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Abstract 

Ovarian cancer (OC) is the fifth most lethal gynaecologic malignancy in the UK. At the advanced 

stages (III and IV), there are peritoneal or distant metastases outside the peritoneal cavity, and the 

5-year survival rate is less than 35%. Therefore, it is essential to identify the mechanisms controlling 

OC metastasis to prevent it. The extracellular matrix (ECM) is a dynamic structure which is 

remodelled under both normal and pathological conditions by modifying enzymes. Changes in the 

composition and structure of the ECM were previously detected in several types of tumours, 

including ovarian carcinoma. ADAMTS5 (a disintegrin and metalloproteinase domain with 

thrombospondin motifs 5) is a member of the ADAMTS family of proteases involved in ECM 

degradation. Previously, high ADAMTS5 expression was found to correlate with reduced overall 

survival in OC patients. Additionally, the expression of the ADAMTS5 substrate versican has also 

been shown to be upregulated in OC metastasis. However, the role of ADAMTS5 in OC progression 

remains unclear.  

 

Here I showed that ADAMTS5 expression is promoted in OC cells over-expressing the small GTPase 

Rab25 grown on 3D matrices, through a NF-κB dependent mechanism. We also found that 

ADAMTS5 inhibition and knockdown strongly reduced Rab25-dependent OC cell migration and 

invasion through 3D matrices. Furthermore, when in co-culture with cancer-associated fibroblasts, 

OC cells showed increased 3D invasion, which can be suppressed by ADAMTS5 downregulation. 

Altogether, this research investigated the upregulation mechanism of ADAMTS5 and demonstrated 

the tumour-promoting role of ADAMTS5 in OC, which could be considered a potential therapy target 

for OC metastasis. 
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Chapter 1 – Introduction 

1.1. Ovarian cancer  

1.1.1. Epidemiology 

Ovarian cancer (OC) has been one of the top 5 lethal cancers among females worldwide in the past 

decade. In 2020, OC became the third most common gynaecological malignancy globally (Sung et 

al., 2021). The overall 5-year survival rate of patients is less than 35%, and the overall incidence rate 

of OC during a woman's lifetime is approximately 1.3% (Fotopoulou et al., 2017, Torre et al., 2018). 

Although there was a decreased overall occurrence and mortality rate among women all over the 

world, the incidence of OC among younger females was remarkably increased over the past decade 

(Huang et al., 2022b). One of the outstanding reasons that leads to patients’ death is late-stage 

diagnosis. About 70% of OC patients were diagnosed at the advanced stage (Cho and Shih, 2009). In 

the early stages, the 5-year survival rate of OC patients is higher than 70%. However, in the advanced 

stages in the presence of peritoneal metastasis or distant metastasis outside of the peritoneal cavity, 

the 5-year survival rate is less than 30% (Bhatla and Jones, 2018).  

 

The family history of breast cancer and OC is one of the main risk factors for OC, which is associated 

with the heritable mutation of Breast Cancer 1 (BRCA1) and 2 (BRCA2) genes. Other risk factors 

include ageing, nulliparity, hormone replacement therapy, menopause, overweight and smoking 

(Salehi et al., 2008, Huang et al., 2022b). There are also protective factors for OC, such as the usage 

of oral contraceptive pills, pregnancy and hysterectomy with tubal ligation (Fotopoulou et al., 2017). 

 

1.1.2. Ovarian cancer subtypes and genetic features 

OC can be classified into endothelial ovarian cancer (EOC), which accounts for 90% of the OC cases, 

and non-endothelial ovarian cancer (NEOC), which includes sex-cord stromal and germ cell tumours 

(Cho and Shih, 2009, Cheung et al., 2022). EOC can be further divided into four subtypes based on 

the histological features, which are serous, endometrioid, clear cell and mucinous carcinoma. These 

sub-types can then be classified into low-grade (Type I) and high-grade (Type II) based on the grading 

system established by the International Federation of Gynaecology and Obstetrics (FIGO) (Cho and 

Shih, 2009). As a vastly heterogeneous and complex malignancy, OC does not simply describe a 
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carcinoma that developed from ovarian tissues. Instead, it is a term for a series of diseases that are 

induced by distinct molecular and etiological factors localised at a similar anatomical location 

(Figure 1.1) (Vaughan et al., 2011). For example, most of the invasive mucinous OCs were identified 

as ovary metastasis from other primary cancers, including colon and gastric cancer. The occurrence 

of endometrioid and clear cell OC was found highly associated with endometriosis. High-grade 

serum ovarian cancer (HGSOC) is the most common and lethal subtype of OC, which accounts for 

68% of overall OC cases and is responsible for 70%-80% of patients’ deaths (Koshiyama et al., 2017, 

Bowtell et al., 2015). In addition to arising from ovarian surface epithelium, relatively high cases of 

HGSOC were derived from the secretory epithelial cells of the fallopian tubes (Vaughan et al., 2011, 

Bowtell et al., 2015).  

 

 

Figure 1.1. EOC subtypes are derived from different tissues. Most of the invasive mucinous were found to 

be metastases from other cancers, such as gastric and colon cancer, to the ovary. Endometriosis was found 

highly associated with the rise of endometrioid and clear cell carcinoma. HGSOC occurs in the ovary or 
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fallopian tube from the epithelial cells. The figure was adapted from (Vaughan et al., 2011) and made with 

items adapted from Servier Medical Art. 

 

It is common knowledge that tumour development is a result of accumulated genetic changes, 

caused by the mutation of oncogenes and tumour suppressor genes. Apart from the different 

occurrence locations, the genetic and molecular features of OC subtypes were also varied. TP53 is 

one of the most commonly mutated genes in HGSOC, which was identified in nearly 80% of the 

cases (Koshiyama et al., 2017). The mutation of TP53 was found at the early stage of HGSOC and 

shown to contribute to the progression of the disease (Leitao et al., 2004). As a factor that regulates 

the cell cycle and mediates apoptosis upon non-repairable DNA damage, TP53 mutation leads to 

genomic instability and mutation accumulation (Vousden and Lane, 2007). BRCA1/2 is another 

common mutated oncogene in HGSOC. Although germline and somatic mutations of BRCA1/2 were 

detected in only about 20% of the patients, they were found associated with over 90% of hereditary 

HGSOC cases, contributing to the higher family disease risk (Eoh et al., 2020, Koshiyama et al., 2017). 

Mutation of BRCA1/2 is the leading cause of homologous repair deficiency (HRD) in HGSOC (Bonadio 

et al., 2018). An overactivated phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/mammalian 

target of rapamycin (mTOR) signalling pathway was also detected in approximately 70% of HGSOC 

patients, which resulted in dysregulated cell growth and apoptosis (Li et al., 2014). Activation of the 

PI3K pathway in OC is caused by the mutation of multiple signalling elements, such as mutation of 

PIK3CA (the gene that encodes the p110 subunit of PI3K), loss of phosphatase and tensin homolog 

(PTEN) and deregulation of AKT. In HGSOC, PIK3CA, PTEN and AKT mutation rates are lower 

compared to endometrioid and clear cell subtypes of EOC (Li et al., 2014). Alternatively, the 

overactivation of the PI3K signalling pathway in HGSOC is due to the altered gene amplification and 

DNA copy numbers (Cheaib et al., 2015). Additionally, the mutation rate of the mitogen-activated 

protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) signalling pathway in HGSOC is 

relatively low compared to the low-grade serous ovarian cancer (LGSOC) (Cho and Shih, 2009). 

However, the dysregulation of this pathway caused by neuroblastoma rat sarcoma viral oncogene 

homolog (NRAS) mutation was also found to promote the progression of HGSOC (Chen et al., 2016b).  

 

Unlike HGSOC, patients with LGSOC rarely have TP53 and BRCA1/2 mutations, while the 

upregulation of MAPK/ERK pathway was highlighted (Cho and Shih, 2009). Mutations of Kirsten rat 
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sarcoma viral oncogene homolog (KRAS) and v-raf murine sarcoma viral oncogene homolog B1 

(BRAF) were identified in over 70% of the LGSOC patients, which are mainly responsible for the 

dysregulation of the MAPK pathway (Vaughan et al., 2011). Additionally, NRAS mutation was also 

found in LGSOC patients and resulted in the dysregulation of the MAPK pathway (Manning-Geist et 

al., 2022). The altered MAPK signalling pathway in LGSOC was found to promote cancer cell survival 

and micropapillary growth. It was recently found to also contribute to the stromal invasion of LGSOC 

(Hollis et al., 2023).  

 

The rate of endometrioid and clear cell OC is higher among Asian women for unclear reasons (Torre 

et al., 2018). AT-rich interaction domain 1A (ARID1A) is the most frequently mutated tumour 

suppressor gene in clear cell and endometrioid OC, which was found associated with early-stage 

progression from endometriotic epithelium (Ayhan et al., 2012). Other most identified mutated 

genes in these two OC subtypes include PIK3CA/PTEN. PIK3CA mutation was detected in 

approximately 20% of clear cell and endometrioid OC cases, and PTEN deficiency was detected in 

14-21% of endometrioid OC and 8% of clear cell OC (Cho and Shih, 2009). The mutation rate of TP53, 

KRAS and BRAF were detected in patients with clear cell and endometrioid OC, but the ratio is 

relatively low compared to other subtypes (Cho and Shih, 2009).  

 

Due to the remarkably different gene mutation features in different OC subtypes, the oncogenesis, 

development and progression are also varied between these subtypes, leading to different targets 

for diagnosis and therapeutic methods. It is also important to distinguish the subtypes carefully 

during OC research.  

 

1.1.3. Progression and metastasis. 

The clinical staging of OC is based on the FIGO staging guidance, which was established in 1988 and 

most recently updated in 2014 (Table 1.1) (Prat, 2014). OC patients diagnosed at early stages (Stages 

I and II) show remarkably better survival than those diagnosed at advanced stages (Stages III and 

IV). When diagnosed at stages I and II, the 5-year overall survival rate of EOC patients are 90% and 

70% respectively (Bhatla and Jones, 2018). However, when the tumour shows peritoneal metastasis 

at stage III or further metastasis outside of the peritoneal cavity at stage IV, the overall survival rate 
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is dramatically reduced to 39% and 17%. Unfortunately, most of the OC are diagnosed at the 

advanced stages, which made OC one of the most lethal cancers in the world (Cho and Shih, 2009).   

 

Table 1.1 FIGO 2014 staging for cancer of the ovary, fallopian tube, and peritoneum. 

 

 

The activation of tumour cell invasion and metastasis is an important hallmark of cancer, which 

reflects advanced-stage carcinomas with higher pathological grades (Hanahan and Weinberg, 2011). 

In OC, the most common way of metastasis is the passive dissemination of tumour cells via 

peritoneal fluid, which results in the development of a secondary tumour on the peritoneum and 
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the omentum (Figure 1.2) (Sorensen et al., 2009). However, increasing evidence indicates that 

metastasis through blood vessels is another critical mode of ovarian tumour spread (Lengyel, 2010, 

Zong and Nephew, 2019). In Sood’s lab, a parabiosis mouse model was established to demonstrate 

the hematogenous metastasis of OC (Pradeep et al., 2014). Briefly, the skin of two female nude mice 

was surgically anastomosed to establish a common circulation, while the abdominal cavities of these 

paired mice were not connected. Then, the OC tumour cells were injected into the peritoneal cavity 

of one mouse (the host mouse). As a result, the tumour development and metastasis were observed 

in the other mouse (the guest mouse). Additionally, staining of the blood and lymphatic vessels from 

the connected skin tissue showed that the paired mice shared only hematogenous but not lymphatic 

systems. This indicated that apart from peritoneal dissemination, OC cells can also spread through 

the hematogenous system. Based on clinical observations, serous OC progresses quickly within the 

peritoneal cavity but rarely metastasizes outside of it until advanced stage IV (Redman et al., 2011, 

Lengyel, 2010). Before initiating the metastasis cascade, OC cells undergo an epithelial-to-

mesenchymal transition (EMT), decreasing cell-to-cell and cell-to-matrix adhesion, and starting 

invasion. The single cancer cells or the spheroids then spread through ascites, arrive at the omentum 

and attach to the mesothelial layer through interaction with cell surface receptors, such as integrins 

and cluster of differentiation 44 (CD44) (Zong and Nephew, 2019). The cancer cells then further 

invade through the mesothelial layer and form secondary tumours. The angiogenesis process also 

happens to support secondary tumorigenesis and growth. Although it is relatively rare, especially at 

the early stages of metastasis, the OC cells can also invade or spread through the lymphatic system 

(Sundar et al., 2006). 
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Figure 1.2. Metastasis feature of OC. The omentum is the primary metastasis site of OC. Passive 

dissemination through the peritoneal fluid is the main way of OC metastasis. OC cells can also invade the 

blood vessels and spread through the circulation system.  

 

1.1.4. Diagnosis and treatment. 

Late diagnosis is one of the leading causes of high OC mortality. Over 70% of the OC patients were 

diagnosed at stage III or stage IV and the metastasis is already present at the time of diagnosis (Cho 

and Shih, 2009). This is due to the lack of specific symptoms and reliable biomarkers for early 

diagnosis. OC symptoms such as pelvic or abdominal pain and persistent abdominal distension 

(bloating) are similar to the symptoms of irritable bowel syndrome (IBS) (Redman et al., 2011). 

Currently, there are no standardised screening tests for OC. Although biomarkers such as 

carbohydrate antigen 125 (CA125) and human epididymis protein 4 (HE4) have been wildly used in 
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OC detection, there is still controversy about their sensitivity and specificity, especially in early-stage 

OC diagnosis (Zhang et al., 2021, Zhang et al., 2022b). Alternatively, the Risk of Ovarian Malignancy 

Algorithm (ROMA) assay combined the serum CA125 and HE4 levels and menopausal status via a 

logistic regression model was shown to have better accuracy in OC early-stage detection, and has 

been approved by the Food and Drug Administration (FDA) as a diagnosis method of OC (Zhang et 

al., 2022b). So far, CA125 is still the most frequently used biomarker for OC screening. Other 

biomarkers with higher accuracy and efficiency are still needed for the early detection of OC. 

Additionally, lavage of the uterine cavity can be used to collect the tumour cells shed from ovarian 

neoplasms and the tumour-specific mutations can be identified through next-generation 

sequencing in the collected cells (Maritschnegg et al., 2015). As a potential tool that can be used for 

OC diagnosis, this is now under investigation via a clinical trial (NCT02039388).  

 

The gold-standard method for OC therapy requires cytoreductive surgery followed by platinum 

chemotherapy. The surgery aims to remove all visible macroscopic tumours, which have been 

proven to be associated with better survival (Fotopoulou et al., 2017). Platinum-based 

chemotherapy is then required to treat the residual cancer cells, especially for patients at stage II-

IV. Chemotherapy agents such as Cisplatin and Carboplatin can form Cisplatin–DNA adducts in the 

nucleus of the cancer cells, which suppress DNA replication and transcription, arrest the cell cycle 

and induce apoptosis (Wang and Lippard, 2005). However, a high ratio of OC patients developed 

resistance to the chemotherapy, which brings challenges to OC therapy (Bowtell et al., 2015). 

Additionally, patients with BRCA1/2 mutation could be treated with poly ADP ribose polymerase 

(PARP) inhibitors, such as Olaparib, Rucaparib and Niraparib, in combination with chemotherapy 

(Vetter and Hays, 2018). These inhibitors can prevent single-stranded DNA break repair and enhance 

error-prone non-homologous end joining (NHEJ) in HRD cells, which eventually leads to apoptosis 

(Patel et al., 2011). 

 

Although disease screening and therapeutic methods have improved in the past 20 years, leading 

to a decreased overall mortality of OC patients in the world, late-stage diagnosis and therapy 

resistance are still remarkable challenges for OC. To solve these problems, research has been 

focusing on other factors that contribute to cancer development, including the surrounding 

environment of ovarian tumours. 
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1.2. The tumour microenvironment 

Since Stephen Paget first proposed the “seed and soil” hypothesis that describes the crosstalk 

between cancer cells and the surrounding microenvironment, research has demonstrated the 

critical role of tumour microenvironment (TME) in promoting cancer cell growth, survival and 

metastasis (Fidler, 2003). The TME is composed of multiple cellular components, which include 

tumour cells and stromal cells. These cells are supported by the non-cellular component called 

extracellular matrix (ECM), a dynamic network continuously remodelled under normal and 

pathological conditions (Baghban et al., 2020). TME and the ECM suppress tumour development at 

the early stage of oncogenesis (Quail and Joyce, 2013). Cellular components such as fibroblasts and 

immune cells were also found to suppress the proliferation of tumour cells through cell-cell contact 

or by secreting growth-inhibiting factors (Zhuang et al., 2019). During cancer progression, tumour 

cells can alter the function of both ECM and TME-associated cells through complex signalling 

networks, which create a tumour-promoting microenvironment and assist cancer cell growth, 

migration and invasion (Quail and Joyce, 2013).  

 

1.2.1 Extracellular matrix 

ECM is the essential non-cellular component within all tissues and organs in the human body. It not 

only works as a scaffold that supports the adhesion of the cells but also regulates morphology, 

growth, differentiation and homeostasis by mediating a variety of intracellular signalling pathways 

(Huang et al., 2021). The basic composition of ECM includes water, proteins and polysaccharides. 

Although the main ECM components are similar between different tissues, the ECM-specific 

composition and topology are unique and are generated during tissue development (Frantz et al., 

2010). Previous proteomic analyses combined with in silico prediction identified 278 genes that 

encoded ECM components, termed ‘core matrisome’ (Naba et al., 2012). These proteins include 43 

collagens, 35 proteoglycans and 200 glycoproteins. Additionally, 1056 genes were found to encode 

proteins that are associated with ECM, defined as ‘associated matrisome’. These include ECM 

regulators, such as ECM modifying enzymes, secreted factors, such as growth factors (GFs), and 

ECM-affiliated proteins that share similar biological or structural functions with ECM proteins. The 

ECM can be classified into basement membrane (BM) and interstitial matrix (IM) (Cox, 2021). The 
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BM is rich in laminin and collagen IV, and separates the endothelial and epithelial layers of the 

tissues from the IM. The IM mainly contains fibrillar collagens, glycoproteins and proteoglycans 

(Nissen et al., 2019). During metastasis, tumour cells first breach the BM, and then invade the IM 

by secreting proteases and degrading ECM components. Additionally, cell-ECM adhesion relying on 

the ECM receptors on the cell surface, such as integrins and syndecans, is also essential for multiple 

biological progress, including cell migration and invasion (Frantz et al., 2010). During OC peritoneal 

metastasis, OC cells interact and invade through the mesothelium, which is formed by a monolayer 

of mesothelial cells attached to a BM (Yeung et al., 2015). The adhesion ability of spheroids derived 

from the ascites of patients with advanced ovarian carcinoma was previously characterised. Ascites 

spheroids were found to adhere to the mesothelial cell monolayers, which is mediated by the 

interaction between β1 integrin and ECM components such as fibronectin (Burleson et al., 2004). 

After attaching to the mesothelial cells, OC cells were found to induce fibronectin expression and 

secretion by the mesothelial cells through transforming growth factor beta 1 (TGF-β1) secretion, 

which promoted further invasion and proliferation of OC cells (Kenny et al., 2014).  

 

1.2.1.1 Collagens 

Collagens are the most abundant ECM components which constitute approximately 30% of the total 

protein mass in the human body (Frantz et al., 2010). To date, 28 different types of collagen chains 

have been identified. All collagens are homo- or heterotrimers of α chains, and over 40 different α 

chains with varying sizes from 662 to 3152 amino acids have been identified in the human body. 

Each of the α chains contains numerous Gly-X-Y repeats. Although X and Y could be any amino acids, 

proline and 4-hydroxyproline are the most frequently found amino acids for X and Y respectively 

(Figure 1.3) (Mouw et al., 2014). The collagen superfamily can be divided into fibril-forming 

collagens (e.g. type I, II, III), fibril-associated collagens with interrupted triple-helices (FACIT) (e.g. 

type IX), network-forming collagens (e.g. type IV) and other types (e.g. type XV, XXV) based on 

structural differences (Ricard-Blum, 2011). In comparison to the fibril-forming collagens which 

contain one complete triple-helix (Gly-X-Y) domain, FACITs contain multiple triple-helix domains, 

which are interrupted by non-collagenous domains. To form the collagen fibril, procollagen 

molecules are first assembled with the α chains in the endoplasmic reticulum (ER), followed by 

modification and packaging into vesicles in the Golgi apparatus (Mouw et al., 2014). The 

procollagens are cleaved by modifying enzymes such as matrix metalloproteinases (MMPs), which 
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form collagen molecules and are secreted extracellularly. Collagen molecules are then cross-linked 

by lysyl oxidase (LOX) and a stabilised supramolecular collagen structure is generated. The 

interaction of FACITs at the surface of the collagen fibril can also stabilise the collagen structure. 

Additionally, the BM is rich in network-forming collagens such as type IV, while the major collagen 

types in IM are fibril-forming collagens such as type I and II (Ricard-Blum, 2011).  

 

 
Figure 1.3. Standard structure of fibrillar collagen (collagen type I) molecule. Fibrillar collagen is a triple 

helix molecule formed by three α chains. The procollagen is generated in the ER and packed in the Golgi 

apparatus for secretion. Then, the procollagen was cleaved at both N and C-terminal by modifying enzymes 

to form collagen. Figure from (Mouw et al., 2014) 

 

During cancer development, altered collagen deposition, modification and degradation are some of 

the most common observations compared to the healthy tissues (Cox, 2021). Collagen type I is a 

main fibrillar collagen that was found to be upregulated during the progression of multiple cancer 

types, including pancreatic, gastric and breast cancer (Shi et al., 2022). Collagen I was found to 

promote proliferation, adhesion and motility of pancreatic cancer cells (Panc1) (Armstrong et al., 
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2004, Lu et al., 2014). Similarly, stromal cell-derived collagen I promoted the proliferation and 

adhesion of invasive breast cancer cell lines MDA-MB-231 and MCF7 (Kim et al., 2014). In OC, 

dysregulated collagen I architecture was identified in the tissues of patients with all four tested 

subtypes, HGSOC, LGSOC, clear cell and endometrioid carcinoma (Sarwar et al., 2022). Collagen I 

with increased thickness and reduced abundance was identified in OC tissue samples in comparison 

to the normal tissue of the patients (Sarwar et al., 2022). In vitro, collagen I derived from fibroblasts 

promoted the migration and invasion of OC cells (Li et al., 2020). Elevated collagen I was also 

identified in the ascites of the EOC patients, which suggested the role of collagen I in OC peritoneal 

metastasis (Li et al., 2020).  

 

1.2.1.2 Proteoglycan 

Proteoglycans are another primary ECM component, important in supporting the hydration of the 

ECM (Yanagishita, 1993). Based on the location, the proteoglycans can be classified into four groups, 

intracellular, cell surface, pericellular and extracellular proteoglycans (Iozzo and Schaefer, 2015). 

Currently, only one type of intracellular proteoglycan has been identified in the human body, 

serglycin. Transmembrane proteoglycans can function as receptors on the cell surface such as 

syndecans (described in section 1.2.2.2). Most of the proteoglycans are located extracellularly, 

these can be further divided into two types, lecticans (also known as hyalectans) and small leucine-

rich repeat proteoglycans (SLRPs) (Mouw et al., 2014). There are four distinct proteoglycans 

included in the lectican class, aggrecan, versican (VCAN), neurocan and brevican, which are encoded 

by distinct genes but share similar structures (Figure 1.4) (Iozzo and Schaefer, 2015). Each of the 

lectican contains a core protein with an N-terminal hyaluronan (HA) binding domain, a central 

glycosaminoglycan (GAG) domain that binds to the GAG chains such as chondroitin sulphate, and a 

C-terminal lectin binding domain (Iozzo and Schaefer, 2015, Mouw et al., 2014). SLRP is the largest 

family of proteoglycans, encoded by 18 distinct genes. The core protein of SLRP contains multiple 

leucine-rich repeats (LRR). SLRPs can be classified into five classes. Class I-III, also called canonical 

SLRPs, contain GAG chains that bind to the core protein, while class IV and V, also called non-

canonical SLRPs, have no GAG side chains (Iozzo and Schaefer, 2015). Proteoglycans crosslinked with 

hyaluronic acid and collagen fibril form the basic structure of the ECM. Other components such as 

laminin and fibronectin further reinforce the network, enhancing the connection between ECM and 

cells (Mouw et al., 2014).  



 31 

 

 

Figure 1.4. Structure of lecticans (hyalectans), including aggrecan, versican, neurocan and brevican. The 

full-length VCAN (V0) and the splice isoforms of V1, which contains only the GAG-β domain, V2, which 

contains only the GAG-α domain, and V3, which has no GAG domain. The dotted circles indicate the domains 

that are shared with the other hyalectans (G1–G3). Figure from (Iozzo and Schaefer, 2015) 

 

Altered proteoglycan expression and composition were found to promote the peritoneal metastasis 

of OC. OC patients with higher VCAN and HA levels showed poor prognosis outcomes. Previous 

studies showed that intact VCAN can promote ovarian cancer metastasis, as VCAN was shown to 

increase ovarian cancer cell migration and invasion potential (Ghosh et al., 2010, Ween et al., 2011). 

Furthermore, a higher VCAN expression was detected in malignant EOC cells compared with benign 

and borderline tumour cells, which are less invasive and proliferative than malignant cells (Lima et 

al., 2016). The tumour samples were classified into malignant, borderline and benign tumours based 

on the morphological criteria. Similarly, upregulated VCAN expression level was found significantly 

associated with the invasion and occupation of malignant cells at the omentum metastatic site of 

HGSOC patients (Pearce et al., 2018). Apart from local invasion, VCAN is also essential during cancer 
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cell peritoneal fluid dissemination and tumorigenesis on the peritoneum. Ween and colleagues 

reported a HA/VCAN pericellular mat3rix in migrating ovarian cancer cells, which protects ovarian 

cancer cells during metastasis in the peritoneal cavity and increases their adhesion to peritoneal 

cells by interacting with surface receptor CD44 (Figure 1.5) (2011). 

 

  

Figure 1.5. A proposed mole of CD44, HA and VCAN mediating the ovarian cancer cell adhesion to the 

peritoneal cells. Stabilized HA/VCAN pericellular matrix around the ovarian cancer cells contributes to 

peritoneal metastasis by increasing the motility and adhesion ability of cancer cells to the peritoneal cells 

through interaction with CD44 cell surface receptor. Figure from (Ween et al., 2011) 

 

1.2.1.3 Fibronectin 

Fibronectin is a secreted glycoprotein that is critical in cell-ECM adhesion and cell migration. It is a 

dimeric molecule, and each monomer contains three types of homologous repeats, including 12 

type I, 2 type II and 17 type III repeats (Hynes and Yamada, 1982, Mouw et al., 2014). The formation 

of fibronectin dimer relies on the antiparallel disulphide bonds at the C-terminal of the molecules, 

and it is further folded via the ionic interactions between the type III repeats (Figure 1.6). The 

assembly of fibronectin dimers into the fibril structure is a cell-mediated process initiated by binding 

to cell-surface ECM receptors (Pankov et al., 2000). Integrin α5β1 is the primary receptor for 

fibronectin, binding to the Arg-Gly-Asp (RGD) domain (Huveneers et al., 2008). Additionally, 

syndecan 4 is another ECM receptor that contributes to the assembly of fibronectin. Co-operative 
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binding of integrin α5β1 and syndecan 4 to fibronectin supports focal adhesion formation and 

migration of the cells (Morgan et al., 2007).  

 

 
Figure 1.6. Structure of fibronectin molecule. A fibronectin monomer is formed by type I, II and III 

homologues repeats. Fibronectin dimers form antiparallel disulphide bonds at the C-terminal of the 

molecules, and they are further folded via the ionic interactions between the type III repeats. Figure form 

(Mouw et al., 2014). 

 

In OC, patients with higher fibronectin levels in the tumour stroma showed significantly shorter 

overall survival (Kujawa et al., 2020). Fibronectin was also widely identified in the malignant ascites 

from OC patients (Carduner et al., 2013). In vitro, fibronectin is essential for integrin α5β1 

dependent migration and invasion of OC cells (Caswell et al., 2007). It was found to promote the 

migration and invasion of A2780 and OVCAR3 cells, by activating focal adhesion kinase (FAK)-

PI3K/AKT signalling pathway (Yousif, 2014). Furthermore, fibronectin produced by mesothelial cells 

was found to promote early OC metastasis to the omentum (Kenny et al., 2014). On one hand, OC 

cells were found to induce fibronectin gene expression and secretion of human mesothelial cells by 

producing TGF-β1. On the other hand, the proliferation and invasion ability of OC cells on 

mesothelial cells with fibronectin KD was significantly reduced compared to the mesothelial cells 

expressing fibronectin. In an in vivo model, mice with fibronectin deficiency showed significantly 
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reduced omentum metastasis after being injected with OC cells. These indicated the important role 

of fibronectin in promoting mesothelial cell invasion and OC metastasis (Kenny et al., 2014).  

 

1.2.2 Extracellular matrix receptors 

1.2.2.1 Integrins 

Since the integrin family was first described by Hynes (1987), they became the main and most well-

understood cell surface receptors that mediate cell-ECM adhesion (Hynes, 2002). Integrins are 

heterodimers formed by one α and one β subunit. In mammalian cells, 18 α subunits and 8 β 

subunits have been identified, which form 24 distinct integrin dimers. Both α and β subunits are 

transmembrane glycoproteins which contain a large (>1600 amino acids) extracellular domain and 

a small (20-50 amino acids) cytoplasmic domain (Hynes, 1987, Hynes, 2002). Integrins are generally 

in an inactive conformation at the cell surface and the extracellular domain of the α and β subunits 

are non-covalently linked. When interacting with ECM components such as collagens, fibronectin 

and laminin through the binding pocket, integrins switch to an active confirmation (Kinbara et al., 

2003). Based on ECM ligand-binding properties, integrins can be classified into four sub-families, 

collagen receptors, laminin receptors, RGD receptors and leukocyte-specific receptors (Figure 1.7) 

(Hynes, 2002). The majority of integrins contain the β1 subunit and the β2 subunit is only involved 

in leukocyte-specific receptors. The αV subunit can form RGD receptors with β3, β5, β6 or β8 

subunits. Apart from being activated by extracellular signals (“outside-in” signalling), integrin can 

also be activated through “inside-out” signalling (Hynes, 2002). Proteins such as talin and kindlin 

can bind to the tail of β integrin upon intracellular stimulation, which alters the conformation of the 

integrin dimer resulting in a higher affinity for ECM ligands (Moreno-Layseca et al., 2019). The inside-

out signalling pathways were found to mediate cell migration, invasion and ECM degradation (Pang 

et al., 2023). 
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Figure 1.7. The integrin sub-families. Integrin heterodimers are formed by α and β subunits. 18 α and 8 β 

subunits can form 24 distinct integrin heterodimers in the human body. Integrins can be classified into four 

sub-families, RGD receptors (blue), Collagen receptors (grey hatching), Leukocyte-specific receptors (yellow) 

and laminin receptors (Purple). Figure from (Hynes, 2002) 

 

During tumorigenesis, integrins were found to regulate multiple cancer-promoting biological 

progress, such as cell proliferation, adhesion, migration and metabolism by activating multiple 

downstream pathways, including MAPK/ERK, PI3K/AKT and nuclear factor κB (NF-κB) signalling 

pathways (Cox, 2021, Pang et al., 2023).  

 

Integrins are constitutively trafficking in the cells. This dynamic trafficking is mediated by multiple 

Rab family members, a subfamily of Ras small GTPases (details see section 1.4). Integrins can be 

endocytosed via multiple pathways and be delivered to Rab5-positive early endosomes (EEs). For 

degradation purposes, EEs mature into late endosomes (LEs) and their content is degraded after 

fusion with lysosomes. Most of the integrins are recycled back to the plasma membrane following 

internalisation. Two main pathways are involved in this process, the Rab4-dependent short loop and 

the Rab11-dependent long loop (Figure 1.8). The trafficking of integrin between the cell surface and 

intracellular pools is precisely regulated to maintain the biological functions in the organism, while 

the dysregulation of these processes was observed in cancers. For example, altered integrin α5β1 

expression and trafficking were found to promote the development of multiple cancers (Hou et al., 

2020). In OC, Rab25 was found to directly interact with β1 integrin and regulate the recycling of 
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integrin α5β1 from the LE at the pseudopod tips of OC cells, which promoted migration and invasion 

in the presence of fibronectin. Interestingly, Rab25 did not affect cell migration on plastic (Caswell 

et al., 2007).  
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Figure 1.8. Integrin endocytosis and recycling. Cell membrane integrins can be internalised through multiple 

mechanisms (A.). After being delivered to Rab5-positive EEs, integrins are recycled (green arrows) back to 

the plasma membrane through Rab4-dependent short loop, or Rab11-dependent long loop. The maturation 

of EEs to LEs leads to the degradation of integrins by fusing with lysosomes. Alternatively, active integrins 

can be recycled from the lysosomes back to the plasma membrane and a Rab25- and CLIC3-dependent 

manner Figure from (Moreno-Layseca et al., 2019) 

 

1.2.2.2 Other receptors 

Apart from integrins, other receptors that can bind to the ECM include CD44, syndecans, discoidin-

domain receptors (DDRs) and uPARAP/Endo180. CD44 mainly interacts with HA. Other ligands of 

CD44 include osteopontin, collagens and fibronectin (Goodison et al., 1999). The roles of CD44 in 

normal tissues include hyaluronic metabolism regulation, immune response induction and cytokine 

release mediation (Senbanjo and Chellaiah, 2017). On the other hand, CD44 also activates pro-

tumourigenic signalling pathways and contributes to cell survival, proliferation, angiogenesis and 

metastasis in breast, prostatie and OC (McFarlane et al., 2015, Desai et al., 2007, Martincuks et al., 

2020).  

 

Syndecans are a family of transmembrane proteoglycans that contain four members (syndecan 1-4) 

(Salmivirta and Jalkanen, 1995). Based on the structure similarity, they can be further classified into 

two subfamilies. Syndecans 1 and 3 contain GAG binding sites at both sides of the central 

ectodomain while syndecans 2 and 4 only have GAG chain binding at the N-terminal side of the 

ectodomain. Syndecans can interact with ECM components such as fibronectin through the GAG 

chains and further mediate cell-cell or cell-ECM interactions (Afratis et al., 2017). Additionally, the 

expression of syndecans is distinct between tissue and cell types. Syndecan 1 is mainly expressed in 

epithelial and plasma cells. As the loss of syndecan 1 on the surface of myeloma cells contributed 

to the proliferation and dissemination, which is also associated with poor patients’ survival, it was 

suggested as a prognostic biomarker for myeloma (Aref et al., 2003). Syndecan 2 is expressed in 

mesenchymal cells, such as fibroblast and smooth muscle cells (Afratis et al., 2017). Upregulated 

syndecan 2 was also identified in mesenchymal breast cancer cells and the knockdown (KD) of 

syndecan 2 reduced cell migration and enhanced focal adhesion formation (Lim and Couchman, 

2014). The expression of syndecan 3 is mainly found in neural and developing musculoskeletal 

tissues (Afratis et al., 2017). Interestingly, overexpression of syndecan 3 was also identified in OC 

and pancreatic cancer, which was associated with poor patient prognosis (Hillemeyer et al., 2022, 
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Yao et al., 2017). Syndecan 4 is ubiquitously expressed in the human body, and mainly regulates cell 

adhesion (Afratis et al., 2017). The overexpression of syndecan 4 promotes cell proliferation and 

metastasis of breast cancer (Leblanc et al., 2018). Remarkably, syndecans were found to interact 

and cooperate with other cell membrane receptors including integrins. Syndecan 1 can activate 

integrin αvβ3 and αvβ5 in an inside-out signalling manner, which has been shown to promote 

tumour angiogenesis (Beauvais and Rapraeger, 2010, Beauvais et al., 2009). Similarly, syndecan 4 

crosstalk with integrin α5β1 was found to activate PKCα during focal adhesion formation and cell 

migration (Mostafavi-Pour et al., 2003).  

 

1.2.3 Cancer-associated fibroblasts 

Stromal cells are another important component of TME that promotes cancer development, and 

include normal and cancer-associated fibroblasts (CAFs), immune cells and endothelial cells 

(Baghban et al., 2020). Normal fibroblasts are the major producers of ECM in tissues. During the 

wound healing process, fibroblasts are activated into myofibroblasts by multiple signalling 

molecules, such as ECM components, cytokines and GFs (Younesi et al., 2024). The main marker of 

activated myofibroblasts is the expression of α-smooth muscle actin (αSMA) under stimulation with 

TGF-β, which contributes to the changes in cell morphology, increased cell proliferation and 

migration and altered ECM remodelling. The term CAF broadly describes the activated fibroblasts in 

the tumour stroma, which are mediated by cancer cell-derived cytokines and GFs. For example, TGF-

β secreted by cancer cells was found to mediate the activation of CAFs by upregulating the 

expression of αSMA in normal fibroblasts, which is similar to the activation of myofibroblasts. This 

type of CAF is also called myCAF (Sahai et al., 2020). Other types of CAFs were also identified in the 

tumour stroma, including inflammatory CAFs (iCAFs) and antigen-presenting CAFs (apCAFs) (Yang et 

al., 2023). iCAFs are mainly induced by IL-1α and TNF-α and show higher expression levels of IL-6. 

Additionally, CAF heterogeneity was identified in the TME, which indicated the existence of CAFs 

with distinct precursor cells (Yang et al., 2023). Apart from normal fibroblast, CAFs were also found 

derived from bone marrow mesenchymal stem cells, endothelial cells, epithelial cells and adipocytes 

(Zhang et al., 2022a).  
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CAFs can promote cancer progression from multiple aspects. CAF-derived GFs, such as hepatocyte 

growth factor (HGF), were found to promote the proliferation of multiple types of cancer cells, 

including OC (Wu et al., 2021, Deying et al., 2017). CAFs can also secrete multiple pro-angiogenesis 

factors including fibroblast growth factor 2/7 (FGF2/7) and vascular endothelial growth factor A 

(VEGFA) to promote neo-angiogenesis (Wang et al., 2019a). Additionally, CAFs are also involved in 

tumour metastasis. In vitro, squamous cell carcinoma cells showed enhanced invasion into collagen 

and matrigel when in co-culture with CAFs (Gaggioli et al., 2007). Exosomes derived from omentum 

CAFs were also found to promote the invasion of OC cells (Han et al., 2023). Research shows that 

CAFs promote cancer cell local invasion by secreting ECM-modifying enzymes such as MMP (Kalluri, 

2016). CAF-secreted matrices can also promote the invasion of cancer cells. For example, VCAN 

derived from ovarian CAFs was found to promote the invasion ability of OC cells into matrigel (Yeung 

et al., 2013). Contrarily, the role of CAFs in suppressing tumorigenesis has also been observed. For 

instance, the immunosuppressive role of apCAFs by recruiting T regulatory (Treg) cells was identified 

in breast cancer and pancreatic cancer (Costa et al., 2018, Huang et al., 2022a). Additionally, apCAFs 

were involved in the anti-tumour immune activity of T-cell in lung cancer (Kerdidani et al., 2022).  

 

1.3. ECM remodelling in cancer progression 

ECM is a dynamic structure that is under continuous remodelling in both normal and pathological 

conditions (Frantz et al., 2010). During the progression of multiple types of cancer, altered ECM 

remodelling was observed in TME, which further contributed to the proliferation, migration and 

invasion of cancer cells (Winkler et al., 2020). The ECM remodelling in TME is mediated by not only 

cancer cells but also stroma cells such as fibroblasts. Altered production of ECM-modifying enzymes 

by tumour cells and CAFs is one of the main causes of ECM remodelling dysregulation (Winkler et 

al., 2020). Metalloprotease is a group of main ECM modifying and degrading enzymes, which include 

matrix metalloprotease (MMP), a disintegrin and metalloprotease (ADAM), a disintegrin and 

metalloprotease with thrombospondin motif (ADAMTS) (Bonnans et al., 2014). During cancer 

development, altered expression and regulation of multiple types of metalloproteases have been 

identified, including OC. 

 

1.3.1. Matrix metalloprotease (MMP) 
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MMPs are calcium-dependent zinc-containing endopeptidases metalloproteinases that are widely 

involved in the development and physiologic events, such as maintaining tissue morphology (Vu and 

Werb, 2000). In mammals, 24 types of MMPs have been identified. They can be classified into eight 

subgroups based on the structure, function and cellular localisation: collagenases, gelatinases, 

stromelysins, matrilysins, transmembrane type I and type II, glycosyl-phosphatidyl-inositol (GPI) 

anchored and other MMPs (Niland and Eble, 2020, Moliere et al., 2023). Apart from transmembrane 

type I, II and GPI-anchored MMPs that are located at the cell membrane, other MMPs are secreted 

extracellularly. As a family of proteases that remodel the ECM, MMPs from different subgroups can 

specifically cleave multiple ECM components, including collagens, gelatin, fibronectin and laminin 

(Table 1.2) (Snoek-van Beurden and Von den Hoff, 2005). MMPs are produced as pro-protein and 

are activated through the cleavage of the pro-domain. Furin cleavage is one of the main activation 

processes of MMPs, including cell surface MMPs and extracellular MMP11, 21 and 28 before 

secretion (Ra and Parks, 2007). Alternatively, MMPs without furin cleavage sites are activated 

extracellularly through non-furin proteolytic mechanisms. These pro-MMPs were found to be 

cleaved by other activated MMPs. As an example, pro-MMP2 is activated at the cell surface by MT1-

MMP (MMP14). The function of MMPs in ECM degradation is balanced by the tissue inhibitors of 

metalloproteinases (TIMPs), which include four members (TIMP1-4). TIMPs are secreted proteins, 

that exist as soluble forms (TIMP1, 2 and 4) or bound to the ECM (TIMP3) (Cabral-Pacheco et al., 

2020). Although different TIMPs can inhibit the same type of MMP, the inhibition affinity is distinct. 

Additionally, TIMPs were also found to mediate the activation of several MMPs. For example, TIMP2 

was found to contribute to the activation of pro-MMP2 by MT1-MMP (Hernandez-Barrantes et al., 

2001).  
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Table 1.2 MMP subgroups and substrates. 

 

 

During tumorigenesis, MMPs are not only secreted by cancer cells but also produced by stromal 

cells such as fibroblasts (Moliere et al., 2023). Dysregulation of MMPs has been observed in the TME 

of multiple cancer types. Remarkably, both tumour-promoting and suppressing roles of MMPs have 

been reported previously. The cancer-promoting function of MMPs was reported at multiple stages 

of tumorigenesis. In the early stages, MMPs can degrade BM components and allow the invasion of 

cancer cells (Cathcart et al., 2015). Increased expression of MMP2 and MMP9 was identified in 

colorectal tumour samples, resulting in the disruption of type IV collagen (Zeng et al., 1999). 

Similarly, the expression levels of inactivated pro-MMP9, pro-MMP2 and activated MMP2 are 

significantly higher in malignant ovarian tumour samples in comparison to benign samples, which 

suggests a role of MMP2 and MMP9 in promoting metastasis (Schmalfeldt et al., 2001). MT1-MMP 

is involved in the activation of MMP2 and MMP9 (Ra and Parks, 2007, Nyante et al., 2019). OC cells 

overexpressing MT1-MMP showed increased collagen-dependent proliferation and performed 

better in multicellular aggregate formation (Moss et al., 2009). Additionally, the overexpression of 

MT1-MMP was also found to enhance VEGF production, which promotes angiogenesis, in breast 
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cancer and glioblastoma (Sounni et al., 2004, Deryugina et al., 2002). Contrarily, anti-tumour MMPs 

such as MMP8 and MMP12 were also identified (Konstantinopoulos et al., 2008). In breast cancer 

cells, both KD of MMP8 in non-metastatic cells (NM-2C5) and overexpression of MMP8 in metastatic 

cells (M-4A4) showed altered metastatic behaviour in vivo (Montel et al., 2004). Mice injected with 

MMP8 KD NM-2C5 cells showed increased lung metastasis in comparison to the control, while M-

4A4 with MMP8 overexpression showed reduced lung metastasis. Although their critical role in 

cancer progression suggested MMPs as potential targets for cancer therapy, multiple clinical trials 

with MMP inhibitors were terminated due to the remarkable side effects. Since MMPs are also 

highly involved in the normal functions of ECM remodelling and substrates of MMPs are variable, 

novel inhibition approaches and targeted drug delivery systems are under investigation to minimise 

the side effects (Cathcart et al., 2015).  

 

1.3.2. A disintegrin and metalloprotease (ADAM) 

The ADAMs are another group of zinc-dependent metalloproteinases that share similar functions 

with MMPs in ECM remodelling. However, unlike MMPs which contain both extracellular and cell 

membrane-located members, in mammalian cells, all 21 ADAM family members are 

transmembrane proteases (Edwards et al., 2008). Interestingly, half of the ADAMs identified in 

humans lack catalytic zinc activation sites and remain in an inactivated form without proteolytic 

functions (e.g. ADAM2, 7, 11, 18, 22, 23 27 29 and 33). Other family members are activated through 

zinc activation and pro-domain cleavage by furin (Giebeler and Zigrino, 2016). ADAM8, 10 and 17 

can also be activated through a furin-independent autocatalytic mechanism which does not involve 

the cleavage of the pro-domains (Mierke, 2023). The cysteine-rich domain of ADAM12 was found 

to interact with syndecan 4, which further engages with integrin β1 and mediates cell spreading and 

stress fibre formation (Thodeti et al., 2003). Furthermore, ADAMs can also regulate the function of 

the epidermal growth factor receptor (EGFR) by processing of the ligands, such as TGF-α, tumour 

necrosis factor α (TNF-α) and heparin-binding EGF-like growth factor (HB-EGF), in a catalytic activity-

dependent manner (Blobel, 2005).  

 

A recent pan-cancer analysis investigated the expression of ADAMs across 33 types of cancer using 

multiple datasets integrating bulk RNA-seq, tumour mutation burden (TMB), and clinicopathological 
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parameters in The Cancer Genome Atlas (TCGA) (Ma and Yu, 2023). As a result, enhanced gene 

expression of multiple ADAMs was identified in numerous tested cancers, among which the 

significantly upregulated ADAM8 was identified in 16 out of 18 tested cancers. Contrarily, a 

significant pan-cancer downregulation of ADAM33 was also identified. Compared to the ADAMs 

lacking catalytic activity, the functions of enzymatically active ADAMs in cancer progression are 

better characterised, as previously reviewed (Mullooly et al., 2016). For instance, breast cancer 

MDA-MB-231 cells showed better trans-endothelial migration compared to ADAM8 KD cells in vitro 

(Conrad et al., 2018). The expression of MMP9 in MDA-MB-231 cells was correlated with ADAM8 

expression, which suggests that ADAM8/MMP crosstalk may promote breast cancer metastasis. 

Moreover, the blocking of β1 integrin also suppressed the transmigration of MDA-MB-231 cells. This 

work did not provide any insight into how β1 integrin, MMP9 and ADAM8 could mechanistically 

control each other. ADAM8 was also found to promote the migration and invasion of pancreatic 

cancer cells, which could be suppressed by the ADAM8-specific inhibitor BK-1361 (Schlomann et al., 

2015). Currently, several ADAM-targeting inhibitors are under clinical trials and showed little 

musculoskeletal side effects compared to MMP targeting therapy (Mullooly et al., 2016). However, 

there are still knowledge gaps in the mechanisms of ADAMs in cancer so further investigations are 

still required.   

 

1.3.3. A disintegrin and metalloprotease with thrombospondin motif (ADAMTS) 

ADAMTSs are metalloproteases which contain a disintegrin domain and thrombospondin motifs. 

There are 19 ADAMTS genes named from 1 to 20 in mammalian genomes due to the exclusion of 

ADAMTS11 (Kelwick et al., 2015). Similar to their relative metalloproteinases, MMPs and ADAMs, 

ADAMTSs are members of the metzincin protease superfamily that modify the structure and 

function of the ECM. Unlike MT-MMP and ADAM which contain transmembrane modules, ADAMTSs 

are secreted extracellular proteinases. The 19 human ADAMTS proteins are classified into four main 

groups based on their structure and functions (Figure 1.9 and Table 1.3). The proteoglycanase group, 

including ADAMTS1, 4, 5, 8, 9, 15 and 20, can cleave hyalectans including aggrecan, brevican, 

neurocan and VCAN (Stanton et al., 2011). Additionally, ADAMTS1 was found to cleave syndecan-4 

at the N-terminal ectodomain (Rodriguez-Manzaneque et al., 2009). ADAMTS5 and to a lesser 

extent ADAMTS4 can also degrade the glycoprotein fibulin-2 (Fontanil et al., 2017). Under the same 
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conditions, ADAMTS1 was not involved in fibulin-2 degradation. ADAMTS2, 3 and 14 belong to the 

procollagenase N-peptidase group, which specifically cleaves the fibrillar procollagens (Kelwick et 

al., 2015). Recently, ADAMTS3 was also found to cleave the Pro2466 - Leu2467 peptide bond at the C-

terminal of fibronectin (Gibson et al., 2023). ADAMTS13 is a special family member of von 

Willebrand factor (vWF) cleaving protease (vWFCP), which processes large vWF precursors to 

optimal size glycoprotein for blood coagulation (Fujikawa et al., 2001, Kelwick et al., 2015). 

ADAMTS7 and 12 were recognised as cartilage oligomeric protein (COMP) proteases. ADAMTS12 

was also found to cleave neurocan in the mouse brain tissue, which could be involved in repairing 

the central nervous system (Fontanil et al., 2019). ADAMTS10 has been found to cleave fibrillin-1 

(Kutz et al., 2011) and fibronectin has been identified as a substrate for ADAMTS16 and 18 recently 

(Schnellmann et al., 2018, Ataca et al., 2020), while the substrate and function of ADAMTS6, 17 and 

19 still remain unclear (Kelwick et al., 2015). The activation of ADAMTS catalytic activity is also varied 

across the family members. The majority of ADAMTSs are activated by furin through cleavage of the 

pro-domain, while others, such as ADAMTS7 and 13, can cleave specific substrates with the pro-

domain intact (Rose et al., 2021, Stanton et al., 2011).  
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Figure 1.9. Structure of ADAMTS family. Schematic of the 19 family members of ADAMTS, grouped based 

on the structure and function. The ADAMTSs share similar N-terminal domain organisations and some 

members have unique C-terminal domains (Bacchetti et al., 2024). 

 

Table 1.3 ADAMTS subgroups and substrates. 

 

 

Since ADAMTSs show a narrow substrate specificity, they are considered a potentially safe target 

for drug development (Tortorella et al., 2009). However, the detailed molecular mechanism of how 

ADAMTSs are involved in different diseases remains unclear, especially for cancers. The altered 

expression of ADAMTSs has been identified in multiple types of cancer. A pan-cancer analysis 

showed that in comparison to the healthy tissue, the expression levels of different ADAMTS family 

members are either upregulated or downregulated. For instance, in pancreatic cancer, different 

ADAMTS family members have been shown to be upregulated (Bacchetti et al., 2024). Interestingly, 

both pro-and anti-tumour roles of the same ADAMTS members were identified in distinct cancers. 

As an example, ADAMTS1 was found to promote tumour growth and metastasis in pancreatic and 

lung cancer (Masui et al., 2001, Liu et al., 2006). Contrarily, the anti-angiogenic role of ADAMTS1 

has been reported in breast cancer (Martino-Echarri et al., 2013). As a secreted protease located in 

the TME, ADAMTSs were found to mediate cancer progression through ECM remodelling (Bacchetti 

et al., 2024). ADAMTSs are produced by both cancer cells and stromal cells. Downregulated 
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ADAMTS1, 5 and 9 together with upregulated natural inhibitor TIMP3 were observed in the prostate 

tumour stroma, which resulted in the accumulation of VCAN and could further enhance metastasis 

(Cross et al., 2005). In breast cancer, deficiency of myoepithelial cell-derived ADAMTS3 led to the 

accumulation of fibronectin, which promoted cancer cell 3D invasion in an integrin α5β1 dependent 

manner (Gibson et al., 2023). Alternatively, ADAMTSs can also regulate cancer progression by 

mediating multiple cell signalling pathways including Wnt/β-catenin, TGF-β, MEK/ERK, PI3K/AKT 

and NF-κB (Bacchetti et al., 2024). For instance, overexpression of ADAMTS6 in breast cancer cell 

lines suppressed the activation of EGFR and ERK, which further suppressed cell migration and 

invasion (Xie et al., 2016). Reduced activation of EGFR/AKT was also observed in lung cancer cells 

overexpressing ADAMTS18 (Zhang et al., 2019).  

 

1.3.3.1 ADAMTS5 in cancer 

As a set of proteins translated by paired genes on human chromosome 21q21, ADAMTS5 shares 

homologues structure and similar functions with ADAMTS1 and ADAMTS4, which are also 

considered a potential target for cancer diagnosis and therapy (Kelwick et al., 2015, Santamaria, 

2020). Similar to ADAMTS1, the dual function of ADAMTS5 was also identified in different cancer 

types.  

 

In melanoma (Kumar et al., 2012) and gastric carcinoma (Huang et al., 2019), ADAMTS5 suppresses 

tumour progression by inhibiting angiogenesis. Decreased expression of ADAMTS5 was detected in 

these cancer cell lines caused by the hypermethylation of its promoter. In addition, decreased cell 

adhesion and increased cell invasion and metastasis were detected in cancer cell lines with reduced 

ADAMTS5 expression. Moreover, ADAMTS5 was shown to affect angiogenesis via different 

molecular mechanisms in different cancer types. According to Kumar et al. (2012), the ADAMTS5 

thrombospondin type I-like repeat (TSR) domain can interact and downregulate VEGF expression, 

which inhibits tumour angiogenesis. However, research done by Huang et al. (2019) in gastric cancer 

cell lines indicates that the anti-angiogenesis effect of ADAMTS5 is not mediated by the VEGF 

signalling pathway, but through inhibiting ETS1, a transcription factor which contributes to neo-

angiogenesis. Nevertheless, increased expression of ADAMTS5 was shown to improve cancer cell 

invasion and migration ability in other types of cancers, including glioblastomas (Held-Feindt et al., 

2006), non-small cell lung cancer (Gu et al., 2016), and head and neck cancer (Demircan et al., 2009). 
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However, the detailed mechanism of how ADAMTS5 promotes migration and invasion in these types 

of cancer is still unclear. In breast cancer, ADAMTS5 promote cancer cell invasion via cleavage of 

fibulin-2, which can be suppressed by ADAMTS12 both in vitro and in vivo (Fontanil et al., 2017, 

Fontanil et al., 2014).  

 

Remarkably, opposing roles of ADAMTS5 were reported in colorectal and hepatocellular carcinoma. 

On the one hand, the anti-angiogenic role of ADAMTS5 was observed in hepatocellular carcinoma, 

the downregulation of which resulted in poor patient prognosis (Li et al., 2015a). Similarly, the 

silencing of ADAMTS5 was shown to be related to a poor survival rate in colorectal cancer patients 

(Li et al., 2018). Hypermethylated ADAMTS5 promoter was identified in colorectal cancer cell lines, 

which increased the angiogenesis, cell invasion and migration (Li et al., 2018). On the other hand, 

upregulated ADAMTS5 expression was found in hepatocellular tumour samples compared to 

normal or adjacent peritumoral tissues (Zhu et al., 2021). Patients with high ADAMTS5 expression 

were shown to have a poorer overall survival rate. A higher expression level of ADAMTS5 was 

detected in colorectal cancer patients in stage III-IV than in 0-II. Since the patients with higher 

ADAMTS5 expression levels also had increased lymphatic invasion, ADAMTS5 is considered a 

potential marker for colorectal cancer cell lymphatic metastasis (Haraguchi et al., 2017).  

 

In OC, significantly increased ADAMTS5 expression was detected in malignant tumours compared 

to borderline and benign tumours, which suggested a potential role of ADAMTS5 in OC metastasis 

(Lima et al., 2016). Furthermore, OC patients with higher ADAMTS5 expression showed reduced 

overall survival (Figure 1.10. Data from (Gyorffy et al., 2012)). However, the role of ADAMTS5 in OC 

progression are still unclear.  
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Figure 1.10. High ADAMTS5 expression correlated with poor prognosis in OC patients. Patients were 

stratified between high (red) and low (black) ADAMTS5 mRNA levels. Data from www.kmplot.com/ovar. This 

dataset was generated based on microarray data from 1287 ovarian cancer patients (Gyorffy et al., 2012). 

 

As a substrate of ADAMTS5, altered expression of VCAN and its cleaved soluble fragment were also 

detected in cancers (Timms and Maurice, 2020, Papadas and Asimakopoulos, 2020). VCAN, or V1 in 

particular, can be cleaved at the Glu441-Ala442 site by ADAMTS1, 4, 5, 9, 15 and 20 (Table 1.3). 

Cleavage of VCAN generates a G1-DPEAAE fragment, known as versikine (Longpre et al., 2009). 

Research showed that upon TGF-β2 stimulation, an increase of both VCAN and ADAMTSs cleaved 

versikine fragments was identified in glioma cancer cells. Furthermore, blocking the ADAMTS 

cleavage site of VCAN reduced the migration of glioma cancer cells, suggesting the potential role of 

versikine in glioma tumour progression (Arslan et al., 2007). Similar to ADAMTS5, which shows a 

dual function in cancer progression, the tumour-suppressive role of VCAN and versikine was also 

reported. In lung cancer, high versikine deposition (>100 μg/mL) was found to suppress cancer cell 

migration, while a lower deposition (<50 μg/mL) increased cell migration and invasion ability (Paris 

et al., 2006, Maingonnat et al., 2003). Similarly, ADAMTS15 was found to suppress prostate tumour 

progression through VCAN cleavage (Binder et al., 2020). Additionally, VCAN can also interact with 

cell surface receptors and alter cancer cell adhesion, proliferation and migration. For instance, VCAN 

can interact with β1 integrin in glioma cells, which enhances glioma cell adhesion and inhibits 

apoptosis (Wu et al., 2002). VCAN can also interact with CD44 through its chondroitin sulphate 

http://www.kmplot.com/ovar
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chains (Kawashima et al., 2000). Evidence shows that this interaction may stabilize HA-CD44 binding, 

trigger downstream c-Src signalling pathways, and further enhance cell migration (Bourguignon et 

al., 2001). In OC, a higher VCAN expression level was detected in malignant EOC tumours compared 

with benign and borderline tumours (Lima et al., 2016). Higher VCAN expression was also found 

associated with omentum metastasis in HGSOC (Pearce et al., 2018). Furthermore, VCAN was found 

to promote OC cell invasion and metastasis (Yeung et al., 2013, Ween et al., 2011), as described in 

section 1.2.1.2. However, the role of versikine in ovarian cancer metastasis remains unclear.  

 

1.4. Rab25 in cancer progression 

1.4.1. Ras superfamily 

Rab25 is a small Ras-GTPase (guanosine triphosphatases) that belongs to the RAS superfamily 

(Colicelli, 2004). The Ras superfamily contains over 170 related proteins and can be subclassified 

into five families, Ras, Rho, Rab, Arf and Gα-family. These proteins mediate a wide range of 

biological processes in human cells and those belonging to distinct subfamilies have different roles. 

For example, Ras family members are known for regulating gene expression and cell proliferation 

through MAPK and PI3K signalling pathways. Members of the Rho family regulate cytoskeleton 

dynamics, which therefore mediate cell migration. The Arf and Rab families are widely involved in 

vesicle-associated processes such as endocytosis and cell surface receptor recycling (Bos et al., 

2007). All family members share a common biological activity of binding GTP, which leads to a 

conformational change and the activation of the GTPase. Hydrolysation of GTP to GDP alternatively 

leads to the inactivation of the GTPase. Under normal conditions, the GTPases cycle between 

activation and inactivation, and the GDP/GTP exchanges are balanced by guanine nucleotide 

exchange factors (GEFs) and GTPase activating proteins (GAPs) (Figure 1.11) (Colicelli, 2004, Moore 

et al., 2020). GEFs mediate the GDP release and GTP exchange of inactivated RAS proteins, while 

GAPs induce GTP hydrolysis of activated RAS proteins. To ensure the specificity of signalling 

transductions, different types of GEFs and GAPs selectively mediate the activation of small Ras-

GTPases from different subfamilies, as previously reviewed by Bos et al. (2007).  
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Figure 1.11. Schematic of Ras GTPase activation cycle. Ras proteins switch between inactivated GDP-bound 

form and activated GTP-bound form. GEFs regulate the dissociation of GDP and binding of GTP, which 

activates Ras proteins, while GAPs promote GTP hydrolysis, which inactivates Ras proteins. Activated Ras 

proteins can interact with multiple downstream effectors, which further activate several signalling cascades. 

Figure adapted from (Moore et al., 2020) 

 

Rab proteins are Ras-related proteins that constitute the largest subfamily of the Ras superfamily, 

containing 71 members (Colicelli, 2004). The family members are distributed in different 

intracellular compartments. The detailed distribution and the role of Rab family proteins in cell 

membrane trafficking has been summarised by (Zerial and McBride, 2001). For example, integrin 

endocytosis and recycling are mediated by Rab proteins including Rab5, Rab4, Rab11 and Rab25, 

which has been previously described in section 1.2.2.1 (Moreno-Layseca et al., 2019). Rab25 

together with the two closest homologues (Rab11a and Rab11b) constitute the Rab11 family, which 

specifically mediates the transport and recycling of endosomes to the plasma membrane (Casanova 

et al., 1999). Additionally, Rab25 expression is restricted to epithelial cells (Wang et al., 2017). 
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1.4.2. Rab25 can function as both tumour promoter and suppressor.  

Rab25 was identified as either a tumour suppressor gene or an oncogene in different cancers (Wang 

et al., 2017). Interestingly, a unique glutamine-to-leucine substitution was identified at the GTP-

binding domain consensus sequence in Rab25, which is commonly observed in oncogenic mutants 

of Ras proteins and results in a constitutively activated and GTP-bound conformation (Agarwal et 

al., 2009). Overexpressed Rab25 was identified in liver cancer tissues (He et al., 2002), and high 

expression level was correlated with poor overall survival of prostate cancer patients (Hu et al., 

2017). In breast, renal, gastric and prostate cancer, Rab25 expression correlated with tumour 

growth, metastasis, cancer cell migration and invasion (Cheng et al., 2004, Li et al., 2015b, Cao et 

al., 2013, Hu et al., 2017). Increased Rab25 expression was correlated with lymphatic metastasis in 

breast cancer patients (Yin et al., 2012). Rab25 was shown to promote EMT and enhance the 

invasiveness of breast cancer cells, which can be inhibited by micro-RNAs (miRNA) including miR-

185 and miR-577 (Shahabi et al., 2021, Yin et al., 2018). In non-small-cell lung cancer, Rab25 KD 

reduced erlotinib resistance both in vitro and in vivo. Furthermore, Rab25 and integrin β1 mediated 

the activation of AKT in non-small-cell lung cancer cells, which promoted cell proliferation through 

the Wnt/β-catenin signalling pathway (Wang et al., 2019b).  

 

Rab25 expression level in the tumour samples remains the same in OC patients at early stages (I and 

II) compared to normal samples, while a significantly increased Rab25 mRNA level was identified at 

the advanced stages (stage III and IV) (Cheng et al., 2004). High Rab25 expression was also found to 

be associated with poor overall survival of OC patients. Moreover, altered Rab25 expression was 

found to contribute to OC cell growth and metastasis (Cheng et al., 2004). OC cells overexpressing 

Rab25 showed better survival under stress, while decreased Rab25 levels led to reduced OC cell 

proliferation and increased apoptosis (Cheng et al., 2004, Liu et al., 2012). Rab25 was also found to 

promote OC cell migration and invasion. At the pseudopodia tip of OC cells, Rab25 vesicles were 

found to recycle the integrin α5β1 from the late endosomes or lysosomes and deliver them to the 

plasma membrane, which promoted the pseudopodia extension, directional migration and 3D 

matrices invasion of OC cells (Caswell et al., 2007, Dozynkiewicz et al., 2012). In an in vivo model, 

OC cells stably transfected with Rab25 generated significantly larger tumours when injected into 

nude mice. Furthermore, metastatic colonies in the lung of nude mice injected with Rab25 
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overexpressing cells were larger and in a higher number (Jeong et al., 2018). This research indicates 

that Rab25 is contributing to the tumorigenesis of the OC. Additionally, Rab25 was found 

responsible for platinum-based chemotherapy resistance in OC, both in vitro (Fan et al., 2015) and 

in vivo (Gomez-Roman et al., 2015).  

 

A tumour-suppressing role of Rab25 was observed in colon, head and neck and squamous cell 

carcinoma (Goldenring and Nam, 2011, Seven et al., 2015, Tong et al., 2012, Clausen et al., 2016), 

where Rab25 expression was shown to suppress metastasis and tumour cell invasiveness. In colon 

cancer, Rab25 was found to suppress EMT, migration and invasion of HCT-116 cells by inactivating 

the EGFR/Ras/Snail signalling pathway (Cho et al., 2024). The expression of junction protein claudin-

7 was upregulated in Rab25 overexpressed HCT-116 cells, which is responsible for the 

downregulated EGFR and KRAS activation. In a mouse model, loss of Rab25 expression leads to 

increased formation of intestinal polyps and colonic tumours compared to the wild type (Nam et al., 

2010). Rab25 promoter was found hypermethylated in esophageal squamous cell carcinoma tissue 

samples and cell lines, which resulted in the downregulation of Rab25 (Tong et al., 2012). 

Furthermore, the overexpression of Rab25 in an esophageal squamous cell carcinoma cell line 

(EC109-Rab25) resulted in significantly decreased migration and invasion ability. Conditioned media 

(CM) derived from EC109-Rab25 also suppressed the tube-forming ability of human umbilical vein 

endothelial cells (HUVEC), indicating the anti-angiogenesis role of Rab25 in esophageal squamous 

cell carcinoma. In vivo, tumours generated by Rab25 overexpressing cells are also significantly 

smaller than the ones generated by Rab25 deficient cells. Since the levels of phosphorylated FAK, c-

Raf, MEK1/2 and ERK were significantly reduced in EC109 cells overexpressing Rab25, Rab25 may 

suppress tumour progression through inhibiting FAK/MAPK/ERK pathway, while the involvement of 

integrin in this process has not been investigated. 

 

1.5. Aims and objectives 

Currently, metastasis is the leading cause of OC patient death, due to late diagnosis and therapy 

resistance (Cho and Shih, 2009, Bhatla and Jones, 2018). Therefore, the identification of new 

diagnosis markers and therapeutic targets is critical to improving patient survival and prognosis in 

OC. Altered ECM composition and remodelling have been identified in OC stroma, which was found 
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to promote tumour progression and metastasis (Cho et al., 2015). Significantly increased expression 

of ADAMTS5 was previously observed in malignant OC tumour samples and was correlated with 

poor patient survival (Held-Feindt et al., 2006). Additionally, preliminary data from our lab showed 

that ADAMTS5 is required for OC cell migration in 3D matrices (data not shown). These results 

indicated that ADAMTS5 may play a critical role in promoting OC metastasis. Interestingly, previous 

research by the Norman’s lab identified upregulated ADAMTS5 expression in OC cells 

overexpressing Rab25 (Dożynkiewicz, 2011). Therefore, the current study focused on elucidating 

the role of ADAMTS5 in OC cell invasion and how this protease is regulated by Rab25.  

 

Here I hypothesise that overexpression of Rab25 in OC cells induces upregulation of ADAMTS5, 

which in turn promotes OC cell migration in the presence of ECM. The main aims of this project 

were to: 

· Investigate the role of Rab25 in regulating ADAMTS5 expression in OC cell lines in the presence 

of ECM. 

· Investigate the molecular mechanism through which Rab25 control ADAMTS5 expression. 

· Characterise the role of ADAMTS5 in OC cell proliferation. 

· Characterise the role of ADAMTS5 in Rab25-dependent OC cell migration and invasion in 3D 

systems.  
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Chapter 2 – Materials and Methods 

2.1. Materials  

2.1.1. Reagents and suppliers  

Table 2.1 Reagents and suppliers 

Reagents Supplier 

0.22μm syringe filter Gilson 

0.45μm syringe filter Gilson 

10cm petri dishes Greiner bio-one 

12-well tissue culture plates Greiner bio-one 

15mm glass-bottom dishes NEST 

35mm glass-bottom dishes Ibidi 

5X siRNA buffer Horizon Discovery by Perkin Elmer 

6-well tissue culture plates Greiner bio-one 

96-well glass-bottom plates Greiner bio-one 

96-well plastic bottom plates FALCON 

Alexa FluorTM 555 Phalloidin Invitrogen  

Alexa FluorTM 647 Phalloidin Invitrogen  

AmbionTM Nuclease-Free Water Invitrogen  

Amicon Ultra® - 4 Centrifugal filters 10k Milipore 

Ammonium hydroxide (NH4OH) Sigma 

Cell trackerTM Red CMTPX Invitrogen  

Click-iTTM EdU Alexa FlourTM 555 Imaging Kit Invitrogen  

Collagen type I  Ibidi 

Color Prestained Protein Standard Broad Range BioLabs 

DarmaFect 1 Reagent Dharmacone 

Deoxyribonuclease I /DN25 (DNase I) Sigma 
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Dimethyl sulfoxide (DMSO) Fisher Scientific 

DRAQ5TM Rocher 

Dulbecco's Modified Eagle Medium (DMEM), high 

glucose, pyruvate 
Gibco 

Fibronectin bocine plasma Sigma-Aldrich 

Foetal bovine serum (FBS) Gilson 

Gelatin Sigma 

GeltrexTM Reduced Growth Factor Basment Mebrane 

Matrix without phenol red 
Gibco 

Glutaraldehyde solution Sigma Aldrich 

Glycine Sigma 

High-Capacity cDNA Reverse Transcription Kit Appliedbiosystems 

Hoechst 33342 Invitrogen  

Human Plasma-Like Medium (HPLM) Gibco 

Invitrogen™ Lipofectamine™ 2000 Transfection Reagent Thermofisher 

L-ascorbic acid Sigma 

Lipofectamine® 2000 Transfection Kit Invitrogen  

Magnesium chloride Sigma-Aldrich 

Methylcellulose Sigma 

Microplate PCR 384 well Alphalaboratories 

NHS-fluorescein Thermofisher 

Penicillin/streptomycin (Pen/Strep) Gibco 

Phosphate buffer saline, containing calcium and 

magnesium (PBS++) 
Gibco and Sigma 

PVDF membrane IMMOBILON-FL 

QiaShredder QIAGEN 

qPCRBIO SyGreen Blue Mix Lo-ROX  PCRBIOSYSTEMS 

QuantiNova® SYBR® Green PCR Kit QIAGEN 

Rnase-free water Cleaver scientific and Horizon Discovery 
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RNeasy Mini Kit (50) QIAGEN 

RPMI-1640, L-Glutamine Gibco 

Sodium chloride Sigma-Aldrich 

Sodium deoxycholate Sigma-Aldrich 

Soluble collagen I Bio Engineering 

T75 flask Thermofisher 

Tris(hydroxymethyl)aminomethane (Tris)  Sigma-Aldrich 

Triton X-100 Sigma 

Trypan Blue stain 0.4%  Gibco by life technologies 

Tween-20 Sigma 

VECTASHIELD Antifade Mounting Medium with DAPI VECTOR laboratories 

 

2.1.2. Solutions 

Table 2.2 Recipes of solutions 

Solutions Recipes 

Triton extraction buffer  20mM NH4OH, 0.5% (v/v) Triton X-100 in PBS with Ca2+ and Mg2+ 

PLA2 extraction buffer 
50mM Tris-HCl pH 8, 150mM NaCl, 1mM MgCl2, 1mM CaCl2,  

0.5% sodium deoxycholate and 20 unit/ml PLA2 in dH2O 

SDS lysis buffer 50mM Tris pH7 and 1% SDS in dH2O 

EdU staining 
1x Click-iT, 4mM CuSO4, 0.25% (v/v) Alexa Flour azide and  

1x Reaction buffer additive in dH2O 

Loading buffer Protein sample, 1mM DTT, 1x NuPAGE 

Running buffer 25mM Tris, 192mM Glycine and 1% SDS in dH2O 

1xTBST 10mM Tris-HCl pH7.4, 150mM NaCl, 0.1% (v/v) Tween-20 in dH2O 

Towbin transfer buffer 25mM Tris, 192mM glycine and 20% methanol (v/v) in dH2O, pH 8.3 

cDNA synthesis mix 
mRNA sample, 1xRT buffer, 1xdNTP Mix, 1xRT Randome Primers and 

0.5% (v/v) Multiscribe Reverse Transcriptase in nuclease-free water 

SYBR Green RT-qPCR mix 
cDNA template sample, 1xSYBR Green PCR Master Mix and  

1x QuantiTect Primer Assay in nuclease-free water 
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2.2. Methods 

2.2.1. Cell culture 

The ovarian cancer cell lines A2780, OVCAR3, and omental cancer-associated fibroblast (CAFs) were 

cultured in RPMI-1640 medium supplemented with 10% (v/v) foetal bovine serum (FBS) and 1% (v/v) 

penicillin/streptomycin (Pen/Strep), which is referred to as RPMI-1640 complete medium hereafter. 

The A2780 cells expressing empty pc3 vector (A2780-DNA3) or overexpressing Rab25 (A2780-Rab25) 

were a gift from Prof Jim Norman’s lab (Cancer Research UK Scotland Institute), the OVCAR3 cells 

from Prof Patrick Caswell’s lab (The University of Manchester) and the hTERT immortalized omental 

CAFs from Prof Sara Zanivan’s lab (Cancer Research UK Scotland Institute, Glasgow). The ovarian 

cancer cell line SKOV3 and telomerase-immortalised human dermal fibroblasts (TIFs) were cultured 

in high glucose Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% (v/v) FBS and 

1% (v/v) Pen/Strep. All cell lines were maintained at 37°C in 5% CO2 and split when 90% confluent. 

To split the cells, after the media was removed, the cells were washed once with phosphate buffer 

saline (PBS), and then incubated with 0.25% (w/v) trypsin-EDTA for up to 5 minutes at 37°C in 5% 

CO2. Detached cells were then transferred into new 10cm tissue culture dishes with complete 

medium.  

 

For long term storage, all cell lines were frozen down and cryopreserved. When the cells reached 

80-90% confluency in a 10cm dish, the cells were trypsinised and resuspended in complete media. 

Then, the cell solution was centrifuged at 1000rpm for 5 minutes. After removing the supernatant, 

the cell pellets were resuspended in 500μL of a solution containing 50% normal media and 50% FBS 

and transferred into a cryo-vial. 500μL of a solution containing 80% FBS and 20% DMSO was further 

added drop by drop, and the solution was mixed gently. The vials were first kept in BiocisionTM 

CoolCellTM LX freezing container at -80oC for a few days and then stored in liquid nitrogen. To recover 

the cells from cryopreservation, the cryo-vial was defrosted in the water bath. For cancer cell lines 

and TIFs, the cell suspension was transferred into a 10cm culture dish with complete media directly. 

For CAFs, the cell suspension was mixed with complete media, centrifuged at 1000rpm for 5 minutes, 

and the cell pellet was resuspended in 10mL complete media and transferred into a 10cm tissue 

culture dish.  
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2.2.2. Plasmid transfection and maintenance 

A2780-DNA3 and Rab25 cells were generated in Dr Gordon Mill’s lab, as described in (Cheng et al., 

2004) To maintain the overexpression of Rab25, both cell lines were treated with 0.4mg/mL G418 

for a week every 10 passages.  

 

To generate stable OVCAR3 cells expressing nuclear GFP, 5x105 cell/well was seeded in a 6-well plate 

one day before transfection and cultured in 2mL complete medium without Pen/Strep. 2.5μg of the 

pCAG-H2B-GFP plasmid (Addgene #184777) and 5μL of Invitrogen™ Lipofectamine™ 2000 

Transfection Reagent were suspended in 250μL Opti-MEM media respectively and incubated at 

room temperature (RT) for 5 minutes. Then the solutions were mixed and incubated at RT for 20 

min. The 500μL solution was then added on top of the OVCAR3 cells and incubated at 37 oC and 5% 

CO2 for 6 hours. After that, the cells were washed twice with PBS and cultured with complete media 

without Pen/Strep overnight. Following 72 hours, the cell was selected with 50ng/mL Puromycin 

(1mg/mL stock concentration). To maintain the expression of GFP, the cells were cultured with 

complete media containing 25ng/mL Puromycin for 3 days every 2 passages.  

 

2.2.3. Cell-derived matrix generation 

The process of generating cell-derived matrices (CDMs) was previously described by (Kaukonen et 

al., 2016) and summarised in Figure 2.1. The CDMs were generated in 10cm dishes, 6-well, 12-well 

and 96-well plates. The plates or dishes were firstly coated with 0.2% (v/v) gelatin in PBS for 1 hour 

at 37°C, followed by two washes with PBS. Then the plates were crosslinked by 1% (v/v) sterile 

glutaraldehyde in PBS for 30 minutes at RT, followed by two washes with PBS. After that, the 

glutaraldehyde was quenched with 1M sterile glycine in dH2O for 20 minutes at RT, followed by two 

washes with PBS. Complete medium was thereafter used for equilibration for 30 minutes at 37°C. 

TIFs and CAFs were then seeded on top of the coated plates according to Table 2.3. After an 

overnight incubation at 37°C in 5% CO2, the media was changed to complete media containing 

50μg/mL ascorbic acid and was refreshed every other day. 

 

TIFs were kept in DMEM complete media with ascorbic acid for 9 days to secrete CDM. After then, 

the cells were washed once with PBS containing Ca2+ and Mg2+ (PBS++) and then treated with triton 
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extraction buffer (20mM NH4OH and 0.5% (v/v) Triton X-100 in PBS++) at RT for up to 5 minutes until 

all cells were removed. After two PBS++ washes, 10μg/mL DNase I in PBS++ was added on top of 

extracted CDM and incubated at 37°C for 1 hour. The CDM was then washed twice with PBS++, stored 

at 4°C in PBS++ and used within a month. 

 

CAFs were kept in Human Plasma-Like Medium (HPLM, Gibco) with ascorbic acid for 11 days since 

the CAFs secrete less ECM compared to TIFs. Then, the cells were washed once with PBS++ and then 

treated with PLA2 extraction buffer (50mM Tris-HCl pH 8, 150mM NaCl, 1mM MgCl2, 1mM CaCl2, 

0.5% sodium deoxycholate and 20 unit/ml PLA2) at 37°C for 1 hour. After two washes with PBS++, 

10μg/mL DNase I in PBS++ was added on top of extracted CDM and incubated under 37°C overnight. 

The CDM was then washed twice with PBS++ and stored at 4°C in PBS++ and was used within two 

weeks. Since the CAF-CDM is less stable compared to TIF-CDM, PLA2 as a gentler extraction buffer 

was used.  

 

 

Figure 2.1. Generation of TIF and CAF CDMs. TIFs or CAFs were seeded on top of gelatin-coated plates/dishes 

to secrete ECM in the culture media supplemented with 50μg/mL ascorbic acid for 9 to 11 days. The CDMs 

where then denudated with extraction buffer and treated with DNase I, and the ready-to-use CDMs were 

stored at 4°C in PBS++.  

 

Table 2.3 Cell seeding numbers and solution volume for TIF and CAF-CDM generation. 

TIF-CDM 

Plate/Dish type Cell seeding numbers Solution volume 

6-well plate 4x105 cells/well 2mL 

12-well plate 2.5x105 cells/well 1mL 

96-well plate 6x103 cells/well 100μL 

10cm dishes 3x106 cells/well 5mL 
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CAF-CDM 

Plate/Dish type Cell seeding numbers Solution volume 

6-well plate 6x105 cells/well 2mL 

 

2.2.4. Conditioned media harvest 

5x105 A2780-DNA3 and Rab25 cells/well were seeded in 6 well plates or 3x106 cells in 10cm tissue 

culture dishes and cultured at 37°C in 5% CO2 for 72 hours. Then, the culture media, hereafter 

referred to as CM, was transferred into falcon tubes and subjected to a 3-step centrifugation 

protocol at 4°C. The CM was spun at 300g for 10 minutes, 2,000g for 10 minutes, and 10,000g for 

30 minutes (Gupta et al., 2012). The supernatant was transferred into new falcon tubes and stored 

at 4°C up to a week. These CMs were used for the cell migration experiments (see section 2.2.9.2) 

 

To analyse CM proteins by western blotting, 5x105 A2780-DNA3 and Rab25 cells were seeded and 

cultured at 37°C in 5% CO2 for 4 hours, followed by two PBS washes. As the serum will disrupt the 

concentrating process and result in background on the blot, the culture media was changed into 

serum-free media after the cells attached. The cells were cultured for 3 Days. After the 3-step 

centrifugation protocol described above, the CM was further concentrated using Amicon Ultra® - 4 

Centrifugal filters (3,000 or 10,000 MWCO PES). The filter tube was centrifuged at 4,000g until the 

CM in the top tube reaches target volume.  

 

2.2.5. Western blotting  

A2780-DNA3, Rab25, OVCAR3, OVCAR4 and SKOV3 cells were seeded in 6-well plates for western 

blotting. The seeding number was altered based on the culture time before the sample harvesting. 

For 24 hours culture, 5x105 cells per/well were seeded. For 72 hours culture, 2x105 per/well were 

seeded. For cells seeded on plastic, the cells were washed twice with ice cold PBS and 100μL of the 

SDS-lysis buffer (50mM Tris PH7, 1% SDS in dH2O) was added on top. For cells seeded on TIF-CDM, 

the cells lysate was harvested with Triton extraction buffer (see section 2.2.3). The cell lysate was 

then spun down through QiaShredder columns at full speed for 5 min. For all protein samples, 4x 
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NuPAGE buffer containing 1mM DTT was mixed with the samples and boiled at 70°C for 5 minutes. 

20 to 25μL of the samples and 1μL of the protein ladder (BioLabs) were loaded into a Bio-Red 4-15% 

Mini-PROTEAN precast polyacrylamide gel and run at 100V for 75 minutes in 1x running buffer 

(25mM Tris, 192mM glycine and 1% SDS in dH2O), followed by transfer into a FL-PVDF membrane 

at 100V for 75 minutes in Towbin transfer buffer (25mM Tris, 192mM glycine and 20% methanol 

(v/v) in dH2O, pH 8.3). The membranes were then blocked with 5% (w/v) Skimmed milk in 1xTBST 

(50mM Tris HCl, 150mM NaCl and 0.5% (w/v) Tween 20 in dH2O) for 1 hour at RT. After that, the 

membranes were incubated overnight with target primary antibody (Table 2.4) together with 

GAPDH (1:1000 diluted in 5% (w/v) bovine serum albumin (BSA) in 1xTBST) as housekeeping gene 

at 4°C. After three washes for 10 minutes in TBST, the membranes were incubated for 1 hour at RT 

with secondary anti-mouse IgG LICOR IR Dye 800 (1:30,000) and anti-rabbit IgG LICOR IR Dye 680 

(1:20,000) in TBST containing 0.01% (w/v) SDS, followed by another three washes with TBST and 

one in dH2O. The Membranes were then imaged in a LICOR Odyssey Sa system. Image Studio Lite 

software was used to acquire and quantify the intensity of the protein bands. Intensity of the target 

protein was normalized to GAPDH, and the results from different biological replicates were then 

normalized to the control groups.  

 

Table 2.4 Western blotting antibody list. 

Primary antibodies Supplier Dilution  

ADAMTS5 abcam (ab41037) 1:250 

Rab25 Proteintech (13189-1-AP) 1:600 

AKT Cell Signalling (#4691) 1:1,000 

p-AKT (Ser473) Cell Signalling (#4075) 1:1,000 

GAPDH Santa Cruz Biotechnology (SC-47724) 1:1,000 

 

Secondary antibodies Supplier Diluition ration 

IR Dye 680LT anti-Rabbit antibody LICOR Biosciences 1:20,000 

IR Dye 800LT anti-Mouse antibody LICOR Biosciences 1:30,000 
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2.2.6. RT-qPCR 

2.2.6.1. mRNA extraction 

5x105 A2780-DNA3, Rab25, OVCAR3 and SKOV3 cells were seeded in 6-plates and cultured overnight.  

For cells seeded on plastic, the cells were trypsinized, collected in a falcon tube and spun down at 

full speed for 5 min. For cells seeded on CDM, cells were incubated with 400μL complete media 

containing Collagenase (0.25mg/mL) and Hyaluronidase (0.05mg/mL) at 37°C for 1 hour, and the 

cell suspension were then spun down at full speed for 5 min. After one wash with PBS, the cell 

pellets were snap-frozen in dry ice and stored at -80°C. mRNA was extracted from the cell pellets 

using RNeasy® Mini kit (Qiagen) following the manufacturer’s protocol. Briefly, the cell pellets were 

lysed by 350μL Buffer RLT containing 1% (v/v) β-mercaptoethanol and spun down through 

QiaShredder columns at full speed for 2 min. Then, 350μL of 70% ethanol was added to the 

flowthrough and transferred to RNeasy spin columns, which were centrifuged at 8,000g for 30 sec. 

The flowthrough was discarded, and the columns were further washed once with 700μL Buffer RW1 

and twice with 500μL Buffer RPE. Finally, the mRNA sample was eluted with 30μL RNase-free water.  

 

2.2.6.2. cDNA synthesis 

cDNA was synthesized using High-Capacity cDNA Reverse Transcription Kit (Fisher). Briefly, mRNA 

solution concentration was measured by Nanodrop LITE Spectrophotometer (Thermo Scientific) and 

1μg of mRNA per sample was used to synthesise cDNA. A 20μL solution containing 1x RT buffer, 1x 

dNTP mix, 1x RT Random Primers and 1μL of MultiScribe Reverse Transcriptase and mRNA was 

placed in a 0.2mL PCR tube. The -RT control was prepped with the mRNA sample with the highest 

concentration. Instead of MultiScribe Reverse Transcriptase, 1μL of RNase-free water was added 

into the -RT control. The samples were run on a thermocycler followed by the settings in Table 2.5. 

The synthesized cDNA samples were stored at -80°C.  

 

Table 2.5 Time and temperature for cDNA synthesis 

 Step 1 Step 2 Step 3 Step 4 

Temperature (℃) 25 37 85 4 

Time (min) 10 120 5 ∞ 
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2.2.6.3. qPCR 

For qPCR loading, master mix containing 1x QuantiNova SYBR® Green PCR Kit (Qiagen) master mix 

and 1x QuantiTect® Primer Assay for target genes (Table 2.6) was prepped in RNase-free water. 7μL 

of loading master mix together with 3μL of diluted cDNA solution (1:100 dilution, 5ng/μL final conc.) 

were loaded into a 384-well plate. For each experiment, the -RT and blank water controls were 

tested for all target genes. Quantstudio 12K flex real-time PCR system was used to analyse the 

samples. The machine was set as shown in Table 2.7 and ran for 40 cycles. The melting curve was 

generated after the cycles to verify the purity of amplified genes. Expression levels of the target 

genes were calculated using 2–∆∆Ct method (2-(∆Ct Target gene – ∆Ct Housekeeping gene)) with GAPDH as the 

housekeeping gene. Three technical replicates were tested for each sample and the results from 

different biological replicates were normalised to the control groups.  

 

Table 2.6 qPCR Primer list. 

Primer  Assay name Stock concentration 

ADAMTS5 Hs_ADAMTS5_1_SG 10x 

Rab25 Hs_RAB25_1_SG 10x 

GAPDH Hs_GAPDH_1_SG 10x 

 

Table 2.7 Time and temperature for qPCR. 

 Hold Stage PCR Stage Melt Curve Stage 

Temperature (℃) 95 95 60 95 60 95 

Time (min:sec) 2:00 00:10 00:30 00:15 1:00 00:15 

 

2.2.7. siRNA transfection 

ADAMTS5 (L-005775-00-0005) and Rab25 (L-010366-00-0005) ON-TARGETplus SMARTpool siRNAs 

(Dharmacon, Horizon discovery) were resuspended in RNase-free 1x siRNA Buffer to obtain a 20μM 

final concentration. 5x105 A2780 and OVCAR3 cells per well were seeded in 6-well plates. After 

overnight culture at 37°C, cells reached 70-80% confluency. For each well, 2μL Dharmafect I was 

mixed with 198μL FBS free medium and incubated for 5 minutes at RT. Then, 2.5μL siRNA (20μM) 
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and 197.5μL FBS free medium were added to the Dharmafect solution and incubated for 20 min at 

RT. After that, the cells were washed twice with PBS and the 400μL solution was placed on top of 

the cells and toped up to 2mL with complete medium without antibiotic. After a 24 h incubation, 

the cells were washed twice with PBS and 2mL complete medium without antibiotic was added to 

culture the cells. siGENOME non-targeting control siRNA #4 was used as a non-targeting control. To 

assess the knockdown efficiency, western blot and RT-qPCR were performed as described in section 

2.2.5 and 2.2.6.  

 

2.2.8. Cell proliferation assay 

2.2.8.1. Cell proliferation assay with ADAMTS5 inhibitor 

Matrigel was diluted in ice-cold PBS to obtain a 3mg/mL solution and 15μL/well of a 96 well plate 

were spread to fully cover the wells. After polymerisation at 37°C for 4 hours, PBS was added on top 

of the matrigel. The plates were kept at 37°C overnight and used the following day. For TIF-CDM 

generation, see section 2.2.3. 600 A2780-DNA3 and Rab25 cells were seeded on plastic, 3mg/mL 

matrigel or TIF-CDM in 96-well plates. After a 4 h incubation to allow cell attachment, cells were 

washed twice with PBS and complete or starvation (5mM glucose, 1mM glutamine or 5% FBS) 

culture media containing DMSO or 5μM of ADAMTS5 inhibitor was added. For each condition, three 

wells were seeded as technical replicates. Three plates were prepped for each experiment and fixed 

at day 2, day 4 and day 6 with 40μL 4% (w/v) paraformaldehyde (PFA) for 15 min at RT. Cells seeded 

on plastic and matrigel were stained with DRAQ5 (Rocher, 1:1000 in PBS) for 1 hour at RT, followed 

by two washes with PBS. The plates were left in the last wash on a rocker for an extra 30 min to 

minimise the background signal. 140μL/well PBS was added, the plates were imaged with a LICOR 

Odyssey Sa system (700nm channel) and the intensity for each well was measured with Image Studio 

Lite software.  

 

To reduce the background noise and increase the accuracy of cell counting, cells seeded on CDM 

were stained with Hoechst 33342 (1:1000) during PFA fixation, followed by two PBS washes. The 

plates were left in the last wash on a rocker for extra 30 min, and 140μL PBS was added at the end. 

The cells were imaged by ImageXpress microscope with 2x objective DAPI channel and further 

counted by MetaXpress and Costum Module Editor (CME) software (Figure 2.2).  
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2.2.8.2. Co-culture cell proliferation assay 

4,000 GFP-OVCAR3 and 2,000 CAF cells/well were seeded in 96-well plates for CAF-OVCAR3 co-

culture proliferation assay. Meanwhile, 6,000 GFP-OVCAR3 or CAF cells/well were seeded as a 

monoculture. For the TIF-OVCAR3 co-culture proliferation assay, 3,000 GFP-OVCAR3 and 1,500 TIF 

cells/well were seeded in 96-well plates, since TIFs proliferate faster than CAFs. 4,500 GFP-OVCAR3 

or TIF cells/well were seeded as a monoculture. After a 24h incubation, cells were washed twice 

with PBS and complete culture media containing DMSO, 5 or 10μM of ADAMTS5 inhibitor was added. 

Two plates were prepped for each experiment and stained with Hoechst 33342 (1:2000 in media) 

for 15 minutes at 37°C on day4 and day8. After two PBS washes, the cells were left in PBS and 

imaged live by an ImageXpress microscope (10x objective) in both DAPI and GFP channels. OVCAR3 

cells show both DAPI and GFP florescence while CAF cells show only DAPI florescence. Images were 

analysed by CME software (Figure 2.2). 
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Figure 2.2. Cell proliferation analysis by CME software in MetaXpress. To automatedly count the number of 

cells with DAPI and/or GFP florescence, analysis was performed with CME software as follows. Find object 

tool was selected (1.) to detect the cells. For both DAPI and GFP signal, “Find Blobs” option was selected. In 

the segment option (2.), target channels were selected (3.), and the parameters were defined to obtain the 

best mask result of the signal. 4. To measure the count of the nuclei and GFP nuclei, 5. The “Main objective” 

and the “Mask of Features” were defined separately. By applying this measurement to each mask identified, 

the number of objects was summarized.  

 

2.2.9. Random cell migration assay on CDM 

2.2.9.1. Cell migration with small molecule inhibitors 

TIF-CDM was generated in 12-well plates as described in section 2.2.3. 5x104 A2780 cells/well were 

seeded and cultured at 37°C in 5% CO2. After a 4h incubation, DMSO control or 5μM ADAMTS5 

inhibitor were added into the culture media.  

 

Cells were imaged live with a Nikon widefield live-cell system (Nikon Ti eclipse with Oko-lab 

environmental control chamber) with a Plan Apo 10X objective (NA 0.75). For each well, 5 positions 

were randomly selected for imaging. Images were acquired every 10 minutes for 16 hours (97 

images in total were obtained for each position). Cell migration was manually tracked using FiJi 

ImageJ plugin Manual Tracking (Schindelin et al., 2012, Cordelières, 2005), and the velocity and 

directionality of the migrating cells were calculated with the chemotaxis tool plugin in FiJi Image J 

(https://ibidi.com/chemotaxis-analysis/171-chemotaxis-and-migration-tool.html). The distance 

between nuclei and the tip of the pseudopod in the direction of cell migration, defined as 

pseudopod extension length, was measured in ImageJ with the “Straight” tool. 

 

2.2.9.2. Cell migration with conditioned media 

CM derived from A2780-DNA3 or Rab25 cells were harvested as described in section 2.2.4. 5x104 

A2780-DNA3 cells were seeded on TIF-CDM-coated 12-well plates in complete medium mixed with 

CM (1:1). Where indicated, the inhibitors were added after 4 hours after seeding the cells. Cells 

were imaged and analysed as described above (see section 2.2.9.1).  

 

2.2.10. 3D spheroid invasion assay 

2.2.10.1. A2780-Rab25 spheroid invasion assay with ADAMTS5 inhibitor 

https://ibidi.com/chemotaxis-analysis/171-chemotaxis-and-migration-tool.html
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Spheroids were generated using the hanging drop method as previously described by Bayarmagnai 

et al. (2019) Figure 2.3. Briefly, 5x105 A2780-Rab25 cells were seeded in 6-well plate for 24 hours 

and labelled with Cell trackerTM Red CMTPX (1:3000 in FBS-free media) at 37°C for 1 hour. 

Afterwards, 1x105 of labelled cells were suspended in 2mL of complete culture medium containing 

20μg/mL soluble collagen I (BioEngineering) and 4.8mg/mL Methyl Cellulose (MTC, Sigma-Aldrich). 

20μL drops of this cell solution (containing 1x103 A2780-Rab25 cells) were then added to the lid of 

10cm tissue culture dishes. The lid was then flipped, so that the cell suspension is hanged to form 

spheroids. 8mL of PBS was added to the culture dishes to prevent evaporation. After 48 hours of 

incubation at 37°C, spheroids were gently washed off from the lid with 800μL of ice-cold complete 

media and washed twice with 800μL of ice-cold complete media. Individual spheroids were then 

embedded into 45μL of ECM mixtures containing 3mg/mL collagen I (Ibidi), 3mg/mL Geltrex (Gibco) 

and 25μg/mL Fibronectin (Sigma-Aldrich) and placed on a 35mm glass bottom dish, with each dish 

containing three spheroids as technical replicates. To keep the spheroid in the middle of the ECM 

during matrix polymerisation, the dishes were first incubated at 37°C upright for 2 minutes, flipped 

upside down and incubated for another 2 minutes. After 5 up and down flips (10 minutes in total), 

the dishes were kept upside down and cultured at 37°C for another 20 to 25 minutes until the 

matrices polymerised. Then, 1.5mL of complete media containing DMSO, 5 or 10μM ADAMTS5 

inhibitor was added to the dishes drop by drop. A2780-Rab25 spheroids were imaged live with Nikon 

A1 confocal microscope, CFI Plan Fluor 10x objective (NA 0.3) at day 0, day 1 and day 2. Cell invasion 

was quantified with FiJi Image J (Figure 2.4). Images were thresholded, and the areas of the spheroid 

cores and the total area were measured. The invasion area was then calculated by total area - core 

area, and the invasion area was normalized to the core area. Results from different biological 

replicates were normalised to the DMSO control groups at 24h.  
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Figure 2.3. Generation of spheroids. Cells were labelled with Cell trackerTM Red and suspended in media 

containing 4.8mg/mL MTC and 20μg/mL soluble collagen I. Spheroids were generated with the hanging drop 

method on the lid of a 10 cm dish. The spheroids were then embedded in ECM mixtures containing Geltrex, 

Collagen I and Fibronectin, and incubated with culture media containing DMSO, 5 or 10μM of ADAMTS5 

inhibitor.  

 

2.2.10.2. Co-culture 3D spheroid invasion assay with ADAMTS5 inhibitor 

To generate OVCAR3-GFP and CAF/TIF co-culture spheroids, 5x105 CAF/TIF cells were seeded in 6-

well plates for 24 hours and then labelled with Cell trackerTM Red CMTPX for 1 hour. 1.4x105 of 

OVCAR3-GFP and 0.7x105 of CAF/TIF cells were suspended in 2mL culture medium containing 

20μg/mL soluble collagen and 4.8mg/mL MTC and spheroids with 2.1x103 cells in total were 

generated as described above. After a 24h incubation, the co-culture spheroids were harvested and 

embedded as above (section 2.2.10.1). 1.5mL of complete media containing DMSO, 5 or 10μM 

ADAMTS5 inhibitor was added to the dishes. Co-culture spheroids were imaged on day 0, day 4, day 

6 and day 8 after embedding. Fresh media with inhibitor was replaced on day 4. The invasion of 

both OVCAR3 and CAF/TIF was quantified (Figure 2.4). Results from different biological replicates 

were normalised to the DMSO control groups on day 2.  
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Figure 2.4. 3D spheroids invasion analysis. 1. Cells labelled with cell tracker red (A2780-Rab25 and CAFs/TIFs) 

were imaged in the TRITC channel (562nm sapphire laser) and OVCAR3-GFP cells were imaged in the FITC 

channel (488nm sapphire laser) with a Nikon A1 confocal microscope. 2. Each channel was thresholded 

individually and the Despeckle function was used to remove the background noise. 3.The core area was 

manually identified and subtracted, to obtain the invasion area of the spheroids. 4. The particles from both 

total area and invasion area were analysed and the “Total area” value were recorded.   
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2.2.10.3. Co-culture 3D spheroid invasion assay with ADAMTS5 or Rab25 KD.  

OVCAR3-GFP cells were transfected with non-targeting (NT), ADAMTS5 or Rab25 targeting siRNA as 

described in section 2.2.7. 24 hours after the transfection, the cells were washed twice with PBS and 

trypsinised. Co-culture spheroids were generated with 1.4x105 of transfected OVCAR3-GFP cells and 

0.7x105 of Cell trackerTM Red labelled CAF cells, as described in section 2.2.10.2, and embedded as 

described in section 2.2.10.1. 1.5mL of complete culture media was added in the dishes. Spheroids 

were imaged at day 0, day 4, day 6 and day 8, and fresh media was replaced on day 4. The invasion 

of both OVCAR3 and CAF cells was quantified (Figure 2.4). Results from different biological replicates 

were normalised to the NT control groups on day 2.  

 

2.2.10.4. EdU labelling of co-culture 3D spheroid.  

Co-culture spheroid was generated with OVCAR3-GFP, and unlabelled CAF cells and embedded as 

described above (section 2.2.10.2). After 6 days, 1.5μL of 10mM EdU solution was spiked into the 

media to make a final concentration of 10μM. After 2 days of labelling (8 days after embedding), 

the spheroids were fixed and stained with 4% PFA containing Hoechst 33342 (1:500) at 37°C for 

20min. After gently washing twice with PBS, the spheroids were permeabilized with 500μL IF wash 

buffer (46mM NaN3, 0.1% (w/v) BSA, 0.2% (v/v) Triton-X 100 and 0.04% (v/v) Tween-20 in 1xPBS) 

for 2 hours at RT on a rocker, followed by two washes with PBS. The spheroids were stained with 

Click-iT EdU Imaging Kits (Invitrogen) at 4°C overnight, followed by two washes with PBS. The 

spheroids were then imaged live with a Nikon A1 confocal microscope, CFI Plan Fluor 10x objective 

(NA 0.3) and the area of each channel were measured. The percentage of EdU (%EdU) was 

calculated by the area of EdU signal divided by the area of DAPI and GFP signal.  

 

2.2.11. Hypoxia assays 

5x105 A2780, OVCAR3 and SKOV3 cells/well were seeded in 6-well plates and incubated overnight 

at 37°C in 5% CO2. The hypoxia chamber was set at 37°C in 5% CO2 and 1% O2 level. To degas the 

media, T75 tissue culture flasks containing 5mL of complete culture medium were placed in the 

hypoxia chamber with the lids loosen for 24h. The culture media of the cells was then replaced with 

degassed media and incubated in the hypoxia chamber for 24 hours. Cells cultured with normal 

fresh media and incubated in the standard incubator (20% O2) were set as normoxia controls. Cells 
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lysates were collected for western blotting as described in section 2.2.5, or mRNA was extracted for 

RT-qPCR as described in section 2.2.6.  

 

2.2.12. Cell signalling inhibitor treatments 

Echinomycin (ECH) is a small molecule inhibitor that specifically inhibits HIF-1 DNA binding activity 

and the IC50 of ECH in cancer stem cells is 29.4nM (Kong et al., 2005, Wang et al., 2011). 5x105 

OVCAR3 and SKOV3 cells/well were seeded in 6-well plates and incubated at 37°C in 5% CO2 

overnight. Then, DMSO or ECH (MedChemExpress) were spiked in the culture medium to obtain a 

final ECH concentration of 5, 10 or 25nM and incubated for 24 hours. Cells were collected for 

western blotting as described in section 2.2.5, or for RT-qPCR as described in section 2.2.6.  

 

LY294002 is a widely used inhibitor for the PI3K/AKT pathway and the IC50s obtained from in vitro 

lipid kinase assay for PI3Kα, PI3Kβ and PI3Kδ are 0.5, 0.973 and 0.57μM respectively (Gharbi et al., 

2007, Chaussade et al., 2007). BAY 11-7082 is an NF-κB inhibitor, which can suppress the 

phosphorylation of IκBα and reduce the translocation of the p65 subunit (Mabuchi et al., 2004). 

5x105 OVCAR3 cells were seeded in 6-well plates. After an overnight incubation at 37°C in 5% CO2, 

cells were treated with DMSO, 2.5, 5 or 10μM of the LY294002 (MedChemExpress) or BAY 11-7082 

(Selleckchem) for 24 hours. Cells were collected for RT-qPCR as described in section 2.2.6.  

 

2.2.13. Immunofluorescence 

35mm glass bottom dishes (12mm glass diameter) were coated with 0.1mg/mL Geltrex for a better 

attachment of cells on the glass surface. 100μL Geltrex solution in PBS was added to the dishes and 

incubated at 37°C for 1h. 2x105 cells were seeded, incubated at 37°C overnight and fixed with 4% 

PFA in PBS for 15 min at RT. After two washes with PBS, the cells were permeabilized with 0.25% 

(v/v) Triton X-100 in PBS for 5 min, followed by two washes with PBS. Cells were blocked with 1% 

(w/v) BSA in PBS for 1h. Then, the cells were incubated with primary antibodies (1:100 in 1% 

BSA/PBS, Table 2.8) for 1h at RT. After three PBS washes, secondary antibodies (1:1000 in 1% 

BSA/PBS, Table 2.8) were added for a 45 min incubation. The cells were then incubated with 

Phalloidin Alexa Fluor 555 (1:400 in PBS) or Alexa Fluor 647 (1:300 in PBS) for 10 minutes to label 

the actin cytoskeleton. Finally, the cells were washed twice with PBS, once with dH2O and 2 drops 
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of Vectashield mounting agent containing DAPI were added on top. The samples were stored at 4°C. 

Images were taken with a Nikon A1 confocal microscope, CFI Plan Apochromat VX 60X oil immersion 

objective and analysed with FiJi Image J. The integrated density was measured and divided by the 

cell area. Results from biological replicates were normalised to the control groups.  

 

Table 2.8 Immunofluorescent antibody list. 

Primary antibodies Supplier Diluition ration 

NF-κB p65 Proteintech (10745-1-AP) 1:100 

Rab25 Proteintech (18139-1-AP) 1:100 

 

Secondary antibodies Supplier Diluition ration 

Alexa Fluor® 488 goat anti-rabbit 

IgG (H+L) 
Invitrogen (A11034) 1:1,000 

Alexa Fluor® 555 donkey anti-

rabbit IgG (H+L) 
Life technologies (A31572) 1:1,000 

 

2.2.14. Statistical analysis 

Experimental data from biological repeats were normalised to the control population for each 

individual experiment. Data were analysed and presented in GraphPad Prism software (Version 

9.1.0). For experiments containing two data sets, unpaired non-parametric t-tests were used 

(Mann-Whitney test). For experiments containing multiple data sets, one-way ANOVA with multiple 

comparisons correction was performed. For those containing two variables, two-way ANOWA with 

multiple comparisons was used. Differences were considered statistically significant when p<0.05. 

SuperPlots were generated to present the scattered plot as described in (Lord et al., 2020). 

Datapoints from the same experiment were presented in the same colour, while the different 

biological replicates were in distinct colours. The mean value of each biological replicate is plotted 

in larger dots.  



 74 

Chapter 3 – Rab25 induces ADAMTS5 expression in ovarian cancer cells.  

3.1. Introduction. 

Previous research in OC highlighted the role of Rab25 in promoting tumour development and 

metastasis, which further leads to poor prognosis (Cheng et al., 2004). In in vitro OC studies, A2780, 

SKOV3 and OVCAR3 are the top 3 most frequently used cell lines (Domcke et al., 2013). A2780 is a 

cell line established from an ovarian endometrioid adenocarcinoma sample of a patient who did not 

receive any treatment, while both SKOV3 and OVCAR3 cells were derived from the ascitic fluid of 

the OC patients with ovarian serum cystadenocarcinoma and HGSOC, respectively (Hernandez et al., 

2016). The gene mutation features of these cell lines have been previously characterised. Briefly, 

both A2780 and SKOV3 cells contain PIK3CA mutation. PTEN mutation was found in A2780 cells, 

while TP53 mutation was identified in OVCAR3 cells. BRCA1/2 mutation was not found in any of 

these three cell lines (Domcke et al., 2013). Among these cell lines, the expression of Rab25 was also 

measured in previous studies. Through western blotting, Rab25 expression was not detected in 

A2780 (Cheng et al., 2004) and SKOV3 cells (Temel et al., 2020). The OVCAR3 cell line was found to 

endogenously overexpress Rab25 (Temel et al., 2020). Since upregulated Rab25 promotes OC 

tumour development, which is linked to therapy resistance and results in poor prognosis, it is 

valuable to further characterise the molecular mechanisms mediating these processes as they could 

lead to the identification of novel therapeutic targets.  

 

In OC tumours, increased stuffiness and altered remodelling of the ECM were recognized (Cho et al., 

2015). Therefore, the role of ECM has been drawing attention during OC research. To identify the 

molecular mechanisms through which Rab25 promotes OC cell invasion in 3D matrices, ECM-

induced changes in gene expression were analysed in the presence and absence of Rab25 

overexpression previously. The microarray assay was done in Norman’s lab to identify genes with 

altered expression levels in Rab25 overexpressing cells with and without the presence of CDM. In 

comparison to the commercially available ECM compartments such as collagen, matrigel and 

fibronectin, CDM represent a better in vivo microenvironment, which is now frequently used in 

TME-related studies (Rubi-Sans et al., 2021). The A2780 cells stably expressing a control empty 

vector (A2780-DNA3) or a vector containing Rab25 (A2780-Rab25) were cultured on either plastic 

or CDM for 16h and the mRNA was extracted from the cells. Biotinylated cDNA was then synthesised 
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for microarray hydration. Through multiway ANOVA analysis of the obtained data, significantly up 

or down-regulated genes in A2780-Rab25 cells were identified.  

 

Among the upregulated genes, a 3.8-fold-change of ADAMTS5 expression was identified in A2780-

Rab25 cells seeded on CDM, compared to a 1.2-fold-change when cells were plated on plastic 

(Dożynkiewicz, 2011). This indicates that Rab25 may promote the expression of ADAMTS5 in OC, 

and this process could be mediated by the presence of ECM. Interestingly, ADAMTS5 may also 

promote the development of OC. A significantly increased ADAMTS5 expression was detected in 

malignant tumour samples compared to borderline and benign tumour samples from OC patients 

(Lima et al., 2016). However, the regulator and downstream effectors remain unclear for ADAMTS5 

in OC.  

 

In this chapter, the role of Rab25 in regulating ADAMTS5 expression was investigated. Rab25 

expression level was first characterised in multiple OC cell lines to select the best research model 

and two paired models were selected. The A2780-DNA3 and A2780-Rab25 cell lines were generated 

in Dr Gordon Mill’s lab, as described in (Cheng et al., 2004). The OVCAR3 cell line was identified as 

endogenously overexpressing Rab25. As a result, the overexpression of Rab25 resulted in 

significantly higher ADAMTS5 at both mRNA and protein levels, indicating that Rab25 induces 

ADAMTS5 expression.  

 

3.2. Results 

3.2.1. Characterisation of Rab25 expression in OC cell lines. 

The protein level of Rab25 was measured through western blotting in A2780-DNA3, A2780-Rab25, 

OVCAR3, OVCAR4 and SKOV3 cells. Cells were seeded in 6-well plates and the proteins were 

harvested after a 24h incubation. Clear Rab25 bands were identified in A2780-Rab25 and OVCAR3 

cells, but not in A2780-DNA3, SKOV3 and OVCAR4 cells (Figure 3.1). The molecular weight of Rab25 

bands detected in A2780-Rab25 cells is larger than OVCAR3 cells, which is probably because the 

Rab25 overexpressed in A2780 cells is tagged.  
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Figure 3.1. Rab25 protein levels in OC cell lines. A2780-DNA3, A2780-Rab25, OVCAR3, OVCAR4 and SKOV3 

cells were seeded on plastic. After a 24h incubation, the proteins were harvested and the Rab25 protein level 

was measured by western blotting. GAPDH was used as a loading control. Membranes were imaged with the 

Licor Odyssey Sa system, and the band intensity was quantified by Image Studio Lite software. N=1 

independent experiment. 

 

To confirm Rab25 expression at the mRNA level, A2780-DNA3, A2780-Rab25, OVCAR3 and SKOV3 

cells were seeded in 6-well plates and incubated for 24h, and then the mRNA was extracted and 

quantified by SYBR-green based qPCR (Figure 3.2). The ∆Ct values of Rab25 and the housekeeping 

gene GAPDH were obtained, and gene expression was calculated using the 2–∆∆Ct method (2-(∆Ct Rab25 

– ∆Ct GAPDH)). Rab25 was undetectable in A2780-DNA3 and SKOV3 cells, which is consistent with the 

western blotting results. In comparison to OVCAR3 cells, which endogenously overexpress Rab25, 

Rab25 mRNA level in A2780-Rab25 cells was more variable between different biological replicates.  

 

 

Figure 3.2. Rab25 gene expression in OC cell lines. A2780-DNA3, A2780-Rab25, OVCAR3 and SKOV3 cells 

were seeded on plastic. After a 24h incubation, the mRNA was extracted from the cells. Rab25 mRNA levels 

were measured by SYBR-green based qPCR. GAPDH was used as the control housekeeping gene and Rab25 

expression level was plotted as 2-∆∆Ct. Data are presented as mean ± SEM. N=3 independent experiments. 

**** p<0.0001, Mann-Whitney test. 

 

Immunofluorescence staining was performed to assess the localisation of Rab25 in A2780-DNA3, 

A2780-Rab25 and OVCAR3 cells. The cells were seeded on glass-bottom confocal dishes for 24h and 

stained for the actin cytoskeleton, nuclei and Rab25 (Figure 3.3). Consistent with the qPCR and WB 



 77 

results, the Rab25 signal was not detected in A2780-DNA3 cells. In both A2780-Rab25 and OVCAR3 

cells, Rab25 showed a perinuclear recycling compartment localisation, visible as a bright green spot 

near the nucleus. The integrated density of the Rab25 signal in OVCAR3 cells was significantly higher 

than in A2780-Rab25 cells, while this trend was not observed in the western blotting and qPCR 

results. However, this could be due to the expression loss of Rab25 in A2780-Rab25 cells, as 

discussed below.  

 

 
Figure 3.3. Rab25 localisation in OC cells. A2780-DNA3, A2780-Rab25 and OVCAR3 cells were seeded on 

glass-bottom confocal dishes for 24h, fixed and stained for actin (red), Rab25 (green) and nuclei (blue). 

Samples were imaged with a Nikon A1 confocal microscope, CFI Plan Apochromat VX 60X oil immersion 

objective and the integrated density was calculated and normalised to the area with image J. Z-stacked 

images were maximum-projected. Graphs show the mean ± SEM. Scale bar: 50μm. **** p<0.0001, Kruskal-

Wallis test, N=1, 64 A2780-DNA3, 66 A2780-Rab25 and 75 OVCAR3 cells.  

 

Altogether, we demonstrated that OVCAR3 endogenously overexpress Rab25, while this GTPase 

was not detected in SKOV3 and OVCAR4. For the following experiments, A2780-DNA3 and Rab25 

cells were used as paired cell lines, OVCAR3 cells were selected as Rab25 endogenously 

overexpressing cells and SKOV3 cells were selected as an additional Rab25-negative cell line.  

 

3.2.2. Selection of A2780 cells line overexpressing Rab25. 
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During the Rab25 immunofluorescence staining, a remarkable loss of Rab25 expression in A2780-

Rab25 cells was observed. As shown in Figure 3.4A, Rab25 could be detected in a small fraction of 

A2780-Rab25 cells, while most of them show similar expression levels as in A2780-DNA3 cells. Since 

the cells were generated with plasmids containing the Neomycin resistance gene (neo), the cells 

expressing transfected vectors are resistant to G418, an aminoglycoside antibiotic. The selection 

concentration and the time were first optimized (data not shown). Based on this, A2780-DNA3 and 

A2780-Rab25 cells were cultured in media with 0.4mg/mL G418 for two passages, and the 

immunofluorescence staining was performed again to test the selection result. As shown in Figure 

3.4B, a significantly overexpressed Rab25 was detected in A2780-Rab25 cells compared to DNA3 

cells after selection. Throughout this project, A2780 cells were selected with 0.4mg/mL G418 every 

10 passages.  

 

 

Figure 3.4. Expression of Rab25 in A2780-Rab25 cell line before and after G418 selection. A2780-DNA3 and 

A2780-Rab25 cells were seeded on glass-bottom confocal dishes for 24h before (A) or after G418 selection 

(B), fixed and stained for actin (red), Rab25 (green) and nuclei (blue). Samples were imaged with a Nikon A1 

confocal microscope, CFI Plan Apochromat VX 40X oil immersion objective and the integrated density was 
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calculated and normalised to the cell area with image J. A. N=1. B. N=3. Graphs show the mean ± SEM. Scale 

bar: 50μm.**** p<0.0001, Mann-Whitney test. 

 

3.2.3. Rab25 over-expression promoted ADAMTS5 expression in OC cell lines. 

Previous experiments investigating altered gene expression associated with Rab25 overexpression 

in OC cells showed a matrix-dependent ADAMTS5 expression upregulation in A2780-Rab25 cells 

compared to A2780-DNA3 cells (Norman lab, unpublished data). To validate and further investigate 

this, A2780-DNA3 and A2780-Rab25 cells were seeded on plastic or TIF-CDM and ADAMTS5 

expression was measured at both protein and mRNA levels. Since ADAMTS5 is a secreted protease, 

both cell lysate and CM were harvested and tested by western blotting as shown in Figure 3.5A. The 

cells were seeded in 6-well plates for 4h, either on plastic or on CDM, the media was replaced with 

serum-free media and incubated for 3 days. The CM was concentrated using Amicon Ultra® - 4 

Centrifugal filter tubes (3,000 or 10,000 MWCO PES). The cell lysate was harvested with triton-based 

extraction buffer to avoid solubilising the CDM. 

 

The western blotting data quantified and plotted here represent ADAMTS5 level in the CM only, as 

the ADAMTS5 level in the cell lysate was variable on both plastic and CDM. The result shows that 

when cells are seeded on plastic, ADAMTS5 expression level in A2780-Rab25 cells was similar to 

A2780-DNA3 cells. However, when cells were seeded on TIF-CDM, ADAMTS5 level was significantly 

increased in Rab25-overexpressing cells in comparison to DNA3 control cells (Figure 3.5B). This 

result indicates that Rab25 could promote ADAMTS5 expression and/or secretion in the media. To 

assess whether Rab25 regulated ADAMTS5 expression at the transcriptional level, SYBR-green based 

qPCR was performed. Similar to the western blotting result, there was no difference between the 

ADAMTS5 mRNA levels in A2780-DNA3 and A2780-Rab25 cells when seeded on plastic, while on 

TIF-CDM a significantly increased ADAMTS5 mRNA level was observed in Rab25-overexpressing cells 

(Figure 3.5C). As shown before, the expression level of Rab25 was strongly increased in A2780-

Rab25 compared to A2780-DNA3 cells and was not affected by the presence of the CDM. 

Additionally, an increased but no significant Rab25 expression level was identified in A2780-Rab25 

cells when placed on CDM. This result indicates that the Rab25 can induce ADAMTS5 expression in 

A2780 cells while the presence of CDM is required. 
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Figure 3.5. Rab25 induced ADAMTS5 expression in the presence of CDM. A. Schematic of the experimental 

plan, made with items adapted from Servier Medical Art B. A2780-DNA3 and A2780-Rab25 cells were plated 

on plastic (N=3 independent experiments) or TIF-CDM (N=4 independent experiments) for 3 days. Both cell 

lysate and concentrated conditioned media were extracted and tested by western blotting. Membranes were 

stained for ADAMTS5 and GAPDH, imaged with a Licor Odyssey Sa system, and the band intensity was 

quantified by Image Studio Lite software. ADAMTS5 signal was normalised to the GAPDH loading control, and 

the fold change of expression in A2780-Rab25 cells in comparison to DNA3 cells was plotted. Data are 

presented as mean ± SEM. * p=0.0286, Mann-Whitney test. CL: cell lysate, CM: conditioned media, PL: plastic. 

C. A2780-DNA3 and A2780-Rab25 cells were seeded on plastic or TIF-CDM for 24h, mRNA was extracted and 

quantified by SYBR-green based qPCR. GAPDH was used as the control housekeeping gene and the data was 

normalised to the DNA3 plastic group (ADATMS5) or plotted in 2-∆∆Ct (Rab25). Data are presented as mean ± 

SEM. N=3 independent experiments, the black dots represent the mean of individual experiments. *p=0.0226, 

**p=0.0054, ***p=0.0005, Kruskal-Wallis test. 

 

3.2.4. Rab25 KD reduced ADAMTS5 expression in OC cells endogenously 

overexpressing Rab25. 

To further validate the induction of ADAMTS5 in Rab25 overexpressing cells, Rab25 KD was 

performed in OVCAR3 cells, endogenously overexpresses Rab25 (Figure 3.1-3.3), and the ADAMTS5 

expression level was tested by SYBR-green based qPCR. However, when seeded on TIF-CDM, the 

morphology of OVCAR3 cells changed dramatically and cell survival was strongly decreased (not 

shown). Therefore, hTERT immortalized omental CAFs were used to generate CDM. TIF- and CAF-

CDM were generated as described in section 2.2.3 on glass-bottom confocal dishes, stained with 

10mg/mL NHS-fluorescein and imaged with a Nikon A1 confocal microscope, CFI Plan Apochromat 

VX 60X oil immersion objective. As shown in Figure 3.6, TIF- and CAF-CDMs showed different matrix 

architecture, with thinner and more aligned fibres in TIF-CDM and thicker and more random-

oriented fibres in CAF CDM.  
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Figure 3.6. Different matrix organisation in TIF and CAF-CDMs. TIF and CAF-CDM were generated on glass-

bottom dishes, stained with 10mg/mL NHS-fluorescein and imaged with a Nikon A1 confocal microscope, CFI 

Plan Apochromat VX 60X oil immersion objective. Z-stacked images were maximum-projected. Scale bar: 

50μm N=1.  

 

To investigate whether Rab25 KD affected ADAMTS5 expression, OVCAR3 cells were seeded on 

plastic and transfected with a non-targeting control or Rab25-targeting siRNA for 24h. Then, the 

cells were reseeded on either plastic or CAF-CDM in antibiotic-free media for 24h, the mRNA was 

extracted, and SYBR-green based qPCR was performed (Figure 3.7A). The expression level of both 

ADAMTS5 and Rab25 was quantified. As a result, a significantly reduced ADAMTS5 expression level 

was observed in OVCAR3 upon Rab25 KD on both plastic and CAF-CDM (Figure 3.7B). Rab25 mRNA 

quantification showed an 80% reduction upon KD. This demonstrates that Rab25 regulates 

ADAMTS5 expression in OC cells.  
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Figure 3.7. ADAMTS5 expression was reduced upon Rab25 KD in OVCAR3 cells on both plastic and CDM. A. 

Schematic of the experimental plan, made with items adapted from Servier Medical Art. B. OVCAR3 cells 

were transfected with a non-targeting control (si-nt) or Rab25-targeting siRNA (si-Rab25) for 24h and 

reseeded on plastic or CAF-CDM for 24h. ADAMTS5 and Rab25 mRNA levels were measured by SYBR-green 

based qPCR. GAPDH was used as the control housekeeping gene and the data was normalised to si-nt control. 

Data are presented as mean ± SEM. N=3 independent experiments, the black dots represent the mean of 

individual experiments. **p=0.0012, ***p=0.0003, **** p<0.0001, Mann-Whitney test.  

 

3.3. Discussion 

In this chapter, I presented the expression level of Rab25 in different OC cell lines and the role of 

Rab25 in promoting ADAMTS5 expression in these cells (Figure 3.8). The overexpression of Rab25 

was observed in patients and has been found to contribute to the aggressiveness of OC (Cheng et 

al., 2004). However, the overexpression of Rab25 in OC cell lines is controversial. Immunoblot 

results by Temel and colleagues showed overexpressed Rab25 in OVCAR3 and OVCAR4 cells (2020), 

while here, Rab25 expression was only detected in OVCAR3 but not in OVCAR4 cells. In agreement 

with my result, Rab25 expression was not detected in SKOV3 cells by Temel et al. (2020). However, 

Rab25 was detected in SKOV3 cells by Fan et al (2015). The difference in Rab25 expression could be 

due to the different sources of the cells. SKOV3 cells used by Fan et al. (2015) were purchased from 

Shanghai Institute of Cell Biology, Chinese Academy of Sciences (Shanghai, China), while the SKOV3 

cells in our lab were from ATCC and maintained at a low passage number. A2780-DNA3, A2780-



 84 

Rab25 and OVCAR3 cells which obtained from other labs were STR-profiled. Therefore, for Rab25-

related research in OC, it is important to confirm the expression level in different cell lines.  

 

 

Figure 3.8. Rab25 induces ADAMTS5 in ovarian cancer cells. In the presence of ECM, Rab25 overexpression 

induces ADAMTS5 expression in OC cells. Image made with items adapted from Servier Medical Art.  

 

The aim of this chapter was to characterise the role of Rab25 in regulating ADAMTS5 expression. 

Since ADAMTS5 is a secreted protease, ADAMTS5 protein was mainly detected in the CM rather 

than in the cell lysate. Although intracellular ADAMTS5 was also observed on the representative 

blot, the appearance of the band is variable and not reproducible, therefore, was not quantified. 

The CM was analysed through western blotting as previously described in (Gupta et al., 2012). 

Serum-free media was changed after 4h of cell seeding to reduce the background on the blot. For 

secretome-related studies, serum-free media was generally recommended to avoid contamination 

from FBS proteins, especially when targeting low abundant secreted proteins (Shin et al., 2015). 

However, previous research identified differences in mesenchymal stem cell-secreted proteins 

cultured in serum-free and serum-containing media (Shin et al., 2019). Reduced secretion of ECM-

modifying enzymes such as MMP14 was observed in serum-free media compared to serum-

containing media. Since secreted ADAMTS5 was not identified in this research, it is unclear if 

ADAMTS5 secretion could be affected by serum starvation. Although serum-free media may change 

the secretion of ADAMTS5, it was still used in this project since we failed to obtain a clear band of 

ADAMTS5 in serum-containing media (data not shown).  

 

Our data showed that in A2780 cells overexpressing Rab25, upregulated ADAMTS5 expression was 

only identified in the presence of TIF-CDM. This result is consistent with what has been previously 

observed in Norman’s lab. Including ADAMTS5, the expression of other 17 genes such as chloride 
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intracellular channel 3 (CLIC3) was found in a Rab25- and matrix-dependent manner (Dożynkiewicz, 

2011). When plated on plastic, CLIC3 expression in A2780-Rab25 cells is 6-fold higher in comparison 

with A2780-DNA3 cells, while an over 20-fold expression change was observed when cells were 

plated on CDM (Dozynkiewicz et al., 2012). Alternatively, OVCAR3 cells with Rab25 KD show reduced 

ADAMTS5 expression on both plastic and CAF-CDM, indicating that the depletion of Rab25 resulted 

in the downregulation of ADAMTS5 even without CDM.  

 

Compared to CAF-CDM, TIF-CDM failed to support the survival and the morphology maintenance of 

the OVCAR3 cell line. This may be caused by the difference between their structural features and 

cell signalling regulation. The difference between CDM derived from normal fibroblast, TIF and CAF 

isolated from patients with head and neck squamous cell carcinoma has been previously 

characterised (Kaukonen et al., 2016). Architecturally, both normal fibroblast- and TIF-CDM consist 

of more aligned and uniform fibres, in agreement with what I observed (Figure 3.6). Furthermore, 

normal fibroblast and TIF-CDM were found to inhibit breast cancer cell proliferation through down-

regulating histone demethylase JMJD1A, and this growth restriction was not observed on CAF-CDM  

(Kaukonen et al., 2016). Therefore, TIF-CDM may similarly inhibit the growth of OVCAR3. However, 

it is unclear why this inhibition has only been observed in OVCAR3 but not A2780 cells.  

 

Gene expression could be affected by multiple factors, including the altered epigenetic modification 

and dysregulated transcriptional signalling pathways (Gibney and Nolan, 2010). Here, I showed that 

Rab25 promotes ADAMTS5 expression, in a matrix-dependent manner in A2780 cells, while this 

might not be the case in OVCAR3 cells. This could be due to differences in integrin expression 

between A2780 and OVCAR3 cells (unpublished data, Rainero lab) Given that the recycling of 

integrin α5β1 from the LE to the plasmid membrane regulated by Rab25 was found to promote OC 

cell invasion and migration (Huveneers et al., 2008, Caswell et al., 2007), it is tempting to speculate 

that Rab25 may induce gene expression, including ADAMTS5, through the regulation of integrin 

recycling and trafficking. Additionally, several evidence suggested the potential interaction between 

integrins and EGFR, which can activate downstream transcriptional signalling pathways. As an 

example, Rab-coupling protein (RCP) promoted the physical association and the coordinate 

recycling of integrin α5β1 and EGFR1, which enhanced the EGF-induced EGFR1 autophosphorylation 

and AKT activation (Caswell et al., 2008). 
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To summarise, our research found that the expression of ADAMTS5 was induced upon Rab25 

overexpression, while Rab25 down-regulation reduced ADAMTS5 expression OC cells. The changes 

in expression were detected at both protein and mRNA levels indicating a transcription-related 

mechanism. The following chapter will investigate downstream signalling pathways regulated by 

Rab25 which might regulate ADAMTS5 gene expression.  
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Chapter 4 – Transcription factor NF-κB was required for Rab25-induced 

ADAMTS5 expression in OC cells.  

4.1. Introduction 

Transcription factors (TFs) are proteins that directly mediate DNA transcription by binding to specific 

DNA sequences and guiding gene transcription. This regulation by TFs is necessary for multiple 

crucial biological functions such as tissue-specific gene expression, cell differentiation and gene 

activation in response to stimulations (Latchman, 1997). The prototypical structure of TFs includes 

DNA-binding domains and effector domains (Lambert et al., 2018). The DNA-binding domains of the 

TFs can scan through the genome and recognise the DNA binding sequences. These domains show 

a higher binding affinity for these specific binding sites than for other sequences (Geertz et al., 2012). 

It was also shown that TFs can recruit other TFs or co-activators through protein-protein interactions 

to recognize the DNA-binding site (Reiter et al., 2017). Meanwhile, the DNA-binding sites for TFs on 

the genome are not always accessible. For example, the binding site could be packed in the 

nucleosomes or be epigenetically modified. In this case, TFs can recruit histone and chromatin-

modifying enzymes to expose the DNA-binding site and initiate the transcription (Frietze and 

Farnham, 2011). Apart from DNA-binding properties, TFs can also recognize genome sites with 

epigenomic marks, such as DNA with methylation or histone modifications (Frietze and Farnham, 

2011). After reaching the specific site on the genome, the effector domain of the TFs can then recruit 

co-factors and regulate the transcription process. Fundamentally, it can recruit RNA polymerase II 

(pol II) and other essential co-activators for transcription initiation and elongation (Eberhardy and 

Farnham, 2002).  

 

A great number of inactivated TFs are located intracellularly in the cytoplasm. Signals from the 

extracellular environment can activate receptors on the cell surface through ligand-binding, which 

further activates downstream kinases to stimulate the latent TFs. The activated TFs then bind to a 

transport protein, importin, and enter the nucleus through the nuclear pores. During cancer 

progression, altered TF levels are caused by the dysregulation of these signalling proteins or 

mutations in TF coding genes. This can lead to the upregulation of oncogenes and/or the 

downregulation of tumour suppressors, which has been widely identified in breast, prostate, 

colorectal, lung and other types of cancer (Lee and Young, 2013). Currently, research about 
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targeting the TFs of oncogenes for cancer therapy is ongoing and several small-molecule inhibitors 

that can inhibit the specific DNA binding activities of TFs are in clinical trials (Bushweller, 2019).  

 

In EOC, a list of altered TFs was found to be shared between different histological subtypes (Nameki 

et al., 2021). TP53 is one of the most commonly mutated tumour suppressor genes in cancer. In 

EOC, the top 2 most common TP53 mutations are at positions R273 and R248, the frequency of 

which are 8.13% and 6.02% respectively (Cho and Shih, 2009). The p53 protein encoded by TP53 

with these two mutations does not change the overall protein conformation but affects the DNA 

binding ability and further contributes to oncogenesis. Indeed, TP53 mutation was found to 

promote the transcription of chemoresistance genes (Brachova et al., 2013). Other TFs in EOC are 

expressed in an histotype-specific manner, which may explain the histological diversity among 

different EOC subtypes (Nameki et al., 2021). Although TFs are known to mediate oncogenesis in 

OC, most studies about TFs in OC remain pre-clinical.  

 

Hypoxia-inducible factors (HIFs) are a family of TFs that regulate cell signalling in response to oxygen 

level, including HIF-1α, HIF-1β and HIF-2. In normoxia, prolyl hydroxylases (PHDs) activated by 

oxygen, ferrous iron and 2-oxoglutarate can hydroxylate HIF-1α. Then, the von Hippel-Lindau 

tumour-suppressor protein (pVHL), a component of an E3 ubiquitin ligase complex, can interact with 

hydroxylated HIF-1α and lead to ubiquitination and degradation of HIF-1α in the cytoplasm (Figure 

4.1). During oncogenesis, hypoxia conditions in the tumour microenvironment inhibit the PHDs. HIF-

1α therefore remains stable and can be translocated into the nucleus, where it forms a complex 

with HIF-1β and p300/CBP and then binds to the promoter of target genes. Activation of these genes 

can contribute to proliferation, apoptosis and angiogenesis (Harris, 2002). Similar to most types of 

cancer, the microenvironment of OC solid tumour is hypoxic. Additionally, the oxygen pressure and 

oxygen content in the ascites of OC patients are also lower compared to blood gas values, which 

promote metastasis (Kim et al., 2006). Furthermore, high HIF-1α expression results in poor 

prognosis outcomes for OC patients, leading to resistance to chemotherapy and immunotherapy 

(Wang et al., 2021, Klemba et al., 2020). Since HIF-1α is a TF that regulates multiple signalling 

pathways that promote OC cancer progression, metastasis and therapy resistance, it is a rational 

therapeutic target for OC. Indeed, several HIF-1α inhibitors are in clinical trials (Wang et al., 2021). 



 89 

However, the efficacy of these inhibitors is still limited, so further studies are required to determine 

whether HIF-1α inhibitors are a successful option for OC treatment.  

 

 

Figure 4.1. Schematic of HIF-1α and NF-κB activation and function in regulating gene transcription. Oxygen 

level mediates HIF-1α function through PHDs. In normoxia, HIF-1α is hydroxylated by PHDs and ubiquitinated 

by VHL, which leads to degradation. Under hypoxic conditions, HIF-1α remains stable and is translocated into 

the nucleus, forming the dimer with HIF-1β, recruiting the co-factor p300/CBP and pol II to initiate the 

transcription of target genes. NF-κB signalling pathway is activated by cytokines (e.g. TNF-α, IL-1, IL-6) 

through binding to the corresponding receptors. The activated downstream kinases then activate IKK, which 

further phosphorylates the IκBα. This results in the degradation of IκBα and the release of NF-κB subunits 

(e.g. p50/p65). NF-κB is then translocated into the nucleus, recruiting pol II and initiating the transcription of 

target genes. Image made with items adapted from Servier Medical Art. 

 

NF-κB is a family of TFs well-known for regulating inflammation immune responses. NF-κB proteins 

that contain a Rel homology region (RHR) are encoded by five genes in mammalian cells, which are 

NF-κB1 (p50 and precursor p105), NF-κB2 (p52 and precursor p105), RelA (p65), RelB and c-Rel 

(Karin and Ben-Neriah, 2000). The RHR of NF-κB is responsible for DNA binding and protein-protein 

interactions, such as dimerisation and inhibitory protein binding. Inactivated NF-κB is localised in 

the cytoplasm and inhibited by binding to the inhibitor of nuclear factor kappa B (IκB) proteins. 

When the receptors are activated by extracellular cytokines, the downstream IκB kinase (IKK) is 

activated. IκB proteins are then phosphorylated by IKK and targeted for degradation. The NF-kB 

subunits are released from IκB, translocated into the nucleus and mediate gene transcription (Figure 
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4.1). Tumour-promoting inflammation is a hallmark of cancer (Hanahan and Weinberg, 2011), which 

was widely found induced by NF-κB (Hoesel and Schmid, 2013). Furthermore, NF-κB can also 

activate the expression of oncogenes and regulate cell signalling pathways to contribute to cancer 

cell proliferation and invasiveness (Dolcet et al., 2005). In OC, elevated NF-κB (p65 and p50) protein 

levels were identified in borderline and malignant compared to the benign tumour samples 

(Giopanou et al., 2014). NF-κB was found to contribute to the evasion of apoptosis signal induced 

by TNF-α (Xiao et al., 2003), while inhibition of NF-κB with small molecule inhibitors increased the 

sensitivity of OC cells to cisplatin treatment, both in vitro and in vivo (Mabuchi et al., 2004).  

 

The activation of NF-κB is mediated by multiple signalling pathways in cancers, including 

PI3K/AKT/mTOR (Ghoneum and Said, 2019), which is one of the most commonly activated pathways 

in OC (Bast et al., 2009). Receptor tyrosine kinases (RTKs) activated by cytokines (e.g. IL-1 and TNF-

α) or GFs (e.g. EGFR) can activate PI3K (Reddy et al., 1997, Sizemore et al., 1999, Koul et al., 2001, 

Guo and Donner, 1996, Li et al., 2016), which mediates the conversion of phosphatidylinositol (4,5)-

bisphosphate (PIP2) to phosphatidylinositol (3,4,5)-trisphosphate PIP3. This process is reversible 

through dephosphorylation by PTEN. The PI3K can activate the AKT in cooperation with PIP3, which 

activates the mammalian target of rapamycin complex 2 (mTORC2) and 3-phosphoinositide-

dependent kinase 1 (PKD1) and further phosphorylate AKT at Ser473 and Thr308 correspondingly. 

Phosphorylated AKT can then mediate the release and translocation of the NF-κB by activating IKKs 

(Bai et al., 2009). Additionally, mTORC1 activated by AKT was also found to activate NF-κB through 

interactions with IKK (Dan et al., 2008, Li et al., 2016) (Figure 4.2).  
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Figure 4.2. Schematic of NF-κB activation via PI3K/AKT/mTOR/ pathway. RTK activated by cytokines and 

GFs activate PI3K, which catalyses the conversion of PIP2 to PIP3. PIP3 then activates AKT through 

phosphorylation by mTORC2 and PDK1. Activated AKT further mediates the activation of NF-κB through 

activating IKK, directly or indirectly via mTORC1 activation. Adapted from (Ghoneum and Said, 2019). Image 

made with items adapted from Servier Medical Art 

 

In the previous chapter, I showed that Rab25 regulated the expression of ADAMTS5 in OC cell lines. 

Here I investigated the downstream transcription factors involved in this pathway. Interestingly, 

several TFs were identified to induce ADAMTS5 expression in osteoarthritis development 

(Kobayashi et al., 2013). Bioinformatic analysis using the TFSEARCH website identified binding 

motifs of HIF, NF-κB, C/EBP, STAT, SOX, RUNX, OCT and SP-1 on the proximal promoter of ADAMTS5. 

Vectors containing these putative TFs were transfected into mouse chondrogenic cells that 

expressed human ADAMTS5 promoter constructed with a luciferase reporter. As a result, cells with 

transfected TFs showed different levels of luciferase signal, which indicates ADAMTS5 promoter 

activation level. Among all TFs tested, an NF-κB family member, RelA(p65), showed the strongest 

activation ability. The interaction of RelA(p65) with ADAMTS5 promoter was further confirmed 

through chromatin immunoprecipitation (ChIP) assay. Additionally, the siRNA-mediated knockdown 

of RelA(p65) resulted in a significantly reduced ADAMTS5 expression. Furthermore, in primary 

chondrocytes derived from mesenchymal cell-specific RelA(p65) knock-out mice, ADAMTS5 

expression was significantly reduced and the release of cleaved proteoglycan fragments in the 

culture media was decreased, indicating that loss of RelA(p65) function reduced the expression of 

ADAMTS5, resulting is loss of aggrecanase activity (Kobayashi et al., 2013). Although RelA(p65) was 
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found to activate ADAMTS5 expression, the role of Rab25 in regulating RelA(p65) or other NF-κB 

family members is unclear. HIF-1α can also interact with ADAMTS5 promoter and activate its 

expression. Meanwhile, Rab25 was found to promote HIF-1α protein translation in OC cell lines, 

which contributed to Rab25-dependent aggressive phenotype of OC both in vitro and in vivo 

(Gomez-Roman et al., 2016).  

 

In this chapter, I showed that NF-κB inhibition resulted in the reduction of ADAMTS5 expression. 

Furthermore, Rab25 overexpression promoted the expression and nuclear translocation of NF-κB in 

OC cell lines, while Rab25 knock-down reduced these. On the other hand, HIF-1 and hypoxia 

negatively regulated the expression of ADAMTS5, in a Rab25-independent manner. This data 

suggested that Rab25 induced ADAMTS5 expression through NF-κB.  

 

4.2. Results 

4.2.1. HIF-1 inhibition reduced Rab25 and induced ADAMTS5 expression. 

It was reported that Rab25 enhanced the translation of HIF-1α protein in OC cells (Gomez-Roman 

et al., 2016), and HIF-1α was found to bind to ADAMTS5 promoter and induce its expression 

(Kobayashi et al., 2013). Therefore, we hypothesised that Rab25 might promote ADAMTS5 

expression by regulating HIF1-dependent transcription. To investigate this, OC cells were treated 

with a small molecule inhibitor targeting HIF-1 and the expression of ADAMTS5 was assessed. 

Echinomycin is a strong inhibitor of HIF-1 through competitive binding to the DNA-binding sequence 

of HIF-1 on the genome, without affecting the binding of other TFs such as NF- κB (Kong et al., 2005). 

OVCAR3 cells, which endogenously over-express Rab25, and SKOV3 cells, which do not express 

Rab25, were used. Cells were treated with DMSO or Echinomycin up to a concentration of 25nM for 

24h, as any higher concentration led to noticeable cell death (not shown). Surprisingly, a dose-

dependent increase in ADAMTS5 expression levels was identified in both OVCAR3 and SKOV3 cells, 

up to 10nM Echinomycin, while 25nM reduced ADAMTS5 expression but not significantly (Figure 

4.3A). Furthermore, the inhibition of HIF-1 also led to a decrease in Rab25 expression in OVCAR3 

cells (Figure 4.3B). Altogether, these data indicated that inhibition of HIF-1 activity induced 

ADAMTS5 expression in a Rab25-independent manner, while it also reduced the expression of 

Rab25 in OC cells. 
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Figure 4.3. HIF-1 inhibition with Echinomycin induced ADAMTS5 and reduced Rab25 expression in OC cells. 

OVCAR3 and SKOV3 cells were seeded on plastic and treated with DMSO, 5, 10 or 25nM Echinomycin for 24h, 

the mRNA was extracted and ADAMTS5 (A) and Rab25 (B) expression was tested by SYBR-green based qPCR. 

GAPDH was used as the control housekeeping gene and the data were normalised to DMSO control. Data are 

presented as mean ± SEM. N=3 independent experiments, the black dots represent the mean of individual 

experiments. *p<0.05, **p=0.0056, ***p=0.0004, **** p<0.0001, Kruskal-Wallis test. 

 

4.2.2. Hypoxia reduced Rab25 and ADAMTS5 expression. 

To further elucidate the role of HIF-1 in regulating ADAMTS5 and Rab25 expression, OVCAR3, SKOV3, 

A2780-DNA3 and A2780-Rab25 cells were seeded on plastic overnight and then cultured in 

normoxia (20% O2) or hypoxia (1% O2) conditions for 24h. The induction of HIF-1α upregulation by 

hypoxia was confirmed through western blotting (data not shown). ADAMTS5 and Rab25 expression 

levels in OVCAR3, SKOV3 and A2780 cells were assessed by qPCR. The mRNA level of ADAMTS5 in 

OVCAR3 SKOV3

OVCAR3

A. 

B. 
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all four cell lines, with and without Rab25 overexpression, was significantly reduced under hypoxic 

conditions (Figure 4.4A), which is consistent with the HIF-1 inhibition result (Figure 4.3A). However, 

Rab25 expression level was also reduced in OVCAR3 cells kept under hypoxia (Figure 4.4B), which 

contrasts with the HIF-1 pharmacological inhibitor result (Figure 4.3B). These results suggest that 

HIF-1 is inhibiting ADAMTS5 expression, but the role of HIF-1 in regulating Rab25 expression remains 

unclear.  

 

 
Figure 4.4. Hypoxia reduced both ADAMTS5 and Rab25 expression in OC cells. OVCAR3, SKOV3, A2780-

DNA3 and Rab25 cells were seeded and incubated under Normoxia (20% O2) or Hypoxia (1% O2) for 24h. A. 

ADAMTS5 and B. Rab25 mRNA levels were measured by SYBR-green based qPCR. GAPDH was used as the 

control housekeeping gene and the data was normalised to 20% O2 groups. Data are presented as mean ± 

SEM. N=3 independent experiments, the black dots represent the mean of individual experiments. 

***p<0.001, **** p<0.0001, Mann-Whitney test. 

 

4.2.3. NF-κB inhibition reduced ADAMTS5 expression. 

Previous research by Kobayashi et al. (2013) showed that the NF-κB family member RelA(p65) 

promoted ADAMTS5 expression in mouse and human chondrogenic cells. To investigate whether 

this was also the case in OC, cells were treated with an NF-κB inhibitor, BAY 11-7082, and the 
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expression of ADAMTS5 was assessed by qPCR. BAY 11-7082 is a small molecule inhibitor that 

targets the IKK, reducing the phosphorylation of IκBα and further inhibiting the release, nuclear 

translocation and DNA-binding of NF-κB (Pierce et al., 1997). Previous experiments done in OC cell 

lines Caov-3 and A2780 identified significantly reduced phosphor-IκBα levels upon the treatment of 

5μM BAY 11-7082 (Mabuchi et al., 2004). OVCAR3 cells were seeded on plastic overnight and then 

treated with DMSO or BAY 11-7082 up to 10μM for 24h, while a higher concentration led to 

noticeable cell death (data not shown). As a result, ADAMTS5 expression level was reduced in a 

dose-dependent manner with BAY 11-7082 treatment, and the reduction was statistically significant 

for 5 and 10μM inhibitor (Figure 4.5A). The expression of Rab25 was not significantly affected by 

the inhibitor treatment (Figure 4.5B). This result indicates that NF-κB regulated ADAMTS5 

expression, suggesting that NF-κB could be a potential signalling pathway involved in Rab25-

dependent ADAMTS5 expression.  

 

 
Figure 4.5. NF-κB inhibition reduced ADAMTS5 expression in OVCAR3 cells in a dose-dependent manner. 

OVCAR3 cells were seeded and treated with DMSO, 2.5, 5 or 10μM of BAY 11-7082 for 24h. ADAMTS5 (A) 

and Rab25 (B) mRNA levels were measured by SYBR-green based qPCR. GAPDH was used as the control 

housekeeping gene and the data was normalised to DMSO control. Data are presented as mean ± SEM. N=3 

independent experiments, the black dots represent the mean of individual experiments. **** p<0.0001, 

Kruskal-Wallis test.  

 

4.2.4. Rab25 induced NF-κB nuclear translocation. 

Unlike HIF-1α which was previously found regulated by Rab25 (Gomez-Roman et al., 2015), there is 

no evidence showing that the expression and translocation of NF-κB were correlated with Rab25 

expression. To investigate the role of Rab25 in regulating NF-κB activation, the nuclear translocation 
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level of NF-κB subunit p65 was measured using immunofluorescence, which is a well-established 

readout of NF-κB activation (Meier-Soelch et al., 2021). A2780-DNA3 and A2780-Rab25 were seeded 

on glass-bottom confocal dishes overnight and the cells were stained for the actin cytoskeleton, 

nuclei and p65 (Figure 4.6A). The intensity of the NF-κB signals in both the whole cell and the nucleus 

only were quantified as described in section 2.2.13. For the total integrated density was then divided 

by the cell area and the nucleus integrated density was divided by the nuclear area. In comparison 

to A2780-DNA3 cells, A2780-Rab25 cells showed higher overall and nuclear expression of NF-κB 

(Figure 4.6B, C). To confirm this result, Rab25 KD was performed in OVCAR3 cells, and cells were 

fixed and stained for p65 (Figure 4.7A). In agreement with Rab25 overexpression results, Rab25 KD 

resulted in significantly lower NF-κB expression and nuclear translocation (Figure 4.7B, C). Overall, 

this result indicated that Rab25 promoted NF-κB activity in OC cells, which was not reported before.  
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Figure 4.6. Rab25 overexpression induced the overall and nuclear level of NF-κB. A. A2780-DNA3 and 

A2780-Rab25 cells were seeded on glass bottom confocal dishes for 24h, fixed, stained for actin (grey), NF-

κB (green) and nuclei (blue), and imaged with a Nikon A1 confocal microscope, CFI Plan Apochromat VX 60X 

oil immersion objective. NF-κB integrated density for the whole cell (B.) and the nucleus (C.) was calculated 

with image J and normalised to the area. Z-stacked images were maximum-projected. Scale bar: 50μm. Data 

are presented as mean ± SEM. N=3 independent experiments. **** p<0.0001, Mann-Whitney test. 
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Figure 4.7. Rab25 KD reduced the overall and nuclear level of NF-κB. A. OVCAR3 cells were transfected with 

non-targeting (si-nt) or Rab25 targeting si-RNA (si-Rab25) for 24h, reseeded on glass bottom dishes for 24h, 

fixed, stained for actin (grey), NF-κB (green) and nuclei (blue), and imaged with a Nikon A1 confocal 

microscope, CFI Plan Apochromat VX 60X oil immersion objective. NF-κB integrated density for the whole 

cell (B.) and the nucleus (C.) was calculated with image J and normalised to the area. Z-stacked images were 

maximum-projected. Scale bar: 50μm. Data are presented as mean ± SEM. N=3 independent experiments. 

**** p<0.0001, Mann-Whitney test. 

 

4.2.5. PI3K inhibition reduced ADAMTS5 expression. 

Since NF-κB was found activated via PI3K/AKT/mTOR pathway in multiple cancer types, including 

OC (Ghoneum and Said, 2019), here I investigated the role of PI3K/AKT signalling in ADAMTS5 
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expression. OVCAR3 cells were treated with the PI3K inhibitor LY294002 and the expression of 

ADAMTS5 and Rab25 was measured by qPCR. The effectiveness of the inhibitor treatment was 

confirmed by assessing AKT phosphorylation (Ser473) by western blotting. As expected, after a 24h 

treatment with LY294002, a dose-dependent inhibition of AKT phosphorylation was observed in 

OVCAR3 cells, with an undetectable phosphor-AKT band at 10μM LY294002 (Figure 4.8A). The 

expression of ADAMTS5 was also reduced in a dose-dependent manner (Figure 4.8B), while the 

expression of Rab25 was not affected (Figure 4.8C). This result is consistent with what has been 

observed with NF-κB inhibition, which suggested that Rab25 could regulate ADAMTS5 expression 

through the PI3K/AKT/NF-κB pathway.  
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Figure 4.8. PI3K inhibition reduced ADAMTS5 expression in OVCAR3 cells in a dose-dependent manner. A. 

OVCAR3 cells were seeded overnight and treated with DMSO, 2.5, 5 or 10μM LY294002 for 24h. Cell lysates 

were analysed by western blotting. Membranes were stained for AKT, p-AKT, and GAPDH and imaged with a 

Licor Odyssey Sa system. The band intensity was quantified by Image Studio Lite software. AKT and p-AKT 

signal was normalised to the GAPDH loading control and the ratio of normalised p-AKT/AKT was calculated 

and plotted. N=1. B, C. Cells were treated as in (A), ADAMTS5 (B) and Rab25 (C) mRNA levels were measured 

by SYBR-green-based qPCR. GAPDH was used as the control housekeeping gene and the data were 

normalised to DMSO control. Data are presented as mean ± SEM. N=3 independent experiments, the black 

dots represent the mean of individual experiments. **p=0.0021, ***p=0.0008, Kruskal-Wallis test.  
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4.2.6. Rab25 might regulate NF-κB in an AKT-independent manner. 

Previous research found that Rab25 is responsible for the activation of the PI3K/AKT signalling 

pathway, which resulted in chemotherapy resistance in OC (Fan et al., 2015). To investigate whether 

Rab25 controls NF-kB through the PI3K pathway, the activity of AKT in response to Rab25 

knockdown was assessed in OC cells. OVCAR3 cells were seeded overnight and transfected with 

non-targeting or Rab25 targeting siRNA and the protein levels of AKT and p-AKT (Ser473) were 

measured by western blotting. Surprisingly, p-AKT levels were not changed upon Rab25 KD in 

OVCAR3 cells (Figure 4.9). This result indicates that in our model, the expression of Rab25 did not 

affect the activation of AKT and therefore Rab25 did not control NF-kB via AKT signalling.  

 

 
Figure 4.9. AKT phosphorylation was not affected by Rab25 KD. OVCAR3 cells were seeded and transfected 

with non-targeting siRNA (si-nt) or Rab25 targeting siRNA (si-Rab25) for 24h and cultured in complete media 

for 3 days. Cell lysates were collected on day 4 after transfection and analysed by western blotting. 

Membranes were stained for AKT, phospho-AKT (p-AKT), Rab25 and GAPDH, imaged with a Licor Odyssey Sa 

system, and the band intensity was quantified by Image Studio Lite software. AKT and p-AKT signal was 

normalised to the GAPDH loading control and the ratio of normalised p-AKT/AKT was calculated and plotted. 

Data are presented as mean ± SEM. N=3 independent experiments. Mann-Whitney test.  

 

4.3. Discussion 

In this chapter, I investigated the mechanism through which Rab25 regulates ADAMTS5 expression 

in OC cells. Both HIF-1α and NF-κB RelA(p65) subunit were previously found to interact with the 

proximal promoter of ADAMTS5. Remarkably, the level of ADAMTS5 promoter activated by HIF-1α 

was significantly higher than the control but was about 50-fold lower than the level activated by 
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RelA(p65) (Kobayashi et al., 2013). Interestingly, HIF-1α was found to be regulated by Rab25 

(Gomez-Roman et al., 2016). Here, my result suggested that HIF-1α suppressed ADAMTS5 

expression in OC cells, which contrasts with previous finding in chondrocytes (Kobayashi et al., 2013), 

suggesting that HIF-1 might control ADAMTS5 expression in a context-dependent manner. The 

inhibition of HIF-1 with Echinomycin at low concentrations (5 or 10nM) upregulated the expression 

of ADAMTS5, and ADAMTS5 was downregulated under hypoxia. When treated with 25nM of 

Echinomycin, the reduction of ADMATS5 could be caused by off-target toxicity, as higher 

concentration led to noticeable cell death. Although it is not clear how HIF-1 might inhibit the 

expression of ADAMTS5, this process is likely Rab25-independent as a similar result was obtained 

with Rab25 non-expressing cells.  

 

The expression of Rab25 in OVCAR3 cells was also reduced when treated with the HIF-1 inhibitor. 

However, a contradictory result was obtained under hypoxic conditions as the Rab25 expression 

level was downregulated. Additionally, stabilised HIF-1α was not detected in Rab25 overexpressing 

OC cells under normoxia (data not shown), which is contrary to Gomez-Roman et al. (2016). It is also 

surprising that Rab25 as an oncogene that mediates OC development was found downregulated 

under hypoxia. It is not clear if the expression of any upstream regulating proteins of Rab25 and 

ADAMTS5 was altered under hypoxic conditions, which could be a research direction in the future.  

 

Results show that the expression of ADAMTS5 was reduced when inhibiting the activity of NF-κB 

with BAY 11-7082 in OC cells, which is consistent with the work done by (Kobayashi et al., 2013), 

showing that NF-κB activated the expression of ADAMTS5 in chondrogenic cells. The NF-κB family 

includes seven proteins encoded by five genes (Karin and Ben-Neriah, 2000), which function as 

hetero- or homodimers in activating transcription in mammalian cells. Since the dimers formed by 

different subunits show different binding and transcriptional activities, it is important to clarify 

different family members when investigating NF-κB (Saccani et al., 2003). In the previous work by 

Kobayashi et al. (2013), vectors containing all NF-κB family members were tested and RelA(p65) 

showed the highest activity in promoting ADAMTS5 expression. Moreover, co-transfection of 

RelA(p65) and NF-κB1 strongly enhanced the activation of ADAMTS5 compared to RelA(p65) alone. 

NFκB1 encodes for p50 and the precursor p105. Upon stimulations, p105 is processed to be 

degraded and p50 is activated (Concetti and Wilson, 2018). Therefore, it is likely the NF-κB 
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heterodimer p50/p65 induced the expression of ADAMTS5. Another possibility is that ADAMTS5 

was activated by the homodimer of RelA(p65). However, in comparison with p50/p65, p65/p65 

homodimers are unstable and less abundant in mammalian cells (Florio et al., 2022). Since the 

inhibitor used in this research, BAY 11-7082, is targeting IKK and inhibiting the phosphorylation of 

IκBα, it is not specifically blocking the activity of the p50/p65 dimer.  

 

In addition to direct binding to the ADAMTS5 promoter, NF-κB may also promote the expression of 

ADAMTS5 by regulating cytokine expression, such as IL-1, IL-6 and IL-8 (Hoesel and Schmid, 2013). 

In osteoarthritis, IL-1β and IL-6 were found to induce the expression of ADAMTS5 through activating 

other TFs (Jiang et al., 2021). IL-1β induces ADAMTS5 expression through AP-1, which reduces the 

expression of ADAMTS5 suppressor, miR-30a, in human chondrocytes (Ji et al., 2016). IL-6 

stimulation of mouse chondrocytes induced ADAMTS5 expression through the activation of STAT3 

(Latourte et al., 2017). In OC, a high IL-6 level was identified in malignant patient samples, which 

promoted metastasis and resulted in a poor prognosis (Coward et al., 2011, Browning et al., 2018). 

It would be interesting to further investigate the role of IL-1 and IL-6 in ADAMTS5 expression in OC 

and other cancer types.  

 

The altered expression of Rab25 is also positively associated with the total and nuclear expression 

of the NF-κB, which indicates that Rab25 may induce ADAMTS5 expression through the activation 

of NF-κB in OC. Remarkably, the antibody used for the IF staining of NF-κB (Figure 4.5) targeted the 

p65 subunit, so the level of other subunits was not checked. Since the total expression level of NF-

κB in the cytoplasm also increased significantly in OC cells overexpressing Rab25, it is hard to 

distinguish if Rab25 enhanced the translocation of NF-κB or Rab25 increased the overall expression 

of NF-κB, which led to the increased level of the subunits in the nucleus. Additionally, in combination 

with immunofluorescent staining and further characterisation of the activation of NF-κB, the 

expression level of NF-κB target genes such as CXCL8 could be measured in the future experiment 

(Meier-Soelch et al., 2021).  

 

The inhibition of PI3K with LY294002 indicated that the expression of ADAMTS5 is also regulated by 

the PI3K pathway, which was previously found to be mediated by Rab25 and led to cisplatin 

resistance in OC cells (Fan et al., 2015, Ding et al., 2017). Here, my result suggested that the 
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phosphorylation of AKT at Ser473 residues, which is mediated by the mTORC2 (Ghoneum and Said, 

2019), was not affected by Rab25 KD in OVCAR3 cells. The correlation between Rab25 expression 

and AKT activation is controversial. In OC cells, Rainero et al. (2015) identified similar p-AKT-Ser473 

levels in A2780-DNA3 and A2780-Rab25 cells. On the other hand, Rab25 KD reduced the 

phosphorylation of PI3K and AKT (Ser473) without affecting the total expression level in human 

glioblastoma multiforme cells (Ding et al., 2017). Remarkably, research by Fan et al. (2015) identified 

a higher p-AKT-Thr308 level in OC cells overexpressing Rab25, which was not checked in this 

research due to the limitation of time and antibody and could be tested in further research. 

Additionally, Fan et al. found that inhibiting the PI3K pathway with LY294002 also reduces the 

expression of Rab25, which was not observed in our result (Figure 4.8C). This discrepancy could be 

caused by the selection of cell lines. In Fan’s research (2015), SKOV3 cells were used as Rab25 

overexpressing cells in comparison with ES-2 cells which express lower levels of Rab25, while the 

expression of Rab25 was not detected in SKOV3 cells in our lab, which has been discussed in the 

previous chapter. Altogether, these results suggested that Rab25 may regulate NF-κB through the 

PI3K signalling pathway and further mediate the expression of ADAMTS5. However, the 

intermediate regulators are still unclear.  

 

As shown in Figure 4.2, NF-κB can also be activated by mTORC1, which can be downstream of the 

PI3K/AKT pathway. In PTEN-null-prostate cancer cells, protein-protein interactions between 

mTORC1 and IKKs were identified through immunoprecipitation, together with increased 

phosphorylation of IKKs (Dan et al., 2008). In head and neck cancer cells, EGFR-mediated 

PI3K/AKT/mTOR pathway was also found to enhance the phosphorylation of IKKs and the activation 

of NF-κB (Li et al., 2016). Additionally, the inhibitor specifically targeting mTORC1, Rapamycin, was 

found to reduce the activities of both IKKs and NF-κB (Li et al., 2016, Dan et al., 2008). Since the PI3K 

inhibitor, LY294002 can also bind to and inhibit mTORC1 directly (Gharbi et al., 2007), the reduction 

of ADAMTS5 expression in OC cells with LY294002 treatment could be mediated by mTORC1 instead 

of PI3K. Furthermore, mTORC1 could be activated via several AKT-independent ways. For example, 

the activation of the mTORC1 pathway is highly dependent on the accessibility of nutrients, such as 

amino acids and glucose (Memmott and Dennis, 2009). Interestingly, OC cells overexpressing Rab25 

show increased mTORC1 activation (Rainero et al., 2015). Enhanced recruitment of mTOR to the 

late endosome was also observed in A2780-Rab25 cells, which is integral for amino acid-mediated 
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mTORC1 activation (Efeyan et al., 2012). Therefore, Rab25 could mediate ADAMTS5 expression via 

NF-κB activated by mTORC1. Further research could characterise the role of mTORC1 in regulating 

ADAMTS5. 

 

In summary, in this chapter I reported that Rab25 induced ADAMTS5 expression in OC cells through 

NF-κB, which could be activated via PI3K and mTOR pathways, while HIF-1α negatively regulated 

the expression of ADAMTS5 (Figure 4.10).  

 

 
Figure 4.10. Schematic of the role of Rab25 in inducing ADAMTS5 expression through NF-κB. Rab25 can 

promote the activation and translocation of NF-κB, which in turn increases the expression of ADAMTS5. NF-

kB activation could be mediated by PI3K/mTOR signalling. Dashed arrows indicate indirect activation. Image 

made with items adapted from Servier Medical Art.  
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Chapter 5 – Inhibition of ADAMTS5 showed limited effect on OC cell 

proliferation. 

5.1. Introduction 

The ability to proliferate continuously is one of the most fundamental features of cancer cells. Unlike 

normal cells, which regulate cell growth signalling pathways strictly by producing and releasing GFs 

upon stimulation, proliferative signalling pathways in cancer cells are deregulated, which is one of 

the outstanding hallmarks of cancer (Hanahan and Weinberg, 2011). Cancer cells obtain the capacity 

to proliferate continuously in multiple ways. They can either generate GFs by themselves, or 

stimulate the surrounding cells in the TME, such as CAFs, to release GFs to support their proliferation 

(Cheng et al., 2008, Bhowmick et al., 2004). Additionally, altered numbers and structures of GF 

receptors were identified on cancer cell membrane, which also elevates the activation of cell growth 

signalling pathways (Hanahan and Weinberg, 2011).  

 

CAFs were found to promote cancer cell growth by secreting multiple types of GFs, including TGF-β, 

FGF2/7, VEGF and HGF (Wu et al., 2021). CAFs isolated from OC tumour stroma release a 

significantly higher level of HGF compared to normal fibroblasts, and CAF-derived HGF was found 

to promote the proliferation of OC cell lines SKOV3 and HO-8910 via upregulating the c-

Met/PI3K/AKT signalling pathway. CAFs can also promote OC cell proliferation by secreting 

microRNAs, such as miRNA-29c-3p and miRNA-98-5p (Han et al., 2023, Guo et al., 2019). Cytokines 

secreted by CAFs, including IL-6, COX-2 and CXCL-1, were also found to support the growth of OC 

via activating NF-κB mediated gene expression (Erez et al., 2013). Furthermore, CAFs can promote 

the proliferation of cancer cells by secreting and remodelling ECM around cancer cells. Upregulated 

MMP9 secretion by CAFs was found in co-culture with breast cancer cells, which promoted tumour 

proliferation, angiogenesis and metastasis (Stuelten et al., 2005, Suh et al., 2018). Additionally, CAFs 

were found to promote drug resistance of OC cells. CAF-derived miRNA-98-5p was found to promote 

Cisplatin resistance of OC cells both in vitro and in vivo (Guo et al., 2019). When plated on CAF-CDM, 

OC cells show a higher resistance to paclitaxel-induced apoptosis than on plastic (Deying et al., 2017). 

Considering the critical role of CAFs in supporting cancer cell growth, targeting CAFs and the factors 

meditating their crosstalk with cancer cells are considered for cancer treatment (Wu et al., 2021). 
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To support the continuous proliferation, the metabolism of the cancer cells is altered to obtain 

sufficient energy in a nutrient-poor TME. In normal cells, glucose metabolism is highly dependent 

on the oxygen level. Under aerobic conditions, pyruvate is generated from glucose via glycolysis and 

then enters the mitochondria and produces ATP through the tricarboxylic acid (TCA) cycle. 

Alternatively, under hypoxic conditions pyruvate undergoes an anaerobic glycolysis, is converted 

into lactate and produces less amount of ATP (Warburg et al., 1927). However, cancer cells were 

found to favour glycolysis regardless of the presence of oxygen, which is termed aerobic glycolysis. 

Although this metabolic way allows cancer cells to produce ATP faster, the amount of ATP per 

glucose generated is about 18-fold lower than the TCA cycle (Pfeiffer et al., 2001). To compensate 

for this difference, upregulated glucose uptake was observed in cancer cells (Murakami et al., 1992). 

GFs are also essential in mediating nutrient consumption to support the growth of cancer cells in a 

nutrient-poor environment (Thompson and Bielska, 2019). Indeed, the PI3K/AKT/mTOR pathway 

activated by GFs was found to enhance glucose uptake by promoting the activation of glucose 

transporter GLUT1 and preventing the recycling and internalization of GLUT1 mediated by Rab11a 

(Wieman et al., 2007).  

 

Apart from altered metabolism, cancer cells can also internalise and break down ECM as a nutrient 

source to adapt to the nutrient-poor environment. Breast cancer cells were found to internalise 

matrix protein laminin through binding with integrin β4 under nutrient restrictions, which further 

enhanced mTORC1 signalling and rescued cell survival (Muranen et al., 2017). Similarly, previous 

research in our lab demonstrated that the ECM supported breast cancer cell growth under nutrient 

deficiency. The presence of collagen I, matrigel and CAF-CDM partially rescued the growth of 

invasive breast cancer cells under glutamine and amino acid starvation through ECM internalisation 

and degradation, which further enhanced the phenylalanine and tyrosine metabolism (Nazemi et 

al., 2024).  

 

Preliminary results obtained by Dr E. Rainero showed that in OC cells with ADAMTS5 KD, a 

significantly reduced ECM internalisation was observed, which suggested ADAMTS5 was required 

for ECM uptake. Therefore, ECM remodelling by ADAMTS5 might also contribute to ECM-dependent 

cell growth. In this chapter, I characterised the effect of ADAMTS5 inhibition on OC cell proliferation 

and showed that ADAMTS5 pharmacological inhibition only affected OC cell growth at high 



 108 

concentrations, in the presence and absence of ECM. CAFs, but not TIFs, were found to promote the 

growth of OC cells, which also reduced the sensitivity of OC cells to the ADAMTS5 inhibitor. When 

in glucose and serum deficiency, OC cells treated with ADAMTS5 inhibitor showed worse 

proliferation, and the presence of ECM failed to rescue the proliferation of OC cells under ADAMTS5 

inhibition.  

 

5.2. Result 

5.2.1. High concentration ADAMTS5 inhibitor affected OC cell proliferation. 

The effect of ADAMTS5 inhibitor on OC cell proliferation was tested in A2780-DNA3 and A2780-

Rab25 cells. Since it was known that ECM supports the growth of cancer cells (Bonnans et al., 2014), 

A2780-DNA3 and A2780-Rab25 cells were seeded on either plastic or dishes coated with matrigel. 

The cells were treated with DMSO or different concentrations of ADAMTS5 inhibitor and cell 

proliferation was measured by DRAQ5 nuclear staining on day 2, day 4 and day 6 (see section 

2.2.8.1). The experimental design is shown in Figure 5.1A.  

 

As a result, the inhibition of ADAMTS5 did not affect the proliferation of both A2780-DNA3 and 

A2780-Rab25 cells at concentrations up to 5μM on matrigel. A significant reduction in cell growth 

was only observed in A2780-Rab25 but not A2780-DNA3 cells when cells were plated on plastic and 

treated with 5μM ADAMTS5 inhibitor. However, in the presence of 10μM inhibitor, a significantly 

reduced proliferation was identified in both A2780-DNA3 and Rab25 cells both on plastic and 

matrigel (Figure 5.1B i, ii, iii, iv). Notably, when seeded on matrigel, A2780-DNA3, but not A2780-

Rab25, cells showed reduced proliferation on day 6 compared to plastic (Figure 5.1B iii, iv). These 

results suggested ADAMTS5 might control cell proliferation in a Rab25-dependent manner.  
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Figure 5.1. High concentration ADAMTS5 inhibitor inhibited cell growth. A. Schematic of experimental 

design. 96-well plates were coated with 3mg/mL matrigel and incubated at 37°C for polymerisation for 4h. 

600 A2780-DNA3 and A2780-Rab25 cells per well were seeded and cultured for up to 6 days in the presence 

of DMSO, 1.25, 2.5, 5 or 10μM of ADAMTS5 inhibitor. The inhibitor was added after 4h of seeding and was 

supplied every two days. Cells were fixed on day 2, day 4 and day 6 and stained with DRAQ5. Cells were 

imaged with a Licor Odyssey Sa system, and the intensity of each well was quantified by Image Studio Lite 

software. B. Data are presented as mean ± SEM. N=3 independent experiments. *p=0.0363, **p=0.0015, 

***p<0.001, **** p<0.0001, two-way ANOVA, Tukey’s multiple comparisons test. 
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5.2.2. Co-culture with CAFs promoted OVCAR3 cell proliferation. 

Considering that CAFs promote the growth and drug resistance of the OC cells (Deying et al., 2017, 

Guo et al., 2019, Han et al., 2023), co-culture proliferation assays were performed to further 

investigate the effect of ADAMTS5 inhibition on OC cell growth. The proliferation ability of OVCAR3 

and CAFs alone or in co-culture was tested in the presence of DMSO or ADAMTS5 inhibitor. To 

distinguish between the two cell lines, OVCAR3 cells expressing nuclear GFP (generated as described 

in section 2.2.2) were combined with unlabelled CAFs and both cell lines were stained with Hoechst 

and imaged live. During imaging, OVCAR3 cells show both Hoechst and GFP fluorescence while CAFs 

only show Hoechst fluorescence. To minimize the effect on the proliferation caused by the different 

cell numbers, the total seeding number of the cells in each well was kept constant. The total seeding 

number and the ratio of OVCAR3/CAFs were optimized to reach the best cell growth (data not 

shown). For OVCAR3 cells and CAFs cultured alone, 6,000 cells per well were seeded. For co-culture, 

4,000 OVCAR3 cells and 2,000 CAFs per well were seeded. The schematic of the experimental design 

is shown in Figure 5.2A.  

 

Consistent with the results obtained with A2780 cells (Figure 5.1B i, iii), the proliferation of OVCAR3 

was significantly reduced by ADAMTS5 inhibitor at 10μM but not at 5μM (Figure 5.2B i). When co-

cultured with CAFs, OVCAR3 cells showed an overall higher growth rate at day 8 compared to the 

monoculture (Figure 5.2B ii), which indicates that CAFs promoted the proliferation of OVCAR3 cells. 

The inhibition of ADAMTS5 reduced the proliferation of co-cultured OVCAR3 cells, to a similar extent 

than in OVCAR3 alone. Furthermore, CAF proliferation was not affected by ADAMTS5 inhibition 

when cultured alone (Figure 5.2B iii), while the co-culture with OVCAR3 increased the sensitivity of 

CAFs to 10μM ADAMTS5 inhibitor and led to a small but significant reduction of cell growth (Figure 

5.2B iv). Notably, the reduction of CAF proliferation under co-culture when treated with ADAMTS5 

inhibitor is mild in comparison to the proliferation reduction of OVCAR3 cells. Altogether, these 

results showed that when treated with ADAMTS5 inhibitor at a high concentration, the proliferation 

of OVCAR3 cells was also reduced. When in contact with CAFs, OVCAR3 cells showed better growth 

compared to the monoculture, with and without ADAMTS5 inhibition.  
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Figure 5.2. Proliferation of OVCAR3 cells was promoted by CAFs and inhibited by high concentrations of 

ADAMTS5 inhibitor. A. Schematic of the experimental design. 6,000 GFP-OVCAR3 and CAF cells were seeded 

alone, or 4,000 GFP-OVCAR3 together with 2,000 CAF cells were seeded on 96-well glass bottom plates and 

allowed to attach overnight. Then, DMSO, 5 or 10μM of ADAMTS5 inhibitor was added to the cells and 

refreshed on day 4. On day 4 and day 8, cells were live stained with Hoechst nuclear staining for 15 min and 

then imaged with ImageXpress micro and analysed by MetaXpress software as described in section 2.2.8.2. 

B. For OVCAR3 (i) and CAF cells (iii) cultured alone, the cell counts were obtained based on the Hoechst signal. 

For co-culture (ii, iv), the cell counts of OVCAR3 cells were obtained based on the GFP signal and CAF cells 

were obtained by Hoechst minus GFP. Data are normalised to DMSO day 4 as the control group and 

presented as mean ± SEM. N=3 independent experiments. *p<0.05, **p=0.0047, **** p<0.0001, two-way 

ANOVA, Tukey’s multiple comparisons test. 
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5.2.3. TIFs failed to promote the proliferation of OVCAR3 cells. 

Unlike CAFs that enhance the growth of cancer cells, normal fibroblast-derived matrix showed 

limited promotion or even inhibition of cancer cell proliferation (Kaukonen et al., 2016, Nazemi et 

al., 2024). Here, I further performed the co-culture proliferation assay with OVCAR3 cells and TIFs. 

Again, GFP-OVCAR3 cells and TIFs were cultured alone or together in the presence of DMSO or 

ADAMTS5 inhibitor (Figure 5.3A). When 6,000 TIFs per well were seeded, the cells were over-

confluent at day 8, which affected both cell proliferation and data analysis (not shown). Therefore, 

the total cell seeding number was reduced to 4,500 for monoculture, and for cells in co-culture, 

3,000 OVCAR3 cells and 1,500 TIFs per well were seeded. 

 

A similar inhibition of OVCAR3 cell proliferation in the presence of 10μM ADAMTS5 inhibitor was 

observed, indicating that the reduction of total cell seeding number did not affect OVCAR3 

proliferation or the sensitivity to ADAMTS5 inhibitor (Figure 5.3B i). When co-cultured with TIFs, 

OVCAR3 shows reduced overall proliferation (Figure 5.3B ii), which is the opposite compared to the 

co-culture with CAFs (Figure 5.2B ii). When treated with 5μM ADAMTS5 inhibitor in co-culture with 

TIFs, the proliferation of OVCAR3 on day 8 was significantly reduced compared to DMSO control, 

which was not observed when cultured alone (Figure 5.3B i) or in co-culture with CAFs (Figure 5.2B 

ii). This result suggests that OVCAR3 showed increased sensitivity to ADAMTS5 inhibition when co-

cultured with TIFs. Surprisingly, the proliferation of TIFs was suppressed by both 5 and 10μM of 

ADAMTS5 inhibitor (Figure 5.3B iii). Additionally, the co-culture with OVCAR3 promoted the 

proliferation of TIFs compared to the monoculture, while this promotion was suppressed with 

ADAMTS5 inhibition (Figure 5.3B iv).  
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Figure 5.3. TIFs failed to promote the proliferation of OVCAR3 cells. A. Schematic of the experimental design. 

4,500 GFP-OVCAR3 and TIF cells were seeded alone, or 3,000 GFP-OVCAR3 together with 1,500 TIF cells were 

seeded in 96-well glass bottom plates and allowed to attach overnight. Then, DMSO, 5 or 10μM of ADAMTS5 
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inhibitor was added to the cells and refreshed on day 4. On day 4 and day 8, cells were live stained with 

Hoechst nuclear staining for 15 min and then imaged with ImageXpress micro and analysed by MetaXpress 

software as described in section 2.2.8.2. B. For OVCAR3 cells (i) and TIFs (iii) cultured alone, the cell counts 

were obtained based on the Hoechst signal. For co-culture (ii, iv), the cell counts of OVCAR3 cells were 

obtained based on the GFP signal and TIF cells were obtained by Hoechst minus GFP. Data are normalised to 

DMSO day 4 as the control group and presented as mean ± SEM. N=2 independent experiments. *p=0.025, 

**p<0.005, ***p=0.0001, **** p<0.0001, two-way ANOVA, Tukey’s multiple comparisons test. 

 

5.2.4. Glucose and serum starvation increased the sensitivity of OC cells to ADAMTS5 

inhibition. 

Similar to other cancer types, OC cells were found to obtain energy via aerobic glycolysis, resulting 

low-glucose concentrations in the TME (Lin et al., 2022). Furthermore, a significantly lower glucose 

level was also identified in ascites from malignant OC patients in comparison to the ascites from 

cirrhosis patients (Shender et al., 2014). Since cancer cells were found to internalise ECM to support 

cell growth under nutrient starvation (Muranen et al., 2017, Nazemi et al., 2024), and ADAMTS5 

was found to be required for ECM uptake (data not shown), here I wanted to investigate the effects 

of ADAMTS5 inhibition on OC cell proliferation under glucose, serum or glutamine starvation, with 

and without ECM. The growth of A2780-DNA3 and A2780-Rab25 cells under starvation was first 

optimised. Media with glucose or glutamine deprivation, 2.5mM glucose or 0.5mM glutamine (25% 

of the complete media) led to complete cell death on plastic (data not shown). Therefore, media 

containing 1mM glutamine, 5mM glucose and 5% serum (50% of the complete media) was used for 

starvation conditions. A2780-DNA3 and A2780-Rab25 cells were seeded on plastic or matrigel and 

allowed to attach. Then, the cells were cultured in starvation media containing DMSO or 5μM of the 

ADAMTS5 inhibitor and the proliferation was measured on day 2, day 4 and day 6. The experimental 

plan is shown in Figure 5.4A.  

 

When plated on matrigel, the proliferation of A2780-DNA3 but not A2780-Rab25 was reduced in 

comparison to cells grown on plastic, as previously shown in Figure 5.1B. A2780-Rab25 cells on 

plastic showed a significant reduction in proliferation when treated with ADAMTS5 inhibitor 

compared to DMSO control (Figure 5.4B i). The proliferation of A2780-DNA3 cells on plastic and 

matrigel and the A2780-Rab25 cells on matrigel was not affected by 5μM ADAMTS5 inhibitor in full 

media, consistent with my previous observations (Figure 5.1B). Under glucose starvation, ADAMTS5 

inhibition significantly reduced the proliferation of both A2780-DNA3 and Rab25 cells, both on 
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plastic and matrigel (Figure 5.4B iii, iv). Under serum starvation, both of the cell lines showed a 

significantly reduced proliferation when treated with ADAMTS5 inhibitor on plastic, while on 

matrigel A2780-Rab25 grew more than A2780-DNA3 cells and this increase in proliferation was 

completely blunted by ADAMTS5 inhibition (Figure 5.4B v, vi). These results suggested that 

ADAMTS5 could play a role in controlling cell proliferation under limiting nutrient conditions.  

 
Figure 5.4. ADAMTS5 inhibitor reduced the proliferation of A2780 cells under glucose or serum starvation. 

A. Schematic of the experimental design. 96-well plates were coated with 3mg/mL matrigel and incubated 

at 37°C for polymerisation for 4h. 600 A2780-DNA3 and A2780-Rab25 cells per well were seeded on plastic 

or matrigel, allowed to attach for 4h and treated with complete or starvation media (media containing 5mM 

glucose or 5% FBS) in the presence of DMSO or 5μM of ADAMTS5 inhibitor (TS5 inh). The inhibitor was 

supplied every two days. Cells were fixed on day 2, day 4 and day 6 and stained with DRAQ5. The cells were 

then imaged with a Licor Odyssey Sa system, and the intensity of each well was quantified by Image Studio 

Lite software. B. Data are presented as mean ± SEM. N=3 independent experiments. *p<0.05, **p=0.0058, 

***p<0.001, **** p<0.0001, two-way ANOVA, Tukey’s multiple comparisons test. 
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To further validate these results, A2780 cells were seeded on plastic or TIF-CDM (generated as 

described in section 2.2.3) under the same starvation conditions and treated with DMSO or 5μM 

ADAMTS5 inhibitor. The nucleus was stained with Hoechst and the cell count was obtained with 

ImageXpress on day 2, day 4 and day 6 (see section 2.2.8.1), which is more sensitive compared to 

the measurement of DRAQ5 intensity.  

 

When plated on TIF-CDM, the proliferation of both A2780-DNA3 and A2780-Rab25 was reduced in 

comparison to cells grown on plastic, which is consistent with results from Kaukonen et al. (2016) 

and suggest that TIF-CDM suppresses the growth of OC cells. Surprisingly, significantly reduced 

A2780-DNA3 and Rab25 cell counts were obtained on both plastic and TIF-CDM when treated with 

5μM ADAMTS5 inhibitor (Figure 5.5B I, ii), which was not obtained with DRAQ5 staining (Figure 5.4B 

I, ii). Under glucose starvation, ADAMTS5 inhibition significantly reduced the proliferation of both 

cell lines on either plastic or TIF-CDM (Figure 5.5B iii, iv). Under serum starvation, both cell lines 

showed a significantly reduced proliferation when treated with ADAMTS5 inhibitor on plastic, while 

on TIF-CDM A2780-Rab25 grew more than A2780-DNA3 cells and this increase in proliferation was 

completely blunted by ADAMTS5 inhibition (Figure 5.5B v, vi), which is consistent with Figure 5.4B 

v, vi. Altogether, these results indicated that the inhibition of ADAMTS5 showed some effect on cell 

growth, which is more apparent under glucose and serum starvation.  

 



 117 

 
Figure 5.5. ADAMTS5 inhibition reduced cell proliferation on plastic and CDM under glucose or serum 

starvation. A. Schematic of the experimental design. TIF-CDM was generated in 96-well plates as described 

in section 2.2.3. 600 A2780-DNA3 and A2780-Rab25 cells per well were seeded on plastic or CDM. After 

cultured for 4h and allowed to attach, the cells were treated with complete or starvation media (media 

containing 50% glucose or 50% FBS) together with DMSO 5 or 10μM of ADAMTS5 inhibitor. The inhibitor was 

supplied every other two days. Cells were fixed on day 2, day 4 and day 6 and stained with Hoechst nuclear 

staining, imaged with ImageXpress micro and analysed by MetaXpress software as described in section 

2.2.8.1. B. Data are presented as mean ± SEM. N=2 independent experiments. **p<0.005, ***p<0.001, **** 

p<0.0001, two-way ANOVA, Tukey’s multiple comparisons test. 

 

5.3. Discussion 

In this chapter, I characterised the effect of ADAMTS5 pharmacological inhibition on OC cell 

proliferation. As a result, the proliferation of OC cell lines A2780-DNA3 and A2780-Rab25 started to 

be affected in the presence of 5μM ADAMTS5 inhibitor and a significantly reduced proliferation was 

observed in all three cell lines, including OVCAR3, when treated with ADAMTS5 inhibitor at a 
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concentration of 10μM. The ADAMTS5 inhibitor (114810) used in this project is 5-((1H-pyrazol-4-

yl)methylene)-2-thioxothiazolidin-4-one, which inhibits the aggrecanase activity of ADAMTS5 

specifically. It was developed from a high throughput screening and characterized by Gilbert et al. 

(2007). In comparison to ADAMTS4, another well-known aggrecanase, inhibitor 114810 shows >40-

fold selectivity when targeting ADAMTS5 (IC50=1.1μM, compared to IC50 =44μM For ADAMTS4). 

Therefore, it is unlikely that a concentration at 10μM suppressed the cell proliferation by inhibiting 

other ADAMTSs. Noticeably, the inhibition of ADAMTS5 showed a small but significant reduction of 

TIF proliferation with both 5 and 10μM of the inhibitor, which brought concern about the cell 

toxicity of the ADAMTS5 inhibitor. Since the role of ADAMTS5 in cancer has only been investigated 

in the past decade, there is no clinical trial assessing ADAMTS5 inhibition for cancer treatment yet. 

However, as a main aggrecanase that leads to the destruction of cartilage ECM, ADAMTS5 has been 

considered a therapeutic target for osteoarthritis and several ADAMTS5 inhibitors are undergoing 

pre-clinical or clinical trials (Jiang et al., 2021). GLPG1972 is an ADAMTS5 inhibitor that is currently 

under phase II clinical trial, the safety of which has been approved previously (Schnitzer et al., 2023, 

van der Aar et al., 2022, Brebion et al., 2021). Therefore, there is potential to target ADAMTS5 for 

cancer therapy. Further characterisation of ADAMTS5 and the effect on the proliferation and 

apoptosis of OC cells and normal cells would be useful.  

 

CAFs were previously found to promote the growth and drug resistance of OC cells (Deying et al., 

2017, Guo et al., 2019). Consistent with this, OVCAR3 cells in co-culture with CAFs show increased 

proliferation compared to cultured alone. Remarkably, the inhibition of ADAMTS5 at high 

concentration reduces the OVCAR3 proliferation with and without the presence of CAFs, indicating 

that CAFs failed to improve the resistance of OVCAR3 cells to ADAMTS5 inhibitor. Interestingly, CAFs 

in co-culture with OVCAR3 cells also showed higher sensitivity to ADAMTS5 inhibition compared to 

cultured alone. This result needs to be further verified due to technique limitations: since the GFP 

expressing rate of OVCAR3 cells is not 100%, but 80%-90%, the OVCAR3 cells that do not express 

GFP would be identified as CAFs in our system. Although these cells that have been counted as CAFs 

only take a small ratio among the total cell number, it is possible that this could affect the statistical 

analysis. It would be essential to repeat these experiments with fluorescently labelled CAFs. 

Additionally, a previous study showed that OC cells (SKOV3) can also promote the proliferation of 

CAFs, by the secretion of exosomes (Ding et al., 2023). However, our result showed that co-culture 
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with OVCAR3 did not alter the growth rate of CAFs, suggesting that this effect could be cell line 

specific.  

 

The proliferation of OVCAR3 was suppressed when in co-culture with TIFs. Indeed, the tumour-

suppressing role of TIFs has been widely reported, which has been summarised by (Delinassios and 

Hoffman, 2022). Since OC was not included in the list, here, my data validated the suppressing role 

of normal fibroblasts in OC. Considering that normal fibroblast-derived matrix was found to 

suppress breast cancer cell proliferation (Kaukonen et al., 2016), TIFs could suppress OVCAR3 

proliferation via unfavourable matrix secretion. This hypothesis is also supported by the observed 

result in Chapter 3 that TIF-CDM failed to support the biological function of OVCAR3. It would be 

interesting to further investigate the matrix components derived by TIFs that suppressed the growth 

of OC cells. Additionally, it is also important to validate these results with normal ovarian fibroblasts 

since the TIFs used here are from the skin (Polanska et al., 2011).  

 

Matrigel is a commercial ECM that is used in cell culture as a basement membrane substrate, which 

was found to support the growth of breast cancer cells (Benton et al., 2011). However, reduced 

proliferation of A2780-DNA3 cells was observed when seeded on matrigel compared to plastic 

control. This could be caused by the different stiffness of the cell attachment surface. In comparison 

to matrigel, breast tumour cells placed on stiffer hydrogel showed enhanced proliferation 

(Northcutt et al., 2023). ECM stiffness was found to affect cancer cell growth through the YAP/TAZ 

pathway. Reduced ECM stiffness sensed via focal adhesion leads to reduced nuclear translocation 

of YAP and TAZ, which downregulate the expression of target genes that support cancer cell growth 

(Cai et al., 2021). Additionally, the activation of YAP was found to be mediated by integrin α5β1 in 

Ewing sarcoma cells (He et al., 2019). Since Rab25 regulates the trafficking of α5β1 integrin to the 

plasma membrane (Caswell et al., 2007), this may explain why only the proliferation of A2780-DNA3, 

but not A2780-Rab25 cells, was affected by the stiffness of the growing surface.  

 

When under glucose or serum starvation, OC cells with ADAMTS5 inhibition showed significantly 

reduced proliferation compared to the DMSO control on both plastic and ECM, indicating that 

ADAMTS5 could play a role in controlling metabolism reprogramming under nutrient starvation. 

Additionally, glutamine starvation had a dramatic effect on the proliferation of both A2780-DNA3 



 120 

and Rab25 cells when plated on plastic, while when plated on matrigel, the proliferation of both cell 

lines was rescued. However, there was no significant impact of ADAMTS5 inhibition on cell 

proliferation under glutamine starvation (data not shown). Previous work from our lab showed that 

the growth of breast cancer cells can be partially rescued by the presence of ECM under glucose and 

glutamine but not serum starvation conditions (Nazemi, 2021). Moreover, ECM uptake is required 

for ECM-dependent cell growth under glutamine starvation (Nazemi et al., 2024). Interestingly, 

previous data obtained by Dr Rainero showed ADAMTS5 KD significantly reduced TIF-CDM 

internalisation of A2780-Rab25 cells (data not shown), which suggested that ADAMTS5 inhibition 

may suppress OC cell growth through inhibiting ECM internalisation under starvation conditions.  

 

Altogether, this chapter showed that inhibition of ADAMTS5 mostly affected cell proliferation under 

nutrient deficiency, with limited effect in complete media. It is essential to validate this result with 

ADAMTS5 KD experiments. Further apoptosis and viability experiments would be helpful to better 

characterise the outcome of ADAMTS5 inhibition on OC cell proliferation.  
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Chapter 6 – ADAMTS5 was required for OC cell migration and invasion. 

6.1. Introduction 

Activated invasion and metastasis are an important hallmarks of cancer, which is also the leading 

cause of patients’ death (Hanahan and Weinberg, 2011). Metastasis is the process whereby cancer 

cells detach from the primary site, move to a separate location, and form a secondary tumour. The 

process of invasion and metastasis includes multiple steps, termed invasion-metastasis cascade 

(Talmadge and Fidler, 2010). The omentum is the most common metastasis site of OC and most of 

the tumour cells are carried by the peritoneal fluid and spread through passive dissemination 

(Sorensen et al., 2009). Although OC cells rarely spread through the lymphatic system, they were 

found to invade the blood vessels and metastasise through the hematogenous system (Sundar et 

al., 2006, Pradeep et al., 2014).  

 

During tumour metastasis, proteases-mediated ECM degradation and remodelling contribute to the 

invasion and migration of the tumour cells. These proteases were found secreted by both cancer 

cells and CAFs (Winkler et al., 2020). In OC, cleavage of ECM components by proteases is essential 

for the invasion of tumour cells (Cho et al., 2015). Previous research demonstrated that MMP2 

contribute to the OC cell omentum and peritoneum attachment through the cleavage of vitronectin 

and fibronectin, which initiates the early metastasis of OC cells (Kenny et al., 2008). Consistently, 

exosomes derived from omentum CAFs were found to promote the metastasis of SKOV3 cells both 

in vitro and in vivo (Han et al., 2023). Furthermore, CAF-secreted matrices can also promote the 

invasion of OC cells. Previous research identified an upregulated VCAN level in the CM of ovarian 

CAFs and TGF-β stimulated normal fibroblasts. Secreted VCAN was then found to promote the 

matrigel invasion ability of OC cells (Yeung et al., 2013). CAFs can also promote early peritoneal 

metastasis by recruiting the ascites HGSOC cells and forming heterotypic CAF-tumour spheroids. 

When treated with Imatinib, which inhibits the viability of CAFs, the formation of heterotypic 

spheroids was disrupted and reduced peritoneal metastasis was observed in mice (Gao et al., 2019).  

 

Considering the critical role of the TME during tumour progression, study models that represent a 

better biological function of the extracellular microenvironment are preferred for cancer research. 

In comparison to in vitro 2D models, 3D models generated from stable cell lines or primary cells 
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isolated from patients performed better in mimicking the TME and representing cell-cell and cell-

microenvironment interactions (Atat et al., 2022, Jubelin et al., 2022). There are two main types of 

3D culture systems, liquid-based and scaffold-based 3D tumour models. The liquid-based 3D models 

rely on the low attachment coating, gravity or fluid movement to prevent the cells attaching to the 

culture vessels, resulting in the formation of spheroids through cell-cell interactions instead of 

monolayers on the surface. Commercially available matrices such as matrigel and collagens can be 

used to establish scaffold-based 3D models. Tumour cell spheroids generated from the liquid-based 

models can be further embedded into the scaffold models, which can be used to study the cell-ECM 

interactions (Jubelin et al., 2022). Currently, these models are used to characterise the invasion and 

migration ability of the tumour cells (Atat et al., 2022). 

 

Previously, increased expression of ADAMTS5 has been shown to promote the metastasis of 

glioblastoma (Held-Feindt et al., 2006), non-small cell lung cancer (Gu et al., 2016) and head and 

neck cancer (Demircan et al., 2009). Although upregulated expression of ADAMTS5 was identified 

in borderline and malignant ovarian tumour samples compared to the benign samples (Lima et al., 

2016), the role of ADAMTS5 in promoting OC cell invasion and migration remains unclear. In this 

chapter, I demonstrated the role of ADAMTS5 in promoting OC cell migration and invasion, in 2D 

and 3D models.  

 

6.2. Results 

6.2.1. ADAMTS5 was required for Rab25-dependent pseudopod extension and 

directional migration in A2780 cells. 

Previous research showed that overexpression of Rab25 induced pseudopod elongation in A2780 

cells (Caswell et al., 2007). To investigate the role of ADAMTS5 in this process, the random migration 

assay of A2780-DNA3 and A2780-Rab25 cells on TIF-CDM in the presence or absence of ADAMTS5 

inhibition was performed by Jamie Adams, a former master student in our lab. To assess the 

migration capacity of the cells, pseudopod extension, migration directionality and velocity of the 

cells were measured. In comparison to A2780-DNA3 cells, A2780-Rab25 cells show significantly 

increased pseudopod length and directionality, but not migration velocity (Figure 6.1). This result 

confirmed that the overexpression of Rab25 promoted the migration ability of A2780 cells. In the 
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presence of the ADAMTS5 inhibitor, significantly reduced pseudopodia length and directionality of 

A2780-Rab25 cells were observed, while the migration of A2780-DNA3 cells was not affected by 

ADAMTS5 inhibition, indicating that the catalytic activity of ADAMTS5 was required for Rab25-

induced directional cell migration (Figure 6.1A, B). The migration velocity of both cell lines was also 

not affected by ADAMTS5 inhibition (Figure 6.1C). These results indicated that Rab25 promoted the 

migration of A2780 cells in an ADAMTS5-dependent manner.  

 

 
Figure 6.1. ADAMTS5 pharmacological inhibition reduced pseudopod extension and directionality of 

A2780-Rab25 cells migrating on TIF-CDM. TIF-CDM were generated in 12-well plates as described in section 

2.2.3. A2780-DNA3 and A2780-Rab25 cells were seeded and allowed to attach for 4h, then DMSO or 5μM of 
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ADAMTS5 inhibitor was supplied before imaging. Cells were imaged live with a Nikon widefield live-cell 

system (Nikon Ti eclipse with Oko-lab environmental control chamber) with a Plan Apo 10X objective (NA 

0.75) for 16h, and the pseudopod length (μm) (A.), directionality (B.) and average velocity [μm/min] (C.) were 

measured in ImageJ as described in section 2.2.9.1. N=3 independent experiments. Violin plot with median 

and quartiles. * p=0.0155, **** p<0.0001, Kruskal-Wallis test. These experiments were performed by J. 

Adams.  

 

To confirm the role of ADAMTS5 in mediating OC cell migration, ADAMTS5 was KD in A2780-Rab25 

cells and migration assays on TIF-CDM were performed by Dr Elena Rainero. Consistent with 

ADAMTS5 pharmacological inhibition, A2780-Rab25 cells with ADAMTS5 KD showed significantly 

reduced pseudopod length and directionality, while the average velocity was not affected (Figure 

6.2). ADAMTS5 qPCR demonstrated ~80% reduction in mRNA expression upon siRNA transfection 

(Figure 6.2D). Altogether, these results indicated that ADAMTS5 is required for the Rab25-

dependent migration of OC cells.  
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Figure 6.2. ADAMTS5 KD in A2780-Rab25 reduced pseudopod extension and directionality of cells 

migrating on TIF-CDM. TIF-CDM were generated in 12-well plates as described in section 2.2.3. A2780-Rab25 

cells were transfected with non-targeting (si-nt) or ADAMTS5 targeting si-RNA (si-TS5) and seeded on TIF-

CDM for 4h. Cells were imaged live with a Nikon widefield live-cell system (Nikon Ti eclipse with Oko-lab 

environmental control chamber) with a Plan Apo 10X objective (NA 0.75) for 16h, and the pseudopod length 

(μm) (A.), directionality (B.) and velocity [μm/min] (C.) were measured in ImageJ as described in section 

2.2.9.1. N=3 independent experiments. Violin plot with median and quartiles. **** p<0.0001, Mann-Whitney 

test. D. A2780-Rab25 cells were transfected as in A, mRNA was extracted 24hr after transfection and 

ADAMTS5 and GAPDH levels were measured by SYBR-green based qPCR. GAPDH was used as the control 

housekeeping gene and the data was normalised to si-nt. Data are presented as mean ± SEM. N=2 

independent experiments. ** p=0.0022 Mann-Whitney test. The experiments in A-C were performed by E. 

Rainero.  

 

6.2.2. Conditioned media derived from A2780-Rab25 enhanced the migration of 

A2780-DNA3 cells. 

In Chapter 3, I have shown that Rab25 promoted the expression of ADAMTS5, and a significantly 

higher ADAMTS5 protein level was detected in the CM derived from A2780-Rab25 cells compared 

to A2780-DNA3. If Rab25 promotes cell migration by stimulating the secretion of ADAMTS5, we 

hypothesised that CM from Rab25-expressing cells would promote A2780 cell migration. To 

investigate this, A2780-DNA3 cells were treated with CM derived from either A2780-DNA3 or 

A2780-Rab25 cells (see section 2.2.4) and their migration capacity on CDM was measured (Figure 

6.3A). In comparison to cells treated with A2780-DNA3 CM, A2780-DNA3 cells treated with A2780-

Rab25 CM showed significantly elongated pseudopods (Figure 6.3B black arrowheads, D). The spider 

plots present the cell migration paths, and cells with low migration directionality (<0.5) are marked 

in red (Figure 6.3C). These results show that A2780-Rab25 CM significantly increased the directional 

migration of A2780-DNA3 cells (Figure 6.3DE). Additionally, the velocity of the A2780-DNA3 cells 

was not affected by the CM from A2780-Rab25 cells (Figure 6.3F), which is consistent with previous 

results (Figure 6.1C).  
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Figure 6.3. CM derived from A2780-Rab25 cells enhanced pseudopod extension and directionality of 

A2780-DNA3 cells migrating on TIF-CDM. A. Schematic of the experimental plan. A2780-DNA3 and A2780-

Rab25 cells were seeded on plastic for 3 days and the CM was harvested as described in section 2.2.4. A2780-

DNA3 cells were seeded on TIF-CDM in complete media with A2780-DNA3 or Rab25 CM (1:1) for 4h. Cells 

were imaged live with a Nikon widefield live-cell system (Nikon Ti eclipse with Oko-lab environmental control 

chamber) with a Plan Apo 10X objective (NA 0.75) for 16h and the images were analysed as described in 

section 2.2.9. B. Black arrowheads point to the elongated pseudopods. Scale bar: 200μm. C. Representative 

spider plots generated by ImageJ show the migration path of the cells, with the colour indicating the 

directionality, >0.5 in black, <0.5 in red. The pseudopod length (μm) (D.), directionality (E.) and velocity 

[μm/min] (F.) of cell migration were measured in ImageJ as described in section 2.2.9.1. N=3 independent 

experiments. Violin plot with median and quartiles. **** p<0.0001, Mann-Whitney test. 

 

6.2.3. ADAMTS5 inhibition prevents A2780-Rab25 CM-induced A2780-DNA3 cell 

directional migration. 
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The CM derived from A2780-Rab25 cells could contain a variety of factors stimulating A2780-DNA3 

cell migration. Previously, Rab25 was found to promote CLIC3 expression in A2780 cells and 

secreted CLIC3 was found to promote the migration of WT A2780 and MDA-MB-231 cells 

(Hernandez-Fernaud et al., 2017, Dozynkiewicz et al., 2012). To further confirm that Rab25 

promotes OC cell migration through ADAMTS5, DMSO or 5μM ADAMTS5 inhibitor was supplied with 

A2780-Rab25 CM and the migration capacity of A2780-DNA3 cells on TIF-CDM was quantified 

(Figure 6.4A). As a result, ADAMTS5 inhibition significantly reduced the pseudopod extension of 

A2780-DNA3 cells induced by A2780-Rab25 CM compared to the DMSO control (Figure 6.4B, D). 

Similarly, the ADAMTS5 inhibitor significantly reduced the directional migration of A2780-DNA3 

cells treated with A2780-Rab25 CM (Figure 6.4C, E). Interestingly, ADAMTS5 inhibition also reduced 

the migration velocity of A2780-DNA3 cells in the presence of A2780-Rab25 CM (Figure 6.4C, F), 

which was not identified in either A2780-DNA or A2780-Rab25 cells directly (Figure 6.1C). These 

results showed that ADAMTS5 inhibition suppressed the migration of A2780-DNA3 cells, which was 

promoted by A2780-Rab25 CM.  
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Figure 6.4. ADAMTS5 inhibitor reduced the A2780-Rab25 CM-induced migration capacity of A2780-DNA3 

cells on TIF-CDM. A. Schematic of the experimental design. A2780-Rab25 cells were seeded on plastic for 3 

days and the CM was harvested as described in section 2.2.4. A2780-DNA3 cells were seeded on TIF-CDM in 

complete media with A2780-Rab25 CM (1:1) for 4h. DMSO or 5μM of ADAMTS5 inhibitor was supplied before 

imaging. Cells were imaged live with a Nikon widefield live-cell system (Nikon Ti eclipse with Oko-lab 

environmental control chamber) with a Plan Apo 10X objective (NA 0.75) for 16h and the images were 

analysed as described in section 2.2.9. B. Black arrowheads point to the elongated pseudopods. Scale bar: 

200μm. C. Representative spider plots generated by ImageJ show the migration paths of the cells. The colour 

indicates the directionality, >0.5 in black, <0.5 in red. The pseudopod length (μm) (D.), directionality (E.) and 

average velocity [μm/min] (F.) of cell migration were measured in ImageJ as described in section 2.2.9.1. N=3 

independent experiments. Violin plot with median and quartiles. ** p=0.0018 **** p<0.0001, Mann-Whitney 

test.  
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6.2.4. CM derived from ADAMTS5 KD A2780-Rab25 cells failed to promote the 

migration of A2780-DNA3 cells. 

To confirm the role of secreted ADAMTS5 in promoting OC cell migration, A2780-Rab25 cells were 

transfected with non-targeting or ADAMTS5 targeting siRNA and the CM were harvested. Then, the 

migration of A2780-DNA3 treated with the CM from either control or ADAMTS5 KD A2780-Rab25 

cell CM was measured (Figure 6.5A). Consistent with the ADAMTS5 inhibitor results (Figure 6.4), 

A2780-DNA3 cells treated with CM derived from ADAMTS5 KD A2780-Rab25 cells showed a 

significantly reduced pseudopod length (Figure 6.5B, D), directionality (Figure 6.5C, E) and velocity 

(Figure 6.5C, F) compared to control siRNA CM. Altogether, these results demonstrate that secreted 

ADAMTS5 is sufficient to promote pseudopod extension and directional migration in OC cells.  
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Figure 6.5. CM derived from ADAMTS5 KD A2780-Rab25 cells failed to promote the migration of A2780-

DNA3 cells on TIF-CDM. A. Schematic of the experimental design. A2780-Rab25 cells were transfected with 

non-targeting (si-nt) or ADAMTS5 targeting si-RNA (si-TS5) for 24h and re-seeded on plastic for 3 days. The 

CM was harvested as described in section 2.2.4. A2780-DNA3 cells were seeded on TIF-CDM in complete 

media with control or ADAMTS5 KD A2780-Rab25 CM 1:1 for 4h. Cells were imaged live with a Nikon widefield 

live-cell system (Nikon Ti eclipse with Oko-lab environmental control chamber) with a Plan Apo 10X objective 

(NA 0.75) for 16h and the images were analysed as described in section 2.2.9. B. Black arrowheads point to 

the elongated pseudopods. Scale bar: 200μm. C. Representative spider plots generated by ImageJ show the 

migration paths of the cells, with the colour indicating the directionality, >0.5 in black, <0.5 in red. The 

pseudopod length (μm) (D.), directionality (E.) and velocity [μm/min] (F.) of cell migration were measured in 

ImageJ as described in section 2.2.9.1. N=3 independent experiments. Violin plot with median and quartiles. 

**p=0.0057, *** p=0.0002, **** p<0.0001, Mann-Whitney test.  
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6.2.5. ADAMTS5 inhibition reduced the invasion of OC cells overexpressing Rab25 in 

3D systems. 

Previous research showed that Rab25 promoted the invasion of OC cells into matrigel and collagen 

I in a fibronectin-dependent manner (Caswell et al., 2007). As ADAMTS5 is required for Rab25-

dependent migration of A2780 cells, here, I hypothesised that ADAMTS5 could similarly be required 

for the invasion of Rab25-expressing OC cells. 3D spheroid invasion assays were performed to assess 

the invasion capacity of A2780-Rab25 cells in the presence of DMSO control or ADAMTS5 

pharmacological inhibitor. Cells were labelled with Cell trackerTM Red CMTPX and spheroids were 

then generated with the hanging drop method and embedded into a matrix mix containing 3mg/mL 

geltrex, 3mg/mL collagen I and 25μg/mL fibronectin (see section 2.2.10.1). The concentration of 

geltrex and collagen I was optimised to support the spheroids to avoid sinking to the bottom of the 

dishes (data not shown). Since fibronectin was required for Rab25-dependent invasion of OC cells 

(Caswell et al., 2007), the same concentration of fibronectin was introduced in our 3D model. 

Spheroids were cultured in complete media containing DMSO, 5 or 10μM of ADAMTS5 inhibitor and 

cells were imaged live on day 0, 1 and 2 after embedding (Figure 6.6A).  

 

Invading protrusions from the spheroids were observed after being embedded into the matrix. The 

area of protrusions outside the spheroid core was calculated and marked as ‘invasion area’. In 

comparison to the DMSO control, A2780-Rab25 spheroids treated with ADAMTS5 inhibitor showed 

a dose-dependent reduction of the invasion area. After cultured for 1 day, the cells showed a small 

and non-statistically significant reduction of the invasion capacity in the presence of both 

concentrations of ADAMS5 inhibitor. After 2 days, the invasion area of A2780-Rab25 spheroids 

treated with 5μM of ADAMTS5 inhibitor was reduced, but this difference was not statistically. 

significant, while the spheroids treated with 10μM of ADAMTS5 inhibitor showed a significant 

reduction of the invasion ability (Figure 6.6B). These results indicate that ADAMTS5 catalytic activity 

is required for the invasion of Rab25-expressing OC cells. 
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Figure 6.6. ADAMTS5 inhibitor reduced the 3D invasion of A2780-Rab25 cells in a dose-dependent manner. 

A. Schematic of 3D invasion assay. A2780-Rab25 cells were labelled with Cell trackerTM Red CMTPX and 

spheroids were generated, embedded in a matrix mix (3mg/mL of geltrex, 3mg/mL of collagen I and 25μg/mL 

of fibronectin) and cultured in media in the presence of DMSO, 5 or 10μM of ADAMTS5 inhibitor. The 

spheroids were imaged live with a Nikon A1 confocal microscope, CFI Plan Fluor 10x objective (NA 0.3) on 

day 0, 1 and 2, and analysed in ImageJ as described in section 2.2.11. B. The invasion area was calculated by 

the total area - the initial area (day 0) and the ratio of invasion area/initial area of each spheroid was obtained. 

The ratio was then normalised to the DMSO control on day 1 and plotted. Scale bar: 200μm. N=3 independent 

experiments. Box and whisker plots represent Min to Max, + represents the mean. *** p=0.0002 two-way 

ANOVA, Dunnett’s multiple comparisons test.  
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6.2.6. ADAMTS5 inhibition reduced the invasion of both CAFs and OC cells in a 3D co-

culture model. 

CAFs were found to form heterotypic spheroid during OC metastasis and promote the invasion of 

OC cells both through secreting proteases and ECM components (Gao et al., 2019, Cho et al., 2015, 

Yeung et al., 2013). To better mimic the TME of the OC and investigate the role of CAFs in ADAMTS5-

mediated OC cell invasion, a co-culture spheroid model was established with CAFs and OVCAR3 cells, 

which endogenously overexpress Rab25. The ratio of CAFs/OVCAR3 cells was consistent with the 

proliferation assays in Chapter 5. To distinguish the cells during imaging, OVCAR3 cells expressing 

nuclear GFP were used and CAFs were labelled with Cell trackerTM Red CMTPX. The spheroids were 

generated by the hanging drop method, embedded in a mix of ECM components (3mg/mL geltrex, 

3mg/mL collagen I and 25μg/mL fibronectin) and maintained in media containing DMSO, 5 or 10μM 

of ADAMTS5 inhibitor for up to 8 days. Inhibitor/DMSO-containing media was refreshed on day 4 to 

avoid nutrient deficiency. Images were taken on day 0, 4, 6 and 8 (Figure 6.7A).  

 

Consistent with the observations in A2780-Rab25 spheroids (Figure 6.6B), the invasion of OVCAR3 

cells in co-culture spheroids was significantly impaired by the ADAMTS5 inhibitor in a dose-

dependent manner. CAFs (in red) were observed at the tips of invading protrusions from the 

spheroids, which were followed by the OVCAR3 cells with GFP-labelled nuclei. The invasion areas of 

both CAFs and OVCAR3 cells were quantified. A significantly reduced cell invasion started to be 

observed on day 6 in the presence of 10μM of ADAMTS5 inhibitor. On day 8, the invasion of OVCAR3 

cells was inhibited by both 5 and 10μM of ADAMTS5 inhibitor. On the other hand, the invasion 

capacity of CAFs in co-culture spheroids was also repressed by ADAMTS5 inhibitor on day 6 and day 

8 (Figure 6.7B). These results confirmed the important role of ADAMTS5 in promoting OC invasion, 

which affects both cancer cells and CAFs. 
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Figure 6.7. ADAMTS5 inhibitor reduced the 3D invasion of OVCAR3 cells and CAFs in co-culture. A. 

Schematic of co-culture 3D invasion assay. OVCAR3 cells stably expressing nuclear GFP (H2B-GFP) were 

generated and CAFs were labelled with Cell trackerTM Red CMTPX. The co-culture spheroids were generated 

with OVCAR3:CAF=2:1, embedded in a matrix mix (3mg/mL of geltrex, 3mg/mL of collagen I and 25μg/mL of 

fibronectin) and cultured in media with DMSO, 5 or 10μM of ADAMTS5 inhibitor. Fresh media with 

inhibitor/DMSO was replaced on day 4. The spheroids were imaged live with a Nikon A1 confocal microscope, 

CFI Plan Fluor 10x objective (NA 0.3) on day 0, 4, 6 and 8, and analysed in ImageJ as described in section 

2.2.11. B. The invasion area was calculated by the total area - the initial area (day 0) and the ratio of invasion 

area/initial area of each spheroid was obtained. This ratio was then normalised to the DMSO control on day 

4 and plotted. Scale bar: 200μm. N=3 independent experiments. Box and whisker plots represent Min to Max, 

+ represents the mean value. *p<0.05, **p<0.005, *** p<0.001, two-way ANOVA, Dunnett’s multiple 

comparisons test.  
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6.2.7. ADAMTS5 inhibition did not affect the proliferation of OVCAR3 cells and CAFs 

in 3D. 

In the previous chapter, I showed that 10μM of ADAMTS5 inhibitor suppressed the proliferation of 

OC cells in 2D. To assess whether ADAMTS5 inhibitor at high concentration reduced the invasion 

ability of OC cells by affecting the proliferation in 3D, cell growth in co-culture spheroids was 

measured by an EdU incorporation assay. Briefly, co-culture spheroid generated with OVCAR3-GFP 

cells and non-labelled CAFs were embedded and cultured up to day 8 in media containing DMSO or 

10μM of ADAMTS5 inhibitor. Media was refreshed on day 4. On day 6, the EdU solution was spiked 

into the culture media and the spheroids were fixed with 4% PFA on day 8. The spheroids were then 

stained with Hoechst 33342 and EdU detection kit as described in section 2.2.10.4 and imaged 

(Figure 6.8A).  

 

Consistently with the previous results, a reduced invasion was observed in spheroids treated with 

ADAMTS5 inhibitor. The Hoechst stains the nucleus of both CAFs and OVCAR3 cells while the GFP 

indicates the nucleus of OVCAR3 cells. The EdU staining was only detected in the nucleus of OVCAR3 

cells but not in CAFs in both DMSO and ADAMTS5 treated spheroids, which indicated the low 

proliferation rate of CAFs in 3D. The area of the EdU signal was normalised to the area of Hoechst 

and GFP, which represents the total cell proliferation rate and OVCAR3 cell proliferation rate, 

respectively. As a result, the proliferation of OVCAR3 cells was not affected by ADAMTS5 inhibition 

in 3D (Figure 6.8B), which is the opposite of the observations in 2D.  
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Figure 6.8. ADAMTS5 inhibitor did not affect the proliferation of OVCAR3 cells in 3D. A. Co-culture 

spheroids were generated with OVCAR3-GFP (H2B-GFP) cells and non-labelled CAFs (2:1), embedded in a 

matrix mix (3mg/mL of geltrex, 3mg/mL of collagen I and 25μg/mL of fibronectin) and cultured in media with 

DMSO or 10μM of ADAMTS5 inhibitor. Fresh media with inhibitor/DMSO was replaced on day 4. EdU was 

added at day 6. The spheroids were fixed on day 8, stained with EdU detection reagent and Hoechst 33342 

and imaged with a Nikon A1 confocal microscope, CFI Plan Fluor 10x objective (NA 0.3) as described in section 
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2.2.11.4. B. The total area of each staining was measured in ImageJ and the percentage of EdU against 

Hoechst and GFP was calculated and plotted. Scale bar: 200μm. N=3 independent experiments. Box and 

whisker plots represent Min to Max, + represents the mean value, Mann-Whitney test.  

 

6.2.8. ADAMTS5 inhibition did not affect the invasion of CAFs in monoculture. 

In our co-culture spheroid model, CAFs showed a better invasion ability than OVCAR3 cells, which 

seems to lead to the invasion of OVCAR3 cells. Since the inhibition of ADAMTS5 in 3D reduced the 

invasion of both OVCAR3 cells and CAFs in co-culture spheroids (Figure 6.7B), there is the possibility 

that ADAMTS5 inhibitor only suppressed the invasion ability of CAFs, which in turn inhibited the 

invasion of OVCAR3 cells indirectly. To investigate this, CAF mono-culture spheroids were generated 

and treated with 10μM of ADAMTS5 inhibitor. Interestingly, the invasion of CAFs was not affected 

by ADAMTS5 inhibition in monoculture (Figure 6.9). This result suggested that ADAMTS5 inhibition 

only suppressed the invasion of CAFs when co-cultured with OVCAR3 cells.  

 

 
Figure 6.9. ADAMTS5 inhibition did not affect the 3D invasion of CAF spheroids. CAFs were labelled with 

Cell trackerTM Red CMTPX. CAF spheroids were generated, embedded, and cultured in media with DMSO or 

10μM of ADAMTS5 inhibitor. Fresh media with inhibitor was replaced on day 4. Spheroids were imaged live 

with a Nikon A1 confocal microscope, CFI Plan Fluor 10x objective (NA 0.3) on day 0, 4, 6 and 8, and analysed 

in ImageJ as described in section 2.2.11. The invasion area of the spheroid was calculated by the total area - 

the initial area. The invasion area/initial area was normalised to the DMSO control on day 4 and plotted. 

Scale bar: 200μm. N=3 independent experiments. Box and whisker plots represent Min to Max, + represents 

the mean value. Two-way ANOVA, Dunnett’s multiple comparisons test.  
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6.2.9 Rab25 KD in OVCAR3 cells suppressed the invasion of both CAFs and OVCAR3 

cells. 

Previous research by Caswell et al. (2007) demonstrated that Rab25 promoted A2780 cell invasion. 

Here, I validated this result in our 3D co-culture spheroid model. OVCAR3-GFP cells were transfected 

with non-targeting or Rab25 targeting siRNA for 24h, and co-culture spheroids were generated with 

transfected OVCAR3-GFP cells and CAFs labelled with Cell trackerTM Red CMTPX. The spheroids were 

cultured for up to 8 days and the images were taken on day 0, 4, 6 and 8 (Figure 6.10A). CAFs (in 

red) were observed at the tips of invading protrusions from the spheroids followed by the OVCAR3 

cells with GFP-labelled nuclei when OVCAR3 cells were transfected with the non-targeting siRNA. 

As a result, Rab25 KD in OVCAR3 cells, a significantly reduced invasion was observed in both OVCAR3 

cells and CAFs (Figure 6.10B). This confirmed Rab25 is required for the invasion of OC cells. 

Furthermore, Rab25 KD in OVCAR3 cells also affected the invasion of CAFs, which suggested the 

potential role of Rab25 in mediating the crosstalk between OC cells and CAFs. The KD efficiency of 

Rab25 in OVCAR3 cells on day 4, 6 and 8 was confirmed by western blotting (Figure 6.10C).  
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Figure 6.10. Rab25 KD in OVCAR3 cells reduced the 3D invasion of both OVCAR3 cells and CAFs in co-culture. 

A. Schematic of co-culture 3D invasion assay. OVCAR3-GFP cells were transfected with non-targeting (si-nt) 

or Rab25-targeting (si-Rab25) si-RNA. CAFs were labelled with Cell trackerTM Red CMTPX. Co-culture 

spheroids were generated with OVCAR3:CAF=2:1 and embedded in a matrix mix (3mg/mL of geltrex, 3mg/mL 

of collagen I and 25μg/mL of fibronectin). Media was refreshed on day 4. Spheroids were imaged live with a 

Nikon A1 confocal microscope, CFI Plan Fluor 10x objective (NA 0.3) on day 0, 4, 6 and 8, and analysed in 

ImageJ as described in section 2.2.11. B. The invasion area of OVCAR3 and CAFs was calculated by the total 

area - the initial area. The invasion area/initial area was normalised to si-nt on day 4 and plotted. Scale bar: 

200μm. N=4 independent experiments. Box and whisker plots represent Min to Max, + represents the mean 

value. *p=0.0471, **p=0.0022, two-way ANOVA, Dunnett’s multiple comparisons test. C. OVCAR3 cells were 

transfected as in A, lysed on day 4, 6 and 8 and Rab25 and GAPDH protein levels were measured by Western 
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Blotting. Membranes were imaged with a Licor Odyssey Sa system, and the band intensity was quantified by 

Image Studio Lite software. Rab25 signal was normalised to the GAPDH loading control, and the fold change 

of expression in si-Rab25 in comparison to si-nt was plotted. N=4 independent experiments. Data are 

presented as mean ± SEM. * p=0.0286, Mann-Whitney test. 

 

6.2.10 ADAMTS5 KD in OVCAR3 cells suppressed the invasion of OVCAR3 cells. 

So far, my results have shown the importance of ADAMTS5 in promoting the invasion of both OC 

cells and CAFs in co-culture. Since the KD of Rab25, the upstream factor that mediates ADAMTS5 

expression, in OVCAR3 cells reduced the invasion of both OVCAR3 and CAFs in co-culture, I 

investigated the effect of ADAMTS5 KD in OVCAR3 cells and CAFs invasion, by generating co-culture 

spheroids with CAFs and OVCAR3-GFP cells either control or ADAMTS5 KD (Figure 6.11A). The results 

of the invasion assay show that ADAMTS5 KD reduced the invasion of OVCAR3 cells, which is 

consistent with the results obtained with ADAMTS5 inhibitor (Figure 6.7B). As for the CAFs, the 

invasion ability was slightly reduced compared to the si-nt control, but this difference was not 

statistically significant. The KD efficiency of ADAMTS5 was tested by SYBR-green based qPCR (Figure 

6.11C). Altogether, these results confirmed the role of ADAMTS5 in promoting OC cell invasion.  
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Figure 6.11. ADAMTS5 KD in OVCAR3 cells reduced the 3D invasion of OVCAR3 cells but not CAFs in co-

culture. A. Schematic of co-culture 3D invasion assay. OVCAR3-GFP cells were transfected with non-targeting 

(si-nt) or ADAMTS5-targeting (si-TS5) si-RNA. CAFs were labelled with Cell trackerTM Red CMTPX. The co-

culture spheroids were generated with OVCAR3:CAF=2:1 and embedded in a matrix mix (3mg/mL of geltrex, 

3mg/mL of collagen I and 25μg/mL of fibronectin). Media was refreshed on day 4. The spheroids were imaged 

live with a Nikon A1 confocal microscope, CFI Plan Fluor 10x objective (NA 0.3) on day 0, 4, 6 and 8, and 

analysed in ImageJ as described in section 2.2.11. B. The invasion area of OVCAR3 and CAFs was calculated 

by the total area - the initial area. The invasion area/initial area was normalised to the mean of si-nt on day 

4 and plotted. Scale bar: 200μm. N=4 independent experiments. Box and whisker plots represent Min to Max, 

+ represents the mean value. **p=0.0075, two-way ANOVA, Dunnett’s multiple comparisons test. C. 

OVCAR3-GFP cells were transfected as in A. 24hr after transfection the mRNA was extracted and ADAMTS5 

and GAPDH mRNA levels were measured by SYBR-green based qPCR. GAPDH was used as the control 

housekeeping gene and the data was normalised to si-nt. Data are presented as mean ± SEM. N=3 

independent experiments. **** p<0.0001, Mann-Whitney test.   
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6.2.11. TIFs failed to promote the invasion of OVCAR3 cells in co-culture spheroids. 

In the previous chapters, I demonstrated that CAFs in co-culture with OVCAR3 promoted cancer cell 

proliferation, while TIFs on the other hand suppressed the proliferation of OVCAR3 cells. Here, I 

investigated in the role of TIFs in OVCAR3 cell 3D invasion. Co-culture spheroids of TIFs and OVCAR3-

GFP cells were generated, embedded and imaged as described above (Figure 6.7A). DMSO or 10μM 

ADAMTS5 inhibitor was supplied in the culture media. As shown in Figure 6.12A, minimal invasion 

of TIFs or OVCAR3 cells was observed in co-culture spheroids. Although invading protrusions 

containing OVCAR3 cells can be detected at day 4, they disappeared at day 6 and day 8 (Figure 6.12A, 

white arrow heads). This suggested that TIFs failed to promote the invasion of OVCAR3 cells in co-

culture. To investigate whether the different role of TIFs and CAFs in OC cell invasion was caused by 

differential ADAMTS5 levels, the expression of ADAMTS5 in two cell lines was measured by SYBR-

green based qPCR. In comparison to CAFs, the expression level of ADAMTS5 in TIFs was highly 

variable between biological repeats (Figure 6.12B), but not significantly different. These data 

suggest that the inhibitory effect of TIFs on OC invasion was not due to reduced levels of ADAMTS5.  
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Figure 6.12. TIFs suppressed the invasion of OVCAR3 cells. A. The co-culture spheroids were generated with 

OVCAR3-GFP and TIFs labelled with Cell trackerTM Red (2:1), embedded in a matrix mix (3mg/mL of geltrex, 

3mg/mL of collagen I and 25μg/mL of fibronectin) and cultured in media with DMSO or 10μM of ADAMTS5 

inhibitor. Fresh media with inhibitor was replaced on day 4. The spheroids were imaged live with a Nikon A1 

confocal microscope, CFI Plan Fluor 10x objective (NA 0.3) on day 0, 4, 6 and 8. White arrowheads point to 

invasive protrusion containing OVCAR3 cells. Scale bar: 200μm. B. mRNA was extracted from TIFs and CAFS 

and ADAMTS5 and GAPDH mRNA levels were assessed by SYBR-green based qPCR. GAPDH was used as the 

control housekeeping gene and the ADAMTS5 expression level was plotted in 2-∆∆Ct. Data are presented as 

mean ± SEM. N=4 independent experiments, the black dots represent the mean of individual experiments. 

Kruskal-Wallis test. 
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6.3. Discussion 

In this chapter, I demonstrated that ADAMTS5 is required for Rab25-dependent migration and 

invasion of OC cells. Previously, overexpressed Rab25 was shown to promote the directional 

migration of A2780 cells on CDM derived by human dermal fibroblasts or NIH 3T3 fibroblasts 

(Caswell et al., 2007), and consistent results were obtained on TIF-CDM in our lab. Additionally, 

enhanced pseudopod extension also indicated an increased migration capacity of A2780-Rab25 cells 

compared to A2780-DNA3 cells. A2780-Rab25 cells were also found to move slower than the A2780-

DNA3 cells in Norman’s lab. However, no significant change was obtained between the migration 

velocity of A2780-DNA3 and A2780-Rab25 cells in our lab. Rab25 was shown to promote OC cell 

migration by enhancing the delivery and recycling of α5β1 integrin to the plasma membrane at the 

pseudopod tips. Here, my data showed that CM derived from Rab25 overexpressing cells promoted 

the migration of Rab25-non-expressing cells, which suggested an alternative mechanism through 

which Rab25 could promote OC cell migration. When inhibiting or knocking down ADAMTS5 in the 

CM, the promotion of cell migration by Rab25-CM was reduced back to the same level of DNA3-CM. 

Remarkably, reduced cell migration velocity was also observed in the cells treated with CM from 

ADAMTS5 KD cells or supplied with ADAMTS5 inhibitor, which was not identified when the inhibitor 

was added directly on the cells. This could be caused by nutrient starvation as the CM was harvested 

after 3 days from cell culture. Remarkably, this starvation is acceptable since the CM was supplied 

1:1 with complete media. According to the proliferation results in Chapter 5, the proliferation of 

A2780 cells was only affected by the depletion of 50% of the nutrient until day 4, and in the random 

migration assays, the cells were only cultured in the CM overnight.  

 

The 3D invasion of OC cells in either monoculture or co-culture with CAFs was found to depend on 

ADAMTS5. Interestingly, ADAMTS5 KD in OC cells and ADAMTS5 pharmacological inhibition 

suppressed the invasion of CAFs when in co-culture, while CAFs in monoculture were not affected 

by ADAMTS5 inhibition. This result indicated the potential role of ADAMTS5 in mediating the 

crosstalk between OC cells and CAFs. In the TME, TGF-β is one of the main cytokines that regulate 

the crosstalk between cancer cells and CAFs. Cancer cell-derived TGF-β stimulates the conversion 

of normal fibroblasts into CAFs and further maintains the status of CAFs in tumours (Wu et al., 2021). 

In glioblastoma cells, TGF-β was found to induce the expression of ADAMTS4 and 5 (Held-Feindt et 
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al., 2006). Furthermore, ADAMTS1 was found to enhance TGF-β expression in lung cancer cells, 

which further promoted EMT, migration and invasion of A549 cells (Hu et al., 2023). ADAMTS6 and 

10 were shown to affect the extracellular availability of TGF-β (Cain et al., 2022). Therefore, it would 

be interesting to investigate the role of ADAMTS5 in the crosstalk between OC cells and CAFs. 

Additionally, CM from ovarian CAFs and normal fibroblasts upon TGF-β stimulation showed 

increased levels of secreted VCAN, a substate of ADAMTS5, which promoted the invasion of OC cells 

(Yeung et al., 2013). Therefore, ADAMTS5 may promote the invasion of cancer cells and CAFs 

through the cleavage of CAF-derived VCAN in OC. Moreover, since CAFs also express ADAMTS5 at a 

considerable level, further research could investigate the role of CAF-derived ADAMTS5 in OC 

progression. Remarkably, the KD of Rab25 and ADAMTS5 in OC cells impacted CAF invasion, but the 

effect of ADAMTS5 KD was moderate in comparison to Rab25. This indicated that ADAMTS5 is one 

but not the only Rab25 downstream factor in mediating the crosstalk between OC cells and CAFs, 

which promotes cell invasiveness. 

 

The EdU incorporation assay demonstrated that the proliferation of OVCAR3 cells was not affected 

by 10μM ADAMTS5 inhibitor, while the proliferation of OVCAR3 cells was reduced significantly when 

the cells were treated with ADAMTS5 inhibitor at the same concentration in 2D (Chapter 5). This 

result indicated that OC cells show less sensitivity in response to ADAMTS5 inhibitor in 3D than in 

the 2D model or ADAMTS5 is specifically involved in controlling cell proliferation in 2D environments. 

Consistently, cancer cells in 3D models showed a higher overall drug resistance, such as to 

chemotherapy drugs (Fontoura et al., 2020). Since the 3D models represent better cell-cell and cell-

ECM interactions, which were previously shown to contribute to drug resistance of tumours, 3D 

models are considered to show more realistic effects in response to drugs and therefore are 

preferred for drug screening and characterisation both in the laboratory and industry (Atat et al., 

2022). Therefore, the 2.5D migration assay combined with the 3D invasion assay in this project 

demonstrated a considerable role of ADAMTS5 in OC migration and invasion.  

 

Consistent with the proliferation results, TIFs also suppressed the invasion of OVCAR3 cells in an 

ADAMTS5-independent manner. Again, since the TIFs were derived from skin, it would be important 

to validate this result with normal ovarian fibroblasts. Although A2780 cells behave normally on TIF-

CDM, there is the possibility that TIF-CDM negatively affected the migration of A2780 cells. 
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Therefore, the results of the random migration assay might need to be confirmed on CAF-CDM. 

Another limitation of this research is that since OVCAR3 cells express nuclear GFP, the invasive 

pseudopods of OVCAR3 cells are not visible in the co-culture spheroids. Although OVCAR3 cells with 

cytoplasmic GFP were generated, the overall expression was too low to be captured by confocal 

microscopy. In our preliminary results, co-culture spheroids were generated with Cell trackerTM Red 

CMTPX labelled OVCAR3 cells and non-labelled CAFs, where thin and elongated OVCAR3 cells were 

observed (data not shown). This morphology change was only observed in the 3D co-culture model 

and not in the 2D co-culture. Therefore, it would also be interesting to further characterise the 

invasive pseudopods in OVCAR3 cells in our 3D models.  

 

Altogether, this chapter demonstrated the important role of ADAMTS5 in promoting the migration 

and invasion of the OC cells and in mediating the crosstalk between OC cells and CAFs in the tumours. 

Targeting ADAMTS5 for therapy could therefore contribute to suppress invasion and metastasis of 

OC.  

 

  



 147 

Chapter 7 – Discussion 

7.1. Summary of key findings 

The essential role of the TME in supporting cancer development has been widely reported in several 

types of cancers (Fidler, 2003). As a crucial non-cellular component of the TME, altered ECM 

composition and structure were also detected in solid tumours, including ovarian carcinoma (Cho 

et al., 2015). These changes in ECM were caused by the dysregulation of ECM-modifying enzymes, 

including MMPs, ADAMs and ADAMTSs (Cox, 2021). In OC, altered expression of ADAMTS5 was 

previously reported in tumour stoma and was correlated to poor overall survival of OC patients 

(Lima et al., 2016). In this study, I investigated the molecular mechanisms leading to ADAMTS5 

upregulation in OC and demonstrated the tumour promoting role of ADAMTS5 in OC, which mainly 

contributed to OC cell migration and invasion in 3D models.  

 

I found that Rab25 upregulated gene expression of ADAMTS5 in OC cells in an ECM-dependent 

manner (Chapter 3). In OC cells stably overexpressing Rab25, ADAMTS5 mRNA and protein levels 

were only increased when in contact with CDM. While in OC cells that endogenously overexpressed 

Rab25, KD of Rab25 reduced ADAMTS5 expression both on plastic and CDM. This indicated that 

overexpression of Rab25 and the presence of CDM are both required for the upregulation of 

ADAMTS5 in OC cell lines. To further investigate the mechanisms of Rab25-induced ADAMTS5 

expression, I focused on TFs, including HIF-1α and NF-κB, that were previously found to bind to 

ADAMTS5 proximal promoter and induce ADAMTS5 expression in chondrogenic cells (Chapter 4). 

Surprisingly, inhibition of HIF-1α induced ADAMTS5 expression and hypoxic conditions reduced 

ADAMTS5 expression, which suggests that instead of upregulating ADAMTS5, HIF-1α suppressed 

the expression of ADAMTS5 in OC cells. Interestingly, OC cells with NF-κB inhibition showed reduced 

ADAMTS5 expression levels. Furthermore, higher protein levels of NF-κB were observed in both the 

cytosol and nucleus of the Rab25 overexpressing OC cells, and Rab25 KD reduced the level of NF-κB. 

This suggested that Rab25 induces ADAMTS5 expression through upregulating NF-κB. Indeed, Rab25 

was previously reported to activate AKT, which is an upstream signalling factor of NF-κB (Fan et al., 

2015, Ghoneum and Said, 2019). However, the activation level of AKT was not affected by Rab25 

expression in our model, which indicates that Rab25 upregulate NF-κB activity in an AKT-

independent way. Although the inhibition of PI3K with small molecule inhibitor LY294002 also 
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reduced the expression level of ADAMTS5, off-target effects of the inhibitor were previously 

reported. For example, it can also bind to and inhibit mTORC1 directly (Gharbi et al., 2007), which 

is also an upstream regulator of NF-κB (Li et al., 2016, Dan et al., 2008). Therefore, detailed 

mechanisms of Rab25 in mediating NF-κB upregulation remain unclear and need to be further 

investigated.  

 

To characterise the role of ADAMTS5 in OC cell proliferation (Chapter 5), invasion and migration 

(Chapter 6), OC cells were either treated with a small molecule inhibitor that blocks the catalytic 

activity of ADAMTS5 or transfected with ADAMTS5 targeting si-RNA. The proliferation of OC cells 

was reduced when treated with 10μM ADAMTS5 inhibitor in the 2D but not the 3D model, indicating 

the limited effect of ADAMTS5 in OC cell proliferation. However, ADAMTS5 may play a role in 

controlling metabolic reprogramming under nutrient starvation, as a more apparent reduction of 

OC cell proliferation was identified when cells were placed under glucose and serum starvation and 

treated with the ADAMTS5 inhibitor (Chapter 5). The migration and invasion ability of Rab25 

overexpressing OC cells were significantly reduced in response to ADAMTS5 inhibition or KD 

(Chapter 6), which suggested the tumour-promoting role of ADAMTS5 in OC. Additionally, the role 

of CAFs in promoting OC cell proliferation and invasion was also inhibited under ADAMTS5 inhibition 

or KD (Chapters 5 and 6). Furthermore, CAFs in co-culture with ADAMTS5 deficient OC cells also 

showed significantly reduced invasion ability, which indicated that the crosstalk between CAFs and 

OC cells was also affected by ADAMTS5 downregulation (Chapter 6).  

 

Collectively, upregulated Rab25 in OC led to the upregulation of ADAMTS5 through NF-κB, which 

further promoted OC cell migration and invasion into the ECM. The catalytic activity of ADAMTS5 is 

essential for these tumour-promoting functions, and the crosstalk between OC cells and CAFs is also 

mediated by ADAMTS5 (Figure 7.1). Further works investigating the detailed mechanism of how 

Rab25 upregulates NF-κB and how ADAMTS5 promotes OC cell migration and invasion are still 

required. 
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Figure 7.1. Schematic representation of the mechanisms of ADMTS5 regulation and function. Upregulated 

Rab25 in OC cells induced ADAMTS5 expression through NF-κB-related signalling pathways. OC cells secreted 

ADAMTS5 promoted OC cell migration and invasion into the ECM through its proteolytic activities. It can also 

mediate crosstalk between OC cells and CAFs in the TME. Image made with items adapted from Servier 

Medical Art 

 

7.2. Rab25 regulated ADAMTS5 expression through NF-κB-related signalling 

pathways. 

Hyperactivation of NF-κB was observed in multiple human malignancies, including OC (Dolcet et al., 

2005, Concetti and Wilson, 2018). The activation of NF-κB can be regulated by various signalling 

pathways that are triggered by cytokines and GFs. In OC, NF-κB was shown to be activated via 

PI3K/AKT/mTOR signalling pathway (Figure 4.2) (Gharbi et al., 2007). However, the upregulation of 

NF-κB by Rab25 in our model was found via an AKT-independent pathway (Chapter 4). Here, I will 

hypothesise other pathways that are potentially involved in the Rab25/NF-κB/ADAMTS5 signalling 

cascade.  

 

Apart from the PI3K/AKT pathway, ERK-mediated NF-κB activation was also identified in multiple 

cancer types, including prostate, breast, ovarian carcinoma and melanoma (Kim et al., 2002, Wang 
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et al., 2020, Alberti et al., 2012, Dhawan and Richmond, 2002). Upon the stimulation of the small 

molecule tumour promoter 12-O-tetradecanoylphorbol-13-acetate (TPA), NF-κB (p65/p50) activity 

and the expression of an NF-κB-dependent gene, cyclooxygenase-2 (COX-2), were upregulated in 

mammary epithelial MCF10A cells (Kim et al., 2008). The activation of p38 MAPK and ERK1/2 was 

found essential in this pathway and the PD98059 (ERK inhibitor) and SB203580 (p38 MAPK inhibitor) 

significantly reduced NF-κB activity and COX-2 expression. Similarly, inhibition of p38 MAPK in 

hepatocellular carcinoma also suppressed NF-κB activation. Lenvatinib, a multi-kinase inhibitor that 

was used to treat hepatocellular carcinoma, was found to induce cell apoptosis and suppress 

metastasis both in vitro and in vivo by suppressing the p38 MAPK/NF-κB axis (Wu et al., 2022). In 

prostate cancer cell lines 22Rv1, ERK was found to phosphorylate IκBα under acidosis conditions, 

which further led to the activation of NF-κB. Indeed, ERK inhibition or KD suppressed the acidosis-

induced NF-κB nuclear translocation (Chen et al., 2016a). MAPK/ERK pathway was also found 

involved in NF-κB-inducing kinase (NIK)-induced NF-κB activation in melanoma cells (Hs294T) 

(Dhawan and Richmond, 2002). Overexpression of NIK led to increased phosphorylation of ERK1/2, 

which can be suppressed by PD98059. PD98059 treatment resulted in the downregulation of NF-κB 

(p50/p65) DNA binding activity, which also blocked the phosphorylation of IκBα. In OC cells 

(IGROV1), EGF-induced EGFR activation led to the activation of NF-κB and NF-κB-dependent IL-6 and 

PAI-1 expression through both PI3K/AKT and MAPK/ERK pathways (Alberti et al., 2012). Cells treated 

with tyrosine kinase inhibitor AG1478, PI3K inhibitor LY294002, MAPK inhibitor UO126 or EGFR 

targeting si-RNA showed significantly reduced NF-κB-dependent IL-6 expression.  

 

EGFR is an important cell surface receptor that regulates MAPK/ERK signalling pathway in cancer 

cells through the EGFR/Ras/Raf signalling cascade (Martinelli et al., 2017). In EOC, EGF secreted by 

tumour-associated macrophages up-regulated the EGFR/ERK signalling pathway, which promoted 

OC cell migration and invasion (Zeng et al., 2019). The type I cGMP-dependent protein kinase (PKG 

I) was also identified as a tumour suppressor in EOC by inhibiting EGF-induced EGFR/MAPK/ERK 

pathway and suppressing EOC cell proliferation, migration and invasion (Lan et al., 2023). 

Interestingly, the association between Rab25 and EGFR activity was previously reported in multiple 

types of cancer. In radioresistant lung adenocarcinoma and nasopharyngeal carcinoma cells with 

Rab25 KD, significantly reduced levels of p-EGFR and downstream p-AKT and p-ERK were identified, 

indicating the role of Rab25 in mediating EGFR signalling pathways. Indeed, Rab25 was found to 
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mediate EGFR recycling from LE back to the cell surface in response to EGF stimulation in 

radioresistant nasopharyngeal carcinoma cells, and Rab25 silencing re-sensitised these cells to 

irradiation (Zhang et al., 2020). Alternatively, Rab25 can regulate EGFR activity through other cell 

surface receptors. Interactions between integrins and EGFR were previously identified in OC, which 

is mediated by Rab25 through integrin recycling and affects the downstream signalling pathways 

(Javadi et al., 2020, Cho and Lee, 2019). In breast cancer MCF-7 and OC SKOV3 cells expressing 

Rab25-containing vectors, increased β1 integrin and p-EGFR levels were identified through western 

blotting. β1 integrin KD in Rab25 overexpressing cells suppressed the activation of EGFR (Jeong et 

al., 2018). Similarly, silencing of β1 integrin in lung cancer A549 cells reduced the activity of EGFR 

upon EGF stimulation, and the downstream signalling cascade was also affected (Morello et al., 

2011). In a mouse model, tumours generated with β1 integrin silenced cells were smaller compared 

to the control. The tumour lysate was analysed through western blotting: reduced, but not 

significant, p-AKT and significantly reduced p-EKR1/2 levels were detected (Morello et al., 2011). In 

OC A2780 cells, blocking of integrin αvβ3 promotes the recycling of integrin α5β1 and enhances the 

interactions between integrin α5β1 and Rab coupling protein (RCP). RCP can further interact with 

EGFR1 through the N terminus and mediate the recycling of integrin α5β1 together with EGFR1 

(Caswell et al., 2008). Inhibition of integrin αvβ3 was also found to promote EGF-induced EGFR 

activation and the association between EGFR, RCP and integrin α5β1 is essential in this progress. 

Additionally, upregulation of downstream p-AKT but not p-ERK1/2 was observed.  

 

Considering the association between Rab25 expression, β1 integrin recycling, EGFR and the 

downstream signalling cascade activation, I hypothesise that in OC cells, upregulated Rab25 induces 

NF-κB activation by promoting β1 integrin recycling, which interacts and upregulates EGFR signalling 

pathways. The activated NF-κB then mediate the expression of ADAMTS5 (Figure 7.2). As in the 

current research, I showed that NF-κB activation was mediated by Rab25 in an AKT-independent 

pathway, it could be regulated by Rab25/EGFR/MAPK/ERK signalling pathway. Further research is 

required to investigate the role of the MAPK/ERK signalling pathway in Rab25 mediated NF-κB 

activation in OC cells.  
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Figure 7.2. Hypothesised mechanism of Rab25 mediated NF-κB dependent ADAMTS5 upregulation and 

ADAMTS5 in promoting OC migration and invasion. Rab25 may upregulate NF-κB activation through β1 

integrin/EGFR/MAPK/ERK signalling cascade. Rab25 promotes β1 integrin recycling, which associates and 

activates EGFR and further activates MAPK/ERK signalling pathway. Upregulated expression and enhanced 

secretion of ADAMTS5 by OC cells may promote cell migration and invasion by cleaving VCAN, which is 

derived by CAFs upon the stimulation of OC cell-secreted TGF-β. 

 

7.3. ADAMTS5 might promote OC cell migration and invasion via VCAN cleavage. 

In this project, I showed that the catalytic activity of ADAMTS5 is essential for OC cell migration and 

invasion. The substrates of ADAMTS5 include aggrecan, brevican, neurocan and VCAN, and the 

upregulation of VCAN in malignant EOC stroma has been previously observed in comparison with 

benign and borderline tumours (Lima et al., 2016). Furthermore, VCAN was also found to promote 

OC cell invasion and metastasis (Yeung et al., 2013, Ween et al., 2011), through interactions with 

HA and CD44, as described in section 1.2.1.2. The overexpression of VCAN was mainly detected in 

the tumour stroma from OC patients in comparison to tumour epithelium and normal stroma, 

indicating that the main source of VCAN is tumour stoma cells instead of tumour cells (Ghosh et al., 

2010). TGF-β3 was found to activate primary omental CAF from HGSOC patients, which enhanced 

the deposition of VCAN (Delaine-Smith et al., 2021). Additionally, upon TGF-β stimulation, CAF-
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secreted VCAN was found to promote OC migration and invasion (Yeung et al., 2013). ADAMTS5 can 

specifically cleave the V1 isoform of VCAN at the Glu441-Ala442 site and generate G1-DPEAAE 

versikine fragments (Longpre et al., 2009). Although the role of versikine in OC remains unclear, it 

has been previously reported to promote the migration and invasion of other tumour cells, such as 

glioma. In high-grade glioma cells, TGF-β2 was found to upregulate the expression of VCAN isoforms 

V0 and V1. The level of ADAMTSs cleaved versikine was also identified in glioma cells upon TGF-β2 

stimulation and found to contribute to the migration of glioma cells (Arslan et al., 2007). Therefore, 

it would be interesting to further investigate the role of ADAMTS5 cleaved VCAN in OC cell migration 

and invasion. The preliminary data from our lab suggested that ADAMTS5 is essential for the ECM 

uptake of OC cells. Since VCAN can interact with cell surface receptor CD44 which has been shown 

to mediate hyaluronic acid endocytosis (Ween et al., 2011), cleavage of VCAN may also required for 

ECM internalisation.  

 

A preliminary proteomic analysis was performed to compare the secretome from A2780-DNA3 and 

A2780-Rab25 cells when plated on plastic or TIF-CDM. Interestingly, increased TGF-β1 level was 

identified in A2780-Rab25 on both plastic and CDM compared to A2780-DNA3 cells on plastic (data 

not shown), indicating that overexpression of Rab25 may promote the secretion of TGF-β1 in OC 

cells. Similarly, the microarray data from Dozynkiewicz et al. (2012) showed that when cells were 

plated on CDM, TGF-β1 expression in A2780-Rab25 cells was 1.5-fold higher in comparison with 

A2780-DNA3 cells. Therefore, I hypothesise that in the presence of CDM, OC cells overexpressing 

Rab25 might increase TGF-β secretion, which stimulates VCAN secretion from CAFs, in turn 

contributing to the progression of OC. ADAMTS5 secreted by OC cells then further promote the 

migration and invasion of OC by VCAN cleavage (Figure 7.2).  

 

7.4. Conclusion and future directions. 

The current study revealed the tumour-promotion role of ADAMTS5 in OC, which is regulated by 

Rab25 through an NF-κB dependent pathway. Meanwhile, this study also raised several directions 

for further investigation:  

· The detailed mechanism of Rab25 in regulating NF-κB. Here, I hypothesised that Rab25 may 

upregulate NF-κB activation through the EGFR/MAPK/ERK pathway instead of the PI3K/AKT 
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pathway. The activation level of MAPK and ERK could be tested in OC overexpressing Rab25, 

and the expression level of ADAMTS5 could also be tested in OC cells that were treated 

with MAPK/ERK pathway-specific inhibitors.  

· The inhibitory role of HIF-1 in ADAMTS5 expression needs to be further characterised. In 

contrary with previous research, my data suggested an inhibitory role of HIF-1 in ADAMTS5 

expression (Chapter 4). Under hypoxic conditions, downregulated ADAMTS5 and Rab25 

expression was observed. It is not clear if the expression of any upstream regulating 

proteins of Rab25 and ADAMTS5 was altered under hypoxia conditions, which could be 

further investigated.   

· Verify VCAN secretion by CAFs in co-culture with Rab25 overexpressing OC cells. Here, I 

hypothesised that OC cells stimulated the secretion of CAF-derived VCAN in our co-culture 

model by secreting TGF-β. Further experiments testing the effect of Rab25 expression in 

OC cells on mediating VCAN secretion by CAFs are needed.  

· Verify the preliminary data of Rab25 overexpressing OC cells with enhanced TGF-β 

secretion when in contact with ECM, which could further explain the role of Rab25 in 

mediating crosstalk between OC cells and CAFs.   

· ADAMTS5 may promote OC migration and invasion through VCAN cleavage. As a 

complement of the ADAMTS5 inhibition, antibody specifically targeting the VCAN cleavage 

site Glu441-Ala442 could be used to block the versican cleavage by ADAMTS5 (Foulcer et al., 

2014). The migration and invasion ability of OC could be further investigated under the 

blocking VCAN cleavage. 

· Investigate the role of ADAMTS5 cleaved versikine in promoting OC promotion. To assess 

this, ADAMTS5 knockdown cells will be incubated with recombinant versikine to see 

whether the cell migration and invasion are rescued.  

Altogether, this study suggested that when in contact with ECM, the upregulation of Rab25 in OC 

further induced the overexpression of ADAMTS5, which was demonstrated as a promoter of OC. 

This study also revealed a novel function of NF-κB in promoting OC progression through 

upregulating ADAMTS5 expression, which is regulated by Rab25 and potentially through the 

EGFR/MEPK/EKR signalling pathway. As the inhibition of ADAMTS5 catalytic activity significantly 

reduced the OC cell migration and invasion ability, ADMATS5 could be considered a potential 

therapy target for OC metastasis.  
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