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Abstract 

Introduction: Pancreatic ductal adenocarcinoma (PDAC) is typically characterised with 

fibrotic stroma. It is a lethal disease due to its incidence rate being almost equal to its 

mortality rate.  The poor prognosis of PDAC has not changed for the past forty years is 

due to lack of early detection, late diagnosis of the cancer and ineffectiveness of 

conventional treatments due to chemoresistance. Recent studies show a critical role of 

the tumour microenvironment in cancer progression. Periostin (POSTN) is a matricellular 

protein involved in development and tissue injury. POSTN is overexpressed in multiple 

types of cancer including PDAC.  Alternative splicing has been shown to generate multiple 

POSTN transcript variants in other tissues but has not been examined in PDAC. The aim of 

this project was to investigate the POSTN isoforms in PDAC and carry out functional 

studies to characterise these isoforms. 

Methods: Bioinformatics analysis of POSTN was carried out to investigate the potential 

POSTN isoforms and an RT-PCR approach was used to detect the expression of POSTN 

isoforms in multiple cell lines. Western Blot analysis was carried out on PS-1 cell lysates to 

detect POSTN protein expression. Traditional cloning was utilized to clone all POSTN 

isoforms to produce recombinant proteins to carry out functional studies.  

Results: Bioinformatics analysis reveal ten POSTN transcript variants across three 

databases (Ensembl, Genbank and AceView). Predictions made from domain databases 

show two potential intracellular POSTN proteins.  RT PCR analysis showed expression of 

seven POSTN transcript variants namely POSTN-001, 002,003,004, 201a, 201 band novel 

POSTN isoform in pancreatic stellate (PS-1) cells.  POSTN was not expressed in any cancer 

cell lines tested. Similarly, Western blot analysis showed the presence of potential POSTN 

protein isoforms. Substantial progress was made with cloning POSTN isoforms. 

Conclusion: This study revealed the presence of several POSTN isoforms in pancreatic 

stellate cells which has the potential to be used as clinical biomarkers or therapeutic 

targets of PDAC. Further studies are warranted to fully characterise these isoforms. 
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Chapter 1- Introduction  

1.1 Pancreatic cancer  

1.1.1 Incidence and mortality  

Cancer is a global issue which ranks the second most common cause of mortality in the 

US (Siegel et al., 2018).  Pancreatic ductal adenocarcinoma (PDAC) affects the pancreatic 

ductal cells and accounts for 95% of cases in pancreatic cancer (Tingle et al., 2015). Figure 

1.1 show PDAC incidence is relatively rare compared with other cancers such as breast, 

prostate and lung cancers. However, according to the International Agency for Research 

on Cancer (IARC), PDAC is the seventh major cause of all cancer mortality in developed 

countries. However, it is the third major cause of cancer mortality in the US according to 

Surveillance, Epidemiology and End Results Program (SEER) (National Cancer Institute, 

2019). The 5-year survival rate in the US is estimated to be 8.5 % according to the data 

from SEER, which has not changed in the past forty years. There is a small difference 

between the incidence and mortality rates of PDAC in both males and females across 

different populations which indicates the lethality of this disease (Figures 1.2). 

 

Figure 1. 1 Pancreatic cancer incidence in men and women of all ages in the United Kingdom, adapted 

from GLOBOCAN 2018 estimates.  
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Figure 1. 2 Pancreatic cancer incidence and mortality in (a) males and (b) females in different populations, 

adapted from GLOBOCAN 2018 estimates. 

 



 

15 
 

 

1.1.2 Diagnosis and Treatment  

Pancreatic cancer is diagnosed according to Tumour, Node, Metastasis (TNM) staging and 

imaged using Computed Tomography (CT) and Magnetic resonance imaging (MRI) 

(Mohammad, 2018).  Carbohydrate antigen, CA 19-9 is associated with tumour 

progression, is a useful biomarker for diagnosis in PDAC patients (Park et al., 2013). 

However, it was reported that CA 19-9 cannot be used as a screening tool for an 

asymptomatic population suffering from PDAC (Kim et al., 2004). CA19-9 can be used 

during PDAC management to assess the response to treatment and to predict the 

prognosis of the disease (Park et al., 2013).  

The poor survival rate of PDAC, depicted in Figure 1.2, is partly due to the late diagnosis 

of cancer when it has already metastasised to neighbouring lymph nodes and organs such 

as the liver (Dong et al., 2018). A systematic review on survival times of PDAC patients 

showed that the general median survival time after diagnosis was 6.1 months for patients 

in median ages between 62-67 years but was much shorter for the elderly population ( 1 

to 3.2 months) (Carrato et al., 2015). PDAC is asymptomatic in the early stages but the 

symptoms only appear in the advanced stage of the disease, so the diagnosis is often 

delayed (Dong et al., 2018). Hence, PDAC is known to be a silent killer due to its 

asymptomatic nature in the early stages of the disease (Rahman & Washington, 2019). 

The presentation of non-specific symptoms that appear in the later stage of PDAC include 

weight loss, jaundice, dark urine, light stool colour, abdominal pain and nausea (Rahman 

& Washington, 2019).  

Typically, patients diagnosed with PDAC are treated with conventional methods such as 

chemotherapy, radiation, combination therapy and surgery (Rossi et al., 2014). A phase III 

study showed a combination of chemotherapeutic drugs, nab-paclitaxel plus gemcitabine 

was effective as it increased the median survival time (8.5 months) than gemcitabine 

alone (6.7 months) (Von Hoff et al., 2013). However, numerous studies have shown PDAC 

is resistant to current therapies. The only potential cure for PDAC and extended survival 

rate is surgery but it is ineffective when cancer has progressed to the advanced stage.  

Patients who underwent pancreatectomy had a higher median survival rate by up to 10 

months compared with non-resected patients (Bilimoria et al., 2007). The poor prognosis 
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of PDAC is also due to the reoccurrence of this disease even after surgery.  There had 

been no shift in the poor prognosis of PDAC over the past 40 years so there is a need to 

investigate novel therapeutic drugs to improve survival rate and to reduce reoccurrence 

rates (Tingle et al., 2015).  

1.2 The stroma and its importance in tumour development  

There are multiple reasons why chemoresistance develops in PDAC which includes the 

tumour microenvironment, cancer stem cells and non-coding RNAs (Figure 1.3). A typical 

feature that surrounds PDAC is the dense stroma known as desmoplasia (Farrow et al., 

2008). The stroma accounts for 90% of the tumour volume of PDAC (Xie & Xie, 2015). It 

consists of the non-cellular component which is the extracellular matrix (ECM) which 

contains proteoglycans, hyaluronic acid, and structural proteins such as collagen, 

fibronectin and laminin; it includes soluble factors such as growth factors, chemokines, 

cytokines, antibodies, metabolites and cellular compartment: stromal cells, neural cells, 

vascular cells and  inflammatory cells (Werb & Lu, 2015). In the tumour 

microenvironment, there is a bi-directional interaction of stromal and cancer cells that 

contribute to chemoresistance, thus reducing the efficacy of the current 

chemotherapeutic drugs in PDAC (Neumann et al., 2018). 

Cancer stem cells has been identified in PDAC and has the capacity to renew itself and 

initiate tumour growth during metastasis and result in chemoresistance (Li et al., 2007; 

Gnanamony & Gondi, 2017). Cancer stem cells have high expression of c-Jun N-terminal 

kinases (JNK) which is important in developing chemoresistance to two important 

chemotherapeutic drugs, fluorouracil and gemcitabine (Suzuki et al., 2015). Suzuki et al. 

(2015) showed that knockdown of JNK allowed the sensitisation of cancer stem cells to 

chemotherapeutic drugs and induce reactive oxygen species production. 

Non-coding RNA has a role in translation, and different processes including DNA 

replication, splicing, and epigenetic regulation (Taucher et al., 2016). Micro-RNA is a type 

of non-coding RNA involved in regulating gene expression and has a role in 

chemoresistance to current therapeutic drugs for PDAC (Gnanamony & Gondi, 2017). A 

study has shown that micro-RNA-17-92 cluster consists of six members of micro-RNA 

which is downregulated in pancreatic cancer stem cells compared with the differentiated 
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counterpart and overexpression of this micro-RNA in cancer stem cells led to reduction in 

self-renewal capacity, hence, sensitivity to chemotherapeutic drugs (Cioffi et al., 2015).  

Chemoresistance of PDAC is also due to the heterogeneity of the disease. PDAC has a 

complex mutational landscape from studies that carried out exome and copy number 

variation (CNV) analysis as well as whole genome studies (Biankin et al., 2012; Waddell et 

al., 2015; Murphy et al., 2016). The mutational landscape of PDAC is due to multiple 

somatic mutations of different oncogenes and tumour suppressor genes (Hanahan & 

Weinberg, 2011; Felsenstein et al., 2018). However, the five major genes that are well 

characterised in PDAC include KRAS which is an oncogene, and tumour suppressor genes 

such as TP53, SMAD4, CDKN2A and ARID1A according to the COSMIC database (Heestand 

& Kurzrock, 2015).  

Many key targeted therapies have been tried out in clinical trials (Lai et al., 2019). 

Molecular targets for the main mutated genes (TP53, SMAD4 and CDKN2A) of PDAC was 

shown to have poor prognosis (Oshima et al., 2013). MEK is a protein kinase which is a 

key downstream target of KRAS signalling (Pasca Di Magliano et al., 2013). Trametinib is a 

MEK inhibitor was used in a randomised phase II trial in combination with gemcitabine 

but it did not prolong the median overall survival (OS) of PDAC patients with metastatic 

disease (Infante et al., 2014). Another potential therapeutic target for PDAC  is gamma 

secretase inhibitor targeting the driver gene, GATA6, involved in Wnt/Notch signalling 

(Zhong et al., 2011; Mizuma et al., 2012). 

The stromal components enable the formation of a complex microenvironment that 

facilitates tumour development (Yuan et al., 2019). A study by Hwang et al. (2008)  

showed that there is a crosstalk between human pancreatic stromal cells (HPSC) and 

pancreatic cancer cells to promote progression of the tumour in PDAC and the 

importance of stroma in inhibiting the response of chemotherapy and radiation of 

tumour cells. This shows that the tumour microenvironment is dynamic which aids in 

tumorigenesis and chemoresistance (Fujita et al., 2009).  

As there is a growing interest in the tumour microenvironment, several studies of anti-

stromal therapeutics have been tested preclinically and some in early human clinical 

trials. A study by Özdemir et al. (2014) depleted the stroma in vivo which lead to tumour 
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invasion and poor survival. This shows the stroma does have tumour suppressive 

properties and shows the complexity of the stromal components. It is important to note 

that many proteins within the ECM are affected by splicing that has been linked to cancer 

progression. The next section illustrates how splicing takes place in the cell. 

Figure 1. 3 Different factors linked with chemoresistance of pancreatic cancer.  

An interplay between cancer cells, the tumour microenvironment, cancer stem cells which are controlled by 

small non-coding RNAs. Image adapted from (Gnanamony & Gondi, 2017). 

1.3 RNA processing  

Eukaryotic nascent RNA is synthesised by RNA polymerase II. It undergoes four main 

processing steps to become mature mRNA including 5’ capping, 3’ end cleavage and 

polyadenylation and splicing.  

1.3.1 5’ capping  

Eukaryotic mRNA possess a 5’ cap structure (Topisirovic et al., 2011).  The 5’ cap is 

covalently bonded with the mRNA by 5’-5’ triphosphate bridge. The 5’ capping occurs 

after the synthesis of ~20 bp of the nascent RNA by RNA polymerase II (Jurado et al., 

2014). The 5’ cap is necessary for RNA processing, prevent degradation, help with nuclear 

export of mature transcript, stabilize eukaryotic mRNA and translation (Furuichi et al., 

1977; Shimotohnot et al, 1977). 

1.3.2 3’ end cleavage and polyadenylation 

Most eukaryotic pre-mRNA undergoes endonucleolytic cleavage where the sequences at 

the 3’ end are lost and the addition of polyadenylated tail (Poly (A) tail) at the 3’ end of 

pre-mRNA (Wahle & Rüegsegger, 1999).  The mammalian signal for polyadenylation is the 

consensus sequence AAUAAA which is positioned between 11 and 25 base pairs before 
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the cleavage and polyadenylation site (Cooke et al., 1999).  Downstream of the cleavage 

side resides a less conserved GU-rich element and poly (A) tail is added at the cleavage 

site (Zhao et al., 1999). Polyadenylation is a highly coordinated process which happens 

alongside splicing (Cooke et al., 1999).  

1.3.3 Splicing process 

Pre-mRNA splicing in eukaryotes occurs with the exclusion of introns from pre-mRNA and 

ligation of exons to give mature mRNA (Smathers & Robart, 2019) (Figure 1.4). As shown 

in figure 1.4, the basic mechanism is initiated by 2’ hydroxyl of the intron branch point 

(adenine) which carry out a nucleophilic attack in the 5’ splice site. This is the first 

transesterification reaction that leads to free 5’ exon and an intermediate lariat-3’ exon. 

The free 5’ exon hydroxyl group subsequently carry out nucleophilic attack on the 3’ 

splice site which is the second transesterification. This results in ligated exons with the 

lariat as a by-product. This is a regulated process which is mediated by the spliceosome, a 

ribonucleoprotein complex. 

 

Figure 1. 4 Basic splicing mechanism of pre-mRNA consists of two transesterification reactions to produce 

ligated exons and intron lariat, adapted from (Smathers & Robart, 2019). 

1.3.4 Splicing mechanism  

The mechanism of splicing is well characterised, and it is a regulated process which is 

mediated by the spliceosome. Figure 1.5 depicts the detailed stages of the splicing 

process (Chen & Manley, 2009).  The spliceosome assembly is initiated with the binding of 

small nuclear ribonucleoproteins U1 (snRNP U1) to the 5’ splice site and the branch point 

is bound by splicing factor 1 (SF1). The U2 auxiliary factor (U2AF) heterodimer binds to 

both polypyrimidine tract and 3’ terminal AG. This results in the E complex formation 

which is adenosine triphosphate (ATP) independent. The U2 snRNP replaces SF1 at the 

branch point resulting in A complex formation. This enables the addition of U4, U6-U5 tri-

snRNP complex which forms the B complex. At this point, all the spliceosome components 
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conduct the splicing of pre-mRNA. The spliceosome undergoes conformational changes 

and remodelling where U1 and U4 are lost which subsequently results in catalytically 

active C complex which completes the splicing process. 

 

Figure 1. 5 Splicing mechanism using spliceosome.  

Image acquired from (Chen & Manley, 2009) with permission granted. Intron definition is when 

spliceosome assembly leads to the removal of an intron. Likewise, exon definition is when the spliceosome 

assembly leads to exon skipping.  

1.3.5 Alternative splicing 

Section 1.4 describes constitutive splicing whereby all introns are spliced out resulting in 

the ligation of all exons of this gene. However, alternative splicing is a regulated process 

which gives rise to multiple mature mRNAs, some of which results in proteins isoforms 

with potentially different functions, from the same gene. Thus, increasing protein 

diversity. Alternative splicing results in different combination of exons and sometimes 

intron retention due to the selection of different splice sites (Blencowe, 2006)(Figure 1.6).  
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Alternative splicing  has an important role in development and tissue differentiation (Yeo 

et al., 2004).  

 

Figure 1. 6 Seven types of alternative splicing based on systemic analyses of expressed sequence tag (EST) 

and cDNA and microarray data.  

(a) Cassette alternative exon (exon skipping). (b) Alternative 5’ splice site. (c) Alternative 3’ splice site. (d) 

Intron retention. (e) Mutually exclusive alternative exons. (f) Alternative promoter and first exon. (g) 

Alternative poly (A) site and terminal exon. Figure adapted from (Blencowe, 2006) 
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1.3.6 Regulation of alternative splicing 

Studies have shown the complexity of the regulation of alternative splicing. Alternative 

splicing involves the production of splice variants which is a result of the interaction of 

trans-acting splice factors with the cis-regulatory elements in either exons or introns (Yeo 

et al., 2004). Splicing regulatory elements in exons include exonic splicing enhancers 

(ESEs) or silencers (ESS) which dictates the fate of the exon either promoting or inhibiting 

it and  likewise, splicing regulatory elements for introns include intronic splicing enhancer 

(ISE) and silencers (ISS)(Wang & Burge, 2008; Wang et al., 2015). Two of the most 

characterised splicing regulatory factors include RNA-binding proteins which plays an 

important role in the control of alternative splicing include the serine/arginine-rich family 

of nuclear phosphoproteins (SR proteins) and heterogeneous nuclear ribonucleoproteins 

(HnRNPs) (Wang et al., 2015). It is thought generally SR proteins bind to ESE and ISE to 

promote the splicing assembly whereas HnRNPs bind to ESS and ISS to oppose splicing at 

alternative splice sites (Chen & Manley, 2009; Kelemen et al., 2013). Although the roles of 

SR protein and HnRNP are more complex than that. A study found HnRNP H can act both 

as a positively or negatively in the regulation of splicing (Rooke et al., 2003).  SR proteins 

are required to be phosphorylated otherwise they act as an inhibitor of splicing 

(Furuyama & Bruzik, 2002).  

1.4 POSTN   

Splicing affects many matricellular proteins (Viloria & Hill, 2016). Matricellular proteins 

are  part of the non-structural components of the ECM and is involved in tissue 

development and repair and up-regulation of matricellular proteins have a role in many 

diseases including cancer (Sage, 2014).  Periostin (POSTN), previously termed osteoblast-

specific factor-2 (OSF-2), is a 93.3 kDa matricellular protein which was first found in 

periosteum in bone tissues (Takeshita et al., 1993; Horiuchi et al., 1999). POSTN protein 

structure consists of a conserved N- terminal region containing the signal peptide 

enabling the secretion into the ECM, an EMI domain followed by four homologous FAS I 

domains and terminating at the C-terminal region which is affected by alternative splicing 

(Horiuchi et al., 1999; Takeshita et al., 1993).  POSTN binds to several integrin receptors 

such as αVβ1, αVβ3, αVβ5 and α6β4 which activates the serine–threonine kinase/ protein 

kinase B (Akt/PKB) and focal adhesion kinase (FAK) signal pathways which demonstrates 
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the role in cell adhesion (Murakami et al., 2017). POSTN has been shown to promote cell 

motility (Gillan et al., 2002; Chuanyu et al., 2017). Integrin binding occurs via FAS I 

domains 2 and 4 (Hoersch & Andrade-Navarro, 2010). It is thought that the C’ terminal 

region of POSTN regulates the binding to ECM proteins such as collagen I, collagen V, 

tenascin-C and fibronectin (Takayama et al., 2006; Norris et al., 2007; Kii et al., 2010). 

Hoersch et al. (2010) hypothesised that the C-terminal region of POSTN may mediate the 

binding of ECM proteins, although this has not been tested experimentally.  

1.4.1 POSTN in different diseases 

In the literature, elevated levels of POSTN have been observed in many inflammatory 

diseases and tissue fibrosis including in several respiratory diseases, liver disease and 

kidney disease (Wallace et al., 2014; Huang et al., 2015; Izuhara et al., 2016; Bian et al., 

2019). In Asthma, POSTN is shown to be induced by interleukin- 4 and interleukin-13 from 

epithelial cells in the airways and bind with other ECM proteins such as collagen V and 

fibronectin, which results in subepithelial fibrosis, a feature that is present in bronchial 

asthma (Takayama et al., 2006; Sehra et al., 2011). Hence, studies have looked at POSTN 

serum levels as a useful biomarker for certain phenotype of asthma (Matsusaka et al., 

2015). 

1.4.2 POSTN in cancer 

Several studies have shown an overexpression of POSTN is linked to many types of 

cancers compared to normal tissue counterparts and has been associated with 

invasiveness, metastasis promoting angiogenesis (Table 1.1).  This shows POSTN is a 

marker of tumour progression. However, findings from bladder cancer showed the 

opposite pattern as POSTN appeared to be downregulated in bladder cancer compared 

with normal bladder tissue (Kim et al., 2005). This suggests that POSTN functions as a 

tumour suppressor in bladder cancers. This contradiction may be explained due to tissue-

specific expression of POSTN isoforms due to alternative splicing in the C-terminal region 

which could explain the tumour suppressive effects of POSTN.  

1.4.3 POSTN isoforms in cancer 

Limited studies have looked at different POSTN splice variants in cancer.  Table 1.2 shows 

the different POSTN isoforms found in the literature. Of these, four POSTN isoforms have 

been fully characterised: POSTN isoforms 1, 2, 3 and 4 (Table 1.2). The expression of four 
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POSTN isoforms namely isoforms 1, 2, 3 and 4 expressed in normal bladder tissues (Kim et 

al., 2008). Morra et al. (2011) found renal fetal tissues revealed expression of POSTN 

isoforms 1, 2, 5, 6 and 7 whereas renal cell carcinoma and normal tissues expressed 

POSTN isoform 3, 4 and 8. This clearly shows the unique POSTN profile in embryogenesis. 

It demonstrates tissue specificity as normal bladder tissue had a different POSTN profile 

to normal renal tissue.  In renal cell carcinoma, POSTN isoform 8 was seen more 

frequently than normal tissue suggesting a role in tumorigenesis. Similarly, POSTN 

isoform 4 was predominately observed in bladder cancer tissues and functional studies 

showed that POSTN isoform 4 had encouraged in vitro invasiveness and in vivo 

metastasis. It has been speculated that these isoforms linked with tumour progression 

may lack crucial domains in the C-terminal region (Viloria & Hill, 2016). 

Table 1. 1 POSTN expression in cancer  

Cancer type  POSTN expression POSTN function  References 

Gastric cancer Upregulated POSTN 
expression in advanced 
gastric cancers  

Promote metastasis and invasion.  
Promote xenogeneic tumour growth. 

(Zhong, Li et al., 
2019) 

Colon cancer  Upregulated POSTN 
expression 

Promote metastasis in vivo and 
induce angiogenesis in metastatic 
growth. Activation of Akt and PKB 
survival pathway.  

(Bao et al., 2004) 

Breast cancer  Upregulated POSTN 
expression 

Promote angiogenesis. (Shao et al., 2004) 

Ovarian cancer  Upregulated POSTN 
expression 

Promote tumour angiogenesis and 
metastasis, decrease apoptosis in 
vivo. 

(Gillan et al., 2002) 

Non-small cell lung 
cancer 

Upregulated POSTN 
expression  

POSTN highly associated with poor 
prognosis. 

(Murakami et al., 
2017) 

Cholangiocarcinoma  Upregulated POSTN 
expression 

Promote proliferation and invasion. (Utispan et al., 
2010) 

Esophageal cancer Upregulated POSTN 
expression  

Promote migration and invasion. (Michaylira et al., 
2010) 

Head and Neck cancer  Upregulated POSTN 
expression  

Promote invasion. (Kudo et al., 2006) 

Neuroblastoma  Upregulated POSTN 
expression  

Higher POSTN mRNA expression 
levels linked to advanced stage of 
Neuroblastoma. 

(Sasaki et al., 2002) 

Renal Cell carcinoma Upregulated POSTN 
expression 

Higher POSTN correlated with 
advanced stage. 

(Morra et al., 
2011a) 

Prostate cancer  Upregulated POSTN 
expression  

Higher POSTN is associated with 
tumour aggressiveness. 

(Tian et al., 2015) 

PDAC Upregulated POSTN 
expression  

Promote invasion and motility. (Baril et al., 2007) 

Bladder cancer Downregulation of POSTN 
expression 

POSTN suppress cell invasiveness 
without altering cell proliferation and 
tumour growth in vivo. Suppress 
invasion and metastasis in human 
bladder cancer. 

(Kim et al., 2005) 
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Table 1. 2 POSTN transcript variants encoded by POSTN gene. Acquired from (Viloria & Hill, 2016). 

 

Additionally, other studies have found POSTN isoforms in non-small lung cancer (Morra et 

al., 2012). Fetal lung expressed eight POSTN isoforms including isoforms from 1-8 (Table 

1.2), but also POSTN isoform 9 (not shown in Table 1.2 contain exons 17, 19 and 20). In 

this study POSTN isoform 1, 5 and 9 were unique to fetal lung tissue again suggesting 

POSTN isoforms are differentially expressed in embryogenesis. Five POSTN isoforms 2, 3, 

4, 7 and 8 were detected in Non-small lung cancer tissue and corresponding normal 

tissue. This shows there was no difference in POSTN isoform expression profile but it does 

highlight the tissue-specific expression of POSTN. Similarly, in thyroid carcinoma, there 

was no difference in the POSTN isoform expression pattern between thyroid carcinoma 

and its corresponding normal tissue (Bai et al., 2010).  It has been speculated that despite 

the same isoforms being present in normal thyroid tissue and its cancerous tissue, altered 

expression levels of POSTN isoforms may play an important role in tumour invasiveness 

and metastasis (Bai et al., 2010).  

1.4.4 POSTN in PDAC 

As shown in Table 1.1, POSTN is upregulated in PDAC.  Numerous studies have shown 

POSTN is exclusively expressed by activated pancreatic stellate cells (Erkan et al., 2007; 

Fukushima et al., 2008; Kanno et al., 2008; Ben et al., 2011; Liu et al., 2016; Liu et al., 

2017). Hence, the pancreatic stellate cell line was selected in this study. There is evidence 

of interaction between pancreatic cancer cells, pancreatic stellate cells and POSTN (Figure 
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1.7). Erkan et al, (2007) showed that pancreatic cancer cells interact with pancreatic 

stellate cells to allow the secretion of POSTN and other ECM proteins. POSTN can activate 

pancreatic stellate cells in an autocrine manner to release more ECM proteins, TGFβ1 as 

well as POSTN itself thus creating a supportive tumour environment (Erkan et al., 2007). 

POSTN knockdown in pancreatic stellate cells in vivo showed a reduction in tumour 

growth which demonstrates POSTN acts as a tumour promoter in the progression of 

PDAC (Liu et al., 2017). Interestingly, a study by Fukushima et al. (2008) showed POSTN 

expression in the non-invasive stage of PDAC (intraductal papillary mucinous neoplasm) 

using immunohistochemistry. It has been speculated the interaction between pancreatic 

cancer cells and pancreatic stellate cells may happen in the non-invasive stage of PDAC.  

 

Figure 1. 7 Tumour supportive microenvironment of PDAC progression showing cross-talk between 

pancreatic cancer cell, pancreatic stellate cells (PSC) and POSTN.  

Pancreatic cancer cells produce stimulants which activate quiescent PSCs into activated PSCs. Activated 

stellate cells secrete POSTN and other ECM proteins into the matrix creating a stroma-rich environment. 

POSTN creates an autocrine positive feedback loop on activated PSCs which perpetuates PSCs activation.  

 

POSTN is shown to be involved in tumour progression of PDAC. POSTN has been found to 

promote angiogenesis in PDAC  by activating the extracellular-signal-regulated kinase 

(ERK) pathway which promotes the proliferation, migration and invasion of endothelial 

cells (Liu et al., 2016). POSTN promotes PDAC progression by regulating several signal 

transduction pathways. Erkan et al. (2007) reported that POSTN can stimulate the 

proliferation of pancreatic cancer cells under serum deprivation and hypoxia. At the 

molecular level, Baril et al. (2007) demonstrated that POSTN binds to specific integrin 
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receptor α6β4 in PDAC cells and starts signalling pathways such as P13 kinase pathway 

which promotes the activation of FAK and AKT.  POSTN has been shown to facilitate the 

adhesion, migration and survival of PDAC cells (Ben et al., 2011; Liu et al., 2017). 

Conversely, a study by Kanno et al. (2008) showed POSTN have tumour suppressive 

effects on PDAC which is inconsistent with the previous findings.  This may be due to 

biphasic effects of POSTN in PDAC where Kanno et al. (2008) demonstrated low POSTN 

concentration (100 ng/ml) inhibited migration whereas high POSTN concentration (1 

µg/ml) increased the migration of pancreatic cancer cells. Interestingly, phosphorylation 

of AKT occurred when higher concentration (1µg/ml) of POSTN was used. Similarly, this 

biphasic effect of POSTN was observed on signal pathway AKT where low concentration 

(100 ng/mL) decreased AKT phosphorylation but the opposite happened when POSTN 

concentration was increased (1 µg/mL). Interestingly, Kanno et al. (2008) found Panc-1 

cells expressing POSTN did not metastasise to the liver compared with control which 

suggests that POSTN may inhibit spreading of PDAC.   

1.5 Aims and Objectives  

To date, no studies have looked at POSTN isoform expression in PDAC. Thus, this study 

aims to investigate POSTN transcript variants expression in pancreatic cells using semi-

quantitative reverse transcription-polymerase chain reaction (RT-PCR). One hypothesis is 

that POSTN isoforms likely to have different matrix binding properties due to alternative 

splicing in the C-terminal region and to differentially affect cell adhesion and migration 

(Viloria & Hill, 2016). To test this novel hypothesis, the second aim was to carry out 

mechanistic analysis of these POSTN isoforms by producing recombinant proteins via 

traditional cloning method. 
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Chapter 2- Materials and methods 

2.1.1 Bioinformatics Analysis of POSTN Isoforms  

Human periostin (POSTN) transcript variants with complete coding sequence (CDS) were 

selected for bioinformatics analysis. The six POSTN transcripts were: POSTN 203 

(ENST00000379747), POSTN 201 (ENST00000379742), POSTN 202 (ENST00000379743), 

POSTN 204 (ENST00000379749), POSTN 209 (ENST00000541179) and POSTN 210 

(ENST00000541481). The corresponding old names for these variants can be found in 

figure 3.1.  Ensembl database (https://www.ensembl.org/index.html) was used  to download 

both exon and complementary DNA (cDNA) sequences of human POSTN transcripts in the 

RTF and FASTA file formats, respectively (Accessed: October 2015). These exon sequences 

of the individual transcript were used to help annotate exons in the cDNA FASTA 

sequence by highlighting each exon with a distinct colour. This allowed to map out all 

exons of the transcripts. These transcripts sequences were used to design RT-PCR primers 

to detect a specific region of the transcript. Expected PCR product sizes were calculated 

by mapping both forward and reverse primers on these transcripts. 

Additional POSTN transcripts were identified in Genbank 

(https://www.ncbi.nlm.nih.gov/genbank/) were included in the analysis: POSTN 201b 

(NM_001135936)  and POSTN 202b (NM_001286667).  The names (POSTN 201b and 

202b) were given as their sequences were identical to POSTN 201a and POSTN 202a, 

respectively but they had missing one exon (see Figure 3.2). Further analysis was carried 

out using AceView database (www.ncbi.nlm.nih.gov/IEB/Research/Acembly) to make 

comparison with POSTN transcript variants from Ensembl and Genbank. Additional 

potential intracellular forms of POSTN were identified namely POSTN g and POSTN i.  

The following domain databases were used to predict the domains of POSTN protein 

variants (Table 2.1). Individual predicted POSTN protein sequences were put into the 

query box for the prediction of potential domains.  

 

 

 

https://www.ensembl.org/index.html
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/IEB/Research/Acembly
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Table 2. 1 Domain database used to predict potential domains of POSTN protein  

 

2.1.2 Primer Design 

Primers were designed to detect POSTN transcript variants using 203 POSTN cDNA 

sequence from Genbank (accession number: NM_006475.2) in Primer-BLAST 

(https://www.ncbi.nlm.nih.gov/tools/primer-blast/) which were subsequently ordered (Sigma 

oligos). Specific parameters were set when designing the primers and the primer 

specificity stringency were adjusted to ensure the primers were specific to the desired 

template. Specific primers were designed to span exon-exon junction on at least one 

primer to eliminate any genomic DNA amplification. In certain experiments, exon 

spanning primers were not required. 

2.2 Cell lines and cell culture 

2.2.1 Cell lines 

Several cell lines were used for this project were given by several collaborators. The 

human pancreatic stellate cells (PS-1) were given by Prof. Hemant Kocher, Barts Cancer 

Institute at Queen Mary University of London. PS-1 cells were originally isolated from the 

donated human pancreas and were immortalised (Froeling et al., 2009). The breast 

cancer cell lines used were MCF-7 (Soule et al., 1973) and MDA-MB-468 cells (Brinkley et 

al., 1980) which were generously given by Prof Helmout Modjtahedi and Dr Athina Myrto-

Chioni at Kingston University, respectively.  

2.2.2 Cell culture media 

PS-1 cells were grown in complete media using 500 mL RPMI -1640 (Gibco) supplemented 

with 2mM L-glutamine, 100 U/mL penicillin, 100 µg/mL streptomycin and 10% Fetal 

Bovine Serum (FBS). Breast cancer cell lines: MCF-7 and MDA-MB-468 cells were grown in 

DMEM (Gibco) with the same supplements as the RPMI-1640. These cells were cultured 

https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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in T-75 or T-25 flasks and grown in an incubator at 37 °C and 5% CO2 under humidified 

conditions.  

2.2.3 Cell cryopreservation and thawing cells out of liquid nitrogen 

Cells with low passage number were put in the cryovials with the correct media and 

DMSO. Samples were stored in a Mr Frosty container with isopropanol at -20 °C for 2 

hours. They were moved to -80 °C for 24 hours and for long-term storage, the individual 

cryovials were kept at -196 °C in liquid nitrogen. Cells needed for an experiment are taken 

out of the liquid nitrogen to be thawed. 1 mL of complete medium was added to the vial 

and was transferred in 25 mL universal tube. Either 10 mL (T25 flask) or 30 mL (T75 flask) 

of complete media was added gradually in the universal tube. This cell suspension was 

added in a T25 or T75 flask. The flask was incubated at 37 °C and 5% CO2 under humid 

conditions. After overnight incubation, the old medium was removed and replaced with 

fresh complete medium without passaging. 

2.2.4 Cell passaging 

Cells were passaged every 2-3 days when the cell confluency reached to 70-100%. When 

the cells were passaged from T-25 flask, the old media was removed and 5 mL PBS was 

added to remove residual media which may hinder the activity of trypsin-EDTA. 3 mL 

trypsin-EDTA (0.05%) was added to allow the adherent cells to detach from the flask and 

was incubated at 37 °C with 5% CO2 for 3-4 minutes (time dependent on cell type). The 

cells were viewed using a bright-field inverted microscope to see floating cells to show 

the complete detachment of the cell. 7 mL of fresh media was added to deactivate 

trypsin-EDTA. Cells were split 1 in 10 for PS-1, MCF-7 and MDA-MB-468 cells in a new 

flask with fresh complete media. Cells up to 10 passages were used in experiments. 

2.2.5 Cell counting 

Cells were first detached from flasks described in section 2.2.4. The cell suspension was 

aspirated from the flask into a 25 mL universal tube and was centrifuged at 1000 RPM for 

3-4 minutes. The supernatant was aspirated without disturbing the pellet. The pellet was 

disrupted by flicking at the bottom of the tube. The cells were resuspended in 1 mL fresh 

complete media. The solution was mixed well so it was homogenous. 10 µL of cell 

suspension was transferred into 2 mL Eppendorf tube for cell counting. 40 µL of trypan 

blue (Fisher Scientific) was added to the Eppendorf tube which was used to detect viable 
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and dead cells. Dead cells are stained blue. 10 µL of the resulting mixture was added into 

the cell counter slide (#BSV100H, Immune Systems). The 10X objective lens of the 

haemocytometer was used to view the 2 x 5 grid. Three out of ten squares on the 

haemocytometer were counted. The cell numbers were averaged and the concentration 

of the cells per mL was calculated using the formula below: 

𝑐𝑒𝑙𝑙𝑠/𝑚𝑙 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑜. 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑥 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑥 104  

2.2.6 RNA isolation and cDNA synthesis 

Cells were cultured and total RNA was extracted from PS-1, MCF-7 and MDAMB-468 cells 

according to the protocol provided from RNeasy mini kit (Qiagen).  Approximately, 1 x10 7 

cells were used which was determined by cell counting as described in section 2.2.5 or 

when the cells in the T25 flask were 70% confluent. These cells were trypsinized and the 

addition of media enabled the deactivation of the trypsin. The cells were transferred in a 

universal tube and were centrifuged at 1200 RPM for 3-4 minutes.  The supernatant was 

aspirated. The pellet was disrupted and resuspended in 1 mL of media before it was 

transferred in a 1.5 ml Eppendorf tube. The cells were centrifuged at 6000 RPM for 2 

minutes and the supernatant was aspirated. The cell pellet was resuspended in a mixture 

of 600 µl RLT lysis buffer and 10 µl β-mercaptoethanol as mentioned in the 

manufacturer’s protocol. An on-column DNase digestion was included in the protocol to 

eliminate any genomic contamination. This included the addition of 70 μl of RDD buffer 

and 5 μl of DNase I master mix. The RNA purity (A260/230 and A260/280 ratios) and 

concentration (ng/µl) was measured using the Biodrop spectrophotometer (Fisher 

Scientific). The unused extracted RNA was stored at -80 °C.  

The RNA volume needed in the reverse transcription reaction was calculated using the 

formula below to synthesise 500 ng of cDNA. The first-strand cDNA of each cell lines was 

synthesised using reverse transcriptase for reverse transcription reaction according to the 

manual of RevertAid First Strand cDNA Synthesis kit (Thermo Fisher Scientific). Each cell 

line had reverse transcriptase (RT) which had all the components of the reaction and two 

negative controls were no reverse transcriptase (NRT) and no template control (NTC). 

NRT control had all the components of the reaction apart from the reverse transcriptase 

enzyme, which was replaced with dH2O. Similarly, the NTC had everything apart from 

RNA, again replaced with water. These controls were used in the semi-quantitative RT 
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PCR reaction. All cDNA templates were diluted 1 in 10 from the stock concentration 25 

ng/µL before using it the RT PCR reaction. 

 
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑅𝑁𝐴  (𝑛𝑔)

𝑅𝑁𝐴 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑛𝑔
µ𝑙

)
= 𝑅𝑁𝐴 𝑣𝑜𝑙𝑢𝑚𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑖𝑛 𝑐𝐷𝑁𝐴 𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 (µ𝐿) 

2.2.7 Semi-quantitative Reverse transcriptase-polymerase chain reaction  

POSTN PCR products were amplified by semi-quantitative reverse transcriptase-

polymerase chain reaction. 

QARS primers: 5'-CAGGGGTCTGGCTTATGTGT-3' (forward primer) and 5’-

CTCTGAAAACTTGCCCTTGC-3'(reverse primer) (Sigma oligos) was used as a housekeeping 

gene which acts as a positive control. Many factors inhibit PCR. The positive control 

shows the PCR product can be amplified. PCR was confirmed when an expected product 

size of 150 bp was detected in various cell lines on a gel. All PCR reactions had negative 

controls include NRT and NTC as described in section 2.2.6. Also, a dH2O control is used to 

rule out any contamination from the reagents by substituting cDNA template with water 

in the PCR reaction. 

The RT PCR reaction was set up as shown in table 2.2. The protocol was adapted from the 

manual from DreamTaq Green PCR Master Mix (Thermo Fisher, K1081). As shown in table 

2.2, the 1X concentration of DreamTaq Green PCR Master Mix was used. It consists of 

DreamTaq DNA polymerase, 2X DreamTaq Green buffer, free nucleotides (dATP, dCTP, 

dGTP and dTTP), 0.4 mM each, and 4 mM MgCl2. A 100 µM stock concentration of 

primers (Sigma Aldrich) were made by resuspending it in nuclease-free dH2O according to 

the datasheet provided. 1 in 10 dilutions was made of these primers to make 10 µM 

aliquots. RT PCR was performed under the following conditions shown in table 2.3 using 

Thermal Cycler (Applied Biosystems Veriti). The annealing temperature was adjusted 

according to the primer pair used. 

 

 

 

 



 

33 
 

Table 2. 2 RT PCR reaction mixture using DreamTaq Green PCR Master mix 

Components  Final concentration 

DreamTaq Green PCR Master Mix (2X) 1X 

Forward primer (10 µM) 0.5-1 µM 

Reverse primer (10 µM) 0.5-1 µM 

Template cDNA 6.25 ng - 25 ng 

Nuclease-free dH2O Up to the reaction volume 

 

Table 2. 3 Thermocycling conditions for PCR using Dreamtaq PCR master mix (2X) 

 

 

 

 

 

 

 

 

2.2.8 Agarose gel electrophoresis and analysis 

Table 2.4 shows the buffer stocks composition. From the 50 X stock, a litre of 1 X TAE 

buffer was made by taking out 20 mL of 50 X TAE buffer and diluting it in 980 ml of dH2O. 

Agarose gels were made by weighing out different amounts of agarose powder in either 

50 mL TAE buffer or 100 ml TAE buffer, which is dependent on the percentage of the gel 

and size of the gel casting tray. The agarose and TAE mixture was heated in the 

microwave to dissolve the agarose powder in a beaker. GelRed Nucleic Acid stain (10,000 

X) was added to the molten agarose and was diluted 1 in 10,000. Hence, 5 µl of Gel Red 

was added in 50 ml of molten agarose. The casting tray was prepared by double taping 

both ends using autoclave tape and adding the gel comb (BIO-RAD) to form wells. The 

molten gel was poured into the casting tray, ready to be solidified. Between 10 µL to 50 

Step Temperature (°C) Number of 

Cycles 

Time 

Initial Denature 95 1 2 min 

Denature 95  

35 

30 s 

Annealing (56°C for QARS 

primer) 

30 s 

Extension 72 30 s 

Final Extension 72 1 5 min 

Storage 4  ∞ 
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µL of RT PCR products were loaded into the wells of the agarose gel. The well size was 

determined by the thickness of the gel and the size of the comb. Between 3 µL to 5 µL of 

GeneRuler 100 bp DNA ladder (SM024, Thermo Scientific) was loaded into the well as a 

molecular weight marker for product sizes ranging from 100 bp to 1500 bp.  

Table 2. 4 Material used for gel electrophoresis  

1 X TAE buffer was used as a running buffer and to make different % w/v agarose gel. 

Buffer Components Volume or Weight 

50 X TAE Tris Base 

Glacial acetic acid 

EDTA 

242 g 

57.1 ml 

100 mL of 0.5 M Or 19.66 g 

1 X TAE Tris Base 

Glacial acetic acid 

EDTA 

2.4 g 

0.57 g 

1 ml of 0.5 M EDTA 

 

The gel was run between 60-100 V for 80 minutes (BIO-RAD powerpack). The running 

time was dependent on the size of the expected product size for the separation of the 

bands. Larger product sizes were run longer than smaller PCR products. Once the bands 

were separated, the gel image was visualised for semi-quantitative analysis of the PCR 

product using the Syngene G-Box via Genesys software.  

2.2.9 Gel purification 

After gel electrophoresis, PCR products that were sent for Sanger sequencing were 

excised from 1% UltraPure Low Melting Point agarose gel under UV light in a dark room. It 

was collected in a sterile Eppendorf tub. Bands were extracted and purified using 

QIAquick Gel Extraction Kit (Qiagen).  In the final step of the protocol, 30 µl of Elution 

buffer was added rather than of 50 µl for increased DNA concentration. 

2.3.0 Sanger sequencing and analysis 

After gel extraction procedure, the Biodrop was used to measure DNA purity and yield. 

The purified PCR products were sent off to Genewiz along with the corresponding 

forward and reverse primers for Sanger sequencing. The results were accessed online on 
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the Genewiz website. Each forward and reverse sequence had a trace file and a sequence 

file. The individual trace files were viewed in Finch TV software 

(https://finchtv.software.informer.com/1.4/) to detect the quality of the sequencing. If the 

sequence read “N”, it means the base pair could not be detected. However, the trace file 

can be edited where there is “N” if the signal is strong for a particular base pair. Once the 

sequence trace was edited, the reverse sequence was reverse complemented to allow the 

forward and reverse sequences to be aligned together using Clustal Omega alignment 

tool (https://www.ebi.ac.uk/Tools/msa/clustalo/). The start of the reverse sequence contains 

the forward primer. Conversely, the end of the forward sequence has the reverse primer. 

This gave a composite sequence which was pasted on BLASTn 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch) search box to check for the 

best-matched transcript. Although optional, it is possible to restrict the search to pick up 

specific organism such as Homo sapiens. Under the program selection, highly similar 

sequences (megablast) was selected and blasted. The composite sequence was then 

aligned against the expected transcript to check for similarity. 

2.3.1 Western blot  

2.3.2 Sample preparation 

PS-1 cells were cultured in a T-75 flask. The medium was removed from the flask and PBS 

was added to the flask to wash the cells and then removed from the flask (# 14190, Life 

Technologies). 500 µl Radio immune Precipitation Assay (RIPA) buffer was added to the 

flask. Using a cold plastic scraper, the adherent cells were scraped and the cell suspension 

was transferred into an Eppendorf tube. It was incubated on ice for 20 minutes and was 

centrifuged at 1500 RPM for 5 minutes. The supernatant was transferred into a new 

Eppendorf tube. 10 µl of the sample was used for protein quantification using Bradford 

assay to calculate how much sample to load for 30 µg of protein. The cell lysate was 

added to 5X sample buffer (312mM Tris-HCL of pH 6.8, 10% Sodium dodecyl sulphate, 

10% β-mercaptoethanol, 25% glycerol and 0.015% bromophenol blue) and boiled at 100 

°C for 6 minutes and placed back on ice. 

2.3.3 Loading and Gel electrophoresis 

30 µg of cell lysate and protein molecular ladder were loaded in polyacrylamide gel (12% 

Resolving gel: 3.75 mL of 1M Tris pH 8.8, 3.6 mL 30 % (v/v) acrylamide, 50 µL 20 % (w/v) 

https://finchtv.software.informer.com/1.4/
https://www.ebi.ac.uk/Tools/msa/clustalo/
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch
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SDS, 2.3 mL dH2O, 12.5 µl TEMED and 300 µL 10% (w/v) APS. Stacking gel: 625 µL 1M Tris 

pH 6.8, 900 µL 30 % (V/V) Acrylamide, 25 µL 20% (W/V) SDS, 3.29 mL dH2O, 12.5 µL 

TEMED and 150 µL 10 % (w/v) APS) which were placed on a Mini-Protean Tetra Cell 

(#165-800, BIO-RAD). Tris-glycine SDS running buffer was used to run the samples (30 g 

Tris, 145 g glycine, 10 g SDS) at 120 Volts for 90 minutes to ensure good separation of 

protein.  

2.3.4 Semi-dry transfer, antibody probing and detection 

After the running of the gel, the gel was sandwiched with filter papers soaked in transfer 

buffer (3 g Tris, 15 g Glycine, 200 mL methanol and dH2O up to 1L) with nitrocellulose 

membrane (pre-soaked with transfer buffer) which was positioned on the gel. The 

sandwiched gel was laid in a Trans-Blot SD Semi-Dry Transfer Cell (#170-3940, BIO-RAD) at 

15 Volts for 90 minutes.  To visualise the protein in the membrane, it was stained with 

Ponceau S (P7170, Sigma-Aldrich). The Ponceau solution was washed by TBST ( 100 ml 

10X Tris-buffered saline, 1 mL Tween 20, 900 mL dH2O). To avoid non-specific binding, 

the membrane was blocked using 5% skimmed milk in 10 mL of TBST for 45 minutes.  The 

blocked solution was removed and primary antibodies were incubated at 4°C overnight: 

anti-POSTN rabbit polyclonal antibody (#ab92460, Abcam, 1:1000 dilution) and β-actin 

mouse monoclonal antibody (#ab8224, Abcam, 1:1000) as loading control with 5% BSA in 

TBST.  

The next day, the solution was discarded from the membrane and washed thrice with 

TBST and agitated for 10 minutes per wash to ensure removal of residual primary 

antibodies. The membrane was incubated for 60 minutes with the secondary antibodies: 

IRDye 680RD goat anti-mouse IgG (#926-68070, Licor, 1 in 15 000) and IRDye 800CW goat 

anti-rabbit IgG (#926-32211, Licor, 1 in 15,000). The membrane was washed again with 

TBST before the membrane was ready for imaging.  The membrane was viewed using the 

Odyssey CLx Infrared Imaging System (Licor).  Image Studio was used to export the image 

and was used just for viewing the bands while no quantification was done.  
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2.4.1 Cloning of POSTN transcript variants 

2.4.2 Ampicillin stock 

To make ampicillin stock, 100 mg of ampicillin powder (#A0104, Melford) was dissolved in 

1 mL of dH2O to get an antibiotic concentration of 100 mg/mL. The antibiotic was stored 

in a -20 °C freezer. 

2.4.3 Agar plate preparation 

For agar plate preparation, 35 g of Lysogeny broth agar (LB agar) (35g/L, Sigma) was 

transferred to a 1 L glass bottle. dH2O was topped up to 1 L and stirred before it was 

autoclaved. The molten LB agar was cooled down to 55 °C before adding 1 mL of 

ampicillin (100 µg/mL) under the fume hood. Approximately 30 mL of molten LB agar 

containing the antibiotic was poured into sterile petri dishes. Once the agar was solidified, 

these were placed upside down to prevent condensation and stored at 4 °C in the 

refrigerator wrapped in parafilm for up to two weeks before use.  

2.4.4 Heat shock transformation  

The vector pcDNA™4/TO (Invitrogen) was kindly provided by Dr Athina Myrto-Chioni at 

Kingston University. This plasmid has a gene that confers resistance to ampicillin. To 

extract sufficient plasmid, initial purified plasmid pcDNA4™/TO was transformed into 

chemically competent E.coli cells using the heat shock method as described in the 

protocol from Addgene (https://www.addgene.org/protocols/bacterial-transformation/). The 

competent XL-1 strain of E.coli bacteria was used for initial transformation.  

The competent E.coli cells were taken out of the -80 °C freezer. 50 µl of chemically 

competent E.coli cells were thawed on ice for 20 minutes. It was added to 1 µl plasmid in 

1.5 mL Eppendorf tube. This mixture was left on the ice to re-equilibrate for 5 minutes. 

The tube was placed in the water bath so that the bottom half of the tube was 

submerged in water at exactly 42°C for 45 seconds. After heat shock, it was placed back 

on the ice for an additional 5 minutes. The transformation mixture was suspended in 1 mL 

of fresh Lysogeny broth (LB broth) (25 g/L Miller’s modification, Alfa Aesar) under the 

fume hood and incubated for 1 hour at 37 ⁰C. LB agar plates were made using 30 mL LB 

agar (35g/L, Sigma) and 30 μl of ampicillin (100 µg/mL). Transformation mixture were 

centrifuged at 13 000 RPM for 10 seconds to form a pellet. Most of the supernatant was 

https://www.addgene.org/protocols/bacterial-transformation/
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discarded.  The remaining 200 µL of LB broth was resuspended so the pellet was 

disrupted before steaking using a spreader in ampicillin-resistant plates under the fume 

hood. LB agar plates were placed in the incubator overnight at 37 ⁰C.  

2.4.5 Overnight culture of bacteria 

Under the fume hood, an overnight culture was inoculated using 5 mL of LB broth (25 g/L 

Miller’s modification, Alfa Aesar) containing 5 μL of ampicillin (100 µg/mL).  E.coli  XL-1 

strains containing the plasmids were scraped using a sterile tip from the plasmid glycerol 

stock and dropped in the sterile falcon tube. It was placed in a shaking incubator 

overnight at 37 ⁰C.  

2.4.6 Glycerol stocks for long term storage of plasmid 

Glycerol stocks were prepared for long-term storage of bacteria containing the plasmids. 

An overnight culture was inoculated. Under the fume hood, 1 mL of LB broth (25g/l 

Miller’s modification, Alfa Aesar) was added to sterile falcon tubes. 1 μL of ampicillin was 

added. A small tip was used to scrape off the surface of colonies of bacteria which 

contains the plasmid from the LB agar plate and dropped into the sterile falcon tube. The 

bacterial culture was incubated overnight in a shaking incubator at 37 ⁰C. After 16-20 

hours, the liquid turned turbid indicating bacterial growth. The liquid from the falcon tube 

was transferred into an Eppendorf tube and 5% v/v of glycerol (#A16205, Alfa Aesar) was 

added. These glycerol stock tubes were flash-frozen in liquid nitrogen for a few seconds 

and immediately stored at a -80 ⁰C freezer. The glycerol added enabled the bacteria to 

remain stable in freezing conditions and kept the cells viable.  

2.4.7 Plasmid extraction  

When the bacterial culture was left overnight, the liquid turned turbid indicating bacterial 

growth. The tip was discarded from the falcon tube and 5 mL of the bacterial overnight 

culture was centrifuged at 4500 RPM for 5 minutes before plasmid DNA was extracted 

from the overnight cultures using Monarch® Plasmid Miniprep Kit (New England Biolabs). 

Purified plasmid DNA was quantified using Biodrop measuring the purity (A260/230 ratio 

and A260/280 ratio) and concentration (ng/µL) ready for restriction digestion. 
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2.4.8 POSTN gene amplification for cloning into pcDNA™4/TO 

POSTN gene sequences were obtained from the Ensembl database (Accessed: October 

2015). POSTN 203 (POSTN-001) sequence was used for designing cloning specific forward 

and reverse primers. Since POSTN 203 sequence is the largest transcript, the primers 

should amplify all the other splice variants. Integrated DNA technologies Oligoanalyzer 

tool was used to analyse primers for predicted melting temperatures and hairpin analysis 

of the cloning primers. In the initial experiments, the forward and reverse cloning primers 

had restriction sites of NotI-HF and Xhol, respectively. These cloning primers were 

redesigned to include Hind III-HF and ApaI sites in the forward and reverse primer 

respectively. Using these primers, semi-quantitative RT PCR was carried out to amplify the 

transcripts of POSTN splice variants using Dream Taq (2X) master mix. The components of 

the PCR reaction are listed in Table 2.1 and the thermal cycling conditions are reported in 

Table 2.5. The PCR products were analysed on 0.8%-1.5% w/v agarose gels stained with 

Gel Red (10,000X) as described in section 2.2.8 to visualise the RT-PCR products.  

Table 2. 5 Thermocycling conditions for PCR using Dreamtaq PCR master mix (2X). It was adapted from 

HotStar HiFidelity PCR Handbook (Qiagen) to amplify POSTN splice variants using cloning primers. 

 

2.4.9 Quick Cip phosphatase digestion 

Digested plasmids were treated with Quick Cip (Quick Dephosphorylation Kit M0508) 

which catalyses the dephosphorylation of 5’ ends containing phosphate groups.  This 

reaction helps to prevent re-ligation of the digested plasmid. The samples were prepared 

according to table 2.6 and incubated at 37 °C for 10 minutes followed by endonuclease 

denaturation at 80 °C for 2 minutes. The required pmol of DNA ends was calculated. The 

Step Temperature (°C) Number of Cycles Time 

Initial Denature 95 1 5 min 

Denature 94  

32 

15 s 

Annealing 68 60 s 

Extension 68 5 min 

Final Extension 72 1 10 min 

Storage 4  ∞ 



 

40 
 

linear plasmid was converted from µg to pmol using Biomath Calculator (Promega) based 

on two variables: µg of DNA and DNA length (kb) 

(https://www.promega.co.uk/resources/tools/biomath/). The phosphatase was added 

directly into the digestion reaction during or after DNA digestion. 

Table 2. 6 Quick Cip phosphatase digestion components and volumes 

Solution Volume 

DNA 1 pmol of DNA ends* 

CutSmart Buffer (10X) 2 µL 

Quick Cip 1 µL 

dH2O To 20 µL 

*1 pmol of DNA ends is about 1 µg of 3 kb plasmid 

2.5.0 DNA purification 

Before the restriction digestion, QIAquick PCR purification kit was used to remove the 

enzymes from the PCR reaction (Qiagen) which enabled the purification of the amplified 

PCR products. It was quantified using the Biodrop (A260/230 and A260/280 ratios and 

concentration ng/µL). The purified plasmid was quantified after plasmid extraction. The 

digested plasmid and PCR products were purified again with Monarch® PCR & DNA 

Cleanup Kit to remove the enzymes and buffer. 

2.5.1 Double endonuclease restriction digest of PCR products and plasmid 

Restriction digests were conducted using the components from Table 2.7. Plasmid DNA 

and PCR product were digested using the following restriction enzymes pairs, NotI-HF and 

XhoI (NEB) or Hind III-HF and Apal (NEB). Double Digest Finder tool on the NEB website 

was used to select the above restriction enzymes which picks the buffer that the enzymes 

are most compatible with. In this case, the 10X CutSmart Buffer (NEB) was used. 

Nuclease-free water was added to make up to 50 μL total of the reaction mixture. The 

reaction was incubated at 37 ⁰C for 2 hours. The incubation temperature and time are 

enzyme-dependent. The restriction enzymes in the reaction mixture were heat-

inactivated depending on the enzyme used see Table 2.8. Digested plasmids were 

visualised on 1% w/v agarose gel stained with Gel Red to validate the plasmid digests to 

see if the product size were at the expected band size. 

https://www.promega.co.uk/resources/tools/biomath/
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Table 2. 7 Restriction digest of PCR products and plasmids 

Solution Concentration/Volume 

DNA (Plasmid or PCR product) 1-3 µg 

Restriction enzyme I 1 µL Or 10 units 

Restriction enzyme II 1 µL Or 10 units 

10 X CutSmart Buffer 5 µL (1X) 

dH2O Up to the final volume of 50 µL 

The table shows all the reaction components and volume for double digested insert and plasmids. CutSmart 

buffer (10X) was used for restriction enzymes NotI-HF and Xhol. CutSmart buffer (10X) also used for 

restriction enzymes Hind III-HF and Apal. 

Table 2. 8 Temperature used for restriction endonuclease heat inactivation 

Restriction enzyme Heat inactivation 

temperature (ºC) 

Heat inactivation 

time (minutes) 

NotI-HF 65 20 

Xhol 65 20 

Hind III-HF 80 20 

Apal 65 20 

2.5.2 Ligation of plasmids and inserts 

Ligation of pcDNA4™/TO plasmid with the insert was performed using T4 DNA ligase 

protocol (Promega), the formula below was used to calculate the molar ratios of plasmid 

and insert for the ligation reaction. 

𝒏𝒈 𝒐𝒇 𝒊𝒏𝒔𝒆𝒓𝒕 =
𝒏𝒈 𝒐𝒇 𝒗𝒆𝒄𝒕𝒐𝒓  × 𝒌𝒃 𝒔𝒊𝒛𝒆 𝒐𝒇 𝒊𝒏𝒔𝒆𝒓𝒕

𝒌𝒃 𝒔𝒊𝒛𝒆 𝒐𝒇 𝒗𝒆𝒄𝒕𝒐𝒓
× 𝒎𝒐𝒍𝒂𝒓 𝒓𝒂𝒕𝒊𝒐 𝒐𝒇

𝒊𝒏𝒔𝒆𝒓𝒕

𝒗𝒆𝒄𝒕𝒐𝒓
 

The following plasmid-insert molar ratios were used for ligation reactions 1:1, 1:3 and 3:1 

(Table 2.9). The amount of plasmid was kept constant at 100 ng, only varying the amount 

of insert. The positive control was undigested plasmid and a negative control included the 

ligation reaction without the insert. The ligation reactions were incubated at room 

temperature for 3 hours (incubation temperature was optimised in this study), followed 

by transformation by the heat shock method.  
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Table 2. 9 Ligation reaction set up of plasmid vector and insert 

Components 1:1 (Insert:plasmid) 1:3 (insert:plasmid) 3:1 (Insert:plasmid) 

Insert DNA X X/3 3X 

Vector DNA (ng) 100 100 100 

10X T4 DNA ligase 

buffer (µl) 

1 1 1 

T4 DNA ligase 

enzyme (µl) 

1 1 1 

Nuclease-free 

water (µl) 

Up to 10 Up to 10 Up to 10 

 

2.5.3 Transformation of ligation mixture in E.coli competent cells 

Heat shock transformation was used as described in section 2.4.4. However, a different 

strain of bacteria was used. E.coli DH5α competent cells (C2987H, New England Biolabs) 

were thawed on the ice for 10 minutes. Then 5 µl of ligation mixture was added to the 

competent cells and were incubated on ice for 5 minutes to re-equilibrate. The reaction 

was heat shocked in the water bath at 42 °C for 45 seconds and was placed back on ice 

for 5 minutes. 950 µl of fresh LB broth was added to the competent cells and were 

incubated at 37 °C for an hour shaking at 250 RPM to allow the bacteria to grow. Two-

hundred µl of transformed bacteria were transferred on LB agar plates containing 100 

µg/mL of ampicillin. The plates were placed upside down and incubated overnight at 37 

°C. 

2.5.4 Colony PCR to select successful transformants 

Individual transformants were picked to be used as a template which was added directly 

to the PCR reaction with the master mix. Each PCR reaction was set up to 25 µl reaction 

consisting of 2x DreamTaq, CMV forward and BGH reverse primers (Table 2.10), topped 

up with dH2O. Primers used in colony PCR are complementary to the sequences on either 

side of the multiple cloning site (MCS) of the vector. These primers can also amplify the 

gene insert if it was successfully ligated in the plasmid in the MCS where the restriction 
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sites of the plasmid are located. The colony PCR was performed using Applied Biosystems 

Veriti under the conditions shown in table 2.11. The initial ten minutes of the heating step 

allows the release of the plasmid DNA from the bacterial cell. 

Table 2.10 show primers used to screen for successful transformants which contain 

plasmid with POSTN splice variants. Table 2.10 shows the annealing temperatures of both 

are starkly different. An annealing temperature of 55 °C was selected. The primers were 

obtained from pcDNA™4/TO manual (Invitrogen) which mark the multiple cloning site. 

Table 2. 10 Primers anneal at the MCS of the plasmid used to screen successful transformants of POSTN 

splice variants. Primers were obtained from pcDNA™4/TO user guide (Invitrogen). 

Primer Sequence (5’-3’) Annealing temperature (ºC) 

CMV CGCAAATGGGCGGTAGGCGTG 70 

BGH TAGAAGGCACAGTCGAGG 56 

 

Table 2. 11 Thermocycling conditions for colony PCR using DreamTaq PCR Master Mix (2X). 

Step Temperature (°C) Number of Cycles Time 

Initial Denature 95 1 10 min 

Denature 95  

34 

45 s 

Annealing 55 45 s 

Extension 72 60 s 

Final Extension 72 1 5 min 

Storage 4  ∞ 
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Chapter 3-Results: investigating the expression of POSTN 

transcript variants in pancreatic cells 

3.1 Bioinformatics analysis of POSTN transcript variants  

3.1.1 POSTN transcripts present in Ensembl, Genbank and AceView databases 

Bioinformatics analysis was done on human POSTN gene located on chromosome 13. 

Table 3.1 gives a summary of the eight predicted POSTN transcript variants that have 

protein-coding potential across the three databases: Ensembl, Genbank and AceView. 

According to the Ensembl database, there are ten POSTN transcript variants present of 

which only six were identified as protein-coding for the POSTN gene (POSTN-

001,002,003,004,201a and 202a). These variants were cross-referenced with Genbank 

which revealed two more variants: POSTN-201b and POSTN-202b.  

Table 3. 1 Bioinformatics analysis of eight coding POSTN transcript variants of human POSTN gene 

encoding POSTN in Ensembl, Genbank and AceView databases. 

        

All protein-coding POSTN transcript variants were selected from Ensembl, Genbank and AceView were 

cross-referenced and matched accordingly. The transcript length (bp), the predicted amino acids (aa), the 

predicted molecular weights and transcript support level (TSL) were obtained from the Ensembl database.  

* is marked on variants found in Genbank. All cDNA sequence data was originally exported from Ensembl in 

October 2015 using version 82. Abbreviation: TSL, transcript support level.  
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Figure 3.  1 Alignment of mRNAs of POSTN transcripts adapted from AceView (Accessed, May 2019).  

The naming of transcripts on the right (a,b,c…) are according to size order. The grey section highlighted is 

the region affected by alternative splicing. The transcripts boxed are protein-coding. Additional protein-

coding transcripts identified only in AceView marked with * (transcripts g, i, j and k). This figure was 

obtained from the AceView database. 

 

Table 3.1 shows brief details from the Ensembl database the length in base pairs of each 

transcript variant, as well as the predicted amino acid sequences and molecular weights 

based on the amino acid sequence. Finally, flags were assigned to each transcript. The 

transcript support level (TSL) is a method used to highlight transcript models that are 

well-supported and poorly supported in Ensembl database. The transcript is annotated 

depends on the type and quality of alignments. The TSL is good for POSTN transcripts 001, 

002, 003, 201a and 202a as it was designated 1 which indicates all splice junctions are 

supported by at least one non-suspect mRNA. “Non-suspect” mRNA comes from a higher 

quality cDNA library whereas any cDNA from a library that contains artefacts and false 

positives are labelled “suspect” mRNA. In contrast, POSTN transcript 004 was flagged with 
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TSL-5 where no single transcript supports the model structure by either an expressed 

sequence tag (EST) or a suspect mRNA.  

Further comparison of transcripts was made using AceView (Figure 3.1). AceView 

database revealed seventeen POSTN transcript variants and two unspliced forms. 

However, only eleven are predicted to be protein-coding (transcripts a to k). Of these 11 

transcripts, seven transcripts (a,b,c,d,e,f and h) were matched with those found in 

Genbank and Ensembl by aligning the amino acid sequences using Clustal Omega. 

Transcripts g, i, j and k are uniquely found in AceView and are not included in the analysis 

in Table 3.1, since they do not match those transcripts found in Ensembl or Genbank. 

Both transcripts g and i have missing exon 1 with the start site in the middle of exon 3. 

Transcripts j and k have truncated 5’ coding sequence (CDS) and appears to be within the 

alternative spliced region. 

POSTN gene is expressed in different tissues (Table 3.2). Transcripts from Ensembl came 

from gene expression studies using RNA sequence data from a variety of tissues. In 

AceView, cDNA was obtained from tissues not limited to the ones listed in table 3.2. 

AceView uses experimental cDNA sequences from the species itself. The mRNA models 

from AceView are from the cDNA sequence data from Genbank (Thierry-Mieg and 

Thierry-Mieg, 2006).  
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Table 3. 2 Tissue specific expression patterns of POSTN transcripts from Ensembl and AceView.   

 

The cDNA sequences of six individual transcripts (001,002,003,004,201a and 201b) were 

obtained from Ensembl version 82 (accessed, October 2015). The FASTA sequence of 

201b and 202b were obtained from Genbank. These sequences were used to highlight the 

exon structure of POSTN transcripts to aid with the subsequent primer strategy (Figure 

3.2). As shown in Figure 3.2, POSTN 001 is the largest transcript with 23 exons and the 

shortest transcript is POSTN-202b missing exons 17, 18, 19 and 21. All the other 

transcripts excluding POSTN-001 are affected by alternative splicing in the 3’ end of CDS. 

Exons affected by splicing mainly include 17, 18, 19 and 21. All POSTN transcript variants 

are missing exon 17 except POSTN-001 and POSTN-004. POSTN transcripts 002, 201b, 

202a and 202b lack exon 18.  POSTN transcripts 202a and 202b do not have exon 19.  

Exon 21 is absent in POSTN transcripts 004, 201a, 201b and 202b. 
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3.1.2 Prediction of POSTN protein domains and variant protein function 

To elucidate the domain structure of POSTN transcripts, domain databases including 

Expasy Prosite and Uniprot KB were used. Predicted amino acids of individual transcripts 

were used in the query box which revealed the predicted domain features of POSTN 

transcript variants.  All eight POSTN isoforms (001,002,003,004,201a, 201b, 202a and 

202b) contain at the N-terminal the signal peptide (position 1-21 aa) which allows for the 

secretion of protein in the extracellular matrix (Figure 3.3). Conversely, POSTN protein g 

and i from AceView had missing signal peptide sequence which indicates these proteins 

may be intracellular proteins which are interesting since POSTN is known to be a 

secretory protein.  

The EMI domain (position 40-94 aa) which has six conserved cysteine residues and has 

been predicted to have 3 disulfide linkages between the cysteine residues. All ten POSTN 

proteins (001,002,003,004,201a, 201b, 202a, 202b, g and i) have identical predicted EMI 

domain except POSTN protein g and i. All ten POSTN proteins possess four homologous 

FAS1 domains at positions 97-230 aa, 234-365 aa, 368-492aa and 496-628aa. The position 

of FAS1 domains in the POSTN proteins g and i are 1-147aa, 151-282aa, 285-409 aa and 

413-545aa. There is an amino acid modification within the fourth FAS1 domain, it is 

predicted to have N-linked glycosylation site at 599 Asn residue.  

Lastly, there is a variable length of the C-terminal region of POSTN variants where 

alternative splicing occurs in the POSTN protein. Hence, there is no functional domain in 

this region. This region has been proposed to dictate the functional differences between 

POSTN isoforms. 
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Figure 3.  2 Alignment of cDNA sequences of POSTN alternative transcript variants to create the exon structure. 

Individual exon is specified with a distinct colour. The numbers at the top and bottom of POSTN-001 transcript indicates the exon number and length (bp), respectively. These transcripts 

have a complete coding sequence (CDS) obtained from Ensembl (accessed: October 2015). The transcripts marked with * were obtained from Genbank (POSTN-201b and POSTN 202b). 

Old naming designations are given on the left while the updated names are on the right.  
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Figure 3.  3 Predicted functional multi-domain structure of POSTN protein variants.  

Predicted POSTN protein domains structure were arranged in descending size order.  New Ensembl name designation was used for the six Ensembl variants ( 203, 202, 204, 209, 201 and 

210), followed by two new variants from Genbank (201b* and 202b*) and the last two unique variants from AceView that had protein-coding potential. The corresponding old Ensembl 

name designation given on the right. Predicted amino acid sequences were obtained from the three databases (Ensembl, Genbank and AceView) to determine the relative domains using 

Expasy prosite. SignalP-5.0 Server was used to predict the signal peptide.



 

51 
 

3.2 Analysis of splice variant expression in stromal and cancer cells 

3.2.1 Design of RT-PCR primer assay to determine POSTN splice variant expression 

The exon structure of POSTN transcript variants depicted in Figure 3.2, helped to design 

primers to specifically amplify different POSTN transcript variants. The primers designed in 

the first strategy are listed in table 3.3. Primers were designed using Primer-BLAST 

programme as described in Chapter 2. Specific parameters were set to ensure specific 

primer pair was designed to bind only to the desired target of interest while avoiding non-

specific amplification by the binding of unintended targets.  The template FASTA sequence 

of POSTN-001 transcript was input in the query box. The position range was set for the 

forward and reverse primers to ensure the primers are located within specific regions.  

The amplicon size was chosen to be from 150 bp to 1000 bp. The minimum size was 

selected to distinguish amplicons from primer dimers which are typically around 100 bp. 

The melting temperatures (Tm) of both primers were set between 57 °C to 63 °C with the 

optimum Tm difference of two degrees between two primers.  This ensures that primers 

can anneal to the target template simultaneously to amplify the PCR products.  

 

Most primer pairs were set to span exon/exon junction to amplify the target cDNA 

sequence and avoid the amplification of genomic DNA. Under “Exon junction match” the 

number of bases of the primer can be adjusted on each side of the junction. Exon 

spanning primers were left at the default setting. However, some primers were designed 

not to be exon spanning. For instance, PN_17_for is a forward primer which binds within 

exon 17 region is not exon spanning (Table 3.3).  

 

Another feature of Primer-BLAST is that it enables the primer to be specific by adjusting 

the specificity stringency parameters. The default setting of the stringency was changed 

so that the 3’ end of the primers have at least six or more mismatches to the unintended 

products in the last ten base pairs (Ye et al., 2012). Any products with six or more 

mismatches to at least one primer is ignored (Ye et al., 2012). The primer pair become 

more specific to its target template if there is a higher mismatch values especially towards 

the 3’ end between primers and unintended product (Ye et al., 2012). This will make it 

difficult for primers to anneal to unintended targets. Primers were set to amplify splice 
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variants from the same gene.  “Non-redundant “ database was used to check for any non-

specific products.  

 

The ideal primer pair was selected if it was met by the following criteria. Similar Tm values 

with 50-60 % GC content, low self-complementarity and low 3’ self-complementarity. The 

latter two criteria were given to ensure there are no formation of secondary structures 

such as hairpins and primer dimers. 

 

Primers used in the first strategy are listed in Table 3.3. The primers were named 

according to which exon/ exon junction it binds to and whether it is a forward or reverse 

primer. Different primer combinations were used to amplify POSTN transcript variants. 

PN_14/15_for was paired with two different reverse primers (PN_20/21_rev and 

PN_20/22_revA) to detect all eight variants. POSTN-001 and POSTN-004 transcripts both 

have exon 17 but differ by presence/ absence of exon 21. Thus, PN_17_for was paired 

with the same reverse primers (PN_20/21_rev and PN_20/22_revA) to amplify POSTN-001 

and POSTN-004 transcripts selectively.  

 

Table 3. 3 List of forward and reverse primers designed in the first strategy. 

 

 

3.2.2 Validation of POSTN reverse primers at 20/22 exon junction and its challenges 

To validate two new POSTN reverse primers at exon 20/22 junction (PN_20/22_revA and 

PN_20/22_revB), PS-1 cDNA sample was used as a positive control sample for detection 

of POSTN expression. QARS primers were used alongside the new primers to validate 

semi-quantitative RT PCR.  As shown in Figure 3.4, amplification with the QARS primers 

produced a PCR product of the expected size (150 bp) demonstrating successful 
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amplification. The forward primer for the POSTN gene, PN_14/15_for, was paired with 

two new reverse primers (PN_20/22_revA and PN_20/22_revB). Three distinct bands 

were detected in pancreatic stellate cells at varying intensities for both primers. Bands A, 

B and C were seen using PN_20/22_revA while bands D, E and F were seen using 

PN_20/22_revB. Note, no-RT control was unintentionally omitted from this experiment. 

Bands below 100 bp are primer dimers. Figure 3.4 shows the possible POSTN transcripts 

matching with the expected product size. Due to poor sequencing, the variants 

corresponding to the bands could not be confirmed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  4 Validation of two new reverse primers (PN_20/22_revA and PN_20/22_revB).  

POSTN transcript variant expression in PS-1 cells on 2.5% w/v agarose gel. Details of the primers used, 

transcripts targeted, and expected product sizes are included. QARS used as housekeeping gene used as a 

positive control.  Negative controls: no RT- no reverse transcriptase, NTC- no template control and water as 

reagent control. M is a 100 bp DNA ladder. Bands shown have not been sequenced. 
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Figure 3.  5 Challenge of exon 20/22 junction of the reverse primers.  

(a) PN_14/15 _for and PN_20/22_revA primers mapped on POSTN-001 transcript. Five mismatches at the 5’ 

end of exon 21 of PN_20/22_revA. The mismatches occur in exon 21 as indicated in yellow. Reverse primer 

binds 20/21 junction instead. (b) PN_14/15_for and PN_20/22_revB primers mapped on POSTN-003. Four 

mismatches indicated in dark blue found in the 3’ end of exon 21 of PN_20/22_revB. Reverse primer binds 

21/22 junction instead. The sequences shown are from the database used to illustrate the challenge of 

exon/exon junctions.  

 

Ideally, POSTN reverse primers with exon junction 20/22 should only amplify POSTN 

transcript variants that have adjacent exons 20 and 22. These include POSTN-004, POSTN-

201a, POSTN-201b and POSTN-202b, however, both reverse primers (PN_20/22_revA and 

PN_20/22_revB) also amplify variants that do not have exon 20/22 junction. As displayed 

in Figure 3.5 a, analysis of sequences in the database was used to illustrate the exon-exon 



 

55 
 

junction challenge. POSTN-001 transcript is amplified using PN_20/22_revA when it has 

no 20/22 junction. This is because the start of exon 21 and the start of exon 22 are similar 

as it only has five base pair mismatches. Hence, the reverse primer binds to exon 20/21 

boundary.  Similarly, in Figure 3.5 b, POSTN-003 is amplified using PN_20/22_revB. Again, 

POSTN-003 does not contain exon 20/22 boundary. The end of exon 20 and the end of 

exon 21 are similar with only four mismatches in base pairs. Hence, the reverse primer 

binds to the ex21/22 boundary.  

3.2.3 Multiple POSTN transcript variants are detected in stromal cells  

 

Figure 3.  6 Expression of POSTN transcript variant in pancreatic stellate cells on 1% w/v ultrapure gel. 

Lanes numbered 1-4 are the RT. M is the DNA ladder. Table adjacent to the gel shows the primers used in 

each lane with the corresponding PCR products starting at the top with the higher molecular weight bands. 

RT PCR and sequencing data kindly obtained from Meryem Ozgur. Sequencing data were reanalysed.  

 

After the validation of POSTN reverse primers (PN_20/22_revA and PN_20/22_revB), 

PN_20/22_revA was selected for the analysis of POSTN in pancreatic stellate, since fewer 

POSTN transcript variants correspond with a particular band compared with bands from  

PN_20/22_revB (Figure 3.4).  
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To find out which POSTN transcripts isoforms are expressed in pancreatic stellate cells (PS-

1) total RNA was extracted from PS-1 and were reverse transcribed to make cDNA to be 

used in the RT PCR analysis.  As shown in Figure 3.6, lanes 1-4 show eight bands were 

seen corresponding to POSTN transcript variants in pancreatic stellate cells. Lanes 1-4 

uses four different primer combinations to detect a wide range of POSTN transcript 

variants in pancreatic stellate cells. Pancreatic stellate cells expressed six POSTN transcript 

variants 201a, 201b, 003,002, 004 and 001 which were verified by Sanger sequencing (See 

appendix). Interestingly, a novel variant was expressed in lane 3, containing exon 17, 19, 

20 and 22 missing 18 and 21 (Figure 3.7). This POSTN variant was not found in the above 

three databases Ensembl, Genbank and AceView.  

 

Figure 3.  7 Composite sequence of POSTN novel variant found in Lane 3 of Figure 3.6.   

The boxed sequences show the forward and reverse primers. 

3.2.4 POSTN expression is not detectable pancreatic or breast cancer cells 

The RNA seq data from Ensembl showed that POSTN-001 is expressed in breast tissue 

(Table 3.2). To confirm if breast cancer cell lines express any POSTN transcript variants, 

nested RT PCR experiment was conducted to ensure the specific target is amplified. QARS 

was used as an internal control. Figure 3.8 demonstrates MCF-7 and MDA-MB-468 cell 

lines did not express any variants of POSTN. Previously, preliminary RT PCR data showed 

no POSTN expression in pancreatic cell lines: Capan-1, BxPC-3 and PANC-1 (data not 

shown). 
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Figure 3.  8 POSTN transcript variant expression in breast cancer cell lines on 2% w/v agarose gel.  

Two breast cancer cell lines MCF-7 and MDA-MB-468 (MDM) were tested for POSTN variant expression 

using nested RT PCR.  M is the DNA ladder. 

 

3.2.5 Design of the second strategy to identify further POSTN transcript variants  

The second strategy of primers was designed with the same parameters as described in 

Section 3.2.1 with the exception that the primers designed were not exon spanning (see 

Table 3.4). The primers used in the first strategy had its challenges with the exon 

spanning primers.  In particular, the reverse primer with exon 20/22 junction had 

amplified POSTN transcript variants that did not have this junction (Figure 3.5). For this 

reason, primers were designed within exon 20 and exon 23 to detect whether POSTN 

transcripts variants had exon 21 or not. Other reverse primers: PN_20_rev and PN_22_rev 

were designed to enable the detection of the alternatively-spliced region.  The forward 

primer PN_14/15_for was paired with PN_20_rev to detect the splicing region affecting 

exons 17, 18 and 19. To detect the amplification of the entire alternatively-spliced region 

affecting exons 17, 18, 19 and 21, the forward primer PN_14/15_for was paired with 

PN_22_rev.  
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Table 3. 4 List of forward and reverse primers designed in the second strategy  

 

Figure 3.9a shows the results of RT PCR which primers were used to amplify the 

alternatively-spliced region affecting exons 17, 18, 19 and 21. Multiple bands were 

obtained at various intensities following amplification of cDNA from pancreatic stellate 

cells. However, only two bands were successfully sequenced (marked in arrows). The top 

bands are likely to be POSTN-003 at 493 bp and POSTN-201a at 409 bp. It is worth noting, 

the composite sequence of forward and reverse sequences could not be formed (See 

appendix). The bottom band had a lower intensity, indicating lower expression levels. It is 

likely to be either POSTN-002 or POSTN-201b based on the forward sequence trace. The 

reverse sequence would have revealed if the variant had exon 21 or not, to deduce if it is 

POSTN-002 or POSTN 201b.  

Similarly, in Figure 3.9b primers were used to detect amplification in the alternatively-

spliced region affecting exons 17, 18 and 19.  Three bands were obtained in pancreatic 

stellate cells. The first two bands are likely to be POSTN-003 and POSTN-201a both at 357 

bp. Although the size differentiation in the agarose gel is different, with the top band at 

approximately 500 bp and the second band at around 400 bp. The bottom band is likely 

to be POSTN-002 and POSTN-201b at 267 bp. All the variants identified were confirmed 

by the forward sequence only as the reverse traces had poor sequencing. Figure 3.9c 

demonstrates that there are variants with exon 21 (top band) and variants without exon 

21 (bottom band). 
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Figure 3.  9 POSTN transcript variant expression in pancreatic stellate cells on 4% w/v agarose gel. 

The same forward primer used for (a) and (b) only differing in the reverse primer to amplify the entire 

alternative spliced region. (c) Primers designed to specifically amplify for the presence or absence of exon 

21. Bands marked in arrows were sequenced successfully. M=DNA ladder.  

 

3.2.6 At least seven POSTN splice variants were identified in stromal cells 

Table 3.5 shows a summary of seven POSTN transcripts variants expressed in pancreatic 

stellate cells which were verified by Sanger sequencing. The expression levels could only be 

judged semi-quantitatively. POSTN transcripts 001,003,004 and 201a had high expression 

levels in pancreatic stellate cells. Whereas, POSTN-002, POSTN-201b and a novel POSTN 

variant had lower levels of expression in pancreatic stellate cells. Interestingly, POSTN-202a 

and POSTN-202b were not detected in pancreatic stellate cells. 
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Table 3. 5 Splice variant expression of POSTN transcripts in PS-1 cell line.  

Figures 3.6 and 3.9 were taken together to get an overview of the range of splice variants expressed in 

pancreatic stellate cells. Expression level can be judged semi-quantitatively.  

 

3.3 Preliminary analysis of the expression of multiple POSTN protein variants in 

pancreatic stellate cells   

Following POSTN transcript variant expression in pancreatic stellate cells (Table 3.5), to 

investigate whether similar expression of POSTN isoforms is seen at the protein level by 

western blot. A preliminary experiment was conducted whereby PS-1 cell lysate was 

prepared and was used to test for POSTN protein expression using anti-POSTN antibody 

(ab92460, Abcam).  The antibody had an epitope at the conserved region in the first 

Fasciclin (FAS I) domain which enables for the detection of all isoforms (see Figure 3.3). 

Figure 3.10 shows that at least three bands of varying molecular weight were observed in 

the 80-93 kDa range expected based on the alternative transcripts observed by RT PCR, at 

the expected molecular weight sizes as predicted in Table 3.1. Although the bands 

observed were not sharp, this could be due to multiple POSTN isoforms migrating close 

together through the gel. The loading control, β-actin was expressed at the expected size 

at 42 kDa. 
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Figure 3.  10 Detection of the expression of POSTN protein variants in pancreatic stellate cells.  

30 μg of PS-1 cell lysates were analysed by western blot to detect POSTN using anti-POSTN antibody 

(ab92460, Abcam). The epitope of POSTN lies in the conserved region of fasciclin domain 1 (FAS-1) enabling 

the detection of all isoforms. β-actin at 42 kDa used as a loading control. M is the molecular weight marker.  
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Chapter 4-Results: Cloning of POSTN transcript variants to 

determine the functional analysis of cellular processes 

4.1.1 Initial cloning strategy and design of PCR primers for the preparation of 

insert 

As described in section 3.2.6, multiple POSTN transcript variants expression was observed 

in pancreatic stellate cells which was confirmed by sequencing. This section describes 

attempts to clone all these POSTN variants and overexpress them in human stromal cells 

(PS-1) to investigate the function of POSTN protein isoforms in cellular processes such as 

pancreatic cancer cell growth, proliferation, adhesion and migration. The first step was to 

prepare the insert ready to be ligated with the vector pcDNA™4/TO (Figure 4.8).  

To amplify the open reading frames (ORF) of all POSTN transcript variants, cloning 

primers were designed just before the start codon and ending with the stop codon of the 

longest POSTN transcript, POSTN-203 (POSTN-001), as illustrated in Figure 4.1. The CDS of 

POSTN-203 was copied and opened in Bioedit software to identify the suitable restriction 

enzymes that do not cleave within the ORF. A list of restriction enzymes that do not 

cleave the ORF was obtained. To select the two appropriate restriction sites, the full 

sequence of pcDNA™4/TO plasmid was obtained from Addgene vector database and 

imported in Bioedit software to look for restriction enzyme that cut once within the 

multiple cloning site of the plasmid.  

NotI-HF and Xhol were the two chosen restriction enzymes to be incorporated in the 

cloning primers. As shown in Table 4.1 the forward primer (PN_203cdna_for) consist of a 

thirteen base pairs upstream and six base pairs downstream of the start codon. The NotI-

site was added 5’ end of the forward primer. Similarly, the reverse primer 

(PN_203cdna_rev) comprises of 24 base pairs of the ORF before the stop codon. Adjacent 

to the ORF, 6 X histidine tag was added before the stop codon, to allow for the 

purification of the recombinant protein. The plasmid pcDNA™4/TO does not contain the 6 

X histidine tag, therefore, it is important that one of the cloning primers had the 6 X 

histidine tag. Xhol was added after the stop codon. The reverse complement was 

generated in the reverse primer to allow for the amplification of the ORF. The cloning 
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primers were subsequently analysed for secondary structures (hairpin) and primer dimers 

using the Oligoanalyser tool in Integrated DNA technologies. 

 

 

Figure 4. 1 Schematic diagram mapping cloning primers on POSTN-203 transcript coding sequence.   

The forward primer (PN_203cdna_for) binds in the 5’ of the POSTN-203 sequence while the reverse primer 

is located at the 3’ end of POSTN-203 sequence to amplify the open reading frame (ORF) for cloning.  Each 

cloning primer has different elements added to them. POSTN-203 transcript is the same as POSTN-001 

transcript which is the updated nomenclature used throughout the cloning section. 

 

Table 4. 1 Cloning primer sequences used in the first strategy to amplify all POSTN isoforms. 

 

Different restriction sites are incorporated in the primers are underlined. A green highlight is the start site 

in the forward primer and the red highlight is the stop site in the reverse primer. The grey highlight is the 5’ 

UTR upstream of the start codon in the forward primer. 6 X Histidine-tags (in yellow) is added in the reverse 

primer before the stop site. Tm values of primers were calculated using NEB Tm calculator. 
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4.1.2 Optimising PCR amplification of POSTN variants 

The cloning primers designed in section 4.1.1 were used to amplify the insert containing 

POSTN transcript variants in PS-1 cells. The melting temperatures were optimised (Tm) by 

gradually increasing the Tm values from 60 °C, 62 °C and 68 °C to judge which Tm values 

worked the best. Figure 4.2 shows the amplification of a PCR product around 2 kb which 

indicates POSTN variants. There is a presence of primer dimer at 100 bp and non-specific 

bands around 300 bp and 500 bp. The Tm value of 68 °C was chosen for subsequent PCR 

experiments.   

 

Figure 4. 2 PCR amplification of POSTN transcripts variants in PS-1 cell line on 1.5% w/v agarose gel. 

Optimisation of RT PCR by increasing the Tm values. QARS used as an internal control. M represents a 1 kb 

DNA ladder. DreamTaq (2X) polymerase was used to amplify POSTN transcript variants. 

 

Further PCR optimisation was carried out by testing out different starting templates of 10 

µl, 5 µl and 2.5 µl (Figure 4.3). The PCR cycle number was reduced to 32.  The 

amplification of insert was around 2.5 kb. The band represents all POSTN transcript 

variants which have not been resolved well in the agarose gel since the product size 

differentiation is small. 2.5 µl of cDNA was selected for subsequent PCR experiments for 

the amplification of POSTN transcript variants.  
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Figure 4. 3 POSTN transcript variants expressed in PS-1 cell line in 1.5% w/v agarose gel.  

Further optimisation of PCR conditions by decreasing the starting template (marked in black arrow) from 10 

µl, 5µl and 2.5 µl and reducing the cycle number to 32 in the PCR cycling reaction. 

 

4.1.3 Verification of insert by Sanger sequencing suggests the presence of POSTN 

transcript isoforms 

To confirm whether the band expressed at 2.5 kb contain all POSTN transcript variants, 

sequencing was conducted. Since the band around 2.5 kb did not resolve well, the band 

was dissected from the top (labelled P2) and bottom (labelled P3) and was sequenced 

using the reverse primer (PN_203cdna_rev) to deduce the sequencing results. 

Additionally, the whole 2.5 kb band was excised separately and was sequenced with the 

same reverse primer (PN_203cdna_rev).  As shown in Figure 4.4, all three reverse 

sequence traces were identical missing exon 21. Although we cannot formally rule out 
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that exon 21 does not exist since there were mixed traces present in the sequencing data. 

However, it does suggest that the majority of POSTN isoforms do not contain exon 21. 

 

Figure 4. 4 Multiple alignments of reverse nucleotide sequence traces of 2.5 kb band against POSTN 203 

isoform (top row highlighted with relative exons). 203 is the sequence of POSTN 203 transcript obtained 

from Ensembl used to compare sequence traces. The 2.5 kb band was dissected so that the top and bottom 

slices are labelled PN2 and PN3 respectively. A whole 2.5 kb band was also separately excised and sent for 

sequencing is labelled POSTN_203_rev_edit. PN_203_rev reverse primer was used to obtain the reverse 

traces above. 

 

 



 

67 
 

 

Figure 4. 5 Multiple alignments of forward nucleotide sequence trace of 2.5 kb band aligned against 

POSTN 203 isoform obtained from Ensembl (top row highlighted with exons). PN_203_for forward primer 

was used to detect forward trace from exon 1 onwards.  
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Figure 4. 6 Multiple alignments of forward nucleotide sequence trace of 2.5 kb band aligned against 

POSTN 203 isoform obtained from Ensembl (top row highlighted with exons). PN_ex7_for forward primer 

used to detect sequence from exon 7 onwards.  
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Figure 4. 7 Multiple alignments of forward nucleotide sequence trace of 2.5 kb band aligned against 

POSTN 203 isoform obtained from Ensembl (top row highlighted with exons). PN_ex12_for forward 

primer used to detect sequence from exon 12 onwards. 

To sequence through the entire POSTN transcript variants, three primers were used 

including POSTN_203cdna_for, POSTN_7_for and POSTN_12_for.  Figures 4.5 and 4.6 

show sequencing results revealed that exons 1 to 14 were present. The corresponding 

traces were clean with no background trace. Figure 4.7 show exons 12 to 19 were present 

with the absence of exon 17.  However, the sequencing trace reveals that there were 
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overlapping peaks after 400 bp which suggest mixed traces. Hence, we cannot rule out 

the missing exon 17.  It suggests that the majority of POSTN transcript variants do not 

contain exon 17 which correlates well with the bioinformatics data (Figure 3.2). Merging 

the forward and reverse sequences together suggest that POSTN 201a, which have both 

missing exons 17 and 21, seems to be the most common POSTN transcript variant in PS1 

cells. 

4.1.4 Choice and preparation of the cloning vector for transformation  

Plasmid pcDNA™4/TO is a mammalian expression vector used in the cloning experiment. 

Figure 4.8 shows all the features of the plasmid. The plasmid size is 5078 bp long with a 

resistance gene against ampicillin. This allows transformants to be grown in LB agar plate 

supplemented with ampicillin.  Any competent cells that did not take up plasmid 

pcDNA™4/TO fail to grow in ampicillin treated LB plates. pcDNA™4/TO has the multiple 

cloning site (MCS) which contains all the restriction sites. The two restriction enzymes: 

NotI-HF and Xhol, were selected and incorporated in the cloning primers to amplify insert 

in section 4.1.1, are located only in the MCS and do not cut anywhere else in the plasmid.  

A detailed map of the MCS is shown in figure 4.9.  

 

Figure 4. 8 Plasmid vector pcDNA™4/TO mammalian expression vector map used in the cloning 

experiment. (a) Ampicillin resistance gene. (b) Multiple cloning site with all the restriction sites. (c) Origin of 

replication. This figure was acquired from the pcDNA™4/TO Invitrogen manual.  
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Figure 4. 9 Multiple cloning site (MCS) of the pcDNA™4/TO mammalian expression vector. Restriction 

sites are mapped in the MCS to show the cleavage sites. Potential stop codons are underlined.  

This figure was acquired from the pcDNA™4/TO Invitrogen manual. NotI-HF and Xhol restriction enzymes 

chosen in the cloning experiment. 

Preparation of plasmid pcDNA™4/TO was described previously in Chapter 2. The initial 

plasmid was extracted from competent E.coli XL1 strain and quantified using a Biodrop. 

The extracted plasmid was double digested using the restriction enzymes NotI-HF and 

Xhol. This creates incompatible cohesive ends which prevent self-ligation and enables the 

correct orientation of insert into the MCS of the plasmid.  After the purification and 

quantification, the digested plasmid was ligated using T4 DNA ligase with the digested 

insert in the following molar ratios of the insert to vector: 1:1, 1:3 and 3:1.  Negative 

control was included with digested plasmid alone which was treated with T4 DNA ligase. 

The ends of the digested plasmid are incompatible due to double digestion with two 

different restriction enzymes, the plasmid should remain linearized. Hence, no colonies 

should be seen in the negative plate. The ligated products were transformed using heat 

shock method into competent E.coli DH5α cells. The bacterial cells were grown on 

ampicillin treated LB agar plates to select cells that contain circular pcDNA™4/TO which 

has the ampicillin resistance gene. Colonies were seen on all plates the following day 
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(image not shown). The negative plate with digested plasmid and no insert had colonies 

present.  This may suggest there was incomplete digestion of the plasmid.  

As the negative control plate was positive, to test whether two restriction enzymes NotI-

HF and Xhol were functioning efficiently, a single digest of each enzyme was set up. As 

shown in Figure 4.10 colonies were observed on all plates. Figures 4.10a and b show 

single digests of the plasmid with Xhol and NotI-HF restriction enzyme which was not 

ligated with T4 DNA ligase. Figure 4.10c shows single digest with NotI-HF which was 

ligated act as a positive control as colonies are expected to be seen. The digestion 

incubation was increased from 6 hours to overnight incubation to ensure complete 

digestion of the plasmid. Colonies were observed in the unligated plates (Figures 4.10 a 

and b) due to the plasmid being cut once producing compatible ends, hence the plasmid 

may have self-ligated. Figures 4.10b and c were compared against each other and showed 

no difference in the number of colonies. Ideally, Figure 4.10 b should have fewer colonies 

than 4.10c. 

 

Figure 4. 10 Colonies seen on negative control ampicillin LB agar plates (a) and (b) after ligation and 

transformation.  Two single digestions of plasmid, one with NotI-HF and one with Xhol which were left 

overnight instead of 6 hours previously used to ensure complete digestion. (a) Transformation of single 

digest of the plasmid with Xhol without ligase. (b) Transformation of single digest of the plasmid with NotI-

HF without ligase. (c) Transformation of single digest of the plasmid with NotI-HF with ligase. The ligation 

reaction was performed on NotI-HF digested plasmid but not Xhol digested plasmid due to low plasmid 

yields. 
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4.1.5 Validating plasmid digest 

It was not clear from the LB plates in Figure 4.10 whether the digestion has worked after 

increasing the plasmid digestion time from 6 hours to overnight.  To check the extent of 

digestion by both restriction enzymes, plasmid pcDNA™4/TO was digested separately by 

each restriction enzyme and run on 1 % w/v agarose gel to visualise the digested 

products. The undigested plasmid was used as a positive control.  

 

 

Figure 4. 11 Optimisation of plasmid endonuclease restriction digest by decreasing the digestion 

incubation time (labelled at the bottom of each gel) at 37 ⁰C. Plasmid digests were viewed on 1% w/v 

agarose gel.  (a) to (e) had 1 µg of the plasmid in each lane while (f) to (g) had 500 ng of the plasmid in each 

lane. M= 1kb ladder, U=Uncut plasmid, N=NotI-HF, X=Xhol and N/X= NotI-HF/Xhol. 
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Figure 4.11 shows the optimisation of plasmid digestion time. There were three bands 

present in the uncut plasmid. Most uncut plasmids appeared around 3 kb rather than 5kb 

due to its supercoiled nature, hence it runs faster on a gel. The other forms that it can 

take is nicked plasmid DNA which appears higher than 5 kb. Also, a band between 

supercoiled and nicked plasmid is linear plasmid which can occur due to harsh treatment 

during the plasmid purification procedure. 

Initially, the plasmid was digested separately by two different restriction enzymes, NotI-

HF and Xhol and was incubated at 37 °C overnight. As shown in Figure 4.11a, two bands 

are observed at 5 kb and 1.8 kb when plasmid was incubated with Xhol.  One explanation 

is that Xhol may be carrying out star activity due to the restriction enzyme being left for 

an extended period i.e. overnight. Hence, there was a second cleavage. Figure 4.11b show 

an expected single band of plasmid digested with Xhol after the reduction to 3 hours. 

However, when the plasmid was double digested with NotI-HF and Xhol at 3 hours, there 

was a presence of two bands (Figure 4.11c). Hence, the incubation time was further 

reduced to an hour (Figures 4.11d, e and f). It showed that plasmid digested with NotI-HF 

had the presence of two bands. To eliminate the presence of multiple bands from a 

digested plasmid with NotI-HF, incubation time was further reduced to 40 and 20 

minutes. However, the presence of a second band was still observed.  

 

Figure 4. 12 Optimising plasmid digest by decreasing the digestion incubation time further (labelled 

bottom of each gel) and using new restriction enzyme, NotI-HF due to star activity seen in the previous 

gels. All gels are made from 1% w/v agarose gel (a) to (c) had 500 ng of the plasmid in each lane. (c) 5 X 

concentration of NotI-HF was used. M=1 kb ladder, U=uncut plasmid, N=NotI-HF, X=Xhol and N/X= Not I-

HF/Xhol. 
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A new NotI-HF was purchased from NEB since the previous NotI-HF had problems as it 

cleaved the plasmid more than one place and decreasing the incubation time did not 

affect. The plasmid was incubated with new restriction enzyme NotI-HF for 15 minutes 

but the band expressed appeared to be higher than the expected size of 5kb (Figure 4.12). 

It may possibly due to the digestion being incomplete. So, the digestion incubation time 

was increased again to an hour (Figure 4.12 b). The band remained to be higher than 5 kb.  

To ensure complete digestion, five times more NotI-HF was added to the circular plasmid 

and incubated for 15 minutes. It still did not make a difference to the plasmid size.  

4.1.6 Verifying plasmid pcDNA™4/TO to confirm its identity 

       

       

       

       

       

    

Figure 4. 13 Verifying plasmid Plasmid pcDNA™4/TO using SalI restriction enzyme on 1% w/v agarose gel. 

500 ng of plasmid was used in each lane. SalI was incubated with the plasmid at 37 ⁰C for an hour. M=1kb 

ladder, U=Uncut plasmid and S=SalI. 

Previously in Figure 4.12, a single cut plasmid with NotI-HF gave a product size higher 

than the expected plasmid length. To confirm the size of the plasmid, a restriction 

enzyme SalI was used since it cuts at positions 863 bp and 2892 bp of plasmid 

pcDNA™4/TO.  As shown in figure 4.13, two product sizes around 2 kb and 3 kb were 

expressed confirming the plasmid is around 5 kb. Additionally, the plasmid identity was 

confirmed by sequencing the entire MCS region using CMV_for and BGH_rev primers. 

Figure 4.14 shows a band observed around 340 bp of the MCS of plasmid pcDNA™4/TO 

was extracted and sequenced.  Sequencing confirmed the band is the MCS of plasmid 

pcDNA™4/TO and the actual size is 338 bp (Figure 4.15) and the NotI site can be seen 

(Figure 4.15).  
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Figure 4. 14 RT PCR amplifying the multiple cloning site (MCS) of the plasmid to verify via Sanger 

sequencing. 40 ng of plasmid was used in the PCR reaction which was run on 1% w/v ultrapure gel. M is the 

100 bp DNA ladder.  

 

 

 

Figure 4. 15 Sequence alignment of composite sequence from CMV and BGH primers against the MCS 

sequence of plasmid pcDNA™4/TO. Forward and reverse primers are highlighted in yellow and green 

respectively. NotI site is marked in purple in the MCS.  

4.1.7 Screening for potential clones by colony PCR 

Plasmids and inserts were prepared by double digesting it with NotI-HF and Xhol creating 

cohesive ends. To help reduce the background colonies observed from re-ligated vector in 

the negative control plate (double digested plasmid with no insert that was ligated), the 

digested plasmid was treated with phosphatase enzyme (Quick CIP, NEB). This helps 

remove 5’ phosphate groups which in theory prevents re-ligation of the plasmid. Digested 
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plasmid treated with phosphatase was purified and quantified. The digested plasmid and 

insert were ligated together in the following insert: vector molar ratios, 1:1, 3:1 and 1:3. 

The ligated products were transformed into competent E.coli DH5α cells via the heat 

shock method.  The cells were grown on ampicillin treated LB agar plates to select cells 

containing intact plasmid pcDNA™4/TO which has the ampicillin resistance gene. A 

positive control using undigested plasmid were grown in the same medium.  Colonies 

were observed in all plates including negative control (images not shown).  

Colonies of potential clones from (insert: vector molar ratio) 1:3 plate and empty plasmid 

from the positive control plate were picked to be screened by colony PCR. Primers from 

the MCS (CMV_for and BGH_rev) of plasmid pcDNA™4/TO were chosen to amplify the 

vector and insert using the cycling conditions mentioned in Chapter 2. Amplification of 

the empty vector with these primers results in a PCR product size of around 338 bp but 

with insert, the expected product size is around 2.5 kb which can be easily detected on an 

agarose gel. Unfortunately, the cloning of POSTN inserts into plasmid pcDNA™4/TO was 

unsuccessful (Figure 4.16).  Two bands were observed in all lanes. The top band around 

340 bp is the MCS of plasmid pcDNA™4/TO. The bottom band remains a mystery and 

needs to be sequenced to confirm its identity.  
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Figure 4. 16 Screening for potential clones by colony PCR on 1% w/v agarose gel.  The plasmid was 

digested using NotI-HF and Xhol.  Double digested plasmids were ligated with the insert with the following 

insert to plasmid ratios: 1:1, 1:3 and 3:1. Controls include undigested plasmid as positive control and double 

digested linear plasmid without the insert as a negative control. Ligation and transformation were carried 

out and colonies were viewed the following day. Six (lanes 1-6) and three (lanes 6-9) transformants were 

picked from 1:3 and +ve control ampicillin LB agar plates respectively to screen for potential clones. M 

=DNA ladder. Two DNA ladders were used. 100 bp ladder on the left and 1 kb ladder on the right.  

4.1.8 Redesign of cloning strategy and PCR primers 

In the initial primer strategy, restriction sites NotI and Xhol were close together as 

displayed in the MCS of plasmid pcDNA™4/TO  (Figure 4.9).  This means during double 

digestion of plasmid; the two enzymes bind close together may sterically inhibit each 

other. For this reason, a new cloning strategy was employed to choose alternative 

enzymes that have a greater distance between their recognition sites. NotI restriction 

enzyme require an addition of 10 bp upstream of the recognition site for efficient 

cleavage (Costa et al., 1994). This may be the reason why there was inefficient cleavage of 

NotI restriction site. The new cloning primers were designed in a similar approach as 

described in section 4.1.1 and is depicted in figure 4.17.  
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The distance between NotI and Xhol sites was only 6 bp. Thus, two different restriction 

sites HindIII and Apal were chosen as they were 90 bp apart and did not cleave within the 

ORF of POSTN-203 as well as with different POSTN splice variants.  As shown in figure 

4.17, the forward cloning primer consists of the same gene sequence as the initial cloning 

primer but with HindIII restriction sequence added upstream of the primer. Addition of 

six random bases was added upstream of the restriction site to enable the restriction 

enzyme to cleave efficiently as recommended by NEB.  The six random base pairs were 

chosen carefully to avoid palindromes and primer dimers. Similarly, the new cloning 

reverse primer was composed of the same gene sequence and the 6X histidine tag as with 

the previous cloning reverse primer apart from a different restriction enzyme site, Apal, 

after the stop codon. Again, the addition of six random base pairs was added after the 

restriction site. The reverse primer was reverse complemented to enable amplification of 

POSTN insert.  

 

Figure 4. 17 Schematic diagram mapping cloning primers on POSTN-203 transcript coding sequence.   

The forward primer (PN_203cdna_for) binds in the 5’ end of the POSTN-203 sequence while the reverse 

primer is located at the 3’ end of POSTN-203 sequence to amplify the open reading frame (ORF) for cloning.  

Each cloning primer has different elements added to them.  
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Table 4. 2 Cloning primers sequences used in the second strategy to amplify all POSTN isoforms.   

Different restriction sites are incorporated in the primers are underlined. A green highlight is the start site 

in the forward primer and the red highlight is the stop site in the reverse primer. The grey highlight is the 5’ 

UTR in the forward primer. 6 X Histidine-tags (in yellow) is added in the reverse primer before the stop site. 

Addition of random base pairs (in purple) is added after restriction sites to enable cleavage efficiency. Tm 

values of primers were calculated using NEB Tm calculator. 

4.1.9 PCR amplification of POSTN variants 

The new cloning primers designed in section 4.1.8 were used to amplify the insert to be 

used for cloning. The PCR conditions have been previously optimized with the initial 

cloning primers: Tm was set at 68 °C which was run at 32 cycles. Figure 4.18 shows a 

successful amplification of POSTN transcript variants at between 2 kb to 2.5 kb. Again, the 

large PCR fragments of POSTN transcript variants could not be resolved well. Primer 

dimers are around 150 bp appear faint. After PCR amplification, the PCR products were 

purified to remove the enzymes that may hinder in the restriction digestion reaction.  

 

Figure 4. 18 PCR amplification of POSTN transcript variants using new cloning primers on 1% w/v agarose 

gel. Expected product sizes are adjacent to the gel image. The primer used is detailed at the bottom of the 

gel. M is the 1 kb ladder. Water used as reagent control.  
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4.2.0 Validating plasmid digest and ligation  

The plasmid pcDNA™4/TO was extracted from E.coli XL1 strain and quantified. Two single 

digests were carried out using Apal and HindIII-HF to digest the plasmid.  To check for 

successful digestion by restriction endonucleases, the digested products along with uncut 

circular plasmid were run on 1% w/v agarose gel (Figure 4.19). The linearized plasmid 

from the single digest were around 5 kb showing complete digestion.  

 

Figure 4. 19 Validating single plasmid digests using two new restriction enzymes (HindIII-HF and Apal) on 

1% w/v agarose gel. 500 ng of the plasmid used in each lane. The restriction endonuclease reaction was 

incubated at 37 ⁰C for 15 minutes. M= 1 kb DNA ladder, U= uncut plasmid, H=HindIII-HF and A=ApaI 
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Figure 4. 20 Viewing colonies after ligation and transformation. Before ligation plasmid and insert were 

double digested using HindIII-HF and Apal restriction enzymes. (a) The positive control is an undigested 

plasmid. (b) The negative control is double digested plasmid with no insert. (c) to (e) double digested 

plasmids ligated with insert in different molar ratios (1:1, 1:3 and 3:1).  

 

The plasmid was double digested with HindIII-HF and Apal and ligated with a double 

digested insert at different insert: vector molar ratios (1:1, 1:3 and 3:1). The uncut 

plasmid was used as a positive control.  Negative control was double digested plasmid 

treated with ligase. Ligated products were transformed by heat shock method and were 

plated on LB-treated ampicillin agar plates. Figure 4.20 show colonies observed on all 

plates. A lawn was detected in the positive control plate (Figure 4.20a).  Interestingly, the 

negative control had far more colonies than plasmid ligated with inserts.  The negative 

control was positive indicating there was incomplete digestion although Figure 4.19 

shows complete digestion.  

Colonies were picked to screen for potential clones from 3:1 insert: vector molar ratio 

plate as well as empty plasmid from positive control plate. Colonies were screened as 

mentioned in section 4.1.7.  Figure 4.21 show band at 338 bp indicating just the MCS of 

plasmid pcDNA™4/TO with the absence of insert.  
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Figure 4. 21 Gel analysis of potential clones using colony PCR on 2% w/v agarose gel. The plasmid was 

digested using HindIII-HF and Apal.  Double digested plasmids were ligated with the insert with the 

following insert to plasmid ratios: 1:1, 1:3 and 3:1. Controls include undigested plasmid as positive control 

and double digested linear plasmid without insert (see figure 4.20 images of colonies). The transformation 

was carried out and colonies were viewed the following day. Lanes 1-5 are transformants picked from 3:1 

plate and lanes 6-8 are transformants picked from +ve control plate. dH₂0 used as a negative control on the 

gel. M =100 bp DNA ladder. 

Since colonies were seen in the negative control plate and the ligation had not worked 

(Figure 4.20), extra controls were put in place. Single plasmid digest was carried out using 

HindIII-HF restriction enzyme. It was purified using a PCR purification kit and quantitated 

using Biodrop. Half of the digested plasmid was dephosphorylated but not ligated which 

was the “no ligation control”. The second half of digested plasmid was not treated with 

phosphatase but ligated. The uncut plasmid was used as a positive control to check for 

the viability of competent cells and checks the antibiotic resistance of the plasmid. 

Negative control of untransfected competent E.coli DH5α cells was used, no colonies 

should be seen since the competent cells did not uptake the plasmid that confers 

ampicillin resistance. As shown in figure 4.22, a lawn was seen in a positive control as 

expected (Figure 4.22a). Figure 4.22b and c were compared and showed a similar amount 

of colonies. Ideally, figure 4.22b should have fewer colonies since the plasmid has been 

dephosphorylated and not ligated. 
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Figure 4. 22 Colonies seen after ligation and transformation of the single digested plasmid. 1 μg of 

plasmid was digested using Hind III-HF before ligation.  (a) A positive control is an undigested plasmid. (b) 

Single plasmid digest using HindIII-HF treated with cip but unligated. (c) Single plasmid digest using HindIII-

HF, no cip treatment but ligated using ligase. (d) Negative control untransfected E.coli DH5α cells. All 

transformations were performed using 12.5 μl competent E.coli DH5α cells rather than the standard 50 μl 

competent E.coli DH5α cells.  

 

As colonies were seen in the unligated single digested plasmid treated with phosphatase, 

it shows that the background is due to uncut vector (Figure 4.22b).  Therefore, gel 

purification of digested plasmid was used instead of on-column purification. Figure 4.23 

shows the gel image of the single digested plasmid along with the uncut plasmid.  These 

bands were excised and extracted for the ligation reaction. The ligation and 

transformation of single digested plasmid were conducted the same way as shown in 

Figure 4.22. A new T4 DNA ligase was purchased from NEB was used instead of the 

previous T4 DNA ligase (Promega).  As shown in figure 4.24, there were fewer colonies 

observed with unligated single digested plasmid treated with phosphatase compared with 

a ligated single digested plasmid with no treatment of phosphatase (Figure 4.24 c and d).  
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Figure 4. 23 Validating single plasmid digest using 

HindIII-HF restriction enzyme on 1% w/v ultrapure gel.  1 μg of the plasmid used in each lane. The plasmid 

was incubated with HindIII-HF at 37 ⁰C for 15 minutes. Bands were excised for gel purification and then 

quantified, ready for ligation reaction. M= 1kb DNA ladder, U=uncut plasmid and H=plasmid digested with 

HindIII-HF     

   

Figure 4. 24 Colonies seen after ligation and transformation of the single digested plasmid. 1 μg of 

plasmid was digested using Hind III-HF and gel purified before ligation. (a) Negative control of 

untransfected cells. (b) Positive control uncut plasmid. (c) Single plasmid digest using HindIII-HF treated 

with quick cip and no ligase. (d) Single plasmid digest using HindIII-HF with no quick cip treatment but with 

T4 DNA ligase (Monarch). All transformations were performed using 12.5 μl competent E.coli DH5α cells 

rather than the standard 50 μl competent E.coli DH5α cells.  
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4.2.0 Optimising the heat shock transformation step as a positive control was 

negative 

Figure 4.24 shows the ligation reaction has worked.  The following experiment was set up 

the same manner as in Figure 4.24 but digesting plasmid with Apal restriction enzyme 

instead of HindIII-HF.  Two more ligation reactions were added; double digested plasmid 

treated with phosphatase using HindIII-HF and Apal and ligating with/without insert using 

the 1:1 insert: vector molar ratio. All digested plasmids were gel purified.  Unfortunately, 

no colonies were observed after ligation and transformation including the positive plate 

with an undigested plasmid (image not shown). This indicates that transformation has 

failed.  

 

 

Figure 4. 25 Viewing colonies after transformation of intact circular plasmid. (a) Untransfected competent 

E.coli DH5α cells on LB agar plate treated with ampicillin. (b) Positive control uncut plasmid. (c) 

Untransfected DH5α cells added on LB agar plate with no ampicillin. All transformations were performed 

using 25 μl of competent E.coli DH5α cells. 

 

As there was an issue with the heat shock transformation step since the positive control 

was negative, positive control with uncut plasmid was used to see if the transformation 

has worked. The negative control with untransfected competent E.coli DH5α cells was 

used. Another positive control with untransfected competent E.coli DH5α cells was grown 
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on LB agar plates without ampicillin treatment to test if the cells are viable.  Figure 4.25c 

show that competent E.coli DH5α cells are viable since there was growth observed in the 

non-ampicillin LB agar plate. The positive control was negative showing transformation 

has not worked (Figure 4.25b).  

 

Figure 4. 26 Viewing colonies after transformation of uncut plasmid using competent E.coli JM109 

competent cells to check for successful transformation. (a) Transformed old uncut plasmid on selective 

ampicillin plate. (b)  Transformed new uncut plasmid on selective ampicillin plate. (c) Untransfected E.coli 

JM109 competent cells on selective ampicillin plate. (d) Untransfected E.coli JM109 cells on LB agar plate 

with untreated ampicillin. Transformations were performed using 50 μl of JM109 competent cells. 

 

To check for successful transformation via heat shock method, alternative competent 

cells were used: E.coli JM109 cells made in the laboratory. Two positive controls consist of 

old and newly extracted plasmids to check for transformation. Untransfected competent 



 

88 
 

E.coli JM109 cells were used on LB plates with/without ampicillin.  The untransfected 

competent E.coli JM109 cells did not grow on LB agar plates without ampicillin treatment. 

This showed that the competent cells were killed off during heat shock transformation 

step.  The lab-grown competent E.coli JM109 cells came in 200 μl aliquots in 0.5 ml 

Eppendorf tubes. One possibility is that the 0.5 ml tube had thin walls which killed the 

cells during heat shock transformation. 

 

 

 

  

 

 

 

 

 

 

 

Figure 4. 27 

Transformation of intact plasmids using two different plasmids in E.coli JM109 competent cells. (a) 

Gentamicin treated LB agar plate using 100 ng of plasmid PUC4975 was transformed in 200 µl of competent 

E.coli JM109 cells. (b) Ampicillin treated LB agar plate using 100 ng of plasmid pcDNA™4/TO was 

transformed in 200 µl of competent E.coli JM109 cells. Transformation procedure was conducted by a 

researcher experienced in this technique.  

 

A control plasmid PUC4975 was transformed using heat shock method in E.coli JM109 lab 

grown competent cells along with plasmid pcDNA™4/TO. The transformed competent 

E.coli JM109 cells were grown on LB agar plates treated with gentamicin or ampicillin.  

Figure 4.27 shows no growth in either of the plates showing transformation failure. 

Subsequent experiments in the lab have shown that this was due to lack of competency in 

the cells used, and future experiments by other students are planned to complete this 

work.  
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Chapter 5- Discussion  

This study has shown that at least six POSTN transcript variants (POSTN-001, 002, 003, 

004, 201a and 201b), including one not previously described, are expressed in pancreatic 

stellate cells. Stromal cells are known to be important in the development and 

progression in pancreatic cancer. Additional variants identified in the Ensembl and 

Genbank databases (POSTN-202a and 202b) were not found to be expressed. Although 

due to time constraints we were not able to determine the function of these isoforms, it 

is interesting to speculate on the potential function of these variants and their role in 

pancreatic cancer.  The primary POSTN transcript contains 23 exons while the rest of the 

POSTN transcript variants have missing one or more cassette exons.  This is due to 

alternative splicing in the C-terminal region of POSTN protein affecting exons 17-21. 

Interestingly, a novel POSTN isoform was expressed in PS-1 cells which contain exons 17, 

19 and 20 which was not identified in bioinformatics analysis. This novel isoform was 

found to be expressed in fetal lung known as isoform 9 (Morra et al., 2012). Erkan et al. 

(2007) observed the autocrine loop of POSTN on pancreatic stellate cells (Figure 1.7). It 

can be speculated that these POSTN transcript variants may perpetuate the activation of 

pancreatic stellate cells to increase the fibrotic stroma observed in PDAC.  

The expression of different POSTN transcript variants have been studied in few cancers 

such as in bladder, thyroid, renal and small lung (Kim et al., 2008; Bai et al., 2010; Morra 

et al., 2011;Morra et al., 2012). Functional analysis of POSTN transcript variants in bladder 

cancer has been studied. In bladder cancer, isoform 4 which corresponds to POSTN-201b 

was shown to promote cell invasion and metastasis whereas isoforms 1 and 3 

corresponds with POSTN-001 and POSTN-201a, inhibited these cellular processes. In 

context with pancreatic cancer, POSTN-201b, POSTN-001 and POSTN-201a which are 

expressed in pancreatic stellate cells in this study may have varying roles in inhibiting or 

promoting pancreatic cancer development. It can be speculated that POSTN-201b may 

promote pancreatic cancer development. However, these conclusions may not be true as 

POSTN transcript variants expression are tissue dependent meaning different tissues have 

different POSTN transcript variant profiles.  



 

90 
 

Additional POSTN transcript variants g and i from AceView differ at the 5’ end. These 

variants have missing exons 1, 2 and 3 and thus, would not have been detected in this 

study.  POSTN is known to be extracellular and secreted protein as it contains a signal 

peptide. These POSTN isoforms do not possess a signal peptide and EMI domain hence 

appear to be intracellular. Further experiments will be required to test these variants are 

expressed in PS-1 cells, what their location and function maybe.  

There are limitations to this study. RT PCR utilized in this study only gave a semi-

quantitative measure. To obtain a quantitative measure of POSTN transcript variants, QRT 

PCR can be employed. This will enable to get an exact measurement of the mRNA 

expression levels of POSTN transcript variants as this method has both high specificity and 

sensitivity (Smith & Osborn, 2008; Kuang et al., 2018).  

It was difficult to resolve multiple transcript variants by agarose gel electrophoresis- we 

cannot exclude the presence of additional isoforms. An alternative method may be using 

higher % agarose gel although the disadvantage of this is that it will be difficult to extract 

the PCR product for sequencing or using in downstream experiments. Polyacrylamide gels 

can be used to help resolve the bands although it is toxic compared with agarose. 

However, cloning may be the best answer of which variants are expressed, as well as 

determining the function.  

Unfortunately, the cloning experiments were unsuccessful within the timeframe of this 

project. But significant progress was made with refining the cloning strategy and 

troubleshooting which will be continued by another student. 

Different bacterial strains enable the production of mammalian proteins (Donnelly et al., 

2001). Protein toxicity has been described as one of the reasons for unsuccessful 

production of recombinant DNA/ protein (Rosano & Ceccarelli, 2014). There is a 

possibility that human POSTN transcript may be toxic in E.coli cells since no clones had 

any cDNA insert but just with empty plasmid vector (Figures 4.16 and 4.21). A recent 

study showed E.coli failed to overexpress a human gene called Human ether-a-gogo 

related gene (hERG) (Vasseur et al., 2019) but worked well using stable human embryonic 

kidney (HEK) cell line. Different strategies for producing toxic recombinant proteins in 
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E.coli has been extensively reviewed (Saïda et al., 2006). In this study is it likely to be due 

to technical challenges as the main reason for difficulties.  

Since a wide range of POSTN isoforms were detected in PS-1 cells, the next step will be to 

successfully clone these POSTN transcript variants.  With regards to the cloning 

procedure, it is important to have both negative and positive controls, as displayed in 

figure 4.24 along with double digested plasmid ligated with an insert at different ratios 

(1:1, 1:3 3:1). Gel purification of the digested products appears to be more effective than 

on-column purification.  This is because when the digested plasmid is run on the gel, the 

linearized plasmid band can be excised while eliminating any undigested plasmid, thus 

reducing background colonies after transformation. Once POSTN clones of different 

POSTN transcript variants are successfully obtained, plasmids each expressing a specific 

POSTN transcript variant can be transfected into human (PS-1) cells to produce 

recombinant POSTN isoforms. These isoforms attached with His-tag can be purified using 

Ni columns. The purified proteins added experimentally to pancreatic cancer cells to 

determine the effect on cell proliferation, survival, adhesion, migration and invasion using 

standard assays.  

POSTN upregulation has been found in the development of PDAC particularly around the 

neoplastic stroma (Ben et al., 2011). This shows the importance of the tumour 

microenvironment in mediating tumour progression.  Survival studies of patients with 

PDAC showed POSTN-positive group had lower median survival time compared with 

POSTN-negative group (Ben et al., 2011). Similarly, Liu et al. (2017) showed there is a 

positive correlation between POSTN expression and clinical stage of PDAC and an increased 

POSTN expression was linked to poor patient survival. This makes POSTN a good 

therapeutic target for PDAC.  The evidence that POSTN is a good therapeutic target comes 

from a study by Liu et al. (2016) that showed that POSTN contributes to the 

chemoresistance of PDAC by protecting pancreatic cancer cells against DNA damage 

induced by gemcitabine. Recently, POSTN is a potentially useful biomarker for early 

detection of PDAC complementing with other serum biomarkers such as CA242  and CA19.9 

(Dong et al., 2018). It would be interesting to see which POSTN transcript variant is linked 

to PDAC. In our study, POSTN-001. POSTN-003, POSTN-004 and POSTN-201a had the 
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highest expression in PS-1 cells, although it was only semi-quantitative measure (Table 3.5). 

It can be speculated that these POSTN isoforms maybe linked with PDAC progression.  

In the literature, POSTN is shown to not only be a potential therapeutic target for cancer 

but is a promising clinical marker.  A novel ELISA kit (Biomedica) has been developed 

which recognises all known POSTN transcript variants by measuring human serum and 

plasma and this method has been successfully utilized in bone (Walsh et al., 2017). It 

would be interesting to measure POSTN serum of patients in a different pathological 

stage of PDAC and see which isoforms correlate with poor prognosis of PDAC.  It will be 

important to determine the expression of POSTN isoforms in PDAC clinical biopsy 

samples. 

5.9 Conclusion and future work 

New therapeutic target is required to treat PDAC since conventional methods are 

ineffective. POSTN is a useful clinical biomarker for PDAC and could potentially be used as 

a novel therapeutic target. This is the first study to investigate a total of seven POSTN 

transcript variants: POSTN-001, 002, 003, 004, 201a, 201b and a novel POSTN transcript 

variant (contain exons 17, 19 and 20) are expressed in PS-1 cells (Table 3.5). The highly 

expressed variants include POSTN-001, 003, 004 and 201a with the rest of the variants 

having a lower expression level in PS-1 cells. As primers were designed in the C-terminal 

region to detect POSTN isoforms, further studies are warranted to study these POSTN 

transcript variants by cloning these variants to see if functional proteins are produced. 

This study attempted to produce POSTN clones but was unsuccessful due to technical 

difficulties. Troubleshooting work for cloning has been laid out in Chapter 4.  

It has been hypothesised that POSTN transcript variants may have distinct matrix binding 

properties and may differentially affect cell adhesion and migration (Viloria & Hill, 2016).  

Hence, this novel hypothesis remains to be tested.  Functional studies need to be 

conducted to observe the effects in cellular processes such as adhesion, migration and 

proliferation of pancreatic cancer cells, in order to establish the function of POSTN 

isoforms in pancreatic cancer.   
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Appendix 

 

 

Figure A1: Composite sequence of POSTN-201a variant found in Lane 1 of Figure 3.6.  The boxed 

sequences show the forward and reverse primers. 

 

Figure A2 : Composite sequence of POSTN-201b variant found in Lane 1 of Figure 3.6.  The boxed 

sequences show the forward and reverse primers. 
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Figure A3: Composite sequence of POSTN-003 variant found in Lane 2 of Figure 3.6.  The boxed sequences 

show the forward and reverse primers. 

 

 

Figure A4: Composite sequence of POSTN-002 variant found in Lane 2 of Figure 3.6.  The boxed sequence 

show the forward primer. 

 

 

Figure A5: Composite sequence of POSTN-004 variant found in Lane 3 of Figure 3.6.  The boxed sequences 

show the forward and reverse primers. 
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Figure A6: Composite sequence of POSTN-001 variant found in Lane 4 of Figure 3.6.  The boxed sequences 

show the forward and reverse primers. 

 

Figure B1: Forward and reverse sequences of the top band marked in a white arrow in Figure 3.9a. 

Composite sequences could not be formed. The forward and reverse sequences were blasted (Nucleotide 

BLAST) and matched with transcripts POSTN-003 (NM_001286665) and POSTN-201a (NM_001135935). 

 

Figure B2: Forward sequence only of the bottom band marked in a white arrow in Figure 3.9a. Composite 

sequences could not be formed as there was poor sequencing in the reverse sequence. The forward 

sequence was blasted (Nucleotide BLAST) and matched with transcripts POSTN-201b (NM_001135936) and 

POSTN-002 (NM_001135934).  
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Figure C1: Forward sequence of the first band in Figure 3.9b. Composite sequences could not be formed as 

there was poor sequencing in the reverse sequence. The forward sequence was blasted (Nucleotide BLAST) 

and matched with transcripts POSTN-003 (NM_001286665) and POSTN-201a (NM_001135935). 

 

 

Figure C2: Forward sequence of the second band in Figure 3.9b. Composite sequences could not be formed 

as there was poor sequencing in the reverse sequence. The forward sequence was blasted (Nucleotide 

BLAST) and matched with transcripts POSTN-003 (NM_001286665) and POSTN-201a (NM_001135935). 

 

 

 

Figure C3: Forward sequence of the third band in Figure 3.9b. Composite sequences could not be formed 

as there was poor sequencing in the reverse sequence. The forward sequence was blasted (Nucleotide 

BLAST) and matched with POSTN-201b (NM_001135936) and POSTN-002 (NM_001135934). 
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Figure D1: Composite sequence of the top band from Figure 3.9c. The boxed sequences are forward and 

reverse primers. The sequence was blasted (Nucleotide BLAST) and matched with POSTN-001 transcript 

(NM_006475), POSTN-003 transcript (NM_001286665), POSTN-202a transcript (NM_001286666) and 

POSTN-002 transcript (NM_001135934). 

 

 

Figure D2: Composite sequence of the bottom band from figure 3.9c. The boxed sequences are forward 

and reverse primers. The sequence was blasted (Nucleotide BLAST) and matched with 004 transcript 

(NM_001330517), 202b transcript (NM_001286667), 201b transcript (NM_001135936) & 201a transcript 

(NM_001135935). 
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