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Summary
Lung cancer is the most common cause o f cancer related death in Ireland. W hile 

treatment options and long term survival have increased for other cancer types, lung 

cancer lags behind in both areas, with 5 year survival remaining poor. A number o f  

lines o f evidence suggest that chronic inflammation and/or hypoxia are key steps in 

the development and promotion of a number of cancer types; this project examines 

the role o f inflammation and hypoxia in lung carcinogenesis. The knowledge 

obtained w ill assist in the understanding o f lung cancer and the development o f novel 

cancer therapeutics to treat this disease.

Tw o pro-inflammatory mediators o f particular interest are tumour necrosis 

alpha (TN F-a) and Interleukin-1 beta (IL -iP), which have been demonstrated to 

have various roles in the carcinogenesis process. Using a sub-cloning technique, 

these pro-inflammatory cytokines were stably over-expressed in a normal bronchial 

epithelial cell line (HBEC) and cultured for a period o f three months under normoxic 

(21% O2 ) and hypoxic (0.5% O2 ) conditions. After three months o f continuous 

growth, a number o f functional assays were performed including: soft agar assay, 

endothelial tube formation, invasion assay and the utilisation of a qPCR Human 

Cancer PathwayFinder™ array.

After three months o f culture, the over-expression clones did not have the 

ability to form colonies in soft agar; however, they demonstrated an increased 

invasion and adhesion potential. Under normoxia, the IL-1(5 and TN F-o/IL-ip clones 

had an increased invasive capacity compared to the empty vector control (EVC) 

(p<0.05). In addition, the invasive potential o f the EVC grown under hypoxia was 

significantly elevated compared with the normoxic EVC (p<0.05). Using the Cancer 

PathwayFinder™ array, a number of gene changes were evident between the clones 

compared with EVC under normoxia and hypoxia, which included c-M yc and 

S100A4.

Inflammation and angiogenesis, while distinct and separable, are closely  

related processes. The CXC (ELR" )̂ chemokine family is involved in both o f these 

processes and can be regulated by TNF-a and EL-1|3. Histone deacetylase inhibitors 

(HDACi) have proven, in the past, to modulate inflammatory and angiogenic 

responses and as such, may be o f potential therapeutic benefit in lung cancer. 

Examination of several o f these family members (C X C L l, 2, 3, 8 & C X C R l/2) in a 

number o f cell lines and normal/tumour matched patient samples by RT-PCR, 

displayed a de-regulated pattern in non small cell lung cancer (NSCLC). Targeting
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this family, by epigenetic means, resulted in a decrease in CXCl-3 with a 

concomitant increase in CXCL8 and CXCRl/2. CXCL8 did not have the ability to 

increase cell growth in either a normal bronchial epithelial cell line or NSCLC cells.

Interleukin 20 (IL-20) is a recently discovered cytokine with an involvement 

in inflammation, particularly in skin biology. Its activity is mediated through a 

hetero-dimeric receptor complex, composed of IL-20RB with either IL-20RA or IL- 

22R1, resulting in the activation of signal transducer and activator of transcription 3 

(STAT3). The expression of IL-20 and its receptors by RT-PCR also demonstrated a 

de-regulated pattern between normal and lung cancer cell lines. This pattern was also 

observed at the protein level in a number of normal/tumour matched patient samples 

by means of western blot. The IL-20 family were epigenetically regulated in normal 

and lung cancer cells, via histone post translational modification and CpG island 

DNA methylation. Angiogenesis mediated by IL-20 remains controversial; however 

in this study, IL-20 was shown to have anti-angiogenic potential and was strongly 

induced by HDACi treatment.

In conclusion, this project provides a unique cell line model in which to 

examine the effects of both chronic inflammation and hypoxia, alone or in 

combination, in the role of lung carcinogenesis. Although the cells were not 

transformed, further studies are warranted over a longer culture period. It has 

demonstrated, that several pro-inflammatory mediators are epigenetically regulated 

in both normal and lung cancer cell lines. The balance of these cytokines and 

chemokines is critical in the tumour microenvironment and requires further 

elucidation. It remains to be seen if epigenetic targeting of these pathways is a viable 

therapeutic option in lung cancer treatment.
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1.0 Introduction

1.1 Lung Cancer

1.1.1 Epidemiology

Lung cancer is a worldwide health burden, with numbers increasing both in terms of 

cases and deaths. Lung cancer has been the most common cancer in the world since 

1985 [1,2] and now accounts for 12.5% of all new cancer diagnoses [3]. Due to 

difficulties in early detection, lung cancer has a high morbidity, with five year 

survival rates continuing to remain poor, at 6-14% in males and 7-18% in females 

[4], In 2002, there were an estimated 1.35 million cases of lung cancer diagnosed and 

1.18 million deaths worldwide [3]. Of these, 85% of cases in males and 47% in 

females were caused by tobacco smoking in 2000 [3]. Fig 1.1 outlines the number of 

all new cancer cases, deaths and persons living with the disease worldwide.

Incidence Mortality Prevalence

Jtpm i NORTH

NORTH 
AMERICA 

9.4%

AMERICA

EUROPE

EUROPE

LATIN AFRICA
AMERICA! e.0%
CARBBEAN

m

OCEANIA

AFRICA 
U T IN  

AMERICAN 
CARBBEAN 

7.1%

AMERICA

EUROPE
U T W  

AMERICA!
CARIBBEAN AFRICA OCEANIA 

6J%  4.1%

10,862,000
cases

6 ,724,000
deaths

24 ,570,000
persons

Fig 1.1 : Cancer incidence, mortality and prevalence. W orldwide figures from 2002 

divided into the number of new cases, deaths and people living with the disease. 

Results are based on all cancers.

Taken from Parkin, 2006, Int J Cancer [3].

Female cancer deaths/cases are increasing in Ireland and in other European 

countries, whilst decreasing in males [4]. This is particularly evident in lung, which 

has now overtaken breast as the largest female cancer killer in some of these 

countries [3J. In Ireland, statistics from 2005 indicate 750 cases of lung cancer in
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women and 1,092 cases in men, while death rates from 2004 signify that 624 females 

and 982 males died from the disease [5]. Ireland has one o f the highest female 

incidences of lung cancer in Europe [2] and it accounts for the most cancer-related 

deaths in Ireland, above prostate and breast [5]. Approximately 13% of all lung 

cancer cases in Ireland are due to radon exposure, with active smokers 25 times more 

likely to develop cancer compared with non smokers [6]. Although Ireland was the 

first country in 2004 to ban smoking in all work places, it has had little effect in 

reducing smoking numbers based on the SLAN survey figures. In 2002, 

approximately 27% of the population were smokers and in 2007 that rose to 29% [7]. 

The most recent data from the Office o f Tobacco Control have a figure as low as 

23.6% in March 2008 (www.otc.ie/research) however, this was based on 1,000 

responses in comparison with 10,000 in SLAN surveys.

1.1.2 Etiology

Lung cancer was first attributed to smoking in 1950 by Doll and Hill [8] and they 

noted that cigarettes were more potent than a pipe in disease causation [9]. Currently, 

changes in cigarette design and the mode of cigarette inhalation is resulting in more 

adenocarcinoma (AC) than squamous cell carcinoma (SCC). Smoking increases the 

risk of developing at least 14 different cancers, including stomach and bladder, but is 

most commonly a contributory agent in lung cancer [10,11]. However, evidence is 

emerging that lung cancer in ‘never-smokers’ is increasing, particularly in females. 

In Asia, there is a higher number of non-smoking females developing the disease, 

which is thought to be associated with environmental exposure to cooking oil fumes 

and indoor coal burning [12], although recently HPV has been implicated [13]. 

Females may also be at an increased risk of lung cancer due to estrogen treatments 

(e.g. hormone replacement therapy), although this remains controversial [14,15]. 

Familial inheritance of mutated carcinogen metabolising enzymes [16] is also 

common, as are epidermal growth factor receptor (EGFR) mutations [17]. Female 

‘never-smokers’ are more prone to developing lung cancer than male ‘never- 

smokers’, with AC being the major sub-type [18].

Smokers are 14-40 times more likely to develop lung cancer in comparison to 

non smokers [19,20]. However, only 25% of smokers worldwide develop the disease 

[21]. A correlation has also been identified between passive smoking and lung cancer 

risk [22]. In a meta analysis of 40 studies, it was found that environmental tobacco 

smoke (ETS) increases the risk of lung cancer by 15-25% [23]. This is not surprising
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as tobacco smoke contains at least 60 carcinogens of which 20 are known to cause 

lung cancer, such as polycyclic aromatic hydrocarbons (PAH) [24], Even nicotine in 

cigarettes may play a role in lung cancer pathogenesis by inhibiting apoptosis [25].

Lung cancer, like many cancer types, can have inherited mutations although 

most reported genetic changes are due to lifestyle factors. Family history of lung 

cancer increases the risk by about 2.5 times, possibly due to deficiencies of 

carcinogen metabolizing enzymes [19] and an autosomal susceptibility locus 6q-23- 

25 [26]. The loss of 3p is an early event in >90% of lung cancer cases and includes 

genes such as RAS association family 1 (RASSFIA) and fragile histidine triad 

(FHIT) genes [27]. Genetic alterations in this disease also include vascular 

endothelial growth factor (VEGF) mutation, and the absence of the retinoblastoma 

protein (RB) [28,29]. In addition, combined inactivation of KRAS and c-Myc proto

oncogenes reverses tumourigenesis in lung cancer [30]. Table 1.1 outlines some of 

the most common genes implicated in lung cancer.

Table 1.1: The molecular genetics of lung cancer. Some of the common genetic 

alterations in lung cancer.

Gene_____________________ Percentage_________ References

Over-expression

EGFR 70% [31]

HER2 30% [32]

c-KIT 40-70% [33]

c-myc 8-10% [34]

Bcl-2 10-35% [31]

Telomerase 80% [35]

Mutation

K-ras 20-30% [31]

p53 50% [36]

pl6 15-30% [37]

1.1.3 Clinical presentation

Non-small cell lung cancer (NSCLC) accounts for 75-80% of newly diagnosed 

patients, with the remaining 20-25% cases diagnosed as small cell lung cancer 

(SCLC) [38]. At the time of presentation or diagnosis, approximately 30% of patients 

are candidates for curative surgery, but most succumb to the disease within 12
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months due to metastatic disease. An additional 30% of patients have inoperable 

disease (locally advanced) and 40% have metastatic disease [38]. There has been a 

decline in SCLC and SCC, particularly among men, but these are still increasing in 

females. The number of cases of AC is increasing in both sexes [39]. Most of the 

patients who are symptomatic have advanced disease, which is sometimes found 

during screening for other illnesses. Lung cancer symptoms are usually non-specific 

but can include; a persistent cough, dyspnea (shortness of breath), and haemoptysis 

(sputum containing blood), an ache or pain when breathing or coughing, loss of 

appetite and fatigue. These symptoms are more indicative of disease if the patient is a 

smoker (www.cancerhelp.org.uk/help/default.asp?page=2787).

1.1.4 Classiflcation and staging

Clinico-pathologically, lung cancer is sub-divided into two broad categories: non 

small cell (NSCLC) and small cell (SCLC) lung cancer. NSCLC is further divided 

into squamous cell carcinoma (SCC), adenocarcinoma (AC) and large cell carcinoma 

(LCC) amongst others. SCLC often arises from the bronchial epithelium and SCC 

from the large bronchi. Fig 1.2 illustrates the anatomy of the lung, including specific 

cell types. Adenocarcinoma arises from the epithelium of the bronchi from mucin 

producing cells and are most often peripherally located, while LCC can also occur in 

the bronchi [21]. Although SCC and AC are the most common types, there are some 

variations within their classification. SCC can include tumours derived from clear 

and small cell, while AC can be sub-divided into acinar, papillary or bronchoalveolar 

[40]. LCC consists of large cell neuroendocrine carcinoma and basaloid carcinoma, 

amongst others. Some less common NSCLC sub types from the new 

WHO/Intemational association for the study of lung cancer comprise of 

adenosquamous carcinoma, carcinoid tumours, carcinomas of salivary gland type and 

carcinomas with pleomorphic, sarcomatoid or sarcomateous elements [40].
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Fig 1.2: The anatomy of the lung. The cartoon illustrates the main compartments and 

cell types found within the lung. The proximal airway and bronchus are the main 

sites for SCLC and SCC, while the peripheral sites, such as bronchioles and alveoli 

are associated with AC. Taken from Sun, 2007, Nat Rev Cancer [21],

Staging in lung cancer is based on TNM: T extend of tumour, N presence or absence 

and extent of regional lymph node metastasis and M presence or absence of distant 

metastasis. The TNM staging was devised by the International Union Against Cancer 

(UICC) [41]. This international system is a consistent and reproducible classification 

for the anatomical extent of the disease in patients [42]. Staging describes the 

clinical, pathological, and anatomical extent of a malignant tumour, thus providing 

an estimate of prognosis as well as an aid to treatment planning. The determination 

of stage is critical in the selection of therapy and is based on pathological features 

and clinical factors. Staging involves various procedures, including but not limited 

to, physical examination and medical history, laboratory investigations, chest x-ray, 

magnetic resonance imaging (MRI) and computed tomography (CT) scan. A biopsy 

may be taken from any suspect lesion via bronchoscopy or mediastinoscopy 

( W W W .cancerhelp.org.uk/help/default.asp?page=2968). Staging is outlined in Fig 1.3.
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Staging of Non-Small Cell Lung Cancer (TSM classification)
Primary Tumour T
TO no evidence o f  primar)-
Tis CIS
Tl 3ctn or less in max diameter, no invasion o f  \isoerai pleura, no in\'asion proximal to a lobar

bronchus
T2 >3cm max diameter, involvement o f mainstem bronchus >2cm  from main carina

invasion of visceral pleura atelectasis/obstructive pneumonitis extending to hilum but not entire lung
T3 inx-asion o f chest w'all. diaphragm, mediastinal pleura, parietal pericardium mainstem bronchus

<2cm from main carina. but nM invohing main carina atelectasis/obstructive pneumonitis o f  entire 
lung

T4 mediastinum, heart, great vessels, trachea, oesophagus, vertebra, main carina
malignant pleural or pericardial effusion satellite nodules within same lobe as primary tum our

Lymph Sodes S
.NO no nodal involvement
.N1 ipsilateral peribronchial. intrapulm onar\ and/or hilar nodes by direct invasion or metastasis
.N2 ipsilateral mediastinal and/or subcarinal nodes
N3 contralateral hilar or m ediastinal nodes

ipsilateral or contralateral scalene or supraclavicular nodes

Distant Metastasis M
\iO no distant m etastasis
M l distant metastasis or satellite pulm onar\’ nodules in separate ld )e  from  primarA

(kerall Stage 
0  Tis .NO .MO
la  Tl NO .MO
lb T2 .NO .VIO
Ila Tl N l .MO
nb T2 N l MO

T3 .NO MO
Ula T3 N l MO

T l-3 N2 .MO
Illb T a n y N3 MO

T4 N any MO
1 \' T  any N any M l

Fig 1.3 : The TNM classification. This classification system is used to stage NSCLC. 

Taken from Lababede, 1999, Chest [43],

1.1.5 Current treatments

The treatment for lung cancer can vary between smokers, non-smokers and TNM 

stage. The majority of non-smokers harbour an EGFR mutation [21] and are treated 

with Gefitinib/Erlotnib as they have a better response than smokers to this treatment 

[18]. There still seems to be no ‘gold standard’ or best chemotherapy regimen or 

treatment in the treatment of this disease [38]. Adjuvant chemotherapy may be 

considered after surgery of Stage I and II or chemotherapy may be administered pre- 

operatively in Stage III (locally advanced). In Stage Illb and IV a combination of 

chemotherapy and radiotherapy may be used. Neo-adjuvent chemotherapy should be
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considered in young patients, who have a good performance status and no other 

medical conditions [38]. Most chemotherapy regimes combine cisplatin and others 

such as vinorelbine, docetaxal or gemcitabine. Radiation therapy can produce a cure 

in a small number of patients and can improve symptom control. Adjuvant 

chemotherapy may provide an additional benefit to patients with re-sected NSCLC. 

In advanced-stage disease, chemotherapy offers modest improvements in median 

survival, though overall survival is poor (www.cancer.gov/cancertopics/tvpes/lung). 

The poor prognosis in NSCLC is mediated in part by the specific and aggressive 

metastasis pattern of primary neoplastic cells to regional lymph nodes, liver, adrenal 

glands, contra-lateral lung, brain and bone marrow (BM) [44].

1.2 Inflammation

1.2.1 Overview of inflammation and cancer

Inflammation is a crucial part of the innate immune system that protects against 

pathogens and initiates adaptive immunity. Acute inflammation is usually a rapid and 

self-limiting process, however it does not always resolve. This leads to the 

establishment of a chronic inflammatory state that may contribute to certain diseases, 

such as can c e r[45].

It was Dvorak in 1986 that postulated ‘tumours are wounds that do not heal’ 

as they share common cellular and molecular mechanisms, which are active in 

wounds and cancer tissue [46]. Inflammation and cancer have long had an 

association, going back as far as Virchow in 1863, when leucocytes were noted in 

inflamed tissue [47]. It has been estimated that approximately 17.8% of all 

malignancies are initiated or exacerbated by inflammation caused by infectious 

agents; this has risen by 2.2% in recent years [48,49]. Three primary mechanisms 

whereby infection is thought to cause cancer are, (a) chronic inflammation caused by 

the presence of an infectious agent, (b) viral transformation of cells which can 

activate oncogenes and disable tumour suppressor genes and (c) the induction of 

immuno-suppression within the host [50]. As well as infections, obesity, alcohol, 

tobacco, radiation, environmental pollutants and a high calorie diet have all been 

recognised as major risk factors for common cancer types, again linked through 

inflammation (Fig 1.4) [51]. These associations are mainly due to the activation of 

the nuclear factor kappa B (NF-kB) and signal transducer and activator of 

transcription 3 (STAT3) signalling pathways, which are constitutively active in most 

cancers [51-55]. Interestingly, only 5-10% of cancer diagnosis is due to inherited
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mutations, the remaining 90-95% is attributed to lifestyle factors [10], which can be 

divided between the intrinsic pathway (oncogene driven) and the extrinsic pathway 

(microenvironment driven) [56]. Therefore, the most important cancer prevention 

strategies are the reduction of infections, tobacco cessation and a change of lifestyle 

[10]. Certain infectious agents, chemicals and inflammatory conditions are associated 

with distinct cancers, as evident from several epidemiological studies [48-50,57]; 

these contributions are outlined in Table 1.2.
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Table 1.2: Cancers associated with inflammation. The link between inflammation 

and cancer, as reviewed by epidemiological studies. [10,48-50,57,59].

Cancer type______________ Infectious agent

Bladder Schistosomiasis

Cervical HPV

Gastric H. pylori

Liver HBV, HCV

Kaposi’s sarcoma HHV8/HIV

Burkitt’s lymphoma EBV

Cholangiocarcinoma Liver fluke

Cancer tvDe Chemical agent

Mesothelioma Asbestos

Lung PAH/NO/Radon/Smoking

Leukaemia Pesticides

Bladder Chlorinated water

Colorectal Chlorinated water

Breast Bisphenol A

Prostate Bisphenol A

Gastric Nitrates (food)

Cancer tvoe Inflammatorv condition

Ovarian PID/endometriosis

Oesophageal Barrett’s

Colon IBD/UC/Crohns disease

Cholangiocarcinoma Gall stones/Cholecystitis

Pancreas Pancreatitis

Prostrate Prostatitis

HPV-Human papilloma virus, HBV-Hepatitis B virus, HCV-Hepatitis C virus, HHV8-Human herpes 

virus 8, HIV-Human im m uno-deficiency virus, EBV-Epstein-Barr virus, NO-Nitric oxide, PID -pelvic 

inflammatory disease, IBD-lnflam m atory bow el disease, U C -U lcerative colitis

There are five main areas of evidence that can link cancer and inflammation: 

(a) many chronic inflammatory diseases are associated with an increased risk of



cancer, (b) cancers arise at sites of chronic inflammation, (c) many cells associated 

with chronic inflammatory processes are found at the site of cancer, (d) chemical 

mediators of inflammation are found to have a role in many cancers, (e) deletion of 

cellular or chemical mediators of inflammation inhibits cancer spread and

development and (f) long-term use of non-steroidal anti inflammatory drugs

(NSAID) reduce the risk of mortality of some cancers [45,47,60,61], The chemo- 

preventative nature of NSAID use is controversial, as some studies have shown

reductions in the incidence of breast [62], lung [63-65], bowel [63,66] and prostate

cancer [63], while others have shown no significant effect in breast [67] or lung [68]. 

Its benefit may depend on test population. NSAIDs are not currently used in the 

prevention or treatment o f cancer [57],

Inflammatory mediators found at cancer sites include TNF-a, IL -ip  and 

chemokines accompanied with leukocyte infiltration, which cause tissue remodelling 

and neo-angiogenesis [69]. Inflammation is linked to all six hallmarks of cancer, 

which consists of limitless replicative potential, insensitivity to negative growth 

signals, autocrine growth, angiogenesis, invasion and metastasis and survival factors 

(Fig 1.5) [70]. Some say inflammation in itself should be a new seventh hallmark 

[71]. Chronic inflammation is linked to other conditions, as well as cancer, such as 

cardiovascular disease, diabetes and Alzheimer’s disease [58].

Fig 1.5: The six hallmarks of cancer. The success of a cancer cell depends on 

inflammation, after an initial genetic event. The interaction between tumour and 

inflammatory cells is very important for tumour progression. Taken from Szlosarek, 

2006, Eur J Cancer [72].
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1.2.2 The immune system and chronic immune activation

The immune system comprises of two main arms: innate and adaptive. The innate 

immune system consists of the cells and mechanisms that defend the host from 

infection, in a non antigen specific manner. Its main functions are the inflammatory 

and complement response, induced by mast cells, macrophages, neutrophils, 

dendritic cell (DC) and natural killer (NK) cells. The adaptive immune system 

consists of highly specialised cells that eliminate pathogenic challenges in an antigen 

specific manner. It consists of T and B lymphocytes and natural killer T (NKT) cells 

[73]. Malignancy is known to alter immune cell functions, such as suppress cell 

mediated immunity, which in turn leads to the failure of immune mediated tumour 

rejection. Humoral immunity can also be affected by cancer, which in some cases 

leads to an increase in immunoglobulin production and recruitment of mast cells, 

further potentiating the inflammatory process [74]. The innate and adaptive immune 

systems are linked but are also well defined separate defence systems (Fig 1.6).

Fig 1.6 : The interplay between the innate and adaptive immune system.

Taken from de Visser, 2005, Cancer Immunol Immunother [75].

Although cancer related inflammation is driven by the innate immune system [76], 

de novo carcinogenesis, promoted by chronic inflammation, is in some cases, B 

lymphocyte dependent as it recruits the innate immune cells [77], This orchestrated 

response is done remotely, as B lymphocytes are not found within the tumour 

microenvironment [78]. Chronic immune activation (CIA), when coupled with a 

genetic pre-disposition, alters the host cells susceptibility to carcinogenic insults 

[79,80]. Fig 1.7 outlines the roles of the immune system in carcinogenesis. Each
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stage of cancer development is regulated by the immune system. While the innate 

system can promote cancer [75], the adaptive immune system may have anti-tumour 

effects [80], Immune surveillance can control or eliminate some pre-malignant cells

[81], however, with time the tumour cells undergo a process called immune editing

[82], This allows the tumour to escape from immune surveillance and develop a 

phenotype capable of manipulating (hi-jacking) immune cells into secreting 

chemokines and cytokines [82]. This is known as the “ 3 e’s” of immunoediting [82].

The inflammatory process is carried out by effector molecules, namely 

cytokines. Cytokines are small secreted proteins, which can act in an autocrine or 

paracrine manner to mediate immunity, inflammation and haematopoiesis to affect 

the activation and communication among cells of the immune system. TN F-a and IL- 

Ip are two potent pro-inflammatory cytokines. TNF-a is released by activated 

macrophages, B cells and T cells and non-immune cells, such as fibroblasts and 

adipocytes [83]. IL -ip  is also produced by macrophages and dendritic cells [84].
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Fig 1.7; The roles of the immune system during cancer development. Taken from de 

Visser, 2006, Nat Rev Cancer [85].
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TNF-a and IL-ip have a major role in initiating and sustaining the inflammatory 

response, by inducing the expression of other pro-inflammatory and adhesion 

molecules, therefore, providing an influx of inflammatory mediators to the site of 

insult [73]. Monocytes are among the first cells to arrive, where they migrate into the 

inflamed or damaged tissue and differentiate into macrophages [73]. Macrophages 

have an important role in the tumour microenvironment, where they are classified as 

tumour associated macrophages (TAM). High numbers of TAM in the stroma are 

associated with a poor prognosis in breast, prostate, cervix, liver and bladder [86]. 

TAM can interact with tumour cells and produce factors that promote tissue 

remodelling and neo-angiogenesis [45,52], TAM can have one of two specific 

phenotypes depending on the microenvironment. M l or M2, which results in 

macrophages secreting particular Thl or Th2 like cytokine profiles [69,87]. NF-kB, 

STAT3 and HIF-1 are regulators of the TAM transcription programmes [86]. Both 

phenotypes can have pro-tumour effects, as the secretion of immuno-suppressive 

cytokines and chemokines in the tumour microenvironment, such as IL-10, can 

interfere with an effective immune response [76]. Anti-tumour activity can be 

attained by targeting TAM recruitment [69,88].

1.3 Tumour Necrosis Factor alpha (TNF-a~)

1.3.1 Discovery and function

Tumour necrosis factor alpha (TNF-a) is a soluble factor, which was first isolated in 

bacillus calmette-guerin (BCG) mice treated with endotoxin. This produced 

haemorrhagic necrosis of tumours, hence the name [89]. It was cloned in 1985 by 

various groups, demonstrating cytotoxic activity in mouse and human cells [90]. 

TNF-a is secreted by activated monocytes, macrophages, mast and NK and B and T 

cells. It is associated with chronic inflammation and can induce further cytokine 

secretion. TNF-a is also secreted by tumour cells, where it will either have anti

tumour, destruction of tissue and tumour blood supply or pro-tumour effects, when 

chronically produced it can lead to tissue remodelling and stromal development 

[47,91,92]. The disruption of tumour vasculature is thought to involve TNF-a’s 

ability to deactivate integrin av(33 and, hence, disturb the extra-cellular matrix 

(ECM) [93],

When TNF-a binds its receptors, it can regulate at least 4 pathways - (a) pro- 

apoptotic, (b) anti-apoptotic, (c) activator protein 1 (AP-1) and (d) NF-kB activation 

[94]. TNF-a belongs to a large super-family of ligands, which are type 2 trans-
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membrane proteins. It binds as a homo-trimer and signals through two receptors TNF 

receptor 1 and 2 (TNFRl, TNFR2), which initiate intracellular signalling [95]. 

TNFRl is expressed on most cells, whereas TNFR2 is primarily in haematopoietic 

cells. TNF-a mediates its function though the activation of NF-kB and AP-1 

(inflammation and cell survival) or Jun N terminal kinase (JNK) (apoptosis) [96]. 

TNFRl signalling can also activate STATS [97], while its activation of NF-kB is 

through various intermediates, including mitogen activated protein kinase (MAPK) 

[98], TNF-a can mediate survival, proliferation and metastases of tumours through 

the activation of the transcription factor, NF-kB [99].

1.3.2 Role of TNF-a in inflammation and cancer

TNF-a is involved in normal physiological processes, however, when TNF-a is 

dysregulated in local environments, it has pathological consequences such as 

rheumatoid arthritis (RA) [100,101], inflammatory bowel disease (IBD) [101], 

diabetes [101] and Crohn’s disease [102], Anti-TNF-a therapy improves some of 

these conditions, but it remains to be seen if it is a good strategy in cancer treatment 

[103,104], There is also growing concern with regard to the use of anti-TNF-a 

therapy, as some patients are more likely to develop serious infection, malignancies 

and neurological disease [104,105]. It has been noted that patients on Inflixamab are 

at a higher risk of developing tuberculosis (TB) due to impaired clearance of micro

organisms from the lung [106].

There is a wide range of studies that implicate TNF-a in cancer (Fig 1.8). 

High levels of TNF-a is linked to poorer survival, for example in prostate and breast 

[47], and it is responsible for cancer cachexia in certain mouse tumour models [107]. 

The TNF gene was expressed in ovarian biopsies [108,109] and in invasive breast 

cancer [110]. TNF-a has been shown to be a transforming agent in BALC/3T3, as the 

chemical promoter induced TNF-a, which then itself became an endogenous tumour 

promoter [111]. TNF-a knock outs (KO) [112,113] and TNF receptor KO, 

particularly TNFRl [113], were resistant to chemically induced skin cancer. TNF-a 

may be the critical mediator of tumour promotion in skin by acting via a PKCa and 

AP-1 dependent pathway [114], Studies were also undertaken in liver, where TNFRl 

KO were resistant to chemical carcinogenesis of the liver [115], and inhibition of 

stromal cell TNF-a production decreased the incidence of murine liver tumours 

[116]. TNF-a has the ability to communicate between stromal and tumour cell 

compartments [72], while NF-kB also provides a critical link between TNF-a and its
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pro-tumour properties [116]. Some of TNF-a pro-tumourigenic properties involve 

acting as an autocrine growth and survival factor for malignant cells, activation of 

E6/E7 mRNA in HPV cells and Src kinase activity and resistance to cytotoxic drugs
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Fig 1.8 : The link between TNF-a and cancer.

Taken from Waterson, 2004, Cancer Therapy [117]

TNF-a can induce anti-tumour responses when combined with IFN-y and 

hypothermia [118-120]. The anti-tumour effect of this combination can be 

synergistically enhanced by 5FU to achieve enhanced anti-tumour activity [121], 

TNF-a is also effective when combined with melphalan in isolated limb perfusion in 

the treatment of soft tissue sarcomas. Limbs can be spared in 75-100% of patients

[122]. Advanced cancer patients (with different primaries) treated with Infliximab 

showed that it was well tolerated and resulted in disease stabilisation in 7/41 patients

[123]. This was also witnessed in recurrent ovarian cancer treated with Ethanercept

[124]. In other studies the amount of TNF-a needed to affect the tumour resulted in 

servere toxicities such as murine sarcoma [125], renal and colon cancer [126,127]. 

The mode of TNF-a administration is crucial, when TNF-a was used in the clinic, it 

had severe toxicities such as hypotension and organ failure. The maximum tolerated 

dose (MTD) was much lower than the dose needed for anti-tumour effects [126].
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However, a new adenovector system, TNFerade, is currently in phase II/III clinical 

trials [128]. It allows for local delivery, therefore, minimising systemic response. In 

advanced solid tumour, 4/16 patients had complete regression [129], while it reduced 

metastatic disease in a murine model of melanoma through a host mediated response 

[128].

1.4 Interleukin 1 beta (IL-ip)

1.4.1 Discovery and function

Interleukins are a group of cytokines secreted by leucocytes; they bring about 

changes in cellular metabolism and are involved in pathogenic challenges. IL -ip  is a 

pleiotrophic cytokine, that primarily affects inflammation and immune responses, but 

also regulates homeostatic functions [73]. IL -ip  and its receptors are expressed in a 

wide variety of cells and has been implicated in the pathogenesis of acute or chronic 

inflammatory diseases and malignancies [130], particularly gastric cancers [131]. It 

was discovered in the late 1960s by a number of groups and is known by a variety of 

names due to its function: endogenous pyrogen, leukocyte endogenous mediator 

(LEM), lymphocyte activating factor (LAP) and B cell activating factor [130]. It was 

cloned in 1984 by Charles Dinarello [132].

IL -ip  is secreted by monocytes, macrophages, B cells, DC and endothelial 

cells. Amongst its targets are B cells, where it promotes maturation and clonal 

expansion of T helpher ( T h) cells, where it co-stimulates activation; and 

macrophages and neutrophils, where it acts as a chemo-attractant to promote 

leukocyte infiltration [73]. Its main function is to promote the movement of 

inflammatory cells from blood into inflamed or infected tissues.

The IL -ip  family consists of two agonists, IL -la  and IL -ip , and an 

antagonist interleukin-1 receptor antagonist (IL-lRA ). IL -ip  is synthesised as an 

inactive precursor inside the cell, is processed and then released from the cell by a 

mechanism involving the IL -ip  converting enzyme (ICE) [133], however, its 

mechanism of secretion has not yet fully been elucidated [134]. IL -la  is 

predominantly membrane bound, whereas IL -ip  is active in a secreted form. There 

are two main IL-1 receptors, IL -lR l and IL-R2. Although IL -ip  binds both 

receptors, it signals through IL -lR l only as IL-1R2 is considered a decoy receptor 

[134-136]. IL -ip  has another level of regulation in the form o f receptor accessory 

proteins (IL-lRacP), of which there are two types, soluble and membrane bound
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[137]. Membrane bound accessory protein assists in the signalling but the soluble 

form does not [138].

The main target of IL-1(3 is N F -k B activation (Fig 1.9). The mIL-lRacP 

(membrane bound) protein recruits an adaptor molecule MyD88, which in turn 

recruits IRAK (IL-1 receptor associated kinase). It recruits TRAF6 (TNF receptor 

associated factor 6), an adaptor molecule, which complexes with NIK (NF-kB 

inducing kinase). It activates IKK (IkB kinase complex), which phosphorylates IkBo. 

This leads to the ubiquitination of DcB. NK-kB is released from IkB a and 

translocates to the nucleus, where it trans-activates many target genes [83] such as 

AP-1, JNK and p38 MAPK [133].
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1.4.2 Role of IL-ip in inflammation and cancer
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IL-ip initiates inflammation through the recruitment of leukocytes into tissues and 

induction of other pro-inflammatory genes, such as chemokines/cytokines and matrix 

metalloproteinases (MMPs). An important amplification loop in the inflammatory 

response involves IL-ip and TNF-a, and their ability to stimulate their own 

expression and that of each other [84]. IL -ip affects the proliferation and 

differentiation of both innate and adaptive immune cells and is involved in human 

diseases such as arthritis, pulmonary fibrosis, central nervous system (CNS) 

problems, diabetes and cardiovascular disease [133]. IL -ip’s role in these diseases is 

due mainly to defects in IL-RA, as studies have shown that blocking IL-lp by IL- 

IRA in auto-inflammatory diseases results in the improvement of these conditions. 

These results validate the importance of IL -ip overproduction as a mechanism in 

auto inflammatory disease [133]. Another auto-immune disease, systemic lupus 

erythematosus (SLE), also benefits from the removal of IL-ip, as IL-ip deficiency 

confers resistance to this disease [139]. IL-lp can drive joint inflammation in 

rheumatoid arthritis (RA) and anti-IL-1 therapy reduces joint inflammation, although 

anti-TNF-a therapy is more effective [140]. Low doses of IL-ip can stimulate 

tumour cell eradication by the adaptive immune system, however, high doses yield 

broad inflammation, tumour invasiveness, metastases and immune suppression [84], 

IL-1P promotes angiogenesis and favours a pro-metatastic environment and is 

abundant at tumour sites, where it can affect the process of carcinogenesis and 

tumour host interactions [141-143]. Microenvironment derived IL-ip has a role in 

the development of chemically induced tumours. In IL-ip deficient mice, tumours 

started to develop after a prolonged lag period compared to the IL-IRA KO mice 

[144], IL-ip is possibly involved in the early stages of tumour development by 

producing mutagenic reactive oxygen species/reactive nitrogen species (RO/NO) 

species [141,145]. Following an initial mutagenic event, local IL-ip can stimulate 

proliferation of pre-malignant cells, and in turn this extensive proliferation can lead 

to the generation of malignant cells and enhancement of the invasiveness of a pre

existing tumour by promoting angiogenesis [136]. IL-ip promotes murine tumour 

growth of Lewis lung carcinoma by the induction of angiogenic factors, through an 

increase in VEGF and CXCL2 production [146]. Over-expression of IL-lp in violent 

fibrosarcoma cells resulted in a more invasive and rapid tumour growth [147]. 

Increased local levels of IL -ip usually correlate with tumour invasiveness and a poor 

prognosis [141,145]. In IL-ip competent mice, tumours grew more aggressively 

[148] and had increased experimental liver metastases [149,150]. The pro-tumour
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capabilities are re-enforced in these studies as treatment with IL-RA decreases 

tumour growth and angiogenesis [142,151], while over-expression of IL-RA 

inhibited tumour growth and metastasis in a human melanoma xenograft model 

[152]. Although IL -la  and IL-ip have similar effects, it has been proposed that 

membrane bound IL -la  expressed on malignant cells stimulates anti-tumour activity 

[147],

1.5 CXC (ELR" )̂ chemokines 

L5.1 Discovery and function

The term chemokine refers to a family of low molecular weight (8-lOkDa) 

chemotactic cytokines. Chemokines are small inducible cytokines, which are chemo- 

attractants for leukocytes. They cause directed migration of leukocytes along a 

chemokine gradient (Fig 1.10), which was first described by Leber in 1888 who 

observed the movement of leucocytes towards sites of inflammation [153]. A number 

of chemokines may also be involved in housekeeping functions, such as leukocyte 

maturation in the bone marrow and ensuring the renewal of circulating leucocytes
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Fig 1.10: A chemokine gradient.
Taken from Balkwill, 2004, Nat Rev Cancer [155]

Chemokines are classified by their amino acid composition, functional activity and 

receptor binding properties and comprise of four sub families defined according to 

the first two of four conserved cysteine residues (a) C, (b) CC, (c) CXC and (d) 

CXXXC (151). There are at least 46 members of the chemokine ligand and 18
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functionally signalling receptors [156]. The CXC chemokine family contains two 

subtypes, ELR"  ̂ and ELR', according to a particular Glu-Leu-Arg (ELR) motif 

preceding the first cysteine reside [156], The ELR"  ̂ chemokines have pleiotrophic 

effects in immunity by regulating angiogenesis, cell growth and tumour immunity. 

They act on the nervous system as well as endothelial cells involved in angiogenesis 

or angiostasis. Certain chemokine receptor ligand pairs can recruit DCs to the site of 

inflammation and in homing to lymphoid organs, where they present antigens to T 

and B cells, and are therefore crucial in the initiation of adaptive immune responses 

[157],

Melanoma growth stimulatory activity (MGSA) protein is a product of the 

growth related oncogene a (GROa) gene, which was one of the first chemokines 

isolated in 1987 [158], located on chromosome 4 [159]. MGSA increased the 

proliferation of melanoma cell lines [160]. Two additional related human GRO 

genes, encoding cytokine functions, were discovered by Haskill et al and designated 

GROP and GROy, and were also located on chromosome 4 [161]. These chemokines 

are now identified as CXCLl (GROot/MGSA), CXCL2 (GROfi) and CXCL3 

(GROy). CXC stand for the chemokine sub-group and L is the ligand [156]. A well 

known family member is CXCL8, better known as IL-8, was discovered as a 

neutrophil activating peptide (NAP!) in 1987 [162,163]. The CXCLl, 2, 3, 8 

chemokines predominately signal through the G protein coupled receptor (GPCR) 

CXCR2 receptor; however CXCRl can be used by CXCLl and CXCL8. CXCR2 

when activated can regulate several intracellular pathways such as Ras, P13K and 

NF-kB [164,165]. A point mutation in CXCR2 can lead to constitutive activation 

which can result in transforming activity similar to the Kaposi sarcoma herpes virus 

GPCR [166]. CXCLl and 8 can also bind a non-signalling receptor known as Duffy 

or DARC [167]. Fig 1.11 illustrates the chemokine wheel, which includes members 

of all the chemokine families.
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1.5.2 Role of CXC (ELR'^) chemokines in inflammation and cancer

Angiogenesis is important in the growth and spread of cancer and also influences 

inflammatory changes which may pre-dispose to cancer [168]. Angiogenesis is now 

being recognised for its important role in promoting the pathogenesis of chronic 

inflammatory/fibro-proliferative disorders [169]. The CXC (ELR"^) chemokines are 

involved in both physiological and pathological inflammatory conditions, for 

example, CXCR2 KO mice displayed significant delays in wound healing [170] and 

CXC (ELR"^) chemokines are linked to psoriasis, atherosclerosis and RA in an 

angiogenic dependant manner [169,171]. These conditions all have a link with 

CXCL8 involvement, however CX CLl plays a role in recruiting leucocyte infiltrate 

into the RA joint [172].

Chemokines, as compared with TN F-a and IL -ip , can possess pro or anti

tumour effects within the tumour microenvironment by regulating the immune cell 

infiltrate for instance neutrophils and lymphocytes [47]. The initial immune cell 

recruitment may promote anti-tumour activities through innate and adaptive immune 

cells, however at later stage of tumour progression this becomes a pro-tumour effect 

[47]. Chemokine receptors are up-regulated on tumour cells, which allow the tumour 

to take advantage of a chemokine rich environment, therefore promoting tumour
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growth and vasculature. These mediators can recruit macrophages, which can detect 

the hypoxic environment within the tumour and subsequently secrete pro-angiogenic 

factors [155,173,174], Initially chemokines were thought to only play a role in 

attracting specific leucocytes to a site of injury; nevertheless it has now been shown 

that they are key players in cancer. Chemokines are involved in the neoplastic 

transformation of a cell, promotion of angiogenesis, tumour clonal expansion and 

changes in the ECM. They also mediate organ specific metastases in cancer 

[175,176]. Specific ligand receptor pairs dictate the metastases patterns of breast and 

lung cancer [177]. In breast cancer metastases to the lung, CXCLl was part of a gene 

panel that included VCAM l and M M Pl [178]. Metastatic destinations of cells are 

restricted by the expression of chemokines receptors on leucocytes, which may allow 

the concise control of cell movement and retention at tumour site [179-181].

A variety of CXC chemokines have been detected in neoplastic tissues as 

products of tumour cells or stromal elements [155]. CXCL8 levels were higher in 

bronchioalveolar cells, along with its two receptors [182] and secreted CXCLl is an 

independent factor for predicting invasive bladder cancer [183]. There is evidence to 

suggest that CXC (ELR^) chemokines have a role in cancer promotion, as they can 

promote growth and survival of cancer cells [167] CXCR2 is involved in skin 

carcinogenesis [184], CXCL2 and 3 are up regulated in melanoma [185] as is 

CXCLl [186], CXCL8 stimulates pancreatic cell growth and CXCL8 levels are 

higher in ovarian cancer cells [109]. The CXC mechanisms of metastasis are thought 

to be similar to those of inflammation, as there are many shared common mediators 

[187]. CXCLl is expressed in the colon [188] and promotes tumour growth, 

leucocyte infiltration and angiogenesis through CXCR2 [189]. CXC expression is 

increased in adrenal cancer [190] and mediates tumourigenicity in prostate [191]. 

Liver metastasis associated with colorectal cancer is aided by CXCLl and 5 [192].

Polymorphisms in CXCL8 are associated with the development of invasive 

ductal carcinoma in the breast [193]. The progression and growth of ovarian cancer, 

is like other cancers, dependant on angiogenesis and CXCL8 has been demonstrated 

to play a role in its angiogenesis and tumourigenesis [194]. High CXCL8 in an 

animal model of ovarian cancer was inversely correlated with survival [195]. In renal 

cell cancer the levels of C X C Ll, 3, 8 were elevated compared to controls and there 

was a reduction in tumour growth in CXCR2 KO mice [196]. CXCL8 levels also 

correlate with tumour macrophage density and metastatic potential [197], Studies 

using melanoma tumour models support the role of C X C Ll, 2, and 3 in mediating
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tumour angiogenesis and all three are highly expressed in melanoma. When 

transfected into immortalised cells, they transformed the phenotype to one of 

anchorage independent growth giving them the ability to form tumours [185,194].

1.5.3 Role of CXC (ELR^) chemokines in angiogenesis

Angiogenesis is a normal biological event related to critical new blood vessel growth 

under physiological and pathological conditions. The dependency of tumour growth 

on angiogenesis was first proposed in 1971 by Folkman, who suggested that 

inhibition of angiogenesis could be a strategy for cancer treatment [198]. The 

angiogenic switch often comes at the time of conversion form pre-malignancy to 

malignancy [199], as it is estimated that a tumour cannot grow beyond 1-2 mm^ 

without creating its own blood supply. This increase in tumour size correlates with 

metastases and poor survival [200]. The CXC sub-group possess their angiogenic 

ability based on the (ELR"^) motif as described above [201]. NF-kB activation is 

important for angiogenesis, inflammation and cancer [53]. CXC (ELR"^) promoters 

contain a putative cis element that recognises NF-kB, it can, therefore, cause the 

trans-activation of CXC chemokines [171]. Studies have shown that CXCR2 is the 

primary functional receptor mediating both endothelial cell chemotaxis and 

angiogenesis [202]. Blocking CXCR2 activity or its down stream effectors such as 

ERKl/2 impairs the ability of CXCL8 to promote endothelial tube formation [164]. 

The pro-angiogenic function of Bcl-2 is through NF-kB and CXC (ELR“̂) 

chemokines. Inhibition of Bcl-2 resulted in a decrease in angiogenic potential 

through the down regulation of CXCLl and 8 [203]. CXCL8 itself is a potent 

angiogenic factor [201] and inhibition of CXCL8 reduced tumourigenesis in a SCID 

model [204].

1.6 IL-20

1.6.1 Discovery and function

IL-20 was initially identified using a bioinformatics algorithm, which found its EST 

sequence in a human keratinocyte library. It is a pleiotrophic member of the EL-10 

cytokine family [205], which would appear to be an early response cytokine [206]. 

Recently discovered IL-10 family members include IL-19, IL-20, IL-22, IL-24, IL- 

26, IL-28 and IL-29 [207] [208], all of which have immune functions [209-211]. The 

IL-20 family is involved in the regulation of inflammation and immune responses 

[212]. IL-20 expression has been predominantly described in monocytes [206], T
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cells [213] and keratinocytes [214], and produced by monocytes under inflammatory 

conditions. IL-19 is also found on monocytes, as is IL-24 which is also expressed on 

T cells [206], The expression pattern of receptors for these cytokines would indicate 

that cells in the skin, lung and reproductive organs are targets of these mediators 

[215]. Maturing DCs are also an important source of EL-20 which may indicate a role 

in innate immunity of keratinocytes [213]. EL-20 has potent angiogenic, 

inflammatory and chemoattractive properties with an involvement in rheumatoid 

arthritis and atherosclerosis [216].

It can signal through a hetero-dimeric receptor complex, which consists of 

IL-20RB, along with either IL-20RA, or EL-22R1 [217,218]. IL-20 requires both sub 

units to signal through [219]. The pattern of receptor expression is interesting, as 

IL22R1 and IL-20RB are not found in the absence of IL-20RA [206,218]. There is a 

certain amount of receptor redundancy within this new family: IL-19 can bind 

IL20RA/RB [220] and IL-24-IL20RA/IL-20RB and IL-20RB/IL22R1 [218]. IL-22 

and IL-26 can also bind IL-20RA for signalling. On keratinocytes STAT3 is a target 

of IL-20 signalling [221,222] and it can activate it through both receptor complexes 

[217]. UVB light stimulates IL-20 in keratinocytes and this stress response is 

mediated through p38 MAPK [223]. IL-19 is an immuno-regulatory cytokine [224] 

and IL-24 is involved in tumour apoptosis and inflammation [208]. IL-20B signalling 

regulates the activation of T cells by down regulating Thl like adaptive immune 

responses [225]. EL-19 and IL-20 may participate in T cell mediated diseases by 

secreting distinct regulatory T cell cytokine profiles [226]. Fig 1.12 provides an 

overview of IL-20 and its signalling pathways. IL-20 is expressed in five major cell 

types including epithelial and endothelial and skeletal muscle [227] and has been 

detected in skin trachea, blood, lung and brain [222,228]. The receptors are found 

mainly on epithelial, stromal cell fibroblasts of various tissues, [229] with skin and 

lung demonstrating robust expression of all three receptors [218].
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Fig 1.12: IL-20 signalling pathways.
Taken from Wei, 2006, J Biomed Sci [216]

1.6.2 Role of the IL-20 family in inflammation and cancer

IL-20 plays a role in skin inflammation and the development of haematopoietic cells 

and is associated with angiogenic dependant diseases such a psoriasis, atherosclerosis 

and RA, suggesting a possible role for IL-20 in angiogenesis [208,216]. The pro- 

inflammatory nature and regulation of this cytokine may be due to NF-kB, as the 

gene contains two NF-kB binding sites upstream from its start codon [230]. IL-20 

promotes the pathogenesis of these diseases [216] and ischemic disorders [231]. The 

pathological effect may be mediated through IL-20’s ability to induce cytokine 

secretion and migration in synovial fibroblasts, neutrophil chemotaxis and 

endothelial cell proliferation [232]. However in ischemic disorders IL-20 did not 

effect migration or proliferation [231]. IL-20 has a pro-inflammatory effect on the 

skin and is therefore believed to be involved in cutaneous inflammation [221]. IL-20 

polymorphism is protective against the plaque type psoriasis [233] and is involved in 

acute renal failure [234], IL-20 is involved in the disease pathogenesis of RA and 

spondyloarthropathy through the recruitment of neutrophil and granulocytes.In 

addition, IL-20 and IL-24 levels were increased in both patients sets compared to 

controls [235]. IL-20 and its receptors were found on lesional psoriatic skin, where it 

up-regulates keratinocyte growth factor encouraging hyper-proliferation of 

keratinocytes [236,237]. In the treatment o f psoriasis, reduced levels of IL-20 were
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concurrent with clinical improvement [237], Anti-IL-20 therapy promotes the 

resolution of psoriasis, with results comparable to standard treatment (cyclosporine) 

[238]. To further emphasis the role of IL-20 in skin biology, IL-20 in transgenic mice 

causes neonatal lethality with skin abnormalities including aberrant epithelial 

differentiation [205].

The functions of IL-20 have mainly been researched in skin diseases but there 

have been a small number of studies carried out in other tissues. LPS induced IL-20 

expression in glial cells suggests that IL-20 may play a role in inflammatory 

conditions in the brain [222], which was induced through MyD88 and p38 dependant 

expression. Conflicting reports exist on the role of IL-20 in angiogenesis. Heish et al 

confirmed a pro-angiogeneic role in vivo and in vitro for IL-20 in HUVEC cells, 

thought to be through the IL-20RA/IL-20RB complex [239], however Heuze-Vorc’h 

et al reported anti-angiogenic properties in lung [228]. This dissimilarity between the 

two groups may be due to a difference in assay design. However, in an ischemic hind 

limb model, IL-20 was shown to be an arteriogenic cytokine that increased blood 

perfusion [231].

1.7 Lung cancer and inflammation

Inflammation plays a role in lung cancer carcinogenesis [60,240,241] given that 

individuals with inflammatory lung conditions have an increased risk of lung cancer 

development; pneumonia [242,243], emphysema [243], interstitial lung disease 

[244], asthma [245], idiopathic pulmonary fibrosis [246], chronic obstructive 

pulmonary disorder (COPD) [247] and tuberculosis (TB) [248], This risk can persist 

even in the absence of tobacco use [242,243,249]. The dysregulation of the 

inflammatory response in airways and lungs can induce tissue damage and promote 

carcinogenesis perhaps in part through the development of pulmonary scars [250].

It is conceivable that chronic inflammation induced ROS and reactive 

nitrogen species (RNS) production in the lung may predispose people to lung cancer, 

by inducing recurring DNA damage, inhibition of apoptosis, and activation of proto

oncogenes by initiating signal transduction pathways [251]. ROS/RNS can directly 

interact with DNA creating structural alterations such as small scale insertions, DNA 

base pair deletions, chromosomal change, micro-satellite instability and translocation 

of segments [252].

Inflammatory cells with activated N F-kB secrete inflammatory cytokines and 

these have been shown to contribute to tumour initiation and progression [253].
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There is constitutive activation of NF-kB in patients with lung cancer [254], NSAIDs 

decrease lung cancer risk thus further highlighting the role of inflammation in this 

disease [255]. NF-kB is activated in lung cancer cells via tobacco exposure and high 

levels of nuclear p65 have been found in lung cancers, particularly SCLC, although 

levels increased with stage in NSCLC. Tumours with k-ras and EGFR mutations 

have a higher expression of NK- kB compared to wild type [254]. NF-kB activation 

can induce cellular transformation, mediate cellular proliferation, invasion and 

angiogenesis and again links to genes involved in NSCLC. C-myc is regulated by 

NF-kB and oncogenic ras mediates its signal through it [53].

There is an altered expression of major histocompatibility complex (MHC) 

class I and transporter associated with antigen processing (TAP-1), which are antigen 

presenting molecules and are lost in lung cancer [256]. The role of the innate 

immune system in determining survival from NSCLC is unclear, as increased 

stromal macrophage density is an independent prognostic factor of reduced survival 

but the location of the immune cells is important, as macrophages in the tumour islet 

is a favourable marker [257]. The effect of smoking on the immune system is 

outlined in Fig 1.13. Lung carcinomas appear to induce the M2 TAM phenotype 

which promotes tumour progression and metastases [258].

GoMI oei

Naturv R«vi«ws | Immunoioiry

Fig L13: The effect of smoking on the immune system. 

Taken from Sopori, 2002, Nat Rev Immunol [259]
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1.8 Hypoxia

Hypoxia is defined as an oxygen deficiency and it is common in the central mass of 

solid tumours and inflamed tissue [260], which can lead to NF-kB activation [261], 

Normal tissue oxygen tension (p02) is between 2-9% in tissues and if this drops 

below 2% the tissue is considered hypoxic [262] and in inflamed tissue [263] or 

tumours [264] this can be as low as 1%. HIFl is a heterodimeric transcription factor 

comprising of H IFl a  and H IFl (3, it is a mediator of oxygen homeostasis. HLFl is 

stabilised under hypoxia [265,266] and has been referred to as a ‘master regulator’ 

[267]. Under conditions of hypoxia H IFl binds to the promoter region of hypoxia 

related gene elements (HRE) [268,269]. It can affect over 60 different target genes 

involved in anything from angiogenesis to cell cycle control to energy metabolism 

[266]. Among these are genes that drive the metastatic process; however other 

transcription factors may be involved such as p53, NF-kB and AP-1 [270-272]. 

Approximately 1-1.5% of the genome is regulated by hypoxia [273]. This regulation 

is particularly important in embryonic development as HIFl KO mice is lethal by 

day 10 [274]. Due to its regulatory abilities, H IFl over-expression in cancers results 

in poor prognosis [275] and is an independent prognostic indicator of this [276].

1.8.1 Hypoxia and inflammation

The microenvironment of inflamed or injured tissue is characterised by hypoxia, 

reduced glucose, high levels of inflammatory cytokines and ROS/NO. In virally or 

bacterially infected tissues HIFl is up regulated in cells of the immune system even 

under normoxic conditions [277,278]. Hypoxia increases the expression of CXCL8 

in ovarian cancer lines through a stabilisation of the mRNA and an increase in 

transcriptional activity [279] and also increases CXCL8 in lung cancer cell lines 

[280]. Hypoxia potentiates inflammation as it causes activation of NF-kB [51] 

through the phosphorylation of IkBa [261]. HIFl can also control the inflammatory 

response through promotion of gylcolysis, which is important in host defence against 

bacterial infections [281]. It is also active in disease associated with pro- 

inflammatory cytokines such as ischemic disease, diabetes, atherosclerosis, 

inflammatory disorders, psoriasis and COPD [274]. TAMs accumulate in areas of 

tumour hypoxia where they facilitate ECM breakdown and remodelling to promote 

motility [282]. They are a hallmark o f cancer associated inflammation [263].
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1.8.2 Hypoxia and cancer

A hypoxic area can promote both pro and anti-tumour effects. In a lung 

adenocarcinoma cell line knockdown of H IF la  protected cells from apoptosis. It is 

thought that the mechanism involved is the glycolysis pathway [283]. Cancer cells 

have an altered metabolism resulting in a high glycoltic rate (Warburg effect) 

possibly due to the hypoxic conditions within the tumour. In cancer regulation of 

metabolism, three transcription factors are of vital importance: c-myc, H IFl and p53. 

As with inflammation some say glycolysis should become the 7 '’’ hallmark of cancer 

[284]. Hypoxia is increased in areas of necrosis, which in itself promotes cellular 

damage, inflammation and genetic instability [285]. Necrosis aids in the formation of 

an irregular and inefficient vascular system in the tumour, which results in inefficient 

drug supply [286].

In NSCLC, H IF la  and HIF2a expression was observed in the cytoplasm and 

nucleus of cells. The expression of hypoxia mediators showed a strong association 

with VEGF and bFGF levels and HIF2a was an independent prognostic indicator of 

poor outcome [287]. H IF la  is over-expressed in NSCLC [288] and is closely 

associated with tumour grade, angiogenesis and resistance to both chemo and 

radiotherapy [270,289-291]. Tumour cells are protected from immune damage in 

hypoxia due to the inactivation of anti-tumour T cells [292]. In prostate cancer 

hypoxia mediates androgen independent selection, selecting for cells which are more 

likely to invade or be involved in metastases [293]. Nicotine can promote tumour 

growth and angiogenesis in many cancers including the lung. In A549 cells nicotine 

increased both H IF la  and VEGF expression and blocking the nicotine receptor 

attenuated the effect [289].

Tumours need a vascular network in order to grow and metastasize. Within 

the tumour microenvironment angiogenic factors are released which result in an 

abnormal vascular network. VEGF is a potent pro-angiogenic and is increased under 

hypoxia [265]. The increase in VEGF correlated with an elevated expression of 

H IF la  in tumour tissue [294]. Tumours such as NSCLC typically require neo- 

vascularisation to mediate growth and promote metastasis yet paradoxically the most 

malignant tumour types have been found under conditions of low oxygen tension or 

hypoxia [295]. The mechanism by which tumour hypoxia increases the metastatic 

potential of cells is not fully elucidated but probably includes mutagenic effects, 

genetic instability and epigenetic change [270,273]. It may also be due to cell- ECM 

interactions with changes in communication which results in metastases. Promoting
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metastasis is a major pro-tumour function of hypoxia [296,297]. Studies have 

suggested that hypoxia enhances metastasis by increasing cell survival in the lung 

and by escalating resistance to apoptosis [289,298]. Hypoxia may be involved in 

EMT re-organisation to permit migration [299]. Hypoxia can also select for specific 

cell populations, with surviving clones more likely to promote tumour growth and 

invasivion [270,296,297],

The connection between tumour hypoxia and disease progression has been 

determined in several tumour types including cervix, prostate, head and neck and soft 

tissue carcinomas [300,301] due to increased HIF expression [275], Furthermore a 

number of studies linked tumour hypoxia grade to distant metastases in cervix, soft 

tissue carcinomas and melanoma [302-306], This has been demonstrated in animal 

models whereby enhancing hypoxia in tumours increased tumour dissemination to 

the lung [307] and lymph nodes [290], Therefore, tumours are of a more malignant 

phenotype when exposed to hypoxia [308,309], Graded levels of hypoxia have 

specific effects on invasive and mestastic potential at 3-5% p02 [310], while other 

reports suggest that oxygen levels need to be less than 2% [289,298],

The pathological response of tumours to hypoxia arises from changes in gene 

expression through the transcription factors including HIFl [311], p53 [312], Apl

[313] and NF-kB [261], which are all up-regulated in hypoxia. Furthermore the other 

three changes which promote the hypoxic pro-tumour effects are: genetic instability

[314], increase in gene amplification [308] and decrease in DNA repair mechanisms 

[315,316]. Fig 1.14 provides an overview of the hypoxic pathways and cancer.
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Fig 1.14; Schematic representing the link between hypoxia and cancer. 

Taken from Bristow, 2008, Nat Rev Cancer [317].
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1.9 Epigenetics 

1.9.1 An overview

Cancer is a progressive disease, occurring in a series of well defined steps-typically 

arising as a consequence of activating (oncogenes) or deactivating mutations (TSG) 

in cells, which can involve epigenetic events. It was in 1942 that Waddington coined 

the term epigenetics. It is defined as the study of heritable changes in gene 

expression without change in DNA sequence. Human DNA is approximately 2 m in 

length but is packaged into the nucleus, which is approximately 6 pm  in diameter. To 

achieve this amazing feat the DNA is tightly packaged and condensed. The DNA is 

associated with proteins, forming chromatin. Histone and non histone proteins pack 

the DNA into nucleosomes. Each individual nucleosome core consists of two 

molecules each of histone H2A, H2B, H3 and H4. This histone octamer forms a 

protein core around which double stranded DNA is bound (Fig: 1.15). The sum and 

interaction of epigenetic modifications has been proposed as an ‘epigenetic code’ 

[318], Histone proteins are amongst the most highly evolutionary conserved proteins. 

Each histone has an N terminal amino acid ‘tail’ which extends out from the DNA- 

histone core. These tails are subjected to several modifications that control crucial 

parts of chromatin structure and function.
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Fig 1.15: The packaging of human DNA.

Image obtained from: http://bioweb.wku.edu/courses/biol566/Images/ChromatinF09-

35.JPG.
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Epigenetics appears to affect nearly all cellular pathways including the cell cycle, 

DNA repair, apoptosis, hormonal response, growth factor signalling, cell adhesion 

and angiogenesis [319],

1.9.2 Regulation of gene expression

In order for a gene to be transcribed, the condensed chromatin structure must be 

accessed to allow transcriptional machinery to attach and transcribe new RNAs. Two 

important but opposing enzymes play a key role in permitting gene transcription: 

histone acetyl transferases (HATs) and histone deacetylases (HDACs). HATs uncoil 

the DNA from the core histones therefore allowing transcription (Fig 1.16). Histone 

deacetylases (HDACs) remove the acetyl group from the e acetamino groups of 

lysine residues. This restores the histone positive charge which closes the DNA 

structure consequently halting transcription [320]. Histones can be post 

transcriptionally modified: acetylation, methylation, phosphorylation, ubiquitination 

and sumolyation L321]. Histone methylation mediates both gene silencing and 

activation depending upon which lysine or arginine residues have been modified 

[322J. The lysine (k) residues k5, 8, 12 and 16 on H4 are thought to be directly 

involved in gene transcription [323]. Lysine can be mono (m), di (m2) or tri (m3) 

methylated and Arginine can be mono or di methylated [322]. Histone modification 

such as acetylation is transient and depends on HAT and HD AC activity [322]. Fig 

1.16 demonstrates the functions of HATs and HDACs.
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Fig 1.16: The activity of HATs and HDACs.

Taken from Gridelli, 2008, Crit Rev Oncol Hematol [324]
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DNA methylation can also alter gene transcription and along with histone 

modification is one of the most common epigenetic modifications. Methylation 

involves the addition of a methyl group to the carbon 5 positions o f cytosine (C) to 

convert it to 5-methylcytosine. It almost exclusively affects cytosines in cytosine 

guanine (CpG) dinucleotides and it is estimated that 60-90% of CpGs are methylated 

in the adult vertebrate genome [325,326]. Approximately, 1% of the genome consists 

of CpG dense areas, known as CpG islands. Most CpG islands are located within the 

5 ’ region, including the promoter, untranslated region and first exon of genes and at 

least 50% of all protein coding genes contain these islands [327], Promoter 

associated CpG islands are typically unmethylated, which is crucial for gene activity 

and gene expression. Promoter hypermethylation is associated with transcriptional 

silencing of the associated gene. DNA methylation is a stable form of gene 

regulation, as it is maintained throughout cell division by specific maintenance DNA 

methyltransferases (DNMTS) [322]. Histones of CpG islands are generally heavily 

acetylated, lack histone HI and include a nucleosome free space [328]. 

Transcriptional silencing by CpG island hypermethylation now rivals genetic 

changes that effect coding sequences as a critical trigger of neoplastic development 

and progression [327,329]. Chromatin changes are outlined in Fig 1.17.
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There are four classes of mammalian HDACs (a) Class I (1,2,3,8), (b) Class 

II (4,5,6,7,9,10), (c) Surituins and (d) HDAC 11 [322,331,332], Class I (in nucleus) 

and II (nucleus and cytoplasm) have tissue specific expression profiles and H D A Cl, 

2, 3 are ubiquitously expressed in various immune tissues [333], Class II are 

involved in DNA repair and are anti-apoptotic [332], HDAC inhibitors (HDACi) can 

block the HDAC enzymes thus altering transcription of certain genes. Approximately 

2-10 % of expressed genes are HDACi responsive [334], Trichostatin A (TSA), 

depsipeptide, valproic acid and SAHA inhibit all Class I and II HDAC and 

Phenylbutyrate (PB) can inhibit all Class I and II bar 6 and 10 [335], The Class III, 

Surituins, are NAD dependant and can be inhibited by nicotinamide [332],

1.9.3 Role of epigenetics in inflammation

Epigenetics is involved in inflammatory gene regulation and therefore provides a 

drug-able target for inflammatory mediators particularly in carcinogenesis. 

Immunological changes resulting from tissue injury can induce epigenetic changes to 

both DNA and histones [336], Histone acetylation plays a critical role in the 

regulation of inflammatory genes and cytokines and it has been established that the 

expression of CXCL8 and other cytokines are affected by histone deacetylase 

inhibitors [337], Chronic inflammation results in hypermethylation of certain gene 

promoters, indicating that this may be one way in which, chronic inflammation 

promotes carcinogenesis [323], Oxidative stress and pro-inflammatory mediators can 

alter the histone acetylation status leading to enhanced pro-inflammatory gene 

expression in various lung cell lines [323], Epigenetic change mediated by 

inflammation is supported in microbial infections, where DNA becomes 

hypomethylated [338], The T hl/T h2 differentiation process depends on chromatin 

modifiers such as the methylation or acetylation o f histones and or DNA methylation 

at conserved non coding regions in the proximity of specific cytokine loci. The 

lineages are dependant on the epigenetic silencing of either the Thl or Th2 locus 

[339,340], This demonstrates the importance of epigenetic change in the functioning 

of the immune response.

Cigarette smoke (CS) induces abnormal and sustained inflammation possibly 

through the activation of IKK resulting in histone acetylation at k9 on H3 [341], NF- 

kB  dependant gene expression is at least partly regulated by epigenetic change, 

altered by CS [342], CS increases inflammatory cells in rat lung and leads to 

alterations in H3/H4 possibly through the decrease of HDAC due to smoke [343], CS

36



activates N F -kB and P/T m odifications o f  H D A C . Chromatin rem odelling due to 

histone m odification is known to play an important part in transcriptional regulation  

o f  pro-inflammatory cytokines [344], During the chronic inflam m atory state, two  

types o f  chem ically  m odifying actions o f  D N A  methylation can occur. Inflammation  

can create an environm ent rich in RO S/N O . This can oxid ise 5-m ethylcytosine to 

form 5 hydroxym ethycytosine. D N M T  d oesn ’t fu lly  recognise this cytosine form. 

After m itosis there can be a permanent loss o f  m ethylation. R eactive halogen  

com pounds are also a result o f  inflam m ation and D N M T  can ’t recognise the 

difference in halogencystosine or m ethylcytosine, therefore in this case there is a 

gain o f  methylation [345]. This provides a m echanistic link between inflammation  

and ep igenetic alterations in cancer and could result in oncogene activation or TSG  

inactivation.

H DA Ci can have anti-inflammatory affects; T SA  increases the expression o f  

antigen processing machinery, T A P -lan d  M HC I, in metastatic cells thus promoting  

an im mune response against tumours [346] and the reduction o f  C 0 X 2  by TSA  

correlated with an inhibition o f  PGE2 [347]. H D AC i have had positive effects on 

inflammatory related conditions such as airway inflam m ation, diabetes and stroke 

[335]. Som e solid tumours such as lung are angiogenesis dependant, which is often  

mediated by hypoxia through H IF l. This can result in increased expression o f  

H D A C s, consequently m ediating H IFl signalling [348], Tumour angiogenesis could  

therefore be a target o f  H DA Ci such as IB H 589, which successfu lly  inhibited  

angiogenesis in H UVEC [349]. In RA H D A C i have potent anti-inflam m atory effects. 

SA H A  can prevent bone erosion, halt d isease progression and joint destruction [350]. 

A similar effect was observed with T SA , FK 288 and PB [351,352]. T SA  inhibited  

synovial inflam m ation and cartilage destruction in a collagen induced arthritis 

murine m odel [353]. Butyrate inhibited NF-kB activation in the m acrophages o f  UC  

patients [354].

1.9.4 Role of epigenetics in cancer

During carcinogensis, gene promoter regions can becom e de novo hypom ethylated at 

CpG islands resulting in oncogene activation, or more com m only hypermethylated, 

resulting in silencing o f  important regulatory genes [327]. This can contribute and 

initiate in the developm ent o f  cancer. M ore than 80 genes have been show n to be 

methylated in lung cancer including R A S S F l A [27], at least 60  o f  which are silenced  

[329], such as TIM Pl and p l6  [355]. L IM D l a TSG  on 3p21.3 is involved in lung
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cancer development when epigenetically inactivated via promoter hypermethyation 

in human lung tumours [356]. It is thought that aberrant DNA methylation could 

provide one of Knudsons double hits [357].

The methylation patterns of genes in sputum from patients may represent a 

unique and non -invasive way to screen patients at risk from developing lung cancer. 

Sputum was superior for the methylation status o f genes in the tumour biopsy with a 

correlation of 86% [358]. Fig 1.18 illustrates this and suggests an intervention point 

when a specific number of genes have been methylated.

Intervention point?

0 Macke'S 1 positve 2 positrv« 3 positive <J positive Clifiical 
methylation Tiothytatlon mcthylatior me'.hylaton lung cancer

marker markers marke-s r-iarkers

-5  years -4 years -3  years -2  years -1 years

Time (years)

Nature Reviews | C ancer

Fig 1.18: The relative risk of lung cancer based on gene methylation status. Taken 

from Belinsky, 2004, Nat Rev Cancer [329].

Examining the methylation status in lung patients would provide an effective 

screening tool, as a distinct pattern of methylation can follow through from hepatitis, 

cirrhosis, to hepatacellular carcinoma [359]. In lung cancer a number of genes 

become silenced by methylation over time including p l6  [360], FHIT, RASSFIA 

[361], RASSF2 [362]. The inactivation of p l6 , DAPK and RA SSFIA  are not 

connected to k-ras mutations [363]. The methylation of p i 6 in particular is associated 

with poor survival [364] and is an early event in neoplastic progression of Barrett’s 

oesphagus [365]. In lung, methylation of p l6  is associated with smoking and pack 

years [366], Epigenetic silencing of S0C 3 in gall bladder cancer results in sustained 

STAT3 signalling [367]. A distinct methylation pattern can provide molecular
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distinction between different histological subtypes. Gene methylation in lung cancer 

is an early event which is associated with smoking [368], inactivation of TSG and 

activation of oncogenes [369].

Epigenetic drugs are hailed as unique anti-cancer therapies [370]. There are 

five classes of HDACi (a) short chain fatty acids, (b) cyclic peptides with and (c) 

without 2-amono-8-oxo-9, 10 epoxy-decanoyl moiety, (d) hydroxamic acids and (e) 

benzamides. They can inhibit HD AC class I and/or II [370]. 5-Aza-2’ deoxycitadine 

(DAC) is a DNA methlytransferase inhibitor that interferes with DNMTI and 

promotes hypomethetylation [371]. Vidaza- is licensed by FDA for use in AML. 

FDA approved Zolinza (vorinostat) for treatment of cutaneous T cell lymphoma 

[371].

TSA can decrease lung cancer cell line growth [372,373] and viability 

through the down regulation of Bcl-2 and an increase in Bax [374]. SAHA also 

resulted in a reduction in proliferation of NSCLC [375]. This decrease in 

proliferation may be related an increase in caspase 3 [376]. HDACi results in a G2 

check point in normal cells that is defective in tumour cells [377]. TSA promotes cell 

cycle arrest at the G1 phase in bladder [378], ovarian [379], glioma [380], and 

pancreatic [381] cancer cells predominately through the induction of p21. P21 is in 

fact the most commonly induced gene by TSA [382] and PB [383]. It remains to be 

clarified as to whether or not p21 induction is p53 independent [360,384], TSA also 

promotes damaged colon cancer cells into apoptosis from cell cycle arrest through 

p53 [384]. DAC and TSA combined slowed the growth of small lung tumours [385] 

and restored expression of FHIT and p l6  [386]. DAC increased the anti-tumour 

effectiveness of topotecan [387]. Currently HDACi are in trials for NSCLC [324].

1.10 Aims and objectives 

1.10.1 General aims

The overall aim of this thesis is to molecularly dissect the role of hypoxia and the 

inflammatory environment in the process of lung carcinogenesis and to determine if 

epigenetic targeting of pro-inflammatory pathways is a viable avenue of 

investigation for the therapeutic treatment of NSCLC.

1.10.2 Specific objectives

The overall aim will be assessed by (a) stably over-expressing TNFa and IL-1(3, 

alone and in combination, in a normal bronchial epithelial cell line (HBEC) and a
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NSCLC cell line, (b) characterising the transfected cell lines after a period of three 

months of continuous culture under normoxic and hypoxic conditions, (c) examining 

both the expression and epigenetic regulation of the CXC (ELR^) chemokines and 

the IL-20 C}1;okine family in HBEC and NSCLC cell lines.

This will develop a unique cell line model to examine the effects of chronic 

inflammation in vitro under cell culture conditions. This will allow us to investigate 

the intricate role played by hypoxia and/or these pro-inflammatory mediators in the 

process of tumour initiation and promotion, and the knowledge obtained will assist in 

our understanding o f NSCLC and the development of novel cancer therapeutics to 

treat this cancer.
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2.0 Materials and Methods 

2.1. Preparation and handling of materials

Reagents and chemicals used in the laboratory were of analytical grade and stored in 

accordance with the manufacturers’ instructions. All chemicals were purchased from 

Merck (Darmstadt, Germany), the Sigma Chemical Company (St. Louis, MO, USA), 

and Fluka (Buchs, Switzerland), unless stated otherwise. Cell culture reagents were 

purchased from Lonza (Walkersville, MD, USA), with exceptions noted.

2.2. Chemical and Biological reagents

2.2.1. Drugs

The specific histone deacetylase inhibitor (HDACi), Trichostatin A (TSA), was 

purchased from Calbiochem (San Diego, CA, USA), dissolved in dimethyl 

sulphoxide (DMSO), and stored at -20°C. Phenylbutyrate (PB), (4-Phenylbutyrate 

acid, sodium salt), (Triple Crown America, Perkasie, PA, USA), was freshly 

prepared in phosphate buffered saline (PBS) before use. Cyclohexamide (CHX), (3- 

[2-(3, 5-Dimethyl-2-oxocyclohexyl)-2 hydroxyethyl] glutarimide), was diluted in 

96% ethanol (EtOH) and stored at -20°C. 5-Aza-2’-Deoxycytidine (DAC) from 

Calbiochem, was dissolved in 100% methanol (MeOH) and stored at -20°C.

2.2.2. Cytokines and Chemokines

Recombinant human Interleukin-8 (rHu-IL-8), Interleukin-20 (rHu-IL-20), 

Interleukin-1 beta (rH u-IL-ip) and Tumour Necrosis Factor alpha (rHu-TNFa) were 

purchased from PromoKine (PromoCell GmbH, Heidelberg, Germany) and 

reconstituted in sterile distilled water (SDW), and stored at -20°C.

2.3. Hypoxia chamber

In order to study the effect of low oxygen conditions, cells were placed in either a 

hypoxia chamber (Invivoo 400 Hypoxia Workstation with Ruskinn hypoxia gas 

mixer. Biotrace Int Pic, Glamorgen, UK), as shown in Fig 2.1, or a low oxygen 

incubator (Forma Series II water-jacketed CO 2 incubator, ThermoElectron Corp. 

Waltham, MA, USA). Each was set to a specific oxygen concentration with 5% CO 2 

in a humidified atmosphere.
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Fig 2.1: The hypoxia chamber. The Invivo2 400 Hypoxia Workstation with Ruskinn 

hypoxia gas mixer. The machine provides accurate control over O2 (0.1% - 20.9% in 

0.1% increments) and allows the transfer of samples and access to the environment 

without affecting stability.

2.3.1. PO2 Measurements

p02 (dissolved partial pressure of oxygen) measurements were taken using a p02 E 

series sensor (BF/OT/E) and an OxyLab p02™  (Oxford Optronix Ltd, Oxford, UK).

2.4. Cell culture

Cell culture work was performed aseptically in accordance with good laboratory 

practice in a Class IIB laminar air flow unit (LAF) (CleanAir Techniek bv, Woerden, 

The Netherlands). The LAF was allowed to run for at least 20 min before use. The 

LAF was sanitized using 70% (v/v) EtOH in dH20. All cell culture reagents were 

placed in a water bath at 37°C (Cliften unstirred thermostatic bath, Somerset, UK) 

for approximately 30 min before use unless stated otherwise.

2.4.1. Lung cancer cell lines

Two lung cancer cell lines were used during the course of this study; 

bronchioalevolar carcinoma cells (A549), and a squamous carcinoma cell line 

(SKMES-1). Cells (Fig 2.2) were obtained from the European Culture and Tissue 

Collection (ECACC, Wiltshire, UK). A549 cells were maintained in F-12 (Ham) 

medium, which was supplemented with 10% (v/v) foetal bovine serum (FBS),
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penicillin  streptomycin (P/S - 5000  U /m L penicillin , 5000  U /m L  streptom ycin), and 

2 mM  L-glutam ine (in 0.85%  NaCl). SKM ES-1 ce lls were maintained in minimum  

essential m edium eagle with earle’s balanced salt solution (EM EM ) with the 

addition o f  10% (v/v) PB S, P/S (5000  U /m L penicillin , 5000  U /m L  streptom ycin), 2 

mM L-glutam ine (in 0.85%  N aC l), and 0.1 M non-essential am ino acids (L-Alanine, 

L-Asparagine, L-Aspartic A cid, L-Glutamic A cid , G lycine, L-Proline, L-Serine),. 

Both ce lls  lines are adherent and were incubated in vented flasks at 37°C in 95% air, 

5 % C O 2 hum idified atmosphere (Steri-C ycle C O 2 incubator, ThermoForma, 

Marietta, OH, U SA ).

2.4.2. Normal cell lines

Thee normal human bronchial epithelial cell lines (H BEC 3, H BEC 4 and H BEC 5), as 

shown in Fig 2.3, were a gift from Prof. John D. M inna (Hamon Centre for 

Therapeutic O ncology Research, D allas, TX, U SA ). T w o o f  these cell lines were 

taken from donors w ho did not develop  cancer (H BEC3 and H B EC 5), whereas 

H BEC4 was isolated from a patient w ho went on to develop  cancer. C ells were 

im m ortalized by the over-expression o f  telom erase (hTERT) and cyclin-dependent 

kinase 4  (C D K 4) to bypass the effects o f  telom ere shortening and the p i 6 cell cycle  

checkpoint respectively [388]. This technique did not use viral onco-proteins, which  

indicate that the HBEC lines are a superior ‘normal cell lin e’ standard. Cell lines 

were maintained in Keratinocyte serum-free m edia (SFM ), with L-glutam ine 

(GIBCO Invitrogen, Paisley, Scotland) and supplem ented with 2.5 |ig  human 

recombinant epidermal growth factor (rEGF), and 25 fig bovine pituitary extract 

(G IBCO  Invitrogen). A ll tissue culture plastics used with the HBEC lines were first 

coated with sterile IX  collagen (0.5 g/L dH 20 gelatin from porcine skin-type A) 

before cells were seeded. These cell lines are adherent and were grown in vented  

flasks, as above.

2.4.3. Cell subculture

C ells were visually exam ined daily using an inverted phase-contrasted Nikon  

m icroscope (N ikon Corp., T okyo, Japan). Sub-culturing was performed when cell 

cultures reached 80-90%  confluency. C ells were detached for sub-culturing by 

trypsinisation.
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Fig 2.2: Monolayer cultures of lung cancer cell lines. Two celll lines were chosen in 

this project, A549 (A) at 80% confluency and SKMES-1 (B) at 60% confluency (x 

40 magnification).
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Fig 2.3: Monolayer cultures of normal bronchial epithelial cell lines. Three normal 

cell lines were used in this project, HBEC3 (A), HBEC4 (B), and HBEC5 (C) (x 40 

magnification).
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2.4.3.1. Lung cancer cell lines

Cell culture medium was decanted and the cells were washed with 5 mL 0.0 IM PBS 

(0.0067 M (PO4), without Câ "̂  and Mg) to remove residual FBS. Either, 1 mL (25 

cm^ flasks) or 2 mL (75 cm“ flasks) of trypsin ethylene-diamine tetra-acetic acid 

(EDTA) (200 mg/mL Versene/EDTA), was added to the flasks. Flasks were 

incubated at 37°C for approximately 5 min to allow the cells to detach from the 

surface. Eight mL complete medium was then added to the flasks to inactivate the 

trypsin. Cells were transferred to a sterile 15 mL tube and pelleted by centrifugation 

at 1300 X g for 3 min (Centra GP8R, Thermo lEC). The supernatant (s/n) was 

discarded and the cell pellet re-suspended in 10 mL complete medium. This 

suspension was used to seed fresh flasks at a number of different ratios.

2.4.3.2. Normal cell lines

Cell culture s/n was removed from the flasks and discarded. The cells were then 

washed in 5 mL PBS and 2 mL of room temperature (RT) trypsin/EDTA added (0.25 

mg/mL). Cells were left to detach in the LAP at RT. HBEC cell lines are strongly 

adherent and need to be repeatedly agitated and examined under the microscope to 

confirm cell detachment. When complete, 6 mL of RT trypsin neutralising solution 

(TNS) was added to the flask and the cell suspension mixed. Cells were transferred 

to a sterile 15 mL tube and pelleted by centrifugation at 1300 x g for 3 min. The s/n 

was discarded and the cell pellet re-suspended in 10 mL complete medium. A cell 

count was then performed (Methods 2.4.6). Population doubling is calculated as:

Log (No. of cells counted/No. of cells plated) _  pj^

Log 2

These cells are considered immortalized when they have reached a PD of 100. 

Therefore, these cell lines are tracked by PD instead of passage number (as in the 

case o f the lung cancer cell lines). Representative growth curves of these cell lines 

are shown in Appendix I.

2.4.4. Preparation of frozen stocks

Stocks were prepared from cells in the exponential growth phase at less than 80% 

confluency. To prepare frozen stocks, cells were washed in 5 mL PBS, trypsinised 

and pelleted as above (Methods 2.4.3.1 and 2.4.3.2). Following pelleting by
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centrifugation, s/n was decanted and the lung cancer cells were re-suspended in 3 mL 

of 10% (v/v), DMSO in complete medium and normal cells in 3 mL of 10% DMSO, 

10% FBS in complete media. Aliquots of the cell suspension were transferred to 

sterile cryovials, which were placed at -20°C overnight (o/n) and then transferred to - 

80°C (-85°C ultra low freezer, Nuaire Corp., Plymouth, MN, USA) for short-term 

storage. Vials were removed to liquid nitrogen (NuAire Corp.) for long term storage.

2.4.5. Retrieval of frozen stocks

Cryovials were removed from liquid nitrogen and placed in a water bath at 37°C for 

5 min or until thawed. Cells were transferred to a 25 cm^ flask to which 5 mL 

complete medium had been added. After 24 h incubation at 37°C, the media was 

decanted and cells washed with 2 mL PBS. Cells were fed with 5 mL of fresh media. 

Flasks were maintained and passaged as previously described. Cells were passaged at 

least twice (for removal of residual DMSO and FBS (HBEC)) before use in any 

experiments.

2.4.6. Cell counting

Cells were seeded at specific densities depending on experimental set up. A bright 

line haemocytometer (Hausser Scientific, Horsham, PA, USA), was used in 

conjunction with Trypan Blue (0.4% v/v), for cell counting and viability. The stain is 

based on a dye exclusion principle where live cells do not take up the dye, whereas 

dead cells do due to compromised cell membrane integrity. Cells were re-suspended 

in a specific volume of complete medium after pelleting (2.4.3.1 and 2.4.3.2) until a 

single cell suspension was obtained. A 20 |aL aliquot of this suspension was added to 

180 |j L of Trypan Blue and mixed. A cover slip was placed on the haemocytometer. 

The edge of the cover slip was touched gently by a pipette tip and the chamber filled 

by capillary action. The cells in the four large comer squares (each with sixteen 

smaller squares), were counted and an average cell number obtained. The number of 

cells per mL was then calculated using the following equation:

Average no. of cells counted x 10.000 x 10 = no. of cells/ mL

Where, 10,000 equals the |j L volume under the cover slip and 10 equals the dilution 

factor.
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2.4.7. Mycoplasma testing

Cells used in this project were tested for mycoplasma upon receipt and every six 

months thereafter using the MycoAlert® Mycoplasma detection Kit (Lonza, 

Rockland, ME, USA). This biochemical assay exploits the activity of certain 

mycoplasmal enzymes. Mycoplasma specific enzymes react with the Mycoalert'^^ 

substrate catalyzing the conversion of ADP to ATP. Cell lines were grown for at 

least two passages in complete media without P/S (except for HBEC cell Unes). 

Following this 2 mL cell s/n was centrifuged at 200 x g for 5 min to pellet floating 

cells. One hundred |j L of the cleared s/n was transferred into a luminescence 

compatible plate (Costar, New York, NY, USA). The luminometer (Wallac Victor^ 

1420 mutilabel counter, Perkin Elmer Lifesciences, Boston, MA, USA) was 

programmed for a 1 s integrated reading. A 100 |j L of the MycoAlert® reagent was 

added to each sample and incubated at RT for 5 min. The first luminometer reading 

was then taken (reading A). Next, 100 |j L MycoAlert™ substrate was added to each 

sample and incubated at RT for 10 min before a second reading was taken (reading 

B). The ratio of reading B to reading A determined the presence or absence of 

mycoplasma in the cell culture medium. A ratio greater than 1 indicates mycoplasma 

positive cells.

2.5. Growth assays 

2.5.1. MTT assay

The MTT assay allows for the measurement of metabolically active cells in response 

to various conditions. The yellow tetrazolium MTT (3-(4, 5-dimethylthiazolyl-2),-2, 

5-diphenyltetrazolium bromide), is reduced to purple formazan crystals by 

metabolically active cells. These intracellular crystals are solubilised by the addition 

of DMSO. Cells were seeded at 5 x loVwell in complete media in triplicate; in a 96 

well plate and incubated under normoxic (21% O2 ), or hypoxic conditions (0.1%, 

0.5%, 1% O2), for 24, 48 or 72 h. Following incubations 40 |aL MTT solution 

(0.0125 g in 50 mL PBS) was added to all wells. Cells were examined periodically 

until purple crystals were visible microscopically, taking approximately two hours 

for all cell lines. One hundred |ul DMSO was added to the plates, which were 

quantified by spectrophotometric means (Vesamax tunable microplate reader, 

Molecular Devices, CA, USA) at 595 nm. The percentage of metabolically active 

cells was expressed relative to control cells (Normoxia), which were set as 100%.
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2.5.2. BrdU proliferation assay

Cell proliferation was measured using a Cell Proliferation ELISA, BrdU (Roche 

Diagnostics Ltd., Sussex, UK). This is a colorimetric method to quantify cell 

proliferation based on the measurement of BrdU (5-bromo-2’-deox)airidine - a 

pyrimidine analogue) incorporation (instead of thymidine) during DNA synthesis in
•3

proliferating cells. Cells were seeded at 2 x 10 /well in a 96-well plate and adhered 

overnight (o/n). Subsequently the complete media was removed and the cells washed 

with 100 |jL PBS. Serum depleted media (0.5% FBS) was added to the cells (lung 

cancer cell lines only). Following o/n incubation cells were treated with appropriate 

drugs, cytokines or chemokines for a specified period of time. Following treatment, 

10 |iL  of a 1:1000 dilution of BrdU labelling solution (final concentration - 10 |iM) 

was added to each well and plates incubated for 4 h at 37 °C. Following incubation, 

the media was removed and the cells fixed and denatured with 200 |iL  of a fixative 

solution for 30 min at RT. One hundred |jL anti-BrdU-POD (mouse monoclonal 

antibody, peroxidase-conjugated) working solution was added to each well for 90 

min at RT. Cells were washed thee times with wash buffer and 100 pL of substrate 

solution was added for 5-10 min (or until colour change was sufficient for 

photometric detection). Twenty-five |jL 1 mM H2SO4 was added to each well to stop 

the reaction. Absorbance was measured on a plate reader at 450 nm with a reference 

wavelength set to 690 nm.

2.6. Reverse Transcriptase Polymerase Chain Reaction 

2.6.1. Preparation of cell line samples
f \On day one cell lines were seeded at 1 x 10 in vented T75 cm flasks. The following 

day lung cancer cell lines were washed with PBS and complete medium replaced 

with serum-depleted medium (0.5% FBS). On day thee cells were subjected to 

specific treatments.

2.6.2. RNA isolation from cell lines

RNA was isolated using TRI reagent® (Molecular Research Center, OH, USA). 

Media was decanted from the flasks and 1 mL of TRI reagent® added. It was 

incubated with agitation for 5 min, after which time cells were scraped into a tube 

and stored immediately at -80°C. Samples were thawed at RT and RNA isolated as 

follows: 100 |aL l-bromo-3-chloro-propane (BCP), was added to the samples, which 

were then inverted for 15 s and incubated at RT for 10 min. The tubes were
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centrifuged at 13500 l  g dX 4°C for 15 min. Following centrifugation, the upper 

aqueous phase (containing RNA), was removed to a fresh 1.5 mL eppendorf tube. 

Five hundred |iL  o f isopropanol was added and the samples were mixed and 

incubated at RT for 10 min. Following centrifugation at 13500 x g at 4°C for 8 min, 

the s/n was decanted and the pellet washed with 70% EtOH for 5 min. The samples 

were centrifuged again at 13500 x g at 4°C for 5 min, and the EtOH wash decanted. 

The RNA pellet was allowed to air dry for 5 min and re-suspended in 50 |jL  

molecular grade H2O (AccuGENE, Cambrex Bioscience, lA , USA ). RNA was 

quantified by the Nanodrop spectrophotometer (Section 2.6.4) and stored at -80°C.

2.6.3. RNA isolation from tissues

RNA was isolated from human tissue samples using a Qiagen RNeasy kit (Qiagen 

Inc. CA, USA). Tissue samples, stored at -80°C in RNAlater, were removed into a 2 

mL tube for homogenization. Six hundred |j L o f Lysis buffer containing 2-P- 

mercaptoethanol (10 |jL/mL) was pipetted into a 2 mL collection tube. One 5 mm  

stainless steel bead (Qiagen Inc.) was added to each tube. Up to 30 mg o f  the tissue 

sample (which was previously stabilized in RNAlater stabilization reagent), was 

added to each tube. The samples were hom ogenised on the Mixer M ill 300 (Retsch, 

Haan, Germany) at 20 Hz for 2 min. The M ixer M ill rack was rotated to allow even 

homogenization, and the samples were hom ogenised for a further 2 min at 20 Hz. 

Samples were centrifuged at 13500 x g for 3 min (including the bead). The s/n was 

transferred to a new centrifuge tube by pipetting. One volume o f EtOH was added to 

the cleared lysate and mixed immediately by pipetting. The sample was then applied 

(700 |j L) to an RNeasy mini column (in a 2 mL collection tube). The tube was 

centrifuged for 15 s at 10000 x g and the flow-though discarded. A  D N ase digestion 

step was carried out using an RNase-Free DN ase Set (Qiagen Inc). 350 pL RW l 

(supplied with the kit) was added to the column and centrifuged at 10000 x g for 5 s 

and the flow-though discarded. 10 |iL  DNase I stock solution (1500 kunitz units) was 

mixed with 70 |iL  RDD buffer and added to the column. This was incubated for 15 

min at RT. 350 pL o f  buffer R W l was applied to the column and centrifuged for 15 s 

at 10000 X g- The RNeasy column was then transferred into a fresh 2 mL collection 

tube and 500 |j L RPE buffer was pipetted onto the column. The column was 

centrifuged for 15 s at 10000 x g and the flow-though discarded. A  further 500 |jL o f  

buffer RPE was added to the column and the tube centrifuged for 2 min at 10000 x g- 

The RNeasy column was transferred into a new 1.5 mL eppendorf and 50 |j L RNase-

52



free water was pipetted directly onto the membrane. The tube was centrifuged for 1 

min at 10000 x g to elute the RNA.

2.6.4. RNA/DNA quantiflcation using the Nanodrop

RNA/DNA was spectrophotometrically quantified using a NanoDrop 1000 

spectrophotometer (version 3.1.0, Nanodrop technologies, DE, USA). The 

instrument was initialised and blanked with 1 |aL of sterile distilled water (SDW). 

Then 1 |iL of each sample was loaded in turn onto the Nanodrop (wiping after each). 

The NanoDrop gives the nucleic acid concentration in ng/|iL and also the 260:280 

and 260:230 purity ratios.

2.6.5. Assessment of RNA quality

Each RNA sample was run on a 1% agarose gel (see section 2.6.9), to determine 

RNA quality. Clear bands for the 18S and 28S ribosomal subunits are a good 

indication of RNA integrity.

2.6.6. RQl DNase treatment

RNA samples (from cell lines only), were diluted in dH20 to a stock concentration of 

0.5 |Jg/|aL. 10 |jg RNA was used for RQl DNAse treatment with the reaction 

prepared as follows: 20 |iL RNA sample, 5 |iL  lOX RQl buffer (Promega, WI, 

USA), 1 |iL RQl DNase (Promega) and 24 |aL SDW. The samples were mixed 

gently with a pipette and placed at 37°C for 1.5 h. 50 |al phenol-chloroform was 

added to the tube, vortexed and centrifuged at 13500 % g for 5 min at 4°C (Miko 200, 

Hettich zentifrugen, Germany). The upper layer containing the RNA was transferred 

to a new tube and the following added: 1 |j L polyacyl carrier (Molecular Research 

Center), 50 |j L 5 M Ammonium acetate and 300 |j L 96% EtOH. The mix was 

vortexed, incubated at RT for 15 min and centrifuged for 20 min at 4°C at 13500 x g- 

The s/n was discarded and the pellet washed with 1 mL of 70% EtOH. The sample 

was centrifuged at 13500 x g for 5 min, the EtOH removed, and the pellet re

suspended in 10 |j L SDW.

2.6.7. cDNA synthesis

For first strand cDNA synthesis, 1 pL 50 |jM Oligo(dT )20 (Operon Biotechnologies 

GmbH, Cologne, Germany), 1 |jL 10 mM dNTPs (dATP, dGTP, dCTP, dTTP), 

(Promega), and 14 |jL SDW was added to each RNA sample. Tubes were heated to
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65°C for 5 min and transferred to ice for 1 min. The second mix was then added to 

the tube. This consisted of 4 |uL 5X FS Buffer (Invitrogen Corp., CA, USA), 1 )j L 

0.1 M DTT (Invitrogen), 1 |iL recombinant RNasin® ribonuclease inhibitor 

(Promega), 1 pL Superscript™ III reverse transcriptase (200 U/|aL) (Invitrogen) and 

7 |j L SDW. The sample was mixed gently with a pipette and placed into a G Storm 

thermal cycler (GSI, Braintree, Essex, UK), at 50°C for 3 h, followed by heat 

inactivation at 70°C for 15 min.

2.6.8. Polymerase Chain Reaction

cDNA generated by the above protocol was used as a template for the polymerase 

chain reaction (PCR). The following PCR master-mix was prepared for each sample 

to be amplified: 10 |j L 2 x GoTaq® Green Master Mix (400uM dATP, dGTP, dCTP, 

dTTP, 3mM MgCh, GoTAQ, pH 8.5) (Promega), 2 |jL  5 pM forward primer (F), 2 

pL 5 pM reverse primer (R), and 6 pL SDW. 1 pL of cDNA template was used per 

reaction. A negative control was also included, using 1 pL SDW in place of cDNA. 

Template DNA was initially denatured at 94°C for 5 min, followed by 35-40 

amplification cycles, in the G storm thermal cycler. Each cycle consisted of template 

denaturation, primer annealing (optimised for each target), and extension. This was 

followed by an elongation step to complete the amplification cycle. The primers and 

annealing temperatures used in each PCR are outlined in Appendix II.

2.6.9. Agarose gel electrophoresis

All PCR products were visualised on 1% agarose gels. The agarose (1%) was 

dissolved in Tris-Acetate-EDTA (TAE) buffer (40 mM Trizma base, 20 mM acetic 

acid, 1 mM EDTA) by boiling in a microwave for 2-3 min. The solution was cooled 

to 55-60°C, before the addition of Ethidium Bromide, to final concentration of 1 

pg/mL. It was poured into a gel tray with well forming combs to a depth of 3-5 mm 

and allowed to set. The samples needed no loading buffer as the 2 x GoTaq® Green 

Master Mix contained a blue and yellow loading dye. 1 pL 1Kb Plus DNA Ladder 

(Invitrogen), was mixed with 5 pL loading dye (40% sucrose, 0.25% w/v 

bromophenol blue), and loaded onto the gel with the samples. Electrophoresis of the 

DNA samples was carried out in a Maxi Horizontal Electrophoresis Unit Set, model 

SH413 (Sigma) using IX TAE as a running buffer. The voltage was kept constant at 

120 V, and gels ran for approximately 30-40 min. The bands were visualised and
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photographed under UV light using a Biospectrum Imaging System (Ultra Violet 

Products, Cambridge, UK).

2.7. Western Blotting 

2.7.1. Preparation of cell lysates

Cell culture s/n was removed from culture flasks and centrifuged at 1300 x g for 3 

min, and the supernatant decanted. The resulting pellet was stored on ice and 250 -  

500 \ x L  cold RIPA lysis buffer (50 mM Tris HCl, pH 7.4, 150 mM NaCl, 1 mM 

EDTA, 1% (v/v), Triton-X 100, 0.1% (w/v), SDS), supplemented with 10 |aL 

phenylmethylsulfonyl fluoride (PMSF), (87 mg/mL 96% EtOH), and 100 |jL 

protease inhibitor cocktail (PIC), (2 mM AEBSF, 1 mM EDTA, 130 |iM Bestatin, 

14|jM E-64, 1 fiM Leupepin, 0.3 |jM  Aprotinin), was added to the flasks and 

incubated for 5-10 min on ice. The cells were removed from the surface of the flask 

using a cell scraper and transferred to the appropriate tube containing pellet the s/n 

derived pellet. The lysate was mixed and the DNA sheared by repeatedly passing the 

lysate though a I mL U-100 syringe (Becton Dickinson, NJ, USA). Protein samples 

were stored at -80°C.

2.7.2. Protein determination

Protein concentrations were determined using the bicinhoninic acid (BCA), (Pierce, 

IL, USA). This assay utilises the principle that Cu '̂  ̂ is oxidised to Cu”̂ in the 

presence of protein in an alkaline medium. The BCA reagent reacts with the Cu"̂ , 

yielding a coloured product. Prior to use, the kit components were mixed in a 50:1 

ratio (alkaline bicarbonate solution to copper sulphate solution, respectively). 200 |aL 

of this working reagent was added to 10 |j L of protein standard or 2 |j L of sample in 

a 96-well plate, which was then incubated at 37°C for 30 min. Following incubation, 

the absorbance was measured at 595 nm on the plate reader. Protein concentrations 

were determined by interpolation from a standard curve of known concentrations of 

BSA, ranging from 0 to 1000 |Jg/mL (Appendix II).

2.7.3. SDS PAGE

Glass plates (Atto Corp., Tokyo, Japan) were cleaned with EtOH and assembled in 

an upright position with rubber seal in place. A 12% (v/v), resolving gel was made 

using 9.2 mL 30% acrylamide:bisacrylamide, 4.5 mL 1.875M Tris HCl-pH 8.8, 8.3 

mL SDW, 176 |uL 10% (w/v), SDS, 120 |uL 10% (w/v), fresh ammonium persulfate
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(APS) and 10 |j L TEMED (N,N,N’,N’-tetramethylethylenediamine). The solution 

was mixed gently to avoid bubble formation and pipetted into the upright glass 

plates. 70% EtOH was gently layered on top of the gels to aid polymerization. A 5% 

(w/v) stacking gel was prepared containing 1.7 mL 30% (w/v)

acrylamide:bisacrylamide, 2 mL 0.6 M Tris HCl-pH 6.8, 6 mL SDW, 100 |iL 10% 

(w/v) SDS, 150 |iL 10% (w/v) APS , and 10 |iL  TEMED. Once the resolving gel had 

fully set, the EtOH was removed from the resolving gel and the stacking gel poured 

on top. A 12-well comb was inserted into the stacking gel and the gel left to set. 

Protein samples were diluted (1:1) with 2X LaemmLi buffer (2 mL 0.6M Tris HCl, 5 

mL 10% (w/v) SDS, 1 mL 2-P-Mercaptoethanol, 2 mL glycerol, 0.05g (w/v) 

bromophenol blue), and denatured by incubating at 95°C for 10 min. 10 |j L of a tri- 

chom pre-stained protein marker (Pierce) was also loaded onto each gel. Samples 

were separated by electrophoresis (Atto) at 25 mA per gel in electrode buffer (50 

mM Trizma base, 384 mM Glycine, 0.1% (w/v) SDS, for 90 min, or until the dye 

front reached the end of the gel.

2.7.4. Comassie blue gel stain

Following protein electrophoresis, one gel was stained in Coomassie brilliant blue 

(50% (v/v), MeOH, 10% (v/v), glacial acetic acid, 0.25% (w/v), Coomassie brilliant 

blue G250, made up to 100 mL with dH20), on a shaker (Bibby Sterilin Ltd., 

Staffordshire, UK) for 1 h. The gel was then destained (50% (v/v), MeOH, 10% (v/v) 

glacial acetic acid) until the protein bands were clearly visible and background 

staining had been fully eliminated. This stain allows for the visualisation of proteins 

for the assessment of protein degradation/integrity and loading.

2.7.5. Protein transfer

Gels were electrophoreised in duplicate, one for transfer to PVDF and the other for 

coomasie staining. Separated proteins were transferred onto a 0.45 fjM 

polyvinylidene flouride (PVDF) membrane (Pall Corp., FL, USA) using a wet Mini- 

Trans Blot cell (Bio-Rad Laboratories, CA, USA). A pre-activated (1 min in 100% 

MeOH) PVDF membrane and Whatman filter paper (Whatman Laboratory Division, 

Kent, UK) were soaked in cold transfer buffer (0.15 M glycine, 20 mM Trizma base, 

0.1% (w/v) SDS, 20% (v/v) MeOH), prior to use. The layers in the transfer cassette 

are outlined in Fig 2.4. The cassette was then placed in a cooled electrode tank and 

topped up with cold transfer buffer and run at 100 V and 400 mA for 1 h.
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Fig 2.4 : Wet transfer layout. Current ran from the anode to the cathode.

2.7.6. Ponceau S staining

Protein transfer to PVDF membrane was confirmed by staining the unblocked 

membranes in Ponceau S solution (Pierce), for 5 min on a shaker. The membrane 

was destained in SDW and rinsed in 1 X Tris Buffered Saline containing 0.1% 

Tween20 (TEST), (50 mM Tris HCl pH 7.4, 150 mM NaCl, 0.1% Tween20), before 

commencing with immuno-blotting.

2.7.7. Antibody probing of membranes

Following the transfer of proteins, membranes were blocked with 5% (w/v) non-fat 

dried milk (Marvel), which was reconstituted in IX TEST. The membrane was 

incubated in the primary antibody (Table 2.1) in 5 % Marvel TEST on a shaker. 

Membranes were washed six times for 5 min each in TEST, before incubation in the 

appropriate species-specific horseradish peroxidase (HRP)-conjugated secondary 

antibody (1:2,000 dilution in 5 % Marvel TEST) (Dako, Glostrup, Denmark) for 1 h. 

The membrane was washed with IX TEST over a period of six five min washes. The 

Supersignal West Pico Chemiluminescent substrate kit (Pierce), was used to detect 

bound antibody complexes. Working reagent was prepared just prior to use and was 

applied to the membrane for 5 min. Membranes were then exposed to scientific 

imaging X-ray film (Fuji Photo Film Co. Ltd., Tokyo, Japan), which was developed 

using a medical film processor (Agfa-Gevaert, Mortsel, Eelgium). Exposure times 

ranged from 10 s to 30 min, depending on the signal intensity.
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Table 2.1; Antibodies used for Western blotting. Following transfer of the proteins 

to PVDF membranes, blots were probed with the relevant primary antibody using the 

conditions shown. All secondary antibodies were HR? labelled. Bound antibody 

complexes were detected by chemiluminesence.

Antibody Supplier Type Isotype Blocking 1°

IL-20 R & D Systems Monoclonal Rat 1 h 2 pg/mL o/n 

at 4°C

lL-20Ra R & D Systems Monoclonal Mouse 1 h 2 |Jg/mL o/n 

at4°C

IL-20RP R & D Systems Monoclonal Goat 1 h 0.4 |Jg/mL 

o/n at 4°C

IL-22R1 R & D Systems Monoclonal Mouse 1 h 2 |ig/mL o/n 

at 4°C

P-Actin Merck Biosciences Monoclonal Mouse 1 h 1:20,000 for 

I h at RT

2.7.8. Membrane stripping

In order for the membranes to be re-probed with a different antibody the blots were 

stripped. The membrane was incubated in 10 mL of Restore™ western blot stripping 

buffer (Pierce) at RT on a shaker. This was removed after 20 min and the membrane 

washed twice for 10 min in TEST and stored at 4°C. Stripped membranes were re

probed as described in section 2.7.7.

2.8. Enzyme linked immunosorbent assay (ELISA)

2.8.1. Preparation of samples

Following specific treatments, s/n was collected from cell culture flasks and frozen at 

-20°C. Where appropriate, s/n were diluted in suitable neat medium.

2.8.2. TNFa, IL-lp and CXCL8

The TNFa, IL-ip and CXCL8 DuoSet® ELISA Development Systems were 

purchased from R & D Sytems (MN, USA). The procedure was carried out in a 96- 

well plate (Nunc Maxisorp plates, Roskilde, Denmark), as follows: The wells were 

coated in 50 |j L capture antibody (4 pg/ mL), sealed and incubated o/n at RT. 

Following this the capture antibody was decanted and the plates washed thee times 

with wash buffer (0.05% Tween20 in PBS), and blotted dry on tissue paper. 200 pL
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blocking buffer (TNFa/IL-l(3 - 1% Bovine serum albumin (BSA), in PBS, CXCL8 - 

1% BSA in PBS with 0.05% sodium azide), was added to each well, the plates sealed 

and incubated at RT for 1 h. The plates were washed again as above. 50 |jL o f each 

standard and sample was added in triplicate to appropriate wells. The plates were 

sealed and incubated at RT for 2 h, after which time the wells were washed as above. 

50 |iL  detection antibody (TNFa -  250 ng/mL, IL -ip  -  300 ng/mL, CXCL8 -  20 

ng/mL), was added and the plates incubated for 2 h at RT. Subsequently, wells were 

washed as before. 50 |iL  Streptavidin-HRP was added to each w ell and the plate 

sealed and covered in tin foil and incubated for 20 min at RT. The wash step was 

repeated as before. The substrate solution was made in phosphate citrate buffer 

(containing citric acid and Disodium hydrogen orthophosphate dodecahydrate pH 

5.0), 10 mg of 1, 2-phenylenediamine dihydrochloride (OPD), and 18 |aL 1 M H2O2 . 

100 |jL of this solution was added to each w ell and a colour change allowed to 

develop for approximately 10-20 min. The reaction was stopped with 50 |jL 1M 

H2SO4 and absorbance read at 492 nm. The TNFa, IL -ip  and CXCL8 concentrations 

were determined by interpolating from a standard curve o f known concentrations for 

each (Appendix II).

2.8.3. IL-20 and CXCL2

The human CXCL2 and IL-20 ELISA development kits were purchased from 

Strathmann Biotec (Hamburg, Germany). Briefly, w ells were coated with 50 |aL 

capture antibody (CXCL2 -  0.25 |jg/mL, IL-20 -  0.5 |jg/mL), sealed and incubated 

o/n at RT. The wells were washed four times with wash buffer (0.05% Tween20 in 

PBS), and blotted on dry tissue paper. 200 |j L blocking buffer (1% BSA  in PBS), 

was added to each well and incubated for 2 h at RT. Plates were washed as before 

and 50 |j L o f each standard and sample was pipetted in triplicate into appropriate 

wells, the plate sealed and incubated o/n at 4°C. Plates were washed as before, and 

50 |iL  detection antibodies (0.25 |jg/mL) added and incubated for 2 h at RT. Plates 

were then washed as above and 50 |aL avidin peroxidase added to the wells and 

incubated for 30 min at RT and wells were washed as above. 100 |j L ABTS (2 ,2’- 

Azino-Bis (3-Ethylbenzthiazoline-6-Sulphonic acid)) liquid substrate (Sigma), with 

AzBTS microwell enhancer solution (Sigma) was added and colour developed for 

approximately 10-20 min. The reaction was stopped with the addition o f 1% SDS (in 

PBS) and the absorbance read at 405 nm. The IL-20 and CXCL2 concentrations were
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determined by interpolating from a standard curve of known concentrations for each 

cytokine (Appendix II).

2.9. Chromatin immunoprecipitation (ChIP) assay 

2.9.1. Preparation of samples

The A549 cells were grown in complete media with full serum until they reached 

approximately 70-80% confluency. The cells were treated with either 10 |aL DMSO 

(control), or TSA (250 ng/mL), for 16 h.

2.9.2. Shearing of DNA

The DNA was cross-linked to histones by the addition of formaldehyde to a final 

concentration of 1%. The samples were incubated for 5 min at 37°C, the s/n removed 

and the cells washed twice in cold PBS. The cells were then scraped into clean 1.5 

mL eppendorf tubes and centrifuged at 14,000 x g for 4 min at 4°C. The s/n was 

removed and the cell pellet re suspended in 200 |uL RT SDS lysis buffer, and 

incubated on ice for 30 min. The samples were then sonicated, for 10 s followed by a 

an interval for 30 s (repeated thee times), on ice. This sheared the DNA into 200- 

1000 bp fragments. Samples were centrifuged for 10 min at 13000 x g at 4°C. The 

s/n was collected for the ChIP assay and the pellet discarded.

2.9.3. Chip assay

The OneDay ChIP Kit™ (Diagenode, Liege, Belgium), was used to study the 

association between proteins and DNA. It involves immuno-selection, immuno

precipitation, and DNA purification, an overview of the method is shown in Fig 2.5. 

The protease inhibitor mix (PI), antibodies (Table 2.2), and sheared samples (section 

2.9.2), were thawed on ice. 1452 |j L of Pl-ChIP buffer (25 |j L PI per 5 mL of ChIP 

buffer), was added to 396 |j L of sheared chomatin (based on kit instructions), 

vortexed and 280 |j L added to separate labelled tubes (kept on ice). The desired 

antibody was added to the tubes, vortexed and incubated o/n in a rotary shaker (Grant 

Bio, UK), at 4°C. During this incubation the binding beads were washed twice in 

Chip buffer, pelleted by centrifugation (3 min at 2000 x g), and the s/n removed to 

waste. The beads were re-suspended in 10.5 mL ChIP buffer and 500 |j L added to 

labelled tubes (on ice). The beads were pelleted as above, the s/n removed, and beads 

kept on ice. After the antibody incubation step, the tubes were centrifuged at 4°C for 

10 min at 12000 xg-
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250 |j L of each s/n was transferred to the pelleted beads and mixed on a rotating 

wheel for 30 min at 4°C. Input DNA was prepared from the original sheared DNA 

sample by the following steps: 30 pL  96% EtOH was added to 6 |j L of input DNA, 

which was incubated for 10 min on ice, centrifuged for 10 min at 8000 x g and the 

s/n removed to waste. The cap was left open on the tube and the pellet was stored on 

ice. 1 mL ice-cold ChIP buffer was added to the antibody-chomatin-bead mix (from 

the rotating wheel), the tubes inverted twice, centrifuged for 2 min at 3000 x g and 

s/n removed. The beads were re suspended by the addition of 1 mL of ice cold ChIP 

buffer and transferred to a 15 mL tube containing 12 mL of ChIP buffer. The tubes 

were incubated at 4°C for 5 min and centrifuged for 3 min at 2000 x g (4°C). 11 mL 

of buffer was removed from the tubes and the beads re-suspended in the 1 mL of 

remaining buffer and transferred to a 1.5 mL eppendorf. The tubes were centrifuged 

for 2 min at 3000 x g and the s/n removed to waste. The provided DNA-purifying 

slurry was re-suspended, and 100 |j L was added to the bead pellet and the input DNA 

sample (which had been re-suspended in 100 |j L of water). The tubes were mixed by 

inversion, incubated for 10 min in 100°C water and cooled. 1 |j L Proteinase K was 

added to each sample and vortexed. The samples were then incubated for 30 min at 

1000 X g in a thermomixer (Dently Spiramix 5, UK) at 55°C. After this time the 

samples were again placed in 100°C water for 10 min, centrifuged for 1 min at 12000 

X g (4°C). The resulting s/n was ready for subsequent PCR reactions.

Table 2.2: Table of ChIP antibodies.

Antibody Abbrev Supplier

Hi stone H3 Acetylated H3AC Millipore

Histone H4 Acetylated H4 AC Millipore

Histone H3 Acetylated at lysine 9 and 14 H3K8/K14 AC Diagenode

Histone H3 Acetylated at lysine 9 H3K9 AC Diagenode

Histone H3 trimethylation marker at lysine 4 H3K4 ME3 Diagenode
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2.10. Molecular cloning

All media and reagents including vectors were purchased from InvivoGen (CA, 

USA) and restriction enzymes and buffers were purchased from New England 

Biolabs (MA, USA) unless stated otherwise. Four plasmids were used for molecular 

cloning in this project. pVITROl-mc5 is selectable with hygromycin in mammalian 

cells and contains two multiple cloning sites (mcs), for the convenient cloning of two 

genes. Each mcs contains several restriction sites that are compatible with many 

enzymes (Appendix ni). The TNFa (pORF-hTNFa vl2) and the IL-ip (pCLEFSO- 

hlLOlB vl5) plasmid (Appendix III) were both ampicillin resistant. The fourth 

plasmid was PUC19.

2.10.1. Preparation of broth and agar plates

E.coli fast media (Hygromycin or ampicillin) was dissolved in 200 mL sterile water 

and microwaved for 2-3 min, mixing periodically. The solution was cooled, poured 

into Petri dishes in a laminar flow cabinet (Holten LaminAir, Denmark) and allowed 

to solidify. The plates were dried at 37°C, sealed and stored at 4°C. The broth 

(Hygromycin or ampicillin) was made in the same manner as the agar plates and was 

aseptically aliquoted into sterile 50 mL tubes, which were sealed and stored at 4°C.

2.10.2. Transformation of pVITROl-mcs

The plasmid pVITROl-mcs DNA was re-suspended in 20 |jL water to give a final 

concentration of 1 |Jg/|aL. A vial of E.coli cells (GCS' '̂^ competent cells, Ampliqon, 

Copenhagen, Denmark) was thawed on ice. 50 |jL  cells were then transferred into 

two sterile pre-chilled 1.5 mL eppendorfs. One tube received no plasmid (negative 

control) and 1 |jg of pVITROl-mcs DNA was transferred into the other, mixed 

gently with a pipette tip and incubated on ice for 30 min. A positive control for 

transformation efficiency was also set up using 1 jaL of PUC19. Cells were heat- 

shocked at 42°C for 45 s. Afterwards 450 |jL RT LB broth was added to the 

transformation reaction and incubated for one hour at 37°C. The transformed bacteria 

(50 |jL-100 |jL) were spread on pre-warmed Hygromycin (100 |ig/mL) agar plates 

(PUC19 on ampicillin plates) using Lazy L spreaders (Sigma). The plates were 

incubated o/n at 37°C.
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2.10.3. Amplification in competent Exoli cells

Large scale preparation of plasmid DNA were generated as follows: after o/n 

incubation at 37°C, a single colony was inoculated into starter cultures (5 mL of 

Hygro TB broth), for 8 h at 37°C in a shaking incubator (Orbital incubator S I50, 

Stuart, UK), at 225 % g. The starter culture was then combined with 30 mL fresh 

media and incubated as before. After o/n amplification, the E.coli cells were pelleted 

by centrifugation at 4000 x g for 15 min at 4°C and the s/n discarded.

2.10.4. TNFa and IL-ip vector ampliflcation

Transformed E.coli containing the TNF-a and IL-1(3 vectors were set up as in 2.10.3. 

in Ampicillin broth. They were grown for 8 h at 37°C in a shaking incubator at 225 x 

g. The starter culture was then combined with 30 mL of fresh media and at 37°C o/n. 

The E-coli cells were pelleted by centrifugation at 4000 x g for 15 min at 4°C and the 

s/n discarded.

2.10.5. Freezing of o/n cultures

Prior to centrifugation, 150 |uL of pre-warmed glycerol was added to a sterile 1.5 mL 

eppendorf followed by 850 |j L of o/n bacterial culture before it was pelleted 

(2.10.3/2.10.4). The tubes were mixed gently with a pipette tip and stored at -20°C 

for 24 h and then transferred to -80°C. This created a long term back-up of viable 

transformed bacteria.

2.10.6. Plasmid purification

The bacterial pellets from Section 2.10.3/2.10.4 were purified using the QIAfilter™ 

Plasmid Midi Kit (Qiagen). Each pellet was re-suspended in 4 mL Buffer PI, 4 mL 

buffer P2 was added and thoroughly mixed by inversion. 4 mL chilled P3 buffer was 

added to the mix, inverted vigorously and incubated on ice for 15 min. The resultant 

lysate was cleared by filtration using a QIAfilter. The flow-though was placed on an 

equilibrated QIAGEN-tip 100 (4 mL of Buffer QBT was passed though it), and 

allowed to pass though by gravity flow. The QIAGEN-tip was washed twice with 

two 10 mL aliquots of buffer QC and the DNA eluted with 5 mL buffer QF. The 

resultant DNA solution was precipitated as follows: 3.5 mL RT isopropanol was 

added to the DNA and centrifuged at 13500 x g for 30 min at 4°C. The pellet was 

washed with 2 mL 70% EtOH (RT), and centrifuged for 15 min at 13500 x g at 4°C. 

The s/n was removed and the pellet air dried for 3-5 min. The pellet was re-
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suspended in 50 |j L TE buffer (pH8.0). The DNA was measured on the NanoDrop as 

described in 2.6.4.

2.10.7. Restriction Digests 

2.10.7.1. pVITROl-mcs

Preparation o f pVlTROl-mcs fo r  ligation with the TNF-a gene was carried out as 

follows:

2 fig of pVITROl was digested with 2.5 pL Avrll (4 U/pL), 5 |jL NEBuffer 2 and 

made up to 50 tiL with SDW. It was digested o/n at 37°C, and digested o/n. The 

digest was precipitated as follows: 5 )jL 5M ammonium acetate and 165 pL EtOH 

was added to the digest, vortexed and incubated at -80°C for 20 min. The tubes were 

centrifuged at 13500 x g for 15 min. The pellets were washed with 70 %

EtOH and re-suspended in 10 |j L of water. A second digest was then performed: 10 

|j L of precipitated digest, 1 pL BspEI (10 U/|nL), 5 |aL NEBuffer 3 and 32 |j L SDW. 

It was digested as above and heat inactivated at 80°C for 20 min.

Shimp Alkaline phosphatase (TSAP) was used to remove the 5'-phosphate 

groups from pVITROl-mcs that had been cut with the various restriction enzymes. 

In subsequent ligation reactions, this treatment prevents self-ligation of the vector 

and thereby greatly facilitates ligation of other DNA fragments into the vector. 700 

ng of digested pVITROl-mcs, 1 |j L multicore buffer, 1 |j L TSAP made up to 10 fiL 

with SDW. It was heated for 15 min at 37°C and then heat inactivated at 74°C for 15 

min. The sample was purified using the SureClean kit from Bioline (London, UK). 

An equal volume of SureClean was added to the sample, vortexed, and incubated for 

10 min at RT. The tubes were then centrifuged at 13500 x g for 10 rfiin, s/n discarded 

and 100 |j L 70% EtOH added to the sample, the sample was then vortexed for 30 s, 

and centrifuged again as above. The s/n was removed and the pellet air-dried and re

suspended in 10 |j L SDW. The pVITROl-mcs was run on a gel and the digested 

band cut out and purified.

Preparation o f pVlTROl-mcs fo r  ligation with the lL-1^ gene was carried out as 

follows:

10 jjg of pVITROl-mcs was digested with 0.25 |j L Nhel (10 U/|j L), 1.25 |j L Agel 

(8 U/|j L), (Promega), 5 |j L NEBuffer 1, 0.5 |j L BSA, made up to 50 fiL with SDW. 

The digest was carried out o/n at 37°C. The reaction was stopped by heat inactivation 

at 65°C for 20 min. The digest was purified and de-phosphorylated with TSAP as
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described above. It was electrophoresed on a gel and the pVITROl-mcs band cut out 

(Section 2.10.8).

2.10.7.2. Preparation of TNF-a insert (pORF-hTNFa v 12)

The purified TNFa DNA (1 |ag), underwent two single digests. First it was digested 

o/n at 37°C as follows: 1 |iL  Nhe I (10 U/|iL), 5 |iL NEBuffer 2, 0.5 pL BSA and 

made up to 50 |iL  with SDW. When the digest was complete, the enzymes were heat 

inactivated at 65°C for 20 min. The plasmid was purified as outlined in section 

2.10.7.1 and a second digest performed as follows: 1 |j L SgrAl (10 U/|iL), 5 îL 

NEBuffer 4 and made up to 50 |nL with SDW. The digest was incubated o/n at 37°C 

and heat inactivated at 65°C for 20 min. The digest was purified and electrophoresed 

on a gel and the band cut out (Section 2.10.8)

2.10.7.3. Preparation of IL-lp insert (pCLEF30-hIL01B vl5)

The purified IL-1(3 DNA (5 jag), underwent two single digests. First it was digested 

with 1 |iL Nhel (10 U/|aL), 5 |j L NEBuffer 2, 0.5 pL BSA, and made up to 50 |j L 

with SDW. It was digested o/n at 37°C. It was subsequently heat inactivated at 65°C 

for 20 min and the reaction precipitated and purified as in section 2.10.7.1. The 

second digest was carried out as follows: 10 |j L precipitated digest, 1 |uL Agel (8 

U/|j L) (Promega), 5|aL NEBufferl, 0.5 |aL BSA, 33.5 |j L SDW. The digest was 

incubated o/n at 37°C and heat inactivated at 65°C for 20 min. The digest was 

purified and electrophoresed on a gel and the band cut out (2.10.8).

2.10.7.4. Preparation of pVITROl-mcs/TNFa for IL-lp insert

The pVITROl-mcs/TNFa vector construct was cut using RE digests as described for 

IL -ip (Section 2.10.7.3). The digest was treated with shrimp alkaline phosphatase 

and purified as before (Section 2.10.7.1). It was visualised on a gel and the 

pVITRO/TNFa band cut out and purified (Section 2.10.8). This construct was then 

suitable for ligation with the IL-ip gene to create a vector construct containing both 

genes, one at each mcs site.

2.10.8. DNA isolation and puriflcation

The digests from section 2.10.7.1 to 2.10.7.4, where electrophoresed on a 1% agarose 

gel and visualised under UV. The appropriate band was identified for each relevant 

digest and cut from the agarose gel using a sterile scapel, the bands were placed in
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separate 1.5 mL eppendorfs and weighed (weight conversion to volume was based on 

100 mg = 100 |iL). The GeneClean II kit (MP Biomedicals, OH, USA), was utilised 

to purify the band. Thee volumes of Nal was added to the gel fragment and heated to 

55°C for 1 min. The heating continued until the gel had melted fully. 10 |j L re

suspended glass milk was added to the sample and incubated at RT for 5 min. This 

was vortexed at 1 min intervals. The DNA was pelleted, the s/n discarded and the 

pellet re-suspended in 500 |j L of ‘new wash buffer’ from the GeneClean II kit. The 

pellet was washed twice, centrifuged for 5 s and the s/n discarded each time. The 

final pellet was air-dried and re-suspended in 10 pL SDW. This was incubated at RT 

for 5 min, centrifuged, and the s/n collected containing DNA collected.

2.10.9. Ligation of TNF-a and IL-lp into pVITROl-mcs

Once the inserts for cloning were isolated (Section 2.10.8), ligations were carried out 

to clone the inserts into the pVITROl-mcs vector. For each ligation a ratio of 3:1 

insert:vector were added to 1 |aL lOX ligation buffer and 0.5 |jL ligase enzyme made 

up to 10 |jL with water. The ligation reaction was incubated at 14°C o/n. A 

proportion of the ligation mix was transformed into competent E.coli cells, which 

were subsequently plated on Hygromycin agar plates and incubated o/n at 37°C 

(Section 2.10.2). Following o/n incubation, several colonies were selected from each 

plate, expanded in Hygromycin broth culture o/n and cells pelleted by centrifugation 

(4000 X g for 15 min) the following day.

The DNA was purified using the Qiagen Mini plasmid kit. The pellet was re

suspended in 500 |j L buffer PI, 500 |aL buffer P2 and 700 |iL buffer N3 and inverted 

six times after each addition. The samples were centrifuged at 13000 x g for 10 

the s/n placed onto the DNA binding column and centrifuged for 1 min at 13000 x g- 

The column was then washed with 500 |j L buffer PB, centrifuged as before and the 

fiow-though discarded. The columns were washed in 750 |iL PE buffer, centrifuged 

as before and again the fiow-though discarded. The DNA was eluted from the 

column with the addition of 50 |j L Nuclease free water and centrifuged as before. A 

number of diagnostic restriction digests were carried out to confirm the presence of 

TNF-a and IL-ip in the pVITROl-mcs vector (Sections 2.10.2/2.10.8).

After characterising a number of colonies from each (pVITROl-mcs/TNFa, 

pVITROl-mcs/IL-ip, pVITR01-mcs/TNFa/IL-(3), several colonies with insert were 

selected and fresh bacterial cultures made. The DNA was isolated and purified using 

the QIAfilter™ Plasmid Midi Kit (Section 2.10.6).
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2.10.10. Sequencing

Sequencing was carried out on the pVITROl-mcs vector with the TNFa, EL-ip and 

TNFo/IL-ip insert to ensure that the inserts had been cloned successfully and in the 

correct orientation (primers outlined in Table 2.3). A positive control was set-up 

using pGem in place of the template, to ensure the efficiency of the sequencing 

reaction. The pGem and BigDye® terminator vB.l mix were both sourced from 

Applied Biosystems (Warrington, UK). Sequencing reactions were set-up in thin 

wall tubes according to Table 2.4.

Table 2.3: Primer sequences for TNFa and E.-l(3 inserts in pVITROl-mcs.

Gene Primer Sequence (5’-3’)

TNF-a F; GAGGCTAATTCTCAAGCCTC

R: TCTAGACCTGGAAAGACCAG

IL-ip F: TTTTGAGCGAGCTAATTCTCGGG

R: AAAAAACCTCCCACACCTCC

M13 5 ’ -TCCCAGTCACG ACGT-3 ’

Table 2.4: Components of the sequencing reaction.

Reagent Sample Control

DNA Template 200 ng 1 |iL pGem

Primer 2 pmol/|iL 2 |iL M13 primer

BigDye Terminator Mix v3.1 0.5 |iL 0.5 |j L

Sequencing buffer 5.5 nL 5.5 nL

SDW Made up to 20 |j L 11 [iL

Total Volume: 20 20
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The reactions were placed on a G Storm thermal cycler (96°C for 1 min, followed by 

35 cycles of 96°C for 10 s, 51°C for 10 s and 60°C for 4 min, lastly 60°C for 10 s). 

Reaction clean up was required after DNA amplification. This was performed using a 

Qiagen DyeEx spin kit (Qiagen Operon). The spin columns were vortexed to re

suspend the resin, the cap loosened slightly and the bottom stopper of the column 

removed. They were placed in a collection tube and centrifuged at 3000 x g for 3 

min. The collection tube was discarded and the spin column was placed into a 1.5 

mL eppendorf tube. The sequencing reaction was gently pipetted into the centre of 

the resin bed surface and centrifuged at 3000 x g for 3 min. A speedyvac (Savant 

Instruments Incorporated, NY, USA) was used to dry the recovered reactions 

(approximately 20 min). The lyophilised reactions were stored at -20°C and re

suspended in 10 |iL of HiDi formamide (Applied Biosystems), just before use. 

Sequencing was performed on a 3130x1 genetic analyser (ABI Biosystems, CA, 

USA), and sequencing files were analysed using the BioEdit v 7.0.8 (Tom Hall, Ibis 

Biosciences, CA, USA).

2.11. Transfection of mammalian cells 

2.11.1. Transient transfection

A number of transfection reagents were evaluated to determine which reagent would 

provide the optimal transfection efficiency while maintaining cell viability. The 

DNA was co-transfected with a green fluorescence protein (GFP), for initial 

optimisation.

2.11.1.1. Genejuice® Transfection Reagent

GeneJuice® (Novagen, Darmstadt, Germany), is composed of a polyamine and non

toxic cellular protein which act in synergy to transport DNA into mamalian cells. 

Cells were seeded at 5 x lOVwell in a 6 well plate in complete media until 80% 

confluency was reached. Opti-MEM (GIBCO Invitrogen) was pipetted into a sterile 

tube and GeneJuice® added in a drop-wise manner (Table 2.5). The mixture was 

thoroughly vortexed and incubated at RT for 5 min. The DNA was added to the mix 

and incubated for 15 min at RT and transferred in a drop-wise manner onto the cells. 

The plate was rocked gently to ensure even distribution of the GeneJuice® /DNA 

mix. The cells were incubated o/n and examined under a fluorescent Olympus 

CKX41 (PA, USA) microscope with a blue filter (Burner -  Olympus U-RFC-T), 

which excites the GFP. The transfection efficiency was subsequently determined.
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Table 2.5: GeneJuice® transfection reactions.

Tube SFM (mL) GeneJuice® (jiL) DNA (Mg)

1 100 2 0.5

2 100 3 0.5

3 100 6 0.5

4 100 3 1

SFM -  serum free media

2.11.1.2. FuGENE® 6 Transfection Reagent

FuGENE 6 (Roche Diagnostics GmbH, Mannheim, Germany), is a liposomal, multi- 

component reagent that forms a complex with DNA and then transports it into animal 

cells. Cells were seeded as in section 2.11.1.1 and allowed to reach 80% confluency. 

Table 2.6 outlines the various ratios used in order to optimise transfection efficiency.

Table 2.6: FuGENE® transfection reactions.

Tube SFM (mL) FuGENE 6 (mL) DNA (Mg)

3:1 97 3 1

3:2 97 3 2

6:1 94 6 1

The specific volume of SFM (Opti-MEM) was pipetted into a sterile tube and the 

FuGENE® added directly into the media. This was vortexed for 1 s and incubated at 

RT for 5 min. The DNA was added to the tube, vortexed for 1 s and incubated for 15 

min at RT to allow for the formation of DNA/ FuGENE® complexes. Media was 

removed from the cells and replaced with media containing no supplements (lung 

cancer cell line), before the drop-wise addition of the DNA mix. The wells were 

swirled to obtain an even distribution. Again the cells were incubated o/n at 37°C 

and examined as in section 2.11.1.1.
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2.11.1.3. Lipofectamine™ 2000

Lipofectamine™ 2000 is a lipid-based transfection reagent. Cells were seeded at 5 x 

10'*/well in antibiotic-free media in 6-well plates and allowed to reach 95% 

confluency. DNA and Lipofectamine™ 2000 were diluted separately in 250 |j L 

aliquots of SFM (Table 2.7). Based on kit instructions four times more 

Lipofectamine™ 2000 should be used as DNA. After 5 min incubation at RT the 

diluted DNA and Lipofectamine™ 2000 were combined and incubated for a further 

20 min. The complex was added to cells in a drop wise manner and the 6 well plates 

rocked to ensure proper distribution. Media containing DNA/ Lipofectamine™ 2000 

mix was removed after 4 h and replaced with fresh antibiotic free media. The cells 

were incubated for a further 24 h and examined as before (Section 2.11.1.1).

Table 2.7;Lipofectamine™ 2000 transfection reactions.

Tube Lipofectamine™ 2000 (|uL) DNA (Mg)

0.5:1 2 0.5

1.5:1 6 1.5

2:1 8 2

3:1 12 3

2.11.2. Stable Transfection 

2.11.2.1. Hygromycin killing curves

The pVITROl-MCS vector is under the control of the hph gene, which infers 

Hygromycin antibiotic resistance. Killing curves were set-up in A549 and HBEC4 

cells using Hygromycin B (InvivoGen) to establish the optimum concentration of the 

antibiotic required to kill the cells within 7 days. 5x10"^ cells/well were seeded into 

6-well plates and adhered o/n at 37°C. The cells were allowed to grow until they 

reached 60-70% confluency, at which point they were treated with Hygromycin at a 

range of concentrations (0-1000 |jg/mL). Hygromycin was added directly to the 

culture medium, and both culture medium and the antibiotic were replaced every 4 

days. The lowest concentration of antibiotic that resulted in near complete cell death 

in 7 days was recorded, and used for future transfection experiments.
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2.11.2.2. Transfection

Transfection was set up according to the FuGENE 6 protocol in a ratio of 3:1 

(Section 2.11.1.2). After examining the cells under the microscope to gauge 

transfection efficiency based on a GPP control, the media was replaced and cells 

cultured for a further 24 h. The cells were trypinised as before (Sections 

2.4.3.1/2.4.3.2), and seeded at a low density in 100 cm^ dishes. The cells were 

supplemented with fresh media containing antibiotic every 4 days. After 

approximately three week colonies were visible on the dishes and sub-cultured to 

obtain a mixed population of clones, which were used in this project.

2.12. Analysis of stable Transfectants 

2.12.1. DNA isolation

Following successful transfection, the s/n was removed from the cells and 1 mL 

DNA lysis buffer (100 mM Tris-HCL pH 8.5, 0.5 M EDTA, 10% SDS, 5 M NaCl), 

with 5 Proteinase K added to the cell monolayer. Cells were scraped into a clean 

tube. The samples were heated with agitation for 3 h at 37°C. An equal volume of 

isopropanol was added and the samples inverted until the DNA precipitated out. The 

DNA strands were removed from the tube with a sterile pipette tip and dissolved in 

400 |j L TE buffer o/n at 37°C with agitation. The DNA concentration was measured 

using the Nanodrop as outlined before (Section 2.6.4)

2.12.2. Scratch assay

Cells were seeded in a 6 well plate at 5 x lO'* cells/well and allowed to become 100% 

confluent. Reference markings were made on the outside of the bottom of the well, 

for reference points when obtaining images. The cell monolayer was then scraped 

once using a sterile p200 pipette tip. The media was removed and cells washed in 

PBS to smooth the edge of the scratch and fresh media added. The scratches were 

photographed at Time 0, Time 12 h and Time 24 h using an Olympus CXR41 

microscope. Care was taken to ensure that the scratches were photographed in 

approximately the same field at each time point.

2.12.3. Cell invasion assay

The invasive capacity of cells was examined using a 96-well Cell Invasion Assay 

(Fig 2.6) (Chemicon).
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Fig 2.6: Components of the 96-well Cell Invasion Assay plate.

Each well of the 96 well plate contains an 8 |iM pore size polycarbonate membrane, 

coated with a thin layer of ECMatrix™. The ECM layer occludes the membrane 

pore, blocking non-invasive cells from migrating though. Invasive cells migrate 

though the ECM layer and cling to the bottom of the polycarbonate membrane. 

Invading cells on the bottom of the insert membrane are dissociated from the 

membrane following incubation in Detachment Buffer, and subsequently lysed and 

detected with a fluorescent dye. 100 |uL pre-warmed serum-free media was added to 

the interior of the inserts, and incubated at RT for 2 h to rehydrate the ECM. The 

media was then carefully removed from the inserts. 150 |j L complete media 

(supplemented with 10% PBS) was added to the wells of the feeder tray. Cells were 

counted and 2 x 10  ̂ cells per 100 pL SEM were added to each well in the cell 

invasion chamber plate and placed into the feeder tray. The 96-well plate was 

covered and incubated for 24 h at 37°C. Following this, the cells/media were gently 

discarded from the top side of the insert by flicking and tapping. The invasion 

chamber was rinsed by placing the chamber plate into a new 96-well feeder tray 

containing 150 |j L PBS for 1 min at RT. The PBS rinse was then discarded, and the 

invasion chamber plate was placed back into the 96-well feeder tray containing 150 

|j L pre-warmed Cell Detachment Solution, and incubated for 30 min at 37°C. Cells 

were dislodged from the underside by gently tilting the invasion chamber back and 

forth several times during incubation. The fluorescent CyQuant GR Dye was diluted 

1:75 with 4X Lysis Buffer. 50 fiL of this Buffer/Dye solution was added to each well 

of the feeder tray containing the Cell Detachment Solution. 150 |j L of the mixture 

was transferred to a new 96-well plate suitable for fluorescence measurement and the 

fluorescence intensity was measured using a fluorescence plate reader at the 480/520 

nm filter set. Wells without cells but containing Cell Detachment Buffer, Lysis
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Buffer, and CyQuant Dye were used as blanks. The fluorescence values from these 

wells were subtracted from all other values in order to interpret the data.

2.12.4. Cell Transformation assay

This assay (Chemicon) is an anchorage independent growth assay in soft agar used 

for detecting the malignant transformation of cells. Briefly 0.8% base agar (Noble 

agar), was mixed aseptically in cell culture grade SDW, boiled until the agar was 

dissolved and then cooled to 37°C. An equal amount of cell culture media was added 

and mixed well. 500 |il of this agar/media solution was pipetted into 24-well plates 

and allowed to solidify for 20 min at 4°C. The plates were pre-warmed to 37°C 

before use. An aliquot of the 0.8% agar/media solution was diluted 1:1 with 

appropriate cell culture media to give a 0.4% top agar solution. Cells were 

trypsinised (Sections 2.4.2.1/2.4.3.2), and counted (Section 2.4.6), and re-suspended 

in pre-warmed (37°C), 0.4% top agar (1,250 cells per 250 |uL). The cell/agar 

suspension was aliquoted (250 |j L), on top of the 0.8% base agar. The cells were 

supplemented 1-2 times a week with 250 |il of complete media. A positive (A549), 

and negative control (no cells) was also included. After 28 days of incubation the 

cells were stained o/n with 250 |j L of cell stain solution (1 mg/mL in EtOH/water). 

The stained colonies were observed and counted under a microscope.

2.12.5. Endothelial tube formation

The EaHYB cell line (Fig 2.7) - a hybrid of human umbilical vein endothelial cells 

and A549 lung cancer cells were grown in DMEM, supplemented with 10% FBS, 

P/S and HAT (100 |uM hypoxanthine, 0.4 pM aminopterin, 16 pM thymidine), under 

standard cell culture conditions. They were trypsinised and counted as before 

(Section 2.4.3.1). The endothelial tube formation assay was carried out as follows: 

Matrigel (BD Matrigel Matrix) was thawed on ice o/n at 4°C. 50 |j L Matrigel was 

added to each well in a 96-well plate and allowed to solidify for 30 min at 37°C. The 

EaHYB cells were re-suspended at 3 x lO"* cells/mL (containing specific treatments), 

was then placed on top of the Matrigel layer and incubated at 37°C for 16 h. 

Endothelial tube lengths were measured with Image J software from the NIH 

(http://rsb.info.nih.gov/ii/).
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Fig 2.7: A monolayer of the EaHYB cell line. The cells were approximately 50% (x 

40 magnification).

2.12.6. Human Cancer PathwayFinder™

The Human Cancer PathwayFinder^’̂  RT" Profiler PCR array (Super Array 

Bioscience Corporation, Frederick, MD, USA) profiles the expression of 84 genes 

representative of the six hallmarks of cancer. The array also includes 5 housekeeping 

genes and controls for: genomic DNA contamination. Reverse Transcription 

efficiency and Positive PCR controls. A representative 96-well PCR array plate is 

shown in Fig 2.8 (Source: RT" Profiler™  PCR Array User Manual, Version 3.3). A 

gene list is shown in Appendix IV.
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Fig 2.8: Outline of the Human Cancer PathwayFinder™ array. (Source: RT" 

Profiler™  PCR Array User Manual, Version 3.3).

2.12.6.1. RNA preparation
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R N A  was prepared from sam ples using TRI reagent® (section 2 .6 .2). A s this is a 

phenol based m ethod the R N A  had to be cleaned further using the Q iagen R N easy®  

M ini Kit with the on-colum n D N ase treatment step. This was accom plished as 

follow s: each sam ple was adjusted to a volum e o f  100 |jL  with R N ase free H 2 O. 350  

|jL  RLT buffer was added and the sam ple was m ixed thoroughly. 2 50  |jL  96%  EtOH  

was added and the solution was m ixed  thoroughly by pipetting. The sam ple was 

applied to an R N easy m ini-colum n in a 2 mL collection  tube. The tube was 

centrifuged for 15 s at 10000 x  g and both the flow -though and the co llection  tube 

were discarded. The D N ase d igestion step was then carried out using an R N ase-Free 

D N ase Set (Q iagen Inc), as described in section 2 .6 .3 . The R N easy colum n was 

transferred into a fresh 2 mL co llection  tube and 500  pL  RPE buffer w as pipetted  

onto the colum n. The colum n w as centrifuged for 15 s at 10000 x  g and the flow - 

though discarded. A further 500  pL  buffer RPE was added to the colum n and the 

tube was centrifuged for 2 min at 10000 x  g- The R N easy colum n was transferred 

into a new 1.5 mL eppendorf and 50 pL  o f  R N ase-free H 2 O was pipetted directly  

onto the membrane. The tube was centrifuged for 1 min at 10000 x  g to elute the 

RNA.

2.12.6.2. First Strand synthesis

A reverse-transcription reaction was carried out using an RT‘ First Strand Kit 

(SuperArray B iosc ien ce), to generate cD N A  from 1 |jg  o f  R N A . The R N A  was 

added to 2 |jL  5X  genom ic D N A  elim ination buffer in a final reaction volum e o f  10 

|jL  with R N ase free H 2 O. The contents w ere m ixed briefly by pipetting and 

centrifugation before being placed in a thermal cycler at 45°C  for 5 min. Sam ples 

were subsequently chilled  on ice for one minute before the addition o f  the reverse 

transcription cocktail (RTC), which w as m ade-up as in Table 2.8. The RT cocktail 

was added to the genom ic D N A  m ix and m ixed gently with a pipette. T he reaction  

was incubated at 42°C  for 15 min and then 95°C  for 5 min. 91 |jL  o f  double distilled  

H 2 O was added to the cD N A  synthesis reaction and m ixed w ell. Sam ples were stored 

at -20°C  until required.
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Table 2.8: Components of the RTC reaction. Volumes are given per reaction.

RTC Volume ( pL)

5X RT-Buffer 4

Primer and external control 1

RT enzyme 2

RNase free H2 O 3

Final Volume 10

2.12.6,3, Preparation of PCR array for qPCR

A qPCR master mix was prepared in a 15 mL tube according to Table 2 .9 . 25 |LiL this 

mix was added to each well of the PCR array. Pipette tips were changed each time to 

avoid cross-contamination. The PCR array was tightly sealed with optical thin-wall 

8-cap strips (SuperArray Bioscience), and centrifuged for 1 min at 1000 x g- Real

time PCR detection was performed on an ABI Prism 7500 (ABI Biosystems, CA,

USA), real-time thermal cycler using the programme outlined in Table 2.10.

Table 2,9: Components of the q PCR master mix.

Reagent Volume ((iL)

2X RT^ qPCR master mix 1275

Diluted cDNA synthesis reaction 102

Double distilled H2 O 1173

Final Volume 2550
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Table 2.10: Cycling conditions for the qPCR array.

Number of Cycles Duration Temperature (°C)

1 10 min 95

40
15 s 95

1 min 60

The theshold cycle (Ct), for each well was calculated using the instrument software. 

Data analysis was carried out using a Microsoft Excel-based data analysis template. 

Data analysis was based on the method with raw data being normalised to the 

housekeeping genes on the array plate.

2.12.7. Real time qPCR 

2.12.7.1. cDNA synthesis

RNA was prepared as in section 2.17.1. l|ug RNA was added to 1 |jL  of random 

primers (Promega) and the reaction volume brought to 11.5 |jL with RNase-free 

H2O. The samples were heated to 70°C for 10 min followed by cooling on ice for 1 

min. The master mix consisted of 0.5 SDW, 0.5 |jL  RNasin, 0.5 |iL  10 mM 

dNTP, 4 |jL 5X FS buffer, 2 |jL O.IM DTT and 1 pL Superscript III (per reaction). 

The master mix was added to the samples and incubated at 37°C for 1 h and the 

cDNA was stored at -20°C until required.

2.12.7.2. Primer-probe sets

500ng of cDNA (Section 2.12.7.1), was used per reaction with 18S serving as an 

endogenous control. Each sample reaction consisted of 12.5 pL TaqMan® universal 

master mix (Applied Biosystems), and 1 pL p53 or c-myc or S100A4 TaqMan® 

gene expression assay (Applied Biosystems), cDNA template and reaction volume 

adjusted to 25pL with SDW. Primer-probe sets were FAM labelled. For the IBS, 

control 0.25 pL FWD, REV primer and VIC-labelled probe was added to 12.5 pL of 

TaqMan® universal master mix, cDNA template and reaction volume adjusted to
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25|aL with SDW. Data was analysed based on the 2^^^' method with samples 

normalised to the 18S control values.

2.12.8. Flow cytometry

Cells were seeded in a six well plate and grown for 96 h. The cells were trypsinised 

as before (Section 2.4.3.2), except they were centrifuged in a Falcon flow tube (BD 

Biosciences, MA, USA), instead of a 15 mL tube. The s/n was discarded and the 

pellet washed with 1 mL FACS buffer (2% FBS, 0.1% Sodium Azide in PBS). The 

pellet was re-suspended by vortexing each time, following centrifugation at 1300 x g 

for 3 min. The wash was removed and 500 |uL of FACS buffer and 500 |uL of FBS 

were used to re-suspend the pellet. The samples were incubated at RT for 5 min and 

a further 1 mL FACS buffer added to the tube. The cells were centrifuged at 1500 x g 

for 3 min and s/n discarded. 2 |j L of appropriate antibody, anti-ICAM or anti-VCAM 

(FITC labelled -  R & D systems), or isotype control (FITC labelled IgG2A), was 

added to the appropriate tube and vortexed. After incubating in the dark at 4°C for 30 

min, 1 mL of FACS buffer was added to the tubes and vortexed briefly. The tubes 

were centrifuged as above and the s/n discarded. The pellet was re-suspended in 500 

|j L of FACS buffer and stored in the dark at 4°C for 30 min. The surface levels of 

ICAMl and VCAMl were measured using a FACS Caliber flow cytometer (BD 

Biosciences). Data analysis was carried out using dot plot analysis.

2.12.9. KRAS sequencing

DNA was isolated using the Qiagen QIAamp® DNA mini Kit. Cells were pelleted 

by centrifugation 1300 x g for 3 min and s/n removed. The pellet was re suspended in 

200 |j L oPBS followed by the addition of 20 |aL Proteinase K. 200 |iL  of Buffer A1 

was added and pulse vortexed for 15 s. The samples were incubated to 56°C for 10 

min, centrifuged briefly and 200 |aL 96% EtOH added and vortexed for 15 s. The 

samples were then added to the spin column (with a collection tube underneath), 

centrifuged at 8000 x g for 1 min and flow-though discarded. 500 |j L buffer AW l 

was added to the column and centrifuged as before followed by 500 |j L buffer AW2 

and again centrifuged as before. The spin column was then placed in a 1.5 mL 

eppendorf tube and 200 pL buffer AE added and incubated for 1 min at RT. It was 

centrifuged as before and the flow-though (containing DNA), was stored at -20°C 

until required.
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Nested PCR was used to isolate and amplify the codon 2 region of the KRAS 

gene, primer sequences are provided in Appendix IV. 200 ng of DNA in 10 |j L of 

SDW was added to 1 |j 1 20 pmol/|iL FWD and REV KRAS OUT primers, 25 pL 2x 

GoTaq, and 13 |j L water. The thermal cycling conditions were 96°C for 2 min, 

followed by 30 cycles of 94°C for 30 s, 58°C for 1 min and 72°C for 1 min, lastly 

72°C for 10 min. The second reaction consisted of 1 |iL 20 pmol/|iL FWD and REV 

KRAS IN primers, 25 |aL 2x GoTaq, 21 |jL water and 2 pL PCR product from the 

first reaction. The cycling conditions were 96°C for 2 min, followed by 30 cycles of 

94°C for 30 s, 54°C for 2 min and 72°C for 2 min, lastly 72°C for 10 min.

The second set of PCR products were cleaned using the QIAquick PCR 

purification kit from Qiagen. Briefly, 5 volumes of buffer PB was added to the PCR 

samples, and pipetted onto the spin column (placed in a 2 mL collection tube). The 

column was centrifuged for 1 min at 13000 % g and flow-though discarded. 750 |jL 

buffer PE was added to the column and centrifuged as above. The column was then 

centrifuged for an additional 1 min at 1300 x g to ensure complete removal of any 

residual buffer. The column was then placed in a clean 1.5 mL eppendorf tube and 30 

pL buffer EB added to the column and incubated for 1 min at RT. The DNA was 

eluted by centrifuging at 13000 x g for 1 min. The DNA was measured using the 

Nanodrop (Section 2.6.4). 50 ng of DNA was used for sequencing as outlined before 

(Section 2.10.10), using 2 pmol/|aL Kras IN primers. The resulting sequencing 

reaction was cleaned, dried and sequenced as before (Section 2.10.10).

2.13. Statistical analysis

Standard deviation (SD) describes the dispersion of observed values in a data set and 

is calculated by determining the square root of the variance. Alternatively, the 

standard error of the mean (SEM) is the standard deviation of the distribution of 

sample mean. As sample size increases, the SEM decreases. When the SEM is small, 

it indicates that the distribution of sample means has less error estimating the true 

mean. SEM is calculated as the SD of the original sample divided by the square root 

of the sample size. Here, the data are expressed as the mean + SEM, which improves 

the appearance of the data when graphed, as opposed to the mean ± SD. Expressing 

the data as either the mean + SEM or mean + SD does not affect statistical 

significance in any way. Significance was determined via one way analysis of 

variance (ANOVA), where the number of groups in the experiment was three or 

more, or a paired student t test. A probability of (p) of < 0.05 was considered to
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represent a significant difference between the groups. A post hoc test was necessary 

after using ANOVA to determine which groups were significantly different to each 

other Post test analysis was by Bonferroni multiple comparisons test. Statistical 

analysis was computed using InStat version 3.0.
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Chapter 3:

Transient over-expression of 

TNF-a and IL-ip in a normal and 

lung cancer cell line
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3.0 Introduction

Chronic inflammation demonstrates a role in cancer initiation and progression as 

revealed by epidemiological studies [48,49]. Although much research has been 

carried out, the mechanisms involved the inflammation/cancer connection remain to 

be clarified [47,60], Like solid tumours, inflamed tissues often develop regions of 

hypoxia, promoting the production of inflammatory mediators as well as hypoxia 

inducible factor (HIFl) [277,389]. HIFl is considered an important link between 

inflammation and cancer [390].

Inflammation is controlled and initiated by the innate immune system in 

response to pathogenic insults. It can stimulate the adaptive immune system and is 

traditionally accompanied by four symptoms (a) heat, (b) redness, (c) swelling and 

(d) pain. In general acute inflammation is rapid and self limiting, yet in some cases it 

may not resolve and is termed ‘smouldering’ inflammation. This can have 

pathological consequences in certain disease states [45]. TNF-a and IL-ip are 

referred to as the ‘alarm’ cytokines as they are the first to act in the inflammatory 

process, which signifies their importance in inflammatory disease states [130].

Chronic inflammation in the lung can occur as a consequence of smoking, 

genetic abnormalities or exposure to agents in the environment (PM|o) [26,343,391]. 

Reactive oxygen species (ROS) and inflammation can be induced by cigarette smoke 

(CS) and cause damage in the airways and lungs and result in DNA damage [251]. 

Some studies suggest an increased risk of lung cancer in people with inflammatory 

lung diseases such as emphysema, which is an independent risk factor in the disease 

[392] and in addition smokers are more likely to develop the disease [19].

Lungs of smokers tend to have higher levels of TNF-a [393] and also the 

increased IL-ip levels in lungs of COPD patients is associated with smoking habits 

[394]. Some studies have found that the levels of TNF-a [395-397] and EL-1(3 [398] 

are higher in lung cancer patients compared to controls. For instance De Vita et al 

found elevated serum levels of TNF-a, IL-ip and IL-6 in patients with metastatic 

disease and tumour progression. Their results suggest elevated c}l:okines levels may 

be associated with a worse prognosis [397]. TNF-a [399] and IL-ip promoter region 

polymorphisms are associated with an increased risk of non small lung cancer 

(NSCLC) [400,401] however this varies based on ethnicity [402], Significantly IL-ip 

has been shown to promote experimental lung metastases through its activation of 

adhesion, invasion and angiogenesis in a murine model [403]. It has been suggested 

this may contribute to the epithelial mesenchymal transition (EMT) in NSCLC, in
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part through the down regulation of E-cadherin [404], TNF-a has been shown to 

modulate EMT in colorectal cells [405] and acts as a tumour promoter [111]. TNF-a 

is involved in the growth, proliferation, invasion, metastasis, and tumour 

angiogenesis of cancer cells as well as evasion of apoptosis [72], These indications 

are highly significant as they are part of the hallmarks of cancer [70].

The hypoxic regions of tumours, are often poorly vascularised and contain an 

accumulation of tumour associated macrophages (TAM) [69]. They promote tumour 

development and release a variety of mediators including TNF-a and IL-ip 

[61,69,282] Hypoxia stimulates a variety of cell mediators, through a critically 

regulated factor H IFla. H IF-la stimulates VEGF to promote angiogenesis and a 

more aggressive tumour phenotype [406]. hiflammatory cells activate the signalling 

pathways of NF-kB, STATS and HIF-la, all of which have significant roles in 

cancer development and progression [29,53,267]. In particular, H IF-la was 

identified in a three gene prognostic classifier for early stage NSCLC [407].

Two of the most important pro-inflammatory genes involved in 

carcinogenesis are, TNF-a and IL-ip. These cytokines will be transiently and stably 

over-expressed in a normal bronchial epithelial cell line and a NSCLC line. Their 

over-expression will result in an environment mimicking that of chronic 

inflammation. Sub-cloning will be used to create plasmid constructs containing the 

TNF-a and IL-ip genes, alone or in combination, which will then be transfected into 

the cell lines. Sub cloning is a method used to shuttle a gene from a parent vector to a 

destination vector in this case, TNF-a and IL-ip, into an experimental plasmid 

(pVITROl-mcs). The gene of interest is ligated into the destination vector and 

transformed into competent E-coli cells. A mini preparation is made from a number 

of E-coli colonies and the DNA is screened for insert. After the selection of a 

particular colony, a large scale preparation is made in order to obtain a large quantity 

of plasmid DNA. The plasmid DNA is then sequenced to confirm that the insert is 

present and in the correct orientation [408]. This process is outlined in Fig 3.1.

Foreign DNA can be introduced into a host cell by viral (infection) or non- 

viral (transfection) means. Transfection can be achieved by either chemical or 

physical means. The first successful use of chemical means was DEAE dextran in 

1965 [409]. Since then work has continued on developing chemicals to aid gene 

transfer. Physical means include electroporation, whereby a current is pulsed through
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Fig 3.1 : Outline of the sub-cloning method. The TNF-a and EL-1(3 genes will 

undergo restriction enzyme (RE) digestion from two parent vectors and subsequently 

be ligated into the destination vector (pVITROl-mcs). The pVITROl-mcs vector 

undergoes specific RE digests to accommodate the ligation of each gene. The 

ligation reaction is then transformed into competent E-coli cells and resultant 

colonies screened for insert. This project will incorporate four constructs (a) 

pVITROl-mcs, (b) TNF-a, (c) IL-1(3 and (d) TNF-o/IL-ip. Vector maps are given in 

Appendix III.
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the cells, as a consequence the membrane reorganizes itself and creates pores on the 

cell membrane, which may allow DNA to diffuse through [409]. As electroporation 

requires specific equipment it was decided to use chemical means for gene transfer in 

this project.

Transfection can be transient or stable and the chemical approaches tested in 

this project were liposome based. Cationic head groups interact with negatively 

charged phosphates on DNA forming DNA-cationic lipid complexes 

(lipocomplexes). These have an overall positive charge, which bind negatively 

charged sialic acid residues on cell surfaces and thus promote the passage of DNA 

through the cell membrane [409,410]. Liposome based means are effective for both 

transient and stable transfection, particularly in resistant cells. Three parameters are 

important to ensure successful transfections (a) concentration of lipid and DNA, (b) 

cell density and (c) cell incubation time with liposome.

Chronic inflammation is an important element in lung cancer and results in an 

environment rich in pro-inflammatory cytokines, ROS, DNA damage and growth 

factors. The development of a cell line model over-expressing TNFa and IL-lp 

grown under normoxic and hypoxic conditions will allow for the dissection of their 

roles in lung carcinogenesis. The aims of this chapter were to (a) characterise the 

growth of cell lines under various hypoxic conditions, (b) to create functional 

plasmid vectors containing TNFa and IL-ip alone, or in combination and (c) to 

transiently transfect cell lines of interest.
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3.1 Results

3.1.1 Mycoplasma screening of cell lines

All cell lines used in this project were screened for mycoplasma infection every six 

months. Mycoplasma is a subtle infection, which can affect every parameter within 

the cell culture system. A representative result is outlined in Table 3.1. No 

mycoplasma was detected in any of the cell lines used in this project.

Sample Ratio B/A

Positive CTL 97.73

Negative CTL 0.51

HBEC3 0.40

HBEC4 0.50

HBEC5 0.56

A549 0.70

SK-MES-1 0.81

Table 3.1: Mycoplasma result. Results for cell lines used in this project as 

determined by the MycoAlert® Mycoplasma Detection kit. Cells infected with 

mycoplasma produced ratios greater than 1.

3.1.2 Molecular Cloning

3.1.2.1 Sub-cloning into pVITROl-mcs

A variety of insert combinations were created using pVITROl-mcs. They were (a) 

empty vector control (EVC), (b) TNFa, (c) IL-ip and (d) TNFa/EL-ip. pVITROl- 

mcs underwent specific RE digests for each insert. The combination of both 

cytokines was created by inserting IL-lp into the pVITROl-mcs/TNFa plasmid.

The TNFa gene was isolated from pORF-hTNFa v 12 (Invivogen) (Appendix 

III) using SgrAl and Nhel and pVITROl-mcs was digested with Avrll and BspEl. 

The digests were electrophoresed on an agarose gel (Fig 3.2) and the bands were cut 

out and purified. The gene was ligated into pVITROl-mcs and transformed into E- 

coli cells. The DNA was isolated and a diagnostic restriction digest was carried out 

using PvuII to determine the presence of the TNFa insert within the pVITROl-mcs 

vector. PvuII gave a different band fragment pattern in (a) pVITROl-mcs and (b) 

pVITROl-mcs/TNFa (Fig 3.3) indicating that TNFa had been successfully inserted.
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pVITROl-mcs TNFa

*itmm
■<-------- Vector

(3191 bp)

M  T N Fa
insert 
(726  bp)

M 1 2 NEG 3 4 NEG

Fig 3.2: pVITROl-mcs and TNF-a digests. The gel was loaded as follows 

pVITROl-mcs undigested (lane 1) pVITROl-mcs digested with Avrll and BspEl, 

(lane 2), TNF-a undigested (lane 3), TNF-a digested with SgrAl and Nhel (lane 4). 

A negative was also set up to control for contamination using water. A 1Kb ladder 

was included on the gel (M). The digests were successful as indicated by the banding 

pattern.

723 bp

4892 bp ----- ►

1307 bp ----- ►

247 bp ----- ►

45 bp ----- ►

1 2 M

Fig 3.3: Diagnostic RE digest with PvuII. To determine whether TNF-a had been 

successfully inserted into pVITROl-mcs, a PvuII digest was performed, which 

showed, a different banding pattern between pVITROl-mcs (lane 1) and pVITRO 1- 

mcs/TNFa (lane 2). The extra band in pVITROl-mcs/TNFa indicates that TNFa 

had been successfully inserted into pVITROl-mcs. A 1Kb ladder was also included 

on the gel (M).

90



The plasmid pORF-hEL-ip (Appendix III) was digested with SgrAl and 

Nhel to isolate the IL-ip gene and pVITROl-mcs digested with Agel and Nhel (Fig 

3.4A). Unfortunately the double digest was unsuccessful in isolating IL-ip. The 

problem lay with a faulty Nhel restriction site on the plasmid (Fig 3.4B). The clone 

was replaced by Invivogen and the IL-ip gene was subsequently isolated from 

pCLEF30-hIL01B vl5 using Agel and Nhel (Fig 3.5), the band was isolated, 

purified and ligated into pVITROl-mcs and transformed into competent E-coli cells.

TNFo/pVITROl-mcs was digested with Agel and N hel, purified and 

electrophoresed on an agarose gel. The band was isolated and purified in preparation 

for a ligation reaction with IL-ip (Fig 3.6). The reaction was transformed into E-coli 

cells and the DNA harvested and purified. DNA from seven colonies underwent a 

RE digest with Agel and Nhel (Fig 3.7). From this four colonies (1, 2, 6, 7) had an 

insert present as indicted by presence of a band at 852 bp.

3.1.2.2 Sequencing

The clones of (a) pVITROl-mcs, (b) TNF-a, (c) IL-lp and (d) TNFo/IL-lp were 

sequenced to ensure that cloning was successful and in the correct orientation. The 

DNA was amplified in a sequencing reaction with specific FWD and REV 

sequencing primers for each multiple cloning site (mcs) (IL-ip in mcs 1, TNF-a in 

mcs 2). The sequencing reaction was cleaned using DyeEX spin columns, dried and 

sequenced on the 3130x1 genetic analyser (ABI). The sequencing files were analyzed 

using BioEdit v 7.0.8 software (Tom Hall, Ibis Biosciences, Carlsbad, CA, USA). A 

nucleotide BLAST (basic local alignment search tool) was performed on the 

sequences to confirm that the sequences were TNF-a and IL-ip. The pVITROl-mcs 

(empty vector control) contained intact RE sites. Trace files and BLAST data of 

TNF-a and IL-ip are shown in Fig 3.8 and 3.9 respectively. The data confirmed that 

TNF-a and IL-ip were present and in the correct orientation. The sequences were 

verified in all plasmids (TNF-a, IL-ip and TNF-a/IL-ip).
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Linearised ~  
pVITROl-mcs 
(6491 bp)

M l  2 NEG

Fig 3.4A: Double digest of pVITROl-mcs and IL-ip. pVITROl-mcs underwent a 

double digestion with Agel and Nhel (1) and IL -ip with SgrAl and Nhel (2). While 

the pVITROl-mcs digest was successful, as indicated by a single band, the correct 

IL-1 p was absent.

(M-molecular marker. No.-lane number, NEG-negative)

M  1 2 3 NEG

Fig 3.4B: Single digest of IL-ip. In order to determine the problem with the EL-ip 

plasmid it was digested as follows - undigested (1), digested with Nhel (2) and 

SgrAl (3). The banding pattern signified that the Nhel RE site was faulty due to the 

presence of two bands in the digested vector (2).

(M-molecular marker, No.-lane number, NEG-negative)
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A.

tso IL-lp 
^ ------- 852 bp

M 1 2

B.

C l C2 C3

<------- Vector
2985 bp

IL-ip 
Insert 
(852 bp)

U D U D M U D NEG

Fig 3.5: Digest of new IL-1(3 vector. The new IL-1(3 clone undigested (1) and 

digested with Nhel and Agel (2) (A). The IL-lp gene was successfully isolated from 

the new vector. A sample of three IL-1(3 colonies digested with Nhel and Agel (B). 

All colonies examined had insert present.

(M - molecular marker, No. - lane number, U -  Undigested, D -  Digested, C -  

Colony, NEG-Negative)
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Linearised
pVITRO 1 -mcs/TNFa 
(7217 bp)

M 1 2

Fig 3.6: Digest of pVITROl-mcs/TNF-a. pVITROl-nics/TNF-a undigested (1) and 

digested with Nhel and Agel (2). The plasmid was digested to prepare it for the 

insertion of IL-ip to create pVITROl-mcs/TNF-a/H-ip.

(M-molecular marker, No.-lane number)

Cl C2 C3 C4 C5 C6 C7

m

IL-lp 
Insert 
(852 bp)

M U D U D  U D  U D U D U D U D

Fig 3.7: Digest of pVITROl-mcs/TNFa/IL-ip. DNA isolated from E-coli 

transformed with pVITROl-mcs/TNFa/IL-P was RE digested with Agel and Nhel. 

The IL-1(3 insert is evident in colonies 1, 2, 6 and 7 as indicated by the second lower 

band.

(M-molecular marker, U-undigested, D-digested, C-colony)

94



«  I X 110 120
A C T  0  A A A O C A T  0  A T  C C  G 0  0  A C O T O O  A O C T  O O C  C O  A O O  A G O

B. GENE ID: 7124 TNF | tumor necrosis factor (TNF superfamily, member 2) [Homo sapiens]
Score = 1301 bits (704), Expect = 0.0 
Identities = 706/707 (99%), Gaps = 0/707 (0%)
Strand=Plus/Plus

Query 75 CCATGAGCACTGAAAGCATGATCCGGGACGTGGAGCTGGCCGAGGAGGCGCTCCCCAAGA 134
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Sbjct 168 CCATGAGCACTGAAAGCATGATCCGGGACGTGGAGCTGGCCGAGGAGGCGCTCCCCAAGA 227

Query 135 AGACAGGGGGGCCCCAGGGCTCCAGGCGGTGCTTGTTCCTCAGCCTCTTCTCCTTCCTGA 194
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Sbjct 228 AGACAGGGGGGCCCCAGGGCTCCAGGCGGTGCTTGTTCCTCAGCCTCTTCTCCTTCCTGA 287

Fig 3.8 : TNF-a sequence data. Including trace file (A) and BLAST data (B).

» 100 110 12]
C C A C C A T G G C A G A A G T A C C T G A G C T C G C C A G T G A A A T G A T

GENE ID: 3553 ILIB | interleukin 1, beta [Homo sapiens]

Score = 1386 bits (750), Expect = 0.0 
Identities = 757/760 (99%), Gaps = 2/760 (0%) 
Strand=Plus/Plus

Q u e r y 84 C C A T G G C A G A A G T A C C T G A G C T C G C C A G T G A A A T G A T G G C T T A T T A C A G T G G C A A T G A G G  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 4 3

S b j c t 86 C C A T G G C A G A A G T A C C T G A G C T C G C C A G T G A A A T G A T G G C T T A T T A C A G T G G C A A T G A G G 1 4 5

Q u e r y 1 4 4 A T G A C T T G T T C T T T G A A G C T G A T G G C C C T A A A C A G A T G A A G T G C T C C T T C C A G G A C C T G G  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 0 3

S b j c t 1 4 6 A T G A C T T G T T C T T T G A A G C T G A T G G C C C T A A A C A G A T G A A G T G C T C C T T C C A G G A C C T G G 2 0 5

Fig 3.9: IL-ip sequence data. Including trace file (A) and BLAST data (B).
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3.1.3 M etabolic activity o f cell lines under varying O 2 conditions

An M TT assay was used to determ ine the m etabolic activity o f cells under norm oxic 

and hypoxic (0.1, 0.5, and 1% O 2) conditions. The cell lines used were normal 

bronchial epithelial cell lines (HBEC3-5), an adenocarcinom a cell line (A549) and a 

squam ous carcinom a cell line (SKM ES-1). Cells were seeded at 5 xlO"  ̂ cells/w ell in 

96 well plates and grown for a period o f 24, 48 and 72 h. The m etabolic activity was 

quantified spectrophotom etrically (Fig 3.10) after each tim e point. For analyses 

hypoxic conditions were com pared to the norm oxia 24 h control in each cell line. For 

the m ost part m etabolic activity was higher at the low er oxygen concentrations 

particularly for the lung cancer cell lines (p<0.01). Very little difference was 

observed betw een the norm al cell lines (HBEC3-5). An hypoxic condition o f 0.5%  

oxygen resulted in high m etabolic activity, in all cell lines, after 48 h o f exposure 

(p<0.01), when com pared with norm oxia 24 h, which was set at 100%; HBEC3 - 189 

± 15%, H B EC4 - 1 5 1 + 9 % ,  HBEC5 -  133 ± 9% , A549 -  159 ± 22%  and SKMES-1 

- 218 ± 19%. Values are given as mean + SEM  (n=3).

3.1.4 TNF-a, IL -ip  and their receptor expression at the mRNA level

In order to determ ine which cell line(s) to use in the over-expression studies the 

m RNA expression o f T N F -a  and IL -ip  and their associated receptors were exam ined 

in a panel o f cell lines (Fig 3.11). Total RNA was isolated from  the cell lines and 

reverse transcribed into cDN A. PCR were then carried out to exam ine T N F -a  and IL- 

Ip  and their receptors at the m RNA level. A PCR was also carried out for P actin, 

which was used as a loading control. T N F-a can signal through T N FR l and TN FR2 

and IL -lp  can signal though I L - l R l ,  when the receptor is bound to a m em brane 

bound accessory protein (IL -lR ac(M )). IL -ip  is also regulated by a second soluble 

accessory protein (IL -lR A cS ). There was a h igher m RN A  level o f cytokines and 

receptors in the norm al cell lines com pared with the lung cancer cell lines, with the 

exception o f TN FR2. The m RN A  pattern o f expression betw een the tw o lung cancer 

cell lines was very sim ilar, although A549 had a h igher expression o f I L - l R l  and 

SKM ES-1 had an increased expression o f TNFR2.
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Fig 3.10: MTT assay. Cells were seeded at 5 x 10 and grown under various O2 

concentrations ranging from normoxia (21%) and hypoxia (0.1, 0.5, 1%) for 24-72 h. 

Statistics analysis was carried out using a paired 2 tailed student t test as MTT 

activity was compared to normoxia 24 h in all cell lines.

(* p < 0.05, 00 p< 0.01 V5. normoxia 24 h, n=3)
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B.

M HB3 HB4 HB5 A549 SK NEG

IL-lR l 

IL-lRac(M) 

IL-lRac(S) 

p ACTIN

M HB3 HB4 HB5 A549 SK NEG

TNFR2

Fig 3.11: Cytokine mRNA expression levels. inRNA levels of IL-ip (A) and TNF-a 

(B). PCR analysis of TNF-a and IL-ip and their cognate receptors in a panel of cell 

lines. P actin is included as a loading control. A negative control was set up with 

water to control for contamination.

(M-molecular marker, NEG-negative, HB -  HBEC, SK -  SKMES-1)

(TNF-a -  702 bp, IL-ip -  816 bp, P actin -  560 bp, IL-lRl -  450 bp, IL-lRAc(M) -  

300 bp, IL-Rac(S) -  322 bp, TNFRl -  160 bp, TNFR2 -  310 bp )
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3.1.5 Normal and lung cancer cell line response to TNF-a and IL-ip

Cells were seeded at 5 x 10^/well in a 96 well plate and incubated o/n to adhere. The 

A549 cells were washed in PBS and serum starved with 0.5% FBS media for 24 h. 

The cell lines were treated with various doses of TNF-a and IL-ip for 24 h and 

proliferation quantified using a BrdU ELISA. In the HBEC4 cell line, IL -ip had very 

little effect on proliferation, except for IL-1(3 at 1 ng/mL (p<0.05). There was a 

decreasing trend evident with TNF-a treatment but this was not significant (Fig 

3.12A). In the A549 cell lines the lower and higher doses of IL-ip resulted in a 

reduction in proliferation (IL-lp -  p<0.05, 1 ng/mL; p<0.01 l|jg/mL) and TNF-a 

resulted in a decrease of proliferation at the higher doses of 100 and 200 ng/mL 

(p<0.05) (Fig3.12B).

3.1.6 Transient Transfection

Initially cells were transiently transfected with green fluorescent protein (GFP) DNA 

to optimise transfection efficiency and to determine which liposomal reagent was 

most the effective. GFP glows green under excitation (463 nm). The cell lines were 

then transfected with the TNFa and IL-ip plasmid constructs using the chosen 

transfection reagent.

3.1.6.1 Genejuice®

Cells were grown to 80% confluency in complete medium (10% FBS for A549 cells) 

and treated with various concentrations of GeneJuice® in SFM to plasmid DNA for 

24 h. Images of the cells were taken using a fluorescent microscope. There was no 

transfection evident in A549 cells with some apparent in HBEC4 (Fig 3.13). The 

optimimal transfection efficiency was achieved using 3 |j L of GeneJuice® and 1 |ag 

of DNA; however the transfection rate was still unsatisfactory.

3.1.6.2 Lipofectamine™ 2000

Cells were seeded in antibiotic free media and grown to 95% confluency. The cells 

were treated with various concentrations of Lipofectamine™ 2000 and plasmid DNA 

in SFM for 4 hours after which time the complexes were removed and replaced by 

fresh media. Images were taken 24 h post transfection (Fig 3.14). Lipofectamine was 

extremely toxic to HBEC4 as witnessed in the white light pictures. A549 cell were 

less sensitive to the effects of Lipofectamine™ 2000 with the optimal transfection 

efficiency at 1.5:6 (|jg of DNA:fiL of reagent).
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Fig 3.12: The proliferative effect of TNF-a and IL-1 p. The response of HBEC4 (A) 

and A549 (B) to TNFa and IL-ip at various doses. Proliferation was measured using 

a BrdU ELISA. Statistics based on a paired 2 tailed student t test. Cytokine doses are 

compared to untreated cell (Cells BrdU). (* p < 0.05 co p < 0.01 n=3)
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2:0.5 3:0.5

Fig 3.13: GeneJuice® transfection. Light merge images of HBEC4 with various 

concentrations of GeneJuice® (|j L) to GFP DNA (|jg). Transfected cells are green. 

A549 cells were not transfected by this reagent.
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Fig 3.14: Lipofectamine™ 2000 transfection. HBEC4 (A) and A549 (B) cells 

transfected with GFP and Lipofectamine. The numbers indicate the amount of DNA 

(|jg) to Lipofectamine (pL). The white light pictures are shown with the fluorescent 

pictures at the bottom. Although the transfection rate is very high the reagent is toxic 

to the cells.
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3.1.6.3 FuGENE® 6

Cells were grown to 80% confluency in complete media. Before the transfection 

complexes were added to the cells the media was removed, cells were washed in PBS 

and media (containing no supplements - lung cancer cell line) replaced. The 

FuGENE 6/DNA complexes were prepared in SFM. Images were taken at 24 h post 

transfection (Fig 3.15). FuGENE®6 provided good transfection efficiency, while 

maintaining the health of the cells. All subsequent transfections were carried out 

using this reagent.

3.1.6.4 Characterisation of transients
(R)FuGENE 6 was chosen as the optimal transfection reagent and cells were transiently 

transfected as outlined above. Cell supernatants were collected and total RNA 

isolated. TNF-a and IL -ip  expression was examined at the mRNA and protein level. 

In addition CXCL8 was measured as TNF-a and IL -lp  have been shown to stimulate 

its production [411].

RNA was isolated from transient cells and reverse transcribed into cDNA. 

PCR analysis was then carried out for TNF-a, IL -ip  and CXCL8 expression in the 

HBEC4 and A549 cells (Fig 3.16). Densitometry was performed using the TINA 

(2.09c) program. The target genes were normalised relative to P-actin expression and 

a fold difference determined as a ratio of target gene to pVITROl expression. Fig 

3.17 and Fig 3.18, demonstrate the fold changes observed for HBEC4 and A549, 

respectively.

HBEC4 TN F-a mRNA expression was increased 1.6 fold (TNF-a) and 1.1 

fold (TN F-a/IL-1P) compared to pVITROl-m cs. IL -ip  was 11.9 times greater in IL- 

ip  and 16.2 times greater in TN F-a/IL-1 p. A549 also showed fold increases in TNF- 

a  (3.2 TNF-a, 2.6 TN F-a/IL -lp) and IL -ip  (28 IL -ip , 27 TN F-a/IL -lp) at the 

mRNA level.

Protein expression of TNF-a and IL -ip  was evident in the appropriate 

HBEC4 over expressing cell lines and this affected down stream signalling pathways 

as CXCL8 was up-regulated (Fig 3.19). In the A549 cells TN F-a protein was 

detected however IL -ip  had very low expression levels. CXCL8 was up-regulated in 

response to TN F-a and somewhat in IL-1P (Fig 3.20).
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1.5:1 3:1

Fig 3.15: FuGENE® 6 transfection. HBEC4 (A) and A549 (B) cells transfected with 

GFP and FuGENE. Numbers indicate amount of FuGENE (|j L) to DNA (|jg) used. 

The optimal transfection efficiency is at a ratio of 3:1, while maintaining healthy 

cells. The white light pictures are shown with the fluorescent pictures at the bottom.
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A.

TNFa 

IL-lp  

CXCL8 

p ACTIN

M pVITRO TNFa IL-lp Both NEG

B.

TNFa

IL-ip

CXCL8 

p ACTIN

M pVITRO TNFa IL-lp Both NEG

Fig 3.16: mRNA expression of TNFa, IL-ip and CXCL8. Expression of cytokines 

was examined at the mRNA level in HBEC4 (A) and A549 (B) transients.

(M -  Molecular marker, NEG -  negative. Both -  TNF*a/IL-P).

(TNF-a -  702 bp, IL-1 p -  816 bp, p actin -  560 bp, CXCL8 -  297 bp)
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Fig 3.17: Fold changes in mRNA expression in HBEC4. Values were normalised to 

P actin control and then a ratio was achieved from target gene/pVITROl.
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Fig 3.18: Fold changes in mRNA expression in A549. Values were normalised to (3 

actin control and then a ratio was achieved from target gene/pVITROl.
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Fig 3.19: Protein expression in HBEC4 transients. Expression of TNF-a (A), IL -ip  

(B) and CXCL8 (C) in HBEC4 transients as determined by ELISA.

Both indicates plasmid containing TN Fa and IL-1 (3.
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Fig 3.20: Protein expression in the A549 transients. Expression of TNF-a (A), IL-ip 

(B) and CXCL8 (C) in A549 transients as determined by ELISA.

Both indicates plasmid containing TNFa and IL-1 p.
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3.2 Discussion

This project incorporated both normal bronchial epithelial cell line (HBEC) and 

NSCLC cell lines, thus allowing for comparisons between the two states. A normal 

and lung cancer cell line was chosen for the over-expression of TNF-a and EL-1(3 

alone and in combination. As hypoxia plays a critical role in both inflammation and 

tumour development the cells were grown under normoxic and hypoxic conditions.

In order to determine, which hypoxic concentration to employ, the metabolic 

activity was quantified at normoxia and 0.1, 0.5 and 1% oxygen. Cells had higher 

levels of metabolic activity at lower oxygen concentrations, most significantly at 

0.5%. Therefore 0.5% oxygen was chosen as the hypoxic condition for all future 

experiments.

To determine whether the cell lines expressed receptors for these cytokines, 

RT-PCR was utilized to examine the mRNA expression of TNF-a and IL-ip and 

their associated receptors. All of the cytokines and their cognate receptors were 

detected in all cell lines albeit with a very low expression of TNFR2 in the normal 

cell lines. Interestingly, expression of all of these appeared to be greater in the 

normal lines compared to the lung cancer lines with the exception of TNFR2. 

TNFR2 expression varies between normal and lung cancer tissue [412],

A549 and HBEC4 were selected for both transient and stable transfection of 

TNFa and IL-lp. HBEC4 is of particular interest in these studies as the donor 

subsequently went on to develop lung cancer [388]. This may mean that HBEC4 has 

a genetic pre-disposition for the development of NSCLC and it is hoped that 

exposure to chronic inflammation and/or hypoxia may ultimately drive the cell into a 

more malignant phenotype over time. In a recent study, five oncogenic changes were 

made to the bronchial epithelial cell line HBEC3 resulting in the development of 

50% more adenocarcinoma tumour types than squamous [413]. Owing to this A549 

was chosen as it is an adenocarcinoma derived NSCLC cell line. The observations 

for HBEC3 challenge the classic view of bronchial epithelial cells developing 

squamous carcinoma compared to adenocarcinoma, which usually develops from 

Type II pneumocytes [21]. However, it should be noted that this particular study 

from Prof. Minna’s laboratory is in the early stages [21].

To determine if the receptors expressed in both cell lines were functional, the 

effects of these cytokines on cellular proliferation were examined. A549 was less 

sensitive to TNF-a with a significant reduction in proliferation evident only at the 

higher doses used. IL-1(3 appeared to have a bi-phasic effect reducing proliferation at
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the lowest and highest concentrations tested. HBEC4 appeared less sensitive to the 

effects of IL-IP; although a trend was seen with TNF-a to decrease proliferation it 

was not significant. This may be possibly due to the large error bars and in hindsight 

this experiment should have been repeated.

A commercial vector was used in the sub cloning strategy, pVITROl-mcs. It 

has the advantage of allowing for the co-expression of two genes from two different 

promoters and thus reducing integration events in the host genome. Coding 

sequences for the IL-1(3 and TNF-a gene were cloned the pVITRO-lmcs vector, thus 

creating four constructs (a) empty vector control (EVC), (b) TNF-a, (c) IL-ip and (d) 

TNF-a /IL-1(3. The success of the cloning of the coding sequences for TNF-a and IL- 

ip  were confirmed and their orientation determined by sequencing of the constructs.

To optimise the transfection of the plasmid constructs into HBEC4 and A549 

cell lines, three liposomal based transfection reagents were examined, using a 

fluorescent GFP plasmid to determine, which reagent resulted in the best transfection 

efficiency at the least toxicity to the cells. Of these, GeneJuice was found to have 

very poor transfection efficiency which may in part have been due to the fact that the 

complexes were added to cells in serum containing media. While it has been claimed 

that the presence of serum should not affect transfection efficiency with this reagent, 

it has been noted that serum in the media affects the size of the lipocomplex and may 

therefore decrease transfection efficiency [410]. Lipofectamine provided much 

improved transfection efficiency but was cytotoxic to the cells in particular HBEC4, 

despite removing the complexes 4 h post transfection. FuGENE provided good 

transfection efficiency while maintaining cellular health. It was therefore chosen as 

the agent of choice for transfecting cell lines for the remainder of this project.

The plasmid constructs containing the DNA of TNF-a, IL -ip and TNF-a/IL- 

Ip were transiently transfected into both cell lines. RNA and cell culture supernatants 

were taken and examined for TNF-a, IL-lp and CXCL8 at the mRNA and protein 

level. This was to ensure that each plasmid construct was functional by (a) secreting 

the cloned cytokines and that (b) this secretion was affecting other down-stream 

mediators such as CXCL8 [411]. At the mRNA level there were increases in the fold 

expression TNF-a and IL-ip in both cell lines compared to pVITROl-mcs (empty 

vector control). This indicates that these constructs are functional when transiently 

over-expressed in both cell lines. In addition, the levels of CXCL8 were also 

increased compared to the empty vector control (EVC). At the protein level TNF-a 

and IL-ip were up-regulated in their respective over expressing clones as was
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CXCL8 in HBEC4. The CXCL8 up-regulation was more evident in TNF-a than EL- 

1(3 perhaps due to the higher concentration of TNF-a secreted into the media. In 

A549 cells, although a high concentration of TNF-a was secreted there was low or 

no IL-ip detected. At the mRNA level there was a significant increase in IL-ip 

expression, which does not correlate to protein levels. However, the low levels of IL- 

1(3 were adequate to induce CXCL8 and it has been demonstrated before that only 

small amount of this cytokine is required to elicit such a response [134]. In the cell 

lines transiently expressing TNF-a/IL-l(3 there was more CXCL8 induced than in 

TNF-a alone. The low level of IL-ip may be due to that fact that the majority of IL- 

ip  is intra-cellular and not secreted and also IL-ip secretion is a complex and highly 

regulated process with various negative regulators [134]. This may differ between 

normal and lung cancer cells.

Most solid tumours are exposed to two critically important environments, 

chronic inflammation and hypoxia. To study the effects of chronic inflammation two 

pro-inflammatory cytokines, IL-ip and TNF-a were chosen as both have been linked 

to NSCLC tumourigenesis [45,60,395,397,398]. To conclude at this stage 

functionally active plasmids have been developed which over-express, TNF-a and 

IL-ip. In the next chapter the generation and characterisation of stable clones will be 

discussed.
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4.0 Introduction

There is strong evidence Unking inflammation and cancer [45,47,60,61,414,415], 

particularly with organ specific cancers such as gastric and colorectal [48,49]. 

Breathing, the primary function of the lungs, exposes the lung to various 

environmental pollutants from chemicals and particles (PMio) to numerous volatile 

compounds. In addition, not only are smokers at risk of developing the disease, but 

the environmental tobacco smoke (ETS), sometimes referred to as passive smoke, 

leads to a higher risk of lung cancer in non smokers [22,23]. All of these agents 

result in inflammation in the lung and, subsequently, the development of 

inflammatory lung diseases, which can, in a high percentage of cases, progress to 

lung cancer [241]. This chapter will examine the role of two important pro- 

inflammatory cytokines, TNF-a and IL-ip, in the process of lung carcinogenesis.

In the previous chapter, cell line models were developed whereby TNF-a and 

IL-ip were transiently over-expressed in a normal (HBEC4) and NSCLC (A549) cell 

line. HBEC4 is of particular importance, as it was immortalised in the absence of 

viral onco-proteins, by the over-expression of CDK4 to abrogate the pl6/Rb pathway 

and the expression of ectopic human telomerase reverse transcriptase (hTERT) to 

bypass replicative senescence [388]. While these cells are clonable, they do not form 

colonies in soft agar or tumours in nude mice [388], in addition HBECs grown in a 

3D tissue model retained their ability to differentiate into basal, mucin producing, 

and columnar ciliated epithelial cells [416]. It has been demonstrated that these 

changes (CDK4/hTERT), which universally occur in lung cancer [35], confer HBEC
V 12malignancy when combined with an increase in KRAS , p53 knockdown and c- 

Myc over-expression [413]. HBEC4 was derived from a female patient who went on 

to develop lung cancer [388]. This pre-disposition, combined with chronic 

inflammation and hypoxia, may well be enough to confer HBEC malignancy in the 

HBEC/Inflammatory cell line model.

TNF-a, IL-ip and hypoxia play critical roles in physiological processes, such 

as wound healing and immunity, but there is increasing evidence to demonstrate their 

role in cancer initiation and promotion [47,72]. Paradoxically, IL-1(3 and TNF-a have 

both pro- and anti- tumour effects, depending on the cellular environment [80,85]. It 

is important to note that chronic inflammation [72] is involved in the six hallmarks of 

cancer: evasion of apoptosis, insensitivity to anti-growth signals, unlimited 

replicative potential, angiogenesis, increase in survival factors and invasion and 

metastasis [70],
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An up-regulation of TNF-a and IL-ip has been demonstrated in a wide 

variety of tumours including: breast, lung, colorectal and melanoma, where they 

stimulate VEGF, CXCL8 and MMPs [103,142], supporting both of their roles in 

tumour growth, spread and survival [148,417]. Polymorphisms of the TNF-a and IL- 

1 p genes are also prominent in several cancers, for example gall bladder carcinoma, 

gastric and cervical [418-421], TNF-a supports the promotion and progression of 

both human and experimental cancer models [422-426], leading to activation of AP- 

1 and NF-kB [424], Experimental lung [422] and liver [427] cancer metastasis were 

increased by TNF-a over-expression, and it also promoted invasion of xenograft 

tumours [428]. IL -ip has similar tumour promoting effects, as its expression is 

abundant at tumour sites, where it affects tumour growth and invasion [141]. IL-ip 

also facilitates metastasis of lung cancer via the promotion of multiple events 

including invasion, adhesion and angiogenesis [429]; over-expression of IL-ip has 

been shown to induce gastric inflammation and cancer [430].

Neo-vascularisation and chronic inflammation are critical for cancer 

progression [168,431]. One of the main promoters of angiogenesis is hypoxia [432]. 

However, TNF-a and IL-lp can also promote angiogenesis [136,433], which may be 

a consequence of their up-regulation of a wide variety of angiogenic mediators 

including VEGF, NO, MMPs, chemokines and integrins [72,130]. In addition, it has 

also been demonstrated that MYC induced angiogenesis is mediated by IL-ip [434].

Chronic inflammation results in the accumulation of ROS and RNS which 

can cause DNA damage [435]. This damage may affect critical genes such as p53 

[436], which regulates other genes that induce cell cycle arrest, apoptosis and DNA 

repair. Three genes which are commonly deregulated in NSCLC are KRAS, p53 and 

c-Myc. KRAS is up-regulated in 20-30% of NSCLC cases [31], whereas c-Myc is 

up-regulated in 8-10% of cancers [36]. Approximately half of NSCLC cases display 

p53 mutations [34], Meta analysis performed on 43 studies showed that p53 was a 

significant marker of poor prognosis in lung cancer [437]. TNF-a can also cause 

DNA damage through NO/ROS, resulting in the inhibition of DNA repair 

mechanisms [438], which is evident in hypoxia [316], NO induces cellular stress and 

activates the p53 response during chronic inflammation [439]. Activation of IL-ip 

can stimulate ROI/NOI, which results in mutagenic effects [130]. TNF-a can up- 

regulate c-Myc via a MAPK dependant pathway [440], and the Ras-Raf pathway 

promotes the production of chemokines and cytokines [441], while mutated ras may 

mediate IL-ip production in acute or chronic myeloid leukaemia (AML/CML) [442].
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Taken together, this indicates that a chronic inflammatory environment can alter the 

genetic make up of cells, by targeting genes that are important in lung cancer.

The aims of this chapter were to (a) create functional stable transfectants of 

HBEC4 and A549 cells over-expressing TNF-a and XL-Ip alone or in combination 

and (b) to characterise these clones initially and following three months of culture 

under normoxic and hypoxic environmental conditions. In addition, this HBEC cell 

line model may be a useful tool to assess the contribution of hypoxia, TNF-a and IL- 

ip  in lung carcinogenesis with the overall intent of identifying possible therapeutic 

targets or biomarkers, associated with chronic inflammation.
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4.1. Results

4.1.1. Hygromycin Killing curve

pV rrRO l-m cs contains a selective antibiotic resistance marker -  hygromycin. The 

antibiotic will, therefore, kill any cell which does not contain the pVITROl-mcs 

insert. Only cells that stably incorporate the pVITROl-mcs constructs will become 

resistant to hygromycin. Killing curves were set up in A549 and HBEC4 cells using 

hygromycin, to establish the optimum concentration of antibiotic required to kill 

80% of cells within 7 days.

Cells were seeded at 5 x 1 O'* in 6 well plates and allowed to adhere overnight 

and grown to approximately 60% confluency. Subsequently, cells were treated with 

various concentrations of hygromycin, with both culture medium and antibiotic 

replaced every three days. The lowest concentration of antibiotic that killed 80% of 

cells within 7 days was recorded and used in the creation of stable clones.

Representative images are shown for HBEC4 (Fig 4.1 A) and A549 (Fig 4 .IB) 

after 7 days of treatment with hygromycin. HBEC4 cells displayed more sensitivity 

compared with A549. This was reflected in the optimal antibiotic concentration for 

each cell line, A549 -  800 |ug and HBEC4 - 50 |ig. The selection of antibiotic 

concentration was judged by eye by an experienced clinical scientist.

A549 and HBEC4 were transfected with FuGENE6; 24 h post transfection 

media was removed and replaced with media containing the relevant concentration of 

antibiotic. An empty vector control (EVC) containing only pVITRO-lmcs was also 

set up. Cells were grown in 100 cm^ dishes and fed every 3-4 days with fresh media 

containing hygromycin; after approximately one month several clones were evident. 

These clones were classified as stable over-expression clones for (A) EVC, (B) TNF- 

a, (c) EL-ip and (d) TNF-a /IL-ip in both cell lines.

4.1.2. Hygromycin RT-PCR

A mixed population of stable clones were selected for the remainder of the 

experiments in this project. To verify that the stable clones contained the hygromycin 

insert, a PCR reaction was carried out. DNA was isolated from each of the new over

expression cell lines EVC (a), TNF-a (b), (c) IL-ip and (d) TNF-a /IL-ip. A PCR 

was carried out for hygromycin and product separated on an agarose gel. A single 

band at the correct size was identified as hygromycin as shown in Fig 4.2. This 

indicated that the cells surviving hygromycin treatment were competent clones and 

not resistant cells.
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Fig 4.1; Hygromycin killing curve. Images of HBEC4 (A) and A549 (B) cells were taken after 7 days of treatment with specific hygromycin 

concentrations as indicated by values under each image. The optimal concentration of antibiotic was chosen by its ability to kill 80% of cells in 7 days, 

as judged by eye. The images shown are representative of three independent experiments (n=3). The concentration chosen were 50 fjg for HBEC4 and 

800 |jg for A549.
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Fig 4.2: Expression of hygromycin in genomic DNA. A PCR was carried out to 

examine the expression of hygromycin in A549 and HBEC4, at the level of genomic 

DNA. A IKb-Plus DNA ladder was loaded in lane 1 (M). A negative sample was set

up with sterile water to control for contamination (NEG). PCR reactions were loaded 

in the remaining lanes.

(EVC -  empty vector control, Hygromycin - 1025 bp)
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4.1.3. pOi measurements

The stable clones were cultured under conditions of normoxia and hypoxic for a 

period of three months. Under hypoxia, media was changed and cell sub-culturing 

was performed under ambient oxygen. Media replacement was performed within 15 

min every 4 days and sub-culturing within 60 min on reaching 70% confluency. To 

confirm cells were experiencing hypoxic conditions (chamber set at 0.5% O 2), and 

also to determine the percentage of re-oxygenation occurring during media changing 

and sub-culture, p0 2  measurements were recorded by means of a p0 2  probe.

Three independent experiments were performed and cells were discarded 

after the experiment due to non-sterile conditions within the hypoxia chamber. 

Readings were obtained in mm/Hg and converted into oxygen percentages using the 

following relationship: mHg value/0.76 x 0.1, where 0.76 mmHg is approximately 

equivalent to 0.1% oxygen.

(Personal communication - Dr Laure Marignol, Dept, of Radiation Therapy and 

Prostate Cancer Research Group, Trinity College Dublin)

The measurements taken from supernatants contained in tissue culture flasks 

within the chamber gave readings equivalent to 0.38% O 2 ± 0.01%. Media 

replacement (Fig 4.3A) resulted in re-oxygenation of the cells to 9.36% O2 ± 0.59%; 

however, this was lower than sub-culturing values (Fig 4.3B) of 15.18 % O 2 ± 

0.08%. Cells returned to hypoxic conditions within 45 min of media replacement, 

(0.49% O2 ± 0.01%) and within 1 h o f cell sub-culturing the p02 value had decreased 

to that of hypoxic conditions (1.90% ± 0.06%). W ithin 3 h the p02 level was in line 

with that of the hypoxic chamber setting (0.55% O 2 ± 0.02%), after cell sub-culture. 

Values are given as mean ± SEM. Although re-oxygenation of the cells occurred, 

hypoxic conditions were restored within a short period of time.
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Fig 4.3: pOa measurements. Measurements were taken during media replacement (A) 

and cell sub-culture (B). p02 probe measurements were taken from the cell 

supernatant in the flask, which had been incubated in the hypoxia chamber. 

Measurements were also taken prior to returning the cells to the chamber and at 15 

min intervals thereafter. Values are expressed as mean ± SEM (n=3).
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4.1.4. Characterisation of A549 over-expression clones

4.1.4.1. Morphological change evident in A549 transfectants

A549 clones were seeded at 1 x 10  ̂ cells and cultured for 96 h. After this time 

images were obtained and cell morphology was examined. The EVC, TNF-a and 

TNF-o/IL-ip clones demonstrated the same spindle shaped cells, as indicated by 

dotted arrow (Fig 4.4). In the IL-1(3 clone it was observed that cells clumped 

together, as indicated by block arrow (Fig 4.4). Spindle formation of the A549 could 

suggest a more aggressive tumour cell type. TNF-a and IL-ip have both been shown 

to promote tumourigenesis [47,84], and this may be the case when a cell line is over

exposed to these cytokines. The cells growing in clumps in A549/IL-lp clone would 

imply that EL-ip had the ability to up-regulate adhesion molecules and, therefore, 

cause the cells to become ‘sticky’. IL-ip secretion has been shown to up-regulate 

inter-cellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1 

(VCAM-1) [443].

4.1.4.2. TNF-a and IL-lp protein secretion

A549 cells were seeded at 1 x 10  ̂ cells and sub-cultured at 70% confluency when 

required. This system continued over a period of time with the collection of cell 

supernatant prior to further sub-culture. TNF-a and IL-lp concentrations were 

measured in the supernatant by use of specific ELISA kits. Initially, samples were 

taken from an early (after approximately two weeks of growth) and late passage 

(after two months of culture) clone. This was to confirm the continuous secretion of 

cytokines over time (Fig 4.5).

TNF-a was detected in the EVC (106.03 ± 44.20 pg/mL) (Fig 4.5A), however 

IL-ip was not (Fig 4.5B). The early passage TNF-a clone (2347.25 ± 3.89 pg/mL) 

secreted a larger amount of cytokine compared to EL-ip clone (6.43 + 0.18 pg/mL). 

Cytokine secretion in the TNF-a/IL-ip clone was lower than that of the individual 

TNF-a and IL-lp clones (TNF-a -  1941.70 ± 3.47 pg/mL, IL-lp -  5.65 + 1.44 

pg/mL). There was no TNF-a or IL -ip detected in the late clones, thus indicating, 

that over time, the cells stopped over-expressing TNF-a and IL-ip. This may have 

been due to a recombinant event within the plasmid or that the cells became stressed 

and shut down the cytokine production.
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Fig 4,4 : Effect TNF-a and IL-ip over-expression on A549 cells. Cells were grown in 

culture for 96 h and images taken. Some morphological change was evident in the 

clones. Cells tended to be clumped and smaller in IL-ip (block arrows), which may 

have been due to an up-regulation of adhesion molecules. In the other clones cells 

appeared more spindle link (dotted arrow), which could indicate a more aggressive 

phenotype. (EVC -  Empty vector control, 40 magnification)
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Fig 4.5 ; Protein expression of TNF-a and IL -ip  in A549 clones. Supernatants were 

collected from A549 over-expression clones at an early (2 weeks o f culture) and late 

(2 months of culture) time-point. The supernatants collected were measured by 

ELISA. Values are per 1 x 1 0 ^  cells seeded. TN F-a and IL -ip  were detected in the 

early passage of cells, however neither was detected after two months o f culture 

(late). This indicates that neither of the A549 over-expression clones are now 

considered stable. Data is expressed as mean ± SEM (n=l).

(EVC -  Empty vector control)
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4.1.4.3. Quantification of cell supernatants over time

Supernatants, which had been collected during the culturing of A549 clones, were 

quantified by ELISA for TNF-a and IL-ip. This was done to determine at what time 

point clones halted cytokine secretion. The IL-ip clone did not express any IL-1(3 

after approximately 2 weeks of growth in the IL-1 p clone and the TNF-o/IL-1 [3 clone 

(graph not shown). This would suggest that problems occurred within the cell at a 

very early stage. The TNF-a clone secreted approximately 3298.52 ± 72.04 pg/mL 

by week 2 of culture, which remained constant until day 59 (3003.71 + 22.02 pg/mL) 

(Fig 4.6A). On day 62 of culture, the TNF-a clone stopped producing TNF-a. 

However, the TNF-a/IL-ip clone continued a constant secretion of TNF-a from day 

5 (2173.21 ± 21.01 pg/mL) until day 83 (2994.74 ± 68.58 pg/mL) (Fig 4.5B). 

Around 60 days of culture appeared critical for TNF-a secretion, as on day 56 

secretion dropped to its lowest level of 1571.63 ± 21.42 pg/mL in the TNF-a/IL-ip 

clone. Values are given as mean + SEM.

4.1.4.4. mRNA expression of TNF-a, IL-lp and CXCL8

The TNF-a and IL -ip clones stopped secreting cytokines after a period of time under 

cell culture conditions. Total RNA was collected from clones and was reverse 

transcribed into cDNA, and subsequently, the mRNA expression of TNF-a, IL-lp 

and CXCL8 were examined by PCR analysis. TNF-a and IL-ip can induce the 

expression of CXCL8 [444], and as such, this was used as a positive control. PCR’s 

were also set up for P-actin, to control for loading efficiency. A gel picture is shown 

in Fig 4.7 for early and late passage mRNA. Densitometry analysis was performed 

using TINA (Version 2.09c) software. Samples were normalised to their respective P 

actin control.

The densitometry values for TNF-a were 2.70 in the early TNF-a clone (Fig 

4.8A) and 0.413 in the late. This demonstrates a 6.5 fold reduction of TNF-a mRNA 

expression over time. The TNF-a/IL-ip continued to have a strong expression of 

TNF-a at the mRNA level (Early - 1.82, Late -  2.44). This compared favourably 

with TNF-a protein expression.

The IL-ip PCR performed on the IL-lp and TNF-a/IL-ip clone revealed a 

decrease in BL-ip expression at the mRNA level (Fig 4.8B). The early IL-ip clone 

was 2.71 compared to 0.837 in the late, a 3 fold decrease.
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Fig 4.6 ; Protein expression over time in A549 clones. Supernatants were collected 

periodically from TNF-a (A) and TNF-a/IL-1 p (B) clones. The supernatants were 

quantified by ELISA. After 60 days of culture the TNF-a clone stops secreting TNF- 

a, however, the TNF-a/IL-1 P clone continued to secrete protein after 80 days in 

culture. The levels of IL-ip were undetectable in the IL-ip and TNF-a/IL-1 p clones 

(data not shown).Values are per 1 x 10  ̂cells seeded. Data is expressed as mean ± 

SEM (n=l).
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Fig 4.7: Expression of TNF-a, IL -ip  and CXCL8 in A549 clones. RNA was isolated 

from A549 clones, and cDNA was generated from the RNA. A PCR was carried out 

to examine the expression of TNF-a, IL -lp  and CXCL8 at the level of the mRNA 

transcript in early (A) and late (B) clones. A PCR was also carried out for P-actin in 

all samples to determine loading efficiency. A IKb-Plus DNA ladder was loaded in 

lane 1 (M). A negative sample was set-up with sterile water to control for 

contamination (NEG). PCR reactions were loaded in the remaining lanes.

(TNF-a -  702 bp, CXCL8 -  297 bp, IL-1 p -  816 bp, p actin -  560 bp)
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CXCL8

Fig 4.8; Densitometry values of A549 clones. Densitometry analysis of PCR 

products was carried on agarose gels (Fig 4.7) for TNF-a (A), IL -ip (B) and CXCL8 

(C). Values are expressed as a ratio of target gene band intensity: P actin band 

intensity. The TNF-a and IL-ip PCR values for respective clones indicate a decrease 

in mRNA expression over time. The CXCL8 values are similar if not increased 

between the early and late clones.

(EVC -  Empty vector control)
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In the T N F-a/IL -ip  clone, a similar pattern was observed with a 4.4 fold reduction 

comparing early (1.83) to late (0.414) clones.

The values obtained for CXCL8 remained the same when compared with the 

early and late clones (Fig 4.8C), however, in the IL -ip  clone there is a 2-fold 

increase in CXCL8 mRNA expression (Early -  1.14, late -2 .1 8 ) .

4.1.4.5. Genomic DNA expression of hygromycin, TNF-a and IL-ip

Although the mRNA expression decreased over time in the A549 from early (2 

weeks of culture) to late clones (2 months of culture), there was still TN F-a and IL- 

ip  mRNA expression evident. To determine if the insert was still present, a 

hygromycin PCR was carried out on genomic DNA obtained from late passage A549 

clones. In addition, the levels of TNF-a IL-1 p were also examined to establish if they 

were still present at the genomic DNA level.

At the genomic DNA level, the expression of hygromycin was intact in all of 

the A549 clones, suggesting that the plasmid was still present in the clones. The 

expression level of TN F-a and IL -lp  were also observed in their respective clones. 

To ensure that the plasmid had not been removed from the cells, a hygromycin PCR 

was carried out (Fig 4.9A). The expression of TNF-a (Fig 4.9B) and IL -ip  (Fig 

4.9C) was also examined in the DNA to determine if insert was still present.

Expression of hygromycin was detected in all clones, and TNF-a and IL -ip  

were observed in respective clones. These results suggested that although the 

plasmid construct was intact within the clones, it was not functional based on protein 

data (Section - 4.1.4.3).

4.1.4.6. Protein folding

IL -ip  and, to a lesser extent, TN F-a may have induced a stress in A549. A549 may 

have experienced endoplasmic reticulum (ER) stress, which can affect protein 

folding and result in secretion difficulties. Glucose regulated protein 78 (GRP78) is a 

protein, which resides in the ER. It may transiently associate with newly secreted or 

synthesised proteins, or permanently with mutant or incorrectly folded proteins, thus 

preventing their export from the ER lumen. This protein folding marker was 

examined at the mRNA level in A549
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Fig 4.9 : Genomic DNA expression of hygromycin, TNF-a and IL-1(3 in A549 late 

clones. DNA was isolated from A549 clones and a PCR was carried out to examine 

the expression of hygromycin (A), TNF-a (B) and IL-ip (C). A IKb-Plus DNA 

ladder was loaded in lane 1 (M). A negative sample was set-up with sterile water to 

control for contamination (NEG). PCR reactions were loaded in the remaining lanes. 

These results indicated that the insert, TNF-a and IL-ip expression was intact. 

(Hygromycin -  1025 bp, TNF-a -  702 bp, IL-lp -  816 bp)

(EVC -  empty vector control)
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Fig 4.10: mRNA expression of GRP78 in A549 clones. RNA was isolated from 

A549 clones, and cDNA was generated from the RNA. A549 is included as a un

transfected control. A PCR was carried out to examine the expression of GRP78 at 

the level of the mRNA transcript. A PCR was also carried out for P-actin in all 

samples to determine loading efficiency. A IKb-Plus DNA ladder was loaded in lane 

1 (M). A negative sample was set-up with sterile water to control for contamination 

(NEG). PCR reactions were loaded in the remaining lanes.

(Hygromycin -  397 bp, (3-actin -  560 bp)

(EVC -  empty vector control)
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clones. RNA was collected from the clones including a ‘norm al’ A549, which was 

un-transfected and reverse transcribed into cDNA. A PCR was carried out for GRP78 

and p actin to control for loading efficiency (Fig 4.10). There was no change in GRP- 

78 evident when compared to either the un-transfected A549 cells or EVC. These 

results suggest that the inability of the A549 clones to secrete TN F-a or IL -lp  was 

not due to incorrect protein folding.

4.I.4.7. Epigenetic mechanisms

In many cases genes can be down-regulated by epigenetic mechanisms such as DNA 

methylation or histone modification. To determine if this was the case with TNF-a 

and IL -ip, A549 clones cells were treated with two epigenetic drugs; Trichostatin A 

(TSA) - a HDACi or 5-aza-2’ deoxycytidine (DAC) -  a DNA methytransferase 

inhibitor.

Cells were seeded at 1 xlO /T75 cm flask and left to adhere overnight. The 

lung cancer cells were serum starved (media containing 0.5% FBS) for a further 24 

h. The subsequent day, cells were treated with TSA (250 ng/mL) for 16 h or with 

DAC (1 nM) for 48 h, with DAC and medium replaced every 24 h. Cell supernatants 

were collected in addition to RNA. The RNA was reverse transcribed into cDNA and 

PCR’s carried out for the expression of TNF-a and IL -ip  at the level of the mRNA 

transcript.

At the mRNA level (Fig 4.11) treatment with TSA or DAC did not alter the 

mRNA expression of TNF-a; however, TSA down regulated IL -ip  mRNA in the IL- 

ip  and TN F-a/IL-ip clones. At the protein level, there was no detection of IL -ip  

with either drug treatment. In the TN F-a clone, neither TSA nor DAC had the ability 

to induce TNF-a in late passage cells (2 months of culture - referred to as UT). TSA 

and DAC reduced the expression of TN F-a in the T N F-a/IL -ip  clone in comparison 

to UT cells; UT 2755.66 ± 32.71 pg/mL V5. TSA 1576.15 ± 26.98 pg/mL, V5. DAC 

1919.26 ± 7.01 pg/mL. Values are given are mean ± SEM

Epigenetic drugs could not reactivate TN F-a nor IL-1 p expression. Therefore, 

the problem with TNF-a and IL -ip  was not due to epigenetic silencing mechanisms.
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Fig 4.11: mRNA expression of TNF-a and IL -lp  in response to epigenetic drug treatment. Late passage cells (2 months of culture) were treated with 

TSA (250 ng/mL) and DAC (1 pM ) for a period of 16 h and 48 h, respectively. cDNA was generated from the RNA isolated from clones. A PCR was 

carried out to examine the expression of TN F-a and IL -ip  at the level of the mRNA transcript. A PCR was also carried out for P-actin in all samples to 

determine loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). A negative sample was set-up with sterile water to control for 

contamination (NEG). PCR reactions were loaded in the remaining lanes.

(TNF-a -  702 bp, IL -1P -  816 bp, p actin -  560 bp)

(EVC -  empty vector control, UT -  untreated, TSA -  Trichostatin A, DAC -  5 Aza 2’ deoxycitadine.)
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Fig 4.12: TNF-a protein expression in response to epigenetic drug treatment. 

Supernatants were collected from cells treated with TSA (250 ng/mL) and DAC (1 

|j M) for a period of 16 h and 48 h, respectively. The supernatants were quantified 

using an ELISA. Early indicates cells which were cultured for approximately 2 

weeks and UT is a late passage clone (2 months of culture). Results are expressed as 

mean ± SEM (n=l). There was no XL-1(3 detected (data not shown).

(EVC -  empty vector control, UT -  untreated, TSA -  Trichostatin A, DAC -  5 Aza 

2’ deoxycitidine.)
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4.1.5. Characterisation of stable HBEC4 clones 

4.1.5.1. Examination of morphological changes

Transfected clones were characterised initially (Time 0), and following three months 

of culture (Time 3), under normoxic and hypoxic environmental conditions. After 

approximately 2 weeks o f growth, there were no changes evident in HBEC4 

morphology, however, after 3 months of continuous culture under normoxic and 

hypoxic conditions (0.5% O2), there was some change evident. Following long term 

culture, there was no apparent change in morphology compared to Time 0 (Fig 

4.13A), under normoxic or hypoxic conditions. However, cells that were cultured 

under hypoxia appeared smaller and grew in clones compared to that of their 

normoxic counter-part, as indicated in Fig 4.13B. This change in size could be due to 

a change in cell spread or attachment to the collagen matrix. Hypoxia has been 

shown to influence the shape of cells such as macrophages [263]. This change is cell 

size was also observed by flow cj^ometry, due to differences in the forward light 

scatter as shown in Fig 4.14.

4.1.5.2. mRNA expression of TNF-a , IL-ip and CXCL8

The mRNA expression levels of TNF-a, IL -lp , CXCL8 were examined on HBEC4 

clones after two weeks (Time 0) and three months of culture (Time 3). The 

expression was examined under both normoxic and hypoxic conditions. RNA was 

isolated from clones and cDNA generated. PC R ’s were carried out for the expression 

of TNF-a, IL-1(3 and CXCL8 at the level of the mRNA transcript. A (3-actin PCR 

was also carried out to determine loading efficiency. Densitometric analysis was then 

performed, where target gene values were normalised to their respective (3-actin 

controls.

Under normoxic and hypoxic conditions, the mRNA level of TNF-a, IL -ip  

and CXCL8 decreased over time (Fig 4.15A/B and Fig 4.16A/B). This was also 

reflected in the densitometry data (Fig 4.15C/D and 4.16C/D). TN F-a PCR analysis 

showed an almost 2-fold decrease in the TN F-a clone (3.39 vs. 1.79) and a 1.6 fold 

decrease in the T N F-a/IL -ip  clone (3.19 vs. 1.97), under normoxia, following three 

months of culture. In hypoxia, TN F-a expression remained stable in the TNF-a 

clone; however, it was reduced by 1.33 fold in the TNF-a/EL-ip clone (3.03 vs. 2.27).

The n .- ip  analysis showed a very slight decrease in the IL -ip  (2.66 vs. 2.19) 

and T N F-a/IL -ip  (1.95 vs. 1.68) clone after three months of culture in normoxia. 

Under conditions of hypoxia, there were larger decreases evident in both the IL -ip
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TNF-a
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Fig 4.13: Images of HBEC4 clones. Images were taken of HBEC4 clones under 

normoxia (A) and hypoxia (B). Under normoxic conditions, the cells grew in a 

normal fashion, evenly covering the base of the flask. In hypoxia, the cells were 

slightly smaller in shape and the TNF-a, IL-ip and TNF-a/IL-ip clones grew in 

clusters as indicated by arrows.

Normoxic cells - x^O magnification. Hypoxic cells - x20  magnification
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Fig 4.14: Scatter plots of HBEC4. Scatter plots representing cells grown under 

normoxic (A) and hypoxic (B) conditions. These graphs are representative of the 

EVC and the over-expressing cell lines. The FSC-H label refers to the light scatter in 

the forward direction and normoxic cells group at approximately 400-600, whereby 

the hypoxic cells group at approximately 250-600.

(20,000 events, n=l)
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Fig 4.15: Expression of TNF-a, IL -ip  and CXCL8 in HBEC4 normoxic clones. 

Total RNA was isolated from clones and cDNA generated. PCR was carried out to 

examine the mRNA expression of TNF-a, IL -ip  and CXCL8 in early (A) and late 

(B) clones. A PCR was also carried out for P-actin in all samples to determine 

loading efficiency. A 1 Kb-Plus DNA ladder was loaded in lane 1 (M). A negative 

sample was set-up with sterile water to control for contamination (NEG). PCR 

reactions were loaded in the remaining lanes. Densitometry analysis was performed 

and is graphed accordinly for early (C) and late (D) clones. Values are expressed as a 

ratio of target gene band intensity: P actin band intensity.

( n= l ) (EVC -  empty vector control)

(TNF-a -  702 bp, IL -1P -  816 bp, P actin -  560 bp)
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Fig 4.16: Expression of TNF-a, IL-ip and CXCL8 in HBEC4 hypoxic clones. Total 

RNA was isolated from clones and cDNA generated. PCR was carried out to 

examine the mRNA expression of TNF-a, IL-ip and CXCL8 in early (A) and late 

(B) clones. A PCR was also carried out for P-actin in all samples to determine 

loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). A negative 

sample was set-up with sterile water to control for contamination (NEG). PCR 

reactions were loaded in the remaining lanes. Densitometry analysis was performed 

and is graphed accordinly for early (C) and late (D) clones. Values are expressed as a 

ratio of target gene band intensity: p actin band intensity. The cytokine expression 

decreased over time.

(n=l) (EVC -  empty vector control)

(TNF-a -  702 bp, IL-1P -  816 bp, P actin -  560 bp)
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(1.91 V5. 0.81) of over two fold and TN F-a/IL-1 p (2.17 vs. 0.73) clone of over 3 fold.

In over-expression constructs, it is not unusual to observe a certain decrease 

in expression over time. At the commencement of the experiment, the PCR products 

of the respective clones of TNF-a, IL -lp  and T N F-a/IL -ip  demonstrated a large 

increase in mRNA expression, compared to EVC, of over two to three fold increases 

under conditions of normoxia and hypoxia. Taking this into account, and the 

induction of CXCL8, indicates a functional plasmid construct.

4.1.5.3. Protein expression of TNF-a and IL-ip

To ensure that the HBEC4 over-expression clones were functional and secreting 

TNF-a and IL -ip , supernatants collected were quantified by ELISA. Supernatants 

taken at one, two and three months of culture were examined under normoxic and 

hypoxic conditions. Cells were seeded at 1 x 10^ cells and grown for three days 

before supernatant was collected and quantified.

Under normoxia, TNF-a protein decreased from 4465.04 + 26.81 pg/mL after 

one month of culture, to 2754.88 ± 12.94 pg/mL after three months. In the TNF-a/IL- 

ip  clone TN F-a protein also declined from 4429 ± 20.39 pg/mL to 2834 ± 15.87 

pg/m (Fig 4.18A). TN F-a secretion also reduced under hypoxia from one month of 

culture compared with three months (Fig 4.18A); TN F-a clone 4465.04 ± 26.81 

pg/mL vs. 2799.13 ± 31.43 pg/mL, TN F-a/IL-Ip clone 3445.58 ± 37.73 pg/mL vs. 

2799 + 31.43 pg/mL.

IL -ip  protein levels were comparable to TNF-a in that the levels under 

normoxia decreased with time. After one month of culture, the IL -ip  clone secreted 

637.09 ± 1.59 pg/mL compared with 294.48 + 0.64 pg/mL, after three months of 

culture under normoxia. The TN F-a/IL-ip clone decreased from 276.79 + 3.15 

pg/mL to 42.48 ± 0.54 pg/mL (Fig 4.18B). In hypoxic conditions, there was a slight 

increase in IL -ip  secretion in the IL -ip  clone (148.17 ± 1.08 pg/mL vi'. IL -ip  123.98 

+ 1.17 pg/mL) and in the TN F-a/IL-Ip 22.49 + 0.96 pg/mL V5. 14.65 + 0.69 pg/mL 

after one month of growth (Fig 4 .18B). Values are given as mean ± SEM. As time 

went on the levels of IL -1 p decreased in both clones under hypoxia.

This decrease could be attributed to numerous reasons such as negative feed 

back loops caused by the induction of other cytokines or chemokines particularly 

under hypoxic conditions.
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4.1.5.4. Genomic DNA expression of TNF-a and IL-ip

The mRNA and protein levels of IL -ip  in the TNF-a/IL-l(3 clone demonstrated a 

large reduction over time, with levels of protein secretion comparable to the EVC 

after three months of culture. To investigate whether the plasmid had been removed 

from the cell or if a recombination event had occurred within the three month period, 

a PCR for TNF-a and IL -lp  was carried out on genomic DNA isolated from the 

clones.

TNF-a expression was still intact under both normoxic and hypoxic 

conditions (Fig 4.19A). In the IL -ip  clone, IL -ip  was observed; however, it was not 

detected in the TN F-a/IL-ip clone under either normoxia or hypoxia (Fig 4.19B). 

This suggested that a recombination event had taken place within the IL -ip  gene in 

the TN F-a/IL-ip clone, which prevented IL -lp  over-expression.

4.1.5.5. Effect of TNF-a and IL-ip on cell proliferation

To examine the effect of TNF-a, IL -ip  over-expression and/or hypoxia on cell 

proliferation a BrdU proliferation assay was carried out. Clones were seeded in 96 

well plates at 5 x 10’̂ cells/well and left to adhere overnight. Subsequently, the 

proliferation rate was quantified by a BrdU ELISA after 48 h of culture. The EVC 

was set as 100% and the TNF-a, IL -ip  clones were normalised to it. Three 

independent experiments were carried out and statistical analysis performed using a 

paired two tailed student t-test. Results are presented graphically in Fig 4.20. Assays 

were set up with the normoxic and hypoxic clones at Time 0 and Time 3 months. An 

un-transfected HBEC4 cell line was also grown long term under normoxia and 

hypoxia to determine if extended growth affected its cellular characteristics. This un

transfected cell line will be referred to as HBEC4 from this point onwards.

The proliferation rate increased in the HBEC4 cell line under hypoxic 

conditions after three months when compared to values obtained for time 0 (p<0.05). 

Under normoxic conditions, all over-expression clones had an increased in their 

proliferative rate over time; time 3 compared with time 0 (IL-ip, T N F-a/IL -ip  - 

Time 3 V5. Time 0, p<0.05) and this was similar to what was observed under hypoxic 

conditions (EVC, TN F-a/IL-ip -  Time 3 vs. Time 0, p<0.05). Overall, the clone 

proliferative rate increased in all clones under conditions of normoxia and hypoxia 

when compared with time 0. This suggests that the cells were becoming acclimatised 

to the inflammatory and hypoxic conditions.
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Fig 4.17: Quantification of TNF-a and IL-1(3 supernatants under normoxia. 

Supernatants were collected at intervals from clones under normoxic conditions and 

quantified for TNF-a (A) and IL-1(3 (B) using an ELISA based assay. Values are per 

1 X 10  ̂cells seeded. Data is expressed as mean ± SEM (n=l).
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Fig 4.18: Quantification of TNF-a and IL-lp supernatants under hypoxia. 

Supernatants were collected at intervals from clones under hypoxic conditions and 

quantified for TNF-a (A) and IL-ip (B) using an ELISA based assay. Values are per 

1 X 10^cells seeded. Data is expressed as mean ± SEM (n=l).
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Fig 4.19: Genomic DNA expression of TNF-a and IL -ip  from HBEC clones. DNA 

was isolated from clones under normoxia and hypoxia. A PCR was carried out for 

TNF-a (A) and IL -lp  (B). A 1Kb molecular marker was loaded in lane 1 (M) and a 

negative sample was set-up with sterile water to control for contamination (NEG). 

PCR reactions were loaded in the remaining lanes.
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Fig 4.20: Comparison of proliferation of Time 0 with Time 3. Cells were seeded at 5 

X 1 0 '^  cells/well and incubated for a period 48 h, after which time proliferation was 

quantified using a BrdU ELISA for HBEC4 (A), normoxic clones (B) and hypoxic 

clones (C). Time 0 was quantified using cells, which had been cultured for 2 weeks 

and Time 3 were cells which were grown in culture for 3 months. Data is 

representative o f three independent experiments and is expressed as mean + SEM.

(* p<0.05 relevant clone at time 3 vs. time 0)

(EVC -  empty vector control)
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4.1.5.6. Scratch assay

To examine the migration potential of the cells after three months of growth under 

normoxic and hypoxic conditions, a scratch assay was performed. The cells were 

grown to 100% confluency and scratched with a sterile p200 tip. Marks were placed 

underneath the plates indicating reference points for the scratch. The cells were 

photographed at Time 0, Time 12 h and Time 24 h and the image shown is a 

representative of three independent experiments (Fig 4.20).

Qualitatively, the HBEC4 cell line began to close the scratch at 12 h under 

hypoxia, and by 24 h, the scratch was fully closed under both conditions (Fig 4.20A). 

The EVC, TNF-a, IL -ip  and TN F-o/IL-lp clones closed the wound after 24 h under 

normoxia (Fig 4.20B/C/D); however, they were unable to do so under hypoxia. This 

result would suggest that hypoxia interferes with the clones’ ability to migrate and 

close the wound, possibly through the up-regulation of adhesion or other molecules. 

Also, perhaps the integration of the plasmid DNA in these clones affected certain 

genes, as the un-transfected HBEC4 cell had the ability to close the scratch under 

both oxygen conditions.

4.1.5.7. Adhesion potential

The capability of cells to close a wound depends on a number of factors, particularly 

adhesion molecules such as ICAM-1 and VCAM-1. These adhesion molecules are of 

interest in this project as both have been shown to be regulated by TNF-a and IL -1 p 

[443]. Flow cytometry was used to quantify the cell surface expression of ICAM-1 

and VCAM-I in the HBEC4 cell lines and the over-expression clones, grown under 

normoxia and hypoxia. Cells were seeded at 5 x 10“̂ cells/well in 6 well plates and 

cultured for 96 h. Consequently, cells were trypsinised using a weak trypsin solution 

so as to not interfere with surface molecules. Prior to antibody incubation, cells were 

washed with FACS buffer and blocked with FBS. Twenty thousand events were 

analysed by flow cytometry. A representative histogram plot is shown in Appendix 

IV.
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Fig 4.21; Scratch assay. The HBEC4 cell line and over-expression clones were 

grown to confluency and scratched with a sterile p200 pipette tip. Images were taken 

at time 0, 12 h and 24 h on HBEC4 (A), EVC (B), normoxic clones (C) and hypoxic 

clones (D). Images are representative of three independent experiments. Dotted lines 

indicate area of scratch (n=3).
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Fig 4.22: ICAM-1 cell surface expression. Cells were seeded at 5 x 104 cells/well 

and grown for three days, after which time, were processed and stained with ICAM-1 

antibody and quantified using FACS in HBEC4 (A), EVC (B), normoxia clones (C) 

and hypoxia clones (D).

(20,000 events counted, n=l )
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Fig 4.23: VCAM-1 cell surface expression. Cells were seeded at 5 x 104 cells/well 

and grown for three days, after which time they were processed and stained with 

VCAM-1 antibody and quantified using FACS in HBEC4 (A), EVC (B), normoxia 

clones (C) and hypoxia clones (D).

(20,000 events, n=l) (N -  normoxia, H -  hypoxia)
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4.1.5.8. Invasion assay

The invasion potential of the clones was examined using an invasion assay. Invasion 

through the extra cellular matrix (ECM) is an important step in tumour progression. 

The HBEC4 cell line and clones were seeded into wells containing the ECM, and the 

media below contained a chemo-attractant (10% FBS). After 24 h incubation, the 

invasion capacity was quantified using a luminometer in RPU (relative fluorescence 

units).

There was an increase in the invasive capacity of the HBEC4 (Fig 4.24A) and 

EVC control (Fig 4.24B) under hypoxic conditions, when compared to normoxia 

(p<0.05, EVC - H 212251.7 + 24144.9 RFU V5. N 104571.7 ± 20692.6 RFU). Values 

are given as mean ± SEM. Under conditions of normoxia, there was an increase in 

the invasion capacity of the over-expression clones compared with EVC. This was 

significant for the IL-ip clone (p<0.05, 171329.8 + 13139.2 RFU) and the TNF-a/IL- 

ip  clone (p<0.05, 201172.3 + 30460.0 RFU), as represented graphically in Fig 

4.24C.

There was no significant difference observed between the hypoxic over

expression clones compared with the hypoxic EVC (Fig 4.24D). However, as 

mentioned above, there was a significant difference observed between the EVC 

under hypoxia compared with the EVC under normoxia (p<0.05). These results 

would suggest that IL-ip is important for invasion under normoxia but it is hypoxia 

itself that is the critical factor in the hypoxic clones.

4.1.5.9. Angiogenesis

TNF-a and IL-ip are involved in both pro- and anti-angiogenic effects, depending 

upon the concentration of cytokines. To determine if the angiogenic potential of the 

HBEC4 cell line and the over-expression clones had an altered angiogenic response 

after three months of growth, an endothelial tube formation assay performed. EaHYB 

cells were seeded on top of Matrigel in supernatant collected from the HBEC4 cell 

lines and the over-expression clones under normoxia and hypoxia. The cells were 

incubated in the supernatant and the tube formation quantified after 24 h.

Image J software was used to measure the tube lengths. Images were taken 

from three independent experiments and 30 random tube lengths were quantified 

within the field of view. Fig 4.25 shows representative images obtained after the 24 h 

period and Fig 4.26 presents these results graphically.
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Fig 4.24: Determination of the invasion capacity of over-expression clones. The 

invasion capacity of the HBEC4 cell line and the over-expression clones were 

examined by an invasion assay kit, which quantified the amount of cells which 

invaded through an ECM, the HBEC4 cell line (A), EVC (B), the normoxic clones 

(C) and the hypoxic clones (D). Data is expressed in RFU (relative fluorescence 

units) as mean ± SEM n=3. (co p<0.05 based on a paired two tailed t-test EVC H vs . 

N, * p<0.05 based on ANOVA (one way analysis of variance) with post test by 

Bonferroni multiple comparisons test. (Ctl - HBEC4 cell line, EVC-Empty vector 

control, N -  normoxia, H - hypoxia)
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Fig 4.25; Representative im ages from  an endothelial tube form ation assay. Supernatants were collected from  H BEC4 (A), EV C (B), norm oxic clones 
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Fig 4.26: Quantification of endothelial tube lengths. Supernatants were collected 

from HBEC4 (A), EVC (B), normoxic clones (C) and hypoxic clones (D). EaHYB 

cells were seeded on top of Matrigel in supernatants collected from clones and 

incubated for 24 h, after which time images were taken and quantified using Image J 

software (NIH). Thirty tube lengths were randomly chosen from one field. Data is 

expressed at men ± SEM n=3). (oo p<0.01 based on a paired two tailed t-test H v5 . N; 

e p<0.05, \)/ p<0.01 clones vs. EVC, based on ANOVA (one way analysis of 

variance) with post test by Bonferroni multiple comparisons test. (EVC-Empty 

vector control)
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The quantification of the endothehal tube lengths (Fig 4.26) reflected what was 

observed from the images (Fig 4.25). In the un-transfected HBEC4 cell line, there 

was a significant decrease observed under hypoxia compared to normoxia (p<0.05, 

0.443 ± 0.008 mm V5. 0.525 + 0.005 mm). The EVC control had a similar trend 

(0.335 ± 0.01mm vs. 0.460 ± 0.016 mm). The secretion of TNF-a, IL -ip  and TNF- 

a /IL -ip  had reduced angiogenic potential in normoxia and hypoxia compared to the 

relevant EVC. In normoxia, this reached significance for TNF-a (p<0.01, 0.314 ± 

0.009 mm), IL -ip  (p<0.01, 0.325 + 0.020 mm) and TN F-a/IL -ip (p<0.05, 0.343 + 

0.009 mm) compared to EVC (0.460 ± 0.016 mm). In hypoxia, the reduction in 

angiogenic potential was significant in TN F-a/IL -ip  compared to EVC (p<0.05, 

0.249 ± 0.019 vs. 0.335 + 0.01 mm). Values are given as mean + SEM. These results 

suggest that the HBEC4 and EVC control secrete different angiogenic mediators into 

the supernatant depending on oxygen concentration, and that the over-expression 

clones are not secreting any potent angiogenic mediators relative to the EVC.

4.1.5.10. Transformation assay

The development of anchorage independent growth is important for cancer initiation 

and promotion. To determine if the over-expression clones had developed this 

capability over a three month time point, a soft agar assay was performed. A bottom 

layer of 0.8% Noble agar was allowed to solidify in 12 well plates. Clones were then 

re-suspended in a 0.4% agar solution and aliquoted on top of the base layer. The 

plates were incubated under normal cell culture conditions for 28 days, after which 

time the agar was stained and colonies examined under the microscope. There were 

no colonies evident in any of the wells containing clones, except the positive control 

(A549), which indicated that the assay was functional (Fig 4.27).

4.1.5.11. KRAS mutations

A point mutation in codon 2 of KRAS (Appendix IV) is common in lung cancer. To 

determine if any clones acquired this mutation after three months of hypoxia and/or 

pro-inflammatory exposure, DNA was isolated and sequenced for the mutation (Fig 

4.28) using KRAS codon 2 specific primers. There were no mutations detected in 

any clone or in the negative cell line, SKM ES-1. Again, the positive control used was 

A549, where the mutation was successfully detected.
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Fig 4.27: Soft agar assay. Cells were seeded in 12 well plates in triplicate according 

to a soft agar assay protocol. After four weeks o f incubation, the agar was stained 

and images taken of each well. There were no colonies present on any of the clones, 

except on the positive control as indicated by the arrow. (x40  magnification)
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Fig 4.28: Trace file of KRAS sequencing. DNA was collected from the HBEC4 and 

over-expression clones. The DNA was then sequenced for the KRAS mutation at 

codon 2. The red boxes indicate the position of the substitution reaction from a C to a 

T. SKMES-1 was used as the negative (A) and A549 as a positive control (B). There 

were no mutations detected in the over-expression clones.
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4.1.5.12. Cancer PathwayFinder™ Array

Chronic inflammation is a pre-requisite for many cancer types and has been linked to 

specific cancers in which infectious agents are involved, such as HCV in hver cancer 

[49], Chronic inflammation and cancer are linked in part through the ability of 

inflammation to aid in the transformation of a pre-neoplastic cell into a malignant 

phenotype via the alteration of the six hallmarks of cancer. The Cancer 

PathwayFinder ” Array is a qPCR array, which contains 84 genes divided into 

sections based on the six hallmarks of cancer, and allows for the determination of 

gene changes within the over-expression clones. A list of gene names is given in 

Appendix IV.

RNA was isolated from the over-expression clones and A549 and SKMES-1 

and processed for use with the Cancer PathwayFinder™ array. The purity of the RNA 

was confirmed before cDNA was generated. The synthesized cDNA samples were 

then loaded onto the array plate for real time analysis of gene expression profiles. 

Heat maps were generated from the array data using Spotfire DecisionSite (GE 

Heathcare), which is a powerful tool for data analysis. The interactive data 

visualization makes it easy to interpret results from high content assays. For heat 

map generation a fold increase or decrease of 10 was set.

The expression levels of A549 and SKMES-1 were compared to the EVC 

control under normoxia and hypoxia (Fig 4.29A). There were very few gene changes 

observed in the cell lines when compared to either that of the EVC under normoxic 

or hypoxia, indicating that hypoxia did not have a huge impact on gene expression in 

this gene set. The comparison of the lung cancer cell lines to EVC demonstrated very 

little gene change between A549 and SKMES-1. Genes that were up-regulated in 

both lung cancer cell lines in comparison to the EVC controls included S100A4, 

ITGB3, C0L18A1  and EPDR].

A  heat map was also generated from the comparison o f the normoxic over

expression clones compared with the EVC (Fig 4.29B); this included a comparison 

of the hypoxic EVC to the normoxic EVC. There was an increase in M M Pl in all 

normoxia clones and a decrease in TlMP-1. ITGA4 and EPD Rl were up-regulated in 

the TNF-a and TN F-o/IL-lp clones, while ITG A l was increased in the IL -lp  clone. 

The hypoxic EVC demonstrated very little change to the normoxic EVC, although 

there was an increase in S100A4 and NME4. There was a down-regulation of p53 in 

the normoxic clones and the hypoxic EVC control compared with normoxia EVC.
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Fig 4.29A: Heat map generated from the comparison of A549 and SKMES-I with 

EVC under normoxia and hypoxia. The heat map was generated using Spotfire 

DecisionSite software. [1 -  A549 v̂ . EVC (normoxia), 2 -  A549 vs. EVC (hypoxia), 

3 -  SKMES-1 vs. EVC (normoxia), 4 -  SKMES-1 vs. EVC (hypoxia)].
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Fig 4.29B: Heat map generated from the comparison of normoxic clones with EVC. 

The heat map was generated using Spotfire DecisionSite software. (1 -  TNF-a v5. 

EVC, 2 -  IL-ip vj. EVC, 3 -  TNF-a/IL-ip V5. EVC, 4 -  EVC hypoxia V5. EVC 

normoxia)

174



A heat map was also generated for the gene expression of the clones grown under 

hypoxia compared with the hypoxic EVC. Very little change was observed between 

the clones under hypoxia. However, there was an up-regulation of M M P l, MMP9 

and ITGA4 in the hypoxic clones.

Three genes were taken for validation by qPCR. S100A4 demonstrated 

changes within the clones and is also important in the metastatic potential of cells 

[445]. The expression levels of c-Myc and p53  were also chosen for validation, as 

these genes were part of a five gene change in a normal bronchial epithelial cell, 

which resulted in malignant transformation [413]. There was a trend evident for an 

increase in SJ00A4 under hypoxia in the HBEC 4 and EVC cell line. This was also 

the case when clones were compared to EVC under normoxia and hypoxia. This 

increase in S100A4 reached significance in the hypoxic IL-1(3 clone (p<0.01, 0.585 ± 

0.163 vs. 0.484 ± 0.143). An increasing trend was observed for c-Myc in the 

normoxic clones compared with the normoxic EVC. There was little or no change in 

the expression of p53.
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Fig 4.29C: Heat map generated from the comparison of hypoxic clones with EVC. 

The heat map was generated using Spotfire DecisionSite software. (1 -  TNF-a vs. 

EVC, 2 -  IL-lp V5. EVC, 3 -  TNF-ayiL-lp V5. EVC)
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Fig 4.30: qPCR data for S100A4, c-Myc and p53. These genes were selected from 

the arrays for further validation by qPCR S100A4 (A), c-Myc (B) and p53 (C). Data 

is expressed as mean ± SEM n=3. (oo p<0.01 based on ANOVA (one way analysis of 

variance) with post test by Bonferroni multiple comparisons test. (EVC-Empty 

vector control, N -  normoxia, H- hypoxia)
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4.2. Discussion

The aim of this chapter was to examine the effects of chronic exposure to 

inflammation and hypoxia on normal bronchial epithelial cells, and to determine 

whether or not they may drive these cells towards a malignant phenotype. This was 

investigated by the stable over-expression of TNF-a and IL-ip, alone and in 

combination.

The stable clones were verified at the molecular and cellular level at the 

beginning of the experiment. Late passage cell supernatants were analysed to 

confirm that transfectant functionality was maintained at a later stage, approximately 

at the 2 month time point. Problems were evident with A549; as the IL-ip expression 

was undetectable in the IL-ip clone and the secretion of TNF-a ceased in the TNF-a 

clone, while the clone over-expressing TNF-a/IL-ip continued to secrete TNF-a. 

The cell line supernatants were collected periodically and examined by ELISA for 

cytokine secretion. It was evident that the production of IL-lp stopped approximately 

one week into the experiment in the IL-ip and TNF-a/IL-ip clone (not shown). The 

TNF-a clone continued to secrete TNF-a until the secretion stopped at approximately 

60 days of culture. A slight drop was also observed in the TNF-a/IL-ip clone at this 

point, although, it did continue to secrete TNF-a. This two month time point may 

have been the critical time for the clones to acclimatise to TNF-a or switch it off.

In the A549 clones, the expression of TNF-a and IL-ip was intact at the 

mRNA and genomic DNA level, however, this did not translate through to the 

protein levels in late passage cells in either IL-ip or TNF-a. In order to identify the 

problem, two mechanisms involved in protein secretion were examined in the A549 

cell line (a) ER stress and (b) epigenetic silencing. ER stress was ruled out as there 

was no change evident in the ER stress marker GRP78, which is involved in protein 

folding [446]. Epigenetic silencing of gene expression can involve histone 

modification and DNA methylation events [447]. Epigenetic silencing was ruled out 

as neither TSA or DAC could reactivate the secretion of TNF-a or IL-ip. Of interest 

was that TSA decreased the mRNA level of IL-ip. In addition DAC and TSA down 

regulated the protein expression of TNFa. The secretion issues in A549 cells remains 

to be clarified, it may be due in part to the tight regulation of IL-ip by cells [134]. 

The regulation of post transcriptional protein assembly and secretion mechanisms 

controlling protein production and may explain discrepancies between the mRNA 

and protein levels [446]. A549 may have an increased expression of IL-1R2 and/or 

IL-IRA, both of which can bind IL-ip [448,449]; if this occurred IL-ip would not be
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detected in the supernatant. Alternatively, negative regulation of IL-1 (3 could occur 

via the EL-ip soluble accessory protein, which can also sequester IL-ip 

[136,137,449]. The results from chapter 3 demonstrate that A549 expresses this 

soluble form. Ideally, the expression of IL-1R2 and IL-IRA should have been 

examined in A549 and it would have been beneficial to have determined if IL-1 p was 

retained intra-cellularly, or sequestered on the cell surface by the IL-1R2 or IL-lRA, 

if time had permitted. With the secretion issues remaining unresolved in the A549, 

and the main purpose of this thesis being to examine the effects of over-expression in 

a normal cell line, it was decided to concentrate solely on HBEC4 clones.

A major indication of the malignant transformation of cells is an increased 

growth rate, and this was examined and compared from time 0 (beginning of 

experiment) to time 3 months (three months of culture). Although growth rates were 

slower in the cytokine over-expressing than the EVC at the early stages, the rate was 

increased after three months, particularly under hypoxia, which would indicate that 

the cells have become acclimatised to TNFa/IL-ip chronic inflammation and 

hypoxia. The normal HBEC4 cell line also showed a significant increase in 

proliferation under hypoxic conditions. Initially, cells required sub-culturing every 

two weeks under normoxia and every four weeks under hypoxia. Over time however, 

cells needed to be sub-cultured more frequently (normoxia-one week, hypoxia-two 

weeks). Over time, changes in the growth pattern of the hypoxic clones were 

observed; the cells had become bigger and grew in clones on the surface of the flask. 

This may indicate that hypoxic conditions were selecting for a more aggressive cell 

type [450].

At the end of the three month time point the mRNA and protein levels of 

TNF-a and EL-ip were determined. While TNF-a protein levels remained constant, 

the IL-ip levels had reduced to that of the EVC level in the TNFo/EL-ip clone. At 

the mRNA level, TNF-a was robustly expressed although expression was decreased 

under hypoxia. IL -ip expression, like TNF-a, was reduced under hypoxia. CXCL8, a 

down stream target of the cytokine was induced under hypoxia in the transfectants. 

As levels of IL-lp were low, its expression was examined on DNA samples. IL-ip 

was not detected in the TNF-a/IL-ip clone, which would suggest that a 

recombination event had occurred within the gene. Unfortunately, it was evident that 

the TNFo/IL-ip clone no longer had IL-ip expression. In this sense, the TNFo/IL-ip 

clone is now a second ‘TNF-a clone’. However, as the expression of IL-ip was high 

in the second month of the experiment, and in that time may have aided in molecular
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and cellular changes within the clone, and as it has also been shown that only small 

amounts of IL-lp are required for an effect [134], the TNFo/IL-l(3 clone was used in 

the end point experiments to examine invasion and angiogenesis mechanisms in the 

HBEC4 clone.

Cell migration capacity was examined using a scratch assay to determine if 

the over-expression clones had a greater migration potential than the EVC. The TNF- 

a  clone had the ability to close the scratch earlier than the EVC at 12 h, although the 

scratch was completely closed in all clones at 24 h under normoxia. In hypoxia, the 

result was very different, as the scratch remained unclosed in all clones even after 

24h of culture. TNF-a and IL-1(3 promote the migration capacity of cells [430], as 

can conditions of hypoxia [296]. One reason why the cells may have ‘stalled’ and not 

migrated, may be, because in hypoxic environments there is a multitude of complex 

pathways activated and interacting together [265]. Inhibition of chemotaxis by 

hypoxia may explain how macrophages accumulate in areas of necrosis or 

inflammation, through the up-regulation of MAPK phosphatase 1 (MKP-1) [451]. 

This could account for the accumulation of macrophages in hypoxic regions of 

tumours [451]. TNF-a and IL-ip may be critical for wound closure under normoxia, 

however, they have no effect under hypoxia. Interestingly, the normal HBEC4 cell 

line had the ability to close the scratch under normoxic and hypoxic conditions.

To clarify the mechanism in this cell line model, flow cytometry was used to 

measure the surface expression of two adhesion molecules, ICAMl and VCAMl. 

Both of these have been implicated in cancer [452] and can also be regulated by 

TNF-a and IL-1[3 [443]. There was a substantial increase of ICAMl in the IL-1(3 

clone compare to EVC under normoxia. Hypoxia resulted in a large fold increase of 

ICAMl in all clones, although the expression was similar in IL-ip. It has been 

shown that IL-ip has a more potent effect on ICAMl than TNF-a [443,453]. A 

polymorphism in ICAMl decreased risk in lung cancer [454]. The basal expression 

of VCAMl was much lower than that of ICAMl. There was an increase in VCAM in 

IL-ip and TNFa/IL-ip clones under normoxia, while under hypoxia the levels 

decreased. The low level of VCAMl may be accounted for as it is expressed 

predominantly on endothelial cells, while ICAM is predominantly expressed by 

epithelial cell, which matches the lineage of the HBEC4 line. TNF-a and IL-ip have 

been shown to increase VCAMl expression in various cell types [73]. IL-ip 

enhanced adhesion in colon carcinoma and fibrosacroma cell lines [151,455] and the 

invasiveness in bronchogenic carcinoma and experimental tumour models [145,456]
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through these molecules. IL-ip promotes metastasis in melanoma, by up-regulation 

of tumour cell binding to endothelial cells, via induction of adhesion molecules such 

as ICAM and VCAM [150,457]. The increased expression of these adhesion 

molecules in this cell line model is a good indication that the cells were not behaving 

as a normal cell line.

The invasive capacity of the clones under normoxia and hypoxia was 

examined. Under normoxia, the IL-ip and TNFa/IL-ip clones had a significant 

increase in their invasive capacity compared to EVC. IL-ip has been show to 

increase the invasive capacity [429], as can TNF-a [109,458]. Under hypoxia, no 

difference in the invasive capacity was evident between the clones compared to 

EVC, and it would appear that it is hypoxia itself, which is the more important factor 

in invasion under low oxygen conditions. EVC displayed a significant increase in 

invasion in hypoxia compared to normoxia. Hypoxia has been linked to invasion 

[459] and cancer progression [460], It should be noted that cells grown under 

hypoxia, were sub-cultured and had their media replaced under ambient oxygen 

conditions. Tumours can experience intermittent hypoxia due to irregular blood flow 

[461], Hypoxia/re-oxygenation events may alter the invasion and adhesion potential 

of cells [462], which may result in the increased invasion potential of the cells. The 

change in the invasive capacity of the cells strengthens the possibility that the cells 

are moving to ‘malignant’ behaviour, following only three months of growth.

Angiogenesis is important in tumour development, and lung cancer is an 

angiogenesis dependant cancer [176]. An endothelial tube formation assay was 

performed using EaHYB cells seeded in supernatants collected from over-expression 

clones. The tube lengths were decreased in supernatants collected from EVC/HBEC4 

under hypoxia compared to EVC/HBEC4 under normoxia. The tube lengths were 

also significantly decreased in supernatants collected from TNF-a, IL-ip and TNF- 

o /E L - ip  clones relative to EVC under normoxia. This decrease was not as significant 

under hypoxia. TNF-a and EL-ip can promote angiogenesis [109,458], through 

induction of VEGF and CXCL8 [443,455,463,464], however, this is dependent on 

the C}1;okine concentration. TNF-a, at low concentrations, promotes vascularisation 

but, at high concentrations, causes vessel destruction [89]. The cj^okine balance is 

critical for angiogenesis and it has been demonstrated that TNF-a promotes 

angiogenesis in vivo only [456,465].

A critical step in tumourigenesis is the acquisition of anchorage independent 

growth, as it is an important part of the transformation process and inflammation is
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thought be involved in this process [47]. A soft agar assay was set up using the over

expression clones as well as A549 to act as a positive control. Unfortunately, after 

four weeks, there were no colonies evident apart from those on the positive control 

(A549). The lack of colonies is not surprising, as anchorage independent growth 

takes a long time to develop. KRAS is mutated in a high number of NSCLC cases 

[28,34] and was examined as inflammation and hypoxia can induce DNA changes 

through ROS and NO [466]. There were no mutations detected in the transfectants or 

controls. The mutagenic affect of ROS/NO occurs over a long time, so again it is not 

surprising that there were no mutations detected. It was interesting to examine KRAS 

mutation as it correlates with smoking history [467] and the HBEC4 donor was a 

smoker.

A Human CancerPathway profiler was used to examine the changes in gene 

expression in TNF-a, IL-ip and the TNF-a/IL-l(3 clone. Some changes in gene 

expression were observed. When comparing the A549 and SKMES-1 to EVC under 

normoxia and hypoxia, there was very little gene expression evident, indicating that 

hypoxia itself is not affecting gene expression in this gene set to a large degree. It 

was hoped that clustering analysis could be performed to determine if any of the 

clones under normoxia or hypoxia clustered towards a specific lung cancer sub-type. 

However, the gene differences between A549 and SKMES-I were few, thus 

clustering analysis was not performed.

Some interesting gene changes were observed in the normoxic and hypoxic 

clones, most of which have been linked to cancer initiation, progression and 

metastases, and have also been shown to demonstrate an altered expression to TNF-a 

and/or IL-ip. In normoxia, MMPl and integrin (ITGA4) were elevated in TNF-a, 

IL-1(3 and TNFa/IL-l[3 clones; these can degrade the ECM component and play a 

role in the development of tumour metastasis [468]. In the hypoxic clones, an 

increase was also observed in the MM? gene family, which are critical in hypoxia 

mediated invasion of lung adenocarcinoma [308]. In the hypoxic clones, integrin 

expression was up-regulated; these genes are critical as they can mediate signals that 

induce gene expression, resulting in cell adhesion and tumour growth [468]. The 

invasion capacity was increased in the over-expression clones as demonstrated 

earlier in this chapter. The gene expression changes in MMPs and TIMPl may go 

some way in validating this change, as TIMPl was decreased under normoxia and 

hypoxia. This reflects other research where a decrease in TIMPl and increase in
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MMP9 was observed in a breast carcinoma cell line, resulting in an increased 

invasion capacity of the cells [469].

A number of genes were validated by qPCR; c-Myc, p53, S100A4. The 

reasoning behind this was that they can be altered by inflammation and are involved 

in cancer; c-myc and p53 were part of a five gene change that conferred malignancy 

in a HBEC cell line [413], and p53 mutations are increased in lung cancer [28]. 

S100A4 has a role in tumour progression and metastasis and is involved in breast 

[445] and NSCLC [470] metastases. There was no correlation between the qPCR 

expression of p53 and c-Myc, although the expression of S100A4 was somewhat 

correlated. Although arrays are an important and valuable tool in research and in 

high through put screening models, they do have limitations. In this case, the array 

contained 84 genes involved in six cancer pathways. While this gives a wide range of 

gene expression data, it is limited by the fact that each gene is in one well only and 

the genes are not assayed in triplicate. In this instance, genes must be carefully 

selected from array gene data and always validated by qPCR. Using qPCR to 

examine the three genes selected, there was no difference in p53 mRNA expression, 

however, there was a increasing trend in the expression of S100A4 and c-Myc in the 

over-expression clones compared to the EVC under normoxia and hypoxia. Further 

validations are required on other genes of interest.

The cell line model that has been developed is an exciting opportunity to 

investigate the role of TNF-a and EL-ip and hypoxia in the process of lung 

carcinogenesis. Some limitations should be noted, in that TNF-a and IL-ip [268,269] 

can induce H IFl-a even under normoxic conditions by stabilising the protein, which 

is dependent on NF-kB activation. This may mean that having cells under hypoxia 

long term may not be needed. The plasmid over-expressing both TNFa and IL-1(3, 

demonstrated a problem with its IL-lp secretion, although it may not have been 

necessary to construct a plasmid containing TNFa/IL-ip as TNF-a can induce the 

decoy IL-1R2 and, therefore, may hinder IL-ip release and signalling [471].

After three months of growth the HBEC cell line, when exposed to chronic 

inflammation and hypoxia, displayed increased cell growth rate, a clear increase in 

invasion and adhesion potential as well as increases in key genes involved in lung 

cancer such as S100A4 and c-Myc. Further studies are warranted to examine 

molecular and cellular changes at a later growth time point.
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Chemokine expression and epigenetic 

regulation in NSCLC
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5.0 Introduction

The CXC chemokines consist of at least 16 family members (CX CLl-16), which 

signal predominantly through six receptors, although for some, the receptor is still 

unknown [167]. The CXC family are sub-divided into pro (ELR"^) or anti (ELR‘) 

angiogenic chemokines, based on the presence or absence of the ELR motif [194], 

This project will concentrate on CXCLl-3, 8, CXCRl and CXCR2, all of which are 

part of the CXC (ELR"^) family. Although all of these chemokines signal through 

CXCR2, CXCLl and 8 can also signal through CXCRl, however, they have a 

greater affinity for CXCR2 [472]. CXCR2 would appear to be the more important 

receptor in terms of the angiogenic capabilities of chemokines [171].

Chemokines found within the tumour microenvironment are thought to play 

at least five roles in the development of tumours and metastastic disease; (a) they 

control leukocyte infiltrate, (b) modify tumour immune response, (c) regulate 

angiogenesis, (d) operate as a growth and survival factor, and (e) direct the 

movement of tumour cells themselves [473]. The CXC (ELR"^) ligands and receptors 

are particularly important in mediating NSCLC tumour associated angiogenesis 

[474-477] and organ specific metastases [176]; in pancreatic cancer, they regulate 

adhesion, migration and proliferation of cancer cells [478]. They have also been 

shown to play roles in ulcerative colitis, reperfusion injury, bronchiolitis obliterans 

syndrome and COPD [479,480].

This chemokine family displays a relationship with two of the most important 

infiammatory c}1;okines, IL-ip and TNF-a. IL-ip can up-regulate the CXC 

chemokines via the activation of NF-kB [481], and the angiogenic ability of IL-1(3 in 

NSCLC is thought to be due to its downstream activation of CXCR2 [482]. IL-1(3 

can induce chemokine expression through the stabilisation of the mRNA [483]. Both 

TNF-a and IL-ip can increase the expression of CXCLl-3 and 8 in a variety of cells 

[484-486], including airway smooth muscle cells [487]. NF-kB activity is a master 

regulator of inflammatory response, and in lung cancer is critical for the production 

of the CXC (ELR"^) chemokines [177]. Overproduction of polymono-nuclear cells 

(PMN) is implicated in emphysema, which is propagated in part by CXCLl [488]. 

The expression of CXCLl-3 correlates with the recruitment of neutrophils in the 

lung [489]. In terms of cancer CXCLl has been detected in NSCLC biopsy 

specimens [490], colorectal cancer, [153] and is an autocrine growth factor for 

melanoma cells [491]. The increase in CXCLl in melanoma is attributed to the 

constitutive activation of NF-kB [492], while the reduction of CXCLl decreased
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prostate cancer growth, through the attenuation of angiogenic activity [191]. 

However, CSE appears to down-regulate CXCLl and CXCL2 [493].

CXCL8 is one of the most studied members of the CXC (ELR"^) family, 

particularly in lung cancer. CXCL8 was identified in a gene expression signature that 

was predicative of poor prognosis in patients with stage I lung cancer [494]. The 

levels of CXCL8 are significantly increased in malignant pleural effusions [495] and 

NSCLC [474,496], where it seems to increase with stage [497] and correlate with 

patient survival/relapse [498]. The role of CXCL8 in carcinogenesis has been 

confirmed in molecular studies, where CXCL8 inhibition reduced tumourigenesis in 

murine models [171,204], and was directly linked to a reduction in tumour 

angiogenesis. Smoking/CSE has also been shown to increase CXCL8 production 

[499], and as such, links CXCL8 to airway inflammation [493]. In addition, airway 

cells can produce CXCL8 in response to bacteria, where it recruits neutrophils [500]. 

This demonstrates that CXCL8 has a role in innate host defence of the lung, where it 

is also involved in allergic inflammation and asthma [501]. As mentioned in previous 

chapters, MMPs are important for the invasive capacity of cells, and CXCL8 is 

involved in invasion through up-regulation of MMP2 [502] and MMP9 [503], thus, 

cells that express CXCL8 are of a highly metastastic phenotype [503]. This induction 

of MMPs is another mechanism mediated by CXC (ELR^) chemokines to promote 

angiogenesis [171]. Depending upon circumstance, CXCL8 can be viewed as having 

the potential to mediate both desirable and undesirable biological effects, within the 

confines of cancer progression.

The putative angiogenic receptor for CXCL8 and the other CXC (ELR"^) 

chemokines is CXCR2 [504]. Blocking of this receptor leads to a decrease in 

angiogenesis in pancreatic cancer [505], and a significant inhibition of human 

melanoma tumour growth and experimental lung metastases in CXCR2-/- mice, as 

well as a reduction in angiogenesis [506]. Within the setting of the lung, cancer 

growth and metastatic potential is down-regulated in several mouse CXCR2-/- 

models [506,507]. CXCLl and 8 bind to DARC, however, this binding does not 

transduce a signal [167]. Currently, studies with DARC suggest that it acts by 

’mopping’ up chemokines and, therefore, reducing their signalling capacity. Over

expression of DARC, led to increased tumour growth, however, this was due to large 

necrotic areas within the tumour [202,508].

Targeting epigenetic regulatory mechanisms in NSCLC is an active area of 

pharmaceutical research; DNA CpG methylation and histone modifications are two

188



of the most common epigenetic changes found in lung cancer [509]. The 

hypermethylation of promoter CpG islands causes the silencing of tumour suppressor 

genes such as p l6  and RASSFIA in lung [31]. Half of all CpG islands associated 

with homeobox genes were found methylated in adenocarcinoma lung cancer cell 

lines [338], while over 200 genes in NSCLC were shown to be epigenetically 

regulated by both DNA CpG methylation and histone acetylation [510].

In in vitro experiments, DAC, a DNA methyltransferase inhibitor, and/or 

TSA, a specific inhibitor of histone deacetylases, can reactivate the transcription of 

certain genes [511]. Elevated levels of HDACI have been observed in higher stage 

(III or IV) NSCLC [512]. A more recent study has observed high expression of all 

class I HD AC in the lung [513]. Using antibody arrays, HDAC3 protein was elevated 

in 92% of squamous cell carcinoma in the lung [514]. The prognostic influence of 

epigenetic changes involving histones is greater in early stage NSCLC. These 

modifications predict prognosis in NSCLC [515]. HD AC have been shown to be 

over-expressed in gastric [516] and SCC of the oesophagus [517].

TSA was originally identified as an antifungal drug, but was subsequently 

shown to be a potent inhibitor of class I HDACs [518], In murine models, it can 

reduce inflammation caused by allergic asthma [519] and suppress synovial 

inflammation and subsequent cartilage destruction [353], through a decrease of 

MMP3 and an increase in TEMPI [353]. However, in some cases, HDACi have also 

shown pro-inflammatory effects in certain conditions such as diabetes and stroke 

[335,520]. HATs and HDACs are critical regulators of NF-kB; both cell type and 

HDACi specificity may effect NF-kB mediated responses [335]. Mapping epigenetic 

changes in NSCLC, such as DNA methylation and histone post translational 

modifications, may provide predictive and prognostic value and, ultimately, a 

therapeutic benefit to patients.

The aim of this chapter was to determine the expression levels of CXCLl-3, 

8 and CXCRl/2 in a panel of normal and lung cancer cell lines in response to (a) 

hypoxia, (b) HDACi, (c) DNA methytransferase inhibition and (d) expression 

patterns in a number of normal/tumour matched patient samples. Together, this will 

determine if this angiogenic family can be targeted epigenetically, and also to 

establish the chemokine expression in normal/tumour samples.
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5.1. Results

5.1.1. Expression of CXC (ELR"̂ ) mRNA in a panel of cell lines

A panel of normal (HBEC3, 4, 5, BEAS2B) and lung cancer cell lines - A549 

(adenocarcinoma), SKMES-1 (squamous cell carcinoma), H460, H647 and H I299 

(all large cell carcinoma) - were screened for basal expression of C X C L l, 2, 3, 8, 

CXCRl and 2, at the mRNA level.

Total RNA was isolated from cells, which had been serum starved overnight 

in media containing 0.5% FBS (lung cancer cells only) and had reached 

approximately 80% confluency. cDNA was synthesised by reverse transcription of 

the isolated RNA samples. mRNA expression was then examined by PCR analysis of 

these samples. Expression of C X C L l-3 and CXCL8 was moderate to high in the 

lung cancer cell lines except for H I299 (Fig 5.1). C X C L l-3 and CXCL8 expression 

was moderate in the three HBEC cell lines. Weak expression of CXCR2 was 

observed in the lung cancer cell lines, while CX CRl was absent. In the HBEC cell 

lines, the expression of the receptors was low to moderate. PCR’s were also set up 

for (3-actin, to control for loading efficiency and for quantitative purposes.

Based on these observations, the three HBEC cell lines along with A549 and 

SKMES-1 were taken for further study. The HBEC cell lines were derived from 

different donors, to allow for comparison between normal cell lines, and as they were 

immortalised in the absence of viral onco-proteins, they can be considered as a better 

‘normal standard’ compared to BEAS2B, which was generated using SV40. A549 

and SKMES-1 were chosen as they are derived from the most common sub-types in 

NSCLC. This panel of cell lines allowed for comparisons between normal and cancer 

cell types.

5.1.2. Effects of hypoxia on CXC (ELR"̂ ) mRNA expression

A panel of five cell lines were chosen (HBEC3-5, A549 and SKMES-1) for further 

examination. To examine whether CX CLl-3, 8, C X CRl and CXCR2 mRNA 

expression was changed under hypoxic (0.5% O2) conditions, cells were seeded at 1 

xlO /T75 cm flask and left to adhere overnight. The following morning, cells were 

incubated in normoxia or hypoxia for a period of 24 h. The lung cancer cells were 

serum starved (media containing 0.5% FBS) for 24 h, prior to placement into the 

hypoxic chamber.

Supernatants were removed from the flask and centrifuged briefly to pellet 

any dead cells. The cell pellet (if any) was included in the total RNA isolation. The
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Fig 5.1: Expression of C X C l-3, 8, CX CRl and 2 mRNA in a panel of normal and lung cancer cell lines. RNA was isolated from the panel of cell lines, 

and cDNA was generated from the RNA. A PCR was carried out to examine the expression of C X C L l-3, 8, CXCRl and 2 at the level of the mRNA 

transcript. A PCR was also carried out for P-actin in all samples to determine loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). A 

negative sample was set-up with sterile water to control for contamination (NEG). PCR reactions were loaded in the remaining lanes.

(CXCLl -  324 bp, CXCL2 -  324 bp, CXCL3 -  324 bp, CXCL8 -  297 bp, CXCRl -  512 bp, CXCR2 -  300 bp, p actin 560bp)
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supernatants were stored at -20°C until required. Total RNA was reverse 

transcribed into cDNA, and the mRNA expression of CXCLl-3, 8 and CXCRl-2 

was examined by RT-PCR analysis. Experiments were carried out in triplicate and 

densitometry performed using TINA (Version 2.09c) software. A representative gel 

is shown in Fig 5.2. Hypoxic values were compared to normoxic densitometry values 

and analysed using a paired two tailed student t-test using InStatS (Version 3.0) 

(Appendix V - Table 5.1). The mRNA expression was normalised to P-actin controls, 

and was expressed as a ratio of target protein expression: (3-actin expression. This 

method was followed in all subsequent densitometry analysis.

Relative to normoxic controls, hypoxia had various effects between both the 

normal and lung cancer cell lines at the mRNA level (Fig 5.2). All of the normal cell 

lines expressed the chemokine family under normoxic conditions. The expression of 

CXCRl and 2 were absent in the lung cancer cell lines under normoxia. In HBEC3 

all chemokines were down-regulated under hypoxia except for CXCR2. There was a 

significant (p<0.05) reduction of CXCLl, 3, and 8 under hypoxia (Appendix V - 

Table 5.1). In HBEC4, the chemokines were predominantly up-regulated under 

hypoxia (p<0.05 -  CXCLl, CXCL8), except for CXCL2 and 3. The last normal cell 

line (HBEC5) showed a decrease in CXCLl, 3 and CXCR2 (p<0.05 -  CXCL3, 

CXCR2) and an increase in CXCL2, CXCL8 and CXCRl under hypoxia (p<0.05 -  

CXCRl). The patterns of expression between the lung cancer cell lines were slightly 

different. In A549, CX CLl-3 was down-regulated and the mRNA for the remaining 

members were increased (p<0.05 -  CXCRl). On the other hand, all chemokines were 

up-regulated in SKMES-1 under hypoxia (p<0.05 -  CXCL3, CXCRl).

These results would suggest that the chemokines are regulated by hypoxia; 

however, the effect of this regulation is cell line dependent. For clarity, the results are 

represented as a heat map in Fig 5.2A.

5.1.3. Effects of TSA on CXC (ELR^) mRNA expression in normoxia

The chemokines and their receptors play important roles in angiogenesis in lung 

cancer, consequently making them an attractive therapeutic target in this disease. To 

examine whether chemokine expression could be epigenetically targeted, cell lines 

were treated with an HDACi, Trichostatin A (TSA). Cells were seeded at 1 xlO^/T75 

cm^ flask and left to adhere overnight. The lung cancer cells were serum starved 

(media containing 0.5% FBS) for a further 24 h. The subsequent day, cells were 

treated with TSA (250 ng/mL) for 16 h.
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Fig 5.2: The mRNA expression o f C X C Ll-3, 8, CX CRl and 2 under normoxia and hypoxia. The image is representative of three independent 

experiments. cDNA was generated from the isolated RNA, and a PCR carried out to examine the expression of C X C Ll-3, 8, CXCRl and 2 at the level 

of the mRNA transcript. A PCR was also carried out for P-actin in all samples to determine loading efficiency. A IKb-Plus DNA ladder was loaded in 

lane 1 (M). A negative sample was set-up with sterile water to control for contamination (NEG). PCR reactions were loaded in the remaining lanes. 

(CXCLl -  324 bp, CXCL2 -  324 bp, CXCL3 -  324 bp, CXCL8 -  297 bp, CXCRl -  512 bp, CXCR2 -  300 bp, p actin -  510 bp)
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Fig 5.2A: Heat map of chemokine expression normoxia hypoxia. There was no

basal expression of CXCRl or 2 in A549 or SKMES-1. (N -  normoxia, H -  hypoxia,

N/D -  not detected) (* - significant result based on a paired two-tailed t-test)
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Supernatants w ere rem oved from the flask and centrifuged briefly to pellet 

any dead cells. The cell pellet ( if  any) was included in the R N A  isolation. The 

supernatants were stored at -20°C . The R N A  was reverse transcribed into cD N A , and 

subsequently, the m R N A  expression o f  C X C L l-3 , 8 and C X C R l-2  w ere exam ined  

by PCR analysis. Experim ents were carried out in triplicate and densitometry  

analysis performed and analysed (Appendix V - Table 5 .2). A  representative gel is 

shown in Fig 5.3. C ells treated with T SA  were com pared to untreated control, using a 

paired tw o tailed student t-test.

The response to T SA  was similar for H BEC3, 4  and A 549  and SK M ES-1. 

C X C L l-3  was down regulated in all o f  these cell lines (H BEC3, p<0.05 - C X C L l), 

and the expression o f  C X C L8 and the tw o receptors were induced (H BEC 3, p<0.05 -  

CXCL8; SK M E S-1, p<0.01 -  CXCL8; A 549, p <0.05 -  CX C R 2; SK M E S-1, p<0.01 

-  C X C R l-2 ). An induction o f  all chem okines was observed in H BEC5 (p<0.01 -  

C XC L8). A heat map o f  results is shown in Fig 5 .3A . T SA  re-activated the 

expression o f  both receptors in the lung cancer cell line, suggesting that these 

receptors are regulated epigenetically  via histone post translational m odifications.

5.1.4. Effects of TSA on CXC (ELR" )̂ mRNA expression in hypoxia

M ost solid  tumours contain a region o f  hypoxia, which aids in the m etastasis o f  

various tumour types. A s chem okine expression was varied under hypoxic  

conditions, it was exam ined whether T SA  could effect their expression under 0.5%  

O 2. C ells were seeded at 1 xlO^/T75 cm'̂  flask and left to adhere overnight and then 

placed into the hypoxic chamber for 24 h. The lung cancer cells were serum starved 

(m edia containing 0.5%  FB S) under hypoxic conditions during this time. 

Subsequently, ce lls  were treated with T SA  (2 5 0  ng/m L) for 16 h under both 

norm oxia and hypoxia.

Supernatants were rem oved from the flask and centrifuged briefly to pellet 

any dead cells. The cell pellet ( if  any) was included in the R N A  isolation. The 

supernatants were stored at -20°C . The R N A  was reverse transcribed into cD N A , and 

subsequently, the m R N A  expression o f  C X C L l-3 , 8 and C X C R l-2  were exam ined  

by PCR analysis. Experim ents were carried out in triplicate and densitom etry  

analysis performed and analysed (Appendix V - Table 5 .3). A representative gel is 

shown in Fig 5.4. C ells treated with T SA  were com pared to untreated control, using a 

paired tw o tailed student t-test.
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Fig 5.3 : The mRNA expression of C X CLl-3, 8, CXCRl and 2 after TSA treatment under normoxia. The image is representative of three independent 

experiments. Cells were treated with TSA (250 ng/mL) for 16 h. cDNA was generated from the isolated RNA, and a PCR carried out to examine the 

expression of CXCLl-3, 8, CXCRl and 2 at the level of the mRNA transcript. A PCR was also carried out for p-actin in all samples to determine 

loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). A negative sample was set-up with sterile water to control for contamination 

(NEG). PCR reactions were loaded in the remaining lanes. (UT -  untreated, TSA -  Trichostatin A)

(CXCLl -  324 bp, CXCL2 -  324 bp, CXCL3 -  324 bp, CXCL8 -  297 bp, CXCRl -  512 bp, CXCR2 -  300 bp, p actin -  510 bp)
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Fig 5.3A; Heat map of chemokine expression TSA vs. UT. (Normoxia). There was 

no basal expression of C X C R l/2 in A549 or SKMES-1. (UT -  Untreated, TSA -  

Trichostatin A, N/D -  not detected) (* - significant result based on a paired two- 

tailed t-test)
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Fig 5.4 : The mRNA expression of C X C L l-3, 8, C X C R l, 2 after TSA treatment under hypoxia. The image is representative of three independent 

experiments. Cells were treated with TSA (250 ng/mL) for 16 h. cDNA was generated from the isolated RNA, and PCR carried out to examine the 

expression of C X C L l-3, 8, CX CRl and 2 at the level of the mRNA transcript. A PCR was also carried out for P-actin in all samples to determine 

loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). A negative sample was set-up with sterile water to control for contamination 

(NEG). PCR reactions were loaded in the remaining lanes. (UT -  untreated, TSA -  Trichostatin A) (CXCLl -  324 bp, CXCL2 -  324 bp, CXCL3 -  324 

bp, CXCL8 -  297 bp, C X C R 1 -  512 bp, CXCR2 -  300 bp, p actin -  510 bp)
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The response to TSA under hypoxic conditions was quite similar to that of 

normoxia. There was an increase observed in CXCL8, CXCRl and 2 in all cell lines 

(HBEC5, p<0.01 -  CXCL8; HBEC3, 4, SKMES, p<0.05 -  C X C R l; HBEC5, p<0.01 

-  C X C R l; HBEC5, p<0.05 -  CXCR2). In comparison to the effect under normoxia 

CXCLl was increased with TSA under hypoxia in HBEC3 (p<0.05). HBEC5 had 

significant induction of CXCLl and 8 (p<0.05, p<0.01 respectively), a trend which 

had been witnessed under normoxia. As in normoxia, there were significant 

decreases observed in CXCLl and CXCL2 (HBEC4, p<0.05; SKM ES-1, p<0.05 -  

C X C Ll). A heat map of results is shown in Fig 5.4A.

These results suggest that the effect of TSA was mediated by hypoxia in 

certain genes, possibly due to dynamic chromatin change under this condition.

5.1.5. Effects of TSA on CXCLl and CXCL8 protein expression under 

normoxia and hypoxia

To determine whether the effect of hypoxia and/or TSA treatment translated through 

to protein secretion, the levels of CXCL2 and CXCL8 were determined in 

supernatants collected (sections - 5.1.2, 5.1.3 and 5.1.4). CXCL2 and CXCL8 were 

chosen as they were demonstrated to be part of an 80 gene classifier, which 

distinguished between smokers with and without lung cancer [521].

Proteins from these supernatants were quantified by ELISA. The samples 

were assayed in triplicate and values obtained by interpolation from a standard curve 

(Appendix II). The CXCL2 was measured at 405 nM (Fig 5.5) and CXCL8 ELISA 

(Fig 5.6) at 492 nM. Statistical analysis was determined using a two tailed paired 

student t-test (Normoxia vs. Hypoxia, Normoxia (UT \’5. TSA), Hypoxia (UT vs. 

TSA).

Overall, the protein values for CXCL2 (Fig 5.5) were similar to the 

observations seen for mRNA, with the following exceptions; HBEC3 (Hypoxia V5. 

TSA - 720 ± 25 pg/mL vj'. 665 ± 47 pg/mL) and the lung cancer cell lines (Normoxia 

hypoxia; A549 353 + 70 pg/mL vs. 375 ± 20; SK M ES-1 86 + 3 pg/mL vs. 72 + 3 

pg/mL). While these protein levels were different from the mRNA levels, they were 

not significant. Values are given as mean + SEM. There was a significant decrease 

(p<0.05) under normoxia when TSA was compared to UT; HBEC3 (732 + 16 pg/mL 

V5. 640 + 26 pg/mL) and SKM ES-1 (86 + 3 pg/mL V5. 73 ± 1 pg/mL). In HBEC4 

there was a significant decrease of CXCL2 between untreated hypoxia vs. normoxia 

(p<0.05, 859 + 6 pg/mL ix  953 + 5 pg/mL).
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Fig 5.4A: Heat map of chemokine expression TSA vs. UT (Hypoxia). There was no basal 

expression of CXCRl/2 in A549 or SKMES-1. (UT -  untreated, TSA- Trichostatin A, N/D -  

not detected) (* - significant result based on a paired two-tailed t-test)
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SKMES-1
100-1
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Fig 5.5 : CXCL2 protein values. Supernatants were collected from normoxic (21% 

O2) and hypoxic (0.5% O2) conditions with and without TSA treatment, HBEC3 (A), 

HBEC4 (B), HBEC5 (C), A549 (D) and SKMES-1 (E). The samples were quantified 

using a CXCL2 ELISA. Values are per 1 x 1 0 ^  cells seeded. Statistical analysis was 

carried out using a paired two tailed student t-test. Data is expressed as mean + SEM. 

(£ p<0.05 normoxia (TSA vs. UT), 00 p<0.05 hypoxia UT V5 . normoxia UT, n=3).

(UT -  untreated, TSA -  Trichostatin A (250 ng/mL)
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These values correlate with those observed at the mRNA level. Basal levels of 

CXCL2 were much higher in the normal cell lines compared to the lung cancer cell 

Unes.

The protein values for CXCL8 were similar to the trends observed at the 

mRNA level, except for HBEC3 and HBEC4 (Hypoxia v5. Normoxia) and A549 

[normoxia (TSA vs. UT)], however, they were not significant (Fig 5.6). There were 

significant increases in CXCL8 in the following:

(a) p<0.05 - Normoxia (TSA V5. UT); HBEC3 193 + 17 pg/mL V5. 95 + 5 pg/mL; 

HBEC5 261 + 11 pg/mL V5. 55 + 16 pg/mL),

(b) p<0.01 - hypoxia (TSA V5. UT); HBEC3 (422 + 87 V5. 191 + 94 pg/mL); HBEC5 

(310 + 33 V5. 125 + 32 pg/mL), and in HBEC4 (p<0.05 - 830 + 29 V5. 601 + 24 

pg/mL).

(c) The changes in protein expression of CXCL8 in SKMES-1 was also significant 

[(p<0.05- normoxia (TSA vs. UT): 22 + 3 vs. 9.5 + 1 pg/mL; p<0.01 Hypoxia vs. 

normoxia; 2 8 + 1  vs. 9.5 + 1 pg/mL].

Again, the basal levels of CXCL8 were much higher in the normal cell lines 

compared to the lung cancer cells.
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Fig 5.6 : CXCL8 protein values. Supernatants were collected from normoxic (21% 

O2 ) and hypoxic (0.5% O2 ) conditions with and without TSA treatment, HBEC3 (A), 

HBEC4 (B), HBEC5 (C), A549 (D) and SKMES-1 (D). The samples were quantified 

using a CXCL8 ELISA. Values are per 1 x 10® cells seeded. Statistical analysis was 

carried out using a paired two tailed student t-test. Data is expressed as mean ± SEM. 

(8 p<0.05 normoxia (TSA vs. UT), 0 0  p<0.05 hypoxia UT vs. normoxia UT, V|/ p< 

0.01 hypoxia (UT V5. TSA), 6 p<0.05 hypoxia (UT vs. TSA), n=3).

(UT -  untreated, TSA -  Trichostatin A (250 ng/mL)
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5.1.6. Comparison of effects of HDACi on the CXC (ELR"̂ ) mRNA expression

To examine whether the effect of TSA was a HDACi specific effect, three cell lines 

(HBEC4, A549 and SKMES-1) were treated with another HDACi, phenylbutyrate 

(PB). Cells were seeded at 1 xlO^/T75 cm^ flask and left to adhere overnight. The 

lung cancer cells were serum starved (media containing 0.5% FBS) for 24 h before 

drug treatment. The subsequent day, cells were treated with PB (10 mM) for 16 h.

The RNA was reverse transcribed into cDNA, and subsequently the 

expression of CXCLl-3, 8 and CXCRl-2 were examined by PCR analysis. 

Experiments were carried out in triplicate and densitometry analysis performed and 

analysed (Appendix V - Table 5.4). A representative gel is shown in Fig 5.7. Cells 

treated with PB were compared to untreated control, using a paired two tailed student 

t-test.

Treatment with PB resulted in the same expression pattern in HBEC4, as was 

observed with TSA treatment. There was a down regulation of CXCLl-3 with PB 

(p<0.05 - CXCLl, CXCL3; p<0.01 CXCL2,), and a further induction of CXCL8 and 

the receptors (p<0.01 - CXCRl). hi contrast, PB up-regulated all chemokines 

including CXCLl-3, which were down regulated by TSA (p<0.05 - CXCL3, 

CXCR2; p<0.01- CXCL8) inA549. Lastly in the SKMES-1 cell line, the expression 

pattern observed with PB treatment was similar to TSA; down-regulation in CXCL2, 

and an induction of CXCL8 and the receptors (p<0.01 - CXCL8, CXCRl and 

CXCR2), however, CXCLl and 3 was increased by PB. Overall, the responses 

observed are similar to TSA. A heat map showing the responses observed between 

the two HDACi is in Fig 5.7A.

5.1.7. Effects of CHX on CXC (ELR^) mRNA expression

The data strongly suggests that the CXC (ELR" )̂ chemokines and their receptors 

appear to be under epigenetic control. To determine if this was an immediate or early 

response to TSA, a cyclohexamide (CHX) treatment was performed. CHX is an 

antibiotic, which prevents de novo protein synthesis. A549 cells were seeded at 1 

xlO /T75 cm flask and left to adhere overnight and then serum starved (media 

containing 0.5% FBS) for 24 h before drug treatment. The subsequent day, cells were 

divided into four groups (a) untreated, (b) TSA (16 h), (c) CHX (16 h) or (d) CHX 

pre-treatment for 2 h before the addition of TSA for 16 h.
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Fig 5.7: The mRNA expression of CXCLl-3, 8 and CXCRl, 2 after PB treatment. 

The image is representative of three independent experiments, HBEC4 (A), A549 (B) 

and SKMES-1 (C). Cells were treated for 16 h with 10 mM PB. cDNA was 

generated from the isolated RNA, and a PCR carried out to examine the expression 

of CXCLl-3, 8 and CXCRl and 2 at the level of the mRNA transcript. RT-PCR was 

also carried out for P-actin in all samples to determine loading efficiency. A 1Kb- 

Plus DNA ladder was loaded in lane 1 (M). A negative sample was set-up with 

sterile water to control for contamination (NEG). PCR reactions were loaded in the 

remaining lanes.

(CXCLl -  324 bp, CXCL2 -  324 bp, CXCL3 -  324 bp, CXCL8 -  297 bp, CXCRl -  

512 bp, CXCR2 -  300 bp, P actin -  560 bp)

(UT -  untreated, PB -  phenylbutyrate)
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Fig 5.7A: Heat map comparing the effect of TSA and PB on chemokine expression. 

There was no basal C X C R l/2 expression in A549 and SKMES-1.

(UT -  untreated, TSA -  Trichostatin A, PB -  phenylbutyrate, N/D not detected) (* - 

significant result based on a paired two-tailed t-test -  TSA vs. UT, PB vs. UT)
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The supernatant was centrifuged briefly and the pellet (if any) was included 

in the RNA isolation. The RNA was reverse transcribed into cDNA, and 

subsequently, the mRNA expression of C X C Ll-3, 8 and CX CRl-2 were examined 

by PCR analysis. Experiments were carried out in triplicate. A representative gel is 

shown in Fig 5.8.

The same basal and TSA treated expression patterns were observed as before. 

CHX treatment ‘super-induced’ C X C Ll-3 and 8; this phenomenon has been 

witnessed before with cytokines. The receptors were not induced by CHX, which 

was to be expected. As the level of CXCL8, CX CRl and 2 was the same in the TSA 

sample compared to the combined treatment sample, this experiment did not 

elucidate the effect o f TSA.

5.1,8. Effects of TSA on the promoter region of CXCL8, CXCR2 and CXCRl

In order to determine whether the effect of TSA was an early and immediate 

response, a ChIP (chromatin immunoprecipitation) assay was performed. The A549 

cell line was treated with TSA for 16 h. After treatment, the cells were fixed with 

formaldehyde and suspended in SDS buffer. The samples were sonicated until DNA 

was fragmented into lengths of between 200 and 1000. Aliquots of sheared DNA 

were subsequently immunoprecipitated, according to manufacturer’s instructions. 

The antibodies used were as follows: pan-acetyl-histone H3, pan-acetyl-histone H4, 

acetyl-histone H3 (K9/14ac), acetyl-histone H3 (K9ac) and acetyl-histone H3 tri 

methylation marker (K4me3). ChIP primers were designed to span the promoter 

regions of CXCL8, CX CRl [522] and CXCR2. A PCR was then carried out on the 

Chip samples for the chosen genes. The ChIP products were run on a gel, CXCL8 

(Fig 5.8A), CXCRl (Fig 5.8B) and CXCR2 (Fig 5.8C). The ChIP assay results 

signify that CXCL8 and the receptors are epigenetically regulated by TSA directly 

remodelling the promoter regions, via acetylation at histone H3 and H4.
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Fig 5.8: The effect of CHX on chemokine expression. The mRNA expression of 

CXCLl-3, 8 and CXCRl, 2, after treatment with TSA and/or CHX. The image is 

representative of three independent experiments. Cells were pre-treated for 2 h with 

CHX before the addition of TSA for 16 h (BOTH). cDNA was generated from the 

isolated RNA, and RT-PCR carried out to examine the expression of CXCLl-3, 8 

and CXCRl and 2 at the level of the mRNA transcript. RT-PCR was also carried out 

for P-actin in all samples to determine loading efficiency. A IKb-Plus DNA ladder 

was loaded in lane 1 (M). A negative sample was set-up with sterile water to control 

for contamination (NEG). PCR reactions were loaded in the remaining lanes.

(CXCLl -  324 bp, CXCL2 -  324 bp, CXCL3 -  324 bp, CXCL8 -  297 bp, CXCRl -  

512 bp, CXCR2 -  300 bp, (3 actin -  560 bp)

(UT -  untreated, TSA -  Trichostatin A, CHX -  cyclohexamide, BOTH -  TSA and 

CHX)
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Fig 5.9: Chip assay results for the CXCL8, CXCRl and CXCR2. PCR was 

performed for CXCL8 (A), CXCRl (B) and CXCR2 (c). A549 cells were treated 

with TSA and the DNA isolated. The DNA was then processed by a ChlP protocol. 

The antibodies used in the ChIP assay were acetylated histone H3 (AcH3) and H4 

(AcH4), acetyl methyltransferase at lysine 14 (H3K14) and lysine 9 (H3K9), and the 

tri-metylation marker (H3K4 me). A IkB DNA ladder was loaded in lane 1 (M), the 

input DNA served as a positive control. A negative sample was set-up with sterile 

water to control for contamination (NEG).

(UT -  untreated, TSA -  Trichostatin A, n=l).
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5.1.9. Effects of DAC on CXC (ELR"̂ ) mRNA expression

The CXC (ELR^) chemokines and their receptors were shown to be epigenetically 

regulated through modification of histone proteins, with TSA directly remodelling 

the promoter region of CXCL8 and CXCRl and 2. Another major epigenetic 

modification is DNA methylation, which was examined in HBEC4, A549 and 

SKMES-1.

Cells were seeded at 1 xlO^/T75 cm^ flask and left to adhere overnight and 

then serum starved (lung cancer cell lines - media containing 0.5% FBS) for 24 h 

before drug treatment. To determine if methylation was involved in the regulation of 

this family, cells were treated with 1 |jM DAC (5-aza-2’ deoxycytidine), which is an 

irreversible DNA methytransferase inhibitor. Cells were treated for 48 h with DAC 

replaced every 24 h in fresh media

The supernatant was centrifuged briefly and the pellet (if any) was included 

in the RNA isolation. The RNA was reverse transcribed into cDNA, and 

subsequently, the mRNA expression of CXCLl-3, 8 and CXCRl-2 was examined by 

PCR analysis. A representative gel is shown in Fig 5.10. Experiments were carried 

out in triplicate. Densitometry values are given in Appendix V -  Table 5.5. DAC 

treatment was compared to untreated samples and statistical analysis performed 

using a paired two tailed student t-test.

In the HBEC4 cell lines, DAC treatment slightly reduced the expression of 

CXCLl and 2 and significantly reduced the expression of CXCL3 (p<0.05). DAC 

treatment resulted in an increase in CXCL8 and the induction of its two receptors. 

All three cell lines had increased expression of CXCL8 (p<0.05), CXCRl (p<0.05 -  

SKMES-1, p<0.01 -  HBEC4) and CXCR2 (p<0.05 -  A549/SKMES-1, p<0.01 

HBEC4). DAC demonstrated the ability to reactivate CXCRl expression in both 

lung cancer cell lines and CXCR2 in A549. This indicates that these receptors are 

regulated by CpG island methylation patterns; however, this is dependent on lung 

cancer sub-type.
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Fig 5.10: Effects of a DNMTi on the CXC (ELR'^) family gene expression. The 

mRNA expression of CXCLl-3, 8 and CXCRl and 2 were examined in HBEC4 (A), 

A549 (B) and SKMES-1 (C), after treatment with DAC. The image is representative 

of three independent experiments. Cells were treated with DAC (1 |j M) for 48 h with 

DAC replaced every 24 h. cDNA was generated from the isolated RNA, and RT- 

PCR carried out to examine the expression of CXCLl-3, 8 and CXCRl and 2 at the 

level of the mRNA transcript. RT-PCR was also carried out for P-actin in all samples 

to determine loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). 

A negative sample was set-up with sterile water to control for contamination (NEG). 

PCR reactions were loaded in the remaining lanes.

(UT -  untreated, DAC -  5-aza-2’ deoxycitidine)

(CXCLl -  324 bp, CXCL2 -  324 bp, CXCL3 -  324 bp, CXCL8 -  297 bp, CXCRl -  

512 bp, CXCR2 -  300 bp, p actin -  560 bp)
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5.1.10. Effects of CXCL8 on proliferation of a NSCLC and HBEC cell line

As previously mentioned the CXC (ELR"^) chemokines are important in neo- 

vascularisation and metastasis. Previous sections have shown that this family is 

epigenetically regulated. CXCL8 was up-regulated by TSA, PB and DAC, 

consequently, the effect of recombinant CXCL8 on proliferation was examined.

HBEC4, A549 and SKMES-1 cells were seeded in 96 well plates at 5 x 10  ̂

cells/well and left to adhere over night. The lung cancer cell lines were then serum 

starved (media containing 0.5% FES) for a further 24 h before treatment with 

CXCL8. The cell lines were treated with CXCL8 (0-400 ng/mL) for 24 h. 

Subsequently, the proliferation rate was quantified by a BrdU ELISA. The untreated 

cells were set as 100%, and the CXCL8 treatments assessed relative to this. Three 

independent experiments were carried out and statistical analysis performed using a 

paired two tailed student t-test.

In the HBEC4 cell line there was no significant change in proliferation (Fig 

5.11). There was a trend for a decrease in proliferation in the lung cancer cell lines 

relative to untreated control, which reached significance at 100 ng/mL (A549, p<0.01 

-  85.12% + 1.00%; SKMES-1, p<0.05 -  81.52% ± 2.18%). Values are given as mean 

+ SEM.

5.1.11. Expression profile of CXC (ELR^) in a panel of retrospective human 

tumour/normal matched cDNA samples

A panel of retrospective chemo naive tumour/normal matched protein from patients 

were analysed for the expression of CXCLl-3, 8, CXCRl and 2 at the mRNA level. 

The two major NSCLC sub-types were examined (a) adenocarcinoma (n=8) and (b) 

squamous cell carcinoma (n=10). The RNA was reverse transcribed into cDNA, and 

subsequently the mRNA expression of CXCLl-3, 8 and CXCRl-2 were examined 

by PCR analysis. Representative samples are shown for adenocarcinoma and 

squamous cell carcinoma in Fig 5.12. This figure shows representative up and down 

regulated samples. Densitometry values are given in Appendix V -  Table 5.6 

(adenocarcinoma) and 5.7 (squamous cell carcinoma). Tumour samples were 

compared to matched normal samples and statistical analysis performed using a 

paired two tailed student t-test. The densitometry values are represented graphically 

in Fig 5.13. A heat map detailing individual tumour response pattem is given in 

Appendix V -  Table 5.8.
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Fig 5.11: The proliferative effect of CXCL8. Cell proliferation was examined by 

BrdU assay following 24 h treatment with CXCL8 in HBEC4 (A), A549 (B), and 

SKMES-1 (C). Data is represented as a percentage of the untreated control (UT), 

which was set to 100%. Data is expressed as mean ± SEM. Statistical analysis was 

carried out using a paired two tailed student t-test. (e p<0.05 lOOng/mL vs. UT, 

oop<0.01 lOOng/mLvjf. UT)

(UT -  untreated)
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Fig 5.12; Representative images of the chemokine family mRNA expression in 

normal/tumour matched pairs. Samples were obtained from patients and total RNA 

isolated. cDNA was then generated and PGR carried out to determine the level of 

CXCLl (A), CXCL2 (B), CXCL3 (C) CXCL8 (D), CXCRl (E) and CXCR2 (F) at 

the mRNA transcript. RT-PCR was also carried out for P-actin in all samples to 

determine loading efficiency. Samples shown are representative of up and down 

regulated samples in adenocarcinoma (n=8) and squamous cell carcinoma (n=10).

(N -  Normal, T -  Tumour) (CXCLl -  324 bp, CXCL2 -  324 bp, CXCL3 -  324 bp, 

CXCL8 -  297 bp, CXCRl -  512 bp, CXCR2 -  300 bp, p actin -  560 bp)
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Fig 5.13: Densitometry analysis of the chemokine family in normal/tumour matched 

pairs at the mRNA level. PCR products were analysed for CXCLl (A), CXCL2 (B), 

CXCL3 (C), CXCL8 (D), CXCRl (E) and CXCR2 (F) using the TINA (2.09c) 

densitometry program. Data is expressed as mean + SEM. Adeno (adenocarcinoma) 

n=8, Squam (Squamous cell carcinoma) n=10, Both (adenocarcinoma and squamous 

cell carcinoma) n=18. Tumour (T) values were compared to normal (N) using a 

paired two tailed t-test. (e p<0.05 T vs. N)
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There was a significant reduction in CXCLl (p<0.05, T -  1.606 ± 0.503 v'5. N -  2.31 

± 0.354) and CXCL2 squamous cell carcinoma (p<0.05, T -  0.689 + 0.218 vs. N- 

1.987 ± 0.3426) tumour samples compared to normal. Values are given as mean ± 

SEM. Taking both tumour sub-types into account, CXCLl and CXCL3 were 

decreased in 72.2% (p<0.05 -  CXCL3 - 13/18), CXCL2 was reduced in 77.7% 

(p<005 - 14/18) and CXCL8 and the receptors were decreased in 55.5% (10/18) 

tumour samples, compared with control. Taken together, these results clearly indicate 

that the CXC (ELR^) pathway is disrupted in NSCLC.
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5.2. Discussion

A seed and soil hypothesis has been described suggesting that microenvironmental 

factors along with mechanical forces of the circulatory system were both 

determinants in site specific metastases spread [523,524], Chemokines possess this 

ability to promote organ specific metastases making them an attractive therapeutic 

target, particularly as 90% of cancer related deaths are due to tumour metastases. The 

CXC (ELR"^) chemokines are important, not only in lung cancer, but in other 

inflammatory lung diseases [525].

The chemokines were basally expressed in all cell lines except for CXCRl/2 

in the lung cancer cell lines at the mRNA level. In lung cancer cell lines, the 

expression was absent or too low for detection. Under conditions of hypoxia, the 

chemokines were differentially regulated in both the normal and lung cancer cell 

lines. Within the three normal cells, a clear pattern of mRNA expression was not 

evident, as the majority were decreased in HBEC3 (CXCLl-3, 8 and CXCR2) and 

increased in HBEC4 (CXCLl, 8, CXCRl and 2). The results for CXCL3 agree with 

those of another study, where TSA down-regulated its expression in CRC [526] and 

TSA demonstrated an up-regulation of CXCL8 in breast cancer cell lines [527], Of 

note, is that hypoxia induced expression of the two receptors in the NSCLC cell 

lines. This may be important as hypoxia has the ability to promote angiogenesis in 

lung cancer cells which may possibly be due to the up-regulation of the chemokine 

receptors. It has previously been shown that hypoxia can increase mRNA levels of 

CXCL8, CXCRl and CXCR2 in a prostate cancer cell line [522] , while CXCL8 has 

been shown to be increased by hypoxia in vascular smooth muscle cells [528], 

ovarian cancer cells [529], ocular cells [530] and pancreatic cells [531].

Targeting these chemokines under normoxia with a HDACi (TSA) resulted in 

an apparent mRNA pattern of expression between the normal and lung cancer cell 

lines, except for HBEC5. In the HBEC3/4 and the lung cancer cell lines, CXCLl-3 

were down-regulated and CXCL8 and the receptors were induced. In HBEC5, all 

chemokines were induced. TSA has previously been shown to up-regulate CXCL8 in 

a lung cancer cell line [532]. The reactivation of the receptors in the lung cancer cell 

lines would indicate that they are under epigenetic regulation at the level of histone 

modification. Treatment with TSA under hypoxic conditions resulted in the same 

pattern of expression for HBEC4, A549, and for the most part, in SKMES-1 and 

HBEC5. Hypoxia also had the ability to alter TSA- mediated effects. Hypoxia can 

remodel chromatin [533] and induces various transcription factors. It can also alter
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HDAC levels [534]. As such, under hypoxia, the transcription factors present may 

have been altered which may have led to a change of TSA induced gene expression. 

Of the three normal cell lines, HBEC4 demonstrated an expression pattern most 

similar to that of the lung cancer cell lines with TSA treatment. This may be 

explained by the fact that the HBEC4 donor went on to develop lung cancer and 

may, therefore, have a genetic pre-disposition to the disease or have a gene 

expression profile that is similar to a cancer type. When the HBEC3 cell lines were 

transformed, malignant clones developed into both adenocarcinoma and squamous 

cell carcinoma sub types [413].

The general dogma associated with HDACi is that they function to induce or 

up-regulate gene expression. However in this study, TSA caused both an up- and 

down- regulation of the chemokines, which was cell line specific. This down- 

regulation would appear to go against the central dogma of the role of a HDACi. 

Nonetheless, this study is not alone in finding a subset of genes down- regulated by 

TSA. For instance, it has been shown to down-regulate Wilms tumour gene 1 (W tl) 

[535], through proteasomsal degradation. TSA can, in fact, regulate the expression of 

only a small number of genes [536], including the up-regulation of p21, p53 and bad 

[380,537], and the down-regulation of bcl-2, H IFla, VEGF, p l6  and EGFR [538- 

540]. A second reason for this may lie in the limited availability of specific 

transcription factors, which results in only a certain number of up-regulated genes. It 

may also mean that the activation of CXCL8 leads to a down regulation to CXCLl-3, 

possibly through a molecular switch or via titration of transcription factors away 

form the promoter regions of the other genes. Another mechanism whereby TSA 

down regulates genes, is due to its effects in destabilising mRNA as in the case of 

EGFR [540]. The down-regulation of CXCLl-3 with TSA warrants further 

investigation in these cell lines. Had time permitted, a series of actinomycin D 

experiments would have gone some way to elucidating the mechanism of TSA’s 

effect on the chemokine family, and in determining whether a decrease in mRNA 

stability was involved.

To determine if the TSA effects observed under normoxia were HDACi 

specific, another HDACi (PB) was used for comparative proposes. In the HBEC4 

cell line, the expression pattern obtained with PB would suggest that the effect of 

TSA is HDACi specific. In the lung cancer cell lines, the effect was specific for 

CXCL8, CXCRl and 2 in both, and CXCL2 in SKMES-1. The other chemokines 

(CXCl-3 -  A549, CXCL1,3 -  SKMES-1) do not appear to be HDACi specific.
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However, it should be noted that PB is a pleotrophic short chain fatty acid, of which 

its many effects include that of HDACi. PB can act as a chaperone protein, which 

may account for some differences, although it would have been prudent to 

investigate the effect of a third specific HDACi such as Vorinostat, to completely 

clarify whether these changes in expression from TSA to PB are HDACi specific.

To examine if the effects of TSA were a direct effect, a CHX assay was 

performed. CHX is an antibiotic which prevents de novo protein synthesis, allowing 

for the determination of whether TSA is an early or late response e.g. is TSA directly 

responsible for the change or does it promote the transcription of another protein 

which in turn regulates these chemokines. CHX itself ‘super-induced’ the 

chemokines, except the receptor expression, at the mRNA level. Many genes 

including cytokines, exhibit ‘super-induction, where mRNA expression in response 

to various agents, is enhanced by translational blockers, such as CHX [541]. CXCLl, 

2, 3, and 8 were all super-induced by CHX. However, CHX was unable to prevent 

TSA mediated induction of CXCRl and 2, indicating that they are immediate early 

responses and are directly affected by HDACi.

To test this, a ChIP assay was performed on A549 TSA treated cells. ChIP 

primers were designed to the promoter regions of CXCL8, CXCRl and CXCR2. The 

results indicate that TSA remodels the promoter region of these genes. The results 

verify that TSA results in histone hyperacetylation around the promoter region, and 

chromatin remodelling is directly involved in regulating the CXC (ELR^) 

chemokines.

DNA methylation is also a major component in epigenetic regulation of gene 

expression. Hypermethylated DNA is often found in the promoter regions of TSG in 

cancers, particularly in lung cancer [542], The effect of DAC on CXC (ELR" )̂ 

mRNA expression was examined. DAC reactivated the expression of CXCRl and 2 

in the A549 cell line and CXCRl in the SKMES-1 line, suggesting that the receptors 

are epigenetically regulated at the level of CpG island methylation in addition to 

histone modifications. The regulation of the chemokines by DAC was cell line 

specific. For those which were up-regulated, it may indicate that the promoter region 

is partially hypermethylated; for those which were down-regulated it may suggest 

that DAC partially hypomethylates the promoter region. Of note, CXCLl was 

identified as part of a novel methylated marker in multiple malignancies including 

lung [543], which would correlate with what was observed for CXCLl in the lung 

cancer cell lines as DAC increased its expression.
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CXCL8 has many roles in cancer progression, particularly metastases through 

increased angiogenesis. In this study, CXCL8 is up-regulated by both DAC and TSA, 

which initially suggest that these epigenetic drugs are not favourable for use in the 

therapeutic treatment of NSCLC. To determine if CXCL8 had a proliferative effect, 

HBEC4, A549 and SKMES-1 were treated with various doses of CXCL8 for 24 h. In 

HBEC4, there was no change evident; however, in A549 and SKMES-1, there was a 

significant decrease in proliferation at a concentration at 100 ng/mL of CXCL8. 

Indeed, reports on the proliferative effect of CXCL8 on cancer cell lines have, in the 

past, been inconsistent. Some studies have shown that CXCL8 serves as a growth 

factor in lung cancer cell lines [204,544,545] and prostate cancer [546], however, 

another study indicated that higher levels of CXCL8 result in greater growth in A549 

cells [547]. In this study, although CXCL8 was epigenetically up-regulated in these 

cell lines, CXCL8 does not serve as a growth factor. Thus, epigenetic therapy could 

still be a viable option in the treatment of NSCLC.

In a panel of normal/tumour matched samples, the chemokines and receptors 

displayed an altered expression pattern between adenocarcinoma and squamous cell 

carcinoma samples. The mRNA level may not reflect the protein level and it would 

have been of great value to either IHC quantify tissue sections, measure CXC (ELR"*̂ ) 

levels in blood samples or at protein level using western blot. This would confirm the 

mRNA expression level, with the possibility of correlating values with patient 

survival/prognosis. Elevated levels of CXCL8 has been detected by IHC [548] and 

protein levels [494] in lung cancer when compared with normal. Although the overall 

average densitometry values (adenocarcinoma n=8, squamous cell carcinoma n=10) 

indicated a reduction of chemokines in the tumour samples, this was not true for 

every individual sample. It would be of benefit to follow this at protein level as 

increased CXCL8 in NSCLC is associated with poor survival [494], and it would be 

interesting to determine if this was the case in the patient population studies. Clearly 

for protein, blood or IHC measurement, a large increase in population size would be 

required.

If time had permitted, the inclusion of a clinically relevant HDCAi, 

Vorinsostat, would have added to the clinical value of the work. In addition to this, 

examination of these chemokines at the protein level in terms of blood and/or protein 

may have yielded a correlation with patient outcome/survival.

This study indicates that members of the CXC family are epigenetically 

regulated by histone post-translational modifications and DNA CpG methylation. It
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remains to be determined whether or not this represents a viable therapeutic target in 

NSCLC. Further investigations are required to further delineate the vital balance of 

these chemokines in NSCLC, and to determine if aberrant epigenetic regulation of 

these genes plays a role in NSCLC pathogenesis. Should this prove true, targeting the 

epigenetic mechanisms underpinning this pathway may be of therapeutic value in the 

treatment of NSCLC.
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Chapter 6:

IL-20 is epigenetically regulated in 

HBEC and NSCLC cells
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6.0 Introduction

IL-20 is a recently discovered member of the extended IL-10 family [205], which 

also includes 19, 22, 24, 26, 28 and 29 [215]. It is a pro-inflammatory cytokine, 

which plays a key role in skin biology, particularly psoriasis [236]. It is involved in 

other pathological conditions such as RA, atherosclerosis and lupus nephritis 

[216,549]. IL-20 can induce NO in blood vessel endothelial cells [231,239], and acts 

directly on CD4 and CDS positive T cells [225], reducing the development of 

specific T cell responses to DNA vaccines and contact allergens [225]. It is induced 

by IL-1(3 in human keratinocytes [550], through a MAPK and NF-kB dependant 

mechanism [230]. In addition, TNF-a up-regulates EL-20 expression in keratinocytes 

[205], and both EL-lp and TNF-a induce IL-20 in RA like synoviocytes [551]. 

Furthermore, a feedback loop exists between these three cytokines as EL-20 can 

induce their expression. A combination of EL-20 and EL-lp act synergistically to up- 

regulate pro-inflammatory genes such as TNF-a [205]. Therefore, the cancer 

promoting effects of TNF-a and IL-lp may in time be linked to their involvement 

with EL-20, which could be examined in the over-expression cell line model descibed 

in Chapter 4 at extended growth periods.

The majority of publications on this cytokine relate to skin or joint conditions 

and little knowledge surrounds its roles in cancer. Studies have shown its expression 

in a wide variety of cell types, particularly in lung and skin [219,236]. It is in the skin 

and lung that both a short and long form of IL-20 have been discovered, with the 

short form displaying more potent affects [239]. Expression of EL-20 has been found 

in breast and colon tissue [229], as well as bronchial epithelial cells [205,206,228]. 

As IL-20 has such a significant role in inflammatory skin biology, this would suggest 

that IL-20 may also have an inflammatory role in lung conditions and may, therefore, 

be a new therapeutic target for/in lung disease states involving inflammation.

In fact, IL-20 can activate STAT3, and this alone makes it an attractive 

cancer target. EL-20 activates STAT3 via two hetero-dimeric receptor complexes - 

EL-20RA/EL-20RB and IL-22R1/IL-20RB, with the skin and lungs displaying the 

most abundant expression of all three receptors [215,216,239]. STAT3 activation 

links inflammation and cancer as it is normally activated in inflammatory and cancer 

environments [29,552]. STAT3 is also a potent pro-oncogenic molecule, which if 

over-expressed leads to the formation of adenocarcinoma in mice and humans, and 

the majority of its down stream targets have been found to be potential biomarkers in 

cancer [553].
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Critically, IL-20 has been demonstrated to have either pro- or anti- 

angiogenic properties, but this would appear somewhat cell line and in vivo/in vitro 

dependant [228,239]. In this regard, most studies of IL-20 indicate that it is pro- 

angiogenic, while a recent study implicated it in the activation of human lymphatic 

endothelial cells causing tube formation via cell signalling through ERKl/2 [554], 

However, it has recently been shown to demonstrate, anti-angiogenic properties in 

NSCLC [228] and, as such, is a potentially interesting area of research in this 

disease, which may be targeted therapeutically by epigenetic means. The main aims 

of this chapter were to examine the expression of IL-20 and its receptors in a panel of 

cell lines and in normal/tumour matched adenocarcinoma and squamous cell 

carcinoma patient samples, and also to molecularly determine whether its expression 

was regulated via hypoxia, or epigenetically through treatment with PB, TSA and 

DAC.
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6.1. Results

6.1.1. Expression of IL-20 and its receptors mRNA in a panel of cell lines

A panel o f norm al (HBEC3, 4, 5, BEA S2B ) and lung cancer cell lines - A549 

(adenocarcinom a), SKM ES-1 (squam ous cell carcinom a), H460, H647 and H I 299 

(all large cell carcinom a) - were screened for basal expression o f IL-20, IL-20RA, 

IL-20RB and IL-22R1, at the m RN A  level.

Total RNA was isolated from  cells, which had been serum  starved overnight 

in m edia containing 0.5%  FBS (lung cancer cells only), and had reached 

approxim ately 80% confluency. cDNA was synthesised by reverse transcription of 

the isolated RNA samples. m RNA expression was then exam ined by PCR analysis of 

these samples. Expression o f IL-20 was m oderate to high in the normal cells lines 

and absent to very low in the lung cancer cell lines. IL-20RA expression was low in 

the normal cells and absent in the cancer lines. IL-20RB was strongly expressed in 

all cell lines. The expression o f IL-22R1 was m oderate in the normal cell lines and 

high in the lung cancer lines. PC R ’s were also set up for P-actin, for norm alisation 

and quantification purposes (Fig 6.1).

As in chapter 5, the three HBEC cell lines and the A549 and SKM ES-1 were 

used for further study.

6.1.2. Effects of hypoxia on IL-20 and its receptors mRNA expression

To exam ine w hether IL-20, IL-20RA, IL-20RB and IL-22R1 m RNA expression was 

changed under hypoxic (0.5%  O 2) conditions, cells were seeded at 1 xlO^/T75 cm^ 

flask and left to adhere overnight. The subsequent m orning, cells were incubated in 

norm oxia or hypoxia for a period o f 24 h. The lung cancer cells were serum  starved 

(m edia containing 0.5%  FBS) prior to insertion into the hypoxia chamber.

Supernatants were rem oved from  the flask and centrifuged briefly to pellet 

any dead cells. The cell pellet (if any) was included in the RNA isolation. The 

supernatants were stored at -20°C. Total RN A  was reverse transcribed into cDNA, 

and subsequently the expression o f IL-20, IL-20R A , IL-20RB and IL-22R1 m RNA 

was exam ined by PCR analysis. A representative gel is shown in Fig 6.2. 

Experim ents were carried out in triplicate and densitom etry analysis was perform ed 

using TINA (Version 2.09c) software.
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IL-20R .A

» I—■

Fig 6.1: Expression of IL-20, IL-20RA, IL-20RB and IL-22R1 mRNA in a panel of normal and lung cancer cell lines. RNA was isolated from the 

panel of cell lines, and cDNA was generated from the RNA. A PCR was carried out to examine the expression of IL-20, 1L-20RA, IL-20RB and IL- 

22R1 at the level of the mRNA transcript. A PCR was also carried out for P-actin in all samples to determine loading efficiency. A IKb-Plus DNA 

ladder was loaded in lane 1 (M). A negative sample was set-up with sterile water to control for contamination (NEG). PCR reactions were loaded in the 

remaining lanes.

(IL-20 -  526 bp, IL-20RA -  392 bp, IL-20RB -  406 bp, IL-22R1 -  354 bp, p actin 560 bp)

IL -2 0 R B

IL -22R 1

p A C T IN
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Fig 6.2: The mRNA expression of IL-20, IL-20RA, IL-20RB and IL-22R1 under normoxia and hypoxia. This image is representative of three 

independent experiments. cDNA was generated from the isolated RNA, and a PCR carried out to examine the expression of IL-20, IL-20RA, IL-20RB 

and IL-22R1 at the level of the mRNA transcript. A PCR was also carried out for P-actin in all samples to determine loading efficiency. A IKb-Plus 

DNA ladder was loaded in lane I (M). A negative sample was set-up with sterile water to control for contamination (NEG). PCR reactions were loaded 

in the remaining lanes. (N -  Normoxia, H -  Hypoxia)

(IL-20 -  526 bp, IL-20RA -  392 bp, IL-20RB -  406 bp, IL-22R1 -  354 bp , p actin -  560 bp)

HBEC4HBEC3
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Hypoxic values were compared to normoxic densitometry values and 

analysed using a paired two tailed student t-test using InStatB (Version 3.0) 

(Appendix V - Table 6.1).

Relative to normoxic controls, hypoxia had various effects between both the 

normal and lung cancer cell lines at the mRNA level (Fig 6.2). Hypoxia did not 

induce the expression of E.-20RA in the lung cancer cells lines; however, it was 

induced in the normal cell lines. In HBEC4 and SKMES-1, there was an increase in 

IL-20, IL-20RB and IL-22R1 (HBEC4, p<0.01 -  IL-20). HBEC3 and 5 demonstrated 

the same pattern with a down-regulation of IL-20, IL-20RB and IL-22R1 under 

hypoxia (HBEC3, p<0.05 - IL-20RB). A549, like that of HBEC3 and 5, showed a 

down regulation of EL-20, IL-20RB and IL-22R1 (p<0.05 -  IL-20RB). These results 

would suggest that hypoxia plays a role in the regulation of this family. A heat map 

is shown in Fig 6.2A.

6,1.3. Effect of TSA on IL-20 and its receptors mRNA expression in normoxia

IL-20 and its receptors play an important role in cancer angiogenesis, particularly in 

lung, which consequently, makes them an attractive target in the disease. To examine 

whether chemokine expression could be epigenetically targeted and/or regulated, cell 

lines were treated with an HDACi, TSA. Cells were seeded at 1 xlO^/T75 cm^ flask 

and left to adhere overnight. The lung cancer cells were serum starved (media 

containing 0.5% FBS) for a further 24 h. Cells were treated with TSA (250 ng/mL) 

for 16 h.

Supernatants were removed from the flask and centrifuged briefly to pellet 

any dead cells. The cell pellet (if any) was included in the RNA isolation. The 

supernatants were stored at -20°C. The RNA was reverse transcribed into cDNA, 

and, subsequently, the mRNA expression of IL-20, EL-20RA, IL-20RB and IL-22R1 

were examined by PCR analysis. A representative gel is shown in Fig 6.3. 

Experiments were carried out in triplicate and densitometry analysis was performed 

and analysed (Appendix V - Table 6.2). Cells treated with TSA were compared to 

untreated controls, using a paired two tailed student t test.

The same pattern of expression was observed in A549, HBEC3 and 5, except 

IL-20RA. There was an up-regulation of IL-20 (HBEC3, p<0.05) and a down 

regulation of IL-20RB (HBEC3 and 5, p<0.05) and IL-22R1 (Appendix V -  Table 

6.2). HBEC4 and SKMES-1 also had similar levels of expression apart from IL- 

20RA.
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Fig 6.2A: Heat map of IL-20 expression normoxia vs. hypoxia. There was no 

expression of IL-20RA in A549 or SKMES-1. (N -  Normoxia, H -  Hypoxia)

(* - significant result based on a paired 2-tailed t test)
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LIT TSA UT TSA UT TSA UT TSA UT TSA

Fig 6.3 : The mRNA expression of IL-20, IL-20RA, IL-20RB and IL-22R1 after TSA treatment under normoxia. The image is representative of three 

independent experiments. Cells were treated with TSA (250 ng/mL) for 16 h. cDNA was generated from the isolated RNA, and PCR carried out to 

examine the expression of IL-20, IL-20RA, IL-20RB and IL-22R1 at the level of the mRNA transcript. PCR was also carried out for P-actin in all 

samples to determine loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). A negative sample was set-up with sterile water to control 

for contamination (NEG). PCR reactions were loaded in the remaining lanes. (UT -  untreated, TSA -  Trichostatin A)

(IL-20 -  526 bp, IL-20RA -  392 bp, IL-20RB -  406 bp , IL-22R1 -  354 bp, p actin 560 bp)
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There w as an up-regulation o f  IL-20 (p<0.05), IL-20RB (H B E C 4, p< 0 .05) and IL- 

221 (p=N S). T hese results w ould suggest that this fam ily is under ep igenetic control 

at the level o f  histone acetylation, how ever, T SA  did not have the ability to reactive 

IL-20RA  expression in the lung cancer cell lines. A  summary o f  the results obtained  

are obtained in Fig 6.3A .

6.1.4. Effects of TSA on IL-20 and its receptors mRNA expression in hypoxia

M ost solid  tumours contain an area o f  hypoxia, which aids in m etastasis. A s

chem okine expression was found to vary under hypoxic conditions, it w as exam ined

whether T SA  could  effect their expression under 0.5% O 2. C ells were seeded at 1 
6 ^xlO  /T 75 cm' flask and left to adhere overnight and then placed into the hypoxia  

chamber for 24 h. The lung cancer ce lls  were serum starved (m edia containing 0 .5% 

FBS) under h ypoxic conditions. The subsequent day, ce lls  were treated with TSA  

(250 ng/m L) for 16 h under hypoxia.

Supernatants were rem oved from the flask and centrifuged briefly to pellet 

any dead cells. The cell pellet ( if  any) was included in the R N A  isolation. The 

supernatants were stored at -20°C . The RN A  w as reverse transcribed into cD N A , and 

subsequently the m R N A  expression o f  IL-20, IL-20R A , IL-20RB and IL-22R1 were 

exam ined by PCR analysis. A  representative gel is show n in Fig 6 .4 . Experiments 

were carried out in triplicate and densitom etry analysis w as performed and analysed  

(Appendix V - Table 6.3). C ells treated with T SA  w ere com pared to untreated 

control, using a paired tw o tailed student t test.

T SA  treatment under hypoxia did not demonstrate the sam e effects as 

observed under norm oxia. There was an increase in IL-20 in all cell lines (H BEC3, 

p<0.05; H BEC 4, p<0.01). The expression o f  IL-20R A  was decreased in the normal 

cell lines (H B E C 5, P<0.05). IL-20RB was decreased in H BEC4, 5 and SKM ES-1 

(H BEC4, SK M E S-1, p <0.05) and increased in H BEC3 and A 549  (H B E C 3, p<0.05). 

IL-22R1 had reduced expression in all cell lines except H BEC5. A  heat map is 

shown in Fig 6.4A .

This would suggest that the effects o f  T SA  on this fam ily are m odified by 

hypoxia in a som ew hat cell line specific manner.
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Fig 6.3A: Heat map of IL-20 expression TSA vs. UT (Normoxia). There was no 

expression o f IL-20RA in A549 or SKMES-1. (UT -  untreated, TSA -  Trichostatin 

A, N/D -  not detected) (* - significant result based on a paired 2-tailed t test)
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Fig 6.4: The mRNA expression of IL-20, IL-20RA, IL-20RB and IL-22R1 after TSA treatment under hypoxia. The image is representative of three 

independent experiments. Cells were treated with TSA (250 ng/mL) for 16 h. cDNA was generated from the isolated RNA, and PCR carried out to 

examine the expression of IL-20, IL-20RA, IL-20RB and IL-22R1 at the level of the mRNA transcript. PCR was also carried out for p-actin in all 

samples to determine loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). A negative sample was set-up with sterile water to control 

for contamination (NEG). PCR reactions were loaded in the remaining lanes. (UT -  untreated, TSA -  Trichostatin A)

(IL-20 -  526 bp, IL-20RA -  392 bp, IL-20RB -  406 bp , IL-22R1 -  354 bp, p actin 560 bp)
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Fig 6.4A: Heat map of IL-20 expression TSA V5. UT (Hypoxia). There was no 

expression of IL-20RA in A549 or SKMES-1. (UT -  untreated, TSA -  Trichostatin 

A, N/D -  not detected) (* - significant result based on a paired 2-tailed t test)
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6.1.5. Effects of TSA on IL-20 protein expression under normoxia and hypoxia

To determine whether the effect of hypoxia and/or TSA treatment translated through 

to protein secretion, the levels of IL-20 were determined in supernatants collected 

(Sections 6.1.2, 6.1.3 and 6.1.4).

Supernatants were collected from three independent experiments and protein 

levels were quantified by ELISA. The samples were assayed in triplicate and values 

obtained from interpolating from a standard curve (Appendix II). The IL-20 was 

measured at 405 nM (Fig 6.5). Statistical analysis was carried using a two tailed 

paired student t-test [Normoxia V5. Hypoxia, Normoxia (UT vs. TSA), Hypoxia (UT 

V5. TSA)].

For the most part, protein levels followed a similar pattern to that seen for 

niRNA, with the exception of HBEC5 (hypoxia 225.99 + 19.72 pg/mL vj. normoxia 

207.80 ± 15.08 pg/mL), HBEC3 (normoxia - TSA 205.89 + 47.40 pg/mL V5. UT 

214.89 + 29.77 pg/mL; hypoxia- TSA 80.13 ± 11.93 pg/mL V5. UT 125.72 ± 6.81 

pg/mL) and SKMES-1 (normoxia -  TSA 192.22 ± 6.09 pg/mL v .̂ UT 194.83 ± 7.14 

pg/mL). None of these differences were significant. Values are given as mean ± 

SEM. There were significant increases in HBEC4 (p<0.01 -  222.55 + 25.80 pg/mL 

V5. 134.50 + 27.84 pg/mL) and HBEC5 (p<0.05 -  379.32 ± 24.24 pg/mL V5. 207.80 + 

15.08 pg/mL) when TSA treatment was compared to UT under normoxia. In A549 

there was a significant increase in hypoxia TSA treatment compared to UT (p<0.05 -  

808.17 + 34.60 pg/mL V5. 496.45 ± 68.91 pg/mL).

6.1.6. Comparison of effects of HDACi on tlie IL-20 and its receptors mRNA 

expression

To examine whether or not the effect of TSA was a HDACi specific affect, three cell 

lines (HBEC4, A549 and SKMES-1) were treated with PB. Cells were seeded at 1
ftxlO /T75 cm flask and left to adhere overnight. The lung cancer cells were serum 

starved (media containing 0.5% FBS) for 24 h before drug treatment. The subsequent 

day, cells were treated with PB (10 mM) for 16 h.

The RNA was reverse transcribed into cDNA, and, subsequently, the mRNA 

expression of EL-20, IL-20RA, IL-20RB and IL-22R1 were examined by PCR 

analysis. Representative gels are shown in Fig 6.6. Experiments were carried out in 

triplicate and densitometry analysis was performed and analysed (Appendix V- Table 

6.4). Cells treated with PB were compared to untreated control, using a paired two 

tailed student t test.
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Fig 6.5: IL-20 protein values. Supernatants were collected from normoxic (21% O2) 

and hypoxic (0.5% O2) conditions with and without TSA treatment, HBEC3 (A), 

HBEC4 (B), HBEC5 (C), A549 (D) and SKMES-1 (E). The samples were quantified 

using an IL-20 ELISA. Values are per 1 x 10® cells seeded. Statistical analysis was 

carried out using a paired two tailed student t test. Data is expressed as mean ± SEM. 

(8 p<0.05 normoxia (TSA vj'. UT), \j/ p<0.01 normoxia (TSA vs. UT), 8 p<0.05 

hypoxia (TSA vs. UT)

(UT -  untreated, TSA -  Trichostatin A (250 ng/mL))
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Fig 6.6: The mRNA expression of IL-20, IL-20RA, IL-20RB and IL-22R1 after PB 

treatment. The image is representative of three independent experiments, of PB 

treatment on HBEC4 (A), A549 (B) and SKMES-1 (C). Cells were treated for 16 h 

with 10 mM PB. cDNA was generated from the isolated RNA, and a PCR carried out 

to examine the expression of IL-20, IL-20RA, IL-20RB and IL-22R1 at the level of 

the mRNA transcript. RT-PCR was also carried out for P-actin in all samples to 

determine loading efficiency. A IKb-Plus DNA ladder was loaded in lane 1 (M). A 

negative sample was set-up with sterile water to control for contamination (NEG). 

PCR reactions were loaded in the remaining lanes. (UT -  untreated, PB -  

phenylbutyrate)

(IL-20 -  526 bp, IL-20RA -  392 bp, IL-20RB -  406 bp , IL-22R1 -  354 bp, p actin 

560 bp)
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The pattern of expression resulting from PB treatment was similar to 

that of TSA under normoxia. In HBEC4 the trend was the same except for IL-20RB, 

which was down-regulated by PB; there were significant increases in IL-20 and IL- 

20RA (p<0.05). For the A549 cell line, the effect of the HDACi were matched only 

in IL-20 expression (induction -  p<0.05), and there were increases observed in IL- 

20RB and IL-22R1 (p<0.05 -  IL-20RB, p<0.01 -  IL-22R1). There was a slight 

induction of IL-20RA seen in the A549 and SKMES-1 cell lines; however, a high 

saturation level was required when acquiring the image, which interfered with 

densitometric measurements and a slight band was observed in the UT sample. IL- 

20, IL-20RB and IL-22R1 demonstrated the same pattern with PB as seen with TSA 

in SKMES-1 (induced, p<0.01 -  IL-20, p<0.05 -  IL-20RB).

These results would suggest that the effect on the IL-20 (all cells), IL-20RA 

(HBEC4), IL-20RB (SKMES-1), IL-22R1 (HBEC4, SKMES-1) is a HDACi specific 

affect, however, this is cell line dependent. A heat map comparing the effects of TSA 

and PB is shown in Fig 6.6A.

6.L7. Effects of CHX on IL-20 and its receptors mRNA expression

IL-20 and its receptors appear to be under epigenetic control, particularly IL-20 in all 

cell lines. To determine if this was an immediate or early response to TSA, a 

cycloheximide (CHX) treatment was performed. A549 cells were seeded at 1 

xlO^/T75 cm'^ flask and left to adhere overnight and then serum starved (media 

containing 0.5% FBS) for 24 h before drug treatment. The subsequent day, cells were 

divided into four groups (a) untreated, (b) TSA (16 h), (c) CHX (16 h) or (d) CHX 

pre-treatment for 2 h before the addition of TSA for 16 h.

The supernatant was centrifuged briefly and the pellet (if any) was 

included in the RNA isolation. The RNA was reverse transcribed into cDNA, and 

subsequently, the mRNA expression of IL-20, IL-20RA, IL-20RB and IL-22R1 was 

examined by PCR analysis. Experiments were carried out in triplicate. A 

representative gel is shown in Fig 6.7.

The same basal and TSA treated expression patterns were observed as before. 

CHX treatment ‘super-induced’ IL-20, as it had with the chemokines in chapter 5. 

This experiment did not determine if the epigenetic regulation of the IL-20 pathway 

was a direct effect.
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HBEC4 UT TSA PB
IL20 ★ * ■

IL20RA *

IL20RB
IL22R1

A549 UT TSA PB
IL20 *

IL20RA
IL20RB *

IL22R1

SKMES-1 UT TSA PB
IL20 H:

IL20RA
IL20RB
IL22R1 k . . . . . . . .  _ . .

■  Down - regulated ■  Up - regulated Basal expression

Fig 6.6A: Heat map comparing the effect of TSA and PB on IL-20 expression. There 

was no IL-20RA expression in A549 and SKMES-1 cells in UT or TSA samples.

(UT -  untreated, TSA -  Trichostatin A, PB -  phenylbutyrate, N/D not detected) (* - 

significant result based on a paired two-tailed t-test -  TSA I’j'. UT, PB UT)
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M UT TSA CHX BOTH NEG

IL-20 

IL-20H4

IL-20RB 
IL-22R1 

p ACTIN

Fig 6.7: The effect of CHX on the lL-20 family. The mRNA expression of IL-20, IL- 

20RA, IL-20RB and IL-22R1 after treatment with TSA and/or CHX. The image is 

representative of three independent experiments. Cells were pre-treated for 2 h with 

CHX before the addition of TSA for 16 h (BOTH). cDNA was generated from the 

isolated RNA, and RT-PCR carried out to examine the expression of IL-20, IL- 

20RA, IL-20RB and IL-22R1 at the level of the mRNA transcript. RT-PCR was also 

carried out for P-actin in all samples to determine loading efficiency. A IKb-Plus 

DNA ladder was loaded in lane 1 (M). A negative sample was set-up with sterile 

water to control for contamination (NEG). PCR reactions were loaded in the 

remaining lanes. (UT -  untreated, TSA -  Trichostatin A, CHX -  cycloheximide, 

BOTH -  TSA and CHX)

(IL-20 -  526 bp, IL-20RA -  392 bp, IL-20RB -  406 bp , IL-22R1 -  354 bp, p actin 

560 bp)
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6.1.8. Effects of TSA on the promoter region of IL-20

In order to determine whether the effect of TSA was an early and immediate 

response a ChIP (chromatin immunoprecipitation) assay was performed. The A549 

cell line was treated with TSA for 16 h. After treatment, the cells were fixed with 

formaldehyde and suspended in SDS buffer. The samples were sonicated until DNA 

was fragmented into lengths of between 200 and 1000. Aliquots of sheared DNA 

were subsequently immunoprecipitated according to manufacturer’s instructions. The 

antibodies used were as follows: pan-acetyl-histone H3, pan-acetyl-histone H4, 

acetyl-histone H3 (K9/14ac), acetyl-histone H3 (K9ac) and acetyl-histone H3 tri 

methylation marker (K4me3). PCR primers for studying IL-20 by ChIP were 

designed from the known 5’-UTR contained within the IL-20 promoter. A PCR was 

then carried out on the ChIP samples for IL-20.

The Chip PCR product was run on a gel (Fig 6.8). The observed pattern of 

expression is consistent with TSA directly remodelling the IL-20 promoter region, 

thus resulting in IL-20 up-regulation. There was an increase in acetylated H3 and H4, 

as well as acetylation of the lysine residues at K9 and K14.

6.1.9. Effects of DAG on IL-20 and its receptors mRNA expression

The IL-20 family were shown to be epigenetically regulated through modification of 

histone proteins, with TSA directly remodelling the promoter region of IL-20. 

Another major epigenetic modification is DNA methylation, which was examined by 

treating HBEC4, A549 and SKMES-1 with a DNA methytransferase inhibitor 

(DNMTi).

Cells were seeded at 1 xlO /T75 cm flask and left to adhere overnight and 

then serum starved (lung cancer cell lines - media containing 0.5% FBS) for 24 h 

before drug treatment. To determine if methylation was involved in the regulation of 

this family, cells were treated with 1 |j M DAC. Cells were treated for 48 h with DAC 

and replaced every 24 h in fresh media.

The supernatant was centrifuged briefly and the pellet (if any) was included 

in the RNA isolation. The RNA was reverse transcribed into cDNA, and, 

subsequently, the mRNA expression of IL-20, IL-20RA, IL-20RB and IL-22R1 were 

examined by PCR analysis. Representative gels are shown in Fig 6.9. Experiments 

were carried out in triplicate. The densitometric values of DAC treatment was 

compared to UT using a paired two-tailed t-test (Appendix V -  Table 6.5).

256



M Input
DNA

NEG

H3K14AC

H3K9 Ac 

H3K4 me3
UT TSA

Fig 6.8: Chip assay results for IL-20. A549 cells were treated with TSA and the 

DNA isolated. The DNA was then processed according to manufacturer’s 

instructions. The antibodies used in the ChIP assay were pan-acetyl-histone H3 

(AcH3), pan-acetyl-histone H4 (AcH4), acetyl-histone H3 (K9/14ac), acetyl-histone 

H3 (K9ac) and acetyl-histone H3 tri methylation marker (K4me3). A 1Kb DNA 

ladder was loaded in lane 1 (M), the input DNA served as a positive control. A 

negative sample was set-up with sterile water to control for contamination (NEG). 

(UT - untreated , TSA -  Trichostatin A, n=l). (IL-20 -  172 bp)

257



UT DAC NEG

IL-20

IL-20RA

IL-20RB

IL-22R1 

p ACTIN

UT DAC NEG

IL-20

IL-20RA

IL-20RB

IL-22R1 

p ACTIN

258



c. M UT DAC NEG
IL-20

IL-20RA

IL-20RB

IL-22R1
p ACTIN

Fig 6.9 : Effects of a DNMTi on IL-20 family gene expression. The mRNA 

expression of IL-20, IL-20RA, IL-20RB and IL-22R1 in HBEC4 (A), A549 (B) and 

SKMES-1 (C), after treatment with DAC. The image is representative of three 

independent experiments. Cells were treated with DAC (1 |iM) for 48 h, with DAC 

replaced every 24 h. cDNA was generated from the isolated RNA, and RT-PCR 

carried out to examine the expression of IL-20, IL-20RA, IL-20RB and IL-22R1 at 

the level of the mRNA transcript. RT-PCR was also carried out for P-actin in all 

samples to determine loading efficiency. A 1 Kb-Plus DNA ladder was loaded in lane 

I (M). A negative sample was set-up with sterile water to control for contamination 

(NEG). PCR reactions were loaded in the remaining lanes.

(UT -  untreated, DAC -  5-aza-2’ deoxycitidine)

(IL-20 -  526 bp, IL-20RA -  392 bp, IL-20RB -  406 bp, IL-22RI -  354 bp , p actin 

560 bp)
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Treatment with a DNA methyltransferase inhibitor, DAC, showed a reactivation of 

IL-20RA in A549 cells (Fig 6.9C), indicating that this gene is methylated at CpG 

islands in its promoter (p<0.05). In addition, EL-20 and EL-20RB were up-regulated 

in A549. In the HBEC4 cell line (Fig 6.9A), DAC caused an up-regulation of IL-20, 

IL-20RA and IL-22R1, and a decrease in IL-20RB (p<0.05) suggesting the 

promoters of some of these genes may be partially methylated. IL-20 was also up- 

regulated in SKMES-1 (Fig 6.9C), however, IL-20RB and IL-22R1 (p<0.05) were 

decreased.

6.1.10. Effects of IL-20 on proliferation of a NSCLC and HBEC cell line

From the previous experiments, it has been demonstrated that IL-20 is epigenetically 

regulated, as IL-20 was induced by epigenetic therapies. An assay was set up to 

determine if IL-20 had an effect on proliferation.

HBEC4, A549 and SKMES-1 cells were seeded in 96 well plates at 5 x 10  ̂

cells/well and left to adhere overnight. The lung cancer cell lines were then serum 

starved (media containing 0.5% FBS) for a further 24 h before treatment with IL-20. 

The cell lines were treated with IL-20 (0-200 ng/mL) for 24 h. Subsequently, the 

proliferation rate was quantified by a BrdU ELISA. The untreated cells were set as 

100%, and the IL-20 treatments were assessed relative to this. Three independent 

experiments were carried out and statistical analysis performed using a paired two 

tailed student t -  test. Results are presented graphically in Fig 6.10.

IL-20 appeared to have a small effect on HBEC4, at the higher dose of 200 

ng/mL (109.75% ± 6.00%), while at 10 ng/mL it was decreased (87.07% + 4.25%) 

compared to control, which was 100%. There was no effect evident on the A549 cell 

line. SKMES-1 appeared to be the most sensitive, as there was a trend of increasing 

proliferation at all doses, however, it was not significant even at 20 ng/mL (p=0.069, 

142.00% ± 11.703%). Overall, no significant effects were observed in cellular 

proliferation in response to IL-20.

6.1.11. Expression profile of IL-20 and its receptors in a panel of retrospective 

human tumour/normal matched samples cDNA samples

A panel of retrospective tumour/normal matched samples were analysed for the 

expression of IL-20, IL-20RA, IL-20RB and IL-22R1 at the mRNA level. These 

samples were obtained from chemo naive patients. There were two sub-types 

examined; (a) adenocarcinoma (n=8) and (b) squamous cell carcinoma (n=10). The
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Fig 6.10; The effect of IL-20 on proliferation. Cell lines HBEC4 (A), A549 (B) and 

SKMES-1 (C) were treated with various concentrations of IL-20 for 24 h. The 

proliferation rate was quantified using a BrdU ELISA. IL-20 treated samples were 

compared to UT control, which was set to 100%. Statistical analysis was carried out 

using a paired two tailed t-test. Data is expressed as mean + SEM. (n=3).
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RNA was reverse transcribed into cDNA, and, subsequently, the mRNA expression 

ofIL-20, IL-20RA, EL-20RB and IL-22R1 were examined by PCR analysis. 

Representative samples are shown for adenocarcinoma and squamous cell carcinoma 

in Fig 6.11. This figure shows representative up-and down-regulated samples. 

Densitometry values are given in Appendix V -  Table 6.6 (adenocarcinoma) and 6.7 

(squamous cell carcinoma). Tumour samples were compared to matched normal 

samples and statistical analysis performed using a paired two tailed student t-test. 

The densitometry values are represented graphically in Fig 6.12. There was a 

significant increase in IL-22R1 in both adenocarcinoma (p<0.05, T -  0.477 + 0.127 

V5. N -  0.068 + 0.029) and squamous cell carcinoma (p<0.05, T - 0.080 + 0.036 V5. 

N- 0.304 ± 0.083) tumour samples compared to normal. IL-20RB was also 

significantly up-regulated in the tumour in squamous samples (p<0.05, T -  1.072 ± 

0.158 v .̂ N -  0.684 ± 0.145). Values are given as mean + SEM. Taking both tumour 

sub-types into account, IL-20 was increased in 55.5% (10/18), IL-20RA was 

decreased in 61.1% (11/18), IL-20RB was induced in 83.3% (15/18, p<0.01) and IL- 

22R1 was increased in 72.2% (13/18, p<0.01) tumour samples compared with 

control. A heat map detailing individual tumour response pattern is given in 

Appendix V -  Table 6.8.

6.1.12. Expression profile of IL-20 and its receptors in a panel of retrospective 

human tumour/normal matched protein samples

A panel of retrospective tumour/normal matched protein samples matched to the 

cDNA samples were analysed for the expression of IL-20 and its receptors by 

western blot. These samples were taken from chemo naive patients. Isolated protein 

lysates were separated on denaturing polyacrylamide gels before being transferred to 

PVDF membranes. To confirm equal loading and protein integrity following 

electrophoresis, SDS-PAGE gels were periodically stained with Coomassie brilliant 

blue (Fig 6.13A). In addition, following transfer to PVDF membranes. Ponceau S 

staining was used to confirm efficient transfer of proteins (Fig 6.13B). PVDF 

membranes were then washed to remove Ponceau S, incubated in the appropriate 

antibody, and exposed to X-ray film.

IL-20 expression was absent in the lung tumour and normal samples 

screened. This result was verified with use of a positive IL-20 control sample (Fig 

6.14). There was no P-actin band present in the positive control as recombinant EL-20 

was used. The western blot images are shown in Fig 6.15.
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Fig 6.11: Representative images of the IL-20 family mRNA expression in 

normal/tumour matched pairs. Samples were obtained from patients and total RNA 

isolated. cDNA was then generated and PCR carried out to determine the level of IL- 

20 (A), IL-20A (B), IL-20RB (C) and IL-22R1 (D) at the mRNA transcript. RT-PCR 

was also carried out for P-actin in all samples to determine loading efficiency. 

Samples shown are representative of up-and down-regulated samples in 

adenocarcinoma (n=8) and squamous cell carcinoma (n=10).

(N -  Normal, T -  Tumour)(IL-20 -  526 bp, IL-20RA -  392 bp, n-20RB -  406 bp, 

IL-22R1 -  354 bp, p actin -  560 bp)
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Fig 6.12; Densitometry analysis of the IL-20 family in normal/tumour matched pairs 

at the mRNA level. PCR products were analysed for IL-20 (A), IL-20RA (B), IL- 

20RB (C). IL-22R1 (D) using the TINA (2.09c) densitometry program. Data is 

expressed as mean ± SEM. Adeno (adenocarcinoma) n=8, Squam (Squamous cell 

carcinoma) n=10, Both (adenocarcinoma and squamous cell carcinoma) n=18. 

Tumour (T) values were compared to normal (N) using a paired two tailed t-test.

(s p<0.05 T Vi. N, 0 0  p<0.01 T vs. N)
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Fig 6.13: Cell lysates. Representative pictures of a coomassie blue staining of total 

protein following electrophoresis on a 12% (w/v) denaturing SDS PAGE gel (A) and 

confirmation of efficient protein transfer to PVDF membrane was carried out by 

Ponceau S staining (B).
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Fig 6.14; Expression of IL-20 in a sample of tumour/normal matched protein 

samples. IL-20 was not expressed in any normal/tumour sample. Recombinant IL-20 

was used as a positive control, thus, no p actin band was observed in that lane (POS). 

All membranes were stripped and re-probed with P-actin to normalise for loading 

differences. (IL-20 -  kDa, P-actin -  42 kDa)

(N -  Normal, T -  Tumour, POS -  positive control)
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Fig 6.15: Expression of IL-20RA, IL-20RB and IL-22R1 in a retrospective panel of human tumour/normal matched protein samples. Protein 

expression was determined for IL-20RA, IL-20RB and IL-22R1 in adenocarcinoma (A) and squamous cell carcinoma (B) subtypes. All blots were 

stripped and re-probed for p actin to normalise for loading differences.

(N -  Normal, T- Tumour) (IL-20RA -  70-85 kDa, IL-20RB -  65 kDa, IL-22R1 -  35-40 kDa, P Actin -  42 kDa).
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Densitometric analysis was carried out on IL-20RA, IL-20RB and IL-22R1 

tumour/normal matched western blots using TINA (2.09c) software. Protein 

expression was normalised to P-actin controls, and was expressed as a ratio of target 

protein expression: P-actin expression. Densitometry values are represented 

graphically in Fig 6.16. There was no expression of IL-20. At the protein level, there 

were significant increases in IL-22R1 in both sub types (p<0.05, adenocarcinoma, T - 

0.477 ±0.127  v’5. N -  0.068 ± 0.028; squamous cell carcinoma, T -  0.364 ± 0.083 i’5. 

N -  0.080 ± 0.036) and IL-20RB in squamous cell carcinoma (p<0.05, T -  1.072 + 

0.158 vs. N - 0.684 ± 0.145). Values are given as mean + SEM. Taking both tumour 

sub-types into account IL-20RA was decreased in 66.6% (12/18), IL-20RB was 

induced in 83.3% (15/18, p<0.01) and IL-22R1 was increased in 83.3% (13/18, 

p<0.01) tumour samples compared with control. A heat map detailing individual 

tumour response pattern is shown in Appendix V -  Table 6.9.

6.1.13. Effects of IL-20 on angiogenesis

In this study, treatments with TSA, PB and DAC increased expression of IL-20. 

Although this cytokine is pro-inflammatory, questions remain over whether it can be 

pro- or anti- angiogenic. It’s properties may depend on the tissue/cell 

microenvironment. To clarify it’s role within a lung setting, HBEC4 and A549 cells 

were treated with various doses of IL-20.

Cells were seeded at 5 x 10' cell/well in a 96 well plate and left to adhere 

overnight. The following morning A549 cells were serum starved for a further 24 h 

(media containing 0.5% FBS). HBEC4 and A549 were then treated with IL-20 (0, 

50, 100 and 200 ng/mL) for 24 h.

The supernatant was centrifuged briefly and the pellet (if any) was included 

in the RNA isolation. The RNA was reverse transcribed into cDNA, and 

subsequently, the mRNA expression of VEGF, Flt-1, KDR and Nrp-1 were 

examined by PCR analysis. A representative gel is shown in Fig 6.17. Experiments 

were carried out in duplicate. mRNA expression was quantified using the TINA 

(2.09c) densitometry programme.

There was no basal expression of F it-1 or KDR, and nor were they induced 

by IL-20 treatment. IL-20 resulted in a decrease in VEGF and Nrp-1 in all both lines; 

however, it was somewhat bi-phasic in the HBEC4 and A549 cell lines. 

Densitometry analysis (Fig 6.18) confirmed that IL-20 treatment down regulated 

VEGF and Nrp-1 in
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Fig 6.16: Densitometry analysis of the IL-20 family in normal/tumour matched pairs 

at the protein level. Protein expression was analysed for IL-20 (A), IL-20RA (B), IL- 

20RB (C), IL-22R1 (D) using the TINA (2.09c) densitometry program. Data is 

expressed as mean + SEM. Adeno (adenocarcinoma) n=8, Squam (Squamous cell 

carcinoma) n=10. Both (adenocarcinoma and squamous cell carcinoma) n=18. 

Tumour (T) values were compared to normal (N) using a paired two tailed t-test.

(s p<0.05 T vs. N, 00  p<0.01 T V5. N)
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Fig 6.17: PCR analysis of IL-20 treatment. Cell lines were treated with IL-20 at the doses indicated (UT, 50, 100 and 200 ng/mL) for 24 h. The RNA 

was reversed transcribed into cDNA. Expression of VEGF, Flt-1, KDR and Nrp-1 were determined by PCR. (UT -  untreated)

(VEGF -205 bp, Flt-1 -  498 bp, KDR -  705 bp, Nrp-1 -  759 bp, p actin -  560 bp).
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Fig 6.18: Densitometry analysis of VEGF and Nrp-1. HBEC4 and A549 cell lines 

were treated with various concentrations of recombinant IL-20 (0, 50, 100 and 200 

ng/mL) for 24 hr, after which time total RNA was collected and cDNA generated. 

PCRs were carried out for VEGF (A) and Nrp-1 (B). Densitometry analysis was then 

performed. The densitometric values were normalised to p actin control. Flt-1 and 

KDR have been omitted as they were not detected in either cell line. Data is 

expressed as mean + SEM n=2. (UT -  untreated)
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HBEC4 and A549. IL-20 treatment had the greatest effect on VEGF 

expression at 100 ng/mL compared with UT (538 ± 0.201 V5.1.666 ± 0.9920) in 

HBEC4. In A549 cells, the largest decrease was at 50 ng/mL (0.352 + 0.081 vs. 

0.720 ± 0.356). The VEGF co-receptor, Nrp-1, also demonstrated the highest 

reduction in expression at the same doses (HBEC4, 0.232 ± 0.207 V5. 0.570 ± 0.182; 

A549, 0.339 ± 0.135 vs. 0.673 + 0.242). Data is given as mean + SEM. These are 

preliminary results, which require further validation at the mRNA and protein levels.
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6.2. Discussion

Current knowledge of the new IL-10 families is sparse, particularly for IL-20. This 

chapter examined the expression of IL-20 in a panel of normal/tumour matched pairs, 

in addition to studying its epigenetic regulation in normal and lung cancer cell lines.

Basal expression of IL-20 was moderate to high in the normal cell lines but 

low or absent in the lung cancer cell lines. In terms of receptors, IL-22R1 and IL- 

20RB were expressed by all cell lines, however, IL-20RA was only expressed in 

normal cells. Under conditions of hypoxia, the normal and lung cancer cells had a 

varying pattern, although HBEC4 expression resembled that of SKMES-1, except 

IL-20RA. Hypoxic conditions could not induce expression of IL-20RA in the lung 

cancer cell lines. It has previously been demonstrated that IL-20, IL-20RA and RB 

are up-regulated in both hypoxic monocytes and HUVECS [555].

The down regulation of various IL-20 family members, which varied between 

cell lines under hypoxia, may be due in part to increased global H3K9me2. This is a 

histone post-translational modification (PTM) associated with transcriptional 

repression. Hypoxia has been shown to inhibit lysine de-methylases, and as such this 

may have resulted in critical genes being silenced during tumour progression in 

hypoxic conditions [556]. Further investigation would be required to confirm if this 

is the case in the cell lines used in this project.

PTM’s of histones in chromatin are emerging as an important mechanism in 

the regulation of gene expression [557]. One such PTM is histone acetylation, and if 

genes such as IL-20 are repressed in NSCLC, they may be reactivated through the 

use of HDACi. TSA treatment under normoxic conditions induced various IL-20 

family members, in addition to activating IL-20 expression in the lung cancer cell 

lines. The gene expression response to TSA was similar between HBEC4 and 

SKMES-1. The other cell lines (HBEC3, 5 and A549) had the same pattern of 

expression with the exception of EL-20RA. In relation to this, HBEC3, when 

transformed, developed more adenocarcinoma than squamous cell carcinoma, which 

may explain the similarities between HBEC3 and A549 [413]. TSA treatment 

resulted in similar responses under hypoxia with the same patterns of gene 

expression emerging for HBEC4 and SKMES-1, and HBEC3 and A549, except IL- 

20RA. These results suggest that this family are epigenetically regulated by histone 

acetylation. However, TSA could not reactivate the expression of IL-20RA in either 

cancer cell line under normoxia or hypoxia, suggesting that HDACi is not sufficient 

to reactivate expression of this gene. There may be other repressive marks such as
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DNA CpG methylation or H3K9me2, which are also involved in the repression of 

this gene.

Basal protein levels of IL-20 were greater in A549 cells than in any of the 

other cell lines, however, at the mRNA levels the expression was greater in the 

normal cells compared to lung cancer cell lines. The differences observed in 

expression (mRNA V5. protein) may perhaps be due to the mRNA instability motif at 

the 3’ UTR region of IL-20 cDNA [205]. This effect may be more pronounced in the 

lung cancer cells compared to normal. A disadvantage of these experiments is that 

the levels of IL-20 in the lung cancer cell lines were absent or barely detectable using 

PCR. It would have been more beneficial to quantify the receptor expression in terms 

ofqPCR.

To examine whether or not the effect of TSA was a HDACi specific effect, 

cells were treated with PB. As stated previously, PB is a pleotrophic short chain fatty 

acid, which functions include that of HDACi. In SKMES-1, there was no difference 

observed in the expression patterns between the two HDACi inhibitors. The 

expression pattern observed in HBEC4 varied slightly but was not significant; IL- 

20RB decreased and IL-22R1 increased. In A549 cells there was a significant 

induction of IL-20RB and IL-22R1 observed with PB treatment; this was in contrast 

to the effect of TSA. These differences may be attributed to the other effects of PB, 

such as its role as a chemical chaperone, or indeed may be due to the interaction of 

PB with a HDAC3 splice variant (Gray, S.G. and O ’Byrne K.J., work in progress).

A CHX experiment did not elucidate if the action of TSA was an early 

immediate response. A ChIP assay performed on TSA treated A549 cell lines, 

clarified that the effect of TSA was that of directly remodelling the promoter of IL- 

20. The minimum change needed for this effect was acetylation of lysine 9 on 

histone H3. In addition to the increase in aceytlation of the histones, a slight increase 

was observed for the trimethylation marker H3K4me3 (a mark of transcriptionally 

active chromatin), which indicates that histone methylation also played a role in the 

up-regulation of IL-20 by TSA. Histone deactylation and methylation are two of the 

most common histone post-translation modifications., and cancer cells have been 

shown to have a loss of mono and tri methyl forms of Histone 4 at lysine 16 and 20 

[558].

DNA CpG methylation is also an important epigenetic change in lung cancer 

[328]. To determine if the EL-20 family members were epigenetically regulated via 

DNA CpG methylation, the cell lines were treated with a DNA methyltransferase
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inhibitor, DAC. Increases were observed in IL-20 suggesting, that as well as histone 

modifications regulating its expression, the promoter region may also be partially 

hypermethylated. DAC treatment reactivated the expression of IL-20RA in the 

adenocarcinoma cell line, indicating that IL-20RA is regulated at the level of CpG 

island metylation. This is supported by the fact that the normal cells demonstrated 

expression of IL-20RA. This reactivation was not evident in the squamous carcinoma 

cell line, which may suggest that the IL-20 gene is differentially regulated between 

cancer sub-types.

The effect of IL-20 on proliferation was also examined. A trend suggested 

that increased doses resulted in a higher proliferative rate in the HBEC4 cell line, but 

this was not significant. The lower (10 ng/mL) and higher doses (200 ng/mL) of IL- 

20 did result in a higher proliferation rate in SKMES-1 (p=NS) The proliferative 

effect of IL-20 has been observed in some cell lines such as HUVEC [239], however, 

it had no effect on endothelial cells [231J or ovarian cancer cells [218].

In a series of tumour/normal matched patient samples, the mRNA expression 

of IL-20 and its receptors was examined. Overall, in adenocarcinoma and squamous 

cell carcinoma tumours, increased mRNA was observed in the tumours compared to 

their matched normal counterparts with the exception of IL-20RA. A similar pattern 

was observed at the protein level; however, IL-20 was not detected in either sub type 

or in any normal or tumour sample. EL-20RA was decreased in 2/8 adenocarcinoma 

and 4/10 squamous cell carcinoma samples.

IL-20RA is located on the lung cancer susceptibility locus 6q23-25 [26] and 

was among a group of five genes within this locus which were found to be DNA 

CpG methylated [559]. IL-20RA was methylated (26%) in primary lung 

adenocarcinoma tumours from smokers and never smokers, which appeared to be 

tumour specific as it was not methylated in normal bronchial lines [559]. The data 

from this project confirms this finding as IL-20RA was basally expressed in the 

HBEC cell lines. Furthermore, the findings in this chapter support the role of DNA 

CpG methylation as being a critical epigenetic mechanism down-regulating the 

expression of IL-20RA in lung cancer, as it could be reactivated in some cells 

following treatment with DAC. It must be noted that although this gene appears to be 

an attractive target for therapy using epigenetic targeting drugs, its down-regulation 

by methylation does not, in itself, predispose the development of lung cancer. The 

methylation status of IL-20RA showed no association with stage of lung cancer,
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smoking status or survival; however, it may play a role in the development of 

sporadic lung cancer [559,560].

The angiogenic potential of IL-20 has not fully been investigated with reports 

suggesting that it has both pro- and anti-angiogenic properties [216,228,239,555]. In 

this project, IL-20 expression was up-regulated following epigenetic drug treatments. 

The therapeutic potential of these results, therefore, depend on the clarification of the 

role IL-20 plays in angiogenesis within a lung setting. In order to determine the 

angiogenic properties of IL-20, an endothelial tube formation assay was performed. 

EaHyb cell lines were incubated with various doses of IL-20 for 16 h. After 

examination under a microscope there were no endothelial tubes evident (results not 

shown). Unfortunately, this result could not be validated as a positive control with 

VEGF failed to induce tube formation.

As an alternative, A549 and HBEC4 cell lines were treated with three doses 

of IL-20 for 24 h and, subsequently, total RNA was collected and reversed 

transcribed into cDNA, and PCR’s performed to examine for IL-20 mediated 

changes in the expression of VEGF family members (VEGF, Nrp-1, Flt-1 and KDR). 

VEGF is a potent pro-angiogenic cytokine. There was no induction of Flt-1 or KDR 

in the IL-20 treated samples; however, there was a reduction in VEGF and Nrp-1 

evident in both cell lines at the mRNA level. This would suggest that in the lung 

setting, IL-20 can act in an anti-angiogenic manner. This result compares well with a 

recent study in lung cells where IL-20 was shown to function as an anti-angiogenic 

cytokine that inhibited cyclooxygenase 2 (COX2) and prostaglandin E2 (PGE2) in 

HBEC and endothelial cells [228]. However, this result is contrary to other studies; 

IL-20 treated HUVEC cells induced VEGF [239], delivery of IL-20 to ischemic 

muscle tissue improved arteriogenesis and blood perfusion in a rat hind limb model 

[231]. It must be stressed that due to time restrictions; the results in this project are 

preliminary and require further investigation to elucidate the angiogenic properties of 

IL-20. The effect of IL-20 may be dependant on microenvironment [239] or on the 

preference of receptor complex it may signal through on specific cell types. While 

this question remains, the clinical relevance of using epigenetic therapies to 

reactivate IL-20 as a therapeutic modality in the treatment of NSCLC remains in 

doubt.
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Chapter 7: 

Concluding Discussion
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7.0 Concluding discussion

Lung cancer is the leading cause of cancer related death in Ireland and worldwide. 

Due to difficulties in early detection, lung cancer has a high morbidity/mortality, 

with five year survival rates continuing to remain poor at approximately 15% [4]. 

New therapeutics and/or biomarkers are required to aid in the treatment of the 

disease and to prolong survival.

Chronic inflammation and angiogenesis are key players in cancer 

development and progression. Links between these processes have been established; 

however, the underlying mechanisms remain to be fully elucidated [61]. The aim of 

this thesis was to determine the roles of TNFa, IL-1(3 and hypoxia in the process of 

lung carcinogenesis. In addition, the expression and regulation of the CXC (ELR"^) 

chemokines and the IL-20 family were examined as potential therapeutic targets in 

lung cancer by use of epigenetic targeting drugs.

TNFa and IL-ip over-expression (individually and as a double combination) 

in a normal bronchial epithelial cell line, were set up to examine the contributions of 

these cytokines to the development of lung cancer. The ultimate goal was to modify 

the cells’ phenotype, from normal to malignant, over time after chronic exposure to 

pro-inflammatory cues. After three months of growth, under such conditions, a 

number of changes were identified in the stable over-expression clones. There were 

increases in the growth, adhesion and invasion potential of the cells, including an 

induction of c-Myc and S100A4, all of which have been previously implicated in 

cancer initiation and progression [31,445,561]. This confirms that the HBEC/pro- 

inflammatory model is functional. The results in this present study demonstrate that 

these pro-inflammatory cytokines can influence both the functional and gene 

expression properties of a normal cell line when over-expressed; however, in a three 

month period of growth this did not confer malignancy. Chronic inflammation can 

take a prolonged period of time to promote and develop a pre-neoplastic state. It is 

therefore reasonable to investigate the transformation capabilities of this cell line 

model after a further 6-12 months of continuous culture to determine if malignancy 

may occur.

Although this cell line model can provide an insight into the effects of 

hypoxia and inflammation in this disease, it has certain limitations. The integration 

of a plasmid into host DNA can, in itself, affect the gene expression and cellular 

behaviour of cell lines. This is evident from the recombination event, which took 

place in the IL-1(3 gene within the TNF-o/IL-ip clone and the reduction in the basal
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level of p53 in the EVC compared with the un-transfected HBEC4 cell line. It may, 

therefore, be more advantageous to treat cells with conditioned media collected from 

over-expression clones. This strategy would rule out integration events as the cause 

of any gene or cellular changes. The concentration of cytokines is also important in 

the balance of pro- and anti- tumour effects, within the tumour microenvironment. In 

taking this project forward, un-transfected cells could be treated with low, medium 

and high concentrations of cytokine(s), which could in turn determine dose specific 

responses. This would also allow for the treatment of the other two HBEC cell lines 

(3 and 5) and permit the comparison of responses between individual normal cell 

donors.

The CXC (ELR"^) chemokine family, a potent pro-angiogenic family, were 

found to be regulated epigenetically in both NSCLC and normal bronchial epithelial 

cell lines. They were regulated at the level of histone post-translational modification 

and also by DNA CpG methylation in the cell lines examined. There was a decrease 

in CXCLl-3 with a concomitant increase in CXCL8 and their putative angiogenic 

receptors CXCRl and 2 with HDACi treatment. CXCL8 has previously been 

demonstrated to affect lung cancer cell growth [204,544], but results are conflicting 

[547]. In this study, treatment with recombinant CXCL8 failed to induce 

proliferation in both NSCLC and normal cell lines, and resulted in a significant 

decrease in growth in the A549 and SKMES-1 cell lines. There was no basal receptor 

expression in the lung cancer cells, however basal expression was strong in the 

normal cell lines, which may suggest that the receptors are important in normal 

physiological processes. Although the expression of CXC receptors correlates with 

increased tumour angiogenesis and growth [507], in some circumstances the loss of 

receptor expression may contribute to carcinogenesis. In human fibroblasts, CXCRl 

has been shown as an important mediator of senescence, activating a DNA damage 

check-point [562]. Therefore, the loss of CXC receptor expression may allow for 

neoplastic cells to escape senescence, resulting in cancer promotion. The seemingly 

dual function of CXCR2 may explain the conflicting results concerning CXCL8 as a 

growth factor. Additional studies must be undertaken to determine the critical 

balance of these paradoxical chemokines in lung cancer. Therefore, epigenetic 

targeting of this family may be of potential therapeutic benefit.

In a panel of normal/tumour matched samples from patients, the CXC (ELR^) 

chemokines were down-regulated in the squamous tumour compared with the 

normal, this expression pattern was varied in the adenocarcinoma samples. Due to
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the heterogenicity of the samples and small sample size, it is difficult to make a 

definitive conclusion based on these results. The expression patterns require further 

validation at the protein level, either by western blot or utilising a multiple tissue 

array (MTA). The tissue expression may then be correlated with patient diagnosis, 

prognosis or response to treatment. This would further elucidate the essential balance 

of these CXC (ELR" )̂ chemokines in lung cancer.

It would be appropriate to extend the examination and regulation of members 

of this family to include DARC, CXCL5 and the CXCR4ICXCL12 axis. It would be 

beneficial to determine the effect of HDACi and/or DNA methytransferase inhibitors 

on DARC expression, as this gene is a negative regulator of pro-angiogenic CXC 

chemokines, resulting in a decrease in the promotion of tumour angiogenesis 

[202,508]. As such, if levels of DARC could be elevated in response to epigenetic 

targeting therapies, this would provide an additional benefit to using such drugs as a 

theraputative targeting agent in the treatment of NSCLC. CXCL5 has been shown to 

correlate with patient mortality [197,563] and tumour angiogenesis and growth [564] 

in NSCLC, as has the CXCR4/CXCL12 axis [288,565], accordingly it would be 

advantageous to determine if these additional chemokines could be targeted 

epigenetically, which may lead to further advancements in cancer therapy.

The IL-20 cytokine is a member of the IL-IO family and has a number of key 

roles in pro-inflammatory conditions within the setting of the skin and has yet to be 

studied in the lung to any great extent. In this project, IL-20 and its receptors were 

examined in a panel of normal and lung cancer cell lines. Basally IL-20 and IL-20RA 

were not expressed by the lung cancer cell lines, however, HDACi increased the 

expression of IL-20 in all cell lines, indicating that it is regulated by histone post- 

translational modifications. An interesting finding was that a DNA methytransferase 

inhibitor (DAC) demonstrated the capacity to reactivate the expression of 1L-20RA in 

the adenocarcinoma cell line. This indicates that the silencing of IL-20RA is due to 

hypermethylation of the DNA within its promoter region. IL-20RA is located on a 

lung cancer susceptibility locus, where it was found to be methylated in 

approximately 26% of primary adenocarcinoma cases [559]. In this study, at the 

mRNA level, 1L-20RA expression was reduced in 62.5% of adenocarcinoma and 

60% of squamous cell carcinoma tumour samples compared with normal. The 

protein expression is matched to that of the Tessema et al study [559], as 25% of 

adenocarcinoma and 40% squamous cell carcinoma tumour samples had reduced 

expression of IL-20RA. This project represents the first validation of the reduction of

285



IL-20RA at the protein level in normal/tumour matched pairs. It has also confirmed 

that the receptor can be reactivated via DNA methyltransferase inhibition, however, 

hypermethylation of IL-20RA was not associated with age at diagnosis or stage of 

lung cancer [559,560]. Further studies are merited to examine this receptor, either in 

blood samples by ELISA or tissue samples in a MTA using immuno-histochemistry 

and correlate results with patient data. The mRNA level of lL-20 was increased in the 

majority of tumour samples, although this did not compare with the normal/tumour 

samples at the protein level, as IL-20 was not detected. The IL-20 receptors are 

shared between other cytokines such as IL-19 and IL-24, which also function as pro- 

inflammatory cytokines. IL-19 and IL-24, if expressed would signal through the IL- 

20 receptors. IL-19 is involved in the induction of Th2 type responses [224] and IL- 

24 can induce apoptosis in lung [566], breast [567], and melanoma [568] cancer 

cells. IL-19 can signal through IL-20RA/RB [217], and IL-24 can signal through 

both hetero-dimeric IL-20 receptor complexes [569]. Examination of these ligands, 

in NSCLC normal/tumour matched pairs, may clarify, which cytokines utilise these 

receptors in the lung.

There is controversy surrounding the angiogenic properties of IL-20; some 

reports suggest pro-angiogenic capabilities [216,239], while others demonstrate anti- 

angiogenic effects within a lung cancer cell line [228]. In this project, the effect of 

recombinant IL-20 on the expression of the VEGF family was examined. In the 

confines of this study, IL-20 treatment down-regulated VEGF and a co-receptor Nrp- 

7 in a normal and lung cancer cell line. Overall, EL-20 may mediate tissue specific 

effects, but in this instance, is an anti-angiogenic cytokine. Induction of this cytokine 

using HDACi, may represent a potential novel therapy in this disease. Over

expression or knockdown of IL-20, in normal and lung cancer cells, may further 

clarify its role in the angiogenic process.

Overall, this thesis has demonstrated the functional capacity of TNF-a and 

IL-ip, under normoxic and hypoxic conditions, to induce changes within a normal 

bronchial epithelial cell line after three months of culture. Given a longer time frame, 

the chronic inflammatory or hypoxic exposure may transform cells. This would 

allow for a time-line based recognition of cellular and/or genetic changes resulting in 

the possibility of new biomarker identification. Early genetic events in lung cancer 

include the methylation of RASSFla and p i 6 amongst others, this cell line model 

could determine whether inflammation has the capacity to alter these genes and 

could allow for the examination of effects of various components/treatment strategies
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in targeting changes caused by chronic inflammation. The validity of targeting pro- 

inflammatory pathways such as CXC (ELR^) and IL-20 with HDACi in lung cancer 

remains to be confirmed. However, the use of a clinically relevant HDACi, such as 

Vorinostat, may enhance or validate results observed from TSA treatments.

The results presented in this thesis indicate that targeting pro-inflammatory 

mechanisms in NSCLC may be a productive area for investigation. This could lead 

to significant new advances in the knowledge of this cancer, which may translate to 

the clinic, and ultimately, be of benefit to patients.
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Appendix I: HBEC growth curves
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Appendix II: Standard Curves and PCR primer data
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Representative standard curve from a CXCL8 ELISA. This ELISA was used to 

quantify protein in cell line supernatants. (R^ -  Regression coefficient)
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Representative standard curve from a TNFa ELISA. This ELISA was used to 

quantify protein in cell line supernatants. (R -  Regression coefficient)
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IL-20 ELISA
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Representative standard curve from an IL-20 ELISA. This ELISA was used to 

quantify protein in cell line supernatants. (R -  Regression coefficient)
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Representative standard curve from a CXCL2 ELISA. This ELISA was used to 

quantify protein in cell line supernatants. (R^ -  Regression coefficient)
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Table 2,1: Primer Data

Prim er Sequence

F = Forward R = Reverse

Annealing 

temp (°C )

CXCLl F: ATGGCCCGCGCTGCTCTCTC 55

R: TCAGTTGGATTTGTCACTGTTC

CXCL2 F: ATGGCCCGCGCCACGCTCTC 55

R: TCAGTTGGATTTGCCATTTTTCAGC

CXCL3 F; ATGGCCCACGCCACGCTCTCCG 60

R: TCAGTTGGTGCTCCCCTTGTTC

CXCL8 F: ATGACTTCCAAGCTGGCCGTG 55

R: TGAATTCTCAAGCCCTCTTCA

CXCR2 F: CTGCTCTGCTGGCTGCCCTA 60

R: GAGAGTAGTGGAATTGTGCCC

|3-actin F: TGTTTGAGACCTTCAACACCC 55

R:AGCACTGTGTTGGCGTACAG

GAPDH F: CCACCCATGGCAAATTCCATGGCA 55

R: TCTAGACGGCAGGTCAGGTCCACC

IL-22R1 *** F: CTCCACAGCGGCATAGCCT 61

R:ACATGCAGCTTCCAGCTGG

R: GGGGTCCTAGCCCCCAGCAC

CXCRl Chip F: TCAACCCCAGCTTCACACCT 56

R: CCCCACCATGTCTACATTT

GRP 78 F: CTGGGTACATTTGATCTGACTGG 60

R: CATCTTGGTGGCTTTCCAGCCATTC

R: GCTGGGTTGCTCCTTGCAGA

IL-20 * F: ATGAAAGCCTCTAGTCTTGC 58

R: CTGTCTCCTCCATCCATTGC

TNFRl F: TCAGTCCCGTGCCCAGTTCCACCTT 60

R: CTGAAGGGGGTTGGGGATGGGGTC

TNFR2 F: GCTCGCCGGGCCAATATGC 60

R: GGCTTGCACACCACGTCTGA

IL -lR l F: GTATCCAAAGACTGTTGGGG 60

R; GGCTGGTGACAGTAACTGGT

IL-1 acP

membrane

soluble

F: GATGGATTCTCGCAATGAGG 60

R: TGAGAATCACACTAGCAGG

R: ACTATGGGTTAGATGCCGTC

CXCRl F: CCTTCTTCCTTTTCCGCCAG 60

R: AAGTGTAGGAGGTAACACGATG

IL-20Ra ** F; TCAAACAGAACGTGGTCCCAGTG 64

R: TCCGAGATATTGAGGGTGATAAAG
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Prim er Sequence

F = Forward R = Reverse

Annealing 

temp (°C )

IL-20RP ** F: GCTGGTGCTCACTCACTGAAGGT 64

R: TCTGTCTGGCTGAAGGCGCTGTA

TNF-a F: ATGAGCACTGAAAGCATGATC 55

R: TCACAGGGCAATGATCCCAAAG

IL -ip F: GCAGCCATGGCAGAAGTACCTGAGCTC 55

R: TTAGGAAGACACAAATTGCA

CXCL8 C hip F: AAGAAAACTTTCGTCATACTCCG 55

R: TGGCTTTTTATATCATCACCCTAC

IL-20 C hip F: CCTCACCCCGTGGACACTTGG 60

R: CAGTCCAGTGGAAGGAGTCC

Hygromycin F: ATGAAGAAACCTGAACTGAC 60

R: CATTCCTTGGCTCTGGGTCT

CXCR2 C hip F: GGAAACTTCCCACCAGTGAA 60

R: CCACTGGATCCCTTGCAGAC

All PCR’s followed a standard 35 cycle protocol, except those listed below:
* IL-20 40 amplification cycles
** 94°C for 3 min followed by 35 cycles o f 94°C for 30sec, 64°C for Imin, 72°C for 
2 min, followed by 72°C for 5 min
*** 35 cycles of 95°C for 45 sec, 61°C of 45 sec, 72 for 45 sec
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Appendix V: Densitometry values

Table 5.1: Chemokine densitometry analysis o f normoxia and hypoxia PCR products. mRNA expression levels of CXCLI-3, 8, CXCRI and 2 in a 

panel of cell lines grown under normoxic and hypoxic conditions.

HBEC3 HBEC4 HBEC5 A549 SKMES-1

GENE N H N H N H N H N H

CXCLI 1.265 ± 

0.731

0.446 + 

0.258 *

0.384 ± 

0.222

0.720 ± 

0.416 *

0.344 ± 

0.199

0.169 ± 

0.098

1.204 ± 

0.696

0.716 ± 

0.413

0.328 ± 

0.189

0.443 + 

0.256

CXCL2 0.895 ± 

0.517

0.506 + 

0.292

1.290 + 

0.745

0.471 + 

0.272

0.170 ± 

0.098

0.431 ± 

0.249

1.058 ± 

0.612

0.683 + 

0.395

0.099 ± 

0.057

0.356 ± 

0.206

CXCL3 1.528 ± 

0.883

1.188 ±

0.687 *

1.342 ± 

0.775

0.932 + 

0.539

0.964 ± 

0.557

0.434 ± 

0.251 *

1.037 + 

0.599

0.596 + 

0.344

0.457 ± 

0.264

0.724 ± 

0.419 *

CXCL8 0.692 ± 

0.400

0.493 ± 

0.285 *

0.131 ± 

0.075

0.601 ± 

0.347 *

0.234 ± 

0.135

0.814 ± 

0.470

0.425 + 

0.245

0.784 ± 

0.453

0.154 ± 

0.089

0.357 ± 

0.206

CXCRl 0.070 ± 

0.040

0.230 ± 

0.133

0.033 ± 

0.019

0.458 + 

0.264

0.038 ± 

0.022

0.230 ± 

0.133 *

0.041 + 

0.023

0.246 + 

0.142*

0.035 ± 

0.020

0.253 ± 

0.146*

CXCR2 0.196 ± 

0.113

0.044 ± 

0.025

0.050 ± 

0.029

0.088 ± 

0.050

0.250 + 

0.144

0.104 ± 

0.060 *

0.021 + 

0.012

0.027 ± 

0.015
...............

0.036 ± 

0.020

0.067 ± 

0.039

mRNA expression was normalised to p-actin controls, and is expressed as a ratio of target protein expression: P-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean + SEM. (* p<0.05 H vs. N; Down regulated. Up-regulated, n=3)

(N -  Normoxia, H -  Hypoxia)
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Table 5.2: Chemokine densitometry analysis of TSA treated normoxic cells. mRNA expression levels of CXCLl-3, 8, CXCRI and 2 in a panel of cell 

lines grown under normoxia and treated with TSA.

HBEC3 HBEC4 HBEC5 A549 SKMES-1

GENE UT TSA UT TSA UT TSA UT TSA UT TSA

CXCLl 1.265 + 

0.731

1.013 ± 

0.585 *

1.043 ± 

0.603

0.733 ± 

0.423

0.670 ± 

0.387

0.888 ± 

0.513

0.950 ± 

0.549

0.581 ± 

0.336

0.364 + 

0.210

0.291 + 

0.168

CXCL2 0.406 + 

0.234

0.217 ± 

0.125

1.291 + 

0.746

0.382 ± 

0.220

0.274 ± 

0.158

0.580 ± 

0.335

0.466 + 

0.269

0.163 ± 

0.094

0.173 ± 

0.100

0.097 + 

0.056

CXCL3 1.017 ± 

0.588

0.639 ± 

0.369

1.520 + 

0.879

1.031 ± 

0.596

0.933 + 

0.539

1.256 ± 

0.726

1.245 + 

0.720

0.672 + 

0.388

0.740 + 

0.428

0.441 + 

0.254

CXCL8 0.368 ± 

0.213

0.698 ± 

0.403 *

0.821 ± 

0.475

1.327 ± 

0.767

0.436 ± 

0.252

1.231 ± 

0.711 *

0.900 ± 

0.520

1.169 + 

0.675

0.272 + 

0.157

1.234 + 

0.033 8

CXCRI 0.213 ± 

0.123

1.071 + 

0.619

0.171 + 

0.099

1.098 ± 

0.635

0.064 + 

0.037

1.658 ± 

0.958

0.041 + 

0.023

0.342 ± 

0.197

0.035 ± 

0.020

1.170 + 

0.068 5

CXCR2 0.055 ± 

0.032

0.092 + 

0.053

0.138 + 

0.080

0.201 + 

0.116

0.241 + 

0.139

0.482 ± 

0.279

0.021 + 

0.012

0.044 + 

0.025 *

0.036 + 

0.020

0.565 ± 

0.042 8

mRNA expression was normalised to P-actin controls, and is expressed as a ratio of target protein expression; P-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean ± SEM. (* p<0.05 TSA V5. UT, 5 p<0.01 TSA v.v. UT; Down regulated. 

Up-regulated, n=3) (UT -  untreated, TSA -  Trichostatin A)
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Table 5.3: Chemokine densitometry analysis of TSA treated hypoxic cells. mRNA expression levels of CXCLl-3, 8, CXCRl and 2 in a panel of cell 

lines grown under hypoxia and treated with TSA.

HBEC3 HBEC4 HBEC5 A549 SKMES-1

GENE UT TSA UT TSA UT TSA UT TSA UT TSA

CXCLl 0.446 ± 

0.258

0.795 ± 

0.460 *

0.794 ± 

0.459

0.641 ± 

0.370 *

0.396 ± 

0,229

0.629 ± 

0.363 *

0.760 ± 

0.439

0.445 + 

0.257

0.435 + 

0.251

0.121 ± 

0.070 *

CXCL2 0.418 ± 

0.242

0.769 ± 

0.445

0.764 ± 

0.441

0.402 ± 

0.232 *

0.531 ± 

0.307

0.436 ± 

0.252

0.690 + 

0.399

0.432 ± 

0.249

0.470 + 

0.271

0.243 ± 

0.140

CXCL3 0.910 + 

0.526

1.564 ± 

0.904

1.269 ± 

0.733

0.836 + 

0.483

0.434 ± 

0.251

0.940 ± 

0.543 *

1.429 ± 

0.826

1.255 + 

0.725

0.616 ± 

0.356

0.966 ± 

0.558

CXCL8 0.194 ± 

0.112

0.738 + 

0.426

0.784 + 

0.453

1.389 + 

0.803

0.282 ± 

0.163

1.005 ± 

0.581 8

0.918 ± 

0.530

1.094 ± 

0.632

0.491 ± 

0.284

1.018 ± 

0.588

CXCRl 0.297 ± 

0.172

1.894 + 

1.095 *

0.335 ± 

0.194

2.172 ± 

1.256 *

0.330 ± 

0.190

2.106 ± 

1.217 6

0.215 ± 

0.124

0.544 ± 

0.314

0.222 ± 

0.128

1.471 ± 

0.850 *

CXCR2 0.048 ± 

0.028

0.120 + 

0.069

0.065 + 

0.037

0.207 + 

0.119

0.104 ± 

0.060

0.255 ± 

0.147*

0.055 + 

0.032

0.094 + 

0.054

0.060 ± 

0.034

0.312 + 

0.180

mRNA expression was normalised to P-actin controls, and is expressed as a ratio of target protein expression: P-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean ± SEM. (* p<0.05 TSA vs. UT, 5 p<O.OI TSA vs. UT; Down regulated, 

Up-regulated, n=3) (UT -  untreated, TSA -  Trichostatin A)
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Table 5.4: Chemokine densitometry analysis of PB treated cells. mRNA expression levels of CXCLl-3, 8, CXCRl and 2 in a panel of cell lines treated 

with PB.

HBEC4 A549 SKMES-1

GENE UT PB UT PB UT PB

CXCLI 2.215 + 0.029 1.330 + 0.203 * 0.330 ± 0.035 0.470 + 0.055 0.536 ± 0.062 0.787 ±0.128

CXCL2 1.358 + 0.149 0.495 ±0.122 8 0.367 + 0.020 0.389 + 0.034 0.249 + 0.020 0.205 ± 0.035

CXCL3 2.915 + 0.204 1.92 + 0.199 * 0.959 + 0.241 1.21 + 0.285 * 0.952 + 0.018 0.992 ±0.012

CXCL8 1.281 +0.135 2.048 ± 0.229 1.314 + 0.229 2.226 ± 0.291 6 1.036 + 0.034 1.465 + 0.027 8

CXCRl 0.215 + 0.038 2.618 + 0.235 8 0.140 + 0.081 2.130 + 0.719 0.011 + 0.005 1.297 ± 0.028 8

CXCRl 0.171 +0.040 0.286 + 0.103 0.046 + 0.027 0.317 + 0.057 * 0.002 + 0.001 0.945 ± 0.0130 8

mRNA expression was normalised to P-actin controls, and is expressed as a ratio of target protein expression: P-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean ± SEM. (* p<0.05 PB vs. UT, 5 p<0.01 PB vs. UT; Down regulated. Up- 

regulated, n=3)

(UT -  untreated, PB -  phenylbutarate)
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Table 5.5: Chemokine densitometry analysis of DAC treated cells. mRNA expression levels of CXCLI-3, 8, CXCRl  and 2 in a panel of cell lines 

treated with DAC.

HBEC4 A549 SKMES-1

GENE UT DAC UT DAC UT DAC

CXCLl 2.215 + 0.029 2.00 + 0.056 0.880 + 0.07 1.040 + 0.088 0.604 + 0.06 0.698 ± 0.049

CXCL2 1.12 + 0.118 0.662 + 0.100 0.769 + 0.05 0.705 + 0.086 0.378 + 0.024 0.325 ±0.031

CXCL3 2.91 + 0.20 2.41+0.148 * 0.965 ± 0.03 0.972 + 0.024 1.478 ±0.135 1.714 ±0.07

CXCL8 1.28 + 0.135 2.00 + 0.016 * 1.098 + 0.011 1.178 + 0.098 0.591 ±0.145 0.845 ± 0.121 *

CXCRl 0.215 + 0.038 2.03 + 0.118 8 0.041 +0.026 0.161 +0.126 0 ± 0 5.222 ± 0.720 *

CXCR2 0.188 + 0.04 1.179 + 0.068 8 0.029 + 0.01 0.299 + 0.027 * 0.114 ±0.033 0.101 ±0.016

mRNA expression was normalised to P-actin controls, and is expressed as a ratio of target protein expression; P-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean + SEM. (* p<0.05 DAC vx UT, 5 p<0.01 DAT vs. UT; Down regulated, 

Up-regulated, n=3)

(UT -  untreated, DAC -  5-aza-2’ deoxycitidine)
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Table 5.6: Chemokine densitometry analysis of tumour/normal matched adenocarcinoma samples. mRNA expression levels of CXCLl-3, 8, CXCRl 

and 2 in a panel of chemo naive patient samples (n=8).

CXCLl CXCL2 CXCL3 CXCL8 C XCRl CX C R l

N T N T N T N T N T N T

1 6.602 2.540 4.313 1.787 3.850 1.415 4.909 1.819 1.304 0.025 1.809 0.025

2 0.459 2.662 1.601 3.238 0.975 1.904 0.661 3.015 0.059 0.213 0.059 0.213

3 4.485 1.571 4.485 1.571 2.104 0.628 3.499 1.460 0.337 1.127 0.337 1.127

4 3.407 1.483 2.511 0.986 2.232 0.578 2.266 1.493 1.224 0.187 1.224 0.187

5 1.795 2.687 2.687 1.338 0.767 0.741 0.783 0.691 0.087 0.118 0.087 0.118

6 2.072 3.342 2.626 2.922 0.957 1.638 1.094 2.599 0.057 0.167 0.057 0.167

7 2.523 2.646 2.133 2.905 1.790 1.060 1.069 1.343 0.719 0.144 0.719 0.144

8 4.988 3.780 2.390 3.015 2.824 1.528 1.978 1.827 1.278 1.162 1.278 1.162

mRNA expression was normalised to (3-actin controls, and is expressed as a ratio of target protein expression; P-actin expression. 

Patient sample reference is indicated by numbers on the right hand side of table.

(N -  normal, T -  tumour)
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Table 6.1: IL-20 densitometry analysis of normoxia and hypoxia PCR products. mRNA expression levels o f IL-20, IL-20RA, IL-20RB and IL-22R1 in 

a panel of cell lines grown under normoxic and hypoxic conditions.

HBEC3 HBEC4 HBEC5 A549 SKMES-1

GENE N H N H N H N H N H

IL-20 0.755 ± 

0.283

0.250 ± 

0.068

0.097 ± 

0.076

0.550 ± 

0.066 6

0.918 ± 

0.083

0.707 + 

0.149

0.367 ± 

0.131

0.289 + 

0.080

0.023 ± 

0.018

0.100 + 

0.041

IL-20RA 0.120 ± 

0.096

0.286 ± 

0.010

0.052 + 

0.001

0.404 ± 

0.158

0.229 + 

0.081

0.548 ± 

0.174

N/D N/D N/D N/D

IL-20RB 1.83 ± 

0.395

1.224 ± 

0.290 *

0.640 + 

0.245

1.423 + 

0.390

1.524 + 

0.244

1.264 ± 

0.159

0.367 ± 

0.070

0.226 ± 

0.086 *

0.322 ± 

0.205

0.590 ± 

0.274

IL-22R1 0.948 ± 

0.050

0.892 + 

0.263

0.171 + 

0.116

1.269 ± 

0.511

0.861 ± 

0.180

0.716 ± 

0.181

0.429 + 

0.203

0.754 + 

0.362

0.626 ± 

0.305

0.987 + 

0.289

mRNA expression was normalised to p-actin controls, and is expressed as a ratio of target protein expression: P-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean + SEM. (* p<0.05 H v̂ . N, 5 p<0.01 H vs. N; Down regulated. Up- 

regulated, n=3)

(N -  Normoxia, H -  Hypoxia, N/D -  not detected)
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Table 6.2: IL-20 densitometry analysis of TSA treated normoxic cells. mRNA expression levels of IL-20, IL-20RA, IL-20RB and IL-22R1 in a panel of 

cell lines grown under normoxia and treated with TSA.

HBEC3 HBEC4 HBEC5 A549 SKMES-1

GENE UT TSA UT TSA UT TSA UT TSA UT TSA

IL-20 0.755 + 

0.283

1.096 ± 

0.243 *

0.097 ± 

0.076

1.403 + 

0.205 *

1.050 + 

0.202

1.579 ± 

0.121

0.213 ± 

0.061

0.895 ± 

0.312

0.108 ± 

0.074

0.819 + 

0.100 *

IL-20RA 0.120 ± 

0.096

0.035 ± 

0.028

0.126 ± 

0.039

0.052 + 

0.019

0.233 ± 

0.083

0.101 ± 

0.046

N/D N/D N/D N/D

IL-20RB 3.032 ± 

0.097

2.040 ± 

0.814 *

1.012 ± 

0.466

1.492 ± 

0.204

2.307 + 

0.595

1.576 + 

0.541 *

0.301 ± 

0.118

0.179 ± 

0.098

0.347 ± 

0.202

0.709 + 

0.437

IL-22R1 0.948 + 

0.050

0.619 ± 

0.257

0.050 + 

0.036

0.792 + 

0.604

0.861 ± 

0.180

0.840 + 

0.188

0.399 + 

0.173

0.226 ± 

0.125

0.345 + 

0.168

0.697 ± 

0.351

mRNA expression was normalised to |3-actin controls, and is expressed as a ratio of target protein expression: p-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean + SEM. (* p<0.05 TSA V5. UT, 6 p<0.01 TSA vs. UT; Down regulated. 

Up-regulated, n=3)

(UT -  untreated, TSA -  Trichostatin A, N/D -  not detected)
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Table 6.3: IL-20 densitometry analysis of TSA treated hypoxic cells. mRNA expression levels of IL-20, IL-20RA, IL-20RB and IL-22R1 in a panel of 

cell lines grown under hypoxia and treated with TSA.

HBEC3 HBEC4 HBEC5 A549 SKMES-1

GENE UT TSA UT TSA UT TSA UT TSA UT TSA

IL-20 0.250 ± 

0.068

0.763 + 

0.046 *

0.798 + 

0.157

1.23 + 

0.136 8

0.522 + 

0.247

0.920 + 

0.181

0.289 ± 

0. 080

0.844 + 

0.267

0.093 ± 

0.049

0.260 ± 

0.048

IL-20RA 0.286 ± 

0.010

0.249 + 

0.011

0.515 ± 

0.59

0.277 + 

0.017

0.548 + 

0.174

0.455 ± 

0.171 *

N/D N/D N/D N/D

IL-20RB 1.484 + 

0.550

1.707 ± 

0.579 *

1.568 ± 

0.413

1.208 + 

0.444*

1.761 ± 

0.368

1.378 ± 

0.350

0.226 + 

0.086

0.372 + 

0.173

0.279 ± 

0.04

0.139 + 

0.068 *

1L-22R1 0.819 ± 

0.269

0.563 + 

0.371

1.380 ± 

0.405

1.037 + 

0.210

0.569 ± 

0.306

0.966 + 

0.483

0.754 ± 

0.362

0.494 ± 

0.320

0.659 + 

0.401

0.438 ± 

0.245

mRNA expression was normalised to P-actin controls, and is expressed as a ratio of target protein expression: P-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean ± SEM. (* p<0.05 TSA vs. UT, 8 p<0.01 TSA vs. UT; Down regulated. 

Up-regulated, n=3)

(UT -  untreated, TSA -  Trichostatin A, N/D -  not detected)
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Table 6.4: IL-20 densitometry analysis of PB treated cells. mRNA expression levels of IL-20, IL-20RA, IL-20RB and IL-22R1 in a panel of cell lines 

treated with PB.

HBEC4 A549 SKMES-1

GENE UT PB UT PB UT PB

IL-20 0.822 + 0.039 1.148 + 0.122 * 0.147 + 0.047 1.265 + 0.213* 0.074 + 0.02 0.786 + 0.037 8

IL-20RA 0.731 ± 0.044 0.263 ± 0.069 * 0.160 ±0.066 0.465 ± 0.233 N/D 0.088 ± 0.046

IL-20RB 0.829 ± 0.068 0.678 + 0.02 0.911+0.152 2.767 + 0.556 * 0.422 ± 0.016 0.593 + 0.020 *

IL-22R1 0.975 + 0.161 1.19±0.255 0.717 + 0.111 1.148 ±0.143 6 0.576 ± 0.089 0.608 ±0.091

mRNA expression was normalised to P-actin controls, and is expressed as a ratio of target protein expression: p-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean ± SEM. (* p<0.05 PB V5. UT, 6  p<0.01 PB v '̂. UT; Down regulated. Up- 

regulated, n=3)

(UT -  untreated, PB -  phenylbutyrate, N/D -  not detected)
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Table 6.5: IL-20 densitometry analysis of DAC treated cells. mRNA expression levels of IL-20, IL-20RA, IL-20RB and 1L-22R1 in a panel of cell lines 

treated with DAC.

HBEC4 A549 SKMES-1

GENE UT DAC UT DAC UT DAC

IL-20 1.097 ±0.075 1.727 ±0.147 0.289 ± 0.007 0.385 ± 0.028 0.223 ± 0.029 0.450 ± 0.064

IL-20RA 0.620 + 0.028 0.710 ±0.056 0.032 ± 0.004 0.113 ±0.008* N/D N/D

IL-20RB 1.961 ±0.08 1.655 ± 0.072 * 0.459 ± 0.030 0.467 ± 0.026 0.548 ± 0.022 0.219 ±0.072

IL-22R1 0.729 ±0.131 0.836 ± 0.067 0.578 ± 0.005 0.450 ± 0.054 1.196 ±0.106 0.288 ±0.112*

mRNA expression was normalised to P-actin controls, and is expressed as a ratio of target protein expression: P-actin expression. Statistical analysis 

was carried out by a paired 2 tailed student t test. Data is expressed as mean ± SEM. (* p<0.05 DAC vs. UT, Down regulated. Up-regulated, n=3)

(UT -  untreated, DAC -  5-aza-2’ deoxycitadine, N/D -  not detected)

351



Table 6.6: IL-20 densitometry analysis of tumour/normal matched adenocarcinoma samples. mRNA expression levels of IL-20, IL-20RA, IL-20RB and 

IL-22R1 in a panel of chemo naive patient samples (n=8).

IL-20 IL-20RA IL-20RB IL-22R1

N T N T N T N T

1 0.007 0.076 0.420 0.105 0.221 0.226 0.056 0.066

2 0.029 0.049 0.194 0.351 0.158 0.424 0.157 0.156

3 0.081 0.083 0.383 0.555 0.367 0.542 0.102 0.161

4 0.049 0.055 0.608 0.082 0.454 1.827 0.070 0.086

5 0.200 0.285 0.105 0.114 0.000 0.000 0.088 0.138

6 0.281 0.276 0.112 0.107 0.015 0.008 0.163 0.180

7 0.669 0.107 0.805 0.181 0.441 1.064 0.156 0.119

8 0.148 1.491 0.906 0.784 0.301 0.250 0.066 0.183

mRNA expression was normalised to p-actin controls, and is expressed as a ratio of target protein expression: P-actin expression, 

reference is indicated by numbers on the right hand side of table.

(N -  normal, T -  tumour)
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Appendix III: Cloning information
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Vector map for pVITROl-m cs. Note sites indicated for TNFa and IL-1 P insertion.
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Appendix IV: Gene and flow cytometry information

accttatgtg tgacatgttc taatatagtc 
acattttcat tatttttatt ataag CCTG CTGAAAATGA CTGAATATAA 
ACTTGTGGTA GTTGGAGCt| GTGGCGTAGG CAAGAGTGCC TTGACGATAC 
AGCTAATTCA GAATCATTTT GTGGACGAAT ATGATCCAAC AATAGA gta 
aatcttgttt taatatgcat attactggtg caggaccatt ctttgataca

Sequence of KRAS codon 2. The highlighted letters are the outer primers and the 

bold are the inner primers. The letter in red indicates site of the substitution reaction.
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Representative histogram from flow cytometry data. Given is scatterplot of cells 

showing area of the proportion of cells taken for analysis (A), staining for isotype 

control, which controls for background staining (B), staining for ICAM (C) and 

staining for VCAM (D).
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Table 4.1: List of genes on human Cancer PathwayFinder
HVU UnlG«K RefSeq Symbol Description Gene Name
AO} Hs-525622 NMJX)5163 AKTI V-akl murine ihymoma viral onc'.'gene hiwnolop 1 AKT/PKB
A02 Hs.36%75 NM JKII146 ANOFTl Angiopoietin 1 AGPI/AGPT
A03 N M .00II47 ANnPT2 Angiopoietin 2 AC.PT2/ANC2
ACM H>v.552567 N M .00II60 APAF-I Apopiotic peptidase aclivaiing faciof 1 CFfM
A05 Hs.367437 NM. 000051 ATM Amxia telangiectasia mutated ATl/ATA
A06 Hs.370254 NM_0(W322 BAD BCL2-ai)tag()nisl o f ccll death BBC2/BCUL8
A(17 Hn 159428 NM .004324 BAX BCU-associaicd X protein Bax zeta
A08 H'v-150749 NMJ)00633 BCl-2 B-cell CLlTlymphoma 2 Bcl-2
A W Hs.516966 NM_I38578 BC:L2LI B lL 2-like 1 BCL-XL/S

AIO Hs. 194143 NM_(X)7294 BRCAl Breast cancer 1. early onset BRCAl/BRCCl
A ll Hi.591630 NM_00I228 CASP8 Caspase 8. apoplosis-rclated cysteine peptidase CAP4/I1.ICE
A12 Hs.244723 NM .001238 CCNEl C yclinE I rCNF.
BOl Hs.437705 NM_OOI789 CDC25A Ccll divisi«Hi cycle 25 hi)m(>K>j: A (S. pombc) CIX'25A2
Ew: Hs.19192 N M .00I798 CDK2 Cyclin-dependeni kinase 2 p33(CDK2)
B03 Hs.95577 NMJI00075 CDK4 Cyclin-dqxmdeni kinase 4 CMM.1/PSK-J3
B(M Rs.370771 NM_000389 CDKNIA Cyclin-dcpendeni kinase inhibitor 1A (p21. C ip l) CAP20/CDKNI
BOJi Hs.512599 NM_(X)0077 CDKN2A Cyclin-dependeni kinase inhihitiv 2A ARF/CDK4I
B(Xi Hs.390736 NM_003879 C11.AR CASP8 and FADD-like apoptosis regulator CASH/CASP8AP1
B07 H v291363 N M .007I94 CHEK2 CHK2 checkpoint homolog (S. ptwnhe) C nSl/CH K 2
BOS Rs.517356 NM_(I305K2 COI.18A! Collagen, type XVIII, alpha 1 KNO
B(» Hs.96055 NM_005225 E2H E2F transcription factor 1 L2F-1/RBBP3
BIO HS446352 NM_004448 ERBB2 V-erK-b2 erythroblastic leukemia viral oncogene homolog 2 HER-2/HER-2
BM Hs.652288 NM_()05239 RTS2 V-F,ts erythroblasti>sis virus E26 onc«>genc homoloj* 2 (avian) c-Fls2
B i : Hv244l39 NMJXI0043 FAS Fas (TNFreceptor supcrfumily. member 6 l ALPSIA/APO-I
COI Hi.5336X> NM_000!41 K .IR 2 l-ibroblast growth factor reccpit*r 2 BbK/BF-R-l
C02 Hs,25647 NM_0()5252 FOS V-fos FBJ murine osteosarcoma viral oncc^ene homolog c-fos
C03 Hs,<H)70« NM_(X)6I44 GZMA Granzyme A CTLA3/HFSP
C'(M Hs.90753 NM_(X)64H) RrATIP2 HIV-1 Tat imcraciive protein 2. 30kDa C'C3/'riP30
COS Hs.37026 N M .024013 IFNAI Interferon, alpha 1 IFL^FN
COfi Hv93l77 NM_(X)2I76 IF'NBl Intcrfercm, beta 1. fibroblusi IFB/IFF
0 )7 Hs, 160562 NM_(XH)618 IGF! Insulin-like growth factor I rsofnatomcdin C) IGFI
COS Hs.624 NM_000584 l U Interleukin 8 3-IOC/AMCI^I

C09 Hs.652204 NM_I8150I ITGAI Inie^rin, alphti 1 CD49a/VI.Al
CIO Hs.482077 NM.(X)2203 ITGA2 Iniegrm. alpha 2 (CD49B. alpha 2 sulHinii of VLA-2 rcceptor) BR/CD49B
C i 1 Hv265829 NM_(X)22(W ITGA3 Intcgrin, alpha 3 (antigm CI)49C. alpha 3 subunii of VI.A-3 ruccptor) CI)49C/(iAP-B3
C !2 H<i.44()955 NM.tX)0885 ITGA4 Integrin. alpha 4 lantigen (TJ49D, alphd subunii ol VLA-4 receptix) CD49D/IA4
DOI HS.436K73 NM_002210 ITGAV Iniegrin, alpha V (vitronectin rei-eptor, ulfrfia pi>lypeptidc, antigen C D 5 I» a>5l/M .SK8
tX)2 Hv643813 NMJX)221I ITGBI Integrin. beta 1 (fiN'tmeclin rcccptor. beta polypeptide, antigen CD29) CD29/FNRB
D(B H v21X040 NM_0(X)212 IT(iB3 Inicgrin. beta 3 (platclel glycoproicin Ilia, antigen ('D 6D CD6I/GP3A
IXM Hs,536663 NM_002213 n C B 5 Iniegrin. beta 5 H J26658
[X)5 Hs.525704 NM_(K)2228 J i r N Jun (Hiki>>icne API/c-Juii
IX)ft Hv 145442 NMJK)2755 MAP2KI Mitogcn-aLtivaicd protein kinase kinase 1 MAPKKI/Ml-Kl
D07 NM.(HX)5(K) MCAM MelaniHna cell adhe«i*in molecule CD146/MUCI8
nog Hn-56730^ NM.002392 MDM2 Mdm2, iransf«»rmed .3T3 ccll d«iublc minute 2, p53 binding iM’otem (mouse) HDMX/hdm2
IXW Hs. 132966 NM .000245 MF.T Met protivoncogenc (hepalocyte growth facior receptir) HGFR/RCCP2
DIO Hs.83169 NMJX1242I MMPI MaU-ix melallopeptidase 1 CUV ('U 5N
U II Hs.513617 NM,0045.3n MMP2 Matriii me(aili>)>c|>iKUsC 2 CIX)4/CIX34A
D12 Hs.297413 NM.(XM994 MMP9 Matrix metallf>prpnrt»>< 9 CLG4B/GELB
hoi H.S.525629 NMJX14689 MI Al Metastasis associated 1 Mla-I
E02 H s 173043 NM_004739 MTA2 Met<)%t<<sis asMKiated 1 family, member 2 DKJ-'Zt>f<86F2281 /M TA1L 1
bu< Hs.336994 NM_014751 MTSSl Metastasis suppre«~x 1 MIM/MIMA
f-(M Hs.202453 NM_002467 MYC V-myc myckx:yKwnaux.i- viral oncogene homolog (avian) c-Myc
EOS Hv43l926 NM_(K)3998 NFKBI Nuclear factor ot kappa light pt>ly7>cp(idc gene enhanccr in B-cells 1 (pl05) DKFZp686C0121l/EBP-l
I-{)6 H!,.81328 NM.02(J529 Nl-KBIA Nuclear facior of kappa light polypeptide gene t!iihHnc(*r in B-cells inhibitor, alpha IKU.VMAD-3
E07 Hs. 118638 NMJXXI269 NMEl Non-meiasiatic cells 1. prrtein (NM23A) expressed in AWD/r.AAD
liiW Hs.9235 NM_(K)5(K)9 NMB4 Non*mctiista(ic cclls 4, pr<Mcin cxprcvscd in NM23H4/nm23-H4
l-:09 Hs.645488 NM_(K)2607 PIXiF-A PlaielcMlerivcd growth factor alpha polypeptide F ix 'll-A /P C K .I-1

ElO R vl976 NM.,(X12608 PDGF'B Platelet-derived growih facior beta polypeptide PIX^F2/SIS

F.ll Hs. 132225 N M J815(M PIK3RI F*hosphoinositide-.'-kinase, regulatory subunit 1 (p85 alpha) GRHI/p85-AI.PHA
EI2 Hs.77274 NM_(K)2658 PLAU HlHvtnmogen activator, urc^mase ATF/UPA
H ) 1 Hs,466871 NM_002659 PI.AUR Plasminogen activator, urcvkins^e receptor CD87/UPAR
R)2 H.S.409965 NM.0(J2687 PNN Pinin. desmosome associated prrtein DRS/SDK3
F03 Hs.159130 NM_ 002880 RAFl V-raf-1 murine leukemia viral oncogene homolog 1 CRAF/Raf-1
HU Hn.4(I8528 NM_(KK)32I RHI Rclinobla.sioma 1 (including ostc'osarcomal OSRC/RB
K)? Hv81256 NM_00296I SHX)A4 SKXJ calcium binding protein A4 18A2/42A
RXi Hv55279 NM_002639 SERPINB5 Scrpm peptidase inhibitor, clade B (ovalbumin), member 5 PI5/maspin
R)7 Hn.414795 NM_0(X)602 SERPINEI Serpin peptidase inhibitor, clade E PAl/PAI-l
K)8 Hs.349470 NM_OU30»7 SNC-O Synuclein. gamma (Iweast cancer-specific prcxein I) BCSGI/SR
K « Hs.371720 N M J» 3 I7 7 SYK Spleen tyrosine kinase Syk
FIO Hs.89640 NM. IKKM59 TFK TF.K tyrosine kinase, endothelial CD2()2BmE-2
Kll Hs.492203 NM .I98253 TKRI' l ulomcrasc reverse trijiscripiiisc liST2n'CSI
FI2 Hs.645227 NM.0(X)66() TGFBI Transfm ning growth faciiv. beta 1 CED/DPDl
GOI Hs.494622 N M .0046I2 TGFBRI TranNf>« ming growth facttir, beta receptor I AAT5/ACVR1.K4
CX)2 Hs.164226 NM.(XI3246 THBSl Thrombospondin 1 THBSn^SP
G03 Hs.522632 NMJX13254 TIMP! TIMP m etallc^ptida.se inhibiKr 1 CLGI/EPA
G04 Hs.644633 NM_000362 TIMP3 TIMP m etalli'pcptidjsc inhibitor 3 HSMRK222/K222
CH)5 Hs.241570 NMJXX)594 TNF Tumor necrosis factor (TNF superfamily, member 2) DIFH’NF-ali^a
CK)6 Hs-521456 NMJX)3842 TNI-'RSFIOB Tumor necrosis facior rcccplw superfamtly, member lOb CD262/DR5
a ) 7 Hs.279594 N M .00I065 TNFRSFIA Tumor necrosis facior receptw superfamily, member IA CDI20a/l-ri
CiOR Hs.462529 NM_003790 TNFRSF25 Tumor necrosis facior receptor supcrfamily, member 25 A Pa3/D D R 3
CiOQ Hs.408312 NM_000546 TP53 Tumor protein p53 (I,i-Fraumcni syndrome) LFSI/TRP53
CIO Hn.66744 NMJKXW74 TWISTI Twist homolog 1 ACS3/BPES2
G ll Hs.563491 NM _0I7549 EPDRI Ependymin related protein 1 (zebrafish) EPDR/MERP-I
G I2 Hs.73793 NMJK)3376 VEGFA Vascular endothelial growth factor A VEGF/VEGF-A
HOI Hs.534255 NM_(X)4048 B2M lk'la-2-microglobulin B2M
H02 R ‘..4I2707 NM_(XX)194 HPRTI Hypoxanthinephosphwibosyliransfera.se 1 (Lesch-Nyhan sy-ndrome) HGPRT/HPRT
HO^ Hs.546356 NM_0I2423 RPL13A Ribosomal protein LI3a RPLI3A
H()4 Hs,.544577 NM_002046 GAPDH Glyceraldehyde-3-phosphale dehydrogenase G3PD/GAPD
H05 Hs.520640 NM_(X)I101 ACTB Actin. beta PSITP5BPI
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Table 5.7: Chemokine densitometry analysis o f tumour/normal matched squamous carcinoma cell samples. mRNA expression levels o f CXCLI-3, 8, 

CXCRI  and 2 in a panel o f chemo naive patient samples (n=10).

CXCLl CXCL2 CXCL3 CXCL8 CXCRI CXCR2

N T N T N T N T N T N T

9 1.637 0.800 0.636 0.355 0.151 0.062 0.400 0.094 0.704 0.569 0.346 0.161

10 1.974 0.781 1.947 0.257 1.032 0.339 0.117 0.308 1.008 0.467 0.101 0.505

11 1.264 0.806 1.589 0.095 0.289 0.122 0.060 0.291 0.600 0.405 0.457 0.157

12 2.535 2.523 2.339 1.341 1.036 1.075 1.927 0.336 0.991 1.040 0.107 0.110

13 5.068 2.082 4.728 0.163 1.929 0.098 3.823 0.170 4.435 0.389 3.251 0.284

14 3.231 2.732 1.254 1.220 0.842 1.829 0.000 1.626 0.035 0.274 0.000 1.302

15 2.194 2.177 1.833 0.689 1.371 0.288 0.495 0.928 0.191 0.219 0.116 0.052

16 1.497 0.000 1.985 0.148 1.500 0.000 0.902 0.000 0.074 0.109 0.071 0.190

17 2.101 2.386 2.154 1.385 1.941 2.507 2.252 1.858 0.362 0.241 0.104 0.574

18 1.680 1.778 1.406 1.240 1.563 0.986 1.505 0.050 0.668 0.354 0.564 0.166

mRNA expression was normalised to P-actin controls, and is expressed as a ratio o f target protein expression: p-actin expression. 

Patient sample reference is indicated by numbers on the right hand side o f table. (N -  normal, T -  tumour)
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Table 5.8: Heat map of mRNA chemokine expression in normal/tumour matched 

pairs.

CXCL1 CXCL2 CXCL3 CXCL8 CXCR1 CXCR2

1 (Adeno)

Adeno)

•I

(Squam)

Squam)
Squam)

‘Z  -r «■

Squam)
Squam)

Down - regulated Up - regulated

Adeno -  adenocarcinoma, Squam -  squamous cell carcinoma
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Table 6.7: IL-20 densitometry analysis of tumour/normal matched squamous carcinoma cell samples. niRNA expression levels of lL-20, IL-20RA, IL- 

20RB and IL-22RI in a panel of chemo naive patient samples (n=8).

IL-20 IL-20RA IL-20RB IL-22R1

N T N T N T N T

9 0.318 2.232 0.132 0.107 0.011 0.077 0.221 0.187

10 0.656 0.253 0.231 0.130 0.057 0.834 0.451 0.410

11 0.267 0.272 0.154 0.097 0.030 0.266 0.234 0.356

12 0.636 0.658 0.225 0.219 0.042 0.036 0.450 0.480

13 0.578 0.252 0.304 0.087 0.092 0.575 1.017 0.297

14 0.000 0.000 0.292 0.587 0.080 0.139 0.100 0.104

15 0.000 0.000 0.019 0.157 0.155 0.921 0.032 0.063

16 0.068 0.000 0.019 0.011 0.114 0.607 0.061 0.297

17 0.000 0.000 0.024 0.381 0.093 0.118 0.066 0.069

18 0.000 2.671 0.259 0.368 0.166 1.311 0.073 0.232

mRNA expression was normalised to P-actin controls, and is expressed as a ratio of target protein expression: p-actin expression. Patient sample 

reference is indicated by numbers on the right hand side of table. (N -  normal, T -  tumour)
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Table 6.8; Heat map of IL-20 family expression in normal /tumour matched pairs at 
the mRNA level.

IL-20RA IL-20RB IL-22R1

2 (Adfiio)
3 (Adeno)
4 (Adeno)
5 (Adeno)
6 (Adeno)

(Adeno)

14 (Squain)
15 (Squiiin)
16 (Squain)

18(Squain) jpi

Down - regulated ®  Up - regulated ^  Not detected

Adeno -  adenocarcinoma, Squam -  squamous cell carcinoma
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Table 6.9; Heat map of IL-20 family expression in normal /tumour matched pairs at 
the protein level.

IL-20
1 (Adeno)
2 (Adeno)

IL-20RA IL-20RB IL-22R1

3 (Adeno)
4 (Adeno)
5 (Adeno)
6 (Adeno) 

(Adeno)
8 (Adeno)
9 (Squain)

Down - regulated ®  Up - regulated Not detected

Adeno -  adenocarcinoma, Squam -  squamous cell carcinoma
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