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ABSTRACT 

 

THE INVOLVEMENT OF PI3K/AKT SIGNALLING PATHWAY IN 

MMP-9 DOWN-REGULATION BY LAURIC ACID IN THP-1 

DIFFERENTIATED MACROPHAGES 

 

OOI SU ERN 

 

Matrix metalloproteinase-9 (MMP-9) is an endopeptidase which plays a major 

role in degradation of extracellular matrix protein during aortic aneurysm. 

PI3K/AKT signalling pathway is an important regulator of cell survival and is 

involved in up-regulation of MMP-9 expression. Lauric acid is proven to increase 

the high-density lipoprotein (HDL) cholesterol level and reduce the risk of 

developing heart diseases. This study was designed to identify the involvement of 

PI3K/AKT signalling pathway in down-regulation of MMP-9 by lauric acid in 

THP-1 differentiated macrophages. THP-1 monocytic cells that were 

differentiated into macrophages using phorbol myristate acetate (PMA) were 

treated with 20 µM of lauric acid alone or pretreated with 15 µM of LY294002, 

250 nM of wortmannin, 625 nM of AKT IV and 100 nM of rapamycin, 

respectively for 3 hours to inhibit the PI3K/AKT/mTOR signalling pathway, 

followed by 24 hours stimulation of 20 µM lauric acid. Quantitative reverse 
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transcription-polymerase chain reaction (qRT-PCR) and western blot analysis 

were carried out to investigate and quantify the MMP-9 expression in THP-1 

differentiated macrophages. The MMP-9 mRNA and protein expression were 

significantly down-regulated into 0.76 fold and 0.49 fold, respectively with 

stimulation of lauric acid alone. Pretreatment of macrophages with PI3K 

inhibitors up-regulated the lauric acid-inhibited MMP-9 expression level, 

suggesting lauric acid had an impact on AKT downstream targets in the regulation 

of MMP-9. The phosphorylated AKT Ser473 expression level of THP-1 

macrophages pretreated with AKT IV and rapamycin were decreased as compared 

to the vehicle control. Here, it is proven that lauric acid blocked the 

phosphorylation of AKT at Ser473 which subsequently reduced the MMP-9 

expression. In conclusion, the present study successfully shows that lauric acid 

inhibits AKT Ser473 phosphorylation site in PI3K/AKT signalling pathway and 

in turn down-regulates the MMP-9 expression in THP-1 differentiated 

macrophages. 
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CHAPTER 1 

 

INTRODUCTION 

 

Aortic aneurysm is the principal disease of adult aorta which is a multifactorial 

process with early infiltration of chemokine-driven leukocyte in the aortic wall 

followed by extracellular matrix degradation of the tunica adventitia and media 

(Ghosh, et al., 2012). It is characterised by medial layer progressive degeneration 

of aortic wall, loss of vascular smooth muscle cells, transmural infiltration of 

macrophages, activation of matrix metalloproteinases, particularly matrix 

metalloproteinase-9 (MMP-9) and inflammation (DiMusto and Upchurch, 2009; 

Yu, Littlewood and Bennett, 2015).  

 

Matrix metalloproteinases (MMPs) form a family of zinc atom dependent 

endopeptidases that play a major role in the physiological and pathophysiological 

remodeling of tissue. MMP-9 is one of the most widely studied MMPs that are 

secreted by a variety of cell types such as macrophages, neutrophils and 

fibroblasts (Yabluchanskiy, et al., 2013). MMP-9 derived from macrophages as 

well as vascular smooth muscle cells shows intense elastinolytic activity and its 

activated form has been suggested to be associated with the degradation of 

extracellular matrix (ECM) proteins during the progress of aortic aneurysm and 
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rupture (Yamashita, et al., 2001; Wilson, et al., 2007; Smallwood, et al., 2008; 

DiMusto and Upchurch, 2009).  

 

A number of signalling pathways has been found to involve in the regulation of 

MMP-9 expression including phosphoinositide-3-kinase (PI3K), extracellular 

signal–regulated kinases (ERK) 1/2, c-Jun N-terminal kinases (JNK) 1/2, and p38 

(Ghosh, et al., 2012; Yang, et al., 2013). PI3K signalling pathway is an important 

regulator of cell survival and death, migration, metabolism as well as protein 

synthesis. Dysregulation of this pathway often lead to inflammation, cancer and 

cardiovascular disease (McNamara and Degtery, 2011). Furthermore, studies have 

proven that PI3K/AKT signalling pathway is involved in the phosphorylation of 

AKT for activation of MMP-9 and will eventually lead to increase expression of 

MMP-9 (Kim, et al., 2001; Shim, et al., 2011).  

 

Lauric acid is a 12-carbon chain saturated fatty acid in which it constitutes 

approximately 45-53% of the fatty acid content of coconut oil (Dayrit, 2015). 

Besides coconut oil, it can also be found in other tropical oil such as laurel oil and 

palm kernel oil. The intake of lauric acid can decrease the risk of developing 

cardiovascular disease by elevating high density lipoprotein (HDL) cholesterol 

level. In addition, lauric acid also comes with significant antimicrobial, antifungal 

and antiviral activity (Lieberman, Enig and Preuss, 2006; Uday, et al., 2014; 

Dayrit, 2015).  
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To our knowledge, no study has shown the impact of lauric acid on MMP-9 and 

the exact mechanism utilised by lauric acid in down-regulation of MMP-9. In this 

study, it was hypothesised that lauric acid could impact MMP-9 expression by 

interfering with P13K/AKT signalling pathway in THP-1 differentiated 

macrophages. By understanding the underlying mechanisms utilised by lauric acid 

in regulation of MMP-9, it can provide a novel perspective for future therapeutic 

treatment of aortic aneurysms. 

 

Thus, this study was designed to accomplish the following objectives:   

1. To determine the mRNA and protein expression of MMP-9 in THP-1 

differentiated macrophages under the stimulation of lauric acid.  

 

2. To investigate the possible involvement of PI3K/AKT signalling pathway 

in MMP-9 repression by lauric acid. 

 

3. To investigate the involvement of AKT Ser473 phosphorylation in MMP-

9 repression by lauric acid. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Matrix metalloproteinase-9 

2.1.1 Overview of matrix metalloproteinases 

Matrix metalloproteinases (MMPs) are a family of zinc atom dependent 

endopeptidases that play a major role in the physiological and pathophysiological 

remodeling of tissue (Yu and Stamenkovic, 2000; Fiore, et al., 2002; 

Yabluchanskiy, et al., 2013). There are 28 MMPs at present which have been 

subdivided into two different structural classes including membrane-bound MMPs 

and secreted MMPs. The membrane bound MMPs are made up of transmembrane 

and intracellular domain. In order for both of the membrane-bound and secreted 

MMPs to be activated from inactive zymogen form, proteolytic cleavage of a 

portion of the N-terminal domain is needed (Fiore, et al., 2002; Austin, Covic and 

Kuliopulos, 2013). Besides, 25 family members of MMPs have been described in 

vertebrates in which 22 of them are found in human. Initially, MMPs were given 

with descriptive names based on their substrate specificity, domain organization 

as well as their distinct, albeit overlapping (Rodrígueza, Morrisona and Overall, 

2010). They are now classified into six different categories which are gelatinases 

(MMP-2 and MMP-9), collagenases (MMP-1, -8 and -13), stromelysins (MMP-3, 
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-10 and -11), membrane type (MMP-14, -15, -16, -17, -24 and -25), matrilysins 

(MMP-7 and MMP-26) and others (MMP-12, -19, -20, -21, -23, -27 and -28). 

These numbering systems are relevant to their order of discovery (Yabluchanskiy, 

et al., 2013).  

 

Besides, MMPs are responsible for degradation and cleavage of structural 

elements of extracellular matrix (ECM) in normal physiological processes 

including tissue remodeling, embryonic development, reproduction and 

angiogenesis (Tallant, Marrero and Rüth, 2010). To date, MMPs have been 

proposed to be involved in a variety of diseases such as aortic aneurysms, 

atherosclerotic plaque rupture, myocardial infarction, hypertension, arthritis and 

metastasis (Sakalihasan, et al., 1996; Fiore, et al., 2002; Newby, 2007; Smallwood, 

et al., 2008). 

  

2.1.2 Structure and cell expression of MMP-9 

MMP-9 is also known as 92-kDa Type IV Gelatinase B due to its ability to break 

down gelatin which is a major composition of ECM. In sight of MMP-9’s 

degradation ability, it is proposed to play a major role in breakdown of ECM 

(Fernández, et al., 2010; Shihab, et al., 2015).  
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As described by Stawarski, Stefaniuk and Wlodarczyk (2014), human MMP-9 is 

composed of a catalytic domain with zinc ion binding site (~170 amino acids), a 

proline-rich linker domain with variable lengths, an NH2-terminal pro-domain 

(~80 amino acids) and a COOH-terminal hemopexin-like domain (~200 amino 

acids) which will incorporate to form 92-kDa pro-active and 88-kDa active 

enzymes. There are two zinc ions (Zn
2+

), five calcium ions (Ca
2+

) and also three 

homologous repeats to the type II module of fibronectin in catalytic domain of 

MMP-9. The presence of zinc ion is indispensable for the proteolytic activity. 

Besides that, one of the zinc ions will coordinate structurally with the cysteine 

switch motif of the pro-domain to retain MMP-9 in inactive form. The 

fibronectin-like domain is heavily O-glycosylated and consists of elongated linker 

that links catalytic and hemopexin-like domain. It permits for the independent 

movement of the homopexin and catalytic domains which will in turn affect the 

enzyme conformation and substrate specificity of MMP-9 (Figure 2.1) (Xu, et al., 

2008; McCarty, Cochrane and Clegg, 2012). Next, in pro-MMP-9, the β-propeller 

structures of hemopexin-like domain act as tissue inhibitors of metalloproteinase 

(TIMP) recognition site. It is able to bind to TIMP-1 as well as TIMP-3 that is the 

major endogenous inhibitor of MMPs. Prior to cell secretion, TIMP-1 in the Golgi 

apparatus is complexed with pro-MMP-9 through COOH-terminal while the NH2 

terminus remains capable to inhibit other MMPs (Nagase, Visse and Murphy, 

2006; McCarty, Cochrane and Clegg, 2012; Yabluchanskiy, et al., 2013; 

Stawarski, Stefaniuk and Wlodarczyk, 2014).  
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MMP-9 is ubiquitously expressed throughout the body and secreted by a variety 

of cell types such as macrophages, neutrophils and fibroblasts, keratinocytes as 

well as endothelial cells (Fernández, et al., 2010; Stawarski, Stefaniuk and 

Wlodarczyk, 2014). Recent researches have shown the presence of MMP-9 in the 

muscle nucleus, human glial cells, neurons and mitochondria of retinal capillary 

cells (Stawarski, Stefaniuk and Wlodarczyk, 2014). Out of all, macrophage is the 

most potent source of MMP-9. The production of MMP-9 by macrophages is able 

to facilitate the infiltration of leukocyte into infected sites through degradation of 

vascular basement membrane of type IV collagen (Nagase, Visse and Murphy, 

2006; Shihab, et al., 2015). 

 

 

Figure 2.1: Structure of MMP-9.  Three major domains that construct the 

MMP-9 are pro NH2-terminal pro-peptide, catalytic domain and COOH- terminal 

hemopexin-like domain which is linked to the catalytic domain through a flexible 

hinge region. The pro-peptide have to be cleaved in order to activate MMP-9 from 

its inactive zymogens form while the β-propeller structures offer a TIMP 

recognition site (Adapted from McCarty, Cochrane and Clegg, 2012). 
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2.1.3 Promoter structure of MMP-9 

Human MMP-9 promoter is highly conserved and contains of multiple functional 

elements such as TATA box (-29 bp), two activator protein-1 (AP-1) binding sites 

(-79 bp) near to the transcription start site, nuclear factor-kappa B (NF-κB) (-600 

bp), polyomavirus enhancer A-binding protein-3 (PEA3)/ E-26 transcription 

factors (Ets) (-599 bp to -531 bp), specificity protein (SP)-1 (-563 bp) and a GT 

box element (-54 bp). The serum amyloid A-activating factor (SAF)-1 binding 

element locates in the GT box sequence (Löffek, Schilling and Franzke, 2011; 

Farina and Mackay, 2014). GT box sequence is present close to the proximal AP-

1 element of MMP-9 promoter and it is highly conserved. Besides, SAF-1 and 

AP-1 have been reported to act in synergistic form which give explanation to 

many earlier studies which revealed the strict requirement of both AP-1 binding 

elements and GT box in inducing MMP-9 expression (Ray, Bal and Ray, 2005; 

Löffek, Schilling and Franzke, 2011). All of these sites enable the regulation of 

MMP transcription by inflammatory cytokines, growth factors such as vascular 

endothelial growth factor (VEGF) and transforming growth factor (TGF)-β, 

hormones, cell-cell as well as cell-matrix interaction (Nagase, Visse and Murphy, 

2006). 
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Figure 2.2: Localisation of multiple functional transcriptional elements of 

human MMP-9 promoter. Promoter of MMP-9 contains NF-κB, SP-1, 

PEA3/ETS, two AP-1, SAF-1 binding element in GT box and TATA box binding 

site for a variety of regulatory transcription factors. The numbers below indicate 

the location from the transcription start site (TSS) (Adapted and modified from 

Farina and Mackay, 2014). 

 

2.1.4 Transcriptional regulation of MMP-9 

MMP-9 expression is controlled at multiple levels: transcriptional and post 

translational regulation of gene expression, extracellular localisation and 

compartmentalisation, pro-enzyme activation, as well as delayed activation or 

inhibition that involves the cleavage of propeptide and co-secretion with its 

specific endogenous inhibitors, TIMP-1 (Löffek, Schilling and Franzke, 2011; 

Stawarski, Stefaniuk and Wlodarczyk, 2014).  

 

Furthermore, the MMP-9 expression is positively regulated by a variety of factors 

at transcriptional level. For example, AP-1, ETS, PEA3, NF-κB, SAF-1 and SP-1. 

There are two AP1 binding sites on MMP-9 which allows rapid activation of 

MMP9 in response to the sharp transient increase of AP-1 protein (Crowe and 

Brown, 1999; Yabluchanskiy, et al., 2013). According to Stawarski, Stefaniuk and 

SAF-1 TSS 



10 
 

Wlodarczyk (2014), the MMP-9 expression will also be activated by reactive 

oxygen species (ROS) and thrombospondins through AP-1 transcription factor. 

Next, Ets is a transcription factor that associated with multiple biological 

functions such as angiogenesis, cellular differentiation, proliferation and apoptosis. 

It is able to induce MMP-9 together with urokinase-type plasminogen activator 

(uPA) and integrins β2 and β3. Binding of uPA to the cell surface receptor (uPAR) 

will stimulate a cascade of proteases which will in turn lead to ECM degradation 

and obstruct the cell-matrix as well as cell-cell interactions (Gondi, et al., 2006). 

By binding to the NF-κB DNA on the enhancers or promoters region of the gene, 

NF-κB is able to regulate the MMP-9 gene expression. Several studies have 

showed that inactivation of NF-κB will lead to reduction of MMP-9 production in 

macrophages and also vascular smooth muscle cells. Besides, Sp-1 will undergo a 

series of posttranscriptional modifications including glycosylation and 

phosphorylation before binding to the MMP-9 promoter in order to increase 

transcription (Yabluchanskiy, et al., 2013).   

 

2.1.5 Biological and physiological activities of MMP-9 

MMP-9 is the key proteinases in the degradation of ECM protein (Sakalihasan, et 

al., 1996; Yamashita, et al., 2001; Smallwood, et al., 2008; Yabluchanskiy, et al., 

2013). It participates in a number of biological and physiological functions 

including tissue remodeling, cell-cell contact, migration and cellular 

differentiation, regulation of growth factor activity, inflammation, angiogenesis, 
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and apoptosis (Stawarski, Stefaniuk and Wlodarczyk, 2014). The excessive break 

down of ECM protein such as elastin and the existence of inflammatory infiltrate 

in abdominal aortic aneurysm wall has suggested the involvement of MMP-9 

(Sakalihasan, et al., 1996; Smallwood, et al., 2008).  

 

MMP-9 plays a vital role in immunomodulatory functions (Yabluchanskiy, et al., 

2013; Shihab, et al., 2015). Up-regulation of MMP-9 can be seen during wound 

healing and development, as well as diabetes, arthritis, cancer and other 

pathologies that involve inflammatory responses. As MMP-9 is expressed highly 

in the innate immune cells including neutrophils, monocytes, activated 

macrophages and alveolar macrophages, it is shown to be involved in the 

recruitment of immune cells by creating a chemokine gradient (Parks, Wilson and 

Boado, 2004; Löffek, Schilling and Franzke, 2011). Next, MMP-9 is also 

involved in the triggering of bone growth and remodeling of matrices such as 

cartilage. Previous studies using null mutants of MMP-9 delayed growth and 

development of long bone which is due to reduced vascular invasion in the bone 

growth plates (Vu and werb, 2000; Löffek, Schilling and Franzke, 2011). In 

addition, studies have proven that MMP-9 expression can be mediated by several 

potential signalling pathways including PI3K/AKT pathway (Kim, et al., 2001; 

Lee, et al., 2007; Shim, et al., 2011, Yang, et al., 2013). 
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2.2 Phosphatidylinositol 3-kinase signalling pathway 

2.2.1 Overview of phosphatidylinositol 3-kinase signalling 

Phosphatidylinositol 3-kinase (PI3K) signalling pathway is one of the important 

signal transduction pathways which is induced by a variety of receptor-tyrosine 

kinases. Numerous studies have proven that this pathway is a significant promoter 

of cell survival, proliferation, metastasis and metabolism in response to various 

extracellular signals (Liu, et al., 2009; Matsuoka and Yashiro, 2014). The key 

proteins involved in this pathway are PI3K and AKT which is also known as 

protein kinase B (PKB). Various types of small molecule inhibitors which target 

PI3K and its downstream proteins have been developed. For example, PI3K 

inhibitors, AKT inhibitors, mammalian target of rapamycin (mTOR) inhibitors, 

ATP-competitive dual PI3K-mTOR inhibitors as well as isoform-specific PI3K 

inhibitors (McNamara and Degterev, 2011; Dienstmann, et al., 2014).  

 

PI3K pathway is highly conserved and is expressed in almost all of the cells of 

higher eukaryotes. Its activation is strictly mediated by a multistep process 

(Hemmings and Restuccia, 2012). Therefore, the aberrant regulation of this 

pathway can lead to formation of cancer which is due to the genetic alterations of 

the signalling pathway components as well as upstream stimulation of cell surface 

receptors (Liu, et al., 2009; Luca, et al., 2012). Dysregulation of this pathway will 

also cause diseases such as allergies, inflammation, cardiovascular disease and 
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metabolic disease.  Thus PI3K pathway is often the major target for development 

of drug against those diseases (McNamara and Degterev, 2011). 

 

2.2.2 PI3K/ AKT/ mTOR activation 

PI3K/ AKT/ mTOR signalling pathway can be activated by several mechanisms. 

The initiation of the pathway occurs at the plasma membrane in which 

propagation of signal for pathway activation is through class IA PI3K. As shown 

in Figure 2.3, activation of PI3K can take place through growth factor stimulation 

of receptor tyrosine kinases (RTK) including epidermal growth factor receptor 

(EGFR), human EGF receptor 2, insulin-like growth factor-1 (IGF-1) receptor and 

G-protein coupled receptor (GPCR). The activation of RTK will lead to auto-

phosphorylation of tyrosine residue (Matsuoka and Yashiro, 2014; Barreto and 

Morales, 2016). Firstly, PI3K is recruited to the membrane by binding of SH2 

domain of p85 regulatory subunit to the phospho-tyrosine consensus residues of 

adaptors or growth factor receptors followed by release of p110 catalytic subunit. 

Activated PI3K will then catalyse the phosphorylation of phosphoinositides and 

generates the biologically active moieties secondary messenger, 

phosphatidylinositol-3,4,5-triphosphate (PIP3) from phosphatidylinositol-4,4-

biphosphate (PIP2), which is found abundantly in the plasma membrane 

(McNamara and Degterev, 2011). Next, PIP3 will interact with pleckstrin 

homology (PH) domains-containing proteins such as serine/threonine kinase-3’ 

phosphoinositide-dependent kinase 1 (PDK-1) and AKT which will lead to 
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conformational changes of those proteins. Moreover, PI3K signalling can be 

terminated by phosphatase and tensin homologue (PTEN). PTEN antagonises 

PIP3-dependent signalling by dephosphorylating PIP3 and thus inhibiting the 

activation of PDK-1 and AKT (Yuan and Cantley, 2008; Barreto and Morales, 

2016). 

 

AKT/PKB is a serine/threonine kinase which is normally expressed in most of the 

tissues. It exists as three isoforms, AKT1, AKT2 and AKT3. The activation of 

AKT requires two important phosphorylation events. It can only be activated 

partially through phosphorylation at Thr-308 in the catalytic domain by PDK-1. 

The fully catalytically active kinase requires a second phosphorylation at Ser-473 

in the C-terminal domain by mTOR complex 2 (mTORC2) (Vara, et al., 2004; 

McNamara and Degterev, 2011). Besides mTORC2, the full activation of AKT 

also can be catalysed by other kinases such as PDK-2, integrin-linked kinase (ILK) 

and DNA-dependent protein kinase (DNA-PK). The major negative regulators of 

AKT are PH domain leucine-rich repeat protein phosphatase (PHLPP) which will 

dephosphorylate AKT at Thr-308 and protein phosphatase 2A (PP2A) that will 

dephosphorylate AKT at Ser-473 (Brognard, et al., 2007). 

 

Furthermore, mTOR is a protein kinase which is highly conserved and plays an 

effector role in the PI3K/AKT pathway. It is made up of two protein complexes, 

mTORC1 and mTORC2 (Matsuoka and Yashiro, 2014). AKT is involved in the 
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activation of mTORC1 through phosphorylation of tuberous sclerosis complex 

(TSC) 2 which will then bind to TSC1 forming a heterodimer. Studies have 

proven that the inhibitory effect of TSC2 on mTOR can be released by 

phosphorylation and inactivation of TSC2 by AKT (McNamara and Degterev, 

2011). This would activate mTORC1, which in turn phosphorylate ribosomal 

p70S6 kinase 1 (S6K1) and eukaryotic translation factor 4E-binding protein 1 

(4EBP1) (Song, Salmena and Pandolfi, 2012). Besides, the mTOR activity is 

regulated by several positive and negative upstream regulators. Positive regulators 

of mTOR activity are those growth factors and their cognate receptors that 

transmit signals to mTOR through PI3K-AKT pathway. For example, IGF-1 and 

its receptor IGFR-1, vascular endothelial growth factor receptors (VEGFR) and 

its associated ligands, members of EGFR family and their ligands. The negative 

regulator such as PTEN can terminate the signalling through PI3K-AKT 

(LoPiccolo, et al., 2008; Porta, Paglino and Mosca, 2014).  
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Figure 2.3: Schematic representation of PI3K/AKT/mTOR signalling 

pathway and the cellular functions regulated by the pathway. Initial 

stimulation by binding of growth factors to the cell surface receptor tyrosine 

kinase (RTK) leads to phosphorylation of PI3K. A second messenger 

phosphatidylinositol (3,4,5)-triphosphate (PIP3) is formed by phosphorylation of 

plasma membrane lipids by activated PI3K. Next, phosphorylation of Thr-308 by 

PDK1 and also Ser-473 by mTORC2 will cause activation of AKT followed by 

regulation of a series of downstream events (Adapted and modified from 

Matsuoka and Yashiro, 2014).  
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2.2.3 Downstream effect of PI3K/AKT/mTOR signalling pathway 

AKT control a broad range of proteins by phosphorylation of the consensus 

sequence RXRXX (Ser/Thr)-Hyd in which Hyd is a hydrophobic residue. Any 

proteins that come with this consensus sequence can be used as AKT substrate, 

thus a number of AKT substrates have been recognised and validated.  Studies 

have proven that these AKT substrates are essential in regulation of cell survival, 

cell cycle progression, cell growth and cellular proliferation (LoPiccolo, et al., 

2008).  

 

According to Porta, Paglino and Mosca (2014), AKT is able to promote cell 

survival and thus antagonises apoptosis. AKT is involved in the phosphorylation 

and inactivation several pro-apoptotic targets such as Bcl-2-associated death 

promoter (Bad), Procaspase-9 and Forkhead family transcription factors (FOXOs). 

As soon as Bad is phosphorylated, it will be released from the anti-apoptotic 

proteins Bcl-X1 and Bcl-2 complex and allows the anti-apoptotic proteins to 

promote cell survival. Besides, Procaspase-9 which is an essential factor of 

apoptosis signalling cascade can also be inhibited by AKT phosphorylation. Next, 

activated AKT can restrain the transcription of apoptosis-related genes such as 

Fas Ligand by phosphorylation of FOXOs. FOXOs will then be exported to the 

cytosol and sequestered by 14-3-3 proteins (McNamara and Degterev, 2011). In 

addition, AKT also increases the transcriptional activity of the survival factor NF-

κB by activating IκB kinase (IKK). Activated NF-κB will enhance the 
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transcription of a variety of genes that take part in the immune activation and cell 

survival (Kim, et al., 2001; LoPiccolo, et al., 2008). 

 

As for cell cycle progression and cellular proliferation, a number of AKT targets 

are involved in glycogen metabolism, protein synthesis and cell cycle regulation, 

such as mTOR, cyclin-dependent kinase inhibitors, p21
Cip1/Waf1 

and p27
Kip1

, 

glycogen synthase kinase-3 (GSK-3) as well as insulin receptor substrate-1 (IRS-1) 

(Porta, Paglino and Mosca, 2014). Through inhibitory phosphorylation of 

p21
Cip1/Waf1 

and p27
Kip1

 by AKT, they will be translocated from nucleus into 

cytoplasm in which they will not be able to suppress cell cycle progression. 

Besides, late G1/S cell cycle progression can be stimulated by AKT through 

inhibition of GSK3-β and thus stabilising cyclin D1 expression (LoPiccolo, et al., 

2008). 

 

As described by Kim, et al. (2001) as well as McNamara and Degterev (2011), 

AKT is proven to play an important role in various aspects of angiogenesis. 

Phosphorylation and activation of endothelial nitric oxide synthase by AKT to 

produce nitric oxide will promote angiogenesis and vascular remodeling. Studies 

done by Kim, et al. (2001) and Shim, et al. (2011) have proven that PI3K/AKT 

signaling pathway is able to up-regulate the production of MMP-9. 
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2.3 Lauric acid 

2.3.1 Overview of lauric acid 

Lauric acid is chemically known as n-Dodecanoic acid. It is a natural saturated 

medium-chain fatty acid with molecular formula of C12H24O2. Lauric acid is the 

principal fatty acid of coconut oil in which it constitutes to approximately 45-53% 

of the fatty acid content. Besides coconut oil, it can also be found in other tropical 

oil such as laurel oil and palm kernel oil (Uday, et al., 2014; Hamsi, et al., 2015). 

Lauric acid is also widely known for the antimicrobial characteristics (Nakatsuji, 

et al., 2009). Moreover, most of the ingested lauric acid will be absorbed into 

bloodstream directly and transported to the liver directly via portal vein. It will be 

transformed to energy and other metabolites instead of being stored as fat or 

deposited at heart vessels or other organs (Dayrit, 2014; Chic, 2015). Lauric acid 

mainly undergoes β-oxidation in the liver and generates acetyl-CoA. Acetyl-CoA 

generated will in turn enter Krebs cycle and being converted to carbon dioxide 

and energy. Besides β-oxidation, lauric acid is often used as the target substrate 

for ω-oxidation during certain conditions such as starvation. Studies have proven 

that ω-1 and ω-2 oxidation of lauric acid are catalysed by a variety of cytochrome 

P450 enzymes present in the human liver. Besides energy, the metabolites formed 

including ketone bodies can be utilised merely by brain and heart, the extra-

hepatic tissues as immediate form of energy (Dayrit, 2014; Dayrit, 2015).  
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2.3.2 Benefits of lauric acid 

According to Uday, et al. (2014), lauric acid is able to reduce the total cholesterol 

to HDL cholesterol ratio more than other fatty acid, both saturated and 

unsaturated. Thus intake of coconut oil which is rich in lauric acid can decrease 

the risk of atherosclerosis. Besides, previous studies have suggested that lauric 

acid increases total cholesterol and low-density lipoprotein (LDL) cholesterol 

level, thus it is hypothesised that tropical oil is harmful for cardiovascular health.  

However, the 12 carbon chain of lauric acid actually raises the serum high density 

lipoprotein (HDL) cholesterol levels and lower down LDL to HDL cholesterol 

ratio (Dayrit, 2003; Iggman and Risérus, 2011). In addition, former researches 

also proposed that lauric acid can raise the serum HDL cholesterol higher than the 

myristic and palmitic acid which are also saturated fatty acids (Mensink, et al., 

2003). Research done by De, Schouten and Katan (2001) has proven that by 

replacing margarine rich in trans-unsaturated fatty acid with lauric acid, there will 

be a more intense rise in HDL-cholesterol than trans-fat. Thus tropical oils can be 

used as better alternatives in replacing partially hydrogenated vegetable fats in 

manufacturing of solid margarines. 

 

Lauric acid is also well known for its antioxidant and anti-inflammatory activities 

(Vysakh, et al., 2014; Hamsi, et al., 2015). Virgin coconut oil which contains high 

amount of lauric acid is able to increase the antioxidant enzymes and decrease the 

lipid peroxidation (Nevin and Rajamohan, 2004). The antioxidants isolated from 
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virgin coconut oil are able to decrease the inflammation in arthritis more potent 

than present pharmaceutical drugs (Shilhavy and Shilhavy, 2004). In addition, 

study done by Lim, et al. (2015) proved that lauric acid can antagonize the up-

regulatory effect of inflammatory mediators, interferon-gamma (IFN-γ) on 

expressions of vascular cell adhesion molecule-1 (VCAM-1) as well as 

intercellular adhesion molecule-1 (ICAM-1) in THP-1 differentiated macrophages. 

It revealed that lauric acid may be a potential anti-inflammatory therapeutic agent 

for inflammatory associated diseases such as atherosclerosis. 

 

Lauric acid and its monoglyceride derivative, monolaurin have significant 

antimicrobial, antifungal and antiviral action against a variety of pathogenic gram 

positive bacteria, protozoa and a number of lipid coated RNA and DNA viruses 

(Enig, 1998; Uday, et al., 2014). Studies have shown the antimicrobial action of 

lauric acid and monolaurin can be sorted into three major mechanisms. These 

compounds are able to disrupt the plasma membrane by physiochemical processes; 

intervene with the cell signalling transduction and transcription as well as 

stabilising human cell membrane. Thus, lauric acid has the ability to prevent the 

evolution of microbial resistance. Therefore, numerous commercial antimicrobial 

products that utilise lauric acid and monolaurin as antimicrobial agent has been 

manufactured nowadays (Dayrit, 2015). Moreover, lauric acid is effective against 

Propionibacterium acnes and is therapeutically potential in treating inflammatory 

acne vulgaris (Nakatsuji, et al., 2009). In addition, Candida albicans and Giardia 

lamblia can also be inactivated by lauric acid. Lastly, most of the viruses 
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including retrovirus human immunodeficiency virus (HIV), Epstein-Barr virus 

(EBV), Herpes Viridae, measles virus and herpes simplex virus (HSV)-1 and 2 

are sensitive to monolaurin (Lieberman, Enig and Preuss, 2006).  
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CHAPTER 3 

 

MATERIALS AND METHODS 

 

3.1 Materials and equipment 

All materials used in this study were purchased from the respective suppliers 

shown in Table 3.1.  

 

Table 3.1: Materials and their suppliers. 

Materials      Suppliers 

1-Bromo-3-Chloropropane (BCP), Dimethyl 

sulfoxide (DMSO), Lauric Acid, Phorbol 

Myristate Acetate (PMA) 

Sigma Aldrich Inc., USA 

2-Mercaptoethanol GE Healthcare, Sweden 

75 cm
2
 Tissue culture flask, 25 cm

2
 tissue culture 

flask 

SPL Life Sciences,    Korea 

95% Ethanol, Methanol EMPARTA
®
, Germany 

Anti-rabbit IgG horseradish peroxidase (HRP)- 

linked antibody, GAPDH antibody, MMP-9 

rabbit antibody, Phospho-Ser 473 antibody, total-

AKT antibody 

Cell Signaling, USA 
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Table 3.1 continued:  

Materials Suppliers 

Acetone 

Ammonium persulfate (APS) 

Biorad Dc Protein Assay Kit 

QRëC
TM

, New Zealand 

Amresco, USA 

Bio-rad, USA 

Boric acid, Tween
®
 20 SYSTERM

®
, Malaysia 

Bovine serum albumin (BSA), Sodium dodecyl 

sulfate (SDS), Tetraethylmethylenediamine 

(TEMED) 

Biobasics Inc., Canada 

Bromophenol blue, Glycerol, Glycine, Tris-HCl, 

Tris base, Hydrochloric acid  

Fisher Scientific, UK 

Cell scrappers Greiner Bio-One, Germany 

ECL Western blotting substrate Promega, USA 

Ethylenediaminetetraacetic acid (EDTA)  

Fetal bovine serum (FBS), Penicillin, 

Streptomycin 

Gibco, USA 

GAPDH forward and reverse primers, MMP-9 

forward and reverse primers 

1st Base, Singapore 

Guanidine hydrochloride Fluka BioChemika, 

Switzerland 

Haemacytometer Hirschmann
®
, Germany 

LY294002, Trypan blue stain Sigma Aldrich, USA 
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Table 3.1 continued: 

Materials Suppliers 

One-step qPCR Kit (RNA-direct
TM

 SYBR
®
 Green 

Realtime PCR Master Mix, Mn(OAc)2)  

TOYOBO, Japan 

Sodium hydroxide Merck Millipore, Germany 

Prestained protein size marker New Englands Bio Labs, 

UK 

Polyvinylidene fluoride (PVDF) membrane GE Healthycare Life 

Sciences, Germany 

THP-1 cell line American Type Culture 

Collection, __USA 

TRI Reagent
®

 LS Molecular Research Center, 

Inc., USA 

Wortmannin, AKT IV, Rapamycin Calbiochem
®
, USA 
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3.2 Cell Culture Media 

3.2.1 Roswell Park Memorial Institute (RPMI) medium 

RPMI medium was prepared following the composition in Table 3.2. Filter- 

sterilisation of the medium was carried out prior to use. 

 

Table 3.2: Composition of RPMI medium (per liter). 

Solution Composition 

RPMI 1640 powder 10.4 g/L 

Sodium Bicarbonate 2.2 g 

Penicillin (10000 U/mL) and Streptomycin 

(10000 μ/mL)  

10 mL 

Sterile deionised water Top up to 1 L 
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3.3 Stock solutions 

All stock solutions used in this study were prepared according to the composition 

shown in Tables 3.3, 3.4, 3.5 and 3.6. 

 

Table 3.3: Stock solutions used for RNA agarose gel electrophoresis. 

Solution Composition 

10× Tris-Borate-EDTA (TBE) buffer 0.89 M Tris-base 

 0.89 M Boric acid 

 0.02 M EDTA, pH 8.0 

 

 

Table 3.4: Stock solutions used for protein extraction. 

Solution Composition 

Guanidine hydrochloride: Ethanol Glycerol 

(GEG) 

0.3 M Guanidine 

hydrochloride 

 2.5% (v/v) Glycerol 

 Top up with 95% ethanol 

Ethanol: Glycerol (EG) 2.5% (v/v) Glycerol 

 Top up with 95% ethanol 
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Table 3.5: Stock solutions used for sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE). 

Solution Composition 

SDS-PAGE lower gel buffer, pH 8.8 1.5 M Tris-Cl 

 10% (w/v) SDS 

SDS-PAGE upper gel buffer, pH 6.8 0.5 M Tris-Cl 

 10% (w/v) SDS 

10× SDS-PAGE running buffer 0.25 M Tris-base 

 1.92 M Glycine 

 1% (w/v) SDS 

SDS-PAGE gel loading buffer, pH 6.8 0.12 M Tris-Cl 

 25% (v/v) Glycerol 

 2% (w/v) SDS 

 0.004% Bromophenol blue 

 5% (v/v) 2-

Mercaptoethanol 
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Table 3.6: Stock solutions used for western blot analysis. 

Solution Composition 

10× Towbin transfer buffer 0.25 M Tris-base 

 1.92 M Glycine 

 20% (v/v) methanol 

10× Tris-buffered saline Tween
®

 20 (TBST), pH 

7.4 

0.2 M Tris-base 

1.5 M NaCl 

1% Tween
®
 20 

1% Bovine serum albumin 

(BSA) 

Top up with TBST 

 

Blocking buffer 

Stripping solution, pH 2.2 0.4 M Glycine 

 0.2% (w/v) SDS 

 2% Tween
®
 20 

ECL Western blotting substrate 0.5 mL HRP substrate 

peroxidase 

 0.5 mL HRP substrate 

luminol enhancer 
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3.4 Glassware and plasticware preparation 

All laboratory glassware and plasticware including pipette tips, microcentrifuge 

tubes, flat cap PCR tubes, PCR tube strips as well as other heat stable apparatus 

were autoclaved at 120˚C with pressure of 975 kPa for 15 minutes. Distilled water 

used in RNA and protein work was also autoclaved under the same conditions. 

 

3.5 Cell culture techniques 

3.5.1 Maintenance of cell culture 

THP-1 cells were cultured in RPMI 1640 medium enriched with 10% (v/v) fetal 

bovine serum, 2 nM L-glutamine, 10000 U/mL penicillin, 10000 μg/mL 

streptomycin and 2.2 g/L of sodium bicarbonate in 75 cm
2
 tissue culture flasks. 

Incubation was then carried out in a humid incubator with 5% (v/v) CO2 at 37˚C. 

The cultures were maintained by adding fresh RPMI medium supplemented with 

10% (v/v) fetal bovine serum every two days of the incubation period. 

 

3.5.2 Subculture of cells 

Subculture of cells was conducted when the cells reached 80% of cell confluency. 

THP-1 cells were transferred to a sterile 50 mL falcon tube and centrifuged at 800 

g for 8 minutes at 25˚C. Supernatant was discarded. Cell pellet was re-suspended 

in 2 mL of fresh RPMI medium by pipetting up and down for 40 to 50 times until 

the cells were well dispersed. Ten microliters of cell suspension was transferred 
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onto a parafilm and mixed with 90 μL of Trypan blue stain. Exactly 10 μL of cell 

suspension containing Trypan blue stain was transferred to haemacytometer and 

viable cells were counted under inverted phase microscope. The cell suspension 

was transferred to a sterile 75 cm
2
 tissue culture flask containing 7 mL of RPMI 

medium supplemented with 10% (v/v) of fetal bovine serum at density of 2.8 × 

10
6
/mL. The cells were then incubated in a humid incubator with 5% (v/v) CO2 at 

37˚C. 

 

3.5.3 Differentiation of THP-1 cells 

THP-1 cells were seeded at density of 3 × 10
6
/mL into six small culture flasks. 

RPMI medium enriched with 10% (v/v) fetal bovine serum were added into a 

final volume of 3 mL. About 30 μL of Phorbol Myristate Acetate (PMA) with 

final concentration of 1 μM were added into each cell culture flasks and mixed 

well. The cell culture flasks were then incubated in humid incubator with 5% (v/v) 

CO2 at 37˚C. Culture medium was replaced after 3 days and the cells were 

allowed to rest for 5 days. 

 

3.5.4 Treatment of THP-1 macrophages with lauric acid and PI3K 

signalling pathway inhibitors 

After THP-1 cells had differentiated to macrophages, they were treated with an 

array of PI3K signalling pathway inhibitors and lauric acid. To inhibit the PI3K 
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signalling pathway, four of the culture flasks were pretreated with 15 μM of 

LY294002 and 250 nM of Wortmannin to inhibit PI3K pathway, 625 nM of AKT 

IV inhibitor to inhibit AKT pathway and 100 nM of Rapamycin to inhibit mTOR 

pathway, respectively for 3 hours, followed by 24 hours treatment of 20 μM lauric 

acid. For vehicle control, DMSO was used to stimulate the cells, whereas only 

lauric acid was added for positive control. The culture flasks were incubated in 

humid incubator with 5% (v/v) CO2 at 37˚C. After incubation, the total cellular 

RNA was extracted. 

 

3.6 RNA associated techniques 

3.6.1 Extraction of total cellular RNA using Tri-Reagent
®
 LS 

Total cellular RNA was extracted from cultured THP-1 macrophages in tissue 

culture flasks using Tri-Reagent
®
 LS according to the manufacturer’s instruction. 

Firstly, the cell medium was discarded and 750 μL of Tri-Reagent
®

 LS was added. 

Cells which were attached to the bottom of culture flasks were scraped using cell 

scrapper. The cells were then homogenised by pipetting up and down for 40 to 50 

times. Homogenate was transferred to a sterile 1.5 mL microcentrifuge tube. Next, 

100 μL of 1- Bromo- 3- Chloropropane (BCP) was added and vortexed for 15 

minutes. Mixture was then left settle down at room temperature for 10 minutes. 

After centrifugation at 12, 000 g for 15 minutes at 4˚C, three phases can be 

observed which were upper aqueous phase, interphase and lower organic phase. 

Aqueous RNA phase was transferred to a new sterile microcentrifuge tube. 
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Exactly 500 μL of isopropanol was added to precipitate out RNA from the 

aqueous phase and the mixture was left to stand at room temperature for 10 

minutes. The mixture was then centrifuged at 16, 000 g for 10 minutes at 4˚C. 

Supernatant was discarded and the RNA pellet was washed with 1 mL of 75% 

ethanol. Centrifugation was then carried out again at 16, 000 g, 10 minutes at 4˚C. 

After that, wash ethanol was removed and the pellet was allowed to air- dry for 5 

minutes. To solubilise the RNA pellet, 30 μL of autoclaved distilled water was 

added to resuspend the RNA followed by incubation in 55˚C water bath for 15 

minutes. After incubation, the solubilised RNAs were realiquoted at similar 

amount into three sterile microcentrifuge tubes. Extracted total cellular RNAs 

were then stored in -80˚C for future use. Besides, interphase and lower organic 

phase were stored at -20˚C for extraction of total cellular protein (Section 3.7). 

 

3.6.2 Bleach agarose gel electrophoresis of extracted total cellular RNA 

Bleach agarose gel electrophoresis was performed to determine the integrity of 

extracted total cellular RNA. Exactly 2% (w/v) bleach agarose gel solution was 

prepared by dissolving 0.2 g of agarose powder in mixture of 0.4 mL bleach and 

19.6 mL of 1× TBE buffer using microwave. The agarose solution was then 

poured into casting tray and comb was inserted. After solidification of agarose gel, 

the wedges were cleared from the casting tray. Electrophoresis tank was filled 

with 1× TBE buffer and comb was removed carefully from the gel. Two μL of 

RNA sample was mixed with 2 μL of gel loading dye and loaded into each wells 
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in the gel. Electrophoresis was carried out at 90 V for 30 minutes. The gel was 

then allowed to stain in Gel Red staining solution for 5 minutes. After staining, 

the gel was visualized using ChemiDoc
TM

 MP Imaging System Cabinet (Bio-Rad, 

USA). 

 

3.6.3 Spectrophotometric measurement of RNA purity and concentration 

To determine the purity and concentration of total cellular RNA, 1 μL of RNA 

samples was loaded onto the receiving fiber of the NanoDrop ND
®

 -1000 

spectrophotometer (ThermoScientific, USA). Autoclaved distilled water was used 

as blank. The ratio of A260/A280 and concentration of the RNA samples was 

recorded. 

 

3.6.4 Primers used in qRT-PCR 

The nucleotide sequences of forward and reverse primers used for qRT-PCR are 

shown in Table 3.7. 
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Table 3.7: Nucleotide sequences of primers used in qRT-PCR. 

Primer Primer Sequence (5’ to 3’) Expected 

product size 

Source 

MMP-9 

Forward 

TTG ACA GCG ACA AGA AGT GG 148 bp  

 

Kidoya, 

et al., 

2015 

 

 

MMP-9 

Reverse 

CCC TCA GTG AAG CGG TAC AT 

GAPDH 

Forward 

GAA GGT GAA GGT CGG AGT C 226 bp 

GAPDH 

Reverse 

GAA GAT GGT GAT GGG ATT TC 

 

 

3.6.5 Quantitative reverse transcription-polymerase chain reaction 

Quantitative reverse transcription-polymerase chase reaction (qRT-PCR) was 

performed using One-step TOYOBO RNA-directed
TM 

SYBR
®
 Green Real-time 

PCR kit following manufacturer’s instruction. All of the reactions were assembled 

on ice and mixed into a final volume of 10 µL. The components of the reaction 

solution are listed in Table 3.8. 
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Table 3.8: Components of qRT-PCR reaction solution. 

Components Volume, µL 

RNA-directed
TM 

SYBR
®
 Green Realtime PCR 

Master Mix 

5.0 

Autoclaved Distilled Water 3.1 

50 mM Mn(OAc)2 0.5 

MMP-9/ GAPDH Forward Primer 0.2 

MMP-9/ GAPDH Reverse Primer 0.2 

RNA Template 1.0 

Total Volume 10.0 

 

 

All of the reaction mixtures were placed in CFX96
TM

 Real-Time System (Bio-

Rad, USA). The cycling conditions of qRT-PCR are listed in Table 3.9. Melt 

curve analysis was also performed to determine the specificity of qRT-PCR 

products. The mRNA expression level of MMP-9 was normalised against the 

housekeeping gene, GAPDH, which acted as an internal control. Triplicates were 

performed for each target and housekeeping gene to validate the results.  
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Table 3.9: Cycling conditions of qRT-PCR. 

Step Temperature Time Cycle 

Denaturation 90˚C 30 seconds 1 

Reverse 

Transcription 

61˚C 20 minutes 1 

Pre-denaturation 95˚C 30 seconds 1 

Denaturation 95˚C 15 seconds    

Annealing 55˚C 15 seconds  45 

Extension 74˚C 30 seconds  

 

 

3.6.6 Statistical analysis 

Paired-samples T test program in Statistical Package for the Social Sciences 

(SPSS) version 20.0 was used for statistical analysis of data obtained from qRT-

PCR. p-values which was smaller than 0.05 was considered as statistically 

significant while p-values which was smaller than 0.01 was said to be statistically 

very significant. 
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3.7 Western blot analysis 

3.7.1 Extraction of total cellular protein using Tri-Reagent
®
 LS 

Interphase and lower organic phase from Section 3.6.1 were used for extraction of 

total cellular protein. Firstly, 300 µL of 100% ethanol was added into all of the 

microcentrifuge tubes and mixed by inversion. In order to remove the DNA, 

centrifugation was carried out at 2, 000 g for 5 minutes at 4˚C. After that, 350 µL 

of the phenol-ethanol supernatant was transferred to a new sterile microcentrifuge 

tube. To precipitate out the protein, three volumes (1050 µL) of acetone were 

added and the mixture was left to stand at room temperature for 10 minutes. 

Following centrifugation at 12, 000 g for 10 minutes at 4˚C, the phenol-ethanol 

supernatant was discarded and 500 µL of GEG was added to disperse the protein 

pellet. After dispersing the pellet using the tip of forceps, another 500 µL of GEG 

was added and vortexed for 5 seconds to further disperse the protein.  The mixture 

was allowed to stand at room temperature for 10 minutes and centrifuged at 8, 

000 g for 5 minutes. Supernatant was discarded and the protein pellet was washed 

with 1 mL of GEG followed by dispersing using vortex. The mixture was then 

allowed to stand for 10 minutes again and have centrifuged under the same 

condition. Supernatant was discarded and final wash was performed by adding 1 

mL of EG. The mixture was left to stand at room temperature for 10 minutes and 

was later centrifuged at 8, 000 g for 10 minutes. The wash solution was discarded 

and the protein pellet was allowed to air-dry. About 60 µL of 1% (v/v) SDS was 

added to dissolve the pellet and the mixture was incubated overnight in 37˚C 
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water bath. Solubilised protein samples were then realiquoted in equal volume 

into three microcentrifuge tubes and stored in -20˚C until future use. 

 

3.7.2 Bio-Rad Dc protein assay 

Bio-Rad Dc Protein Assay reagent kit (Bio-Rad, USA) was used to determine the 

concentration of extracted total cellular protein following the manufacturer’s 

instruction. A standard curve was prepared by suitable dilutions of a 1.46 mg/mL 

bovine serum albumin (BSA) stock solution to reach concentration of 0.2 mg/mL, 

0.5 mg/mL, 0.8 mg/mL, 1.1 mg/mL and 1.4 mg/ml, respectively. Besides, the 

protein samples were diluted in ratio of 1:5 by diluting 4 µL of samples with 16 

µL of 1% (v/v) SDS. Five microliters of the diluted sample was loaded into a 96-

wells micro-titer plate. After that, 25 µL of protein assay reagent A’ and 200 µL 

of reagent B was added into each wells containing samples. The microtiter plate 

was placed in a shaking incubator for 15 minutes at room temperature to allow 

proper mixing of the samples and reagents. Protein absorbance was read at 750 

nm using microplate reader (BMG LABTECH, Germany). Lastly, standard curve 

was drawn using Microsoft Excel 2010 and protein concentrations of the sample 

were calculated (Appendix A). 
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3.7.3 Sodium dodecyl sulfate polyacrylamide gel electrophoresis 

Resolving and stacking gels of SDS-PAGE were prepared from the stock 

solutions in Table 3.5 with the components showed in Table 3.10. 

 

Table 3.10: Composition of SDS-PAGE resolving and stacking gel. 

Gel composition 10% (w/v) 

Resolving gel 

5% (w/v) 

Stacking gel 

SDS-PAGE lower gel buffer 1.25 mL - 

SDS-PAGE upper gel buffer - 0.63 mL 

40% Acrylamide: Bisacrylamide 1.25 mL 0.31 mL 

10% (w/v) Ammonium persulfate 50 µL 25 µL 

N,N,N’N’-Tetraethylmethylenediamine 

(TEMED) 

5 µL 2.5 µL 

Autoclave distilled water 2.45 mL 1.54 mL 

Total Volume 5.00 mL 2.50 mL 

 

 

SDS-PAGE was carried out using Mini-PROTEAN
®
 Tetra Handcast Systems 

(Bio-Rad, USA) and the apparatus was set up following the manufacturer’s 

instruction. Firstly, the resolving gel was poured between the glass plates to about 

2.5 cm from the upper edge of inner glass plate was left. A little butan-1-ol was 

added to exclude the air bubbles and the gel was allowed to polymerise for 30 
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minutes. The excess butan-1-ol was removed using filter paper and distilled water 

was used to rinse the gel surface. Stacking gel was added in, followed 

immediately by the insertion of the comb. After polymerisation for 1 hour, the gel 

was placed into the electrophoresis tank and 1× SDS-PAGE running buffer 

diluted from the stock solution was added into the upper and lower chambers of 

the tank. The comb was then removed from the gel carefully. While waiting for 

the stacking gel to polymerise, 80 µg of protein sample was mixed with 5 µL of 

SDS-PAGE gel loading buffer and heated at 100˚C for 8 to 10 minutes on a heat 

block. The samples mixture was chilled on ice immediately after heating. Exactly 

8 µL of broad ranged prestained protein marker was loaded into one of the well. 

The protein samples were then loaded into the rest of the wells. Electrophoresis 

was performed at 100 V for 75 minutes. 

 

3.7.4 Western blot 

The protein samples from the SDS-PAGE gel were transferred electrophoretically 

to a polyvinylidene fluoride (PVDF) membrane using ATTO Rapid Semi-Dry 

Blotter (ATTO Corporation, Japan). At first, 1× Towbin transfer buffer was 

diluted from the stock solution (Table 3.6) and stored at 4˚C. Four pieces of filter 

paper and a piece of PVDF membrane were cut into the approximate size of the 

SDS gel. The filter papers were soaked in the Towbin transfer buffer. PVDF 

membrane was soaked in methanol and the distilled water for 2 minutes 

respectively. This was followed by equilibration in Towbin transfer buffer for 10 
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minutes at room temperature. Meanwhile, the gel was dismantled from the glass 

plates and stacking gel was removed and equilibrated in Towbin transfer buffer 

for 10 minutes. A piece of filter paper was placed on the stage, followed by 

another piece of filter paper, PVDF membrane, gel and finally the remaining two 

pieces of filter paper. A roller was used to remove any air bubbles before placing 

each layer of filter paper or PVDF membrane. Electro-blotting was performed at 

constant voltage of 20 V for 30 minutes. After that, the PVDF membrane was 

soaked in methanol for 2 minutes, allowed to air dry and stored in -20˚C until 

future use for immunodetection of protein as described in Section 3.7.5. 

 

3.7.5 Probing of blotted PVDF membrane 

The PVDF membrane was probed immunochemically using conventional method 

of western blotting. At first, the membrane was activated in methanol for 2 

minutes and immersed in distilled water for 30 seconds. Non-specific protein 

binding sites on the PVDF membrane were blocked by incubating the membrane 

in blocking buffer (Table 3.6) on a shaking incubator for 2 hours at room 

temperature. Meanwhile, a piece of parafilm was cut into a size which was larger 

than the membrane for approximately 1 cm and pasted on a container with flat 

bottom using blocking buffer. Next, 1 mL of primary antibody which was diluted 

in ratio of 1:1000 with blocking buffer was added drop by drop on the parafilm. 

The PVDF membrane was placed carefully without creating any air bubbles with 

the protein side facing the primary antibody on the parafilm. The membrane was 
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then incubated overnight at 4˚C. The primary antibodies used were MMP-9 

antibody, GAPDH antibody, phospho-Akt Ser473 antibody and total Akt antibody. 

Following incubation, the membrane was washed twice using 1× TBST diluted 

from stock solution (Table 3.6) for 5 minutes at room temperature on a shaking 

incubator. Anti-rabbit IgG HRP-linked antibody which was the secondary 

antibody used in this study, was diluted in the ratio of 1:3000 using blocking 

buffer and added onto a fresh parafilm. The membrane was once again placed on 

the parafilm and incubated for 2 hours at room temperature. After incubation, the 

membrane was washed twice using 1 × TBST. 

 

3.7.6 Chemiluminescence detection of membrane bound antigen-antibody 

complexes 

A transparent plastic sheet was placed on the stage of ChemiDoc
TM

 MP Imaging 

System Cabinet (Bio-Rad, USA). The blotted membrane was then placed on the 

plastic sheet with the protein side up and the ECL Western blotting substrate 

(Table 3.6) was added onto the membrane surface. Before detection of the 

antigen-antibody complexes, the image of the prestained protein marker was 

captured to allow for comparison of the protein bands later. The membrane 

images of the protein bands were then captured for further analysis. 
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3.7.7 Stripping of antibody blotted PVDF membrane 

Stripping of the antibody blotted PVDF membrane was carried out by soaking the 

membrane in stripping solution (Table 3.6) for 10 minutes at room temperature on 

a shaking incubator. The membrane was then washed twice using 1 × TBST for 

10 minutes at room temperature on a shaking incubator. Next, the membrane was 

immersed in methanol for 2 minutes, allowed to air dry and stored in -20˚C. 

 

3.7.8 Densitometry analysis of western blotting results 

The quantification of immunodetected protein bands was performed using the 

Image Lab
TM 

version 5.2.1 software (Bio-Rad, USA). The protein expression 

level of MMP-9 and phospho-Akt Ser473 were quantified and normalised against 

the protein expression of GAPDH. 
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CHAPTER 4 

 

RESULTS 

 

4.1 THP-1 cell culture and differentiation 

THP-1 cell is a human monocytic leukemia cell line that was derived from the 

peripheral blood of a patient which suffered from acute monocytic leukemia. This 

cell line is widely used in investigating and studying the function and regulation 

of monocytes and macrophages activities, signalling pathways, mechanisms as 

well as nutrient and drug transport (Chanput, Mes and Wichers, 2014). As 

described in Section 3.5.1, THP-1 cells were cultured and maintained in RPMI 

1640 medium supplemented with 10% heat-inactivated FBS and antibiotics 

penicillin and streptomycin. Figure 4.1 illustrates the microscopic appearance of 

THP-1 cells. PMA was used in induction of macrophage differentiation of non-

adherent THP-1 monocytes into adherent macrophages. The THP-1 differentiated 

macrophages adhered to the bottom of cell culture flasks and showed the 

morphological characteristics of macrophages. In addition, the macrophages have 

enhanced granularity but a decrease in nucleus to cytoplasmic ratio. Figure 4.1 

shows the morphological changes between undifferentiated THP-1 cells and THP-

1 differentiated macrophages.  
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  (a)                                                                 (b) 

         

Figure 4.1: The microscopic appearance of (a) undifferentiated THP-1 cells 

and (b) THP-1 differentiated macrophages under inverted phase contrast 

microscope. THP-1 cell are round, single-cell like, non-adherent human leukemia 

monocytic cell line that grows as floating cell. After differentiation, THP-1 

macrophages showed macrophage-like morphology and attached firmly to the 

bottom of cell culture flasks (Magnification: 100 ×). 

 

 4.2 Extraction of total cellular RNA 

Extracted total cellular RNA from THP-1 differentiated macrophages (Section 

3.6.1) was determined for integrity using 2% (v/v) bleach agarose gel 

electrophoresis (Section 3.6.2). Figure 4.2 illustrates the agarose gel image of 

extracted total cellular RNA in which two distinct bands of 28S and 18S rRNA 

were observed in all the lanes. However, the intensity of 28S to 18S rRNA band 

was not exactly in 2:1 ratio which indicated that the isolated total cellular RNA 

could be slightly degraded. 
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The purity and concentration of extracted total cellular RNA was evaluated using 

NanoDrop ND
®
 -1000 spectrophotometer (Section 3.6.3) at the absorbance 

wavelengths of 260 nm and 280 nm. The concentration and A260/A280 ratio of 

extracted total cellular RNA was shown in Table 4.1. The A260/A280 values were 

within the range of 1.9 – 2.0 approximately which indicates that the extracted 

total cellular RNA was good in purity as well as free from protein and DNA 

contaminations. 

 

                 

Inhibitors      -      -      + + + 

Lauric 

Acid 

    +      -      + + + 

 

Figure 4.2: Integrity evaluation of total cellular RNA using 2% (v/v) bleach 

agarose gel electrophoresis. Total cellular RNA was extracted form THP-1 

differentiated macrophages using Tri-Reagent
®
 LS. Two µL of RNA sample was 

mixed with 2 µL of gel loading dye and subjected to 2% (v/v) bleach agarose gel 

electrophoresis. Lanes 1 to 5 were loaded with RNA extracted from THP-1 

macrophages under different treatment conditions. Lane 1: Treated with 20 µM of 

lauric acid only. Lane 2: Vehicle control which treated with 50% (v/v) DMSO 

(diluent of inhibitors). Lane 3, 4 and 5: Pretreated with 15 µM of LY294002 

(PI3K inhibitor), 625 nM of AKT IV (AKT inhibitor) and 100 nM of Rapamycin 

(mTOR inhibitor), respectively followed by stimulation of 20 µM of lauric acid.  

1 2 3 4 5 

28S rRNA 

18S rRNA 
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Table 4.1: Concentration and A260/A280 ratio of extracted total cellular RNA 

from THP-1 cells under different treatment conditions. THP-1 differentiated 

macrophages were treated with 50% (v/v) DMSO (vehicle control), 20 µM of 

lauric acid, or pretreated with respective inhibitors prior to treatment to the lauric 

acid. Total cellular RNA was isolated using Tri-Reagent
®
 LS and was subjected 

to spectrophotometric measurement of RNA concentration and purity. 

 

 

 

 

 

 

 

Treatment Condition A260/A280 ratio Concentration of 

RNA, ng/ μL 

Vehicle control  2.00 313.45 

20 µM lauric acid 1.98 463.86 

15 µM LY294002 +  

20 µM lauric acid 

1.99 361.00 

250 nM Wortmannin +  

20 µM lauric acid 

1.93 274.46 

625 nM AKT IV  +  

20 µM lauric acid 

2.06 58.43 

100 nM Rapamycin +  

20 µM lauric acid 

2.05 181.10 
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4.3 Quantitative RT-PCR 

4.3.1 PCR amplification of GAPDH and MMP-9 genes 

As shown in Section 3.6.4, the mRNA expression levels of MMP-9 as well as the 

housekeeping gene, GAPDH in THP-1 macrophages under different treatment 

conditions were quantified using One-step TOYOBO RNA-directed
TM 

SYBR
®
 

Green Real-time PCR kit following manufacturer’s instruction. The graphical 

representations of qRT-PCR amplification for both GAPDH and MMP-9 are 

shown in Figure 4.3 (a) and Figure 4.3 (b), respectively. The X-axis representing 

the amplification cycle number; while the relative fluorescence unit which 

increasing proportionally during the qRT-PCR amplification process was shown 

in Y-axis. Quantification cycle (Cq) is the number of amplification cycle in which 

the fluorescence signal can be detected when the threshold has been reached. 

According to Figure 4.4, the Cq value for GAPDH was around 29 cycles whereas 

MMP-9 was around 26 cycles. 
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(a) 

 

(b) 

Figure 4.3: Graphical representation of qRT-PCR amplification of (a) 

GAPDH and (b) MMP-9. The X-axis shows the amplification cycle numbers 

while the Y-axis representing the relative fluorescence units of each samples. The 

number of cycle in which the threshold fluorescence signal can be detected was 

indicated by Cq values. 

 

Cq GAPDH 

Cq MMP-9 
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4.3.2 Melt curve analysis 

Post-PCR amplification melt curve analysis was carried out using CFX96
TM

 Real-

Time System (Bio-Rad, USA) in purpose of determining the reaction specificity 

and to check for primer dimer artifacts by their unique melting peak behaviour. 

During the melt curve analysis, the temperature was raised incrementally and the 

changes in fluorescence signal were measured continuously by the system. After 

reaching the melting temperature (Tm), the double stranded DNA was denatured 

into single stranded DNA. As the SYBR green dye dissociated, the fluorescence 

units decreased rapidly. The melt curve was then plotted on a chart with Y axis 

representing rate of change of the relative fluorescence units with time, 

˗d(RFU)/dT against temperature on the X-axis. According to Figure 4.4 (a) and 

Figure 4.4 (b), the melting temperature peak of the curve for GAPDH and MMP-9 

are at 83.50˚C and 86.50˚C, respectively. Besides, only a single peak was 

generated for both melt curves indicating that the primers used in this study were 

specific to the targeted PCR products. 
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(a) 

 

(b)  

 

Figure 4.4: Graphical representation of melt curve analysis of (a) GAPDH 

and (b) MMP9 to determine the primer specificity in qRT-PCR process. Post-

PCR amplification melt curve analysis was carried out using CFX96
TM

 Real-Time 

System. The software plotted the rate of change of the relative fluorescence units 

with time, -d(RFU)/dT on the Y-axis against temperature on the X-axis. Both of 

the GAPDH and MMP-9 yielded a single peak in the melt curve at the melting 

temperature, Tm of 83.50˚C and 86.50˚C, respectively. 

Tm = 83.50˚C 

Tm = 86.50 ˚C 
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4.3.3 MMP-9 mRNA expression in THP-1 differentiated macrophages 

pretreated with PI3K signalling pathway inhibitors 

As described in Section 3.6.4, the relative mRNA expression of MMP-9 in THP-1 

differentiated macrophages under different treatment conditions was investigated 

by performing qRT-PCR using One-step TOYOBO RNA-directed
TM 

SYBR
®

 

Green Realtime PCR kit and normalised against GAPDH which was assigned as 

housekeeping gene.  

 

Figure 4.5 demonstrates the relative normalised mRNA expression of THP-1 

differentiated macrophages under different treatment conditions. THP-1 

differentiated macrophages treated with 50% (v/v) DMSO alone were used as a 

vehicle control with its mRNA expression value assigned at 1.00. Based on Figure 

4.5, treatment of THP-1 differentiated macrophages treated with 20 µM lauric 

acid alone significantly decreased the MMP-9 expression to 0.76-fold. Besides, 

THP-1 differentiated macrophages pretreated with 15 µM of LY294002 followed 

by lauric acid showed a relieve in repression of expression to almost basal level, 

as compared to macrophages treated with lauric acid alone. Interestingly, 

pretreatment of THP-1 differentiated macrophages with another PI3K inhibitor, 

250 nM wortmannin prior to lauric acid also caused a significant increment of 

MMP-9 expression to 2.87-fold. On the other hand, MMP-9 expression was 

inhibited with 625 nM AKT IV (AKT inhibitor) and 100 nM rapamycin (mTOR 

inhibitor) as compared to vehicle control to 0.75-fold and 0.42-fold, respectively. 
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Figure 4.5: Graphical representation of mRNA expression profile of THP-1 

differentiated macrophages under different treatment conditions. Graphical 

representation of quantitative mRNA expression of MMP-9 in THP-1 

differentiated macrophages treated with 20 µM of lauric acid alone or pretreated 

with 15 µM of LY294002, 250 nM of wortmannin, 625 nM of AKT IV and 100 

nM of rapamycin before stimulation of 20 µM of lauric acid. For vehicles control, 

50% (v/v) DMSO (diluents of inhibitors) was used to stimulate the macrophages. 

Y-axis represents the normalised fold protein expression of MMP-9, while X-axis 

represents the different treatment conditions. The value above each bar shows the 

fold-value of MMP-9 mRNA expression which normalised to GAPDH and 

relative to vehicle control (1.00-fold). The error bars represent the standard 

deviation with the values expressed as mean + SD; *p-value <0.05 and **p <0.01 

indicate the expression is statistical significance. 
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4.4 Protein expression analysis 

4.4.1 Concentration of extracted total cellular protein 

Extracted total cellular protein from THP-1 differentiated macrophages was 

measured for concentration using Bio-Rad Dc Protein Assay reagent kit. A 

standard curve was drawn using Microsoft Excel 2010 as shown in appendix A. 

Table 4.2 shows the concentrations of the extracted total cellular protein. 

 

Table 4.2: Concentration of total cellular protein extracted from THP-1 

differentiated macrophages under different treatment conditions. THP-1 

macrophages were treated with 50% (v/v) DMSO (vehicle control), 20 µM of 

lauric acid, or pretreated with respective inhibitors prior to stimulation of lauric 

acid. Total cellular protein was extracted using Tri-Reagent® LS and the 

concentration was determined using Bio-Rad Dc Protein Assay. 

Treatment Condition Concentration, mg/ mL 

Vehicle control  4.95 

 

20 µM lauric acid. 

 

5.19 

15 µM LY294002 + 20 µM lauric acid 

 

4.02 

250 nM Wortmannin + 20 µM lauric acid 

 

4.60 

625 nM AKT IV  + 20 µM lauric acid 

 

3.47 

100 nM Rapamycin + 20 µM lauric acid 4.97 
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4.4.2 Western blot analysis of MMP-9 protein expression in THP-1 

differentiated macrophages pretreated with PI3K signalling pathway 

inhibitors 

As described in Section 3.7.6, the transferred protein samples were blotted with 

MMP-9 antibody followed by chemiluminescence detection by using ECL 

Western blotting substrate. Based on Figure 4.6, the protein extracted from THP-1 

differentiated macrophages pretreated with 250 nM of wortmannin, a PI3K 

inhibitor followed by treatment of 20 µM of lauric acid (Lane 4) showed the 

highest intensity upon chemiluminescence detection. In contrast, the protein 

extracted from THP-1 differentiated macrophages treated with 20 µM of lauric 

acid only (Lane 1); as well as macrophages pretreated with 625 nM of AKT IV 

prior to 20 µM of lauric acid stimulation (Lane 5) displayed the lowest intensity 

protein bands.  

 

The fold expression of MMP-9 protein was normalised against GAPDH and 

relatived to vehicle control (50% (v/v) of DMSO) which was assigned as 1.00-

fold (Figure 4.8). THP-1 differentiated macrophage treated with 20 µM lauric 

acid alone was decreased significantly to 0.49-fold as compared to the vehicle 

control. Pretreatment of THP-1 differentiated macrophages with PI3K inhibitors, 

15 µM of LY294002 as well as 250 nM of Wortmannin prior to treatment with 

lauric acid induced MMP-9 protein to 1.26 and 1.88-fold, respectively. However, 

THP-1 differentiated macrophages pretreated with 625 nM of AKT IV and 100 
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nM rapamycin prior to 20 µM lauric acid showed repression of 0.49-fold and 

0.48-fold of MMP-9 protein expression, respectively. The MMP-9 expression in 

macrophages pretreated with AKT IV and rapamycin showed no difference to the 

MMP-9 expression under lauric acid alone. This showed that AKT signalling 

pathway may be important for the lauric acid action. 

 

   

                     

 

                     

Inhibitors - -      +     +      +     + 

Lauric 

Acid 

+ -      +     +      +     + 

Treatment Condition 

 

Figure 4.6: GAPDH and MMP-9 protein bands on blotted PVDF membrane 

under chemiluminescent detection for PI3K signaling pathway inhibitors 

pretreated THP-1 differentiated macrophages. Total cellular proteins were 

extracted from THP-1 differentiated macrophages by using Tri-Reagent
®
 LS. 

Lanes 1 to 6 were loaded with 80 µg of protein extracted from THP-1 

macrophages under different treatment conditions. Lane 1: Treated with 20 µM of 

lauric acid only. Lane 2: Vehicle control which treated with 50% (v/v) DMSO 

(diluent of inhibitors). Lane 3, 4, 5 and 6: Pretreated with 15 µM of LY294002, 

250 nM of Wortmannin, 625 nM of AKT IV and 100 nM of Rapamycin, 

respectively followed by stimulation of 20 µM of lauric acid. 
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Figure 4.7: Graphical representation of MMP-9 protein expression in THP-1 

differentiated macrophages pretreated with PI3K signaling pathway 

inhibitors. Graphical representation of quantitative protein expression of MMP-9 

in THP-1 differentiated macrophages treated with 20 µM of lauric acid alone or 

pretreated with 15 µM of LY294002, 250 nM of wortmannin, 625 nM of AKT IV 

and 100 nM of rapamycin before stimulation of 20 µM of lauric acid. For vehicle 

control, 50% (v/v) DMSO (diluents of inhibitors) was used to stimulate the 

macrophages. Y-axis represents the normalised fold protein expression of MMP-9 

while X-axis represents the different treatment conditions. The value above each 

bar shows the fold-value of MMP-9 protein expression which normalised to 

GAPDH and relative to vehicle control (1.00-fold). 
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4.4.3 Western blot analysis of phosphorylated AKT Ser473 protein 

expression in THP-1 differentiated macrophages pretreated with PI3K 

signalling pathway inhibitors 

The transferred protein samples were blotted with phosphorylated-AKT Ser473 

antibody followed by chemiluminescence detection by using ECL Western 

blotting substrate (Section 3.7.6). This is to study the effects of lauric acid on the 

protein expression of phosphorylated AKT Ser473 in THP-1 differentiated 

macrophages. Based on Figure 4.8, pretreatment of THP-1 differentiated 

macrophages with 100 nM of rapamycin (Lane 6) had the lowest intensity of 

protein bands. On the other hand, THP-1 differentiated macrophages treated with 

50% (v/v) of DMSO alone (Lane 2) showed the highest protein expression 

compared to the other lanes. Lauric acid repressed the expression of 

phosphorylated AKT at position Ser473 (Lane 1). 

 

The quantification of immunodetected protein bands was performed and the 

graphical representation of phosphorylated AKT Ser473 protein expression in 

THP-1 differentiated macrophages under different treatment conditions is 

illustrated in Figure 4.9. THP-1 differentiated macrophages which were treated 

with 50% (v/v) DMSO alone served as a vehicle control with its protein 

expression-fold value was fixed at 1.00. According to Figure 4.9, 20 µM of lauric 

acid had reduced the expression of phosphorylated AKT Ser473 to 0.59-fold as 

compared to the vehicle control as expected. Pretreatment of THP-1 differentiated 
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macrophages 625 nM of AKT IV as well as 100 nM of rapamycin reduced 

phosphorylated AKT levels to 0.66-fold and 0.26-fold, respectively. Besides, 

LY294002 pretreated THP-1 differentiated macrophages showed phosphorylated 

AKT expression level almost similar to the basal level. However, a slight 

increment to 1.12-fold in 250 nM wortmannin pretreated THP-1 differentiated 

macrophages can be observed. The results proved that lauric acid repressed 

MMP-9 expression by reducing the phosphorylation and activation of AKT at 

Ser473 position. 
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Figure 4.8: GAPDH, Total AKT and phosphorylated AKT Ser473 protein 

bands on blotted PVDF membrane under chemiluminescent detection for 

PI3K signaling pathway inhibitors pretreated THP-1 differentiated 

macrophages. Total cellular proteins were extracted from THP-1 macrophages 

by using Tri-Reagent® LS. Lanes 1 to 6 were loaded with 80 µg of protein 

extracted from THP-1 differentiated macrophages under different treatment 

conditions. Lane 1: Treated with 20 µM of lauric acid only. Lane 2: Vehicle 

control which treated with 50% (v/v) DMSO (diluent of inhibitors). Lane 3, 4, 5 

and 6: Pretreated with 15 µM of LY294002, 250 nM of Wortmannin, 625 nM of 

AKT IV and 100 nM of Rapamycin, respectively followed by stimulation of 20 

µM of lauric acid. 
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Figure 4.9: Graphical representation of phosphorylated AKT Ser473 protein 

expression in THP-1 differentiated macrophages pretreated with PI3K 

signaling pathway inhibitors. Graphical representation of quantitative protein 

expression of phosphorylated AKT Ser473 in THP-1 differentiated macrophages 

treated with 20 µM of lauric acid alone or pretreated with 15 µM of LY294002, 

250 nM of wortmannin, 625 nM of AKT IV and 100 nM of rapamycin before 

stimulation of 20 µM of lauric acid. For vehicles control, 50% (v/v) DMSO 

(diluents of inhibitors) was used to stimulate the macrophages. Y-axis represents 

the normalized fold protein expression of MMP-9 while X-axis represents the 

different treatment conditions. The value above each bar shows the fold-value of 

phosphorylated AKT Ser473 protein expression which normalised to total AKT 

and GAPDH and relative to vehicle control (1.00-fold). 
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CHAPTER 5 

 

DISCUSSION 

 

5.1 THP-1 cell as the model system 

THP-1 cells used in this study are a cell line of human monocytic leukemia which 

was derived from a one year old infant who suffered from leukemia. These cells 

come with fragment crystallisable region (Fc) as well as complement (C3b) 

receptors and are phagocytic; however both of the surface and cytoplasmic 

immunoglobulin are absent (American Type Culture Collection, 2016). THP-1 

cells mimic and resemble more closely to native monocyte-derived macrophages 

in contrast to the human promyelocytic leukemia cells (HL-60), human 

erythroleukemia (HEL) or the human leukemic monocyte lymphoma (U937) cell 

lines. Therefore, they have become a valuable and common in vitro cell model for 

understanding monocyte and macrophage activities including macrophage 

differentiation as well as the macrophage-specific genes regulation (Auwerx, 

1991).  

 

In addition, THP-1 cell line is one of most frequently used cell line in estimating 

the regulation and mechanism of monocytes as well as macrophages in 

cardiovascular system in terms of physiology and pathophysiology. In 



64 
 

atherogenesis, obesity or other vascular inflammation cases, the mutual 

interactions between THP-1 cells with the vascular cells (i.e. endothelial cells, T 

cells and smooth muscle cells) have explained the inter-connective roles of 

monocytes-derived macrophages with those vascular cells. Besides, THP-1 cells 

resemble the in situ alteration of macrophages in atherosclerotic lesions and 

adipose tissue of obese people (Qin, 2012). 

 

PMA, a phorbol ester is the most common inducer of macrophages differentiation 

in human monocytic cell line. However, the degree of differentiation in contrast to 

native tissue macrophages is still unclear (Daigneault, et al., 2010). Stimulation of 

THP-1 cells with PMA will lead to activation of protein kinase C, a signal 

transduction enzyme which will eventually induce the THP-1 differentiation to a 

greater extent. The resulting THP-1 differentiated macrophages have increased 

adherence, but lose their proliferation ability and appeared as a flattened 

morphology. Besides, the macrophages also have greater granularity as compared 

to the untreated cells, this could be due to the rise in amount of some membrane 

bound organelles. THP-1 differentiated macrophages have an increase in 

cytoplasmic volume which would result in a decrease of nuclear to cytoplasmic 

ratio. Additional studies also showed that PMA differentiation treatment would 

increase the amount of mitochondria and lysosomes, and causes the cells to be 

more resistant to apoptosis (Schwende, et al., 1996; Daigneault, et al., 2010; 

Richter, et al., 2016).  
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5.2 Total cellular RNA extraction 

Good quality of RNA samples is essential for most of the molecular biology work. 

However, the extraction of high purity total cellular RNA is quite challenging 

because RNA are remarkably more fragile and susceptible to degradation than 

DNA both biologically and chemically. Furthermore, unintended gene induction 

may occur if the handling of samples is improper (Lepinske, 1997; Vaidya, 2005). 

Besides, it is important to prevent ribonucleases (RNAses) contamination of the 

RNA samples which will eventually degrade the RNA molecules. Thus, cautious 

and proper handling of samples as well as good aseptic technique needs to be 

practised during the extraction process (Johnson, 2012). 

 

As depicted in Section 3.6.1, total cellular RNA were extracted from the THP-1 

differentiated macrophages using Tri-Reagent
®

 LS. Tri- Reagent
®

 LS is an 

upgraded version of single-step RNA extraction techniques which is based on the 

interaction between phenol and guanidine isothiocyanate with other cellular 

components (Heidary and Kakhki, 2014). This technique is exceptionally useful 

in conditions where the cells are encountering high abundance of RNases or it is 

unfeasible to separate cytoplasmic RNA from nuclear RNA (Rio, et al., 2010).  

The phenol and guanidine isothiocyanate in the Tri- Reagent
®
 LS is able to 

maintain the RNA integrity while denaturing protein and solubilising the 

biological cell components. After homogenisation and solubilisation, phase 

separation can be achieved by the addition of 1-bromo-3-chloropropane (BCP) 
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followed by centrifugation. The RNA will stay in the upper aqueous phase and 

can be purified by precipitation with isopropanol (Simms, Cizdziel and 

Chomczynski, 1993; Chomczynski and Sacchi, 2006).  

 

5.2.1 Integrity and purity of extracted RNA 

In this study, the integrity of extracted total cellular RNA was examined using 2% 

(w/v) bleach agarose gel electrophoresis (Section 3.6.2). Bleach is also known as 

sodium hypochlorite which would act as a denaturant.  In low concentrations, it is 

able to disrupt the intramolecular hydrogen bonds and in turn denature the RNA 

secondary structure of RNA. In addition, the potential contaminating RNases can 

also be destroyed by using of bleach. Besides, bleach was used instead of 

formamide which is also a famous denaturant. This was due to formamide agarose 

gel electrophoresis requires additional washing steps and contain toxic reagents 

which need extra precautions. Therefore, bleach agarose gel provides an 

alternative practical approach for a rapid, safe and inexpensive method in 

determining RNA integrity and quality (Aranda, LaJoie and Jorcyk, 2012).  

 

Two distinct and intense bands can be observed in Figure 4.3 for all the extracted 

total cellular RNA. In mammalian systems, ribosomal RNA (rRNA) contributes 

to more than 80% of the total RNA samples and majority of them are comprised 

of 28S and 18S rRNA. The size of mammalian 28S rRNA and 18S rRNA are 

about 5 kb and 2 kb. A 2:1 ratio of 28S rRNA and 18S rRNA is set as a standard 
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for intact RNA although the theoretical ratio is about 2.7:1 (Palmer and Prediger, 

2016). However, the 28S rRNA and 18S rRNA bands observed in Figure 4.3 was 

not exactly in 2:1 ratio. The extracted total cellular RNA might have undergone 

partial degradation during the preparation process. This might be due to the 

prolonged duration of samples preparation (i.e. freeze thaw) in room temperature. 

Besides, active RNAses may be present in the gel electrophoresis tank. The 

surface of hand gloves might also contaminated by RNases after contact with 

RNases-contaminated materials including micropipetter, test tube racks or 

microcentrifuge tubes (Lepinske, 1997). All of these conditions might contribute 

to degradation of RNA samples and thus proper handling of samples is required. 

 

RNA purity was assessed by determining the ratio of absorbance at 260 nm and 

280 nm using NanoDrop ND
®
 -1000 spectrophotometer. The A260/A280 ratio of 

high purity RNA should falls within the range of 1.9 to 2.1 (Johnson, 2012).  

According to Fleige and Pfaffl (2006), wavelength of 260 nm is particular for 

nucleic acid while 280 nm is particular for proteins. As indicated in Table 4.1, the 

extracted total cellular RNA were of high purity and quality in which the 

A260/A280 values falls within the range of 1.9 to 2.1. Thus the non-produce of 2:1 

ratio of 28S:18S rRNA in gel electrophoresis could be due to the presence of 

RNases in the electrophoresis set but not due to the extraction of the RNA. 
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5.3 Quantitative RT-PCR 

5.3.1 Overview of SYBR Green chemistry and quantitative analysis method 

of qRT-PCR 

By labelling target PCR products with fluorescence reporter molecule, qPCR 

permits an accurate and reliable quantification of a particular nucleic acid in a 

complex sample and its gene expression levels. The fluorescent detection methods 

can be achieved by using specific or nonspecific fluorescence probes (Fraga, 

Meulia and Fenster, 2014). In this study, SYBR Green which is a non-specific 

DNA fluorophores was utilised. It binds non-specifically to the minor groove of 

double stranded DNA (dsDNA) and the fluorescence intensity increased as SYBR 

Green molecules bound to the dsDNA. The detection of PCR products are then 

monitored by determining the increase in fluorescence signal throughout the PCR 

cycle. Thus, with greater amount of double stranded amplicons are formed, 

greater fluorescence signal can be detected (Applied Biosystems, 2008).  

 

Furthermore, quantitative analysis of PCR data is based on a concept in which the 

greater copies of templates at the beginning, the lesser the amplification cycles are 

needed to achieve a certain amount of PCR product. In order to implement this 

concept, a fluorescence threshold is set and the fractional cycle number (Cq) 

which is required to exceed this quantification threshold is measured (Tuomi, et 

al., 2010).   
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5.3.2 GAPDH as reference gene 

Normalisation is an important criterion of a precise and reliable qPCR data 

analysis. It serves as a control for discrepancy in RNA extraction yield, reverse-

transcription products as well as amplification efficiency. Therefore it permits the 

comparison and contrast of mRNA concentrations among a variety of samples. 

Reference genes are often used as the internal control in normalising of cellular 

mRNA data (Bustin, et al., 2009). In this study, GAPDH was chosen as the 

reference gene to normalise the mRNA gene expression data. The mRNA of the 

reference gene is expressed constantly in both of the experimental and treatment 

conditions. In addition, GAPDH is reported to be one of the most famous and 

commonly used reference gene as it produce high quality results in many studies 

(Kozera and Rapacz, 2013).  

 

5.3.3 Melt curve analysis 

Melt curve analysis was performed using CFX96
TM

 Real-Time System (Section 

4.4.2). As illustrated in Figure 4.4, both of the GAPDH and MMP-9 generated a 

single sharp peak at melting temperature (Tm) of 83.50˚C and 86.50˚C, 

respectively. This represented that the primers used in this study were specific in 

which only the target PCR products undergo amplification successfully. Melt 

curve analysis is often used by the researchers to examine whether the 

intercalating dye (SYBR Green) qPCR assays have yielded a single particular 

amplicon. After the amplification cycles of qPCR are accomplished, the thermal 
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cycler is programmed to generate the melt curve by increasing the temperature 

incrementally. The dsDNA amplicon will denature into single standed (ssDNA) 

as the temperature increased while the changes in amount of fluorescence with 

rising of temperature are determined. Tm is then measured at the temperature in 

which 50% of the dsDNA PCR products are denatured into ssDNA (Downey, 

2014). 

 

5.4 Effects of lauric acid on MMP-9 mRNA and protein expression level 

The MMP-9 mRNA and protein expression level of lauric acid treated THP-1 

differentiated macrophages were quantified by performing qRT-PCR and western 

blot analysis. So far, no studies have proven that lauric acid down-regulates 

MMP-9. In this study, 20 µM of lauric acid was shown to down-regulate the 

mRNA and protein expression level of MMP-9 significantly to 0.76-fold and 

0.49-fold, respectively (Figure 4.5 and 4.7). 

 

There are several potential signalling pathways that are involved in the regulation 

of MMP-9 expression level including PI3K, ERK 1/2, JNK 1/2, p38 and p53 

signalling pathway (Yang, et al., 2013). However, the exact mechanism utilised 

by lauric acid in the regulation of MMP-9 expression was not well studied. In this 

study, it was hypothesised that lauric acid could impact the MMP-9 expression in 

THP-1 differentiated macrophages by interfering with PI3K/AKT/mTOR 

signalling pathway. Several studies in the past by other researchers have proven 
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that PI3K/AKT pathway is involved in the up-regulation of MMP-9 expression 

(Muñoz, et al., 2006; Lee, Tran and Ta, 2009; Wu, 2011). Therefore, lauric acid 

might inhibit the PI3K signalling pathway, and in turn down-regulated MMP-9 

expression level as observed in Figure 4.5 and 4.7. This hypothesis was later 

proven and discussed in section 5.6. 

 

5.5 Effects of PI3K signalling pathway inhibitors on MMP-9 mRNA and 

protein expression level 

To confirm the hypothesis that lauric acid inhibited PI3K signalling pathway in 

THP-1 differentiated macrophages, THP-1 differentiated macrophages were 

pretreated with a series of PI3K signalling pathway inhibitors (LY294002, 

wortmannin, AKT IV and rapamycin) prior to stimulation by lauric acid to 

identify the particular section of the signalling pathway which is inhibited by 

lauric acid. Both LY294002 and wortmannin are the first generation of PI3K 

inhibitors which are also referred to as “pan-inhibitors” due to their ability to bind 

all of the class I PI3K (Porta, Paglino and Mosca, 2014). LY294002 is a specific 

and reversible PI3K inhibitor in which inhibition of PI3K by LY294002 has been 

proven to result in the dephosphorylation of AKT at both Ser473 and Thr308 

(Semba, 2002; Jiang, et al., 2010). On the other hand, wortmannin is a nonspecific 

and irreversible PI3K inhibitor that is able to cross-react with various kinds of 

PI3K-related proteins including DNA-PKCs, PI4K and mTOR (McNamara and 

Degterev, 2011).  Both of them are able to diminish signalling to AKT and inhibit 
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AKT activation. This would offer a broader downstream signalling inhibition 

rather than distal inhibition (LoPiccolo, et al., 2008). Besides, AKT IV is a 

reversible and cell permeable benzimidazole derivative which is able to inhibit 

Ser-Thr kinase AKT phosphorylation by targeting the ATP binding sites. It is also 

demonstrated to inhibit AKT-mediated FOXO1a protein nuclear export (Meinig 

and Peterson, 2015; Calbiochem, 2016). Furthermore, rapamycin used in this 

study is a prototypic mTORC1 inhibitor which is able to inhibit mTOR by 

binding to FK506-binding protein-12, and therefore it inhibits angiogenesis, cell 

cycle progression and survival (LoPiccolo, et al., 2008; McNamara and Degterev, 

2011; Porta, Maglino and Mosca, 2014).  

 

Based on Figure 4.5 and Figure 4.7, THP-1 differentiated macrophages treated 

with lauric acid alone repressed MMP-9 expression level; whereas pretreatment 

with PI3K inhibitors significantly up-regulated lauric acid-inhibited MMP-9 

expression level. This indicated that the down-regulation of MMP-9 by lauric acid 

could possibly involve pathways downstream of the PI3K signalling pathway. 

The PI3K inhibitors could have affected the phosphorylation of AKT involving 

downstream targets and lauric acid was unable to abolish MMP-9 expression. 

Therefore, the MMP-9 expression remained high. In addition, the THP-1 

macrophages were pretreated with AKT IV as well as rapamycin in order to study 

whether lauric acid is involved in inhibition of AKT and mTOR signalling 

pathway. The results obtained in this study demonstrated that MMP-9 expression 

was downregulated when the AKT and mTOR activation were inhibited. Lauric 
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acid might still utilise the PI3K pathway (upstream of AKT) which was not 

inhibited by AKT IV and rapamycin to abolish mRNA and protein expression 

level of MMP-9. 

 

Moreover, the mRNA expression level of rapamycin-pretreated THP-1 

differentiated macrophages was surprisingly lower than the THP-1 macrophages 

pretreated with AKT IV. According to Porta, Paglino and Mosca (2014), two 

different complexes (mTORC1 and mTORC2) were involved in the performance 

of mTOR activity. mTORC1 is claimed to be highly susceptible  to rapamycin 

while mTORC2 is less responsive to rapamycin. Besides the phosphorylation at 

Thr-308 by PDK1, the full AKT activation also requires phosphorylation of 

Ser473 located in the carboxy-terminal hydrophobic motif (HM) by mTORC2 

(Figure 2.3) (Okuzumi, et al., 2009; McNamara and Degterev, 2011; Hemmings 

and Restuccia, 2012; Matsuoka and Yashiro, 2014). This suggests that although 

mTOR is located downstream of AKT, it still could serve as a positive regulator 

of AKT activation (Sarbassov, et al., 2005). These statements explained the 

reasons why the THP-1 macrophages pretreated with rapamycin have a lower 

MMP-9 expression level compared to those pretreated with AKT IV. 
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5.6 Effects of lauric acid on the phosphorylated AKT Ser473 protein 

expression 

In order to verify the hypothesis that lauric acid repressed the MMP-9 expression 

particularly through inhibition of PI3K downstream signalling pathway (i.e. AKT); 

as well as to determine the specific phosphorylation site inhibited by lauric acid, 

western blot analysis using antibodies against phosphorylated AKT Ser473 was  

carried out. Based on Figure 4.9, the phosphorylated AKT at Ser473 expression 

level of THP-1 differentiated macrophages treated with lauric acid alone or 

pretreated with AKT IV and rapamycin were decreased as compared to the THP-1 

macrophages treated with DMSO (vehicle control). This indicated that lauric acid 

blocked the Ser473 phosphorylation site specifically. As described by Matsuoka 

and Yashiro (2014), total AKT was translocated to the cell membrane and this 

was followed by conformational change. Indeed, AKT activation requires 

phosphorylation at both Thr308 and Ser473 site. In this study, lauric acid was 

proven to block the phosphorylation of AKT at Ser473 as the protein expression 

level of the phosphorylated Ser473 was significantly down-regulated as observed 

in Figure 4.9. As MMP-9 expression requires the activation of AKT Ser473, this 

deactivation of AKT Ser473 by lauric acid subsequently reduced MMP-9 

expression in THP-1 macrophages. 

 

LY294002 and wortmannin were supposed to abolish AKT Ser473 expression. In 

this study, the phosphorylated AKT-Ser473 expression in LY294002 and 
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wortmannin-pretreated THP-1 differentiated macrophages were still switched on 

to a high level unaffected (Figure 4.9). The activation of AKT Ser473 

corroborated well with the mRNA and protein expression level of MMP-9 in the 

respective treatments. First of all, the concentration of LY294002 (15 µM) used in 

this study may not be sufficient to abolish the AKT Ser473 activation. Previous 

studies demonstrated that 50 µM of LY294002 was required to inhibit PI3K 

dependent-AKT Ser473 phosphorylation in NIH/3T3 cells, melanoma cell line 

(i.e. MEL501, Yusoc and Yumac) as well as CNE-2Z cell line (Aziz, et al., 2009; 

Jiang, et al., 2010; Cell Signaling Technology, 2016a). However, studies by Dunn, 

Fearns and Connor (2009) showed that 10 µM was sufficient to abolish AKT 

Ser473 phosphorylation in BHK-21 cells. In addition, 15 µM of LY294002 

effectively inhibited 1, 25-dihydroxyvitamin D3-induced phosphorylation of AKT 

in human keratinocytes (Haes, 2004). Therefore, the inhibitory effect of 

LY294002 towards phospho-AKT Ser473 is heavily dependent on concentration 

and cell line used in the studies. To further support, Semba, et al. (2002) showed 

that the ability of LY294002 to abolish AKT phosphorylation was dose-dependent 

for DLD cells but dose-independent for LoVo cells. This indicated that different 

cell lines could have different sensitivity towards LY294002 and in turn, results in 

discrepancy of phosphorylated AKT Ser473 expression level. Therefore, it might 

explain why the AKT Ser473 expression level of LY294002-pretreated THP-1 

differentiated macrophages was still high and comparable with the basal level (as 

seen in vehicle control). Furthermore, Brognard, et al. (2001) proposed that 

wortmannin inhibited the phosphorylation of both AKT Ser473 and Thr308. 
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However, studies by Decraene (2004) showed that wortmannin only inhibited the 

phosphorylation of Thr308 but it failed to inhibit Ser473 phosphorylation in A253 

cell line. In addition, 1 µM of wortmannin was sufficient to abolish AKT Ser473 

phosphorylation in NIH/3T3 cells and Jurkat cells (Cell Signaling Technology, 

2016b). In this study, only 250 nM of wortmannin was used in stimulation of 

THP-1 differentiated macrophages and thus it failed to reduce the AKT Ser473 

activation. Therefore, the inhibitory effect of wortmannin on AKT Ser473 

phosphorylation could be cell-dependent and dose-dependent. 

 

Based on the results obtained, it is summarised that lauric acid repressed the 

MMP-9 expression in THP-1 macrophages through PI3K signalling pathway by 

blocking the activation of AKT Ser473 phosphorylation site. The following 

Figure 5.1 shows the schematic representation of hypothesised pathway. 
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Figure 5.1: Schematic representation summary of the pathway utilised by 

lauric acid to down-regulate MMP-9 expression. 

 

5.7 Future studies 

In this study, the relationship between lauric acid and PI3K signalling pathway 

was shown. Lauric acid inhibited the phosphorylation of AKT at Ser473 which 

eventually reduced the MMP-9 expression in THP-1 macrophages. However, 

there is another phosphorylation site of AKT other than Ser473 which is the 

Thr308. It is still unclear whether Thr308 phosphorylation site could be inhibited 

by lauric acid. Therefore, western blot analysis with anti-phosphorylated AKT 

Thr308 in THP-1 macrophages could be performed in future. 

 

PI3K 

AKT 

mTOR 

Lauric acid 

Ser473 

MMP-9 



78 
 

In addition, past researches have claimed that MMP-9 was regulated by several 

signalling pathways. In order to examine and discover whether lauric acid could 

affect other pathways other than PI3K signalling pathway, further studies could be 

done by targeting on the ERK 1/2, JNK 1/2, p38 and p53 signalling pathways to 

obtain a better view of the complicated signal transduction pathways. qRT-PCR 

and western blot analysis could be perfomed in order to quantify the MMP-9 

expression level upon lauric acid stimulation, with inhibitors and phosphorylated 

proteins targeting the said signalling pathways. 
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CHAPTER 6 

 

CONCLUSION 

 

The main objective of this project was to determine the involvement of 

PI3K/AKT signalling pathway in repression of MMP-9 expression by lauric acid 

in THP-1 differentiated macrophages. qRT-PCR and western blot analysis 

showed that 20 µM of lauric acid down-regulated the MMP-9 mRNA and protein 

expression levels significantly in THP-1 differentiated macrophages. Pretreatment 

with a series of PI3K signalling pathway inhibitors prior to the addition of lauric 

acid showed that lauric acid affected the downstream targets of PI3K pathway, 

particularly AKT signalling pathway. Furthermore, by using specific antibodies 

against phosphorylated AKT Ser473, it was proven that AKT activation at Ser473 

is important in regulation of MMP-9 expression. Lauric acid repressed the 

activation of AKT at Ser473, which in turn down-regulated MMP-9 expression. 

However, further studies targeting on the involvement of Thr308 phosphorylation 

site as well as other signalling pathway involved in regulation of MMP-9 

(ERK1/2, JNK1/2 and p38), should be carried out to further understand the 

mechanisms of lauric acid in down-regulation of MMP-9. 

 

 



80 
 

REFERENCES 

 

American Type Culture Collection, 2016. THP-1 (ATCC
®

 TIB-202™). [online] 

Available at: <https://www.atcc.org/products/all/TIB-202#generalinformation> 

[Accessed 23 July 2016]. 

 

Applied Biosystems, 2008. Introduction to TaqMan and SYBR Green Chemistries 

for Real-Time PCR. [pdf] California: Applied Biosystems. Available at: 

<http://www3.appliedbiosystems.com/cms/groups/applied_markets_support/docu

ments/generaldocuments/cms_056831.pdf> [Accessed 24 July 2016]. 

 

Aranda, P.S., LaJoie, D.M. and Jorcyk, C.L., 2012. Bleach Gel: A Simple 

Agarose Gel for Analyzing RNA Quality. Electrophoresis, 33(2), pp. 366-369. 

 

Austin, K.M., Covic, L. and Kuliopulos, A., 2013. Matrix metalloproteases and 

PAR1 activation. Blood Journal, 121(3), pp. 431-439. 

 

Auwerx, J., 1991. The human leukemia cell line, THP-1: A multifacetted model 

for the study of monocyte-macrophage differentiation. Experientia, 47(1), pp. 22-

31. 

 

Aziz, S.A., Davies, M., Pick, E., Zito, C., Jilaveanu, L., Camp, R.L., Rimm, D.L., 

Kluger, Y. and Kluger, H.M., 2009. Phosphatidylinositol-3-Kinase as a 

Therapeutic Target in Melanoma. Clinical Cancer Research, 15(9), pp. 3029-

3036. 

 

Barreto, L.E. and Morales, M., 2016. The PI3K signaling pathway as a 

pharmacological target in Autism related disorders and Schizophrenia. Molecular 

and Cellular Therapies, 4(2), pp. 1-12. 

 

 



81 
 

Brognard, J., Clark, A.S., Ni, Y. and Dennis, P.A., 2001. Akt/protein kinase B is 

constitutively active in non-small cell lung cancer cells and promotes cellular 

survival and resistance to chemotherapy and radiation. Cancer Research, 61(10), 

pp. 3986-3997. 

 

Bronard, J., Sierecki, E., Gao, T. and Newton, A.C., 2007. PHLPP and a second 

isoform, PHLPP2, differentially attenuate the amplitude of Akt signaling by 

regulating distinct Akt isoforms. Molecular cell, 25(6), pp. 917-931. 

 

Bustin, S.A., Benes, V., Garson, J.A., Hellemans, J., Huggett, J., Kubista, M., 

Mueller, R., Nolan, T., Pfaffl, M.W., Shipley, G.L., Vandesompele, J. and 

Wittwer, C.T., 2009. The MIQE Guidelines: Minimum Information for 

Publication of Quantitative Real-Time PCR Experiments. Clinical Chemistry, 

55(4), pp. 611-622. 

 

Calbiochem, 2016. Akt Inhibitor IV - CAS 681281-88-9. [online] Available at: 

<http://www.merckmillipore.com/MY/en/product/Akt-Inhibitor-IV-CAS-681281-

88-9---Calbiochem,EMD_BIO-124011> [Accessed 25 July 2016]. 

 

Cell Signalling Technology, 2016a. LY294002 #9901. [online] Available at: 

<https://www.cellsignal.com/products/activators-inhibitors/ly294002/9901> 

[Accessed 5 August 2016]. 

 

Cell Signalling Technology, 2016b. Wortmannin #9951. [online] Available at: < 

https://www.cellsignal.com/products/activators-inhibitors/wortmannin/9951> 

[Accessed 30 July 2016]. 

 

Chanput, W., Mes, J.J. and Wichers, H.J., 2014. THP-1 cell line: An in vitro cell 

model for immune modulation approach. International Immunopharmacology, 

23(1), pp. 37-45. 

 

Chic, C., 2015. Coronary artery disease (Atherosclerosis) – an overview & the 

role of coconut oil in hypercholesterolemia. [online] Available at: < 
http://www.cocoveda.net/blog/coronary-artery-disease-atherosclerosis-an-

overview-the-role-of-coconut-oil-in-hypercholesterolemia/> [Accessed 10 July 

2016]. 



82 
 

Chomczynski, P. and Sacchi, N., 2006. The single-step method of RNA isolation 

by acid guanidinium thiocyanate-phenol-chloroform extraction: twenty-something 

years on. Nature Protocols, 1(2), pp. 581-585. 

 

Crowe, D.L. and Brown, T.N., 1999. Transcriptional Inhibition of Matrix 

Metalloproteinase 9 (MMP-9) Activity by a c-fos/Estrogen Receptor Fusion 

Protein is mediated by the Proximal AP-1 Site of the MMP-9 Promoter and 

Correlates with Reduced Tumor Cell Invasion. Neoplasia, 1(4), pp. 368-372. 

 

Daigneault, M., Preston, J.A., Marriott, H.M., Whyte, M.K.B. and Dockrell, D.H., 

2010. The Identification of Markers of Macrophage Differentiation in PMA-

Stimulated THP-1 Cells and Monocyte-Derived Macrophages. PLoS One, 5(1), 

e8668. 

 

Dayrit, C.S., 2003. Coconut Oil: Atherogenic or Not. Philippine Journal of 

Cardiology, 31(3), pp. 97-104. 

 

Dayrit, F.M., 2014. Lauric Acid is a Medium-Chain Fatty Acid, Coconut Oil is a 

Medium-Chain Triglyceride. Philippine Journal of Science, 143(2), pp. 157-166. 

 

Dayrit, F.M., 2015. The Properties of Lauric Acid and Their Significance in 

Coconut Oil. Journal of the American Oil Chemists' Society, 92(1), pp. 1-15. 

 

Decraene, D., 2004. Uvb-response In Human Skin & Its Modulation By The 

Proto-oncogenic Akt Signaling Pathway (Acta Biomedica Lovaniensia). Leuven: 

Leuven University Press. 

 

De, R.N., Schouten, E. and Katan, M., 2001. Consumption of a solid fat rich in 

lauric acid results in a more favorable serum lipid profile in healthy men and 

women than consumption of a solid fat rich in trans-fatty acids. Journal of 

Nutrition,131(2), pp. 242-245. 

 

 



83 
 

Dienstmann, R., Rodon, J., Serra, V. and Tabernero, J., 2014.  Picking the Point 

of Inhibition: A Comparative Review of PI3K/AKT/mTOR Pathway Inhibitors. 

Molecular Cancer Therapeutics, 13(5), pp. 1021-1031. 

 

DiMusto, P.D. and Upchurch, G.R., 2009. The Pathogenesis of Abdominal Aortic 

Aneurysms. [online] Available at: < 
http://admin.vascularweb.org/research/Pages/the-pathogenesis-of-abdominal-

aortic-aneurysms.aspx> [Accessed 20 July 2016]. 

 

Downey, N., 2014. Interpreting melt curves: An indicator, not a diagnosis. 

[online] Available at: <https://sg.idtdna.com/pages/decoded/decoded-

articles/core-concepts/decoded/2014/01/20/interpreting-melt-curves-an-indicator-

not-a-diagnosis> [Accessed 24 July 2016]. 

 

Dunn, E.F., Fearns, R. and Connor, J.H., 2009. Akt Inhibitor Akt-IV Blocks Virus 

Replication through an Akt-Independent Mechanism. Journal of Virology, 83(22), 

pp. 11665-11672. 

 

Enig, M.G., 1998. Nutrients and Foods in AIDS. Boca Raton: CRC Press. 

 

Farina, A.R. and Mackay, A.R., 2014. Gelatinase B/MMP-9 in Tumour 

Pathogenesis and Progression. Cancers (Basel), 6(1), pp. 240-296. 

 

Fernández, M.F., Folgueras, A.R., Cabrera, S. and Otín, C.L., 2010. Matrix 

metalloproteinases: Evolution, gene regulation and functional analysis in mouse 

models. Biochimica et Biophysica Acta (BBA) - Molecular Cell Research, 1803(1), 

pp. 3-19. 

 

Fiore, E., Fusco, C., Romero, P. and Stamenkovic, I., 2002. Matrix 

metalloproteinase 9 (MMP-9/gelatinase B) proteolytically cleaves ICAM-1 and 

participates in tumor cell resistance to natural killer cell-mediated cytotoxicity. 

Oncogene, 21(34), pp. 5213-5223. 

 

Fleige, S. and Pfaffl, M.W., 2006. RNA integrity and the effect on the real-time 

qRT-PCR performance. Molecular Aspects of Medicine, 27, pp. 126-139. 

http://admin.vascularweb.org/research/Pages/the-pathogenesis-of-abdominal-aortic-aneurysms.aspx
http://admin.vascularweb.org/research/Pages/the-pathogenesis-of-abdominal-aortic-aneurysms.aspx


84 
 

Fraga, D., Meulia, T. and Fenster, S., 2014. Current Protocols Essential 

Laboratory Techniques. New York: John Wiley & Sons. 

 

Ghosh, A., DiMusto, P.D., Ehrlichman, L.K., Sadiq, O., McEvoy, B., Futchko, 

J.S., Henke, P.K., Eliason, J.L. and Upchurch, G.R., 2012. The Role of 

Extracellular Signal-Related Kinase During Abdominal Aortic Aneurysm 

Formation. Journal of the American College of Surgeons, 215(5), pp. 668-680. 

 

Gondi, C.S., Lakka, S.S., Dinh, D.H., Olivero, W.C., Gujrati, M. and Rao, J.S., 

2006. Downregulation of uPA, uPAR and MMP-9 using small, interfering, 

hairpin RNA (siRNA) inhibits glioma cell invasion, angiogenesis and tumor 

growth. Neuron Glia Biology, 1(2), pp. 165-176. 

 

Haes, P.D., 2004. The Effects of 1,25-dihydroxyvitamin D3 & Analogues on Uvb-

irradiated Human Keratinocytes (Acta Biomedica Lovaniensia). Leuven: Leuven 

University Press. 

 

Hamsi, M.A., Othman, F., Das, S., Kamisah, Y., Thent, Z.C., Qodriyah, H.M.S., 

Zakaria, Z., Emran, A., Subremaniam, K. and Jaarin, K., 2015. Effect of 

consumption of fresh and heated virgin coconut oil on the blood pressure and 

inflammatory biomarkers: An experimental study in Sprague Dawley rats. 

Alexandria Journal of Medicine, 51(1), pp. 53-63. 

 

Heidary, M. and Kakhki, M.P., 2014. TRIzol-based RNA Extraction: A Reliable 

Method for Gene Expression Studies. Journal of Sciences, 25(1), pp. 13-17. 

 

Hemmings, B.A. and Restuccia, D.F., 2012. PI3K-PKB/Akt Pathway. Cold 

Spring Harbor Laboratory Press, 4(9), a011189. 

 

Iggman, D. and Risérus, U., 2011. Role of Different Dietary Saturated Fatty Acids 

for Cardiometabolic Risk. Clinical Lipidology, 6(2), pp. 209-223. 

 

 



85 
 

Jiang, H., Fan, D., Zhou, G., Li, X. and Deng, H., 2010. Phosphatidylinositol 3-

kinase inhibitor(LY294002) induces apoptosis of human nasopharyngeal 

carcinoma in vitro and in vivo. Journal of Experimental & Clinical Cancer 

Research, 29(1), p. 34. 

 

Johnson, M., 2012. RNA Extraction. Synatom Research, 2, p. 201. 

 

Kidoya, H., Naito, H., Muramatsu, F., Yamakawa, D., Jia, W., Ikama, M., Sonobe, 

T., Tsuchimochi, H., Shirai, M., Adams, R.H., Fukamizu, A. and Takakura, N., 

2015. APJ Regulates Parallel Alignment of Arteries and Veins in the Skin. 

Developmental Cell, 33(3), pp. 247-259. 

 

Kim, D.H., Kim, S.H., Koh, H.J., Yoon, S.O., Chung, A.S., Cho, K.S. and Chung, 

J.K., 2001. Akt/PKB promotes cancer cell invasion via increased motility and 

metalloproteinase production. The FASEB Journal, 15(11), pp. 1953-1962. 

 

Kozera, B. and Rapacz, M., 2013. Reference genes in real-time PCR. Journal of 

Applied Genetics, 54(4), pp. 391-406. 

 

Lee, C.W., Lin, C.C., Lin, W.N., Liang, K.C., Luo, S.F., Wu, C.B., Wang, S.W. 

and Yang, C.M., 2007. TNF-alpha induces MMP-9 expression via activation of 

Src/EGFR, PDGFR/PI3K/Akt cascade and promotion of NF-kappaB/p300 

binding in human tracheal smooth muscle cells. American Journal of Physiolog- 

Lung Cellular and Molecular Physiology, 292(3), pp. 799-812. 

 

Lee, Y.S., Tran, H.T.L. and Ta, Q.V., 2009. Regulation of expression of matrix 

metalloproteinase-9 by JNK in Raw 264.7 cells: presence of inhibitory factor(s) 

suppressing MMP-9 induction in serum and conditioned media. Experimental & 

Molecular Medicine, 41(4), pp. 259-268. 

 

Lepinske, M., 1997. Tips for Working with RNA and Troubleshooting 

Downstream Applications. Promega Notes Magazine, 63, p. 17. 

 

Lieberman, S., Enig, M.G. and Preuss, H.G., 2006. A Review of Monolaurin and 

Lauric Acid. Alternative and Complementary Therapies, 12(6), pp. 310-314. 



86 
 

Lim, W.S., Gan, M.S.Y., Ong, M.H.L and Chew, C.H., 2015. Lauric acid 

abolishes interferon-gamma (IFN-γ)-induction of intercellular adhesion molecule-

1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) expression in 

human macrophages. Asian Pacific Journal of Reproduction, 4(3), pp. 217-221. 

 

Liu, P., Cheng, H., Roberts, T.M. and Zhao, J.J., 2009. Targeting the 

phosphoinositide 3-kinase (PI3K) pathway in cancer. Nature Reviews Drug 

Discovery, 8(8), pp. 627-644. 

 

Löffek, S., Schilling, O. and Franzke, C-W., 2011. Biological role of matrix 

metalloproteinases: a critical balance. European Respiratory Journal, 38(1), pp. 

191-208. 

 

LoPiccolo, J., Blumenthal, G.M., Bernstein, W.B. and Dennis, P.A., 2008. 

Targeting the PI3K/Akt/mTOR pathway: effective combinations and clinical 

considerations. Drug Resistance Updates,11(1-2), pp. 32-50. 

 

Luca, A.D., Maiello, M.R., D’Alessio, A., Pergameno, M. and Normanno, N., 

2012. The RAS/RAF/MEK/ERK and the PI3K/AKT signalling pathways: role in 

cancer pathogenesis and implications for therapeutic approaches. Expert Opinion 

On Therapeutic Targets, 16(2), pp. 17-27. 

 

Matsuoka, T. and Yashiro, M., 2014. The Role of PI3K/Akt/mTOR Signaling in 

Gastric Carcinoma. Cancers (Basel), 6(3), pp. 1441-1463. 

 

McCarty, S.M., Cochrane, C.A. and Clegg, P.D., 2012. The role of endogenous 

and exogenous enzymes in chronic wounds: A focus on the implications of 

aberrant levels of both host and bacterial proteases in wound healing. Wound 

Repair and Regeneration, 20(2), pp. 125-136. 

 

McNamara, C.R. and Degterey, A., 2011. Small-molecule inhibitors of the PI3K 

signaling network. Future Medicinal Chemistry, 3(5), pp. 549-565. 

 



87 
 

Meinig, J.M. and Peterson, B.R., 2015. Anticancer/Antiviral Agent Akt Inhibitor-

IV Massively Accumulates in Mitochondria and Potently Disrupts Cellular 

Bioenergetics. ACS Chemical Biology,10(2), pp. 570-576. 

 

Mensink, R.P., Zock, P.L., Kester, A.D.M. and Katan, M.B., 2003. Effects of 

dietary fatty acids and carbohydrates on the ratio of serum total to HDL 

cholesterol and on serum lipids and apolipoproteins: a meta-analysis of 60 

controlled trials. The American Journal of Clinical Nutrition, 77(5), pp. 1146-

1155. 

 

Muñoz, J.R., Díaz, E.E., Samaniego, R., Terol, M.J., Marco, J.A.G. and Pardo, 

A.G., 2006. MMP-9 in B-cell chronic lymphocytic leukemia is up-regulated by 

α4β1 integrin or CXCR4 engagement via distinct signaling pathways, localizes to 

podosomes, and is involved in cell invasion and migration. Blood, 108(9), pp. 

3143-3151. 

 

Nagase, H., Visse, R. and Murphy, G., 2006. Structure and function of matrix 

metalloproteinases and TIMPs. Cardiovascular Research, 69(3), pp. 562-573. 

 

Nakatsuji, T., Kao, M.C., Fang, J.Y., Zouboulis, C.C., Zhang, L., Gallo, R.L. and 

Huang, C.M., 2009. Antimicrobial Property of Lauric Acid Against 

Propionibacterium acnes: Its Therapeutic Potential for Inflammatory Acne 

Vulgaris. Journal of Investigative Dermatology, 129(10), pp. 2480-2488. 

 

Nevin, K.G. and Ramajohan, T., 2004. Beneficial effects of virgin coconut oil on 

lipid parameters and in vitro LDL oxidation. Clinical Biochemistry, 37(9), pp. 

830-835. 

 

Newby, A.C., 2007. Metalloproteinase Expression in Monocytes and 

Macrophages and its Relationship to Atherosclerotic Plaque Instability. 

Arteriosclerosis Thrombosis Vascular Biology, 28(12), pp. 2108-2114. 

 

Okuzumi, T., Fiedler, D., Zhang, C., Gray, D.C., Aizenstein, B., Hoffman, R. and 

Shokat, K.M., 2009. Inhibitor Hijacking of Akt Activation. Nature Chemical 

Biology, 5(7), pp. 484-493. 

 



88 
 

Palmer, M. and Prediger, E., 2016. Assessing RNA Quality. [online] Available at: 

<https://www.thermofisher.com/my/en/home/references/ambion-tech-support/rna-

isolation/tech-notes/assessing-rna-quality.html> [Accessed 24 July 2016]. 

 

Parks, W.C., Wilson, C.L. and Boado, Y.S.L., 2004. Matrix metalloproteinases as 

modulators of inflammation and innate immunity. Nature Reviews Immunology, 4, 

pp. 617-629. 

 

Porta, C., Paglino, C. and Mosca, A., 2014. Targeting PI3K/Akt/mTOR signaling 

in cancer. Frontiers in Oncology, 4(64), pp. 1-11. 

 

Qin, Z., 2012. The use of THP-1 cells as a model for mimicking the function and 

regulation of monocytes and macrophages in the vasculature. Atherosclerosis, 

221(1), pp. 2-11. 

 

Ray, A., Bal, B.S. and Ray, B.K., 2005. Transcriptional induction of matrix 

metalloproteinase-9 in the chondrocyte and synoviocyte cells is regulated via a 

novel mechanism: evidence for functional cooperation between serum amyloid A-

activating factor-1 and AP-1. The Journal of Immunology, 175(6), pp. 4039-4048. 

 

Richter, E., Ventz, K., Harms, M., Mostertz, J. and Hochgräfe, F.,  2016. 

Induction of Macrophage Function in Human THP-1 Cells Is Associated with 

Rewiring of MAPK Signaling and Activation of MAP3K7 (TAK1) Protein 

Kinase. Frontiers in Cell and Developmental Biology, 4(21), p. 21. 

 

Rio, D.C., Ares, M.J., Hannon, G.J. and Nilsen, T.W., 2010. RNA: A Laboratory 

Manual. New York: Cold Spring Harbor Laboratory Press. 

 

Rodrígueza, D., Morrisona, C.J. and Overall, C.M., 2010. Matrix 

metalloproteinases: What do they not do? New substrates and biological roles 

identified by murine models and proteomics. Biochimica et Biophysica Acta (BBA) 

- Molecular Cell Research, 1803(1), pp. 39-54. 

 

https://www.thermofisher.com/my/en/home/references/ambion-tech-support/rna-isolation/tech-notes/assessing-rna-quality.html
https://www.thermofisher.com/my/en/home/references/ambion-tech-support/rna-isolation/tech-notes/assessing-rna-quality.html


89 
 

Sakalihasan, N., Delvenne, P., Nusgens, B. V., Limet, R. and  Lapière, C. M., 

1996. Activated forms of MMP2 and MMP9 in abdominal aortic aneurysms. 

Journal of Vascular Surgery, 24(1), pp. 127-133. 

 

Sarbassov, D.D., Guertin, D.A., Ali, S.M. and Sabatini, D.M., 2005. 

Phosphorylation and regulation of Akt/PKB by the rictor-mTOR complex. 

Science, 307(5712), pp. 1098-1101. 

 

Schwende, H., Fitzke, E., Ambs, P. and Dieter, P., 1996. Differences in the state 

of differentiation of THP-1 cells induced by phorbol ester and 1, 25-

dihydroxyvitamin D3. Journal of Leukocyte Biology, 59(4), pp. 555-561. 

 

Semba, S., Itoh, N., Ito, M., Harada, M. and Yamakawa, M., 2002. The in vitro 

and in vivo effects of 2-(4-morpholinyl)-8-phenyl-chromone (LY294002), a 

specific inhibitor of phosphatidylinositol 3'-kinase, in human colon cancer cells. 

Clinical Cancer Research, 8(6), pp. 1957-1963. 

 

Shihab, P.K., Al-Roub, A., Al-Ghanim, M., Al-Mass, A., Behbehani, K. and 

Ahmad, R., 2015. TLR2 and AP-1/NF-kappaB are involved in the regulation of 

MMP-9 elicited by heat killed Listeria monocytogenes in human monocytic THP-

1 cells. Journal of inflammation, 12, p. 32. 

 

Shilhavy, B. and Shilhavy, M.J., 2004. Virgin Coconut Oil: How It Has Changed 

People's Lives, and How It Can Change Yours. California: Tropical Traditions. 

 

Shim, Y.J., Kang, B.H., Jeon, H.S., Park, I.S., Lee, K.U., Lee, I.K., Park, G.H., 

Lee, K.M., Schedin, P. and Min, B.H., 2011. Clusterin induces matrix 

metalloproteinase-9 expression via ERK1/2 and PI3K/Akt/NF-κB pathways in 

monocytes/macrophages. Journal of Leukocyte Biology, 90(4), pp. 761-769. 

 

Simms, D., Cizdziel, P.E. and Chomczynski, P., 1993. TRIzol: A new reagent for 

optimal single-step isolation of RNA. Focus, 15(4), pp. 532-535. 

 

 



90 
 

Smallwood, L., Allcock, R., Bockxmeer, F.V., Warrington, N., Palmer, L.J., 

Lacopetta, B., Golledge, J. and Norman, P.E., 2008. Polymorphisms of the MMP-

9 gene and abdominal aortic aneurysm. British Journal of Surgery, 95(10), pp. 

1239-1244. 

 

Song, M.S., Salmena, L. and Pandolfi, P.P., 2012. The functions and regulation of 

the PTEN tumour suppressor. Nature Reviews Molecular Cell Biology, 13(5), pp. 

283-296. 

 

Stawarski, M., Stefaniuk, M. and Wlodarczyk, J., 2014. Matrix metalloproteinase-

9 involvement in the structural plasticity of dendritic spines. Frontiers in 

Neuroanatomy, 8, p. 68. 

 

Tallant, C., Marrero, A. and Rüth, F.X.G., 2010. Matrix metalloproteinases: Fold 

and function of their catalytic domains. Biochimica et Biophysica Acta (BBA) - 

Molecular Cell Research, 1803(1), pp. 20-28. 

 

Tuomi, J.M., Voorbraak, F., Jones, D.L. and Ruijter, J.M., 2010. Bias in the Cq 

value observed with hydrolysis probe based quantitative PCR can be corrected 

with the estimated PCR efficiency value. Methods, 50(4), pp. 313-322. 

 

Uday, K.D., Christopher, V., Sobarani, D. and Nagendra, S.Y., 2014.  Lauric Acid 

as Potential Natural Product in the Treatment of Cardiovascular Disease: A 

Review. Journal of Bioanalysis & Biomedicine, 6(5), pp. 37-39. 

 

Vaidya, A., Nasarabadi, S. and Milanovich, F., 2005. Optimization of RNA 

Purification and Analysis for Automated, Pre-Symptomatic Disease Diagnostics. 

[pdf] United States: Lawrence Livermore National Laboratory. Available at: 

<http://www.osti.gov/scitech/biblio/15016765-optimization-rna-purification- 

analysis-automated-pre-symptomatic-disease-diagnostics> [Accessed 23 July 

2016]. 

 

Vara, J.A.F., Casado, E., Castro, J.D., Cejas, P., Iniesta, C.B. and Barón, M.G., 

2004. PI3K/Akt signalling pathway and cancer. Cancer Treatment Reviews, 30(2), 

pp. 193-204. 

 



91 
 

Vu, T.H. and Werb, Z., 2000. Matrix metalloproteinases: effectors of 

development and normal physiology. Genes & Development, 14(17), pp. 2123-

2133. 

 

Vysakh, A., Ratheesh, M., Rajmohanan, T.P., Pramod, C., Premlal, S., Kumar, 

B.G. and Sibi, P.I., 2014. Polyphenolics isolated from virgin coconut oil inhibits 

adjuvant induced arthritis in rats through antioxidant and anti-inflammatory action. 

International Immunopharmacology, 20(1), pp. 124-130. 

 

Wilson, W.R.W., Anderton, M., Choke, E.C., Dawson, J., Loftus, I.M. and 

Thompson, M.M., 2007. European Journal of Vascular and Endovascular 

Surgery, 35(5), pp. 580-584. 

 

Wu, A.M., 2011. The Molecular Immunology of Complex Carbohydrates-3. 

Berlin: Springer. 

 

Xu, D., Suenaga, N., Edelmann, M.J., Fridman, R., Muschel, R.J. and Kessler, 

B.M., 2008. Novel MMP-9 Substrates in Cancer Cells Revealed by a Label-free 

Quantitative Proteomics Approach. Molecular & Cellular Proteomics, 7(11), pp. 

2215-2228. 

 

Yabluchanskiy, A., Ma, Y., Lyer, R.P., Hall, M.E. and Lindsey, M.L., 2013. 

Matrix Metalloproteinase-9: Many Shades of Function in Cardiovascular Disease. 

Physiology (Bethesda), 28(6), pp. 391-403. 

 

Yamashita, A., Noma, T., Nakazawa, A., Saito, S., Fujioka, K., Zempo, N. and 

Esato, K., 2001. Enhanced expression of matrix metalloproteinase-9 in abdominal 

aortic aneurysms. World Journal of Surgery, 25(3), pp.259-265. 

 

Yang, J.L., Lin, J.H., Weng, S.W., Chen, J.C., Yang, J.S., Amagaya, S., Funayana, 

S., Wood, W.G., Kuo, C.L. and Chung, J.G., 2013. Crude extract of Euphorbia 

formosana inhibits the migration d invasion of DU145 human prostate cancer 

cells: The role of matrix metalloproteinase-2/9 inhibition via the MAPK signaling 

pathway. Molecular Medicine Report, 7(5), pp. 1403-1408. 

 



92 
 

Yu, H., Littlewood, T., and Bennett, M., 2015. Akt isoforms in vascular disease. 

Vascular Pharmacology, 71, pp. 57-64. 

 

Yu, Q. and Stamenkovic, I., 2000. Cell surface-localized matrix 

metalloproteinase-9 proteolytically activates TGF-β and promotes tumor invasion 

and angiogenesis. Genes and Development, 14, pp. 163-176. 

 

Yuan, T.L. and Cantley, L.C., 2008. PI3K pathway alterations in cancer: 

variations on a theme. Oncogene, 27, pp. 5497-5510. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 
 

APPENDIX 

 

APPENDIX A 

 

 

 

Graph above illustrates the standard calibration curve of BSA standards with 

concentrations of 0.2 mg/mL, 0.5 mg/mL, 0.8 mg/mL, 1.1 mg/mL and 1.4 mg/ml. 

The protein concentrations of the samples were calculated based on their 

respective absorbance value. 
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