@atista et al., 2011he distribution of lipids in vesicle membranes

closely resembles that of lipid rafts, which are implicated in exosome fornfaisuo et al., 2004)

A comparison of the physical properties of EV membranes and cell membranes using techniques such
as fluorescence anisotropy, nuclear magnetic resonance, and electron spin resonance has revealed that
the membranes of these vesicles exhibit increasedtfiadd rapid "flipflop” motion between layers

(Brouwers et al., 2013)
1.4.4.2Proteins

EVs can carry active proteins and enzymes, as well as membrane trafficking and CD antigen
proteins like CD9, CD63, CD81, and CD@ndreu & YafiezM0, 2014) Notably, they contaimajor
histocompatibility complexe@VHC) such as MHC class | and Il, fusion proteins (annexins, GTPases,
and flatillin), heatshock proteins (Hsp70, Hsp90), ESCRT subunits, proteins involved in MVB
biogenesis (TSG101, Alix), and lipiegtlated proteins and phospholipaggheng et al., 2014)The
specific cargo packaging likely requires some guiding machinery, but our understanding of such a
system remains incomplete. Analysing this system is challenging due to the heterogeneity of vesicles
and variations in their production throughout a'sdille cycle. One studly Tauro et al.'s investigation
into extracellular vesicles from the LIM1863 colon carcinoma cell line reveals the release of two
exosome populations with distinct origins, basolateral and apical. Using immunocapture methods, they
distinguish these groups by their unique protein compositions, with basolateral vesicles featuring
proteins like early endosome antigen 1 and AibBsylation factor, and apical vesicles containing
markers such as CD63 and mucin 13. This differentiatiggessts a sophisticated form of cellular
messaging, potentially enabling targeted communication with specific cells or ([Faues.et al.,

2013)

Biogenesis of all vesicle types begins with plasma membrane modificafiomszoncept of
lipid rafting is a potential mechanism for the arrangement of certain areas and their associated
membrane proteins. Proteins such as stomatin, GM1, and fldtihiave been linked to the lipid raft
areas identified in vesiclg&assart et al., 2003Yhe occurrence of poestanslational modification

within vesicles strongly supports the existence of a deliberate sorting mechanism since rafts interact
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with various protein forms. The idea of rafts exchanging membrane properties, which enables the
curvature attributes necessary for vesicle formation, might suggest that entire rafts are incorporated into
vesicles, carrying their anchored proteins as (@dissart et al., 2003)

Ubiquitination is the most common method for cells to transport proteins through degradation
pathways, typically by packaging them into lysosemend vesicles with the assistance of ESCRT
complexes (Figure 1.4). One study investigating the ubiquitinegierin EV proteins found that MHC
Il complexes are not ubiquitinatgauvreau et al., 2009)mplying the existence of two distinct
mechanisms for protein sorting into MVBs. Further research indicated that immature dendritic cells use
the ubiquitirdependent process, leading to receptor degradation. In contrast, after cell activation, the
ubiquitin-independent strategy was employed, and vesicles carrying thelM¢dGplex that could

interact with T cells were released from the c@lsschow et al., 2009)

1.4.4.3Nucleic acid

EVs are believed to carry substantial amounts of nucleic acids, necessitating a unique
mechanism for packaging them into vesic(@ome et al., 2018)Various sized vesicles were
separated using serial centrifugation, revealing that apoptotic bodies contained high concentrations of
ribosomal RNA (rRNA), while exosomes held small amounts and microvesicles had negligible
guantities(Crescitelli et al., 2013)These differences not only indicated the presence of a preferential
packaging system but also encouraged further differentiation among vesicle subtypes.

Vesicular nucleic acids primarily consist of RNA, including microRNA (miRNA) and
messenger RNA (mMRNA) molecules. MiRNAs are small-noding RNA molecules involved in pest
transcriptional gene regulation and are frequently dysregulated in numerous diseasting cancer
(Kosaka et al., 20135equence cluster analysis led to the hypothesis that RNA contains a signalling
motif necessary for vesicimediated release from cells. This hypothesis has recently been demonstrated
for miRNA, with specific signal motifs (GGAG and CCCU) commonly idéeifin miRNAs exported
in EVs (Bhome et al., 2018) as well as several longer motifs found in miRNAs enriched in cells

(Villarroya-Beltri et al., 2013)
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Moreover, it was shown that the ribonuclear protein hnRNPA2B1 could recognize this motif,
possibly sorting these miRNAs into vesicles once they have been sumd@yléitadoya-Beltri et al.,
2013) However, an alternative mechanism has been proposed, in which endogenous RNAs modulate
mMiRNA packaging into vesicle€Squadrito et al., 2014)Thus, it is plausible that multiple sorting

mechanisms exist.
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Figure 1.5 The extracellular vesicle cargo.

EVs contain a wide variety of molecular cargo including protein, lipid, and nucleic acid.
Created with BioRender.com

1.4.5Function of EVs:

1.4.5.1Function of EVs in normal physiology

EVs have been found in various biological fluids, such as cerebrospinalMaidesco et al.,
2005; Street et al., 201,Xaliva(Palanisamy et al., 201,@lood (Alberro et al., 2021)Yronchoalveolar

fluid (Admyre et al., 2003)urine(Sato et al., 1990nasal fluid(Lasser et al., 2011and synovial fluid

(Gyorgy et al., 2012) The presence of EVs in diverse body fluids suggests their involvement in
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numerous normal processes. For example, urinary EVs have been implicated in the elimination of lipids
and various cellular proteir(gan Balkom et al., 20139nd potentially play a role isignallingalong
nephrongKnepper & Pisitkun, 2007)

Berckmans et al. (2011) found that EVs transfer tissue factor in saliva, which could lead to
blood clotting, indicating that EVs may be an evolutionary mechanism involved in wound healing
(Berckmans et al., 2011Vs isolated from synovial fluid have been proposed as key mediators and
suppliers of molecules necessary for cell surface adhéSksimer et al., 2006)EVs can also transport
proteins essential for the male reproductive syg@utlivan et al., 2005and contribute to the transfer
of immunity from mother to developirfgetus Immunocompetent EVs have been discovered in breast
milk, emphasizing their role in immunifAdmyre et al., 2007)

EVs have been extensively studied in the coagulation process, showing that increased
aggregation of platelaterived EVs enhances thrombin formation and induces throm(tzises et al.,

2013; Suades et al., 201BVs are widely utilized by the immune system, with mature dendritic cell
derived EVs acting as initiators of immune respoSegura et al., 2005n mice, keratinocyte derived

EVs play a similar role(Kotzerke et al., 2013)T-regulatory celgenerated EVs help suppress
pathogenic Thelper cells through their miRNA cargOkoye et al., 2014)0One of the most significant
roles of EVs during pregnancy is their function as mediators between the foetus and(Arathér
Hecher, 2013; Chua et al., 199Marrow cell derived EVs can modulate prosurfactant B expression in
marrow cells during lung injury, allowing for repékliotta et al., 2007)EVs have also been implicated

in bone calcification. They play a crucial role in the bone remodelling microenvironment, with bone
derived EVs containing osteogenic proteins like bone morphogenetic protein and alkaline phosphatase,
which are essential fahis proces¢Golub, 2009) These EVs can transport and facilitate the delivery
of substances such as bone morphogenetic protein, sialoproteiv,aandlar Endothelial Growth
Factor YEGF) directly to bone tissufNahar et al., 2008)urthermore, it has been demonstrated that
EVs from hepatocytes are capable of transferring proteins to the(@emdeVancells et al., 2008,
2010) which are involved in the liver's response to inj(Rpyo et al., 2013and in the regulation of

normal cellular proliferatioiiLee et al., 2008)
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Figure 1.6 EVs transfer proteins and nucleic acid.

Transmembrane proteins and the associated membrane proteins are integrat€teddong
microvesicles$MVs) or into the ILVs of MVBs. These exosomes and SMVs, with various sizes, either
attach at the recipient cell's plasma membrane or are endocytosed by these cells and then release the
material within the target cells, or these vesicles merge with the taelijstmlasma. All of these
mechanisms contribute to the introduction of proteins and nucleic acid into the recipient cell's cytosol
or membrane. Tik process is thought to be involved in chemotherapy resistance as the cell cannot lyse
the drug substances and aims to get rid of them by excreting the EVs. In addition, these vesicles may
bundle nucleic acids and proteins in the cells. This cargo cgripfarmation on drug resistance can

then be passed by EVs to the target cells to confer drug resistance to thqSatadiset al., 2005)n

addition to tumour growth and metastasis, this pathway also includes intracellular signalling by EVs
involving inflammation, immune inhibition. Created with BioRender.com.

1.4.5.2Function of EVs in cancer

The burgeoning field of EV research is fuelled by the understanding that these vesicles can
mediate the exchange of information between donor and recipient cells, rendering them vital tools for
exploring biological processes, both normal and aberranhelrcontext of cancer, EVs secreted by
tumours are thought to critically influence the stromal environment of solid turfBecker et al.,

2016) Extensive research has shown that EVs emitted by tumours can affect adjacent cells, driving

oncogenic processes like angiogenesis, transformation of fibrotGistsvdhury et al., 2014; Mineo
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et al., 2012; Webber et al., 201®)odulating nofcancerous celbehaviour(Skog, Wirdinger, van
Rijn, Meijer, Gainche, SerBsteves, et al., 2008)r transferring oncogenic molecules to more indolent
cancer cell§Al-Nedawi et al., 2008)thus supporting tumour expansion and spread at the original
tumour site.

EVs are also strongly linked to the establishment of metastatic sites. A seminal study by
Peinado et al. demonstrated increased melanoma expansion and metastatic load in mice implanted with
BM progenitors conditioned by metastatic melanoma exosomes thmuggralled "education”
mechanism. The Met proioncogene was elevated in aggressive melanoma cells, and its horizontal
transference from melanoma exosomes to bone narrow (BM) cells was a key factor in fostering BM
cell multiplication and, consequentialljnetastasigPeinado et al., 2012)n pancreatic cancer, it was
found that conditioning mice with PDAC calkrived exosomes predisposed them to liver metastases.
This study elucidated the sequence of events leading to metastatic niche formation in the liver, starting
with PDAC exosomes ding incorporated by liver Kupffer cells. These exosomes horizontally
transferred MIF to the Kupffer cells, inducing them to secrete-hGF whi ch i n turn
fibronectin production by hepatic stellate cells, thus initiating fibrosis. The subseduentfitin layer
then attracted bone marrederived macrophages and neutrophils to the liver, culminating in the
establishment of a pnmetastatic nichéCostaSilva et al., 2015)

Research has also indicated that malignant breast canceede#d EVs can be assimilated
by lessaggressivaumour cells, which can be located either nearby or at distant in vivo sites. An
investigation into the mMRNA content of these EVs revealed a concentration of genes linked to cell
migration. Introducing EVs from metastatic breast cancer cells intemetsstatic cells in vivo
experiments utilizing the CreoxP system to trace the uptake of extracellular vesicles (EVs) from
highly metastatic MDAMB-231 breast cancer cells by less metastatic T47D cells demonstrated a
significant influence on tumour cell behaviour. The study, conducted in a mouse model, revealed that
the transfer of EVs facilitates the communication of functional mMRNA between cé#iblynenhancing
the migratory and metastatic capabilities of the recipient T47D cells. Through the use of intravital
imaging and genetic markers, this process was visualized and quaffibeter et al., 2015)

Importantly, the exchange of EVs is a tway street, as illustrated by studies indicating that cancer
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associated fibroblasts can enhance the migratory and metastatic tendencies of breast cancer cells via
EV releasdluga et al., 2012)A compelling piece of research also suggested that exosomes may play

a role in determining the specific organs that tumours metastasize to. This organ specificity is driven

by tumourderived exosomes that are internalized by cells particular to the Gaggan, with certain
integrins directing the vesicles to these cell s.
U6b1l on exosomes from breast cancer are cruci al
S100A4positive fibroblasts andurfactant protein ositive epithelial cells within the lung tissue.
Similarly, the presence of Uvb5 on pancreatic ca
through their fusion with Kupffer cell€ostaSilva et al., 2015)

In summary, this body of research sheds light on some of the ways EVs contribute to tumour
progression (Figure 1.7). The various mechanisms through which EVs participate in cancer
development and metastasis highlight their significance in understandingritpkermature of tumour
growth and dissemination. By studying these mechanisms, researchers can gain valuable insights into

potential therapeutic targets and strategies for combating cancer.
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Figure 1.7 EVs are mediators of intercellular communication within the tumour
microenvironment.

EVs are commonly seen as facilitators in tienourpromoting dialogue between cancer cells,
neighbouringeells, and infiltrating immune cells. The diagram provides a streamlined representation of
how tumourderived EVs contribute to the transformation of fibroblasts into myofibroblasts, which
subsequently leads to the secretion of matrix metalloproteinases (MMPs) and the degradation of the
extracellular matrix (ECM). Additionallyftumour EVs play a role in activatinfumourassociated
macrophages to release growth factors, which in turn stimulate angiogenesis and create an inflammatory
microenvironment. Furdétrmore, these EVs can disrupt the balance of the immune system by inducing
changes that contribute to immunosuppression, thereby offering protectionttionthr (interaction
between EVs and the immune system not depicted). Aai@urexpands, its metabolic needs surpass

the capacity of its blood supply, resulting in increased hypoxia. To counteract thisyihg emits
angiogenic factors along with EVs that encourage the formation of new blood vessels to compensate
for the low oxygen levels. Primatymourderived EVs also activate epithelial cells to emit factors
involved in epitheliaimesenchymal transition (EMT), leading to decreased adhesion aomuoogr

cells, remodelling of the ECM, and new blood vessel formation, all of which are processes that
ultimately assist in the disseminationtomourcells to distant sites.
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1.4.6Role of extracellular vesicles in resistance to chemotherapeutic drugs

EVs have been found to contribute to drug resistance in cancer treatment through multiple
pathways. They can also aid in the transmission of resistance within the TME. For instance, high
concentrations of cisplatin have been detected in EVs, as evidenoeskbrch on platinum resistance
in ovarian cancer cells. In response to cisplatin treatment, cells significantly increase the secretion and
release of EVs containing high concentrations of cisp({@afaei et al., 2005)t is believed that the
EVs absorb the drug and eliminate it through the urine. Furthermore, EVs may play a role in transferring
resistance to Herceptin (trastuzumab), an antidmied therapy. It has been shown that tumour cell
lines with overexpressipof the human epidermal growth factor receptor 2 (FERjenerate EVs
containing the HER2 molecule, which can bind to and sequester trastuzumab from target cells
(Ciravolo et al., 2012)

Vesicle transfer has been demonstrated to mediate resistance systematically across a cell
population. By transmitting the ABCB1 (MDR)/P-glycoprotein (PGP) multidrug resistance
transporter, prostate cancer cells resistant to docetaxel can confer cedisteglls susceptible to both
doxorubicin and docetaxéCorcoran et al., 2012Pocetaxel resistance was observed via EV transfer
in a breast cancer model, with a group revealing the transfer of miRNAs such-49miRiR222,
and miR30a. Interestingly, these miRNAs affect the vesiculation of the memCien et al., 2014;

Mineo et al., 2012)leading to increased vesicle production similar to the response of ovarian cancer
cells to cisplatin. The same group also described the vasmthated transmission of theGP
transporter to sensitive cells as a mechanism that induces resigtaetal., 2014)

Drug resistance is not solely transmitted among cancer cells. Healthy cells have also been found
to transfer resistance to cancer cells by transporting proteins and miRNA through vesicles. EVs
produced by stromal cells have been shown to regulate nunpathweays such as P38, P53, and AKT
(Sousa et al., 20153lthough the precise mechanism remains to be determined.

As normal cells surround and transport crucial components to cancer cells, it is likely that a signal
from the tumour cells to the healthy cells occurs initially. This communication might alter the healthy

cell's vesicle production, changing the cargofasm# targeting, and quantity produced to meet the
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demands of the cancer cells. It is possible that the substances transferred by healthy cells are produced
in larger amounts or are not secreted at all by cancer cells. A recent study reported that by increasing
the expression of the zinc finger protein SWA(Snail), transformed fibroblasts could mediate
resistance to gemcitabine and transfer this resistance to cancdRaehisrds et al., 2017 Cancer
associated fibroblasts (CAFs) undergo significant modifications compared to their normal counterparts,
and these changes may encompass variations in vesicle secretion, similar to what is observed during
the differentiation processes of stem cellgnocytes, and colon cancer ce(Sledina & Ghahary,

2010) In a specific model focusing on differentiating stem cells and monocytes, it was observed that
the cells undergoing differentiation released extracellular vesicles (EVs) that contaiBi&dotdteins.

These proteins have the capability to activate defibiadblasts.(Medina & Ghahary, 2010\When

colon cancer cell lines were treated with sodium butyrate, they released more EVs, and these EVs had
distinct phenotypic effects on recipient céllsicchetti et al., 2017)Yeung et al. (2016%tudy linked

miR-21 transfer from adipocytes and CAFs to cancer. Upon binding to apoptotic protease activating
factor 1 (APAF1), the transferred miR induced resistance to paclitagéeung et al., 2016Cancer
associated adipocytes, like CAFs, af®wnto be influenced by cancer cells in ways that alter EV
production.

In summary, extracellular vesicles play a crucial role in drug resistance in cancer treatment by
transmitting resistance within the tumour microenvironment and mediating resistance systematically
across cell populations. Both cancer cells and healthy amiisibute to the transfer of resistance via
the transport of proteins and miRNA through vesicles. Understanding these mechanisms could be

essential for developing more effective cancer treatments and overcoming drug resistance.

1.4.70ther extracellular particles

Extracellular particle§EPs)encompass a diverse range of entities that play crucial roles in
cellular communication, transport, and various physiological procébtakin & Bratman, 202Q)
Among these are exomeres, which are smaller than exosomes and are involved in protein and lipid

transport. Supermeres, another category, are larger complexes that have distinct protein and lipid
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compositions. Additionally, lipid particles, such as Higansity Lipoproteins (HDL) and Lovidensity
Lipoproteins (LDL), are critical for cholesterol transp@vtalkin & Bratman, 2020; Q. Zhang et al.,
2021) Vault particles present anothgpe of EP These barreshaped structures, primarily composed

of the major vault protein (MVP), have been implicated in multidrug resistance and other cellular

processes, making them an intriguing subject of sflibkhoefer et al., 1998)

1.5The vault particle

Vault particles were first observed in 1986 when they were found mixed in with clataiad
vesicles from rat live(Kedersha & Rome, 1986Jhey were named vaults because they looked like the
vaulted ceilings seen in cathedrals. These bahaped particles are actualiyge ribonucleoprotein
complexegFigure 1.8) weighing 13 million Daltons and measuring about 35 nm by 68m=dersha
et al., 1990; Kong et al., 1999)his makes them about three timagger than ribosomes found in
eukaryotic cells, and ten times bigger than other ribonucleoproteins like signal recopaitictes
(SRPs) or small nuclear ribonucleoproteins (snRR&tgy et al., 2000)

Interestingly, these large particles were unnoticed for quite a while due to a technicéR@svae
et al., 1991) Thecontraststains typically used for electron microscopy, namely osmium tetroxide and
uranyl acetate, work well with charged components of membranes and nucleic acids, but not so well
with vault particles which are mostly made up of protein and have less RNA. Tais et these
particles nearly disappear when viewed through a transmission electron microscope using these stains.
The particles only became visible after a purification process and using a different staining method

(Figure 1.8YKedersha & Rome, 1986)
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Figure 1.8 Visualization and composition of vault particles.

A) In the electron microscopy image, the structure of vault particles is visible, with a scale bar indicating
100 nm located in the lower left corner. The image is reproduced with permission, under license number
11468901 (Kedersha & Rome, 1986B) The diagrammatic illustration outlines the constituent
molecules of a vault particle, which encompasses MVP, TEP1, PARP4/vPARP, and viRNAs.

These vaullike structures have been found in a wide variety of eukaryotic species, from

mammals to fish to slime mould to protozt@edersha et al., 1990; Rome et al., 19%)t they may
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not be a core part of all eukaryotic cells as they weren't found in baker's yeast, nematode worm, fruit

flies, or the plant known as Arabidopsis thaligkdackhoefer et al., 1996)

1.5.1Vault components

Vaults found in mammals are composed of at least four unique elements, which include three
large proteins and a few small roading RNA molecule¢Kedersha & Rome, 1986The primary
component of vaults is a protein referred to as the major vault protein (MVP), which accounts for over
70% of the total mass of the vault complex. The two remaining proteins found in vaults are smaller.
One has a molecular weight of 193 kDalaontains an activity called poly (ABibose) polymerase
(PARP), hence it is referred to as vault PARP (VPARP), p193 or PARIekhoefer, Siva, et al.,

1999) The other protein, with a molecular weight of 240 kDa, appears to be the same as the telomerase
associated protein 1 (TEP1 or p240). This particular component of the vault is also part of another
ribonucleoprotein complex, the telomerase complex. Vauh RtRNA) contributes ~5% to the vault
mass(Kedersha & Rome, 1986)t's beenproposed that a single vault particle is made up of 96
molecules of MVP, 8 molecules of PARP4, 2 molecules of TEiekhoefer et al., 1996)and at least

6 molecules of viRNA(Kong et al., 2000) Observations highlighted that the significant molar
prevalence of Major Vault Protein (MVP) compared to minor vault proteins differs from the typical
composition seen in other ribonucleoproteins. This pattern is more closely aligned with the makeup of
coaed vesicles or the molecular redundancy found in cytoskeletal configurations, such as microtubules
and stress fibers, or seen within specific virud®hile it's not confirmed, there's a fascinating theory
suggesting that these vault particles may haxdved from a virus that had a symbiotic relationship

with the host, also known as a viral endosymbi®dersha et al., 1991)

1.5.2The function of vaults

Despite significant progress in understanding the structure and individual components of vaults,

their exact role within cells remains unknown. Given their unique hollow Béeeeorm and their
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location within cells, many researchers have suggested that they might be involved in intracellular
transport.

The observed partial overlap in spatial distribution between vaults and cytoskeletal structures
could imply that vaults are either mobilized via the cytoskeleton network or contribute to the
maintenance of cytoskeletal integritgupporting evidence for this proposition comes from studies in
the electric ray Torpedo, which demonstrated vault transport within axons from the cell body to nerve
terminals(Herrmann et al., 1996; Li et al., 199®etailed microscopic analyses suggested a strong
link between vaults and synaptic vesicles in the nerve terminals of the electric organ. The researchers
theorised that substances destined for secretion may associate with vaults and travel alonglescrotubu
to synaptic vesiclefHerrmann et al., 1998 his cytoskeletormediated transport could allow vaults
to ferry cargo to and from specific locations within the cell. However, more research is needed to
validate this transport system, possibly by examining the effects of drugs that influence actin and
microtubules, the energy requirements of the transport process, and the role of molecular motors.

The possibility of vaults being involved in nucleocytoplasmic transport comes from observations
in rat fibroblasts. Some vaults were found near the nuclear membrane, often close to the nuclear pore
complex(Chugani et al., 1993However, the initial idea that vaults might be the fsngght central
plugs has been mostly dismissed. The central plug is now commonly seen as material passing through
the nuclear pore, rather than a distinct entity. The observations could indidatatths dock at the
cytoplasmic side of the nuclear pore complex to pick up or drop off cargo. Potential cargo could include
ribosomes, as MVP has been found alongside ribosomes in developing sea urchin embryos.
Additionally, MVP has been found in conjuimn with the human oestrogen receptor, with oestrogen
treatment increasing the association of MVP with the oestrogen receptor in nuclear extracts
(Abbondanza et al., 1998}'s important to note that potential vault cargo might not only be inside the
vault complex but could also be attached to its exteftoe.functions of the vault particles are discussed
here, taking into consideration the specific roles played by each of their compdA¥its.

MVP, the primary structural element of vaults, is crucial for their assembly. When MVP
function is inhibited, the formation of vault particles is disrugierger et al., 2009 he assembly of

vaults is primarily influenced by the presence of Major Vault Protein (MVP), as opposed to the lesser

33



roles played by other vault proteins such as TEP1 and PARP4. This implies that the existence of MVP
at normal levels is a critical prerequisite for the formation of vault particles, according to findings by
(Kickhoeferet al., 1998)Nonetheless, studies by Mossink et al. (2002) revealed that mice lacking MVP
(MVP (-/-)) did not display any noticeable defects, suggesting a complexity in the role of MVP in
physiological processéMossink et al., 2002)

Several studies highlight that MVP has multifaceted roles in biological processes. Notably,
MVP is connected with preventing cell death in aging human cells. Decreasing MVP levels leads to a
drop in the protective protein B@land an increase in thelanprotein in these celiRyu et al., 2008)
Additionally, reducing MVP has been found to trigger cell death in various cell types, including
macrophages and cells from lung, liver, and breast ca(Barst al., 2019; H. M. Lee et al., 2017,
Pasillas et al., 2015MVP on the cell surface is also implicated in enhancing the growth and spread of
liver cancer cells, possibly by activating several cellular pathylages et al., 2017)Furthermore, a
higherabundancef MVP corresponds with reduced levels of certain proteins involved in DNA repair
mechanisms, suggesting vaults' potential involvement in these pro¢elsseset al., 2009)Recent
investigations also point to MVP's roles in combating obesity and adktgd issues, influencing
bone breakdown, and its association with viral interactions and disease devel(anesittal., 2013;

W. Wang et al., 2020; Yuan et al., 2021)

Vault particles, particularly the MVP component, have been associated with drug resistance in
lung cancer due to its heightened expression I€8elseper et al., 1993)his overexpression has been
noted across several cancer cell lines that show resistance to multipléSthigseijers et al., 2000)
Recent research linked MVP to worse outcomes in patients with a specific breast cancer subtype, triple
negative breast cancer (TNBC). This study revealed MVP's role in driving resistance to chemotherapy
in TNBC cells, primarily through activation of th&kt pathway and the promotion of a cellular
transformation process called epithelial to mesenchymal transition (EMT), which was influenced by the
Notchl protein's binding to MVP promoter regiofi§iao et al., 2019) Furthermore, MVP was
originally referred to as the lung resistaimeated protein (LRP), stemming from its significance
identified in a specific lung cancer cell line, S¥873, in the 1990&cheper et al., 1993)n intriguing
observation was that the resistance of certain cells to chemotherapy drugs like doxorubicin could be
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traced back to increased MVP expression when exposed to sodium butyrate (NaB). This heightened
MVP expression led to the drugs being shifted from the cell nucleus to the cyt@Klitesrono et al.,

2001) Similar findings in throat cancer cells underscored MVP's ability to induce drug resistance by
moving these agents away from their primary targets in the nucbeng et al., 2000).ater research
indicated that in the SW820 cell line, MVP heightened expression could be triggered by a variety of
stress factors, including NaB, through a specific cellular patl{ikaga et al., 2008)Additionally, a

study that targeted individual vault proteins underscored MVP's critical role, along with another protein,
PARP4, in ensuring cell survival in druigsistant scenarig¥Vojtowicz et al., 2017)

MVP has been identified as playing a role in the movement of chemotherapy drugs between the nucleus
and cytoplasm by aiding the creation of cytoplasmic vesicles. In sormgelesisive cancer cells, there's

a noticeable shift of these drugs to specifidales in the cytoplasm, which are found to be associated
with MVP (Meschini et al., 2002MVP, when produced in abundance by adipocytes near tumours, has
also been found to assist in the transport of doxorutacian EVs within breast cancer céllehuédé

et al., 2019)Research further indicates suppression of MVP can halt the movement of doxorubicin into
lysosomes, suggesting MVP plays a pivotal role in reinforcing tumour cells' drug res{stariegsen

et al., 2007) However, findings about MVP's involvement in drug resistance have been mixed. For
instance, MVPdeficient mice didn't show heightened sensitivity to multiple drugs in specific cell types,
contradicting the expected role of MVP in drug resistgiMessink et al., 2002)n lung cancer cells,

while a link between MVP expression and resistance to one drug, cisplatin, was seen, such a relationship
wasn't observed for other drugs like doxorubi¢Berger et al., 2009)Similarly, despite MVP's
overproduction in an ovarian cancer cell line, resistance to several drugs was not (Stdwtédr et

al., 1995) In a different context, within dendritic cells, MVP was found to overlap with the lysosomal
marker CD63, a molecule frequently associated with late endosomes or multivesicular bodies, often
seen as standard EV markéBehroeijers et al., 2002Additional work in colon cancer cells revealed
MVP's role in sorting specific miRNA cargoes within EVs, which appeared to boost tumour
developmentTeng et al., 2017)These findings hint at MVP's potential significance in the inner

workings and intercellular transport related to vesicles and their selective cargo allocation.
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1.5.2.1TEP1

TEP1 is a protein linked with telomerase. Beyond its role as a secondary vault protein, this 290
kDa protein is also a key element of another ribonucleoprotein complex that assists in creating new
telomerases at the ends of chromoso(iéskhoefer, Stephen, et al., 1999; Saito et al., 199EP1
collaborates with telomerase RNA and the enzymatic protein telomerase reverse transcriptase (TERT)
in mammalian cells, bolstering the functionality of the complex. Yet, in mT7ERbDuse models, there
weren't any notable changes in telomerase RNAl$eor activity(Kickhoefer et al., 2001; Liu et al.,

2000) Notably, even though TEP1 is a part of two ribonucleoprotein assemblies, there's no recorded
telomerase activity linked to vault particles. This hints at TEP1's potential involvement in promoting
the structure or formation of ribonucleoprotein within k&(Kickhoefer, Stephen, et al., 1999)

Kickhoefer et al. (2001) emphasized TEPL1's role in bolstering the stability of vtRNAs within vault
particleg(Kickhoefer et al., 2001 Detailed 3D visualizations of vaults demonstrated that when mTEP1

is lacking in mice, the resulting vaults, though structurally sound, have less dense caps. Notably,
mTEPZ/- mouseproduced vaults entirely lacked vtRNA. This was in line with the viRNAin the
leftover fractions from vault purification&ickhoefer et al., 2001)TEP1 interactions with vtiRNAar
telomerase hinge on its Tetrahymena p80 similarity region, crucial for guiding TEP1 to vaults during
their formation(Poderycki et al., 2005)

In a more recent examination of ovarian cancer tissue from untreated patients, TEP1 expression,
along with MVP and PARP4, was seen to be notably reduced at the mRNA level in cancerous samples,
in contrast to healthy ones. However, it was increased atdabeiplevel(Szaflarski et al., 2013)his
inconsistency in vault protein expression levels was linked to the altered regulation of other proteins
connected to multidrug resistance in advanced tumours. This highlighted the significance of post
transcriptional oversight of vault proteins lretcontext of canceassociated drug resistan&zaflarski

et al., 2013)

1.5.2.2PARP4

PARP4 possesses a domain similar to the poly (adenosine diphesphayd) transferase,

although it doesn't directly interact with DNA because it lacks thierhinal DNA binding domain.
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This suggests that its transferase functionality might depend on interactions with other proteins
(Kickhoefer, Siva, et al., 1999Notably, the polymerase action of PARP4 was deemedbasential

for integrating the glutathione-tBansferases (GSTaggedC-terminal portion of PARP4 into vault

like structures irk. coli, which were formed by protein-tagged human MVRPZheng et al., 209).

Even though PARP4 activity appeared unrelated to MVP's capacity-asselinble vaulike particles,

its potential role in boosting M\(Briven drug resistance has been underscored in cell lines resistant to
multiple drugs(Wojtowicz et al., 2017)Moreover, an imaging study that utilized green fluorescent
protein (GFPYXagged MVP in a NSCLC cell line revealed an almost full overlap of tubular vault
structures in the cytoplasm with PARP4 protgivan Zon et al., 2003)Collectively, these findings

point towards the potential structural importance of secondary vault proteins in the formation and

fortification of the vault assembly.

1.5.2.3Vault RNA

Vault particles contain short polymerase Ill transcripts named vtR{KA&dersha & Rome,
1986) These vtRNAs display a conserved polymerase Il promoter, but vary in length across species,
ranging between 86 and 141 nucleotides. They all have a sharetbsfesecondary structu@an
Zon et al., 2003)While mice and rats possess one VtRNA, bullfrogs have two, and humans possess
four distinct viRNA paralogs, encoded by specific genes. Another viRNA found on the X chromosome
in humans is generally considered a pseudo@stagller et al., 2009; van Zon et al., 2001)

Interestingly, nuclease treatments that disrupt vtRNA don't impact the assembly of the vault
complex, suggesting that vtRNA plays a functional, but not structural, role in {ideliersha et al.,
1991) Research has linked elevated levels of viRNA expression with resistance to chemotherapy in
certain human cancer cell lines, such as glioblastoma, leukaemia, and osteocaiGiopimath et al.,
2010) Additionally, studies indicate a close interaction between vtRNIAahd a specific splicing
factor, with implications for cell sensitivity to chemotherd@hen et al., 2018)0ther studies reveal
that viRNAs can directly bind to chemotherapy drugs, potentially aiding in their removal from cells
(Gopinath et al., 2005Beyond chemotherapy resistance, viRNAs have roles in preventing cell death

and inhibiting antiviral immunity, with some particularly associated with cancer development
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processegAhn et al., 2018; Amort et al., 2015; Golec et al., 2019; F. Li et al., 20idiably, the
majority of viRNA doesn't bind to the vault particle, implying other potential (&lekhoefer et al.,

2002) Some vtRNA not associated with vaults have been found in separate smaller ribonucleoprotein
particles, and recent research has started to uncover their role in autdptuagy, Bischer,
Kleinendorst, et al., 2019; Horosji&her, Sachse, et al., 2019)

Multiple proteins have been identified that bind to vtiRNAs. Their affinity to these proteins, for
instance, SRSF2, can be modified pwahscriptionally(Sajini et al., 2019)Regulatory activities of
VtRNA1-1 arise from certain modifications, which lead to the creation of small viRNA fragments
(svRNAs) that have their own regulatory effefittussain et al., 2013; Sajini et al., 201Jhese
sVRNAs are produced in a specific manner and have been shown to regulate certain target genes. Deep
RNA sequencing from certain cells has shown multiple svRNAters.Specific svRNAs have been
associated with drug resistan{fersson et al., 2009hile others have a functional role in cell
differentiation (Sajini et al., 2019) Additional viRNA modifications have been documented, and
distinct vtRNA profiles in different EV subsets have been repdBetlingham et al., 2012;4sser et
al., 2016; Lunavat et al., 2015; NeliEHoen et al., 2012)The packaging of viRNA and its fragments
into EVs remains a topic of study, with one protein, YBX1, being identified as crucial in transporting

small RNA molecules, including vtRNASs, into EVs from specific céllburtleff et al., 2017)
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1.6 Hypothesis and project aims

The hypothesis suggests that extracellular particles released from HNC cells, when exposed to
chemotherapeutic agents like cisplatin, undergo alterations in their molecular cargo. This change
potentially facilitates chemotherapy resistance in neighbouoinghaive cells. To explore this
hypothesis, the project will aim to address the following objecti@sNeé hypot hesi sedoh

deleted to avoid using (wand ouj, and this approach was applied throughout the thesis

1. HNC cell lines will be treated with cisplatin and dessponse determined by MTT assay and
flow cytometry.

2. Cells will be treated with sulethal doses of cisplatin and conditioned medium will be
characterised by nanoparticle tracking analysis to assess EV size and concentration.

3. Extracellular particles will be isolated from conditioned medium by ultracentrifugation and
further characterised by western blotting for common EV markers such as CD63 and
TSG101, and MVP for vault particles.

4. Celllines that are EV and vault partideficient will be utilised to explore the role of these
extracellular particles in HNC response to cisplatin treatment.

5. Naive cells will be treated with EV's derived framisplatin resistant cell line (cisplatnand

susceptibility of naive cells to the drug determined by flow cytometry.
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Chapter 2 Materials and methods

2.1 General consumables

The chemicals and reagents used in the laboratory were ordered from Merck, which was
previously known as Sigmaldrich. Molecular biology reagents, unless specified otherwise, were

purchased from Thermo Fisher Scientific.

2.2 Cell lines

In this study, two commercially available human head and neck squamous cell carcinoma
(HNSCC) cell lines were used: FaDu (ATCC, HABTM), derived from a pharynx squamous cell
carcinoma of a 5§earold Caucasian malgangan, 1972)and H357 (ECACC, 06092004), originally
isolated from a 74/earold male patient with a squamous cell carcinoma of the tofgradall et al.,

1993) CRISPR/Cas9 genome edited derivatives of the H357 cell line, H357 MVP KO and H357 HGS
KO, were created by Miss Xinming Liu and Miss Wenyi Jiang, respectively. FaDu cells were cultured
in Roswell Park Memorial Institute (RPMI) 1640 medium, while H357sc&hd derivatives) were
cultured in Dulbecco Modified Eagle Medium (DMEM) containing 1000 mg/L glucose. Both culture
media were supplemented with 2 mMglutamine and 10% (v/v) foetal bovine serum (FBS) to provide

necessary nutrients and support optinedll growth.

2.3 Cell culture and passage

The cell lines in this study were routinely cultured in T75 (75 cm?) tissue culture flasks under
optimal conditions. Upon reaching approximately8®o confluence, monolayers were washed twice
with 10 ml of sterile Dulbecco's phosphdugeffered saline (PBSto remove any residual medium.
Subsequently, 3 ml of 0.25% trypsin/EDTA solution was added to the monolayer, and the flask was
incubated at 37AC for 5 minutes in a 5% (v/v) CO
During this time, an imerted light microscope was used to monitor the dissociation of cells from the

flask surface.
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Upon complete cell detachment, the trypsin was neutralized by adding 7 ml-efpred
complete medium to the flask. The cell suspension was then collected and centrifugergatol 23
minutes using a benchtop centrifuge (Harrier 18/80, MSE, UK) to pellet the cells. After discarding the
supernatant, the cell pellet was resuspended in a fresh volume of complete medium, as required, and
transferred to a new T75 tissue culture flaBke cells were subsequently placed in a 37°C incubator
with a humidifiede nvi r onment containing 5% (v/v) CO to pi
This passaging procedure was repeated when the monolayers reached approxirgQeéty 70
confluence to ensure optimal cell growth and viability. Furthermore, cells were maintained within a 20
passage window to minimize the risk of phenotypic drift and maititi@ consistency of experimental

results. Cell lines were routinely tested for mycoplasma contamination.

2.3.1Cell counting

In instances where a specific cell number was required for experiments, cells were trypsinised as
above (section 2.3) and resuspended in 10 ml of fresh growth medium as to accurately determine the
cell concentration, 10 pl of the cell suspension was mdetieneath the coverslip of a glass
haemocytometer (Neubauer Improved Hemocytometer). Utilizing an inverted light microscope (Nikon,
ECLIPSE, TS100, Tokyo, Japan) at 10x objective magnification, the number of cells in each of the four
corner quadrants olié haemocytometer, each consisting of 16 squares was carefully counted.

Subsequently, the values obtained from the four corner quadrants were averaged, and the mean
count was multiplied by 1 x 2@o calculate the cell concentration in cells per milliliter. The required
number of cells was then pelleted at 123 xg for 5 minutes before resuspension in the desired volume of

prewarmed complete medium, ready for seeding into the cell culture vessel.

2.3.2Cell line storage

Cells were trypsinised and counted as above (section 2.3.1). Afterward, they were centrifuged to
form a pellet. This pellet was then mixed in a solution containing 90% (v/v) FBS and 10% (v/V)

dimethyl sulfoxide (DMSO), ensuring a final concentration of 10k cells per milliliter. Each 1 ml
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portion of this cell mixture was placed into cryogenic vials. These vials were first ke@d°a

overnight using a Mr. Frosty container and subsequently stored in liquid nitrogen.

2.3.3Monolayer cell seeding

Cells were trypsinised and counted as mentioned in section (2.3.1.) Following trypsinization and
enumeration, cells were prepared for seeding into various culture vessels, includielj plates, 6
well plates, T25, and T75 flasks. The cell suspensianagusted to achieve specific seeding densities
suitable for each vessel type. For example, a typical seeding density forwe pfates was 1x10
cells per well, with 100 ul of the cell suspension dispensed into each well. This standardized approach
ensured a consistent cell distribution across all vessel types, providing a reliable foundation for
assessing treatment effects. After seeding, the culture vessels were placed in an incubator set at 37°C
with a humidified 5% ( vghtingubaGod alloned cells ® firtnlgattachto T h e
the surface of the respective vessels and establish a uniform monolayer. This step was vital for ensuring
the consistency and reproducibility of subsequent experimental procedures, especially whengvaluatin

the cytotoxic impacts of agents like cisplatinkdNC cell lines.

2.4 Generating cisplatin resistant cell lines (Cisplatif)

The H357 and FaDu cell lines underwent ldagn treatment with the chemotherapy agent
cisplatin. To prepare a stock solution of cisplatin, 30 mg of cisplatin powder was dissolved in 100 ml
of 0.9% (w/v) NacCl, yielding a 1 mM solution. The stock solutiaswsubsequently sterilized using a
0.2 um Millex® syringe filter. This suspension was either utilized immediately or aliquoted into 1 ml
portions, shielded from light, and stored-20°C for future use. The treatment strategy was designed
to start at a lv, sublethal dose of 0.5 UM cisplatin. Following this initial dose, the concentration was
systematically increased in increments of 0.5 uM with the aim of reaching the determined IC50 value.
Both cell lines were routinelgassageds describefsection 2.3in the presence of cisplatin. However,
it is pertinent to note that the FaDell line did not achieve the desired IC50 concentration, leading to

the exclusive use of the H357 line for subsequent experiments.
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2.5 Cisplatin treatment

The 1 mM cisplatin stock solution prepared as above (section 2.4) was further diluted in cell
culture medium to obtain a series of working cor
eM, 100 &M, and 200 & M.

Pre-seeded 96vell plates (1x16cells/well), as described previously (section 2.3.3), containing
100 pl of culture medium per well, were treated with 100 pl of each cisplatin concentration. This process
resulted in final cisplatin concenbramMj on® oM, Oa
100 €M in the wells. Additionally, a vehicle co
NaCl equivalent to the maximum cisplatin concentration, ensuring a valid comparison for the
experimental graps. The cells were incubated with cisplatin for 24 and 48 hours at 37°C in a humidified

incubator with 5% (v/v) C@ ready for downstream cell viability testing.

2.6 MTT assay

The 3(4,5dimethylthiazolyt2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay was employed to
assess cefthetabolic activity as an indication wiability following treatment with cisplatin as above
(section 2.5)Cells were treated with the drug for 24 and 48 hours, after which the culture medium was
removed, and 100 pl of freshly prepared MTT dye (0.5 mg/ml in PBS) was added to each well. The
plate was then incubated at 37°C and 5% &O 2 hours, allowing viable cells to reduce MTT to
formazan, which generated a purple colour. Following incubation, the MTT solution was carefully
aspirated, and 50 pl of acidified isopropanol was added to each well to solubilize the formazan crystals.
The optical density (OD) of ¢hsolubilized formazan was measured at a wavelength of 570 nm (OD570
nm) using an Infinite® M200 PRO NanoQuant plate reader (TECAN) in conjunction with Magellan
software, with a reference wavelength of 630 nm to account for background absorbance. The
absobance data obtained from the plate reader was transferred to an Excel spreadsheet for further
analysis, including the calculation of percentage cell viability and statistical comparisons between

treated and control groups.
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2.6.11C50 value

The absorbance values obtained from the MTT assay as above (section 2.6) were processed using
Microsoft Excel to determine the percentage cell viability. Each absorbance value was normalized to
the average absorbance of the vehicle control group, prowidiagve cell viability values for the
treated samples. Subsequently, the mean and standard deviation of these relative values were calculated
for each treatment group. The data were then plotted agelgpense curves using GraphPad Prism 9
software (GaphPad Inc, San Diego, CA, USA), which facilitated the visualization and analysis of the
relationship between cisplatin concentrations and cell viability.

Nonlinear regression analysis was performed using therdspense inhibition model to fit the
experimental data and better understand the cytotoxic effects of cisplatin on the cell lines. From this
analysis, haHmaximal inhibitory concentration (IC50rlues were calculated, which represented the

drug concentration required to reduce cell viability by 50%.

2.7 Extracellular particle methods

2.7.1Preparation of EV-depleted FBS

FBS was depleted of extracellular vesicles (EVs) through ultrafiltration, following a method
adapted from Kornilov R et al. (2018). The process involved filtering FBS through 0.2 um filters to
remove any particulate contaminai®rnilov et al., 2018) The filtered FBS was then loaded into the
upper chamber of Amicon Ultra5 centrifugal filter units, featuring a 100 kDa molecular weight cut
off. Subsequently, the samples were centrifuged at 3,000 x g for 2 hours at 4°C, which allowed the
smaller moleales (<100 kDa) to pass through the filter membrane while retaining the larger
molecules/particles (such as EVs) in the upper chamber. Thethtowgh collected in the lower

chamber represented ultrafiltered Hepleted FBS (UEFBS). To ensure sterilitJF-dFBS was

filtered once more through 0.2 -20/C.fi Il ters before
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2.7.2Cell culture conditioned medium

Cells were treated with trypsin and subsequently enumerated (section 2.3.1). In order to
determine the particle concentration released by these ZB#4,( of them were seeded in each well
of a 6well platein 2 ml of standard growth medium. These were then allowed to attach overnight. The
next day, the spent medium was discarded, and each well was washed twice with PBS. Following the
wash, 2 ml of fresh growth medium supplemented with 10% (vVAAIBPIBS was aded to each well.
After another overnight indation, the medium was subjected to centrifugation at 300 x g for 10
minutes, ensuring the detachment of any-fteating cells. The resulting conditioned medium was
promptly cooled on ice in preparation for Nanoparticle Tracking Analysis (NTA) (sexiiof). Where
larger volumes of conditioned medium were required, 2g&ls were seeded in a T75 culture flask
along with 10 ml of lowglucose DMEM and allowed to attach for a period of 24 hours-&tisrence,
the old growth medium was removed, and¢hbs were washed twice with PBS. The cells were then
incubated with 6 ml of fresh growth medium supplemented with 10% (vAJREBS. After incubating
for an additional 24 hours, the medium was once again centrifuged at 300 x g for 10 minutes to pellet
arny unattached cells. The supernatant harvested from this process was then processed by differential

centrifugation (section 2.7.3).

2.7.3Differential centrifugation

The conditioned medium (section 2.7.2) was subjected to a series of centrifugatiofigteps (
2.1), based on the methodology outlined by Théry et al. (2006), aiming to isolate EVs. Initially, this
medium was centrifuged at 2000 xg for a duration of 15 minutes, yielding a pellet. The supernatant was
then subjected to a second round of cergation at 10,00kg for 30 minutes using an OHAUS
FRONTIERE 5000 SERIES MULTI PRO. Subsequently, the supernatant underwent centrifugation at
100,000 xg for 1 hour ity a Beckman Coulter Optima TLX ultracentrifuge equipped with a-TLA
100.4 rotor. This was followed by a wash using PBS and another centrifugation at the same speed for 1
hour. All centrifugation steps took place at 4°C. The resultant pellets, deriveddriam centrifugation

speeds, were reconstituted in either 50 pul of PBS or a lysis buffer, making them suitable for Nanopatrticle
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TrackingAnalysis €ection 2.7.4) and western blot (section 2.8.4) experiments. These prepared samples

were preserved at a temperature2fi°C.

Extracellular Vesicles
isolation by ultra- 100,000 g ]
centrifugation P y
Conditioned
medium Purified EV
-
Resuspend in PBS
24h ®.
- Apoptotic ;
- bodies
Early
endosome
020 2 “
030 Multivesicular
Exosomes / bodies
e &
°e
. - Microvesicles
300g 20009 10,0009 100,000 g
\ > > > > J
10 min 15 min 30 min 60 min

100K pellet
Floating 2K pellet 10K pellet (Small-sized
cells (large-sized EVs) (Medium-sized EVs) EVs)

Figure 2.1Diagram illustrating differential centrifugation.

In T75 flasks, 2 million cells were seeded in normal medium. After a day, the medium was switched to
EV- free medium. This medium was then spun at different speeds: first 300 xg for 10 minutes, then
2000 xg for 15 minutes, next 10,009 for 30 minutes, and lastly 100,000 xg for 1 hour. The separated
particles, or pellets, were washed with PBS and spun again at 100,000 xg for 1 hour. The diagram was
created using BioRender.

2.7.4Characterization of nanoparticles by nanoparticle tracking analysis

Nanoparticle tracking analysis (NTA) was conducted using a ZetaView nanoparticle tracking
video microscope PMx120 (Particle Metrix GmbH). This instrument detects particles within selected
size ranges across 11 positions in the sample cell, following dnefacturer's recommended settings
(Table 2.1), and tracks their Brownian motion. This enables the measurement of particle size and
concentration in the solution. In accordance with the company's instructions, the ZetaView instrument
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was calibrated using polystyrene particles of a known average size of 100 nm, diluted at a ratio of
1:250,000 in MilltQ water. The instrument was then thoroughly washed three times with 5 ml ef Milli
Q water prior to sample loading.

Cell culture conditioned medium (section 2.7.2) and EV pdlétaire 2.1)were analysed using
the ZetaView instrument. Samples were initially diluted with Miliwater to achieve a concentration
ranging between f@&nd 10 particles/ml, with the dilution factors noted for subsequent calculation of
original concentrations. A 3 ml aliquot of the diluted sample was injected into the sample cell using a
syringe, followed by image acquisition and automatic outlier analysisebingitrument. The sample
cell was thoroughly washed three times, or until no particles were detected, with 5 ml-&) Mdlier
prior to loading the next sample. Measurements for small (~100 nm) particles in the samples were
performed using the settinggovided (Table 2.1). The concentration and size distribution data
generated by the instrument were used for further analysis. When measuring particles in conditioned
media from different cell lines, the volumes of recovered media and cell counts were alsadrézorde

facilitate normalization of particle numbers.
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Table 2.1 Setting of ZetaView instrument

Parameters Settings for small particles (~100 nm)

Sensitivity 70
Shutter 70

Minimum Brightness 25 pixels

Maximum Brightness 255 pixels

Minimum Area 20 pixels

Maximum Area 500 pixels
Trace length 15

Framerate 30 frames per second (fps)

Position 11
Cycles 3

2.8 Protein methods

2.8.1Protein harvesting:

Cells were seeded inBell platesor T25 flasks following previously mentioned procedures
(section 2.3.3). After rinsing the cell twice with PBS, they were solubilised using @000 plof
protein lysis buffer (table 2.2). These cell lysates were then relocated to new microfuge tubes and chilled
for 30 minutes, followed by a brief Afdiinute room temperature exposure to break down nucleic acids.
The lysates were clarifietly centrifugation at 13,000 xg for 5 minutes and the supernatant, was
transferred to another microfuge tube. It was then either storg@°& or directly subjected to further

analysis.
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Table 2.2 Composition of protein lysis buffer

Component Volume Final concentration

Pierce™ Universal Nuclease for cell lysis 0.5 ul 250 U/pl

7% cOmplete™, Mini, EDTA-free Protease
143 pl 1X
Inhibitor Cocktail

0.5 M Tris-HCL, 1.5 M Sodium Chloride (NaCl), 2.5%

10x RIPA buffer 100 pl
deoxycholic acid, 10% NP-40, 10 mM EDTA
Distilled water 756.5 ul
Total 1 ml

2.8.2Protein quantification:

The BCA Protein Assay Kit by Pierce (Thermo Fisher Scientific, 23227) was utilized as per the
provided guidelines. Bovine serum albumin (BSA) standards were prepared in protein lysis buffer to
achieve varyingoncentrations (ranging from 0 to 2 mgniTo align the samples' absorbance with
the standard curve, they were diluted eithdol8 or 10fold using the same buffer. For the assay, 10
I of either the sample or the standard was combined with 200 pl of the assay reagent (a mixture of
solutions Aand B in a 50:1 ratio) in a 9&ell plate, in duplicate. After sealing, the plate was warmed
at 37°C for 30 minutes. Subsequent colour change (at 562 nm absorbance) was assessed using a TECAN
Infinite M200 micropate reader. A standard curve was constructed, mapping absorbance to BSA levels,

which then informed a polynomial formula to determine the protein content in the samples.
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2.8.3Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SD®AGE) and protein
transfer

Proteins underwent separation using 12% $2&E. The gel components are itemised below
(Table 2.3), and all associated buffers were formulatdtbirse (Table 2.4). The resolving gel was
poured between two glass plates and topped with isopropanol. Ulifysag, the isopropanol layer
was rinsed off with distilled water. The stacking gel was subsequently added atop the resolving gel, and
a 15well comb was placed. Once solidified, the comb was removed, and the wells thoroughly rinsed
with distilled water The gel was then set in a tank containing 1x-$B&E running buffer. Typically,
10-40 ug of cell lysate was used for general protein analysis, while EVs protein assessiséased
on equivalent volumes of lysatBepending on thading buffer concentration, lysates were diluted
in either 10 pl or 20 ul of dkD. Diluted samples were mixed with respective loading buffers, with 20
ul samples paired with 5 pl of 5x loading buffer (National Diagnostics8BT) and 10 pl samples
with 10 pl of 2x buffer (National Diagnostics, EB86). These samples were then he&e@b°C for 5
minutes and loaded into the gel alongside 5 ul of Precision Plus Protein Dual Colour Standards (Bio
Rad, 1610394). Electrophoresis was conducted initially @120 V, and upon sample entry into the

gel, the voltage was adjusted to 1280 V for an hour.
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Table 2.3 The components and quantity to makawo 12% SDSPAGE gels

Reagent Volume
‘ 40% Acrylamide 0.975 ml
Upper tris buffer 2.1 ml
‘ dH,0 4,725 ml
Stacking gel 10% (v/v) Ammonium persulfate solution
(APS) 100 pl
‘ Tetramethy] ethylenediamine (TEMED) 10 pul
40% Acrylamide 3ml
Lower tris buffer 25ml
dH,0 43 ml
10% (v/v) Ammonium persulfate solution
Resolving gel (APS) 200 pl
TEMED 5pul

Table 2.4 Buffers and reagents used in SDAGE and western blotting

Buffer Concentration pH
Upper Tris buffer 1500 mM Tris base, 14 mM Sodium dodecyl sulphate (SDS) 8.8
Lower Tris buffer 545 mM Tris base, 14 mM SDS 6.8
1x SDS-PAGE running
25 mM Tris base, 192 mM glycine, 3 mM SDS 8.3
buffer
1x TBS buffer 20 mM Tris base, 150 mM NaCl 7.6

1x TBS Tween-20 buffer
As above with 0.1% (v/v) Tween-20 7.6
(TBST)

Blocking buffer As above with 5% (w/v) skimmed milk powder
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2.8.4Western blotting:

Following the electrophoresis process (section 2.8.3), the stacking gel was removed. The proteins
that had separated on the resolving gel were then carefully arranged onto an Amersham Protran 0.45
pm nitrocellulose membrane (Merck, Germany), situated hetvex filter papers. Special attention
was given to eliminate any trapped air bubbles with a roller. The proteins were subsequently transferred
via the TransBlot Turbo Transfer system (BiRad, USA) with settings at 1 A, 25 V for 30 minutes.
The nitrocedlulose membranes were then blocked using a solution ebuffered saline (TBS)
supplemented with 0.1% (v/v) Twe@® (TBST) and 5% (w/v) skimmed milk powder, for 1 hour.
These membranes were then subjected to an overnight incubation at 4°C with #re mhosry
antibodies (Table 2.5). Following this, the membranes were washed three times with 1x TBST for 15
minutes, before being treated with a corresponding secondary antibody (Table 2.5) mixed in the
blocking solution, kept at ambient temperature f@m@inutes. Once the membrane was washed again
as above, the bound antibody complexes were detected using eithe™PigEteSubstrate (BidRad,
1705061) or WESTAR SUPERNOVA (Cyanagen, XLS3), contingent on protein density. Post a 5
minute substrate immersion, membranes were either captured-biGit®lot Scanner (LiCor, USA)
or exposed to CGIXPosure Xray sheets (ThermbBisher Scientific, UK) in aark room The resulting
films were processed and stabilized with an Xograph Compact X4 apparatus (Xograghgl

Systems, UK).

2.8.5Membrane stripping and preservation:

When reusing membranes became necessary, the antibodies adhering to them were stripped using
the RestorB western blot stripping solution (Thermo Fisher Scientific, 21059). This involved shaking
the membrane in 10 to 20 ml of the stripping solution at ambient temperature for a period between 10
and 15 minutes. Subsequent to this, the membrane underwenvést@ag cycles with 1x TBST, each
lasting 10 minutes. Once cleaned, the membrane walscked and subjected to probing as described

earlier (section 2.8.4). For preservation, the membrane was immersed in 1x TBST and securely encased
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in a plastic pouch to ensure its moist state. This allowed it to be stored at 4°C for a duration extending

up to two weeks.

Table 2.5 Lists of antibodies used in western blotting

Antibody Catalogue No. Primary/ Secondary  Host species  Antibody type  Dilution ~ Molecular weight
Anti-HGS ab155539 (Abcam) Primary Rabbit Polyclonal 1 in 1000 110 kDa
Anti-MVP ab175239 (Abcam) Primary Rabbit Monoclonal 1 in 2000 99 kDa
Anti-TSG101 ab125011 (Abcam) Primary Mouse Monoclonal 1 in 1000 44 kDa
Anti-CD63 ab134045 (Abcam) Primary Rabbit Monoclonal 1 in 1000 26 kDa
Anti-ATP7A Sc-376467 Primary Mouse Monoclonal 1 in 500 178 kDa
Anti-ATP7B Sc-373964 Primary Mouse Monoclonal 1 in 500 165 kDa
Anti-RRBP1 ab95983(Abcam) Primary Rabbit Polyclonal 1 in 1000 109 kDa
Anti-CTR1 Ab129067 (Abcam) Primary Rabbit Monoclonal 1 in 1000 21 kDa
A1978
Anti-p actin (Sigma-Aldrich) Primary Mouse Monoclonal 1in 10000 42kDa
Mouse Horseradish peroxidase
A25112 (Abbkine) Secondary Goat Polyclonal 1 in 3000 50 kDa
(HRP)

Rabbit HRP A25022 (Abbkine) Secondary Mouse Monoclonal 1 in 3000 50 kDa

2.9 RNA methods

To preventcontamination by ribonucleases (RNase), all Ridkated procedures were conducted

using RNasdree pipette tips, tubes, and nuclefse water that had been properly filtered.

2.9.1RNA extraction:

RNA was isolated from monolayers (section 2.3.3) using the Monarch® Total RNA Mini
Preparation Kit (New England Biolabs, T2010S). Cells were rinsed thrice with PBS, followed by the
addition of 350 pl of lysis solution to each well. The cell layers wene ¢jeamtly scraped and gathered
in the lysis solution. All specimens passed through columns designed for genomic DNA exclusion.
Following a 3Gsecond centrifugation at 13,000 xg, the filtrate, enriched with RNA, was preserved. An
equal volume of 100% ethanwhs introduced to the filtrate and lightly mixed. To bind the RNA from

the solution, the mix was then centrifuged through an RNA purification column at 13,000 xg for 30
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seconds. The column was rinsed using 500 ul of wash solution, followed by@iuom DNase |
procedure to eliminate any lingering genomic DNA. By combining 5 pl DNase | with 75 pl DNase |
reaction buffer and allowing it to sit on top of each column diiam temperature for 15 minutes, the
removal was executed. Subsequently, 500 pl RNA priming solution was added to each column and spun
at 13,000 xg for 30 seconds. The columns underwent two more washes using the wash solution and
were centrifuged at theame rate for 30 seconds and then 2 minutes. The purified RNA was then eluted
into RNasefree tubes with 100 ul of nucleafee water. Aliquots of the RNA samples were then stored

at-8 0 for future use.

2.9.2RNA quantification

The NanoDropTM 1000 UWIS spectrophotometer (Thermo Fisher Scientific, USA) was
employed to determine the concentration and purity of RNA. Adhering to the manufacturer's guidelines,
1 pl of the isolated RNA was placed between the device's optical pedestaly nucleastee water

as a blank.

2.9.3Reverse transcription

2.9.3.1Total RNA

Using the HighCapacity cDNA Reverse Transcription Kit from Applied Biosystems (reference
4368814), RNA was transcribed into complementary DNA (cDNA). Post quantification with NanoDrop
(section 2.9.2), 100 ng of the total RNA, in a 10 pl volume, was cadbiith a 10 ul reaction master
mix (Table 2.6) This mixture was then processed in the Applied Biosy3te2@20 Thermal Cycler,
following the prescribed protocols from the manufacturer (Table 2.7). Stored samples were-kept at

20°C when not in immediate &s
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Table 2.6 Composition of RT-PCR master mix

Components High capacity cDNA reverse transcription
10x RT Buffer 2pul
25x ANTP Mix (100 mM) 0.8 pul
10x RT Random Primers 2ul
MultiScribe™ Reverse Transcriptase 1ul
Nuclease-free H,O 4.2 pul
Template RNA 10 pl
Total per reaction 20 pl

Table 2.7 Setting of RT-PCR profile

High-Capacity cDNA reverse transcription

Temperature Time
25°C 10 minutes
37°C 120 minutes
85°C 5 minutes
4°C Hold
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2.9.4Quantitative polymerase chain reaction (qPCR)

2.9.4.1Multiplex gPCR for transcript expression

The analysis of transcript expression was conducted employing TagMan primer/probes as detailed
in Table 2.8. The multiplex reactions were set up according to specifications provided in Table 2.9, with
the Glyceraldehyde-Bhosphate dehydrogenase (GAPDH)vs® as the endogenous control. For
accurate results, every sample was tested in triplicate using a®ener Q 2 plex redlme PCR
instrument, manufactured by QIAGEN in Germany. The procedure followed-atépgorogram, as
outlined in Table 2.10, andata acquisition was done from both green and yellow fluorescence

channels. The cycle threshold was determined at 0.04, from which the Ct values were derived for

subsequent data interpretation.

Table 2.8 TagMan probes used in this study

Target
(reporter)

HGS

MVP

TEP1

PARP4
vtRNA1-1

GAPDH

Gene name

Hepatocyte growth factor-regulated tyrosine

kinase substrate

Major vault protein

Telomerase associated proteinl

Poly(ADP-ribose) polymerase family member4
Vault RNA 1-1

Glyceraldehyde 3-phosphate dehydrogenase

Assay ID

Hs00610371_ml1

Hs00911188_ml

Hs00200091_m1

Hs00173105_ml
Hs03676993_sl

Hs99999905_m1
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Table 2.9 Composition of Realtime PCR master mix

Component Multiplex gPCR
2x qPCRBio Probe Blue Mix Lo-ROX Sul
RNase free water 3.5ul
TaqMan test probe 0.5 pul
c¢DNA templates 0.5 ul
GAPDH probe 0.5 pl
Total per reaction 10 pl

Table 2.10 Setting of Realtime PCR two-step cycling conditions

Steps Temperature Time

PCR initial
95°C 10 minutes
activation step

Denaturing 95°C 10 seconds
Combined

Amplification 60°C 45 seconds

2.9.4.2Data analysis

Once Ct values were der i ve dwasasseddgthking thee d
difference between the Ct value of the target gene and that of the endogenous control. The fold
change in expression was then determined using®tdr2thod, as described by Rizzacasa et al.

(2019).
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2.10VtRNAL1-1 antisenseoligonucleotide transfection

The sequence for a predesigned DNA antisense oligonucleotide (ASO) to target viRNAL
( ST&ETTTCAATTAAAGAACTGT-3 6 ) was taken from Amort et al
Integrated DNA Technologies. The ASO was reconstituted in 50 pl IDTE buffer (pH 7iSgta final
concentration of 100 pM. This was diluted in IDTE buffer (pH 7.5) to produce a 10 uM working stock.
Cells were seeded into a-24ll plate at 1x19cells per well and incubated overnight. Transfection
mixtures were assembled in sterile tubesimes for 1 well shown in Table 2.11) and incubated at
room temperature for 20 minutes. Transfection mixture was added dropwise to wells containing cells
overlaid with 450 ul growth medium. Cells were incubated fead8sours before RNA extraction for

subsequengPCR analysis.

Table 2.11 ASO transfection reaction volumes per well of a 24vell plate

Final ASO concentration (nM) Volume of OptiMEM (ul) Volume of TransIT oligo reagent (ul) Volume of 10 pM ASO (ul)

50 445 3 25

75 4324 3 3.76

200 37 3 10
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2.11Transmission electron microscopy:

For transmission electron microscopy analysis, a volume of 5 microlitres from the EV samples
was placed on carbeprepped copper grids, which had previously been discharged, for an incubation
period of 5 minutes. Excess liquid was drained prior to staipmogedure with a 1% solution of
phosphotungstic acid at a pH level of 7.2, lasting for one minute. Thereafter, the grids experienced two
successive washes in distilled water, each lasting a minute. The imaging phase was executed using the
Tecnai T12 Spititransmission electron microscope by FEI, which operated at a voltage setting of 80
kV. All resulting images were captured digitally with the Gatan Orius 1000B camera, and further

processed utilizing the Gatan digital micrograph software.

2.12 Apoptosis detection by flow Cytometry:

Cellular apoptosis levels were assessed using the TAG®inexin V-FITC Apoptosis
Detection Kit (R&D Systems, 48301-K). 2.5x1( cells / well were seeded invBell plates (section
2.3) with standard growth medium and then kept in a 37°C, 5% CO2 humidified environment for 24
hours. Post this period, cells underwent a double rinse with PBS, followed by trypsinization using 0.5
ml trypsin for each well. The cells were then counted (section 2.3.1), suspended in 1.5 ml medium, and
subjected to centrifugation at 300 xg for 5 minutes at ambient temperature. Cells were washed in cold
PBS + 1%(w/v) BSA and centrifuged again at the same ddee5 minutes. The cell pellets were then
treated with Annexin V incubation reagent (Table 2.12) at a volume of 100 pl for eveRckd$pand
this was followed bya tfni nut e incubation in a dar k, cold env
solution, derived from a 1:10 dilution of 10x Binding Buffer with distilled water, was used for rinsing
the cells postncubation. Using the LIS Il Flow Cytometer (BD Bioscience, UK), the fluorescence
intensity of these cells was assessed. A total of 1&¥6nts were recorded for each sample. This
machine operates on dual lenses, recording forward -@&S&hd side (SS@\) light scatter. The
excitation wavelengths were set to 530 nm (for Annexin V) and 660 nm (for Propidium iodide). Data
from the flow cytometry was analysed using the FlowJo software (version V10), cell populations were

distinguished based on their viability, apoptosis, and desitiy the FSC / SSC gating strategy.
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Table 2.12 Composition of Annexin V incubation reagent

Component Volume
10x Binding Buffer 10 pl
Propidium iodide (PI) 10 pl
TACS Annexin V-FITC 1 pl
Distilled water 79 ul
Total 100 pl

2.13 Cell cycle phases detection by flowytometry

In this study, the H35WT and cisplatifi cell lines were utilized. The methodology initiated
with cells being seeded at a density25x1® cells/well in a éwell plate and allowed to adhere
overnight. Subsequent to this, cells wémeated with 0.9% NaCl as a control and with [iM of
cisplatin, based on the determinedCrhe samples were then incubated at 37°C in a 5% CO2
environment for a duration of 24 hours. subsequently washed in FACS buffer composecifl 100
PBS, 0.1%BSA. Between 5x19and 1x16 cells were then transferred to an Eppendorf tube, ensuring
consistent cell numbers across tubes to maintain uniform staining intensity. The cells were then fixed
using icecold 70% ethanol, with the ethanol being added via a Pasteur pipette while \gértaxin
crucial step. Podixation, cells were left at 4°C for a minimum of 30 minutes. Following this, cells
were centrifuged at approximately 492 xg for 5 minutes. It's noteworthy thaethastol fixation, a
slightly higher centrifugal force might be recpd due to the flocculent nature of the cells. After
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centrifugation, the cells were washed twice with FACS buffer, ensuring the pellet, which might adhere
to the side of the microcentrifuge tube, was retained.

Subsequently, 50 ul of RNAse (100 pg/ml; Sigma) was added to the cells, followed by an
incubation period at room temperature or 37°C for 15 minutes. This was succeeded by the addition of
300 ul of PI, achieving a final concentration of 50 pg/ml. The eedlee then incubated for a minimum
of 1 hour at room temperature. Some cell types might necessitate a more extended incubation,
potentially overnight, for optimal staining. Once stained, the samy@esstored for up to a week at
4°C, shielded from light. It's essential not to wash the samples before analysis. The final step involved

analysing the samples using flow cytometry, collecting 10,000 events for each sample.

2.14 Assessment of Cell Proliferatiorand doubling time

To evaluate cellular growth over a designated period, a methodology outlined by Marayati et al.
(2022) was employed. Cell lines were seeded at a density of 8ell®in each well of Gvell plates,
supplemented with standard growth medium. These cells were then subjected to a 37°C environment
with a 5% CQ atmosphere, for durations of 24, 48, 72, or 96 hours. After each incubation period and
three washes with PBS, cells in each well were treated with 0.5 ml of trypsin for detachment. Following
this, the cells were rsuspended in 1.5 ml of growth medium asubsequently quantified using a
haemocytometer. The rate of cell growth, or doubling time, was then determined using a specific

calculation as follow:
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Growth rate:
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Where:
1 N(t) =the number of cells at tinte
1 No=the number of cells at time 0
1 r=growth rate

1 t=time (in hours)

2.15 Statistical analysis

Dataarepr esented as mean N standard deestiandt i on
ANOVA were employed to determine the statistical relevance of the findamgsairwise and more
than two comparisons, respectively p-value below 0.05 was considered indicative of significance.
Each experiment was performed on thesparateoccasions unless otherwise statedo visually
represent statistical significance in the results, specific notations were used:rns$'significantand
*P<0.05, **P<0.01, ***P<0.001, and ***P<0.0001 for respective-values. All graphical

representations and related analyses were conducted using Graphpad Prism (Vejsion 10.0
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Chapter 3 Effect of cisplatin treatment on extracellular particle release

3.1 Introduction:

Head and neck cancers (HNCs) are a complex group of malignancies that arise from various
anatomical sites within the head and neck region, including the oral cavity, pharynx, and larynx.
Globally, HNCs account for over 650,000 new cases and 330,000 dmathbally, making it a
significant public health conce($hang et al., 2021Yhe primary modalities of treatment for HNCs
include surgery, radiation, and chemotherapy, often used in combination to achieve optimal outcomes.
Cisplatin, a platinunbased chemotherapeutic agent, has been at the forefront of HNC treatment for
several écades. Its mechanism of action primarily involves the formation of DNA adducts, leading to
DNA damage and subsequent cell deéidanno et al., 2021)While cisplatin has shown significant
therapeutic benefits, a substantial proportion of patients either do not respond to treatment or develop
resistance over time. This resistance can be intrinsic, present before treatment, or acquired after
exposure tdhe drug. The mechanisms underlying cisplatin resistance in HNCs are multifaceted and
not entirely understood. Factors such as increased drug efflux, enhanced DNA repair mechanisms, and
evasion of apoptosis have been propgs&@hno et al., 2021)However, recent evidence suggests a
novel player in this intricate puzzle: extracellular particles (FR)otti et al., 2022)

EPs, encompassing: exosomes, microvesicles, apoptotic bodies, ex@thargset al., 2018and
vault particles(Jeppesen et al.,, 2019and other structures, are released into the extracellular
environment by various cell types. These EPs play crucial roles htoaedll communication by
transferring lipids, proteins, and nucleic acids between cells. In the context of cancer, ERsemave b
implicated in promoting tumour growth, invasion, angiogenesis, and immune ey&gioret al.,

2002)

Recent studies have begun to unravel the potential role of EPs in mediating chemotherapy
resistance. For instance, EPs can sequester chemotherapeutic drugs, reducing their availability to
tumour cells. They can also transfer dregistance genes or pratsibetween tumour cells, thereby

spreading the resistance phenoty®inbichler et al., 2019%iven the emerging significance of EPs
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in chemotherapy resistance, understanding their dynamics in response to cisplatin treatment is of
paramount importance. Do HNC cells alter their EP release profile upon exposig@dtn? This is

the main question that this chapters seeks to address.

3.2 Aim of this chapter:

To investigate the impact of cisplatin treatment on the release and characteristics of extracellular
particles fromHNC cell linesH357 and FaDu.
Objectives:

1 Conduct MTT assays to ascertain the cisplatin IC50 values of squamous cell carcinoma
cell lines H357 and FaDu, aiming to determine their sensitivity to the drug and suitable
cisplatin concentrations for follow on experiments.

9 Utilize flow cytometry to quantify the proportion of apoptotic cells in H357 and FaDu
cell lines postisplatin treatment.

1 Measure the concentration of extracellular particles released from H357 and FaDu cell
lines posicisplatin treatment, using conditioned medium, to gauge the impact of
chemotherapy on particle release.

91 Isolate extracellular particles through differential centrifugation and subsequently
profile extracellular vesicles and vault particle markers via western blotting, aiming to

characterize the composition of the released patrticles.
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3.3 Results

3.3.1Cell line viability in response to cisplatin treatment

The hypothesis ishat the number of EPs released from cisplatated HNC cells would
increase, and the type of EP may be altered compared to untreated controls. To test this hypothesis, it
was important to first determine the cisplatin sensitivity or resistance grofilthe H357 and FaDu
cell lines. Both cell lines were cultured in 75%tissue culture flasks under standardized conditions.
Subsequently, cells were seeded intew@l plates with 1x16cells/ well, with a 24hour adhesion
window preeding cisplatin exposure. The drug's cytotoxicity was assessed at 24-hadr48tervals
using an MTT assay across a cisplatin concentra
response curves.

Across all three replicate experiments and for each time point, no significant difference was
observed between the vehicle and the normal culture medium controls (Figure 3.1/3.2, A and B).

For the H357 cell line, a dogkependent decrease in cell viability was observed with increasing
cisplatin concentrations. At the lowest concentration of 0.01 uM cisplatin for 24 hours, cell viability
remained largely unaltered, registering an averagevalimate of 101.2 + 12.78%. However, as the
concentration increased to 10 uM, there was a marked reduction to 73.15 *+ 9.47%. This decline was
even more pronounced at the 100 UM concentration, decreasing to 6.32 + 1.02%. When the exposure
duration was exteded to 48 hours, the average cell viability was 110.1 + 11.3% for 0.01 uM, 31.54 +
4.06% for 10 puM, and 5.91 + 0.41% for the 100 puM concentration (Figure 3.1. C, D).

The FaDu cell line exhibited a parallel trend. Atdur exposure to 0.01 UM cisplatin resulted
in an average cell survival of 100.7 £ 6.60%. This was decreased to 53.33 + 8.44% at 10 uM and further
reduced to 3.92 £ 2.61% at 100 uM. Extending the expdeut8 hours, the cell viability for 0.01 pM
was 100.64 + 12.53%, 29.12 + 9.69% for 10 pM, and 1.66 + 0.94% for the 100 UM concentration
(Figure 3.2. C, D).

Comparatively, both cell lines demonstrated heightened sensitivity to cisplatin as the concentration
increased. The 4Bour exposure generally yielded lower viability percentages than tHeo@4

exposure, underscoring the tirdependent cytotoxic effects cisplatin. Notably, while both cell lines

65



exhibited a similar trend in response to the drug, the H357 cells appeared slightly more resistant than
the FaDu cells at certain concentrations, especially during thed8incubation.

In conclusion, these findings emphasize the potent cytotoxic effects of cisplatin on HNC cell
lines. The observed dosand timedependent decline in cell viability demonstrates the importance of

empirically determining cisplatin doses for further experiments.

3.3.2Determination of the IC50 values for the H357 and FaDu cell lines following a Z2dour and
48-hour incubation period with cisplatin.

The doseresponse curves were used to calculate the IC50, which represented the cisplatin
concentration causing a 50% reduction in cell viability. For the H357 cell line, the IC50 values post 24
and48hour <cisplatin exposurendOwer,e restpercmiived yt d Th
Table 3.2). In contrast, the FaDu cell line exhibited IC50 values of 11 puM after 24 hours (Table 3.3)
and 54 pM post a 48hour exposure (Table 3.4). The IC10 and IC90 values were also calculated and
presented alongside the IC50 values (Table$ 3.4). Based on the IC50 valuesredetermined the
concentrations of cisplatin to use in future experiménizddition to the IC50 dose, doses of 0.5x IC50

and 2x IC50 were also selected for use (Table 3.5).
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Figure 3.1 Viability of H357 cell line after cisplatin treatment.

Cellular metabolic activity and viability were assessed by comparing cells incubated with the vehicle
control 0.9% NaCl (control) to those cultured in standard growth medium (Medium), 24 hours (A) and

48 hours (B). Following this, cells were plated at a density of 1x10™4 cells/welhweBplates and

treated with a gradient of cisplatin concentrations (0.01L @0
for the same durations. The MTT assay then assessed cell metabolic activity/viability, and the resulting

e M)

or

a

vehicle

c

doseresponse curves were plotted, documenting the effects of the cisplatin treatment over 24 (C) and

48 hous (D). Percentage cell survival was calculated relative to the vehicle control.
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Figure 3.2 Viability of FaDu cell line after cisplatin treatment.

Cellular metabolic activity and viability weressessed by comparing cells incubated with the vehicle

control 0.9% NacCl (control) to those cultured in standard growth medium (Medtdrhpurs (A) and

48 hours (B). Following this, cells were plated at a density of 1x10"4 cells/welhweBlates and
treated with a gradient of <cisplatin concentrati
for the same durations. The MTT assay then assessed cell metabolic activity/viability, and the resulting
doseresponse curves were plotted, doenting the effects of the cisplatin treatment over 24 (C) and

48 hours (D)Percentage cell survival was calculated relative to the vehicle control.
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Table 3.1 H3571C 10,ICs0and IC oo Values after 24hour incubation with cisplatin.

Number of repeat| [Ciovalues (UM) ICs0 values (UM) ICgyo values (UM)
R1 5.14 12.60 30.89
R2 4.93 14.70 43.9
R3 3.81 15.21 60.83
Average 4.62 14.17 45.21
(+/- SD) 0.71 1.38 15.01

Table 3.2 H357 I1C1,ICspand IC oo values after 48hour incubation with cisplatin.

Number of repeat | ICipvalues (UM) ICs0 values (UM) ICgo values (UM)
R1 1.93 6.10 19.33
R2 2.77 6.31 14.39
R3 2.06 5.45 14.40
Average 2.25 5.95 16.04
(+/- SD) 0.45 0.45 2.84

Table 3.3 FaDu IC10,ICspandIC oo values after 24hour incubation with cisplatin.

Number of repeat | ICipvalues (UM) ICso values (UM) ICgyo values (UM)
R1 2.52 13.75 75.12
R2 1.72 10.48 63.85
R3 2.09 9.76 45.49
Average 2.11 11.32 61.48
(+/- SD) 14.95 2.12 14.95
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Table 3.4 FaDu IC1o, ICs0and IC o0 values after 48hour incubation with cisplatin.

Number of repeat | ICiovalues (UM) ICs0 values (UM) ICyo values (UM)
R1 0.94 541 31.18
R2 0.44 5.43 67.10
R3 2.19 5.42 13.39
Average 1.19 541 37.22
(+/- SD) 0.90 0.01 27.36

Table 3.5 Cisplatin concentrations that were chosen for experiments:

H357 FaDu
Cisplatin concentration (uM) Cisplatin concentration (uM)
Vehicle control 0.9% NacCl Vehicle control 0.9% NacCl
7 UM (0.5x 1G) 5.5 UM (0.5x 1Gs0)
14 puM (ICs0) 11 pM (ICs0)
28 UM (2x 1Go) 22 UM (2X 1Go)
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3.3.3Determination of the proportion of apoptotic HNC cells after treated with cisplatin.

To evaluate the proportion of apoptotic cells in HNC cell lines following cisplatin treatment at the
concentrations decided above (Table ¥Bw cytometrywas employedutilizing dual labelling with
Annexin V-FITC and propidium iodide (PI). A key indicator of cellular apoptosis is the externalization
of phosphatidyl serine (PS) on the cell membrane. Under normal conditions, PS remains confined to
the inner surface of éhplasma membrane, a process maintained by the ghogpholipid translocase
(Zullig et al., 2007)However, during apoptosis, this phospholipid distribution loses its asymmetry due
to enzyme activity disruption, leading to the external manifestation of PS. Annexin V, a phospholipid
binding protein that binds to PS in the presence of calcium, camgdedavith the fluorescent marker
FITC. Pl is a membrane impermeant DNwading dye that is usually excluded from viable cells.
Therefore, dual staining with annexin V and PI enables the differentiation between live (Annexin
Vi/PIT), apoptbi)cabtdndeadnc®hkl ® (PI +) .

Representative scatter plots are shown to illustrate how cell populations were selected (Figure 3.3
and Figure 3.4 panels-B). For H357 cells treated with the control (0.9% NaCl), the mean apoptotic
cell percentage was 0.57% + 4 (Figure 3.3. E), while for cisplatin concentrations of 7 UM, 14 uM,
and 28 uM, the percentages were 2.18% * 0.80%, 7.54% * 2.29%, and 14.7% + 2.32%, respectively.
In contrast, the FaDu cell line exhibited apoptotic percentages of 1.0% + 0.42% (cdn®@i}p, +
0.67% (5.5 UM),3.80% + 1.95% (11 uM), and 4.35% =+ 1.89% (22 pM) (Figure 3.4. E). Notably, in
H357 cells, significant differences in live, apoptotic, and dead cell populations were observed at 14 uM
and 28 UM concentrations compared to the control, while the 7 uM coatientshowed no significant
difference (Figure 3.3. E). Conversely, for FaDu cells, no significant differences were observed across
most concentrations, except for a notable difference in live cells at the 28 uM concentration when

compared with the contrdFigure 3.4. E).
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Figure 3.3 Assessment of apoptosis in H357 cell line after cisplatin treatment.

The proportions of apoptotic and dead cells were determined using flow cytometrgtgmoisty with
Annexin V-FITC and PI. H357 cell line (@x1® cells/6well) was incubated in medium for a duration

of 24 hours and treated with different concentration of cisplatin for another 24h. Representative scatter
plots showcasing Pl (3&xis) against Annexin V (¥xis) are depicted in panelsA The percenges

of viable, apoptotic, and dead cells are presented in pamkgpercentage of live, apoptotic and dead
cells within each individual sample was calculated following gating to select singléTbellgresented

values represent the average from four biological replicates + SD. Significance levels are indicated as
follows: ns=not significant, ** = p< 0.01, *** =p<0.001, **** =p<0.0001, determined via iway
ANOVA.
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Figure 3.4Assessment of apoptosis in FaDu cell line after cisplatin treatment.

The proportions of apoptotic and dead cells were determined using flow cytometrgtgiaisty with
Annexin V-FITC and PI. FaDu cell line &x1C cells/6well) was incubated in medium for a duration

of 24 hours and treated with different concentration of cisplatin for another 24h. Representative scatter
plots showcasing Pl (3éxis) against Annexin V (¥xis) are depicted in panelsA The percenges

of viable, apoptotic, and dead cells are presented in pamékEpercentage of live, apoptotic and dead
cells within each individual sample was calculated following gating to select singléTbellsresented

values represent the average from four biological replicates + SD. Significance levels are indicated as
follows: ns=not significant, * = p< 0.05 determined via tway ANOVA.
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3.3.4FBS depletion by ultrafiltration:

For experiments involving EPs, it was crucial to ensure that the foetal bovine serum (FBS)
utilized in cell culture media was devoid of endogenous partiédssthereis the potential for
endogenous particles present in foetal bovine serum (FBS) to interfere with the experimental outcomes.
To address this, an ultrafiltration method was used to deplete the FBS of these particles (Kornilov et
al., 2018). Standard FBS underwent centrifugation using Amicon1Btreentrifugal filters and the
resultant filtrate was termed WWBS. Growth mediumvas supplemented with standard FBS or UF
dFBS and particle concentration was determined by nanoparticle tracking analysis (NTA). The regular
FBS was found to contain approximately 2.5 X déxticles/ml. In contrast, the U#FBS contained
significantly fever particles 9.6 x FOparticles/ml. Serurfree medium contained no detectable
particles. However, medium supplemented with 10% regular FBS had a particle concentration of 2.5 x
1 particles/ml, which was significantly higher compared to the medium containing 108BIE,
which contained 3.2 x f@articles /ml (Figure 3.5). Thus, indicating that the ultrafiltration procedure
depleteda large proportion of thendogenous particléiom FBS making it appropriate for subsequent

experiments.
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Figure 3.5 Depletion of particles from FBS.

RPMI medium was prepared in three variations: seinem; with 10% standard FBS; and with 10%
UF-dFBS. Additionally, both UFRIFBS and regular FBS were compared. To assess the particle
concentration of these samples, Nanoparticle Tracking Analysis (NTA) was conducted using a
Zetaview instrument. The presented data is an average derived from three separate experiments (n=3),
with erra bars representing standard deviation. Significance level is indicated as follows: * = p< 0.05
determined via ongvay ANOVA.
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3.3.5Effect of cisplatin treatment on extracellular particles release from H357 and FaDu

To investigate the impact of cisplatin on the release of EPs from HNC cell lines, H357 and
FaDu were treated with the cisplatin concentrations previously determined based on their IC50 values
(Table 3.5). H357 cells were treated with cisplatin conceatratdf 7uM, 14uM, and 28uM (Figure
3.6), while the FaDu cells received treatments of 5.5uM, 11uM, and 22uM (Figure 3.7). Additionally,

a vehicle control group for both cell lines was maintained with 0.9% NaCl. Aftetha@4incubation

with cisplatin, themedium was replaced with medium supplemented withkdBBS for an additional

24 hours. Pogtreatment, the conditioned medium from each cell line was subjected to NTA to quantify
the small particles. These quantifications were then normalized to theouatl for each respective
well.

The number of particles released per cell for H357 treated with vehicle control, 7 uM, 14 pM,
and 28 pM cisplatin wa6.6x1¢, 3.0x10°, 412x10° and1.3810* respectively. When the H357 cell
line was treated with 28 uM cisplatin there was a significhfold increase in particle release
compared to the control. However, there was no significant difference for the other concentrations tested
(Figure 3.6 A). Analysis of the mean particle diameter revealed no statistically significant differences
across theested cisplatin concentrations (Figure 3.6 B).

In contrast, the FaDu cell line did not display any significant differences in EP release across
all tested cisplatin concentrations when compared with the control (Figure 3.7 A). The number of
particles released per cell for FaDu treated with vehicleralpt5 uM, 11 pM, and 22 pM cisplatin
was 163x1C, 2.22x16, 1.30x10 and3.26x10, respectively. There were also no significant differences

in the mean particle diameter for the different cisplatin concentrations (Figure 3.7 B).
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Figure 3.6 Impact of cisplatin on extracellular particle release in H357 cell line.

Cells were seeded a1 cells/6well and allowed to adhere. Cells were incubated with cisplatin for

24 h followed by replacement to medium supplemented witllEBS and incubation for 24 h. Particle
concentration in the conditioned medium was quantified using NTA and subsgaquenthlized based

on cell counts (A). The mean particle diameter was also determined (B). The presented data represent
the average of three biological replicates, with error bars indicating the standard deviation (SD).
Statistical significance was detemad using ongvay ANOVA, with ns= not significant and ***
indicating P < 0.0001.
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Figure 3.7 Impact of cisplatin on extracellular particle release in FaDu cell line.

Cells were seeded a1 cells/6well and allowed to adhere. Cells were incubated with cisplatin for

24 h followed by replacement to medium supplemented witllEBS and incubation for 24 h. Particle
concentration in the conditioned medium was quantified using NTA and subsgaquenthlized based

on cell counts (A). The mean particle diameter was also determined (B). The presented data represent
the average of three biological replicates, with error bars indicating the standard deviation (SD).
Statistical significance was detemed using onavay ANOVA, with ns= not significant.
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3.3.5.1Assessment of extracellular particle protein markers

To further characterise the EPs present in cell line conditioned medium after cisplatin treatment,
particles were pelleted by ultracentrifugation at ,000 x g for 1 hour. The pelleted EPs were
solubilised in RIPA buffer. This was followed by western blot analysis to identify specific markers,
namely Tumour Susceptibility Gene 101 protein (TSG101) and CD63, associated with extracellular
vesicles, and MVP for wdt particles. CD63, a member of the tetraspanin family, is predominantly
found in EVs. This iglue to the specific microdomains they create, known as tetraspamited
microdomains (TEMs). These TEMs engage with a variety of signalling proteins and play a crucial role
in the formation of EVgAndreu & YafiezM@, 2014) As an integral part of the ESCRTomplex,
TSG101 is pivotal in modulating vesicular transport. It interacts with ubiquitinated cargo proteins,
facilitating their sorting into multivesicular bodies (MVBS).

H357 and FaDu cell lines underwent treatment with distinct concentrations of cisplatin, as
detailed in Table 3.5. Subsequent analysis via western blotting revealed the presence of specific markers
within the pelleted particles. Notably, markers charadieris EVs (CD63 and TSG101), as well as
the marker indicative of vault particles (MVP), were consistently detected across all tested cisplatin
concentrations (Figure 3.8. A and B). There was an increase in MVP band intensity for EP derived from
H357 and BDu treated with the highest concentration of cisplatin. There was also a decrease in TSG101
band intensity in the same samples. There was no discernible pattern for CD63 for H357 derived EPs,
whereas CD63 band intensity increased in EP derived from FaRted with the highest cisplatin

concentration.
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Figure 3.8 Detection of EV and vault particle markers in EP pellets derived from H357 and
FaDu cells.

Cells were seeded at 2X¥1€ells/75 cm flask and allowed to adhere. Monolayers were treated with
cisplatin for 24 h and then medium was replaced to that supplemented withBS-and incubated for

a further 24 h. Extracellular particles were pelleted by ultracentrifugation at 0 @or 1 h,
followed by washing in PBS and recentrifugatiord@®,000x g for 1 h. The resulting EP pellets were

then solubilised in RIPA buffer. Equal volumes of EP lysate were separated ByPASBES and
subsequently transferred onto a nitrocellulose membrameejparation for western blotting. After
blocking, these membranes were incubated with primary antibodies overnight at 4°C. Following a series
of washes, the membranes were exposed to-liREd secondary antibodies at room temperature for

1 h. After a brié5-minute incubation with a luminescent substrate, the membranes were exposed to X
ray film. The images are representativehwée independent experiments.
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3.4 Discussion

3.4.1HNC cell viability in response to cisplatin treatment

The MTT assay, a widely accepted method for assessingetbolism as an indirect measure
of viability, revealed a clear correlation between increasing cisplatin concentrations and reduced cell
viability. This dosedependent cytotoxicity is consistent with findings from studies such as the one by
Hong et al., which showed that the level of ceadliiity and apoptosis induced by cisplatin was affected
by its concentration, revealing a mechanism for datggendent cell deatfHong et al., 2012)
Moreover, the cytotoxicity of cisplatin varies among different cell lines due to differences in drug
uptake into the cellgEichholtzWirth & Hietel, 1986) which might explain the slight variations in
sensitivity between the H357 and FaDu cell lines. This observation suggests that intrinsic cellular
factors, such as DNA repair mechanisms or drug influx/efflux pumps might influence the sensitivity of
these ell lines to cisplatin(Welters et al., 1998)For instance, a study by Welters et al. (1997)
highlighted that cellular platinum levels are positively correlated with cisgladinced growth
inhibition in HNCin vitro (Welters et al., 1997)Another study by Mandic et al. (2005) reported that
the loss of nuclear p53 signal correlates with cisplatin resistance in(MBI@&lic et al., 2005)further
underscoring the importance of understanding the molecular underpinnings of cisplatin sensitivity and
resistance in HNC cell lines.

The extended exposure to cisplatin, from 24 to 48 hours, further reduced cell viability,
underscoring the timdependent cytotoxic effects of the drug. This phenomenon has been observed in
other studies as well, where prolonged exposure to cisplatin leshitanced DNA damage and
subsequent cell deafBchmidt & Chaney, 1993)

The determination of IC50 values for cisplatin in H357 and FaDu cell lines provides crucial
insights into the sensitivity or resistance profiles of these HNC cell lines. IC50 values, representing the
concentration of cisplatin required to reduce cell Vigbby 50%, serve as a standard metric to gauge
the efficacy of chemotherapeutic ageftse sensitivity of HNC cell lines to cisplatin, as indicated by
ICs0 values, can be influenced by a myriad of factors, including genetic mutations, protein expression

profiles, and the duration of drug exposurethiis study, the H357 cell line demonstrated IC50 values
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of 14 M and 6 -houviexpobutes, resp@ctivelya Thd FaBwBcell line exhibited similar
sensitivities with IC50 values of 11 uM and 5 pM for the same durations. These findings align closely
with a previous studyhatreported a&commonl C50 v al ue tlefOSACEell dindsi3670 r
SCC9, and SCC@Mohapatra et al., 2021Interestinglyon studyobservedanIC50 valueo f  6for e M
FaDu cellsafter 72hour cisplatinincubationwhich is very similar tahe 48 hour IC50 valué¢Yang et

al., 2019) It would expect the 7hour IC50 to be much lower than the-A8ur IC50. The reason for

this discrepancy is unclear

Furthermore,other studieson OSCC cell lines revealed a broad spectrum of cisplatin
sensitivitiegKhoo et al., 2019 ; Shriwas et al., 2028hile the H103 cell line had IC50 values closely
resemblinghesef i ndi ngs (15 €M for 24 hours and 4.57 gM
a stark resistance with I C50 values of 200 &M ar
in sensitivity was further exemplified by the H103/cisD2 cell limjch, after repeated cisplatin
treat ment s, showed a heightened |1 C50 value of 1
nature of cellular responses to cisplatin, as also higklighyBauer et al. (200@nd Martensle Kemp
et al. (2013). The former emphasized the role of genetic factors, such dgp&ilp53 and high BefL
levels, in influencing cisplatin resistance, while the latter identified ElfdAnd platinum as a crucial
determinant of cisplatinemsitivity. The comparison between the dosages of cisplatin used in vitro and
those administered in clinical settings requires careful examination due to the intrinsic differences in
dosage calculation and application methodmi€dlly, cisplatin dosages are determined based on body
mass, a methodology that inherently considers the patient's physiological capabilities for drug
absorption and metabolis(Wang et al., 2021)in contrast, in vitro experiments focus on measuring
cisplatin concentrations that was determined IC50 based on MTT assay or a similgHassasgl.,

2016) which presents a fundamental challenge for establishing direct comparisons between these two
approaches.

Moreover, the pharmacokinetics of cisplatin within patients introduce variables not present in
laboratory conditions. Upon administration, cisplatin is subject to bodily processes such as renal
excretion and faces challenges in uniformly reaching all aeasmplex 3D human tissu¢Ried et
al., 2015; Zhang et al., 202These factors significantly influence the drug's effectiveness and its ability
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to penetrate tumours, where distribution is further impeded by the physical and biological complexities
of these tissues.

In the laboratory, studies typically involve treating monolayer cell cultures amiticancer
drugs a method that fails to mimic the complex 3D structure of human tumours and does not account
for the metabolic processes affecting drug distribution and excretion in the body. Consequently, the
dosages applied in vitro are significantly lower than thaselun clinical practicéGupta et al., 2022;
Tchoryk et al., 2019) This difference highlights the limitations of directly comparing in vitro
concentrations with clinical dosages and emphasizes the importance of a careful interpretation of how
cisplatin operates within the complex biological environment of the human body

This analysis highlights the critical methodological and physiological distinctions between in
vitro and clinical uses of cisplatin, pointing out the difficulties in directly comparing dosages between
these environments. It stresses the need for carafsidaration when extrapolating laboratory findings
to clinical contexts, ensuring that such interpretations are conducted with careful examination and
attention to detail.

In conclusion, whilethe findings are in line with several studies, they altgghlight the
variability in HNC cell line sensitivity to cisplatin, which may relatette complex interplay of genetic,

molecular, and temporal factors.

3.4.2Cisplatin-induced apoptosisin HNC cell lines

Apoptosis, characterized by nuclear chromatin condensation, cytoplasmic organelle
compaction, and cell surface changes, plays a pivotal role in tissue modelling during vertebrate
development. The induction of apoptosis by chemotherapeutic agents, indigfifedin, has been
proposed as a primary mode of cell death. Given the significance of apoptosis {imdirced
cytotoxicity, understanding its underlying mechanisms is crucial for the development of more effective
chemotherapeutic strateg (Kaufmann & Earnshaw, 2000)

The cytotoxic effects of cisplatin on HNC cell lines were evaluated using flow cytometry,
focusing on the induction of apoptosis. The externalization of phosphatidyl serine (PS) on the cell

membrane serves as a hallmark of apoptosis. This phenomenarnsisteat with previous findings
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where PS externalization was noted during apoptosis due to enzyme activity disruption, leading to the
external manifestation of R®lirnikjoo et al., 2009; Zllig et al., 2007) The dual staining with Annexin

V and PI, as employed in this study, provides a robust method to differentiate between live, apoptotic,
and dead cells.

In the present study, H357 cells exhibited a eispgendent increase in apoptosis upon
cisplatin treatment. Specifically, significant differences in apoptotic cell populations were observed at
14 uM and 28 pM concentrations compared to thetiol. This is consistent with the known cytotoxic
effects of cisplatin, which is believed to induce apoptosis through the platination of DNA, leading to
the formation of intrastrand and interstrand ciodss (Eastman, 1991; Roberts & Friedlos, 1987,
Roberts & Thomson, 1979%5uch DNA damage can result in a slowdown{ph@se transit, followed
by a G2 blocKFraval & Roberts, 1979; Sorenson et al., 199@)Is may either overcome this G2 block
and continue to cycle or remain arrested and eventually undergo cell death.

Interestingly, the FaDu cell line showeahegligibleresponse to cisplatin treatment, with no
significant differences in apoptotic percentages across most concentrations. This suggests potential cell
line-specific differences in sensitivity to cisplatin, which could be attributed to variations in DNA repair
mechanisms, cell cycle checkpoints, or other cellular processes. The differential apoptotic responses
between the H357 and FaDu cell lines might be attributed to the unique genetic acdlangirofiles
of each cell line. For instance, a study on-6fl_cells revealed that cisplaiimduced apoptosis involved
the downregulation of BCL2 and upregulation of BCL2L12 ggRésros et al., 2003)Furthermore,

Qin and Ng (2002) highlighted that cisplatin induced apoptosis in hepatoma cells via beth p53
dependent andndependent pathways. This suggests that multiple molecular pathways might be at play
in the observed apoptotic responses in H3%VFRaDu cells.

Previous studies have demonstrated the induction of apoptosis in various cell lines upon
cisplatin treatment. For instance, the KIMbral squamous cell carcinoma cell line exposed to cisplatin
showed that while most cells underwent apoptassmall fraction exhibited necrogita & Murakami,

1998) This suggests that cisplatin can induce both apoptoticaadbticcell death, depending on the

cell type and treatment conditions.
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Furthermore, studies on L1210 cells have shown that higher doses of cisplatin lead to rapid
cell death through apoptosis, while lower doses result in a G2 block, with cells either overcoming this
block or eventually dying without undergoiagoptosigSorenson et al., 19900his dual mechanism
of cell death underscores the complexity of cisplatin's cytotoxic effects and highlights the importance
of dose and cell type in determining the cellular response.

In conclusion, the present study has illuminated the complex apoptotic effects of cisplatin on
HNC cell lines, revealing significant insights into the drug's cytotoxic mechanisms. Through meticulous
investigation, it was observed that the H357 and FaDulinek exhibit differential responses to
cisplatin treatment, a phenomenon that underscores the paramount importancepeatied! factors
in determining drug efficacy. This differential sensitivity highlights the intricate, multifaceitenle of
cisplatin's action at the molecular level, potentially attributable to variations in DNA repair mechanisms,
cell cycle checkpoints, and other critical cellular processes. The broader scientific literature
corroboratesthe findings, suggesting that cisplatin exerts its cytotoxic effects through diverse
mechanisms, which could elucidate the observed differences in cidpiticed apoptosis between
these two cell lines.

Moreover, the study encountered a notable discrepancy between the outcomes of MTT and
flow cytometry assays when evaluating thepNalues and apoptotic rates within these cell lines. This
discrepancy can be primarily attributed to the inherent differences in the methodologies and biological
implications of these assafazonova et al., 2022\ hile the MTT assay serves as an indirect measure
of cell viability by quantifying cellular metabolic activity, it does not distinguish among the specific
pathways leading to cell death, such as apoptosis, necrosis, or aut¢Biagyerts et al., 1995)
Conversely, flow cytometry provides a direct assessment of apoptosis by detecting phosphatidylserine
exposure on the cell surface, indicative of early apoptotic e{datmes et al., 1995 he divergence
in results from these assays underscores the complex interplay of cisplated cell death
mechanisms, suggesting that impacts on cell viability stem not solely from apoptosis but from a broad
spectrum of death pathway$azonova et al., 2022)his nuanced understanding is pivotal for
interpreting the differential sensitivity and responsethetell lines to cisplatin treatment, emphasizing
the necessity for a holistic approach in drug efficacy evaluation.
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Research into head and neck squamous cell carcinoma (HNSCC) has focused on understanding
the chemoresistance mechanisms of various cell lines, including H357 and FaDu, which are derived
from human oral and hypopharyngeal squamous cell carcinomas, resjydtamperska et al., 2017;

Prime et al., 1990)Studies have shown that the H357 cell line exhibits a complex response to
chemotherapeutic agents, influenced by a side population ofligemells expressing ABCG2 and
ABCC1 multidrug transporters and displaying heightened Hoechst 3884%, this phenomenon is
associated with resistance to chemotherapy, which can be counteracted by the application of ABC
transport inhibitors such as verapamil, thereby sensitizing both parent and side population cells to
chemotherapyLoebinger et al., 2008)Additionally, H357 cells have demonstrated resistance to
cisplatin, a resistance further enhanced bycuturing with cancer stem callerived extracellular
vesicles (CS€EVs). The mechanisms underpinning this resistance involve the modulation ofteEpopto

or necroptotic cell death pathways and the inhibition of inhibitor of apoptosis proteingAmR} al.,
2023).Furthermore, low levels of caspa8én H357 cells, associated with poor prognosis in HNSCC,
indicate a cell linespecific sensitivity to therapeutic agents like TRAIL and Sibé4 (SM), with SM
treatment leading to caspabe activation and suggesting paotial biomarkers for patient selection
(Raulf et al., 2014)

Similarly, the FaDu cell line has been characterized by its resistance to a range of
chemotherapeutic drugs including cisplatirf|udorouracil (5FU), doxorubicin, and vincristine. The
resistance is notably higher in the FaD@d0 nM variant, indicatin@ generalized crogsgsistance
across FaDu/T cells to these agdRaulf et al., 2014)Investigations into the role of {&d microRNA
expression have revealed its significant influence on the chemosensitivity of the FaDu cell line, with
varying expression levels affecting the response to chemotherapy and radiqtteargy®rska et al.,

2017) Notably, specific models within the Falime showed differential resistance to cisplatirk 3,
and doxorubicin, highlighting the impact of-léd levels on drug resistaritamperska et al., 2017)
The interaction between FaDu cells and caiassociated fibroblasts (CAFs) further complicates the

resistance landscajm-culture with chemoresistant CAFs (rCAFs) increased FaDu cells' resistance to

chemotherapeutic agent s, -EGFRpparacire signallimg whicldoddd t hr c
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be mitigated by cetuximab treatment, restoring chemosensitivity-injected tumour model&Su et
al., 2023)
These investigations underscore the multifaceted nature of chemoresistance in HNSCC cell
lines, pointing to the significant roles played by stéw cell populations, microRNA expression, and
the tumour microenvironment. Understanding these complex misamais crucial for developing
targeted therapies and selecting suitable treatments for HNSCC, thereby improving patient outcomes.
Hence,thesefindings, in conjunction with existing literature, accentuate the multifaceted
mechanisms through which cisplatin achieves its cytotoxic effects. This study emphasizes the critical
importance of considering both cslpecific factors and the comprehenssmectrum of cell death
pathways in the development of more effective chemotherapeutic strategies. By acknowledging these
complexitiestheycanbebetter understand the variability in drug responses among different cell lines,
paving the waydr tailored therapeutic approaches that can significantly enhance treatment outcomes

for patients with head and neck cancer.

3.4.3Characterisation of extracellular particle releasein HNC cell lines inresponse taisplatin
treatment

The exploration of EPs, especially EVs, has become a focal point in cancer research. Their
pivotal role in intercellular communication and their potential as both biomarkers and therapeutic
targetshave been extensively documen(idn et al., 2002 Zhao et al., 2022)n thecurrent studylt
wasembarked on characterization of EPs released from HNC cell lines H357 and FaDu, with a specific
focus on the influence of cisplatin treatment.

Utilizing NTA, theresults revealed a differential response in the release of EPs from the H357
and FaDu cell lines following cisplatin treatment. Notably, the H357 cell line demonstrated a
pronounced increase in particle release at the 28uM cisplatin concentration.

In contrast, the FaDu cell line's response remained relatively consistent across all tested
concentrations. This observati@ontrastswith prior studies indicating an augmented EV secretion

from tumour cells after chemotherapy, which is associated with tumour progré3aiuderi et al.,
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2018; Pascucci et al., 2014or instance, Lv et al. observediaoreasen the levels of HepG#erived
exosomes following treatment with various chemotherapeutic agewntst al., 2012) Similarly,
increased levels of EVs have been linked to treatment failure and disease progression in breast cancer
patients undergoing neoadjuvant chemothe(&ipig et al., 2017)

Further validation of these particles was achieved through western blot analysis, targeting
specific markers such as TSG101 and CD63. The consistent presence of these markers across different
cisplatin concentrations suggests a potentigrawtion between cisplatin treatment and the release or
composition of these cellular particles. This aligns with Shi et al. (2019), who emphasized the role of
EVs in modulating drug resistance mechanisms.

The differential response of the H357 and FaDu cell lines to cisplatin might be attributed to
distinct resistance mechanisrtidias beempostulated that the molecular signature defining the resistant
phenotype varies between tumo(®sddik, 2003) In this context, the H357 cell line might possess a
unique molecular signature predisposing it to an increased release of EPs upon cisplatin exposure, as
opposed to the FaDu cell line.

In addition, oxidative stress plays a pivotal role in the regulation of EV release. Excessive
reactive oxygen species (ROS) can influence cellular signalling by modifying the number and molecular
cargo of EVqChiaradia et al., 2021Tisplatinhas been shown to stimulate the release of multiple EVs
from tumour cells during chemotherapy, potentially due to its induced increase in oxidative stress levels
(Wysoczynski & Ratajczak, 2009)Xia et al. demonstrated that cisplaitiduced endoplasmic
reticulum (ER) stress led to the release of exosomes encapsulatnegiEént protein 44 (ERp44) from
nasopharyngeal carcinoma cells, thereby promoting drug resig¥&acet al., 2021)

Moreover, oxidative stress brought on by cisplatin affects the functionality, distribution, and
clustering of proteins that are deleterious to cell health. In response to this damage from toxic proteins,
cells activate their protein quality control systeamsiminish the buileup of these detrimental proteins
(Yadav et al., 2019)The significant expulsion of EVs by tumour cells stressed with cisplatin may act
as a defensive strategy to mitigate oxidative harm by eliminating drugs and oxidatively modified
proteins. Nonetheless, these vesicles, laden with proteotoxic substandas tansported to adjacent

or remote cells, instigating oxidative stress reactions betweer{/dalli& et al., 2013)
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In conclusionthe study underscores the intricate relationship between cisplatin treatment and
the release of extracellular particles in HNC cell lines. The differential response observed between the
H357 and FaDu cell lines emphasizes the heterogeneity in drug resisicttEnisms and underscores

theinherent differences between HNC cell lines

89



Chapter 4 Effect of blocking extracellular particle release on cisplatin
sensitivity.

4.1 Introduction:

Extracellular particles, particularly EVs, have emerged as pivotal players in the intricate
landscape of celio-cell communication. These particlesrry a diverse array of biomolecules,
including proteins, lipids, and nucleic acids, which can be transferred to recipient cells, influencing their
behaviour and functiofLucotti et al., 2022)One of the most significant revelations in recent cancer
research is the role of these particles in mediating drug resistance. For instance, exosomes, have been
shown to contribute to chemoresistance by sequestering chemotherapeutic agents andgadbitati
efflux from cancer cell§Bach et al., 2017)This mechanism acts as a cellular defence, allowing tumour
cells to expel drugs and evade their cytotoxic effects. Furthermore, EVs can transfer drug resistance
conferring molecules, such as specific miRNAs or proteins, to-skeagitive cells, therebygpagating
a resistant phenotype wi t(Bantos&tAlmeidati2z02our 6 s mi cr oe

Vault particles, on the other hand, desser knowrbut equally intriguing.These protein
shelled structures (composed mainly of M\fRRve been implicated in multidrug resistance, although
the exact mechanisms remain under investigation. Previous studies suggest that vaults might protect
cells from drugs by sequestering them or by modulating cellular pathways that counteréod dee)
stress(Mossink et al.,, 2003)Very recently it was shown that vault particles are present in the
extracellular space, which raises the possibility that they too may be involved in efflux of drugs from
cells(Jeppesen et al., 2019)

The blockade oEP release, therefore, represents a promising strategy to counteract these
resistance mechanisms. By inhibiting the release of EVs or vault particles, one could potentially prevent
the efflux of drugs from cancer cells, ensuring higher intracellular drugecdrations and enhanced
cytotoxicity. Additionally, blocking the release of these particles could disrupt the transfer of resistance
conferring molecules, preventing the spread of drug resistance within the {iMiusii& Bongiovanni,

2023)
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In this chapterit aimsto delve deeper into this concept by utilising two CRISPR Cas9 edited
cell lines recently created by members of our research group that are EV (KGSjand vault
particle deficient (H357 - VP).HGS, a member of the ESCRT, is a master regulator of EV biogenesis,
in particular those derived from multivesicular bodies (i.e. exosofBeshe et al., 2003MVP is the
main structural component of the vault particle and is required for their asg@&tdphen et al., 2001)

By blocking the release of E\&md vault particlest is hypothesisd that cells would exhibit heightened

sensitivity to cisplatin.

4.2 Aim of this chapter:

This chapter aims to determine the sensitivity of the H357 cell line to cisplatin treatment
following the blockade oEV and vault particle release, achieved by depleting the HGS (H3&5)
and MVP (H357 - VP) proteins, respectively. To achieve this the following objectives will be
addressed:
1 Validate the cellines using gPCR and western blotting to ensure the knockout of HGS and
MVP proteins.
1 Conduct a doubling time test for both cell lines to evaluate the growth rate and compare it with
the parent cell line.
9 Assess extracellular particle release in response to cisplatin treatment by NTA and western
blotting.
1 Compare the proportion of live, apoptotic and dead cells@sglatin treatment between the

edited cell lines and the parent cell line by flow cytometry.
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4.3 Results

4.3.1Validation of HGS knockout in H357 cell line by gPCR and western blotting

Prior to conducting experiments to test the main hypothésis, sought to validate the
successful knockoutf HGS in the H357 cell line at the transcript and protein level by gPCR and
western blotting,respectively. There was no significant difference in HGS transcript expression

between the knockout and WT cell lines (Figure 4.1, A). However, western blotting showed that the
HGS protein was not detectable in H85AGS cell line compared to the WT, confirming successful

HGS knockout at the protein level (Figure 4.1, B/C).
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Figure 4.1 Evaluating the successful knockout of HGS protein from the H357 cell line.

(A) RNA was extracted from.8x1® cells/well seeded in-@ell plates and converted to cDNA before

gPCR analysis. HGS transcript expression was normalised to GAPDH endogenous control expression

and is presented relative to the WT cell line. The data represents the average from thremlbiologi
repeats + SD. (B) Protein was extracted frofax2C cell/well seeded in 6vell plates and was

guantified by BCA assay. Equal quantities of protein 20 pug were separated b/ SEBES before
western bl otti ng -dctn prdtenlevalsnBlots eepréséntativaoh tdreefindependent
repeatsaresion . ( C) Densitometry anal ysdctelewwls. Thée@fBa pr ot e
represents the average from three biological replicates £ SD. NS = not significant and * indicates
p<0.01, as determined by unpaire@s$t. ND = not detected.
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4.3.2Evaluating the growth rate and doubling time of WT and HGS cell lines

The initial analysisis assessed the growth rate of both the WT ahtGS cell lines (Figure
4.2). An equal number of cells were seeded intwedl plates and cell number was determined every
24 hours. At the 48, 72 and - ®®ur time points, there were significantly more WT thadGS cells
(p<0.0001)(Figure 4.2, A). Moreover, the HGS cells took25 hours to double in quantity, whereas
the WT cells required only 21 hours. Thiepresents a significait2-fold increasein the doubling
duration for the HGS cells (p<0.0001). (Figurel.2, B. These observations underscore a consistent
pattern wherein the HGS cells manifest a diminished growth rate relative to the WT cells across the

evaluated time intervals.
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Figure 4.2 Growth curve of H357 WT and HGS cell lines

5x10*WT and HGS cells were cultured in6ell plates, at specific time points 24, 48, 72 and 96

hours, respectively. (A) cells from individual wells were harvested and counted to establish a growth

rate. (B)At the 96hour timepoint cell numbers were used to calculate the doublingTimeegresented

data is an average derived from three biological repeats + SEM. Where ns indicates no significant, and
*** * indicates p<0.00l as determined byatweay ANOVA testtesand Student 6s
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4.2.3 The impact of HGS depletion on cisplatiinduced extracellular particle release

Following successful validation of the H35HGS cell line (Section 4.2.1)t is sought to
elucidate the impact of HGS depletion BR release post cisplatin treatment, utilising the previously
established IC50 value for cisplatin (Table 3.5).

Cells were seeded at a density BxA® per well of a éwell plate and allowed to adhere
overnight. Following this, both H357 WT andHGS cells were exposed to increasing concentrations
of cisplatin: 7 uM, 14 uM, and 28 puM. Treatment with 0.9% NaCl served as a vehicle control. After a
24-hour incubation period, the medium was substituted for medium supplementddPadfFBS for
another 24 hours. Upon completion of the treatment regimen, the conditioned medium from each well
was analysed using NTA to quantify the small particles. To account for potential variations in cell
density, particle number was normalized basedercell count ireach well.

For the WT cell line, EP release was2x10° particles per cell, 28x10* particles per cell,
4.08x10" particles per cell and 34x10 particles per cell for the vehicle control, 7 uM, 14 uM, and 28
MM cisplatin, respectively (Figure 4.3, A). For thé1iGScell line, EP release remained much lower at
5.78x1G particles per cell3.11x16 particles per cell7.24x10 particles per cell and 171 particles
per cell for the vehicle control, 7 uM, 14 uM, and 28 uM cisplatin, respectively (Figure 4.3A).
Following treatment with 14 pM cisplatirH357 WT released-fold more particles compared to
H357 HGS (Figure 4.3, A). This difference was exclusive to the 14 uM concentration and there were
no statistically significant differences for any of the other cisplatin doses tested.

Following the observation of a significant difference in particle release into conditioned
medium postreatment with 14 uM cisplatihe nextstep wasto pellet the EPs by ultracentrifugation
to characterize thegoncentation and sizeCells were seeded at 2Xkflls per T75, allowed to adhere
and then treated with eithé&d uM cisplatinor 0.9% NaClvehicle control for 24 hours. Following this
medium was substituted for medium supplemented WiHdFBS for 24 hours. Conditioned medium
was harvested and EPs isolation by ultracentrifugation. NTA revealed no significant difference in the

concentration of the pelleted EPs (Figure 4.3, B) or their size (Figure 4.3, C).
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Regarding the differential outcomes observed imdkperiment regarding particle release, it is
imperative to distinguish between the teypantification metrics employed, particleell and particles
/ml. The utilization of particles per cell as a metriche initial experiment served a pivotal role in
normalizing the data for variations in cell density, thereby facilitating a direct comparison of the impact
of cisplatin treatment on a peell basis. This normalization is crucial, as it allows for an assegssrhe
individual cellular responses to the treatment, accounting for any discrepancies in cell numbers arising
from differential rates of proliferation or death induced by the treatment regimen. Conversely, the
employment of particles / ml in this subsequexperiment provided invaluable insights into the overall
yield of extracellular particles (EPs) from the conditioned medium. This metric is particularly relevant
when evaluating the collective efficiency of &ptoduction and release into the medium, independent
of the cell count. Such a measure is essential for measuring the scale at which vesicle release occurs in

response to treatment, offering a broader perspe
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Figure 4.3 Effect of HGS depletion on EP release post cisplatin treatment.

Cells were seeded aBX1(cells per well in 8well plates, allowed to adhere overnight and then treated
with 7 uM, 14 uM and 28 uM cisplatin or 0.9% NaCl vehiclentrol (control) for 24 hours. Medium

was replaced with medium supplemented with-d@pleted FBS for 24 hours. Particle concentrations

in the conditioned medium were quantified using NTA and subsequently normalized based on cell
counts (A). Alternativelycells were seeded at 2X1€ells per T75, allowed to adhere overnight and
then treated with 14 uM cisplatin or vehicle control for 24 hours. Medium was substituted as above for
24 hours. EPs present in conditioned medium were pelleted by ultracentoifugat concentration

(B) and size (C) was determined by NTFhe presented data represent the average of three biological
replicates, with error bars indicating the standard deviation (SD). Statistical significance was
determined using twavay ANOVA, with ns=not significant and ** indicating P < 0.01.
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The next step involved attempting to identify the EPs present in ultracentrifugation pellets using
western blottingEP pellets were prepared as for the NTA experiment above, except for the resulting
pelletsweresolubilized in RIPA buffer for subsequent western blot analysis. TSG101 was chosen as a
commonly used marker for E\(¥oshioka et al., 2013MVP was chosen as a marker for vault particles
as it is the major structural componébksfandiary et al., 2009}-or this experiment, H357 WT and

HGS cell lines were exposed to the full range of predetermined cisplatin concentrations (Table 3.5).
EP pellets derived from the WT cell line were positive for TSG101 and MVP (Figure 4.4). Conversely,
these markers were conspicuously absent in tH&S derived EP pellets across all treatments (Figure

4.4).
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Figure 4.4 Detection of EV and vault particle markers present in EP pellets post cisplatin
treatment.

Cells were seeded at 2X¥I@lls per T75 flask, allowed to adhere overnight and then treated with 7 uM,
14 uM and 28 pMcisplatin or 0.9% NaCl vehicle control (control) for 24 hours. Medium was
substituted for medium supplemented with -B&pleted FBS for 24 hours. EPs were pelleted by
ultracentrifugation. The resulting EP pellets were then solubilised with RIPA buffeuliseguent
western blotting analysis. Blocked membranes were probed witiviafitior antiTSG101 antibodies

for 24 hours at 4°C, followed by washing and then incubation with appropriatecbiffi®yated
secondary antibodies at room temperature for 1 hour. viemes were incubated with ECL reagent
before exposure to-say film or digital image capture.

100



4.3.3Determining live, apoptotic, and dead cells in response to cisplatin treatment after depletion
of HGS

As previously described (Section 3.3), the proportion of live, apoptotic and dead cells following
cisplatin treatment was determined by flow cytometry, utilising dual labelling with AnneX&iT&
and PI. This approach was applied to both WilH357 HGS celllines. The data above (Section
4.2.3) demonstrated that depletion of HGS protein caused reduced releaseTdfeEypothesis was
thatthe HGS cell line would therefore have heightened sensitivity to cisplatin relative to the H357
WT due toimpaired drug export.

Both cell lines were seeded i@l plates at a density &5x1® cells per well and allowed
an overnight period for adherence. Following this, the cells were exposed to cisplatin concentrations
determined previously (Table 3.5): 7 uM, 14 uM, and 28 pM. A vehicle control group was treated with
a 0.9% NaCl solution. Po2#-hour cisplatin exposure, flow cytometry was used to assess the proportion
of live, apoptotic, and dead cells.

As expectedA dosedependent increase in apoptotic and dead cells was observed in H357 WT
cells treated with cisplatirfFigure 4.5, AD). The mean live cell percentages in \6dlls treated with
the control (0.9% NacCl), was 95.47 % * 0.38 %, while for cisplatin concentrations of 7 pM, 14 uM,
and 28 uM, the percentages were 94.10% + 0.10%, 85.10% * 4.06%, and 51.53% =*,12.91%
respectively. ie mean apoptotic cell percentageere 1.01% + 0.20% for the control (0.9%NacCl),
while for cisplatin concentrations of 7 uM, 14 uM, and 28 uM were 1.54% + 0.24%, 6.09% * 5.51%
and 27.20% + 8.94%, respectiveline mean dead cell percentagesre 3.35% + 0.38% for the control
(0.9%NacCl), while for cisplatin concentrations of 7 uM, 14 uM, and 28 uM were 4.0% * 0.46%, 8.25%
+ 3.79% and 20.30% * 9.81%, respectivdljoreover,A dosedependent increase in apoptotic and
dead cells was observed ilHGS cells treated with cisplatifFigure 4.5, EH). The mean live cell
percentages in ( GScells that treated with the control (0.9% NaCl), was 96.90 % + 2.01 %, while for
cisplatin concentrations of 7 uM, 14 uM, and 28 uM, the percentages were 97.03% * 0.64%, 85.73%
+ 5.52%, and 51.20% + 5.74%espectivelyThe mean apoptotic cell percentage were 0.83% * 0.48%

for the control (0.9%NacCl), while for cisplatin concentrations of 7 uM, 14 pM, and 28 uM were 1.04%
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+0.41%, 5.54% + 0.98% and 21.17% £ 5.83%, respectiVbly mean dead cell percentage were 2.17%
+ 1.52% for the control (0.9%NacCl), while for cisplatin concentrations of 7 uM, 14 uM, and 28 uM
were 1.84% * 0.33%, 8.55% £ 5.61% and 27.27% + 2.05%, respectively.

Contrary tot hi s Bypothesis,dhere were no significant difference in the proportions of

live, apoptotic, or dead cells between the H357 WT ardS (Figure 4.5, I, J and K) cell lines.
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Figure 4.5 Flow cytometry analysis of cisplatininduced responses in H357WT and HGS cell lines.

The proportions of live, apoptotic and dead cells were quantified using flow cytometrgtainstg with Annexin VFITC and PI. B5x1C cells were seeded

per well of a éwell plate, allowed to adhere for 24 hours and treated with different concentration of cisplatin for 24 hours. Represeitatiyaots
showcasing Pl (Xaxis) against Annexin V (Yxis) are shown for WT () and HGS (E-H). The percentages of viable, apoptotic, and dead cells for WT
and HGScell lines are presented in |, J, andliKe percentage of live, apoptotic and dead cells within each individual sample was calculated following gating
to select single cell§he presented values represent the average from three biological replicates £ SD. There was no statistically sigaiBcaptlokffveen

cells across all the concentrations by tway ANOVA.
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4.3.4Validation of MVP knockout in H357 cell line by gPCR and western blotting

Prior to conducting experiments with the H39WVP cell line, The successful knockout of
MVP at the transcript and protein levels was validated by qPCR and western blotting, respectively
There was no significant difference in MVP transcript expression between the knockout and WT cell
lines (Figure 4.6A.B). However, western blotting showed that the MVP protein was not detectable in
H3576 MVP cell line compared to the WT, confirming successful MVP knockout at the protein level
(Figure 4.6C).

Published studies have previously shown that depletion of MVP can affect the abundance of
other vault particle componentgsfandiary et al., 2009; €.. Zheng et al., 2004)Therefore,The
expression of other vault components, specifically viRNATEP1, and PARP4, in theMVP cell
line was assessefFigure 4.6, D, E and F). There was no significant difference in expression of these
transcripts between the H357 WT and H334VP cell lines taking into account that there are
observable variations in transcript levels, particularly for the MVP, and considering the variation

between different biological replicates.
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Figure 4.6 Evaluating the successful knockout of MVP protein from the H357 cell line.

(A) Protein was extracted from3x10 cell/well seeded in-6vell plates and was quantified by BCA

assay. Equal quantities of protein 20 ug were separated byPAIB%, before western blotting to

det er mi n e-adiinpmteimlevels. Biots representative of three independent repeats are shown.
(B) Densitometry anal ysi sactinfeved VY@ RNArwastexracted ftomv e | s
2.5x1C cells/well seeded in-@ell plates and converted to cDNA before qPCR analysis. MVP,
VviRNA1-1, TEP1 and PARP4 transcripts expression was normalised to GAPDH endogenous control
expression and is presented relative to the WT cell line. The data represeat®ithge from three
biological repeats + SD. The data represergsatierage from three biological replicates + SD. NS =

not significant and * indicates p<0.01, as determined by unpatesd.tND = not detected.
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4.3.5Evaluating the growth rate and doubling time of WT and MVP cell lines

Theinitial analysis vasassessed the growth rate of both the WT aMV/P cell lines (Figure
4.7). An equal number of cells were seeded inteell plates and cell number was determined every
24 hours.There were significantly more WT thanMVP cells at the48 (p<0.001) 72 (p<0.05)and
96-hour (p<0.0001)time points(Figure 47, A). Moreover, the MVP cells took23 hours to double in
quantity, whereas the WT cells required only 21 hotinss represents significant1.1-fold increase
in the doubling duration for the MVP cells (p<0.001). (Figure 4, B). These observations underscore
a consistent pattern wherein thé1VP cells manifest a diminished growth rate relative to the WT cells

across the evaluated time intervals.
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Figure 4.7 Growth curve of H357 WT and MVP cell lines.

5x10* WT and MVP cells were cultured in-@ell plates, at specific time points 24, 48, 72 and 96
hours, respectively. (A) cells from individual wells were harvested and counted to establish a growth
rate. (B)At the 96hour timepoint cell numbers were used to calculate the doublingTimeegoresented

data is an average derived from three biological repeats + SEM. Where ns indicates no significant, *
indicates p<0.05*** indicates p<0.00land **** indicates p<0.001 as determined by a tweay

ANOVA
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4.3.6The impact of MVP depletion on cisplatininduced extracellular particle release

Following successful validation of the H35®MVP cell line (Section 4.2.5)The impact of
MVP depletion on extracellular particle release post cisplatin treatment was elucidated, utilizing the
previously established IC50 value for cisplatin (Table 3®)ls were seeded at a density &xXA(
per well of a éwell plate and allowed to adhere overnight. Following this, both H357 WT amndP
cells were exposed to increasing concentrations of cisplatin: 7 uM, 14 uM, and 28 uM. Treatment with
0.9% NacCl served as a vehicle control. After éhddir incubation period, the medium was substituted
for medium supplemented witdF-dFBS for another 24 hours. Upon completion of the treatment
regimen, the conditioned medium from each well was analysed using NTA to quantify the small
particles. To account for pential variations in cell density, particle number was normalized based on
the cell count in each well.

For the WT cell line, EP release was2x1C particles per cell, 28x1C¢* particles per cell,
4.08x10* particles per cell and 34x10 particles per cell for the vehicle control, 7 uM, 14 uM, and 28
UM cisplatin, respectively (Figure 4.8, A). For théviVP cell line, EP release remained much lower
at 370x1C particles per cell8.15x1G particles per cell2.14x1G particles per cell an8.32x1G
particles per cell for the vehicle control, 7 uM, 14 uM, and 28 uM cisplatin, respectively (Figure 4.8,
A). Following treatment with 14 uM cisplatirH357 WT released 9-fold more particles per cell
compared to H357MVP (Figure 4.8, A). This difference was exclusive to the 14 uM concentration
and there were no statistically significant differences for any of the other cisplatin doses tested.

Following the observation of a significant difference in particle release into conditioned
medium postreatment with 14 uM cisplatifNext, the EPs were pelleted by ultracentrifugation to
characterize their concentration and si2ells were seeded at 2X1¢ells per T75, allowed to adhere
and then treated with eith&4 uM cisplatinor 0.9% NaClvehicle control for 24 hours. Following this
medium was substituted for medium supplemented WitkdFBS for 24 hours. Conditioned medium
was harvested and EPs isolation by ultracentrifugation. NTA revealed no significant difference in the

concentration of the pelleted EPs (Figure 4.8, B) or their takéng into consideration that there are
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variations in particle size range that can be attributed to differences between biological replicates.

(Figure 4.8, C).
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Figure 4.8 Effect of MVP depletion on EP release post cisplatin treatment.

Cells were seeded aBX1( cells per well in 6well plates, allowed to adhere overnight and then treated
with 7 pM, 14 pM and 28 pMeisplatin or 0.9% NacCl vehicle control (control) for 24 hours. Medium
was replaced with medium supplemented with-@pleted FBS for 24 hours. Particle concentrations

in the conditioned medium were quantified using NTA and subsequently normalized baseltl on
counts (A). Alternatively, cells were seeded at 2xddlls per T75, allowed to adhere overnight and
then treated with 14 uM cisplatin or vehicle control for 24 hours. Medium was substituted as above for
24 hours. EPs present in conditioned mediumewsslleted by ultracentrifugation and concentration

(B) and size (C) was determined by N.TFhe presented data represent the average of three biological
replicates, with error bars indicating the standard deviation (SD). Statistical significance was
determined using twavay ANOVA, with ns=not significant and ** indicating P < 0.01.
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Next, an attempt was made to identify the EPs present in ultracentrifugation pellets by western
blotting. EP pellets were prepared as for the NTA experiment above, except for the resulting pellets was
solubilized in RIPA buffer for subsequent western blot analysis. TS@a8MVP was chosen as
markers for EVs andault particlesrespectivelyFor this experiment, H357 WT andvVP cell lines
were exposed to the full range of predetermined cisplatin concentrations (Table 3.5). EP pellets derived
from the WTcell line were positive for TSG101 and MVP (Figure 4.9). Conversely, these markers were
conspicuously absent in theMVP derived EP pellets across all treatments eximg faint TSG101

band was noticeable in the control (Figure 4.9).
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Figure 4.9 Detection of EV and vault particle markers present in EP pellets post cisplatin
treatment.

Cells were seeded 2x1C cells per T75 flask, allowed to adhere overnight and then treated with 7 pM,

14 uM and 28 uM cisplatin or 0.9% NaCl vehicle control (control) for 24 hours. Medium was
substituted for medium supplemented with -B&pleted FBS for 24 hours. EPs were pelleigd
ultracentrifugation. The resulting EP pellets were then solubilised with RIPA buffer for subsequent
western blotting analysis. Blocked membranes were probed witiViafiRior antiTSG101 antibodies

for 24 hours at 4°C, followed by washing and then imtiom with appropriate HREBonjugated
secondary antibodies at room temperature for 1 hour. Membranes were incubated with ECL reagent
before exposure to-say film or digital image capture.
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4.3.7Determining live, apoptotic, and dead cells in response to cisplatin treatment after depletion
of MVP

As previously described (Section 3.3), the proportion of live, apoptotic, and dead cells
following cisplatin treatment was determined by flow cytometry, utilising dual labelling with Annexin
V-FITC and PI. This approach was applied to both H357 ak@H357 MVP cell lines. The data
above (Section 4.2.7) demonstrated that depletion of MVP protein caused reduced releaséhaf EPs.
hypothesis was thatMVP cell line would therefore have heightened sensitivity to cisplatin relative to
the H357 WT due to impagd drug export.

Both cell lines were seeded in&ll plates at a density &5x1® cells per well and allowed
an overnight period for adherence. Following this, the cells were exposed to cispfatentrations
determined previously (Table 3.5): 7 uM, 14 uM, and 28 uM. A vehicle control group was treated with
a 0.9% NaCl solution. Post X¥bur cisplatin exposure, flow cytometry was used to assess the proportion
of live, apoptotic, and dead cells.

As expectedA dosedependent increase in apoptotic and dead cells was observed in H357 WT
treated with cisplatin(Figure 4.10, AD). The mean live cell percentages in \&@Ills that treated with
the control (0.9% NaCl), was 95.47 % + 0.38 %, while for cisplatin concentrations of 7 uM, 14 M,
and 28 uM, the percentages were 94.10% * 0.10%, 85.10% + 4.06%, and 51.53% + 12.91%, and for
the mean apoptotic cell percentage weH% * 0.20% for the control (0.9%NacCl), while for cisplatin
concentrations of 7 uML4 uM, and 28 uM were 1.54% + 0.24%, 6.09% = 5.51% and 27.20% + 8.94%,
respectively.The mean dead cell percentage were 3.35% * 0.38% for the control (0.9%NacCl), while
for cisplatin concentrations of 7 uM, 14 puM, and 28 puM were 4.0% + 0.46%, 8.25% + 3.79% and
20.30% = 9.81%, respectivelyhere was nalosedependent increase in apoptotic and dead cells in

MVP treated with cisplatin (Figure 4.10;H). The mean live cell percentages iMVP cells that
treated with the control (0.9% NaCl), was 96.57 %.35 %, while for cisplatin concentrations of 7
MM, 14 uM, and 28 uM, the percentages were 93.93% + 2.64%, 93.10% + 2.50%, and 93.93%. % 2.19%
The mean apoptotic cell percentageere 1.30% + 0.16% for the control (0.9%NacCl), while for

cisplatin concentrations of 7 uM, 14 uM, and 28 uM were 2.52% + 0.27%, 2.38% + 0.83% and 2.56%
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+ 1.55%, respectivelyThe mean dead cell percentageere 1.91% + 0.62% for the control
(0.9%NaCl), while for cisplatin concentrations of 7 uM, 14 uM, and 28 uM were 3.24% + 2.25%,
4.21% * 2.48% and 3.18% + 1.87%, respectively.

Contrary tot hi s Bypothésisthes MVP cell line exhibited increased resistance to the

28 uM cisplatin treatmenfFigure 4.10, I, J and K).
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Figure 4.10 Flow cytometry analysis of cisplatininduced responses in H357 WT and MVP cell lines.
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The proportions of live, apoptotic, and dead cells were quantified using flow cytometrgtainstg with Annexin VFITC and Pl. 5x1® cells were seeded

per well of a éwell plate, allowed to adhere for 24 hours and treated with different concentration of cisplatin for 24 hours. Repressitatiyaots
showcasing Pl (Xaxis) against Annexin V (¥xis) are shown for WT (®) and MVP (E-H). The percentages of viable, apoptotic, and dead cells for WT
and MVP celllines are presented in |, J, andTiKRe percentage of live, apoptotic and dead cells within each individual sample was calculated following gating
to select single cell§ he presented values represent the average from three biological replicateStaiiical significance was determined using-tway

ANOVA, with *** P < 0.0001, ****P < 0.00001.
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4.3.8vtRNA1-1 antisense knockdown in MVP cell line

Due to the findings above, which were contraryheinitial hypothesis,The study aimed to
uncover the underlying mechanism of enhanced cisplatin resistance iMiE cell line.vtRNA1-1
(one of the vault particle components) has been shown to modulate resistance to apoptosis independent
of the vault particld Amort et al., 2015; Bracher et al., 2020pss of assembled vault particles in the
MVPcelllinemay result in enhanced r es viRNAdhwitenthteo apop!
cell. To this endThe experiment was initiated to knock down vtiRNA Bnd assess any resultant
changes in drug sensitivitifor this experiment, H357 cells were seeded inw@Mplate and subjected
to transfection with increasing concentrations of antisense oligonucleotide (ASO) ranging from 0 to 200
nM. The O nM treatment served adcantmocé&@ traatime
6no transfectiond control. Fol | owi48 lgourd anchthes f ec t i «
RNA was extracted for subsequgmCR analysis.
The expected dosdependent knockdown of vtRNAIL expression was not observédhere
was a decrease in viRNAlLexpression in the 0 nM (mock transfection) compared to the control group
(no transfection), suggesting that the transfection reagent alone caused a decrease ir1lvtRNAL
expression (Figure 4.11). The data for 200 nM AS@ (tighest concentration tested) was very similar
to that of the O nM group, indicating that the knockdown experiment had not worked (Figure 4.11).
Given that this was a preliminaexperiment, it was conducted in technical duplicate (duplicate wells),
which prevented any robust statistical analysis. Regrettably, due to time constin@etgyeriment

could not be repeated to carry out optimization and troubleshooting.
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Figure 4.11 Preliminary experiment to test efficiency of antisense oligonucleotide knockdown of
VIRNA1-1 expression.

H357 cells wereseeded in a 2well plate at 1x19® cells/well and transfected with increasing
concentrations of antisense oligonucleotide (ASG2J0 nM). The control represents cells that were
not subjected to transfection. After 24 and 48 hours of incubatiortnamstfection, RNA was extracted

for g°PCR analysis. ViRNAI expression was normalised to GAPDH expression. Data are presented as
mean values from duplicate transfected wells as part of one experiment.
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4.4 Discussion

4.4 .1Characterisationof HGS and MVP cell lines

In this chaptertheaim was to delve deeper into the role that EPs play in cisplatin resistance,
utilizing two CRISPR Cas9 edited cell lines recently created by members of the research group that are
EV (H357 HGS) and vault particle deficient (H35MVP). HGS, a member of the ESCRT, is a
master regulator of EV biogenesis, in particular those derived from multivesicular bodies (i.e.
exosomes)Bache et al., 2003MVP is the main structural component of the vault particle and is
required for their assemb(tephen et al., 20018y blocking the release of E\&nd vault particledt
was hypothesized that cells would exhibit heightened sensitivitispdatin. The initial step involved
validating the successful knockout of HGS and MVP in the H357igelkt the transcript and protein
level, using gPCR and western blotting, respectividiither cell line showed a significant reduction
in transcript expression. However, both HGS and MVP were silenced at the protein level.

This observation of transcripts without corresponding protein expression can be largely
attributed to the effects of frameshift mutations induced by the CRISPR/Cas9 editing process. Such
mutations, resulting from insertions or deletions (indels) at thergenediting site, can disrupt the
gene's reading frame and potentially introduce premature stop codons. These premature stop codons
may trigger nonsensmediated decay (NMD), a cellular mechanism designed to degrade mRNAs
containing early termination cods, thus preventing the translation of truncated, potentially harmful
proteins. Alternatively, even if these transcripts escape immediate degradation, the premature stop
codons can halt translation prematurely, leading to the production of incompletéjnctanal
proteins that the cell quickly degradé®ser et al., 2023; Smargon et al., 2022)

The cell growth rate in the HGS and MVP knockout cells was next examined and found to be
slower compared to WT cell€vidence is lacking regarding the effect of H@8pletion on
proliferation. However,everal investigations have indicated that the depletion of ESCRT components
leads to programmed cell death. For instance, the temporary reduction of HGS expression was found to
compromise cell survival in hepatoblastoma and colorectal cancer cell(@aeml et al., 2015)

Similarly, diminishing levels of the ESCRITcomponent TSG101 were associated with apoptosis in
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cells from breast cancer, as documented by Zhu and colleagues in 2004. Furthermore, the
downregulation of ESCRT components, specifically Vps22, Vps25, and Vps36, has been linked to
increased cell mortalitiHerz et al., 2006; Woodfield et al., 2013)

Regardingr MVP, again there is no published link between depletion and reduced

proliferation, but others have showarsignificant decrease in viabilityf — qpMXHFA cellscompared
to parental cell®PAR-HAPL In addition, ontrasting withthis observationJ20SpMV Eell line did
not observe anyroliferation abnormality compared with its parergall line U20S (Pietras et al.,

2021)

4.4.2Impact cisplatin treatment on  HGS and MVP cell lines

Following the successful validation of HGS and MVP depletion in the H357 celltlire,
examination of EPs released pbst e at ment of @HGS and @MVP, in com
varying cisplatin concentrations, was then conduciedNTA analysis revealetkéwer particleswere
released r om @HGS and @MVP Eb0eoseoftcisptadn(1épdl). Suchtfihdings h e
align with existing literature which indicates that the absence of EST&Ibunits leads to a decline
in exosome release across dseecell typegHoshinoet al, 2013 Colomboet al, 2013. This observed
reduction in EV release can likely be attributed to compromised MVB formation, as documented by
other researche(&chmidt & Teis, 2012; Zheng et al., 200Burthermore, while HGS depletion has
been previously linked to a decrease in exosome size in colorectal cancer cells as observed through
TEM (Sun et al., 2016)The NTA results did not reflect a change in particle size. This discrepancy
might arise from NTA's limitations in detecting particles smaller than 70 nm, unlike other methods such
as TEM and nanoparticle flow cytometiyhich can detect smaller particles

Cisplatin, a platinunbased chemotherapy drug, is widely recognized for its effectiveness
against various cancers, including ovarian, testicular, and head and neck cancers. Its mechanism
involves entering cells and undergoing aquation reactions that eepldoride ions with water
molecules, making the drug more reactive and capable of forming covalent bonds with DNA. This
di srupts the cell 6s DNA replicat(L.Wangatald202lg pai r |

However, cancer cells can develop resistance to cisplatin through mechanisms like packaging the drug
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into EVs and exporting it out of the cell, thus reducing its intracellular concentration and cytotoxic
effects(Maleki et al., 2021) This method of drug sequestration and expulsion via EVs represents a
form of drug resistance that enables cancer cells to survive despite chemotherapy treatment. The
sequestration of cisplatin into EVs, thereby evading its cytotoxic effects, not onjyr@mises the
efficacy of cisplatin in resistant cells but also enables the spread of resistance by transferring drug
resistance factors through E{fontana et al., 2021)

In tackling the issue of cisplatin packaging into EVs, research has identified potential avenues
to inhibit the formation and release of EVs. One such strategy involves the use of GW4869, a neutral
sphingomyelinase inhibitor, which can block the formatanintraluminal vesicles (ILVs), thus
preventing exosome production. By inhibiting EV biogenesis, there is potential to prevent the packaging
of cisplatin into these vesicles, maintaining a higher concentration of the drug within the cancer cells
and enhating its cytotoxic effectdCatalano & @riscoll., 2019) This approach, targeting the
resistance mechanism itself rather thaerely attempting to prevent the release of EVs already
containing cisplatin, offers a promising strategy to combat cisplatin resistance, presenting a novel means
to bolster the therapeutic efficacy of cisplatin against resistant cancer types.

Western blotting was utilized to detect the presence of the EV marker TSG101 and the vault
particle marker MVPThe MISEV guidelines recommend the use of at least one meraboane and
one cytosolic protein for EV characterizatidrotvall et al., 2014; Téry et al., 2018)However, due to
time constraintghe study could only proceed with one EV markes welkdocumented that ESCRT
0 recruits the downstream ESCR$ubunit TSG101 on early endosomes via PtdIns (3) P regulation,
orchestrating various MVB biogenesiated events, including viral budding, ubiquitinated cargo
sorting, and endocytic triiéking (Colombo et al., 2013; Cvjetkovic et al., 2016; Q. Lu et al., 2003;
Razi & Futter, 2006; Strickland et al., 202Moreover, TSG101's significant role in membrane
dynamics, which modulates endosome fission and fusion, has been high{gtuiers et al., 2009)
Consequentiyt was hypothesized that the absence of HGS would result in a reduction in the production

of TSG10Z%positive EVs.This supposition was validated tiis research, as the TSG101 protein was
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notably missing in the HGS-derived EPsvhen compared to the WAn additional EV marker, such

as CD63, would have been useful for detecting EVs produced via E8@Bgendent biogenesis.
Several independent studies have identified MVP irpE&parationslerived from cancegells,

with many findings indicating its enrichment in exosomes or small EVs relative to the originating cells

(Peinado et al., 2012; Welton et al., 2010; Xu et al., 2018y expectedthe western blotting results

revealed a complete absence of MVP insthklVP-derived EPs. However, the depletionT&G101
inf MVP-derived EPgwith exceptiorof a faint bandn the contrgl wasunexpectedThere is 0 clear

explanation for this, but there are some studies sugglisk betweerMVP/vault particles and the

formation of EVs(Teng et al., 2017)Additionally, MVP has been observed to-logalize with the

lysosomal marker CD63. This marker is not only prevalent in late endosomes (multivesicular bodies)

but is also widely acknowledged as a standard marker for(B&fgjer et al., 2000; Schroeijers et al.,

2002) Based on these previous studies, this might be a potential explanation of absence of MVP in

PHGS c eltis terhpiing ¢o0. speculate that vault particles may be exported in enddigeme

structures in a similar manner to EMSurrently, thereis a completelack of published research

exploring the mechanigs) of vault particleexportfrom the cel] whichwarrants further investigation.
Despite there being areductioninthe ERs | e a s e d b yow qytb@BeSrydataelitl mos , f

indicate any significant variances in the,ratios

which was contrary tthe initialhypothesis. EPs asideveral studies have highlighted that the absence

of ESCRT subunits can induce cellular apoptosis. For instance, the temporary suppression of HGS has

been linked to reduced cell viability in hepatoblastoma and colorectal cancéCeglid et al., 2015)

and the downregulation of the ESCR3ubunit TSG101 was associated with apoptosis in breast cancer

cells(G. zZhu et al., 2004)Additionally, the diminished expression of ESGRBubunits like Vps22,

Vps25, and Vps36 has been implicated in cell délddrz et al., 2006; Woodfield et al., 2013he

previous studies contrast withe finding as there was no differencebasalapoptotic proportion in

pHGS <cel | l ine compared with WT cell i ne.
When comparing the o®MVP celll l'ine with WT,

proportionof live, apoptotic, and dead cells upon treatment with double thedBcentration (28uM).
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The o@MVP cel |l | i nresistancdb displatin, hdch was contrarg theshgbothesis.

MVP has been implicated in a wide array of cellular roles. It is associated with apoptotic resistance in
aging human diploid fibroblasts (HDFs), where the suppression of MVP considerably decreased the
levels of the antapoptotic proteins such asd@ll lymphoma 2 (BeR) while amplifying eJun levels

in these cells (Ryu et al., 2008). Additionally, a robust connection exists between MVP and cellular
demise demonstrated by the fact that diminishing MVP levels led to apoptosis in various cell types,
including macrophages, human airway smooth muscle cells, as well as cells from hepatocellular
carcinoma (HCC) and breast cancer li(lgsn et al., 2013; H. M. Lee et al., 2017; Pasillas et al., 2015)
Another study, revealed that not only MVP might play a role in drug resistance, viRMAdivotal in
imparting resistance to various cancer cells against chemotherapeutic (@jentset al., 2018)in

addition, many research studies suggest a connection between telomerase and the responsiveness of
cancer cells to treatment. This link is further supported by observations that heightened telomerase
expression in cancer cells is associated with dezatance in rectal cand&@hin et al., 2012)Another

study showed that inhibition TEP1 activity leads to heightened sensitivity of certain cancer cells, such
as breast cancer, to doxorubicin (DQRpng et al., 2009 healternative hypothesis was that ablation

of MVP protein (and therefore vault particles) would release the other vault particle components to
carry out alterative processes in the cell, which might be linked to resistance to ap&ups$e

motivation to suppress VtRNAL in ther MVP cell linein this studywas to assess its potenttal

mediate resistanc® cisplatin. Regrettably, this approach was unsuccessful, so it remaing
potential avenue for future research.

The mainaim of this chapter was to ascertain whetheritloekade of EVs and vault particles
via deletion of HGS and MVP proteiris H357 would causincreased sensitivity to cisplatithe

results indicated that tire HGS cell line did not display a significant change in sensitivity to cisplatin.

In contrast, the MVP cell line showed a notabiecreasen cisplatin resistanceompared to the WT.
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Chapter 5 Are extracellular particles mediators of cisplatin resistance in

head and neck cancer?

5.1 Introduction

Cisplatin, a platinunrbased chemotherapeutic agent, has been a cornerstone in the treatment of
various malignancies, including HN@Giddik, 2003) Its cytotoxic mechanism primarily involves the
formation of DNA adducts, leading to DNA damage and subsequent apoptosis. However, the
emergence of cisplatin resistance in tumour cells poses a significant challenge to effective cancer
therapy(Jordan & Carmd-onseca, 2000)

Recent studies have highlighted the role of EPs, particularly EVs, in mediating drug resistance
(Jin et al., 2022)EVs contain a myriad of bioactive molecules, including proteins, lipids, and nucleic
acids. They play a pivotal role in cétl-cell communication and have been implicated in various
pathological processes, including tumour progression and drug resiGlala et al., 2018)

A crucial cellular mechanism underlying cisplatin resistance involves alterations in drug
transport. The copper transporter 1 (CTR1) is responsible for cisplatin influx into the cells, while
ATP7A and ATP7B proteins mediate the efflux of cisplatin, leadngeduced intracellular drug
concentrations and decreased cytotoxi¢aigowsky et al., 2007)Several studies have delved into the
molecular intricacies of cisplatin resistance in HNC. For instance, Yamano et al. (2010) focused on the
identification of cisplatirresistanceelated genes. Their research provided insights into the molecular
intricacies of cisplatin resistance, emphasizing the importance of global gene analysis in understanding
the underlying mechanisnf¥amano et al., 2010Another study by Bauer et al. (2007) revealed that
HNC cell lines selected for cisplatin resistance exhibited-tyig p53 and high levels of BgL,
suggesting the potential involvement of these factors in the resistance mectizausmet al., 2007)

There are many studies focusing on the cellular machinery involved in cisplatin resistance.
However, the role that EPs play in cisplatin resistance in HNC remains to be fully elucidated. In this
chapter,The study aimed to determine if EPs released by cisplasistant HNC cells could bestow

cisplatin resistance on naive celdm of this chapter:
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This chapter aims to determine if EPs from a cisplatin resistant cell line can transfer resistance to naive

cells. To achieve this the following objectives will be addressed:

1 Generate a cisplatin resistant (cispl/AtiHNC cell line by prolonged incubation with gradually
increasing cisplatin concentrations.

1 Evaluate morphology, growth rate and doubling time of the cisplagilhline compared to the
parent cell line.

1 Confirm cisplatin resistance by viability/metabolic activity assay (MTT) and analysis of
apoptosis by flow cytometry.

1 Assess impact of cisplatin treatment on the cell cycle of cispla&h line compared to the
parent cell line by flow cytometry.

1 Assessellular mechanisms of resistance by western blotting of known mediators of cisplatin
resistance (ATP7A, ATP7B, RRBP1, MVP and CTR1).

1 Assess particle concentration in the conditioned medium of cispéatthparent cells following
cisplatin treatment by NTA.

1 Isolate EPs from cisplaffnand parent cells by ultracentrifugation and characterise them by
NTA and western blotting.

1 Isolate extracellular particles fromisplatir cell line and incubate with naive cells to test if

they can transfer cisplatin resistance.
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5.2 Results:

5.2.1Generation of a cisplatin resistant HNC cell line

In the endeavour to understand the mechanisms underlying cisplatin resistance in HNC, a
systematic approach was employed to induce resistance in the H357 cell line. The cell line was subjected
to a prolonged treatment regimen with cisplatin, spanning over 18hmomhe initial treatment
commenced with a stllethal dose of 0.5 UM cisplatin, a concentration chosen to ensure cell survival
while introducing a selective pressure. Cells were routinely cultured in the presence of cisplatin and
once confluent the doseaw gradually increased, to ultimately reach the 24 hour IC50 concentration of

14 pyM. Once this was achieved, the cells were used for further experiments.

5.2.2Characterisation of the cisplatin resistant cell line

5.2.2.1Cisplatin® cell morphology and growth characteristics

Upon microscopic examination, both the WT and cisptat@ll lines appeared largely similar,
with no consistent morphological changes evident. However, a notable observation was the presence of
some spindleshaped cells in the cisplaticell line, a feature less prominent in the WT (Figure 5.1,
A/B).

The growth rate of both the WT and cisplatésistant cell lines was next assessed (Figure 5.1,
C/D). An equal number of cells were seeded inwedl plates and cell number was determined every
24 hoursThere were significantly moM/T than cisplatifi cellsat the 24 (p<0.01), 48 (p<0.0001), 72
(p<0.0001) and 96 hour (p<0.0001) time poiffigure 5.1, C). Moreover, the cispldticells took 56
hours to double in quantity, whereas the WT cells required only 21 hoursephisents significant
2.7-fold increasein the doublingtime for the cisplatifi cells (p<0.0001). (Figure 5.1, D). These
observations underscore a consistent pattern wherein the ci¥pkltsnmanifest a diminished growth

rate relative to the WT cells across the evaluated time intervals.
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Figure 5.1 Morphology and growth characteristics of H357 WT and cisplatinR cell lines.

H357 WT (A) and cisplatifh(B) cell lines were cultured until ~70% confluent and then observed by

light microscopy at 10X magnification. Scale bar denotes 100 um. C¥ bzll® were seeded ingell

plates and counted at specific time points (24, 48, 72 and 96 hours) to determine growthAtatiee D)

96-hour timepoint cell numbers were used to calculate the doublingTtimeedata is an average derived

from three biological repeats + SEM. Where ** indicates p<0.01, **** indicates p<0.000las
determinedpatwoway ANOVA test f or g-testfortdoublinggine and Stud
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5.2.2.2Viability of cisplatin ®R and WT cell lines following cisplatin exposure

To validate the phenotype of the cisplatésistant cell line, the MTT assay was employed to
assess cellular metabolic activity, which can serve as an indirect measure of cell viadillityvere
seeded in a 9@ell plate and after an overnight incubation, the cells were exposed to cisplatin
concentrations based on the H357 WT IC50 dose (7 uM, 14 pM, and 28 pM). Concurrently, a control
group was treated with 0.9% NaCl vehicle controteAR4 hours, MTT assay was used to calculate
metabolicactivity/viability.

There were pronounced differences in cell viability between the cidptatthWT cells across
the cisplatin concentrations tested (Figure 5.2). Specifically, for the WT cells subjected to 7 uM, 14
MM, and 28 uM cisplatin, the average viabilities were 89.8% + 6.4%, 69.9% * 10.5%, and 45.3% =+
6.0%, respectively. In contrast, thisplatirR cells exhibited significant resistance to the same cisplatin
concentrations, with viabilities of 110% * 11.3%, 101% * 9.2%, and 94.9% * 4.5%, respectively

(Figure 5.2).
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Figure 5.2 Metabolic activity/cell viability assessment of cisplatiR and WT post cisplatin
treatment.

For both H357 WT and cisplatinR cell lines, cell metabalitivity/viability was assessed using the
MTT assay. Cell were seeded at a density of 4zé&ls per well in 96vell plates and allowed to adhere
overnight. Following this, they were exposed to cisplatin for-a@4 duration. The MTT assay was

then conducted to assess cell viabilRgrcentage cell survival was calculated relative to the vehicle
control. The data is an average derived from three biological replicates, with each having six technical
repeats. Error bars signify the standard deviatiomifiéggnce levels are indicated as follows: ns=not
significant, ** = p< 0.01, **** =p<0.0001, determined via twoay ANOVA.
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5.2.2.3Comparing live, apoptotic, and dead cells in response to cisplatin treatment in Cisplafin

and WT

To confirm theresistance of the cisplatiesistant cell line to the prapoptotic action of cisplatin, flow
cytometry, in conjunction with Annexin -¥ITC and PI staining, was employed to determine the
proportion of live, apoptotic, and dead cells following cisplagatment.

lllustrative scatter plots (Figure 5.3 panelsHA depict the demarcation of these cellular
populations. For the WT cells exposed to the control (0.9% NaCl), the average proportion of apoptotic
cells was 2.2% + 79.8% (Figure 5.3. J). When &éatith cisplatin at concentrations of 7 uM, 14 pM,
and 28 pM, the apoptotic percentages were recorded as 13.6% +1.5%, 13.6% + 2.7%, and 16.3% *
4.5%, respectively (Figure 5.3. J). In contrast, the cisflat@ll line showed significantly fewer
apoptoticcells: 1.6% + 0.82% (control), 2.1% + 1.1% (7 uM), 2.0% + 1.60% (14 uM), and 2.5% =+
1.5% (28 uM) (Figure 5.3. J). There was a significant difference in the proportions of live (Annexin
Vi/PlT1T) and apoptotic ( AnneXXamWYVlndsRasieydentaerdss b et
all cisplatin concentrations (Figure 5.3. | and J). However, there was no statistical difference in the

proportion of dead (PI+) cells across the concentrations (Figure 5.3. K).
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Figure 5.3 Flow cytometry analysis of cisplatininduced apoptosis in WT andcisplatin® cell lines.

The proportions of apoptotic and dead cells were determined using flow cytometistginisig with Annexin VFITC and Pl. WT panels (®) andcisplatirf

panels (EH) cell lines. Cells were seeded at 2.5%d€lIs/6well and allowed to adhere overnight. Cells were treated with cisplatin for 24 hours before analysis
by flow cytometry. Representative scatter plots showing RIXiX) against Annexin V (¥axis) are depicted in panelstA The percentages of vileh apoptotic,

and dead cells are presented in panel§ (IThe percentage of live, apoptotic and dead cells within each individual sample was calculated following gating to
select single cellsThe presented values represent the average from threeitdblogplicates + SD. Significance levels are indicated as follows: ns=not
significant, ** = p< 0.01, *** =p<0.001, **** =p<0.0001, determined via tway ANOVA.
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5.2.2.4Analysis of cell cycle using flow cytometry

The cell cycle controls cellular growth and division. Moving through clear phases, G1, S, and
G2, ending in mitosis, each phase is tightly controlled. The G1 phase focuses on cell growth and
preparatiorfor DNA replication, the S phase is for DNA synthesis, and the G2 phase makes sure the
cell isreadyfor mitosis(Kamb, 1996) Cisplatin works mainly by causing DNA damage, which can
then stop the cell cycle, giving cells a chance to either fix the damage or trigger apgMetiostset al.,
2016) The investigation then aimed to determine if there was a difference in the cell cycle of the
CisplatinR cell line after cisplatin treatment compared to the WT.
Thecell cycle distribution of the WT and Cispldtimas examined post a 2¥ur exposure to 14 uM
of cisplatin.For comparative purposes, a control group was subjected to a 0.9% NaCl treatment. Post
treatment, cells were stained with Pl and subsequently analysed via flow cytometry to determine the
proportion of cells in the various cell cycle phases (Figure 5.4).

For untreated WT cell26% were in G1 phasepmpared td.2.2%for cisplatintreated WT
cells In comparisonthe Cisplatirf cell line showed 49.8%n G1 phasavhen not treated and 42.7%
after cisplatin (Figure 5.6. E).

60.4%o0f untreated WT cells were in S phase, whereas 65.59platintreated WT cellsvere
in S phaseThe Cisplatifi cell line showed 23.4% S phasavhen not treated and 25.7% after cisplatin
treatmen{Figure 5.6.F).

Lastly, for the G2 phase, the untreated WT cells showed 1i0.8% phasand the treated WT
cells had 21.5%n G2 phaseThe Cisplatifi cells showed 23.4% G2 phasevhen not treated and

29.2% after treatment (Figure 5.6.G).
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Figure 5.4 Cell cycle analysis for WT and cisplatirf cell lines post cisplatin exposure.

Flow cytometry analysis of tha@splatininduced variation in cell cycle distribution in H357 (WT) and
cisplatirf cell lines after 24 hours of cisplatin exposure panel®)ACell cycle distribution in WT and

cisplatirf cell lines in response to 14 uM of cisplatin in different cell cycle phases G1, S and G2 panels
(E-G). This data is based on a single repeat n=1.
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5.2.2.5Cellular mechanisms of cisplatin resistance

The next step was to determine if there were cellomlachanisms that could explain the
phenotype of the cisplafiicell line.As previously discussed, there are several proteins that are involved
in cisplatin resistance, including drug efflux pumps (ATP7A and ATP7B) and drug influx pumps
(CTR1). RRBP1 has previously been identified as a protein that is overexpressed in cesgktant
HNC cell lines(Shriwas et al., 2021)and MVP is frequently overexpressed in multidrug resistant
cancer cell§Rimsza et al., 1999 herefore, the expression of these proteins was assessed by western
blotting.

Cells were cultured in normal growth medium and whole cell lysates were prepared for SDS
PAGE and subsequent western blotting. Despite loadingy4@ll lysate per sample, no signal could
be detected for ATP7A. Expression of ATP7B was very low and could only be detected by using
Supernova ECL reagent. The other proteins were readily detected with standard ECL reagent (Figure
5.5A). The unglycosylateform of CTR1 (~25 kDa) was the most prominent form detected. However,
overexposure of the blot reveale@ ghresence of larger molecular weight protein:antibody complexes
that could be glycosylated forms of CTR1 (Figure 5.5B). Densitometry analysis was performed to
normalise target protein abundance to that of fifectin loading control (Figure 5.5-G). The
unglycosylated form of CTR1 was significantly reduced in the cisplagi line compared to the WT

(Figure 5.5 F). There was no significant difference in the abundance of the other proteins examined.
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Figure 5.5 Detection of proteins involved in cisplatin resistance by western blotting.

Cells were seeded in a T25 flask at 15cHls per flask and allowed to adhere overnight. The following
day, monolayers were washed in PBS and solubilised in RIPA buffer. Cell lysates were clarified by
centrifugation. Protein concentration was determined by BCA assay augllyi€ate was separated by

12% SDSPAGE before transfer to nitrocellulose membranes and subsequent western blotting.
Representative western blots are shown (A/B). Densitometry was performed by ImageJ and target
protein band intensity veanormalised to thb-actin loading control. Normalised protein abundance is
expressed relative to WT {G). Data represents the average of three biological repeats with error bars
indicating standard deviation. ns= not significant and *=p<0.05 by Studtsds t
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5.2.2.6Cellular expression of vault particle components and HGS

Despite not detecting a difference in the protein abundance of (#\gare 5.5 A/E) The
transcript expression of the vault particle components was exanigd, viRNA1-1, TEP1, and
PARP4. Vault particle components (ViRNAIn particular) have been linked to resistance to apoptosis
and so their expression could mediate cisplatin resistance independent of the vault(pantctest
al., 2015) Additionally, the expression of the HGS transcript was also assessed as an indication if
ESCRT dependent EV biogenesis might be upregulated in the ci8gleliitine (Wang et al., 2023)
Transcript expression was determined by qPCR with GAPDH serving as the internal control to
normalize the expression data.

Thefindings revealed that the expression patterns of viRNAIEP1, PARP4, and HGS were
relatively consistent between the WT and cispfatiell lines, with no statistically significant
differences observed (Figure 5.6). However, a notable exception was observed in the expression of the
MVP. The MVP transcript was found to be significantly downregulated in the cidplegih line

compared to the WT cell line (p value < 0.05) (Figure 5.6.A).
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Figure 5.6 Cellular transcript expression of vault components and HGS.

Quantitative reatime PCR was performed using cDNA samples derived from the reverse transcription
of 100 ng of total RNA, which was extracted from 2.5xd€lls cultured in 6vell plates. The relative
expression changes of vault componentdd)fand HGS (E) were determined using TagMan primers
through a twestep protocol, with GAPDH serving as the internal reference pandl.(Results are
presented as ra@ + SD, n=3. where ns indicates no significant difference, while * signifies p< 0.05 as
determined ¥ an unpaired-test.
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5.2.3Impact of cisplatin treatment on EP release from WT and cisplatifi cell lines

In the present investigatiomthe study aimed telucidate the influence of cisplatin on the
secretion of EPs in both WT and cispl&taell lines. Thefoundation othe experimental approach was
based on the previously identified IC50 values for cispl@table 3.5). Cells were seeded at 2.5x10
cells per éwell and allowed to adhere overnight. Subsequently, both WT and ci§ptatis were
incubated with cisplatin concentrations of 7 uM, 14 uM, and 28 uM or 0.9% NaCl vehicle control.
After 24 hours of cisplatin exposure, the culture medium was replaced with medium supplemented with
UF-dFBS for an additional 2iour period. Postreatment, the conditioned medium frontleavell was
subjected to NTA for small particle quantification. To ensure consistency, these quantifications were
adjusted based on the cell count of each respective well.

A doseresponsive increase in EP release was observed from the WT cell line, but this pattern
was not evident in the cisplatircell line. Notably, after 14 uM and 28 uM cisplatin treatment, the
cisplatirf cells released significantly fewer EPs, registering counts of 6.72@@3x10 particles per
cell and 1.62x10+ 8.39x1G particles per cell, respectively. This contrasted with the WT counts of
3.81x10 + 3.18x10 particles per cell (14uM) and in 5.67X18 3.07x10 particles per cell (28um
(Figure 5.7.A). This significant difference was only observed at the 14 pM and 28 pM cisplatin
concentrations, with no significant difference in EP release for the vehicle control or 7 uM cisplatin
treatments (Figure 5.7A).

Cells were cultured on a larger scale (i.e. 2xddll per T75 flask) and treated with 14 uM
cisplatin. EPs were pelleted by ultracentrifugation and analysed by NTA. There was no significant

difference in the concentration or size of EPs that were enriched (Figure 5.7.B).
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Figure 5.7 Impact of cisplatin treatment on EP release from cisplatifi and WT cell lines.

Particle number in the conditioned medium from both WT and cisplegihlines was evaluated using

NTA. For this assessment521C cells were seeded per well in av@ll plate. The particle numbers

were then normalized according to cell count @&lls were seeded at 2X@er T75 to generate 24

hour conditioned medium for ultracentrifugatidfollowing this, the concentration of particles in the

EP pellet was determined for both the WT and cispfatiall lines (B). Additionally, the size of the
particles in the pellet after cisplatin exposure was ascertained for both cell lines (C). The presented data
is an average of three distifmological repetitions, with the standard deviation (SD) depicted as error
bars. To identify statistical differences, tmoa y A NOV A a n dest $eraiemnployeddirs thet
results, "ns" indicates not significant, * indicates p< 0.05, and ** sigrpfe8.01.
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In an attempt to identify the EPs released in the conditioned medium post cisplatin treatment,
EP pellets (enriched by ultracentrifugation) were solubilized in RIPA buffer for western blot analysis.
Lysates were probed for the abundance of TBIGA common marker associated with EVs) and MVP
(a vault particle marker).

Both the WT and cisplatihcell lines were incubated with increasing cisplatin concentrations,
based on the WT IC50 value (Table 3.5). Western blot analyses of the EP lysates highlighted the
presence of specific markers. Notably, markers representative of EVs, such as TSGl@bsand t
indicative of vault particles, like MVP, were detectable across all cisplatin concentrations (Figure 5.8).

A closer examination revealed a more intense MVP band in EP lysates derived from the WT
cell line, particularly evident after cisplatin treatments of 7, 14, and 28 uM. In contrast, the cisplatin
cell line did not show an increase in MVP band intensity following cisplatin treatment. In fact, the MVP
band intensity decreased as cisplatin concentration increased (Figure 5.8). Regarding TSG101, the WT
samples exhibited heightened band intensitiepatrol, 7 uM, and 28 uM concentrations. However
TSG101 protein abundance was much lower in the cispkdimples across all treatments. The western
blot data is in broad agreement with NTA data that the cispledihline releases fewer EPs (EVs and

vaults) than the WT cell line after cisplatin treatment.
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Figure 5.8 Detection of EV and vault particle markers derived from WT and cisplatirf cells
following cisplatin treatment.

Cells were seeded at 2X¥1€ells/75 cm flask and allowed to adhere. Monolayers were treated with
cisplatin for 24 h and then medium was replaced to that supplemented withBS-and incubated for

a further 24 h. EPs were pelleted by ultracentrifugation at 100,80G6rxL h, followed by washing in

PBS and recentrifugation at 100,009 for 1 h. The resulting EP pellets were then solubilised in RIPA
buffer. Equal volumes of EP lysate were separated byBBGE and subsequently transferred onto a
nitrocellulose membrane in preparation for veestblotting. After blocking, these membranes were
incubated with primary antibodies overnight at 4°C. Following a series of washes, the membranes were
exposed to HRHinked secondary antibodies at room temperature for 1h. After a brighle
incubationwith a luminescent substrate, the membranes were exposehtofin.
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5.2.4Can EPs derived from cisplatirt HNC cells transfer cisplatin resistance?

The aim here waw determine if EPs can transfer cisplatin resistance between HNC cancer
cells. 2x16 cisplatiri cells were seeded in T75 tissue culture flasks and allowed to adhere overnight,
before incubating in growth medium supplemented WithdFBS for 24 hours. EPs were enriched
from conditioned medium by ultracentrifugation and NTA used to enumerate EPs. Naive H357 WT
cells (i.e. cells not previously exposed to cisplatin) were seeded at a density of 2esler well in
a 6well plate and allowed to adhere overnight. These cells were then incubated with either 0.9% NacCl
vehicle, 14 uM cisplatin only, or 14 uM cisplatin and 10ul of isolated EPs thateduo8x1C
particles. After a 24our incubation period, the proportion of live, apoptatitd dead cells was
determined by flow cytometry in conjunction with dual AnnexinFMC and Pl labelling
Representative scatter plots are shown to illustrate how cell populations were selected (Figure 5.9 A
C).

When cells were exposed to the 0.9% NaCl vehicle control, cells exhibited a live percentage of
95.1% + 0.757% (Figure 5.9). Upon exposure to 14 uM cisplatin, the viatddityeasedo 63.8% +
6.41%. However, the concurrent administration of cisplatin and EPs partially restored live cell
percentage to 80.4% + 2.66%.

The proportion of apoptotic cells was 1.82% + 0.51% in the vehicle control. This proportion
increased to 22.4% * 5.37% when cells were treated with 14 uM cisplatin. The combined treatment of
cisplatin and EPs reduced the proportion of apoptetiils by half to 11.5% + 2.36% (Figure 5.9. D).

The proportion of dead cells was 2.92% * 0.31% in the vehicle control and increased to 12.7% +
3.02% when cells were treated with 14 uM cisplatin. The combined treatment of cisplatin and EPs did

not significantly decrease the proportion of dead cells vvias 7.54% + 0.58% (Figure 5.9 D).
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Figure 5.9 Investigation of role of extracellular particles in mediatingcisplatin resistance.

The proportions of live, apoptotic, and dead cells were ascertained using flow cytometsfapasg with Annexin VFITC and Pl. WT cells were incubated

for 24 hours with either 0.9% NacCl vehicle control, 14 uM of cisplatin and cisplatin plus EPgsr $tat showcasing Pl €Axis) against Annexin V (Yaxis)

are depicted for naive cells {8). The percentages of viable, apoptotic, and dead cells are presentedTihg[pircentage of live, apoptotic and dead cells
within each individual sample was calated following gating to select single cellbe presented values represent the average from three biological replicates

+ SD. Statistical differences were identified using-tway ANOVA, where ns=not significant, * = p< 0.05 ** = p< 0.01 *** = p< 0.001 **** = p< 0.0001.
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