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ABSTRAK

Kanser kolorektal (CRC) merupakan penyebab kematian ketiga tertinggi di Asia
termasuk Malaysia. Cancer Testis Antigen (CTA) diekpreskan dalam pelbagai jenis
kanser namun dengan ekspresi terhad di dalam tisu normal kecuali testis, merupakan
suatu pendekatan yang baharu bagi meningkatkan pilihan rawatan CRC. PAS (Per
ARNT Sim) Domain 1 merupakan salah satu CTA yang banyak dilaporkan terekspresi
dalam kanser hematopoitik tetapi sangat terhad dalam tumor pepejal. Tujuan kajian ini
dilakukan adalah untuk mengkaji pengekspresan PASD1 di dalam CRC dan kesan
tindakbalas sel T CDS8 serta profil sitokinnya selepas distimulasi dengan peptida
PASDI. Pengekspressan mRNA PASDI telah ditentukan menggunakan PCR masa
nyata pada tisu kanser dan tisu normal bagi 25 sampel pesakit CRC. Bagi penentuan
pengekspresan tisu PASD1 pula, kaedah imunohistokimia telah digunakan untuk 23
sampel pesakit CRC. Sebanyak empat imunogenik peptida PASDI1 yang spesifik
kepada HLA-A*24:02 telah dikenalpasti menggunakan platform algoritma berasaskan
web. Sel-sel darah periferal mononuklear daripada pesakit CRC telah digunakan untuk
mengkaji secara in vitro kesan imunogenesiti peptida-peptida ini dengan
menggunakan IFN-y ELISpot. Kesan efektor sel T CD8" dikultur bersama peptida
PASDI1 terhadap sel kanser telah dikesan menggunakan asai cytolytic and granzyme-B
release ELISpot cytotoxicity. Profil sitokin pada sampel ko-kultur antara sel efektor
dan target juga turut dinilai. Melalui kajian ini, peratusan ekspresi PASDI1
menunjukkan sebanyak 20% dalam gen dan 17.3% dalam protin sampel CRC. Di
samping itu, PASD1(4) menunjukkan kesan imunogenik secara selektif dalam sampel
CRC. Sel T sitotoksik spesifik kepada PASD1 yang dihasilkan daripada ketiga-tiga
pesakit CRC berjaya melisiskan sel selanjar SW480. Selain daripada itu, kajian ini
menunjukkan bahawa berlakunya peningkatan kebergantungan dos bagi IL-10, IFN-y,
TNF-a, sFas, sFasL, granzyme A, granzyme B dan perforin dalam media sel T CD8
yang dikultur bersama sel selanjar SW480. Secara keseluruhannya, kajian ini telah
menunjukkan bahawa peptida PASD1 (4) dengan urutan amino asid TYCSSTVFL
pada kedudukan 276-273, telah dikenalpasti menjadi lebih imunogenik berbanding
peptide lain dan ia berpotensi untuk menjadi sasaran berasaskan peptida dalam
imunoterapi HLA-A*24:02 CRC.
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ABSTRACT

Colorectal cancer (CRC) is the third commonest malignancy in Asia including
Malaysia. Cancer testis antigens (CTA) which are expressed in a variety of cancers
but with limited expression in normal tissues except the testis, represent an attractive
approach to improve treatment options for CRC. PAS (Per ARNT Sim) domain
containing 1 (PASD1) is a CTA reported to be expressed mostly in hematopoietic
malignancies but has a limited expression in solid tumours. The aim of the study was
to investigate the expression of PASD1 in CRC samples and assess the CD8 T cell
responses, as well as the cytokine profiles upon induction with PASDI1 peptides.
PASDI1 mRNA expression was determined via RT-PCR on paired tumour and normal
tissue samples from 25 CRC patients. Tissue expression of PASD1 was assessed via
immunohistochemistry in 23 CRC samples. Four immunogenic PASD1 peptides
specific to HLA-A*24:02 were identified using web-based algorithms. Peripheral
blood mononuclear cells from CRC patients were used to investigate the
immunogenicity of these peptides in vitro using IFN-y ELISpot assay. The effects of
the CD8" T cells pulsed with PASDI peptides against cancer cells were performed
using the cytolytic and granzyme-B ELISpot cytotoxicity assays. The cytokine
profiles of the co-culture between effector and target cells were also assessed. From
this study, the gene and protein expression of PASDI were detected in 20% and
17.3% of the CRC samples respectively. PASD1(4), was shown to be selectively
immunogenic in CRC samples. The generated PASD1 specific cytotoxic T cells from
the three CRC patients were able to lyse the SW480 cell line. Moreover, this study
also demonstrated the dose-dependent increase of 1L-10, IFN-y, TNF-a, sFas, sFasL,
granzyme A, granzyme B and perforin in the co-culture media of CD8 T cells with
SW480 cell line. Overall, the PASD1 (4) peptide with the amino acids sequence of
TYCSSTVFL at the position 276-273 was identified to be relatively more
immunogenic as compared to the other peptides and it represents a potential target for
peptide-based immunotherapy in HLA-A*24:02 CRC.
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CHAPTER I

INTRODUCTION

1.1 RESEARCH BACKGROUND

Colorectal cancer is known as the third commonest malignancy in the world affecting
1.4 million cases and 700,000 death worldwide has become a major public health
problem across the globe (Arnold et al. 2017; Ferlay et al. 2013). With the rising rate
of colorectal cancer (CRC) in young and middle-aged adults, this disease is also
ranked as the second most frequent cancer in Asian men and third in women
(Faltejskova et al. 2012; Marley & Nan 2016; Siegel et al. 2017). Approximately 96%
of CRC are adenocarcinomas while the rest include mucinous carcinomas and
adenosquamous carcinomas (Ferlay et al. 2013). In the United States, the five-year
survival rate of CRC patients who undergo surgical resection, starting with stage I is
(91.1%), followed by stage II and III (71.7%) and stage IV (13.3%) respectively
(Siegel et al. 2017). On the other hand, the standard treatment option for CRC is
commonly by surgical resection for (stage I and II), followed by surgical resection
with chemotherapy for higher risk (stage II and III) and lastly a combination of
surgical with chemotherapy or targeted therapies for metastatic (stage 1V) CRC
patients (Siegel et al. 2017).

In Malaysia, the treatment response of CRC remains poor, with 51.1% of
overall five-year survival rate for cases diagnosed in 2007-2011 and followed up to
2016 (National Cancer Registry 2018). Although conventional chemotherapy and
radiotherapy have had some clinical success, a subset of CRC patients still harbours

residual disease due to disseminated tumour cells (Augestad et al. 2015; Homayounfar



et al. 2013). The mortality rates for each representing CRC stage are still on the rise,
with 8-13% reported for stage I and II, followed by 11%-47% for stage III and 89%
for stage IV CRC (Koi & Carethers 2017). About 20-30% stage II and 50-60% stage
IIT CRC patients experience relapse within the five years after chemo or radical
therapy with poor prognosis (Morgan et al. 2004). A subpopulation of resistant cancer
stem cells, residing within the tumour bulk is believed to be responsible for the
recurrence of the disease (Hu & Fu 2012). Hence, innovative and effective alternative
therapies are urgently needed to target and combat against CRC. A key paradigm shift
from traditional chemotherapy to focus on immunology-cancer interface and
microenvironment has been a surge in cancer immunotherapy for alternative therapies.
The understanding between the interaction between cancer and the immune system
has provided many insights into approaches that can be exploited to trigger anti-

tumour immune responsces.

Cancer immunotherapy, a more-recent approach has centred on the equal
importance on the tumour and tumour microenvironment plays a pivotal role in cancer
progression and remission (Cheever & Higano 2011). It emphases on provoking the
immune system and triggering the body defence system to combat against cancer
rather than administrating a toxin that directly causes damages to both normal and
cancer cells (Koi & Carethers 2017). This integrative strategy has predicted to
improve the outcomes of all stages of CRC. Cancer-testis antigens, a group of
testicular-restricted proteins are chosen as the interest targets due to the restricted
expression in normal tissues being predominantly expressed only in testis but are
aberrantly expressed in a wide range of tumours (Shao et al. 2008). The testis is an
immunopurified site with low or even absent human leukocyte antigen (HLA)
expression in the cell surface (Shao et al. 2008). Such pattern of expression raises the
possibility of targeted treatment while minimizing any potential autoimmune
problems for cancer patients (Caballero & Chen 2009). In this study, Per ARNT SIM
(PAS) domain-containing 1 (PASDI) protein represents one of the cancer-testis
antigens is selected in treating CRC. The objectives of this project are to investigate
the expression and T cell responses of PASD1 as well as to assess the cytokine

profiles of CRC patients upon induction to PASDI.



1.2 PROBLEM STATEMENT

According to the National Cancer Registry Report in 2007, a total of 2,246 CRC cases
were registered nationwide and it represented 12.3% of all registered cancer cases
(Zainal Ariffin & Nor Saleha 2011). Despite the conventional surgical resection
or/and in combination with chemotherapy or radiotherapy, nearly 50% of CRC
patients still experience a recurrence (Morgan et al. 2004). The five-year survival rate
for patients with advanced colon cancer is as low as 13% (Siegel et al. 2017). It is
understood that some of the conventional treatments for CRC are not efficient and

have resulted in multiple unwanted side effects.

In Malaysia, CRC ranks to be the third most diagnosed malignancy in the
population after lung and breast adenocarcinomas (Siegel et al. 2017). This
malignancy has certainly imposed a great financial burden on the Malaysian health
system and warrants better approaches for treatment option aimed at improving its
overall survival rate. Cancer immunotherapy may serve to be the next line targeted
approach for CRC but there is still a need to find a potential immunotherapeutic target

in CRC in Malaysia population.



1.3

1.3.1

OBJECTIVE OF RESEARCH AND SCOPE OF WORKS

General Objective

This research focuses on the role of Per ARNT SIM (PAS) domain-containing 1

(PASDI) proteins and its potential as an immunotherapeutic target in CRC. The

scopes of this study are to determine the expression and T cell responses of PASDI as

well as to assess the cytokine profiles in CRC patients.

1.3.2

1

2)

3)

4)

1.4

1)

2)

3)

4)

Specific Objectives
To determine the mRNA and protein expression of PASD1 in CRC cell lines
and primary CRC tissues

To identify a potential immunogenic PASDI1 peptide for in vitro expansion of
cytotoxic T lymphocytes from CRC patients

To determine the specific cytolytic T cell responses in CRC patients upon
stimulation with PASD1 peptide

To determine the cytokine profiles of CRC samples upon induction of PASDI

HYPOTHESIS

The mRNA and protein of PASDI are predicted to be moderately expressed
and localized at the nucleus and cytoplasm region of SW480 and CRC primary
cells.

The designed PASDI1 peptides are immunogenic in HLA-A*24:02 positive
CRC patients.

In vitro culture PASD1-positive CTLs from CRC patients able to lyse PASD1-
positive cell lines in CD8-mediated T cell lysis manner.

Cytokines such as IFN-y, TNF-a and IL-10 are expected to be elevated in CRC
upon induction of PASDI.



CHAPTER 11

LITERATURE REVIEW

2.1 COLORECTAL CANCER

2.1.1 Epidemiology of Colorectal Cancer

Colorectal cancer (CRC) is one of the leading causes of mortality affecting both men
and women in the world (Favoriti et al. 2016). It is the third most common
malignancy and the second leading cause of cancer-related deaths among Asian and
Pacific Islander population (Siegel et al. 2017). The incidence rate was reported with
an estimated total of 490,000 cases up to 1,361,000 newly diagnosed CRC cases in
1992 to 2012 (De Martel et al. 2012; Ferlay et al. 2015; Rafiemanesh et al. 2016). On
the other hand, the new cases of CRC are estimated to elevate up to 1,400,000 cases
and expected to have 700,000 cases of CRC deaths in the coming years (Arnold et al.
2017). In terms of geographical distribution, the newly diagnosed cases of CRC in
some of the listed countries such as Eastern Europe, Latin America, and Asia are
reported to have a higher rate of increase (Center et al. 2009). On that account, the
global burden of CRC is anticipated to grow by 60% to more than 2.2 million new
cases and 1.1 million deaths by 2030 in the world (Arnold et al. 2017).

Colorectal cancer was primarily considered as a Western disease, but its
incidence has increased in many developing Asian countries such as Malaysia over the
years (Azeem et al. 2016). In Malaysia, CRC is ranked to be the second most
frequently diagnosed cancer (746,000 cases, 10% of the total reported cancers) in men
after lung cancer and third most frequent diagnosed cancer (614,000 cases, 9.2% of
the total reported cancers) in women after breast cancer and cervical cancer (Ferlay et

al. 2013). In Malaysia, the incidence of CRC was reported to have 21.32 cases per
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100,000 in 2012, with Chinese (27.35 per 100,000) as the highest, followed by Malay
(18.95 per 100,000) and Indian (17.55 per 100,000) population (Abu Hassan et al.
2016). However, the mortality rate of CRC in Malaysia was reported to have 9.79
cases per 100,000 Malaysia population, with Chinese as the highest (11.85 per
100,000), followed by Malay (9.56 per 100,000) and Indian (7.08 per 100,000)
population (Abu Hassan et al. 2016). The overall incidence and mortality rate of CRC
was 1.33 and 1.42 times higher in males as compared to females (Abu Hassan et al.

2016).

Furthermore, in terms CRC incidence rate in the aspect of CRC tumour subsite
distribution, 41% was identified in the proximal colon, followed by rectum (28%),
distal colon (22%) and other parts of the colon (8%) (Siegel et al. 2017). The risk of
CRC localized in the proximal proportion of colon was reported to increase with age
and to be found higher in women than men (Siegel et al. 2017). The CRC risk is
known to be affected by the acceptance of westernized diets, tobacco intake, alcohol
consumptions and the unhealthy lifestyles among the Asians (Ferlay et al. 2013;
Pericleous et al. 2013). Other factors such as the availability of diagnostic and
preventive measures in some rural areas, the limited access to healthier diets and the

environments can also be the contributing risks (Faltejskova et al. 2012).
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2.1.2 Risk Factors of Colorectal Cancer

Approximately 76% of CRC patients experience a sporadic risk of CRC whereas the
rest is believed to have genetically inherited the disease (Askling et al. 2001; Haggar
& Boushey 2009; Siegel et al. 2017). In Malaysia, the Chinese population is reported
to have a higher burden for CRC as compared to Malay and Indian population (Ghee
2014). The common risk factors are the low nutritional intake, high consumption of
red meat and saturated fats, high excessive alcohol consumption, followed by cigarette
smoking, lack of physical activity and high tobacco consumption (Ghee 2014).
Besides, the high dietary content of heme in red processed meat and heterocyclic
amines production in high temperature blackened meat is reported to be one of the
causes of CRC (Ishikawa et al. 2010; Martinez et al. 2007). Nevertheless, the habitual
consumption of alcohol leads to the formation of reactive oxygen species that obstruct
metabolic processes and creating changes in bile acid compositions (Schernhammer et
al. 2010; Stickel & Hampe 2012). It was believed to cause destruction in DNA and the
proliferation of colonic epithelial cells (Cross et al. 2003; Ishikawa et al. 2010).

Inevitably, a small proportion of CRC risk can be inherited through family
history. Two most common forms of inherited CRC syndromes are Hereditary Non-
Polyposis CRC (HNPCC) and Familial Adenomatous Polyposis (FAP) (Ghee 2014).
HNPCC also called as Lynch syndrome, is an autosomal dominant inheritance causing
2-3% cases of CRC caused by the HNPCC related mutation in the DNA mismatch
repair genes such as MLH1, MSH2, MSH6, PMS1 and PMS2 (Zahary et al. 2017). On
the other hand, FAP is a rare autosomal inherited disorder accounting for less than 1%
of all colorectal cancer cases (Burke et al. 2016; Haggar & Boushey 2009). As such,
this genetic disease is reported to cause by germline mutation with the loss of
heterozygosity at chromosome 5q arm in the adenomatous polyposis coli gene which
attributes to the formation of multiple adenomatous polyps in the lining of colon or

rectum (Haggar & Boushey 2009).
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2.1.3 Diagnosis of Colorectal Cancer

The tumorigenesis of CRC is identified in two forms, as benign or adenocarcinoma
(Bardhan & Liu 2013). About 96% of CRC is estimated to be adenocarcinomas, while
2% are the other specified carcinomas such as carcinoid tumours, 0.4% are
epidermoid carcinomas and 0.08% are sarcomas (Stewart et al. 2006). To date, the
advancement in CRC preventive screening has nonetheless contributed to the
expansion of many available yet affordable diagnosis for CRC. The diagnostic
measures for CRC include the use of carcinoembryonic antigen (CEA) test, faecal
occult blood tests, stool DNA test and digital rectal examination (Shrestha et al. 2017).
Moreover, for people who have the higher risk of CRC, more precise diagnostic
options such as visual colonography, colonoscopy, sigmoidoscopy, and double-
contrast barium enema are encouraged (Atkin et al. 2010; De Martel et al. 2012;
Halligan et al. 2013). Furthermore, other imaging tests such as Magnetic Resonance
Imaging (MRI) and Positron Emission Tomography (PET) scans may be beneficial in
certain cases of CRC (Schaefer & Langer 2007).

2.1.4 Molecular Mechanisms of Colorectal Carcinogenesis

Colorectal cancer is a multifactorial disease and many conditions may influence the
likelihood of CRC occurrence. According to the previous study, approximately 15%
of CRC is identified as hypermutated CRC while 85% is classified as non-
hypermutated CRC (Koi & Carethers 2017). The heterogeneity nature of CRC can be
influenced by several genetic and epigenetic factors, ranging from the involvement of
chromosomal instability (CIN) pathway, CpG island methylator phenotype (CIMP),
mutation of oncogenes, microsatellite instability (MSI) phenotype to DNA
hypomethylation (Grizzi et al. 2013). The molecular mechanisms of CRC are also
reported to be influenced by the role of CpG island methylator phenotype, the
instability of chromosome and microsatellite in the intestinal crypt stem cells of CRC
(Tariq & Ghias 2016). Furthermore, the tumorigenesis of CRC can be caused by the
accumulation of the genetically altered genes such as the oncogenes, tumour
suppressor genes, mismatch repair genes or defective genes in Wnt signalling pathway

(Armaghany et al. 2012; Segditsas & Tomlinson 2006). The disruptions in the genetic
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profiles of the colonic cells are known to clonal expansion and irregular cell

proliferation contributing to the pathogenesis of CRC (Luebeck & Moolgavkar 2002).

In term of chromosomal instability, the assimilation of mutated adenomatous
polyposis coli gene, the mutational activation of oncogenes such as Kirsten-ras (Kras)
and the silencing of tumour suppressor gene, TP53 are reported to be the reasons of
chromosomal instability in CRC (Fearon & Vogelstein 1990; Tariq & Ghias 2016).
The chromosomal instability associated with sporadic CRC is influenced by the
mutation in the chromosome segregation, loss of heterozygosity, disruption in the
DNA damage pathway, tumour suppressor genes, aneuploidy and excess telomere
breakage (Smith et al. 2002; Tariq & Ghias 2016). Followed by, the mutations in the
adenomatous polyposis coli gene in the modulation of the Wnt signalling pathway in
CRC stem cell differentiation and renewal (Fodde 2002). Moreover, the point
mutations in codons 12,13 and 31 of the Kras gene was known to promote the growth
of the tumour and lymph node metastasis of CRC (Li et al. 2015). The defective in
TP53 gene resulted in a mutant isoform of P53 protein can increase inflammation and

upregulate tumorigenesis of CRC (Cooks et al. 2013).

Furthermore, the defective modifications in the DNA mismatch repair genes
such as hMLH1, hMLH3, hMSH2, hMSH3 and hMSH6 have also been described to
affect DNA repair mechanisms and impair cellular pathways in CRC tumorigenesis
(Bronner et al. 1994; East et al. 2008; Nicolaides et al. 1994; Zhang et al. 2005).
Similarly to the epigenetic mutations such as hypermethylation or hypomethylation of
CpG island at the promoter region of the gene results in the silence of tumour
suppressive genes in regulating cellular transformation and cell cycle of CRC
(Weisenberger et al. 2006). Lastly, non-coding RNAs which comprises of 2% of the
human genomes such as microRNAs, small interfering RNAs, and long non-coding
RNAs tend to play a role in the cell proliferation and invasion of CRC as well (Bartel
2009; Kamatani et al. 2013; Tariq & Ghias 2016). Overall, the impact of non-coding
RNAs has become increasingly crucial in the area of CRC pathogenesis and
metastasis due to their roles in chromatin remodelling, transcriptional and post-

transcriptional gene expression regulations (Hauptman & Glavac 2013).
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2.1.5 Current Treatments of Colorectal Cancer

Surgical removal of CRC with post-surgical therapies such as adjuvant chemotherapy
or radiotherapy is known to be the standard line of treatments for CRC (Morgan et al.
2004; Veettil et al. 2016). It is estimated about 84% of stage I and II of CRC patients
receive partial or total colectomy while 67% of stage II and III of CRC patients
receive colectomy in addition to chemotherapy to reduce the risk of CRC occurrence
(Miller et al. 2016). On the other hand, stage II and III of CRC cases are commonly
given neoadjuvant chemotherapy in combination with radiation (Miller et al. 2016).
Nevertheless, cytotoxic chemotherapy is commonly given to treat all stage IV cases of
CRC (Miller et al. 2016). Some of the well-known chemotherapy drugs used in
treating CRC are capecitabine (Xeloda) (Twelves et al. 2001; Van Cutsem et al. 2001;
Walko & Lindley 2005), 5-fluorouracil (Adrucil) with leucovorin (folinic acid) (Qazi
et al. 2007; Robinson et al. 2011), FOLFOX: leucovorin (folinic acid), 5-fluorouracil
(Adrucil, 5-FU) and oxaliplatin (Eloxatin) (Bokemeyer et al. 2011; Van Cutsem et al.
2009) and CAPOX (also called XELOX): capecitabine (Xeloda) and oxaliplatin
(Eloxatin) (Porschen et al. 2007; Souglakos et al. 2006).

Furthermore, combination therapy of either preoperatively or postoperatively
with chemotherapy or radiotherapy can be coupled at the same time to achieve better
remission of CRC. It is also reported that a combination of chemo drugs after surgery
is shown to have some positive feedback evidence of the reduced possibility of local
reappearance of CRC when compared to only surgical removal of CRC alone (Wolpin
& Mayer 2008). In spite of the clinical success of the adjuvant drug in treating CRC, it
is often linked to adverse high level of cytotoxicity side effects against the healthy
cells (Urruticoechea et al. 2010). Due to the lack of selectively, there is a tendency to

cause drug resistance these cancer cells (Urruticoechea et al. 2010).

As such, some common set of adverse effects of chemotherapy and
radiotherapy are the loss of cognition such as difficulty with memory, coordination,
mood; nausea; dehydration; anaemia; peripheral neuropathy is frequently be related to
general fatigue, numbness or pain (Winocur et al. 2016). Besides, neutropenia caused

by the presence of low white blood cells leads to the increased susceptibility to
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infections (Chen et al. 2016). Thrombocytopenia that is affected by the cause of
bleeding in the digestive tract, complications with menstruations or even manifests in
vomits, stools or nosebleeds (Heianna et al. 2016). Cardiomyopathy that implicates
arrhythmia; infertility in men and women as well as osteoporosis (Miller et al. 2016).
Other obvious effects such as hair loss, rashes, dryness and burning sensations at the
palms; alopecia that causes the fingernails and toenails to be brittle and turns colours

(Beijers et al. 2016; Miller et al. 2016).

Based on a study reported on the inclusive use of cytotoxic chemotherapy to
CRC patients in 2011 predicted that the five-year survival rate in early stages of CRC
to be 2.3% in Australia population and 2.1% in USA population (Morgan et al. 2004).
In addition, for Duke’s B colon carcinoma, it has been reported to be 1.8% and 1.0%
of CRC patients in Australia and the USA have actually benefited from chemotherapy
respectively. Similarly, for Duke’s B and C rectal cancer patients in Australia was
5.4% and the USA was 3.4% respectively (Morgan et al. 2004). Taken together, most
of the CRC patients generally had low survival rates when only chemotherapy alone
was given. Hence, the use of cytotoxic chemotherapy as the alternative palliative
treatments in CRC may only partly explain the 20% improvement in the five-year
survival of CRC (Slater 2001). More effective alternative treatment is urgently desired

to improve the quality of life and prolong the survival rate.

2.2 CANCER IMMUNOTHERAPY

Cancer immunotherapy, also known as targeted cancer therapy, is a way to eliminate
cancer cells by stimulating the patient’s own immune system rather than the passive
means of conventional approaches (Palucka & Banchereau 2012). It is an emergent
approach that focuses on enhancing the immune system to destroy cancer cells
prophylactically and therapeutically (Palucka & Banchereau 2012). It also aims to halt
the activation of defective genes in promoting tumour growth (Koi & Carethers 2017).
Historically, the concept of immunotherapy first emerged when William Coley, a New
York leading surgical oncologist, administered toxins from Streptococcus pyrogenes

and Serratia marscescens to his sarcoma patient in 1890s (Coley 1893; Richardson et
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al. 1999; Wiemann & Starnes 1994). The vaccine was later named as Coley’s toxins

(Cann et al. 2003).

With his discovery in days where the advances in cancer treatment option were
still in scarcity, the idea was first accepted with positive responses by the community
and some patients with inoperable sarcomas benefited from the treatment with more
than 10% of the cure rate (Parish 2003). However, his approach in cancer
immunotherapy was abandoned later due to the short-lived effects of the therapy and
the success was rather sporadic and difficult to replicate scientifically (Cann et al.
2003). Until 1976, when one notable exception trial of using tuberculosis vaccine
Bacille Calmette-Guerin (BCG) with Coley’s approach as cancer therapy to treat the
recurrence of non-muscle invasive bladder cancer resurfaced and proved to be
effective until today (Morales et al. 2017). Since then, numerous immunologists and
oncologists worldwide have centred to discover more immunotherapeutic target

hoping to elicit a more precise and durable immune response towards cancer.

Our immune system comprises of both innate immunity and adaptive
immunity that act as an integral part of our body defence system (Iwasaki &
Medzhitov 2015). Several elements in the immune system known to play significant
roles in cancer prevention and protection (Simpson et al. 2005). The innate immune
system functions to mediate immediate and short-lived responses (monocytes,
macrophages, dendritic cells, natural killer cells, cytokines, and the complement
proteins) while adaptive immunity develops long-lived and memory immune
responses (T cells and B cells) (Borghaei et al. 2009). These immunities work together
to provide rapid response in defending against malignant cells that are detrimental to

the host.

More importantly, the vital feature in cancer immunotherapy is the regulation
of different types of immune cells in tumour immunity. These immune cells work
together as the regular surveillance checkers to ensure a delicate balance in the tumour
microenvironment (Kimball & Webb 2013). With this precise approach, only a
targeted group of specific antigens will be recognized as harmful and to be destroyed

(Simpson et al. 2005). Moreover, the ability of the immune system to respond
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effectively and rapidly against previously encountered antigens may be a plus point to
outcompete the conventional cancer treatment in preventing cancer relapse (Fuertes
Marraco et al. 2015). Therefore, the understanding between the immune system to the
tumour milieu is essential for the development of diverse strategies and breakthrough

in cancer immunotherapy.

Cancer immunotherapy is generally divided into active and passive forms
(Table 2.1). It is functionality falls into the various category, ranging from stimulating
effector mechanisms to countering inhibitory and suppressive mechanisms of the
immune cells (Papaioannou et al. 2016). Generally, active cancer immunotherapy
defines as the introduction of anti-cancer targets into the host to stimulate and enhance
the endogenous responses of the host’s immune system. The examples may include
the use of peptide-based, dendritic cells based, immune checkpoint inhibitors,
administration of oncolytic viruses or allogeneic whole-cell administered in vivo in the
activation of the body effector cells against malignancy (Chodon et al. 2015;
Papaioannou et al. 2016). On the other hand, passive immunotherapy substitutes the
host deficient immune systems by repeatedly administrating large quantities immune
molecules externally to the host who do not produce them on their own (Bertrand et
al. 2014; Motta 1971; Papaioannou et al. 2016). The examples of passive cancer
immunotherapy is the adoptive T cell transfer, monoclonal antibodies and the

cytokines-based therapies (Rusch et al. 2017).

In an effort to accelerate translation developments in cancer immunotherapy,
some of the hurdles have to be acknowledged. Immunoediting is one of the key
players in immunosurveillance and tumour escape leading to the appearance of
immune-resistant variants through the three major sequential trials: elimination,
equilibrium, and escape (Koebel et al. 2007). Secondly, the anti-tumour responses
towards a therapeutic intervention across different individual may be unique and
distinct due to the complexity of cancer and its tumour heterogeneity (Junttila & De
Sauvage 2013). Thirdly, variables such as the age, diet, immune status, and the
epigenetic involvement can influence the overall immune response of a patient (Fox et
al. 2011). Lastly, the economic burden and potential side effects into translating this

therapy to cancer patients can be the next challenge (Fox et al. 2011).
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However, despite its substantial long clinical success, the field of cancer
immunotherapy has renowned some noteworthy breakthrough. The approval of
autologous cellular immunotherapy, Sipuleucel-T (metastatic prostate cancer)
(Topalian et al. 2011), followed by the approval of the anti-cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) antibody, ipilimumab and anti-programmed cell death
protein (PD1) antibodies to treat melanoma in 2011 and 2014 with the success of
recent proof-of-concept in clinical trials (Sharma & Allison 2015). With all the
successful trials have gained more attention and provide a better alternative for cancer

immunotherapeutic approaches in the future.



Table 2.1 Active cancer immunotherapies

Active Cancer Immunotherapies

Category

a) Peptide vaccine

b) Dendritic cells (DCs)

c) Allogenic whole-cell

vaccines

d) Checkpoint inhibitors

e) Oncolytic viruses

Mechanism

Comprises of immunogenic epitopes from tumour-
specific or tumour associated antigens either as
monotherapy or combination therapies to stimulate
and elicit either humoral or adaptive responses in
cancer patients.

Acts as ideal vehicles or adjuvant for anti-cancer
vaccine delivery with its high potency to initiate and
augment in the immune response. By directing
specific antigens to DC receptors in vivo and ex vivo
generated antigen-loaded immune cells.

Consists of the administration of irradiated or
inactivated tumour cells that do not proliferate that
express wide ranges of TAAs to produce cytokines or
co-stimulatory molecules in orchestrating anti-cancer
effects from the patient.

Works by binding and blocking interaction T cell
coinhibitory pathways that lead to T cells
susceptibility to apoptosis and programmed cells
death, T cells exhaustion, T cells suppression and
downregulation in the anti-tumour function and
efficacy against cancer.

It is innocuous viral strains that selectively lyse
tumour cells (directly) or involves transfecting
attenuated viruses to cancer cells to promote a
systemic T cell immune response (indirectly).
However, some issues have been linked to the
toxicity effects.

Examples

Mutated  oncogenes (KRAS, BCR/ABL),
oncogenic viruses (HPV, HBV, EBV), oncofetal
proteins (CEA, PSA), tumour suppressor genes
(p53), aberrantly expressed self-proteins (HER-
2/neu), or altered glycolipids and glycoproteins
(e. MUC-1, CA-125, GM2) and CTA.

Sipuleucel-T (Provenge, Dendreon Corporation)

in vitro cultured immortalized cell lines, GM-CSF
gene-transduced tumour cells (GVAX)

Ipilimumab (Yervoy, Bristol-Myers Squibb),
Pembrolizumab (Keytruda, Merck), Nivolumab
(Opdivo, Bristol-Myers Squibb)

Talimogene laherparepvec (T-VEC)

References

(Disis et al. 1999; Durrant et
al. 2012; Gabrilovich et al.
1996; Khleif et al. 1999;
Marshall et al. 2000; Scanlan
et al. 2002b; Simpson et al.
2005; Van Kaer et al. 2011)

(Bancherecau &  Steinman
1998; Obeid et al. 2015;
Ophir et al. 2016)

(De Gruijl et al. 2008; Obeid
et al. 2015; Ophir et al. 2016)

(Bour - Jordan et al. 2011;
Buchbinder & Hodi 2015;
Hamid et al. 2013; Hodi et al.
2010; Larkin et al. 2015;
Sharpe & Freeman 2002;
Weber et al. 2016)

(Andtbacka et al. 2015;
Ferguson et al. 2012; Qiao et
al. 2008a; Qiao et al. 2008b;
Rojas et al. 2015)

to be continued...
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Category

a) Monoclonal antibodies
(mAbs)

b) Cytokines

¢) Adoptive cell transfer

Passive Cancer Imnmunotherapies

Mechanism

Uses engineered chimeric, humanized or fully human
mAbs to block specific downstream signalling
pathways upon binding to cancer-specific tumour
targets, involved in antibody-dependent cellular
cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis ~ (ADCP),  complement-dependent
cytotoxicity (CDC) via varies mechanism.

Preferably administered in combination with standard
treatments such as chemotherapy, peptides vaccines
or mAbs. Serves as signalling molecules to trigger
the host’s immune system. It can be acted
pleiotropically or exert immunomodulatory effects on
immune cells. Some have a suppressive effect on
regulatory T cells in the tumour milieu.

Exploits the expansion of in vitro autologous
peripheral blood monocytes or T lymphocytes of a
cancer patient to recognize specific antigens before it
is infused back to the patient to mount anti-tumour
responses. It is tailored based immunotherapy that
produces a high avidity in effector T cells.

Examples
Alemtuzumab, Bevacizumab, Cetuximab,
Denosumab, Gemtuzumab 0zogamicin,
Nimotuzumab, Ofatumumab, Panitumumab,

Pertuzumab, Rituximab, Tositumomab and
I-tositumomab and Trastuzumab

Interferon alpha (IFN-a), interleukin-2 (IL-2) and
interleukin-12 (IL-12)

Tumour-infiltrating lymphocytes (TILs),
Cytokine-induced killer (CIK) cells, Cascade
primed (CARPI) cells, T cell receptor (TCR)
transduced T cells and chimeric antigen receptor
(CAR)-modified T cells

References

(Bross et al. 2001; Ellis &
Hicklin 2008; Lundin et al.
2002; Rech & Vonderheide
2009)

(Belardelli et al. 2002; Gaffen
& Liu 2004; Kilinc et al.
2006; Little et al. 2006; Rook
et al. 1999; Younes et al.
2004; Zhan et al. 2012)

(Chmielewski et al. 2011;
Haji-Fatahaliha et al. 2016;
Laumbacher et al. 2012;
Rosenberg et al. 2011; Tran et
al. 2014)
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2.2.1 Peptide-based Cancer Vaccines

Peptide-based cancer vaccine is an active based therapeutic approach to trigger
immune cells to act against the tumour antigens (Farkona et al. 2016). Since our
understanding of basic immune mechanisms has expanded substantially, a wide array
of immune pathways has been identified as attractive targets to promote anti-tumour
responses in cancer patients including the use of peptides derived from tumour-
associated antigens (Markman & Shiao 2015). To date, numerous successful clinical
trials using hepatitis B virus and human papillomavirus (HPV) vaccines have proven
its efficacy as of prophylactic vaccines in combating cancer-causing infectious
diseases (Jemal et al. 2013). The ability of the immune system in stimulating the
immune cells specifically CD4" and CD8" T lymphocytes against immunogenic
peptide antigens have stipulated many insights into developing a peptide-based cancer
vaccine (Mellman et al. 2011; Pardoll & Topalian 1998). It functions by stimulating
the immune system for the cytotoxic T cells recognition and activation against
proliferating tumour cells (Iwasaki & Medzhitov 2015). It is also designed to eradicate
cancers by destroying the growth of neoplastic cells and inducing the shrinkage of

tumour cells (Farkona et al. 2016; Schumacher & Schreiber 2015).

This concept of therapy exploits the use of tumour-associated antigens present
in the form of protein or macromolecules to trigger the immune system to react
against tumours (Markman & Shiao 2015; Moulton et al. 2002). One or more antigens
can be combined and administrated as a single peptide-based vaccine to elicit T cell
activation and the antibody production (Van Der Burg et al. 2016). The peptide-based
vaccine can be designed as either direct vaccination method using tumour associated
antigen or as an augmentation boost to the host cells (Simpson et al. 2005). Having
said that, several considerations should be taken in the investigation of using peptide-
based cancer vaccine as the potential immunological target. One of the major
hindrances to the development of a successful vaccine target is the identification of a
suitable antigen that can provoke immune responses efficiently (Fox et al. 2011). A
correct antigen must be chosen with sufficiently high quantities to achieve clinical
effectiveness for cancer vaccines to overcome tolerance (Cheever et al. 2009;

Fenoglio et al. 2013). This can be further attributed to higher pharmacokinetic
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properties without leading to the clearance of the antigens (Boon et al. 2006; Segal et
al. 2008). Besides, the co-administration together with other immune stimulants such
as IL-2 and IL-7 or with certain immune checkpoint blockade have been reported to
increase the therapeutic efficacy of a cancer vaccine (Fehniger et al. 2002). On the
other hand, an ideal tumour antigen should have high expression in target tumour
populations while pertaining low level or even no expression in all normal tissue in
order to ensure the specificity of the tumour antigen (Fenoglio et al. 2013). It is also
crucial to monitor the immunosurveillance escape mechanisms in warranting a

complete clearance of the cancer cells (Fenoglio et al. 2013; Zur Hausen 2009).

Currently, researchers are still on the investigation to search for a potential
immunogenic antigen target that fulfils the criteria of maintaining a long-lasting T cell
responses (Greiner et al. 2008; Thomas et al. 2004; Zur Hausen 2009). Genome
sequencing of tumour antigen alone may be insufficient to ensure the immunogenicity
of the peptide and to validate the expression of the antigen on the tumour cells
(Farkona et al. 2016). Even if there is an expression, it may not necessarily be
recognized and processed by Major Histocompatibility Complex (MHC) class I

complexes to evoke immunological responses in vivo (Farkona et al. 2016).

At present, immunologists opt to use bioinformatics prediction tool prior to the
wet lab experiment for an advance predicament (Kasuga 2013; Rammensee et al.
2002; Segal et al. 2008). To date, some of the well-recognised antigens reported in
CRC are carcinoembryonic antigen (CEA) (Bilusic et al. 2014), mucin-1 (Kimura et
al. 2012), squamous cell carcinoma antigen recognized by T cells 3 (SART3) (Miyagi
et al. 2001), B-human chorionic gonadotropin (B-hCG) (Moulton et al. 2002),
Survivin-2B (Idenoue et al. 2005) or p53 (Speetjens et al. 2009). However, efforts are
urgently needed to assess the limitations in order to illuminate the best path forward in

developing an immunogenic vaccine target in CRC.
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2.2.2 Cancer Testis Antigen

Cancer-testis antigen (CTA) is a group of testicular-restricted proteins which are
encoded by a cluster of cancer-testis genes (Caballero & Chen 2009; Chen et al.
2009). Initially, CTA was recognized to be encoded by chromosome X, however, with
the increased research in CTA for the recent years, some CTA is also identified to be
encoded by somatic chromosomes (Simpson et al. 2005). To date, approximately 250
genes encoding CTA can be distinctly classified into classical (located on the X
chromosome) and non-classical (located on non-X chromosome) CTA (Simpson et al.
2005; Suri 2006). About 10% of CTA that is found on X-chromosomes (Cho et al.
2006; Simpson et al. 2005; Stevenson et al. 2007). Classical CTA is commonly
encoded on the X chromosome but their biological function is poorly understood
while non-classical CTA is autosomal encoded and their biological functions are often

characterized (Tarnowski et al. 2016).

The testis is an immune-privileged site due to the blood-testis barrier that has
restricted the interaction between testicular and immune cells (Kaur et al. 2014). The
deficiency of human leukocyte antigen (HLA) class 1 expression on the surface of
germ cells is known to be the uniqueness of CTA (Dadabayev et al. 2005). The
antigen is unable to present onto T cells for its killing effects due to the lack of HLA
expression of normal testicular germ cells (Janitz et al. 1994). Hence, any unintended
autoimmune responses may not be triggered when a CTA is administered. Other than
their restricted distribution, CTA explicit high immunogenicity in vivo (Li et al. 2010).

This makes this group of CTA be a unique target for cancer immunotherapy.

Several high throughout CTA screening techniques such as cDNA microarray
analysis, differential display, representational difference analysis, Serial Analysis of
Gene Expression (SAGE), Expressed Sequence Tag (EST) sequencing with
bioinformatics analysis, Serological Identification of Antigens by Recombinant
Expression Cloning (SEREX), Serological Proteome Analysis (SERPA), are used to
search for neoantigen with expression profiles restricted to cancer and testis in the
design of a potential target (Khan et al. 2013; Klade et al. 2001; Sahin et al. 1995;

Scanlan et al. 2004). As such, a few transcripts have been cloned through the
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techniques, such as LAGE-1/CT2 (Lucas et al. 1998), CTpl11/SPAN-X-C1 (Zendman
et al. 1999), SAGE (Martelange et al. 2000), MAGE (Giire et al. 2000) , BRDT/CT9
(Scanlan et al. 2000), PAGES/CT16 (Scanlan et al. 2002a), MMA-1A (De Wit et al.
2002) and TPTE (Dong et al. 2003).

A growing list of 44 CTA has been characterized in several types of
malignancies up until now (Scanlan et al. 2004; Simpson et al. 2005; Whitehurst
2014). With 17/23 (53%) melanoma, 17/33 (51%), non-small cell lung cancer and
11/20 (55%) bladder cancer classified as the high expressers of CTA genes, while
23/32 (37%) breast and 6/20 (30%) prostate cancer categorized as the moderate CTA
gene expressers, and 3/33 (9%) renal as well as 4/25 (16%) colon cancer as low CTA
gene expressers correspondingly (Scanlan et al. 2004). The classical CTA were found
to be expressed in CRC are as NY-ESO-1, MAGE-A, MAGE-D, GAGE, and PRAME
while the non-classical CTA are SPAG-9, MCAK, AKAP-4 and OY-TES-1 (Alves et
al. 2007; Chi Soh et al. 2018; Zhang et al. 2014).

However, most of the classical CTA identified in other malignancies have not
been reported to be expressed in CRC. Only a small subset of CRC patients has shown
clinical benefits after immunization with well-recognized CTA such as NY-ESO-1
and MAGE-A3 (Brichard & Lejeune 2007; Kruit et al. 2005). Studies on NY-ESO-1
and MAGE-A3 immune responses in CRC reported measurable responses of
circulating lymphocytes reactive against the individual peptide in their respective
findings (Alves et al. 2007; Kumara et al. 2012; Long et al. 2014). Meanwhile,
synthetic MAGE-A4 peptide coupled with OK432 and Montanide ISA-51 has been
tested as immunotherapy targets in phase Il clinical trials in metastatic CRC patients
(Takahashi et al. 2012). Despite all the effort into comprehending CTA in CRC, our
knowledge pertaining to CTA expression and their immune responses in CRC is still
in the early stages of clinical translation. More research is needed to discover new
CTA in CRC and to determine its efficacy as a suitable target for cancer

immunotherapy.
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2.2.3 The PASD1 Gene

PASDI, known as Per ARNT SIM (PAS) domain-containing 1, is a member of CTA
which is encoded by chromosome X at q28 (Zendman et al. 2003). It comprises of two
isoform transcripts which are known as PASDI1 vl and PASD1 v2 (Cooper et al.
2006). PASD1 vl transcript encodes for 639 amino acid protein products whereas
PASDI1 v2 encodes for another set of 773 amino acid with an additional unique
region (Liggins et al. 2004a). Furthermore, both isoforms of PASD1 contain two
individual domains in the N-terminal region between amino acids 32-94 and amino
acids 41-137 (Liggins et al. 2004a). Besides, the basic helix-loop-helix (bHLH)
sequences in PASDI are believed to have some associations in the signal transduction
pathway of several numbers of organisms (Vreede et al. 2003). Referring to Entrez
Gene, there are a couple of the PASD1 homologs have been determined in sixteen

additional species such as chicken, cow, mouse, and gorilla (Khan et al. 2013).

Consequently, PASDI1 genes show the most similarity to the CLOCK gene in
mice and were found to have a role in blocking circadian rhythms in human cancer
cells (Michael et al. 2015). Furthermore, the domain of PASDI is predicted to
functionally work as a regulatory protein in controlling metabolic and development
processes in human (Chapman-Smith et al. 2004). The PASDI gene is majorly
expressed in the testis. This gene shares certain common phenotypes as spermatogonia
in the global promoter hypomethylation and rapid proliferation pathway (Simpson et
al. 2005). However, the role and function of PASDI in tumorigenesis is yet to be
known and should be elucidated. Meanwhile, the PASDI peptide has been reported to
recognize host cytotoxic T lymphocytes (CTL) in a methodological manner using
SEREX, followed by SERPA, peptide elution mass spectrometry and validation in
Cancer Immunome database (Khan et al. 2013; Sahin et al. 1995; Tiireci et al. 1999;
Tiireci et al. 2005). Alternatively, the identification of peptide is also known by the
immunoscreening of cDNA using immunoglobulins G (IgG) from peripheral blood
sera of the patients (Sahin et al. 1995; Tiireci et al. 1999). This research flow has led
to the discovery of a couple of neoantigens such as cTAGE-1, MAGE-A3, NY-ESO-1
as well as PASD1 as the potential immunotherapeutic target (Eichmiiller et al. 2001;

Guinn et al. 2005; Jéager et al. 1999; Liggins et al. 2004b).
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2.2.4 PASDI1 Expression in Normal Cells and Neoplasms

The expression of PASDI is highly restricted to the nuclei of spermatogonia in normal
germ cells. The expression is also reported to reduce with the maturity of
spermatogonia over time (Scanlan et al. 2004). Interestingly, since testis is an
immunologically protected site with no expression of MHC class 1 protein, PASD1
should not lead to any autoimmune responses against the healthy normal tissue (Ait-
Tahar et al. 2011; Whitehurst 2014). To date, PASDI is found to express majorly in
hematopoietic malignancies such as in diffuse large B cell lymphoma (DBLCL), acute
myeloid leukaemia (AML) and multiple myeloid (MM) and subset of solid tumours
such as testicular cancer, ovarian cancer, cervical cancer, pancreatic cancer and non-
small cell lung cancer (Ait-Tahar et al. 2011; Ait-Tahar et al. 2009; Cooper et al.
2006; Sahota et al. 2006). Several techniques of analysis are used to determine the
expression of PASD1 includes the use of immunostaining procedures as the gold
standard in protein expression analysis (Cooper et al. 2006), protein tissue array
(Liggins et al. 2004a), real-time polymerase chain reaction (Guinn et al. 2005;
Hardwick et al. 2013), immunohistochemistry and immunocytochemistry staining
(Sahota et al. 2006), Western blot for protein identification and detection (Khan et al.

2013) and flow cytometry (Liggins et al. 2004a) in the last decades.

According to the previous study, 29 out of 40 recruited DBLCL patients were
identified to express PASDI1 protein in the cytoplasm of tumour cells using the
immunohistochemistry method (Ait-Tahar et al. 2011). However, it was found that the
heterogeneous expression of PASD1 varied with the intensities of the staining (Ait-
Tahar et al. 2011). Additionally, 20% of AML patients were detected to have a
positive expression of PASDI in 12 of 60 of studied cases (Baghdady et al. 2013).
Similarly, to the previous finding, differential expression of PASD1 was illustrated in
these 12 positive cases of AML patients. The differential expression of PASDI1 is
predicted to be affected by the presence of PASDI1 isoforms (Nakagawa et al. 2005),
DNA hypermethylation of PASDI1 (Simpson et al. 2005) and post-translational
modifications (Ait-Tahar et al. 2011). Hence, there is still a gap of interest to in-depth

investigate the expression of PASDI in different types of cancer.
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2.2.5 CDS8T Cell Responses

In the early 1900s, Mac Carty and his teams found the idea to improve cancer
patient’s survival rate through the understanding of host defence mechanism
(Maccarty 1922). A transformed tumour microenvironment is composed of a group of
phenotypically distinct stromal cells from the healthy microenvironment (Koi &
Carethers 2017; Peddareddigari et al. 2010). There is a variety of tumour-infiltrating
cells such as (tumour-associating macrophages, myeloid-derived suppressor cells,
monocytes, dendritic cells, natural killer cells, CD4" and CD8" T lymphocytes,
granulocytes, mast cells, endothelial progenitor cells, mesenchymal stem cells and
platelets), vasculature, extracellular matrix such as (laminin, hyaluronan, collagens,
fibronectins, integrins, proteoglycans, metalloproteases, mucin, galectin and
osteopenia) and other matrix-associated molecules (periostin and betaig-h3) in
association with each other in a variable proportion (Murdoch et al. 2008). These cells
interact with other each through the cell to cell contact mechanism to directly or
indirectly contribute to the inflammation of CRC and the production of cytokines (Koi

& Carethers 2017).

Several components in the microenvironment are interrelated to influence the
development of adenomatous colonic polyp to CRC (Peddareddigari et al. 2010). The
adaptive immunity comprises of the interaction of between T and B lymphocytes,
natural killer cells, macrophages and dendritic cells for a tumoricidal effect on the
infected cell (Brunner & Cerottini 1971). An inimitable feature of CD8 T cells is
known to be the main players in mounting T cell-mediated immunities in the body
(Feinerman et al. 2008). At the molecular level, the activation of naive T cells by
antigens requires the specific recognition of MHC Class 1 molecule and co-
stimulatory signal to antigen presenting cells (APCs) (Lanzavecchia & Sallusto 2001).
The antigen presentation through MHC molecules is a cumulative process involving
the biochemical effects of a vast array of signalling molecules and lymphokines
resulting in the induction of gene and production of protein for the T cells to function

(Voskoboinik et al. 2015).
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The cytotoxic potential of killer T cells is extensively studied over the years
and remains to be a very crucial part in adaptive T cell-mediated immunity. In this
case, the biology of MHC class I and II presentation is essential in the evaluation of
the T cell lysis to achieve successful antigen presentation to the immune system
(Neefjes et al. 2011). In general, endogenous peptides are commonly first presented
by MHC molecules to the T lymphocytes prior to the lysis (Vyas et al. 2008).
Tentatively, the cross-priming of exogenous peptides begins with the degradation of
peptides into smaller peptide fragments by the cytosolic proteasome after being
phagocytosed by the dendritic cells (Kurts et al. 2010). The peptide complex will then
ATP-dependently be translocated to the endoplasmic reticulum (ER) (Neefjes et al.
2011). It is followed by the gradually chaperoned of peptides into the Golgi apparatus
before it is bound by the nascent MHC molecules and presented externally for CD8 T

cells to elicit an immune response (Cresswell et al. 2005; Neefjes et al. 2011).

This is followed by the association of the assembly of the complex with
tapasin to stabilize the transporter associated with antigen processing (TAP1 and
TAP2) before binding to the soluble ER chaperone calreticulin (CRT) and the soluble
thiol oxidoreductase ERp57 protein complex via its transmembrane domain (Bangia et
al. 1999; Momburg & Tan 2002). The chaperone calreticulin is a lectin specific N-
linked glycan, with its carboxylate side chain adheres to MHC class 1 molecule
(Helenius & Aebi 2004). On the other hand, ERp57 is a disulfide isomerase that
cooperates with CRT or CNX in peptide folding and makes transient disulfide
linkages with its active sites (Helenius & Aebi 2004). Upon dissociation from the
complex, it is transported into ER to be further trimmed by ER-associated
aminopeptidase (ERAAP or ERAPI) if required (Neefjes et al. 2011). Peptides with
appropriate sequences are gradually chaperoned into the Golgi apparatus before it is
bound by the nascent MHC class 1 molecule and presented externally for accurate
CDS8 T cells recognition to initiate an immune response (Cresswell et al. 2005; Neefjes
et al. 2011). However, the proposed interaction may be intertwined with Hence, the
MHC presentation is essential in the evaluation of the T cell lysis to achieve

successful antigen presentation to the immune system (Neefjes et al. 2011).
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Cytotoxicity is a cell-specific multifactorial event modulated by a variety of
immune cells. Attaining physiological levels of CTLs may require the assistance of
the T cell receptor, other co-receptors, adhesion and mediator molecules to trigger an
efficient cell-mediated immune response. Several multifaceted mechanisms that have
been hypothesized for the cytolytic activity via MHC class 1 recognition in CRC
(Barry & Bleackley 2002). The complex CD8 T cell lysis consists of a combination
of pathways such as 1) the calcium-dependent granule exocytosis (Chavez-Galan et al.
2009; De Saint Basile et al. 2010), 2) calcium-independent pathway (perforin,
granzyme and a family of serine proteinases-mediated lysis) (Trapani & Smyth 2002;
Voskoboinik et al. 2006) and 3) FAS dependent interaction (Ostergaard et al. 1987;
Rouvier et al. 1993; Waring & Miillbacher 1999) that act synergistically for efficient
cytotoxic lymphocyte function (Figure 2.1). Calcium-dependent granule cytolysis is
one of the important events in assessing CD8 T cell cytolytic pathway and mediating

apoptosis of cells (Zhang et al. 2001).

Figure 2.1  The basic illustration of proposed molecular mechanisms of cytotoxic
T cell lysis which consist of calcium-dependent granule exocytosis,
calcium independent pathway (perforin, granzyme and a family of
cysteine proteinases-mediated lysis) and FAS dependent interaction.

Source: (Trapani 2012)
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Cytotoxic T cells are known to eradicate cancerous cells by exocytosing the
granular contents of CD8 T lytic granules through the calcium-dependent mechanism
(De Saint Basile et al. 2010). Besides, CTLs can also eliminate the cells, in the
absence of calcium, involving a mixture of enzymatic components including
granzymes, perforin, and proteinases (Trapani & Smyth 2002; Voskoboinik et al.
2006). Nonetheless, another pathway consisting of Fas-FasL can also be linked to the
CTL cytotoxic killing mechanism (Waring & Miillbacher 1999). Taken together, these
pathways will eventually lead to the suicide of the target cells through inherent
apoptosis, necrotic death or programmed cell death resulting in the later fragmentation
of DNA or the accumulation of lytic proteins accountable for cell perforation (Cohen

et al. 1985; Cohen et al. 1992).

Additionally, cytotoxic T lymphocytes are known to lyse the infected cells
using the granule exocytosis pathway rather than the Fas-mediated cytotoxic route
(Kreuwel et al. 1999). One possibility might be that the CD8 effector T cells come
preloaded with cytolytic granular proteins in a more rapid and efficient manner than
for the Fas protein interaction to occur (Barry & Bleackley 2002). Nevertheless, some
may argue that Fas signalling is more crucial in regulating a balance in CTL
homeostasis than the primary cytotoxic function of CTLs (Nagata & Golstein 1995). It
is important to note that the nature of CD8 T cells specific lysis phenomena in vivo
may not only differ from in vitro studies but is also more complex and often outcomes
have been contradictory (Barry & Bleackley 2002; Lancki & Fitch 1992). Further
studies are required to elucidate the molecular pathways involved in the killing of

CRC cells by CTLs upon PASD1 induction.

2.2.6 Cytokines

The roles of anti-inflammatory and pro-inflammatory cytokines in the tumour milieu
is another critical feature of immune system (De Simone et al. 2013; Kantola et al.
2012; Krzystek-Korpacka et al. 2013). Anti-inflammatory cytokines such as IFN-y,
IL-12, IL-15, IL-17, IL-18, granzyme A, granzyme B, perforin and granulysin are
known to suppress the tumour growth whereas pro-inflammatory cytokines such as

IL-2, IL-4, IL-6, IL-8, IL-11, IL-17A, 1IL-22, IL-23, IL-33, TNF-a, TGF-3 and VEGF
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work together in promoting the CRC tumorigenesis (Figure 2.2) (Reissfelder et al.
2015). It has been reported in previous study that both interferons and interleukins do
play pivotal roles in driving the communication of the cellular T cell immunity in
dampening immunopathogenic responses of CRC (Cooper & Khader 2008; Lin &
Karin 2007).

At the molecular level, IFN-y acts on CRC cells by hindering CRC, promoting
NK cell activity and JAK/STAT phosphorylation, stimulating the production of NF-
kB, interrupting the catenin signalling routes as well as inducing adhesion and
leukocyte migration (Schroder et al. 2004; Wang et al. 2015). Moreover, IFN-y has
also been known to regulate the expansion of CD8" T cells and memory T immunity
in encountering intracellular antigens (Tewari et al. 2007). Furthermore, a deficiency
of IFN-y in CRC is reported to promote CRC carcinogenesis and reduce survival rate
(Wang et al. 2015). The importance of IFN-y and TNF-a in the modulation CTL-
mediated lysis have also been reported previously (Barry & Bleackley 2002;
Peddareddigari et al. 2010).

In CRC, TNF-a is known to be a pro-inflammatory cytokine due to the
involvement of TNF-a in promoting cancer cells proliferation (Al Obeed et al. 2014;
Stanilov et al. 2014). The release of TNF-a through STAT3 signalling has been
demonstrated to lead to the propagation of malignant cells in CRC cell lines
(Hamilton et al. 2011; Mizoguchi et al. 2002). Consequently, the signalling of TNF-a
can indirectly result in the activation of NK-kB and MAPKs signalling pathways,
contributing to the cell survival and proliferation of CRC in a caspase-dependent
manner (Brenner et al. 2015). TNF-a can also trigger necrotic cell death by mediating

reactive oxygen species as a result to inhibit tumorigenesis of cells (Degterev et al.

2008; Kim et al. 2007).

Numerous reports on granzyme A and B have also shown that their functions
as the pro-inflammatory cytokines within the CRC tumour microenvironment (Buzza
et al. 2005; Lieberman 2010; Waterhouse et al. 2006). Upon cleavage, the release of

granzyme B will cause the degradation of pro-apoptotic protein Bid and dissipate
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mitochondrial potential in mediating permeabilization of the outer membrane of
mitochondria (Jacquemin et al. 2015). Subsequently, granzyme B further amplify
downstream several caspases related pathway with the release with Cytochrome C
(Kadam & Abhang 2015). On the other hand, granzyme B has also been demonstrated
to be involved in caspase-independent actions such as directly interfering caspases
substrates including DNA protein kinase (Sebbagh et al. 2005), nuclear mitotic
apparatus protein (Zeng 2000) and inhibitor of caspase-activated DNase (Thomas et
al. 2000).

A considerable amount of studies have been published on the mechanisms of
action of perforin in various types of malignancies, bacterial and viral infections,
autoimmune diseases as well as in immune surveillance (Trapani & Smyth 2002; Van
Den Broek & Hengartner 2000; Voskoboinik et al. 2015). Both CTLs and NK cells
are the two main producers of perforin (Law et al. 2010; Liu et al. 1995; Podack et al.
1991), while minute amounts of perforin have been found to be secreted by other
subsets of T cells occasionally (Williams & Engelhard 1997). Perforin monomers can
create pores in the presence of calcium ions by forming a channel through the
perforated bilayer of cells to enable the influx and efflux of ions, cytolytic molecules,
enzymes and polypeptides (Voskoboinik et al. 2015). Ultimately, disrupting the
integrity of the intact bilayers and damaging the protective barrier of the cell
membrane (Osinska et al. 2014). Furthermore, the CD8" T cells are also capable of
inducing calcium-independent Fas-Fas ligand system for an apoptotic response. The
cellular features of apoptotic death as a result of Fas-Fas ligand interactions begins
with the trimerization of Fas receptor by Fas ligand, followed by the activation of
caspases pathways, cleavage of caspases substrates, association with DNA
fragmentation and dismantling of the cell (Boldin et al. 1995; Chinnaiyan et al. 1995;
Nicholson & Thornberry 1997).

In terms of CD8 T cells cytotoxicity, IL-10 exerts dual proliferative and
inhibitory effects in various types of malignancies (Del Prete et al. 1993; Groux et al.
1996; Ouyang et al. 2011; Pestka et al. 2004). As reported, IL-10 stimulates the
proliferation of T cells in gastric cancers (Xi et al. 2017) but suppresses the T cells

responses in breast cancer (Ruffell et al. 2014) and chronic liver disease (Zhang &
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Wang 2006). Mechanistically, the engagement of the IL-10 receptor has also been
proposed to be involved in the activation of STATI, STAT3 and STATS5 the
phosphorylation. Inappropriate activation of STAT signalling pathway is known to
deregulate genes that are involved in cell maintenance and homeostasis (Ouyang et al.
2011; Thomas et al. 2015). Taken together, these studies have highlighted the
differential effects of IL-10 on CRC development depending on the tumour
microenvironment. Future investigation of the role of IL-10 might be helpful in
further evaluating its role as either a promising diagnostic or therapeutic target for
CRC. In the last decade, therapeutic drugs such as bevacizumab, anti-VEGF agents,
selective COX-2 inhibitor and NSAID have been used as an alternative therapy in
synergy with conventional treatments CRC (Peddareddigari et al. 2010).

Figure 2.2 Cellular components of tumour microenvironment (tumour foes and
tumour friends) in CRC. Distinct types of CRC are composed of a
variety differential molecular expression profiles of cytokine.

Source: (Colangelo et al. 2017)



CHAPTER III

METHODOLOGY

3.1 MATERIALS

3.1.1 Reagents

The listed reagents are RNAlater RNA Stabilization Reagent (Qiagen, Germany),
Roswell Park Memorial Institute 1640 medium (RPMI-1640) (Nacalai Tesque, USA)
and Eagle's Minimum Essential Medium (EMEM) (Nacalai Tesque, USA), phosphate
buffered saline (Hyclone, USA), trypsin-EDTA (Gibco, USA), Tryphan blue stain
(Sigma Aldrich, USA), AllPrep® DNA/RNA/miRNA Universal Kit (Qiagen,
Germany), B-mercaptoethanol (Sigma Aldrich, USA), Rnase-free water (Thermo
Fisher Scientific, USA), NanoDrop 2000 (Thermo Fisher Scientific, USA), iSciptTM
cDNA Synthesis Kit (Biorad Laboratories, USA), iTaq™ Universal SYBR Green
Supermix (Biorad Laboratories, USA), primers (First Base Laboratories Sdn Bhd,
Malaysia), xylene (Leica, Germany), absolute ethanol (Leica, Germany) hematoxylin
(Richard Allan Scientific, USA), Bluing solution (Leica, Germany), eosin (Leica,
Germany), Sub-X Surgipath mounting medium (Leica Biosystems, Germany), rabbit
anti-human PASDI1 polyclonal antibody (Thermo Fisher Scientific, USA), Dako
Envision Plus Kit (Abcam, UK), antigen retrieval buffer (Abcam, UK), anti-rabbit
IgG linked FITC (Thermo Fisher Scientific, USA), gelatin (Sigma Aldrich, USA),
DAPI dye (Invitrogen, USA), formaldehyde (Sigma Aldrich, USA), glycerol (Thermo
Fisher Scientifc, USA). Peptides (Think Peptides, UK), QIAamp® DNA Blood Mini
Kit (Qiagen, Germany), GoTaq® DNA Polymerase (Promega, USA), agarose powder
(Sigma Aldrich, USA), TAE buffer (Thermo Fisher Scientific, USA), GelStar™
Nucleic Acid Gel Stain (Lonza, USA), blue loading dye (Promega, USA), GeneRuler
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100 bp DNA ladders and 1 kb DNA ladder (Thermo Fisher Scientific, USA), Ficoll-
Pague PLUS (GE Healthcare Life Sciences, USA), fetal calf serum (Hyclone, USA),
phytohaemagglutinin (Sigma Aldrich, USA), rIL-2 (R&D Systems, USA), rIL-7
(R&D Systems, USA), Human Interferon-y (IFN- y) ELISpot®ASI® Kit (Mabtech,
Sweden), TMB substrate solution (Mabtech, Sweden), rGM-CSF (Cell Guidance
Systems Ltd, UK), rIL-4 (Cell Guidance Systems Ltd, UK), rIL-1B (Cell Guidance
Systems Ltd, UK), rTNF-a (Cell Guidance Systems Ltd, UK), rIL-6 (Cell Guidance
Systems Ltd, UK), PGE; (Sigma Aldrich, USA), 1% of penicillin/streptomycin
(Gibco, USA), Versene solution (Thermo Fisher Scientific, USA), 2 microglobulin
(BD Pharmingen, USA), EasySep™ Human CD8 Positive Selection Kit II (Stemcell,
Canada), DNase I solution (Thermo Fisher Scientific, USA), PE-conjugated mouse
anti-CD4 (BD Pharmingen, USA), FITC-conjugated mouse anti-CD3 (BD
Pharmingen, USA), APC-conjugated mouse anti-CD8 (BD Pharmingen, USA),
CellTrace™ CFSE Cell Proliferation Kit (Molecular Probes, UK), Propidium lodide
Nucleic Acid Stain (Invitrogen, UK), Human Granzyme B ELISpot®ASI¢ Kit
(Mabtech, Sweden), BCIP/NBT substrate solution (Sigma Aldrich, USA) and Human
CDS8/NK Panel LEGENDplex™ Kit (BioLegend, USA).

3.1.2 Apparatus

The listed apparatuses are Galaxy® 170 R incubator (Eppendorf, Germany),
Centrifuge 5810 R (Eppendorf, Germany), haemocytometer (Resistance, Germany),
Nikon Eclipse TS100 Inverted Microscope (Nikon, Japan), CFX96™ Real-Time PCR
Detection System (Biorad Laboratories, USA), high-profile microtome blade (Sakura,
Japan), polysine microscope slide (Menzel, Germany), decloacking chamber (Biocare
Medical, USA), DeltaVision™ Ultra widefield microscope (GE Healthcare Life
Sciences, USA), Centrifuge 5424 R (Eppendorf, Germany), Veriti 96 Well Thermal
Cycler (Applied Biosystems, USA), Shandon Finesse ME+ (Thermo Scientific, USA),
Leica EG 1150 C Ice Block (Leica, Germany), Section Flotation Bath (Thermo
Scientic, USA), Olympus CX31 Compound Microscope (Olympus, Japan), Wide
Mini-Sub Cell GT Systems (Biorad, USA), Power Supply-PowerPac (Biorad, USA),
Gel Documentation System Quantum-ST4 (Fisher Thermo Scientific, USA), vortex
(Heidolph, Germany), CTL S6 Universal ELISpot Analyzer (Cellular Technology
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Limited, USA), EasySep™ magnet (Stemcell, Canada), Rotamax 120 orbital shaker
(Heidolph, Germany), BD FACSVerse™ (BD Biosciences, USA) and Tissue-Tek
(Sakura Finetek, USA).

3.2 CELL CULTURE

3.2.1 Cell Lines & Subculture Conditions

The following established human normal colon, colorectal adenocarcinoma, and lung
adenocarcinoma cell lines were obtained from the UKM Medical Molecular Biology
Institute (UMBI) bioban and were previously purchased from the American Typr
Culture Collection, as detailed in Table 3.1. Seven cell lines namely CCD112CoN,
COLO320DM, HT29, HCT116, SW48, SW480 and H1299 were cultured in Roswell
Park Memorial Institute 1640 medium (RPMI-1640) and Eagle's Minimum Essential
Medium (EMEM) with L-Glutamine and (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid) (HEPES) (Nacalai Tesque, USA) respectively. Both
culture media were supplemented with 10% (v/v) heat-inactivated fetal bovine serum
(FBS) (Hyclone, USA). All the cell lines were purchased from the American Type
Culture Collection (ATCC) (Table 3.1). Cells were cultured and maintained in 5%
carbon dioxide (COz) with 95% humidity at 37°C and pH (7.2-7.4) in Galaxy® 170 R
incubator (Eppendorf, Germany).

Table 3.1 Information regarding cell lines used in this study

Cell line Organism Tissue Disease ATCC Catalog
CCD112CoN Human Colon Normal ATCC® CRL-1541™
COLO320DM Human Colon Dukes’ type C, ATCC® CCL-220™

Colorectal carcinoma
HT29 Human Colon Colorectal ATCC® HTB-38™
adenocarcinoma

HCT116 Human Colon Colorectal carcinoma ATCC® CCL-247™

Sw48 Human Colon Dukes’ type C, ATCC® CCL-231™
Colorectal carcinoma

SW480 Human Colon Dukes’s type B, ATCC® CCL-228™
Colorectal carcinoma

H1299 Human Lung Non-small cell lung ATCC® CRL-5803™

carcinoma
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Cell lines were split every two to four days respectively when 85% - 90%
confluency was achieved depending on the type of cells. Spent culture medium was
discarded using a 3 mL or 10 mL sterile serological pipette. Sterile 1X Phosphate
Buffered Saline (1X PBS) (Hyclone, USA) was used to rinse the monolayer of cells
before 3.0 to 5.0 mL of 0.25% of trypsin-ethylenediaminetetraacetic acid (EDTA)
(Gibco, USA) was added to detach the adherent cultures for 3 minutes in a 37°C CO
incubator. An equal volume of fresh cell culture medium was added into the culture
flask to inactivate trypsin activity and centrifuged at 100 x g for 5 minutes in room
temperature in Centrifuge 5810 R (Eppendorf, Germany). The supernatant was
discarded, and the cell suspension was used for further sub-cultures in either T-25 or

T-75 cell culture flask.
3.2.2 Cell Counting

The number of cells in a specific population was determined by a dye exclusion
viability-based assay using a hemocytometer. Equal volume of 0.08% (w/v) Trypan
blue stain (Sigma Aldrich, USA) was added into 10 pL of cell culture in 1:1 ratio and
mixed well before loaded on to a clean hemocytometer (Resistance, Germany)
chamber to be counted at 100x magnification under Nikon Eclipse TS100 Inverted
Microscope (Nikon, Japan). The stained cells (dead cells) appeared blue incolour
while the unstained cells (viable cells) remained as bright clear spheres under the
microscope. The number of cells (NC) in the population was determined by the

following formula.

Total no.of cells counted

) % 10* x Dilution factor x 1mL of cell suspension
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3.3 PRIMARY SAMPLE SELECTION

3.3.1 Sample Collection for Fresh Frozen and Formalin Fixed Paraffin Embedded
CRC Tissues

CRC tumour specimens were retrieved after consultation with collaborated surgeon
and pathologist from Hospital UKM (HUKM), Kuala Lumpur, Malaysia. Ethics
application with the reference number: UKM PPI/111/8/JEP-2017-584 was approved
by HUKM Research Ethics Committee for all collected specimens with reference to
Appendix A. Informed consent was obtained from all patients for the use of their
specimens. Fixed and frozen tumour together with the adjacent non-tumour tissue
specimens were obtained from CRC patients during surgery. Pathology verified
primary tissues from CRC were used. All CRC tissues were collected and dissected
under stringent sterile conditions and stored in RNAlater RNA Stabilization Reagent
(Qiagen, USA) to prevent RNA contamination. Fresh frozen (FF) CRC tissue
specimens (n=25) obtained from surgery were immediately processed for its total
RNA to be used in PASD1 mRNA detection. On the other hand, formalin-fixed
paraffin-embedded (FFPE) CRC tissue blocks (n=23) were obtained from the
Department of Pathology in HUKM for PASDI1 protein detection. Demographic data
of CRC patients for PASD1 mRNA expression are listed in (Table 3.2) while
demographic data of CRC patients for PASDI protein expression are listed in (Table
3.3).

3.3.2 Sample Collection for Peripheral Blood Mononuclear Cells Isolation

Peripheral blood was obtained from 40 CRC patients and 23 healthy controls in
heparin vacutainer tubes (Becton Dickinson, USA) after colonoscopy or prior to
surgery in HUKM, Kuala Lumpur, Malaysia. Ethical approval and written consent
were obtained from HUKM Research Ethics Committee. The clinical details of
recruited PBMC population are displayed in (Table 3.4) and all the samples were
screened for HLA-A*24:02 allele prior to being used in the selection of PASDI
peptide. Only HLA-A*24:02 positive patients were assessed for CD8 T cell responses
against PASD1 peptides.



Table 3.2 Demographic data of CRC FF for PASD1 mRNA expression
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Characteristics CRC Paired Normal
Total number of samples 25 25
Gender

Male 20 20
Female 5 5
Age

Range (33-84) (33-84)
Race

Chinese 9 9
Malay 15 15
Indian 1 1
Anatomical site

Sigmoid 5 5
Rectum 11 11
Rectosigmoid 9 9
Modified Dukes Classification

A 6 -
B 11 -
C 7 -
D 1 -
Lymph node metastasis

Positive 8 -
Negative 17 -
Histological grades

Well-differentiated 15 -
Moderately differentiated 10 -

Poor differentiated




Table 3.3 Demographic data of CRC FFPE for PASD1 protein expression
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Characteristics CRC
Total number of samples 23
Gender

Male 16
Female 7
Age

Range (35-84)
Race

Chinese 10
Malay 9
Indian 4
Anatomical site

Sigmoid 5
Rectum 15
Rectosigmoid 3
Modified Dukes Classification

A 1
B 9
C 12
D 1
Lymph node metastasis

Positive 13
Negative 10
Histological grades

Well-differentiated 13
Moderately differentiated 10

Poor differentiated




Table 3.4 Clinical details of the recruited population for PBMCs isolation
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Characteristics CRC Control
Total number of cases from HUKM 40 23
Gender

Male 35/40 16/23
Female 5/40 7/23
Age

Range (35-82) (37-82)
Race

Chinese 18/40 10/23
Malay 15/40 11/23
Indian 7/40 2/23
Anatomical site

Rectum 29/40 -
Sigmoid 9/40 -
Rectosigmoid 2/40 -
Modified Dukes Classification

A 1/40 -

B 6/40 -

C 12/40 -
D 2/40 -
*High grade dysplasia / inflammatory polyp) 19/40 -
Lymph node metastasis

Positive 14/40 -
Negative 7/40 -
*High grade dysplasia / inflammatory polyp) 19/40 -
Histological grades

Well-differentiated 9/40 -
Moderately differentiated 11/40 -
Poor differentiated 1/40

*High grade dysplasia / inflammatory polyp) 19/40 -
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34 SECTIONING OF FRESH FROZEN AND FORMALIN FIXED PARAFFIN
EMBEDDED CRC TISSUES

Cryosectioning of fresh frozen CRC tissues was performed using Tissue-Tek (Sakura
Finetek, USA) based on optimal cutting temperature (OCT) in a suitable mold. The
tissues were frozen onto a specialized metal grid on a cryostat to be cut at -20°C.
Alternatively, FFPE CRC tissues were trimmed and sectioned by using a microtome,
Shandon Finesse ME+ (Thermo Scientific, USA). All the tissue blocks to be sectioned
were placed on Leica EG 1150 C Ice Block (Leica, Germany) to be cooled for 10 min.
The FFPE blocks were inserted onto the microtome chuck and aligned in a vertical
plane. The thickness of the FFPE tissues was set to 4 uM and the high-profile
microtome blade (Sakura, Japan) was angled at 5°. The layer of cut FFPE tissues was
immediately floated in a Section Flotation Bath (Thermo Scientific, USA) and coated
onto a polysine microscope slide (Menzel, Germany). The slides were stored

overnight at room temperature prior to H&E and IHC staining.

35 HEMATOXYLIN AND EOSIN STAINING

The FFPE of CRC tissues were subjected to H&E staining (Table 3.5) to confirm that
more than 80% of tissue malignancy was present. The slides were mounted using Sub-
X Surgipath mounting medium (Leica Biosystems, Germany) with a coverslip. All the
slides were viewed and examined under Olympus CX31 Compound Microscope

(Olympus, Japan) by a pathologist.



Table 3.5 Protocol for H&E staining

Reagent Duration
Xylene I Immerse, 5 min
Xylene 11 Immerse, 5 min
Absolute ethanol Immerse, 3 min
95% ethanol Immerse, 3 min
80% ethanol Immerse, 3 min
75% ethanol Immerse, 3 min
Deionized water Rinse, 3 min
Hematoxylin 2-3 dips
Running tap water 1 min
Deionized water 4-5 dips
Bluing solution Immerse,l min
Running tap water Rinse, 3 min
Eosin 2-3 dips
Deionized water Rinse, 3 min
80% ethanol Immerse, 3 min
90% ethanol Immerse, 3 min
Absolute ethanol 1 Immerse, 3 min
Absolute ethanol 11 Immerse, 3 min
Xylene 1 Immerse, 3 min
Xylene II Immerse, 3 min

3.6 RNA ISOLATION

3.6.1 Isolation of Total RNA

Total RNA from CRC cell lines and histologically confirmed CRC tissue samples
were harvested using the AllPrep® DNA/RNA/miRNA Universal Kit (Qiagen,
Germany) according to the manufacturer’s instructions. CRC tissue samples were
disrupted using a mortar and pestle then homogenized using a QIAshredder
homogenizer. Frozen samples (10 - 20 mg) were ground into fine powder under liquid
nitrogen and 600 pL of Buffer RLT Plus was added into a 1.5 mL tube cooled with
liquid nitrogen respectively before it was loaded onto QIAshredder spin column. B-
mercaptoethanol (Sigma Aldrich, USA) was added to Buffer RLT Plus prior to the
lysis. The tube was centrifuged at 14,000 x g for 2 min at 4°C using Centrifuge 5424
R (Eppendorf, Germany). The lysate was transferred to an AllPrep DNA Mini spin
column and further centrifuged at 14,000 x g for another 30 s. The supernatant was
aspirated to a new 2 mL collection tube for RNA purification. A volume of 80 pL of
Proteinase K and 350 pL of absolute ethanol was added and mixed thoroughly prior to

incubation for 10 min at room temperature. Next, a total of 700 uL was of absolute
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ethanol was added into the mixture and mixed well before a total of 700 pL of the
required sample was transferred to an RNeasy Mini spin column with a new collection
tube. The column tube was centrifuged for 15 s at 14,000 X g and the flow-through
was discarded. The column was transferred to a new collection tube and 500 pL of
Buffer RPE was added and centrifuged for 15 s at 14,000 x g. A total of 80 pL of
DNase 1 incubation mixture (10 pL. of DNase 1 and 70 uL Buffer RDD) was added
onto the column and incubated at room temperature for 15 min prior to the addition of
500 pL of Buffer FRN to the same column and centrifuged for 15 s at 14,000 x g.
This step was repeated for another time before 500 pL of Buffer RPE was added to
the column to be centrifuged at for 15 s at 14,000 x g. The flow-through was
discarded and 500 pL of absolute ethanol was added into the spin column and
centrifuged for 15 s at 14,000 x g. Alternatively, the spin column was transferred to a
clean collection to be centrifuged for another 2 min to dry the membrane. Next, a total
of 40 uL of RNase-free water (Thermo Fisher Scientific, USA) was then pipetted
directly to the spin column and the tube was centrifuged for 1 min at 12,000 x g to
elute the RNA.

3.6.2 RNA Quantitation and Purity Check

The concentration and purity of extracted RNA were analyzed by using NanoDrop
2000 (Thermo Fisher Scientific, USA). One puL of RNase-free water was pipetted onto
the pedestal and calibrated as a blank. Next, 1 pL of the respective RNA sample were

pipetted and measured in OD260, OD2go, A260/280, and Az60/230 ratio.

3.7 REAL-TIME POLYMERASE CHAIN REACTION

3.7.1 Synthesis of cDNA

Complementary DNA (cDNA) of the samples were synthesized by using Real-Time
Polymerase Chain Reaction (RT-PCR) technique. One pg of each sample was
subjected to cDNA synthesis using the iScipt™ cDNA Synthesis Kit (Biorad
Laboratories, USA). The preparation of the reaction mix (Table 3.6) was performed

on ice.
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Table 3.6 Kit component of iScript cDNA synthesis kit

Component Volume per Reaction, uL
5x iScript Reaction Mix 4

iScript Reverse Transcriptase 1
Nuclease-free water 14

RNA template 1

Total volume 20

The complete reaction mix of each sample was gently mixed and completed in
Veriti 96 Well Thermal Cycler (Applied Biosystems, USA) using the protocol
outlined in (Table 3.7). The synthesized cDNA was used in RT-PCR.

Table 3.7 The reaction protocol in iScript cDNA synthesis

Protocol Step Time, Temperature
1. Priming 5 min at 25°C

2. Reverse Transcription (RT) 20 min at 46°C
3. RT Inactivation 1 min at 95°C
Optional Step Hold at 4°C

3.7.2 Primer Design

Forward and reverse primers of the housekeeping gene, GAPDH and the gene of
interest, PASD1 gene (Integrated DNA Technologies, USA) was designed using
National Center for Biotechnology Information (NCBI) RefSeq RNA database and
blasted against Nucleotide Basic Local Alignment Search Tool (BLAST) (NCBI,
USA) (Table 3.8).

Table 3.8 Primers used for RT-PCR determination of PASD1 expression

Primer Sequence Length
PASDI1 Forward 5’-CAG CAA CTT TAC ACT TCA AAG GC-3’ 23
PASDI Reverse 5’-ACG TAC ACG GCT TTC ATG CTA-3’ 21
GAPDH Forward 5’-GGA TTT GGT CGT ATT GGG C -3’ 19
GAPDH Reverse 5’-TGG AAG ATG GTG ATG GGA TT -3’ 20

3.7.3 Real-Time Polymerase Chain Reaction

The expression of PASD1 in CRC cell lines and tumour tissues was assessed by RT-
PCR using iTaq™ Universal SYBR Green Supermix (Biorad Laboratories, USA).

GAPDH was used as the internal control. Tubes without the cDNA template were
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used as non-template control. Each RT-PCR reaction was prepared in a 0.2 mL of
microcentrifuge tube. The preparation of the reaction mix (Table 3.9) was performed

on ice and mixed gently.

Table 3.9 Kit components used to prepare RT-PCR samples

Component Volume per Reaction, uL Final Concentration
iTaq™ Universal SYBR® 10 1X

Green Supermix (2x)

Forward primer 2 5uM

Reverse primer 2 5uM

cDNA template 1 1 pg
Nuclease-free water 5 -

Total Volume 20

The reaction tubes were loaded onto RT-PCR instrument, CFX96™ RT-PCR
Detection System (Biorad Laboratories, USA) and programmed accordingly (Table
3.10). Relative quantification of the target transcript relates to the RT-PCR signal in
Ct values was normalized against a control group using a double delta Ct method
(Livak & Schmittgen 2001). The relative mRNA expression levels were evaluated
using the CFX Manager (Biorad Laboratories, USA). All PCR reactions were

performed in triplicates.

Table 3.10 Thermal cycling protocol for RT-PCR

Protocol Step (SYBR®) Temperature Time Cycle

1. Polymerase Activation & DNA Denaturation 95°C 30s 1X
Denaturation 95°C 5s

2. Amplification Annealing 58 °C 30s 40X
Extension 58 °C 30s

3. Melt-Curve Analysis 4°C Indefinite -

3.8 IMMUNOHISTOCHEMISTRY STAINING

The FFPE of CRC samples that were cut into 4-um thick slices were used in
immunohistochemical analyses using rabbit anti-human PASDI1 polyclonal primary
antibody at a dilution of 1:500 (Thermo Fisher Scientific, USA) and 3,3-
diaminobenzidine (DAB) Dako Envision Plus Kit (Abcam, UK). The antigen was
retrieved by using antigen retrieval buffer (100X Tris-EDTA Buffer at pH 9.0)
(Abcam, UK) in a decloaking chamber (Biocare Medical, USA) for 30 min at 110°C.

The slides were placed at room temperature to be cooled down prior to IHC staining
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(Table 3.11) per reaction. Normal adult testis tissue was used as a positive tissue
control and normal tonsil tissue was used as negative tissue control. Incubation of
CRC sample of same procedures omitting the primary PASD1 antibody was used as

the experimental negative control.

Table 3.11 Protocol for [HC staining

Reagent Duration Volume Cycle
1X PBST 5 min I mL 3X
3% of hydrogen peroxide 10 min 3 drops -
1X PBST 5 min 1 mL 3X
Rabbit anti-human PASDI polyclonal antibody (1:500) 30 min 100 uL -
1X PBST 5 min I mL 3X
Horseradish Peroxidase (HRP) 30 min 200 uL -
DAB Chromogen 5 min 2 drops -
1X PBST 5 min 1 mL 5X
Counterstain with hematoxylin - 3-4 dips -
Running tap water 1 min Rinse -
80% ethanol 3 min Immerse -
90% ethanol 3 min Immerse -
Absolute ethanol 3 min Immerse -
Xylene | 5 min Immerse -
Xylene 11 5 min Immerse -

The slides were subsequently counterstained with hematoxylin and mounted
using Sub X Surgipath mounting medium (Leica Biosystems, Germany) with a
coverslip (Menzel, Germany). All the slides were viewed and examined under the
compound microscope by a pathologist. The extent of immunohistochemical reactivity
was graded as follows: weak (<25% of cells stained), moderate (25% to 75% of cells
stained) and strong (>75% of cells stained) of a focal single cell or small clusters of

cells verified by a pathologist.

3.9 IMMUNOFLUORESCENCE STAINING

Protein expression of PASD1-positive cell lines, SW480 and H1299 were determined
by using IF technique. The rabbit anti-human PASD1 polyclonal primary antibody at
a dilution of 1:500 (Thermo Fisher Scientific, USA) and anti-rabbit IgG linked FITC
antibody at a dilution of 1:500 (Thermo Fisher Scientific, USA) were used. The
coverslip was coated with 0.1% of sterile gelatin (Sigma Aldrich, USA) for 30 min

prior to the culture. Cells were grown on a sterile coverslip (Menzel, Germany) in a 24
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well plate for 3 days in 37°C until 70-80% confluency was achieved. Culture medium
was discarded and IF staining (Table 3.12) was performed in each of the respective
wells in a 24-well plate. About 1.0 pg/mL of 4,6-diamidino-2-phenylindole (DAPI)

dye (Invitrogen, USA) was used as a counterstain dye.

Table 3.12 Protocol for IF staining

Reagent Duration Volume Cycle
1X PBST 5 min 2mL 3X
4.0% % (w/v) paraformaldehyde 5 min I mL -
0.25% Triton X-100 in 1X PBS 10 min ImL -
1X PBST 5 min 2mL 3X
1.0% (w/v) Bovine Serum Albumin (BSA) in 1X PBST 30 min 1 mL -
Rabbit anti-human PASDI1 polyclonal antibody (1:500) C()izflzn ;tgzt én 1 mL -
1X PBST 5 min 2mL 3X
Anti-rabbit IgG-FITC antibody (1:500) 1 hour I mL -
1X PBST 5 min 2mL 5X
1.0 ug/mL DAPI dye 1 min 1 mL -
1X PBST 5 min 2mL 5X

Incubation samples using the same procedure by omitting the primary antibody
and were used as negative controls. The coverslip was then carefully removed from 24
well plates and placed onto a clean microscopic slide to be mounted with 10%
glycerol (Thermo Fisher Scientific, USA) mounting medium in dark. The coverslip on
the slide was sealed by using nail polish and placed in the dark at room temperature
overnight to dry. All the slides were viewed and examined under DeltaVision™ Ultra

widefield microscope (GE Healthcare Life Sciences, USA).

3.10 PEPTIDE GENERATION

BIMAS prediction algorithm and SYFPEITHI programs were used to select PASDI
CTL peptides predicted to be immunogenic in the context of HLA-A*24:02 (the most
prevalent HLA allele among Malaysia population). The following peptides were
synthesized as shown in Table 3.13. The PASDI1 peptides were synthesized by
standard chemistry and were more than 90% pure (Think Peptides, UK). The PASDI

peptides were a gift from the University of Oxford as a collaborative project.
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Table 3.13 HLA-A*24:02 Nanomer PASD1 CTL Peptides

. Amino Acid . BIMAS SYFPEITHI Purity
Peptides Position
Sequence Score Score
PASD1 (1) DYIRLWQEL 688-696 475.2 22 96.33%
PASDI1 (2) AYDIISQEL 366-374 369.6 21 96.84%
PASDI1 (3) VYQKIILKF 89-97 231.0 27 96.80%
PASD1 (4) TYCSSTVFL 265-273 200.0 21 92.35%

3.11 HUMAN LEUKOCYTE ANTIGEN ALLELE TYPING

3.11.1 Isolation of Genomic DNA

Genomic DNA from 200 mL of peripheral blood of CRC patients (n=40) and healthy
controls (n=23) was isolated using QIAamp® DNA Blood Mini Kit (Qiagen,
Germany) as described in the manufacturer’s protocol. 20 puL. Proteinase K and 200
puL of whole blood sample were added into a 1.5 mL microcentrifuge prior to the
addition of 200 pL of Buffer AL into the same tube. The mixture was mixed by pulse-
vortexing using a vortex (Heidolph, Germany) for 15 s and incubated for 10 min at
56°C. The tube was briefly centrifuged and another 200 pL of absolute ethanol was
added and mixed thoroughly before it was incubated for another 15 s. The mixture
was pipetted into a new QIAamp Mini column and centrifuged at 6000 x g for 3 min
using Centrifuge 5424 R (Eppendorf, USA). The column was transferred to a new
collection tube and 750 pL of Buffer AW1 was added before it was centrifuged at
6000 x g for 3 min. The lysate was discarded and 750 pL of Buffer AW1 was added
and the tube was centrifuged at 6000 x g for 3 min. Alternatively, the spin column
was further centrifuged at 6000 x g for 1 min to dry membrane completely. 200 uL of
Buffer AE was then pipetted directly to the spin column in a 1.5 mL microcentrifuge

tube and the tube was centrifuged for 1 min at 12,000 x g to elute the DNA.

3.11.2 DNA Quantitation and Purity Check

The concentration and purity of extracted DNA were analyzed using NanoDrop 2000
(Thermo Fisher Scientific, USA). One pL of Buffer AE was pipetted onto the pedestal
and calibrated as a blank. Next, 1 pL of the respective DNA sample were pipetted and

measured in OD260, OD230, A260/280, and Azeo/230 ratio.
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3.11.3 Polymerase Chain Reaction

HLA-A*24:02 allele typing in SW480 cell line, COLO320DM cell line, CRC patients
and healthy controls was assessed by PCR using GoTag® DNA Polymerase
(Promega, USA) (Nakatsugawa et al. 2011). The HLA primers (Integrated DNA
Technologies, USA) used for PCR (Table 3.14) with an expected PCR product size of
546 base pairs (Nakatsugawa et al. 2011). GAPDH was used as the internal control.

Tubes without the cDNA template were used as non-template control.

Table 3.14 Primers used for PCR determination of HLA allele typing

Primer Sequence Length
HLA-A*24:02 Forward 5’- ACT GAC CGA GAG AAC CTG CGG AT -3’ 23
HLA-A*24:02 Reverse 5’- ACT TGC GCT TGG TGA GAG CC -3’ 20

GAPDH Forward 5’-GGA TTT GGT CGT ATT GGG C -3’ 19
GAPDH Reverse 5’-TGG AAG ATG GTG ATG GGA TT -3’ 20

Each PCR reaction was prepared in a 0.2 mL of the clear microcentrifuge tube.
The preparation of the reaction mix (Table 3.15) was performed on ice and mixed
gently. The reaction tubes were loaded onto the PCR instrument, Veriti 96 Well
Thermal Cycler (Applied Biosystems, USA) and programmed accordingly (Table
3.16). All PCR reactions were performed in triplicates. The PCR products were then

visualized using gel electrophoresis.

Table 3.15 Kit components used to prepare PCR samples

Component Volume per Reaction, pL. Final Concentration
GoTaq® Flexi Buffer 10 1X
MgCl, solution, 25 mM 2 I mM per reaction
PCR nucleotide mix, 10 mM each 2 200 uM each
HLA-A*24:02 forward 2.5 0.1 uM
HLA-A*24:02 reverse 2.5 0.1 uyM
GoTagq® DNA polymerase (5 U/uL) 0.25 1.25U0
Template DNA 1.5 100 ng per reaction
Nuclease-free water 29.25 -

Total Volume 50 -
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Table 3.16 Optimized Thermal Cycling Conditions for PCR

Protocol Step Temperature Time Cycle

1. Initial Denaturation 94°C 2 min 1X
Denaturation 94°C 15s

2. Amplification Annealing 70°C 30s 40X
Extension 72°C 30s

3. Final Extension 72°C 5 min 1X

4. Soak 4°C Indefinite 1X

3.11.4 Agarose Gel Electrophoresis

The PCR products were visualized using agarose gel electrophoresis on 1.2% agarose
gel. Around 0.9 g of agarose powder (Sigma Aldrich, USA) was added into a conical
flask with 60 mL of 1X Tris base/Acetic acid/EDTA (TAE) buffer (Thermo Fisher
Scientific, USA). The flask was microwaved for 1 min until agarose powder was
dissolved completely. The gel mixture was cooled with running tap water for 3 min
and 2 pL of GelStar™ Nucleic Acid Gel Stain (Lonza, USA) was added and swirled
thoroughly. The molten gel was poured into the casting tray with a well comb in place
and left it at room temperature to be solidified. Once the gel was solidified, the gel
was transferred into the Wide Mini-Sub Cell GT Systems (Biorad, USA) filled with
1X TAE buffer. 10 uL to 15 puL of DNA sample was mixed with 1.0 pL of blue
loading dye (Promega, USA) and loaded into respective wells.

A total volume of 5.0 pL of GeneRuler 100 bp DNA ladders and 1 kb DNA
ladder (Thermo Fisher Scientific, USA) were added to additional wells as indicators.
The cover lid was assembled onto the chamber tank after all the samples were loaded
and connected to a Power Supply-PowerPac (Biorad, USA). The electrophoresis was
set to run at 80.0 volts and 400.0 mA for 60 min. The gel with DNA band was
visualized under a UV transillumination and captured by Gel Documentation System
Quantum-ST4 (Fisher Thermo Scientific, USA). Optionally, nucleotide sequences of
the above PCR products could be confirmed and validated by direct sequencing using
an ABI Genetic Analyzer PRISM 310 and an AmpliCycle sequencing kit (Perkin-
Elmer, USA).
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3.12 ISOLATION OF PERIPHERAL BLOOD MONONUCLEAR CELLS

Peripheral blood samples collected from HUKM in vacutainer tubes containing
sodium citrate were processed immediately using Ficoll-Paque PLUS (GE Healthcare
Life Sciences, USA) for in vitro isolation of lymphocytes. Peripheral blood was
diluted with 1X PBS in 1:1 ratio and mixed well prior to the isolation. By using
aseptic technique, 6.75 mL of Ficoll-Paque PLUS was added into a sterile 50 mL
falcon tube and layered carefully with 9 mL of the diluted blood sample in a 3:4 ratio
(Ficoll-Paque PLUS to the diluted blood). The tube was centrifuged at 400 x g for 30
min at 20°C. The upper plasma layer was discarded by using a 3 mL sterile Pasteur
pipette and lymphocyte layer was isolated to a clean 15 mL centrifuge tube. At least 3
volumes of sterile 1X PBS were added into the tube containing lymphocytes and
resuspended gently in and out of the Pasteur pipette. The tube was then centrifuged at
100 x g for 10 min at 20°C. The supernatant was discarded and replaced with 13.5 mL
of sterile 1X PBS and centrifuged. The lymphocytes were isolated and counted before

cryopreserved in liquid nitrogen.

3.12.1 Cryopreservation Method

Approximately 1 x 10° of the lymphocytes were resuspended with 1 mL of freezing
media containing 95%FCS/5% DMSO into a 1.8 mL of cryovial. The cryovial
containing the lymphocytes was placed in Nalgene Mr Frosty Freezing container
(Thermo Fisher Scientific, USA) filled with isopropyl alcohol at -80°C overnight. The
frozen lymphocytes in the cryovial was then transferred to a vapour phase of a liquid
nitrogen storage tank and stored in the UMBI’s biobank until further analysis.

Similarly, the same protocol was used to cryopreserve all the cell lines in this study.

3.13 HUMAN INTERFERON-y ELISPOTBASIC ASSAY

Peripheral blood mononuclear cells (PBMCs) in RPMI 1640 medium containing 10%
fetal calf serum (RPMI1640/FCS) (Hyclone, USA) were prepared. PBMCs in 200 pL.
of cells (5 x 10*cells) were then added to each well of a 96-well round-bottomed plate
and incubated for 10 days with 10 uM of one of the followings: one of the PASD1
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peptides (Table 3.13), the irrelevant HIV peptide (ILKEPVHGV), 10 pg/mL
phytohaemagglutinin (PHA) (Sigma Aldrich, USA) and RPMI 1640/FCS only.
Recombinant human interleukin-2 (rIL-2) (20 IU/mL) and recombinant human
interleukin-7 (rIL-7) (25 ng/mL) (R&D Systems, USA) were added on days 2, 5 and
7. PBMCs were co-cultured with PASD1 CTL epitopes for 8 days in 37°C CO:

incubator before being used in Human Interferon-y (IFN- y) ELISpot®ASI€ assay.

After the 8 days of culture, new RPMI1640/FCS media was added to the
PBMCs culture for 24 h at 37°C in 5% CO: pulsed with respective PASD1 peptides
(10 uM), irrelevant HIV  control peptide (ILKEPVHGV) (10 uM),
phytohaemagglutinin (10 pg/mL) and medium only. Human Interferon-y (IFN- vy)
ELISpot®ASIC Kit (Mabtech, Sweden) assay was performed according to the
manufacturer’s instructions. PVDF ELISpot plate (Merck Millipore, USA) was
pretreated with 50 pL of 70% of sterile ethanol for 2 min and washed off immediately
with 200 pL of 1X PBS per well for 5 times. Without drying the PVDF membrane,
100 puL of 15 pg/mL diluted coating monoclonal antibody (1-DIK) in sterile 1X PBS
was carefully pipetted into each well and incubated in dark at 4°C for 24 h. On the
next day, the excess antibody 1-DIK was washed off with 200 puL of 1X PBS for 5
times and replaced with 200 pL of RPMI1640/FCS for 30 min in room temperature.
After incubation, the medium was removed. The cell suspension from the 8 days
culture in 96 well plates was transferred into ELISpot plate, wrapped with aluminium

foil and placed in a 37°C CO; incubator for another 24 h.

On the following day, the cells were removed by washing with 200 pL of 1X
PBS for 5 times. 100 pL of 1 pg/mL diluted detection antibody (7-B6-1-biotin) in
sterile 1X PBS/0.5%FCS was carefully pipetted into each well and incubated for 2 h
at room temperature. The plate was washed with 200 pL of 1X PBS for 5 times and
100 pL of 1:1000 of streptavidin-horseradish peroxidase (HRP) in 1X PBS/0.5%FCS
was added into each well and incubated for 1 h at room temperature. After 1 h of
incubation, the plate was washed with 200 pL of 1X PBS for 5 times and 100 pL of
1:1000 of 3,3',5,5'-tetramethylbenzidine (TMB) substrate solution (Mabtech, Sweden)
was added until obvious spot blue spots were seen. Deionized water was used to stop

the colour development and the plate was left to dry in dark at room temperature. The
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number of spots was counted and examined by using CTL Immunoqualify™ software
in CTL S6 Universal ELISpot Analyzer (Cellular Technology Limited, USA). The
assay was performed in triplicates. Results were considered positive if the number of
spots in the test wells was at least twice the number present in the control cultures
(media only or in the presence of the HIV irrelevant peptide) and assays were

excluded if there were more than 25 spots per well in the absence of peptides.

3.14 INVITRO EXPANSION OF ANTIGEN-SPECIFIC CYTOTOXIC T CELLS

Cryopreserved PBMCs was thawed at 37°C water bath and resuspended in 7 volumes
of RPMI+HEPES Medium (RPMI-1640 medium containing 10% of heat-inactivated
fetal calf serum (FCS), 1% of glutamine (Gln), 1% of 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) (Nacalai Tesque, USA), 1% of
penicillin/streptomycin (Pen-Strep) (Gibco, USA) immediately using a sterile 10 mL
serological pipette. It was then centrifuged at 100 x g for 5 min at 20°C. The
supernatant was discarded, and the cells were resuspended with 1 mL of
RPMI+HEPES Medium and the number of cells was counted using hemocytometer.
Approximate 20 to 30 x 10° PBMCs in a final volume of 5 mL of RPMI+HEPES
Medium was transferred to a T-25 flask. The cells were incubated for 4 h in a 37°C
COgz incubator for the adhesion of monocytes to the bottom surface of the flask. At
this stage, two populations of that constitute PBMCs: the adherent population
(monocytes, dendritic cells, macrophages) and suspension population (lymphocytes)

were separated using plastic adherence method (Bender et al. 1996).

After 4 h, the supernatant containing T lymphocytes was collected and
centrifuged at 450 x g for 5 min at 20°C. The cell pellet (1x10° cells/mL) was
resuspended gently in 95%FCS/5%DMSO and frozen at liquid nitrogen. At the same
time, SmL of fresh RPMI+HEPES Medium supplemented with 1000 U/mL of rGM-
CSF and 1000 U/mL of the reconstituted rIL-4 was added carefully to the adherent
monocyte flask. The monocytes were incubated in a 37°C CO; incubator for 6 days.
The cells in the flask were checked from time to time under the inverted microscope
within the 6 days culture to ensure no contamination was seen. Alternatively, 1 to 3

mL of fresh RPMI+HEPES Medium could be added or replaced based on the
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confluency of the cells. At day 6, the medium from the flask was discarded and
washed twice with 5 mL of prewarmed sterile 1X PBS. 10 mL of RPMI+HEPES
medium containing 25 ng/mL of rIL-1B, 50 ng/mL of rTNF-a, 1000 U/mL of rIL-6
and 10" mol/L of PGE> was added gently into the flask and incubated for additional 2
days (Gigante & Ranieri 2014).

After 2 days of culture with maturation cytokines, the medium was removed
and the adherent cells (monocytes derived-dendritic cells) were detached gently using
5 mL Versene solution (Thermo Fisher Scientific, USA) twice and transferred to a 50
mL tube and centrifuged 450 x g for 5 min at 20°C prior subjected to cell count. Every
1 x 10° of monocytes derived-dendritic cells (mDCs) was frozen in 1 mL aliquot of
95%FCS/5%DMSO for further T cell stimulation. Optionally, 5 x 10* of detached
cells could be used for cytometric analyses of DCs population. The first aliquot of
mDCs containing 1 x 10° of cells were used in the first loading with PASD1(4)
peptide. mDCs was grown in a 6-well culture plate with 1.5 mL of RPMI+HEPES
Medium. 10 pg/mL of PASD1(4) peptide and 3 pg/mL of recombinant human 2
microglobulin (BD Pharmingen, USA) were added and incubated for 4 h in a 37°C
CO» incubator with occasional agitation. After 4 h, the cells were washed with
RMPI/10%FCS and resuspended in 2 mL of RPMI+HEPES Medium. Cryopreserved
T lymphocytes were thawed and resuspended at 10 to 20 x 10° cells/mL in 20:1 ratio
in RPMI+HEPES Medium and incubated for subsequent 7 days in a 37°C CO

incubator.

Alternatively, 3 mL of sterile 1X PBS was added to the empty wells to
equilibrate the system. The T cells in the flask were checked from time to time under
an inverted microscope within the 7 days culture to ensure no contamination was seen.
After one week of culture, the second aliquot of T cells was thawed and stimulated
with (PASD1(4) and B2 microglobulin) and supplemented with (5 ng/mL of rIL-2 and
20 U/mL of rIL-7) for another 7 days as described for first stimulation (Gigante &
Ranieri 2014). The cells were re-stimulated for third stimulation with rIL-2 and of rIL-
7. At the third week, CD8 positive PASD1-specific cytotoxic T lymphocytes (PASD1-
CTL) were isolated by positive selection using immunomagnetic bead technique

before being used for the immunofunctional assays.
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3.15 POSITIVE ISOLATION OF CD8 PASDI-SPECIFIC CYTOTOXIC T
LYMPHOCYTES

CD8 positive PASD1-specific cytotoxic T lymphocytes (PASDI1-CTL) from the 21-
days culture was isolated using EasySep™ Human CDS8 Positive Selection Kit II
(Stemcell, Canada) according to the manufacturer’s instructions. T cell pellet from the
above culture was immediately resuspended in 100 pg/mL of DNase I solution
(Thermo Fisher Scientific, USA) for 15 min at room temperature prior to labelling and
separation. The aggregated suspension was filtered through a 40 uM cell strainer. The
flow-through sample was then resuspended at 1 x 10°® cells/mL of EasySep™ Buffer
in a 5 mL sterile FACS tube. 100 pL of Selection Cocktail was added to 1 mL of

sample.

The RapidSpheres™ beads were vortexed for 30 s before adding to the sample
at 50 uL per 1 mL of sample and incubated for 3 min. EasySep™ Buffer was added to
top up 2.5 mL and the tube was placed into the EasySep™ magnet (Stemcell, Canada)
and incubated for 3 min at room temperature. After the incubation, the tube together
with the magnet was picked up to pour off the supernatant. The tube was then
removed from the magnet and resuspended twice in 2.5 mL of EasySep™ Buffer for 3
min each as indicated. At the final step, the CD8 positive T cells were resuspended in
RPMI+HEPES Medium for downstream analysis. Besides, 5 to 10 uL of sample was
labelled with 10 pL of PE-conjugated mouse anti-CD4, FITC-conjugated mouse anti-
CD3 and APC-conjugated mouse anti-CD8 markers each (BD Pharmingen, US) and
added with 200 pL of sterile 1X PBS/10%FCS for flow cytometry analysis for 30 min
at room temperature on Rotamax 120 orbital shaker (Heidolph, Germany). T cell
fractions were confirmed to contain > 90% CD8 T lymphocytes using BD

FACSVerse™ (BD Biosciences, USA).
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3.16 CYTOLYTIC ASSAY

On the day of the assay, four CRC cell lines and one lung adenocarcinoma cell line (as
the target cells), SW480 (HLA-A*24:02+, PASDI1+), H1299 (HLA-A*24:02-,
PASDI1+), COLO320DM (HLA-A*24:02+, PASD1-), CCD112CoN (HLA-A*24:02—
, PASD1-) target cells were labeled with carboxyfluorescein succinimidyl ester
(CFSE) fluorescent-based dye using CellTrace™ CFSE Cell Proliferation Kit
(Molecular Probes, UK). Cells were stained with 1 pL of 5 mM of CFSE dye and
suspended to 1 x 10° cells per mL in prewarmed 1X PBS/1%FCS media for 20 min in
37°C CO; incubator in the dark. Without discarding any medium, 1 mL of
RPMI+HEPES Medium was added into the tube and centrifuged at 100 x g for 5 min
at room temperature. The supernatant was removed and replaced with 1 mL of fresh
RPMI+HEPES Medium to be further incubated for another 10 min in a 37°C CO;
incubator. After the incubation, 5 x 10* cells CFSE-stained target cells were
resuspended and various number of the isolated PASD1-CTLs (as the effector cells)
were added into a round-bottomed 96-well plate respectively at a final volume of 200
pL of RPMI+HEPES Medium to yield 3:1, 5:1 and 10:1 of effector/target (E/T)
rations. The effector and CFSE-stained target cells were co-cultured for 6 h in a 37°C
CO2 incubator for the lysis to occur. After the 6 h of co-culture, the 96-well plate was
centrifuged at 400 x g for 5 min at 20 °C using Centrifuge 5810 R (Eppendorf,
Germany). The supernatant of the co-culture from each sample was transferred to a
1.5 mL microcentrifuge tube and frozen at -80°C for cytokine profiling. Concurrently,
CFSE-stained target cells were isolated and stained with 2 pg/mL of Propidium lodide
Nucleic Acid Stain (Invitrogen, UK) for 15 min at room temperature in dark. The cells
were then added with 200 pL of 1X PBS/1%FCS/0.1% sodium azide in 5 mL FACS
tubes to be analyzed by using BD FACSVerse™ (BD Biosciences, USA). Tubes with
CFSE-stained target cells and Pl-stained target cells only were the control tubes.

3.17 HUMAN GRANZYME B ELISPOTBASIC ASSAY

Human Granzyme B ELISpot®ASIC kit assay was performed according to the
manufacturer’s instructions (Mabtech, Sweden). PVDF ELISpot plate (Merck
Millipore, USA) was pretreated with 50 pL of 70% of sterile ethanol for 2 min and
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washed off immediately with 200 puL of 1X PBS per well for 5 times. Without drying
the PVDF membrane, 100 pL of 15 pg/mL diluted human granzyme-B capture Abs
(GB10) coating antibody in sterile 1X PBS was carefully pipetted into each well of
ELISpot plate and incubated in dark at 4°C for 24 h. On the following day, the excess
antibody GB10 was washed off with 200 pL of sterile 1X PBS for 5 times and
replaced with 200 pL of RPMI+HEPES Medium for 30 min in room temperature.
After incubation, the medium was discarded. The isolated effector PASD1-CTLs in
3:1, 5:1 and 10:1 of effector/target (E/T) ratios were seeded to duplicate wells of pre-
coated with antibody GB10, together with respective target cells (5 x 10* cells /well)
into the ELISpot plate respectively at a final volume of 200 pL. of RPMI+HEPES
Medium. The cancerous target cells were: SW480 (HLA-A*24:02+, PASDI1+),
H1299 (HLA-A*24:02—-, PASDI1+), COLO320DM (HLA-A*24:02+, PASDI-),
CCD112CoN (HLA-A*24:02—, PASD1-). The ELISpot plate containing both effector
and target cells was incubated in a 37°C CO; incubator for 6 h of co-culture and
wrapped with aluminum foil. After the 6 h of co-culture, the cells were removed by
washing with 200 pL of 1X PBS for 5 times. 100 pL of 1 pg/mL diluted biotinylated
monoclonal (GB11) detection antibody in sterile 1X PBS/0.5%FCS was carefully
pipetted into each well and incubated for 2 h at room temperature. The plate was
washed with 200 pL of 1X PBS for 5 times and 100 pL of 1:1000 of streptavidin-
alkaline phosphatase (ALP) in 1X PBS/0.5%FCS was added into each well and
incubated for 1 h at room temperature. After 1 h of incubation, the plate was washed
with 200 pL of 1X PBS for 5 times and 100 pL of 5-bromo-4-chloro-3'-
indolyphosphate p-toluidine salt/nitro-blue tetrazolium chloride (BCIP/NBT) (Sigma
Aldrich, USA) was added into each well until distinct spots were seen. Deionized
water was used to stop the color development and the plate was left to dry in dark at
room temperature. The number of spots was counted and examined by using CTL
ImmunoqualifyTM software in CTL S6 Universal ELISpot Analyzer (Cellular
Technology Limited, USA). The assay was performed in duplicates. Results were
considered positive if the number of spots in the test wells was at least twice the
number present in the control cultures (media only) and assays were excluded if there

were more than 25 spots per well in the absence of peptides.
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3.18 CYTOKINE PROFILING

The cytokine profiles of the colorectal cancer patients (n=3) from the supernatant of 6
h co-cultures (from cytolytic assay) were analyzed using Human CDS8/NK Panel
LEGENDplex™ Multi-Analyte Flow Assay Kit platform (BioLegend, USA)
according to the manufacturer’s procedure. The selected cytokines were interleukin-10
(IL-10), interferon-gamma (IFN-y), tumour necrosis factor-alpha (TNF-a), soluble
FAS cell surface death receptor (sFAS), soluble FAS cell surface death receptor
ligand (sFASL), Granzyme A, Granzyme B, and perforin. The assay started with the
preparation of the standards containing the selected cytokines. 250 pL of
LEGENDplex™ Assay Buffer from the kit was reconstituted and mixed well with the
lyophilized Human CD8/NK Panel Standard Cocktail at room temperature for 10 min
before being used. Eight different standard concentrations following a serial dilution
of 1:4 was performed (Table 3.17) by transferring 25 pL of the standard (C7) to a new
1.5 mL microcentrifuge tube to make C6 (1:4) and mixed well. In the same manner,
serial dilution in 1:4 was carried out to obtain other C5 (1:16), C4 (1:64), C3 (1:256),
C2 (1:1024), C1 (1:4096) and CO (Assay Buffer only). All the standards were

prepared in 1.5 mL of microcentrifuge tubes.

Table 3.17 The standard preparation

Tube Serial Assay Buffer Standard to Final Con. Final Con.
Dilution to add (uL) add (uL) (pg/mL) * (pg/mL) **

Cc7 - - - 10000 50000
Co 1:4 75 25 puL of C7 2500 12500
C5 1:16 75 25 pL of C6 625 3125
C4 1:64 75 25 pL of C5 156.3 781.3
C3 1:256 75 25 pL of C4 39.1 195.3
C2 1:1024 75 25 pL of C3 9.8 48.8
Cl 1:4096 75 25 uL of C2 2.4 12.2
Co - 75 - 0 0

* Standard concentration of IL-10, IFN-y, TNF-a, Granzyme A, sFASL and perforin is 10 ng/mL
** Standard concentration of sFAS and Granzyme B is 50 ng/mL

The reagents in the kit were placed at room temperature prior to performing
the assay. At the same time, the supernatant from the 6 h of co-cultures was thawed to
room temperature and mixed well by flicking the tubes. By using a sterile 96-well

round bottom microplate, 25 uL of RPMI+HEPES Medium and 25 pL of each
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standard (Table 3.17) was added to respective standard wells. Next, 25 uL of
LEGENDplex™ Assay Buffer and 25 pL of from each sample (the supernatant in 1:2
dilution) was added to the sample wells accordingly. After all, 25 pL of Human
CD8/NK Panel Mixed Beads and 25 pL. of Human CDS8/NK Panel Detection
Antibodies were then added to all the wells and mixed thoroughly. The plate was
placed at room temperature on Rotamax 120 orbital shaker (Heidolph, Germany) at
150 rpm for 2 h and wrapped with aluminum foil. After 2 h of incubation, without
washing the plate, 25 pL of LEGENDplex™ SA-PE was added into each well and

placed back on the orbital shaker for 30 min at room temperature in dark.

The plate was then centrifuged at 1000 x g for 5 min at 20°C using Centrifuge
5810 R (Eppendorf, Germany). The supernatant after the centrifugation was discarded
using a multichannel pipette. The beads were added with 200 puL of 1x Wash Buffer to
be centrifuged at 1000 x g for 5 min at 20°C. Another total volume of 200 pL of 1x
Wash Buffer was added to resuspend the beads and transferred to 5 mL FACS tubes
respectively. All the standard and the samples were analyzed by using BD
FACSVerse™ (BD Biosciences, USA) on the same day. The flow cytometry was set
up properly prior to reading all the samples. All the samples were vortexed for 5 s
before analysis. The flow rate was set to “low” and the number of beads was set to
4000 beads per acquisition. The FCS files generated on the BD FACSVerse™ (BD
Biosciences, USA) were analyzed using BioLegend’s LEGENDplex™ Data Analysis
Software and Software Dongle provided in the kit.

3.19 STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS v.18.0 software (IBM SPSS Statistics,
USA). Experimental data were presented as a meantstandard deviation. Statistical
differences of results between studied groups were assessed using One-way Analysis
of Variance (ANOVA). P-value *< 0.05, **< 0.01, ***< 0.001 and **** < 0.0001

were considered as significant.



CHAPTER 1V

RESULTS

4.1 EXPRESSION OF PASD1

4.1.1 mRNA Expression of PASD1 in Cell Lines

Analysis of the gene expression of PASD1 was carried out in seven of the cell lines,
namely CCD112CoN, COLO320DM, SW48, HT29, HCT116, SW480 and H1299.
Only the SW480 and H1299 cell lines showed positive expression of PASD1 (Figure
4.1).
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Figure 4.1  RT-PCR analysis of PASD1 mRNA expression in the cell lines namely
CCD112CoN, COLO320DM, SW48, HT29, HCT116, SW480 and
H1299. Normalization was performed using the internal control,
GAPDH. All the experiments were in triplicates. P-value: ¥*< 0.05, ** <
0.01, ***< 0.001 and ****< 0.0001 were statistically significant against
the CCD112CoN normal colon cell line.
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4.1.2 mRNA Expression of PASD1 in CRC Tissues

In CRC tissues, gene expression of PASD1 was determined in 25 primary CRC tissues
and the respective paired normal tissue samples. Among the 25 CRC tissue samples, 5
(20%) showed positive expression of PASD1 whereas none of the 25 paired normal
colonic tissue samples were positive as shown in Table 4.1. The mRNA expression of
PASDI was highest in CRC samples derived from the rectum (16%) compared to

samples from the rectosigmoid (4%) and sigmoid (0%) regions.

Table 4.1 Positive PASD1 gene expression in CRC tissues

Characteristics

CRC
(n=25)

No. of Positive Cases

Total number of samples
Gender

5/25 (20%)

Male 5/20 (20%)
Female 0/5 (0%)
Age

Range (59-84)
Race

Chinese 3/9 (12%)
Malay 2/15 (8%)
Indian 0/1 (0%)
Anatomical site

Sigmoid 0/5 (0%)
Rectum 4/11 (16%)
Rectosigmoid 1/9 (4%)
Modified Dukes Classification

A 1/6 (4%)
B 2/11 (8%)
C 1/7 (4%)
D 1/1 (4%)
Lymph node metastasis

Positive 2/8 (8%)
Negative 3/17 (12%)
Histological grades

Well differentiated 5/15 (20%)

Moderately differentiated
Poorly differentiated

0/10 (0%)

Normalization was performed using internal control, GAPDH.

All the experiments were in triplicates.
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4.1.3 Protein Expression of PASD1 in Human Testis Tissues and Cell Lines

Two PASDI1-positive cell lines and one human testis control were examined for
PASDI protein expression and localization using immunofluorescence staining. The
two cell lines, SW480 and H1299, were both positive for PASD1 mRNA expression
(Figure 4.1). Some positivity of PASD1 (in green) was exhibited in the nucleus of the
primary spermatogonia of the testicular tissues (Figure 4.2). Additionally, moderate
staining (in green) was also observed in the cytoplasmic region of the SW480 and

H1299 cell lines (Figure 4.3).

Figure 4.2  Immunofluorescence of PASDI1 in human testis controls. PASDI
expression was shown to localize at the nucleus of the primary
spermatogonia region (indicated with red arrows) of the testis tissue.
Representative fluorescence and merged images of human testis control
in duplicates (a,d) DAPI (DNA binding dye), (b,e) FITC-tagged
PASDI and (c,f) Merged. All images were taken under DeltaVision™
Ultra widefield microscope at 200x magnification.



Figure 4.3

Immunofluorescence of PASD1 in SW480 and H1299. PASDI
expression was localized at the cytoplasmic and nucleus region
(indicated with red arrows) of SW480 and H1299 cells. Representative
fluorescence and merged images of SW480 cells in duplicates (a, d)
DAPI (DNA binding dye); (b, e) FITC-tagged PASDI; (c, f) Merged;
H1299 cells in duplicates (g, j) DAPI; (h, k) FITC-tagged PASDI; (i, 1)
Merged. All images were taken under DeltaVision™ Ultra widefield
microscope at 600 magnification.
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4.1.4 Protein Expression of PASD1 in CRC

Protein expression of PASD1 was determined in 23 FFPE CRC tissue samples (Table
4.2). Immunohistochemistry staining was performed with optimized dilution (1:500)
of rabbit anti-human PASD1 polyclonal primary antibody (Thermo Fisher Scientific,
USA). Similarly, a human testicular tissue (the origin of PASD1) was used as a
positive control. Tonsil tissue was used as a negative control. Notably, only 4 out of
23 cases (17.4%) was shown to have weak to moderate cytoplasmic staining of
PASDI, as verified by a pathologist (Figure 4.4). All microscopic images of
immunohistochemistry results were taken at equivalent microscope settings under
100x magnification. The extent of immunohistochemical reactivity was graded as
follows: weak (<25% of cells stained), moderate (25% to 75% of cells stained) and

strong (>75% of cells stained) of a focal single cell or small clusters of cells.



Table 4.2 Positive PASDI1 protein expression in CRC FFPE tissues

67

Characteristics

No of positive cases in CRC

Total number of samples
Gender

Male

Female

Age

Range

Race

Chinese

Malay

Indian

Anatomical site

Sigmoid

Rectum

Rectosigmoid

Modified Dukes Classification
A

B

C

D

Lymph node metastasis
Positive

Negative

Histological grades
Well differentiated
Moderately differentiated

4/23 (17.4%)

4/16 (17.4%)
0/7 (0%)

(59-84)

2/10 (8.7%)
2/9 (8.7%)
0/4 (0%)

0/5 (0%)
3/15 (13.0%)
1/3 (4.4%)

0/1 (0%)
2/9 (8.7%)
1/12 (4.4%)
1/1 (4.4%)

2/13 (8.7%)
2/10 (8.7%)

4/13 (17.4%)
0/10 (0%)




(2)

(©)

(e)

Figure 4.4

(b)

(d)

®

Immunohistochemistry staining of PASD1 in CRC FFPE tissues
specimens. Representative THC images of different CRC tumour
blocks (a, b, ¢ and d) with weak to moderate PASDI1 expression
was localized at the cytoplasmic region (indicated with red arrows)
of CRC tumour cells were taken under at 200x magnification. The
positive control (e) human testicular tissues and negative control (f)
tonsil tissues were taken at 4x magnification.
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4.2 SELECTION OF PASD1 PEPTIDE

4.2.1 HLA Allele Typing

HLA allele typing was performed in 40 recruited CRC samples and 23 healthy
controls to screen for HLA-A*24:02 allele expression. This study showed that 15 out
of 40 cases (37.5%) CRC and 5 out of 23 cases (21.7%) healthy controls expressed the
HLA-A*24:02 allele (Table 4.3). The identification of HLA status was determined by
the detection of a band size at 546 base pairs on the agarose gel (Figure 4.5). HLA
allele typing in SW480 and COLO320DM cell lines was also determined. The rest of
the samples were in Appendix H. The HLA-A*24:02 allele was chosen because it is
the most common allele found in the Malaysian population generally. According to
Allele Frequencies Network Database (AFND), the HLA-A*24:02 allele represents
the highest and second-highest frequency alleles found in the Peninsular Malaysia

Malay and Chinese population respectively according to AFND.
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Table 4.3 Demographic data of the HLA typing in CRC and healthy samples

Characteristics CRC Healthy Control
Positive Negative Positive Negative

Total number of cases 15/40 (37.5%) 25/40 (62.5%)  5/23 (21.7%)  18/23 (78.3%)

Gender

Male 12/35 (30.0%) 23/35(57.5%) 3/16 (13.0%)  13/16 (56.5%)

Female 3/5 (7.5%) 2/5 (5.0%) 2/7 (8.7%) 5/7 (21.8%)

Age

Range 35-82 49-82 37-76 40-82

Race

Chinese 4/18 (10.0%)  14/18 (35.0%)  2/10 (8.7%) 8/10 (34.9%)

Malay 7/15 (17.5%) 8/15 (20.0%) 2/11 (8.7%) 9/11 (39.1%)

Indian 4/7 (10.0%) 3/7 (12.0%) 1/2 (4.3%) 1/2 (4.3%)

Anatomical site

Rectum 10/29 (25.0%)  19/29 (47.5%) - -

Sigmoid 5/9 (12.5%) 4/9 (10.0%) - -

Rectosigmoid 0/2 (0%) 2/2 (5.0%) - -

Modified Dukes Classification

A 0/1 (0%) 1/1 (2.5%) - -

B 3/6 (7.5%) 3/6 (12.0%) - -

C 512 (12.5%)  7/12 (17.5%) - -

D 2/2 (5.0%) 0/2 (0%) - -

*High grade dysplasia / 5/19 (12.5%)  14/19 (35.0%) - -

inflammatory polyp

Lymph node metastasis

Positive 4/14 (10.0%)  10/14 (25.0%) - -

Negative 6/7 (15.0%) 1/7 (2.5%) - -

*High grade dysplasia / 5/19 (12.5%)  14/19 (35.0%) - -

inflammatory polyp

Histological grades

Well differentiated 5/9 (12.5%) 4/9 (10.0%) - -

Moderately differentiated 5/11 (12.5%) 6/11 (15.0%) - -

Poor differentiated 0/1 (0%) 1/1 (2.5%) - -

*High grade dysplasia / 5/19 (12.5%)  14/19 (35.0%) - -

inflammatory polyp
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Figure 4.5

Agarose gel analysis of the total DNA extracted from the studied
samples. The amplified PCR products at 546 base pairs were detected
in the 4 positive CRC samples (Lane 2-5); 10 negative representative
CRC samples (Lane 6-15), Lane 1: DNA Ladder 1 kb, Lane 16: DNA
Ladder 100 bp, Lane 17: DNA Ladder 1 kb, Lane 18-22: 5 positive
healthy controls, Lane 23-29: 7 positive CRC samples, Lane 30: NTC,
Lane 31: DNA Ladder 1 kb, Lane 32: DNA Ladder 100bp, Lane 33-36:
4 positive CRC samples, Lane 37: NTC, Lane 38: DNA Ladder 1 kb,
Lane 39: SW480 and Lane 40: COLO320DM.
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4.2.2 Detection of Human Interferon-y Activity

Selection of an immunogenic PASD1 peptide for downstream analysis was done using
the Human Interferon-y (IFN-y) ELISpotBASIC Assay by measuring PASD1-specific
IFN-y production. Samples from four different screening groups: (a) HLA-A*24:02
positive CRC patients, (b) HLA-A*24:02 negative CRC patients, (c) HLA-A*24:02
positive healthy controls and (d) HLA-A*24:02 negative healthy controls were pulsed
with corresponding PASDI1 peptides: PASDI(1), PASDI(2), PASDI1(3) and
PASDI1(4). The IFN-y responses to all PASDI peptides from each screening groups
were different as observed from the varied count spots. From Figure 4.6, the healthy
control samples generally had lower IFN-y responses to all PASDI1 peptides as
compared to the CRC samples regardless of their HLA status. The IFN-y responses
from wells with PHA positive control were significantly higher (P < 0.0001) when
compared to the HIV negative peptide control and the wells pulsed with PASD1
peptides. Interestingly, significant IFN-y response was detected in HLA-A*24:02
positive CRC samples after short culture with PASD1(4) peptide in relation to
PASDI1(2) peptide (Figure 4.6). PASD1(4) showed the highest IFN-y response with
the highest selectivity in HLA-A*24:02 positive CRC samples. P-value *< 0.05, **<

0.01, ***< 0.001 and ****< 0.0001 were considered as significant.
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Figure 4.6  Human Interferon-y ELISpot results for all four different screening

samples with (a) HLA-A*24:02 positive CRC patients, n=9; (b) HLA-
A*24:02 negative CRC patients, n=10; (c) HLA-A*24:02 positive
healthy controls, n=5; (d) HLA-A*24:02 negative healthy controls, n=>5
respectively who had variable positive immune responses to the
corresponding PASD1 peptides (P1=PASDI(1), P2=PASDI(2),
P3=PASD1(3) and P4=PASDI1(4). Well with phytohaemagglutinin
(PHA) was used as positive control and well with HIV peptide was
used the negative control. P-value: *< 0.05, **< 0.01, ***< (0.001 and
**%*% < 0.0001 were statistically significant analyzed using one way-
ANOVA.
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4.3 CD8 T CELL RESPONSES TO PASD1

4.3.1 Invitro Generation of Antigen-specific Cytotoxic T Cells

In vitro generation of human cytotoxic T lymphocytes (CTL) was performed to assess
intrinsic CD8 T cell responses in HLA-A*24:02 positive CRC patients (n=3). The
expansion of PASDI1 specific CTLs required the nurturing of naive T cells with
antigen presenting cells (APCs) as stimulator cells that express PASD1(4) peptide as
antigens (Figure 4.7). Peripheral blood mononuclear cells (PBMCs) from CRC
patients were expanded in cultures and CTLs were then isolated for further
assessment. Phenotypic characterization of expanded CTLs (expressing CD8 and CD3
surface markers) were analyzed weekly using flow cytometry with CRC 1 (5.25X
fold), CRC 2 (5.81X fold) and CRC 3 (5.33X fold) (Figure 4.8). Generated PASDI
specific CTLs from the cultures was then isolated using immunomagnetic beads with
purity more than 90% from all three cultures respectively prior to cytotoxic functional

assays (Figure 4.9).
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Figure 4.7
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Representative microscopy images of in vitro expansion of
PASDI1 specific cytotoxic T lymphocytes (CTL) of CRC
sample in (a) Week 1; (b) Week 2; (c) Week 3 and (d) Week 4.
CTL with antigen presenting cells (APCs) loaded with P4
peptide over 4 weeks. Red arrows pointed at T lymphocytes,
yellow arrows pointed at APCs and blue arrows pointed at
dying platelets. The average of generated T lymphocytes is
approximately 8 um in diameter. All images were taken under
an inverted microscope at 400x magnification.
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Figure 4.8

Figure 4.9

Immunophenotypic CTL characterization (CD3 and CD8 cell surface
markers) from each of the HLA-A*24:02 positive CRC samples (n=3)
by flow cytometry. The data presented in percentage of the expansion.

The purity of presort and postsort cultures of CTL from HLA-
A*24:02 CRC samples (n=3) analyzed using flow cytometry before
and after the isolation. The data presented in percentage of isolation T
cells purity.
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4.3.2 Cytolytic Activity

Generated PASD1(4) specific CTLs derived from HLA-A*24:02 positive CRC
patients were used as the effector cells while four different cell lines with PASD1 and
HLA-A*24:02 expressions were used as the target cells. The ability of PASD1(4)
specific CTLs in recognizing the endogenous expression of PASD1 was studied in
four different cell lines which were SW480 (PASD1+, HLA-A24+), H1299 (PASDI1+,
HLA-A24-), COLO320DM (PASDI1-, HLA-A24+) and CCD112CoN (PASDI-,
HLA-A24-).In all experiments, PASD1-specific CTLs effector cells were able to lyse
only SW480 target cells expressing PASD1 and HLA-A*24:02 molecules. The co-
cultured cells (50,000 cells per well) (E/T) in 3:1, 5:1 and 10:1 ratio were incubated
for 6 hours for lysis to occur. All the CFSE-target cells were counterstained with

propidium iodide (PI) dye and flow cytometry was performed immediately.

PASDI-specific CTLs effector cells significantly lysed SW480 at 10:1
(2.96+0.59%, P=0.0236) for CRC 1. Furthermore, for CRC 2, the specific lysis was at
10:1 (28.394£2.03%, P=0.018), 5:1 (16.05+0.75%, P=0.0123) and 3:1 (4.31£0.02%,
P=0.0141). Followed by CRC 3, the lysis was at 10:1 (9.00+£0.87%, P=0.0036) and
5:1 (3.35+0.33%, P=0.0103) respectively. Significant cytolytic activities of PASDI1-
specific CTLs against SW480 raised from CRC 2 showed to be more potent, followed
by CRC 3 and CRC 1 (Figure 4.10). Flow cytometric results were recorded as the
mean values = SD from duplicate wells. Wells without effector cells were used as the
negative controls. Statistical differences of results between studied groups were
assessed using one-way ANOVA. P-values *< 0.05 and **< 0.01 were considered as

significant.
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Cytolytic activity of PASD1-CTLs in three HLA-A*24:02
positive CRC samples: (a) CRC sample 1, (b) CRC sample 2
and (c) CRC sample 3 against the target cells.
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4.3.3 Granzyme B Enzymatic Activity

Besides IFN-y, we also measured the presence of granzyme B upon co-culture of the
effector-target cells. Granzyme B activities of PASDI1-specific CTLs against SW480
cells were diverse across all three CRC patients. The granzyme B spot counts were
detected to be significantly higher at 10:1 ratio in all three samples. For CRC 1, the
spot counts for 10:1 ratio were 127.5+£25.5 (P=0.0189). Meanwhile for CRC 2, the
spot counts at 10:1 ratio were 586.0+42.0 (P=0.0095), 308.5+14.5 (P=0.0208) at 5:1,
and 98.5+0.5 (P=0.0019) at 3:1. For CRC 3, the spot counts at 10:1 and 5:1 were
374.0£36.0 (P=0.0078) and 120.0£12.0 (P=0.0031) respectively. Generally, the
production of granzyme B in CRC sample 2 showed the highest activity of granzyme
B compared to CRC 1 and CRC 3 (Figure 4.11). ELISpot results were recorded as the
mean + SD from duplicate wells. Wells without effector cells were used as the
negative controls. Statistical differences of results between studied groups were
assessed using one-way ANOVA. P-value *< 0.05 and **< 0.01 were considered as

significant.
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Granzyme B enzymatic activities released from PASD1-CTLs in
three HLA-A*24:02 positive CRC samples (a) CRC sample 1,
(b) CRC sample 2 and (c) CRC sample 3 against the target cells.
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4.4 CYTOKINE PROFILES OF CO-CULTURE BETWEEN EFFECTOR AND
TARGET CELLS

We also determined the expression of cytokines in the co-culture analysis of generated
CD8 T cells upon induction with PASD1 peptide. Supernatant from the co-culture of
PASDI-specific CTLs against respective cell lines was collected and assessed.
Differences in expression patterns of the individual cytokines (IL-10, TNF-a, sFas,
sFasL, IFN-y, granzyme A, granzyme B, and perforin) from the CRC sample 1 (Figure
4.12), CRC sample 2 (Figure 4.13) and CRC sample 3 (Figure 4.14) were observed.
The results showed that the expression profiles of the cytokines, namely interleukin-
10 (IL-10), interferon-gamma (IFN-y), tumour necrosis factor-alpha (TNF-a), soluble
surface Fas protein (sFas), soluble surface Fas ligand (sFasL), granzyme A, granzyme
B and perforin in CRC upon stimulation with PASDI1(4) peptide were elevated
gradually from 3:1 to 5:1 to 10:1 against SW480 (PASD1+, HLA-A*24:02+) cell line
(Figure 4.15). Nevertheless, it was not significant between all three ratios. While for
the other cell lines, fluctuated expression patterns were observed distinctly at all
ratios. Cytokine results were reported as the mean values + SD from duplicate wells.

Statistical differences of results between studied groups were assessed using one-way

ANOVA.
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Figure 4.12 The individual cytokine profiles of CRC sample 1 upon PASDI1 (4)
peptide stimulation in the respective cell lines: CCD112CoN (PASDI1-,
HLA-A24-), COLO320DM (PASD1—, HLA-A24+), H1299 (PASD1+,
HLA-A24-) and SW480 (PASDI+, HLA-A24+) in 3:1, 5:1 and 10:1

ratio.
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Figure 4.13 The individual cytokine profiles of CRC sample 2 upon PASD1 (4)
peptide stimulation in the respective cell lines: CCD112CoN (PASDI1-,
HLA-A24-), COLO320DM (PASD1—, HLA-A24+), H1299 (PASD1+,
HLA-A24-) and SW480 (PASDI1+, HLA-A24+) in 3:1, 5:1 and 10:1
ratio.
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Figure 4.14 The individual cytokine profiles of CRC sample 3 upon PASD1 (4)
peptide stimulation in the respective cell lines: CCD112CoN (PASD1-,
HLA-A24-), COLO320DM (PASD1—, HLA-A24+), H1299 (PASD1+,
HLA-A24-) and SW480 (PASDI1+, HLA-A24+) in 3:1, 5:1 and 10:1

(effector to target cells) ratio.
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Figure 4.15 The average cytokine profiles of all the CRC patients (n=3) from the
co-culture of PASD1 (4) peptide in the respective cell lines: SW480,
represented in blue (PASD1+, HLA-A24+), H1299, represented in
orange (PASD1+, HLA-A24-), COLO320DM, represented in grey
(PASD1-, HLA-A24+) and CCDI112CoN, represented in yellow
(PASD1-, HLA-A24-) in 3:1, 5:1 and 10:1 ratio.
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CHAPTER V

DISCUSSION

PASDI1 is an X-linked gene located at q28 on chromosome X. Its expression is
restricted primarily to normal cells derived from germ cells, but it is aberrantly
expressed in various types of cancer (Khan et al. 2013; Zendman et al. 2003). Studies
on PASDI have suggested that it functions as a critical transcriptional regulator
involved in metabolic and developmental processes (Chapman-Smith et al. 2004;
Vreede et al. 2003). However, the exact role of PASDI1 in human tumorigenesis at
large remains unknown. The expression of PASD1 in CRC is generally uncertain,
therefore we aimed to study PASDI1’s pattern of expression in various CRC cell lines
and primary CRC tissues. Analysis of PASDI expression using RT-PCR,
immunohistochemistry, and immunofluorescence showed that 20.0% of our samples
expressed the PASD1 gene and 17.4% of our samples expressed the PASD1 protein.
Our results showed that the overall expression of PASD1 was found to be weak to
moderate at the cytoplasmic region of CRC cells. Correspondingly, the infrequent
expression of PASD1 in this study is in agreement with the expression profiles of
other well recognized CTA such as MAGE-A3 and NY-ESO-1 in CRC previously (Li
etal. 2017; Zhan et al. 2016).

As reported in a different study, the expression of CTA in CRC ranges
between 5% to 40% (Li et al. 2005). The percentage mRNA expression of 10 selected
CTA reported in the study were MAGE-A3 (27.3%), MAGE-A4 (22.3%), LAGE-1
(15.7%), MAGE-A1 (11.6%), NY-ESO-1 (9.9%), CT10 (6.6%), SSX-1 (5.0%), SSX-4
(2.5%), SSX-2 (2.5%) and SCP-1 (1.7%) (Li et al. 2005). However, the study did not
detect the level of protein expression of the 10 selected CTAs. This is probably

because the gene expression of the CTAs were very low. To address this gap of
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knowledge, an independent IHC analysis evaluating the protein expression of two
promising CTAs in CRC was performed. As expected, the results of the study
indicated that MAGE-A3 (28.0%) and CTAG2 (17.0%) were moderately expressed in
82 cases of CRC patients (Kumara et al. 2012). Similarly, in another study, it was
reported that different CTAs have different frequencies of mRNA expression in CRC
such as MAGE-A10 (2%), MAGE-A4 (15%), MAGE-A3 (13%), NY-ESO-1 (4%) and
SSX2 (4%) while low level of protein expression of MAGE-A3 (8%), MAGE-A4
(14%) and NY-ESO-1 (10%) respectively (Alves et al. 2007). Nonetheless, the
previous investigation of PASD1 in AML reported 20% of the PASDI gene was
expressed in the 12 of the AML patients but not in the controls (Baghdady et al.
2013). The study of PASDI in acute myeloid leukaemia (AML) also found no
significant relation between PASDI expression to any of the clinical parameters
(Baghdady et al. 2013). In contrast in ovarian cancer, it was reported that no
expression of PASD1 was found in both of the ovarian cancer cell lines and
endometrium tumour samples (Khan et al. 2015). As discussed, the expression of
other CTAs including PASD1 was relatively modest in CRC. Therefore, our results

were in concordance with other CTA-related studies in CRC.

An expression study in CRC had also shown that the overall expression of
CTA genes was less than 20% in CRC (Scanlan et al. 2004). They also mentioned that
there is a low transcript copy number of CTA genes in CRC (Scanlan et al. 2004).
Epigenetic events such as DNA methylation and histone acetylation have been
reported to regulate the expression of CTAs (De Smet et al. 1995; Weiser et al. 2001).
More importantly, the global methylation of DNA in CRC has also been reported to
have contributed to the low gene expression in CRC (Goelz et al. 1985). Henceforth,
the expression of PASDI1 in cancer may be further investigated by studying the
modulation of epigenetic agents such as DNA-methyl-transferase I inhibitors such as
5’-aza-2’-deoxycytidine (5CD) or histone deacetylase (HDAC) inhibitors which may
play a role in upregulating its expression (De Smet et al. 1999; Wischnewski et al.
2006). Furthermore, the evidence from studies on MAGE-Al and MAGE-D4 has
demonstrated that DNA demethylation of CpG dinucleotides at the 5° end of the
MAGE-Al genes provided access to the activators and consequently led to the

induction of promoter activity (De Smet et al. 1995; Zhang et al. 2014). It is also
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suggested that histone acetylation is also a determining factor in re-activating MAGE-
A gene regulation in cancer (Sang et al. 2011). Moreover, it was recently reported, that
by inducing colon and ovarian cancer cells with DNA methyltransferase inhibitors
(DNMTs) for demethylation, the level of expression of several CTAs were
upregulated (Siebenkds et al. 2017).

Besides epigenetic events, the differential expression of PASD1 in CRC could
be explained by the presence of other possible PASDI1 isoforms and the post-
translational modification of genes expressing PASD1 (Ait-Tahar et al. 2009;
Nakagawa et al. 2005). Another reason could be the clonal evolution of aggressive
cancer cells in CRC that no longer express PASD1 that could be detected by RT-PCR
and [HC (Caballero & Chen 2009). Moreover, the PASD1 expression was believed to
be inhibited through immunoediting as cancer progressed (Dunn et al. 2004).
Therefore, with the heterogeneous nature of PASDI1, the antibodies used in this study
may not be able to cross-react with specific PASDI1 epitopes. The affinity of different
antibodies binding to different isoforms of PASD1 may not provide a comprehensive
picture of the expression in CRC tissues. Other suggestive screening tools such as
using tissue microarray, RNA in situ hybridization and western blot can be coupled to

further characterize and verify PASDI expression in CRC more extensively (Sang et
al. 2011).

There is a considerable number of studies on the use of peptide-based vaccines
in cancer immunotherapy (Banchereau & Palucka 2018; Melief 2018). In vaccines
development, the specificity of HLA ligands and the binding capability to antigens are
among the crucial criteria in determining a candidate peptide in cancer
immunotherapy (Ott et al. 2017; Sahin et al. 2017). Traditionally, a number of
bioinformatics prediction algorithms for the identification of prospective peptides that
can bind to major histocompatibility complex (MHC) molecules have been used for
most epitope discovery (Ait-Tahar et al. 2009; Pan et al. 2017; Qu et al. 2018; Zhang
et al. 2018). It is also important to assess the abundance of the specific HLA allele
type within a study population in designing a peptide of interest due to the
polymorphic nature of HLA genes in the human genome (Parham et al. 1988).

Thousands of different composition of HLA alleles at several loci are known to
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encode different variants of MHC class 1 molecule with variety peptide binding
specificities which differ individually (Lund et al. 2013). Thus, without proper
evaluation of the HLA allele type, it will lead to difficulty in developing a more
generalized peptide target to cater to a larger population of subjects in the epitope-
specific immunotherapy approach. In fact, the HLA binding of antigen-derived
epitopes is where the immunotherapy instigates the specific immune response

(Provenzano et al. 2006).

As such, our current study found that HLA-A*24:02 is the most common
expressed HLA allele with an expression rate of around 28.9%-35.3% in the
Malaysian population as reported on Allele Frequency Network Database (Middleton
et al. 2003). It has also been demonstrated by Lin et al. that HLA-A*24:02 has a
moderate classification accuracy using publicly available immune-informatics tools
compared to other allelic types (Lin et al. 2008). Furthermore, Nagorsen and Thiel
reported that HLA-A*24:02 and HLA-A*02:01 are most prevalently used for the
peptide-based vaccine in cancers including CRC in Asian countries (Nagorsen &
Thiel 2008). BIMAS (matrix-based) algorithm predicts the HLA-peptide binding
interaction as the half-time dissociation (Lin et al. 2008) while SYFPEITHI (SVM-
based) is a database that evaluates the possibility of epitope predictions for peptide
motifs to the publicly available MHC allelic products (Rammensee et al. 1999).
Nonetheless, Pearson correlation coefficient analysis indicated that BIMAS and
SYFPEITHI presented equal predictions (r =1), stating that the chosen prediction
algorithms have a close fit (Lin et al. 2008). The computational prediction applications
rank peptides with respective prediction scores to guide the experimental investigation
in a direction that increases the likelihood of discovering immunologically-relevant

peptides.

These findings further support our analysis on the design of four different
sequences of PASD1 HLA-A*24:02 9-mers in screening for an immunogenic target
for downstream CD8 T cell responses in CRC (Lund et al. 2013). Therefore, four
potential MHC class 1 restricted CTL PASDI1 peptides recognizing HLA-A*24:02
allele were designed and characterized by two highly reliable in silico-based epitopes
method using the BIMAS and SYFPEITHI programs (Guinn et al. 2007; Lund et al.
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2013). Our results showed that the prediction scores for PASDI1(1)sss-696 was BIMAS:
475.2, SYFPEITHI: 22; PASDI1(2)366-374 was BIMAS: 369.6, SYFPEITHI: 21;
PASDI1(3)89-9s was BIMAS: 231.0, SYFPEITHI: 27 and PASD1(4)265-273 was BIMAS:
200.0, SYFPEITHI: 21 respectively. However, the bioinformatics prediction value

does not guarantee the bioactivity, thus further experimental validation is needed.

The designed PASD1 CTL peptides were further validated using Enzyme-
Linked ImmunoSpot (ELISpot) assay (Lund et al. 2013). The relevance of wet-lab
experiment validation is important as shown in a study reported previously (Lin et al.
2008). For instance, it was reported that the CTL peptides (with the amino acids
sequence of AINPELLQL and FFEIYNGKL) derived from the mitotic centromere
associated kinesin (MCAK) CTA revealed higher cytotoxicity activities against the
colon cancer cell line DLD-1 and the chronic myelocytic leukaemia cell line K562
although these peptides were predicted with lower BIMAS and SYFPEITHI scores
than the other peptides (Kawamoto et al. 2011). This shows that although the BIMAS
and SYFPEITHI scores may offer guidance on the selection of peptides, biological

validation is still needed to verify the immunogenicity.

Of these four HLA-A*24:02 restricted PASD1 CTL peptides, significant IFN-
y response was detected with the PASD1(4) peptide as compared to the other groups.
This indicates that the epitope sequence of PASDI1(4) peptide was specific to HLA-
A*24:02 allele and could elicit the IFN-y response in peripheral blood mononuclear
cells of CRC samples that are HLA-A*24:02 positive. To further understand the
immunogenicity, the T cell responses in three HLA-A*24:02 positive CRC samples
upon PASDI(4) stimulation were further evaluated. From Figure 4.10, the results
showed that the PASDI1 specific CTLs in the CRC samples were able to lyse PASDI
positive SW480 cell line distinctly in a dose-dependent manner. However,
individually, the CD8 T cell responses of CRC sample 1 was comparatively lower
than CRC sample 2 and 3. A similar study also demonstrated that the CD8" T cell
responses in diffuse large B-cell lymphoma (DLBCL) samples were also patient-
dependent (Ait-Tahar et al. 2009). It was reported that the functional activity of the
CTL lines obtained from the studied patients pulsed with the PASDI1 peptide against a

range of haematological cell lines were distinct depending on the individual it came
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from. Hence, this could possibly explain why there were differences in the responses
between all the CRC samples. Moreover, this observation could also explain that
certain individuals have a higher tolerance and certain individuals have a lower

tolerance to the PASD1 peptides (Ait-Tahar et al. 2009).

Furthermore, this study also demonstrated that the PASD1-specific CTLs were
able to lyse the PASD1+ HLA-A*2402+ (SW480) cell line and not the other three cell
lines (PASD1+ HLA—, PASDI-HLA+ and PASDI-HLA-). This finding was in
concordance to a similar study conducted by Ait-Tahar et al. (2009), where the CTL
lines generated against PASD1 peptides were only able to lyse the PASD1+ HLA+
cell line, Thiel. They also showed that the CTLs were not able to lyse the remaining
negative cell lines. This shows that the generated CTLs were successfully educated to
recognise PASDI1 specifically. Apart from the cytolysis assay, the granzyme B
ELISpot assay was also conducted to complement the cytolysis results. Previous
studies have shown that there is a correlation between CD8 CTL cytolysis and the
release of granzyme B (Yang et al. 2019). It was reported that there was a significant
correlation between the level of granzyme B enzymatic activities in the cell lysates to
the level of T cell killing of the infected cells (Yang et al. 2019). The killing of target
cells by CD8" T cells was achieved by the release of the contents of secretory
lysosomes such as granzyme B, at the immunological synapse formed upon
recognition of MHC class I-bound antigenic peptides by the T cell receptors
(Hlongwane et al. 2018; Yang et al. 2019).

In this study, the specific lysis and granzyme B spot counts in CRC sample 1
against SW480 were lower as compared to the other two CRC samples. An
association was observed between the cytolytic and the granzyme B ELISpot results at
10 to 1 ratio for CRC sample 1. Nevertheless, for CRC sample 2 and 3, there was a
positive correlation between the specific lysis (Figure 4.10) and the granzyme B
ELIspot enzymatic activities (Figure 4.11) respectively. The specific lysis in CRC
sample 2 and 3 was coherent to their respective granzyme B productions. Hence, this
study showed that granzyme B could be a dominant effector molecule in CD8" T cell-
mediating killing (Yang et al. 2019). Furthermore, this study also performed granzyme

B profiling using the supernatant of the conditioned media after the coculture
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experiment. It is worth noting that, the granzyme B enzymatic activities in the
ELISpot did not correlate to the granzyme B profile in the multiplex cytokine
profiling of CRC sample 1. In contrast to CRC sample 1, this current study also
observed a positive correlation in the granzyme B detection in CRC sample 2 between
the granzyme B ELISpot assay (Figure 4.11) and the cytokine profile of granzyme B
in SW480 cell line (Figure 4.13). Moreover, the dose-dependent increase of granzyme
B in SW480 cell in CRC sample 2 was also observed. Similar findings were also seen
in CRC sample 3 (Figure 4.14). Based on a previous study on the cytotoxic effects of
another CTA, MAGE-A3, they reported that the CD8" T cells recognising MAGE-A3
could release cytotoxic molecules such as granzyme B after restimulation with natural
MAGE-A3 peptide in the MAGE-A3+ HLA-A2+ human hepatocellular carcinoma
patient samples (Zhang et al. 2007). A sufficient number of granzyme B releasing
effector CD8" T cells were reported to exhibit killing capacity to the MAGE-A3
peptide-pulsed with TAP-deficient T2 cell line (Zhang et al. 2007). Similarly, another
study has shown the increase in the cytotoxic potential (granzyme B production) and
also cytokine production (IFN-y) of T cells in response to NY-ESO-1 peptide-loaded
targets (Rapoport et al. 2015).

The CD8-associated cytokine/immune-related molecule profiles other than
granzyme B such as interleukin 10 (IL-10), interferon-gamma (IFN-y), tumour
necrosis factor-alpha (TNF-a), granzyme A and perforin were also studied. From our
study, we observed the gradual elevation of cytokines from 3:1 to 5:1 and 10:1
(effector: target cells) even though there was no significance observed (Figure 4.15).
This could be due to the variation between human biological samples. The biological
variables, however, can be overcome by increasing the number of study samples or
further validation using other analytic approach (Fichorova et al. 2008). Moreover,
based on the lysis assay, CRC sample 1 showed the lowest lysis percentage as
compared to CRC sample 2 and 3. The cytokine profile of CRC sample 1 was also
fluctuating and inconsistent, thus could contribute to the no significant differences. As
in Figure 4.13 and Figure 4.14, the dose-dependent increase of granzyme A was also
found to be similar in the SW480 cell lines of CRC sample 2 and 3. In contrast to the
SW480 cell line, the granzyme A of CRC sample 2 and 3 were found to fluctuate
between CCD112, COLO320DM and H1299 cell lines. Traditionally, it has been
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reported that granzyme A disintegrates the mitochondrial membrane of the cell and
driving the caspase-independent cell death (Martinvalet et al. 2008; Martinvalet et al.
2005; Zhu et al. 2006). However, a recent paper published has reported that granzyme
A able to mediate toll-like receptor (TLR) signalling and the release of granzyme A
was able to synergistically increase the secretion of other proinflammatory cytokines

such as TNF-a, IL-6, and IL-8 from human monocytes (Van Eck et al. 2017).

Similarly, in this study, there was also a dose-dependent increase of TNF-a in
the CRC samples. Tumour necrosis factor-alpha (TNF-a) is known to be an important
determinant in the regulation of anti-cancer immunity in the context of CRC (Balkwill
2009). In this study, a positive trend of increase in the TNF-a secretion against the
two PASD1+ (SW480 and H1299) cell lines in CRC sample 2 was observed. In
comparison to CRC sample 2, CRC sample 3 was found to have an increase in the
TNF-a secretion in the SW480 cell line. There was no significant difference between
the TNF-a level detected in CRC sample 1. The elevated TNF-a in CRC sample 2
and 3 against PASD1+ HLA:A*2402+ cell line is in agreement with the study
conducted by Chiriva Internati et al. (2012) where there was a significant increase in
the optical density (OD) ratio in four out of the six prostate cancer patients upon
stimulation with AKAP-4 peptides (Chiriva Internati et al. 2012). The ELISA results
revealed that TNF-a to be the highest cytokine secreted, followed by IFN-y, IL-4, IL-
5 and IL-10 (Chiriva Internati et al. 2012).

Perforin, on the other hand, is a glycoprotein responsible for polymerizing and
forming pores in the membrane of a target cell as part of the immune function
(Osinska et al. 2014). In general, a correlation increase in the perforin was found in
CRC sample 2 and 3 against PASD1+ HLA: A*2402+ cell line but distinctly in the
other three cell lines. In contrast to the perforin expression in CRC sample 1, there
was no significant difference found between the four cell lines. Evidently, a study
conducted using cancer-testis antigen MAGE-C2/CT10 has reported to produce
perforin as a result of the spontaneous CD4" and CD8" T cell responses in multiple
myeloma patients (Reinhard et al. 2014). The study has also reported that the isolated
CD4" T-cell clones from multiple myeloma patients were able to react with perforin

secretion upon encountering with the MAGE-C2/CT10 antigen, suggesting the
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cytolytic potential of the T cell clones in response to perforin (Reinhard et al. 2014).
Moreover, a similar study on AKAP-4, a novel cancer testis antigen in prostate cancer
reported that there was no significant change in the IL-10 detected against all the
cancerous prostate cells (Chiriva Internati et al. 2012). The absence of IL-10
expression in the prostate cancer samples was discussed previously to be the Th1/Th2
polarizing effects modulating the immune responses of the prostate cancer patients
(Chiriva Internati et al. 2012). Interestingly, in this study, it was discovered that IL-10
was elevated in CRC sample 2 and 3. This shows that the release of cytokines could

be dependent on the type of cancer and CTAs being studied.

Furthermore, the elevated IFN-y expression found in CRC sample 2 and 3
showed comparable findings to a study using AKAP-4 peptide against autologous
prostate cancerous cells (Chiriva Internati et al. 2012). The IFN-y responses of AKAP-
4 was also reported to show high specificity in hampering cytotoxicity against the
autologous prostate cells (Chiriva Internati et al. 2012). Besides, IFN-y has been also
known to increase the expression of MHC class 1 molecule on dendritic cells in the
human CTL responses against prostate cancer (Pantuck et al. 2004). Likewise, another
study reported on the increased IFN-y responses in the patients bearing MAGE-A1/A3
positive tumours (Toungouz et al. 2001). This study demonstrated an expansion of
peptide-specific lymphocytes that produced the IFN-y in six out of the eight patients
whose dendritic cells were pulsed with MAGE peptides (Toungouz et al. 2001). This
observation indicates that the peptide-loaded dendritic cells were able to trigger a clear
and specific IFN-y secretion in the MHC class I-restricted manner in the recognising

the immunogenic peptide antigen (Toungouz et al. 2001).

Aside from the granule-mediated exocytosis, the CD8" T cells are also capable
of inducing calcium-independent Fas-Fas ligand system for an apoptotic response
(Waring & Miillbacher 1999). The expression of Fas and FasL were upregulated
across the ratio groups in the SW480 cell line of CRC sample 2 and 3. However, a
minimal amount of Fas and FasL. were observed in the other three cell lines.
According to a comparative study on the assessment of Fas-Fas ligand has reported
that CD8" T cell lines raised by in vitro stimulation with the self-peptide were was

shown to kill self peptide-coated targets via Fas-Fas ligand-mediated pathway
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(Brossart & Bevan 1996). In this study however, we did not thoroughly investigated
the effects of Fas/FasL in regards to the cytolysis results.

Overall, this study has demonstrated that the cytolysis of CTLs against
PASDI1+ cells could result in the release of important cytokines and immune-related
players. Nevertheless, further understanding of how these molecules interact with each
other and affect the downstream activity of CTLs should be further studied. Up till
now, the immune responses of PASDI1 in solid tumours is still insufficiently studied.
Hence, it would be interesting for future research to further elucidate the molecular

pathway involved in the cytolytic pathway of CTLs upon PASDI induction.



CHAPTER VI

CONCLUSION

6.1 SUMMARY

This is the first study on the expression of PASD1 in CRC primary adenocarcinomas
and the CD8 T cell responses in the CRC samples with the HLA-A*24:02 allele. The
PASDI1 (4) peptide with the amino acids sequence of TYCSSTVFL at the position
276-273 identified to be relatively more immunogenic than the rest of the peptides.
The PASDI1 (4) peptide represents to be a potential vaccine candidate for peptide-
based immunotherapeutic strategies in the treatment of HLA-A*24:02 specific CRC
and is worthy of further studies. The overall study extends our knowledge into a better
understanding of the interaction between the CD8 T cell responses of PASD1 and the
tumour microenvironment in the advancement of cancer immunotherapy in treating

HLA-A*24:02 specific CRC.

6.2 LIMITATIONS

Several limitations to this pilot study need to be acknowledged. Firstly, this thesis was
unable to show any significance in the tested cytokines among these three CRC
samples. A possible explanation for the insignificant differences in the cytokine
profiles of CRC patients may be due to the individual genetic differences among these
CRC samples. Besides, the sample size of CRC patients used in PASD1 expression
and peptide screening was also small. Secondly, the correlation of PASDI1 protein
expression of CRC tissues to its corresponding IFN-y production using the sera of
CRC patients was not performed in our study. Therefore, we are unable to predict the
presence of anti-PASDI1 antibodies in the blood sera of CRC patients prior to the in

vitro peptide pulsing. Of note, we were unable to determine in-depth the correlation



97

expression profile of PASDI1 to its humoral immune responses and memory T cell
responses in CRC patients. Thirdly, the PASD1 peptide motif binding affinity to other
HLA subtypes found in Malaysia population was not determined in our study. Hence,
there has been a limitation in designing a multivalent peptide target of PASDI1 for a
wider group of CRC patients, not restricting to only HLA-A*24:02 positive CRC
patients. We believe that these limitations may provide a basis for further research on

PASD1-based cancer vaccine in the future.

6.3 FUTURE RECOMMENDATIONS

This thesis has indeed provided valuable insights for future research. It would be
interesting to demonstrate the overexpressed of PASDI1 for the enhancement of
PASDI related immune responses in CRC. It is also recommended that the functional
assays such as in vitro cell proliferation, migration, and chemosensitivity assays and in
vivo knockout mice models may be helpful in further evaluating the role of PASDI in
CRC. Additionally, the impact of PASDI in other subsets of immune cells such as B
cells, CD4" T cells, memory T cells, infiltrate T lymphocytes in the tumour milieu is
equally important in assessing the value of PASDI1 as the potential immunogenic
peptide in CRC. A further investigation of the molecular framework of CTL-mediated
cytolysis and the caspase activation pathways of PASD1 in the CRC
microenvironment also remains to be elucidated. The roles of other pro-inflammatory
and anti-inflammatory cytokines such as IL-2, IL-12, and TNF-f concerning PASD1
in CRC also need to be further demonstrated. As a summary, the characterization of
PASDI1 as the potential CTA in CRC will need to be further pursued

comprehensively.
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DATA & CONFIDENTIALITY

The data from this study will be made into a report which may be
published. Access to the data is only by the research team. However,
other parties can access the data with permission by Principal
Investigator. The data will be reported in a collective manner with no
reference to an individual. Hence your identity will be kept confidential.

DO YOU HAVE TO TAKE PART?

Participation in this study is voluntary. If you agree to take part, then you
will be asked to sign the “Informed Consent Form”. You will be given a
copy of the form and this Information Sheet. Your decision to participate
or not will not affect your medical care and treatment.

Should you decide to participate, you can still withdraw from the study
without penalty. Your data will not be used and will be discarded. The
researcher may also remove you from the study for a variety of reason
(eg unable to obtain relapse sample). In this event, you will not be
penalized or lose your rights as a patient.

PAYMENT AND COMPENSATION:

Your participation is VOLUNTARY. You do not have to pay nor will you be
paid to participate in this study. You do have to pay for the usual hospital
charges.

WHO CAN | ASK ABOUT THE STUDY?
If you have any questions or concerns, you can direct them to the
research team or Medical Research and Ethics Committee

Project Leader : Prof. Datuk. Dr A Rahman A Jamal

Researcher : Cik Joanne Soh Ern Chi

Address: UKM Medical Malecular Biology Institute (UMBI)
UKM Medical Centre, JIn Yaacob Latif,
56000 Cheras, Kuala Lumpur.

Telephone - 03-91456321/9033

Or

SEKRETARIAT PENYELIDIKAN PERUBATAN & INOVASI
Pusat Perubatan Universiti Kebangsaan Malaysia,
Tingkat 15, Bangunan Praklinikal,

Jalan Yaacob Latif, Bandar Tun Razak,

56000 Cheras, Kuala Lumpur.

Tel: 603-9145 9480 / 9481
Faks: 603 — 9145 6634
Email: sppi@ppukm.ukm.edu.my
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APPENDIX E PRIMER: GAPDH

Standard Curve
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The standard curve for GAPDH primer with cDNA (100 ng) extracted from SW480.
The data presented in triplicates with E=95.8%, R square value: 0.995 and slope = -
3.4.

The melt peak for GAPDH primer with cDNA (100 ng) extracted from SW480. The
data presented in triplicates with a melt peak at 80°C.
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APPENDIX F PRIMER: PASD1

Standard Curve

—— T e — e
~& : ; : : : ; : : ;
..... S A S A
. 'w\._h. . . . . . . . .
............ T

.,

............ e e e
.................................... N S

: o : : : :

; - ; ; :
.............................................. o
. ) e . o]

. . et . B
............ T R

: A

- I+ Pyt ] 4 i iy i i —F
e e = S ; e ST IR J

t +————————+— -+
2.1 2.2 2.3 24 25 26 27 2.8 25 3.0
Log Starting Quantity

) Standard
» Unknown
—— 3SYBR E=107.5% R"2=0.53) Slope=3.153 y-int=31.623

The standard curve for PASD1 primer with cDNA (100 ng) extracted from SW480.
The data presented in triplicates with E=107.5%, R square value: 0.990 and slope = -

3.153.
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The melt peak for PASD1 primer with cDNA (100 ng) extracted from SW480. The
data presented in triplicates with a melting peak at 78.5°C.
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APPENDIX G ALLELE FREQUENCY NETWORK DATABASE

The HLA-A*24:02 allele frequency in Peninsular Malaysia Chinese population
reported in AFND. The percentage of an individual with HLA-A*24:02 positive allele
was identified to be 28.9% and denoted (with red bar) to be the second highest
frequency allele in this population (http://www.allelefrequencies.net/default.asp).
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The HLA-A*24:02 allele frequency in Peninsular Malaysia Malay population reported
in AFND. The percentage of an individual with HLA-A*24:02 positive allele was
identified to be 35.3% and denoted (with red bar) to be the highest frequency allele in
this population (http://www.allelefrequencies.net/default.asp).
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APPENDIX H AGAROSE GEL ANALYSIS

(a) M1 1 2 3 4 M1 5 6 7 8 9 10 dE A2

M 13 14 15 16 17 SW NTC COLO 18 X M2 X

(b) SW  NTC COLO 1 2 M2 3 M1 4 5 & 7 8

S 10 11 M1 13 14 15

b
=]

(a) The gel analysis showed the 18 cases of HLA-A*24:02 negative healthy samples.
(b) The gel analysis shown the rest 15 cases of HLA-A*24:02 negative CRC samples.

SW= SW480; COLO=COLO320; M1= DNA Ladder 1kb; M2= DNA Ladder 100bp;
NTC= non template control; x = the unloaded
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APPENDIX 1 SANGER SEQUENCING OF HLA PRIMERS

HLA-A24 Forward Primer
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HLA-A24 Reverse Primer
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