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Abstract 

Background  ICG-001, an antagonist of CBP (CREB-binding protein), has been 

demonstrated to exert anti-tumor activity via the modulation of the Wnt signalling 

pathway.  It has previously been demonstrated that miRNAs play an important 

role in ICG-001-mediated tumor suppression. In the present study, the role of 

miRNA-134 and β1-integrin in ICG-001-mediated anti-tumor activity in 

nasopharyngeal carcinoma (NPC) was examined.     

Methods NPC cell lines including C666-1, HONE-1 and HK-1 were used in this 

study. RT-PCR and Western blot were used to study the expression of miRNA-

134 and the protein expression of the target proteins, respectively. Confocal 

microscopy was used to analyse the subcellular localization of β1-integrin.  In the 

functional studies, in vitro endothelial adhesion assay and in vivo nude mice 

model were used to evaluate the adhesion and migration of ICG-001-treated NPC 

cells in animals, respectively.   

Results  ICG-001 was found to up-regulate the expression of miRNA-134 and 

down-regulate β1-integrin in NPC cells.  The effect was accompanied with the 

inhibition of the adhesion of NPC cells to lung endothelial cells.   In addition, 

over-expression of miRNA-134 would down-regulate the expression of β1-

integrin.  Results from β1-integrin 3’UTR Renilla luciferase reporter assay 

confirmed that β1-integrin is a target of miRNA-134 in NPC cells.  In the animal 

study, the ability of ICG-001-pretreated NPC cells or stable miRNA-134 

expressing NPC cells to migrate to the mouse lung was greatly reduced.   

Conclusion  The CBP antagonist ICG-001 may further be developed as an anti-

tumor agent for the treatment of nasopharyngeal carcinoma.   
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Chapter 1  - Introduction 

1.1 Nasopharyngeal Carcinoma (NPC) 

1.1.1 Epidemiology 

 Nasopharyngeal Carcinoma (NPC) is a type of cancer developing from the 

epithelial cells of the nasopharynx epithelium (Ali, 1965) (Figure 1.1).   It is 

malignant in nature which has been revealed to exhibit preferences on 

geographical factors and genders (Zhang Z et al., 2015).  The occurrence rate of 

NPC was around one per a hundred thousand people from all over the world, while 

that was much higher in Southeast Asia, Southern China and North Africa, 

reaching seven per a hundred thousand people per year (Ferlay et al., 2010).  The 

occurrence rate in particular region, such as Southeast Asia, was found to be 

significantly higher when compared to other parts of the world.  According to a 

statistic report of 2017 issued in 2019 by the Hong Kong Cancer Registry (Figure 

1.2), in the perspective of gender, the number of new cases of NPC in male was 

616, with a relative frequency of 3.7% when compared to other cancers.  NPC 

was rated at the sixth most common cancer in male.  For mortality, the number of 

death caused by NPC in male was 224, with a relative frequency of 2.6%, rated at 

the ninth most cancer that causes death.  The occurrence rate of NPC in male 

outnumbered that of female (The Hong Kong Cancer Registry).  Moreover, more 

than 50% of NPC patient were diagnosed with the re-occurrence of NPC.  The 

average survival rate of NPC within 5 years was low, rated at around 20% (Xu et 

al., 2013). 
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Figure 1.1 | Location of NPC occurs 

Nasopharynx, location where 

Nasopharyngeal tumor occurs 
 

 

 
 

 

 
Source: Mayo Foundation for Medical 

Education and Research 
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1.1.2 Histopathological classification of NPC 

 According to the first classification made by the WHO in the year of 1978, 

NPC was classified into three types (Table 1.1). 

 

                     Table 1.1 | Types of NPC in the year of 1978 

Type I Squamous cell carcinoma 

Type II Non-keratinizing carcinoma 

Type III Undifferentiated carcinoma 

 

 Later in the year of 2005, WHO updated the classification of NPC as 

follows (Barnes et al. 2005): (Table 1.2) 

 

Table 1.2 | Types of NPC in the year of 2005 

Type 1 Basaloid squamous cell carcinoma 

Type 2 Keratinizing squamous cell carcinoma 

Type 3 
Non-keratinizing carcinoma 

Subtype: differentiated Subtype: undifferentiated 

 

  

The dominancy of different types of NPC varies according to the geographical 
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factors.  In high-incidence areas, such as Southern Asia, more than 97% of NPC 

belonged to the type “Non-keratinizing squamous cell carcinoma”, differentiated 

or undifferentiated.  In low-incidence areas (i.e. other parts of the world), the 

major type of NPC belonged to “Keratinizing squamous cell carcinoma” (Lo et 

al., 2004).  EBV infection may account for the differences in regional distribution 

of NPC (Raab-Traub et al., 2002). 

 

1.1.3 Etiology of NPC 

 Genetic susceptibility, environmental factors and viral infection are the 

major risk factors associated with the pathogenesis of NPC.  Patients with family 

history of NPC are predicted to be more vulnerable (Chang et al., 2006).  It was 

revealed that the immigrants from Southeast China and their offspring in USA 

had a higher risk to develop NPC, when compared to other local citizens sharing 

the same environment (Buell, 1974).  For the genetic susceptibility, the Human 

leukocyte antigen (HLA) on chromosome 6p21 has been shown to be involved in 

the NPC pathogenesis (Bei et al. 2010).  Other cancer related genes (MDM2, 

CCND1 and TP53) are also implicated to be associated with the development of 

NPC (Golovleva et al. 1997, Catarino et al. 2006, Zhou et al. 2007).  For the 

environmental factors, consumption of preserved or salty foods, consumption of 

liquors and cigarette smoking have been implicated as the risk factors.  Positive 

correlation between NPC and salty foods has been examined using animal models 

(Mimi and Yuan 2002, Huang et al. 1977).  Consumption of alcohol and cigarette 
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smoking would also increase the risk of developing NPC (Marron et al. 2010, Yu 

et al., 1990).  In contrast, consumption of milk and fresh fruits is found to be 

negatively correlated with NPC (Liu et al., 2012, Mai et al., 2015).   For the viral 

infection, it is now clear that Epstein-Barr Virus (EBV) latent infection plays a 

crucial role in the pathogenic development of NPC (Lin et al., 2018).  It has been 

previously reported that EBV is involved in the early stage development of NPC, 

supported by the fact that clonal EBV genome has been found in less 

differentiated invasive carcinoma as well as dysplastic lesion (Raab-Traub 2002).  
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1.1.4 Therapeutic treatment of NPC 

 Surgery is seldom used to treat NPC mainly due to the anatomical location 

of the carcinoma (Yoshizaki et al., 2012).  Traditionally, radiotherapy and 

chemotherapy are two key-treatments when dealing with NPC.  Intensity-

modulated radiotherapy (IMRT) is recommended, regarded as a common and 

efficient radiotherapy, when dealing with stage I NPC, as the radiation could be 

adjusted, customized to target the tumour mass and reduce harm to adjacent 

tissues (Lee et al., 2015).  For chemotherapy, 5-fluorouracil and cis-

diamminedichloroplatinum are the most common anti-cancer drug for NPC 

patients to administer orally or intravenously.  It is suggested to perform a 

combined radiotherapy and chemotherapy to an NPC patient at later stages, in 

order to enhance the survival rate (Lee et al., 2015).   

Recently, EBV-targeting therapies, has aroused scientists’ interest.  By 

making use of a vector delivering p53 tumour suppressing gene to EBV-positive 

cells would result in the apoptosis of NPC and therefore, enhancing the efficiency 

of chemotherapies and radiotherapies when the mentioned therapies are in parallel 

(Li et al., 2000).  The EBV latent infection is believed to be associated with the 

pathogenesis of NPC through the manipulation of protein and miRNA expression 

(Tsao et al., 2014). Through the investigation on EBV-positive C666-1 cell lines, 

it has been revealed that ICG-001 acts as a therapeutic agent to inhibit migration 

and metastasis through the miR‑150/CD44 axis and also to inhibit the tumor 

sphere formation via the miRNA-145 and SOX2 axis (CHAN et al., 2015, CHAN  
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et al., 2019).   

1.2 ICG-001 

1.2.1 Structure of ICG-001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 ICG-001 

 

 

 

 

1.2.2 Biological functions of ICG-001 

 ICG-001 is a CBP antagonist of the Wnt/β-catenin signalling pathway.  

Wnt/β-catenin is a cascade signalling pathway which regulates the polarity and 

skeleton of cells, survival and apoptosis, and most important, the proliferation and 

differentiation of cells (Logan et al., 2004).  Cancer development is closely related 

to the aberrant Wnt signalling (Polakis, 2007).  By the interaction of β-catenin 

either binding with the co-activator CREB-binding protein (CBP), or p300, the 

decision between differentiation and proliferation is decided.  When β-catenin 

 



9 

 

binds with CBP, proliferation is preferred.  However, when β-catenin binds with 

p300, the cell may undergo differentiation (Teo et al., 2010).  ICG-001 acts as an 

antagonist to bind with the CBP, interrupting the β-catenin/CBP-mediated 

transcription.  It specifically blocks the interaction between β-catenin and CBP as 

it is a small molecule blocking a minimal region of CBP, without affecting the 

other functional sites on β-catenin (Emami et al., 2004).  As the β-catenin/CBP-

mediated transcription is interrupted, the cells would change from the 

proliferation program to differentiation program. 

 

Figure 1.3 Diagram of action of ICG-001 

Source : Lukaszewicz AI et al., 2010 
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1.3 MicroRNA 

1.3.1 General Properties of microRNAs 

 MicroRNAs are single-stranded, non-coding small RNAs that are crucial 

to the development and progression of tumour.  It consists of around 21-25 

nucleotides, which could influence gene expression in post-transcriptional stages.  

In the past, microRNAs were regarded as non-functional RNA, as they were 

located within the intergenic regions or introns of the host gene.  It is now clear 

that the dysregulated expression of microRNAs largely influences the biological 

behaviours including migration, adhesion or metastasis of cancer cells (Zhang et 

al., 2015).  

1.3.2 Biogenesis of microRNAs 

 MicroRNAs are synthesized in a canonical pathway starting from the 

transcription of genes including the non-coding regions.  The multi-step 

biogenesis of microRNA takes place in both the nucleus and cytoplasm.  Initially, 

RNA polymerase II and III are responsible in conducting transcriptions on non-

coding regions of genes to a long primary microRNA, with a long Poly-Adenine 

tail (Chendrimada et al., 2005).  The primary microRNA is known to consist of a 

double-stranded stem-loop with two flanking single-stranded tails.  Then, a 

processor complex composed of Drosha (nuclear RNase III) and DiGeorge 

syndrome critical region 8 which is a double-stranded binding protein will further 

process the primary microRNA to precursor microRNA, with a short stem-loop 

structure.  The precursor microRNA is then exported from the nucleus to 
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cytoplasm by Exportin-5 (Lund et al., 2004).  Precursor microRNA is then 

processed by an RNase III enzyme Dicer to synthesize a microRNA duplex.  The 

precursor microRNA duplex is then unwounded and only the relatively 

thermodynamically-stable microRNA was retained while another strand is 

removed and degraded.  It will incorporate with an Argonaute protein by an RNA 

inducing silencing complex (RISC) (MacRae et al., 2008).   

1.3.2 Functions of microRNA 

 Though it is uncommon to happen in mammals, when the binding of 

complete complementary between microRNA and mRNA is accomplished, the 

target mRNA would end up degraded.  Commonly, making use of the imperfect 

base-pairing at the 3’UTR of mRNA, microRNA will function in the form of 

RNA-induced silencing complex, coupling with an Argonaute protein, binding to 

the subject 3’UTR region forming a binary complex (Liu et al., 2004).  By 

achieving the complex, with the Watson and Crick pairing prediction, certain 

microRNA could easily attach and detach to its target mRNA, exerting a serial 

post-transcriptional control, overexpression or inhibition, of large amount of 

downstream signalling proteins (Fabian et al., 2012).   
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Figure 1.4 Biogenesis of microRNA   

Source : Esquela-Kerscher A et al., 2006 
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1.4 Integrins 

1.4.1 General properties of integrins 

 The integrin family in mammals consists of 24 heterodimeric (structured 

combinations between eighteen alpha and eight beta units) receptors (Giancotti et 

al., 1999).  They are trans-membrane proteins responsible for the mediation of 

adhesion, between cell and extracellular matrix (Alberts et al., 2002).  Variants 

with one type of subunit has been reported, for example, β1-integrin shows the 

presence of four variant forms (Hynes, 2002).   The molecular weight of integrins 

may vary from 90kDa to 160kDa (Alberts et al., 2002).  When the ectodomain of 

integrins binds with extracellular ligand, such as fibronectin or laminin, certain 

signal transduction process will be activated, transducing along the cytoplasmic 

tails of the integrin, which eventually leads to the alternation of cell cytoskeleton 

and cell cycle (Giancotti et al., 1999). 

 

1.4.2 Functions of integrin 

 There are two major functions of integrins, namely providing attachment 

of the cell to the extracellular matrix and signal transduction.  The cytoplasmic 

tails of integrins are linked with the cytoskeleton, such as actin and other 

microfilament inside the cell, where the ectodomain of integrins could form ligand 

with certain substrates.  The type of alpha and beta subunit defined the type of 

ligand that the integrin could bind with, commonly fibronectin, vitronectin, 



14 

 

collegen and laminin.  Such connection provided anchorage between the cell and 

extracellular matrix, which is also important to the migration of cells and 

preventing the cells from ripped out of the extra-cellular matrix (Yamada et al., 

1995).  Cell to cell interaction via integrins is crucial to develop a multi-cellular 

complex.  With the aid of integrin and other signalling receptors, e.g. receptor for 

growth factors, a cellular decision on the biological behaviour of the complex of 

cell, such as adhesion, migration, and invasion could be achieved.  Obviously, 

among the above-mentioned biological behaviours, integrins play a vital role in 

performing and regulating cell migration.  First, integrin adhere to an extracellular 

substrate.  In the course of migration, cells could make new attachment to the 

substrate in the front side of the cell and withdraw the connection of integrin at 

the cells’ rear side.  After the dis-connection between the integrin and the substrate 

at the rear side, the cell could perform endocytosis on the integrin, transporting 

the integrin to the front and reuse. (Kevin Wilhelmsen et al., 2006) 

 Other than attachment, signal transduction is also one of the major 

functions of the integrin.  Depends on the type of tyrosine kinases activated, 

integrin could exert certain behaviour of cells, such as cell growth, cell survival, 

differentiation etc. (Carbonell et al., 2013) 
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1.5 Aims of the study 

 The incidence of NPC is high in Southeast Asia, and it claims thousands 

of human lives a year.  Treatment of metastatic NPC is still a major challenge, 

despite that advanced chemotherapy and radiotherapy have been taken place.   As 

mentioned in the Introduction, both miRNAs and cell surface receptors such as 

the integrin family have been implicated to play a role in metastasis.   ICG-001, a 

selective CBP antagonist of the Wnt/β-catenin signalling pwthway, has been 

shown to interrupt the β-catenin’s interaction with CBP and promote cell 

differentiation.   Previously studies in our laboratory have shown that ICG-001 

can regulate the growth and migration of NPC via the restoration of expression of 

multiple tumor suppressive microRNAs, such as miRNA-145 and miRNA-150.   

In the present study, the role of ICG-001-mediated regulation of expression of 

miRNAs in NPC cells was further examined.  It is hypothesized that ICG-001 

inhibits metastasis of nasopharyngeal carcinoma via the miRNA-134 / β1-integrin 

axis. 

The aims of this research study are: 

(1) To study the role of miRNA-134/β1-integrin axis in the adhesion of NPC cells; 

and 

(2) To study the role of miRNA-134/β1-integrin axis in the metastasis of NPC in  

nude mice. 
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Chapter 2 - Materials and Methods 

2.1 ICG-001 

ICG-001 and its phosphate form were kindly given by Prof. Kahn M 

(Beckman Research Institute, City of Hope, USA).  Working solution of ICG-001 

was prepared by dissolving ICG-001 into DMSO or PBS at a 20mM for all in 

vitro experiments and in vivo pre-treatment. 

 

2.2 Cell culture 

EBV-positive C666-1 NPC cells, EBV-negative HONE-1 and HK-1 NPC 

cells, HPMEC, and 293T cells were used in this study.  C666-1 was cultured in 

RPMI-1640 medium (Gibco Cat. No: 23400062, USA), with the supply of 10% 

FBS (Gibco Cat. No.: 10270106, USA) and 50 units/ml of penicillin and 50 μg/ml 

of streptomycin(Gibco Cat. No.: 15070-063, USA) at pH7.2. HONE-1, HK-1 and 

293T were cultured in DMEM medium (Gibco Cat. No.: 12100061, USA), with 

the supply of 10% FBS (Gibco Cat. No.: 10270106, USA) and 1% of PS at pH 

7.2-7.4.  HPMEC (Sigma Cat. No.:12282, USA) was cultured in M199 medium 

(Sigma Cat. No.: M2520, USA), with heparin sulphate, EGF and 10% FBS.  Cells 

were all kept in a CO2 incubator at a condition of 37oC and 5% carbon dioxide. 
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2.3 Treatment of ICG-001 on Cells 

Cells were seeded onto 35mm culture dishes or T25/T75 culture flasks, 

depending on the number of cells needed.  The cells were allowed to grow for 

three days.  ICG-001 containing medium was prepared by adding the stock 

solution of ICG-001 into freshly prepared medium, and then diluting to a working 

concentration of 10nM and mix well.  The drug-containing medium was used to 

replenish the medium in the culture flasks, on day 0 of the experiment.  Later on 

the third day or seventh day, the cells were used to perform other assays. 

2.4 Transfection with miRNA-134 precursor (pre-miRNA-134) 

Ten µg/ml of fibronectin in PBS were used to pre-coat a 35mm culture at 

4oC overnight before the transfection.  Next day, PBS was discarded.  Cells at a 

density of 1x105 were seeded onto the pre-coated 35mm culture dish.  After 

overnight incubation, the medium was replenished and transfection of miRNA 

oligonucleotides with Lipofectamine 2000 (Invitrogen, 2000) was performed.  

After 4 hours, the medium was replenished.  The cells were harvested for further 

investigation after 48 hours.  The miRNA-134 precursor (P/N:AM17000; ID: 

AM20391) used in this study were obtained from Ambion, and the miRNA 

precursor negative control (AM17110) was also from Ambion. 
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2.5 Stable expression of miRNA-134 using Lenti-virus infection system 

 293T cells were seeded onto T25 culture flask for 48 hours.  Then, the 

medium was replenished.  Lenti-virus packaging and the target gene-expressing 

plasmid (i.e. miRNA-134-precursor-expressing-plvx vector, GFP or RFP) were 

transfected into the cell line 293T using Xtremegene transfection reagent (Roche 

Diagnostic).    The cells were then incubated for 2 days.  Subsequently, the lenti-

virus containing medium was harvested and stored at -80oC for further application.  

For the lenti-virus infection, cell lines were trypsinized and then mixed with the 

lenti-virus containing medium at a ratio of 1 : 1 in a culture flask, with the addition 

of polybrene.  After 6 hours, the medium was replenished.  Successful infected 

cells were selected by antibiotics Puromycin.  The stable expression of miRNA-

134 precursor was then introduced into NPC cell lines for further experiment. 
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Figure 2.1 | pLVX-EF1a-miRNA-134 vector  (Source: SnapGene Software) 
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2.6 Western blotting 

 ICG-001-treated or miRNA-134-transfected cells were lysed by lysis 

buffer containing 1% of NP40, 250mM of Tris, 150mM of NaCl, 0.25% of 

protease inhibitor and 1% of phosphatase inhibitor.  The lysates were then 

centrifuged at 14,000rpm for 15 minutes at 4oC.  Then, the supernatant was 

collected for protein concentration determination and Western blotting.  The 

protein concentration determination was conducted using the DC Protein Assay 

Kit (Bio-rad, USA).  After concentration determination, the protein samples were 

boiled with SDS containing buffer for 15 minutes and frozen immediately for 

protein denaturation and unfolding.  For the Western blotting, equal amount of 

protein samples was added to SDS-polyacrylamide gel for resolving. The resolved 

protein samples were then transferred to PVDF membranes (Millipore, USA).  

The membrane was then blocked by 5% of non-fat milk.  After 1 hour, the primary 

antibody was applied and then incubated for 1 hour.  Subsequently, secondary 

antibody and HRP-conjugated substrates were applied.  The protein bands were 

detected and analyzed by a gel imaging system ChemiDoc (Bio-rad, USA).  Table 

2.1 and Table 2.2 shows the primary and secondary antibodies used in this study. 
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Table 2.1 List of primary antibodies used 

Primary Antibody Band Size 

(kDa) 

Supplier and catalogue 

number 

4-integrin 140 Cell Signaling Technology 

(8440) 

5-integrin 150 Cell Signaling Technology 

(4705) 

β1-integrin 115, 135 Cell Signaling Technology 

(9699) 

β3-integrin 100 Cell Signaling Technology 

(13166) 

β4-integrin 210 Cell Signaling Technology 

(14803) 

β5-integrin 90 Cell Signaling Technology 

(3629) 

 

Table 2.2 List of Secondary antibodies used 

Secondary Antibody Supplier and catalogue number 

Goat anti-rabbit IgG (H+L) Invitrogen (656120) 

Goat anti-mouse IgG (H+L) Invitrogen (626150) 

 

2.7 3’UTR Luciferase Reporter Assay 

 To study the interaction between miRNA-134 and the 3’UTR of β1-

integrin mRNA, wild-type and mutant of β1-integrin 3’UTR luciferase reporter 
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(50ng) along with miRNA-134 mimic (Pre-miRNA-134) or miRNA mimic 

control were transfected into HONE-1 cells using Lipofectamine 2000 for 48 

hours.  The luciferase activities (Renilla) were measured using Luciferase Assay 

System with a microplate luminometer and using Firefly as a normalization signal.  

 

2.8 RNA extraction 

 Cytoplasmic RNAs was first extracted by TRIzol Reagent (Ambion).  

Phase separation using chloroform was performed according to the TRIzol 

protocol provided by the manufacturer.  Afterwards, isopropanol was added to the 

RNA sample to cause RNA precipitation.  The RNA precipitant was then washed 

twice by 75% ethanol and finally re-dissolve in DEPC water.  The RNA content 

was then determined by NanoDrop ND-1000 spectrometer (NanoDrop 

Technologies, USA). 
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2.9 Quantitative Real-time PCR 

 Total cellular RNA was firstly harvested.  Then, Taqman MicroRNA 

Reverse Transcription Kit (Applied Biosystems) was used to conduct reverse 

transcription, according to the protocol as provided by the manufacturer.  After 

the reverse transcription, Real-time PCR was performed by using Step One Plus 

Real-time PCR system using TaqMan 2X Universal PCR Master Mix (Applied 

Biosystems).  When preparing the mix, small nuclear RNA RNU6B was used as 

sample internal control.  The relative expression of target miRNA was calculated 

by 2-Ct Method (Livak et al., 2001). 

Table 2.3 List of TaqMan probes used 

Assay Name Assay ID 

miRNA-134 001186 

U6 001093 
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2.10 Cell adhesion Assay 

 To study the adhesion of NPC cells as an end point assay, NPC cells were 

firstly cultured in T25 flask for 3 days.  The cells were then treated with ICG-001 

or transfected with miRNA-134 as described in the Section 2.4 and 2.5 of the 

Materials and Methods.  Equal number of NPC cells (control and treatment) were 

then seeded onto a 96-well culture plate.  After 4 hours of incubation at 37oC, the 

cells in the culture plates were rinsed with PBS for 3 times.   Paraformaldehyde 

was added to each well to fix the adhered cells for 15 minutes.  Then, 0.5% of 

crystal violet solution was added to each well and shake for 1 hour at room 

temperature.  After shaking, the 96-well plate was washed with PBS for 3 times 

to wash away excessive crystal violet.  Afterwards, photos of crystal violet 

stained-cells were captured under bright field microscope.  For quantitative 

analysis, the crystal violet was dissolved in 10% ethanoic acid and the intensity 

of violet was measured using spectrometer. 
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2.11 Confocal Microscopy 

 C666-1, HONE-1 and HK-1 cells were initially grown on cover slips.  The 

coverslips  were then transferred to 35mm culture dishes and treated with ICG-

001 for 7 days as described in the Material and Methods.  Then, the medium was 

discarded and PBS was used to rinse the cells for three times.  The cell-containing 

35mm dished were then placed on ice bath.  Then, primary and secondary 

antibody were applied onto the slides.  Afterwards, the cells were fixed by DAPI 

containing Mountant (ProLong Gold Antifade Mountant, Thermofisher Cat. 

No.:P36930).  The confocal images of cells stained with DAPI, 5β1-integrin and 

Phalloidin were captured under confocal microscope (Olympus) at excitation 

wave length of 405, 495, 595nm, respectively.  The laser power of was 10%. 

 

2.12 Adhesion of NPC to lung endothelial cells 

 HONE-1 and Primary Human Pulmonary Microvascular Endothelial Cells 

(HPMEC) were used in the study.  HONE-1 was initially transfected with GFP 

expressing vector (for Green fluorescence), and HPMEC was transfected with 

RFP expressing vector (for red fluorescence) according to the Materials and 

Methods.  HPMEC was cultured in a gelatin (10%) -pre-coated-T25 flask for 5 

days for the cells to attain around 90% cell abundance.  Then, 2x105 of HONE-1 

cell pre-treated with ICG-001 were added to the T25 culture flask containing 

HPMEC and the cells were further incubated for 4 hours at 37oC.  Subsequently, 

PBS was used to wash away floating cells for three times.  Then, the images of 
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HONE-1 cells adhering to HPMEC were taken under microscope.  

   

2.13 Nude Mice Tumorigenicity Bioluminescence Assay 

 The in vivo bioluminescence assay was conducted on female athymic 

BALB/c/nu/nu nude mice (around 6 to 8 weeks old).  The mice were supplied by 

the Laboratory of Animal Unit of the University of Hong Kong and were kept in 

the animal house of the Hong Kong Baptist University.  The mice were housed in 

sterile systems with independent ventilation and provided sufficient free access of 

sterile water and food.  The luciferase-labelled NPC cells were first pre-treated 

with ICG-001, stable infection or transient transfection of miRNA-134 precursor.  

Then, the treated cells were trypsinized, resuspended in plain medium and injected 

into the mice intravenously at a cell number of 1x106 per nude mouse.  After 28 

days, the mice were anesthetized and luciferin were injected subcutaneously for 

the imaging using IVIS Lumina XR Small Animal Imaging System.  

2.14 Statistics 

 Data were expressed as mean ± standard deviation of three sets of 

independent experiments.  Student t-test was used to determine the level of 

significance, of which the p-value less than 0.05 was considered significant. 

  



27 

 

Chapter 3 – Effect of ICG-001 on the migration and 

adhesion of NPC cells 

3.1 Introduction 

 Early studies on the movement of fibroblasts on different types of 

extracellular matrix such as fibronectin and collagen indicated that adhesion 

dynamics could be applied to a wide range of cells, such as cancer cells 

(Lauffenburger et al., 1996).  There are mainly four types of surface adhesion 

molecules, namely, cadherins, integrins, selectins and Ig-superfamily-cell-

adhesion-molecules involved in the cell adhesion and cell migration (Janiszewska  

et al., 2020) (Figure 3.1.1).  In gist, the assembly and disassembly of the cell with 

extracellular matrix or other cells in the migration process are dependent on two 

factors, namely actin polymerization and myosin II-generated tension (Webb  et 

al., 2002).  For cancer cells to migrate, the initial step is to produce protrusion at 

the leading edge and form ligands with the extracellular matrix.  Such protrusion 

is a result of actin polymerization (Ponti et al., 2004).  Taking an integrin-

dependent migration as a model (Figure 3.1.2), nascent adhesion is initiated by 

the ligand formation of integrin and the extracellular matrix.  Subsequently, an 

adhesion complex involving talin, vinculin and α-actinin is formed for signal 

transduction and the linkage of actin filament.  When the adhesion is mature, 

tension between the adhesion complex and the actin filaments pulling the cell 

forward.   
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Figure 3.1.1 | Four main types of adhesion molecules. 

Source: Janiszewska M et al., 2020 
 

 

 

 

 

 

 

 

 

 

Figure 3.1.2 | Cell to ECM Adhesion on Integrin model. 

Source: Janiszewska M et al., 2020 
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The above-mentioned cell adhesion molecules are crucial to cancer 

development and metastasis.  For cancer cell to metastasize, it starts at local 

migration and invasion into blood vessels from the site of primary tumor, followed 

by the survival of cancer cells in the systematic circulation, and finally 

extravasation to a secondary site and adhere to tissues and proliferate (Bndas et 

al., 2012).  The process of migration and adhesion is thought to be important in 

metastasis.  Thus, both migration and adhesion of NPC cells was first studied in 

this study. 

Previous studies showed that miRNA-134 plays a vital role in regulating 

the migration and adhesion of breast and liver cancer cell lines. (Ahn et al., 2019, 

Su et al., 2014).   The inhibitory effect of miRNA-134 on the tumor cell migration 

and proliferation was attributed to the translational regulation of the expression of 

the KRAS mRNA (Su et al., 2014).  Further studies revealed that the inhibition of 

adhesion and metastasis is correlated with the regulation of expression of cell 

surface adhesion molecules such as the proteins of integrin family.  In the study 

of liver cancer cells, miRNA-134 was implicated as a master metastasis inhibitor 

by targeting the protein expression of β1-integrin (Ruopeng Zha et al., 2014). 

It has previously been reported in our laboratory that ICG-001 could 

inhibit the migration of the C666-1 NPC cells (CHAN et al., 2015).  Subsequent 

study found that the mechanisms of inhibition involved the restoration of miRNA-

150 and the subsequent down-regulation of the expression of CD44 (CHAN et al., 

2019).     In the preliminary studies, ICG-001 was found not only to restore the 
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expression of miRNA-150, but also the expression miRNA-134.  Based on all 

these observations, we hypothesize that ICG-001 may also regulate the NPC cells 

adhesion/migration and metastasis via the miRNA-134.    

To further establish the effect of ICG-001 on NPC, the first objective was 

to determine the effect of ICG-001 on the adhesion of various NPC cell lines, 

these included the EBV-positive C666-1, EBV-negative HONE-1 and HK-1 NPC 

cells.   The second objective was to determine the role of expression of miRNA-

134/ β1-integrin in ICG-001-treated NPC cells.  
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3.2 Results 

3.2.1 Effect of ICG-001 on the adhesion of NPC cells 

The effect of ICG-001 on the adhesion of various NPC cell lines (C666-, 

HONE-1 and HK-1 cells) was firstly determined in this study.  Crystal violet was 

used to stain the adhered NPC cells after ICG-001 treatment.  Results in Figure 

3.1 showed that ICG-001 could greatly inhibit the adhesion of NPC cells.  

 

3.2.2 ICG-001 inhibits adhesion of NPC cells to lung endothelial cells 

 In addition to the study of inhibition of adhesion to the plastic surface, the 

ability of ICG-001-treated NPC to adhere endothelial cells was examined.  

Primary Human Pulmonary Microvascular Endothelial Cells (HPMEC) were used 

in this study.  To facilitate the microscopic observation of the interaction, NPC 

cells were transfected with GFP expressing vector (produce green fluorescent 

signal) and HPMEC were transfected with RFP expressing vector (produce red 

fluorescent signal).   Results from the co-incubation assay (Figure 3.2)  clearly 

showed that the adherence of ICG-001 pre-treated HONE-1 NPC cells to HPMEC 

was greatly reduced, as judged from the reduced in the yellow signal (overlay 

images of HONE-1 and HPMEC cells).    Taken together, results from both Figure 

3.1 and 3.2 indicated that ICG-001 could inhibit the adherence NPC cells. 
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3.2.2 Effect of ICG-001 on the expression of miRNA-134 

Since ICG-001 could inhibit the adhesion of NPC cells, the expression of 

miRNA-134 after ICG-001 treatment was then determined.   NPC cells 

(including C666-1, HONE-1 and HK-1) were treated with ICG-001 for 3 days, 

quantitative PCR was then conducted to investigate the expression of miRNA-

134 in these cell lines.  Results in Figure 3.3 showed that the ICG-001 could 

increase the expressions of miRNA-134 in all three NPC cell lines.  The fold-

change of miRNA-134 in C666-1, HONE-1 and HK-1 was 2, 5 and 20-fold, 

respectively.    

3.2.3 ICG-001 down-regulated the expression of α5 and β1-integrin 

 Since ICG-001 may inhibit the adhesion of NPC cells by altering the 

expression of cell surface adhesion molecules, in the preliminary screening 

experiments, the expression of various integrins in ICG-001-treated NPC cells 

was examined by Western blot.    Results from Western blotting analysis clearly 

showed that the expression of α5 and β1-integrin was down-regulated at around 

34% in C666-1 cells, 16% in HONE-1 cells and 63% in HK-1 cells.   Two of the 

integrins, namely α5 and β1-integrin, were subsequently selected for further 

analysis.   
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3.2.4 Over-expression of miRNA-134 down-regulated β1-integrin 

 Recent genome-wide screening studies showed that over-expression of 

miRNA-134 could down-regulate the expression of β1-integrin (Zha et al., 2014).   

In NPC cells, results in Figure 3.3 and Figure 3.4A showed that ICG-001 could 

increase the expression of miRNA-134 and decrease the expression of β1-integrin.    

We hypothesized that β1-integrin might be the target of miRNA-134 in NPC cells.   

Gain-of-function experiment was then conducted to verify whether over-

expression of miRNA-134 could reduce the protein expression of β1-integrin in 

NPC cells in the previous studies and the results were presented.    NPC cells were 

transfected with miRNA-134 precursor and the expression of β1-integrin was then 

compared with the control NPC cells transfected with the miRNA-control.  

Results in Figure 3.4C clearly showed that the protein expression level of β1-

integrin in C666-1, HONE-1, and HK-1 was reduced by 65%, 18%, and 26%, 

respectively.   Results from these studies clearly established the relationship 

between the ICG-001-mediated restoration of expression of miRNA-134 and the 

downregulation of the cell adhesion protein β1-integrin. 

FAK is one of the integrin downstream signalling molecules.  In addition 

to the expression of β1-integrin, the expression of the β1-integrin downstream 

signalling molecule FAK was also examined.  With the exception of C666-1, the 

degree of reduction of the activated form FAK (p-FAK) in HONE-1 and HK-1 

was similar to that of the β1-integrin (Figure 3.4C).   This observation suggested 

that FAK might be the downstream signalling molecule involved in miRNA-
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134/β1-integrin in these two NPC cell lines.  The miRNA-134/β1-integrin 

downstream signalling was not further examined. 

 

3.2.5 β1-intergrin is a direct target of miRNA-134 

 Since miRNA-134 could decrease the expression of β1-integrin in NPC 

cells, a luciferase reporter assay was then used to verify that β1-integrin is a direct 

target of miRNA-134 in NPC cell lines.   HONE-1 NPC cells were transfected 

with pGLO plasmid with the wild type β1-integrin 3’UTR.  Control groups were 

NPC cells transfected with plasmid alone (negative control), or plasmid carrying 

mutant β1-integrin 3’UTR (negative control), or miRNA-134 sensor (positive 

control).   Results clearly showed that the luciferase signal was significantly 

reduced only in cells transfected with the wild-type β1-integrin 3’UTR or the 

miRNA-134 sensor.   Results from this study clearly demonstrated that β1-

integrin is a direct target of miRNA-134 in NPC cells. (Figure 3.5) 
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3.2.6 ICG-001 inhibited the expression of α5β1-integrin and disrupted the 

actin network 

 Since ICG-001 upregulates miRNA-134 and downregulates β1-integrin, 

confocal microscopy was conducted to visualise the subcellular localization of β1-

integrin (and also its associated molecule 5-integrin) in ICG-001-treated NPC cells.  

All three NPC cell lines were examined in this study.  The cells were stained with anti-

5β1-integrin antibody (Green signal).  This antibody is specific to the conformational 

epitope form between 5-integrin and β1-integrin.  The cells were also co-stained with 

fluorescent dye-tagged Phalloidin (Red signal).  This is a selective dye used for the 

staining of F-actin filaments.    

Results in Figure 3.6 showed the staining pattern of 5β1-integrin in the three NPC 

cell lines.   The presence of positive immunostaining (green signal) in all three 

untreated NPC cell lines indicated that β1-integrin form complex with 5-integrin in 

NPC cells.   When the confocal images of 5β1-integrin staining overlayed with 

phalloidin staining (Merged), some 5β1-integrin was found to associate F-actin 

(Yellow signal), indicating that some 5β1-integrin might associate with actin for the 

signalling transduction.   After ICG-001 treatment, the level of 5β1-integrin complex 

in all three NPC cell lines was reduced (as judged by the reduced in green signal).  

Interestingly, the formation of actin filament (Red signal) was also reduced accordingly 

with the reduced level of 5β1-integrin.    
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3.3 Discussion 

 ICG-001 is a specific CBP antagonist that can inhibit the interaction 

between CBP and β-catenin, and subsequently promote the interaction between 

p300 and β-catenin for tumor cell differentiation (Logan et al., 2004).  The 

activation of p300/CBP pathway resulted in a dynamic change in the expression 

of microRNA, such as miRNA-630 in gastric cancer (Li et al., 2018) and miRNA-

150 in NPC (Chan et al, 2019), to reduce the migratory activity of cancer cells.  

In this study, the miRNA-134/β1-integrin axis was studied.  The endogenous 

expression level of miRNA-134 in various types of cancer cells has been found to 

be down-regulated (Wang et al., 2019).  MiRNA-134 is significantly up-regulated 

by the treatment of ICG-001.  To validate the individual effect of miRNA-134, by 

transfecting miRNA-134 precursor into NPC cells, direct relation between 

miRNA-134 and the migratory activity of cancer cells is established.  Transient 

over-expression of miRNA-134 has successfully yielded a similar reduction on 

the migratory ability of NPC cells when compared to the treatment of ICG-001. 

 MiRNA-134 has been reported to function as a tumor suppressor gene in 

gastric cancer (Qiu et al., 2016).  Numerous previous findings suggested that 

miRNA-134 is of great investigational value as it has been reported to be involved 

in a lot of signalling pathway targeting a large number of functional proteins, for 

example, KRAS in glioblastoma (Zhang et al., 2014), ERK1 and ERK2 in lung 

cancer (Chen et al., 2015), and RAB27A in ovarian cancer (Chang et al., 2017).  

In the present study, investigation was mainly focused on the miRNA-134/β1-
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integrin axis as β1-integrin.  We found that ICG-001 could up-regulate the 

expression of miRNA-134, causing an inhibition on β1-integrin as well as the 

phosphorylation of FAK and eventually inhibiting the nascent adhesion and 

migration of EBV-negative HONE-1 and HK-1 NPC cells.      

 

Using confocal microscopy, it was clearly indicated that β1-integrin 

formed heterodimer with α5, as the antibody is specific only for the epitope form 

between α5 integrin β1-integrin.   The green signal of α5β1-integrin was greatly 

reduced after ICG-001 treatment.  Also, the F-actin network of the NPC cells was 

also disrupted as judged from the disappearance of red fluorescent signal.  Focal 

adhesion points were nearly not observed.   α5β1-integrin has previously been 

demonstrated to interact with its specific matrix material (e.g. fibronectin) and 

perform signal transduction for actin polymerization.  An adhesion ‘clutch’ 

performed by α5β1-integrin actually forms between actin filaments and the 

extracellular matrix, where the efficiency of the linkage determines the adhesion 

tension and also the cytoskeleton (Vicente-Manzanares et al., 2009).  A down-

regulation in integrin is interpreted as a reduction in those ‘clutches’, leading to a 

decrease in the efficiency of actin filament linking to the extracellular matrix, and 

hence inhibit the cell adhesion. 

 

The adhesion and migratory ability of NPC cells is crucial in the progress of 

metastasis.  When motile cancer cells localise in a distal tissue or organ, they start 

with adhering to the target tissues (e.g. lung).  While ICG-001 plays a vital role 
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in inhibiting the adhesion of cells through the miRNA-134/β1-integrin axis, they 

are of great potential to act as a specific therapeutic agent.  In order to further 

understand the inhibitory effect of ICG-001 on NPC, the ability of NPC cells to 

migrate (metastasis) to other tissues was further examined.   Results are presented 

in Chapter 4.    
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Figure 3.1 | ICG-001 inhibits the adhesion of NPC cell lines 

C666-1, HONE-1 and HK-1 cells were pre-treated with 10 M of ICG-

001 for three days.  Cells were then allowed to attach in wells of 96-well plate 

for 4 hours.  Unattached cells were washed away and the remaining cells were 

stained with crystal violet.  The representative bright field images of crystal 

violet-stained cells were captured.   Scale bar:  20 m 

20µm 

20µm 

20µm 

20µm 

20µm 20µm 
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Figure 3.2 | ICG-001 inhibits the adhesion of NPC cells to HPMEC cells 

 2x105 of ICG-001-treated HONE-1 cells were incubated with HPMEC 

in T25 flasks.  The cells were then incubated for 4 hours at 37oC.  Subsequently, 

the cell monolayer was rinsed with PBS three times to remove the floating cells.  

Then, the photos of HONE-1cells adhering to HPMEC were taken under 

microscope.  (Scale Bar: 50μm) 
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Figure 3.3 | ICG-001 up-regulates the expression of miRNA-134 in various 

cell lines 

 C666-1, HONE-1 and HK-1 cells were treated with 10 M of ICG-001 

for 3 days.  After the incubation, total RNA was prepared and qualitative PCR 

was performed to determine the expression levels of miRNA-134.    (* : p-value 

< 0.05, **: p-value <0.005) 

  

** 
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Figure 3.4 ICG-001 inhibits the protein expression of a5 and β1-integrin in 

various NPC cell lines 

(A and B) NPC cells were treated with 10M of ICG-001 for 3 to 7 days.  

(C) NPC cells were transfected with miRNA-134 precursor or miRNA-

control precursor in previous studies.  Total cell lysate was collected 3 

days after transfection.  The protein expression levels of α5-integrin, β1-

integrin, and p-FAK were determined by Western blot.     
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Figure 3.5 | β1-integrin is a target of miRNA-134 

Relative luciferase activity assays were conducted by transfecting pGLO 

plasmid coding the wild type β1-integrin 3’UTR, mutant β1-integrin 3’UTR 

(negative control) and miRNA-134 sensor (positive control) into HONE-1 cells.  

Renilla luciferase vector was co-transfected into HONE-1 cells as an internal 

control.  Only the luminescence signal of wild type β1-integrin 3’UTR and 

miRNA-134 sensor were inhibited.    
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Figure 3.6 | Confocal images of a5β1-integrin in ICG-001-treated NPC cells 

 C666-1, HONE-1 and HK-1 cells were pre-treated with 10 M of ICG-

001 in a 35mm culture dish for 7 days.  The cells were then stained with primary 

and secondary antibody at 4C.    Afterwards, the cells were fixed by DAPI 

containing fixation gel.  The images of treated cells were captured using 

confocal microscope.  DAPI (Blue); α5β1-integrin (Green) and Phalloidin 

(Red).   (Scale bar: 10μm) 
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Chapter 4 – ICG-001 suppressed the metastasis of NPC 

in the nude mice 

4.1 Introduction 

 Investigation concerning metastasis is crucial to cancer therapy as over 

90% of cancer deaths were caused by metastasis but not by primary tumour (Riggi 

et al., 2018).   For metastasis to occur, cancer cells have to dissociate from the 

original  bulk tumor mass, invade through tissues to enter the blood stream, and 

finally colonize to the distal tissues.  (Beans et al., 2018)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1.1 | Metastasis Process   

(Source: Mohammadalipour et al., 2017) 
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In NPC, most of the previous research was mainly focused on defeating 

the primary tumour by chemotherapy, radiotherapy or surgery.  Although primary 

NPC can be successfully treated by radiotherapy, the control of recurrent and 

distant metastasis is still a major concern.   Figure 4.1.2 shows the abundance and 

location of distant metastasis NPC.   

 

Figure 4.1.2 | Distant Metastasis Location of NPC and their abundance 

(Source: Indrasari, Sagung, 2018) 

Furthermore, the mechanisms of NPC metastasis have not been fully 

examined.   Previously study by Chan and co-workers in our laboratory (CHAN 

et al., 2015) showed that ICG-001 could inhibit the growth of NPC tumor spheres 

by restoring the expression of tumor suppressive miRNA-145.  Subsequent study 

found that ICG-001 could also inhibit the migration of NPC cells via the 

upregulated expression miR-150 and the subsequent down-regulated expression 

of CD44 on the surface of NPC cells (CHAN et al., 2019).   Since miRNAs have 

been implicated in the regulation of tumor cell migration and metastasis (Chen et 
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al., 2011, Yang et al., 2020, Peng et al., 2020), and the tumor cell migration and 

metastasis is a complicated events involving multiple cell surface components, 

we further evaluate the role of ICG-001-mediated expression of miRNA in the 

metastasis of NPC cells.  In Chapter 3, ICG-001 was found to inhibit the 

adherence of NPC, and the effect was accompanied with the upregulated 

expression of miRNA-134 and the down-regulation of the miRNA-134 target 

protein β1-integrin.  These in vitro findings support the further investigation on 

the effect of ICG-001 on the in vivo metastasis of NPC.   However, a suitable 

mouse model equivalent to the metastasis of NPC cells in human is not available.  

In this part of the study, an alternative i.v. injection model (widely used in the 

NPC research community) was adopted (Hung et al., 2019).   ICG-001 pre-treated, 

stable or transient miRNA-134-over-expressed NPC cells were injected 

intravenously into nude mice.  Four weeks after injection, mice were anesthetised 

and 100 l of D-Luciferin firefly potassium salt solution at a concentration of 

30mg/ml was intraperitoneal-injected into mice.  The tumor was then observed by 

bio-luminescence and the relevant signal intensities were measured and quantified.    

Results from the present study will provide information on the effect of ICG-001 

and miRNA-134-overexpression on the metastasis of NPC cell in vivo.     
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4.2 Results 

4.2.1 Metastasis of ICG-001 treated NPC in mice after IV injection 

 Luciferase-labelled HONE-1 cells were firstly pre-treated with ICG-001 

for 7 days.  Then, pre-treated cells were intravenously injected into the blood 

circulation of mice.  After 28 days, bioluminescence imaging was conducted to 

visual the degree of fluorescent signals in the mice.  Results in Figure 4.1 showed 

that the fluorescent signals in mice injected with ICG-001-treated NPC cells was 

4-fold lower than the control mice. 

 4.2.2 Metastasis of NPC cells with stable over-expression of miRNA-134  

 Luciferase-labelled HONE-1 cells were first transfected with miRNA-

134-presursor-containing pLVX vector.  At day-7 after transfection, the cells were 

intravenously injected into the blood circulation of nude mice.  After 28 days, 

bioluminescence imaging was conducted to judge the degree of metastasis of NPC 

in mice.  Results in Figure 4.2 showed that the signals from mice with miRNA-

134 stable over-expressing cells were lower that then control mice.    
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4.2.3 Metastasis of NPC cells with transient over-expression of miRNA-134  

Luciferase-labelled HONE-1 cells were first transfected with miRNA-

134-presursor.  At day-7 after transfection, the cells were intravenously injected 

into the blood circulation of nude mice.  After 28 days, bioluminescence imaging 

was conducted to judge the degree of metastasis of NPC in mice.  Results in Figure 

4.3 showed that the signals from mice with transient over-expression of miRNA-

134 were lower than that of the control mice. (Figure 4.3) 
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4.3 Discussion 

 Chemotherapy and radiotherapy are the treatment modalities commonly 

used to treat NPC, however, treatment failure may result in distal metastasis (Li 

et al., 2015).  Metastasis is a complex event involving the migration of tumor cells 

from the bulk tumor, through the blood circulation, to the target organs.   

Interaction (e.g. adhesion) between tumor cells and endothelial cells is a 

prerequisite for the tumor to migrate out from the bulk tumor to blood circulation, 

or from the blood circulation to the target tissue.  Hence, modulation of the 

expression of tumor cell surface adhesion molecules might be a strategy to 

interrupt the process of metastasis.    In Chapter 3, ICG-001 was found to inhibit 

the adhesion of NPC cells not only to fibronectin coated surface, but also to 

HPMEC.   In this Chapter, the ability of ICG-001-treated NPC cells to migrate 

and form tumor in the lung tissue was evaluated.     

   ICG-001 has been reported to exert anti-carcinogenic effects on cancers.  

The migration and invasion has been shown to be inhibited in gastric cancer cells 

by in vitro assays and inhibition in the tumor growth has also been reported using 

mouse models (Liu et al., 2017).  In addition, small molecule ICG-001 was more 

often associated with chemo-resistance.  Certain chemo-resistance gene in gastric 

cancer cells (i.e. ABCC1, ABCC2, ABCC3, ABCC4, ABCC5, ABCC6 and 

ABCG2) were found to be reduced after the treatment of ICG-001 (Liu et al., 

2017).  Previous study also revealed that the combination of ICG-001 and 

cisplatin could exert significant suppression in the tumor growth (CHAN et al., 
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2015).  In this study, on top of the mentioned novel effects of ICG-001, a Tail 

Vein Injection Mouse Xenograft Model was adopted to illustrate the effect of 

ICG-001 on the metastasis of NPC cells into the lung region.  It was found that 

the degree of NPC tumor formation of NPC cells with stable or transient over-

expression of miRNA-134 is lower than the control cells.  The degree of inhibition 

in metastasis is similar to the NPC cells with ICG-001 pre-treatment.  This result 

is in agreement with the observation reported in Chapter 3 that ICG-001 up-

regulate the expression of miRNA-134 and inhibit the adhesion of NPC cells with 

endothelial cells.   

 MiRNA-134 has been shown to associate with the progression of different 

types of cancer.  In breast cancer, miRNA-134 has been shown to inhibit the 

growth, migration and metastasis in breast cancer cell lines.  By statistical analysis, 

a low expression level of miRNA-134 was greatly associated with lymph node 

metastasis in breast cancer (Su et al., 2017).  Reported as a therapeutic agent of 

melanoma, miRNA-134 was found to suppress proliferation, promote apoptosis 

and inhibit migration, invasion and metastasis of melanoma cell lines by 

negatively regulating collagen triple helix repeat containing-1 (CTHRC1) (Li et 

al., 2018).  In Oesophageal Squamous Cell Carcinoma (ESCC), over-expression 

of miRNA-134 could result in the blockage of MAPK signalling pathway through 

the down-regulation of the expression of PLXNA1 gene and eventually inhibit the 

migration, invasion and tumor metastasis in vitro and in vivo (Wang et al., 2019).  

The progression of cervical cancer has also been proved to associate with the low 

expression level of miRNA-134 when compared to the adjacent tissue near the 
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tumor bulk (Huang et al., 2019).    

In view of the above findings, ICG-001 and miRNA-134 are a novel 

therapeutic agent to tackle with the metastasis of NPC disease.     
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Figure 4.1 | ICG-001 inhibits the metastasis of NPC cells in mice  

 

 Luciferase-labelled HONE-1 cells were first pre-treated with 10 µM of 

ICG-001 for 7 days.  Then, 1x107 number of pre-treated cells were intravenously 

injected into the blood circulation of mice.  After 28 days, bioluminescence 

imaging was conducted to visual the degree of metastasis of NPC in the mice.   
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Figure 4.2 | Stable over-expression of miRNA-134 inhibits the metastasis of 

NPC in mice  

 

 Luciferase-labelled HONE-1 cells were first transfected with 

miRNA-134-presursor-carrying pLVX vector for 7 days.  1x107 number of pre-

treated cells  were then intravenously injected into the blood circulation of mice.  

After 28 days, bioluminescence imaging was conducted to visual the degree of 

metastasis of NPC in the mice.   
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Figure 4.3 | Transient over-expression of miRNA-134 inhibits the metastasis 

of NPC in mice 

 

Luciferase-labelled HONE-1 cells were transfected with miRNA-134-

presursor and cultured for 7 days.  Then, 1x107 number of pre-treated cells were 

intravenously injected into the blood circulation of mice.  After 28 days, 

bioluminescence imaging was conducted to visual the degree of metastasis of 

NPC in the mice.   
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Conclusion 

 In the first part of the study, the Wnt modulator ICG-001 was found to 

inhibit the adhesion of NPC cell lines C666-1, HONE-1 and HK-1.   ICG-001 

could upregulate the expression of miRNA-134 in the above mentioned NPC cell 

lines.   Over-expression of miRNA-134 by miRNA-precursor could exert similar 

inhibitory effect on the adhesion of NPC cells.  β1-integrin was confirmed to be 

a direct target of miRNA-134, and over-expression of miRNA-134 was confirmed 

to inhibit the protein expression of β1-integrin.  The over-expression of miRNA-

134 and down-regulation of β1-integrin caused a significant inhibition in the 

adhesion ability in the NPC cells.  Through Confocal microscopy, it was clearly 

observed that ICG-001 could inhibit the expression of α5β1-integrin, and the 

effect was accompanied with the disruption of the F-actin network in NPC cell 

lines C666-1, HONE-1 and HK-1.  Further studies revealed that ICG-001 could 

inhibit the adhesion of NPC cells not only to fibronectin coated surface, but also 

to HPMEC. 

 In the second part of the study, Tail Vein Injection Mouse Xenograft 

Model was used to investigate the metastasis of NPC cells.  Adhesion of NPC 

cells to the lung tissue is crucial to the metastasis of NPC cells, before the cells 

could localize and proliferate in the lung region.  Pre-treatment of ICG-001 or 

over-expression of miRNA-134 could inhibit the metastasis of NPC cells in mice.   

 Taken together, the use of CBP antagonist ICG-001 for the treatment of 

NPC warrant further investigation. 
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Future Perspectives 

 

 In the present study, the effect of ICG-001 treatment on the biological 

functions of miRNA-134 / β1-integrin axis was established.  The integrin-

dependent adhesion functions as a whole unit of αβ protein heterodimers.  In the 

preliminary screening, over-expression of miRNA-134 by miRNA-precursor was 

also found to reduce the expression of α5 integrin.  However, the mechanism 

involved of down-regulation of expression of α5 integrin is unknown and needed 

to further be investigated.   

As illustrated by the confocal microscopy, the F-actin network has been 

totally disrupted.  By studying the cytoskeleton dynamics and the down-stream of 

β1-integrin and focal adhesion kinase (FAK), the mechanism involved to impair 

the actin networks should be examined.  Moreover, an adhesion complex 

involving talin, vinculin and α-actinin is formed for the signal transduction of the 

integrin and the linkage of actin filament (Webb et al., 2002), investigation could 

be carried out on the signalling cascade. 

 In the present study, only HONE-1 cells were used in the animal studies.  

Other cell lines such as EBV-positive C666-1 and HK-1 should also be developed 

to investigate the influence of EBV latency in the development of tumour as well 

as metastasis.  Immunohistochemistry blotting should be conducted on the 

xenograft to study the co-localization of miRNA-134 and α5β1-integrin in order 

to fully establish their relations. 
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 For the Tail Vein Injection Mouse Xenograft Model, pre-treatment of 

ICG-001 and over-expression of miRNA-134 (both transient and stable) has been 

completed.  To fully investigate the effect of ICG-001 and the miRNA-134/β1 

axis, the Xenograft model should be conducted using an NPC cell line with β1-

integrin knocked down.  Furthermore, it would be beneficial to the study of 

integrin by also using α5-integrin knocked down on the xenograft study. 

 Previous screening on the integrin family provided us with the preliminary 

data on the effect of ICG-001 on the expression of different αβ sub units of 

integrins.  Further studies should be conducted to dig into the influences of Wnt 

signalling pathway on the expression of integrins.   
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