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LAY ABSTRACT

This project focuses on renal cell carcinoma (RCC) which is a cancer that originates from renal
tubular epithelial cells in the kidneys. The elusive and vast nature of RCC leads to many subtypes
that differ histologically and biologically and thus require different diagnoses and treatments. By
investigating the papillary RCC (pRCC) subtype, the goal is to identify potential biomarkers for
pRCC that may aid in future clinical diagnosis and treatment. OIP5 is a protein scarcely
investigated and past studies have shown its overexpression linked to pRCC progression and
tumorigenesis, but further metastatic investigation is warranted. This study aimed to confirm OIP5
overexpression plays a role in cancer as well as use a luciferase firefly reporter gene to monitor
OIP5’s role in tumorigenesis and metastatic potential in vivo using a live mouse model. Results
suggest that OIP5 overexpression plays a role in enhanced tumor growth in vivo. PCSKS5 is another
fairly novel gene of interest in this study, and while research involving PCSK5 and RCC is severely
limited, recent studies imply it may be affected by different oncogenes such as OIP5 and specific
microRNA during ccRCC and pRCC progression. Therefore, this study investigated the presence
of PCSKS5 in OIP5 pRCC tissue and tumors. The results suggest that PCSKS5 has a higher presence
in OIP5 overexpressed cells and tissue as well as a higher mMRNA presence. Figures created using
public genomic datasets show a correlation between PCSK5 and OIP5 expression during the later
stages of pRCC progression and with lower survival probabilities. This indicates the possibility of
interaction between OIP5 and PCSK5 and if true, provides a potential link for finding more

biomarkers for potential future therapeutic targeting.
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ABSTRACT

Renal cell carcinoma (RCC) is a cancer that originates from renal tubular epithelial cells
in the kidneys. Studies focusing on RCC are vital as it accounts for around 3% of all human cancers
as of 2014 and accounts for over 90% of cancers affecting the kidneys. Being a heterogenous
disease, RCC consists of multiple subtypes including papillary RCC (pRCC) with a 10% incidence
rate. The heterogenous nature of RCC makes it difficult to determine biomarkers and therapeutic
treatments that can provide adequate treatment targeting RCC in different patients, which stresses
the need to discover as many therapeutic targets as possible. OIP5, also known as Mis18p, is a 25-
kDa protein that is accumulated in the telophase-G1 centromere during mitosis and plays a role in
centromere/kinetochore structure formation and functionality. As Mis18p, it interacts with Mis18a
in a heterotetramer complex to bind and localize centromeric protein A (CENP-A) to the proper
centromere region to allow for formation for centromere/kinetochore formation and function. OIP5
is normally highly expressed in the testes but recent studies have suggested that OIP5
overexpression is linked to the progression of some types of human cancers, including promoting
pRCC cell proliferation and tumorigenesis. Furthermore, past studies have shown that other genes
may impact RCC progression through regulation of cell growth and substrate activation extending
past just the cell cycle. PCSKS5 is another target of interest of focus in this study. Known also as
PC®6, it is a proprotein convertase which acts on precursor proteins to turn them into their active
forms through post-translational modification and plays a role in cell growth and bone remodeling.
This study aims to investigate the role of OIP5 during RCC progression both in vitro and in vivo
with a focus on pRCC as well as investigate the expression of PCSKS5 in conjunction with OIP5

and pRCC. In vitro studies confirmed previous results that OIP5 promotes colony formation in
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ACHN pRCC cells. Using a bioluminescent reporter alongside ACHN OIP5 and ACHN empty
vector (EV) cell lines, mice were injected through renal subcapsule transplantation. It was seen
that, while OIP5 produced larger tumors over a wider area after 12 weeks, metastasis did not appear
to occur as largely as hoped though this may be due to limitations of the model. Analysis of the
ACHN xenografts showed increased expression of PCSK5 and PLKL1 in the OIP5 tumors. For
PLKZ1, this is likely due to the close nature of its function with OIP5 during mitosis while PCSK5
may be regulated by OIP5 through an unknown mechanism or through microRNA miR-101-5p.
Despite this, mMRNA levels of PCSK5 were insignificant between OIP5 and EV groups. pRCC
patient data showing PCSK5 expression levels showed a minor correlation with OIP5 expression,
as well as higher expression at later pRCC stages and leading to reduced survival probability.
Overall, this thesis analyzes the relationship of OIP5 in RCC, specifically pRCC, and introduces

PCSKS5 as another intriguing target for further study in treating pRCC.
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1. INTRODUCTION

1.1 Renal Cell Carcinoma (RCC)

Renal cell carcinoma (RCC) originates from renal tubular epithelial cells in the kidneys.
The disease accounts for around 3% of all human cancers as of 2014 and accounts for over 90%
of cancers affecting the kidneys (Chow, 2020; Hsieh et al., 2017). The worldwide incidence rate
is approximately 431,000 new cases and 179,000 deaths annually, with these numbers slowly
increasing over several years in all stages of the cancer (WCRF International, 2022). In Canada
alone, 7500 individuals are expected to be diagnosed with kidney cancer annually and 2000 are
expected to die (Canadian Cancer Survivor Network, 2020). The majority of RCC cases are
sporadic and only 2-3% of cases were familial (Chow, 2020). RCC is more prominent in men with
approximately double the incidence rate compared to women (Hotte et al, 2019). Men have been
linked to more severe and prominent RCC prognosis, though this is likely a combination of both
genotypic and lifestyle factors typically associated with RCC onset as discussed further on
(Mancini et al., 2020). A variety of different risk factors are linked with RCC. Lifestyle factors
such as diet, obesity, smoking history, exposure to environmental pollutants, past diseases, as well
as genotypic factors such as specific sex hormones and sex-specific differences in gene expression

are all associated with RCC (Chow, 2020; Mancini et al., 2020).

Early RCC diagnosis relies on internal imaging using ultrasound, MRI, and CT scanning,
and due to it being asymptomatic in the early stages, it is often discovered after a patient has
undergone scanning for an unrelated issue (Gray & Harris, 2019). There are four stages used to
classify RCC progression in the body which are related to tumor and metastatic progression

(National Cancer Institute, 2022) In Stage 1, a tumor less than 7 centimeters in size forms in the

11
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kidney and is localized to that region only. Stage 2 begins when the tumor is larger than 7 cm but
is still localized in the kidney with no metastatic growth. Once metastasis has occurred and the
cancer has spread beyond the kidney to the nearby lymph nodes, blood vessels, and/or the fatty
tissue layer surrounding the kidney, the cancer is in Stage 3. Lastly, Stage 4 is classified by further
metastatic growth where the cancer has spread beyond the kidney region to other organs such as

the adrenal gland, lungs, and even the brain (National Cancer Institute, 2022).

Being a heterogenous disease, RCC consists of multiple subtypes differing histologically
(Chow, 2020). The most common subtypes are clear cell RCC (ccRCC) with a 75% incidence rate
and papillary RCC (pRCC) with a 10% incidence rate (Muglia & Prando, 2015). 95% of ccRCC
cases were sporadic, meaning patients developed this disease without any prior hereditary factors
involved. The other 5% were associated with hereditary conditions such as von Hippl-Lindau
disease or tuberous sclerosis (Muglia & Prando, 2015). Histologically, ccRCC is classified by a
visible cluster of cells with a clear cytoplasm and it originates from the proximal convoluted
tubules epithelium (Muglia & Prando, 2015). Mutation of the VHL gene affecting downstream
targets appears to be the main factor leading to ccRCC development (Sanchez-Gastaldo, 2017).
The VHL gene encodes for a protein responsible for regulating the activity of hypoxia-inducible
factor (HIF), a transcription factor that alters cell activity in response to variable oxygen
availability (such as in hypoxic conditions) (Sanchez- Gastaldo et al., 2017). Under normoxic
conditions, VHL promotes the ubiquitination and degradation of HIF, but a mutated VHL gene is
unable to downregulate HIF which leads to increased cell growth and energy production,
promoting RCC progression in the process (Sanchez-Gastaldo et al., 2017). Overall VHL acts as a

tumor suppressor and its mutation is the driving factor for ccRCC initiation.

12
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pRCC has two variations that originate in the distal nephron tubule epithelium but differ
histologically and pathologically: Type 1 and Type 2 variants. Characteristics of Type 1 pRCC
involve alterations in the MET pathway while Type 2 is associated with mutations in the fumarate
hydratase (FH) gene associated with the Kreb’s cycle (Sanchez-Gastaldo, 2017). Histologically,
Type 1 can be seen as a single layer of basophilic cells around a basal membrane with visible dark
nuclei while Type 2 is associated with papillae covered by cells with granular cytoplasms and large
nuclei (Muglia & Prando, 2015). The MET gene encodes for a transmembrane receptor that
interacts with a hepatocyte growth factor (HGF) that, when bound to its receptor, signals various
cellular pathways promoting cell proliferation through a variety of second messengers (Sanchez-
Gastaldo, 2017). Type 1 pRCC is associated with a mutation in MET which leads to permanent
activation of the HGF receptor, in turn contributing to uncontrolled cell proliferation (Sanchez-
Gastaldo, 2017). In Type 2 pRCC, mutations in the fumarate hydratase (FH) gene lead to its
inactivation. FH plays a role in decreasing the intracellular levels of fumarate in the Kreb’s cycle
and when unregulated, fumarate accumulation prevents the degradation of HIF through
hydroxylation which, as seen in ccRCC previously, promotes cell changes involving cell growth

(Sanchez-Gastaldo, 2017).

As a heterogeneous disease, RCC diagnosis and treatment highly depends on the subtype
being diagnosed as each of the many subtypes differ in many ways such as histologically,
biologically, and behaviorally (Muglia & Prando, 2015). This makes it exceedingly difficult to
determine suitable biomarkers and therapeutic treatments that can provide consistent wide-spread
positive effects on treating RCC in different patients, which stresses the need to discover as many

therapeutic targets as possible. According to Muglia & Prando, 2015, there has been progress in

13
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differentiating ccRCC and other subtypes in the clinical field, but the need to discover more

potential biomarkers to combat these subtypes and RCC is still great.

1.2 OPA Interacting Protein 5 (OIP5)

OIPS5 is the gene of interest for this study. Also known as Mis18p, it is a 25-kDa protein
that is normally highly expressed in the testes. It is specifically accumulated in the telophase-G1
centromere during mitosis and plays a role in centromere/kinetochore structure formation (Gong
et al., 2013). The presence of kinetochores is essential to the proper segregation of chromosomes
and subsequently, the division of cells in mitosis (Pan et al., 2019). During the mitotic phase of
the cell cycle, kinetochores emerge from a chromosomal region called the centromere (Pan et al.,
2019). These centromeres contain nucleosomes with the histone H3 variant centromeric protein A
(CENP-A) which requires replenishing at the proper nucleosome location every cell cycle, and
this is done through a chaperone complex consisting of the Holliday junction recognition protein
(HJURP), a two-subunit Mis18 complex made of Mis18a and Mis18p, and Mis18-binding protein
1 (M18BP1) (Pan et al., 2019) (Figure 1). Mis18p interacts with these different proteins to bind
and localize CENP-A to the proper centromere region where it then recruits inner kinetochore
proteins CENP-C and CENP-N to fully assemble the entire kinetochore (Pan et al., 2019). The
specific process involves Misl18B forming a heterotetramer with Mis18a and joining with
Mis18BP1 to form a complex which then interacts with HIURP carrying CENP-A. This interaction
then leads to CENP-A being directed to its proper location in the nucleosome (Pan et al., 2019)
(Figure 1). CENP-C and CENP-N interact with CENP-A on the nucleosome throughout this

process to support and stabilize its insertion and ensure CENP-A acts as a suitable epigenetic

14
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marker for successful kinetochore assembly (Pentakota et al., 2017). This overall process occurs
every cell replication cycle. Other factors positively and negatively regulate this process. Polo-like
kinase 1 (PLK1) interacts with Mis18p to stabilize the protein and the Mis18 heterotetramer
complex (McKinley, Cheeseman, 2015) (Figure 1). Cyclin-dependent kinases 1/2 (CDK1/2)
phosphorylate HJURP to prevent binding to the Misl8 complex and therefore CENP-A

localization (Figure 1).

Figure 1. Diagram illustrating role of OIP5 (Mis18fB) in centromere function. OIP5 forms
heterotetramer with Mis18a and then binds with Mis18BP1 to make up Mis18 complex. This
complex interacts with HIURP carrying CENP-A to be localized to the nucleosome, replace a
histone H3. PLK1 positively regulates CENP-A localization by binding to and stabilizing OIP5.
CDK1/2 negatively regulates CENP-A localization by phosphorylating HIURP. CENP-C and
CENP-N bind to CENP-A on nucleosome to stabilize and assemble kinetochore structure.

15
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1.3 OIP5 and RCC

It had been suggested previously that OIP5 overexpression is linked to the progression of
several types of human cancers including kidney, lung, and bladder cancers (Gong et al., 2013; Li
etal., 2019). OIPS5 interacts with different oncogenic proteins from major pathways including Raf1l
and Akt (Li et al., 2017). Rafl is part of the MAPK/ERK signaling pathway which plays a major
role in cell signaling response, and it was found that the signaling pathway is involved in resistance
to chemotherapy (Li et al., 2016). Raf1 expression was found to be involved in tumor growth and
metastasis, and the cell signaling responses initiated by it promote tumor cell survivability
(Hatzivassiliou et al., 2003; Koinuma et al., 2012). With regards to OIP5, it was found that Rafl
expression regulates OIP5 stability in lung cancer as well as protein levels of OIP5 (Koinuma et al.,
2012). With Akt, it was found that OIP5 increased Akt phosphorylation in liver cancer (Li et al., 2017).
The Akt signaling pathway is a major player involved in cell survival, and by facilitating Akt
phosphorylation, OIP5 triggers tumor growth through mTORC2 while inhibiting p38 activity which
would inhibit Akt signaling (Brito et al., 2015; Hua et al., 2017). Despite this, there is still a lack of
reported studies investigating the biological function of OIP5 expression on RCC activity. An RT-
PCR analysis done on ccRCC tissue and neighboring non-tumor tissue demonstrated that mMRNA
levels of OIP5 were elevated in ccRCC tissues (Gong et al., 2013). Gong et al. (2013) then plotted
survival curves to determine the 5-year cumulative survival rate of ccRCC patients with varying
levels of OIP5 expression. Their results showed that patients with high expression had a
significantly lower survival rate (53.2%) compared to the low expression group (81.2%),
suggesting that OIP5 overexpression could be a biomarker for predicting the severity of ccRCC

progression in patients. In addition, experiments utilizing small interfering RNA (siRNA) to target

16



M.Sc. Thesis — B. Huong Medical Sciences — McMaster University

and knock down OIP5 expression in 786-O and Caki-2 cell lines alongside colony formation assay
and Cell Counting Kit-8 (CCK-8) demonstrated that reduced OIP5 expression also led to reduced
cell growth in the OIP5 siRNA cell lines compared to the control group cell lines (Gong et al.,
2013). Recent experiments done in our lab on analyzing OIP5 expression in pRCC appear to be
the first of their kind to be reported. These various experiments using the human ACHN (pRCC)
cell line were done to investigate the effects of OIP5 overexpression specifically in pRCC cell
proliferation. A cell proliferation assay comparing the ACHN OIP5-transfected cell line with an
ACHN empty vector (EV) control group demonstrated that after 2 weeks, the number of ACHN
OIP5 cells were significantly higher than the ACHN EV group (Chow, 2020). To follow up, a
colony formation assay was done with the same two groups. Results showed that, relative to the
number of cells seeded, the ACHN OIP5 cells showed a 2-fold increase in colonies formed
compared to the ACHN EV cells (Chow, 2020). The same results were demonstrated in a transwell
invasion assay using the same groups, with a higher percentage of ACHN OIP5 cells passed
through the membrane after 24 hours (Chow, 2020). Alongside these results, experiments were
done in vivo to visualize OIP5’s involvement in tumor progression and mice survival. Mice bearing
ACHN OIP5 and ACHN EV xenografts were compared to determine their time to endpoint (days)
as a measure of survival time as well as tumor volume up until endpoint. The results showed that
the ACHN OIP5 mice reached endpoint significantly sooner than their ACHN EV counterparts
(Chow, 2020). Overall, these results demonstrate that OIP5 expression plays an active role in cell
proliferation and tumor growth in ccRCC and pRCC. Lastly, Chow (2020) reports that Polo-like
kinase 1 (PLK1) plays an important role throughout mitosis relating to kinetochore function and
works in the same phase as OIP5. PLK1 aids in the localization of CENP-A by interacting with

the Mis18 complex during G1. Therefore, interactions involving PLK1 and its related pathways
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may be an important part to understanding OIP5's behaviour in pRCC. Further studies with OIP5

are warranted.

1.4 Proprotein Convertase Subtilisin/Kexin Type 5 (PCSK5)

OIP5’s oncogenic actions rely on its interaction with multiple factors; evidence suggests
PCSKS5 being one of these factors (Chow et al., 2021). Upregulation of PCSK5 was observed in
xenografts produced by ACHN OIP5 cells compared to ACHN EV cells (Chow et al., 2021).
Therefore, PCSKS5 is another target of interest of focus in this study. Known also as PC6, it is a
proprotein convertase which acts on precursor proteins to turn them into their active forms through
post-translational modification (Cao et al., 2001). It does this by selective cleavage of the precursor
polypeptide at specific sites near single or paired basic amino acids (Cao et al., 2001). In mammals,
PCSKS5 is part of the family of proteins including PCSK1, PCSK2, PCSK4, and others (Seidah,
Chretien, 1999). PCSKS5 and its related proteins target substrates that range from inactive growth
factors to cell surface receptors and glycoproteins though each member of the family has a specific
tissue distribution where they act on tissue-specific substrates (Hoac et al., 2018). PCSK5 has two
variants, PC5A and PC5B, which are expressed in many mice tissue including bone and tooth
(Hoac et al., 2018). PCSKS5 was reported to facilitate the function of osteopontin (OPN), a highly
abundant extracellular matrix protein which plays a role in cell adhesion, signaling, and bone
modelling and growth in mice (Hoac et al., 2018). OPN cleavage by PCSK5 could affect the
binding properties of the matrix protein and thus lead to changes in bone cell migration and bone

development (Hoac et al., 2018). Overall, PCSKS5’s potential involvement in different cell and
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tissue behaviours through post-translational modification of precursor proteins makes it an

interesting target to study.

1.5 PCSK5 and RCC

While not much research has been done yet with regards to PCSK5 and its role in RCC,
there have been several studies that imply its involvement in the progression of different RCC
subtypes. It was found that PCSKS5 is a potential oncogene in ccRCC due to it being one of many
genes controlled by microRNA miR-101-5p, whose upregulation correlates with cell cycle arrest
and apoptosis (Yamada et al., 2020). Furthermore, studies have shown evidence that PCSK5 may
be affected by different oncogenes with regards to pRCC progression. In a study investigating
differentially expressed genes with regards to ACHN OIP5 and ACHN EV pRCC tumors, it was
found that PCSK5 was one of several genes with a significant difference in expression between
groups as well as further elevation in Stage 3 and 4 pRCC tumors (Chow et al., 2021). Therefore,

further analysis on PCSKS5 expression is warranted.
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2. OBJECTIVES AND HYPOTHESIS

While past studies have demonstrated an association between OIP5 and different types of
cancer, and more recent studies focusing on its involvement in RCC, there is still a lack of
experimental reports investigating the biological link between OIP5 and RCC in the scientific
field. The limited results reported have shown OIP5 overexpression linked to poor prognosis and
survival rate as well as greater cell proliferation and tumor growth (Gong et al., 2013; Chow et al.,
2021). As of writing, no studies have yet been reported that involve monitoring OIP5 expression
in relation to RCC metastatic growth potential in vivo through imaging means such as
bioluminescence. Past studies have shown that a renal subcapsular transplantation approach was
seen to have better success in promoting metastasis in live mice models compared to subcutaneous

injection which justifies the in vivo approach taken in this study.

Another target gene of interest is PCSK5, a proprotein convertase that has shown to be
potentially upregulated in pRCC tumors. With limited data regarding PCSKS5 and its link to RCC
progression, investigating its expression in ACHN cell-produced tumors with regards to OIP5
overexpression can provide valuable insight on PCSKS5’s potential interaction in the cell cycle and
act as a steppingstone for identifying PCSKS5’s target substrates. This could allow for the discovery

of an underlying involvement that PCSK5 may have on cell proliferation.

The objectives of this study are to build upon past experiments investigating the role of
OIP5 during RCC progression both in vitro and in vivo with a focus on pRCC as well as investigate
the expression of PCSKS5 in conjunction with OIP5 and pRCC. Also, with a potential reliance on

PLK1 for OIP5 functional stability reported by Chow (2020), it would be interesting to briefly
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investigate PLK1 presence in OIP5-overexpressed tissue to confirm the connection between the

two. This study involves the following:

e Using a bioluminescence-tagged plasmid incorporated into ACHN OIP5 and ACHN EV
cell lines and xenografts to monitor renal subcapsular tumor growth and metastasis in
Vivo.

e Obtaining ACHN OIP5 and ACHN EV xenografts, IHC and RNA studies can be
performed to examine the expression of PCSK5 and PLK1, both of which potentially

play a role in pRCC properties and progression.

It is hypothesized that OIP5 overexpression will contribute to improved RCC metastatic
growth potential in vivo and that PCSK5 and PLK1 expression will be upregulated in ACHN OIP5
tumors compared to ACHN EV tumors, owing to their change in expression and close role with

OIP5 as pRCC progresses.
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3. MATERIALS AND METHODS

3.1 Materials

Aprotonin, leupeptin, calcium chloride (CaCl.,), ethanol, crystal violet dimethyl sulfoxide
(DMSO), phenylmethysulfonyl fluoride (PMSF), ammonium persulphate (APS), pB-
mecaptoethanol, EDTA, potassium acetate, and OIP5 antibody were purchased from Sigma
Aldrich. TEMED, Tris, agarose, bovine serum albumin (BSA), glycine, sodium dodecyl sulphate
(SDS), sodium chloride (NaCl), sodium citrate, hydrogen chloride (HCI) were purchased from
Bioshop Canada. 30% acrylamide solution was purchased from Bio-rad Laboratories. Trypsin-
EDTA, Penicillin-Streptomycin, and Superscript were purchased from Invitrogen. Fetal bovine
serum was purchased from Life Technologies. Methanol, xylene, and isopropyl alcohol were
purchased from Caledon Laboratories. TRIzol, and SYBR Green were purchased from Fisher
Scientific. DAB and ABC were purchased from Vector Laboratories. Mini plasmid kit was
purchased from Geneaid. Gel extraction kit was purchased from QIAGEN. DNA ligase was
purchased through New England BioLabs. Some OIP5 and PCSKS5 antibodies were purchased
from Proteintech. pBV-Luc and pLNCX2 plasmids were obtained from Addgene. ACHN OIP5
and EV stable lines were obtained by M. Chow. Buprenorphine painkiller, sutures, and surgical
supplies were obtained through McMaster University. RT-PCR primers were obtained through
Integrated DNA Technologies. D-Luciferin Potassium Salt was obtained through Goldbio and

PerkinElmer.
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3.2 Methods

3.2.1 Tissue Culture

ACHN OIP5 and EV cells were cultured in MEM media containing 1% Penicillin-
Streptomycin and 10% fetal bovine serum. Cells were cultured at 37°C in 50% CO_ and 95% air
with humidity. ACHN OIP5 acts as the pRCC positive model in this study and ACHN EV acts as

a negative control model.

3.2.2 Subcloning

A Luc gene insert was created by splicing the pBV-Luc plasmid using restriction enzymes
Hindlll and Sall. pPLNCX2 plasmid was spliced using Hindlll and Sall at a portion of the multiple
cloning site to allow for Luc to be inserted. Gel purification for the Luc insert and pLNCX2
backbone were then carried out. Afterwards, Luc was inserted into the pLNCX2 backbone using
DNA ligase and positive clones were detected through agarose gel electrophoresis. Once positive
clones were confirmed, transformation and purification were done to create more copies of the

plasmid.

3.2.3 Transfection and Stable Lines

293T cells were transfected by Luc-pLNCX2 alongside gag-pol and VSVG plasmids in
DMEM media. The media was replaced 10 hours after transfection. 24 hours after, the 293T

DMEM media containing retrovirus was filtered through a 0.45um filter using syringe and
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centrifuged at 20000 rpm for 90 minutes at 4°C to concentrate the retrovirus. The DMEM was
aspirated, and the concentrated retrovirus was re-suspended in fresh MEM media. ACHN OIP5
and ACHN EV cell lines were infected by the retroviral MEM and incubated for 1 hour.
Afterwards, the retroviral medium was aspirated, and fresh MEM was added. Cells were incubated
for 24 hours to recover and then selected using G418 antibiotic. Surviving ACHN OIP5 and EV
colonies containing stably transfected Luc-pLNCX2 were cultured. Positive expression of
luciferase was confirmed using D-Luciferin potassium salt substrate and testing a portion of the
cells using both a luminometer and a molecular bioluminescent imaging assay. Overall, ACHN

OIP5-Luc and ACHN EV-Luc stable lines were produced in this process.

3.2.4 Cell Lysis and Western Blot

Cell lysis buffer [50mM Tris-HCI (pH 7.4- 7.5), 5mM EDTA, 150Mm NacCl, 1% Triton
X-100, ImM NaF, 10% Glycerol, 1mM pB-glycerophophate, 1mM PMSF, 100uM Sodium
orthovanadate (Na3VO4), 2ug/mL leupeptin, and 10pg/mL aprotinin] was used to lyse ACHN
OIP5-Luc and ACHN EV-Luc cells. Protein concentration was obtained, and 50ug protein samples
were prepared with 5x PSB. Samples were prepared by denaturing the protein at 100°C for 10
mins and then loaded on a 12.5% SDS-PAGE gel for electrophoresis. The contents of the gel were
then transferred onto a nitrocellulose membrane. Afterwards, the membranes were blocked using
5% skim milk at room temperature for 2 hours, followed by the addition of 1:1000 OIP5 primary
antibody and then shaken at 4°C overnight. The following day, anti-rabbit secondary antibody was
prepared (1:2000) in 5% milk and poured over the membrane and then shaken for 1 hour at room

temperature. The membranes were then washed and taken to a film development room and ECL
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detection was done using X-ray film to detect protein expression. This confirmed that

overexpression of OIP5 in ACHN OIP5-Luc was still present after transfection.

3.2.5 Colony Formation Assay

For the colony formation procedure, ACHN OIP5-Luc and ACHN EV-Luc cells were
seeded in a 6-well plate with each cell line containing a well of 1000, 5000, and 10000 cells. After
5 days of incubation at 37°C, colonies in each well were fixed using 2% formaldehyde and stained
with 0.5% crystal violet. Colony numbers and staining intensity were determined using

ImageScope and H-score calculation (refer to 3.2.8 for formula).

3.2.6 Renal Subcapsular Transplantation and Luminescent Imaging of Tumor

ACHN OIP5-Luc and ACHN EV-Luc were counted and suspended in 1x PBS solution for
a concentration of 8x10* cells/uL. Renal subcapsular transplantation surgery was done on 6-
weeks-old immunodeficient NOD/SCID male mice to inject 50uL of cells (4x10° cells) into the
left kidney subcapsule. This was done for 6 mice total (3 mice per cell line). Buprenorphine
painkiller was administered pre- and post-surgery as well as the following day. The mice were
carefully monitored for one week post-surgery for any complications. Starting at 7 weeks post-
surgery, no visible tumor could be measured from the outside, so the mice were injected with D-
Luciferin (150mg Luciferin/kg mouse weight) in PBS solution intra-peritoneally. After 15 mins
the mice were taken to the Bruker X-ray Imaging machine room, anaesthetized, and placed in the

X-ray chamber. Bioluminescent imaging of the tumor as well as X-ray imaging of each mouse
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were taken. This procedure was done once a week until all mice had reached endpoint at week 10.
Some mice had reached endpoint during week 9 and therefore have less images acquired in the

results.

3.2.7 Organ Collection and Fixation of Xenograft Tumors

Once each mouse had reached endpoint and were euthanized, visible tumors near the
kidney, along with the heart, lungs, liver, spleen, and left and right kidneys, were collected and
fixed with 10% formalin. The formalin-fixed tissues were then processed by the Department of

Histology at St. Joseph's Healthcare Hamilton. Afterwards, the tissues were embedded in paraffin.

3.2.8 Immunohistochemistry

Paraffin tissue slides for ACHN OIP5, ACHN OIP-Luc, ACHN EV, and ACHN EV-Luc
tumors were cut serially using microtome and de-paraffinized in 100% xylene, 100% ethanol, and
70% ethanol. The slides were steamed in antigen retrieval buffer for 30 mins. Afterwards, a
blocking step using 1% BSA and 10% normal goat serum was performed on all slides. OIP5 (1:50),
PCSKS5 (1:500), and PLK1 (1:300) primary antibodies were added and the slides were incubated
at 4°C overnight. The following day, anti-rabbit secondary antibodies with a concentration of
1:200 were added to all slides along with ABC and DAB solution. Hematoxylin counterstaining
was applied for 30 seconds and then images were taken and visualized using ImageScope software.
The staining intensity of all slides was calculated into a H-score value that takes into account

background signal. This was done by using the formula [H-score = (%weak positive) +

26



M.Sc. Thesis — B. Huong Medical Sciences — McMaster University

2%(%positive) + 3x(%strong positive)] to calculate the H-score of the positive stain region, and
then using the same formula to calculate the background region of the tissue, and finally
subtracting [Final H-score = (H-score (positive stain)) - (H-score (background)]. Statistical
analysis was performed by running a student t-test, and a P-value of <0.05 was considered

statistically significant.

3.2.9 Real-time PCR (RT-PCR)

RNA extraction was done on ACHN OIP5 and ACHN EV tumor tissues following the
RNA extraction and RT-PCR protocol. RNA was isolated using TRIzol reagent and reverse
transcription was done using Superscript IV. Quantitative RT-PCR was performed using SYBR-
green and through the ABI7500 Fast Real-Time PCR System. A PCSKS5 primer obtained from
within Tang lab allowed for quantification of PCSK5 RNA expression in ACHN OIP5 and ACHN

EV xenograft tumors.

3.2.10 Statistical Analysis

In this study, student t-test was performed for statistical analysis of experiments with two
groups. A P-value of <0.05 was considered statistically significant for the results. Graphical data

is present as mean + standard error (SE). Standard error was calculated by the following equation:

o
\/_ﬁ’ where O is the standard deviation of the samples in a group, and n is the sample size.
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4. RESULTS
4.1 OIP5 Overexpression Leads to Increased Colony Formation in ACHN

Once both ACHN OIP5 and ACHN EV cell lines were stably transfected with the Luc-
pPLNCX2 plasmid, Western blot was performed to confirm that OIP5 was still stably overexpressed
in the ACHN OIP5-Luc cell line. A difference in OIP5 expression can be seen through Western

blotting using an anti-OIP5 rabbit primary antibody (1:1000) (Figure 2).

ACHN Luc

EV OIP5

ANti-OIPS | J
Anti-actin ’ ‘

Figure 2. Western Blot analysis result showing stable overexpression of OIP5 in ACHN cell lines
post-transfection with Luciferase reporter plasmid. 1:1000 Anti-OIP5 and 1:3000 Anti-actin
antibodies (loading control) were used.

In addition to western blot, colony formation assay was done on ACHN OIP5 Luc and
ACHN EV Luc stable lines to monitor the impact of OIP5 overexpression on colony formation

(Figure 3).
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Figure 3. Colony formation assay for ACHN OIP5-Luc and ACHN EV-Luc cell lines. A) 6-well
setup of cells showing different seeding densities and colonies formed after incubation for 5 days.
B) Graph showing number of colonies counted after 5 days for each seeding density per group.
Experiment was repeated three times (n = 3). Data shown is mean + SE. Student t-test was done
as analysis. * indicates a significant difference between groups. * indicates p < 0.05, ** indicates
p <0.01.
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In each of the different seeding densities used, ACHN OIP5 Luc cells formed significantly
more colonies than the ACHN EV Luc cells (Figure 3). The average number of colonies generated
for ACHN OIP5 Luc was 348 £ 17, 547 + 11, and 688 + 18 colonies for 1000, 5000, and 10000
seeding densities, respectively. For ACHN EV Luc, the average number was 183 + 21, 433 £ 13,
and 544 £ 27 colonies for 1000, 5000, and 10000 seeding densities, respectively. These overall
observations are similar to results obtained by Chow (2020), where the OIP5-overexpressed group

showed higher colony formation compared to the EV group.
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4.2 OIP5-derived Enhancement of pRCC Tumor Growth in an Orthotopic Tumor Model

To further examine OIP5’s oncogenic actions, we analyzed the growth/development of
tumors produced by ACHN OIP5 Luc or ACHN EV Luc cells in the renal capsule space, an
orthotopic RCC model. Renal subcapsular transplantation of ACHN OIP5 Luc and ACHN EV Luc
stable lines was done on 12 NOD/SCID immunocompromised mice (6 per stable line). Due to
surgical complications as well as lack of signal detection in some mice, images could only be
collected from 6 mice (3 per stable line). Some mice had reached endpoint before week 10 and
therefore only have three weeks of images. 2D area of the tumor was calculated in units of square

mm using Bruker Molecular Imaging software (Figure 4).

ACHN EV mouse 3

April 4, 2022 April 11, 2022 April 17, 2022 April 24, 2022

181.44 mm? 130.47 mm? 135.37 mm? 154.49 mm?
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ACHN OIP5 mouse 2

63.01 mm? 147.34 mm? 247.89 mm? 198.60 mm?

Figure 4. Representative images of one ACHN EV Luc and one ACHN OIP Luc mice and their
bioluminescent/X-ray images taken from weeks 7 to 10. Tumor 2D area can be seen at the top of
each image in units of square millimeters and was calculated by considering 2D regional size of
the signal as well as regions of high signal intensity (red) while attempting to minimize areas of
weak signal (green) which may indicate background reflective light.

Results from the bioluminescent images of the mice and the 2D tumor volumes in sq mm
appear to show that tumor size is greater in mice injected with ACHN OIP5 Luc and that the tumors
appear more likely to spread to different surrounding regions near the spine when compared side
by side with ACHN EV Luc images (Figure 4). Tumor volume size is variable and does not
generally show an increasing trend per mice as the weeks progress but this can be explained due
to altering dynamics concerning live mice growth between weeks, what specific cells/regions the
luciferin reaches in the body each injection as well as limitations pertaining to the 2D tumor

calculation of the Bruker software itself and being unable to differentiate primary signal source
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(tumor) from background light (reflective light). Despite this, qualitatively analyzing the 2D
images themselves and the actual tumors taken from organ collection from each mice show that
all three OIP5 mice grew noticeably larger tumors compared to the tumors produced in all three
EV mice (see typical images in Figure 5). Overall, the trend based on the bioluminescent signal
and the 2D tumor volume size shows that ACHN OIP5 Luc mice have a greater tumor size

compared to ACHN EV Luc mice over the same weeks and also greater pPRCC metastatic potential.

-

SarP A e S e

s

ACHN OIP5-Luc ACHN EV-Luc

Figure 5. Images of the tumor surrounding the kidney/spleen in one representative ACHN OIP5-
Luc mouse and one representative ACHN EV-Luc mouse.
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We further confirmed elevated OIP5 expression in xenografts produced by ACHN OIP5-
Luc tumors. This was accomplished by IHC staining of ACHN EV-Luc and ACHN OIP5-Luc
tumors following their collection using anti-OIP5 antibody (Figure 6). The average staining
intensity of anti-OIP5 was 123.9 + 4.8 for ACHN OIP5-Luc and 71.2 £ 5.5 for ACHN EV-Luc
(p<0.05) (Figure 6A). Upregulation of PLK1 at the protein level in ACHN-OIP5 Luc tumors was
also observed (Figure 7), consistent with our previous observations for a functional upregulation

of PLK1 gene expression (MRNA) to OIP5-derived oncogenesis (Chow et al., 2021).
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Figure 6. IHC staining and statistical analysis of OIP5 expression in ACHN OIP5-Luc and ACHN
EV-Luc xenograft tumors. A) Graph depicting H-score of ACHN OIP5-Luc and ACHN EV-Luc
xenograft tumors after staining with anti-OIP5. Experiment was repeated 3 times (n = 3). Student
t-test was used to statistically analyze the results. Data shown is mean + SE. * indicates a
significant difference between groups. * indicates p < 0.05, ** indicates p < 0.01. B) Images of
anti-OIP5 IHC staining for ACHN OIP5-Luc and ACHN EV-Luc xenograft tumors.
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Figure 7. IHC staining and statistical analysis of PLK1 expression in ACHN OIP5-Luc and ACHN
EV-Luc xenograft tumors. A) Graph depicting H-score of ACHN OIP5-Luc and ACHN EV-Luc
xenograft tumors after staining with anti-PLK1. Experiment was repeated 3 times (n = 3). Student
t-test was used to statistically analyze the results. Data shown is mean + SE. * indicates a
significant difference between groups. * indicates p < 0.05, ** indicates p < 0.01. B) Images of
anti-PLK1 IHC staining for ACHN OIP5-Luc and ACHN EV-Luc xenograft tumors.
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4.3 PCSKS5 associated with pRCC Tumorigenesis

Previous research from our lab revealed PCSKS5 regulation by OIP5 at mRNA level (Chow
et al., 2021). To study whether this upregulation also occurs at the protein level, an IHC
examination for PCSK5 was performed on ACHN EV-Luc and ACHN OIP5-Luc tumors produced
in the orthotopic pRCC tumor model. Results show a significant increase of PCSK5 in ACHN

OIP5-Luc tumors compared to ACHN OIP5-EV tumor (Figure 8).

37



M.Sc. Thesis — B. Huong Medical Sciences — McMaster University

A) 140 N

120 +
100 +
80 +

60 +

Anti-PCSK5 H-Score

40 4

20 +

ACHN OIP5-Luc ACHN EV-Luc

ACHN OIP5-Luc ACHN EV-Luc

Figure 8. IHC staining and statistical analysis of PCSK5 expression in ACHN OIP5-Luc and
ACHN EV-Luc xenograft tumors. A) Graph depicting H-score of ACHN OIP5-Luc and ACHN
EV-Luc xenograft tumors after staining with anti-PCSK5. Experiment was repeated 3 times (n =
3). Student t-test was used to statistically analyze the results. Data shown is mean + SE. * indicates
a significant difference between groups. * indicates p < 0.05. B) Images of anti-PCSK5 IHC
staining for ACHN OIP5-Luc and ACHN EV-Luc xenograft tumors.
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To further demonstrate an elevation of PCSKS5 protein in OIP5 tumors, | have analyzed
subcutaneous (s.c.) xenografts produced by ACHN EV and OIP5 cells, which were produced by a
previous graduate student Mathilda Chow (Chow et al., 2021). Slides of ACHN OIP5 and ACHN
EV xenograft tumors obtained from Chow (2020) were cut and stained with a PCSK5 detection
antibody to investigate its expression levels in pRCC tumor tissues with regards to OIP5
overexpression (Figure 9). 3 different ACHN OIP5 and ACHN EV xenograft tumors were
analyzed. H-score data and statistical analysis show that there is a significant difference in PCSK5
staining intensity between ACHN OIP5 and ACHN EV groups. Collectively, upregulation of
PCSK5 by OIP5 is not affected by Luc expression nor by tumors produced by renal capsule
transplantation or s.c., further supporting OIP5-mediated PCSK5 upregulation during ACHN cell-

derived tumorigenesis.
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Figure 9. IHC staining and statistical analysis of PCSK5 expression in ACHN OIP5 and ACHN
EV xenograft tumors. A) Graph depicting H-score of ACHN OIP5 and ACHN EV xenograft
tumors after staining with anti-PCSK5. Experiment was repeated 3 times (n = 3). Student t-test
was used to statistically analyze the results. Data shown is mean + SE. * indicates a significant
difference between groups. * indicates p < 0.05. B) IHC anti-PCSKS5 staining for expression in
ACHN OIP5 and ACHN EV xenograft tumors.
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Upregulation of PCSK5 in ACHN OIP5 xenografts is likely relevant to expression
interactions between OIP5 and PCSK5 during pRCC pathogenesis in patients. By taking advantage
of publicly available TCGA pRCC gene expression data, we detected a positive correlation
between OIP5 and PCSK5 gene expression among 283 tumors (Spearman correlation coefficient
0.25, p=1.53e-05, Figure 10). Using the public genomic TCGA data organized by UALCAN
(Chandrashekar et al., 2017), PCSK5 expression is significantly increased in stage 3 pRCCs
compared to stage 1 tumors (Figure 11), indicating an association of PCSK5 expression with
pRCC progression. As pRCC severity is an established prognostic biomarker, the association of
PCSKS5 with pRCC stage advancement implies PCSK5’s potential as a prognostic biomarker. This
possibility is supported by the significant stratification of pRCC patients' overall survival
probability by PCSK5 gene expression; specifically, tumors with high PCSK5 expression are
associated with poor overall survival (Figure 12). Taken together, my research supports the role

of PCSKS5 in promoting pRCC tumorigenesis.
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Figure 10. Correlation of PCSK5 mRNA expression levels with OIP5 mRNA expression levels.
The figures were generated with data obtained from cBioPotal TCGA PanCancer pRCC dataset.
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Expression of PCSK5 in KIRP based on individual cancer
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Figure 11. Boxplot depicting PCSK5 RNA levels in different stages of pRCC cancer
progression. Comparisons between normal vs. stage 3 and stage 1 vs. stage 3 were statistically

significant.
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Figure 12. Survival probability of patients in days in relation to PCSKS5 expression levels. Graph
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obtained from UALCAN pRCC dataset analysis.
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5. DISCUSSION

RCC accounts for approximately 3% of all human cancers and the incidence rate as well
as annual death rate are slowly increasing each year (Chow, 2020; Hsieh et al., 2017; WCRF
International, 2022). Metastatic RCC remains lethal, although target therapies including immune
checkpoint treatments are able to prolong survival (Lin et al., 2020). Current therapeutic treatments
to combat RCC metastasis involve immunotherapies that block immune checkpoints and involve
immune checkpoint inhibitors, targeting checkpoint proteins such as PD-1 and PD-L1 (Lin et al.,
2020). Despite this in conjunction with targeting growth factors and proteins regulating cell
survival, RCC metastasis is commonly shown to resist therapeutic treatments (Lin et al., 2020).
Research has shown that targeting proteins and molecular targets involved in the metastatic
network could provide a feasible therapeutic solution (Dong et al., 2021). Expression of the RKIP
protein, which is a prostate cancer (PC) metastasis suppressor, inhibits PC metastasis, reduces PC
cell invasive potential, and causes sensitivity to therapeutic treatment (Dong et al., 2021).
Investigating the RCC metastasis network and identifying proteins involved in suppressing
metastasis is warranted. Early diagnosis is an effective solution to reducing RCC death in patients.
However, as early tumor growth is asymptomatic, diagnosis may often occur when RCC has
already progressed to late stages. It is thus critical to advance our understanding on RCC through

further investigation and discoveries.

OIP5 as a novel oncogenic factor in pRCC is a recently discovered development (Chow et
al., 2021). OIP5 plays an important role during cell replication; it acts in a complex as Mis18p to
aid in CENP-A nucleosome localization and kinetochore formation for proper chromosome

separation in mitosis. While these essential functions of OIP5 in cell cycle progression support its
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involvement in tumorigenesis, this possibility has not been thoroughly investigated. Nonetheless,
evidence is emerging. For pRCC, OIP5 was shown to promote ACHN cells to form xenografts in
a mouse s.c. model in which PLK1 and PCSKS5 were upregulated and inhibition of PLK1 kinase
activity reduced OIP5-promoted tumor growth (Chow et al., 2021). These functional studies
together with the association of OIP5 upregulation with a significant decrease in overall survival
possibility (Chow et al., 2021) strongly support OIP5 facilitating pRCC tumorigenesis via a
network action which at least in part involves PLK1 and PCSK5. Nonetheless, this concept needs
to be further investigated. For instance, the functional impacts of OIP5 and its network involved
in promoting ACHN tumorigenesis obtained using the subcutaneous xenograft model (Chow et
al., 2021) may need to be validated using an orthotopic RCC model; the model allows analysis of
tumor formation and growth in the kidney environment, which is a more physiologically accurate
model compared to the s.c. pPRCC model. Another advantage of using the renal capsule orthotopic
RCC model is the model being supportive of cancer metastasis. In this regard, | have introduced
luciferase into ACHN EV and ACHN OIP5 cells and followed through the course of live

tumorigenesis in mice through live imaging of the renal subcapsular space.

Through using this orthotopic model, my research validated the observations obtained
using an s.c. tumor model (Chow et al., 2021), i.e. OIP5 enhances pRCC tumorigenesis along with
upregulation of both PLK1 and PCSKS5. These upregulations were observed at the protein
expression level, which was consistent with previously observed upregulations of PLK1 and

PCSK5 at mMRNA level (Chow et al., 2021).

Metastasis is the major cause of cancer death, contributing to more than 90% of cancer

fatalities worldwide (Gu et al., 2020). This is majorly due to loss of apoptotic function (Mehlen,
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Puisieux, 2006). RCC metastatic spread occurs in approximately 33% of patients (Flanigan et al.,
2003). With metastatic RCC, clinical treatment becomes more difficult and common metastatic
sites include the adrenal gland and lungs (Flanigan et al., 2003). Evidence also supports a role of
OIP5 in facilitating bladder cancer (Wang et al., 2018). Therefore, it is important to investigate
OIP5's role in pRCC metastasis. While our orthotopic model coupled with luciferase in order to
monitor cancer metastasis is capable of detecting cancer metastasis (Naito et al., 1987), my
research is inconclusive for showing a potential role of OIP5 in pRCC metastasis. At the endpoint,
OIP5 did lead to larger two-dimensional tumor volume, indicating the tumors had elevated
invasive ability, an ability which is required for cancer metastasis. However, there were little signs
indicating metastasis had occurred, as nearby organs where RCC commonly targets for metastasis
such as the lungs were found unaffected. The inability to detect distant metastasis could be due to
a number of reasons. The sensitivity of the imaging system may not be high enough to detect minor
metastasis events; the rapid tumor growth in the nude mice may not give sufficient time for distant
metastasis to occur due to the rapidly deteriorating health conditions of the mice as tumor volume
increased; also, the lack of an immune component in nude mice might be a factor. My experiment
conditions were also not optimized for distant metastasis. For instance, only 3 mice were able to
be visualized and investigated for each of the EV and OIP5 groups, which was due to animal loss
following surgery. All these factors should be considered in the future when addressing OIP5’s

function in pRCC metastasis.

Even with the above limitations, my research confirmed OIP5’s oncogenic role in pRCC
as previously reported (Chow et al., 2021). Of importance, my work not only validated PLK1 and

PCSKS5 being upregulated by OIP5 but also suggested a functional impact of PCSKS5 in pRCC. In
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addition to xenografts, | was able to show the clinical relevance of PCSK5 expression in pRCC;
PCSK5 expression was increased in advanced stages of pRCC and pRCCs with high PCSK5
expression are associated with poor overall survival. Clearly, PCSK5’s oncogenic roles in pPRCC

require further investigations.
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6. FUTURE DIRECTION

The results of this study indicate that OIP5 overexpression promotes cell proliferation and
tumorigenesis in vitro and in vivo. Further investigations are warranted, especially with regards to
the dynamics of metastatic potential and tumor growth in different live models. Furthermore,
PCSKS5's role in the later stages of pRCC progression should also be studied as it may indicate an
underlying role in developed tumors and may involve OIP5 as well. These experiments also should
eventually be conducted on ccRCC and other RCC subtypes as the different dynamics of each
subtype may provide more information on the genes of interest and the underlying mechanisms of
RCC as a whole. Lastly, studying the proteins and molecular targets downstream of OIP5 would
be beneficial to discover the underlying interactions and mechanisms associated with OIP5's

promotion of RCC.
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