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Abstract 

Introduction: Oral squamous cell carcinoma (OSCC) is a significant cause of death 

and morbidity in patients with head and neck cancer. Despite technical 

improvements in treatments, the outcome for such patients has remained poor over 

recent years. This poor prognosis relates to the late diagnosis, invasion of critical 

local structures, complicated anatomy of the head and neck region and the high 

frequency of recurrence. The presence of lymph node metastasis is common 

although the precise mechanism of this spread is poorly understood. In particular the 

role of the interaction between malignant cells and adipocytes in the stroma 

surrounding the tumour is unclear. This has been shown to have an important role in 

the progression of other tumour types. Adipocytes can act as a source of energy for 

tumour cells and also represent a reservoir of chemical signals such as 

adipocytokines. Therefore, the hypothesis of this study is that adipocytes may 

represent an important candidate in tumour-stromal crosstalk in OSCC.  

Aim: The present study aims to investigate the role of adipocytes and adipokines in 

OSCC cell behaviour.   

Materials and Methods: The effect of adipocyte conditioned media (ACM) from 

differentiated mouse 3T3-L1 adipocytes, and the most abundant adipocyte-secreted 

adipokines (adiponectin (APN) and leptin (LEP)), on oral cancer cell lines (H357 and 

SCC-9) proliferation and migration was assessed using MTS proliferation assays 

and Transwell migration assays. The presence of adipocyte ligands and their 

receptors on H357 and SCC-9 cell lines and OSCC tissue sections was investigated 

using flow cytometry (FCM) and immunohistochemistry (IHC). The impact of ACM on 

activating oral fibroblasts, and inducing epithelial-mesenchymal transition (EMT) in 
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H357 and SCC-9 cells was examined with immunofluorescence (IF), Western blot 

(WB) and reverse transcriptase polymerase chain reaction (RT-PCR). Adipokine 

arrays were used to screen and examine the difference between culture supernates 

of adipocytes cultured alone and adipocytes co-cultured with H357 or SCC-9 cells 

using an interactive co-culture assay. 

Results: The results showed that ACM, APN and LEP stimulate migration of oral 

cancer cells with no significant influence on cell proliferation. FCM results revealed 

that APN and LEP receptors are widely expressed on the surface of the H357 and 

SCC-9 cells. IHC results showed a variable expression of LEP receptor (OBR), APN 

and its receptor AdipoR2 in different grades of OSCC tissue sections. WB findings 

demonstrated that ACM induced an increase in the expression of EMT transcription 

factors and mesenchymal markers in H357 and SCC-9 cells, and a decrease in the 

epithelial marker, E-cadherin, in both cell lines. However, the changes were not 

statistically significant. Whereas, RT-PCR results showed a significant decrease in 

the E-cadherin in both cells (P=0.0085 and P=0.0026, respectively), and no 

significant changes in the other EMT markers. The adipokine array results revealed 

that H357 and SCC-9 cells increase the expression of a wide variety of 

adipocytokines in co-cultured adipocytes as compared to those cultured separately. 

Conclusion: Adipocytes may influence oral cancer spread by secreting adipokines, 

which the results have shown can enhance oral cancer cell motility in vitro. APN and 

LEP receptors are widely expressed on OSCC cell lines, which explains the 

response of these cells to their ligands. The IF results indicated that adipocytes may 

be capable of activating normal fibroblasts, giving them the characteristics of 

myofibroblasts which have been previously shown to be an important marker of poor 

prognosis in OSCC. ACM also stimulated partial EMT changes in OSCC cell lines 
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suggesting a potential role of adipocytes within the OSCC microenvironment that 

favours the spread of cancer. Furthermore, oral tumour cells stimulate adipocytes to 

produce a higher amount of different adipocytokines suggesting a potential alteration 

in adipocyte phenotype that may further promote cancer progression and metastasis. 

Future research can now build on the foundation established by this study to 

examine in depth the role of adipocytes in OSCC progression and metastasis. 
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1. LITERATURE REVIEW 

1.1 Head And Neck Squamous Cell Carcinoma  

Cancer is a heterogeneous group of disorders that fundamentally lack the capacity to 

react to key signals controlling cell proliferation, differentiation, and death that result 

in uncontrolled cell development and spread, which are common features of cancer 

(Senga and Grose, 2021). Cancer usually develops due to gene mutation as a result 

of DNA damage. Normal cells are programmed to undergo apoptosis, or 

programmed cell death, when a DNA mutation or other form of DNA damage is 

detected. Whereas, the typical survival signals are altered in cancer cells and the 

damage or mutations are irreversible, causing uncontrolled division and proliferation. 

Cancer has a wide variety of complex, incompletely understood causes. A group of 

external factors known as carcinogens (e.g. tobacco, chemicals, radiation, infectious 

pathogens), in addition to some internal factors such as gene mutations, all are 

directly responsible for causing DNA damage and either causing or contributing to 

the development of cancer (Mathur, Nain and Sharma, 2015). 

Head and neck cancers (HNCs) refers to a group of malignancies that arise in the 

epithelial tissue of the paranasal sinuses, nasal cavity, oral cavity, salivary glands, 

pharynx, and larynx. However, the most affected sites are the oral cavity, larynx, and 

pharynx, figure 1.1.  



2 

 

 

 

The most common type of head and neck cancers are squamous cell carcinoma 

(SCC) of the surface epithelium, which frequently affects the oral cavity, oropharynx, 

hypopharynx, and larynx (Vokes et al., 1993). The remainder are salivary gland 

tumours, sarcomas or other rare malignancies such as intra-alveolar carcinoma and 

carcinoma of the maxillary sinus. Occasionally, head and neck squamous cell 

carcinoma (HNSCC) may arise from clinically normal oral mucosa but often it is 

preceded by a potentially malignant lesion or precancerous lesions such as 

leukoplakias and erythroplakias (Vokes et al., 1993).  

HNSCC is characterised by lymphogenic metastatic spread to the neck and 

represents the 7th most common malignancy worldwide (Machiels et al., 2020). In 

fact, it is a serious and growing problem in many parts of the world, and the number 

of cancer incidence and death cases increase each year worldwide. According to 

estimates from the Global Cancer Observatory (GLOBOCAN), the incidence of 
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HNSCC will increase by a further third during the following ten years, reaching 1.08 

million new cases in 2030 (Ferlay et al., 2019). In the United Kingdom (UK), over 

12,000 HNC cases were diagnosed between 2016 and 2018, with more than 4,000 

deaths between 2017-2019 (Cancer Research UK, 2021). 

1.2 Oral Squamous Cell Carcinoma (OSCC)  

The oral cavity, as mentioned earlier, is one of the most frequent sites of HNC. There 

are different types of oral cancers, including squamous cell carcinomas, basal cell 

carcinomas, and verrucous carcinomas, with OSCC representing approximately 95% 

of oral cancer cases (Noguti et al., 2012; Walden, Aygun and Cross, 2013). The term 

oral cavity refers to lips, buccal mucosa, anterior two-thirds of the tongue, floor of the 

mouth, alveolar ridges, retro molar area, and hard palate, figure 1.2. 
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The oral cavity is lined by a mucous membrane that is composed of a stratified 

squamous epithelium layer connected to an underlying connective tissue layer 

(lamina propria), figure 1.3.  

 

 

OSCC arises from morphologically altered oral squamous epithelium tissue due to 

DNA damage that causes uncontrolled division and proliferation of the epithelial cells 

lining the oral cavity, followed by a tumour mass formation which invades the 

underlying connective tissue after breaching the basement membrane, and 

eventually metastasising to lymph nodes, bone, and other sites (Scully and Bagan, 

2009). OSCC frequently displays perineural invasion and high recurrence rate with 

frequent cervical lymph nodes metastasis (Noguti et al., 2012). Approximately 50% 

of patients with OSCC develop lymph node metastasis, which is the most significant 

prognostic factor in OSCC (Biswas et al., 2019). 
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1.2.1 Epidemiology 

HNC is the eighth most frequent cause of cancer-related mortality worldwide (Salo et 

al., 2014). It represents 3 % of all new tumours diagnosed in the UK and is the 4th 

most common cancer in males and the 13th most common cancer in females 

(Cancer Research UK, 2021). 

OSCC is the most common HNC representing 38% of head and neck tumours and 

accounting for approximately half a million new cancer cases annually worldwide 

(Rezende, de Souza Freire and Franco, 2010; Noguti et al., 2012; Sung et al., 2021). 

Moreover, globally it is classified as the 10th most common malignancy and a 

leading factor of cancer-related morbidity and mortality (Rivera, 2015).  

In some parts of the world OSCC is very common, representing up to 25% of all 

malignancies. In fact, the incidence varies by geographical region, with high 

incidence in areas such as South East Asia where the populations indulge in high-

risk habits such as heavy use of tobacco and betel quid chewing. Currently, the 

highest rates in the world are found in the South and Southeast Asia, including India, 

Sri Lanka, Taiwan and Pakistan, parts of Western and Eastern Europe including 

Slovenia, Hungary and Slovakia, some regions of the Caribbean and Latin America 

like Puerto Rico, Brazil and Uruguay and in Pacific regions such as Melanesia, 

Papua New and Guinea (Warnakulasuriya, 2009). Lip cancer prevalence is reported 

to be considerably high among white populations in Canada and Australia. Cancer of 

the lip represents more than half of oral cancers in white Australian population 

(Warnakulasuriya, 2009). In most countries around the globe, oral cancer is more 

common in men than in women (Cook et al., 2011). In fact, OSCC is most frequently 
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seen (75%) in older males (Noguti et al., 2012). However, there has been increasing 

occurrence and mortality rates in young adults in the recent past. 

In the UK, the number of oral cancer cases that have been reported since 1980 are 

rising every year (Warnakulasuriya, 2009). Over 8000 new oral cancer cases in the 

UK, with 2,702 deaths, were registered in the year 2020 (The State of Mouth Cancer 

UK Report 2020/2021).  

1.2.2 Aetiology 

The aetiology of OSCC is multifactorial. It results from interaction between genetic 

and environmental factors. OSCC is strongly associated with age, certain lifestyle 

and socio-economic status (Petti, 2009; Galbiatti et al., 2013). The well-known risk 

factors implicated in the occurrence of OSCC are heavy tobacco and alcohol 

consumption. Higher OSCC incidence has been reported in geographical regions 

and ethnic groups with high rates of tobacco, particularly smokeless tobacco, and 

alcohol use (Scully and Bagan, 2009; Muller and Tilakaratne, 2022). The risk is 

greater if tobacco use is accompanied by alcohol (Khan, 2012). Current findings 

have indicated that cigarette smoking and heavy alcohol consumption are the 

primary risk factors for oral cancer among the UK young population. However, there 

is evidence that shows that not all smokers and alcohol users develop OSCC, 

signifying that familial risk and genetic predisposition is also important (Liang et al., 

2012). Other factors that may contribute to OSCC development include UV/sunlight 

exposure, which causes lip cancer. More recently, several subtypes of human 

papilloma virus (HPV) have also been implicated, particularly in the oropharynx 

(Chung and Gillison, 2009). Candidal infection, syphilis, and oral bacterial flora have 

also been correlated with the development of OSCC (Scully and Bagan, 2009). 
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Moreover, it has been shown that immunosuppressive agents such as azathioprine 

and cyclosporine may increase the risk of lip and tongue cancer (Warnakulasuriya, 

2009). Also, diet and nutrition have been linked with OSCC development. A study 

conducted in 2001 proved that increased fruit and vegetable consumption and 

decreased intake of red meat can reduce the risk of OSCC development (Tavani et 

al., 2001). 

1.2.3 Pathogenesis And Metastasis Of OSCC 

Patients with OSCC frequently present with advanced stage disease (stage III or IV 

disease), which is associated with a poor prognosis and involves more aggressive 

treatment. Clinically, patients with oral cancer commonly present with a non-healing 

ulcer with a raised edge and an indurated base, figure 1.4. 
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The most common site is the tongue, particularly the lateral border followed by lower 

lip, floor of the mouth and then gingiva, cheek, palate. In the UK, the majority of oral 

cancers involve the tongue and tonsils, figure 1.5 [Cancer Research UK, 2021]. 

 

 

OSCC is characterised by malignant epithelial cells infiltrating into the connective 

tissues of the oral mucosa and into submucosa. It develops from a sequence of 

cellular changes progressing from dysplasia to carcinoma in situ, and eventually 

invasive carcinoma (Figure 1.6). This is believed to be a multistep process that 

includes a series of genetic mutations, protein expression alterations, resulting in the 

generation of a distinctive microenvironment designed to support tumour growth. 

Moreover, the cooperation between molecular changes in the malignant cells and 

sustainable changes in the tumour microenvironment (TME) facilitate tumour 

progression, invasion and metastasis. Indeed, it has been indicated in various 
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cancer types that reciprocal interaction between epithelial cells and stromal cells in 

the TME plays a vital role in tumour progression (Dirat et al., 2011). 

 

 

OSCCs are heterogeneous, widely infiltrative and 80% metastasise to cervical lymph 

nodes (Scully and Bagan, 2009; Khan, 2012). The main course in the spread of 

OSCC is via lymphatics to locoregional lymph nodes in the neck. Distant metastases 

are also common in patients who present with late OSCC stage and are likely to be 

related to vascular invasion and haematogenous spread. Metastasis is a complex 

process including the ability of tumour cells to be potentially able to increase their 

number and motility, stimulate angiogenesis, detachment, invasion into bloodstream 

and crosstalk with elements of the new microenvironment (Noguti et al., 2012). 

The outcome of OSCC is variable, depending mainly on clinical stage and its site in 

the oral cavity (Dourado et al., 2018). Indeed, the survival rate of OSCC patients 

depends on several factors, but early diagnosis is the most important factor.  
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However, it usually has a poor prognosis (Sarode et al., 2019), which has remained 

unchanged over recent decades due to late diagnosis and predilection for metastasis 

to cervical lymph nodes (Maula et al., 2003; Moro et al., 2018; Dolens et al., 2021). 

Overall, the 5-year survival rate for patients with lymph nodes metastasis is between 

25%-40% compared to about 90% for those without metastasis (Noguti et al., 2012; 

Safi et al., 2019).  

1.2.4 Epithelial-Mesenchymal Transition (EMT) In OSCC 

Metastatic spread is the main cause of oral cancer-related mortality. In order to 

improve therapeutic outcomes, it is crucial to understand the underlying mechanisms 

of this multi-step process. Multiple epigenetic, heritable changes in gene expression 

without a change in the DNA sequence, or in other words, changing the phenotype 

without changing the genotype (Senga and Grose, 2021), and genetic alterations 

that result in uncontrolled interactions with the surroundings within the 

microenvironment are what turn normal oral epithelial cells into metastatic cancer. 

Inhibition of cell migration, differentiation, proliferation, and survival is lost throughout 

this process, which results in the development of an invasive phenotype. 

Breaking through the basement membrane (BM) is a crucial step in the progress of 

cancer and is required for metastasis. After escaping the BM, cells may move via the 

lymphatic system in an effort to create distant tumour foci. 

During embryogenesis and development, cells must trans-differentiate from an 

epithelial to a mesenchymal phenotype. Accumulating data also reveals that 

epithelial to mesenchymal transition (EMT) plays crucial roles in invasion and 

metastatic spread of several cancer types, including oral cancer. Recent research 

indicates that OSCC prognosis and progression may be predicted by the presence of 
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EMT (Liu et al., 2010; Chaw et al., 2012; da Silva et al., 2015). EMT is characterised 

by a reduced expression of proteins that are unique to epithelia, such as E-cadherin, 

which may, at least in part, explain the changed characteristics of migrating cancer 

cells. In the process of EMT, cancer cells acquire mesenchymal markers such 

vimentin, and N-cadherin, while simultaneously losing epithelial E-cadherin, a crucial 

component of the adherens junctions (Krisanaprakornkit and Iamaroon, 2012). 

The transition from E- to N-cadherin expression is a significant event in EMT. This is 

often related to E-cadherin transcriptional suppression (Tse and Kalluri, 2007; 

Sideridou et al., 2011; Scanlon et al., 2013). The repressor factors Snail, Slug, Zeb1, 

Zeb2, LEF-1 and Twist have all been specifically identified (Zeisberg and Neilson, 

2009; Scanlon et al., 2013). EMT-inducing transcriptional repressor/activators 

stimulate expression of mesenchymal markers while decreasing E-cadherin 

expression (Katz et al., 2011). Decreased levels of epithelial markers, E-cadherin 

and MMP-9, and upregulation of the mesenchymal proteins, vimentin, adenomatous 

polyposis coli (APC), α-smooth muscle actin (α-SMA) and MMP-2, have been 

reported in oral SCCs (Diniz-Freitas et al., 2006; Liu et al., 2010; Chaw et al., 2012; 

Krisanaprakornkit and Iamaroon, 2012; da Silva et al., 2015; Costa et al., 2015; 

Attramadal et al., 2015). More importantly, it has been revealed that the invasive 

front of OSCC expresses the EMT markers, indicating that this process occurs 

during metastasis in OSCC (Chaw et al., 2012; Costa et al., 2015). Furthermore, 

overexpression of fibronectin, laminin, and collagen type I, III, and IV, as well as, 

epithelial β-catenin location change from being membranous to cytoplasmic or 

nuclear with increasing histopathological grade of the cancer have all been 

described (Chen et al., 2008; Chaw et al., 2012; Scanlon et al., 2013).  
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1.3 Tumour Microenvironment (TME) 

Metastasis is a multistep progression that involves escape of malignant cells from 

the primary tumour site, survival in the circulation, seeding at distant sites and 

regrowth. Each of these processes are supported by non-cancerous cells of the TME 

comprising a variety of stromal mesenchymal cells and cells surrounding tumour 

cells which can contribute to primary tumour growth and metastasis (Balkwill, 

Capasso and Hagemann, 2012). Most of these cells are derived from the bone 

marrow, predominantly the myeloid lineage, and are recruited by tumour cells for 

their survival enhancement, progression, invasion and dissemination (Joyce and 

Pollard, 2009). Indeed, the TME is a multifaceted environment involving multiple 

interactions between tumour cells and surrounding stromal cells with novel pro-

tumour roles identified for most stromal cells.  

A multifaceted and constantly changing network of growth factors, cytokines, 

chemokines, inflammatory mediators, and matrix remodelling enzymes are 

considered the driving force of the TME inter- and intracellular communication 

(Balkwill, Capasso and Hagemann, 2012).  

The cancer stroma or TME includes all cellular and non-cellular components of 

tumours other than cancer cells, including nerves, blood and lymphatic vessels, 

fibroblasts, inflammatory cells infiltrating the tumour, pericytes, adipocytes and 

extracellular matrix (ECM) components, figure 1.7. In the past, the focus of cancer 

research was predominantly on tumour cells themselves ignoring the importance of 

stromal components as an essential supportive for tumour progression. Indeed, the 

somatic mutation theory (SMT) has directed the whole field of cancer research to 

malignant cell genomics and the concept of the microenvironment has taken many 
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years to gain recognition as an integral part of cancer initiation, growth and 

progression. Only during the past decade has the TME become a key area of cancer 

research although the significance of the microenvironment is not a recent concept. 

It was first recognised by Rudolph Virchow in 1863, when he noticed immune cells in 

the stroma of malignant tissues and hypothesised that neoplasms initiated at areas 

of chronic inflammation (Balkwill and Mantovani, 2001). This was followed by the 

‘seed and soil’ theory described by Stephen Paget (1889), proposing that cancer 

cells (seed) preferentially grow in a conducive microenvironment (soil) (Allen and 

Jones, 2011). In 1982, a modern theory by Bissell and co-workers outlined the 

importance of TME for tumour growth and progression (Bissell, Hall and Parry, 

1982). 

 

 



14 

 

Generally, current studies have highlighted that the contribution of TME is prominent 

in every stage of tumour growth, invasion, and metastasis. Tumour cells must 

interact with their surroundings in order to metastasise, and stromal cells in the 

microenvironment have a potent influence on cancer development. Also, changes in 

the TME influence the development of mechanisms by which cancer cells are 

capable to proliferate and metastasise (Raymond et al., 2014). 

1.3.1 Components Of The Tumour Microenvironment As Collaborators In 

Tumour Progression 

The data regarding the role of TME in HNC is increasing with evidence suggesting 

that many elements of the TME can impact the progression of HNSCC. In OSCC, 

the TME has abundant cellular heterogeneity, which is characterised by diverse 

stromal morphological features and infiltration into local anatomical structures. The 

cancer-associated stroma plays a crucial role in the response to cytokines that are 

secreted by the tumour cells. Similarly, stromal cells themselves can induce the 

growth of tumours (Klein and Grandis, 2010). In fact, there is accumulating evidence 

suggesting differences between normal and tumour-associated stromal cells with the 

recruitment and reprogramming of surrounding normal cells by cancer cells acting to 

promote tumour proliferation and progression (Yuan et al., 2016). 

1.3.1.1 Fibroblasts 

The most abundant cell type in the OSCC TME are fibroblasts, also known as cancer-

associated fibroblasts (CAFs), which have also been extensively studied in other 

cancer types. Emerging findings have reported that many types of cells could be 

recruited as CAFs such as, local tissue fibroblasts, peritumoral fat cells, bone-

marrow derived mesenchymal stem cells, blood stem cells, endothelial cells, and 
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epithelial cells (Kalluri, 2016). Many findings have concluded that CAFs and 

myofibroblasts express similar markers, such as α-SMA, platelet-derived growth 

factor receptor (PDGFR)-α and β, fibroblast activation protein (FAP) (Liao et al., 

2018). Initially, fibroblasts are recruited to the TME and then modified by tumour cells 

into CAFs, which are identified by varied expression of markers such as α-SMA, 

vimentin, desmin and FAP (Miles and Sikes, 2014; Yuan et al., 2016). It has been 

shown that squamous carcinoma cells induce fibroblasts transdifferentiation into 

CAFs through the production of a high level of transforming growth factor β (TGF-β), 

which also acts as a potent chemoattractant for fibroblasts (Lewis et al., 2004). 

Moreover, it has been reported that in several solid tumours, including OSCC, CAFs 

expressing the myofibroblast marker α-SMA, are associated with a poor prognosis 

(Radisky, Kenny and Bissell, 2007; Dourado et al., 2018). OSCC tends to invade 

adjacent structures including bones, which is significantly associated with morbidity 

and a poor clinical outcome (Nomura et al., 2005). CAFs secrete factors that act in a 

paracrine or autocrine manner on the malignant cells resulting in a more aggressive 

phenotype of cancer (Räsänen and Vaheri, 2010). CAFs are implicated in inducing 

growth and angiogenesis, modifying of the ECM and regulating stromal-epithelial 

interaction. Therefore, CAFs can induce tumour progression through their ability to 

produce higher levels of different growth factors, cytokines, ECM proteins, and 

matrix metalloproteinases (MMPs) that contribute to cancer invasiveness (Shimoda, 

Mellody and Orimo, 2010). As mentioned before, TGF-β is secreted by cancer cells 

that has a powerful chemotactic effect on fibroblasts transdifferentiating them into 

CAFs, a process increased by interleukin-1β (IL-1β) expression by inflammatory cells 

within the TME (Routray, Sunkavali and Bari, 2014). Consequently, secretion of 

hepatocyte growth factor (HGF) along with its receptor receptor (c-Met) and stromal 
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cell-derived factor-1⍺ (SDF-1⍺/CXCL12) increases, playing a critical role in the 

interaction between CAFs, OSCCs, and invasion (Daly, McIlreavey and Irwin, 2008). 

1.3.1.2 Inflammatory Cells  

In the past, high inflammatory cell infiltration in OSCC was considered an important 

predictor of good prognosis. However, recently it was proved that the presence of 

inflammatory cells, particularly lymphocytes, macrophages, neutrophils, and mast 

cells, was associated with a bad prognosis in OSCC patients (Salo et al., 2014). 

Indeed, chronic inflammation is linked to the formation and progression of some 

common epithelial malignant tumours (Iyengar et al., 2016). In many types of cancer, 

increased levels of inflammatory mediators such as cytokines and chemokines, 

induced by an oncogenic alteration, create a milieu that favours the growth of 

neoplasms (Mantovani et al., 2008). These are essential autocrine and paracrine 

substances, which are released into the TME to attract and activate numerous 

inflammatory cells that support the development of tumours. As a consequence, 

these recruited inflammatory cells release additional inflammatory signals and create 

an environment that is favourable to the development of cancer to induce evasion of 

cancer cells from the immune system and promote tumour progression. Leucocytes 

secrete pro-tumorigenic cytokines and chemokines such as tumour necrosis factor 

(TNF), IL 1 and 6, and chemokines, which also regulate inflammation (Balkwill and 

Mantovani, 2001). 

Infiltration of immune cells in the TME is a key determinant of cancer’s ability to 

avoid elimination by the immune system (Basudhar et al., 2019). The inflammatory 

microenvironment of malignant lesions is characterised by the existence of tumour-
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infiltrating immune cells both in the supporting stroma and in tumour areas such as 

macrophages, lymphocytes, dendritic cells (DCs), and neutrophils (Balkwill and 

Mantovani, 2001). Tumour infiltrating lymphocytes (TILs), for example, may promote 

cancer growth and spread (Sautès-Fridman et al., 2011). Tumour-associated 

neutrophils (TANs) have been shown to be involved in cancer cell EMT and altering 

the ECM to promote progression of cancer (Poltavets et al., 2018). Also, 

macrophages are important in inducing tumour progression by secreting 

chemokines, growth factors, and pro-migratory extracellular matrix elements 

(Pollard, 2004). Additionally, tumour angiogenesis is also important in the evolution 

of cancer which is enhanced by infiltration of inflammatory cells, particularly tumour-

associated macrophages (TAMs), as there are numerous publications that link 

vascularity, macrophage infiltration, and prognosis (Balkwill and Mantovani, 2001). 

Inflammation can also influence cancer initiation, invasion, and progression due to 

the local production of TNF-α and reactive oxygen and nitrogen species (Sautès-

Fridman et al., 2011). Moreover, increased IL-6 secretion in the TME can lead to 

inflammation and promotion of tumour growth and survival (Farhood, Najafi and 

Mortezaee, 2019). Interestingly, CAFs mediate inflammation and angiogenesis by 

recruiting macrophages and thus enhancing cancer growth (Routray, Sunkavali and 

Bari, 2014; Kabir et al., 2016). Moreover, there is evidence to suggest that head and 

neck neoplasms are pro-inflammatory tumours and release cytokines that stimulate 

remodelling of the ECM, degradation of the basement membrane, proliferation and 

angiogenesis of tumour cells (Klein and Grandis, 2010).       
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1.3.1.3 Vascular Cells 

The growth of neoplasms depends on metabolic and nutritional factors that require 

formation of a complex vascular network. Recent evidence suggests that endothelial 

cells have a considerable impact on the OSCC progression via secretion of factors 

involved in proliferation of malignant cells (Koontongkaew, 2013). Endothelial cells 

and pericytes, have been shown to play crucial roles in the angiogenic switch 

process which critically to malignant tumour progression (Baeriswyl and Christofori, 

2009).  In OSCC, the direct contact of the cancer cells with endothelial cells is 

essential for penetration and metastasis through the vasculature. It has been shown 

that endothelial derived factors stimulate activation of key signalling molecules that 

enhance motility and inhibit anoikis in OSCC cells (Campos et al., 2012). In addition, 

angiogenesis is promoted by direct binding between OSCC cells and endothelial 

cells via stimulation of mitogen-activating protein kinase (MAPK) and Notch-1 

signalling in endothelial cells which leads to capillary tubule formation (Zeng et al., 

2005). 

1.3.1.4 Extracellular Matrix (ECM) 

The ECM provides both a biochemical and biomechanical environment within which 

malignant cells survive. In fact, ECM elements are being increasingly appreciated as 

more than just minor participants with a key role in growth and regulation of the TME. 

It has been demonstrated that different conditions of ECM density and stiffness are 

produced by variations in the connective support architecture that are induced by 

TGF-β, lysyloxidase and metalloproteinase activity (Vannucci, 2015). 

Both normal and neoplastic cells secrete soluble products including cytokines, 

chemokines, growth factors, reactive oxygen species (ROS), enzymes and other 
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products that change both local and systemic conditions within a cancer-bearing 

area (Wu et al., 2014). The interactions between cells, soluble products and 

components of the ECM all affect the TME. Moreover, the ability of ECM to store 

soluble and insoluble elements leads to more modification within the TME. 

Therefore, cell movement, as well as local immunity, can be modified by the ECM 

(Vannucci, 2015). Furthermore, cell motility within and out of the TME is mediated by 

adhesion of the cells to the ECM which is key in the spread of cancer. 

Recently, the role of ECM collagens has been given more attention in the 

enhancement and regulation of the TME. High production of fibronectin and 

procollagen type 1 was observed in the cervical lymph nodes with OSCC metastasis 

(Salo et al., 2014). The composition and mechanical characteristics of the tissue 

architecture can significantly influence the development and progression of tumours. 

Neoplasms are characteristically stiffer than the surrounding normal tissues due to 

an increased ECM deposition by CAFs (Balkwill, Capasso and Hagemann, 2012).  

Indeed, it was proven that increased deposition of ECM in OSCC is associated with 

metastasis and worse outcome (Salo et al., 2014). Furthermore, expression of matrix 

metalloproteinases (MMPs) is frequently seen in invasive malignancies, which 

further modify the ECM by releasing chemokines and angiogenic factors. In OSCC, it 

has been documented that expression of MMP-2 and MMP-9 is associated with 

invasion and metastasis (Noguti et al., 2012; Salo et al., 2014). Other proteases 

trigger heparanase, thus sustaining metastasis, angiogenesis and inflammation 

(Balkwill, Capasso and Hagemann, 2012). 

To date, most studies have emphasised the contribution of fibroblasts, endothelial, 

and inflammatory cells and their interaction with cancer cells and stromal cells in the 
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OSCC microenvironment. However, the role of the mature adipocytes in OSCC 

progression is relatively understudied. In fact, the role of adipocytes has been 

investigated in other neoplasms such as breast cancer, renal cancer, intra-

abdominal cancers, and more recently in thyroid cancer.  

1.4 Adipocytes  

Adipose tissue is one of the most predominant tissues in the body and is mainly 

composed of adipocytes. However, it also contains macrophages, fibroblasts, 

endothelial cells, pericytes, monocytes, blood vessels, and pluripotent stem cells. 

Interestingly, adipose cells from diverse fat tissue places have different metabolic 

functions, cytokine production, reproduction and developmental abilities, and 

responses to environmental stimuli (Giorgino, Laviola and Eriksson, 2005; Giralt and 

Villarroya, 2013). In addition, they are able to regulate their own metabolic activities, 

including differentiation of new adipocytes and formation of new blood vessels as 

required to adapt to increasing fat stores (Frayn et al., 2003). Until recently, 

adipocytes were mainly considered a supportive place for energy storage. However, 

recent evidence highlights a role for adipocytes as endocrine cells producing growth 

factors, and a wide range of different peptide hormones named adipokines (e.g. 

leptin, adiponectin, and TNF). Siiteri was the first to suggest that adipose tissue has 

endocrine functions by stating that adipose tissue has the capability to interconvert 

steroid hormones (Siiteri, 1987). 

The metabolism of adipose tissue is affected by adipokines that are synthesised and 

secreted by the tissue itself, and at the same time release of these proteins is 

triggered by inflammatory stimuli and modulated by various hormones such as 

insulin, cortisol and catecholamines (Giorgino, Laviola and Eriksson, 2005). 
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Furthermore, adipose tissue plays a crucial role in regulating whole-body metabolism 

and is important for glucose and energy balance (Rosen and Spiegelman, 2006). 

White adipose tissue (WAT) and brown adipose tissue (BAT) are the two main types 

of adipose tissue. Recently a beige type has also been described, which has 

features of both white and brown adipocytes, in addition to the identification of pink 

adipose tissue (Nieman et al., 2013; Corrêa, Heyn and Magalhaes, 2019). These 

four types show various regulatory, morphological and functional properties of their 

adipocytes and immune cells (Figure 1.8). BAT is responsible for the production of 

heat and lipid oxidation due to its high number of mitochondria. Whereas, WAT acts 

as an insulation and a store for lipids in the form of triacylglycerol, which are 

released as free fatty acids (FFA), a facilitator of glucose homeostasis and a crucial 

endocrine organ secreting adipocytokines, that comprise inflammatory chemokines, 

cytokines, complement-like factors and acute phase proteins (Karastergiou and 

Mohamed-Ali, 2010). Furthermore, marrow adipose tissue (MAT) was described in 

human bone marrow, more than a 100 years ago (Horowitz et al., 2017). Bone 

marrow fat cells have recently been shown to have an impact on other cell types 

within the marrow and affect the metabolism throughout the body via secretion of 

different adipokines. Interestingly, marrow adipocytes are different from white, brown 

and beige adipocytes, demonstrating that the bone marrow is a unique adipose site 

(Horowitz et al., 2017). 
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The white adipocytes are believed to be the dominant subtype in adult humans. In 

fact, 50% of WAT is composed of adipocytes, 10% macrophages and the remainder 

include preadipocytes, endothelial and epithelial cells (Karastergiou and Mohamed-

Ali, 2010). Indeed, macrophages are the most abundant immune cell type present in 

WAT (Lengyel et al., 2018). Interestingly, both the adipocytes and the non-adipocyte 

cells produce adipocytokines (Karastergiou and Mohamed-Ali, 2010). As mentioned 

earlier, adipose depots vary between different parts of the body, and even between 

cells in different parts of the same storage area. In addition, there is a difference in 

adipocytokine production by preadipocytes and mature adipocytes, for example, 

preadipocytes synthesising less TNF than mature cells. Interestingly, adipocyte 

behaviour is influenced by their proximity to lymph nodes (Frayn et al., 2003). Large 

as well as smaller lymph nodes are surrounded by adipose tissue affecting each 

other’s activity. For example, adipocyte lipolysis is increased locally by lymph node 
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activation through local cytokines release including TNF-α and IL-6. In turn, the 

adipose tissue provides a local nutritive energy for immune cells, in the form of fatty 

acids, which may suppress lymphocyte proliferation. It can be summarised that the 

adipocytokines and other protein secretion by adipose tissue is affected by several 

influences such as the mass of adipose tissue triacylglycerol (TG) stores, the body 

energy balance and insulin/glucose signals, and other factors from the sympathetic 

nervous system (SNS) and endocrine system (Frayn et al., 2003). 

Recently, research has strongly supported the role of adipose tissue as an important 

endocrine organ. White and brown adipocytes can play a key role in cancer 

development and progression through their ability to modulate the inflammatory and 

immune responses, which in turn can regulate crucial immunological crosstalk that 

may significantly influence on the TME (Corrêa, Heyn and Magalhaes, 2019). In fact, 

malignant cell biology is directly influenced by multiple cellular components of the 

adipose tissue microenvironment. Consequently, tumour establishment and 

progression may be differentially affected by the different types of adipocytes, which 

differ in their morphological and functional properties, figure 1.9.  
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1.4.1 Adipocyte Plasticity 

Cellular plasticity is the ability of a terminally differentiated cell to convert into a 

different type of cell. A number of studies have reported that fat cells have the ability 

to undergo different types of cellular plasticity (Bielczyk-Maczynska, 2019). 

It has been demonstrated that during weight loss or continuous exposure to cold 

causes mature white fat cells to transform to beige adipose cells, which results in the 

formation of cells with the phenotype of brown adipocytes within WAT depots (Figure 

1.10). This phenomenon is called white adipocyte beiging (Corrêa, Heyn and 

Magalhaes, 2019; Bielczyk-Maczynska, 2019). 
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In lactation, fat cells in mammary tissue differentiate to preadipocytes or 

transdifferentiate into epithelial cells (Song and Kuang, 2019). Furthermore, 

transdifferentiation of mature adipocytes into Myofibroblasts has been identified in 

dermal fibrosis and wound healing (Bielczyk-Maczynska, 2019; Song and Kuang, 

2019). Adipocytes also have the ability to transdifferentiate into CAFs, which share 

many characteristics with myofibroblasts (Boche et al., 2013). Also, peritumoral 

adipocytes in different cancers have been shown to exhibit intense phenotypic 

changes, which are referred to as cancer-associated adipocytes (CAAs) (Dirat et al., 

2011). Moreover, in other cancers such as liposarcoma, adipocyte dedifferentiation 

into preadipocytes has been documented (Bielczyk-Maczynska, 2019). 

Adipocyte plasticity appears to play a part in a number of pathological and 

physiological events. Identifying the molecular mechanisms behind adipocyte 
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plasticity can be applied to prevent diseases or promoted for use in regenerative 

therapy as in wound healing. 

1.4.2 Adipocyte Contribution To the TME  

Adipocytes represent an essential cellular element of the TME in breast, stomach, 

ovarian, prostate, kidney, and colon cancers. Additionally, they secrete hormones 

and adipokines, which employ paracrine and endocrine controlling roles in obesity, 

inflammation, adipose tissue fibrosis, tumourigenesis, and cancer metabolism 

(Poltavets et al., 2018). The role of adipokines in the TME is more complex than 

simple reciprocal interactions between adipocyte and tumour cells; it is also likely to 

be affected by the inflammatory environment (Quail and Dannenberg, 2019). Many 

studies show a distinct phenotypic difference between cancer associated-adipocytes 

(CAAs) and normal adipocytes (Dirat et al., 2011; Nieman et al., 2013). Malignant 

cells can trigger adipose cells to subvert their cellular programs to promote tumour 

progression. Such activated CAAs exhibit increased expression of MMP11, and 

some inflammatory cytokines. Additionally, in aggressive carcinomas, fat cells 

interact directly with malignant cells, particularly in the reproductive organs (i.e. 

breast, prostate, ovary, uterus), and digestive structures (gastric, colon). Indeed, a 

number of epithelial tumours metastasise to the omentum within the abdominal 

cavity via a crosstalk signalling between malignant cells, adipocytes and adipose 

stromal cells (ASCs) (Lengyel et al., 2018). 

Furthermore, adipocytes may act as a source of energy for tumour cells and support 

their growth and development. In vitro experiments show that paracrine signalling 

from cancer cells stimulates the release of FFAs from CAAs resulting in lipolysis and 

increased secretion of cytokines factors and proteases that induce malignant cell 
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invasiveness (Poltavets et al., 2018). Interestingly, malignant cells in intra-abdominal 

tumours are recruited to the omentum by adipocytes via releasing of adipocytokines 

and support the cancer cells by giving them fatty acids to fuel their growth (Nieman 

et al., 2011). 

1.4.3 Adipocytokines 

Recent research has focussed on the production and secretion of adipocytokines by 

adipose tissue. The term adipocytokine refers to adipokines (e.g. leptin, resistin and 

adiponectin) and cytokines (i.e. IL-1α and TNF-α), proteins expressed entirely or 

partially by adipose tissue. At present, more than 600 different types of 

adipocytokines have been recognised (Zhao et al., 2020). The major adipocytokines, 

including leptin (LEP), adiponectin (APN), apelin, visfatin, TNF-α, IL-6, resistin, 

plasminogen activator inhibitor-1 (PAI-1), fatty acid binding protein (FABP), and 

chemerin that regulate various biological processes through endocrine, paracrine, 

and autocrine mechanisms (Van Kruijsdijk, Van Der Wall and Visseren, 2009; 

Kralisch and Fasshauer, 2013; Booth et al., 2015).  

Other additional proteins have been shown to be secreted by adipose tissue in vitro, 

including monocyte chemoattractant protein-1 (MCP-1)/chemokine ligand 2 (CCL2), 

chemokine ligand 5 (CCL5), osteopontin, chitinase-3-like protein-1(CHI3L1), 

omentin, nesfatin, vaspin, C-reactive protein (CRP), tissue inhibitor of 

metalloproteinases-1 (TIMP-1), fasting-induced adipose factor (FIAF), insulin-like 

growth factors (IGF) and lipocalin-2 (D’Esposito et al., 2012; Pérez-Hernández et al., 

2014; Booth et al., 2015; Lee et al., 2015). These hormones are composed of a 

variety of bioactive molecules, such as cytokines, growth factors, and complement 

factors, which are crucial regulators of immunity and energy balance. Indeed, a 
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widespread vascular network supplies adipose tissue, therefore even a little cellular 

secretion has the physiological capacity to control immune response, inflammation, 

fat accumulation, development, metabolism, eating habits, and haemostasis (Falcão-

Pires et al., 2012). An imbalance in secretion between deleterious adipokines (i.e. 

PAI-1, resistin, TNF-α or IL-6), and beneficial adipokines (i.e. APN) is a major 

mechanism of life-style related diseases, including diabetes mellitus, hyperlipidemia, 

hypertension and atherosclerosis (Falcão-Pires et al., 2012; Gui et al., 2017). 

Adipokines have been linked with obesity, diabetes, hypertension and cardiovascular 

diseases, and more recently a role for adipokines in cancer risk and progression has 

been confirmed. These hormones are associated with the development and 

progression of malignancies due to their abundant effects on different cell types, 

predominantly by exerting their actions via inflammatory pathways. It has been 

confirmed that adipokines can induce cancer growth either through oncogenic 

signalling or via indirect mechanisms, including angiogenesis and 

immunomodulation (Falcão-Pires et al., 2012). 

Adipocytokines control many cellular functions, therefore an increase in the 

expression of these factors lead to changes in energy balance, feeding, metabolism 

regulation, and homeostasis maintenance in the body (Roh et al., 2016). Therefore, 

the ability of fat tissue to work as an endocrine organ declines with obesity or 

metabolic syndrome. In particular, pro-inflammatory adipokines are abundantly 

produced by hypertrophic adipocytes, including CCL2, TNF-α, IL-6, IL-8, PAI-1, and 

leptin (Nieman et al., 2013). Raised production of inflammatory peptides results in 

the infiltration of lymphocytes and macrophages, which changes the adipose tissue 

microenvironment. In fact, in obese individuals, up to 50% of the adipose tissue 
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contents are macrophages and inflammatory cells, compared to 5–10% in lean 

people (Nieman et al., 2013). 

APN and LEP are considered the most important adipocyte-derived adipokines 

(Pérez-Hernández et al., 2014). They are two of the most extensively studied 

adipokines predominantly synthesised by adipocytes and only produced by other 

tissues to a small extent. In contrast, other adipocytokines (i.e. TNF-α and PAI-1) are 

commonly expressed by other tissues and organs in addition to their abundant levels 

in adipose tissue (Falcão-Pires et al., 2012). The crosstalk between LEP and 

adiponectin‐induced signalling pathways, in normal physiological conditions, sustains 

cell homeostasis and metabolic balance. However, in adipose tissue disorders, the 

secretion of adipokines becomes abnormal leading to cancer progression (Lee et al., 

2015). In obesity, leptin levels increase, whereas adiponectin levels reduce, and this 

changed leptin-to-adiponectin ratio is associated with cancer aggressiveness. Other 

growth factors and cytokines involved in the progression of obesity-related cancers 

include TNF-α and IL-6 (Falcão-Pires et al., 2012). Adipocytokines induce tumour 

development through oncogenic signalling or via indirect mechanisms, such as 

angiogenesis and modulation of the immune system (Vannucci, 2015). 

1.4.3.1 Adiponectin (APN) 

Adiponectin (APN) was first described in 1995 and is also called adipocyte 

complement-related protein (Acrp30), gelatin-binding protein-28 (GBP28), AdipoQ or 

apM1 (Kelesidis, Kelesidis and Mantzoros, 2006; Pérez-Hernández et al., 2014; Di 

Zazzo et al., 2019). It is considered the most appropriate insulin-sensitising 

adipokine, mainly regulating glucose and lipid metabolism, preventing of 
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inflammation and atherosclerosis (Hosogai et al., 2007), and regulating cell 

proliferation and differentiation in different cells (Roh et al., 2016). 

APN is one of the most abundant proteins secreted by WAT (Rosen and 

Spiegelman, 2006). As mentioned before, APN is produced almost exclusively by 

adipose tissue but can be also produced by other tissues at lower concentration, 

such as foetal tissue, skeletal muscle, liver, cardiomyocytes, salivary glands and 

cerebrospinal fluid (Andò et al., 2019). 

APN is a 30 kDa glycoprotein, encoded by the gene ADIPOQ and it is synthesised 

as full-length adiponectin or as a globular protein (Pérez-Hernández et al., 2014). It 

has different oligomers including, trimers, hexamers and multimers; its biological 

function largely depends on its structure, controlled by post-translational 

modifications of the oligomeric forms (Di Zazzo et al., 2019). Human plasma is rich 

in APN, accounting for up to 0.05% of total plasma protein (Kelesidis and Mantzoros, 

2006; Hiyoshi et al., 2012). In normal conditions, APN has anti-inflammatory, pro-

apoptotic, and anti-proliferative properties (Booth et al., 2015). APN mediates most 

of its molecular actions by binding to its typical receptors, AdipoR1 and AdipoR2, 

belonging to the 7-transmembrane (7TM) domain receptor family. Both receptors 

have been identified in normal and cancer tissues. T-cadherin has also identified as 

a third APN receptor that is expressed widely in muscle, cardiovascular and nervous 

systems (Falcão-Pires et al., 2012). T-cadherin is structurally very distinct from both 

Adipor1 and Adipor2 since it belongs to the cadherin receptor family rather than the 

7TM receptor family. APN regulates energy metabolism, apoptosis, proliferation and 

angiogenesis via its receptors that activate a number of signalling molecules such as 

50-adenosine monophosphate-activated protein kinase (AMPK)/LKB1, nuclear 



31 

 

factor-kB (NF-kB), peroxisome proliferators activated receptor (PPAR)- α, p38 

mitogen-activated protein kinase (MAPK), c-Jun NH2-terminal kinase (JNK), signal 

transducer and activator of transcription 3 (STAT3), phosphatidylinositol 3-

kinase/protein kinase B (PI3K/AKT), and mTOR (Booth et al., 2015; Andò et al., 

2019; Wang et al., 2019; Di Zazzo et al., 2019). AdipoR1 displays greater affinity for 

the globular protein (gAd) than the full-length APN (fAd) molecule, whereas AdipoR2 

has a similar affinity for both forms. T-cadherin has a low affinity for LMW fAd and 

gAd, and it exhibits a significant binding affinity for both MMW and HMW fAd 

oligomers (Tang et al., 2021).  

In obesity, a decrease in expression levels of AdipoR1 and AdipoR2 appears to 

result in a reduced sensitivity to APN (Ohashi, Ouchi and Matsuzawa, 2011). 

Generally, as the adipose tissue expands, adiponectin shows reduced expression 

levels. As a result, circulating APN is decreased in obesity and type 2 diabetes 

(Ohashi, Ouchi and Matsuzawa, 2011). As mentioned earlier, in obese individuals an 

alteration of endocrine functions of fat tissue occurs, which adversely impacts the 

release of various adipocytokines. The reduction in APN expression levels in obesity 

has been linked to an increased risk of cancer including breast, endometrial, 

colorectal, oesophageal, pancreas and liver cancers (Hillenbrand et al., 2012; Pérez-

Hernández et al., 2014). Several studies have also confirmed that APN has roles in 

carcinogenesis through promotion of angiogenesis and invasion. However, the 

collected data on the role of APN in tumorigenesis are conflicting. APN plays 

complex roles in carcinogenesis and has been studied in relation to carcinogenesis 

in various cancers (Di Zazzo et al., 2019). It has been reported that APN has the 

ability to decrease growth and progression of some malignancies, such as 

mammary, colon, lung, thyroid and other cancers. Conversely, in vitro studies 
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indicate that APN might stimulate neoplastic growth in several cancers, suggesting 

that APN could act as a tumour-suppressor or as a tumour-promoting factor.  

APN is pro-carcinogenic in lymphoma, and anti-carcinogenic in other tumours, such 

as myeloma, breast, uterine, thyroid, and gastrointestinal cancers. However, its role 

in other cancers such as prostate, kidney and melanoma is not well understood (Lee 

et al., 2015). 

Evidence from the literature shows a positive correlation between low APN 

concentrations and the risk of advanced cancer, such as in mammary and gastric 

cancers (Wang et al., 2019). Low circulating APN levels have been observed in 

patients with gastric cancer, which have an inverse correlation with the histological 

and clinical stages, signifying the potential ability of APN in inducing progression of 

gastric cancer (Masaki and Yoshimatsu, 2008). In addition, Hypo-adiponectinaemia 

exerts pro-inflammatory effects through increasing the production of pro-

inflammatory cytokines including TNF-α and IL-6, which contributes to the tumour 

progressive microenvironment that facilitates carcinogenesis (Lee et al., 2015). The 

low hormone levels can possibly be associated with carcinogenesis by directly acting 

on malignant cells by virtue of its regulation of haematopoiesis, binding to mitogenic 

growth factors, inhibition of NF-kB and indirectly by altering insulin hormone and 

cytokine levels (Pérez-Hernández et al., 2014; Booth et al., 2015). APN deficiency in 

the obese causes the development of insulin resistance and chronic 

hyperinsulinemia. Elevated insulin levels result in decreased production from the 

liver and secretion of insulin-like growth factor-binding protein (IGFBP) 1 and 2, 

leading to increased levels of bio-available insulin-like growth factor (IGF)-1. Insulin 

and IGF-1 induce cellular proliferation and prevent apoptosis in various types of 
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tissues, leading to carcinogenesis. In addition, the protective properties of APN in 

cancers include the inhibition of leptin proliferative signalling and stimulation of cell 

apoptosis (Pérez-Hernández et al., 2014). Indeed, a number of research studies 

show that APN promotes apoptosis, cell growth arrest, suppression of cell 

proliferation and migration (Andò et al., 2019). 

It has been reported that human mammary cancer cell-lines treated with APN 

showed reduced cell proliferation and increased apoptosis (Lee et al., 2015). APN 

can have an anti-carcinogenic effect on mammary tumour cell lines, including MCF-

7, MDA-MB-231 and T47D via its anti-proliferative properties (Pérez-Hernández et 

al., 2014). Furthermore, it has been reported that APN suppresses cell proliferation 

in colorectal cancer cells (CRC). Gialamas et al. (2011) concluded that APN levels 

have a reverse correlation with the development and progression of CRC. 

Nevertheless, one study has shown that adiponectin stimulates proliferation in the 

human colon adenocarcinoma cell line HT29 cells (Tae et al., 2014).  

It appears that APN exhibits diverse functions depending on environmental factors 

(i.e. tissue/organ type and inflammatory condition), and the presence of different 

APN isoforms that could affect experimental results.  

1.4.3.2 Leptin (LEP) 

Leptin, as mentioned previously, is a 16-kDa protein hormone that is secreted 

predominantly from adipose tissue. It is the product of the obese (Ob) gene and was 

the first recognised adipokine produced by adipocytes by Friedman and co-workers 

in 1994 (Wauters, Considine and Van Gaal, 2000). It is also produced by placenta, 

bone marrow, muscle, stomach, and pituitary cells (Wauters, Considine and Van 

Gaal, 2000). LEP acts as a food intake inhibitor and increases energy consumption 
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through its receptors in the brain (Falcão-Pires et al., 2012). Moreover, it is a growth 

factor that shows crucial functions in development, differentiation, and cell growth 

(Park and Scherer, 2011). It influences fetal development, sexual maturation, 

lactation, hematopoiesis, and immune responses (Garofalo et al., 2006). 

In addition, it has several other important functions such as, modulating the 

sympathetic nervous system, cardiac metabolism and general cardiovascular 

physiology (Falcão-Pires et al., 2012). The structure of LEP is similar to cytokines 

and it has approximately six isoforms of universally expressed single membrane-

spanning receptor (OBR), named OBR (a–f), which are members of the cytokine 

receptor family and mediate the biological activity of this adipokine (Jaffe and 

Schwartz, 2008; Falcão-Pires et al., 2012).  

LEP receptors are expressed in almost every tissue and are mainly found in 

hypothalamus, placenta, liver, lung, kidney, skeletal muscle and bone marrow (Kang 

and Moon, 2010). LEP secretion from adipocytes and its circulatory levels are mainly 

regulated by insulin, glucocorticoids, TNF-α, prostaglandins and reproductive 

hormones (Kang and Moon, 2010). The secretion level of LEP protein is affected by 

the size of the whole-body adipose tissue mass (Frayn et al., 2003). Therefore, the 

hormone level increases in adiposity, which is associated with cancer progression. 

The influence of LEP on carcinogenesis is thought to be exerted through binding to 

the long OB receptor, which promotes activation of several mechanisms, including 

JAK2/STAT3, MAPK, PI3K/Akt, ERK1/2, AMPK and insulin receptor substrate (IRS) 

pathways, which are implicated in the enhancement of cellular proliferation, 

differentiation, survival, migration, and infiltration (Andò et al., 2019). Moreover, LEP 

has mitogenic, anti-apoptotic and pro-inflammatory properties, which are associated 
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with tumourigenesis. It induces endothelial cell proliferation and regulates the activity 

of VEGF, fibroblast growth factor (FGF) 2, and other proangiogenic factors (Lee et 

al., 2015). Indeed, different reports show that LEP has the ability to induce 

angiogenesis, and regulate the immune response via targeting endothelial cells and 

immune cells respectively; processes that are essential to facilitate cancer 

progression, invasion, and metastasis (Mistry et al., 2007; Karastergiou and 

Mohamed-Ali, 2010; Park and Scherer, 2011). 

In the recent past, research has suggested that dysregulation of LEP and its receptor 

have a role in the development of a large number of human neoplasms such as 

breast, thyroid, endometrial and gastrointestinal cancers, mainly through the 

JAK/STAT pathway which modulates PI3K/AKT3 signalling, ERK1/2 signalling, 

expression of anti-apoptotic proteins (XIAP), systemic inflammatory markers (TNF-α, 

IL6), angiogenic factors (VEGF) and hypoxia inducible factor-1α (HIF-1α) expression 

(Ghosh et al., 2012). It is well known that LEP can promote cell growth and 

proliferation, cell transformation, aromatase expression, and invasion (Kang and 

Moon, 2010). Elevated LEP concentrations attract more inflammatory cells and 

stimulate differentiation of monocytes to macrophage cells (Pérez-Hernández et al., 

2014). LEP also promotes immunomodulation and production of macrophage TNF-α 

(Falcão-Pires et al., 2012). In fact, the hormone plays multiple roles in facilitation of 

cancer pathogenesis, including promotion of tumour cell development, migration and 

angiogenesis (Uddin et al., 2011). Experimental studies show that treatment with 

LEP stimulates cell growth, inhibits apoptosis, and induces migration of tumour cells 

(Pérez-Hernández et al., 2014). Many studies indicate that LEP is a tumour 

promoter, and various types of tumour cells can respond to it as a mitogenic factor. 

However, other research studies have indicated that the mitogenic effects of this 
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peptide depend upon the type of cancer; it induces the cell growth of breast, 

gastrointestinal, endometrial, papillary thyroid and prostate neoplasms, but reduces 

the growth of pancreatic tumour cells. Mitogenic and anti-apoptotic properties of LEP 

have been shown in both colon and prostate cancer cell lines; cancer cells from 

papillary thyroid cancer (PTC) also show high expression levels of the leptin receptor 

which is associated with a more aggressive phenotype (Kruijsdijk, Wall and 

Visseren, 2009; Pérez-Hernández et al., 2014). 

In the TME, LEP is regulated by surrounding adipose tissue. Additionally, cancer 

cells themselves can synthesise the hormone (Garofalo and Surmacz, 2006). In 

many human cancers, LEP and its receptors are overexpressed showing an 

association with tumour metastasis (Park and Scherer, 2011). 

The major LEP signalling pathways, namely PI3K/Akt, JAK/STAT3, ERK1/2, AMPK, 

MAPK and insulin receptor substrate (IRS), promote different stages of tumour 

progression, from survival and proliferation of cancer stem cells to cancer metastasis 

(Kang and Moon, 2010). 

In breast cancer, many studies reveal that LEP plays key roles in cancer progression 

through stimulation of tumour cell growth, migration, invasion and angiogenesis. In 

vitro experiments confirm that LEP induces mammary carcinogenesis through 

activation of JAK/STAT3 and PI3K signalling pathways (Lee et al., 2015). It has been 

proven that there is a positive correlation between LEP levels and breast cancer risk 

(Andò et al., 2019), and human mammary malignant cells produce detectable levels 

of OBR mRNA including OBRl encoding RNA (Dieudonne et al., 2002). Zheng and 

co-workers investigated the role of LEP on tumour growth in a xenograft model of 

MMTV-Wnt1-derived cancer cells. They found that after the primary tumour is 
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established, LEP activates cancer cell proliferation, migration, and invasion. 

Furthermore, it stimulates cancer-associated stromal cells, such as endothelial cells, 

immune cells, and fibroblasts, to promote angiogenesis and inflammatory processes 

that support tumour development. They also showed that LEP deficiency leads to 

reduce growth of the cancer in obese mice (Zheng et al., 2011). Recent evidence 

also demonstrates an association between leptin and oestrogen receptor α (ERα). It 

has been found that ERα and OBR are co-expressed in malignant breast tissue and 

breast cancer cell lines (Kang and Moon, 2010). 

LEP can stimulate cell growth and transformation in ERα-positive T47D breast 

cancer cells, but not in normal breast epithelial cells (Hu et al., 2003). In addition, 

synthesis of oestrogen and ERα activity are regulated by LEP in human breast cells 

via up-regulation of aromatase gene expression. Garofalo and Surmacz (2006) 

found that higher levels of OBR are detected in ERα-positive breast tumour cells 

than in ERα-negative breast cell lines. Oestrogen is required by the majority of 

breast neoplasms for development and metastasis and LEP directly contributes to 

activation of ERα, increasing the expression of aromatase (CYP19) resulting in 

stimulation of mitosis, invasion and metastasis of ER‐positive breast cancer 

(Garofalo and Surmacz, 2006). Evidence also shows that DNA synthesis and cell 

growth are induced by up-regulation of leptin through various signalling pathways 

including JAK/STAT, ERK1/2 and PKC-α pathways, in ERα-positive breast cancer 

cell lines (Kang and Moon, 2010). LEP and its receptor (OBR) have been shown to 

be significantly overexpressed in primary and metastatic mammary cancer cells 

compared to non-cancer tissues, possibly as a result of hypoxia, overexposure of 

cells to insulin, IGF-I, and estradiol (Garofalo and Surmacz, 2006). LEP expression 

in the TME can be induced through activation of the leptin gene promoter via the 
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hypoxia-induced factor-1 (HIF-1) in human adipocytes and fibroblasts (Garofalo and 

Surmacz, 2006). Moreover, approximately one third of OBR-positive tumours with 

distant metastases show intense immunoreactivity for leptin (Cirillo et al., 2008). LEP 

has also been shown to influence the prognosis of breast cancer. Ishikawa and co-

workers (2004) showed that patients with over-expression of OBR in primary breast 

malignancies causes an increase in incidence of haematogenous metastasis or 

recurrence of cancer in different organs, whereas patients with OBR-negative 

tumours show a decrease in expression of LEP which is associated with a good 

prognosis (Ishikawa, Kitayama and Nagawa, 2004). Furthermore, a probable 

correlation between leptin and metalloproteinases (MMP) with cancer invasion has 

also been reported. The MMP family, as mentioned before, is strongly linked to the 

ability of tumours to invade and metastasise (Castellucci et al., 2000). 

Another critical determinant of malignant progression is the ability to undergo the 

epithelial- mesenchymal transition (EMT). Wei and colleagues found that expression 

of LEP activates EMT in breast cancer cells via PI3K/Akt signalling and upregulates 

EMT through upregulation of PKM2, a pyruvate kinase associated with development 

and the final stage of glycolysis (Wei et al., 2016). 

Alshaker and co-workers discovered for the first time a link between expression of 

LEP receptor, primary mammary tumour development and lymph node metastasis 

through activation of sphingosine kinase-1 (SK1), which is a lipid kinase associated 

with breast tumour development (Alshaker et al., 2014). SK1 expression is activated 

by LEP via the ERK1/2 and Src family kinase (SFK) pathways in oestrogen receptor 

(ER) triple negative breast cancer.  
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In colorectal cancer, a number of studies indicate a possible link between the leptin-

induced signalling pathway and colon cancer. The presence of OBR mRNA was 

detected by quantitative polymerase chain reaction (qPCR) in colon cancer cell lines, 

human colon tumours, polyps and adjacent mucosa, and OBR protein was shown to 

be expressed in colorectal tumour tissues and cell lines (Garofalo and Surmacz, 

2006; Kang and Moon, 2010). LEP can promote proliferation, growth, survival and 

invasion of the human colorectal cancer epithelial cells via activation of the NF-

kappa B, ERK1/2, PI3K-AKT and JAK signalling pathways as well as upregulation of 

c-fos expression (Lee et al., 2015; Wang et al., 2019), figure 1.11.  

On the other hand, one study proposed a protective effect of LEP in colorectal 

cancer cells. Meerson and Yehuda (2016) identified a protective role for LEP and 

insulin through upregulation of miR-4443 through MEK1/2 pathway; which has been 

implicated in downregulation of NCOA1 and TRAF4 that have well-known roles in 

cancer metastasis. 
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A positive association between elevated protein level of LEP and the risk of prostatic 

tumours has been shown (Mistry et al., 2007). The high LEP levels are closely 

connected to PCa progression through LEP stimulation of OBR-b expression, 

phosphorylated AKT (p‐Akt), and phosphorylation of forkhead box O1 (FOXO1), 

resulting in promotion of proliferation, survival and growth of PCa cell lines (Wang et 

al., 2019). Leptin also induces PCa cell proliferation by inactivating FOXO1 via the 

PI3K/AKT pathway (Wang et al., 2019). The presence of OBR mRNAs has been 

shown in normal prostate epithelia, and benign and malignant prostate epithelial 

cells. In vitro studies demonstrate that LEP increases cell growth and survival of 

prostate cancer cells through activation of intracellular signalling molecules such as 

phosphatidyl-inositol 3-kinase (PI3-K), c-Jun NH2-terminal kinase (JNK), MAPK, 

ERK1/2 and JNK-MAP kinase pathways, depending on the cell type (Frankenberry 

et al., 2004; Garofalo and Surmacz, 2006; Mistry et al., 2007; Kang and Moon, 2010; 

Lee et al., 2015). 

In thyroid cancer, papillary thyroid cancer (PTC) cells treated with LEP show a 

decrease in apoptosis and an increase in cell growth and migration. Increased 

expression of serum LEP levels in PTC leads to an increase in expression of the 

anti-apoptotic protein (XIAP) (Cheng SP, 2010). It has been reported that PTC has 

significant expression of LEP and its receptor, which are associated with a more 

aggressive PTC phenotype, in terms of larger tumour size, extra-thyroid spread, 

higher metastatic potential to lymph nodes, poorer disease-free survival, and 

recurrence (Uddin et al., 2011; Ghosh et al., 2012; Pérez-Hernández et al., 2014; 

Lee et al., 2015). 
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In ovarian cancer, LEP stimulates ovarian malignant cell proliferation by regulating 

apoptosis via activation of the PI3K/Akt and MAPK pathway, as well as enhancing 

the expression of cyclin D1 and myeloid cell leukaemia‐1 (Mcl‐1) (Wang et al., 2019). 

In pancreatic cancer, the role of LEP in pancreatic cancer cells differs depending on 

the environment. In humans, it reduces the growth of pancreatic tumour cells 

(Frankenberry et al., 2004), and lower levels have been reported in patients with 

pancreatic cancer (Lee et al., 2015). In rats, Okuya and co-workers (2001) confirmed 

that LEP can inhibit apoptosis and stimulate the proliferation of rat insulin-secreting 

tumour cell lines, suggesting that LEP action might be dependent on cell type and 

environment (Garofalo and Surmacz, 2006). Furthermore, Somasundar et al. (2003) 

conducted an in-vitro study to investigate the influence of LEP on the growth of 

pancreatic cancer cell lines. They found that LEP considerably reduced growth and 

proliferation of pancreatic cancer cell lines, proposing that LEP can have different 

effects on different cancer cell lines (Somasundar et al., 2003). 

It has been found that LEP has mitogenic effects on numerous cell types, including 

endothelial cells, haematopoietic cells, normal and malignant epithelial cells, while in 

pancreatic cancer cells it inhibits cell growth through unidentified mechanisms 

(Cheng SP, 2010). Conversely, evidence shows that LEP promotes lymph node 

metastasis in human pancreatic cancer cells. The expression of LEP and its receptor 

was found to be positively correlated with MMP-13 expression, which is regulated 

through the JAK/STAT3 pathway (Fan et al., 2015). Several studies propose a link 

between LEP/OBR expression and development of lymph node metastasis/cancer 

progression through upregulation of genes involved in an invasive/proliferative 

response.  
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In chondrosarcoma, LEP has been shown to stimulate lymphangiogenesis through 

the activation of the PI3K/Akt signalling pathway which subsequently induces VEGF-

C production and angiogenesis (Yang et al., 2016). 

Overall, the findings suggest a pivotal role of elevated LEP levels in different stages 

of carcinogenesis. Higher serum LEP levels seem to be associated with a higher risk 

for many cancers with a key role in tumour cell growth, migration, invasion and 

angiogenesis contributing to cancer progression.  

1.4.3.3 Other Adipocytokines 

As mentioned earlier, there are more than 600 types of adipocytokines that are 

released by adipocytes. Table 1.1 summarises some of the adipocyte-secreted 

adipocytokines that have been shown to be associated with incidence and 

progression of different cancers. 

 

Table 1.1: Some Adipocytokines That Are Frequently Shown To Be Linked To 

Cancer 

Adipocytokine Description and Role In Cancer References 

Interleukin-6 (IL-

6) 

Is one of the main pro-inflammatory cytokines released 

by adipose tissue, accounting for 33% of the circulating 

IL-6. It has been shown to be involved in inflammation-

associated carcinogenesis. A link between IL-6 and 

carcinogenesis has been shown in cancers including 

those of the kidney, gastric and colon. Furthermore, 

upregulation of IL-6 in prostate cancer patients 

correlates with poor outcome. 

(Pérez-
Hernández 
et al., 2014). 

(Mistry et 
al., 2007). 

Tumour 

Necrosis Factor-

It has been recognised as a tumour-promoting factor, 

inducing the synthesis of inflammatory cytokines, 
 (Roh et al., 
2016). 
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alpha (TNF-α) chemokines, and angiogenic substances by stimulating 

MAPK and nuclear factor (NF)-κB pathways. A role for 

TNF-α has been shown at different stages of 

carcinogenesis, including proliferation, transformation, 

survival, migration, angiogenesis, and metastasis. 

Moreover, this cytokine has been shown to be involved 

in activation of lymphangiogenesis and metastasis in 

gastric cancer cells.   

(Pérez-
Hernández 
et al., 2014). 

(Huang et 
al., 2014). 

Resistin Is a pro-inflammatory protein linked with the 

development of insulin resistance and obesity. It 

stimulates the release of TNF and IL-6 from a variety of 

cell types. In breast cancer, it has been found to be 

associated with a more aggressive type and worse 

patient survival. Also, it has shown to be correlated 

positively with colon cancer tumour size, as well as, 

implicated in stomach, liver, pancreatic, and lung 

cancers. Furthermore, it has been linked to 

choriocarcinoma invasion, and endothelial cell 

angiogenesis, as well as to the development of 

esophageal cancer, suggesting that this molecule could 

be used as a biomarker for the disease. 

(Booth et 
al., 2015). 

(Nicholson 
et al., 2018) 

(Hillenbrand 
et al., 2012) 

(Pérez-
Hernández 
et al., 2014). 

(Wang et 
al., 2018). 

(Nakajima et 
al., 2010) 

Chemerin Chemerin is highly expressed by adipocytes and is also 

expressed by spleen, lymph nodes and lung. There is 

some evidence to suggest that elevation of the chemerin 

concentration is associated with progression of cancers. 

Wang et al. (2014) showed that serum level of this 

adipokine is higher in advanced stages of gastric cancer. 

It increases the inflammatory response of macrophages 

within gastric cancer and promotes its progression, 

invasiveness, and metastasis. Overexpression of 

chemerin is significantly correlated to poor histological 

stage, lymph node metastasis, and advanced clinical 

stage in OSCC, suggesting a potential role as a 

prognostic factor. Furthermore, Kumar and co-workers 

(Booth et 
al., 2015). 

(C. Wang et 
al., 2014) 

(N. Wang et 
al., 2014). 

(Kumar et 
al., 2016). 

(Wang et 
al.,2014). 
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(2016) found that cancer-associated myofibroblasts 

(CAMs) in oesophageal squamous cancer (OSC) 

release chemerin, which induces OSC cell invasion. 

Chemerin also has been considered a potential 

biomarker of adrenocortical carcinoma.  

C-reactive 

Protein (CRP) 

CRP is a protein stimulated by inflammatory reactions 

and some cytokines including IL-6, TNF-α, and IL-1. This 

protein is widely reported to be used to monitor cancer 

patients after treatment and as a prognostic marker for 

human cancer survival. Indeed, high levels of CRP is a 

predictor of worse survival rates in patients with 

numerous tumours, including oesophageal, urinary 

bladder, kidney, colon, liver, pancreatic, ovarian, 

prostate and cervical cancer. Hsu and co-workers 

described a significant correlation between preoperative 

serum levels of CRP and the soluble fragment of 

cytokeratin 19 and survival rate of OSCC patients, as 

well as an association with increased nodal and distant 

metastasis and decreased overall survival.  

(Pérez-
Hernández 
et al., 2014). 

(Xu et al., 
2015). 

(Hsu et al., 
2015). 

 

Plasminogen 

activator 

inhibitor-1  

(PAI-1) 

PAI-1 is a serine protease inhibitor produced by adipose 

cells, endothelial cells, and stromal cells in visceral fat 

tissue; affecting their differentiation and insulin 

signalling. High levels of this protein have been identified 

in many obesity-related malignancies and is linked with 

the progression of mammary, colon, endometrial, kidney, 

thyroid, and prostate cancer. It has been reported that 

PAI-1 upregulation is implicated in cancer development, 

migration, metastasis, and angiogenesis. 

(Van 
Kruijsdijk, 
Van Der 
Wall and 
Visseren, 
2009). 

(Hillenbrand 
et al., 2012). 

FABP4 It is mainly produced by adipocytes and has been shown 

to be involved in the transfer of fatty acids and promote 

the growth of mammary cancer cells via activation of the 

Akt and MAPK signalling cascades. 

(Guaita-
Esteruelas 

et al., 2018). 
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Monocyte 

Chemoattractant 

Protein-1 (MCP-

1) / Chemokine 

(CC-motif) 

ligand 2 (CCL2) 

MCP-1 is a chemokine protein that acts as a chemical 

messenger with high levels promoting macrophage 

infiltration into adipose tissue which is associated with 

tumour dissemination and worse prognosis in a number 

of human cancers. Increased expression of MCP-1 has 

been shown in breast, lung, colorectal, prostate, ovarian, 

and esophageal cancer, which is related to invasion and 

metastasis.  

(Hillenbrand 
et al., 2012). 

(Pérez-
Hernández 
et al., 2014). 

(Singh, 
Anshita and 
Ravichandir
an, 2021) 

Apelin Apelin is produced in many tissues throughout the body, 

including adipose tissue, liver, brain, endothelium, and 

human plasma; and its expression is elevated during 

differentiation of adipocytes induced by insulin. Its 

secretion by adipocytes has been confirmed to mediate 

properties such as, glucose homeostasis, secretion of 

insulin hormone, epithelial proliferation, and cytokine 

regulation. High levels of circulating apelin are a risk 

factor for endometrial cancer. Apelin has been shown to 

play a role in lymph node metastasis and 

lymphangiogenesis through binding to its receptor (APJ) 

in lymphatic endothelial cells, resulting in enhancement 

of cell proliferation, migration, and survival. Apelin may 

also contribute to the development of esophageal 

squamous cell carcinoma and lymphangiogenesis. The 

esophageal cancer process may be mediated by the 

apelin receptor, which is highly expressed in the early 

stages of cancer formation. 

(Reynolds 
and Vickers, 
2019). 

(Booth et 
al., 2015). 

(Altinkaya et 
al., 2015). 

(Berta et al., 
2014). 

(Diakowska 
et al., 2019). 

Visfatin Visfatin has some important biological activities ranging 

from acting as an insulin mimetic protein, immune cell 

signalling, and regulation of the nicotinamide adenine 

dinucleotide (NAD) biosynthetic pathway. It is a cytokine 

that promotes pro-inflammatory cytokines expression, 

including TNF-α, IL-1β, and IL-6 and stimulates B-cell 

differentiation. The pathogenesis and development of 

different malignancies are influenced by visfatin, 

(Booth et 
al., 2015). 

(Pérez-
Hernández 
et al., 2014).  
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including colorectal and breast cancer. Research studies 

also show a role of visfatin in ovarian cancer. The role of 

this adipokine in cancer development has been linked to 

a number of possible mechanisms. It can be directly 

through stimulation of production of inflammatory 

cytokines, such as IL-6, and indirectly by linking 

nicotinamide phosphoribosyltransferase 

(NAMPT/Nampt) and levels of NAD to the inflammatory 

response. 

Vascular 

Endothelial 

Growth Factor 

(VEGF) 

The expression of VEGF has been found in different cell 

types/tissues, including adipose tissues, endothelial, 

epithelial, and mesenchymal cells. VEGF is a potent 

mitogen, which induces angiogenesis, cell migration, 

and microvascular permeability. It plays an important 

role in the vascularisation of solid tumours, enabling 

tumour cell invasion and distant metastases and also 

exerts direct growth factor properties on various 

malignant cells, such as prostate cancer. This protein 

plays a critical role in prostate neoplasm progression 

which might explain the high prostate cancer prevalence 

among obese individuals due to the influence of 

increased VEGF secretion by adipocytes on prostate 

cancer cells. 

(Miyazawa-
Hoshimoto 
et al., 2005). 

(Watson et 
al., 2000). 

(Mistry et 
al., 2007). 

Osteopontin 

(OPN) 

OPN is also identified as secreted phosphoprotein-1 

(SPP1) and bone sialoprotein-1. Expression of OPN has 

been shown in different cancers with increased 

circulating levels correlating to worse prognosis in 

gastric and liver neoplasms. The secretion of this 

adipokine is elevated in malignant transformation and 

metastasis and plays a role by promoting cell survival. 

(Pérez-
Hernández 
et al., 2014). 
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Chitinase-3- 

like protein-1 

Chitinase-3-like protein-1 has been proposed as a new 

inflammatory and prognostic marker due to its 

involvement in a variety of processes including cell 

growth, apoptosis inhibition, angiogenesis and regulation 

of ECM remodelling in a variety of malignancies, 

including thyroid carcinoma, extracellular myxoid 

chondrosarcoma, and colon cancer.  

(Pérez-
Hernández 
et al., 2014). 

Lipocalin-2 Breast, gastric, oesophageal, and brain tumours all have 

elevated levels of lipocalin-2. Recently, lipocalin-2 was 

found to be related to tumour invasiveness, which may 

be explained by its capacity to transfer iron into cancer 

cells.  

(Lee et al., 
2015). 

 

1.4.4 Adipocytes And Cancer 

As mentioned earlier, adipose cells are the largest endocrine cells producing 

hormones, growth factors, and adipocytokines that have been shown to be involved 

in tumour formation and progression. Therefore, mature adipocytes can have a great 

influence on tumour behaviour through heterotypic signalling processes. Adipocytes 

actively contribute to the recruitment of cancer cells in intra-abdominal malignancies 

that metastasise to the omentum through the secretion of adipocytokines. They also 

support the growth of cancer cells by supplying and fuelling them with fatty acids 

(Nieman et al., 2011). Moreover, it has been discovered that metalloproteinase 

(MMP)-11/stromelysin-3 is upregulated in adipose tissue by malignant cells as they 

invade their adjacent surroundings (Andarawewa et al., 2005). Omental adipocytes 

have been shown to induce migration, invasion, and metastasis of ovarian tumour 

cells and act as a source of energy for rapid tumour growth and that adipocytokines 

including interleukin-8 (IL-8) mediate these activities (Nieman et al., 2011). Ovarian 
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cancer cells cultivated with adipocytes induced lipolysis in adipocytes and β-

oxidation in cancer cells leading to the immediate transfer of lipids from adipocytes to 

cancer cells increasing in vitro and in vivo tumour progression. Furthermore, the 

study indicated that several factors namely, IL-6, IL-8, MCP-1, TIMP-1, and APN are 

responsible for recruiting ovarian malignant cells to the omentum (Nieman et al., 

2011). In fact, several studies have suggested that lipid metabolism, particularly fatty 

acid metabolism contribute to tumourigenesis (Zaidi et al., 2013). Indeed, elevated 

use of lipids in cancer is considered a typical characteristic of aggressive tumour 

behaviour (Lengyel et al., 2018). 

As mentioned before, upregulation of chemokines and LEP by adipocytes has been 

documented in cancer. These are known mediators of tumourigenesis and 

metastasis, attracting macrophages which express proinflammatory factors, 

including TNF-α and IL-1β, and proangiogenic factors, providing a microenvironment 

supportive for adipose tissue enlargement, and at the same time, inducing tumour 

progression (Gilbert and Slingerland, 2013). Current data reveals that the interaction 

between cancer cells and adipocytes induce cancer stem cell (CSC) expansion and 

metastasis (Picon-Ruiz et al., 2016). Dirat and co-workers documented that 

peritumoral adipocytes in breast cancer exhibit intense phenotypic changes making 

them eligible to be named cancer-associated adipocytes (CAAs). Invasive tumour 

cells impact surrounding adipocytes profoundly with these CAAs then promoting 

more aggressive cancer cell behaviour (Dirat et al., 2011). Both in vitro and in vivo, 

CAAs are proven to overexpress different cytokines, such as PAI-1, MMP‐11, and IL‐

6, which are capable of increasing the potential of cancer invasion (Wang et al., 

2019). Blocking IL-6 in mammary tumour cells and fat cells showed reduction in 
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tumour cell proliferation, migration, invasion through modifying the expression of 

EMT-regulating genes, decreasing the focal adhesion (Zhao et al., 2020). 

Stromal and inflammatory cells from adipose tissue (ASCs) infiltrate tumour cells and 

locally express paracrine factors within the TME, which also contribute to the cancer 

progression (Lengyel et al., 2018). Furthermore, leukocytes are likely recruited to 

tumours from WAT and acting locally, may drive cancer by releasing cytokines 

systemically (Lengyel et al., 2018). 

Recently, hyper-adiposity has been shown to be connected to metabolic disorders, 

such as insulin resistance and results in altered adipocytokines secretion which 

stimulates proliferation and survival of malignant cells (Iyengar et al., 2014). In fact, 

worldwide obesity is gradually increasing, as well as the prevalence of various types 

of cancers (Xue et al., 2019). Chronic inflammation, increased insulin levels, and 

alterations in steroid hormones levels, glucose, lipids, and adipocytokines all 

contribute to the possible role of obesity in cancer (Lengyel et al., 2018). 

Epidemiological data highlight that obese or overweight individuals have a higher risk 

of developing cancer, most frequently colon, breast, endometrial, esophageal, 

advanced prostate, pancreatic, gallbladder, leukaemia, non-Hodgkin lymphoma and 

kidney cancers (Calle et al., 2003; Mistry et al., 2007; Lee et al., 2015; Wang et al., 

2019). Moreover, obesity is correlated with risk and aggressiveness of many types of 

carcinomas with approximately 20% of cancer-related deaths, including but not 

restricted to cancers that are directly in contact with fat tissue (Quail and 

Dannenberg, 2019). ASCs in normal weight subjects contain high proportions of anti-

inflammatory immune cells compared to obese ASCs, which are rich in pro-

inflammatory immune cells leading to high cytokine expression (TNF, IFN-γ, IL-1β 
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and IL-6) into the fat tissue microenvironment, remodelling of the immune cell 

scenery. These local changes in ASCs of obese individuals have an effect on the 

biology of cancer, particularly cancers that have direct contact with WAT such as 

breast cancer (Quail and Dannenberg, 2019). Additionally, in some cancers such as 

breast, colon, and prostate cancer, obesity also affects patient prognosis, as it is 

associated with cancer recurrence and mortality (Park et al., 2006). Incidence of 

high-grade tumours such as prostate cancer, for example, is increased in obese 

individuals and associated with a higher risk of local and distant metastasis 

(Buschemeyer and Freedland, 2007). In breast cancer, obesity is associated with a 

low survival and high recurrence rate, independent of menopausal state, as breast 

tissue is rich in mature adipocytes which are highly active secretory cells capable of 

modifying breast cancer cell behaviour. Indeed, adipokines promote the 

development and survival of breast cancer cells even in oestrogen-negative cells 

(Vona-Davis and Rose, 2007). Furthermore, it has been suggested that the crosstalk 

between breast cancer cells and tumour-surrounding adipocytes is crucial in tumour 

progression (Lengyel et al., 2018). Additionally, early tumour invasion to local 

structures results in cancer cells immediately entering the proximity of mature 

adipocytes as the mammary epithelium is located close to the fat pad, which 

contributes to tumourigenesis via instructive and permissive crosstalk signals 

(Wiseman and Werb, 2002). Furthermore, several studies show that obese patients 

with breast cancer show a rise in lymph node involvement and a higher tendency to 

distant metastasis (Majed et al., 2008; Dirat et al., 2011). 

The clear influence of CAAs on tumour progression might be exaggerated in obese 

women and clarifies to some extent the poor prognosis observed in this subgroup of 

patients (D’Esposito et al., 2016). 
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Patients with cancer commonly show considerable weight loss (Pai et al., 2018). 

Therefore, the body mass index (BMI) is used as a nutritional status marker in 

patients with cancer (Park et al., 2006). Several studies have shown that extensive 

adipose tissue loss in advanced cancer is a poor prognostic indicator regardless of 

the patients’ weight (Murphy et al., 2010). Indeed, some studies reported that pre-

diagnosis weight loss and depletion of BMI is the strongest factor that can be used 

as a predictor for the outcomes of patients with HNSCC (Pai et al., 2018). It is well 

known that the regulation of whole-body energy homeostasis is one of the main 

functions of adipose tissue. Therefore, cancer patients with greater amounts of 

subcutaneous tissue loss may experience significant energy depletion due to cancer, 

resulting in poor outcomes. Most recent studies reveal that extensive loss of muscle 

and adipose tissue is very common in patients with advanced cancer as they often 

suffer from cachexia. Murphy et al. (2010) found that patients with progressive 

tumours begin to exhibit accelerated rates of adipose tissue loss. 

It has been demonstrated that cancer cells accelerate the lipolysis of adipose tissue 

thereby gaining fatty acids for their proliferation and growth and causing cachexia in 

cancer patients. Batista and his co-workers found that lipokines such as IL-6, APN, 

TNF-α, and IL-10, which interrupt lipid metabolism and boost lipolysis, are 

overexpressed in the plasma of cachectic cancer patients (Batista et al., 2013). 

Adipose tissue atrophy during disease progression involves both increased adipose 

catabolism and ECM remodelling in adipose tissue. Indeed, loss of adipose tissue 

may result from de-lipidation due to changes in lipid metabolism including high 

lipolysis levels and is associated with decreased lipoprotein lipase activity and 

elevation of hormone sensitive lipase activity (Murphy et al., 2010). Adipocytes from 

cancer patients have high catabolic capacity stimulating lipolysis (Y. Tang et al., 
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2021). After the de-lipidation process, adipocytes transform into fibroblast-like cells 

with higher expression of adipokines and pro-inflammatory cytokines including leptin, 

adiponectin, IL-6, chemokine ligand 2 (CCL2), chemokine ligand 5 (CCL5), IL-1β, 

TNF-α, VEGF, PAI-1 and MMP-11, creating a permissive TME that would support 

tumour invasion and metastases (Lee et al., 2015; Wu et al., 2019; Zhao et al., 2020; 

Takehara et al., 2020; Yao and He, 2021). Moreover, it has been reported that 

inhibition of lipolysis decreases free fatty acid levels and reduces cancer 

pathogenicity (Currie et al., 2013). It has also been shown that in CAAs from breast 

cancer patients exhibit upregulation of BAT marker genes such as uncoupling 

protein (UCP1), protein 16 containing PR domain (PRDM16), and cell death-inducing 

DFFA-like effector A, suggesting WAT browning (TANG et al., 2021). BAT has a 

greater capacity than WAT for catabolism and can supply ketone bodies, a high-

energy mitochondrial fuel, to support the development of tumours. 

In 2016, a study examined the effects of co-culturing human-derived adipocytes with 

primary breast cancer cells to study their role in tumourigenicity. It was reported that 

the interaction between cancer cells and fat cells boosted the release of 

proinflammatory substances. Continued culture of malignant cells with adipocytes 

led to an increase in the abundance of mammosphere-forming cells and of cells 

expressing stem-like markers in vitro (Picon-Ruiz et al., 2016). Moreover, in vivo, the 

interaction of breast cancer cells with adipocytes resulted in an increase of the 

abundance of tumour cells. Furthermore, adipose cells cultured with cancer cells 

also show a changed phenotype in terms of lipolysis and reduced adipocyte markers 

associated with the incidence of an activated state characterised by greatly 

enhanced expression of proteases, including MMP-11, and proinflammatory 

cytokines such as, IL-6 and IL-1𝛽 (Picon-Ruiz et al., 2016). Picon-Ruiz and his co-
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workers highlighted the role of IL-6 in that larger size tumours and/or with lymph 

nodes involvement demonstrated higher levels of IL-6 in cancer surrounding 

adipocytes.  

The risk of development of thyroid cancer is higher with increasing BMI in both males 

and female patients and that there is a positive correlation between obesity and the 

increased occurrence of thyroid cancer (Son et al., 2018). It has also been reported 

that chronic inflammation caused by adipokine (APN and LEP) secretion from 

adipose tissue directly induced papillary thyroid cancer development (Guarino et al., 

2010; Park et al., 2011).  

Resistin and apelin have been shown to be implicated in esophageal cancer. 

Evidence revealed that a substantial correlation between BMI, resistin and the 

development of esophageal cancer was found, which may serve as a biomarker for 

the development of this cancer (Nakajima et al., 2010). Apelin also may contribute to 

lymphangiogenesis and esophageal cancer development. The apelin receptor is 

highly expressed in the early stages of cancer and may contribute to the ESCC 

carcinogenic processes (Diakowska et al., 2019).  

Not only is the size of adipose tissue linked to risk of cancer, the quality of fat tissue 

(i.e. the existence of inflammation, adipocyte hypertrophy or hypoxia) is also an 

important influence on cancer incidence as it is a key driver of metabolic dysfunction 

(i.e. insulin resistance, metabolic syndrome). The significance of adipose tissue 

quality is indicated by the existence of metabolically obese individuals with normal 

body weight. Moreover, the differences between the biological and physiological 

activities of the WAT and BAT, and their distribution also influences the risk of the 

metabolic syndrome (Quail and Dannenberg, 2019). The ASCs in obese individuals 
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contain mainly macrophage cells, which are associated with adipocyte hypertrophy 

and surround the dead adipocytes forming crown-like structures (CLS). Therefore, 

presence of CLS in the WAT microenvironment has the potential to become a 

prognostic biomarker of adipose tissue inflammation and is linked to insulin 

resistance and metabolic disorders, particularly in people who have normal body 

weight. CLS has been detected in samples of patients with breast cancer, prostate 

cancer, and oral tongue cancer, which show association with poor prognosis 

(Iyengar et al., 2016). 

Dysfunctional adipose tissue appears to be an essential mechanism influencing the 

risk of tumour progression (Figure 1.12). Adipocytes in the TME, as mentioned 

before, accelerate tumour metastasis by providing lipids and adipocytokines to 

malignant cells (Wang et al., 2019). Novel treatment targets can be identified by 

understanding its biology in the context of the TME. 
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1.4.5 Adipocyte-secreted adipocytokines in OSCC 

Adipose tissue is crucial for the development and progression of cancer in both 

obesity-related cancers and nonobesity-related cancers such as OSCCs. 

Nevertheless, two studies have connected OSCC with obesity. Iyengar and co-

workers published that increased BMI is a predictor of poor prognosis in patients with 

early-stage tongue cancer. They found that obese patients had a 5-fold increased 

risk of death compared to patients with normal weight (Iyengar et al., 2014). 

Furthermore, in 2016, Iyengar and co-workers indicated that adipose tissue 

inflammation has been detected in tongue cancer samples in obese patients, which 

show association with poor prognosis (Iyengar et al., 2016). 

A growing body of research indicates that the altered production of adipocytokines-

produced by adipose tissue is a vital part of the mechanisms behind cancer (Howard 

et al., 2010). 

To date, there are a number of studies conducted to investigate the role of 

adipocyte-secreted peptides in oral cancer. Studies revealed that adipocyte-derived 

adipokines are upregulated or downregulated in OSCC patients, which have an 

impact on the tumour progression and patient’s outcome. Evidence has shown 

downregulation of APN or upregulation of chemerin and resistin in patients with 

OSCC (Guo et al., 2013; Wang et al., 2014; Wu et al., 2015). Reduced APN levels 

are associated with risk of oral tongue squamous cell carcinoma with a suggestion 

that it may predict an aggressive phenotype of tongue cancer (Guo et al., 2013). 

Chemerin overexpression was linked to tumour angiogenesis and a poor clinical 

outcome in oral tongue SCC (Wang et al., 2014). Resistin levels also were found 
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substantially greater in OSCC patients than in healthy people, which were strongly 

associated with advanced stage and lymph node metastases (Wu et al., 2015).  

Furthermore, Hsu and colleagues reported that elevated serum levels of CRP in 

OSCC patients were significantly correlated with higher nodal and distant metastasis 

and lower overall survival rate (Hsu et al., 2015). Another clinical study suggested 

that elevated plasma visfatin concentrations may play a significant role in the 

pathogenesis of OSCC by acting through inflammatory reactions (Tsai et al., 2013). 

Moreover, a study conducted in 2010 found that leptin serum levels in OSCC 

patients were significantly decreased at the advanced stages. The team indicated 

that there was a clear association between serum leptin levels and the histological 

grades of OSCC, as well as between serum leptin levels and body mass index 

(Gharote and Mody, 2010). The decreased levels of LEP in OSCC patients are 

related to cachexia due to loss of the fat mass, which reduces the production of LEP 

adipokine. In addition, a clinical study conducted in 2015 found that patients with 

premalignant lesions had higher levels of leptin than patients with OSCC (Young, 

Levingston and Johnson, 2015). The study also found that Leptin and other 

proinflammatory cytokines levels were altered inversely to adiponectin levels. 

Evidence has demonstrated that functional DNA polymorphisms in the genes of LEP 

and LEP receptor (OBR) have been identified in patients with OSCC. The studies 

concluded that OSCC patients had significantly more genetic changes in LEP and its 

receptor OBR, which may have an impact on the amount of circulating leptin and an 

elevated risk of developing OSCC (Yapijakis et al., 2009; Hussain et al., 2015). More 

importantly, these genetic polymorphism variations could be used as diagnostic or 

prognostic indicators for people with oral cancer. In addition, a study conducted in 
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Taiwan (2018) showed a connection between OSCC development risk and resistin 

gene polymorphism (Yang et al., 2018).  

CCL5 genetic variations have also been implicated in the risk of developing oral 

cancer (Weng et al., 2010). Chuang and co-workers found that the CCL5 and its 

receptor CCR5 promoted oral cancer cell migration by increasing MMP-9 production 

(Chuang et al., 2009). This finding was further confirmed by an in vitro study (2014), 

which reported that increased levels of CCL5 stimulated oral cancer cells invasion 

(Kim et al., 2014).  

In vitro studies demonstrated that overexpression of FABP5 promoted cell 

proliferation and invasiveness in oral cancer cells by stimulating the expression of 

MMP-9 (Fang et al., 2009). Guo et al. (2013) showed that adiponectin inhibited 

migration but had no effect on cell proliferation in SCC15 oral cancer cell lines in 

vitro. Additionally, an adiponectin paralog protein, CTRP6, that shares the same 

molecular structure as adiponectin has been shown to significantly inhibit 

proliferation and invasion of OSCC cells. The study concluded that CTRP6 could 

prevent OSCC cells from progressing by interfering with the interaction between 

laminin and its receptor (Hano et al., 2019). 

In general, therefore, it seems that adipocytes and their secretory proteins play a 

vital role in cancer progression and metastasis, particularly in an adipocyte-rich 

environment. Although initially, it might be presumed that the head and neck region 

is devoid of fat, close examination reveals abundant fatty tissue and adipocytes in 

areas such as buccal mucosa/cheeks, floor of mouth, salivary glands, neck soft 

tissues including lymph nodes as well as bone of the jaws containing abundant 
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fibrofatty marrow. This suggests a potential role of adipocytes in OSCC progression 

including bone invasion and metastasis which has not been reported to date. 

1.5 Hypothesis of the study 

Adipocytes have been shown to be involved in cancer progression and metastasis of 

different tumour types, which have not been investigated to the same extent in 

OSCC. Indeed, there is increasing evidence that adipocytes may influence 

pathological processes such as cancer growth and dissemination by providing 

adipokines and lipids. Adipose tissue has become recognised as the largest 

endocrine organ that produces more than 600 types of peptides called 

adipocytokines, which are able to mediate its ability to communicate with other 

tissues via endocrine, paracrine, autocrine and direct contact routes. Therefore, our 

hypothesis is that adipocytes can influence oral cancer growth and spread through 

the action of adipokines.  

1.6 Aims 

The main aim of the project is to investigate the effect of the most abundant 

adipocyte-derived adipokines on oral cancer cell behaviour, and examine the 

contribution of adipocytes on OSCC pathogenesis. In addition, the crosstalk between 

mature adipocytes and oral cancer cells will be modelled and investigated.  

1.7 Objectives 

1. Investigate whether adiponectin and leptin, two of the most abundant and 

investigated adipokines secreted by adipocytes, can influence oral cancer 

proliferation and migration.  
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2. Examine the presence of adiponectin and leptin receptors on selected oral 

cancer cell lines (OCCLs), namely H357 and SCC-9 tongue cancer cell lines. 

3. Examine the expression of adiponectin and leptin receptors on the selected 

OCCLs after treatment with both adipokines.  

4. Examine the ex vivo expression of selected adipokines and their receptors on 

tissue sections of oral cancer and metastatic OSCC cells in lymph nodes.  

5. Differentiate and characterise mature adipocytes in vitro to: 

● Examine the effects of adipocyte conditioned medium on OCCLs 

proliferation and migration. 

● Examine their conditioned medium on the activation of fibroblasts into 

myofibroblasts. 

● Co-culture them with OCCLs in order to mimic the tumour 

microenvironment (TME) and model the interaction between adipocytes 

and tumour cells to detect some of the important epithelial to 

mesenchymal transition (EMT) markers. 
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Chapter Two 

Materials And Methods 
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2.1 Cell Culture Work 

All cell culture procedures were conducted in class II laminar hoods (Walker Safety 

Cabinets, UK), using sterile techniques. 

2.1.1 Cell Lines, Primary Cells And Culture Media 

All cancer cell lines were obtained from the Unit of Oral and Maxillofacial Pathology 

in the School of Clinical Dentistry, the University of Sheffield. The normal oral 

fibroblast primary cells were kindly provided by Dr Helen Colley; isolated using the 

method that Hearnden et al. (2009) previously described (Sheffield Research Ethics 

Committee Ref. 09/H1308/66). The 3T3-L1 primary cell lines and their culture media 

were purchased from Zen-bio, USA. (Table 2.1). Cell culture medium supplements 

and preparation are listed in tables 2.2, 2.3, 2.4 and 2.5. All, unless otherwise 

indicated, were purchased from Sigma Aldrich, UK.  

 Table 2.1: Cell Lines, Primary Cells And Culture Mediums 

Cells  Description 

 

H357 Cell 

Lines 

 

Description: Human tongue squamous cell carcinoma of a 74 year-old male 

patient. STNMP stage I, well differentiated. 

Source: European Collection of Authenticated Cell Cultures (ECACC; 

06092004). 

Culture Media: Dulbecco’s modified Eagle’s low-glucose medium (DMEM) 

supplemented with foetal bovine serum (FBS), L-Glutamine and Penicillin-

Streptomycin.  

 

SCC-9 Cell 

Lines 

 

Description: Human tongue squamous cell carcinoma of a 25 year-old male 

patient. STNMP stage IV, poorly differentiated. 

Source: American Type Culture Collection (ATCC CRL-1629). 

Culture Media: DMEM, low-glucose supplemented with foetal bovine serum, 
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HAM'S F12, L-Glutamine, sodium hydrocortisone succinate, adenine and 

Penicillin-Streptomycin. 

 

MCF-7 Cell 

Lines 

 

Description: Human breast adenocarcinoma of a 69-year female Caucasian. 

Source: European Collection of Authenticated Cell Cultures (ECACC 

86012803). 

Culture Media: DMEM, low-glucose supplemented with foetal bovine serum, 

L-Glutamine and Penicillin-Streptomycin.  

 

HepG2 Cell 

Lines 

Description: Human well differentiated liver carcinoma isolated from a liver 

biopsy of a male Caucasian aged 15 years. Source: European Collection of 

Authenticated Cell Cultures (ECACC 85011430). 

Culture Media: DMEM, low-glucose supplemented with foetal bovine serum, 

L-Glutamine and Penicillin-Streptomycin.  

 

NOF353 

Primary 

Cells  

Description: Human normal oral gingival fibroblast of a 64-year male. 

Source: Isolated as previously described by Hearnden et al. (2009) 

(Sheffield Research Ethics Committee Ref. 09/H1308/66). 

Culture Media: DMEM, low-glucose supplemented with foetal bovine serum, 

L-Glutamine and Penicillin-Streptomycin. 

 

3T3-L1 

Primary 

Cell Lines 

Description: Mouse fibroblast cells derived from Swiss mouse embryo tissue 

by Dr. Howard Green of Harvard Medical School, USA. 

Source: Zen-bio, USA (Cat # SP-L1-F).  

Culture Media: DMEM, high glucose supplemented with HEPES pH 7.4, 

bovine calf serum (BCS), Penicillin-Streptomycin and Amphotericin B. 

 

3T3-L1 

Adipocytes 

Description: Mouse fibroblast cells differentiated to mature adipocytes using 

induction medium. 

Source: Zen-bio, USA (Cat # SP-L1-F) 

Culture Media: DMEM, low glucose supplied with Ham’s F-12 medium (1:1, 

v/v), HEPES pH 7.4, foetal bovine serum (FBS), Biotin, Pantothenate, 

Human insulin, Dexamethasone, Penicillin-Streptomycin and Amphotericin B. 
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TABLE 2.2: Preparation Of Serum-Full DMEM (10% FBS) 

ADDITIVE VOLUME AND FINAL 

CONCENTRATION 

CATALOGUE 

NUMBER 

Dulbecco’s Modified Eagle Medium LG 

(DMEM) 

440 ml D6546-500 ML 

Foetal Bovine Serum (FBS) 50 ml ;10% 10270-106,Gibco by 

Life Technologies 

L-Glutamine 5 ml; 2 mM G7513-100 ML 

Penicillin-Streptomycin 5 ml; 100U/ml-100 µg/ml P0781-100 ML 

 

TABLE 2.3: Preparation Of DMEM Containing 1% FBS (1% FBS)  

ADDITIVE VOLUME AND FINAL 

CONCENTRATION 

CATALOGUE 

NUMBER 

Dulbecco’s Modified Eagle Medium LG 

(DMEM) 

485 ml D6546-500 ML 

Foetal Bovine Serum (FBS) 5 ml ;1% (v/v) 10270-106 Gibco 

by Life 

Technologies 

L-Glutamine 5 ml; 2 mM G7513-100 ML 

Penicillin-Streptomycin 5 ml; 100U/ml-100 µg/ml P0781-100 ML 
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TABLE 2.4 Preparation Of Serum-Free Media (SFM)  

ADDITIVE VOLUME AND FINAL 

CONCENTRATION 

CATALOGUE 

NUMBER 

Dulbecco’s Modified Eagle Medium LG 

(DMEM) 

490 ml D6546-500 ML 

L-Glutamine 5 ml; 2 mM G7513-100 ML 

Penicillin-Streptomycin 5 ml; 100U/ml-100 µg/ml P0781-100 ML 

 

2.1.2 Routine Culturing And Maintenance Of Cell Lines 

All cells were grown as adherent monolayers. Every two to three days, cells were 

checked, and their media was changed with new, pre-warmed media. 

Testing for mycoplasma was conducted on a regular basis by the Core facility 

service using a Mycoplasma Detection Kit (Cat # 13100-01, Southern Biotech). The 

kit uses polymerase chain reaction (PCR) to amplify the conserved 16S ribosomal 

RNA coding region within the Mycoplasma genome. 

2.1.2.1 Thawing Cells 

After removing the cryovial (Greiner Bio-One GmbH, Germany) from the liquid 

nitrogen store, the cells were immediately thawed at 370C in a water bath for <1 

minute. Upon thawing, the cryovial contents were aseptically resuspended in the 

appropriate warmed medium, and centrifuged at 1000 rpm for 5 minutes. The 

supernatants were gently discarded and the cells were resuspended in fresh medium 
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before transferring to sterile culture flasks or plates, and incubated in CO2 incubator 

(Scientific-Lab Supplies, UK) at 370C in 5% CO2/95% air.  

2.1.2.2 Sub-culturing Growing Cells 

Adherent cells were passaged after reaching 80-90% confluency. Exhausted media 

was discarded, cells were washed twice with 5 ml phosphate buffered saline (PBS) 

(Cat # D8537, Sigma-Aldrich), and incubated for 3-6 minutes at 37°C with 5% 

CO2/95% air in pre-warmed 0.05% trypsin/0.02% EDTA (Cat # T3924, Sigma-

Aldrich) to detach the adherent cells. Pre-warmed growth medium (twice the volume 

of the trypsin) was added to inhibit enzyme activity and the solution was transferred 

to a 15 ml conical tube and centrifuged at 1000 rpm for 5 minutes. The supernatant 

was discarded, and the pellet re-suspended by adding 10 ml of pre-warmed growth 

media. Cell counting (with a haemocytometer) was performed at this stage and the 

cells were split at different ratios depending on the seeding density required, and 

finally added to new flasks containing 10 ml of fresh growth medium. Flasks were 

labelled and placed in the incubator at 370 C in 5% CO2/95% air. 

2.1.2.3 Cell Counting 

Cells were counted using a haemocytometer (Baxter Scientific), figure 2.1. After 

trypsinising, the detachment reagent was deactivated by adding culture media 

containing 10% FBS. Following transfer to a 15/30 ml tube, the cell suspension was 

centrifuged at 1000 rpm for five minutes. The cell pellet was resuspended in 5-10 ml 

of fresh media and thoroughly mixed after the supernatant was discarded. Trypan 

Blue was used to assess cell viability (Invitrogen, Thermo Fisher Scientific) and was 

added to the cell suspension 1:1 (V:V), and 8 µl were transferred to a 

haemocytometer for cell counting under an inverted microscope (Nikon, ECLIPSE 
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TS100). Viable cells in the four corner squares counted using a 10x objective. Viable 

cells remained unstained whereas dead cells stained blue, figure 2.2.  

 

Figure 2.1: Haemocytometer slide 

 

 

Figure 2.2: Cell viability assay using Trypan Blue; created with BioRender.com   
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The number of cells in four 1 mm2 (volume 1 x 104 mL) squares of the grid were 

counted and the average taken. Cell number was calculated as indicated in the 

formula below. 

 

2.1.2.4 Freezing Cells For Long-term Storage 

Dimethyl sulphoxide (DMSO; Sigma Aldrich, UK) was added to the freezing medium 

to reduce the possibility of ice crystal formation that can damage the cells during the 

freezing process.  

The adherent cells were detached on reaching ~80% confluency using the same 

protocol described above. 1-2 x106 of cell suspension, with 10% DMSO as a 

cryoprotective agent and 90% FBS, were added to each cryovial. The cells were 

initially stored in a cryo-freezing container, filled with isopropanol to allow slow 

freezing of the cells, for 24 hours at -80°C before transferring to a liquid nitrogen for 

longer storage. 

2.2 Cell Proliferation Assays 

2.2.1 MTS Assays: 

The proliferation assay was conducted using a tetrazolium compound, ([3- (4,5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, 

inner salt; MTS]) (Cat # G3582; Promega, UK) to determine the effect of both 

adiponectin and leptin on oral cancer cells (H357 and SCC-9) proliferation via 
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determining cell viability. The dye reaction is dependent on the presence of NAD (P) 

H flux due to cellular metabolic activity.  

The MTS assays were performed in 96-well plates (Greiner Bio-one, UK), using 

H357/SCC9 OCCLs at cell density of 8 x 103 cells/well, and testing different 

concentrations of recombinant human APN/LEP (1 μg/ml, 10 μg/ml, 20 μg/ml, and 

100 μg/ml).  

2.2.2 Peptides And Recombinant Proteins 

Recombinant human adiponectin/Acrp30 Protein (stock 500 µg/ml), CF (Cat # 1065-

AP-050), and recombinant human leptin (stock 1000 µg/ml), CF (Cat # 398-LP) were 

purchased from R&D Systems (UK). LEP was reconstituted at 1000 µg/ml in sterile 

20 mM Tris-HCl (Sigma), pH 8.0. 

2.2.3 The Effect Of Adiponectin (APN) And Leptin (LEP) On H357/SCC9 OCCLs 

Proliferation 

H357/SCC9 cells at 90 % confluency were trypsinised, resuspended in serum-full 

media (10% foetal bovine serum/FBS), counted and seeded at the required density. 

Cells were left to adhere overnight at 37°C and 5% (v/v) CO2/95% air. The following 

day, the media was removed and the wells were washed twice in 100 μl PBS. Cells 

were treated with the different concentrations of APN/LEP (R&D Systems, UK) as 

mentioned earlier. Adipokines were diluted using 1% FBS in DMEM in a total volume 

of 100 µL, and serum-full media was used as a positive control while 1% FBS in 

DMEM used as a negative control. Subsequently, after 24-hour incubation, the 

medium was discarded, cells were quickly washed twice with PBS, and incubated 

with 100 µl serum-free medium and 20 μl MTS reagent (Promega, UK) for 1 h at 
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37°C and 5% (v/v) CO2. Absorbance was quantified using a microplate reader; 

TECAN Infinite M200 Pro Series (Tecan Trading AG, Switzerland) at 492 nm 

accompanied by MagellanTM Data Analysis Software (Tecan UK Ltd), illustrated in 

figure 2.2. Experiments were performed three times in triplicate.  

 

 

Figure 2.3: The different steps of conducting the MTS proliferation assay; created 

with BioRender.com 

 

2.3 Cell Migration Assay 

The migration/chemotaxis assay was performed using ThinCertMT tissue culture 

inserts with 8.0 μm pores for 24-well plates (Cat # 662 638; Greiner Bio-one, UK). 

Cell motility of oral tumour cells (H357 and SCC9) towards APN and/ LEP, after 

being serum starved for 24 h prior to experimentation to eliminate the contribution of 
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the serum and synchronised the cell cycle for consistency, was tested using different 

concentrations of APN and/ LEP.  

2.3.1 The effect of APN and LEP on migration of H357/SCC9 cell lines 

Procedure: H357/SCC9 at 80-90% confluency were serum starved for 24 h prior to 

experimentation. Cells were then trypsinised and resuspended in serum-free DMEM, 

counted and seeded at 1.0 x105 cells per well in 100 µl of serum-free DMEM. Cell 

suspension (100 μl) was added to the top chamber of each Transwell insert and 600 

μL of APN/LEP concentrations (1 ng/ml, 10 ng/ml, 1000 ng/ml diluted using serum-

free DMEM) were added to each bottom well, illustrated in figure 2.3, and serum-full 

media (10 % FBS) was served as a positive control while serum-free DMEM as a 

negative control. Migration assays were left for 18-24 h at 37°C and 5% CO2/95% 

air. After the incubation period, cells were washed twice with PBS and prior to 

fixation and staining, non-migrated cells were removed from the inserts manually 

using cotton buds in order to prevent fixation and staining to the membrane. Cells 

then were fixed with formalin (Genta Medical, UK) for at least 20 minutes and stained 

with 500 μl of 0.5% (w/v) crystal violet (in 10% ethanol) for 10 minutes. Afterwards, 

cells were washed three times with distilled water and any residual cells from the 

upper chamber were again removed gently using a cotton bud. The formalin-fixed 

membranes were cut and mounted on SuperFrost Plus microscope slides (Cat # 

406/0179/00; VWR International, UK) for analysis. The average number of migrated 

cells (3 fields per membrane) was determined from 3 independent experiments, 

enumerated at 10x magnification using bright-field microscope, and photographed 

with a colorview iIIu camera with associated Cell^D software (Olympus SC50 
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microscope, GmbH, Germany). Experiments were performed at least three times in 

duplicate.  

 

 

Figure 2.4: The different steps of conducting the Transwell migration assay; created 

with BioRender.com 

 

2.4 Investigate The Expression Of APN And LEP Receptors On Oral Cancer 

Cell Lines (H357 and SCC9) 

Flow cytometry is used widely and successfully to analyse the surface protein 

expression. Here we used indirect flow cytometry protocol using unconjugated 

primary antibody, followed by addition of appropriately labelled-secondary antibody 

for detection. TO-PRO-3 stain (ThermoFisher, catalogue # R37170), a nucleic acid 

stain, was used to distinguish dead cells from live cells in flow cytometry analysis. 

This dye is able to penetrate the membrane of damaged or dying cells making it 
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easy to differentiate between them and healthy cells. This step was included to 

exclude the potential for dead cells to bind nonspecifically to many reagents leading 

to false positive results.  

 

Table 2.5: Primary Antibodies For Adiponectin And Leptin Receptors 

Target Host species Dilution Manufacturer 

Adiponectin receptor1 

(ADIPOR1) 

Recombinant  

Rabbit mAb 

1:20  in PBS, 10 % FBS 

invitrogen Cat #  

MA5-32249 

Adiponectin receptor2 

(ADIPOR2) 

Goat  pAb 1:20 in PBS, 10 % FBS Abcam Cat # 

ab77612 

Leptin receptor (OBR) Recombinant 

Rabbit mAb 

1:20 in PBS, 10 % FBS 

invitrogen Cat # 

MA5-32685 

Abbreviation: mAb: Monoclonal Antibody, pAb: Polyclonal Antibody 

Table 2.6: Secondary Antibodies For Adiponectin And Leptin Receptors 

Target Host species Dilution Manufacturer 

PE Donkey anti-rabbit 

IgG 

Donkey  

1:25 in PBS, 10 % FBS 

BioLegend Cat # 

406421 

F(ab')2-Donkey anti-

Goat IgG-PE 

Donkey  1:25 in PBS, 10 % FBS Thermo Cat # 

31860 
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2.4.1 Indirect Flow Cytometry Procedures 

H357, SCC-9, MCF-7, and HepG2 cell lines were cultured in T75 cm2 flasks (Greiner 

Bio-One GmbH, Germany) up to approximately 80% confluence, then washed twice 

in PBS and harvested using 0.5 mM Accutase (Cat # 423201; Biolegend, San Diego, 

CA) as a detachment solution. After counting, the cells were resuspended to 

approximately 1-5 x 106 cells/ml in ice-cold PBS, 10% FBS (flow cytometry buffer). 

100 μl of cell suspension were added to each eppendorf tube, followed by adding the 

50 µg/ml primary antibody (1:20 dilution), and incubation with primary antibody (Anti-

ADIPOR1/ ADIPOR2/ OBR) for at least 30 minutes at RT on ice or 4oC in the dark. 

After the incubation, cells were washed 3 times with the flow cytometry buffer by 

centrifugation at 400 g for 5 min/each and then they were resuspended in 100 µl of 

ice-cold flow cytometry buffer. Afterwards, cells were incubated with fluorochrome-

labelled secondary antibody (1:25 dilution; PE-labelled donkey-anti-rabbit 

IgG/donkey / F(ab’)2-anti goat-IgG-PE) for at least 20-30 minutes at RT on ice or 4o 

C in the dark. Cells were washed 3 X by centrifugation at 400 g for 5 min and 

resuspended in a 300 µl ice-cold flow cytometry buffer and then stored immediately 

on ice/at 4°C in the dark for immediate analysis using BD FACSCalibur (BD 

Bioscience) with BD CellQuestTM Pro software (BD Bioscience, Oxford, UK). Before 

running the samples, 1 µg/mL TO-PRO-3 was added to all samples in order to 

assess cell viability. The run was terminated when the 10,000 cells threshold was 

achieved. The data analysis was performed using FlowJo (LLC, USA).  
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2.5 Regulation Of AdipoR1, AdipoR2 And OBR Expression In Oral Cancer Cell 

Lines By Their Respective Ligands 

2.5.1 Treatment with APN and LEP peptides 

H357 and SCC-9 OCCLs were seeded into T75 cm2 flasks at approximately 1.0 x 

106 cell density and were grown for 24 h in 10 ml of complete culture media. Cell 

cycle was synchronised by deprivation of serum for another 24 h, which brings all 

cells into a growth arrest phase (G0 cell cycle) for consistency. Subsequently, cells 

were treated with 1 µg/ml of adiponectin/leptin in DMEM containing 1 % FBS  for 48 

h. Cells were then harvested using 0.5 mM Accutase as a detached solution and cell 

viability was determined by trypan blue staining. Cells were resuspended to 

approximately 1,000,000 cells/ml in a cold flow cytometry buffer. 

2.5.2 Staining 

100 μl of cell suspension were added to each eppendorf tube, followed by adding 50 

µg/ml (1:20 dilution) of the primary antibody (Anti-ADIPOR1/ ADIPOR2/ OBR), and 

incubation for at least 30 min at RT on ice or 4°C in the dark. After the incubation, 

cells were washed 3-times by centrifugation at 400 g for 5 minutes and then they 

were resuspended in 100 µl of ice-cold PBS, 10% FBS. Afterwards, cells were 

incubated with a targeting fluorochrome-labelled secondary antibody for at least 20-

30 minutes at RT on ice or 4°C in the dark. Cells were washed 3 X by centrifugation 

at 400 g for 5 minutes and resuspended in a 300 µl ice cold flow cytometry buffer 

and stored immediately on ice in the dark for immediate analysis using BD 

FACSCalibur (BD Bioscience) with BD CellQuestTM Pro software (BD Bioscience, 

Oxford, UK). Before running the samples, 1 µg/mL TO-PRO-3 was added to all 

samples in order to assess cell viability. The run was terminated when the 10,000 
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cells threshold was reached. The data analysis was performed using FlowJo (LLC, 

USA). Data analysis was performed with the FlowJo software 10.7.1. All the indirect 

flow cytometry steps are illustrated in figure 2.5. 

 

Figure 2.5: This figure illustrates the different steps of indirect flow cytometry 

protocol; Created with BioRender.com 

 

2.6 Immunohistochemical (IHC) Analysis Of OSCC Tissue Sections To Examine 

The Ex Vivo Expression Of Selected Adipokines And Their Receptors 

2.6.1 Patient Samples and Clinical Data 

A total of nine human OSCC tissue samples were kindly provided by Professor 

Hunter (ethical approval reference: 08/S0709/70, Sheffield Teaching Hospitals 

Project Reference: 15753). 
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Clinical data were obtained from the patients’ records in the Oral and Maxillofacial 

Pathology Department, University of Sheffield. The clinicopathological data of the 

cases are summarised in table (2.7), and include age, gender, tumour site and 

pathological grades. Broder's classification was used to classify the histopathological 

grades of OSCC cases, see table 2.8, as recommended by World Health 

Organisation (WHO) (Roland et al., 1992). Dr Mattew Worsley (Research 

Technician) cut 4 µm sections from the tissue blocks onto SuperFrost Plus slides in 

preparation for further IHC staining. 

Table 2.7: Clinicopathological Data Of The Patient Tissue Cohort 

Clinicopathological Data 

Total Number Of Patients 9 

Mean Age 57 

Gender: Male:Female ratio 2:1 

 

Anatomical site 

 

Soft Palate                               (1 Case) 

Tongue                                    (6 Cases) 

Mandibular gingiva                   (1 case) 

Lymph nodes metastasis          (1 Case) 

Tumour grades Well                                          (3 cases) 

Moderate                                  (5 cases) 

Moderate-Poor                          (1 Case) 
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Table 2.8: Guidelines Used For Tumour Grading (Broder's Classification) 

Description Grade Differentiation 

Well differentiated I <25% undifferentiated cells 

Moderately differentiated II <50% undifferentiated cells 

Poorly differentiated III <75% undifferentiated cells 

Anaplastic IV >75% undifferentiated cells 

 

2.6.2 Haematoxylin and Eosin (H&E) Staining  

The H & E staining method is widely used in histopathology that uses a combination 

of two dyes, Haematoxylin and Eosin. Haematoxylin dyes cell nuclei blue, while 

eosin stains connective tissue fibres and the majority of cell cytoplasm in different 

shades and degrees of pink and red. Under optical microscopy, H & E tissue 

sections reveal bluish purple nuclei, reddish pink cytoplasm, pale pink collagen, and 

cherry red erythrocytes.   

Procedure: 

Formalin-fixed paraffin-embedded (FFPE) tissue blocks were cut into 4 µm sections 

and mounted on a SuperFrost® Plus microscope slide (VWR International, UK), then 

heated in an oven at 65°C for 30 minutes to allow the tissue to bind to the slide 

surface. The tissue slides were stained using an automated staining machine 

(Shandon linear UK). Briefly, the staining process can be described as follows: 
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Slides were dewaxed in xylene (Cat # 10320694; Thermo Scientific, UK) and 

dehydrated in ethanol, then incubated in hematoxylin for approximately 3 minutes 

followed by washes with tap water for 4 minutes. Next, slides were incubated in 

eosin for 2 minutes, washed in tap water for 45 seconds and dehydrated prior to 

mounting. The tissue was covered in mounting media DPX (Cat # 44581; Sigma-

Aldrich, Dorset, UK) and glass coverslips (VWR International, UK) used to cover the 

tissue. The slides were analysed using a bright-field Olympus SC50 microscope with 

Cell^D software 2.8 (Olympus soft imaging solutions, GmbH, Münster, Germany).  

2.6.3 Immunohistochemistry (IHC) Staining 

To investigate ex vivo expression of APN, LEP, and their receptors (AdipoR1, 

AdipoR2 and OBR), table (2.9), 4 μm tissue sections were subjected to 

immunohistochemical analysis. 

The optimum antibody concentration and antigen retrieval buffer were determined by 

a number of trials to optimise primary antibody dilutions for detecting specific 

expression and minimising non-specific background staining. See table (2.10) for the 

IHC solutions and antigen retrieval buffers. 

  Table 2.9: Primary Antibodies And Antigen Retrieval Conditions 

Primary 

Antibody 

Dilution Description Source Antigen 

Retrieval 

Buffer 

Adiponectin 

Peptide 

1:100 Recombinant 

Rabbit 

Monoclonal 

Antibody 

invitrogen, Cat 

# MA5-32685 

Tris/EDTA buffer 

pH 9.0 
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Adiponectin 

Receptor 1 

(ADIPOR1) 

1:50 Recombinant 

Rabbit 

Monoclonal 

Antibody 

invitrogen, Cat 

# MA5-32249 

Tris/EDTA buffer 

pH 9.0 

Adiponectin 

Receptor 2 

(ADIPOR2) 

1:50 Mouse 

monoclonal 

Antibody 

Santa Cruz 

Biotechnology, 

Cat # sc-

514045 

Tris/EDTA buffer 

pH 9.0 

Leptin Peptide 1:50 Recombinant 

Rabbit 

Monoclonal 

Antibody 

invitrogen, Cat 

# MA5-32685 

Tris/EDTA buffer 

pH 9.0 

Leptin Receptor 

(OBR) 

1:100 Recombinant 

Rabbit 

Monoclonal 

Antibody 

invitrogen, Cat 

# MA5-32685 

0.01 M Sodium 

Citrate Buffer, PH 

6 

 

Table 2.10: IHC Solutions And Reagents 

Chemical Reagent Formulation 

3 % (v/v) Hydrogen Peroxide  70 ml Hydrogen Peroxide (H2O2, 35%)  

230 ml Absolute Methanol 

0.01 M Sodium Citrate Buffer (pH 6.0) 11.8 g/ml Sodium Citrate Tribasic 

Tris-EDTA Buffer (10 mM Tris base, 1 

mM EDTA Solution, PH 9.0) 

1.21 g Tris  

0.37 g EDTA  

1 L Distilled Water 

0.5 ml Tween 20 

Phosphate Buffer Saline (PBS) 42.5 g/ml Sodium Chloride  

5.8 g/ml Sodium Phosphate Dibasic  
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1.25 g/ml Potassium Phosphate  

5 L Distilled Water 

Secondary Biotinylated Antibody Biotinylated Antibody Stock (1 drop) 

Blocking Serum (3 drops)  

10 mL PBS 

VECTASTAIN ELITE ABC Reagent A (2 drops)  

Reagent B (2 drops)  

5 ml PBS 

DAB Substrate Kit Buffer stock solution (2 drops)  

DAB stock solution (4 drops)  

Hydrogen peroxide solution (2 drops)  

5 ml distilled water 

 

2.6.3.1 IHC Procedure 

OSCC FFPE tissue sections were heated in an oven at 65°C for 30 minutes, then 

immersed in 100 % xylene for 10 min at RT to deparaffinise the tissue samples. 

Sections were submerged in pure alcohol for a further 10 minutes to rehydrate them. 

Endogenous peroxidase was blocked at RT by incubating in 3% (v/v) hydrogen 

peroxide (Cat # 10687022; Fisher Scientific, UK) in 100% methanol (Sigma, UK) for 

20 minutes, followed by a wash in PBS to prepare for antigen retrieval (Table 2.9). 

Heat-induced antigen retrieval was performed by submerging the slides in a suitable 

buffer as outlined in table (2.9), and heating for 10 minutes at maximum power in a 

microwave. Afterwards, slides were briefly allowed to cool in PBS, prior to blocking 

for 30 minutes at RT in 100 % serum which was from a species different to that in 

which the primary antibodies were raised. Therefore, goat serum (Cat # G6767, 

Sigma-Aldrich, UK) was used for rabbit antibodies (Adiponectin, Leptin, ADIPOR1, 

and OBR), and horse serum (Cat # H1270, Sigma-Aldrich, UK) for mouse antibodies 
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(ADIPOR2). The blocking serum was removed and 200 μl of primary antibody diluted 

in appropriate 100% serum was applied in a humidified chamber overnight at 4°C. 

For negative control, tissue sections were left in blocking serum without incubation 

with the primary antibody. 

On the following day, sections were rinsed twice in PBS for 5 minutes on a shaker at 

RT to remove the unbound antibody, and incubated with secondary biotinylated 

antibody (Vector Laboratories, CA, US) for 30 minutes at RT. Then washed twice in 

PBS for 5 minutes on a shaker at RT ready for incubation with avidin-biotin complex 

(ABC) (vectastain Elite ABC-HRP Kit, Vector Laboratories, CA, US) in accordance 

with the manufacturer’s instructions (Table 2.10). Finally, 3,3-diaminobenzidine 

tetrahydrochloride (DAB) (Vector Laboratories Ltd, UK), a chromogenic substrate 

that oxidises in the presence of peroxidase resulting in a brown colour, was applied 

onto slides for 4 minutes, then washed in distilled water for 5 minutes to stop the 

colour development. The sections then were counterstained with haematoxylin 

(Thermo Electron, UK), dehydrated and mounted in DPX mounting media (Cat # 

44581; Sigma-Aldrich, Dorset, UK) before analysis under light microscope. The 

images were taken using Cell^D software using a Olympus SC50 microscope.   

2.7 Differentiation And Characterisation Of Mature Adipocytes 

2.7.1 Preadipocyte Cell Lines 

The vast majority of previous studies investigating adipocyte growth and function 

have used either primary adipocyte precursor cells, which have a limited life span, or 

preadipocyte cell lines, which have been identified and cloned from many sources 

and can develop in culture through several passages. A summary of well-known 

preadipocyte cell lines that have been isolated are summarised in table (2.11). 
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Table 2.11: Different Preadipocytes Cell Lines Used In Research 

Preadipocytes 

Cell Lines 

Source Reference 

3T3-L1 Mouse embryo cells (Green and Meuth, 1974) 

3T3-F442A Mouse embryo cells  (Green and Kehinde, 1976) 

Ob17 Adult mouse adipocytes (Negrel et al., 1978) 

TA1  Mouse embryo fibroblast (Chapman et al., 1984) 

1246  Mouse Teratoma-derived 

adipocytes-like cells 

(Darmon et al., 1981) 

ST13  Mouse adult primitive 

mesenchymal preadipocytes 

(Hiragun et al., 1980) 

PFC6  Stroma of epididymal fat pads 

from adult mouse 

(Ailhaud, 1982) 

A31T6 BALB/C-3T3 clone A31 (Diamond et al., 1977) 

 

Most researchers investigating metabolic disorders such as diabetes, obesity and 

related disorders have utilised the 3T3-L1 cells to understand their basic cellular 

mechanisms. The 3T3-L1 cells used in this study were initially isolated by Dr Howard 

Green, Harvard Medical School, from Swiss mouse embryo tissue. 

3T3-L1 cells are fibroblast cells and to convert them from fibroblast-like cells to 

adipocytes, they are treated after growth arrest with pro-differentiative agents. The 
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most commonly used agents are insulin, dexamethasone, and 3-isobutyl-1-

methylxanthine (IBMX) (Kaiden Student, Hsu and Lane, 1980) at concentrations of 

10 µg/ml, 0.25 µM, and 0.5 mM, respectively. 

2.7.2 3T3-L1 Differentiation Protocol 

3T3-L1 preadipocytes were purchased from Zenbio, US (Table 2.1), cultured and 

differentiated according to the company protocol briefly outlined below. 

Cells were seeded at approximately 5 x 103 cells/cm2 in tissue culture 6-well plate or 

T25 cm2 flask using 3T3-L1 preadipocyte medium (Cat # PM-1-L1; Zenbio, US), and 

incubated in a humidified incubator, 37C, with 5-10% CO2. The culture media was 

changed every 2 days until the cells were 100% confluent. Once the cells were 

confluent, they were incubated for an additional 48 h before initiating differentiation. 

The preadipocyte medium was discarded and replaced with a sufficient amount of 

3T3-L1 differentiation medium (Cat # DM-2-L1; Zenbio, US). Cells then were 

incubated for 3 days, then the induction media was removed and replaced with 3T3-

L1 adipocyte maintenance medium (Cat # AM-1-L1, Zenbio, US), which was 

changed every 2-3 days until the cells were ready for assays; figure 2.6 shows the 

stages of adipocyte differentiation. To confirm adipocyte differentiation, cells were 

either stained for Oil Red O (ORO) stain or harvested for gene expression analysis.  

 

Figure 2.6: 3T3-L1 Preadipocytes Differentiation Process, created with BioRender.com. 
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2.7.3 Collection of conditioned media for adipokines analysis 

For adipocytokines screening, conditioned media was collected regularly from 3T3-

L1 preadipocytes and differentiated adipocytes, centrifuged at 1000 xg for 5 minutes, 

filtered, and used immediately or stored at -80°C ready for adipokine array analysis.    

2.7.4 Collection of conditioned media for functional and co-culture assays  

3T3-L1 differentiated adipocytes, a month post-differentiation, were carefully irrigated 

with sterilised PBS and then incubated in serum-free media (1 % L-glutamine, 

F12:DMEM-low glucose) for 48 h. Collected media was centrifuged at 1000 xg for 5 

minutes, filtered, and used immediately or stored at -80°C ready to use for the 

assays.      

2.7.5 3T3-L1 Adipocytes Differentiation Confirmation 

2.7.6 Oil Red O (ORO) Stain Preparation And Staining 

100 ml of 0.5% ORO stain was prepared by dissolving 0.5 g of ORO dye powder 

(Cat # O0625; Sigma, UK) in 100% isopropanol (Fisher Scientific, UK), followed by 

filtration using Whatman paper (No.1). ORO stain was stored at RT in a flammable 

liquid cabinet. 

ORO Staining procedure 

To stain triacylglycerol droplets, adipocyte media were removed and cells were 

washed gently twice with PBS, then cells were fixed in 10% formalin for 30 minutes. 

A working solution of ORO stain was prepared an hour prior staining the cells, which 

was done by diluting 3 parts of ORO stock solution stain in 2 parts of distilled water, 

then was filtered using 0.22 µm syringe filter (Starlabs, UK). ORO working solution 
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was used to stain cells for 20 minutes. After thorough rinsing 5 times with distilled 

water, cells were photographed using an inverted phase-contrast microscope (Nikon 

ECLIPSE TS100) connected to SPOT Idea 5.0 Mp Color Digital Camera. 3T3-L1 

Preadipocytes were stained in the same process and served as a negative control. 

2.7.7 Adipocytes Markers Expression Analysis 

2.7.7.1 Total RNA extraction from preadipocytes and adipocytes cultured cells 

Total RNA was extracted using the Direct-zolTM RNA Miniprep kit (Zymo Research, 

Cat # R2050) following the manufacturer’s instructions. All the procedures were 

conducted at room temperature. 

Cells were washed with ice-cold PBS and directly lysed in the culture ware by adding 

500 µl of TRIZOL reagent (1 ml per 10 cm2) to each well of the 6-well plate, followed 

by using tissue culture scraper (CytoOne®, Starlabs, UK) to harvest the cells. Each 

cell lysate was mixed thoroughly, and to remove the extra fat from homogenised 

adipocytes, lysed cells were centrifuged, and fat supernatant was removed and then 

transferred into a new nuclease-free tube. An equal volume of ethanol (95-100%) 

was added to the homogenised lysate and mixed carefully. Cell lysate was then 

immediately loaded into the provided a Zymo-Spin™ IICR Column in a collection 

tube and centrifuged at 16,000 x g for 30 seconds, the column then was transferred 

into a new collection tube and the flow-through was discarded. The samples were 

washed by adding 400 µl RNA Wash Buffer to the column and centrifuged followed 

by DNase I treatment. In an RNase-free tube 5 µl DNase I (6 U/µl) was added along 

with 75 µl DNA digestion buffer, mixed by gentle inversion and added directly to the 

column matrix and incubated at RT for 15 minutes. Afterwards, the column samples 

were subjected to two washes with 400 µl Direct-zol RNA PreWash and centrifuged 
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for 30 second at 16,000 x g for each wash. Flow through was removed, and the 

column was washed with 700 µl RNA Wash Buffer and centrifuged for 1 minute to 

ensure complete removal of the wash buffer. The column was carefully fitted into a 

1.5 ml nuclease free collection tube ready for RNA elution by adding 25 µl of 

DNase/RNase-free water directly to each column matrix and centrifuge. As soon as 

the RNA was eluted, it was put on ice prior to being quantified. 

2.7.7.2 Quantification of RNA concentration and purity  

RNA was quantified using a Nanodrop (ND-1000) spectrophotometer (Fisher 

Scientific, UK). The purity of extracted RNA was determined at wavelength 

260nm/280nm, with an optimal ratio of 2.0.  

2.7.7.3 Reverse Transcription (RT) of RNA to complementary DNA (cDNA)  

500 ng of extracted RNA was reverse transcribed using a High-Capacity cDNA 

reverse transcription Kit (Applied Biosystems, USA) following the manufacturer ́s 

protocol using a Peltier Thermal cycler (MJ Research, UK). The thermal cycler was 

set to run at 25°C for 10 min, followed by 2 h at 37°C, and finally at 85°C for 5 min. 

cDNA was then stored at -20˚C.  

Reverse transcription (RT) master mix reaction (total volume 10 μl/reaction) was 

prepared as illustrated in table (2.12).  

Table 2.12: Rt Master Mix Components 

Components 10 µL Volume (per 1 reaction) 

10X Reverse transcriptase (RT) Buffer 2µL 

25X Deoxynucleotides (dNTP) mix (100mM) 0.8µL 
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10X RT Random Primers 2 µL 

MultiScribe Reverse Transcriptase 1 µL 

Nuclease- free H2O 4.2µL 

 

10 μl of diluted mRNA and 10 μl of the prepared master mix were added to each 

PCR tube (VWR International, USA). Samples were centrifuged for 15 second at 

10,000 xg to ensure all samples collected at the base of the tubes. The samples 

were then loaded into a DNA Engine DYAD (Bio-Rad Laboratories, USA) thermo-

cycler, programmed at a selected setting of 25°C for 10 min, followed by an increase 

in temperature to 37°C for 2 h, and for 85°C for 5 minutes, prior to the samples being 

held at 4°C, ready for use or stored at -20/-80°C for cDNA preservation 

2.7.7.4 Quantitative Real-Time PCR (qRT-PCR) Using SYBR Green 

A Rotor-gene qRT-PCR cycler (Qiagen, UK) was used to measure the amount of 

each gene expressed using SYBR green chemistry. The quantification result was 

calculated using delta CT values normalised to the cellular reference gene mouse 

beta actin (Cat # 4331182, Thermo Fisher). Finally, the 2-ΔΔCt method was used to 

calculate the fold-change of genes of interest to relevant untreated samples (Livak 

and Schmittgen, 2001). Table 2.13 shows the primers used in this experiment. The 

primers used for SYBR Green quantification were designed using the Primer-BLAST 

(NCBI) designing tool (https://www.ncbi.nlm.nih.gov/tools/primer-blast/), and 

purchased from Sigma-Aldrich. Primers were ideally 18-22 base pairs in length, 

resulting in a PCR product of between 75 – 120 base pairs in length, with a melting 

temperature (TM) of 60°C ± 1°C.  

https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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Table 2.13: List Of The Used SYBR Green qRT-PCR Primers  

SYBR Green 

Primers 

Primers Sequences 

Forward Reverse 

PPAR Ɣ ACGTGAAGCCCATCGAG AGCACCTTGGCGAACAG 

FABP4 AGATGGTGACAAGCTGGTGG GGCCTCTTCCTTTGGCTCAT 

 

All reactions were performed in a total volume of 10 µl (9.5 ul SYBR Green master 

mix and 0.5 ul sample cDNA), as shown in table 2.14, each reaction was performed 

in triplicate.  

Table 2.14: Real Time qPCR SYBR Green Master Mix Components 

Real time qPCR SYBR Green 

Master Mix 

Volume (total volume 9.5 ul)  

Forward Primer 0.5 ul 

Reverse Primer 0.5 ul 

Nuclease free water 3.5 

2x qPCRBIO SYGreen Blue Mix (cat # 

PB20.11-05, PCRBIOSYSTEMS)  

5 ul 

 

0.5 μl RNA (instead of DNA) was utilised as a negative control for all samples to rule 

out the possibility that signals were generated from the amplification of 

contaminating genomic DNA. 
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Samples were loaded into 0.2 ml PCR tubes (Cat # 14230225, Fisherbrand), and 

mixed by centrifugation to ensure collection of samples at the tube bottom. Three 

steps with a melt setting, to generate a melt-curve, was used, where the thermal 

cycle consisted of a denaturation stage at 95ºC for 10 seconds, then a decrease in 

temperature to 60°C for 15 seconds (annealing stage) followed by 72°C for 20 

seconds (extension stage), this was repeated for 40 cycles. Finally, the 2-ΔΔCt method 

was used to measure fold-change of genes of interest to relevant untreated samples 

(Livak and Schmittgen, 2001). The cycle threshold (CT) indicates the number of 

cycles needed for the fluorescent signal to cross the threshold. The difference 

between the CT values of the reference control and the target genes is represented 

by the ∆Ct value. Then the normalised values (∆Ct value) were used to calculate the 

∆∆Ct values using the following equation: 

∆∆Ct sample treated = ∆Ct sample treated − ∆Ct sample untreated 

The calculated 2-ΔΔCT values represent the relative fold change in gene expression 

between samples. Data will be presented as a fold-change in target gene expression 

compared to the reference controls.  

2.7.8 Proteome Profiler Mouse Adipokine Array: 

A Mouse Adipokine Array Kit (Cat # ARY013, R&D Systems) was used to detect 

approximately 38 different adipocytokines secreted by adipocytes in a single sample. 

Additionally, it was used to compare between the difference of the secretomes 

released by 3T3-L1 preadipocytes and 3T3-L1 adipose cells. The assay was 

conducted according to the manufacturer's instructions. The kit details can be found 

in the appendix (A.1). 
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In brief, antibodies for 38 different adipocytokines have been spotted in duplicate on 

nitrocellulose membranes. To detect and compare the adipokines secreted by 

undifferentiated and differentiated 3T3-L1 cells, two membranes were incubated 

overnight with preadipocytes and/adipocytes conditioned media after being diluted 

and mixed with a cocktail of biotinylated detection antibodies. The membranes then 

were washed to remove unbound materials. Streptavidin-HRP and 

chemiluminescent detection reagents were added, and a signal was produced at 

each capture spot corresponding to the amount of protein bound. 

Chemiluminescence is detected in the same manner as a Western blot. Data were 

analysed using ImageJ software (LOCI, US). 

2.7.9 Enzyme-linked immunosorbent Analysis (ELISA) 

The Quantikine® Mouse Leptin ELISA kit (Cat # MOB00B, R & D systems) was used 

to measure mouse leptin in 3T3-L1 adipocytes conditioned medium. This tool was 

selected for its reliability and validity to quantitate the natural mouse leptin protein 

concentration accurately. 

The immunoassay was conducted according to the company’s protocol, which was 

followed accurately. 

In brief, cell culture conditioned medium from 3T3-L1 undifferentiated or 

differentiated adipocytes was assayed for levels of mouse leptin using the 

quantitative sandwich enzyme immunoassay technique. A microplate has been pre-

coated with a monoclonal antibody that is specific to mouse leptin. The antibody 

binds any leptin that may be present after standards, controls, and samples were 

pipetted into the wells. A biotinylated monoclonal antibody specific for mouse leptin 

was added to the wells after washing any unbound substances. An enzyme-linked 
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streptavidin polymer was added to the wells after washing any unbound antibody-

biotin reagent. A substrate solution was then added to the wells, and colour 

developed in proportion to the amount of leptin bound in the initial stage after any 

unbound streptavidin polymer-enzyme reagent was washed away. The colour 

development was stopped using an acid stop solution and the intensity of the colour 

was measured using a spectrophotometer at wavelength 546 nm (Tecan Trading 

AG, Switzerland). A standard curve was plotted from the standard’s concentration to 

determine the target protein concentration (pg/ml).  

2.8 Indirect co-culture assays  

The communication between cancer and stromal cells within the TME plays an 

important role in cancer initiation, growth, and metastasis (Lorusso and Rüegg, 

2008). This crosstalk has the potential to cause phenotypic and functional changes 

promoting cancer tumorigenicity. Tumour cells in various tumour types have been 

shown to convert mature adipocytes to cancer-associated adipocytes (CAAs), which 

show phenotypic changes, in terms of secretomes and size of lipid droplets (Dirat et 

al., 2011). CAAs play a fundamental role in cancer metastasis, proliferation, and 

angiogenesis through the release of adipocytokines facilitating endocrine, autocrine 

and paracrine interactions between tumour cells and mature adipose cells in the 

microenvironment (Dirat et al., 2011).  

To investigate the possible cellular changes as a result of this communication, in 

vitro co-culture assays were used in which these cellular interactions between 

OCCLs and 3T3-L1 adipocytes could be examined. In addition, the effect of 

adipocyte on fibroblast activation was examined. 
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2.8.1 Passive co-culture assays 

2.8.1.1 Exposure of Oral Cancer Cell Lines (OCCLs) to Adipocyte Conditioned 

medium (ACM)- Passive Co-culture 

H357 and SCC-9 OCCLs were cultured in T25 cm2 flasks with growth media up to 

~60-70% confluence. Conditioned media (section 2.7.3.2) from 3T3-L1 adipocyte cell 

lines were thawed in the water bath. OCCLs were washed three times with PBS, 

then incubated with 5 ml of serum-free ACM for 48 h at 37°C in a humidified 

incubator with CO2. Two days following the treatment, media were collected, 

centrifuged, and immediately stored at -20°C. OCCLs were washed with PBS x2, 

harvested and counted ready for protein and/ RNA extraction, figure 2.7. Oral cancer 

cells cultured with serum-free medium were served as a control.  
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2.8.1.2 Exposure Of Oral Fibroblast Primary Cells To Adipocytes Conditioned 

Medium (ACM) 

Passive co-culture assays were used to investigate the potential of adipocytes to 

activate oral fibroblast to a myofibroblast phenotype.  

Procedure: 

NOF353 cells were seeded into a 6-well plate (Greiner Bio-one, UK) at a density of 

1.5 x 105 per well with 2 ml of growth media and incubated overnight at 37°C in a 

humidified incubator with 5% CO2/95% air. The following day, the media was 

discarded, and cells were washed twice with PBS and serum starved overnight using 

serum-free DMEM. On the following day, cells were treated with 2ml serum-free 

ACM (section 2.7.3.2) for 48 h, 2 ml of serum-free DMEM containing 5 ng/ml TGF-β1 

(R&D Systems, USA) was served as a positive control. The experimental negative 

control wells were cultured in 2 ml serum-free medium (Figure 2.8). cells were 

incubated for 48 h in a humidified incubator. At the end of the experiment, cells were 

processed for 𝛂-SMA immunofluorescence staining. 
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2.8.1.3 Exposure Of 3T3-L1 Adipocytes To OCCLs Conditioned Medium (ACM) 

OCCLs (H357/SCC-9) were grown in SFM for 48 h, then the conditioned medium 

was centrifuged at 1000 xg for 5 minutes, filtered, and used immediately or stored at 

-80°C ready to use for the passive co-culture. 

3T3-L1 adipocytes were serum-deprived in SFM overnight, followed by incubation 

with OCCLs conditioned medium for 48 h. Following this treatment, cells were 

washed twice with PBS, fixed and stained with ORO stain, as previously described in 

section (2.7.4.1), to examine the phenotypic changes, in terms of cell size, cell 

number and lipid droplets.  

2.8.2 Interactive co-culture 

An interactive transwell co-culture system was used to co-cultivate OCCLs and 3T3-

L1 adipocytes using a porous membrane to allow fluid exchange and movement 
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between the co-cultured cells while maintaining their physical separation. In this 

assay experiment, ThinCertMT tissue culture inserts with 0.4 μm pores for 6-well 

plates (Cat # 657640; Greiner Bio-one, UK) were used.   

Procedure 

3T3-L1 were differentiated in a 6-well plate as described previously. 3 x105 OCCLs 

(H357/SCC-9) were seeded in 1.5ml of growth media on cell culture inserts 

containing 0.4 μm pores diameter. Prior to cell seeding, the tissue inserts were 

prepared by preincubation for at least one hour at 37°C to improve cellular 

adherence. Inserts then were placed on a 6-well plate filled with 2.6 ml of growth 

media, and were allowed to adhere overnight at 37°C in a humidified incubator with 

5% CO2/95% air. The medium was changed the following day. To avoid creating air 

bubbles, the cell culture inserts were carefully placed into the wells of the 6-well plate 

after adding 1.5 ml of fresh growth media to the inserts and 2.6 ml of fresh growth 

media to the adipocytes, figure 2.9. The co-culture system was maintained for 48 h 

at 37°C in a humidified incubator with 5% CO2/95% air. Then the media were 

collected and centrifuged at 3000 rpm for 5 min and promptly kept at -80°C in 

preparation for adipocytokine analysis. 
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Figure 2.9: Transwell co-culture model illustration; created with BioRender.com 

 

2.9 Protein analysis  

2.9.1 Adipokine array analysis 

This assay was used to identify secreted adipocytokines in tumour/adipose cells 

crosstalk and explore the different secretory cytokines.  

For adipocytokine screening, a Mouse Adipokine Array Kit (cat # ARY013, R&D 

Systems) was used as described in section (2.7.4.5). 

2.9.2 Western Blotting 

Western blot technique was performed to detect the differences in the expression of 

the EMT markers, E-cadherin, N-cadherin, SNAIL1, SLUG, TWIST, vimentin, and α-

SMA, between OCCLs grown in serum-free culture media and OCCLs cultured in 

serum-free ACM (Section 2.10.1.1). 
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2.9.2.1 SDS-PAGE  

Target proteins were separated and identified using sodium dodecyl sulphate 

polyacrylamide gel electrophoresis (SDS-PAGE). Based on molecular weight, the 

protein mixture is separated on a polyacrylamide gel matrix. When an appropriate 

voltage is applied, the negatively charged proteins move toward the positively 

charged electrode through the gel according to their size. However, this technique 

only provides semi-quantitative protein expression levels relative to other proteins.  

2.9.2.2 Protein extraction and quantification  

Radioimmunoprecipitation assay buffer (RIPA buffer, Sigma-Aldrich, UK) was utilised 

to lyse cells and solubilise proteins. Lysis buffer was prepared by mixing one tablet 

of mini-EDTA free protease inhibitor (Roche, Basel, Switzerland) in 10 ml RIPA 

Buffer. The cell pellet was removed from -80 °C storage and kept in an ice box. 200 

µl lysis buffer was added to the cell pellet and mixed thoroughly and kept in the ice 

for 30 minutes, then centrifuged at 13.300 rpm for 10 minutes at 4 ºC to avoid protein 

denaturing. The supernatants (soluble protein) were stored at -20 ºC and the pellets 

were discarded. Protein was quantified using the bicinchoninic acid assay (BCA) 

(Thermo Fisher Scientific, Cambridge, UK) following the manufacturer's protocol. A 

Tecan spectrophotometer was used for plate reading. Using the BSA standard curve 

and a polynomial equation, protein concentrations of samples were determined, 

figure 2.10. 
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2.9.2.3 Separation by size  

8 % and 12 % acrylamide gels were used depending on the target protein molecular 

weight. Gels were prepared in plastic cassettes (Invitrogen, Cambridge, UK) at a 

thickness of 1 or 1.5 mm. The Acrylamide gel composition for 1/1.5 mm gel thickness 

is shown in table 2.15. 

Table 2.15: Composition Of Acrylamide Gel 

Resolving Gel  

% Gel Acrylamide Lower Tris H2O TEMED* 10 % APS* 

8 % 2 ml 2.5 ml 5.3 ml 5 ul 350 ul 

12 % 3 ml 2.5 ml 4.3 ml 5 ul 350 ul  

Stacking Gel 

 Acrylamide Upper Tris H2O TEMED* 10 % APS 

 0.975 ml 2.1 ml 4.725 ml 17 ul 100 ul 

TEMED= Tetramethylethylenediamine, APS= Ammonium persulphate 
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30 μg protein lysate was mixed with a 5x SDS lysis buffer (1:5) then heated for 5 

minutes at 95°C in a heat block. The gel was placed into the XCell SureLock Mini 

Cell electrophoresis system (Invitrogen Ltd, UK) following the manufacturer’s 

instructions and filled with a 1x SDS running buffer. A protein ladder (Ez run protein 

ladder) and the protein samples were loaded into gel wells then the gel was run for ≅ 

90 minutes, at 120 V. 

2.9.2.4 Transfer to a solid support  

Protein in the gel was transferred into a nitrocellulose membrane using the Trans-

Blot® TurboTM Transfer System (Bio-Rad, Deeside, UK). The protein transfer was 

set up on the mixed molecular weight settings for 15 minutes according to the 

manufacturer’s instructions. Membrane was then stained with a Ponceau solution 

(Sigma-Aldrich, UK) to check for even protein transfer followed by washing with 

dH2O.  

2.9.2.5 Identifying The Target Protein  

Membrane blocking with 5% (w/v) milk (Marvel, UK) in TBS-T (Tris-buffered saline 

10mM, containing 0.5% Tween (v/v)) for 1 h at RT, was the first step in the 

immunodetection process. This was followed by overnight incubation with the 

primary antibody at the recommended concentration (Table 2.16) in 5% TBS-T milk 

at 4°C on a rocking platform. 

 

 

 

 

 



100 

 

Table 2.16: List Of Used Primary Antibodies For Western Blotting  

Primary Antibodies Working 

Concentration 

Catalogue # - Supplier 

Anti-TWIST, Mouse mAb 1:100 ab50887-Abcam 

Anti-SLUG, Rabbit mAb 1:1000 9585-Cell Signaling Technology 

Anti-SNAIL1, Rabbit mAb 1:1000 AV33314 - Sigma-Aldrich, UK 

Anti-αSMA, Rabbit mAb 1:1000 A5228 - Sigma-Aldrich, UK 

Anti-Vimentin, Rabbit mAb 1:1500 5741-Cell Signaling Technology 

Anti-E-cadherin, Rabbit mAb 1:1000 3195-Cell Signaling Technology 

Anti-N-cadherin, Mouse mAb 1:1000 14215S-Cell Signaling Technology 

Anti-GAPDH, Mouse mAb 1:5000 60004-Proteintech 

Anti-ꞵ-actin, Mouse mAb 1:3000  A1978 – Sigma-Aldrich, UK  

 

In the following day, the membrane was washed 3 times for 5 minutes with TBS-T 

and then was incubated with the secondary antibody (Table 2.17) in 5% TBS-T milk 

for 1h at RT on a rocking platform.  

Table 2.17: List Of Used Secondary Antibodies In Immunoblotting 

Secondary Antibodies Working 

Concentration 

Catalogue # - Supplier 

Anti-Mouse 1:3000 GTX22166701-Genetex, US 

Anti-Rabbit 1:3000 7074S-Cell Signalling, UK 

  

Afterwards, the membrane was rinsed twice for 10 minutes with TBS-T and one time 

with TBS for 5 minutes. Membrane was developed with enhanced 
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chemiluminescence (ECL), using Pierce ECL western blotting substrate (Thermo 

Fisher Scientific, Cambridge, UK), according to the manufacturer’s instructions, then 

the membrane was scanned with a Li-Cor C-Digit Western Blot Scanner and Image 

Studio Software (LI-COR Biosciences, US) to detect the protein bands. 

The density of protein bands on immunoblots was compared using ImageJ analysis 

software. The area of each plot was calculated and normalised to the corresponding 

internal control (GAPDH/β-actin) to give relative fold change in density. When 

necessary, membranes were stripped of bound antibodies using 10 ml of stripping 

buffer (Sigma-Aldrich, UK) for 15 minutes at RT on a rocking platform and then 

washed with TBS. This step was not performed more than two times per membrane. 

2.10 Molecular Analysis Using TaqMan Reaction 

2.10.1 RNA Extraction  

RNA was isolated using the Monarch Total RNA Miniprep Kit (Cat # T2010S, New 

England Biolabs) according to the manufacturer’s protocol, and synthesis of cDNA 

was performed as described previously in the High-capacity cDNA Reverse 

Transcription section (2.7.4.2.3). 

2.10.2 Taqman qRT-PCR Analysis 

Following reverse transcription to cDNA, all samples were exposed to real time 

qPCR evaluation using Rotor-Gene Q PCR system (Qiagen, Germany). TaqMan 

primers were utilised for DNA amplification (Table 2.18).  

Table 2.18: TaqMan Primers 
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TaqMan Primers Catalogue # - Supplier 

TWIST 1 Hs01675818-Life Technologies, Thermo Fisher Scientific, USA 

SNAIL1 Hs00195591-Life Technologies, Thermo Fisher Scientific, USA 

SNAIL2 Hs00950344-Life Technologies, Thermo Fisher Scientific, USA 

ZEB 1 Hs00232783-Life Technologies, Thermo Fisher Scientific, USA 

Collagen IV Hs00266237-Life Technologies, Thermo Fisher Scientific, USA 

CDH1/E-cadherin Hs01023894-Life Technologies, Thermo Fisher Scientific, USA 

 

Table 2.19: Real Time qPCR Taqman Master Mix Components 

Real time qPCR TaqMan Master Mix Volume (total volume 9.5 ul)  

TaqMan Primer 0.5 ul 

B2M 0.5 ul 

Nuclease free water 3.5 

TaqMan Gene Expression Master Mix (Applied 

Biosystems, Cat # 4369016, Thermo Fisher 

Scientific)  

5 ul 

 

Human beta-2 microglobulin (B2M, Cat # 4331182, Life Technologies, Thermo 

Fisher Scientific, USA) was selected as a reference gene for TaqMan primers. A 

mixture of 0.5 μl of cDNA and 9.5 μl qPCR master mix (Table 2.19) was loaded into 

0.2 ml PCR tubes (Cat # 14230225, Fisherbrand) in triplicates, and mixed carefully. 

0.5 μl RNA (instead of DNA) was utilised as a negative control for all samples to 

exclude the possibility that signals were generated from the amplification of 

contaminating genomic DNA. 
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For TaqMan primers, a two-step setting was employed, with the thermal profile 

beginning with a denaturation stage at 95°C for 10 seconds, followed by a 

temperature reduction to 60°C for 45 seconds to allow annealing and extension. This 

was then repeated for 40 cycles. Gene expression of each sample was normalised 

to the reference gene B2M to obtain ΔCt. The fold-change of the target genes 

compared to untreated samples was calculated using the 2-ΔΔCt method (Livak and 

Schmittgen, 2001).   

2.11 Immunofluorescence Staining For α-Smooth Muscle Actin (α-SMA) 

Immunofluorescence (IF) staining was performed to detect the expression of α-SMA 

and determine the activation state of oral fibroblasts in response to ACM.  

IF Procedure 

After treating the NOF353 cells with ACM for 48 h (Section 2.10.1.2), cells were 

washed twice with PBS and then fixed with 100% methanol for 10 minutes. 

Afterwards, cells were permeablised for 10 minutes using 0.02 % Triton (Sigma-

Aldrich, Gillingham, UK) diluted in PBS. Following a blocking step with 2.5 % BSA in 

PBS for 20-30 minutes, cells were then incubated with α-SMA- FITC antibody (Cat # 

A2547, Sigma-Aldrich) diluted (1 in 100) in blocking buffer 2.5 % PBS overnight in 

the dark at 4o C. The next day, cells were washed with PBS 3 times for 5 minutes 

each on a shaker in the dark at RT. Cells were then incubated with DAPI (Vector, H-

1200) diluted in PBS (1 in 1000) for 15 minutes followed by washing twice with PBS 

for 5 minutes each on a shaker. Images were taken at 20x magnification using an 

inverted fluorescent microscope (LEICA DMi8, Germany).  
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2.12 Statistical Analysis  

Statistical analysis was performed using GraphPad Prism software (Version 9.0a, 

INC, US). Two tests were used, One-Way ANOVA and t-test, according to the 

purpose of the experiments. Statistical analysis for each study is indicated in the 

results section of each chapter as well as in the respective figure legend. In all 

cases, a p‐value of <0.05 was considered significant. Data were displayed 

graphically as the mean with error bars indicating the standard deviation (SD). “N” 

followed by a number indicates the biological repeats, while “n” indicates the 

technical repeats, if applicable.  
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Chapter Three 
 

The Effect Of Recombinant Adiponectin And Leptin On The 
Behaviour Of Oral Cancer Cell Lines 
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3.1 Introduction 

The most abundant and investigated adipokines secreted by adipocytes, adiponectin 

(APN) and leptin (LEP), have been shown to possess functions beyond their 

conventional roles in maintaining energy balance. It is, therefore, possible that these 

adipokines may mediate the effects of adipocytes on tumour development and 

metastasis.  

Most of the molecular activities of APN are mediated by binding to its typical 

receptors, AdipoR1 and AdipoR2, which are members of the seven-transmembrane 

domain receptor family. Both receptors have been shown to be expressed in normal 

and cancer tissues (Yamauchi et al., 2003; Tang et al., 2005; Di Zazzo et al., 2019). 

T-cadherin has also been identified as a third APN receptor that is expressed widely 

in muscle, cardiovascular and nervous systems (Hug et al., 2004; Falcão-Pires et al., 

2012). However, some evidence suggests that T-cadherin may only serve as an 

APN binding protein and not as a genuine receptor (Takeuchi et al., 2007). 

The biological activity of LEP is facilitated through the transmembrane leptin receptor 

(OBR), named OBR (a–f), which is a member of the cytokine receptor family (Jaffe 

and Schwartz, 2008; Falcão-Pires et al., 2012). LEP receptors are present in almost 

all tissues, particularly in the hypothalamus, placenta, liver, kidney, lung, skeletal 

muscle, and bone marrow (Kang and Moon, 2010).  

APN and LEP have been shown to mediate cell proliferation and migration in 

physiology and disease, including cancer (Oda et al., 2001; Somasundar et al., 

2003; Frankenberry et al., 2004; Chiu et al., 2009; Shibata et al., 2012; Jin et al., 

2015; Jiang et al., 2016; Di Zazzo et al., 2019). To date, the effect of both adipokines 

on OSCC cell behaviour is still unclear. There is only one in vitro study, conducted in 
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2013, which tested the influence of APN on the proliferation and migration of SCC15 

oral cancer cell lines, derived from oral tongue cancer. Therefore, this chapter further 

explores the effect of these adipokines on oral cancer cell lines (OCCLs) proliferation 

and migration. 

3.2 Aim 

This chapter aims to explore the effect of APN and LEP on oral cancer cell lines 

proliferation and migration, which are key markers of tumourigenicity and metastasis. 

In addition, the expression of their receptors (AdipoR1, AdipoR2, and OBR) on 

OCCLs and their regulation by their ligands was investigated.  

3.3 Objectives 

● Examine the effect of APN and LEP adipokines on proliferation and 

migration of selected OCCLs (H357 and SCC-9). 

● Examine the expression of APN receptors (AdipoR1 and AdipoR2) and 

LEP receptor (OBR) on OCCLs to validate any responses to these 

ligands using flow cytometry. 

● Examine whether APN and LEP could regulate expression of their 

receptors on the selected oral cancer cell lines. 
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3.4 Results 

3.4.1 The Effect Of Recombinant Adiponectin And Leptin On OCCLs 

Proliferation And Migration 

Two in vitro functional assays, MTS proliferation assay and transwell migration 

assay, were used to examine the behaviour of the selected OCCLs after treatment 

with APN and LEP peptides.  

3.4.2 MTS Cell Proliferation Assay 

In the context of cancer, upregulation of cell proliferation is fundamental for tumour 

growth and progression. It has been shown previously that APN plays complex roles 

in carcinogenesis (Di Zazzo et al., 2019). It inhibits the growth of some malignancies 

while promoting neoplastic growth in others. LEP is considered as a growth factor 

that shows crucial functions in development, differentiation, and cell growth (Park 

and Scherer, 2011). However, other research studies have indicated that the 

mitogenic effects of this peptide depend upon the type of cancer (Somasundar et al., 

2003, Cheng et al., 2010). 

The proliferation experiments were conducted by MTS assay to test the effect of 

APN and LEP on the growth of H357 and SCC-9 OCCLs. The experiment 

procedures were described in detail in materials and methods chapter, section 

(2.2.2). 

Experiments were performed three times in triplicate; cell viability was assessed by 

using MTS absorbance. We performed the MTS assay by testing four different APN 

and/LEP doses ranging from 1 μg/ml–100 μg/ml. GraphPad Prism 9 was used for 

statistical data analysis (GraphPad Software, USA). All statistical analyses were 
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carried out using One-way ANOVA followed by Dunnett’s Post Hoc Test. Data are 

shown as means ± standard deviation (SD). Differences were considered to be 

statistically significant when the value of P was less than 0.05. 

3.4.2.1 Effects Of APN And LEP On H357 Cell Proliferation 

H357 cells were exposed to 1 µg/ml, 10 µg/ml, 20 µg/ml, and 100 µg/ml human 

recombinant APN (A) and LEP (B) as illustrated in figure 3.1. 

The results of the proliferation assays in figure 3.1, showed that APN/LEP treatment 

did not induce cell growth of H357 cell lines. 24-h treatment with APN/LEP (1 µg/ml, 

10 µg/ml, 20 µg/ml, and 100 µg/ml) had no effect on cell proliferation when 

compared with the negative control (1 % FBS), whereas, the positive control (10 % 

FBS) significantly increased cell proliferation of H357 cells compared to the negative 

control (1 % FBS). 
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Due to variability in optical density between experiments performed on different 

days, all treatment groups were normalised to the negative control (1 % FBS). 

3.4.2.2 Effects Of APN And LEP On SCC-9 Cell Proliferation 

Experiments were performed three times in triplicate; cell viability was assessed by 

using MTS absorbance. SCC-9 cells were treated with different APN/LEP doses for 

24 h. The results of the proliferation assays in figure 3.2 showed that APN/LEP 

treatment did not induce significant changes in cell growth of SCC-9 cells. 24 h 

treatment with both adipokines (1 µg/ml, 10 µg/ml, 20 µg/ml, and 100 µg/ml) had no 

significant effect on cell proliferation when compared with the negative control. Only 

the positive control, the DMEM containing 10% FBS, significantly increased cell 

proliferation of SCC-9 cells compared to the negative control (1% FBS). 
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Due to variability in optical density between experiments performed on different 

days, all treatment groups were normalised to the negative control. 

Analysis showed that both treatments (APN and LEP) did not promote significant 

changes in cell growth. The results from three repeats in triplicate were inconsistent 

for both treatments. The highest dose of LEP (100 µg/ml) showed an increase in cell 

proliferation of SCC-9 cells (first two repeats) compared to the negative control, 

whereas in the third replicate LEP treatment did not induce an increase in the cell 

growth compared to the negative control.  

3.4.3 Cell Migration Assay 

Cell migration from one site to another in response to a chemical signal is essential 

to different cell functions, such as cell differentiation, embryonic development, wound 

healing and cancer metastasis (Horwitz and Webb, 2003; Friedl, Hegerfeldt and 

Tusch, 2004; Raz and Mahabaleshwar, 2009).  

APN has been shown to stimulate cell migration of endothelial progenitor cells during 

new blood vessel formation (Jiang et al., 2016), also it induced the migration of 

human chondrosarcoma cells (Chiu et al., 2009). LEP increased the migration of 

epithelial cells such as vascular endothelial cells (Sierra-Honigmann et al., 1998), 

lung tracheal cells (Tsuchiya et al., 1999), gastric mucosa (Schneider et al., 2001), 

and keratinocytes (Stallmeyer et al., 2001). 

The migration assay was performed using ThinCertMT tissue culture inserts with 8.0 

μm pores for 24-well plates, as illustrated in materials and methods section (2.2.3).  
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3.4.3.1 Migration Of H357 Cells Towards APN And LEP 

To investigate the effect of APN and LEP on cell motility, cells were exposed to 

different concentrations of both adipokines using transwell migration assay for 24 h. 

As seen in figures 3.3-3.4, analysis revealed that APN treatment (A) induced higher 

migration of the cells than negative control (Serum-free media). Migration of H357 

cells was significantly enhanced with 1000 ng/ml APN (P= 0.0095), while the other 

concentrations did not show statistical significance. A similar response was seen 

with LEP treatment (B); migration of H357 cells was stimulated with increasing 

concentrations of leptin. The significant increase was seen with 1000 ng/ml LEP 

dose (P= 0.0446) when compared to negative control. 
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3.4.3.2 Migration Of SCC-9 Cells Towards APN And LEP 

To investigate the effect of APN and LEP on cell motility, SCC-9 cells were exposed 

to different concentrations of both peptides using transwell migration assay for 24 h. 

As seen in figures 3.5-3.6, analysis revealed that APN treatment (A) induces higher 

migration of the cells than negative control (Serum-free media). Migration of H357 

cells was significantly enhanced with 1000 ng/ml APN (P= 0.0095), while the other 

concentrations did not show statistical significance. 

A similar response was seen with LEP treatment (B); migration of H357 cells was 

stimulated with increasing concentrations of leptin. The significant increase was seen 

with 1000 ng/ml LEP dose (P= 0.0446) when compared to negative control. 
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3.4.4 Investigate The Expression Of APN And LEP Receptors On OCCLs (H357 

and SCC9) 

APN receptors are expressed in normal and cancer tissues. They have been shown 

to be expressed in cardiac muscle, brain tissue, macrophages, endothelial cells, 

lymphocytes, and adipose tissue, including the bone marrow. ADIPOR1 has been 

shown to be highly expressed in skeletal muscles, whereas ADIPOR2 is expressed 

widely in the liver (Diep Nguyen, 2020). 

Almost all tissues express LEP receptors, which are mainly present in the brain, 

liver, placenta, kidney, skeletal muscle, lung and bone marrow (Kang and Moon, 

2010).  

Flow cytometry was utilised to investigate the surface expression of the AdipoR1, 

AdipoR2, and OBR receptors in OCCLs, H357 and SCC-9. The experiments 

procedures were explained in materials and methods section (2.4.1). 

3.4.4.1 APN And LEP Surface Receptor Expression in OCCLs 

Initially, we aimed to investigate the presence of APN and LEP receptors on the cell 

surface of the selected OCCLs (H357 and SCC-9). The flow cytometry results 

revealed that APN and LEP receptors are widely expressed on OSCC cell lines. The 

cell lines expressed the receptors to varying degrees, figures 3.7 and 3.8; H357 cell 

lines showed the highest expression of AdipoR1, compared with SCC-9, which was 

almost 3-fold higher than SCC-9 cells, with more than 99 % of the cell population 

expressing AdipoR1. Also, the expression of AdipoR2 and OBR receptors were 

higher in H357 cells than in SCC-9, AdipoR2 levels in H357 cells being nearly twice 

that of SCC-9 (Table 3.1). 
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Further information on the flow cytometry analysis including the results of MCF-7 

breast cancer cell lines and Hep-G2 liver cancer cell lines that served as positive 

controls are available in Appendix (A.2). 

Table 3.1: Summarises All The Flow Cytometry Results For Leptin And Adiponectin 

Receptors 

The Type Of 

Cell Lines 

% Of OBR 

Expression 

% Of ADIPOR 1 

Expression 

% Of ADIPOR 2 

Expression 

H357 52.0 % 99.1 % 38.8 % 

SCC-9 42.7 % 39.2 % 21.1 % 
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3.4.4.2 Regulation Of APN And LEP Surface Receptors Expression In OCCLs 

Through Their Ligands Stimulation 

After confirmation of APN and LEP receptor expression in H357 and SCC-9 cell 

lines, we investigated whether both adipokines can influence the expression of their 

receptors, in terms of stimulating an increase in APN and LEP receptors. 

H357/SCC9 were seeded into two T75 flasks and incubated for 24 h in complete 

culture media (serum-full medium). Afterwards, cells were incubated in a serum-free 

medium for another 24 h. Subsequently, one flask of the cells was treated with 1 

µg/ml of APN/LEP in DMEM (1 % FBS) for 24 h, and another flask of cells was 

incubated in DMEM (1 % FBS). Cells were then harvested and resuspended at 

approximately 1 x 106 cells/ml in ice cold PBS, 10 % FBS. Followed by antibody 

staining for flow cytometry analysis, the procedure was explained in detail in 
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materials and methods section (2.5). Statistical analysis was performed using the 

Unpaired t test. 

Both oral squamous cell carcinoma-derived cell lines showed slight changes in their 

surface AdipoR1, AdipoR2, and OBR expression after exposure to 1 µg/mL of 

APN/LEP for 24 h, however, the changes were not statistically significant, figure 3.9-

3.10. Table 3.2 below summarises the flow cytometry analysis for the surface 

expression of APN receptors (ADIPO R1 & R2) and LEP receptor (OBR) on H357 

and SCC9 cell lines after treatment with 1 µg/ml APN/LEP.  

Table 3.2: The Average Surface Expression Of APN And LEP Receptors After 

Stimulation With 1 µg/ml APN/LEP (Average of 3 independent experiments) 

The Type Of Cell Lines Average % of 

OBR 

Expression 

Average % of 

ADIPOR 1 

Expression 

Average % of 

ADIPOR 2 

Expression 

Untreated H357 Cells 39.8 ± 30.64  29.6 ± 18.9 59.5 ± 41 

LEP/APN Treated H357 

Cells 

51.1 ± 27.2 31.5 ± 22 64.9 ± 35.7 

Untreated SCC-9 Cells 14.16 ± 14.3 46.47 ± 8.6  40.2 ± 36.9 

LEP/APN Treated SCC-9 

Cells 

16.85 ± 2.7 34.33 ± 8.4 37.8 ± 24.26 
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The experiments results were inconsistent and revealed very low expression in some 

repeats for both untreated and treated cells. Untreated and treated H357 cells 

showed almost similar percentages of OBR expression in the first repeat, 73.2 % 

and 74 % respectively. In the second repeat, LEP increased OBR expression by 1.8-

fold in H357 compared to cells incubated in 1 % FBS. However, the third repeat 
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showed as low as 13 % and 21 % of OBR expression in untreated and treated cells, 

respectively. Also, untreated SCC-9 showed low OBR expression in two repeats, 

average expression is 7.8 %. Similarly for treated cells which show average 

expression of 16.6 %. AdipoR1 expression in SCC-9 cells after stimulation with APN 

showed no change in the first and second repeats compared to the untreated cells. 

However, in the third replicate revealed a decrease in the treated cells compared to 

the control. 

3.5 Discussion 

3.5.1 Effects of APN and LEP on Cell Proliferation And Migration 

Overall, the proliferation and migration results presented so far show that APN and 

LEP stimulate migration of oral cancer cells in vitro with no significant influence on 

cell proliferation.  

3.5.1.1 Effects of APN on cell proliferation and migration 

An in vitro study conducted in 2004 found that APN has a strong inhibitory effect on 

endothelial cell migration and proliferation (Bråkenhielm et al., 2004). Furthermore, 

Bub and co-workers reported that prostate cancer cell proliferation is significantly 

inhibited by APN (Bub, Miyazaki and Iwamoto, 2006). On the other hand, different 

studies demonstrated that proliferation and migration of keratinocytes, and growth of 

endothelial cells were considerably enhanced by APN (Shibata et al., 2012; Adya et 

al., 2012). 

The role of APN in malignancies remains poorly understood. To date only Guo and 

co-workers have examined the effect of APN on SCC15 oral cancer cell lines. Guo 

and his team conducted a clinical study on patients with tongue cancer and 
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compared them with healthy individuals, as well as tested the effect of APN on cell 

growth and motility in vitro. The team reported that low APN levels are correlated to 

an aggressive oral tongue cancer type, in terms of histological and clinical grade, 

and presence of lymph node metastasis (Guo et al., 2013). In vitro, however, they 

found that APN had no effect on growth and proliferation of SCC15 oral cancer cell 

lines, which is in agreement with our results. Conversely, their migration assay 

results showed that APN significantly reduced migration of SCC15 cell lines, and that 

contradicts with our results. They used the same method (MTS assay) to assess the 

effect of APN on cell proliferation, however the APN concentrations (0.5-8 µg/ml), 

cell type and number were different from this study. Also, they use the same 

migration assay with different APN doses (1-4 µg/ml), cell type and number. More 

importantly, Guo’s group used globular adiponectin (gAd), and here in this study, we 

used a full-length APN (fAd); gAd and fAd isoforms are both detected in human 

plasma. Previous research has observed that fAd and gAd significantly promoted the 

proliferation of human endothelial cells. The same study has indicated that gAd also 

stimulates a significant increase in endothelial cells migration and angiogenesis, 

while fAd had no effect on cell migration and angiogenesis (Adya et al., 2012). In the 

cancer context, evidence showed that gAd may possess protective properties in 

esophageal cancer through inhibiting the effect of LEP on cell proliferation by 

activation of AMP-activated kinase (AMPK) and serine/threonine phosphatases, 

whereas fAd had no effect on LEP action (Ogunwobi and Beales, 2008). Another 

study found that gAd suppresses the proliferation of colorectal cancer cells through 

activating AMPK and inhibiting the mTOR pathways (Ayyildiz et al., 2014). In 

addition, Bub et al. (2006) suggested that fAd (HMW) is a potent prostate tumour cell 

proliferation inhibitor that can be used as a treatment for prostate cancer (Bub, 
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Miyazaki and Iwamoto, 2006). HMW-fAd has been employed as a marker for several 

disorders that are connected to adipocyte dysfunctions because it is the predominant 

form of APN in plasma and is considered to be physiologically most relevant 

(Hebbard and Ranscht, 2014). 

Three different types of fAd molecules are known to exist: a low-molecular-weight 

(LMW) trimer, a middle-molecular-weight (MMW) hexamer, and a high-molecular-

weight (HMW) multimer, as well as a super high molecular weight (SHMW), which is 

exclusively present in saliva secretion (Bobbert et al., 2005). This may explain why 

the data regarding the role of APN in cancer is contradictory. These various forms of 

APN have been proven to have various roles in the development of cancer (Körner 

et al., 2007; Sumie et al., 2011). Furthermore, the source of the recombinant APN 

protein and the standards used in its synthesis are two more significant variables 

that can have an impact on the experimental outcomes (Hebbard and Ranscht, 

2014). 

APN is produced predominantly from adipose tissue, and its concentration varies 

between 2 to 20 μg/mL in plasma (Hyun Kang et al., 2005; Fonseca-Alaniz et al., 

2007; Booth et al., 2015). In the present study, different concentrations of APN were 

used within the range of physiological concentration (1-20 µg/ml) to a higher dose of 

100 µg/ml for 24 h. The range of APN concentrations that were tested resulted in no 

significant increase in cell proliferation, while the cell migration was significantly 

stimulated by the 1μg/ml concentration, which is lower than normal physiological 

range (Fonseca-Alaniz et al., 2007). In obesity and other metabolic disorders, 

however, the level of APN decreases and that shows an inverse correlation with 
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cancer progression (Masaki and Yoshimatsu, 2008; Pérez-Hernández et al., 2014; 

Wang et al., 2019).    

In fact, APN shows multifaceted roles in tumorigenesis. Nevertheless, the anti-

proliferative and tumour-suppressor role of APN remains elusive, and data reported 

so far is controversial. Accumulative data indicated that APN might induce growth of 

some cancer cells, whereas in others it may act as a tumour-suppressor (Wang et 

al., 2005; Kamada et al., 2007; Liao et al., 2013; Beales et al., 2014; Sanz-Garcia et 

al., 2014; Nagaraju, Aliya and Alese, 2015). 

On the other hand, the complexity of TME found in vivo is different from that in 

cultured-cell lines, and it is likely that action of APN is highly influenced by the 

environment. In addition, differences between APN oligomers used might affect the 

experimental results. Indeed, most of the studies do not specify which isoform of 

APN is used; this is probably because of the difficulty of distinguishing them (Di 

Zazzo et al., 2019). More importantly, the inconsistent effects of APN on various 

tumour types may be the cause of the differences seen in cancer biology.  

3.5.1.2 Effects Of LEP On Cell Proliferation And Migration 

To our knowledge, this is the first study to investigate the effects of LEP on oral 

cancer cells. Our results showed that stimulation of OCCLs with LEP did not 

increase cell proliferation. However, it promoted migration of the cells in a dose-

dependent manner. Significantly increased migration was observed with 1 µg/ml 

(1000 ng/ml) dose. 

LEP has been investigated in many in vitro studies on cancer cells. Previous studies 

reported that LEP stimulates cellular growth and migration in various types of cancer 
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cells and the only exceptions were pancreatic cancer, anaplastic and follicular 

thyroid carcinoma cell lines (Somasundar et al., 2003; Frankenberry et al., 2004; 

Yang et al., 2009; Cheng et al., 2010; Wang et al., 2012; Ptak, Kolaczkowska and 

Gregoraszczuk, 2012; Chen et al., 2013). 

An in vitro study conducted in 2003 revealed that LEP considerably reduced growth 

and proliferation of pancreatic cancer cell lines. Somasundar and co-workers 

demonstrated that human malignant cells show variation in response to leptin, 

depending on the origin of cells (Somasundar et al., 2003). Cheng et al. (2010) 

concluded that LEP was able to stimulate the migration of papillary thyroid cancer 

cells, but it reduced the motility of anaplastic and follicular cancer cells. LEP 

regulates thyroid cancer cell migration in a cell type-specific manner. 

Our results indicate that LEP directly increases H357 and SCC-9 cells motility and 

migration in vitro, which is in agreement with other studies that show LEP increased 

the migration of epithelial cells such as vascular endothelial cells (Sierra-Honigmann 

et al., 1998), lung tracheal cells (Tsuchiya et al., 1999), gastric mucosa (Schneider et 

al., 2001), and keratinocytes (Stallmeyer et al., 2001). 

Normal physiological levels of circulating LEP are 5–15 ng/mL, which can increase 

depending on the body fat mass (Booth et al., 2015). In this study, we tested several 

concentrations (1 ng/ml - 100,000 ng/ml). The greatest migration response was to 

recombinant human LEP (1000 ng/ml), which is higher than normal physiological 

range. However, an in vivo study demonstrated that there are higher concentrations 

of LEP in human fat interstitial fluid than in blood (Dieudonne et al., 2002). In 

addition, several reports have shown that the production of LEP by adipocytes in the 

TME is increased as a result of the crosstalk between cancer cells and fat cells 
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(Zhao et al., 2020). Furthermore, the majority of cytokines have been shown to be 

present in higher local concentrations than systemic (Holzheimer and Steinmetz, 

2000). 

Overall, our results show that APN and LEP can influence H357 and SCC-9 oral 

cancer cells motility and further investigations are needed to confirm their 

implications in oral cancer progression. 

3.5.2 Regulation Of Adiponectin Receptors Surface Expression In OCCLs 

Through APN Stimulation 

APN receptors are ubiquitously expressed in most organs as well as in human oral 

normal and carcinoma tissue and SCC15 oral cancer cell lines (Guo et al., 2013).   

The results of this study also revealed that AdipoR1 and AdipoR2 are expressed by 

both selected OCCLs with varying degrees of expression. H357 cells showed the 

highest percentage of receptor expression compared to SCC-9 cells. Both OCCLs 

were derived from tongue SCC. However, H357 cells are well differentiated, while 

SCC-9 cells are poorly differentiated squamous cell carcinoma of the tongue. 

Therefore, the difference of the expression between the two cell lines might be due 

to their histological grade. Nevertheless, immunohistochemistry analysis to tongue 

squamous cell carcinoma tissue sections has revealed that AdipoR1 and AdipoR2 

expression did not differ by histological grade (Guo et al., 2013).  

There are other possible explanations for this expression variation such as the fact 

that OCCLs are obtained from various patients with variable risk factors. Another 

possible explanation for this is that the differences between tumour cells within the 

same tumour can also affect the receptors expression as seen in mammary tumour 
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cell lines (Norton, Popel and Pandey, 2015). All these factors can influence the 

difference of expression of APN and LEP receptors in OCCLs. 

This chapter also aimed to find out whether APN adipokines can function in a 

paracrine manner and affect the expression of its receptors. Prior studies have found 

that cytokines can regulate their receptor expression levels via autocrine or paracrine 

signalling, which may influence and amplify their signalling in health and disease 

(Chen et al., 2018; Abdullah Zubir et al., 2020).  

Our findings indicated that when OCCLs were stimulated with APN, no significant 

difference in the number of its receptors was detected compared to untreated cells. 

Previous evidence indicated that through physical activity or rosiglitazone (PPAR-Ɣ 

agonists) treatment, AdipoR1 and AdipoR2 levels can be raised (Polyzos et al., 

2010).  

The experiments were repeated three times for each receptor. Expression of 

AdipoR1 in untreated and treated H357 was almost similar in two repeats, average 

37 % and 40 %, respectively. Whilst, the third repeat resulted in very low expression 

for untreated and treated cells, 14 % and 15 %, respectively. Similarly, AdipoR2 

expression in H357 was inconsistent. In two repeats, the average of the expression 

in untreated and treated cells was 82.2 % and 84.5 %, respectively. Whereas, the 

expression of AdipoR2 in the last repeats was 14 % for untreated cells, and 26 % for 

treated cells. This could be explained by the heterogeneity of the oral cancer cells, 

which exhibit a variable response to the experimental conditions. Another factor that 

might explain this inconsistency is the autofluorescence of unstained cells that was 

used to gate the cells that are not stained within the sample. The unstained cells 
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showed high autofluorescence in the third repeats, which affects the results of the 

stained cells. 

The expression of AdipoR1 and R2 in SCC-9 cells after treatment with 1 µg/ml APN 

for 24 h revealed inconsistent results. The percentages of AdipoR1 expression in 

untreated SCC-9 cells were 44 %, 39 %, and 56 % in 3 independent experiments. 

The treated cells showed 44 %, 33 %, and 27 % of AdipoR1 expression, which 

indicated that treated cells expressed less AdipoR1 in two repeats. However, the 

difference was not statistically significant.  

The expression of R2 was very low in the first repeat for both untreated and treated 

SCC-9 cells, 6 % and 11 % respectively. The cell’s autofluorescence may be to 

blame for these low percentages. Untreated cells in the second repeat showed 1.4-

fold increase in AdipoR2 expression compared to treated cells. Whereas, in the third 

repeat the APN stimulated higher percentage of AdipoR2 expression than untreated 

cells, 43.5 % and 34.9 % respectively. 

A study conducted in 2015, concluded that incubating kidney cells with serum free 

medium prior to the antibody staining significantly increased cell-surface expression 

of both AdipoR1 and AdipoR2, while treating the cells with APN reduced the 

expression of both AdipoR1 and AdipoR2; suggesting that APN promotes 

internalisation of its receptors (Keshvari and Whitehead, 2015). The effect of APN on 

its receptors internalisation was previously reported (Almabouada et al., 2013). 

In our study, however, OCCLs were serum-deprived prior to performing the 

experiments and have not shown any significant increase in receptor expression 

compared to our previous results, where cells were not subjected to serum starvation 
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step. Also, the cells that were treated with APN showed no significant difference in 

AdipoR1 and R2 expression percentage compared to untreated cells.  

It is advisable that in order to prevent internalisation of cell surface proteins, all the 

procedure steps must be carried out on ice with using ice-cold reagents at 4°C. All 

the experiments here were performed on ice and all the reagents were kept on ice 

during the procedures. Also, the primary antibodies that were used (anti-adipoR1 

and anti-adipoR2) contain 0.05% sodium azide, which in the presence of ice 

prevents surface receptors internalisation. More importantly, cells were harvested 

using accutase reagent instead of trypsin as the latter has been shown to induce 

damage to cell surface proteins (Corver et al., 1995).  

3.5.3 Regulation Of Leptin Receptors Surface Expression In OCCLs Through 

LEP Stimulation 

Leptin receptor (OBR) has been reported to be expressed in human dental and 

periodontal tissues, as well as in major human salivary glands (Li et al., 2014, 

Bohlender et al., 2003). 

This study confirms the expression of OBR in H357 and SCC-9 oral cancer cell lines. 

The expression of OBR was higher in H357 cells compared to SCC-9 cells, which 

may be due to the difference in their grades.  

Yorio and co-workers have reported that LEP has the capability to regulate the 

expression of its own receptors in pituitary, hypothalamus, and ovarian cell lines (Di 

Yorio et al., 2008). However, this study has been unable to demonstrate similar 

results as stimulating H357 and SCC-9 cells with LEP did not promote any significant 

differences in OBR expression compared to untreated cells, which might be 
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attributed to the heterogeneity of the oral cancer cells that provide an inconsistent 

response to the experimental conditions. 

3.6 Limitation 

The OCCLs that were used are both derived from tongue cancer. H357 is a well-

differentiated OSCC, while SCC-9 is established from a poorly-differentiated, grade 

III OSCC. If there was enough time, we would test the effect of APN and LEP on 

other OCCLs from different oral sites, such as buccal mucosa/floor of the mouth. 

Also, we could test a wider range of both adipokines doses or test the effect of other 

adipokines namely, chemerin, resistin, apelin and visfatin peptides. Such adipokines 

were shown to stimulate/be involved in progress and metastasis of HNSCC (Wang et 

al., 2014; Yang et al., 2018; Diakowska et al., 2019; Aktan and Ozmen, 2019; Hung 

et al., 2021). 

Furthermore, other important functional assays could be used to assess the effect of 

APN and LEP peptides on OCCLs behaviour including cell invasion and wound 

healing/scratch assays.   

The aim of this chapter is also to investigate the presence of APN and LEP receptors 

in H357 and SCC-9 oral cancer cell lines, as well as examine the effect of these 

adipokines on the expression of their receptors. Future studies could examine the 

presence of the third adiponectin receptor, T-cadherin, in the selected OCCLs. In 

addition, adipocyte conditioned medium (ACM), different doses of both adipokines, 

or gAd instead of fAd could be tested to examine their effect on the receptor 

expression. 
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Chapter Four 

 
Examine The Ex Vivo Expression Of Adipokines And Their 
Receptors On Tissue Sections Of Oral Cancer 
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4.1 Introduction 

Novel cancer biomarkers have significant potential to aid early diagnosis, 

personalise the most appropriate treatment strategy and identify patients most likely 

to relapse. Clinically, cancer diagnosis and assessment are mostly based on clinical 

and histopathological evaluation. Molecular biomarkers, however, are more 

quantifiable and might be more indicative of the underlying pathological processes. 

APN and LEP are mainly produced by adipocytes and are the most widely studied 

adipokines in relation to cancer progression and metastasis.  

APN is almost exclusively synthesised by adipose tissue, although it can also be 

produced in lesser amounts by other tissues such foetal tissue, skeletal muscle, 

liver, cardiomyocytes, salivary glands, and cerebrospinal fluid (Andò et al., 2019). 

APN binds to its typical receptors, AdipoR1 and AdipoR2, which have been found in 

both healthy and cancerous cells. AdipoR1 is present in a variety of tissues, 

including the brain, heart, skeletal muscle, adipose tissue, and pancreas, while 

AdipoR2 is mostly expressed in the liver tissue.  

LEP is also secreted by bone marrow, muscle, placenta, stomach, and pituitary cells. 

It mediates most of its functions by binding to its OBR receptors present in a wide 

variety of tissues, the highest levels being found in the brain, placenta, skeletal 

muscle, liver, lung, kidney, and bone marrow (Kang and Moon, 2010). In many 

human cancers, LEP and its receptors are overexpressed showing an association 

with tumour metastasis (Park and Scherer, 2011). 

In the in vitro sections of this thesis, oral tumour cell lines have been shown to 

express APN and LEP receptors using flow cytometry. Furthermore, APN and LEP 
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and their receptors have been previously shown to be expressed in normal oral and 

cancer tissues (Guo et al., 2013; Li et al., 2014). 

Recent studies have revealed that dysregulation of APN, LEP and their receptors 

may play a role in the development of a wide range of human tumours. Jeong and 

co-workers suggested that decrease of LEP and OBR expression may be linked to 

invasive cancer, while increased levels of APN and its receptors may be linked to 

breast cancer invasiveness (Jeong et al., 2011). In contrast, other studies 

demonstrated that low levels of APN and its receptors were detected in different 

cancers such as, breast, endometrium, prostate, colon, and stomach (Ishikawa, 

Kitayama and Nagawa, 2004; Ayyildiz et al., 2014), while LEP and its receptors 

levels were shown to be increased in several cancers such as, papillary thyroid, 

colon and breast cancer (Kruijsdijk, Wall and Visseren, 2009; Pérez-Hernández et 

al., 2014). 

The expression of both adipokines and their receptors in OSCC has not been widely 

investigated. In fact, there is currently only one study that has looked at the 

expression of the APN receptors and their involvement in the progression of oral 

cancer (Guo et al., 2013). 

One of the main aims of this project is to study the role of adipocytes in OSCC 

metastasis to lymph nodes. Therefore, immunohistochemistry for selected 

adipokines and their receptors will be performed on tissue sections of oral cancer 

and metastatic OSCC cells in lymph nodes. 

4.2 Aim 

The aim of this chapter was to examine the expression of adipocyte-derived 
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adipokines, LEP and APN and their receptors OBR, ADIPOR1, and ADIPOR2, in 

oral cancer tissues and compare the difference of their expression between the 

different oral cancer histological grades.  

4.3 Objectives 

● Investigate and quantify the ex vivo expression of the selected adipokines and 

their receptors. 

● Compare the expression between primary tumours and metastatic tumours 

and correlate with histopathological grades. 

4.4 Results 

Nine OSCC cases were used in this study, three well-differentiated (Grade I), five 

moderately-differentiated (Grade II) (one of them is metastatic to lymph node), and 

one moderately-poorly differentiated (Grade II-III) were obtained from the Unit 

archive and analysed using IHC to examine expression of the APN and LEP 

adipokines and their receptors. The World Health Organisation (WHO) classification 

criteria were used to assess the histological grade of the OSCC cases. 

4 µm thick sections were incubated with primary antibodies against APN, AdipoR1, 

AdipoR2, LEP, and LEP receptor (OBR) at 4°C overnight, then with HRP-conjugated 

secondary antibodies. In negative controls, primary antibodies were omitted. 

Immunoreactions were visualised with Vector NovaRed peroxidase (HRP) substrate. 

Then diaminobenzidine tetrahydrochloride (DAB) was added to the slides for 4 

minutes. Regardless of strength, brown stains were regarded as positive. Following 

that, all slides were counterstained with haematoxylin. The procedures were 

described in detail in materials and methods chapter, section (2.6). 
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Immunohistochemical staining was evaluated using a semi-quantitative 

immunoreactivity score, which was based on staining intensity and staining extent as 

described by Paik et al. (2009). The expression of the target proteins was evaluated 

in three areas per case. Staining intensity was scored as 0 (negative), 1 (weak), 2 

(moderate), and 3 (strong). The extent of staining was scored as 0 (0%), 1 (1–25%), 

2 (26–50%), and 3 (51–100%) based on the percentage of cells that stained 

positively. The final staining score was calculated by multiplying the intensity and 

extent scores. The multiplied scores for each case were categorised into four 

expression categories: 0 = negative, 1-3 = low, 4-6 = moderate, and 7-9 = high. The 

protein expression levels were compared between the central and superficial areas 

(CSA) of the tumour and the invasive front (IF). The IF, which has been identified as 

the region primarily responsible for the tumour's clinical behaviour, is where the 

deepest and most invasive parts of the tumour are histologically located. The 

expression of each protein at the IF was compared in OSCCs with high and low 

histological grades of invasiveness. 

 4.4.1 Expression of LEP and its receptor (OBR) 

OBR was positive in all the 9 cases, while LEP could not be detected in any of the 

cases. 

OBR expression was shown in paracancerous tissue adjacent to OSCC and in 

OSCC tissue (Figure 4.1). In paracancer, most of the positive epithelial cells were 

situated in basal and suprabasal layers. While in OSCC, they present in nearly the 

full epithelial length and are primarily confined to the lower two third of the 

epithelium, and in all tumour cells including at the invasive front were positive for this 

protein. 
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According to the final staining score, OBR expression was observed in cytoplasm of 

OSCC tissues, which was low expressed in well-differentiated, and moderately 

expressed in moderately and moderately-poorly differentiated cases, figure 4.2. 

Staining scores were only high in the metastatic case, figure 4.3.  

However, it cannot be concluded that the staining scores of OBR expression are 

increased as the tumour progressed as the tissue cohort in this study involves only 

one metastatic case. 
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Furthermore, our findings show that OBR is expressed in OSCC in epithelial cells as 

well as in immune cells. OBR staining was most obvious in the inflammatory cells, 

followed by tumour cells, endothelial cells, fat tissue, and epithelium with the lowest 

staining in the keratin pearls and the superficial layer of the epithelium, including the 

keratin layer.  

It was noted that the adipocytes that were in close contact with invasive malignant 

cells were smaller in size than distal adipocytes (Figure 4.4). These results have 

been shown in many studies, which concluded that cancer cells modify adipocytes 

by increasing lipolysis and inducing phenotypic alterations (Nieman et al., 2011; Dirat 

et al., 2011). 
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4.4.2 Expression of APN and its receptors (AdipoR1 and AdipoR2) 

AdipoR1 expression was negative in all the cases, while APN and AdipoR2 were 

positive in 8 cases (88.8 %). In 3 cases, both proteins were present in almost the 

entire epithelial length, and all tumour cells including at the invasive front were 

positive for these proteins. 

The results of the final staining scores for APN and AdipoR2 expression 

demonstrated that the expression of APN and its receptor AdipoR2 were low in well-

differentiated and moderately-poorly-differentiated OSCC. While in moderately 

differentiated OSCC, the expression was moderate for both proteins (Figures: 4.5, 

4.6, 4.7). 
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APN and AdipoR2 were both highly expressed in the metastatic case and in the 



141 

 

inflammatory cells, while their expression was weak in epithelial tissue, including the 

keratin layer. In most of the cases, APN and AdipoR2 staining appeared with similar 

distribution in the stratum granulosum and spinosum, and was occasionally detected 

in the stratum basale, while one case showed no expression of both proteins. The 

expression of APN and its receptors in muscles and salivary gland tissues served as 

internal positive controls, figure 4.5. 

4.5 Discussion 

Herein, the expression of adipocyte-derived adipokines, APN and LEP, and their 

receptors was examined by immunohistochemistry. Our findings show that OBR was 

widely expressed throughout the OSCC tissue as well as in the adjacent tissue. 

Whereas, APN and its receptor AdipoR2 showed a variable distribution among the 

examined cases. However, LEP and AdipoR1 could not be detected in all 9 cases. 

4.5.1 OBR expression in OSCC tissue 

Recent findings have revealed that dysregulation of LEP and its receptor may play a 

role in the development of a variety of human neoplasms. 

Our study showed expression of LEP receptor (OBR) in oral paracancer and cancer 

tissues. In some cancers, such as breast, thyroid, and endometrial cancer OBR 

expression was seen in tumour but not in normal tissues (Cheng et al., 2010). 

OBR was weakly expressed in well-differentiated, and moderately expressed in 

moderately and moderately-poorly differentiated cases, which might indicate that the 

expression of OBR increases with the increase of the OSCC grades. Staining scores 

were only high in the metastatic case. LEP peptide showed no expression in all the 



142 

 

OSCC cases including the internal controls, which might be a technical issue with 

the anti-LEP antibody or might suggest that OSCC cells might be influenced by 

endocrine LEP. 

The expression levels of OBR did not differ between the IF and CSA areas but did 

differ between the different histological grades of the primary OSCC or metastatic 

type. OBR staining predominantly in the lower 2/3 of the mucosa (basal and 

suprabasal layers) may indicate that LEP receptor expression might be associated 

with proliferation because the basal cell layer is constantly regenerating and 

maturing cells are pushing upward in the mucosa, however, our in vitro results 

showed that different concentrations of LEP did not affect oral tumour cell 

proliferation. 

Also, we found that OBR immunoreaction was high in the inflammatory zone, and 

endothelial cells whereas in other malignancies it has been shown to be weakly 

expressed (Li et al., 2014). The high expression of LEP receptors in the inflammatory 

and endothelial cells may be related to the ability of LEP to modulate the immune 

response by directly targeting immune and endothelial cells, which are crucial for 

promoting the invasion and spread of cancer (Mistry et al., 2007; Park and Scherer, 

2011).  

Overexpression of LEP and its receptor OBR in different cancers such as breast 

cancer has been reported (Garofalo et al., 2006). Garofalo and co-workers found 

that both primary and metastatic breast cancer dramatically overexpressed LEP and 

OBR. The team concluded that the increase of OBR expression in breast cancer is 

induced by hypoxia. These findings suggest that the overexpression of OBR in 

OSCC also could be due to hypoxic conditions as hypoxia is very common in OSCC 
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(Curry et al., 2014). 

Ishikawa and co-workers (2004) showed that patients with primary breast cancers 

that overexpress OBR are more likely to experience haematogenous metastasis or 

recurrence of the disease, whereas those with OBR-negative tumours exhibit 

decreased expression of LEP, which is linked to a positive prognosis (Ishikawa, 

Kitayama and Nagawa, 2004). 

On the other hand, Hong and co-workers found a tendency for LEP expression to be 

reduced during the dedifferentiation of gastric cancer. They proposed that low levels 

of LEP expression in stomach cancer was associated with high levels of cancer 

proliferation (Hong et al., 2006). Furthermore, several authors reported that LEP 

expression was significantly lower in poorly differentiated cancers compared to the 

well- and moderately-differentiated gastric adenocarcinomas (Paik et al., 2009). 

Several studies have shown that breast and thyroid tumour size is correlated with 

leptin and its receptor expression (Ishikawa, Kitayama and Nagawa, 2004; Nigro et 

al., 2021). Indeed, a number of studies indicated that invasive cancers may exhibit 

downregulated OBR expression (Jeong et al., 2011; Llanos et al., 2020). Some 

malignant neoplasms, including endometrial, hepatocellular, and bladder cancer, 

have been shown to have decreased OBR expression (Ishikawa, Kitayama and 

Nagawa, 2004). It therefore appears that LEP and its receptor expression and 

distribution vary according to the cancer type and its differentiation stage. 

4.5.2 APN and AdipoR2 expression in OSCC  

APN and AdipoR2 expression were positive in 8 out of 9 cases (88.8%), while 

AdipoR1 expression was negative in all cases, including the internal positive control 
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(skeletal muscle and salivary gland tissues). This negative expression might indicate 

a technical issue with the primary antibody that was employed in the IHC staining. 

However, in our previous chapter, Adipor1 receptor was detected on the OSCC cell 

lines (H357 and SCC-9) using flow cytometry. 

APN and its receptor (R2) expression levels did not differ between the IF and CSA 

areas but did differ between the different histological grades of the OSCC cases. 

APN and R2 immunostaining results showed that both well-differentiated and 

moderately-poorly differentiated OSCC exhibited low expression of APN and its 

receptor AdipoR2, while the expression was moderate in moderately differentiated 

OSCC cases. These data would suggest that the expression of these proteins 

increased in the intermediate grade of the OSCC, but the comparison is biased due 

to the small number of cases and the fact that the majority of them are moderately 

differentiated. 

In three moderately-differentiated OSCC cases, APN and its receptor R2 were 

evenly distributed along the epithelial length, and these proteins were found in all 

tumour cells, including those in the invasive front. Whereas, in the rest of the cases 

their expression was detected in the suprabasal layer of the epithelium and not in the 

paracancer tissues. This infrequent expression of APN and its receptor in the 

stratum basale may further confirm our proliferation assay results that revealed no 

effect of APN on oral cancer cell proliferation.  

APN and its receptors (R1 and R2) were detected in tongue tissue and oral cancer 

cell lines, SCC15 cells, by Guo et al. (2013). This group found that the expression of 

APN and its receptors, R1 and R2, was co-localised mostly in basolateral cells of 

well-differentiated OSCC tissue, while they were expressed in all the cells in 
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moderately-differentiated lesions. In poorly-differentiated OSCC there was 

widespread expression of the APN, AdipoR1 and AdipoR2 in all tumour cells. Here, 

we could not detect adipoR1 in any of the samples, which might be due to the 

primary antibody itself. 

APN and adipoR2 were not expressed in one of the cases, not only in tumour tissue 

but also in the internal positive control of the tissue section (skeletal muscle, fat and 

salivary gland tissues). A possible explanation for this might be that different 

physiological and pathological conditions influence the level of serum adiponectin. 

Therefore, this tissue section might be derived from a patient suffering from 

cardiovascular or metabolic conditions such as obesity and type 2 diabetes, which 

are strongly correlated with hypoadiponectinemia. However, a recent study 

conducted on gastric cancer found that AdipoR1 and AdipoR2 are highly expressed 

in the cancer tissue despite the declined level of circulating APN (Kordafshari et al., 

2020). Additionally, in colorectal cancer, APN and its receptors are expressed in both 

normal colonic tissue and colon cancer tissue, and the expression of AdipoR1 and -

R2 is higher in malignant colonic tissue despite the decrease in APN serum 

concentrations (Obeid and Hebbard, 2012). 

Expression of APN and its receptors have been shown to be decreased in some 

malignant tumours, while increased in others. In fact, the role of APN in cancer is not 

yet completely understood. 

Breast, colorectal, pancreatic, and oesophageal carcinomas all showed an increased 

expression of the adiponectin receptor (Körner et al., 2007; Obeid and Hebbard, 

2012; Ayyildiz et al., 2014). Korner and co-workers found that AdipoR1/R2 were 

expressed by breast cancer tissues and cell lines, but not adiponectin, and both the 
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tissue samples and cell lines expressed more AdipoR1 than AdipoR2. On the other 

hand, Ayyildiz et al. (2014) reported that AdipoR1 and AdipoR2 expression did not 

differ significantly between individuals with early-stage and advanced-stage gastric 

cancer. The study team also indicated that there were no significant relationships 

between AdipoR1 and AdipoR2 expression and the patient clinicopathologic 

features. In contrast, Tsukada et al., (2011) found that AdipoR1 expression is 

inversely correlated with the prognosis of gastric cancer. Another study conducted in 

2011 demonstrated that AdipoR1 expression was found to be inversely correlated 

with local lymph node metastasis, while AdipoR2 expression to be positively 

correlated with advanced TNM stage of colorectal carcinoma (Gialamas et al., 2011). 

It is obvious that the expression of APN and its receptors varies from one study to 

another and might depend on the type of the cancer or the patient’s clinical 

characteristics. More importantly, the dysregulation of their expression and its impact 

on the cancer outcome should be more extensively investigated. 

4.6 Limitation 

We are aware of some of our study's limitations. Firstly, the number of OSCC cases 

studied was small, and our findings may not apply to a larger group of cases. We 

aimed to examine the expression of the two selected adipokines and their receptors 

on primary tumours and metastatic tumours and then correlate their expression with 

the patient status (i.e. BMI, diabetes mellitus), the cancer histopathological grades, 

TNM stages, and the cancer outcome/survival or recurrence. However, we were 

unable to obtain a larger cohort or even to collect all the relevant data for the cases 

that we managed to include in this study. 

Secondly, only two of the APN receptors have been studied; further research should 
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be done on the third APN receptor, T-cadherin. A different primary antibody against 

AdipoR1 should be sourced as the negative results might be due to the type of the 

antibody that was used as this receptor has been previously identified in oral cancer 

sections by Guo et al. (2013). Another anti-LEP antibody also should be tried to 

examine the expression of LEP adipokine in OSCC tissues. 

Further limitation is that the OBR antibody we used in this study is unable to 

distinguish between the different OBR isoforms, particularly between the short and 

long isoforms. The long form OBR is considered to be the functional receptor as it 

contains various motifs required for subsequent signalling pathway activation. 
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Chapter Five 

 
Differentiation And Characterisation Of Mature Adipocytes 
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5.1 Introduction 

Differentiation of preadipocytes to mature adipocytes is a complex process involving 

morphological changes and accumulation of lipids. Accumulating evidence has 

shown that a chronological expression of various adipocyte-specific genes controlled 

by signalling pathways and transcription factors leads to adipocyte development 

(Ruiz-Ojeda et al., 2016). 

The 3T3-LI primary cell line was the first preadipocyte cell line established in 1974 

and was isolated from Swiss mouse embryo tissue by Dr Howard Green (Green and 

Meuth, 1974). They are commonly used as a model for adipocyte differentiation and 

have been used extensively to study adipocyte biology and common metabolic 

diseases. 

The process of adipose conversion in cell lines initiates with dramatic changes in cell 

morphology and enzymatic changes that include the induction of fatty acid and 

triglyceride synthesising pathways followed by lipid accumulation. Transcription 

factors such as the Peroxisome Proliferator-Activated Receptor gamma (PPAR-γ) 

and the CCAAT/enhancer-binding proteins (CCAAT/EBPs) are the most important 

transcriptional regulators that play an essential role in adipogenesis and control the 

differentiation process (Rosen and Spiegelman, 2006). They promote the expression 

of adipocyte genes and adipocyte-secreted adipokines, such as fatty acid-binding 

protein 4 (FABP4), leptin, and adiponectin (Ruiz-Ojeda et al., 2016). FABP4 protein 

has been found to be expressed abundantly in the adipocyte and is used to 

distinguish between undifferentiated and differentiated adipocytes (Pickworth et al., 

2011; Humphrey et al., 2013). 
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Conversion of preadipocytes to adipocytes depends on the presence of extracellular 

as well as intracellular signals. Extracellular signals should be present in the culture 

medium to support growth and differentiation (Ranjitha et al., 2018). 3T3-L1 cells are 

induced into adipocytes differentiation by a hormonal cocktail of adipogenic agents, 

such as insulin, dexamethasone (DEX), and 3-isobutyl-1-methylxanthine (IBMX), 

which elevates the intracellular cAMP (cyclic-adenosine monophosphate) levels in 

the presence of foetal bovine serum (FBS) and stimulates glucose uptake and lipid 

formation and accumulation (Arsenijevic et al., 2012; Tang and Lane, 2012; Ranjitha 

et al., 2018). Furthermore, different studies have reported that using PPAR-γ 

agonists such as rosiglitazone is very effective in promoting complete differentiation 

of 3T3-L1 cells and increase the lipid accumulation (Zebisch et al., 2012; Vishwanath 

et al., 2013; Ranjitha et al., 2018). The cell differentiation procedures were explained 

in detail in section (2.7.2). 

5.2 Aim 

To utilise a common in vitro model of adipocyte differentiation to study their 

interaction with oral cancer cells. 

5.3 Objectives 

● Differentiate the 3T3-L1 preadipocyte cell line to mature adipocytes 

● Confirm their differentiation by Oil Red O (ORO) staining to measure lipid 

accumulation, or by detecting the expression of adipocyte markers such as 

PPAR-γ and FABP4 using RT-qPCR technique, and then use adipokine array 

to analyse cell supernatants. 

● ELISA will be performed to confirm the presence of Leptin in the differentiated 

adipocyte supernatants.  
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5.4 Results 

5.4.1 3T3-L1 preadipocyte cell lines differentiation 

Microscopical examinations revealed that 3T3-L1 cells treated with the hormonal 

cocktail (Insulin, DEX, and IBMX) displayed morphological features of adipocytes, 

such as rounded shape and accumulation of fat droplets that were histologically 

visualised by oil red O staining. Such changes were not observed in untreated 

control preadipocytes, figure 5.1. 

 

 

5.4.2 Oil Red O staining to confirm 3T3-L1 adipocyte differentiation 

Lipid accumulation in differentiated 3T3-L1 cells was detected by oil-red-O staining 

(ORO), which is specific for lipid (Green and Kehinde, 1974). On day 20 post 
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differentiation, the medium was removed, centrifuged and stored at -80 oC, then the 

cells were washed and fixed at RT by adding 10% formalin in PBS for 15 min. After 

fixation, the cells were stained with a filtered ORO working solution for 20-60 

minutes, as described in materials and methods section (2.6). 3T3-L1 cells cultured 

in basal media were stained with ORO stain and used to confirm the differentiation of 

3T3-L1 adipocytes, figure 5.2. 

 

Figure 5.2 shows the cells after staining with ORO stain. The first images (A, B, C) 

reveal 3T3-L1 preadipocytes cultured in a basal medium, which served as a control 

and showed no differentiation. While, the other images (D, E, F) depict 3T3-L1 cells 

subjected to adipocyte differentiation, and clearly shows bright red staining indicating 

the presence of lipid. 
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5.4.3 qPCR to confirm 3T3-L1 adipocyte differentiation 

qRT-PCR is a powerful method to detect gene expression in adipocytes (Arsenijevic 

et al., 2012). Here we used qPCR to confirm the differentiation of adipocytes and 

examine mRNA expression of key adipogenesis genes, PPAR-γ and FABP4, figure 

5.3. Mouse β-Actin was used as an endogenous control to confirm the integrity of 

RNA and to normalise the results. The procedures were explained in detail in 

materials and methods section (2.7). 

 

 

 

The results show upregulation of FABP4 and PPAR-γ genes expression in the 3T3-

L1 differentiated cells compared to undifferentiated preadipocytes. FABP4 protein 
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expression in the differentiated cells was 500-fold higher than in undifferentiated 

cells. Whereas, the PPAR-γ expression in 3T3-L1 adipocytes showed a 2-fold 

change compared with preadipocytes. 

5.4.4 Adipokine array for ACM analysis 

Proteome Profiler Mouse Adipokine Antibody Arrays were used to screen culture 

supernates of 3T3-L1 preadipocytes or differentiated 3T3-L1 treated with induction 

medium; the culture medium was collected on day 20 after differentiation, 500 μL of 

cell culture supernatant was run on each array. The procedures are described in 

materials and methods section (2.8.2). 

The proteome profiler adipokine array detected 16 adipokines in 3T3-L1 

undifferentiated preadipocytes conditioned medium, and 14 adipokines in 

differentiated adipocytes culture supernates; the secretomes are listed in the table 

(5.1). 

Table 5.1: A List Of Secreted Proteins In 3T3-L1 Preadipocytes And 3T3-L1 

Adipocytes 

3T3-L1 Preadipocytes 3T3-L1 Adipocytes 

Adiponectin (APN) Adiponectin (APN) 

Monocyte chemoattractant protein-1 

(MCP-1)/chemokine ligand 2 (CCL2) 

Monocyte chemoattractant protein-1 

(MCP-1) 

Macrophage colony-stimulating factor 

(M-CSF) 

- 
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Vascular endothelial growth factor (VEGF) Vascular endothelial growth factor (VEGF) 

Insulin-like growth factor-binding protein 3 

(IGFBP-3) 

Insulin-like growth factor-binding protein 3 

(IGFBP-3) 

Pentraxin-3 Pentraxin-3 

Insulin-like growth factor-binding protein 6 

(IGFBP-6) 

Insulin-like growth factor-binding protein 6 

(IGFBP-6) 

Protein delta homolog 1 (DLK-1) - 

C-C chemokine ligand 5 (CCL5) - 

Hepatocyte growth factor (HGF) - 

Lipocalin-2 Lipocalin-2 

Metallopeptidase inhibitor 1 (TIMP-1) Metallopeptidase inhibitor 1 (TIMP-1) 

Plasminogen activator inhibitor-1 (PAI-1) Plasminogen activator inhibitor-1 (PAI-1) 

- Resistin 

IGF-I IGF-1 

- IGF-II 

M-CSF M-CSF 

Ref-1  Ref-1 
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By examining the difference in expression of the proteins between undifferentiated 

and differentiated cells, we found that several proteins were downregulated, and 

others were induced as cells differentiated, figure 5.4. 

 

 

In the culture media of 3T3-L1 adipocytes, APN and resistin concentrations were 

much higher than in 3T3-L1 preadipocyte culture media. 

APN was highly expressed in 3T3-L1 adipocytes, whereas it was very weak in 

preadipocytes. It showed about a 7.5-fold increase compared to undifferentiated 
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cells. Resistin also was highly expressed in 3T3-L1 adipocytes and undetected in 

preadipocytes.  

LEP protein, however, was not detected by the array. It seems that LEP in the 

sample was below the detection limit of the array. Therefore, we used a Quantikine 

ELISA kit to confirm the presence of this protein in the adipocyte conditioned 

medium (ACM). 

5.4.5 Enzyme-linked immunosorbent assay (ELISA) 

ELISA is a powerful method for measuring the concentration of specific proteins in 

different samples. ELISA is more quantitative than adipokine array and is particularly 

useful for detecting LEP within ACM. LEP was measured in preadipocyte 

conditioned medium (PACM) and adipocyte culture medium (ACM) using the 

Mouse/Rat Leptin Quantikine ELISA kit as described in materials and methods 

section (2.9.1). 

The limit of LEP detection of the kit is 2.58 pg/ml. LEP was not detected in CM 

collected from undifferentiated 3T3-L1 cells, whereas the average amount of the 

detected leptin in the CM of differentiated cells was 268.32 pg/ml. The results from 

three biological repeats show that LEP protein in ACM was statistically significant 

using unpaired t-Test (p < 0.001) than in PACM, figure 5.5. 
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5.5 Discussion 

5.5.1 3T3-L1 preadipocyte cell lines differentiation 

3T3-LI cells are a well-established cell line that can be cultured for many passages, 

and a reliable model for human metabolism. This model system has been shown to 

faithfully mimic the in vivo differentiation process; the differentiated adipose cells 

behave in a similar way to primary mature adipocytes derived from in vivo adipose 

tissue, and have the ultrastructural characteristics of in vivo adipocytes that were 

confirmed by the electron microscope. Moreover, the differentiation protocol is highly 

developed and standardised (Howard and Olaniyi Kehinde, 1979; Ailhaud, 1982; 

Tang and Lane, 2012; Ruiz-Ojeda et al., 2016). 

Accumulating data have shown that the degree of differentiation of these cells is 

highly dependent on culture conditions such as, the cell passage number, the source 

of the cell lines, culture ware, differentiation medium, timing of differentiation, and 

even on the person preparing the differentiation procedure (Zebisch et al., 2012; 

Kraus et al., 2016). 
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In this study, the 3T3-L1 cell lines at passage number 8 were purchased from Zen-

Bio (Research Triangle Park, NC, USA), which offers a specific protocol along with 

their culture and differentiation media. At first, we obtained the cells from The 

European Collection of Authenticated of Cell Cultures (ECACC) (Cat #: 86052701) at 

passage 23. The company provides a note on its website regarding the quality of the 

cells, a loss of contact inhibition of 3T3-L1 cell line stocks and a low differentiation 

potential of the cells. The cells appear very fragile and peel off around the edges of 

the culture plate very easily. It appears that cells with a high passage number (more 

than 20) might be difficult to differentiate. Indeed, evidence has shown that 3T3-L1 

cells lose their differentiation ability when they passaged extensively (Ruiz-Ojeda et 

al., 2016). Most of the researchers suggested several solutions to overcome cell 

detachment such as increasing the Ca2+, Mg2+ ions concentration in the culture 

media, which enhances the cell binding to the plate surface or coating the plates with 

collagen prior to seeding the cells. However, these modifications were not successful 

with the ORO staining revealing very little cell differentiation (after culturing for 50 

days, figure 5.6). Furthermore, the morphology of the cells did not appear as adipose 

cells and the RNA extraction resulted in a low yield. 
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Prior studies have concluded the importance of the 3T3-L1 cell line by stating that it 

is homogeneous in terms of the cell population, which provides a consistent 

response to the experimental conditions. In addition, it is less expensive and easier 

to culture than primary mature adipocytes and survives storage in liquid nitrogen for 

extended periods of time (Ruiz-Ojeda et al., 2016). 

However, cultured 3T3-L1 adipocytes differ from primary adipose cells in some 

features, for example, differentiated 3T3-L1 adipocytes are multilocular, in terms of 

the number of the lipid droplets, whereas primary adipocytes contain a single large 

lipid droplet (Morrison and McGee, 2015; Ruiz-Ojeda et al., 2016). Furthermore, the 

fat in the primary adipose cells is produced from glucose and fatty acids transferred 

to adipose depots. While, in cultured 3T3-L1 adipocytes the lipid is created from 

glucose in cell culture medium (Krycer et al., 2017). 3T3-L1 adipocytes, however, are 
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still recognised as very appropriate models of human primary adipocytes (Oates and 

Antoniewicz, 2022). 

5.5.2 Oil red O staining 

Oil red O (ORO) is a dye that strongly stains lipids. It is economical, safe, and the 

staining procedures are easy to perform. This stain has been used to distinguish 

preadipocytes from adipocytes for almost 5 decades (Green and Kehinde, 1974). 

ORO staining is also used to quantify the degree of adipocyte differentiation by 

extracting the ORO dye from the stained cells and measuring its optical density at 

510 nm using a photometric plate reader, which reflects the amount of the 

intracellular lipid in the fat cells (Ramírez-Zacarías, Castro-Muñozledo and Kuri-

Harcuch, 1992). 

The ORO method has some drawbacks, for example, lipid loss occurs during the cell 

fixation process (Morgan and Huber, 1967). Also, the ORO stain is dissolved in 

100 % isopropanol that may dissolve the intracellular fat in cultured cells (Fowler and 

Greenspan, 1985). However, in this study we used the stain only to confirm the cell 

differentiation. 

5.5.3 qRT-PCR analysis 

RT-qPCR has become one of the most preferred techniques for measuring the gene 

expression in adipocytes due to the low mRNA levels that can be extracted from 

these cells. Normalisation of RT-qPCR results with a suitable internal reference gene 

(endogenous gene) is essential to correct the experimental variability which arises 

throughout the procedure and for accurate analysis of the gene of interest 

(Arsenijevic et al., 2012; Zhang et al., 2014). β-actin has been shown to be one of 
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the reliable reference genes to study gene expression in preadipocytes and 

adipocytes (Arsenijevic et al., 2012; Zhang et al., 2014). 

The full differentiation of 3T3-L1 adipocytes is mostly confirmed when the cells are 

filled with lipid after the induction of differentiation, along with a high increase in the 

PPAR-γ mRNA level (Zhang et al., 2014). PPAR-γ is highly expressed in fat tissue 

and acts as an essential adipogenic transcription factor promoting fat formation and 

storage during adipogenesis. Indeed, adipocyte differentiation and fat accumulation 

are strongly associated with the expression of this master regulator of adipogenesis 

(Josan, Kakar and Raha, 2021). It triggers and controls the expression of genes 

unique to adipocytes, such as FABP4.  

FABP4 is also known as adipocyte protein 2 (aP2) that is mainly released from 

adipocytes (Gregoire, Smas and Sul, 1998; Urs et al., 2004). FABP 4 has been 

widely utilised to identify differentiated adipocytes as its expression is highly 

increased during the early and terminal stages of the adipogenesis process (Samulin 

et al., 2008). This adipokine is a member of the FABP family, which has key 

functions in intracellular fatty acid transport and metabolism, particularly in 

maintaining glucose and lipid homeostasis (Storch and Thumser, 2000). It has been 

reported that FABP4 expression is undetectable in undifferentiated preadipose cells 

(Tang et al., 2008). However, other evidence indicated that the mature adipocyte is 

not the only cell type in the fat tissue that expresses FABP4 (Shan, Liu and Kuang, 

2013). Our findings demonstrated a 500-fold increase of FABP4 in differentiated 

adipocytes compared to undifferentiated cells.  
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Therefore, these adipogenesis-related genes are key adipogenic markers that have 

been consistently identified to differentiate between undifferentiated and 

differentiated adipocytes. 

5.5.4 Adipokine array analysis 

Fat tissue is an endocrine organ producing a large number of adipokines, which are 

produced by adipocytes and the other stromal cells within the adipose tissue such as 

preadipocytes and immune cells. 

The proteome profiler adipokine array identifies secreted molecules that are 

differentially expressed by preadipocytes and adipocytes. Mouse Adipokine Antibody 

Arrays were utilised to screen cell culture supernatants collected from 3T3-L1 

preadipocytes and 3T3-L1 adipocytes on day 20 after inducing the differentiation. 

A number of adipokines have been detected that were upregulated or downregulated 

during the fat conversion; two major bands are expressed highly by adipocytes but 

not by preadipocytes whereas several bands are expressed by preadipocytes but not 

by adipocytes.  

APN, and resistin were abundantly released by adipocytes. Both peptides have been 

found to be produced mainly by adipocytes. Their mRNA has been shown to be 

markedly increased during 3T3-L1 cells differentiation (Steppan et al., 2001; 

Kratchmarova et al., 2002). Resistin has been reported to be induced during 

adipogenesis and secreted abundantly by adipocytes (Steppan et al., 2001). In 

human adipose tissue, resistin is expressed by adipocytes and preadipocytes, while 

in murine, resistin is secreted mainly by adipocytes (McTernan, Kusminski and 

Kumar, 2006), which is in agreement with our results. Studies reported that mouse 
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resistin and human resistin share similarity in their functions (Graveleau et al., 2005). 

It has been reported that resistin stimulates the adipogenesis in 3T3-L1 cells via 

regulation of the glucose uptake, and knockdown of resistin leads to lipid synthesis 

suppression, which indicates that resistin upregulation may play an important role in 

accumulation of intracellular lipid content during adipocyte maturation (Ikeda et al., 

2013). 

The results also showed that expression of lipocalin-2, the adipokine that is mainly 

produced by adipocytes, is much higher in differentiated 3T3-L1 adipocytes 

compared to undifferentiated cells. Studies found that after preadipocytes are 

transformed into mature adipocytes, lipocalin-2 expression is dramatically increased 

(Wang et al., 2007). 

CM obtained from 3T3-L1, and human breast adipocytes were screened (using Bio-

Plex multiplex Mouse and Human Cytokine kits) for adipocytokines concentration 

revealed that CCL5 and IGF-1 were significantly higher in both adipocytes compared 

to their preadipocytes (D’Esposito et al., 2012). In our findings, CCL5 was detected 

only in 3T3-L1 preadipocytes, and IGF-1 was expressed slightly higher in 

differentiated cells.    

5.5.5 Detecting the LEP adipokine in 3T3-L1 cell culture supernatants using 

ELISA 

LEP is a well-known peptide that is secreted almost exclusively by mature 

adipocytes. It was the first recognised adipokine produced by adipocytes by 

Friedman and co-workers in 1994 (Wauters, Considine and Van Gaal, 2000). 
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Human and mouse plasma or serum contains high levels of LEP (ng/mL), which are 

regulated by a variety of stimuli such as food consumption, cytokines, insulin, 

glucocorticoids hormones (Carlo, Tommaselli and Nappi, 2002). The adipokine array 

could not identify LEP in the cell supernates collected from 3T3-L1 preadipocytes 

and adipocytes, which could be due to the fact that it was present in the conditioned 

medium at a low concentration and below the detection level of the array. The 

adipokine array is also semiquantitative, therefore the mouse Leptin Quantikine 

ELISA kit was used to detect the LEP protein in preadipocyte conditioned medium 

(PACM) and in adipocytes conditioned medium (ACM). ELISA is a more sensitive, 

quantitative and reliable method to measure the low-abundant protein in samples. 

The assay results show that the preadipocytes did not secrete LEP, while the 

concentration of the LEP in the ACM was higher than the positive control that was 

provided with the kit.    

5.6 Limitation 

The main aim of this research is to investigate the crosstalk between the oral cancer 

cells and mature adipocytes. It would be more reliable to use human adipocytes, 

particularly oral adipocytes as the different fat depots differ to some extent from each 

other. We could not generate an ethical approval to obtain human oral fat cells or 

purchase them directly as to our knowledge there are no primary cell lines available. 

The 3T3-L1 model has a number of drawbacks such as the adipose conversion 

requires at least fourteen days. Furthermore, when 3T3-L1 preadipocytes passaged 

extensively, they no longer convert into adipocytes. In addition, these cell lines might 

fail to represent the characteristics of primary cell culture models because they 

originate from a single clone (Ruiz-Ojeda et al., 2016). However, even human cell 



166 

 

lines reflect a single genetic structure rather than the spectrum of genetic 

background found in humans. Still, 3T3-L1 cell lines are an excellent and appropriate 

model of human adipocytes which have been widely used (Oates and Antoniewicz, 

2022). 

At present, more than six hundred different types of adipocytokines have been 

recognised (Zhao et al., 2020). Here we used a Mouse adipokine array that can 

detect only 38 types of adipocytokines in ACM. We were interested to know the 

expression level or presence of certain adipokines that have been shown to play a 

role in oral cancer progression. For example, chemerin was not within the detection 

limit of the array. The overexpression of this protein was correlated with cancer 

angiogenesis and poor prognosis of patients with OSCC (Wang et al., 2014). Visfatin 

adipokine also has been reported to have a significant role in the aetiology of OSCC 

by acting through inflammatory responses. We did ask the source of this array to 

customise more proteins but that was not possible. 
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Chapter Six 
 

 The Effect Of Mature Adipocytes On OSCC Cells 
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6.1 Introduction 

The role of adipocytes in oral cancer growth and progression needs further 

investigation, since the majority of research on cancer-stromal cell interactions have 

focused on the contributions of fibroblasts, inflammatory cells and endothelial cells. 

There is a growing body of literature that recognises the importance of adipocytes as 

the largest endocrine organ producing hormones called adipocytokines. These 

molecules have the potential to communicate with the surroundings via endocrine, 

paracrine, autocrine signals, as well as through direct contact (Lengyel et al., 2018). 

Furthermore, some components of the adipocyte secretomes act as tumour 

promoting factors by stimulating cancer cell growth and migration (Nieman et al., 

2013; Balaban et al., 2017). Indeed, it has been reported that adipocyte-derived 

conditioned medium (ACM) stimulates cancer cell proliferation, migration and 

invasion in different tumour types such as, breast, prostate, melanoma, and 

colorectal (Balaban et al., 2017; Ko et al., 2019). Furthermore, the ability of ACM to 

convert fibroblasts to myofibroblasts has also been reported (El-Hattab et al., 2020).  

It is well-known that the reciprocal interaction between the cancer cells and adjacent 

stromal cells within the TME supports tumour growth and progression. Tumours 

require a favourable environment for their progress as well as energy sources to 

feed their high metabolic activity. In the microenvironment of fat tissue, adipocytes 

provide cancer cells with adipocytokines and lipids, in the form of free fatty acids, as 

a fuel for their growth and metastasis (Neiman et al., 2011; Corrêa, Heyn and 

Magalhaes, 2019; Cai et al., 2019). Multiple studies found that in the TME, adipose 

cells engage in a direct contact with malignant cells at the invasive front of the 

cancer where they exhibit smaller fat droplets than those located at a distant from 
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the tumour, suggesting lipolysis (Nieman et al., 2013; Ferrando et al., 2022). 

Furthermore, loss of lipid droplets was also reported in adipocytes co-cultured with 

breast cancer cells resulting in adipose cells becoming more fibroblast-like (Dirat et 

al., 2011; Bochet et al., 2013; Balaban et al., 2017).  

In vivo studies found that adipocytes play a key role in ovarian cancer metastasis to 

the omentum via secretion of adipokines. Adipocytes then provide energy to the 

cancer cells, leading to rapid tumour growth (Nieman et al., 2011). Indeed, adipocyte 

lipolysis-derived FAs increase proliferation and invasiveness of prostate, breast, and 

pancreatic tumour cells co-cultured with adipocytes (Tokuda et al. 2003; Gazi et al., 

2007; Balaban et al., 2017).  

Existing research recognises the critical role played by epithelial-mesenchymal 

transition (EMT) in cancer progression and metastasis, which is a biological process 

of converting epithelial cells to mesenchymal cells that acquire migratory capacity; a 

process that is crucial to the progression and metastasis of cancer.  

It is now well established from a variety of studies that OSCC cells have the ability to 

undergo EMT as response to different stimuli (Diniz-Freitas et al., 2006; Liu et al., 

2010; Chaw et al., 2012; Scanlon et al., 2013; Costa et al., 2015). Adipocyte-derived 

adipokines, including visfatin and resistin adipokines have been shown to induce the 

EMT in different cancers (Cheng et al., 2015; Wang et al., 2018; Qiu et al., 2018; 

Avtanski et al., 2019; Parafiniuk et al., 2022). EMT changes were induced in breast 

cancer cells after co-culturing them with mature adipocytes (Lee, Jung, and Koo, 

2015; Pallegar et al., 2019). Leptin has been shown to stimulate EMT changes in 

mammary and ovarian cancer cells (Yan et al., 2012; Kato et al., 2015; Wei et al., 
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2016; Olea-Flores et al., 2018; Olea-Flores et al., 2020; Acheva et al., 2021; 

Ferrando et al., 2022).  

6.2 Aim 

The aim of this chapter is to study the crosstalk between mature adipocytes and oral 

cancer cells in vitro. 

6.3 Objectives 

● Examine the effects of adipocyte conditioned medium on OCCL proliferation 

and migration. 

● Examine the effect of adipocyte conditioned medium on the activation of 

fibroblasts into myofibroblasts. 

● Co-culture adipocytes with OCCLs in order to examine the effect of this on the 

expression of some important epithelial to mesenchymal transition (EMT) 

markers. 

● Analyse the ACM (CAACM) following co-culture with OCCLs to compare the 

adipocytokine expression profile with adipocytes cultured alone. 

6.4 Results 

The effect of adipocyte conditioned media (ACM) from differentiated mouse 3T3-L1 

cells on oral cancer cell lines (H357 and SCC9) proliferation and migration was 

assessed using MTS proliferation assays and Transwell migration assays. The 

assay procedures were described in materials and methods sections 2.2 and 2.10. 
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6.4.1 The Effect Of ACM On OCCLs Proliferation 

The MTS assay was performed to test the effect of serum-free ACM (SFACM) on 

cell proliferation for 24 h. H357 and SCC-9 oral cancer cells were seeded in 96-well 

plates prior to treatment with SFACM for 24 h, then cell viability was assessed using 

MTS absorbance. Serum-full media (10 % FBS) was used as a positive control while 

1% FBS DMEM used as a negative control. Experiments were performed three times 

in triplicate. 

GraphPad Prism 9 was used for statistical analysis (GraphPad Software, USA). All 

statistical analysis were carried out using One-way ANOVA followed by Dunnett’s 

Post Hoc Test. Data are shown as means ± standard deviation of three independent 

repeats. Differences were considered to be statistically significant when the value of 

P was less than 0.05. 

The results of the proliferation assays in figure 6.1 showed that 24 h treatment with 

SFACM had no significant effect on cell proliferation in cell growth of H357 and SCC-

9 cells.  
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Due to variability in optical density between experiments performed on different 

days, all treatment groups were normalised to the negative control (1 % FBS). 

SFACM did stimulate higher increase in cell proliferation of H357 cells compared to 

the negative and positive controls (1 % and 10 % FBS), however, the difference was 

not statistically significant due to the inconsistent results of the three biological 

repeats.   

6.4.2 The Effect Of ACM On OCCLs Migration 

To investigate the effect of ACM on cell motility, cells were exposed to serum-free 

ACM using transwell migration assay for 24 h. Serum-free medium was used as a 

negative control, while serum-full medium served as a positive control. 

Experiments were performed three times in duplicate. GraphPad Prism 9 was used 

for statistical analyses (GraphPad Software, USA). All statistical analyses were 
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carried out using One-way ANOVA followed by Dunnett’s Post Hoc Test. The data is 

displayed as mean ± standard deviation (SD). Differences were considered to be 

statistically significant when the value of P was less than 0.05. 

The results show that ACM significantly increased cell migration in H357 and SCC9 

cell lines by 14 fold (176 +/- 20 cells/field, N=3, P<0.0001) compared to the negative 

control (12 +/-12 cells/field), and 16 fold (127 +/- 25 cells/field, N=3, P<0.0001) 

compared to the negative control (8 +/-2 cells/field), respectively. Figures 6.2-6.3. 
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6.4.3 Exposure of Oral Cancer Cell Lines (OCCLs) to Adipocyte Conditioned 

Medium (ACM)- Passive Co-culture 

6.4.3.1 The effect of adipocytes on inducing EMT in OCCLs 

It is well known that EMT plays an important role in cancer metastasis. Tumour cells 

that have gone through this transformation have several characteristics in common 

with stem cells, which are often less sensitive to chemotherapy and radiation 

therapy. Therefore, the capacity of the carcinoma to dedifferentiate through the EMT 

process influences both local invasiveness and distant metastasis. 

We thus examined whether ACM induces EMT in OCCLs (H357 and SCC-9) by 

detecting the protein levels of several EMT biomarkers after treating the OCCLs with 

ACM for 48 h. We conducted the experiments using Western Blotting and qPCR. All 

the techniques and procedures are explained in detail in sections (2.11, 2.12 and 

2.13). 
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6.4.3.1.1 Western Blotting 

Herein, we examined expression of the levels of some EMT-associated cell-surface 

proteins (E-cadherin, N-cadherin), cytoskeletal proteins (α-Smooth Muscle Actin (α-

SMA), and vimentin), and transcription factors (TWIST1, SNAIL1, SNAIL2/SLUG).  

Total protein lysates (30 µg) of untreated or ACM treated OCCLs (H357 and SCC-9) 

were separated, according to the targeted protein size, on a 8 % or 12 % SDS-PAGE 

gel and transferred to a nitrocellulose membrane for immunodetection. After blocking 

the membrane with 5% (v:w) milk, monoclonal antibodies specific for TWIST1, 

SNAIL1, SLUG, α-SMA, vimentin, N-cadherin and E-cadherin were used to detect 

the expression of these EMT protein markers. Anti-β-actin and Anti-GAPDH 

monoclonal antibodies were used as internal controls to normalise the expression of 

the proteins. Results were analysed using ImageJ software, and the data from three 

different biological repeats were statistically analysed by t-test using GraphPad 

Prism. 

Compared with the untreated cell lines, the expression levels of TWIST, SLUG, α-

SMA, vimentin, in H357 and SCC-9 cells, were increased but this did not reach 

statistical significance due to the inconsistent results of the three biological repeats. 

For example, ACM induced an increase in twist1 expression in H357 cells in the first 

two repeats, 2-fold and 5-fold increase compared to untreated cells, while in the third 

repeat the expression was almost similar in both untreated and treated cells (1.3-fold 

in treated cells). Vimentin expression in treated H357 cells also showed a 2-fold and 

3-fold increase in two repeats, whereas one repeat showed 1.2-fold increase in the 

treated cells. In SCC-9 cells, vimentin expression was higher in treated cells in two 

independent experimental repeats (3-fold and 2-fold), while it was similarly 

expressed in untreated and treated cells in one repeat.   
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E-Cadherin showed a slight decrease in H357 treated cells, while N-cadherin was 

not detected in both untreated and treated H357 cells. In contrast, E-cadherin was 

not detected in both untreated and treated SCC-9 cells, and N-cadherin showed a 

slight increase in SCC-9 treated cells, showing 1.4, 4, and 1.2-fold change compared 

to untreated cells, figures 6.4 and 6.5. SNAIL1 was not detected in all the samples. 
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6.4.3.1.2 qPCR Analysis  

Gene expression of markers of EMT in H357 and SCC-9 cells was compared 

between the cells grown in basal medium and those that were stimulated with ACM 

for 48 h. 

Here, we examine expression of the levels of some EMT-associated cell-surface 

proteins (E-cadherin), extracellular matrix proteins (Collagen IV), and transcription 

factors (TWIST1, Zinc finger E-box-binding homeobox 1 (ZEB1), SNAIL1, SNAIL2). 

All the qPCR cycle threshold (Ct) values can be found in appendix (A.3). 
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The qPCR results showed that ACM induced an increase in the expression of 

TWIST1, ZEB1, SNAIL1, SNAIL2 and Collagen IV (COL4A1) in H357 cells 

compared to the control cell lines. However, this difference was not statistically 

significant due to the variability between the three independent repeats. For 

example, ZEB1 expression in treated H357 cells showed an increase in all the 

experimental repeats, however, the difference between the three repeats was high 

(8-fold, 4-fold, and 198-fold compared to untreated cells). All the experimental 

repeats were conducted in the same conditions, in terms of cell number, treatment 

and incubation time, and RNA quantity. Therefore, the inconsistent results could be 

technical errors as the qPCR technique is a highly sensitive technique, and even a 

small error can magnify the observed differences between experimental repeats. 

Biological variability could be another reason for the variable results. Even when 

experimental conditions are carefully controlled, biological systems can exhibit 

inherent variability. Cells within the same population may exhibit different responses 

to the treatment due to inherent genetic diversity or other biological factors, therefore 

gene expression can fluctuate even under controlled conditions. 

E-cadherin was significantly reduced (P=0.0085) in treated H357 cells compared to 

untreated cells. 

For SCC-9 cells, the ACM significantly decreased the expression of E-cadherin 

(P=0.0026) compared to untreated cells. Surprisingly, ACM stimulated a decrease in 

TWIST1 and COL4A1 expression when compared to untreated cells. Also, ACM 

treatment resulted in a slight reduction in the levels of ZEB1. SNAIL1 was slightly 

increased in treated SCC-9, while SNAIL2 expression was almost similar in both 

untreated and treated cells. (Figures 6.6 - 6.7). 
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6.4.3.2 Oral Fibroblast Activation By ACM 

Immunofluorescence Staining For α-SMA 

Immunofluorescence (IF) staining was performed to detect α-SMA in normal oral 

fibroblast (NOF353 cells) after stimulation with serum-free ACM for 48 h. NOF cells 

were incubated with serum-free ACM or TGF-β1 as a positive control or cultured with 

serum-free medium as a negative control. TGF-β1 is commonly used to investigate 

myofibroblast phenotypic changes in normal fibroblasts. Previous research has 

established that the presence of α-SMA microfilaments indicates differentiated 

myofibroblasts.  

The IF results showed that NOF cells treated with ACM and TGF-β1 expressed α-

SMA microfilaments in their cytoplasm, whilst those cultured in SFM showed little or 

no expression for this marker protein, figure 6.8. These results indicate that 

adipocytes may have the ability to stimulate normal fibroblast to become activated 

and gain the characteristic features of myofibroblasts including expression of α-SMA 

and contractile properties.  
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6.4.4 Exposure of 3T3-L1 Adipocytes To OCCLs Conditioned Medium  

3T3-L1 adipocytes were cultured alone or in CM collected from OCCLs, as described 

in materials and methods section (2.5.4) and the experiments described in section 

(2.10.1.3) were performed to determine the changes in these adipocytes. Oil Red O 

staining revealed, following adipocytes coculture with OCCLs for 2 days, a marked 

decrease in the cell size, cell number and lipid droplets in the mature adipocytes 

compared with those cultured alone (Figure 6.9).  
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6.4.5 Interactive Co-culture 

6.4.5.1 Adipokine array analysis of mature adipocytes and tumour cells 

crosstalk 

This assay was used to explore secreted adipocytokines as a result of 

tumour/adipose cells crosstalk and identify any difference in secreted cytokines 

compared to those secreted by adipocytes cultured alone.   

To model the crosstalk between adipocytes and oral cancer cells (H357 and SCC-9), 

the cells were co-cultivated for 48 h using an interactive transwell co-culture system, 

where transwell inserts (0.4 mm pore size) were used in the co-culture model 

allowing fluid and secretion interchange between the two cultures via pores in the 

membrane without actual physical contact. The assay procedures are explained in 

section (2.10.2).  
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For adipocytokine screening, a Mouse Adipokine Array Kit (Cat # ARY013, R&D 

Systems) was used, as described in materials and methods section (2.7.4.5), to 

analyse the media collected from the adipocytes after their interaction with the oral 

tumour cells. 

The results showed that both OCCLs stimulate the expression of a wide range of 

adipocytokines in co-cultured adipocytes compared to fat cells cultured alone, 

illustrated in figures 6.10, 6.11, 6.12, and 6.13. All the 38 adipocytokines that the 

array can identify were detected. 
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Overall, there was a noticeably higher production of adipocytokines in co-culture 

cells compared to control cells, including adiponectin, resistin, VEGF, MCP-1/CCL2, 

IGFBP-3, TIMP-1, IGF-1, lipocalin-2, and PAI-1 proteins; table (1) displays the fold 

increase in these proteins. Furthermore, oral cancer cells stimulate production of 

LEP and inflammatory cytokines such as IL-6, IL-10, IL-11, CRP, CCL5 and TNF-α 

that have shown no expression in adipocytes cultured alone by the array. 

These findings suggest that adipocyte expression of adipocytokines is modulated by 

oral cancer cells.  
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Table 6.1: The Fold Increase Of The Adipocytokines In Adipocytes Co-Cultured With 

Oral Tumour Cells 

 

 

Adipocytokines 

Fold Change (Cocultured-Alone) 

H357 Cells SCC-9 Cells 

Adiponectin 6.5 6 

MCP-1/CCL2 4.8 4 

VEGF 4.9 4.3 

IGFBP-3 8.8 7.8 

Resistin 4 4 

PAI-1 4.6 3.5 

Lipocalin-2 5.5 4 

TIMP-1 4.5 4 

IGF-1 2.7 4.8 

 

6.5. Discussion 

The work of this chapter aimed to examine the effect of the adipocyte on OCCLs 

proliferation and migration, and on activation of oral fibroblast cells to myofibroblasts. 

There was also an evaluation of changes in the expression of EMT cell markers 

including transcription factors (SNAIL, ZEB, TWIST), epithelial markers (E-cadherin) 

and mesenchymal (Vimentin, α-SMA, and N-cadherin), and Collagen IV markers in 
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human oral cancer cell lines cultivated with adipocytes. Finally phenotypic changes 

in the adipocytes co-cultured with OCCLs were investigated. 

6.5.1 The effects of ACM on proliferation and migration of OCCLs 

The findings of the proliferation and migration experiments demonstrate that ACM 

considerably increased the motility of both H357 and SCC-9 cells compared to the 

negative controls, but had little or no effect on the proliferation of H357 and SCC-9 

cells.  

A study conducted in 2014 showed that ACM collected from perivascular adipose 

cells significantly induced cell proliferation and movement of vascular smooth muscle 

cells, whereas, the proliferation of these cells were not stimulated by CM obtained 

from renal visceral adipocytes (Ždychová et al., 2014). The research group justified 

these results by stating that the amount of adiponectin in renal adipocyte CM may 

have an impact on the proliferation rate. The renal adipocyte conditioned medium 

had the highest concentration of adiponectin compared to perivascular fat cells CM, 

which according to research by Lamers et al. (2011) indicates that vascular 

myocytes proliferation is inversely correlated with adiponectin level.  

Several studies suggested the various bioactive paracrine chemicals that are 

produced by adipocytes are: leptin, resistin, IL-6, IL-8, MCP-1, VEGF and 

adiponectin, as well as free fatty acids and that these can affect cell proliferation 

(Oda, Taniguchi and Yokoyama, 2001; Park et al., 2001; Calabro et al., 2004; 

Lamers et al. 2011).  

Ko and co-works reported that conditioned medium (CM) derived from differentiated 

mouse 3T3-L1 cells boosted cell proliferation, migration, and invasion in melanoma 
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and colon cancer cell lines (Ko et al., 2019). In their study, they assessed the effect 

of adipocyte CM obtained from mouse and human, which both showed similar 

results indicating that mouse-derived adipocytes are a good model. In addition, in 

vitro studies have demonstrated that adipocyte conditioned media significantly 

promotes prostate cancer cell proliferation and breast tumour cell growth and 

migration (Tokuda et al., 2003; D’Esposito et al., 2012; Xiong Y et al., 2017; Balaban 

et al., 2017). It has been reported that mammary cancer cells are stimulated to 

develop and survive by adipokines such as leptin, adiponectin, hepatocyte growth 

factor (HGF), resistin, and IL-6 (Vona-Davis and Rose, 2007, Deshmukh et al., 

2015). Furthermore, a study conducted in 2012 indicated that IGF-1 produced by 

mice or human adipocytes plays a crucial role in regulating the proliferation of breast 

tumour cells (D’Esposito et al., 2012). Moreover, Ko and co-workers reported that 

adipocyte CM can modulate cell invasion and migration in melanoma and colon 

tumour cells via regulating the activation of MMPs, including MMP-2 and MMP-9 (Ko 

et al., 2019). 

Cell proliferation and migration are crucial features of cancer development and 

metastasis. The effect of ACM on cell growth and migration is likely to be influenced 

by the interactions of several adipokines due to the complexity of the secretory 

profile of the mature adipocytes. Specific inhibitors could be used to study the effects 

of the different components. 

We attempted to block the leptin receptors on H357 and SCC-9 cells, using 

neutralising antibody (Cat # MAB86712-SP, R&D Systems, UK), and then examine 

the cell migration towards ACM. However, the results showed a little difference in 

cell motility compared to control cells (data not shown). Moreover, Adya and co-

workers reported that using neutralising antibodies for AdipoR1 and AdipoR2 did not 
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totally counteract the effects of adiponectin (Adya et al., 2012). As well as, using 

human AdipoR1/AdipoR2 siRNA cannot achieve 100 % knockdown of the receptors. 

Furthermore, APN has a third receptor (T-cadherin), which further complicates this 

approach.  

5.4.2 co-culture of adipocytes with OCCLs 

Passive and interactive co-culture approaches were used to examine the molecular 

alterations in the co-cultured cells. 

6.5.2.1 EMT changes in oral cancer cells 

Several reports have shown that adipocyte-derived molecules can influence co-

cultured tumour cells with and induces EMT changes in a number of cancer types 

(Olea-Flores et al., 2018; Avtanski et al., 2019; Acheva et al., 2021; Ferrando et al., 

2022). 

When epithelial cells undergo epithelial-mesenchymal transition (EMT), they lose 

many of their phenotypic characteristics and acquire new features that are 

characteristic of mesenchymal cells. One of the key traits of EMT is the change from 

cohesive, polarised epithelial cells to mesenchymal-like cells with enhanced mobility 

and an absence of polarisation. When tumour invasion and metastasis occur, 

neoplastic cells arising from epithelial malignant neoplasms exhibit this migratory 

phenotype, which is a crucial feature for cancer invasion and metastasis (Costa et 

al., 2015). 

Transcriptional repressors and other EMT-related protein expression patterns were 

examined using Western blotting and RT-qPCR. 
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Our Western blot results show that H357 and SCC-9 cells treated with ACM had 

higher levels of TWIST, SLUG (Snail2), α-SMA, and Vimentin expression compared 

to the control cell lines, although this difference was not statistically significant. In 

addition, E-cadherin showed a slight reduction in treated H357 cells, while N-

cadherin was undetectable in these cells. In contrast, N-cadherin exhibited a small 

rise in SCC-9 treated cells whereas E-cadherin was undetectable in both untreated 

and treated SCC-9 cells. 

EMT transcriptional factors, ECM and mesenchymal cell markers were shown to be 

expressed in H357 and SCC-9 cell lines by qPCR analysis. 

H357 treated with ACM showed an increase in the transcript levels, and the 

mesenchymal proteins compared to the control cells. However, the difference was 

not statistically significant due to the inconsistent repeats. qPCR analysis determined 

that the expression of TWIST1, ZEB1, SNAIL1, SNAIL2 and collagen IV (COL4A1) 

proteins were higher in treated H357 cells in comparison to untreated control cells. 

Whereas, E-cadherin protein was significantly reduced in treated H357 compared to 

untreated cells. The qPCR analysis for SCC-9 cells revealed a considerable 

decrease in E-cadherin expression, and a reduction in COL4A1 in treated cells 

compared to untreated control. The other proteins showed slight but not significant 

differences between treated and untreated cells due to the inconsistent data of the 

three independent repeats.    

Key transcription factors including Snail, ZEB, and Twist are known to control the 

transition from epithelial to mesenchymal differentiation (EMT). This was partially 

confirmed in our investigation since the H357 cells expressed these transcription 

factors associated with EMT at higher levels. Whilst in SCC-9 cells their expression 
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was variable and inconsistent, and only E-cadherin was considerably decreased in 

treated cells.  

EMT is a multistep and complex process involving numerous transcription factor 

families, including the Snail, ZEB, and Twist families. These factors have been 

shown to suppress the transcription of the E-cadherin gene and enhance N-cadherin 

and vimentin gene expression (Katz et al., 2011). In addition, overexpression of 

vimentin was shown to be highly correlated with E-cadherin downregulation in 

advanced stages of OSCC (Da Silva et al., 2014).  

Recent research has examined the altered expression of EMT markers such E-

cadherin, N-cadherin, and vimentin in a variety of malignant epithelial cancers, 

including oral cancer (Costa et al., 2015). 

A key EMT marker in OSCC is the E-cadherin protein (Costa et al., 2015). E-

cadherin is an essential factor in cell-cell adhesion in epithelial tissues and is crucial 

for the establishment and upkeep of its polarity and structural integrity. It has been 

utilised as a marker of EMT during tumour growth as the reduction of this protein 

increases the mobility of epithelial cells and their capacity for local invasion. It has 

been reported that lymph node involvement and advanced clinical stage of OSCC 

were related with the absence or decreased expression of E-cadherin (Silva et al., 

2014). For many cancers, loss or reduction of E-cadherin expression is a crucial step 

toward developing the invasive phenotype (DI Domenico et al., 2011).  

N-cadherin is not expressed by epithelial cells; nevertheless, during an EMT process 

known as the "cadherin switch," which enhances the mobility of malignant epithelial 

cells and their capacity to invade locally, N-cadherin expression is typically 

accompanied by a loss of E-cadherin expression. Our RT-qPCR findings showed 
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that the expression of E-cadherin was significantly decreased in treated H357 and 

SCC-9 cells, however, this protein was not detected by western bolt in both treated 

and untreated SCC-9 cells, while in H357 cells showed lower levels in treated 

compared to untreated cells. The immunoblotting data for N-cadherin indicated that 

in treated SCC-9 cells, N-cadherin expression was slightly raised, however it was 

undetectable in treated and untreated H357 cells. This difference between the two 

cell lines could be attributed to the difference of their origin as H357 cells are derived 

from well-differentiated OSCC, while SCC-9 cells are derived from poorly-

differentiated OSCC.  

In oral cancer, the cadherin switch, which involves a reduction in E-cadherin and an 

increase in N-cadherin, has been well documented; however, an unrelated loss of E-

cadherin and a gain of N-cadherin in OSCC was also described (Pyo et al., 2007; DI 

Domenico et al., 2011; Hashimoto et al., 2012). 

The Snail family of transcription factors, Snail1 and Snail2 (Slug), are potent E-

cadherin repressors and important EMT inducers. They have been shown to be 

expressed in breast, colon, and ovary malignancies, where they play a key role in 

tumour dissemination and recurrence (Zheng et al., 2015). SNAIL1 is a significant 

inducer of the EMT during embryogenesis, as well as in tumour progression (Peláez-

García et al., 2015). It is implicated in inducing EMT in cancer cells by stimulating the 

expression of mesenchymal markers and reducing the expression of epithelial 

markers (Zeisberg and Neilson, 2009; Katz et al., 2011; Scanlon et al., 2013). 

SNAIL1 is a marker for poorly differentiated HNSCC and has been linked to 

increasing regional metastasis and lymphovascular invasion (Mendelsohn et al., 

2012). In our findings, Snail1 and Snail2 expression was higher in treated H357 but 

did not significantly differ from untreated cells. According to Zheng et al. (2015), 
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Snail1 and Snail2 cooperate to induce EMT in oral tongue cancer, and 

overexpression of both significantly upregulates the expression of N-cadherin and 

vimentin whilst simultaneously downregulating the expression of E-cadherin, which 

predicts worse prognosis for patients with oral tongue cancer (Zheng et al., 2015). 

The team also reported that OSCC cell lines, including SCC-9, that expressed both 

Snail1 and Snail2/Slug had a greater migratory and invasion potential. Our results 

also showed that SCC-9 cells express Snail1 and Snail2, where western blots 

demonstrated an increase in Snail2 expression without any significant difference 

between treated and untreated cells, and that Snail1 was not detected in both. RT-

qPCR results showed that the expression of both proteins in untreated SCC-9 cells 

was slightly lower than treated cells with ACM. Similarly, immunoblotting results 

revealed that expression of Snail2 in treated H357 cells was higher than untreated 

cells but was not significant, whereas Snail1 was not detected in both untreated and 

treated cells. Snail2 has been shown to upregulate the expression of vimentin while 

simultaneously downregulating the expression of E-cadherin in mammary cancer 

cells (Vuoriluoto et al., 2011). 

The cytoskeletal proteins vimentin, α-SMA, and ꞵ-catenin all have a role in EMT in 

HNSCC (Scanlon et al., 2013). Vimentin is expressed in mesenchymal cells 

(Zeisberg and Neilson, 2009) and has been found to be an EMT marker in epithelial 

malignant tumours, linked to a phenotype of invasive behaviour (Katz et al., 2011; 

Vuoriluoto et al., 2011). Vimentin expression is upregulated in carcinoma cells, which 

indicates a partial EMT process and is associated with rapid tumour growth, 

invasion, and a poor prognosis (Zeisberg and Neilson, 2009; Vuoriluoto et al., 2011). 

It has been reported that in OSCC vimentin is overexpressed in nodal metastatic 

cells compared to primary tumours and is increased by TGF-ꞵ and epidermal growth 
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factor (Paccione et al., 2008). The western blots results of this study showed an 

increase in vimentin expression in treated H357 and SCC-9 cells compared to 

untreated cells, however the difference was not significant. 

The cytoskeletal protein α-SMA has been reported to be overexpressed in HNSCC 

and is associated with a worse prognosis (Lim et al., 2011). α-SMA is a member of 

the actin family that is highly expressed in vascular smooth muscle and myoepithelial 

cells (Zeisberg and Neilson, 2009). According to Zeisberg and Neilson (2009), 

normal epithelial cells and cells expressing α-SMA both have a role in EMT during 

embryogenesis and wound healing. Fibroblast stress fibres are enhanced by α-SMA 

incorporation, which increases the capacity of the cells to contract, a key factor in 

tissue remodelling (Scanlon et al., 2013).  

In squamous cell carcinoma (SCC), the reactive stroma that surrounds the tumour 

tissue is mostly composed of CAFs, also known as myofibroblasts because they 

develop traits of muscle fibres, such as the production of α-SMA, which has been 

shown as a biomarker for invasive OSCC (Mahajan et al., 2020). Expression is much 

greater in moderately and poorly differentiated squamous cell carcinoma compared 

to well-differentiated lesions. Here, we employed immunoblotting to examine the 

level of α-SMA expression in H357 and SCC9 OSCC cell lines following a 48-hour 

ACM stimulation. The findings demonstrate that both cells express more α-SMA than 

cells cultured in basal media. 

It has been reported that Twist1 and Twist2 have common functions. They have 

been thought to be functionally similar and equivalent due to their high sequence 

similarity, and similar biochemical characteristics (Yang, Yuan and Li, 2013). 
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Therefore, the majority of research has concentrated on Twist1 and equated the 

outcomes for Twist2. 

Twist is induced by EMT and its expression is increased in metastatic tumours (Yang 

et al., 2004; Zeisberg and Neilson, 2009). The expression of E-cadherin is 

downregulated by Twist, which results in a poor prognosis and is directly connected 

with lymph node metastases (Scanlon et al., 2013). Twist1 is known to participate in 

the EMT-related E-to N-cadherin transition by suppressing the expression of the E-

cadherin CDH1 gene (Da Silva et al., 2014). A study conducted in 2014 

demonstrated that Twist1 overexpression in OSCC was strongly associated with 

lymph nodes and distant metastasis, as well as malignant cell proliferation and 

migration (Da Silva et al., 2014). The research group suggested that the role of 

Twist1 in cell migration is mostly explained by its capacity to support EMT, such as 

by downregulating of E-cadherin and upregulating of mesenchymal markers such 

vimentin, fibronectin, and N-cadherin. Moreover, it has been shown that α-SMA, 

Snail2, ZEB1, ZEB2, and vimentin have a strong positive correlation with the 

expression of TWIST1 (Riaz et al., 2012). 

ZEB1 and ZEB2 are transcription factors that act as suppressors or activators 

depending on the cell and the target protein (Ling, Cheng and Tao, 2021). Little is 

known about the distinction between ZEB1 and ZEB2 in EMT, however both of them 

have been shown to suppress E-cadherin expression and increase N-cadherin and 

vimentin (Katz et al., 2011; Goossens et al., 2017). ZEB1 has been reported to be 

significantly overexpressed in OSCC and is considered a prognostic biomarker that 

has been independently linked to aggressive characteristics and a worse prognosis 

in OSCC (Chen et al., 2019; Ling, Cheng and Tao, 2021). Moreover, a recent study 

has concluded that the overall survival of individuals with OSCC is strongly linked 
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with the ZEB1 gene (Ma et al., 2022). The research team found that patients' 5-year 

survival rates were worse for those with higher ZEB1 gene expression than for those 

with lower ZEB1 gene expression. Our findings showed that ACM increased ZEB1 

expression in H357 cells, however, the expression of this transcription factor showed 

a slight decrease in treated SCC-9 cells compared to untreated cells.  

Accumulating evidence suggests that increased collagen formation provides physical 

and physiological signals to enhance tumour development and metastasis. Collagen 

IV is a vital component of the basement membrane in a variety of human tissues and 

is largely produced and released by fibroblasts, endothelial cells, and epithelial cells 

(Kalluri 2003). Collagen type IV alpha 1 (COL4A1), engages in cell contacts and is 

the main component of the basement membrane ECM (Shur et al., 2007). Numerous 

studies have demonstrated that COL4A1 is crucial for angiogenesis and tumour 

development (Miyake et al., 2017). Upregulation of COL4A1 promotes EMT, 

invasion, migration, and growth of malignancies such breast cancer and bladder 

cancer and is considered to be a marker of poor prognosis and aggressive behaviour 

(Jin et al., 2017; Miyake et al., 2017). COL4A1 has a role in other malignancies for 

example, overexpression of COL4A1 in hepatocellular carcinoma cells promotes the 

development and spread of the disease (Zhang, Wang and Ding, 2021). The 

research team found that this significantly increased liver cancer cell migration, 

invasion, and EMT by reducing E-cadherin protein levels and elevating N-cadherin 

and vimentin levels in liver cancer cells. In contrast, COL4A1 knockdown resulted in 

an increase in E-cadherin protein level and a decrease in N-cadherin and vimentin 

levels in these cells. In addition, COL4A1 has been shown to be overexpressed in 

gastric cancer and its knockdown prevented cell growth, migration, invasion, and 

EMT in gastric tumour cells (Cui, Shan, and Qiao, 2022). This study concluded that 
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COL4A1 silencing upregulated E-cadherin expression while downregulating the 

expression of Ki67, MMP2, MMP9, N-cadherin, and vimentin, which suggests a role 

in proliferation, metastasis, and EMT of gastric cancer. In HNSCC and thyroid 

cancer, COL4A1 has been shown to be upregulated and identified as a possible 

potential therapeutic target gene and/ or biomarker in diagnosis and clinical risk 

evaluation (Cong et al., 2015; Kuang et al., 2016). Furthermore, Chen et al. (2008) 

reported that HNSCC surgical specimens had higher levels of COL4A1 RNA than 

dysplastic and normal tissues. Studies found that type IV collagen-specific 

collagenase is produced and closely regulated by metastatic tumour cells (Scanlon 

et al. 2013). Additionally, Suhr and co-workers showed that COL4A was upregulated 

in OSCC (Suhr et al., 2007). A study conducted in 2016 concluded that COL4A1 

might promote cell adhesion in HNSCC, thus, COL4A1 can be a potential 

therapeutic target gene in HNSCC (Kuang et al., 2016). However, downregulation of 

COL4A1 has also been reported during EMT changes (Zeisberg and Neilson, 2009).  

Our findings show that expression of COL4A1 upregulated in H357 cells, while 

showing a slight decrease in SCC-9 cells. This difference may be due to the fact that 

SCC-9 cell lines are heterogeneous with fusiform mesenchymal-like morphologies 

mixed with clustered epithelial-like cells. The phenotypic heterogeneity in these cells 

is due to the presence of sub-populations with low E-cadherin and high vimentin, and 

others with high E-cadherin and low vimentin (Basu et al., 2010).  

Our results suggest that ACM might stimulate partial EMT changes in OSCC 

characterised by significant reduction in epithelial cell markers (E-cadherin), and 

variable expression of the mesenchymal proteins.   
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6.5.2.2 Stimulation of α-SMA expression in Oral Fibroblasts 

Oral fibroblasts are the most abundant cell type in the stroma of OSCC and are 

essential for the growth, invasion, and metastasis of tumours. ACM was used to 

assess the ability of adipocytes to activate normal fibroblasts to myofibroblasts, the 

cells that are believed to contribute to the growth of tumours. Myofibroblasts can 

influence tumour growth and progression through releasing of pro-migratory 

substances such as MMPs, serine proteases, and ECM components. Additionally, 

they secrete cytokines and growth factors including hepatocyte growth factor (HGF) 

and IGF-1, both of which support cell survival (Allen and Jones, 2011). 

NOF353 primary cells were treated for 48 h with ACM obtained from 3T3-L1 

adipocytes as explained in materials and methods section 2.11. TGF-β1 was 

employed as a positive control as it is frequently used to induce a myofibroblast 

phenotype. Cells cultured in serum-free medium (SFM) served as a negative control. 

IF staining was employed to detect the expression of α-SMA in the NOF353 and 

results demonstrated that NOF cells cultured in SFM displayed little to no expression 

of α-SMA, whereas those cultured in ACM and TGF-β1 expressed α-SMA 

microfilaments in their cytoplasm. The findings suggest that factors within the ACM 

can induce fibroblasts expression of cytoskeletal α-SMA. 

It has been widely reported that fat tissues aid tissue repair and healing. Adipocytes 

have been shown to play an important role in wound healing where they can activate 

stromal fibroblast to more contractile cells (myofibroblast) that migrate to the injury 

site and aid in the healing process (Schmidt and Horsley, 2013). However, recent 

evidence indicates that during the wound healing dermal adipocytes dedifferentiate 

to myofibroblasts and/or undergo lipolysis that regulates inflammatory macrophage 
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infiltration, which aids in wound healing (Bielczyk-Maczynska, 2019; Shook et al., 

2020). 

El-Hattab et al. (2020) have shown that ACM stimulated fibroblast conversion into a 

highly contractile, collagen-producing myofibroblast phenotype. Furthermore, the 

research group found that ACM significantly promoted fibroblast cell migration. Their 

results demonstrated that compared to the positive control (1ng/mL TGF-β1 and 50 

µM ascorbic acid), ACM produced more significant changes in fibroblast cells, in 

terms of collagen synthesis, cell compaction, and myofibroblast transformation.  

6.5.2.3 Phenotypic changes in adipocytes  

Mature adipocytes co-cultivated with breast cancer cells showed a considerable 

decrease in the quantity and size of lipid droplets, which was connected with a 

significant decrease in lipid accumulation in murine and human models (Dirat et al., 

2011). Recent evidence suggests that adipocytes interact with cancer cells and 

undergo phenotypic changes, such as de-lipidation and de-differentiation, as well as 

functional changes, such as an increase in lL-6, IL-8, MCP-1 and TIMP-1 production 

(Dirat et al., 2010; Neiman et al., 2011). These alterations result in what are known 

as cancer-associated adipocytes (CAAs). Upon co-culturing 3T3-F442A mature 

adipocytes with mammary cancer cells in vitro, CAAs were initially reported (Dirat et 

al., 2011). Indeed, data from different studies suggest that adipocytes dedifferentiate 

into pre-adipocytes or undergo reprogramming to become cancer-associated 

adipocytes (CAAs) releasing adipokines capable to promote the adhesion, motility, 

and invasion of tumour cells (Neiman et al., 2013). 

It has been shown that CAAs may promote the development and spread of cancer 

by supplying cancer cells with an abundance of pro-inflammatory cytokines, 
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proteases, extracellular matrix substances, and lipid (Iyngear et al., 2003; Dirat et al., 

2011; Nieman et al., 2011; Picon-Ruiz et al., 2016). These results, which were first 

reported in breast cancer, have also been verified in models for ovarian, melanoma, 

and prostate malignancies (Nieman et al., 2011; Zhang et al., 2018; Laurent et al., 

2019). The largest lipid accumulation in ovarian cancer cells was observed when 

omental adipocytes were co-cultured with them, suggesting a direct transfer of lipids 

from adipocytes to ovarian cancer cells (Nieman et al., 2011). 

Herein, we cultivated the 3T3-L1 adipocytes with oral cancer conditioned medium 

collected from H357 and/SCC-9 cells for 2 days, afterwards the cells were fixed and 

stained with oil red O stain. Compared to mature adipocytes, the quantity and size of 

the lipid droplets in CAAs were much lower, which is in agreement with these other 

studies. 

Cai et al. reported that significant transcription alterations were seen in 3T3-L1 

adipocytes grown with pancreatic cancer cells. Co-culture with tumour cells caused 

mature adipocytes to exhibit an altered metabolic profile, including delipidation and 

decreased glucose and lipid metabolism (Cai et al., 2019). The RT-qPCR and 

immunoblotting results in their study demonstrated that co-cultured adipocytes 

showed a reduction in the expression of mature adipocyte markers and an increase 

in the production of fibroblast-specific markers. Several reports have shown that 

adipocytes in close proximity to cancer cells show increased expression of brown 

adipocytes markers such as uncoupling protein1 (UCP1), and protein 16 containing 

PR domain (PRDM16) (Wang et al., 2014; Paré et al., 2020). Other studies show 

CAAs with characteristics of fibroblasts, in terms of morphological features and 

secretomes such as α-SMA, FSP-1, MMP9, PAI-1, and MMP11 (Cai et al., 2019). 
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6.5.2.4 Adipokines profile secreted by CAAs 

Using a transwell co-culture system with inserts, oral cancer cells (H357 and SCC-9) 

were co-cultured with adipocytes for 48 h to mimic the interaction between 

adipocytes and oral cancer cells with adipocytes cultured alone serving as a control. 

A mouse adipokine array kit was used for the adipocytokine screening.  

The findings demonstrated that, in comparison to fat cells cultivated alone, both 

OCCLs increase the expression of a broad variety of adipocytokines in co-cultured 

adipocytes. There was a marked increase in the expression of APN, LEP, resistin, 

VEGF, MCP-1/CCL2, and PAI-1 proteins. Additionally, oral cancer cells promote the 

production of other cytokines that show no expression by adipocytes cultured alone, 

such as IL-6, IL-10, IL-11, CRP, CCL5 and TNF-α. These have been demonstrated 

to be crucial in the development of cancer (Dirat et al., 2011; Neiman et al., 2013; 

Pérez-Hernández et al., 2014). These results imply that oral cancer cells regulate the 

expression of adipocytokines by adipocytes. The biological behaviour of oral cancer 

may be significantly influenced by this cell-to-cell interaction. 

Accumulating evidence demonstrates that adipose cells cultivated with cancer cells 

(CAAs) exhibit a modified phenotype characterised by an increase in inflammatory 

cytokines and proteases, loss of lipid content, and a decrease in adipocyte 

differentiation markers. CAAs show changes in their adipocytokines secretion, which 

enhance tumour progression. It has been shown that CAAs produce more 

adipocytokines than mature adipocytes, including LEP, APN, IL-6, PAI-1, MMP-11, 

MCP-1/CCL2, and CCL5 (Andarawewa et al., 2005; Lee et al., 2015; Wu et al., 

2019; Zhao et al., 2020).  
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Dirat and co-workers found that LEP, proinflammatory cytokines like IL-1, IL-6, and 

TNF-α, as well as chemokines such as CCL5, CCL2, and IL-8 are all secreted and 

expressed at higher levels in CAAs. Whereas, APN and resistin expression is 

significantly reduced, which contrasts with our data that showed a rise in APN and 

resistin secreted by CAA. Furthermore, another study found that 3T3-L1adipocytes 

co-cultured with pancreatic tumour cells showed a significant reduction in APN, LEP 

and resistin production (Cai et al., 2019). The research group found that in these co-

cultured adipocytes, CAA revealed a substantial increase in the expression of genes 

linked to the mesenchymal state, indicating a shift towards more mesenchymal 

phenotypes. At the same time, CAA showed a decrease in the expression of mature 

adipocyte markers including APN, LEP, and resistin and an increase in the 

expression of fibroblast markers like α-SMA, FSP-1, MMP9, PAI-1, and MMP11. 

Furthermore, Takehara and co-workers reported that tumour cells induce reduction 

of fat cell-specific markers such as APN, PPAR-Ɣ and FABP4, and expression of 

fibroblast-specific markers such as S100a4 and α-SMA (Takehara et al., 2020). In 

addition, another study revealed that murine 3T3-F442A co-cultured with breast 

cancer cells exhibited a significant reduction in APN (Bochet et al., 2013). 

These phenotypic changes may suggest transdifferentiation of mature adipocytes 

into fibroblast-like cells or dedifferentiation to preadipocytes. It is likely that the 

protein expression in CAA is varied and probably depends on the type of cancer 

cells that modulate this expression. 

The findings of this chapter suggest that the influence of adipocytes on oral cancer 

cell migration, regulation of partial EMT alterations within the oral malignant cells, 

and modulation of oral fibroblast activity, as well as modulation of adipocytes 
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secretions, behaviour and phenotype by oral tumour cells are all were greatly 

influenced by the interaction between adipocytes and tumour cells.  

6.6 Limitations 

As "first-step" models to understand adipocyte-cancer cell interaction, we employed 

adipocytes derived from mouse preadipocyte cell lines in this investigation. This 

model does not, however, entirely represent the physiology of human mature 

adipocytes. Furthermore, a growing body of research indicates that adipose-depot 

specificity exists in terms of secretion patterns and metabolic activity (Tchkonia et al., 

2013). It is obvious that more investigation employing oral primary adipocytes 

derived from certain adipose depots around each type of oral tumour is necessary. 

Furthermore, another limitation is that the two indirect co-culture models that were 

utilised (passive and interactive co-culture) are still quite basic and do not fully 

represent complicated cell interactions in vivo. In the presence of signals from other 

cell types in the adipose tissue and cancer microenvironment, true physical contact 

between the two populations may produce different or additional results.  

The 2-dimensional transwell co-culture method that was used in this study separates 

adipocytes and oral cancer cells while allowing reciprocal crosstalk between the two 

cell populations through secreted molecules. However, similar but more significant 

effects of CAA on cancer cell proliferation, migration, and invasion have been seen 

in other investigations employing 3D collagen gel matrixes than those seen in 2D 

models (Manabe et al., 2003; Bochet et al., 2013). 
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We were aiming to examine the phenotypic changes in 3T3-L1 fat cells co-cultured 

with the oral cancer cells, at the molecular level, for example expression of mature 

adipocyte markers and brown adipocyte/fibroblast markers such as, UCP1 and α-

SMA. Unfortunately, technical errors destroyed two long-term attempts. We were 

unable to repeat the adipocyte differentiation and cocultivation because of time 

limitations. 

Moreover, due to the high cost of the adipokine array kit, only one repeat of the 

adipokine array was performed for each cell. Additional techniques such as ELISA 

could be employed to validate the results, but we were unable to initiate this due to 

time constraints. Furthermore, the array only provides a semi-quantitative result, and 

ELISA is advised for more accurate quantification. 

Furthermore, additional replicates and statistical analysis could be done to 

understand and address the high variability in the qPCR and WB results in order to 

determine whether these differences are statistically significant. However, due to the 

time limitation only three biological repeats were conducted. It is also worth 

considering more advanced statistical techniques or biological validation 

experiments to confirm the observed effects. 
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7.1 General Discussion 

Squamous cell carcinoma of the oral cavity (OSCC) is the most frequent malignancy 

in HNC and represents over 90 % of all oral cavity neoplasia. It is distinguished by its 

aggressive behaviour and significant morbidity and fatality rates within the first five 

years following diagnosis (Johnson et al., 2020; Sung et al., 2021). Worldwide, there 

were more than 377,700 oral cancer cases worldwide in 2020, with 364,339 deaths 

(World cancer research fund international, 2020).  

Oral cancer has a number of potential causes, including genetics, nutrition, tobacco 

use, and alcohol consumption. OSCC is mostly caused by tobacco use, while in 

other areas of the world, areca nut use is the main carcinogen (Muller and 

Tilakaratne, 2022). It is well-known that OSCC is caused by multiple ongoing 

alterations in gene expression brought on by biochemical, genetic, epigenetic, and 

molecular changes within the oral squamous cell epithelium, and underlying 

connective tissue and submucosa. As a result of genetic susceptibility, or prolonged 

exposure to one of the risk factors, primarily tobacco products, a population of 

dysplastic epithelial cells penetrate the basement membrane. These cells then 

infiltrate the connective tissue and underlying structures as epithelial islands of 

malignant cells and keratin pearls or as individual atypical cells portraying varying 

degrees of differentiation from well to poorly differentiated. Further invasion of the 

surrounding tissues, including bone, and metastasis to the local lymph nodes and 

distant sites, primarily through lymphatics, causes significant morbidity and mortality 

(Dolens et al., 2021; Chettiankandy et al., 2022).  

OSCC is commonly linked to a poor prognosis and mortality, primarily due to late 

diagnosis and a tendency for cervical lymph node metastases (Dolens et al., 2021). 
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The morphologically diverse characteristics of OSCC and their invasion of nearby or 

regional structures are their distinctive hallmarks. 12% to 56% of OSCCs exhibit 

mandibular bone invasion (Chen et al., 2011), and the majority (80%) of cases 

metastasise to the cervical lymph nodes (Scully and Bagan, 2009; Khan, 2012). The 

prognosis and patient’s outcome are considerably worsened by bone involvement 

and local metastasis to cervical lymph nodes (Dolens et al., 2021). The complex 

process of metastasis involves the capacity of tumour cells to multiply and become 

more mobile, promote angiogenesis, detach from the primary tumour, invade the 

circulation, and interact with components of the new milieu. Non-cancerous cells of 

the TME, which include a range of stromal mesenchymal cells such as fibroblasts, 

inflammatory cells, vascular cells, and adipocytes support each of these processes 

and can aid in the growth and metastasis of primary tumours (Balkwill, Capasso and 

Hagemann, 2012). The majority of research to date has focused on the role played 

by fibroblasts in the OSCC microenvironment and how they interact with cancer cells 

and other stromal cells, but relatively little is known about how adipocytes contribute 

to the development of OSCC. 

The function of adipocytes has been extensively studied in different neoplasms, 

including breast, colon, prostate, kidney, and thyroid cancers. Recently, adipocytes 

have gained much research attention as the largest endocrine cells producing 

adipocytokines that are composed of a wide range of bioactive compounds, including 

complement factors, cytokines, and growth factors. They have an impact on body 

homeostasis and metabolism, and can influence vital cell processes such as cell 

motility, cell growth and death, inflammation, angiogenesis, and other critical cell 

processes by acting in an endocrine, paracrine, or autocrine manner (Van Kruijsdijk, 

Van Der Wall and Visseren, 2009; Kralisch and Fasshauer, 2013; Booth et al., 
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2015). Given that adipose tissue is supplied by a large vascular network, even a 

small amount of secretion of these adipokines can physiologically regulate 

immunological responses, inflammation, fat storage, development, metabolism, 

dietary habits, and hemostasis (Falcão-Pires et al., 2012). A fundamental 

mechanism of many disorders, including diabetes mellitus, hyperlipidemia, 

hypertension, atherosclerosis, cardiovascular conditions and even cancer, is caused 

by an altered secretion of these adipokines (Booth et al., 2015; Gui et al., 2017). 

Adipokines have a variety of impacts on many cell types and primarily work through 

inflammatory pathways, which is why they are linked to the initiation and progression 

of malignancies (Falcão-Pires et al., 2012). A growing number of studies have 

examined the function of adipokines, particularly leptin and adiponectin, in HNC 

malignancies, primarily thyroid, laryngeal, salivary gland, oral, and esophageal 

carcinomas. As mentioned in the literature review (Chapter 1), some adipocyte-

produced adipokines have been studied to some extent for their involvement in oral 

cancer (Fang et al., 2009; Gharote and Mody, 2010; Guo et al., 2013; Guo et al., 

2013; Tsai et al., 2013; Kim et al., 2014; Wang et al., 2014; Hsu et al., 2015; Young, 

Levingston and Johnson, 2015).  

For an early diagnosis and effective patient management, it is crucial to identify and 

assess the value of novel diagnostic and prognostic indicators. To enhance OSCC 

screening, it is necessary to discover body fluid-accessible biomarkers, such as 

those available in blood and saliva. Evidence highlighted that due to the significant 

association between the levels of adipokines in the blood and saliva, measuring 

salivary adipokines as a predictor of different disorders has received a great deal of 

interest (Mamali et al., 2012; Desai and Mathews, 2014; Abdalla, 2021). A very 

recent study has revealed the potential of salivary resistin as an useful biomarker for 
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insulin resistance (Abdalla, 2021). Moreover, it has been reported that saliva has 

biomarkers that are efficient for the early diagnosis and monitoring of both oral and 

systemic disorders, which has led to an evolution in the use of saliva as a diagnostic 

tool (Streckfus and Bigler, 2002). Several studies have shown the potential utility of 

some salivary components as indicators of OSCC (Streckfus and Bigler, 2002). A 

recent study (2019) reported that measuring IL-6 in the saliva might serve as a very 

reliable diagnostic biomarker for OSCC (Márton et al., 2019). The creation of simple, 

non-invasive techniques for determining adipokines in saliva would aid in the study 

of their physiology, activities, and regulatory functions. 

The three main adipokines found in serum and saliva are LEP, APN, and resistin, 

which have been shown to have a considerable correlation in their levels (Gröschl et 

al., 2001; Toda, Tsukinoki and Morimoto, 2007; Mamali et al., 2012). These 

adipokines target a variety of tissues and organs via their receptors that are widely 

expressed in different tissues and trigger the Janus kinase/Signal Transducer and 

Activator of Transcription (JAK/STAT), phospatidylinositol kinase (PI3/Akt/mTOR), 

and peroxisome proliferator activated receptor (PPAR) pathways. 

Adipose cells function in the oral tumour microenvironment and the processes 

behind their ability to mediate migration of malignant epithelial cells, as well as their 

modulation by tumour cells have been the main topics of this thesis. Figure 7.1 

summarises the findings of this study. 
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7.1.1 The effect of APN, LEP and ACM on oral cancer cell proliferation and 

migration 

We examined the effect of human recombinant APN and LEP adipokines, as well as 

adipocyte conditioned medium (ACM) obtained from 3T3-L1 mouse adipocytes on 

oral tumour cell proliferation and migration. The results showed that both adipokines 
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and ACM significantly promoted oral cancer cell migration, but had no significant 

effect on cell proliferation.  

The ability of APN to stimulate preadipocyte proliferation and migration has been 

documented (Jin et al., 2015). The research group suggested that systemic or local 

administration of APN is a feasible therapeutic strategy for the management of 

surgical wounds. Indeed, the ability of APN to enhance wound healing through 

stimulating keratinocyte growth and migration has been reported (Shibata et al., 

2012).  

APN is an abundantly present adipokine in plasma that is exclusively synthesised by 

adipose tissue (Kelesidis and Mantzoros, 2006; Hiyoshi et al., 2012). It acts through 

two membrane-bound receptors, AdipoR1 and AdipoR2, which are primarily 

activated by the globular APN (gAdn) and full-length APN (fAdn) (HMW). AdipoR1 

exhibits a stronger affinity for the globular protein than the fAdn molecule, while 

AdipoR2 has a similar affinity for both forms (Deckert, Heiker and Beck-SIckinger, 

2006). HMW-APN is the predominant type in plasma, and is thought to be 

physiologically most relevant, and is increasingly used as a marker for different 

diseases that are linked to adipocyte dysfunction (Hebbard and Ranscht, 2014). 

Here, we use fAdn but the source did not indicate whether it is LMW, MMW or HMW. 

According to the supplier this protein is a mixture of oligomeric states, consisting of a 

minimal size of trimer (LMW) extending to high molecular weight forms.  

The role of APN in cancer is still controversial. For example, it influences cell growth 

and migration in some cells while in others it plays an anti-tumour role.  

In breast cancer cells, APN has an anti-proliferative and pro-apoptotic impact (Lee et 

al., 2015). Conversely, Tae et al. (2014) reported that APN promotes proliferation in 
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the HT29 human colon cancer cell line. Furthermore, serum APN levels were shown 

to be lower in OSCC patients, higher in pancreatic and hepatocellular carcinoma, 

and unchanged in lung cancer (Guo et al., 2013; S-N. Wang et al., 2014; Hebbard 

and Ranscht, 2014). It appears that the outcomes of the experiment could be 

impacted by variations in the APN oligomers used. In fact, due to the difficulties in 

differentiating between them, the majority of research does not specifically state 

which isoform of APN is employed. Other important factors that can affect the 

experimental results are the source of the recombinant APN protein, and its 

preparation standards (Hebbard and Ranscht, 2014). Therefore, future work should 

employ a well identified HMW APN to investigate its effect on oral cancer cell 

behaviour.  

Accumulating evidence revealed that LEP stimulates cell proliferation (Frankenberry 

et al., 2004; Yang et al., 2009; Wang et al., 2012; Ptak, Kolaczkowska and 

Gregoraszczuk, 2012; Chen et al., 2013). Our current study has been unable to 

confirm this. It appears that the action of LEP on cell proliferation in an in-vivo 

environment is different from that in in-vitro. It has been reported that alteration in 

LEP level causes hyperinsulinemia, which promotes cell proliferation (Pérez-

Hernández et al., 2014). Also, in vitro studies demonstrated that human malignant 

cells show variation in response to leptin, depending on the origin of cells 

(Somasundar et al., 2003).  

The 3T3-L ACM also showed a significant effect on oral tumour cell motility and had 

a little or no effect on cell proliferation. The migration assays showed a significant 

migration of both oral cancer cell lines towards the ACM that was even much higher 

than towards the positive control (serum-full medium) that is considered as a potent 

chemoattractant factor. Examining the 3T3-L adipocyte supernates revealed the high 
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amount of APN, resistin, MCP-1, VEGF, PAI-1, lipocalin-2, and TIMP-1 among other 

adipokines in the detected range of the kit. All these bioactive molecules have been 

shown to play a role in cancer development and progression, including oral cancer. It 

is crucial to validate the expression of these molecules using ELISA, as well as know 

which adipokines have the greatest effect on cell migration, which can be achieved 

by blocking them in the ACM and then conducting the migration assay to examine 

the difference. More importantly, screening the components of the ACM using a kit 

that can screen a wide variety of adipocytokines as capacity of the kit we used 

detects only 38 adipocytokines.  

Overall, our findings indicate that APN, LEP and ACM have the potential to affect 

H357 and SCC-9 oral cancer cell motility, and more research is required to validate 

their potential effects on the behaviour of oral cancer. Also, further attempts should 

be carried out testing the effect of ACM obtained from adipocytes co-cultured with 

tumour cells (CAACM) on oral tumour proliferation as our findings showed that oral 

tumour cells modulate and enhance co-cultured adipocyte secretion of a wide variety 

of adipocytokines.   

Moreover, an animal model should be employed in future studies of the function of 

adipocytes in oral cancer cell behaviour, with evaluating the local fat depot (oral 

adipocytes) as adipocytes from different sites can exert different effects.   

7.1.2 In vitro and ex vivo expression of APN and LEP and their receptors in 

OSCC cells and tissue sections 

The expression of the APN and LEP receptors on the cell surface of oral cancer cell 

lines was investigated using flow cytometry. The results demonstrated that adipoR1, 

adipoR2 and OBR were widely expressed in oral cancer cell lines (H357, SCC-9 
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cells). Ex vivo expression of APN and LEP and their receptors on 9 OSCC tissue 

sections was investigated using IHC. Our IHC data demonstrated that OBR was 

frequently expressed throughout the OSCC tissue sections. While APN and its 

receptor AdipoR2 displayed a varied distribution among the OSCC cases. However, 

LEP peptide and AdipoR1 were not detected in all 9 cases. 

Adipokine and adipokine receptor expression is found to be dysregulated in a 

number of malignancies, including those that affect the head and neck (Uddin et al., 

2011; Trevellin et al., 2015). Alteration in their expression has been proven to play 

an important role in cancer growth and progression. 

LEP is produced mainly by adipocytes, and its expression is also regulated by 

several factors including the size of the fat mass, APN, insulin, cytokines, and 

polymorphisms in LEP and OBR genes (Frayn et al., 2003; Yapijakis et al., 2009; 

Kang and Moon, 2010; VanSaun, 2013; Hussain et al., 2015). Within the TME, LEP 

is regulated by surrounding adipose tissue. Additionally, the hormone can be also 

produced by cancer cells themselves (Garofalo and Surmacz, 2006). In many human 

cancers, LEP and its receptors are highly expressed, demonstrating an association 

with tumour metastasis (Park and Scherer, 2011). 

Previous results have shown that LEP peptide is expressed in oral tissues including 

periodontal and salivary gland tissues (Li et al., 2014). In this study, LEP was not 

detected in our samples, by IHC staining, in either cancer tissues or adjacent 

tissues. Furthermore, the internal controls, fat and salivary gland tissues did not stain 

positively to LEP adipokine. These results may indicate that the antibody employed 

in this study might be the issue. The expression of the LEP receptor, OBR, that was 

detected in all the tissue samples, and absence of LEP might indicate an endocrine 
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role of the LEP in the oral tissue. LEP mediates its function via its receptors that are 

expressed in almost all tissues. Five receptors have been identified, OBR (a–f), 

however, the long-form receptor OBR-b is considered the functional receptor of LEP. 

The OBR antibody we used in this study does not allow us to determine the specific 

forms of OBR. Therefore, it would be better to use specific antibodies to determine 

the exact receptors that are expressed in the oral tissue.  

The association of LEP and its receptor with inducing cancer cell growth, migration, 

and induction of angiogenesis in benign and malignant neoplasms has been well-

established (Horiguchi et al., 2006; Han et al., 2017). It has been found that LEP and 

its receptor are overexpressed in breast cancer as well as nodal lymph metastases, 

indicating a critical role for both proteins in tumour initiation and progression 

(Garofalo et al., 2006; Jardé et al., 2008).  

APN and its receptor adipoR2 were detected in the OSCC samples, while adipoR1 

was not detected in all the samples including the internal controls (Skeletal muscle, 

adipose tissue and salivary gland) suggesting an issue with the antibody that was 

used. However, we used the same antibody that was used to conduct the flow 

cytometry experiments, which showed that AdipoR1 is robustly expressed in oral 

cancer cell lines. 

It has been proposed that AdipoR1 and AdipoR2 have roles in certain carcinomas 

with expression of both being downregulated in human stomach and endometrial 

adenocarcinomas whilst being overexpressed in invasive breast neoplasm (Jeong et 

al., 2011). It is obvious that the expression of APN and its receptors differs between 

studies and may be influenced by the type of malignancy or the clinical parameters 

of the patient. However, it is more crucial to look into how the dysregulation of their 
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expression affects the pathogenesis of cancer. Examination of the expression of the 

third APN receptor, T-cadherin, in OSCC may also show a different pattern of 

expression, which should be taken in consideration. 

In general, our findings revealed that there is an increase in the LEP receptor 

expression with increasing histological grade of the OSCC cases, while the 

expression of APN and its receptor appears to increase in the moderately-

differentiated OSCC. Nevertheless, due to the limitation of the OSCC cases and 

insufficient clinicopathological data, we cannot conclude whether there is a 

correlation between the expression of the selected adipokines and their receptors 

and the progression of the OSCC. However, despite the limitations of the cases 

number and their related data, our findings so far confirm the presence of the 

adipokines and their receptors in OSCC tissues, suggesting that adipocytes may 

exert a role and function in the pathogenesis of OSCC via their receptors that are 

ubiquitously expressed in oral tissues. 

7.1.3 Stimulation of EMT in oral cancer cells and activation of oral fibroblasts 

Adipocytes have been shown to induce EMT in different cancer cells. We examined 

the influence of ACM on expression of EMT markers in oral cancer cell lines (H357, 

SCC-9). The present study shows that adipocytes may stimulate incomplete EMT in 

oral cancer cells. This finding was also reported in different cancers, where 

adipocyte-produced adipokines promoted partial/complete EMT in several cancers, 

such as breast, prostate, and lung cancer cells (Lee, Jung and Koo, 2015; Acheva et 

al., 2021; Abdik, Erkilinçoğlu and Şahin, 2021; Avşar Abdik, 2021). The development 

of clustered tumour cells, which are more apoptosis-resistant and more likely to form 

tumours than individual tumour cells in circulation, has been linked to partial EMT 
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(Jolly et al., 2016). Small cell clusters found at the IF of neoplastic epithelial tumours 

are known as tumour budding, which has been linked strongly with EMT in OSCC 

(Attramadal et al., 2015). 

LEP has been shown to be able to induce EMT in tumour and non-tumour cells (Yan 

et al., 2012; Villanueva-Duque et al., 2017; Olea-Flores et al., 2018; Acheva et al., 

2021). Our migration assay results revealed that APN, LEP, and ACM may influence 

cell migration of oral cancer cells which may further indicate EMT changes in these 

cells.  

The present study also examined the ability of ACM to convert normal oral 

fibroblasts into myofibroblasts, cells thought to be involved in the development of 

tumours (Radisky, Kenny and Bissell, 2007; Dourado et al., 2018). The IF staining 

results, after treatment the cells with ACM for 2 days, revealed that oral fibroblast 

treated with ACM demonstrated expression of ⍺-SMA microfilaments in their 

cytoplasm, a biomarker of myofibroblast phenotype. These results indicated that 

adipocytes might play a pivotal role within the OSCC microenvironment via 

communicating with the surrounding cells, including tumour and fibroblast cells that 

represent the largest component and most prevalent cell type in the TME.  

Further investigation should be carried out investigating the effect of adipocytes co-

cultured with tumour cells (CAACM) as our findings showed that oral tumour cells 

modulate and enhance co-cultured adipocyte secretion. Other EMT markers could 

also be investigated, and their expression validated using both WB and qPCR.   
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7.1.4 The interaction between adipocytes and oral tumour cells 

A growing body of research shows that adipocytes that have been cultured with 

cancer cells (CAAs) display a changed phenotype marked by an increase in 

adipokines, inflammatory cytokines and proteases, a loss in lipid content, and 

reduced expression of adipocyte differentiation markers. Here, we cultured the 3T3-

L1 adipocytes for two days in oral cancer conditioned media. Adipocytes co-cultured 

showed a reduction in the number and size of lipid droplets, indicating lipolysis. 

Additionally, we aimed to employ qPCR/WB to look at the molecular alterations in 

the co-cultured adipose cells, such as the expression of brown adipocyte/fibroblast 

biomarkers (i.e. UCP1 and α-SMA). However, due to technical issues and time 

constraints, this was not possible to achieve. 

The interaction between oral tumour cells and adipocytes also was examined using 

an in vitro co-culture 2D model. In this study, an interactive co-culture assay using 

tissue inserts to separate the cultured cells was used to model the interaction 

between tumour cells and adipocytes in the TME. The results showed that in co-

cultured adipocytes, oral tumour cells boost the expression of a wide range of 

adipocytokines. The expression of the proteins APN, LEP, resistin, VEGF, MCP-

1/CCL2, and PAI-1 noticeably increased. Moreover, oral cancer cells stimulate the 

production of other cytokines in the adipocytes such IL-6, IL-10, IL-11, CRP, CCL5, 

and TNF-α that were not expressed by adipocytes cultivated alone. These factors 

have been shown to have a key role in the growth of oral cancer (Dirat et al., 2011; 

Neiman et al., 2013; Pérez-Hernández et al., 2014). As mentioned in the literature, 

alteration in the secretion of adipocyte-produced adipocytokines has an influence on 

the development and progression of a number of cancers, including OSCC. 

Accumulating evidence revealed that increasing the fat mass such as in the case of 
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obesity or under an influence of other factors/hormones or cancer cells can affect the 

production of adipocytokines. Furthermore, obesity has been shown to have an 

impact on the prognosis of oral tongue SCC (Iyengar et al., 2014). OSCC has been 

linked to downregulation of APN and LEP or elevation levels of chemerin, CRP, 

visfatin, FABP5, CCL5, and IL-6. Most of the studies that examined the effect of 

adipocytokines on OSCC were clinical studies measuring the level of adipokines in 

OSCC patients serum and comparing it with healthy individuals (Gharote and Mody, 

2010; Guo et al., 2013; Tsai et al., 2013; Hsu et al., 2015; Young, Levingston and 

Johnson, 2015) or conducting IHC/RT-qPCR on patients samples (Wang et al., 

2014). The in vitro studies that have conducted so far looked into the effect of APN 

on OSCC cell proliferation and migration (Guo et al., 2013), the effect of FABP5 on 

OSCC proliferation and invasion (Fang et al., 2009), and examined the impact of 

increased levels of CCL5 on oral cancer cell invasion (Kim et al., 2014). To our 

knowledge, this is the first study using an adipocyte model to investigate the role of 

adipocytes in the OSCC. The main findings in this study suggest that adipocytes are 

a potential chemoattractant promoting oral cancer cell migration, modulation of oral 

fibroblast activity. The interactions between adipocytes and oral tumour cells also 

have a significant impact on regulation of partial EMT alterations within oral 

malignant cells and modulation of adipocyte secretions and phenotype.  

However, the adipocytes used in this study are derived from a mouse preadipocyte 

primary cell line, which does not completely represent the biology of mature human 

adipocytes. Additionally, an expanding body of evidence suggests that fat depots 

differ from site to site with regard to secretion patterns and metabolic activity. Herein, 

our findings demonstrated that APN and resistin were highly expressed in 3T3-L1 

adipocytes, which were further enhanced by oral tumour cells. However, resistin is 



220 

 

produced mainly by murine adipocytes, while in humans its secretion is partly by 

adipocytes and largely by the other components of the adipose tissue (Rosen and 

Spiegelman, 2006). In humans, resistin is highly produced in the visceral fat tissue 

which might explain the significant ability of visceral tissue to recruit and support the 

growth and metastasis of cancer cells compared to subcutaneous adipose tissue 

(Nieman et al., 2011). 

Therefore, it is crucial to look into the function of regional adipose depots, such as 

those found in the neck, bone marrow, and tongue play in the development of 

OSCC.  

7.2 Conclusion 

Our study provides the first evidence that shows a potential crosstalk between 

adipocytes and oral tumour cells, which may influence OSCC spread and 

progression. Adipocytes are potent endocrine cells producing various bioactive 

compounds with autocrine, paracrine, and endocrine functions that can modulate the 

TME and support cancer growth and metastasis. Adipocyte-secreted factors exert 

potent oncogenic effects that may contribute to several stages of OSCC 

carcinogenesis by either stimulating cell migration, converting oral fibroblast into 

myofibroblast or promoting EMT alterations in OSCC cells. Our findings concluded 

that: 

● Adipocytes may influence oral cancer spread by secreting adipokines, which 

we have shown can enhance oral cancer cell motility in vitro. 

● APN and LEP receptors are widely expressed on OSCC cell lines, which 

explains the response of these cells to their ligands.  
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● ACM significantly stimulates partial EMT changes in OSCC cell lines that may 

be associated with cancer spread. 

● ACM converts oral fibroblasts to myofibroblasts, the cells that have been 

previously shown to be an important marker of poor prognosis in OSCC. 

● Oral tumour cells stimulate adipocytes to produce increased levels of different 

adipocytokines that have been shown to promote cancer progression and 

metastasis. 

The diagnostic and prognostic value of adipokines is still being debated at this time, 

and the data that are currently available for each specific neoplasm are varied and 

limited. The biological function of each member of the adipokine family must be 

clarified, and research involving larger sample cohorts are necessary to overcome 

these obstacles. 

The potential use of adipokines in diagnosis, prognosis, and patient monitoring or 

even as a therapeutic target should be further examined given their availability in 

biological fluids which may enhance OSCC screening for early detection and 

diagnosis. The demand for simple, non-invasive, and rapid approaches for the early 

detection and monitoring of oral cancer is urgently needed. 

7.3 Future work 

The present study demonstrates that the adipocyte‐secreted factors can significantly 

promote migration, and EMT changes in oral cancer cells. This study has 

established a platform for additional studies in the future. 
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The nationwide lockdown in response to the COVID-19 pandemic had a significant 

impact on this research. I was unable to achieve some of the anticipated goals of this 

research because of the complete lockdown from March 2020 to August 2020 and 

the lab access restrictions after that time with a weekly maximum of 10 hours only. 

Therefore, the lab access restrictions and undue delay of the lab material's delivery 

had an impact on the progress of my lab work. This included some experiments that 

ideally needed repeating to provide more reliable data, some technical issues with 

some studies that could not be resolved and finally some planned experiments that 

there was not sufficient time left to commence. 

Further research is needed for a better understanding of the molecular processes 

through which CAA regulates the phenotype and functionality of oral cancer cells 

and establish a framework to uncover novel protein targets implicated in oral cancer 

cell-CAA crosstalk and their signalling pathways that facilitate their effects. 

Furthermore, it would be valuable to repeat some of the experiments and analysis 

using other cellular models of adipocytes, ideally, including primary human 

adipocytes. In addition, three-dimensional cultures, given their utility to understand 

the connections between adipocytes and their surrounding cells in adipose tissue. 

Further investigations will: 

● Examine the effect of other adipokines (Resistin, visfatin, and chemerin) on 

oral cancer cell behaviour by conducting proliferation, migration, and invasion 

assays. As well as, examine their expression in OCCLs and OSCC tissues. 

● Study the possible effect of APN and LEP or other adipokines in regulating 

the cell cycle of oral cancer cells using flow cytometry following treatment with 

different concentrations of these adipokines.   
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● Knockdown some of the adipokines in ACM, then repeat the migration and 

coculture assays in order to determine the active biomolecules linked to the 

migration effects. 

● Examine the effect of adipocyte conditioned medium obtained from 

adipocytes co-cultured with oral cancer cell lines (Cancer-associated 

adipocyte conditioned medium (CAACM)) on oral cancer cell proliferation, 

invasion, migration and stimulation of EMT in oral cancer cells. 

● Validate the adipokine array results using ELISA/WB. 

● Examine the phenotypic changes in 3T3-L1 fat cells co-cultured with the oral 

cancer cells, at the molecular level, for example expression of mature 

adipocyte markers and brown adipocyte/fibroblast markers such as, UCP1 

and α-SMA.  

● Establish a 3-D model that will represent the interaction between oral cancer 

cells, fibroblast and adipocytes in vivo. Using three-dimensional co-culture 

systems may assess whether oral cancer cells can change the phenotype of 

normal adipocytes. Also, by seeding adipocytes into a collagen gel with 

fibroblasts, followed by seeding oral cancer cells on the top we will be able to 

observe whether the cancer cells will invade more towards adipocytes or 

fibroblasts. 

● Examine a larger OSCC tissue cohort, as we only managed to use 9 cases in 

our study and the majority of them were intermediate grade/grade II (55 %). 

We would include more low and high grade cases to examine any correlation 

between adipocyte-secreted adipokines and different histological grades, 
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clinical stages, prognosis and survival rate of oral cancer tissues and 

metastatic OSCC cells in lymph nodes and extranodal areas. 

● Generate ethical approval to obtain human oral adipocytes in order to validate 

the results obtained by the mouse adipocytes. 
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Appendix 

A.1 The Mouse Adipokine Array Kit 

The adipokines included in the mouse adipokine array kit for the proteome profiler 

(Cat # ARY013, R&D Systems) that have been used in this study. The array 

coordinates reference details are illustrated below: 
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A.2 Flow Cytometry Results (Positive controls) 

The flow cytometry results for MCF-7 and HepG2 cell lines: 
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A.3 qPCR cycle threshold (Ct) values 

 

The qPCR results for some EMT markers in H357 & SCC-9 cell lines (UT = 

Untreated cells, T = Treated cells). The experiments were performed 3 times in 

triplicate. 

ct Target 
TWIST1 

UT H357 T H357 UT SCC-9 T SCC-9 

  
R1 

21.72 21.74 15.89 15.94 

21.48 22.45 16.43 14.58 

28.81 - 16.92 16.37 

  
R2 

24.36 22.04 21.00 21.02 

24.62 23.01 20.92 21.36 

24.73 21.77 21.38 21.14 

  
R3 

24.24 19.62 20.47 23.34 

24.09 20.48 20.39 23.11 

24.40 19.69 20.77 23.50 

 

ct Endogenous 
Gene 

TWIST1 

UT H357 T H357 UT SCC-9 T SCC-9 

  
R1 

14.52 16.59 18.15 17.49 

15.01 17.07 18.77 16.93 

22.19 30.22 19.07 17.35 

  16.84 15.84 17.32 16.42 
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R2 17.04 17.53 17.55 17.48 

17.35 15.69 17.56 16.77 

R3 16.39 14.23 16.91 16.25 

16.36 15.11 16.90 15.99 

16.09 13.98 16.94 16.26 

 

ct Target 
ZEB1 

UT H357 T H357 UT SCC-9 T SCC-9 

  
R1 

31.82 30.24 
24.41 23.33 

31.31 30.26 
24.60 23.40 

30.98 30.34 
27.82 23.75 

  
R2 

32.93 28.71 23.18 23.25 

31.81 28.82 22.82 22.72 

32.06 28.91 23.08 23.37 

  
R3 

31.34 22.54 25.96 23.82 

32.78 22.29 25.74 24.15 

31.93 21.99 25.47 24.27 

 

ct Endogenous 
Gene 
ZEB1 

UT H357 T H357 UT SCC-9 T SCC-9 

  14.37 16.78 18.73 17.17 
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R1 15.86 17.51 19.36 17.65 

14.84 16.99 22.69 18.15 

  
R2 

16.84 15.86 17.57 16.80 

17.04 15.77 17.09 16.26 

17.35 15.29 17.40 16.77 

  
R3 

16.39 14.52 19.33 17.01 

16.36 14.32 19.37 17.38 

16.09 13.91 19.2 17.53 

 

ct Target 
SNAI1 

UT H357 T H357 UT SCC-9 T SCC-9 

  
R1 

31.62 - 23.22 22.36 

31.54 32.31 23.38 22.54 

31.52 35.35 23.25 21.49 

  
R2 

34.12 31.90 31.22 29.96 

33.14 32.01 30.40 30.73 

32.43 31.69 30.75 31.03 

  
R3 

33.02 31.11 
34.51 34.02 

34.23 29.83 
33.47 35.24 

34.29 29.60 
32.91 34.36 
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ct Endogenous 
Gene 
SNAI1 

UT H357 T H357 UT SCC-9 T SCC-9 

  
R1 

13.86 29.12 18.86 18.06 

14.39 16.96 18.67 18.31 

14.21 16.86 18.59 17.08 

  
R2 

17.45 16.09 17.64 16.66 

17.51 16.55 17.18 16.99 

17.25 16.53 17.18 17.25 

  
R3 

16.63 15.41 
20.28 17.59 

16.75 14.39 
19.6 17.75 

16.31 14.24 
19.22 17.27 

 

ct Target 
SNAI2 

UT H357 T H357 UT SCC-9 T SCC-9 

  
R1 

20.13 19.63 21.52 19.32 

20.22 19.16 21.58 19.37 

21.65 20.38 21.74 19.54 

  
R2 

20.69 17.09 19.67 20.56 

20.55 17.13 19.72 20.41 

20.42 17.23 19.43 20.72 

  20.37 20.56 19.80 18.03 
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R3 20.60 21.00 19.98 18.16 

20.50 20.52 19.62 17.85 

 

ct Endogenous 
Gene 
SNAI2 

UT H357 T H357 UT SCC-9 T SCC-9 

  
R1 

15.05 17.58 18.72 17.48 

15.11 17.13 19.42 17.48 

16.70 19.00 18.92 17.78 

  
R2 

17.39 15.65 17.32 16.57 

17.73 15.74 17.55 16.35 

16.98 15.67 17.08 16.74 

  
R3 

16.19 14.18 17.21 15.89 

17.01 14.90 17.91 15.90 

16.31 14.26 17.04 15.69 

 

ct Target 

E-Cadherin 

UT H357 T H357 UT SCC-9 T SCC-9 

  

R1 

22.89 31.38 31.26 - 

22.86 30.98 30.11 28.95 

22.96 31.66 29.90 29.75 

21.50 20.76 26.56 30.21 
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R2 

21.76 21.09 26.61 31.04 

21.65 20.76 26.27 30.73 

  

R3 

21.12 29.08 31.3 32.88 

21.19 28.79 32.55 32.64 

21.35 29.09 31.53 32.91 

 

ct Endogenous 
Gene 

E-Cadherin 

UT H357 T H357 UT SCC-9 T SCC-9 

  

R1 

17.78 16.48 19.38 24.75 

17.76 16.27 18.46 16.70 

17.86 16.36 18.96 16.87 

  

R2 

17.22 15.66 17.63 17.02 

17.55 15.82 17.93 17.87 

17.25 15.35 17.58 17.08 

  

R3 

16.20 14.53 19.81 18.45 

16.38 14.51 20.63 18.79 

16.38 14.53 19.82 19.05 

 

ct Target 
Collagen IV 

UT H357 T H357 UT SCC-9 T SCC-9 
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R1 

22.50 24.25 23.44 22.70 

22.95 23.87 23.34 22.83 

22.75 24.38 23.50 22.39 

  
R2 

26.26 22.31 24.04 23.50 

24.74 22.78 24.26 22.64 

25.77 22.38 24.52 23.25 

  
R3 

25.11 23.25 23.61 23.35 

24.81 23.06 23.39 23.17 

25.42 23.33 22.88 23.41 

 

ct Endogenous 
Gene 

Collagen IV 

UT H357 T H357 UT SCC-9 T SCC-9 

  
R1 

14.26 17.09 18.74 17.18 

14.89 16.77 19.32 17.24 

14.58 17.18 19.41 17.19 

  
R2 

19.64 16.41 18.05 17.15 

17.21 16.23 18.14 16.70 

18.13 15.57 18.44 17.08 

  
R3 

16.80 14.97 17.90 16.22 

16.35 14.74 17.52 16.69 

16.84 14.67 17.17 16.06 
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