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ABSTRACT

Pancreatic ductal adenocarcinoma (PDA) has a complex tumour microenvironment

(TME) that are made up of pancreatic ductal adenocarcinoma cells (PDACs) and pancreatic

stellate cells (PSCs). PDACs and PSCs’ interaction allows pancreatic cancer cells to evade the

immune system and enhance tumour progression. Hence, identifying and comparing the

proteomic profile of PDACs, PSCs and their co-culture will determine which genes are

involved in the progression of PDA.

PANC10.05 cells (primary PDAC cell line), PSC (hPSC21-S/T) cells and

PANC10.05/PSCs co-culture were cultured in 6-well plate for 3 days. Cells collected were

lysed to extract the proteins within the cells. The extracted protein lysate then undergoes in-

solution digestion of proteins. The protein in the samples were analysed and quantified through

LCMS/MS before proceeding to data analysis via DEBrowser.

The results showed that VIM, KRT8 and KRT18 were differentially expressed proteins

(DEPs) detected when compared between PANC10.05, PSCs and their co-culture. In this study,

monoculture of PANC10.05 and PSCs were able to express proteins without any interaction

between PANC10.05 and PSCs. Hence, PANC10.05-PSCs co-culture is not required for the

expression of proteins. The expression of DEPs in PANC10.05 and PSCs are associated in the

progression, invasion and metastasis of PDA.
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CHAPTER 1.0: INTRODUCTION

Pancreatic cancer has one of the highest mortalities rates when compared to other types

of cancer. In 2018, there were 458,918 new cases of pancreatic cancer were reported worldwide

[1]. In Malaysia, a study on patients’ survival rates conducted from 2007 – 2011 which

followed up to 2016 found that the one-year survival rate was 33.2% and the overall 5-year

survival rate was 14.0% [2].

Based on the survival rate analysis on pancreatic cancer cases with staging, patients

diagnosed at Stage I have a survival rate of 19.6% in comparison to those at Stage IV who had

a survival rate of 5.7% [2]. Patients diagnosed at initial stage have higher chances of survival

[2,3]. Low survival rates are mainly caused by late diagnosis and lack of early symptoms shown

in patients with pancreatic cancer [3].

Due to the lack of symptoms at early stage and metastasis of tumour to other parts of

the body, surgery resection is the only option for patients at advanced stage of pancreatic cancer

[4,5]. Despite undergoing surgery resection, recurrence may lead to median survival of 15-20

months with 5-year survival rate of 8-15% after surgery [5,6]. For unresectable tumours,

chemotherapy is only way to extend the survival rate [7].

Pancreatic ductal adenocarcinoma (PDA) is the most common type of pancreatic cancer

[8]. PDA has a complex and diverse tumour microenvironment (TME) which consist of dense

stromal layer that allows pancreatic cancer cells to escape from the immune system [3,8]. TME

comprise of many different cell types in which pancreatic stellate cells (PSCs) and pancreatic

ductal adenocarcinoma cells (PDACs) are the major cellular components of TME [8]. PSCs
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are stromal cells that play an important role in the development and progression of PDA [9].

PDACs are tumour cells that are also involved in tumour progression and immune evasion of

the tumour cells [10]. Both PSCs and PDACs have also been researched extensively for their

response and signals towards another population of cells known as myeloid-derived suppressor

cells (MDSCs) [11].

1.1: Literature review

1.1.1 Pancreatic Ductal Adenocarcinoma Cells (PDACs)

PDACs are one of the major components of the PDA microenvironment that leads to

pancreatic ductal adenocarcinoma. Studies have shown that PDA is a complex genetic disease

that are driven by KRAS gene mutations and caused by deletion of TP53, a tumour suppressor

gene that suppressed the proliferation and development of cells in uncontrollable state [12,13].

Genetic mutation studies have also reported that patients suffering from PDA have CDKN2A

gene mutation and deletion [14,15].

PDACs are found to arise from ductal epithelial cells [16]. Normal ductal epithelium

will undergo different stages of pancreatic ductal lesions before transforming into invasive

PDA [17]. Other studies have suggested that PDAmay derive from centro-acinar compartment

(CAAC) through acninar-ductal metaplasia (ADM) [18].

PDA can be differentiated from other cancer types by the complexity of the dense

dysplastic stromal layer that occupies 80% of the pancreatic TME surrounding the cancer cells

[19]. The stroma is made up of immune cells, cancer-associated fibroblast (CAFs), endothelial
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cells, inflammatory cells and extracellular matrix (ECM) which contributes to the development

of immunosuppressive, highly hypoxic and hypovascular tumour [19,20]. Due to the hypoxic

and hypovascularity environment, treatments involving chemotherapy, targeted therapy and

immunotherapy will not be effective against PDA [20].

1.1.2 Pancreatic Stellate Cells (PSCs)

PSCs contribute to the highly desmoplastic stromal layer found in TME of PDA [21].

According to two in vivo studies, the main source of PSCs is derived from the bone marrow

[22,23]. PSCs are present in two different states; the quiescent and activated states [24]. In a

healthy pancreas, PSCs are present in the peri-acinar or interlobular regions of the pancreas

and remain in a quiescent state [24]. Quiescent PSCs are made up of 4% of the cells in pancreas,

have low mitotic index and act as a reservoir for containing vitamin A lipid droplets in the

cytoplasm [24,25]. Quiescent PSCs are also involved in exocrine and endocrine secretion as

well as maintaining the architecture of the pancreas [26].

When pancreatic tissues are subjected to injury, environmental stress such as hypoxia

and oxidative stress, quiescent PSCs will change to activated PSCs [27,28]. Once PSCs are

activated, PSCs’ morphological and functional aspect will transform into myofibroblast-like

cells [29]. These activated cells expressed α-smooth muscle actin (α-SMA) and can be

identified by their spindle shape characteristics [30]. During the activation process, PSCs will

lose vitamin A lipid droplets, actively proliferate, invade, migrate and secrete high levels of

extracellular matrix (ECM) components such as collagens type 1 and type 3, laminin and

fibronectin [30].
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There is myriad of pathways involved in the activation of PSCs from quiescent state.

An inflamed pancreas produces proinflammatory cytokines such as interleukin 6 (IL-6),

interleukin 1 (IL-1), tumour necrosis factor α (TNF- α) and growth factors [transforming

growth factor β (TGF-β) and platelet-derived growth factor (PDGF)] which activates PSCs

[31,32]. Other than that, PSCs can also be activated by molecular signaling pathway such as

phosphoinositide 3-kinase (PI3K) pathway [30]. Furthermore, PSCs can activate themselves

by secreting growth factors and cytokines through autocrine or paracrine pathway [33].

1.1.3 Interactions between PSCs and PDACs in the tumour microenvironment

The interactions between pancreatic cancer cells and stromal cells are bi-directional

[34]. Evidences pinpointed that PSCs activation occurs when exposed to cancer cell secretions

which leads to cancer cells proliferation, migration, invasion, metastasis and

immunosuppression [34]. Likewise, when pancreatic cancer cells were co-cultured with

conditioned medium (CM) obtained from PSCs, cancer cells were found to actively proliferate

but with reduced cell apoptosis. Therefore, proliferation and reduced apoptosis of cancer cell

contributes to the survival of cancer cells [35].

Activated PSCs are capable of proliferating tumours through excessive secretion of

extracellular matrix proteins, upregulation of matrix metalloproteinase (MMPs) and their tissue

inhibitors of metalloproteinase (TIMPs) production [28,36]. Hence, contributing to the

progression of PDA. Secretion of MMPs such as MMP-2, MMP-9 and MMP-A3 and their

inhibitors are found to influence ECM remodeling [37]. Moreover, MMPs synthesis can induce

invasion and metastasis [36].
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PSCs contribute to tumour angiogenesis and fibrogenesis by producing vascular

endothelial growth factors (VEGFs), PDGF and periostin that enhance proliferation, survival

and migration of tumour cells [38]. Moreover, elevated production of VEGFs and type I

collagen can also be influenced under hypoxia in PSCs [38]. Furthermore, PSCs plays an

important role in PDA metastasis. Studies have shown that PSCs can promote metastasis and

invasion through epithelial-mesenchymal transition (EMT) in PDACs [39]. According to

Kikuta et al, pancreatic cancer cells co-cultured with PSCs promotes EMT phenotype such as

loss of expressed epithelial markers like E-cadherin and increased expression of mesenchymal

markers like vimentin in pancreatic cancer cells [39]. Thus, this leads to an increase in cancer

cell migration [39].

Another factor contributing to migration and proliferation of pancreatic cancer cells is

the secretion of hepatocyte growth factor (HGF) by activated PSCs [40]. Secreted HGF binds

to the transmembrane cell surface receptor c-MET, expressed on cancer cells which induced

angiogenesis, cancer cell proliferation, migration andmetastasis [41]. One of the characteristics

of PDA is evasion of host immune surveillance and some studies had indicated that PSCs are

involved in this immune tolerance process [42]. Based on the study by Ene-Obong et al, PSCs

induced chemotactic effects on CD8+ T cells by secreting the chemokine CXCL12 that caused

sequestration of CD8+ T cells from infiltrating into the stroma of PDA [43].

In the PDA microenvironment, primary tumours were found to directly induce

proliferation of MDSCs and recruit MDSCs from the bone marrow to the TME [44,45].

MDSCs are immature myeloid cells responsible for immunosuppression by preventing T cell

activation via secretion of nitric oxide, reactive oxygen species (ROS) and depletion of

arginase-1 [44]. The proliferation and differentiation of MDSCs from its precursors are
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influenced by cytokines and growth factors that includes granulocyte macrophage colony-

stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF) and IL-6

[44,45,46].

Apart from that, PSCs have been shown to produce some chemokines in vitro, which

leads to MDSCs differentiation and migration to pancreatic tumours [46]. According to a study

conducted by Mace et al, PSCs supernatant were discovered to contain several

proinflammatory cytokines and growth factors, primarily IL-6 that was secreted from PSCs

lines [46]. These cytokines are responsible for myeloid cell differentiation that enhance the

immunosuppressive pancreatic microenvironment [46].

Furthermore, IL-6 and other soluble factors secreted by PSCs go through a STAT3-

dependent process [46,47]. The signal transducer and activator of transcription 3 (STAT3)

activation is crucial for the survival of PSCs as well as malignant cells [46,48]. Galectin-1, a

β-galactoside-binding lectin produced by PSCs are found to contribute to the

immunosuppressive TME of PDA [49]. Galectin-1 causes immunosuppression by preventing

T cell activation, inducing T cell apoptosis and increasing the production of T helper type 2

(Th2) cytokine [50].

These past studies had shown that PDACs and PSCs contributed to the progression of

PDA in TME through invasion, proliferation, metastasis and immunosuppression. However,

there were very few studies that study on PDACs, PSCs and their co-culture at the proteomic

level. Hence, this study aimed to compare the proteomic profile of PDACs, PSCs and their co-

culture in order to determine whether the differences between them is important for progression

of cancer.
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1.2 Research Aim

To compare the proteomic profile of primary PDACs, PSCs and their co-culture.

1.3 Research Question

What are the proteomic profiles of primary PDACs, PSCs and their co-culture?

1.4 Research Hypothesis

H0: There is no difference between the proteomic profile of PDACs, PSCs and their co-culture.

H1: There is difference between the proteomic profile of PDACs, PSCs and their co-culture.
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CHAPTER 2.0 METHODOLOGY ANDMATERIALS

2.1 Cell Culture

PANC10.05 cells (primary PDAC cell line) were obtained fromAmerican Type Culture

Collection (ATCC®, USA) and PSC (hPSC21-S/T) cells donated by Professor Atsushi

Masamune were cultured in Dulbecco’s Modified Eagle Medium (DMEM) and Dulbecco’s

Modified Eagle Medium/Nutrient Mixture of F12 (DMEM/F12) (50:50) manufactured by

Nacalai Tesque, Japan. Cultured medium was supplemented with 10% heat-activated Foetal

Calf Serum (FCS) (Nacalai Tesque, Japan), penicillin sodium and streptomycin sulfate

(Nacalai Tesque, Japan). The cells were seeded into 6-well plates and incubated for 3 days in

5% carbon dioxide at 37°C [34]. There were 3 different groups of cells, namely PANC10.05,

PSCs and PANC10.05/PSCs co-culture. After incubating for 3 days, the cells were detached

from the 6-well plates and collected for cell lysis.

2.2 Lysis of cells and protein extraction

In cell lysis and protein extraction, radioimmunoprecipitation assay buffer (RIPA

buffer) (Bio Basic, Canada) and tissue homogenizer (Pyrex, France) were used to induce cell

lysis and extract the proteins from the cells. Protease and phosphate inhibitor (Sigma-Aldrich,

USA) were added with RIPA buffer to prevent the breakdown of extracted proteins and to

stabilise the structure of the protein lysate by encapsulating the proteins. Processed protein

lysates were stored in -80°C.
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2.3 In-solution digestion of proteins

Protein lysate samples were placed in an Eppendorf Concentrator plusTM/Vacufuge®

plus (Eppendorf, Germany) to dry out and concentrate the samples to 45 µl. The samples were

mixed with 100mM ammonium bicarbonate stock solution (Nacalai Tesque, Japan), 25µl of

2,2,2-triflouroethanol (TFE) denaturing agent (Sigma-Aldrich, USA) and 1µl of 1,4-

dithiothreitol (DTT) stock solution (Sigma-Aldrich, USA) which were then heated at 60°C for

an hour. After cooling to room temperature, freshly prepared 4µl of 2-IAM (Merck, Germany)

was added to each sample and incubated in the dark for an hour. To quench excess 2-IAM, 1,4-

DTT was added into the samples and incubated in the dark for another hour. After an hour of

incubation, ultrapure water, 100µl of ammonium bicarbonate stock solution was added. The

samples were then tested for its pH value which had to be between pH 7 - 9. This was followed

by adding 10µl of trypsin (Merck, Germany) into samples to digest proteins into peptides.

Samples were incubated overnight up to 18 hours at 37°C.

The next day, 2.5% Trifluoroacetic acid (TFA) (Sigma-Aldrich, USA) was added to

terminate trypsin activity in samples. Subsequently, 100 µl PierceTM C18 Pipette Tips

(ThermoFisher Scientific, USA) were used to process peptide and desalt samples. C18 tips

were wet with 50%Acetonitrile (ACN) (Sigma-Aldrich, USA) and then equilibrated with 0.1%

TFA. Samples were aspirated into the C18 tips and resuspended before rinsing with 0.1%

TFA/5% ACN to remove contaminants from the tips. Samples were eluted by aspirating and

dispensing 70% ACN, allowing the sample’s protein to bind to the resin situated at the tip of

C18 tips. Samples were speedvac at 45°C until completely dry and stored at -80°C.
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Finally, LCMS/MS (Agilent Technologies, USA) were used to analyse and quantify

protein in samples. The Agilent 1200 HPLC-Chip/MS Interface were coupled with Agilent

6550 iFunnel Q-TOF LC/MS to analyse the protein samples. 1 µL from each sample was

loaded into an Agilent Large Capacity Chip with 300Å pore size, C18 and a 160nL enrichment

column and 75µm x150mm analytical column to separate the proteins. The flow rate was

4µL/min from Agilent 1200 Series Capillary pump and 0.5µL/min from Agilent 1200 Series

Nano pump. The mobile phases used were A, water with 0.1% formic acid and B, 90%

Acetonitrile in water with 0.1% formic acid. For MS parameters, the peptides were detected

through positive ion polarity with capillary voltage of 1900V.

2.4 Data analysis

PANC10.05, PSCs and their co-culture datasets were analysed with DEBrower

(v1.22.5), an interactive differentially expression analysis tool to identify differentially

expressed genes. Enrichment GO analysis was carried out using R, with the ClusterProfiler

package.
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CHAPTER 3.0 RESULTS

3.1 Identification of differentially expressed proteins (DEPs)

PANC10.05, PSCs and PANC10.05 + PSC (co-culture) datasets were analysed using

the LIMMA package in DEBrowser software. Differentially expressed proteins (DEPs) can be

identified though their expression level between three sets of comparisons; PANC10.05 versus

co-culture, PSCs versus co-culture and PANC10.05 versus PSCs with parameters of p-adjusted

value £0.05 and a fold change of 2.

Out of 249 proteins that were detected, only one gene is differentially expressed

between PANC10.05 vs co-culture as shown in Table 3.1. As demonstrated in Table 3.2, one

gene is also differentially expressed between PSCs vs co-culture while Table 3.3 indicated

three genes in particular being expressed differentially between PANC10.05 vs PSCs.

Volcano plots were constructed to compare the DEPs within each set of comparison

thereby each DEPs are represented with a coloured dot. Based on Figure 3.1 (A), VIM is the

only DEPs that is expressed higher in co-culture when compared between PANC10.05 vs co-

culture. In Figure 3.1 (B), KRT8 is also the only DEPs that is expressed higher in co-culture.

The volcano plot illustrated in Figure 3.1 (C) showed that KRT8 and KRT18 is expressed in

PANC10.05 whereas VIM is expressed in PSCs. The other genes represented in grey had no

significant difference in terms of their expression.
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Table 3.1 Identification of DEPs between PANC10.05 versus co-culture.

Gene name p-adj Log2FoldChange

VIM 1.74e-04 14.67

Table 3.2 Identification of DEPs between PSCs versus co-culture.

Gene name p-adj Log2FoldChange

KRT8 6.38e-03 12.44

Table 3.3 Identification of DEPs between PANC10.05 versus PSCs.

Gene name p-adj Log2FoldChange

VIM 2.72e-03 15.56

KRT8 2.72e-03 -14.17

KRT18 2.72e-03 -13.7
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Volcano Plots of DEPs

(A) (B)

(C)

Figure 3.1 The volcano plots of the DEPs. The y-axis represents the adjusted p value against

the x-axis that displays the fold change value. The red dots signify the upregulation of DEPs

(padj < 0.05, log 2 FC > 2) whereas the blue dots signify the downregulation of DEPs (padj <

0.05, log 2 FC < -2). The grey dots represent genes with no significant differences. (A)

Visualisation of DEPs from PANC10.05 versus co-culture. (B) Visualisation of DEPs from

PSC versus co-culture. (C) Visualisation of DEPs from PANC10.05 versus PSCs.
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3.2 Gene Ontology (GO) enrichment analysis of DEPs

GO enrichment analysis was conducted through R package. Only comparisons with

more than one DEPs will undergo GO enrichment analysis. In this case, the three DEPs

identified from PANC10.05 vs PSCs were analysed

3.2.1 Cellular Component (CC) of DEPs in PANC10.05 vs PSCs

According to Figure 3.2, the cellular components of the enriched DEPs are found in the

intermediate filament of cytoskeleton, keratin filament, nuclear matrix, polysome and nuclear

periphery.

3.2.2 Molecular Function (MF) of DEPs in PANC10.05 vs PSCs

As illustrated in Figure 3.3, the molecular functions of the three DEPs are enriched in

scaffold protein binding whereas only one gene is involved in keratin filament binding,

intermediate filament binding, cadherin binding involved in cell-cell adhesion and structural

constituent of cytoskeleton.

3.2.3 Biological Process (BP) of DEPs in PANC10.05 vs PSCs

In Figure 3.4, all the three DEPs participated in the biological processes of intermediate

filament cytoskeleton organisation, intermediate filament-based process and intermediate

filament organisation.



27

Figure 3.2 GO enrichment analysis of cellular component for DEPs between PANC10.05 vs

PSCs.
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Figure 3.3 GO enrichment analysis of molecular function for DEPs in PANC10.05 vs PSCs.
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Figure 3.4 GO enrichment analysis of biological process for DEPs in PANC10.05 vs PSCs.
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CHAPTER 4.0 DISCUSSION

The main purpose of this study was to identify and compare the proteomic profiles of

primary PDAC, PSCs and their co-culture. Prior to this, comparisons between their proteomic

profiles have not been explored. We hypothesised that there is no difference between the

proteomic profile of primary PDAC (PANC10.05), PSCs and their co-culture. In this study,

three proteins, VIM, KRT8 and KRT18 were discovered to be differentially expressed across

the three comparisons.

PDA tumour microenvironment comprises of a densely desmoplastic stroma. The PDA

stroma consists of cancer cells and fibroblastic cells such as PSCs that are made up of majority

of cellular components [51]. Hence, PANC10.05 + PSCs co-culture best represent the PDA

tumour microenvironment as compared to individual monoculture of PANC10.05/PSCs. VIM

(Vimentin) was the only gene that was differentially expressed in PANC10.05 monoculture vs

co-culture (Table 3.1). When comparing the proteomic profiles of PANC10.05 monoculture

and co-culture, VIM was found to express more in co-culture than in monoculture as shown in

Figure 3.1 (A).

On the other hand, KRT8 (Keratin8) was also the only differentially expressed gene in

PSCs monoculture vs co-culture (Table 3.2). When proteomic profiles of PSCs monoculture

were compared with co-culture, KRT8 was shown to be upregulated in co-culture as

demonstrated in Figure 3.1 (B). In monoculture of PANC10.05 vs PSCs, VIM was highly

expressed in PSCs whereas KRT8 and KRT18 (Keratin18) were highly expressed in

PANC10.05 as illustrated in Figure 3.1 (C). These three genes were found to be differentially

expressed in the monoculture of PANC10.05 vs PSCs (Table 3.3).
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VIM and KRT8 expression in PANC10.05 and PSCs monoculture can be associated

with the expression of VIM and KRT8 in co-culture. The expression of VIM in co-culture

occurred due to the presence of PSCs in co-culture. Since monoculture of PSCs was shown to

express VIM, therefore, increased number of PSCs in co-culture may resulted in higher VIM

expression. Likewise, the expression of KRT8 in co-culture is associated with the presence of

PANC10.05 in co-culture. Given that PANC10.05 expressed KRT8 in monoculture, hence,

increased number of PANC10.05 in co-culture may expressed higher KRT8.

Even though PANC10.05 and PSCs have to work together in order for the cancer to

progress, however both cells do not need to be in the same culture to express proteins. The

expression of KRT8 and VIM do not require any interaction between PANC10.05 and PSCs

in co-culture because monoculture of PANC10.05 and PSCs have been expressing KRT8 and

VIM. Hence, if conditioned media is taken from monoculture of PANC10.05 and added to

PSCs monoculture or vice versa, it will function like a co-culture that is similar to a PDA

microenvironment.

Expression of VIM were detected in several studies conducted on cancer of the breast,

prostate, lung cancer, gastrointestinal tract and acute myeloid leukemia [52 - 56]. Moreover,

VIM expression was also detected in surgically resected pancreatic ductal adenocarcinomas

[57]. VIM is a commonly expressed type III intermediate filament (IF) from IF family of

proteins that is expressed in mesenchymal cells and is involved in the cytoskeletal formation

with microtubes and microfilaments [58]. The function of this protein is to provide structural

support, allowing the movement of cells, ensuring integrity of cytoplasm and stablising the

interactions in cytoskeleton [58].
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VIM is found to be associated with pancreatic cancer cell invasion and metastasis.

Metastatic liver tumours in pancreatic tumours have shown higher expression of VIM,

indicating that VIM correlates with increased invasiveness and metastasis of cancer cells [59].

Furthermore, VIM plays a significant role in cancer invasion and metastasis through epithelial

to mesenchymal transition (EMT). EMT is a biological process that occurs by transitioning of

polarized epithelial cell to mesenchymal cells with manifestation of mesenchymal phenotype

[60]. In the process of transitioning, epithelial cancer cells lose its cell-to-cell adhesion and

polarity, epithelial cell markers and reorganization of the cytoskeleton while gaining migratory

and invasive characteristics of mesenchymal cells [61].

Wu et al, mentioned that VIM overexpression in cancer are drivers for metastasis and

invasion by participating in the remodeling of the cytoskeleton during EMT [56]. VIM is often

considered as a mesenchymal marker since it is predominantly expressed in mesenchymal cells

and tissues [56,60]. Due to the transitioning of epithelial to mesenchymal cells, mesenchymal

cells will overexpress VIM which makes it a reliable biomarker for cancer invasion and

metastasis.

Despite VIM being a cytoskeletal protein, VIM can cause cytoskeletal deformation

through apoptosis and proteolysis. Cytoskeletal damage by apoptosis occurs when VIM is

cleaved by caspases -3, -6 and -7 which leads to alterations of the cell’s morphology and cell

death [62]. Nonetheless, VIM undergoes phosphorylation which resulted from cell signaling

pathway such as AKT pathway [63]. AKT1 is a cancer promoting kinase that binds to VIM

and protects VIM from degradation and cleavage of caspases -3, -6 and -7 [63].
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When VIM is expressed higher in co-culture than PANC10.05, this suggest that PSCs

in co-culture is responsible for the expression of VIM. In that case, PSCs is important in the

progression of cancer. Since PSCs and PANC10.05 has to work together for cancer

progression, hence VIM expression by PSCs influence cancer cell proliferation, invasion and

metastasis as well as inhibiting apoptosis. Moreover, PSCs enhance EMT process in pancreatic

cancer cells through VIM which result in cancer progression.

KRT8 is predominantly expressed in epithelial cells such as pancreatic acinar and islet

cells [64]. KRT8 is a type II IF protein that is also a part of the IF family of proteins [64]. KRT8

is an important cytoskeletal component that is found to be involved in cell migration, cell

progression and cell adhesion [65 - 67]. Increased expression of KRT8 has been shown in some

cancer tumours such as gastric cancer, clear cell renal cell carcinoma and pancreatic cancer.

In tissues of gastric cancer, increased expression level of KRT8 were discovered in

patients with gastric cancer [68]. In addition, KRT8 was shown to promote proliferation, EMT

and metastasis of gastric cancer cells [68]. Tan et al reported that KRT8 was upregulated in

clear cell renal cell carcinoma tissues that enhance tumour proliferation and metastasis [69].

Hence, this implies that PANC10.05 that expressed KRT8 in co-culture causes cancer cell

proliferation and metastasis which leads to the cancer progression.

KRT18 is a type I IF protein that is involved in the cytoskeleton and structural integrity

of cells [70]. KRT18 is found to be associated with cell migration, proliferation, motility and

invasion [70]. Based on Figure 3.1 (C), KRT18 is originally expressed higher in PANC10.05

but not in PSCs. In spite of that, differential expression of KRT18 was not detected in

PANC10.05 vs co-culture even though PANC10.05 was added to PSCs in co-culture. This
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indicates that the expression of this gene was downregulated in co-culture. Therefore, the

expression of KRT18 in co-culture is not crucial in the progression of cancer. Moreover,

downregulation of KRT18 expression may result from reduced number of PANC10.05 in co-

culture.

According to Figure 3.2, GO analysis has shown that VIM, KRT8 and KRT18 are

mainly found in the intermediate filament of cytoskeleton. In terms of molecular function and

biological processes, the three DEPs are mainly involved in the intermediate filament of

cytoskeletal organization and processes as shown in Figure 3.3 and Figure 3.4. Hence, this

reaffirms that the biological processes and molecular function for VIM, KRT8 and KRT18 are

the same with the protein functions as mentioned earlier. This implies that the monoculture of

PANC10.05 and PSCs are involved in the progression of cancer due to the expression of DEPs.

Hence, the interaction between PANC10.05 and PSCs are not needed in co-culture for protein

expression.

In view of that, conditioned media from monoculture of PANC10.05 and PSCs that

expressed DEPs can be used to study on the effects of proteins in the progression of pancreatic

ductal adenocarcinoma. Moreover, further research is required to investigate the mechanisms

and signaling pathways of each differentially expressed proteins in the progression of

pancreatic cancer.
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CHAPTER 5.0 CONCLUSION

The comparison between each proteomic profiling of PDACs, PSCs and their co-

culture have identified significant DEPs involved in monoculture of PDACs/PSCs and PDACs-

PSCs co-culture. However, there is no difference in terms of protein expression between

monoculture of PDACs/PSCs and their co-culture considering that the interaction between

PDACs and PSCs is not needed in a co-culture. Thus, null hypothesis of this study is accepted.

The findings from this study showed that PANC10.05 and PSCs are important in the

progression of pancreatic cancer. Studies on the proteomic profiling of metastatic PDAC cell

line and secretome profiling of PANC10.05, PSCs and SW1990 (metastatic PDAC cell line)

can be carried out for future research of pancreatic cancer.
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CHAPTER 6.0 RECOMMENDATIONS FOR FUTUREWORK

There are several limitations in this study. Firstly, very few DEPs were discovered in

each set of comparisons. Furthermore, there were also not many proteins detected in

PANC10.05, PSCs and their co-culture in which only 249 proteins were detected. In order to

detect more expressed genes, transcriptomic studies can be conducted on PANC10.05, PSCs

and their co-culture. Integrating transcriptomic data and proteomic data will generate a

comprehensive list of genes and proteins that are expressed in each set of comparisons at

mRNA level and protein level.

Moreover, our study only focused on the proteomic profile of primary PDAC cell line

but not on metastatic PDAC cell line. Since metastasis of cancer cells do occur in the

progression of pancreatic ductal adenocarcinoma, therefore we should also study the proteomic

profile of SW1990 (metastatic PDAC cell line) and compare them with the proteomic profile

of PANC10.05.



37

References

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36

cancers in 185 countries. CA: A Cancer Journal of Clinicians. 2018 Sep;68(6):394-424

[2] National Cancer Registry NCI. Malaysian study on cancer survival (MySCan).

Putrajaya: National Cancer Institute, Health Education Division, Ministry of Health;

2018.

[3] Zhang L, Sanagapalli S, Stoita A. Challenges in diagnosis of pancreatic cancer. World

journal of gastroenterology. 2018 May 21;24(19):2047.

[4] Huang L, Jansen L, Balavarca Y, Babaei M, van der Geest L, Lemmens V, Van Eycken

L, De Schutter H, Johannesen TB, Primic-Žakelj M, Zadnik V. Stratified survival of

resected and overall pancreatic cancer patients in Europe and the USA in the early

twenty-first century: a large, international population-based study. BMC medicine.

2018 Dec;16(1):1-5.

[5] Lutfi W, Talamonti MS, Kantor O, Wang CH, Liederbach E, Stocker SJ, Bentrem DJ,

Roggin KK, Winchester DJ, Marsh R, Prinz RA. Perioperative chemotherapy is

associated with a survival advantage in early stage adenocarcinoma of the pancreatic

head. Surgery. 2016 Sep 1;160(3):714-24.

[6] Oettle H, Post S, Neuhaus P, Gellert K, Langrehr J, Ridwelski K, Schramm H, Fahlke

J, Zuelke C, Burkart C, Gutberlet K. Adjuvant chemotherapy with gemcitabine vs

observation in patients undergoing curative-intent resection of pancreatic cancer: a

randomized controlled trial. Jama. 2007 Jan 17;297(3):267-77.

[7] Neoptolemos JP, Stocken DD, Friess H, Bassi C, Dunn JA, Hickey H, Beger H,

Fernandez-Cruz L, Dervenis C, Lacaine F, Falconi M. A randomized trial of



38

chemoradiotherapy and chemotherapy after resection of pancreatic cancer. New

England Journal of Medicine. 2004 Mar 18;350(12):1200-10.

[8] Oberstein PE, Olive KP. Pancreatic Cancer: why is it so hard to treat? Therapeutic

Advances in Gastroenterology. 2013 Jul;6(4):321-337.

[9] Masamune A,Watanabe T, Kikuta K, Shimosegawa T. Roles of pancreatic stellate cells

in pancreatic inflammation and fibrosis. Clinical Gastroenterology and Hepatology.

2009 Nov 1;7(11):S48-54.

[10] Ricci C, Mota C, Moscato S, D’Alessandro D, Ugel S, Sartoris S, Bronte V, Boggi U,

Campani D, Funel N, Moroni L. Interfacing polymeric scaffolds with primary

pancreatic ductal adenocarcinoma cells to develop 3D cancer models. Biomatter. 2014

Jan 1;4(1):e955386.

[11] Pergamo M, Miller G. Myeloid-derived suppressor cells and their role in pancreatic

cancer. Cancer gene therapy. 2017 Mar;24(3):100-5.

[12] Collins MA, Bednar F, Zhang Y, Brisset JC, Galbán S, Galbán CJ, Rakshit S,

Flannagan KS, Adsay NV, di Magliano MP. Oncogenic Kras is required for both the

initiation and maintenance of pancreatic cancer in mice. The Journal of clinical

investigation. 2012 Feb 1;122(2):639-53.

[13] Raphael BJ, Hruban RH, Aguirre AJ, Moffitt RA, Yeh JJ, Stewart C, Robertson AG,

Cherniack AD, Gupta M, Getz G, Gabriel SB. Integrated genomic characterization of

pancreatic ductal adenocarcinoma. Cancer cell. 2017 Aug 14;32(2):185-203.

[14] Lin JC, Liu TP, Yang PM. CDKN2A-inactivated pancreatic ductal adenocarcinoma

exhibits therapeutic sensitivity to paclitaxel: a bioinformatics study. Journal of clinical

medicine. 2020 Dec;9(12):4019.



39

[15] Doyle A, Kubler MM, Harris AC, López A, Govindaraj P, Prins P, Weinberg BA. The

impact of CDKN2A mutations on overall survival in pancreatic adenocarcinoma.

Journal of Clinical Oncology. 2019 Feb 01;37(4):278.

[16] Winter JM, Cameron JL, Campbell KA, Arnold MA, Chang DC, Coleman J, Hodgin

MB, Sauter PK, Hruban RH, Riall TS, Schulick RD. 1423 pancreaticoduodenectomies

for pancreatic cancer: a single-institution experience. Journal of gastrointestinal

surgery. 2006 Sep;10(9):1199-211.

[17] Hruban RH, Adsay NV, Albores–Saavedra J, Compton C, Garrett ES, Goodman SN,

Kern SE, Klimstra DS, Klöppel G, Longnecker DS, Lüttges J. Pancreatic intraepithelial

neoplasia: a new nomenclature and classification system for pancreatic duct lesions.

The American journal of surgical pathology. 2001 May 1;25(5):579-86.

[18] Aichler M, Seiler C, Tost M, Siveke J, Mazur PK, Da Silva‐Buttkus P, Bartsch DK,

Langer P, Chiblak S, Dürr A, Höfler H. Origin of pancreatic ductal adenocarcinoma

from atypical flat lesions: a comparative study in transgenic mice and human tissues.

The Journal of pathology. 2012 Apr;226(5):723-34.

[19] Koong AC, Mehta VK, Le QT, Fisher GA, Terris DJ, Brown JM, Bastidas AJ, Vierra

M. Pancreatic tumors show high levels of hypoxia. International Journal of Radiation

Oncology* Biology* Physics. 2000 Nov 1;48(4):919-22.

[20] Thomas D, Radhakrishnan P. Tumor-stromal crosstalk in pancreatic cancer and tissue

fibrosis. Molecular cancer. 2019 Dec;18(1):1-5.

[21] Chronopoulos A, Robinson B, Sarper M, Cortes E, Auernheimer V, Lachowski D,

Attwood S, García R, Ghassemi S, Fabry B, del Río Hernández A. ATRAmechanically

reprograms pancreatic stellate cells to suppress matrix remodelling and inhibit cancer

cell invasion. Nature communications. 2016 Sep 7;7(1):1-2.



40

[22] Scarlett CJ, Colvin EK, Pinese M, Chang DK, Morey AL, Musgrove EA, Pajic M, Apte

M, Henshall SM, Sutherland RL, Kench JG. Recruitment and activation of pancreatic

stellate cells from the bone marrow in pancreatic cancer: a model of tumor-host

interaction. PloS one. 2011 Oct 14;6(10):e26088.

[23] Sparmann G, Kruse ML, Hofmeister-Mielke N, Koczan D, Jaster R, Liebe S, Wolff D,

Emmrich J. Bone marrow-derived pancreatic stellate cells in rats. Cell research. 2010

Mar;20(3):288-98.

[24] Apte MV, Haber PS, Applegate TL, Norton ID, McCaughan GW, Korsten MA, Pirola

RC, Wilson JS. Periacinar stellate shaped cells in rat pancreas: identification, isolation,

and culture. Gut. 1998 Jul 1;43(1):128-33.

[25] Bachem MG, Schneider E, Groß H, Weidenbach H, Schmid RM, Menke A, Siech M,

Beger H, Grünert A, Adler G. Identification, culture, and characterization of pancreatic

stellate cells in rats and humans. Gastroenterology. 1998 Aug 1;115(2):421-32.

[26] Allam A, Thomsen AR, Gothwal M, Saha D, Maurer J, Brunner TB. Pancreatic stellate

cells in pancreatic cancer: In focus. Pancreatology. 2017 Jul 1;17(4):514-22.

[27] Parente P, Parcesepe P, Covelli C, Olivieri N, Remo A, Pancione M, Latiano TP,

Graziano P, Maiello E, Giordano G. Crosstalk between the tumor microenvironment

and immune system in pancreatic ductal adenocarcinoma: potential targets for new

therapeutic approaches. Gastroenterology research and practice. 2018 Oct;2018:1-15.

[28] Whatcott CJ, Diep CH, Jiang P, Watanabe A, LoBello J, Sima C, Hostetter G, Shepard

HM, Von Hoff DD, Han H. Desmoplasia in primary tumors and metastatic lesions of

pancreatic cancer. Clinical cancer research. 2015 Aug 1;21(15):3561-8.

[29] Ayala G, Tuxhorn JA, Wheeler TM, Frolov A, Scardino PT, Ohori M, Wheeler M,

Spitler J, Rowley DR. Reactive stroma as a predictor of biochemical-free recurrence in

prostate cancer. Clinical Cancer Research. 2003 Oct 15;9(13):4792-801.



41

[30] Masamune A, Shimosegawa T. Signal transduction in pancreatic stellate cells. Journal

of gastroenterology. 2009 Apr;44(4):249-60.

[31] Bachem MG, Schünemann M, Ramadani M, Siech M, Beger H, Buck A, Zhou S,

Schmid-Kotsas A, Adler G. Pancreatic carcinoma cells induce fibrosis by stimulating

proliferation and matrix synthesis of stellate cells. Gastroenterology. 2005 Apr

1;128(4):907-21.

[32] Apte MV, Haber PS, Darby SJ, Rodgers SC, McCaughan GW, Korsten MA, Pirola RC,

Wilson JS. Pancreatic stellate cells are activated by proinflammatory cytokines:

implications for pancreatic fibrogenesis. Gut. 1999 Apr 1;44(4):534-41.

[33] Shimada M, Andoh A, Hata K, Tasaki K, Araki Y, Fujiyama Y, Bamba T. IL-6

secretion by human pancreatic periacinar myofibroblasts in response to inflammatory

mediators. The Journal of Immunology. 2002 Jan 15;168(2):861-8.

[34] Apte MV, Wilson JS, Lugea A, Pandol SJ. A starring role for stellate cells in the

pancreatic cancer microenvironment. Gastroenterology. 2013 May 1;144(6):1210-9.

[35] Hwang RF, Moore T, Arumugam T, Ramachandran V, Amos KD, Rivera A, Ji B,

Evans DB, Logsdon CD. Cancer-associated stromal fibroblasts promote pancreatic

tumor progression. Cancer research. 2008 Feb 1;68(3):918-26.

[36] Phillips PA, McCarroll JA, Park S, Wu MJ, Pirola R, Korsten M, Wilson JS, Apte MV.

Rat pancreatic stellate cells secrete matrix metalloproteinases: implications for

extracellular matrix turnover. Gut. 2003 Feb 1;52(2):275-82.

[37] Schneiderhan W, Diaz F, Fundel M, Zhou S, Siech M, Hasel C, Möller P, Gschwend

JE, Seufferlein T, Gress T, Adler G. Pancreatic stellate cells are an important source of

MMP-2 in human pancreatic cancer and accelerate tumor progression in a murine

xenograft model and CAM assay. Journal of cell science. 2007 Feb 1;120(3):512-9.



42

[38] Masamune A, Kikuta K, Watanabe T, Satoh K, Hirota M, Shimosegawa T. Hypoxia

stimulates pancreatic stellate cells to induce fibrosis and angiogenesis in pancreatic

cancer. American Journal of Physiology-Gastrointestinal and Liver Physiology. 2008

Oct;295(4):G709-17.

[39] Kikuta K, Masamune A, Watanabe T, Ariga H, Itoh H, Hamada S, Satoh K, Egawa S,

Unno M, Shimosegawa T. Pancreatic stellate cells promote epithelial-mesenchymal

transition in pancreatic cancer cells. Biochemical and biophysical research

communications. 2010 Dec 17;403(3-4):380-4.

[40] Pothula SP, Xu Z, Goldstein D, Merrett N, Pirola RC, Wilson JS, Apte MV. Targeting

the HGF/c-MET pathway: stromal remodelling in pancreatic cancer. Oncotarget. 2017

Sep 29;8(44):76722.

[41] Pothula SP, Xu Z, Goldstein D, Biankin AV, Pirola RC, Wilson JS, Apte MV.

Hepatocyte growth factor inhibition: a novel therapeutic approach in pancreatic cancer.

British journal of cancer. 2016 Feb;114(3):269-80.

[42] Tang D, Yuan Z, Xue X, Lu Z, Zhang Y, Wang H, Chen M, An Y, Wei J, Zhu Y, Miao

Y. High expression of Galectin‐1 in pancreatic stellate cells plays a role in the

development and maintenance of an immunosuppressive microenvironment in

pancreatic cancer. International journal of cancer. 2012 May 15;130(10):2337-48.

[43] Ene–Obong A, Clear AJ, Watt J, Wang J, Fatah R, Riches JC, Marshall JF, Chin–

Aleong J, Chelala C, Gribben JG, Ramsay AG. Activated pancreatic stellate cells

sequester CD8+ T cells to reduce their infiltration of the juxtatumoral compartment of

pancreatic ductal adenocarcinoma. Gastroenterology. 2013 Nov 1;145(5):1121-32.

[44] Pergamo M, Miller G. Myeloid-derived suppressor cells and their role in pancreatic

cancer. Cancer gene therapy. 2017 Mar;24(3):100-5.



43

[45] Porembka MR, Mitchem JB, Belt BA, Hsieh CS, Lee HM, Herndon J, Gillanders WE,

Linehan DC, Goedegebuure P. Pancreatic adenocarcinoma induces bone marrow

mobilization of myeloid-derived suppressor cells which promote primary tumor

growth. Cancer Immunology, Immunotherapy. 2012 Sep;61(9):1373-85.

[46] Mace TA, Ameen Z, Collins A, Wojcik S, Mair M, Young GS, Fuchs JR, Eubank TD,

Frankel WL, Bekaii-Saab T, Bloomston M. Pancreatic cancer-associated stellate cells

promote differentiation of myeloid-derived suppressor cells in a STAT3-dependent

manner. Cancer research. 2013 May 15;73(10):3007-18.

[47] Wu L, Du H, Li Y, Qu P, Yan C. Signal transducer and activator of transcription 3

(Stat3C) promotes myeloid-derived suppressor cell expansion and immune suppression

during lung tumorigenesis. The American journal of pathology. 2011 Oct

1;179(4):2131-41.

[48] Yu H, Pardoll D, Jove R. STATs in cancer inflammation and immunity: a leading role

for STAT3. Nature reviews cancer. 2009 Nov;9(11):798-809.

[49] Xue X, Lu Z, Tang D, Yao J, An Y, Wu J, Li Q, GaoW, Xu Z, Qian Z, Dai C. Galectin-

1 secreted by activated stellate cells in pancreatic ductal adenocarcinoma stroma

promotes proliferation and invasion of pancreatic cancer cells: an in vitro study on the

microenvironment of pancreatic ductal adenocarcinoma. Pancreas. 2011 Aug

1;40(6):832-9.

[50] Tang D, Yuan Z, Xue X, Lu Z, Zhang Y, Wang H, Chen M, An Y, Wei J, Zhu Y, Miao

Y. High expression of Galectin‐1 in pancreatic stellate cells plays a role in the

development and maintenance of an immunosuppressive microenvironment in

pancreatic cancer. International journal of cancer. 2012 May 15;130(10):2337-48.

[51] Maehira H, Miyake T, Iida H, Tokuda A, Mori H, Yasukawa D, Mukaisho KI, Shimizu

T, Tani M. Vimentin expression in tumor microenvironment predicts survival in



44

pancreatic ductal adenocarcinoma: heterogeneity in fibroblast population. Annals of

surgical oncology. 2019 Dec;26(13):4791-804.

[52] Wei J, Xu G, Wu M, Zhang Y, Li Q, Liu P, Zhu T, Song A, Zhao L, Han Z, Chen G.

Overexpression of vimentin contributes to prostate cancer invasion and metastasis via

src regulation. Anticancer research. 2008 Jan 1;28(1A):327-34.

[53] Wang X, Ji S, Ma Y, Xing X, Zhou Y, Xu X, Song J, Wang S, Jiang W, Wang X, Yan

F. Vimentin plays an important role in the promotion of breast cancer cell migration

and invasion by leucine aminopeptidase 3. Cytotechnology. 2020 Oct;72(5):639-47.

[54] Dauphin M, Barbe C, Lemaire S, Nawrocki-Raby B, Lagonotte E, Delepine G,

Birembaut P, Gilles C, Polette M. Vimentin expression predicts the occurrence of

metastases in non small cell lung carcinomas. Lung cancer. 2013 Jul 1;81(1):117-22.

[55] Fuyuhiro Y, Yashiro M, Noda S, Kashiwagi S, Matsuoka J, Doi Y, Kato Y, Kubo N,

Ohira M, Hirakawa K. Clinical significance of vimentin-positive gastric cancer cells.

Anticancer research. 2010 Dec 1;30(12):5239-43.

[56] Wu S, Du Y, Beckford J, Alachkar H. Upregulation of the EMT marker vimentin is

associated with poor clinical outcome in acute myeloid leukemia. Journal of

translational medicine. 2018 Dec;16(1):1-9.

[57] Handra-Luca A, Hong SM, Walter K, Wolfgang C, Hruban R, Goggins M. Tumour

epithelial vimentin expression and outcome of pancreatic ductal adenocarcinomas.

British journal of cancer. 2011 Apr;104(8):1296-302.

[58] Walsh N, O'Donovan N, Kennedy S, Henry M, Meleady P, Clynes M, Dowling P.

Identification of pancreatic cancer invasion-related proteins by proteomic analysis.

Proteome science. 2009 Dec;7(1):1-4.

[59] Nakajima S, Doi R, Toyoda E, Tsuji S, WadaM, KoizumiM, Tulachan SS, Ito D, Kami

K, Mori T, Kawaguchi Y. N-cadherin expression and epithelial-mesenchymal



45

transition in pancreatic carcinoma. Clinical cancer research. 2004 Jun 15;10(12):4125-

33.

[60] Liu CY, Lin HH, TangMJ, Wang YK. Vimentin contributes to epithelial-mesenchymal

transition cancer cell mechanics by mediating cytoskeletal organization and focal

adhesion maturation. Oncotarget. 2015 Jun 30;6(18):15966.

[61] Greenburg G, Hay ED. Epithelia suspended in collagen gels can lose polarity and

express characteristics of migrating mesenchymal cells. The Journal of cell biology.

1982 Oct;95(1):333-9.

[62] Byun Y, Chen F, Chang R, Trivedi M, Green KJ, Cryns VL. Caspase cleavage of

vimentin disrupts intermediate filaments and promotes apoptosis. Cell Death &

Differentiation. 2001 May;8(5):443-50.

[63] Zhu QS, Rosenblatt K, Huang KL, Lahat G, Brobey R, Bolshakov S, Nguyen T, Ding

Z, Belousov R, Bill K, Luo X. Vimentin is a novel AKT1 target mediating motility and

invasion. Oncogene. 2011 Jan;30(4):457-70.

[64] Fuchs E, Weber K. Intermediate filaments: structure, dynamics, function and disease.

Annual review of biochemistry. 1994 Jul;63(1):345-82.

[65] Makino T, Yamasaki M, Takeno A, Shirakawa M, Miyata H, Takiguchi S, Nakajima

K, Fujiwara Y, Nishida T, Matsuura N, Mori M. Cytokeratins 18 and 8 are poor

prognostic markers in patients with squamous cell carcinoma of the oesophagus. British

journal of cancer. 2009 Oct;101(8):1298-306.

[66] Fortier AM, Asselin E, Cadrin M. Keratin 8 and 18 loss in epithelial cancer cells

increases collective cell migration and cisplatin sensitivity through claudin1 up-

regulation. Journal of Biological Chemistry. 2013 Apr 19;288(16):11555-71.



46

[67] Galarneau L, Loranger A, Gilbert S, Marceau N. Keratins modulate hepatic cell

adhesion, size and G1/S transition. Experimental cell research. 2007 Jan 1;313(1):179-

94.

[68] Fang J, Wang H, Liu Y, Ding F, Ni Y, Shao S. High KRT 8 expression promotes tumor

progression and metastasis of gastric cancer. Cancer science. 2017 Feb;108(2):178-86.

[69] Tan HS, Jiang WH, He Y, Wang DS, Wu ZJ, Wu DS, Gao L, Bao Y, Shi JZ, Liu B,

Ma LJ. KRT8 upregulation promotes tumor metastasis and is predictive of a poor

prognosis in clear cell renal cell carcinoma. Oncotarget. 2017 Sep 29;8(44):76189.

[70] Zhang J, Hu S, Li Y. KRT18 is correlated with the malignant status and acts as an

oncogene in colorectal cancer. Bioscience Reports. 2019 Aug 30;39(8).



47

BIODATA OF THE AUTHOR

Yeo Quin-Yie completed her Bachelor Degree in Medical Science at Edith Cowan

University (ECU), Australia. She is currently undertaking her Masters degree in Molecular

Medicine at International Medical University (IMU). Concurrently, she is working as a medical

laboratory personnel with Labcare Sdn Bhd at Pantai Hospital Kuala Lumpur under Dr Wong

Wai Ping. Her working experience in Obstetrics & Gynaecology-based laboratory involved

performing laboratory testing and handling of biological samples. She will embark on her new

career journey as a research assistant at Kuala Lumpur Sports Medical Centre (KLSMC

Hospital) in July 2022.


