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Abstract

O ral can cer is the sixth m ost com m on cancer in the w orld  and has one o f  the h ighest 

m ortality  rates prim arily  due to the disease being  largely asym ptom atic  until the latter 

stages. It is am ong one o f  the m ajor w orldw ide public health  problem s w ith  the 

incidence and m ortality  rates rising in several reg ions o f  the w orld , includ ing  E urope, 

South C entral A sia and A ustralia. Sm oking poses the h ighest risk  for oral cancer 

fo llow ed closely  by the consum ption o f  alcohol. F urtherm ore diagnosis and treatm en t o f  

oral can ce r can prove to be challenging w hich seem s surprising  since the site  o f  

m alignancy  is so easily  accessible.

E thanol (E tO H ), the active com ponent o f  alcoholic  beverages, has p rev iously  been 

im plicated  in cancer o f  the liver and is a know n risk  factor in oral cancer. Its role in oral 

tissue transfo n n a tio n  is yet to be determ ined  but it is know n to m odulate  reactive oxygen  

species (R O S) in o ther cell types. The an tiox idant response in cells contro ls ROS and is 

essential for cell m aintenance. A lterations in these enzym es have been show n to be 

d rivers o f  transfonnation . Tw o oral cell lines, a dysp lastic  cell type and isolated  prim ary 

oral ep ithelial cells w ere used as represen tative m odels o f  the oral m ucosa at defined  

stages o f  oral dysplasia/cancer. E tO H  concen trations from  0 .1 - 3%  show ed no 

detrim en tal effect on cell survival over the g iven tim e course (n=8). The presence o f  

EtO H  w as found to reduce the release o f  H 2O 2 in a dose dependen t m anner (p<  0.5- 

0 .001) in relation to contro l, n=3). A ntioxidant enzym e expression  w as m odified  w ith 

EtOH trea tm ent how ever expression levels w ere dependent on cell types exam ined. 

F urther analysis show ed p53-dependant signalling  in the case o f  certain  an tiox idant 

enzym es suggesting  p53 has a regulatory  role in the response to H 2 O 2 deprivation . Cell 

cycle analysis, using flow  cytom etry , revealed  E tO H  also caused a  m odulation  o f  cell 

cycle phases in addition to alteration  o f  cyclin  expression, as de ten n in ed  by 

im m unoblo tting . Lack o f  induction o f  apoptosis w ith  E tO H  trea tm en t m ay allow  for 

both the low  levels o f  ROS and an tiox idant enzym e alteration  to  cause p rogressive 

dainage to  cell regulation, w hich m ay poten tiate carcinogenic  transform ation .

R am an spectroscopy can provide a m olecular-level fingerprin t o f  the b iochem ical 

com position  and structure o f  cells w ith excellen t spatial resolution  and  has been show n 

to be useful in discrim inating  betw een nornial and cancer cells in o ther form s o f  

m alignancies. In this study, Ram an spectra o f  nucleoli, nuclei and  cy toplasm  w ere



collected from oral cancer cell lines, dysplastic cells and normal primary epithelial cells 

in vitro. Principal com ponent analysis was utilised as a m ultivariate statistical method to 

discrim inate the spectra. Results show significant discrimination between cancer and 

normal cell lines based on contribution o f nucleic acids and proteins for nucleolar and 

nuclear sites and lipids for cytoplasmic area. This technique many provide a rapid 

screening m ethod and have potential use in the diagnosis o f  dysplasia and early, non- 

invasive oral cancer, the treatm ent o f  which involves much less extensive and complex 

surgery and a reduction in co-morbidity for the patient. In addition, Raman spectroscopy 

was utilised to monitor changes in the cells m olecular fingerprints due to EtOH 

treatment to attem pt to identify regions o f cellular change. Findings indicate that EtOH 

is directly affecting the function o f the nucleoli, a cell structure m odified in 

malignancies to support increasing cellular proliferation.

Oral squam ous cell carcinom a (OSCC) cells, being tumorigenic, are non-apoptotic in 

nature and recently a num ber o f  OSSCs have displayed resistance to a variety o f  current 

commonly used chemotherapeutic drugs. The novel m icrotubule-targeting pyrrolo-1,5- 

benzoxazepine (PBOX) com pounds have demonstrated an ability to induce apoptosis in 

a num ber o f  chemotherapy resistant cell lines. In this study prelim inary investigations 

into the efficacy o f  PBOX com pounds in inducing apoptosis in OSCC cell lines were 

also undertaken. Initial viability studies have shown that the two PBOX test com pounds, 

(PBOX-6 & PB O X -15) have a therapeutic potential in the treatment o f  OSCC. lC-50 

values were 35|iM  and 470nM  in TR146 cells and 2.6pM  and 83nM in Ca9.22 cells for 

PBOX-6 an d -15, respectively, over a 72h period. Using fiow cytom etric analysis o f  

propidium iodide stained cells it was revealed that the PBOXs decreased cellular 

viability through induction o f  G2/M arrest. Through fluorescent m icroscopy analysis and 

immunoblotting techniques we determined that apoptosis was induced via tubulin 

depolym erisation. These results demonstrate the potential o f  PBOX-6 and P B O X -15 in 

inducing apoptosis in OSCC and further studies are warranted to access the potential o f  

these drugs in treating OSCC.

Collectively, these results help to elucidate the mechanism through which alcohol 

promotes OSCC development, identifies a potential novel technique for early detection 

o f  OSCC and suggests the use o f  novel compounds for the treatm ent o f  OSCC. This 

body o f  work enhances the current knowledge in the field o f oral cancer research and 

establishes a num ber o f  new and exciting avenues o f research.
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1.1 Introduction
Oral cancer (OC) is the sixth most common cancer globally and has one o f the highest 

mortality rates, due to it being largely asymptomatic until the latter stages o f the disease. 

Oral squamous cell carcinomas (OSCC) account for 90% o f all cancers that occur in the 

oral cavity and 2-3% o f all malignancies. Cancers o f the oral cavity include 

malignancies found in the tongue, floor o f the mouth, buccal mucosa, retromolar trigone, 

gingiva, hard palate and lips (Zhang et a i ,  2012, Arosarena et a i ,  2006, lype et al., 

2004, Conley, 1954, Genden et al., 2003, Srivastava and Sharma, 1968, Reddy et al., 

1975, Moretti et a/., 2011).

Hard and soft palate

Retromolar trigone---------

Tongue-------

Figure 1-1 Diagrammatic representation of the most common sites of cancer in the 
oral cavity.

Cancer o f the oral cavity can develop on the lip, the floor o f the mouth, the buccal 
mucosa, both hard and soft palates and the retromolar trigone.

OC is a major worldwide public health problem (Franceschi et a i ,  2000) with incidence 

and mortality rates rising in several regions o f the world, including Europe, South 

Central Asia and Australia (Parkin et a i ,  2005). Around 40% o f the total diagnosed 

cases o f OC occur in some o f the poorest countries in the world including India, 

Pakistan, Bangladesh and Sri Lanka (Ahluwalia et a!., 2005). India has one o f the 

highest rates in the world, accounting for one-third o f OC cases and this trend is 

continuing to rise (Pal and Mittal, 2004). In Ireland over 300 cases are reported every

Buccal mucosa

Gingiva

Floor of mouth
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year with the incidence being more common in men than women. How ever the rate o f 

mouth cancer in women has increased significantly at a rate o f 3% per year since 1994 

(NCRI). In Britain the incidence o f mouth cancer has increased faster than any other 

cancer in the past 25 years (Cancer Research UK).

Ireland Years No o f  cases % o f  total* Crude rate**

Female 1994-2009 1312 0.7% 4.14

Male 1994-2009 3304 1.8% 10.52

Both genders 1994-2009 4616 1.2%

Table 1-1 Incidence rates of cancers of the oral cavity and pharnyx for the Irish 
population for 1994-2009.

This figure is a percentage o f  total cancers in Ireland for the same years. * percentage o f 
the total population. ** The crude rate is the num ber o f  cases or deaths divided by the 
population at risk, expressed per 100,000 persons per year (Irish Cancer Society, 2009).
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Figure 1-2 The increase in the 5 year relative survival of OC cases in Ireland.

Shown are the 5-year survival rates for OC from the period o f  1994 until 2010. The 
num ber o f  people surviving more than 5 years with OC has continued to rise during this 
period (National Cancer Registry Ireland, 2011).

Known risk factors include both lifestyle and biological factors. Smoking poses the 

highest risk for OC followed closely by the consumption o f alcohol (Blot, 1992). The 

human papillom avirus (HPV) is most commonly known for being a m ajor cause o f 

cervical cancer however in more recent times it has been implicated in a large num ber o f 

OCs and in particular cancers o f  the oropharynx which accounts for -3 0 %  o f  these 

cancers (D 'Souza and Dempsey, 2011). The majority o f  OSCC progress from 

prem alignant lesions, which can result from one o f  the many risk factors associated with 

the disease. Prem alignant lesions, termed plakias are plaques or patches located usually 

on a mucous m em brane and include erythroplakia (red spots) and more commonly 

leukoplakia (white spots) or a combination o f  both (Figure 1-3) and are described in 

detail in the following section.
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1.2 Prem alignant  les ions

1.2.1 Leukoplakia

Leukoplakia, as defined by the World Health Organisation (WHO), is a “white patch or 

plaque that cannot be characterised clinically or pathologically as any other disease”. It 

occurs more frequently in older men with an increasing prevalence associated with an 

increase in age (over 80% of men over the age o f 70 have leukoplakia (Bouquet and 

Gorlin, 1986, Shafer and Waldron, 1961). The frequency of dysplastic or malignant 

alterations in oral leukoplakia ranges from 15.6% to 39.2% depending on the study 

(Shafer and Waldron, 1961, Waldron and Shafer, 1975, Pindborg et a i, 1963, Banoczy 

and Csiba, 1976, Feller e? a/., 1991). The location o f oral leukoplakia has a significant 

correlation with the frequency of finding dysplastic or m*alignant changes in biopsies. In 

the study by Waldron and Shafer, 1975, the floor of the mouth was the highest risk site 

with 42.9% of leukoplakias showing some degree o f epithelial dysplasia, carcinoma in 

situ, or unsuspected invasive squamous cell carcinoma. The tongue and lip were also 

identified as high-risk sites with dysplasia or carcinoma present in 24.2% and 24% of 

these cases, respectively. The clinical appearance o f the lesion may also indicate some 

correlation with the probability that the lesion will show dysplastic or malignant 

features. In general the thicker the plaque the greater the chance o f finding dysplastic 

changes. Thicker more verrucous leukoplakia is more likely to show dysplasia in 

comparison to thick homogenous leukoplakia. Additionally, a thick homogenous 

leukoplakia is more likely to show dysplasia than a thin leukoplakia. Furthermore 

leukoplakias with mixed red (erythroplakia)/white components are at the greatest risk for 

presenting with dysplasia or carcinoma. Pindborg found that 14% of speckled 

leukoplakias exhibit carcinoma whereas another 52% showed epithelial dysplasia 

(Pindborg e /a /., 1963).

1.2.2 Erythroplakia

Similar to the definition o f leukoplakia, erythroplakia is a clinical tenn that refers to a 

red patch that cannot be defined clinically or pathologically as any other condition. The 

floor o f the mouth, lateral tongue, retromolar pad and soft palate are the most frequent 

sites o f involvement, it does not occur as frequently as leukoplakia but it is much more 

likely to show dysplasia or carcinoma. In combination with their studies on leukoplakia,
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Shafer and W aldron, 1961, also analysed 65 cases o f  erythroplakia. All cases showed 

some degree o f  epithelial dysplasia; 51% were invasive cell carcinoma, 40%  were 

carcinom a in situ  or severe dysplasia and the remaining 9% dem onstrated m ild-moderate 

dysplasia (Shafer and Waldron, 1961).

Figure 1-3 Common lesions o f tlie oral mucosa

Leukoplakia (A) and erythroplakia (B) located on the lateral border o f the tongue, a 
com m on site o f  m alignancies in the oral cavity.

1.3 Carcinogens

A carcinogen is any substance, radio nucleotide or radiation that is directly involved in 

causing cancer. They directly target deoxyribonucleic acid (DNA) or interfere with 

cellular m etabolic processes eventually causing different types o f  mutations in the DNA. 

Carcinogens can be physical, chemical, or biological and can have various sources. 

There are two different types o f  mutations that can occur in cells as a result o f  exposure 

to a carcinogen. A somatic or acquired mutation is an alteration in DNA that occurs after 

conception. These types o f  m utations occur in cells excluding genn cells, usually surface 

epithelial cells that are generally more exposed. These m utations are therefore not 

passed on to fiirther generations. A germline mutation differs to a somatic m utation as it 

occurs in the DNA o f the egg or sperm and affects the next generations. The chance o f 

offspring having the mutation depends on if  genetic material has been passed on at 

crossing over point in meiosis where chromatids exchange genetic material. Examples o f 

gennline m utations include cystic fibrosis (X-linked) (Devaney et al., 2003) and 

am elogenesis imperfecta, causing abnonnal formation o f the enamel, which occurs due
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to mutations in several different genes (Gadhia et ai,  2012). Common cancer causing 

mutations are mutations in the BRCAl or BRCA2 genes, which can lead to a higher rate 

o f breast cancer (Paul and Paul, 2014). This type of mutation is also called a hereditary 

mutation and can only be passed on if the carcinogen has irreparably damaged a germ 

cell through exposure.

Numerous carcinogens are found throughout the environment. A multitude of different 

chemicals are believed to have carcinogenic properties but insufficient evidence is yet to 

be found to support these. Natural chemicals such as asbestos and formaldehyde are 

listed on the International Agency for Research on Cancer (lARC) Group 1 carcinogens 

listing. Group 1 carcinogens are agents that have been confirmed as causing cancer in 

humans. Compounds in Groups 2A and 2B are probably and possibly carcinogenic, 

respectively. Groups 3 and 4 contain agents that are unconfirmed or probably not 

carcinogenic to humans. Asbestos is a group o f naturally occurring silicate minerals, 

which are used commercially in household cleaning products, cigarettes and in building 

materials (Goswami et ai, 2013). Inhalation o f these micro fibres can be seriously 

damaging to an individual’s health and can even cause mesothelioma (malignant lung 

cancer) (Liu et ai,  2010b). The EU has banned all use o f asbestos including the 

extraction, manufacture and processing o f asbestos products (Commission, 2009). These 

fibres are believed to damage lung cells after inhalation by becoming tangled in the 

cellular chromosomes (Liu et ai, 2010b).

Several agents are found in food or occur through the preparation o f food, for example 

acrylamide in foods heated above 120°C, are also found on the lARC’s list of group 1 

carcinogens (Dearfield et ai, 1988). Also included are some artificial sweeteners 

(aspartame), fluoride and ethanol (EtOH), which is present in alcoholic beverages. Other 

carcinogenic factors include inherited genes (for example, BRCAl, BRCA2), hormones, 

infectious agents, radiation, sunlight, tobacco and obesity. Carcinogens can be classified 

as being genotoxic or non-genotoxic. Genotoxins have a direct deleterious effect on 

DNA in the cell affecting its integrity. Carcinogens that are non-genotoxic affect growth 

within a cell by interfering with proteins and biochemical secondary messengers. They 

can be chemical or non-chemical agents.

7



Physical C hcm ica l Biological

Ultraviolet (UV ) light Asbestos V iruses-l lIV , IIPV

Ionizing radiation Tobacco smoke Inherited genes

Electromagnetic  fields Acrylam ide Hormones

Table 1-2 - Exam ples o f carcinogens from the group 1 list of carcinogens as 
classified by the lAR C.

1.4 OC risk factors  

1.4.1 Smoking

The single greatest risk factor for OC is tobacco, although people who do not smoke or 

have no known risk factors can still develop the disease. All forms o f tobacco products 

have been implicated in OC including cigars, cigarettes and chewing tobacco. Snuff, a 

type o f smokeless tobacco, gives people who use this product a 50% chance of 

developing cancer o f the cheek and gums (Society, 2011). Tobacco smoke contains 

almost 250 known harmfiil chemicals and at least 69 o f these are recognised carcinogens 

(Hecht, 1999) including arsenic, benzene and nickel among many others. In India 

tobacco related deaths are high, due to the type and quantities of tobacco used. There are 

about 700,000 new cases o f cancer every year and almost half of them are tobacco 

related and it has been shown that 1 in 4 o f all cancers there are OCs. This may also be 

due to the age at which young people start using tobacco related products. Gutka, a 

mixture o f betel nut and chewing tobacco, is extremely addictive and is targeted at the 

younger population (WHO, 2010).

1.4.2 Human Papillomavirus

The human papillomavirus (HPV) has been well documented in various types of cancer 

and infection. In addition HPV is a known risk factor for OCs and in particular 

oropharynx and throat cancer (Jayaprakash et a i,  2011). There are over 120 types of 

HPV but HPV type 16 has been predominantly associated with OCs and is also 

implicated in a vast majority of cervical cancers (Elango et a i ,  2011). HPV- induced 

cancers often have viral sequences integrated into their DNA. Some of these sequences



o f genes have the ability to act as oncogenes that prom ote tum our growth and malignant 

transfonnation (M adkan et al., 2007).

1.4.3 EtOH

EtOH, more commonly known as alcohol (or ethyl alcohol), has been implicated in a 

num ber o f  cancers, particularly malignancies o f  the liver. It is a psychoactive compound 

and one o f  the oldest recreational drugs in use. It results in more than 2.5 million deaths 

per annum  (W HO, 2010). Approximately 9% o f  deaths in the 15-29 age category are 

attributed to alcohol consumption globally through liver failure and alcohol poisoning. 

EtOH has been documented as the second most common risk factor in OC behind 

smoking however individuals who smoke and consum e alcoholic beverages have been 

seen to have a five times greater risk o f  developing OC (Blot et al., 1988). The exact 

m echanism s underlying the associations between alcohol and OC are yet to be 

elucidated. There are several mechanisms by which alcohol is proposed to cause an 

increased risk o f OC development, including both local and systemic effects. Local 

effects include increased penetrability o f carcinogens into the oral m ucosa both by 

im proved solubility due to EtOH and increased penneability. Long term alcohol 

consum ption has also been shown to cause a reduction in epithelial thickness in human 

tongues (Valentine e /a / . ,  1985). Possible systemic effects o f EtOH include the altering 

o f the hepatic metabolism, which results in the liver being unable to deal with toxic 

substances at a nonnal rate. This causes a build-up o f toxins in the system, which could 

potentially lead to carcinogenesis. EtOH has also been shown to cause 

immunosuppression by impairing both the innate and adaptive immune systems. Both o f 

which are essential in tum our cell surveillance (Poschl and Seitz, 2004). In particular, 

natural killer (NK) cells induction is supressed by EtOH consum ption in livers o f mice 

(Pan et al., 2006).

1.5 Development of OSCC
OSCCs progress through stages o f hyperplasia to dysplasia o f  varying degrees to 

carcinom a in situ  before developing into an invasive m etastatic tumour. In the beginning 

a stem cell must undergo a genetic alteration, which a num ber o f  factors could be a 

cause o f  This stem cell is located in the basal layer o f  the oral mucosa. As this stem cell

9



divides its daughter cells inherit all the genetic alterations from the parent cell (W hite et 

al., 2013). The majority o f genetic alterations that occur in cells throughout the body are 

either repaired or the cell will undergo apoptosis (Section 1.8.1). This is due to specific 

biochem ical m echanisms in response to cellular maintenance. However in some cases 

these alterations are not detected by the regulatory checkpoints that exist within the cell 

so ultim ately the cell continues to divide and can go on to develop into a malignant 

tumour. Once established the genetically altered group o f  cells continually divide and 

form a tum our in the basal layer o f the mucosa, which can then break through the 

overlying epithelial cells and present as a visible patch in the mouth.

Ural Epithelium . 
B asem ent m em brane.

Subm ucosa.

Invasion of cancerous cells 

in to  the  subm ucosa.

Loss of basem en t 

m em b ran e  b etw een  

ep ithelium  

and  the  subm ucosa.

Figure 1-4 Sections o f healthy oral mucosa and OC.

in the healthy m ucosa (A) a clear boundary can be seen between the epithelium  and the 
oral mucosal layers beneath. OC cells (B) invade from the epithelium into the deeper 
m ucosa beneath with no distinct boundary and cells are irregularly shaped with enlarged 
nuclei (red arrow). Sections are stained with hematoxylin and eosin stain (H&E). Nuclei 
are stained dark purple/blue and cytoplasm is stained light pink (Dublin Dental Hospital, 
Dr S.Flint).

lOOuM

lOOuM
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The biochemical mechanisms of OC remain unclear but all to date appear evolve 

through a multistep process of genetic changes resulting from exposure to carcinogens, 

the most commonly known to be derived via smoking and alcohol intake. Many studies 

describe the importance o f oncogenes and tumour suppressor genes during the 

development o f OC. One of the most commonly seen mutations in OC is a mutation in 

the tumour suppressor protein 53 (p53) gene. p53 is an extremely important regulator of 

the cell cycle. P53 is activated in response to DNA damage, oncogene activation and 

hypoxia in which is subsequently coordinates biological outputs such as apoptosis cell- 

cycle arrest, senescence and modulation of autophagy (Yee and Vousden, 2005, Riley et 

al., 2008, Green and Kroemer, 2009). Alteration or inactivation o f p53 by mutation or by 

its interactions with oncogene products o f DNA tumour viruses can lead to cancer. p53 

mutations are categorised as loss-of-function mutations or gain-of-function mutations 

depending on the resulting function o f the protein. The resulting function depends on 

where in the gene p53 is mutated. For example the mutation R248W, which has a point 

mutation at codon 248, is a gain-of-function mutation. Gain-of-function p53 mutations 

lose their nonnal tumour suppressor functions but gain new activities, in comparison to 

loss-of-function mutations, which do not gain any new functions. For example, wildtype 

p53 upregulated c-myc in vitro whereas mutated gain-of-function mutation repressed c- 

myc (Frazier et a l ,  1998). Mutations in the p53 gene are one of the most common 

mutations in all cancers and occur in 30%-70% of all OSCC. Tumours with mutations in 

this gene grow faster and have a worse prognosis with an overall reduced survival rate 

(Acha-Sagredo et a l ,  2009).

1.6 Screening and Diagnosis of  OC

Screening is extremely important in OC. Effective screening can detect disease at the 

asymptomatic stage when it can be readily interrupted providing an improved prognosis 

for the patient. Well-known examples of screening programmes for other forms of 

cancer include the Pap smear for cervical cancer and mammography for breast cancer 

(Irish Cancer Society). To date there is no official screening process for OC. Current 

clinical diagnostics include visual examination for potentially malignant lesions 

including leukoplakia and erythroplakia (Section 1.2) Depending on the size, shape and 

texture o f the lesion further tests may be carried out in the clinic to investigate the risk 

for these pieces o f tissue. Which lesions are selected for analysis can be subjective and is
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very much the decision o f the clinician leading to the fundamental reason for 

m isdiagnosis, which is inconsistent differentiation between pre-m alignant and benign 

lesions o f  the mouth (Abbey et al., 1995). Effective tests and screening programmes are 

urgently needed for early stage detection o f OC.

Current diagnostic aids for suspicious lesions in the mouth include brush biopsy, 

toluidine blue stains and light based detection systems. These tests are not 100% 

definitive and all abnormal results from tested lesions must undergo subsequent scalpel 

biopsy and pathological examination, which is the gold standard for OC diagnosis. 

Brush biopsies were introduced in 1999 as a potential OC diagnostic device. In recent 

years results from brush biopsy studies have shown encouraging results such as those 

observed in a m ulticentre study from the United States which consisted o f  945 patients 

that underwent a brush biopsy (OralCDx) procedure to class oral lesions. Suspicious 

lesions underw ent both brush biopsy and scalpel biopsy. Innocuous lesions just 

underwent brush biopsy. The results showed that just using the suspicious lesions cohort 

there was greater than 90% specificity. However, a m ajor weakness in the study was the 

lack o f  surgical biopsies in the innocuous lesions cohort; this caused a loss in critical 

infonnation from the brush technique. W ithout that information the true sensitivity and 

specificity in the innocuous lesions were lost and cannot be com pared to the suspicious 

lesions. An effective test would have the diagnostic capability to detect cancer in an 

otherw ise non-suspicious lesion. Other studies showed similar results but with similar 

weaknesses (Sciubba, 1999).

Toluidine blue stain, known as an exclusion dye, has been used for decades as an aid to 

identify m ucosal abnormalities and to identify margins or abnormal tissue before 

excision. Toluidine blue is an acidophilic metachromatic dye containing a heterocyclic 

thiazine group that selectively stains acidic tissue components, therefore it can stain both 

DNA and ribonucleic acid (RNA). It has been shown to be a potentially useful tool as a 

screening technique in the detection o f  OC (Epstein e/ al., 1997) and although it is not as 

proficient a screening tool for OC when compared with a brush biopsy, it m ay be 

effective it m ay be effective in detecting satellite lesions o f  patients with abnomial 

m ucosa (Epstein e /a / . ,  1997).

The most com m only used light based detection system is the com m ercially available 

Vizilite which works by disrupting the glycoproteins on the surface epithelium, 

desiccating the m ucosa and allowing light to penetrate into the cells. A bnonnal oral cells
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are more fluorescent due to their changes in refractive properties from the increasing 

amount o f DNA. Recent studies suggest that Vizilite is more usefiil as an adjunctive tool 

to identify asymptomatic and clinically non-evident lesions and for follow up treatment 

in OC cases (Vashisht et a l ,  2014). All of the non-invasive diagnostic tools are effective 

to a certain extent in cancer diagnosis, but none are selective or specific enough to 

confidently confinn the presence or absence of dysplasia or cancer without the need for 

an invasive surgical biopsy. Continued advances in screening tools are needed to aid oral 

health care professionals in the detection o f relevant potentially malignant lesions.

A recent development in optical diagnostics is the use of Raman spectroscopy. The 

power o f this method is primarily related to the molecular and biochemical signature it 

provides o f the biological sample when the fingerprint region is analysed. The Raman 

effect is a result o f inelastic scattering of monochromatic electromagnetic radiation due 

to interaction with molecular vibrations, such that the frequency o f the scattered 

radiation is different from the incident radiation (Raman, 1928). Raman has been 

explored for routine biopsy screening in cases of cervical cancer and has proven to be 

highly selective and specific (Lyng et al., 2007). Using Raman for OC screening could 

prove very beneficial, as it would cause little or no discomfort to the patient and samples 

can be screened rapidly.

1.7 Therapeutic strategy in OC

Treatment in OC is typically a multidisciplinary approach since in a large amount o f 

cases the disease is caught at the latter stages. Treatment choice is specific for each 

patient and is decided on by a team o f health care professionals including pathologists, 

radiologists, surgeons and oncologists. Early stage OSCC is typically treated with 

surgery, chemotherapy or radiation. The decision as to which treatment is used is usually 

based on site, size and histological findings. Unfortunately, as mentioned previously, the 

majority o f cancers present at an advanced stage where therapeutic strategies are more 

complex. There are several treatment regimes available for the management o f OC. No 

one type o f treatment is effective in all cases and the success of treatment usually comes 

down to an individual basis. Complete removal o f the tumour without hanning other 

tissues in the body is the goal of the treatment however some therapy options can 

damage adjacent healthy tissue.
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1.7.1 Surgery

In the treatment o f cancer, surgery can be used under several different conditions, it can 

be a primary form o f treatment in small-localized tumours and but is not commonly used 

as a form of treatment cancers which have undergone metastasis as it is not possible to 

locate and remove all o f the metastatic cells. Tumours that have a more precise boundary 

are easier to remove and have a higher successful outcome. Surgery in OC can be used 

to remove the tumour and to help restore appearance and function in areas affected by 

the treatment. In more advanced cases of OC, parts o f the jaw (mandibulectomy) and 

neck must also be removed. Glossectomy, removal of the tongue, can be necessary in 

more developed cases o f OC (Shah and Gil, 2009).

1.7.2 Radiation Therapy

Radiation is energy that is carried by waves or a stream of particles. Ionizing radiation is 

a type of cancer therapy that is used to kill cancerous cells by inducing damage with the 

cells DNA and utilising the cells normal response to this damage to induce apoptosis 

(programmed cell death). This form of treatment has been used in cancer therapy for 

over 100 years and targets cells that are dividing rapidly therefore damaging a lot more 

cancer cells than normal cells (Grubbe, 1902). However it can cause significant side 

effects by damaging nonnal cells that are undergoing division. Radiation of the mouth 

can cause xerostomia (dry mouth) but recent advances in radiation therapy have 

demonstrated that reducing parotid gland exposure can significantly reduce subsequent 

xerostomia and improve quality o f life (Anand et a i, 2006). Additionally, the use of a 

cytoprotective adjuvant such as Amifostine in radiation therapy can significantly reduce 

xerostomia in patients with OC undergoing treatment (Gu et a i, 2014).

1.7.3 Chemotherapy
Chemotherapy is based on the same principle as radiation therapy and also targets cells 

that are actively and rapidly dividing. Chemotherapy is the general tenn for a group of 

drugs called antineoplastic agents that interfere with the cell cycle (Donehower et al., 

1979). All chemotherapeutic drugs affect cell division and causes damaged cells to 

undergo apoptosis. These drugs can be used alone or in combination with one other 

agent to treat malignant cells. The use of chemotherapy alone in OC treatment has
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shown no evidence o f increased survival rates and is usually used in combination with 

radiation therapy (Burri and Lee, 2009). The most common chemotherapeutic drugs 

used for OC treatment include cisplatin, carboplatin, 5-fluorouracil and the taxanes, 

which are all radiation sensitisers. Combination chemoradiation therapy is used after 

surgery for patients with poor-prognosis late stage cancer. Additionally neo adjuvant 

(pre surgery) chemotherapy has not been shown to improve survival rates (Licitra and 

V ennorken, 2004).

1.7.4 Gene Therapy

Gene therapy is a form o f cancer therapy that is used to correct defective genes 

responsible for disease development. There are several different types o f gene therapy 

that can involve the insertion, alteration, and removal o f  genes within individual cells 

and biological tissues. It is commonly known that cancer cells have the ability to grow 

without detection by the immune system. One type o f  gene therapy aims to overcom e 

this problem  by harvesting cancer cells from patients and making them more 

recognizable to the immune system by the addition o f one or more genes. The cells are 

then cultured in vitro, destroyed and their cellular contents are incorporated into a 

vaccine (Kowalczyk et al., 2003). Other types o f  gene therapy include direct delivery o f 

cytokines into a tumour (Nawrocki et al., 2001) or removal and alteration o f immune 

cells which are primed outside the body and reinserted back into the individual (Kikuchi, 

2006). A lthough gene therapy is not currently used to treat OC, recent advances in gene 

therapy trials in other cancers look promising and could offer increased effectiveness in 

com parison to other therapeutic strategies. In 2010 alone, 84 clinical trials were 

approved worldwide for gene therapy. One o f  the more recent trials for gene therapy was 

a study involving the local direct injection o f rAD-p53 m onotherapy with either 

concurrent radiotherapy or chemotherapy in advanced stage head and neck carcinoma 

(Clinicaltrials.gov-NCT00902083). Results are as yet unpublished how ever the increase 

in clinical trials for this type o f therapy worldwide could signify that the treatment looks 

promising. There is currently no forni o f  gene therapy approved by the FDA.
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1.7.5 Angiogenesis Inhibitors

Angiogenesis, the formation o f  new bloods vessels, has been an area o f interest in recent 

years for targeting tum our growth. As a tumour grows the blood vessels surrounding it 

are not able to provide the site with the nutrients and oxygen (O 2 ) it requires (Jones and 

Thom pson, 2009). As a consequence o f this the centre o f the tum our mass becomes 

hypoxic and this drop in O 2 levels within the tum our causes O 2 sensors in the cells like 

hypoxia inducible factor (H IF )-la  to activate factors that stimulate angiogenesis (Harris, 

2002). These factors include vascular endothelial growth factor (VEGF), which can also 

stimulate healthy cells surrounding the tum our to prom ote angiogenesis. Not only do the 

new blood vessels provide nutrients and O 2 to the tumour, they also provide an exit for 

cancerous cells to metastasize and spread to other tissues in the body (Bacac and 

Stamenkovic, 2008).

T u m o u rANGIOGENESIS,

VEGF

^  Hypoxia 

i H IF lu

Figure 1-5-Angiogenesis in a tumour due to hypoxic areas.

Lack o f  blood supply and O 2 to the centre o f  the tum our as the tum our grows causes 
induction o f  H IF -la , which switches on hypoxia genes including VEGF. VEGF causes 
the growth o f  new blood vessels to the hypoxic areas o f  the tumour.
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The importance of angiogenesis to tumour growth has given rise to the fonnation o f new 

types o f treatment. Tumours can only grow to a certain size without new blood vessels 

so inhibiting tumour growth through reducing the angiogenic capacity o f the tumour 

limits the cancerous activity. Angiogenesis inhibitors work by targeting the factors 

release from cells, for example VEGF or the receptors they bind to, subsequently 

blocking their effect. Examples of angiogenesis inhibitors include bevacizumab, a 

monoclonal antibody that binds to and inhibits the activity o f VEGF (Modest et ai, 

2012, Boulaamane et ai, 2012, Morotti et ai, 2012). Therefore it cannot bind to its 

receptor (VEGF-R) and activate signals that stimulate angiogenesis. Other inhibitors like 

sorafenib and sunitinub bind to receptors on endothelial cells or proteins in the 

angiogenic signalling pathway blocking their activities (Furuse, 2008, Liu et ai, 2009).

1.7.6 Pyrrolo-l,5-Benzoxazepine (PBOX)

PBOXs are novel tubulin depolymerising agents that have been shown to exhibit 

proapoptotic activity in a variety of human tumour cell types which are resistant to 

chemotherapy. PBOXs have also been shown to specifically target tumour cells and are 

non-toxic to nonnal cells (McElligott et ai, 2009). The anticancer activity o f drugs that 

interfere with tubulin dynamics are collectively known as microtubule targeting agents 

(MTA) and these drugs show a promising future as anti cancer drugs. These drugs are 

yet to be evaluated in the treatment of OSCC.

1.8 Molecular biology of  cancer

On a basic level cancer is a disease that arises when cells lose the ability to control their 

rates of proliferation, resulting in the production o f masses o f cells all programmed to 

continuously divide. Originally, all cancers were thought to develop the same six 

‘classic’ hallmark capabilities. In more recent times these hallmarks have had additions 

made and we now see as much as ten true hallmarks of cancer (Figure 1-6) (Hanahan 

and Weinberg, 2011). O f these 10 hallmarks, of particular interest is the abnonnal cell 

proliferation in which a cancer cell can bypass protective mechanisms in the cell cycle. 

This allows for continual growth of cancer cells where normal cells would have the 

ability to trigger cell death.
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Figure 1-6 The hallm arks o f cancer.

This figure highlights the six ‘classic’ hallmarks o f cancer that include apoptotic 
evasion, angiogenesis, sustained proliferation and growth, and the ability to invade 
neighbouring cells and organs. In addition new hallmarks o f cancer have also been 
added which include avoiding immune detection, prom oting inflammation, genome 
instability/m utations, and deregulating cellular energetics (Adapted from Hanahan and 
W einberg, 2011).

The cell cycle is a series o f  events occurring within the cell, which ultim ately leads to 

the process o f cellular division and multiplication. The majority o f  somatic cells divide 

by a process known as mitosis which was first discovered and nam ed by W alther 

Flem m ing in the late 19*'’ Century (Flemming, 1878). In order for tissues to function 

norm ally all cells must grow and replicate their genetic material. For this to occur, large 

amounts o f  nutrients and proteins must be synthesized within the cell. The cell cycle is 

tightly controlled and can be divided into three stages with som e o f  these stages 

containing sub stages.
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The first stage o f the cell cycle is the quiescent or senescent stage (GO). This is the 

resting phase o f the cell cycle and it is during this phase where it is decided if  the cell 

will go on to divide or induce apoptosis, which is important in cancer prevention and is 

discussed in detail in the next section. Cells emerge from the cell cycle in response to 

mitogenic stimuli and cell proteins called cyclins are induced (Evans et al., 1983).

1.8.1 Apoptosis
Apoptosis, the process o f controlled cell death, can be activated by external or internal 

stimuli. Both the external and the internal pathways both eventually converge on the 

same pathway and have the same outcome- cell death without the release o f toxic cell 

debris into the surrounding area. The other form of cell death is necrosis, a pathway that 

results in unregulated digestion o f cell components and can damage surrounding cells 

and tissue (Kanduc et al., 2002).

The extrinsic apoptotic pathway is initially activated by death signals that cause the 

activation o f proapoptotic receptors on the surface o f the cell. Extracellular signals 

include Apo2 ligand/tumour necrosis factor (TNF) related apoptosis inducing ligand 

(TRAIL) and CD95 ligand /FAS ligand which bind to DR4/DR5 and CD95/FAS 

respectively, on the cells surface (Elmore, 2007).

Ligand binding induced receptor clustering on the plasma membrane and the recruitment 

o f the adaptor protein Fas-associated death domain (FADD) and the initiator caspases 

8/10 as pro-caspases forming a death inducing signalling complex (DISC). Caspases are 

a family o f proteases that play a central role in both apoptotic pathways. As a result of 

DISC formation, caspase molecules cluster together and activate pro-caspases that are 

released into the cytoplasm. The resulting pro-caspases activate another family o f 

caspases known as the effector caspases (3,6 and/or 7) thereby converging on the 

internal apoptotic pathway (Mcllwain e( al., 2013).
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Figure 1-7 The external apoptotic pathway.

Death signals cause the formation o f the DISC complex on the plasma membrane. The 
DISC complex causes the upregulation and activation o f pro-caspases, which 
subsequently activate effector caspases. Effector caspases proteolitically cleave 
structural and enzymatic targets thus destroying and k illing the cell. 10= caspase 10, 8= 
caspase 8, FADD =Fas-associated death domain.

The internal apoptotic pathway is initiated by death signals w ithin the cell itse lf The 

most common cause o f activation o f the internal pathway is DNA damage. Pro-apoptotic 

proteins in the internal pathway activate caspase enzymes in the mitochondria. The B 

cell lymphoma 2 (BCL-2) family o f proteins regulate apoptosis. They coordinate the 

penneability o f the mitochondrial membrane via the mitochondrial penneability 

transition pore (MPTP).

Upon membrane penneabilisation cytochrome c and second mitochondrial-derived 

activator o f caspases (Smac/DIABLO) have the ability to translocate from the
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mitochondria to the cytosol. Smac/DIABLO promote apoptosis by directly interfering 

with inhibitors of apoptosis (lAPs) and disrupting their ability to inactivate the caspase 

enzymes (Zhou el al., 2005). Cytochrome c binds to the adaptor apoptotic protease 

activating factor (APAF) -1 fonning the apoptosome. The apoptosome activates and 

regulates caspase 9. Activation o f caspase 9 causes a downstream activation of effector 

caspases 3,6 and 7 (also activated by the extemal pathway). These caspases translate 

upstream death signals into the physical manifestations o f apoptosis by proteolitically 

cleaving structural and enzymatic targets thus destroying the cell.

1.8.2 Interphase and Mitosis

Assuming the cell is committed to division the next phase is interphase. During this 

phase the cell grows and accumulates the nutrients and proteins that are needed for 

mitosis or cell division. Interphase is broken up into three distinct phases; Gapl (G l), 

synthesis (S), and Gap2 (G2) (Figure 1-8). During the Gl phase the cell begins to grow 

in size. This stage also contains a checkpoint, called the G l checkpoint, to ensure there 

is no DNA damage within the cell. This G l checkpoint will also inhibit the cell from 

dividing if the external conditions, for example pH and temperature, are not at optimum 

levels. If the cell is not ready to divide then division may be delayed or the cell may 

enter a state o f quiescence known as the GO stage. This results in the duration of the G l 

phase varying greatly between individual cells (Bertoli et al., 2013).

The Gl checkpoint is primarily controlled by the protein cyclin dependant kinase 

(CDK) inhibitor (CKl) -p!6, an inhibitor of the CDK 4/6 protein (Serrano et a i ,  1993). 

CDK 4/6 protein binding to cyclin D1 is a key mediator in cell cycle progression 

through the G l checkpoint. Cyclin D1 has been implicated in several fonns o f cancer. 

High levels o f cyclin D1 can cause a damaged cell to overcome the G l phase checkpoint 

(Kim and Diehl, 2009, Nelson et al., 2002).

The synthesis of DNA within the cell is referred to as the S phase. The S phase is 

completed when all o f the cellular chromosomes have been duplicated. It has been noted 

that protein synthesis in the cell during the S phase is very low with the exception of 

histones (Nelson et a l, 2002). Histones are essential for packaging the newly made 

DNA into nucleosomes (Lowary and Widom, 1997).
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The length o f time between DNA synthesis completion and mitosis is called the G2 

phase. Protein production in the cell is at a high level in preparation for cell division, an 

example o f this would be the synthesis of microtubules (Inoue and Sato, 1967, Zhai et 

al., 1996). Microtubules are an essential protein structure in mitosis. The second 

checkpoint of the cell cycle is during the G2 phase. The checkpoint known as the G2/M 

checkpoint ftinctions to ensure the cell is healthy before mitosis begins. During DNA 

replication in the S phase it is common for the cell to contain some damaged DNA. This 

checkpoint ensures the cell is ready for the final stage of division.

Figure 1-8 The stages of the cell cycle

Cells enter the cell cycle from the resting phase (GO) into interphase to start the process 
o f cell division. Interphase (I), Mitosis (M), G1 (Gap 1), G2 (Gap 2), S (Synthesis). 
Adapted from (Wheeler, 2006).

Mitosis (M phase) is the process by which a eukaryotic cell divides its chromosomes, 

nuclei and cytoplasm into two identical sets at either end o f the cell so it is ready to 

divide (cytokinesis) (Paweletz, 2001). It begins when the cell is preparing to divide. In 

comparison to interphase, the M phase is relatively short. The M phase is broken down 

into several distinct phases known as; prophase, metaphase, anaphase, and telophase.

22



The cell cycle is controlled by a group o f proteins known as CDKs and cyclins and 

without the both functionally correctly the cell cycle cannot proceed (Figure 1-9). CDKs 

exert their control on the cell cycle through phosphorylating target proteins while cyclins 

function to guide CDKs to the appropriate targets. The levels of CDKs stay constant 

throughout the cell cycle while cyclins levels fluctuate depending on the stage o f the 

cycle. As cells emerge from GO in response to stimuli D type cyclins are induced and 

their levels remain detectable throughout the rest o f the cell cycle. D-type cyclins 

associate with CDK4 and CDK6. The first cell cycle checkpoint is located at this point 

and is controlled by the inhibitor CKl-pl6. This protein inhibits CDK4/6 causing these 

kinases to dissociate from cyclin D1 and progression through the cell cycle cannot 

occur. In some forms o f cancer cyclin D1 is overexpressed, thus circumventing this 

inhibition. This can allow damaged cells to continue into the next phase o f the cell cycle.

Just before the onset of the S phase, cyclin E is induced and associates with CDK2. 

Cyclin A is expressed as DNA synthesis begins to occur and its association with CDK2 

and later with cdc2 will continue until late into the G2 phase until B-type cyclins are 

triggered and mitosis begins to occur (Hochegger et al., 2008).

P y c lin  A

Cyclin

Figure 1-9- Proteins that control the progressions thought the different stages of 
the ceil cycle.

Retinoblastoma (Rb) protein prevents cells dividing damaged DNA. The Rb protein binds to and 
inhibits transcription factors of the family E2F. Adapted from (Lundberg and Weinberg, 1999).
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1.8.3 DNA dam age repair

The majority of cells in the human body at any one time are undergoing replication and 

passing through the cell cycle. Due to the large amount o f replication in the S phase 

there are frequently mismatch errors and replication fork collapses. Proteins involved in 

the checkpoints o f the cell cycle can identify the resulting DNA errors, which present as 

mutations. The checkpoints activate the appropriate response whether it is apoptosis or 

DNA repair. If a cell goes unchecked with a mutation in the newly synthesised DNA this 

can cause the development of tumourigenesis or abnormalities in the subsequent 

daughter cells (Sancar et a l ,  2004).

Cells in the G1 phase o f the cell cycle need to repair any damage resulting from external 

forces such as UV light, reactive oxygen species (ROS), or chemical agents. This 

damage must be repaired before the onset of replication to prevent perpetuation o f the 

error into any daughter cells. As the cell progresses into the S phase o f the cell cycle 

there is constant surveillance of new DNA as base pair mismatches can occur regularly. 

When the chromatin begins to condense in the G2/M phase it can be very difficult for 

the cell to discover any damage in the DNA. There are several different methods of 

repairing damage within the cell depending on what phase and the type o f damage 

(Friedberg, 1995).

Cells in the G1 phase need to repair accidental damage before the start of cell division. 

UV, ROS and chemical agents are the main causes o f damage in this phase o f the cell 

cycle however the process of replication o f DNA causes the majority o f the damage in 

the cell cycle. This can include double stranded breaks (DSB), single strand breaks 

(SSB) and mismatches o f base pairs. The nucleotide excision repair (NER) pathway 

functions to repair damage caused by UV and also to repair bulky lesions of transcribed 

genes (Marteijn et al., 2014). The base excision repair (BER) repairs damage to single 

bases (Krokan and Bjoras, 2013). DSBs, the most harmful type o f DNA damage, can be 

repaired by either the homologous recombination (HR) pathway using the sister strand 

as a template or the non-homologous end joining (NHEJ) pathway (Mladenov and 

Iliakis, 2011, Moynahan and Jasin, 2010). Cells that bypass these protective mechanisms 

are usually the first step to malignant transformation and tumorigenesis.
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1.9 Malignant transformation

The progression from a single cancerous cell to a malignant carcinoma requires specific 

interactions between the cancer cells and their microenvironment. Although there are 

multiple potential causes o f  cancer, there are several characteristics specific to all 

malignancies. One essential characteristic is the loss o f  regulation o f  the cell cycle, as 

previously mentioned this is one o f the hallmarks o f  cancer (Section 1.8). Cancers have 

a heightened rate o f  cell proliferation, which goes unnoticed through the checkpoints in 

the cell cycle. As a result, aberrant cells, which would usually apoptose, are unregulated 

and continue to divide (King, 2000).

The extracellular matrix is made up o f  various cell types and secreted proteins that help 

maintain the organization o f  the higher-order cellular structures. Remodelling o f  this 

matrix is required for a cancerous cell to become motile. The metastatic cancer cell 

modifies its adhesion properties and implements a program o f non-adhesion through 

multiple modifications. One o f  the main proteins involved in a cancerous cell becoming 

motile is E-cadherin, a transmembrane protein involved in cell-cell interactions. Down 

regulation or mutation o f this protein is seen in all motile tumour cells. The change in E- 

cadherin is essential but not sufficient in cancer cell motility (Yang et a i ,  2008). The 

epithelial to mesenchymal transition (EMT) is a switch o f  E-cadherin to N-cadherin 

phenotype which signals downstream pathways including phospholipase C-y, 

phosphatidylinositol 3 kinase and mitogen-activated protein kinase (MAPK). These 

signalling pathways promote cell survival, migration and invasion (Cavallaro and 

Christofori, 2004).

Rapid tumour growth will ultimately result in an inability o f  blood vessels surrounding 

the aberrant cell mass to provide nutrients and O2 to all parts o f  the tumour. 

Consequently hypoxic regions form within the tumour. Hypoxia is toxic to both nonnal 

cells and cancer cells however cancer cells can undergo genetic and adaptive switches 

from aerobic to anaerobic glycolysis this ability is known as the Warburg Effect 

(Hirschhaeuser et a i ,  2011). Hypoxia is the state within the cell when the demand for O2 

exceeds the availability. This occurs in all locally advanced solid tumours and begins in 

early tumour development. Hypoxia is believed to play an important role in tumour 

progression with regards to metastatic spread and aggressive phenotypes o f  cells through 

modulation o f  the surrounding microenvironment (Zhou et a i ,  2006).
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1.10 Tumour Environment

O2 levels in the cell are tightly controlled in all healthy tissues. In tumours the supply 

and demand for O2 changes as the tumour grows and biochemical changes occur within 

the cells. Both acute and chronic hypoxic regions are believed to be heterogeneously 

distributed within the tumour mass (Helmlinger et a i ,  1997). Acute hypoxia occurs 

when there is a transient reduction in the level o f  O2 delivered to the cells. Hypoxia in 

tumours can be caused by an increase in diffusion distances (>70nm away) so cells 

further away from the blood vessel receive fewer nutrients and O2 which results in 

chronic hypoxia (Thomlinson and Gray, 1955, Alqawi et a i ,  2007). There is evidence 

that both types o f  hypoxic states influence tumour development and response to 

treatment (Bristow and Hill, 2008). Intratumoral hypoxic regions are associated with 

decreased disease free survival for cancers involving the cervix, prostate, breast, head 

and neck (Vaupel and Mayer, 2007).

As the tumour grows the demand for O2 becomes too great for the irregular 

microvasculature network surrounding the cancerous growth. As O 2 levels drop below  

10-15mmHg in the cells, genes within the hypoxic cells are switched on to cope with the 

decreased O2 levels. HIF is the O2 sensing transcription factor in the cell and can 

modulate hundreds o f  genes to compensate for hypoxia. Genes involved in angiogenesis, 

metabolism, pH regulation, proliferation, metastasis formation and a range o f  other 

cellular and molecular processes are all activated by HIF (Semenza, 2010). The HIP 

protein consists o f  an O2 regulated H IF-la subunit and a constitutively expressed HIF- 

ip subunit. In well-oxygenated cells HIF-la is hydroxylated on a proline residue. The 

hydroxylated a subunit, which is bound by a protein called the Von Hippel-Lindow 

tumour suppressor protein (VHL), recruits an E3 ubiquitin ligase that targets HIF- la for 

proteosomal degradation (Tanimoto et a i ,  2000, Cockman et a i ,  2000). Reduced O2 

availability results in the proline residue not being hydroxylated therefore inducing HIF- 

la  in the cells (Jaakkola et al ,  2001, Ivan et ai ,  2001).
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Figure 1.9 -  The cellular hypoxic switch.

in the case o f low O2 levels H lF -la  is not degraded by the proteasome and binds to HIF- 
1 p. When bound these subunits act as transcription factors and switch on hundreds o f 
genes to cope with hypoxia in the cell.

1.11 ROS and antioxidants

ROS are free radicals that contain the O2 atom. ROS radicals contain unpaired valence 

shell electrons which make them highly reactive (Turrens, 2003). ROS are 

predominantly formed under normal conditions as a by-product o f the metabolism o f O 2  

in the electron transport chain located on the inner mitochondrial membrane in 

mitochondria and they have important intracellular roles in cell signalling (Figure 1-10). 

ROS can also arise from several enzymatic sources such as NADPH oxidases (E.C 

1.6.3.1), cyclooxygenases (E.C 1.14.99.1) and lipoxygenases among others. Types o f 

ROS include the superoxide radical (O2 ), hydrogen peroxide (H 2 O 2 ) and hydroxyl
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radical (O H  ), w hich  are all know n to be cy to to x ic  at high le v e ls  and h ave been  

im plicated  in the e tio lo g y  o f  num ber o f  hum an d iseases includ ing cancer (W aris and 

A hsan , 2 0 0 6 ). T he norm al production o f  ROS d oes not induce cellu lar p rob lem s due to 

the action  o f  antioxidant en zym es, such as su peroxid e d ism utase (S O D ) (E .C  1.15.1.1) ,  

glu tath ione p erox id ise  (G P x) (E .C  1.11.1.9)  and catalase (C A T ) (E .C  1.11.1.6) ,  w hich  

all convert R O S to less reactive sp ec ies  that are ea s ily  broken d ow n  in the cel l .  C A T  

ca ta ly ses the con version  o f  H 2O 2 to w ater and O 2 , and G Px converts H 2O 2 to g lu tath ione  

d isu lfid e (G S S G ) (E .C  1 .8 .4 .2 ) and water. H em e o x y g en a se  (H O ), another antioxidant 

en zym e, ca ta ly ses the degradation o f  h em e into b iliverdin, iron and carbon m on oxid e. 

Free h em e can cata lyse the production o f  cy to to x ic  hydroxyl radical from H2O 2 (F igure  

1-11).  D uring o cca sio n s o f  environm ental stress ROS lev e ls  can increase sign ifican tly  

w hich  can cau se a lot o f  d am age to ce ll structures. T his is know n as ox id a tive  stress. The 

severity  o f  the d am age produced is determ ined by the ROS sp ec ies  in vo lved . O 2’ and 

H2O 2 are less reactive, w h ile  O H ' is extrem ely  dam aging to cellu lar structures.
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Figure 1-10 The production o f  O 2' from the electron transport chain on the inner  
m itochondria l m em brane.

The electron transport chain complexes, located on the inner mitochondrial membrane 
(IMM) produce O2 , which is rapidly broken down to H2O2 and diffuses out o f the 
mitochondria into the cytosol.

According to the “canonical” view, ROS contribute greatly to carcinogenesis and aid in 

driving malignant progression o f tumour cells. OH" can react with pyrimidines, purines 

and chromatin protein resulting in base modifications in DNA causing genomic 

alterations and instability. ROS can be fonned as a result o f chronic inflammation 

secondary to infections and chronic chemical irritants such as tobacco smoke and 

asbestos. Tyrosine receptors, which play an important role in cell cycle progression, 

have been shown to signal via ROS dependant mechanisms and thus have been 

implicated in carcinogenesis (Sundaresan et a i ,  1995, Bae et al., 1997). The more 

modern view of ROS is that at high levels they are very damaging to cell structures 

while at lower levels they can function as a signalling molecule. It was not until the 

1970s that it was discovered that ROS had a signalling function in cells. Low levels of 

H2O 2 can mimic the signalling activity of insulin (Czech et al., 1974) and more recently
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it has been discovered that H2O2 can stimulate cell proliferation in epithelial cells 

(Sigaud et a i ,  2005).
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Figure 1-11 The breakdown of ROS by antioxidant enzymes present in the cell.

Antioxidant enzymes defend the cell from increased levels o f ROS by breaking them 
down into less toxic end products, which do not hann the cell.
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1.12 Aim of Thesis

The mortaUty rates for OC are extremely high and the incidence rate has increased 

significantly in women and the younger population. The mechanisms underlying OC are 

com plex and it is difficult to diagnose at early stages thus treatment options can be 

limited. The aims o f this project are to investigate the role o f alcohol in the pathogenesis 

o f OC, exam ine Raman spectroscopy as a new m ethod o f  early detection, and assess the 

efficacy o f  novel PBOX compounds as alternatives to com m on chem otherapeutic 

agents. This will be achieved through the following objectives:

1. Optim isation o f  an in-vitro model o f  alcohol exposure followed by determ ination 

o f  a num ber o f metabolic and molecular events including but not limited to; cell 

viability, cell cycle flux and protein expression analysis.

2. The culture o f a num ber o f  different geno/phenotypical cell types representing a 

num ber o f  defined stages from primary epithelial cells to OSCC followed by the 

analysis described previously.

3. The novel application o f  Raman spectroscopy in the differentiation o f  defined 

stages oral cancer, from primary epithelial cells to OSCC. O ptim isation o f  the 

m ounting technique along with cell density and wavelength prioritisation will be 

required.

4. Utilisation o f  Raman Spectroscopy to follow m olecular events/disruption in 

defined regions o f the cell over time in response to exposure to alcohol in order 

to detem iine possible location o f early m olecular changes.

5. Determ ination o f  the efficacy and mechanism o f  action o f  novel m icrotubulin 

targeting agents will be evaluated as potential alternatives to the current 

prescribed chemotherapeutic drugs.
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2 Materials and Methods
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2.1 General Methodology

2.1.1 Preparation of solutions
C h em ica ls w ere w eigh ed  u sing  a M ettler C o lleg e  analytical balance (for substan ces < 5 g )  

and a M ettler T op -L oading  balance (M od el K 7T ) for larger w eigh ts. A q u eou s so lu tions  

w ere prepared u sin g  ultra-pure w ater from  a M illip ore D irect-Q 3 W ater Purification  

S ystem . S o lu tion s w ere adjusted to the required pH u sing a C om in g  pH m eter, m odel 

2 4 0 , and calibrated d aily  u sing standard buffers o f  p H 4.0 , 7 .0  and 10.0.

2.1.2 Pipetting

S olu tion s ranging from  0.2^1 to 5m l w ere pipetted u sing a set o f  standard E ppend orf  

autom atic p ipettes, w hich  w ere calibrated regularly in accordance w ith  the 

m anufacturer’s instructions.

2.1.3 Centrifugation

S ub stan ces w ere centrifuged  in a bench top E ppendorf C entrifuge 5415 and tem perature 

con trolled  w hen  required.

2.1.4 Spectrophotometry

For spectrophotom etric an alysis, a S PE C T R A m ax PL U S M icroplate sp ectrophotom eter  

FV 2 0 0 |x l/w ell w as u sed  for absorbance readings. For k inetic and fluorescent an a lysis  a 

S P E C T R A m ax m icroplate G em ini X S  w as used and for larger v o lu m es (~ 2 m l) a 

Shim adzu  U V -v is  spectrophotom eter w as used.

2.1.5 Reagents

A ll ch em ica ls w ere acquired from  S igm a A ldrich and all con su m ab les w ere acquired  

from  Cruinn, u n less stated otherw ise.

2.1.6 Cell culture

A ll ce ll culture w ork  w as carried out under sterile con d ition s in a N U A IR E  lam inar f lo w  

hood. A ll c e lls  w ere m aintained at 37°C , in 95%  hum idity and 5% C O 2. C ell grow th  and  

v iab ility  w as m onitored  v isu a lly  u sin g  a N ik on  E clip se  TSIOO light m icroscop e w ith  

lOX and 4 0 X  dry ob jectives.
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2 .2  Cell culture

2 .2 .1  Culture o f  Ca9.22 oral carcinoma cell line

The Ca9.22 cell line (Health Science Research Resources Bank, Osaka, Japan) is a 

squam ous cell carcinoma derived from the gingiva o f  a male subject. This cell line 

contains a p53 point m utation at codon 248 (R248W ), which is known as a p53 gain o f 

function mutation.

The Ca9.22 cell line was maintained in M inimum Essential M edium (M EM ) 

supplem ented with 10% (v/v) Fetal Bovine Serum (FBS), penicillin/streptom ycin 

(lOOU/lOOug) and L-glutamine (2mM). The media was pre-warm ed at 37°C before 

incubation with the Ca9.22 cells. Cells were cultured until 90-100%  confluent in a 

hum idified environm ent at 95% O 2 and 5% CO 2 , before being passaged. When 

confluent, the cells were washed in pre-wanned phosphate buffered saline (PBS) (0.0 IM 

phosphate buffer, 0.154 M sodium chloride) and incubated with tr>'psin-EDTA (0.5% 

trypsin, 0.02%  EDTA) for 5 min at 37°C. Fresh pre-warmed medium  was added to 

deactivate trypsin, and the suspended cells were centrifuged (1200 rpm/5 min). The 

supernatant was discarded and the cell pellet resuspended in a sufficient volume o f  fresh 

pre-w anned medium, counted and passaged at a ratio o f 1:3 as described in Section 

2 .2 .6 .

2.2 .2  Culture of  TR146 oral carcinoma cell line

The TR146 (HPA cultures, UK) is a squamous cell carcinom a derived from the neck 

node o f  a 67 year-old female (primary tum our was sited in the nuccal mucosa) and does 

not contain a p53 mutation.

The TR146 cell line was cultured in Dulbecco M odified Eagle’s M edium  (DM EM ) 

supplem ented with 10% (v/v) FBS, penicillin/streptomycin (100U/100|j.g) and L- 

glutam ine (2mM). The cells were cultured as described in Section 2.2.1.
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2.2 .3  Cu l tu re  o f  DOK dysp las t ic  oral  cell line

The DOK cell line (HPA cultures, UK) is a dysplastic (mild-moderate) cell line and was 

derived from the dorsal tongue o f  a 57 year old male subject. Expression o f p53 is 

increased with a 12 base pair in-frame deletion from codon 188-191 o f the p53 gene.

The DOK cell line was cultured in Dulbecco M odified Eagle’s M edium supplem ented 

with 10% (v/v) FBS, penicillin/streptomycin (100U/100|ag), L-glutam ine (2m M ) and 

hydrocortisone (5^g/m l). The cells were cultured as described in Section 2.2.1.

2.2 .4  Cu l tu re  o f  SCC-4 oral  c a r c in o m a  cell line

The SCC-4 is a squamous cell carcinoma derived from the tongue (HPA cultures, UK) 

o f  a m ale subject. This cell line does not contain any known p53 mutations.

The SCC-4 cell line was cultured in Dulbecco M odified Eagle’s M edium (DM EM ) 

supplem ented with 10% (v/v) FBS, penicillin/streptomycin (I00U/100|.ig) and L- 

glutam ine (2mM ). The cells were cultured as described in Section 2.2.1.

2.2 .5  Cu l tu re  of  p r im a ry  ora l  ep i the l ia l  cells

Human tissue (mucoperiosteal tissue) was recovered at the Dublin Dental University 

Hospital from patients undergoing routine third m olar extraction in the Departm ent o f 

Oral and M axillofacial Surgery (Ethics approval- Appendix 1). The sample was 

im mediately placed into pre-wanned collection medium [DM EM , 

penicillin/streptom ycin (100U/100[ig), amphotericin B (2.5^g/m l)] for lOmin before 

washing the tissue three times with pre-warmed IX PBS and placed in 0.17% trypsin 

overnight at 4”C. The following day the sample was washed with IX PBS and 

connective tissue was rem oved using a scalpel. The tissue was cut into small pieces 

(1m m  X 2mm) and the small sections placed in pre-treated T25 flasks (CELL+, Sarstedt) 

each with a small coating o f  keratinocyte growth medium (KGM ) (see Table 2-1 below) 

on each piece. These were left to adhere to the flask for l-2h and the flask then 

subsequently was flooded with KGM.
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Table 2-1: K eratinocyte growth m edium- 1:3 HamsF12:DM EM  supplem ents

Supplem ent Final concentration

A denine l80m M

Insulin 0.86nM

H ydrocortisone 400ng/m l

T ransferrin 5 |ig /m l

EGF 5ng/m l

Penicillin l,000un its

A m photericin  B 2.5ng/m l

S trep tom ycin Im g

Once sufficient growth o f  cells from tissue was achieved (2-3 weeks), KGM  was 

replaced with Epilife medium (Invitrogen) so epithelial cells could selectively grow. 

Cells were split using 0.05% trypsin and spun at 250x g for lOmin at 4°C and cultured to 

90%  confluency and passaged.

2.2.6 D e te rm ina t ion  of  cell dens i ty  and  viabi li ty-trypan blue 
exclusion

Cell density and viability were determ ined using the trypan blue exclusion assay. It is 

based on the principle that live cells have intact cell m em branes and exclude certain 

dyes. Therefore dead cells are visible as blue under the m icroscope due to their 

penneable mem brane and can be excluded from the count. A haem ocytom eter was 

cleaned with 70% (v/v) EtOH and the coverslip m oistened with dH 20 and fixed. The 

cell suspension gently agitated through inversion to ensure hom ogenous suspension and 

a 1:1 ratio o f  cells to trypan blue was prepared. This solution was then pipetted into the 

haemocytometer.
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Figure 2-1: Cell density was calculated using the following formula:

No. of cells counted  .
--------------------------------- X dilution factor =  cells/ml
No. of squares  counted

2.3 Analysis of  cell p ro l i fe ra t ion  an d  cytotoxic i ty

A lam arBlue (Invitrogen) is a reagent used to analyse cell proliferation and cytotoxicity. 

The functional com ponent o f  A lam ar blue (resazurin) is a nontoxic, cell pem ieable 

com pound that is blue in colour and virtually nonfluorescent. Upon entering cells 

resazurin is reduced to resorufin, which produces very bright red fluorescence. Viable 

cells continuously convert resazurin to resorufin, thereby generating a quantitative 

m easure o f  viability and cytotoxicity.

Cells were seeded in a 96 well plate (10,000/well) and serum starved overnight (1% 

FBS). Cells were treated for the required time points in full serum (10% FBS) cell 

culture media. Six hours prior to endpoint, A lam arBlue reagent was added (10%  v/v). 

Fluorescence was read on a SPECTRAmax PLUS M icroplate spectrophotom eter at 

560EX nm/590EM  nm.

2.4 ADH activ ity  assay .

To assess the level o f  ADH activity, cells were seeded in a 96 well plate (10,000/well) 

and serum starved overnight (1%  FBS). Cells were treated for the required time points in 

full serum (10%  FBS) cell culture media. Culture m edia was removed and assay buffer 

(lOOmM sodium phosphate pH 7.5) containing 10% EtOH, nicotinam ide adenine 

dinucleotide (NAD) (2.4mM ), sem icarbazide ( I mM)  and 1% triton was added to the 

cells. Kinetic absorbance was read on a SPECTRAmax PLUS M icroplate 

spectrophotom eter at 340nm for lOmin to determ ine an initial rate.
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2.5  D e ter m in a t io n  o f  extracellular ROS

H2O 2 is one the most com m only found ROS in the cell and can be assayed as an 

indicator o f  ROS production. The Am plex red assay is a horseradish peroxidase (H RP)- 

coupled reaction. A m plex red is coupled to fluorescent resorufm when oxidised.

Amplex Red
C CM*
H
0

^  HO

’ HRP

* o,

1 r

Resorufin
Amax 
Ex 570 nm 
Em 585 nm

Figure 2-2 : Conversion of Amplex red to resorufin in the presence of H2O2.

Cells w ere seeded (10 ,000 / w ell) and serum starved (1% FBS) overnight in a 96 w ell 

plate before treatment with varying concentrations o f  test sample. After the elapsed time 

points, cells were washed with Krebs buffer (NaCl 145mM , NaH 2P0 4  5.7m M , KCl 

4.86m M , CaCli 0.54m M , M gS0 4  1.22mM , G lucose 5.5m M ). A m plex red solution  

(50 |iM ) and HRP (2.5U /m l) and Krebs Buffer were added to all the w ells in a final 

volum e o f  200|al and the fluorescence intensity was monitored in a Spectramax Gemini 

XS plate reader at an excitation wavelength o f  550nm  and an em ission w avelength o f  

590nm  and monitored for 30 min at 37°C.

2 .6  D e term in a t io n  o f  intracellular ROS

2',7'-dichlorfluorescein-diacetate (D C FH -D A ) (B iosciences) is a dye, which is permitted 

to cross the cell membrane and can be used to determine oxidative stress (hydrogen
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peroxide, peroxynitrite anion) status o f  a cell. DCFH-DA becomes oxidised to 

dichloroflourescin (DCF) in the presence o f ROS and in this state is unable to leave the 

cell. Fluorescence intensity o f DCF can be quantified by a flow cytoineter and/or 

visualised using confocal microscopy.

HoDCFDA-AM

Cell Membrane

Cellular Esterase  
Activity

H2DCFDA
(Non-fluorescent)

DCF
(Fluorescent)

Figure 2-3 The binding o f H2DCFDA in the ceil to H2O2.

H2 DCFDA-A M  is permitted to cross the cell membrane freely. A fter it has crossed it is 
mem brane it is hydrolysed by esterases to fonn H 2 DCFDA, which is trapped within the 
cell. This non-fluorescent molecule is then oxidized to DCF by action o f  cellular 
oxidants.

Cells were serum starved (1% FBS) in 35 mm W ilco glass bottom confocal wells 

(200,000/well) overnight at 37°C and the following day treated with the test com pounds 

in full serum media. Following treatment, cells were washed with PBS and incubated in
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phenol red free media containing 10|iM DCF and DAPI (nuclear stain) (l|Ag/ml) for 

30m in and for 5min in Cell Mask (membrane stain) (5|ag/ml) at 37°C  the presence o f  5% 

CO2. C ells were washed before being view ed under the m icroscope. Cells were view ed  

using an Olym pus FVIOOO Point scanning Confocal M icroscope, using FVIO-ASW  

O lym pus F luoview  Ver. 1.4a software and through a 60X  oil immersion objective.

2.7 Cell Cycle Analysis

The cell cycle  distribution o f  a whole cell population can be detennined using propidium  

iodide (PI), a dye that intercalates with double stranded D N A . The amount o f  D N A  in a 

cell is directly proportional to the fluorescence intensity o f  PI, w hich can be determined 

using a flow  cytometer.

Follow ing treatments, the cells were trypsinised and spun at 1200rpm for 5min to pellet 

the cells. C ells were washed with warm PBS ( IX) .  The PBS was rem oved and the cells 

were resuspended in 200^1 o f  PBS and 2m ls o f  ice-cold  EtOH (100% ) and left to fix at 4  

°C overnight. Sam ples were pelleted at 1200rpm for 5min and the EtOH was removed. 

The cells were resuspended in 400|^1 o f  IX  PBS containing ribonuclease A  (lOfig/m l) 

and PI (lOOi-ig/ml). The sam ples were incubated at 37°C in darkness for 30m in. The PI 

was excited using a flow  cytom eter 488nm  laser. Histograms w ere generated using 

FlowJo software (Treestar).

2.8 T rans fec t ion  w i th  p53 sIRNA

The oligonucleotide sequences o f  small interfering R N A s (siR N A s) were designed for 

p53 and pooled for optimum knockdown (see Table 2-2 below ). For transient 

transfection, the cells were seeded 2.5 xlO"* on a 24-w ell plate with serum starved 

medium (1% FBS). Follow ing incubation overnight, targeting siR N A  (20nm  IBONI 

p53-siR N A  pool) was transfected using RIBO XX-FECT transfection reagent (3% v/v) 

(M SC). Follow ing overnight incubation, cells were treated with EtOH for the required 

time points.
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Table 2-2: Sequences for p53 siRNA

P53 siRNA(NM _00546)

5 ’-3 ’ sequence (guide) 5 ’-3’ sequence (passenger)

UCACAAUUGUAAUCCCAGCCCCC GGGGGCUGGAUUACAAUUGUGA

UGUCAUCCAAAUACUCCACCCCC GGGGGUGGAGUAUUUGGAUGACA

ACUAACCCUUAACUGCAAGCCCCC GGGGGCUUGCAGUUAAGGGUUAGU

UUAUUUCAUUAACCCUCACCCCC GGGGGUGAGGGUUAAUGAAAUAA

2.9 Western Blotting 

2.9.1 Preparation of cell lysates
1 X 10* cells were seeded in T25 flasks, serum starved overnight (1% FBS) and left to 

adhere. The following day the cells were treated with required volume o f treatm ent in 

full serum media. Following the required incubation time, cells were detached from each 

flask using a cell scraper. Cells and media were pelleted at 1200rpm for 5m in and 

subsequently washed with PBS and centrifuged again. Pelleted cells were resuspended 

in PBS and equal am ounts o f 2X laemlli buffer (30mM Tris-base pH 6.2, 2% (v/v) SDS, 

10% (v/v) glycerol in dH20.) Samples were sonicated for 10s to degrade DNA. Lysates 

were stored at -80°C until required.

2.9.2 Determination of protein content

The protein concentrations were estim ated as per the method o f  (Bradford, 1976), with 

m odifications. Bovine serum albumin served as a standard and was prepared from a 

stock o f 0.1 mg/ml, as a series o f  dilutions ranging from 2-20ng/m l with a tlnal volum e 

o f  500|il (in triplicate). To these and to unknown diluted samples 200^1 o f  Protein assay 

Dye was added and samples were incubated for lOmin at room temperature. Sam ples 

were placed in a 1ml cuvette and read on an Eppendorf B iophotom eter Plus and 

corrected for blank (sample diluent and protein assay dye).
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2.9.3 Sodium Dodecylsulphate-polyacrylamide Gel Electrophoresis

Resolving gel was prepared (% dependant on target protein size) as in Table 2-3 and left 

to set between the glass plates. The stacking gel was then prepared and poured into glass 

plates and the comb was inserted. The gel was left to set for Ih. W hen set, the glass 

plates were placed into the chamber, filled with IX  running buffer and the com b was 

rem oved to create the wells. Samples concentrations were estim ated and IX  sam ple 

buffer (60mM  Tris pH 6.8, 10% Glycerol, 2% SDS, 1% brom ophenol blue) was added 

to each sam ple which were subsequently boiled at 90°C for 5min. Between 10- 20^g  o f 

sam ple protein was loaded into each well, using Spectra m ulticolour Broad Range 

Protein ladder (Therm oFisher, MA, USA) as a m olecular weight marker. Gels were run 

at constant current (20m A/gel) for 90min in an Atto gel box using a Biorad pow er pack.

Table 2-3: Com position o f resolving and stacking gels used in SDS-PAG E

Reagents (ml) 8%

resolving gel

10% resolving 

gel

12% resolving  

gel

5% 

stacking gel

clHjO 4.6 4.0 3.3 3.4

Acrylainide mix 2.7 3.3 4 0.83

1.5M Tris 2.5 2.5 2.5 ■

1M Tris - - " 0.63

10% SDS 0.1 0.1 0.1 0.05

10% APS 0.1 0.1 0.1 0.05

TEMED 0.006 0,004 0.01 0.005

2.9.4 W estern  blotting

The gel was rem oved from the cham ber and plates and soaked in IX  NuPA GE transfer 

buffer (500m M  Bicine, 500mM  Bis-Tris, 20.5mM  EDTA, Im M  Chlorobutanol) along 

with blotting paper and im mobilion PVDF mem brane (previously activated in 

methanol). A  semi-dry transfer technique was em ployed to transfer the sam ples onto 

Immobilion PVDF m em brane (see Figure 2-4), at constant voltage (lOV) for one hour in 

IX transfer buffer. Non-specific binding sites were blocked in 5% m ilk at room 

tem perature for Ih. The mem brane was washed in TBST (50mM  Tris, 150mM NaCl,
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0.01%  Tween 20, pH 7.6) before incubation with primary antibody at 1:1000 dilution 

(5% milk) overnight at 4°C. The secondary antibody was diluted 1:10,000 in 2% milk 

and left to incubate with the m em brane for I h at room temperature. The membrane was 

washed before and after secondary incubation for 45min in TBST.

For visualisation o f  bands the membrane was covered in 1ml o f  chemilum inescent 

reagent (M illipore) for 5min and incubated with photographic film for the necessary 

time, dependant on antibody signal strength. The film was developed in a dark room 

using a Fuji X-ray Film Processor RG 11.

Cathode {•)

B lorting  p d p e r  

G«l

B lo tting  p jp c r

Anode (+I

 i  L .

Figure 2-4: The set up o f a semi dry apparatus.

2.10 RNA extraction

Cells were seeded at 700,000 cells per well in a 6 well plate and serum starved overnight 

before treatment for the required time-points. Cell culture m edia was removed and 1 ml 

o f  TRI reagent was added to the wells and left to incubate for 5min at room temperature. 

Samples were then transferred to eppendorf tubes and stored at -80°C until required.

To extract RNA the sam ples were centrifuged at 12,000g for lOmin at 4°C and the 

supernatants were transferred to fresh tubes. l-B rom o-3-chloropropane (BCP)
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(100|^l/ml o f  TRl reagent) was added to each sample and m ixed w ell before incubation  

for 15min at room temperature. The sam ples were then centrifuged at 12,000g for 15min 

at 4°C and the aqueous phase was transferred to a fresh tube.

To precipitate the RNA from the aqueous phase isopropanol w as added to each sam ple 

(500)il/m l TRl-reagent) and incubated for at room temperature for lOmin. To pellet the 

RNA the sam ples were spun at 12,000g for 8min at 4°C  and the supernatant discarded. 

To wash the R N A , 75% EtOH was added and the sam ples were centrifuged for 5m in at 

7,500g. The EtOH was then removed and sam ples were left to air dry for 5min. The 

RNA w as then dissolved in nuclease free H2O and stored at -80°C.

2.11 Q uantitative Reverse Transcription PCR

Quantitative Reverse Transcription PCR (qRT-PCR) enables reliable detection and 

measurement o f  products generated during each cycle  o f  the PCR process. C ells were 

serum starved (1%) in six-w ell plate overnight, and were treated with varying  

concentrations o f  treatments. Total RNA was isolated as discussed in Section 2 .10  

above. Each qPCR reaction contained 50 |ig  RNA, 200nM  o f  each primer (see Table 

2-4), and Brilliant 111 Sybr Green master m ix one-step kit (A gilent) in 25|al reactions. 

The reactions were perfom ied using a Stratagene M x3000P /M x3005P  qPCR System . 

Specificity  o f  am plification was verified by first-derivative m elting curve analysis using  

the ABI software (SD S2.3 , Applied B iosystem s, Foster City, CA). R elative 

quantification o f  gene expression profile was calculated using a DD C t method (RQ  

manager. A pplied Biosystem s).

Table 2-4: Primer sequences for QPCR

Target Forward primer Reverse Primer

H IF-la TGCCACATCATCACCATATAGAG GACTCAAAGCGACAGATAACAC

110-1 TTGGCTGGCTTCCTTACC GGCTCCTTCCTCCTTTCC

MnSOD CGTGACTTTGGTTCCTTT GCTCCCACACATCAATCC

CAT TGAGGTTGAACAGATAGCC CACAGGTATATGAAGATAATTGG

GPx-1 GAGAAGTGCGAGGTGAAC AACATCGTTGCGACACAC

ADH GGCACAAGTGTCATCGTAGG TCCAGTCAGTAGCAGCATAGG

P-actin AGATGACCCAGATCATGTTTGAGA CGTC.-'lCCGGAGTCCATCAC
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2.12 Raman Spectroscopy

2.12.1 Sample preparation
C alcium  fluoride (C aF i) d isks w ere pre-coated  in 2%  gelatine for 6h at 4°C . T o facilitate  

R am an sp ectroscop y  m easurem ents, c e lls  w ere detached  from  the flasks u sing  0 .025%  

T ry p sin -E D T A  at 37°C  and p elle ted  at 2 5 0 g  for 5m in  at room  tem perature. The  

supernatant w as rem oved  and c e lls  w ere counted  and seed ed  at a d en sity  o f  5 X  10“̂ on a 

C ap 2 d isc  and m aintained, as p rev iou sly  described  (S ection  2 .2 ), until a m on olayer o f  

c e lls  w as stably grow in g  on the C ap 2 d isc. The ce lls  w ere then fixed  w ith  10% neutral 

b uffer form aldehyde for 5 m in, w ashed  w ith IX  PB S and stored in 0.9%  p h y sio lo g ica l 

sa line so lu tion  prior to capture o f  the Ram an spectrum .

2.12.2 Raman Instrumentation
T he R am an instrum ent used  for this study w as the Labram H R 800  Dual m icroscop e  

(H oriba Jobin Y v o n ) operating w ith  a 532n m  d iode laser (F igure 2 -5 ). T h is m icroscop e  

a llo w s for elim ination  o f  out o f  focu s light in sp ec im en s that are thicker than the 

co n fo ca l plane. The laser light is focu sed  onto the sam ple through a lOOX w ater  

im m ersion  m icroscop e ob jective. The scattered light is co llec ted  by the ob jective  in a 

backscattering, con foca l geom etry , and is su bsequ en tly  directed to a charge cou p led  

d ev ic e  (C C D ) v ia  a holographic grating.

2.12.3 Data preprocessing
D ata prep rocessing  w as perform ed u sing  M atlab (M athw orks, U S A ) (E xam p le o f  a 

M atlab script can be found in A pp en dix  2). B efore statistical an a lysis , a S av itsk y-G olat  

filter (5*'’ order, 7 p oin ts) w as applied  to sm ooth  the spectra and the reference spectrum  

con stitu tin g  the background signal w as subtracted. T he data se ts  have a lso  been  

corrected  for any b aselin e contributions from  the substrate or scatter and (vector) 

norm alised  to rem ove p oint-to-point intensity variations and facilitate com parison  o f  all 

spectra.
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Figure 2-5 (a) Labram HR800 Raman system (b) Illustration of the set up for 
Raman spectroscopy measurement of cells.
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2.13 Analysis of tubulin polymerisation by Western Blot
The status o f tubulin polymerisation in TR146 and Ca9.22 cells was assessed using a 

modified version o f the method employed by (Vermae/a/., 2008). Briefly, cells treated 

with MTAs for 4h were harvested into microtubule (MT)-preserving buffer containing 

O.IM Pipes (pH 6.9), 2M glycerol, 5mM MgCh, 5mM EGTA, 0.5% (v/v) Triton X-100, 

and 4 |iM  paclitaxel. The M T buffer was supplemented with 1 complete mini protease 

inhibitor tablet/lOml buffer (Roche Diagnostics GmbH, Mannheim, Germany) to 

maintain stability o f the assembled microtubules. Polymerised and unpolymerised 

tubulin were separated by centrifiigation at 20,000g for 45min at 4°C. Supernatants, 

containing depolymerised tubulin, were diluted by the addition o f an equal volume o f 

2X sample buffer [125mM Tris (pH6.8), 4% (w/v) SDS, 20% (v/v) glycerol, 0.0025% 

(w/v) bromophenol blue and 200mM DTT] while pellets containing sedimented 

polymerised tubulin were resuspended in buffer containing 62.5mM Tris (pH 6.8), 6M 

urea, 2% (w/v) SDS, 10% (v/v) glycerol, 0.00125% (w/v) bromophenol blue and 50mM 

DTT. The samples were then denatured at 65°C for lOmin before separation o f proteins 

on a polyacrylamide gel and transfer to a PVDF membrane. The PDVF membrane was 

probed with anti-a-tubulin antibody (1:1000 dilution) and anti-p-actin antibody (I ;1000 

dilution) followed by incubation with a HRP- conjugated anti-mouse antibody 

(1:10,000). Expression o f tubulin and (3-actin were visualised by enhanced 

chemiluminescence.

2.14 Fluorescence microscopy 

2.14.1 Analysis of tubulin morphology

Cells were cultured on 13mm glass coverslips (Seeding densities were; Ca9.22: 30,000 

cells and TR146: 40,000 cells per coverslip) for 24h. Cells were cultured in the presence 

o f either PBOX-6 or PBOX-15 (lOOnM, l| iM , 10|iM) for a further 24h. Paclitaxel 

( l| iM )  and nocozadole (lO^iM) were used as controls for polymerization and 

depolymerisation, respectively. A fter incubation, the cells were fixed in 4% 

paraformaldehyde in phosphate buffered saline (PBS) for 15min, penneabilised in 0.2%> 

Triton in PBS for lOmin, rinsed with PBS and blocked using 1% BSA in phosphate 

buffered saline Tween (PBST) for 30min. Cells were incubated in primary antibody 

mouse anti-a-tubulin (1/1000) in 1% BSA in PBST for one hour and in secondary
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antibody anti-mouse 488 (Life technologies) (1/500) in 1% BSA in PBST for one hour. 

Coverslips were placed on 3.5(il Vectashield^*^ mounting medium containing the nuclear 

counterstain 4,6-diamidino-2-phenylindole (DAPI) (Vector Labs, CA, USA) on glass 

slides and stored at 4°C, in darkness, until imaging. Indirect fluorescence o f the cells 

was examined using a standard filter set for DAPI and FITC (Blue/green), through lOX 

and 20X dry objectives and 60X oil objective with a Zeiss Axiovert/Axiocam CCD 

system and imaged with AxioVision AxioVs40 software.

2.14.2 Analysis of nucleolar morphology

Cells were cultured on 13mm glass coverslips (Seeding densities were; Ca9.22: 30,000 

cells and TR146: 40,000 cells per coverslip) for 24h. Cells were cultured in the presence 

EtOH (1%) for a further 24h. After incubation, the cells were fixed in methanol at -20°C 

for lOmin, washed with PBS and incubated in a 2|^M o f RNASelect™ green fluorescent 

stain (Molecular Probes) for 20min at room temperature. Coverslips were washed with 

PBS and placed on 3.5)al Vectashield™ mounting medium containing the nuclear 

counterstain 4,6-diamidino-2-phenylindole (DAPI) (Vector Labs, CA, USA) on glass 

slides and stored at 4°C, in darkness, until imaging. Indirect fluorescence o f the cells 

was examined using a standard filter set for DAPI and FITC (Blue/green), through 60X 

oil objective with a Zeiss Axiovert/Axiocam CCD system and imaged with AxioVision 

AxioVs40 software.

2.15 PBOX synthesis

The pyrrolo-l,5-benzoxazepine compounds, 7-[(A^,jV-dimethylcarbamoyl)oxy]-6- 

(naphth-l-yl)pyrrolo[2,l-][l,5]benzoxazepine (PBOX-6) and 4-acetoxy-5-(l- 

(naphthyl)naphtho[2,3]pyrrolo[2,l-o][I,4]oxazepine (PBOX-15) were synthesised as 

previously described (Campiani et a i ,  1996).
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3 EtOH m odula tion  of hypoxic response  pro te ins

in oral epithelial cells
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3.1 Introduction
OC is the sixth most common cancer worldwide and has one of the highest death rates 

due to it being largely asymptomatic until the latter stages o f the disease. The biggest 

risk factor for developing OC is smoking followed by alcohol consumption. There is a 

vast amount o f evidence directly linking alcohol consumption to many different fonns of 

cancer including colorectal, breast and liver however the mechanisms by which alcohol 

affects the oral mucosa are unclear. Many studies have stated that alcohol does not 

directly cause cancer o f the oral cavity but indirectly facilitates carcinogenic 

transformation. Several methods have been envisioned for this process. Firstly, alcohol 

may fiinction as a solvent, thus facilitating the passage o f carcinogens through cellular 

membranes. Secondly, EtOH consumption leads to an enhancement in the liver drug- 

metabolising capability in both humans and experimental animals and may therefore, 

activate carcinogenic substances. Lastly, EtOH consumption may alter intracellular 

metabolism of the epithehal cell o f the oral mucosa. Such impainnent o f cellular 

function could possibly be aggravated by the coexistence o f nutritional deficiencies. The 

above methods have been speculated and the exact method by which alcohol causes OC 

is yet to be discovered.

3.1.1 Alcohol and OC
In the past OSCC was primarily found in elderly men with the risk factors being tobacco 

and excessive alcohol use. More recently there is a significant increase in OSCC in 

patients under 40 and in the female population. In Ireland in 1994 24% of new cases of 

OC were in women and that rose to over 32% in 2009 (NCRI). This increasing incidence 

o f OC among the younger population is associated with increased exposure to HPV 

(Chaturvedi et a i,  2008) while the increase in women with OC is due to an increased 

acceptability o f tobacco and alcohol use among women (Mongan D, 2007).

The association between alcohol consumption and OC has long been established. It has 

been estimated that over 30%> of all OC cases worldwide are attributable to alcohol 

drinking (Boffetta et ai,  2006). The excessive consumption o f alcohol-containing 

beverages is also associated with an increase risk of developing other cancers o f the 

head and neck such as pharyngeal and laryngeal cancers. There has been no distinct 

differentiation on whether one type o f alcoholic beverage causes a higher rate o f OC

52



than others (Purdue et ai,  2009). It has been suggested that the most frequently 

consumed alcoholic beverage in a given culture is associated with the highest risk at 

equivalent levels o f consumption; wine in southern Europe, beer and hard liquor in north 

America, Sake in Japan and cachaca in Brazil. The general consensus is the more EtOH 

consumed the higher the risk of developing OC. The dose response relationship between 

alcohol and OC risk is low (1.29 RR) for around lOg of EtOH consumption per day and 

significantly increasing (13.02 RR) for 125g EtOH/day (where relative risk is the ratio 

of the risk in the exposed divided by the risk in the unexposed) (Tramacere et ai, 2010).

3.1.2 EtOH

EtOH is the main constituent o f alcohol containing beverages. It is produced by the 

fermentation o f simple carbohydrates in fruit and starch in grains by yeast. Spirits like 

whiskey and brandy are produced by distillation o f the fennented products. 

Fermentation is incomplete in beer and complete in wine, with resulting alcohol 

concentrations between 3-8% and 7-18%, respectively. Distilled products are 30% or 

greater alcohol by volume. EtOH is the active component in alcoholic beverages. As 

previously mentioned, EtOH is not thought to have a direct carcinogenic effect on the 

oral mucosa. However its first metabolite, acetaldehyde, is a known carcinogen and is 

thought to have a role in many other forms of cancer (Grewal and Viswanathen, 2012, 

Fedirko et ai,  2011, Hamajima et ai, 2002).

After EtOH has been consumed, it is rapidly absorbed in the stomach into the 

bloodstream where it is eventually metabolised by the liver. Enzymes in the liver oxidise 

EtOH to acetaldehyde and then to acetate, which is easily cleared by the body. The 

enzyme involved in the oxidation of EtOH to acetaldehyde is alcohol dehydrogenase 

(ADH) (E.C 1.1.1.1) and acetaldehyde is converted to acetate by acetaldehyde 

dehydrogenase (ALDH) (E.C 1.2.1.3). The cytochrome P450 system in the liver also 

functions to degrade and facilitate the removal o f EtOH along with these enzymes. 

Several isoforms of both enzymes exist and people who have some o f these isofonns are 

more prone to certain types o f cancer (Ding et ai, 2008). One such isoform o f ADH 

called ADH 18*2 metabolizes EtOH at a faster rate than the more common isofonns 

causing a build-up of the carcinogen acetaldehyde in the liver. A build-up of 

acetaldehyde can also be caused by malfunctioning isofonns o f ALDH, ALDH2*l/2 and
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ALDH2*2/2. These isoforms are commonly seen in Asian populations and thus these 

populations that are more prone to alcohol related cancers.

Cytochrome
P450 2E1

ADHIB‘2 ALDH2'U2

AcetaldehydeEthanol ^  Acetate

ADHIC‘1 ALDH2'2/2

Microt>es

Figure 3-1 M etabolism  of EtOH by liver enzymes.
EtOH is oxidised by ADH in microbes and the cytochrome P450 system in the liver to 
acetaldehyde. Acetaldehyde is broken down by ALDH to acetate, which is removed by 
the body. Abnormal isoforms of the enzymes ADH and ALDH exist which cause both 
EtOH and aldehyde to be broken down at different rates.

ADH enzymes are present in the cells o f the oral mucosa but at very low concentrations 

(Dong e? a/., 1996). Therefore the majority o f the EtOH consumed is not oxidised and 

therefore can exert a direct effect on the oral mucosa. The effect this EtOH is having on 

the cells is mostly unknown and the question still remains as to whether EtOH is an oral 

mucosal carcinogen.

3.1.3 EtOH and oxidative stress in OC

Previous studies have demonstrated that alcohol causes an increase in epithelial 

proliferation and an increase in permeability to tobacco carcinogens (Valentine et ai,  

1985, M aiere?a/., 1994). These findings support the theory that alcohol induces direct 

alterations in the oral mucosa. An increase in cellular proliferation is one o f the early 

stages in carcinogenesis and ROS are directly involved in cell cycle control and 

proliferation. For this reason ROS have been implicated in the pathology o f many
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diseases including numerous types o f cancer (Waris and Ahsan, 2006). Oxidative stress 

is the imbalance between the production o f  ROS and the capacity o f  antioxidants to 

respond. These highly reactive molecules can cause adducts in DNA by binding to 

individual base pairs potentially leading to mutations (Ames, 1983). They have also 

been found to bind complex cellular structures such as lipids and proteins. This 

damaging aspect o f ROS may potentially be one o f  the mechanisms associated with 

alcohol-induced alteration in the oral mucosa. A study in 2009 indicated that short-term 

exposure to alcohol induced biochemical changes and cellular proliferation in the oral 

mucosa o f  rats (Carrard et a i ,  2009). They found that vitamin E supplementation has 

been shown to attenuate the cellular proliferation seen with alcohol exposure in vivo. 

This could be due to vitamin E’s antioxidant properties. A more recent study in 2013 

showed that the antioxidant CAT is involved in the increase in cellular proliferation seen 

with alcohol exposure (Carrard et a i ,  2013).

One such ROS molecule is H2O2 , which may have a significant role to play in EtOH 

mediated cell damage. H2O2 is a small and non-polar molecule able to diffuse across 

biological membranes. It is ubiquitously produced and its longer half-life than other 

types o f  ROS makes it suitable to act as a second messenger exerting prolonged effects 

in different signaling pathways. H2O2 is best known for its carcinogenic properties at 

higher concentrations however it has been shown to act as a cellular signalling molecule 

at lower concentrations (Meng et a i ,  2002). It was not until the 1970’s that H2O 2 was 

discovered to have signalling properties when it was reported that exogenously added 

H2O2 could mimic the signalling activity o f insulin (May and de Haen, 1979). It was 

later discovered that H2O2 could stimulate cell proliferation at low concentrations (Liu et 

al., 2002, Sigaud et a i ,  2005). This phenomenon may result in the increase in cell 

proliferation seen with alcohol exposure. H2O2 in certain mammalian cells has been 

shown to exert its affect on cellular proliferation by activating c-fos and c-jun 

transcription factors, both o f  which are involved in cell cycle control (Liu et a l ,  2002). 

Similarly, H2O2 can activate the ERK pathway that has a modulatory role in cell 

mobility and metastasis (Akhiani et a i ,  2014).
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Figure 3-2 The two sides of H2O 2

3.1.4 ROS and p53

The incidence o f  p53 m utations in OSCC varies from 30% to 70% how ever tumours 

with m utations o f  the p53 gene grow faster and have a worse prognosis with an overall 

reduced survival rate (Acha-Sagredo el a l ,  2009). A m utation in the p53 gene is the 

most com m on alteration found in oral premalignant lesions and OSCC (Laim er et al., 

2007). The tum our suppressor protein p53 exerts its effects mainly through 

transcriptional induction o f target genes involved in several processes including cell 

cycle checkpoints and apoptosis (Kastan et al., 1995). p53 can also exert an antioxidant 

function by activation o f  a range o f  target genes (Tan et al., 1999, Hussain et al., 2004). 

Its function is dependant on its transcriptional activity and precedes the resultant 

induction o f  antioxidant and proapoptotic targets. The relationship between p53 and 

ROS suggests that low levels o f  ROS causes a p53-dependant upregulation o f  genes 

involved in antioxidant and cell cycle regulation and high levels o f  ROS promote 

transcription o f  proapoptotic genes. A study in 2004 found that p53 induced 

upregulation o f the antioxidants GPx and manganese superoxide dism utase (M nSOD)
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but had no involvem ent in control o f  CAT. A study in 2005 (Sablina et al., 2005) 

show ed that down regulation o f  p53 elevated intracellular ROS. A dditionally they found 

that in human em bryonic fibroblasts the pro and antioxidant function o f  p53 depended  

on the levels o f  intracellular H2O 2 (0 .2m M /lm M ).

A lcohol could be exerting oncogenic changes on the oral m ucosa by several different 

means. The question remains as to what effect alcohol is having on cells o f  the oral 

m ucosa with and without p53 mutations? The rate o f  transfom iation in oral m ucosal 

cells due to alcohol consum ption could be dependant on the p53 status o f  the tissue.
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3.2 Aims of this chap ter

E tO H , a lthough it is a m ajor risk factor in the developm ent o f  O C , it is not considered  to 

have a d irect carc inogen ic  effect on the ora! m ucosa. P rev ious stud ies have show n that 

E tO H  affects p ro lifera tion  o f  the cells o f  the m ucosa, w hich is an early  sign o f  

carc inogen ic  transform ation . B iochem ical im balance could  be the first signal o f  alcohol 

dam age. T he rela tionsh ip  betw een  EtO H  and ox idative status o f  the m ucosal cells is not 

c lear how ever th is could  play  a ro le in the developm ent o f  O C  in the p resence o f  E tO H . 

T his study w as undertaken  to exam ine the d irect effects o f  EtO H  on the redox  status o f  

O C  cell lines rep resen ting  several states o f  the carcinogenic  transfo rm ation  including 

m odels o f  carc inom a in-situ , a m odel d isp lay ing  dysplastic  characteristics  and primary' 

un transfo rm ed  oral ep ithelia l cells. Specific ob jectives w ere as follow s:

1. Determ ine the effects o f EtOH on the key ROS generation system s in OSCC cell 

lines.

To ob tain  a m odel o f  the effect o f  EtO H  on the redox  status o f  the cell, O SC C  cell 

lines w ill be treated  w ith  a range o f  E tO H  concentrations over 48h. T he levels o f  

H 2 O 2 in the cells w ill then be estab lished  for each cell type/line. T he an tiox idant 

status o f  the cells w ill be investigated  through exam ination  o f  key m ediato rs o f  the 

RO S system s w ith in  the cell using  stale o f  the art techn iques including  qR T -PC R , 

confoca! m icroscopy, flow  cy tom etry  and  w estern  blotting.

2. Exam ine the potential effects of EtOH on ROS production in an oral dysplastic 

cell line.

E xpanding  on the m odel developed  previously , an oral dysp lastic  cell line w ill be 

u tilised  and treated  w ith a range o f  E tO H  concen trations to d e ten n in e  i f  E tO H  can 

drive changes in the RO S status o f  the cell and  poten tia lly  d rive  carcinogenic  

changes.

3. Investigate if  the p53 status o f oral epithelial cells can m odulate the effect of 

EtOH on ROS production.

p53 function is d isrup ted  in approx im ately  50 %  o f  O C  cases and  n o n n a lly  resu lts in 

a sign ifican tly  poo rer prognosis for the patient. U tilising  the inheren t geno types o f  the 

cell lines p rev iously  exam ined  the role o f  p53 in response to  E tO H  exposure w ill be 

exam ined  a long  w ith  im plications for the ROS system . T hrough  the use o f  siR N A
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techno logy  in the above m odel system s the in fluence o f  p53 on RO S levels and 

ce llu la r survival w ill be determ ined.

4. Determine the effect of EtOH on redox status in human primary cells.

C an cer resu lts from  a change o f  in the  physio logy  o f  norm al healthy  cells therefo re  it 

is p ru d en t to  d e ten n in e  the in fluence E tO H  has on a cohort o f  such  cells. Iso lated  

hum an  p rim ary  oral ep ithelial cells w ill be exposed  to  a sing le concen tra tion  o f  EtO H  

over a 48h  period  and  the H 2O 2 p roduction  and  an tiox idant sta tus in these  cells 

m onito red .
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3.3 Results

3.3.1 EtOH does  not affect the viability of cell lines

The Alam arBlue viabiHty assay was used to assess the effects o f  EtOH concentrations 

on OC cell lines, TR146 and Ca9.22. Cells were treated with a range o f  EtOH 

concentrations (0-3% ) for 6h, 24h and 48h. The assay was perfonned on at least three 

occasions in triplicate. This assay was used to ascertain concentrations o f  EtOH that did 

not affect the viability o f the cell. Concentrations o f  5% EtOH and above caused a 

decrease in cell viability. Acetlyaldehyde ( InM),  a known alcohol derived carcinogen, 

was exam ined to determine if  breakdown o f EtOH had an effect on cell viability. As 

shown in Figure 3-3, increasing concentrations o f  EtOH did not have any effect on the 

viability o f  the cells after 6h (a), 24h (b) and 48h (c) timepoints. A cetlyaldehyde ( InM) 

did not affect the viability o f  the cell lines.
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Figure 3-3 EtOH concentrations o f 0-3%  does not affect TR146 and Ca9.22 cell 
viability.

Cells were seeded (10,000/well) in a 96 well plate treated with increasing concentrations 
of EtOH (0-3%) and Alamar Blue reagent (10% v/v) was added 4h before being read on 
a SPECTRAmax PLUS Microplate spectrophotometer. All time points, 6h, 24h and 48h 
showed no significant difference between treatments (in comparison to control 100%). 
Any effect attributed to the metabolic breakdown products o f EtOH was controlled for 
using InM acetaldehyde (AA). Experiments were performed in triplicate on three 
separate occasions (n=9) and results are expressed as mean ± SEM (error bars). 
Statistical analysis was perfonned by one-way ANOVA with post-hoc Bonferroni 
analysis using GraphPad Prism 6.0.



3.3.2 ADH is a b s e n t  from  OSCC cell lines

ADH is an enzym e that catalyses the reduction o f  primary alcohols into aldehydes. For 

this present study, it was necessary to ensure alcohol was not broken down in order to 

investigate and determ ine the direct effects o f EtOH on oral cells. To ensure there was 

no ADH present in the OC cell lines, with and without treatment, an ADH assay was 

perform ed on lysed cell pellets, pre-treated with/without a range o f  EtOH concentrations 

for 24h.

TR146 and Ca9.22 cell lines were treated with a range o f EtOH concentrations (0-3%) 

for 24h to investigate if  ADH was present and/or upregulated in the presence o f EtOH. 

A fter 24h incubation, the results show that there was no ADH present in these cells. 

A fter treatm ent with EtOH (0.5%  -3%) there was no upregulation o f  ADH after 24h. As 

a positive control, O.IU o f  ADH was added to the cells in the presence o f  1% EtOH and 

a significant increase in activity was observed here (*** p < 0.001). Semi carbazide was 

used as a trapping agent for aldehyde so the levels o f  acetaldehyde could be determined.
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Figure 3-4 Alcohol dehydrogenase is absent from TR146 and CA9.22 cells after 24h 
incubation with EtOH.

TR146 (a) and Ca9.22 (b) were seeded (10,000/well) in a 96 well plate treated with 
increasing concentrations o f EtOH for 24h. Cells were lysed (1% triton) and NAD 
(20mM), EtOH (10%), and sodium phosphate buffer (pH 7.5) were added to each well 
(FV 200|il). The kinetic assay was read at 340nm in a SPECTRAmax PLUS Microplate 
spectrophotometer for 30mins. Experiments were performed in triplicate on three 
separate occasions (n=9) and results are expressed as mean ± SEM (error bars). 
Statistical analysis was performed by one-way ANOVA with post-hoc Bonferroni 
analysis using GraphPad Prism 6.0 (*** p<0.001).
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3 .3 .3  The e f f e c t  o f  EtOH on  H2 O 2  p rod u ct ion  in OSCC cell l ines

EtOH is recogn ised  to a ffect the production o f  R O S in a variety o f  ce ll lin es (X iie  et al.,  

2 0 1 2 , A g u d elo  e t  a l. ,  2 0 1 1 , H eaton el al.,  2 0 1 1 ) thus exp erim en ts w ere carried to 

in vestigate  the e ffec ts  o f  several concentrations o f  EtOH on H 2O 2 release from  OC ce ll 

lines.

3 . 3 .3 . 1  The e f f e c t  o f  EtOH on H2 O 2  r e l e a s e  from OSCC cell  l ines

H 2O 2 re lease from  c e lls  w as m onitored  u sin g  a fluorescen t reagent (A m p lex  red). D ose  

and tim e dependent stud ies w ere perfon ned . C ells  w ere treated for 6h, 24h , and 48h , 

w ith several con centrations o f  EtOH (0% -3% ) b efore the assay w as m onitored u sing a 

Spectram ax p late reader. The results sh ow  that in the T R 146  ce ll line (F igure 3 -5 ) there 

is a d o se  dependant d ecrease o f  H2O 2 release after 6h (a), 24h  (b) and 48h  (c). A fter 6h, 

there is a sign ifican t d ecrease in H 2O 2 production w ith  0 .75%  EtO H . Interestingly post 

24h  treatm ent there is a sign ifican t d ecrease after 0.5%  EtOH. T he release o f  H 2O 2 

sign ifican tly  d ecreases after 0.75%  after 48h  treatm ent, w hich  is sim ilar to the 6h tim e  

point. T h is cou ld  s ig n ify  that the ce lls  have the ability  to recover from  the treatm ents at 

low er con centrations o f  EtOH. S im ilarly  in the C a9 .22  c e lls  (F igure 3 -6 ) there is a d ose  

dependant d ecrease after 6h (a), 24h  (b), and 48h  (c), h ow ever the EtOH effec t on these  

c e lls  in com parison  to the T R 146  ce ll line is detectab le at a low er EtOH concentration o f  

0.5%  (6h). T h is d ecrease in the presen ce o f  0 .5%  EtOH is ob served  at both the 24h and 

48h  tim e points. The s ig n ifica n ce  o f  the d ecrease at 0 .5%  in each ca se  tells use that the 

EtOH has its peak  e ffec t after 24h  and the ce lls  b eg in  to recover at 48h . The C a9.22  ce lls  

are m ore su scep tib le  to the EtOH effec ts  than the T R 146  ce lls . B oth ce ll lin es sh ow  their 

ab ility  to recover at the low er concentration  over 48h  h ow ever  the C a9 .22  ce lls  do have  

a s lo w e r  recovery  than the T R 146  ce ll line.
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F igu re 3-5  E tO H  d ecreases the rate o f  H 2 O 2 release after 6h , 24h , and 48h  
trea tm en t in the T R 146 cell line.

T R 146  cells  (10 ,000/w ell) w ere treated  for 6h (a), 24h  (b) and 48h  (c) w ith  a range o f  

E tO H  concen tra tions (0-3% ). Post treatm ent, cells w ere assayed  in K rebs b u ffe r w ith 

A m plex  red  and H R P for 45 m in at 37°C . H 2O 2 ac tiv ity  w as m on ito red  in a S pectram ax 

G em in i X S plate  reader w ith  an excita tion  w avelength  o f  550nm  and  an em ission  

w aveleng th  o f  580nm . A ny effect a ttribu ted  to  the m etabolic  b reakdow n  products o f  

E tO H  w as con tro lled  for using  InM  A A . E xperim ents w ere com pleted  in trip lica te  on 

th ree separa te  occasions (n=9) and results w ere expressed  as m ean  ±  SE M  (erro r bars). 

S tatistical analysis w as perfo m ied  by one-w ay A N O V A  w ith post-hoc  B onferroni 

analysis  using  G raphPad Prism . Sam ples sign ifican tly  d ifferen t to the contro l are 

anno ta ted  ** p<0.01 and *** p<0.001.
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F igure 3-6  E tO H  d ecreases the rate o f  H 2 O 2 release after 6h, 24h , and 48h  
treatm en t in the C a9.22 cell line.

C a9.22  cells (10 ,000 /w ell) w ere treated  for 6h (a), 24h (b) and 48h (c) w ith a range o f  

E tO H  concen tra tions (0-3% ). Post treatm ents, cells w ere assayed in K rebs b u ffe r w ith 

A m plex  red  and H R ?  fo r 45 m in at 37°C . H 2O 2 activ ity  w as m onitored  in a Spectram ax 
G em in i XS plate  reader w ith an excitation  w avelength  o f  550nm  and an em ission  

w aveleng th  o f  580nm . A ny effect attribu ted  to the m etabolic b reakdow n products o f  

E tO H  w as con tro lled  for using  InM  A A . Experim ents w ere com pleted  in trip lica te  on 

three ind iv idual p reparations (n=9) and results w ere expressed  as m ean ±  SEM  (erro r 

bars). S tatistical analysis w as perfo rm ed  by one-w ay A N O V A  w ith  post-hoc B onferroni 

analysis using  G raphP ad  Prism . Sam ples sign ifican tly  d ifferen t to the contro l are 

anno ta ted  * p< 0.05 , ** p<0.01 and *** p<0.001.
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3 .3 .3 .2  Intracel lu lar H2 O 2 production in OSCC cell lines in
response to EtOH exposure

Results from the previous experiment indicate that EtOH affects the release o f H2O2 

from the TR146 and Ca9.22 cells. This experiment was undertaken to investigate 

whether internal H2O2 production was affected in a similar manner to its release. Cell 

lines were treated with EtOH (1%) for a 24h period and internal H 2O2 was examined 

using a confocal microscope with 2',7'-dichlorfluorescein-diacetate (DCFH-DA). 1% 

EtOH was used as this was the lowest concentration that showed effect in these cells. 

Figure 3-7 (TR146) and Figure 3-8 (Ca9.22) below show representative fluorescent 

microscopy images using three different cell markers and excited at three different 

wavelengths. 4',6-diamidino-2-phenylindole (DAPl) a stain which binds DNA was used 

to visualize the nuclei, cell mask was used to visualise the plasma membrane and 

DCFH-DA was used to monitor the production o f H 2O2 w ithin the cells. Images A &  D 

o f Figure 3-7 and Figure 3-8 below show a merged image o f the cell mask and DAPl 

channels presenting a view o f the general structure o f the cell in the control and 1% 

EtOH treatment after 24h, respectively. Images B &  E show the merged images o f all 

three channels, DAPl, cell Mask and DCF in the control and treatment, respectively. 

This clearly shows that there is a significant decrease in the presence o f H2O 2 in both the 

TR146 and Ca9.22 cell lines after 24h treatment with EtOH represented by the decrease 

in fluorescence intensity in the green channel. Pictures C &  F visualise the merged 

images o f the DAPl &  DCF channels in the control and treatment cells, respectively. 

These results confinn that EtOH affects both intracellular levels and release o f H2O2 

from OSCC cell lines.
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Figure 3-7 EtOH decreases intracellular H 2O 2 after 24h treatm ent in TR146 cells.

Confocal microscopy images o f immunoflourescent staining o f H2 O 2 in TR146 cells 
using 2',7'-dichlorodihydrofluorescein diacetate (H2 DCFDA). (A) (B) (C)- 0% EtOH 
(overlays o f different dyes). (D) (E) (F) -24hr treatment with 1% EtOH (overlays of 
different dyes). (A) & (D) Cell Mask plasma membrane staining (red) and DAPI 
nuclear stain (blue). (B) & (E) are merged images o f Cell Mask^*^, DAPI and DCF H2 O 2 

staining (green). (C) & (F) are merged images o f DAPI and DCF staining. Images are 
representative o f an experiment carried out in triplicate.
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o l  e I  F
F igure 3 -8  EtO H  d ecreases in tracellu lar H 2O 2 after 24h treatm en t in C a9.22  cells.

Confocal microscopy images o f immunoflourescent staining o f H2 O2 in Ca9.22 cells 
using 2',7'-dichlorodihydrofluorescein diacetate (H2 DCFDA). (A) (B) (C) 0% EtOH 
(overlays o f different dyes). (D) (E) (F) 24hr treatment with 1% EtOH (overlays o f 
different dyes). (A) & (D) Cell Mask plasma membrane staining (red) and DAPl 
nuclear stain (blue). (B) & (E) are merged images o f Cell M a s k ™ ^  DAPI and DCF H2 O 2 

staining (green). (C)& (F) are merged images o f DAPI and DCF staining. Images are 
representative o f an experiment carried out in triplicate.
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3.3.4 The effect of EtOH on H IFl-a in OSCC cell lines.

HIFl plays a central role in the cellular pathways by activating hundreds o f  genes 

associated with angiogenesis, ischem ia, as w ell as energy m etabolism , nutrient transport 

and the cell cycle (Sem enza, 2004, Wang et  a i ,  1995, Goda et a i ,  2003). It is com posed  

o f  2 subunits -  a  and (3. HI F I-a  is upregulated in an adaptive response to hypoxic  

conditions (Lee et  a i ,  2004). Previous results (3.3.16.1 and 3 .3 .3 .2 ) show ed that EtOH  

causes a decrease in H2O 2 in a dose dependant manner with subsequent recovery at 

lower concentrations. qRT-PCR analysis o f  H IF la  expression w as undertaken to 

investigate its role in the regulation o f  ROS during EtOH exposure.

In the TR146 cell line (Figure 3-9) there is a significant increase in H IF l-a  after 6h 

0.75%  (a). After 24h there is a stabilisation o f  H IFI-a at 0.75%  and 1% with a 

significant decrease at 3%. The 48h time point show s no significant difference at any 

concentration, which is consistent with the results seen in the T R 146 H 2O 2 assay study. 

Contrastingly to the TR146 cell line, EtOH has no effect on H IF -la  expression at any 

tim e point in the Ca9.22 cell line (Figure 3-10).
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Figure 3-9 H lF l-a  expression after 6h, 24h, and 48h in the presence of increasing 
concentrations of EtOH in TR146 cells.

TR146 cells were treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 
48h (c). mRNA was harvested and target genes were am plified up using a Sybr green 
One-Step qRT-PCR with specific primers for H IF l-a . Any effect attributed to the 
m etabolic breakdown products o f  EtOH was controlled for using InM  acetaldehyde 
(AA). Relative quantification o f  gene expression profile was calculated using a DDCt 
m ethod (RQ manager, Applied Biosystems). Experiments were com pleted in triplicate 
using three individual preparations (n=9) and statistical analysis was carried out using a 
one-w ay ANOVA with post-hoc Bonferroni analysis using GraphPad prism  6.0. 
Samples significantly different to the control are annotated * p<0.05, ** p<0.01, ***
p<0.001.
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Figure 3-10 H lF l-a  expression after 6h, 24h, and 48h in the presence o f increasing 
concentrations o f EtOH in Ca9.22 cells.

Ca9.22 cells were treated with varying concentrations o f EtOH for 6h (a), 24h (b) and 
48h (c). m RNA was harvested and target genes were am plified up using a Sybr green 
O ne-Step qRT-PCR with specific primers for H IF l-a . Any effect attributed to the 
m etabolic breakdown products o f  EtOH was controlled for using InM  acetaldehyde 
(AA). Relative quantification o f  gene expression profile was calculated using a DDCt 
m ethod (RQ m anager, Applied Biosystems). Experim ents were com pleted in triplicate 
using three individual preparations (n=9) and statistical analysis was carried out using a 
one-way ANO VA with post-hoc Bonferroni analysis using GraphPad prism  6.0.
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3.3.5 M odula t ion  of an t iox idan t  enzym es  in OSCC cells in re sp o n se  
to  EtOH exposure .

RO S are produced during norm al cellu lar function. H igh le v e ls  o f  R O S can cau se  

dam age to the ce ll in clu d ing  lip id  peroxidation  and oxid ation  o f  D N A  and proteins. RO S  

n eed  to be tightly  con trolled  and antioxidant en zy m es m in im ise  the perturbations cau sed  

b y R O S. T he antioxidant system  is h igh ly  co m p lex  and com p osed  o f  several d ifferent 

en zy m es. D o se  dependant d ecreases in H 2O 2 cou ld  indicate a central ro le for 

an tioxidants in  this effect.

3.3.5.1 M odula t ion  of MnSOD express ion  in OSCC in re sp o n se  to  
EtOH.

M n S O D  is the prim ary antioxidant en zym e that protects ce lls  from  ox id a tive  stress by  

ca ta lysin g  the d ism utation  o f  O 2 ' to H2O 2 . In the T R 146  ce ll line (Figure 3 - 1 1) there is 

an in crease in M n S O D  at the m R N A  level after 6h (a) at 0 .75%  u sing qR T -PC R . A fter  

24h  (b) there is still an increase in H 2O 2 at 24h  h ow ever there are sign s o f  the en zy m e  

le v e ls  stab ilisin g . T he increase here is on ly  seen  at 1% and 3%. B y 48h  there is no  

sign ifican t d ifferen ce in en zym es from  the control. W estern b lot an alysis o f  M n S O D  

protein  exp ression  w as undertaken to detect i f  m R N A  lev e ls  corresponded to protein  

le v e ls  in this en zy m e [Figure 3-11 (d)]. A n a lysis  o f  the w estern  blot sh ow  that the 

protein  le v e ls  o f  M n S O D  did not n oticeab ly  ch an ge in the T R 146  ce ll line. G A P D H  w as  

u sed  as a load ing control to ensure equal am ount o f  protein w as loaded  into each lane.

S im ilarly  to the T R 146  ce ll lin e, there is an increase in M n S O D  in the C a9 .22  c e ll line  

after 6h [Figure 3- 12  (a)]. T h is increase is on ly  sign ifican t at 3%  EtOH w hich  d iffers  

from  the first ce ll line. A nother d isparity b etw een  ce ll lin es in clu d e there is no increase  

in  M n S O D  after 24h  (b) at any concentration and there is a su bsequent increase after 48h  

3%  EtO H  in the C a9 .22  ce ll line.
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F'igure 3-11 Analysis o f M nSOD mRNA and protein expression in TR146 cells.

T R I46  cells were seeded at a density o f  3 X 10^ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). mRNA 
was harvested and target genes were am plified up using a Sybr green One-Step qRT- 
PCR with specific primers for M nSOD using P-actin as a norm aliser. Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
m anager, Applied Biosystems). Any effect attributed to the m etabolic breakdown 
products o f  EtOH was controlled for using InM  acetaldehyde (AA). Experim ents were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way ANOVA with post-hoc Bonferroni analysis using GraphPad 
prism 6.0. Samples significantly different to the control are armotated ** p<0.01, *** 
p<0.001. (d) Cells were seeded (as in m RNA preparation), protein was harvested from 
treated sam ples and lysates were prepared for w estern blot analysis. 20|o.g o f  protein was 
separated on a 12% resolving gel with a 5% stacking gel, transferred to a PVDF 
m em brane and probed with an anti-M nSOD antibody. M embranes were also probed for 
GAPDH as a loading control. Results are representative o f  three individuals 
experim ents.
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Figure 3-12 Analysis of  M nSOD mRNA and protein expression in Ca9.22 cells.

Ca9.22 cells were seeded at a density o f 3 X 10*’ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). mRNA 
was harvested and target genes were amplified up using a Sybr green O ne-Step qRT- 
PCR with specific primers for M nSOD using P-actin as a normaliser. Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
m anager. Applied Biosystems). Any effect attributed to the metabolic breakdown 
products o f  EtOH was controlled for using InM  acetaldehyde (AA) Experim ents were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way ANOVA with post-hoc Bonferroni analysis using GraphPad 
prism  6.0. Samples significantly different to the control are annotated ** p<0.01. (d) 
Cells were seeded (as in m RNA preparation), protein was harvested from treated 
sam ples and lysates were prepared for western blot analysis. 20|ig o f protein was 
separated on a 12% resolving gel with a 5% stacking gel, transferred to a PVDF 
m em brane and probed with an anti-M nSOD antibody. M em branes were also probed for 
GAPDH as a loading control. Results are representative o f  three individuals 
experim ents.
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3 .3 .5.2 EtOH modulat ion of CAT expression in OSCC cell lines.

H2O2 is a toxic ROS that is tightly controlled within the cell. One o f the most important 

enzymes in regulating H 2O2 is CAT. As previous results demonstrated a decrease in 

H 2O2 in the cell lines examined it seemed prudent to examine the role o f CAT in this 

system. CAT catalyses the decomposition o f H 2O2 into water and O2 and therefore may 

be involved in the lower levels o f H2O2 observed.

qRT-PCR and western blot analysis o f CAT was undertaken to investigate the 

relationship between the decrease in H 2O2 in the presence o f EtOH and CAT. In the 

TR146 cell line (Figure 3-13) there is no change in CAT transcription after 6h. There is 

a significant increase in expression after 1% in 24h time point (b) and a restoration o f 

normal gene expression after 48h in a similar manner to MnSOD expression shown 

previously. Western blot analysis o f protein expression shows no major alterations o f 

CAT expression over the 48h time point in this cell line.

In comparison to the TR146 cell line, in the Ca9.22 cell line there is an increase in CAT 

gene expression after 6h and a highly significant subsequent decrease in expression after 

24h at every EtOH treatment [Figure 3-14 (b)]. Similarly to the TR146 cell line there is 

no significant change in expression after 48h. Protein expression [Figure 3-14 (d)] shows 

no change after 6h EtOH treatment however there is a significant decrease in protein 

expression after 24h at 1% and 3%. This is in agreement with the gene expression 

profile at this time point. A fter 48h there is no change in protein expression o f CAT.

79



1.5-

0.5

0.0

(b)
2.0i

a■c
r  1-54

cr 
o
re 0.5-1 
0) oc

0 .0 - ^

1
a
/MZ/ŷ ,k
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Figure 3-13 Analysis o f  CAT mRNA and protein expression in TR146 cells.

TR146 cells were seeded at a density o f  3 X 10  ̂ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). mRNA 
was harvested and target genes were amplified up using a Sybr green One-Step qRT- 
PCR with specific primers for CAT using P-actin as a normaliser. Relative 
quantification o f gene expression profile was calculated using a DDCt method (RQ 
manager, Applied Biosystems). Any effect attributed to the m etabolic breakdown 
products o f EtOH was controlled for using InM acetaldehyde (AA) Experiments were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way ANOVA with post-hoc Bonferroni analysis using GraphPad 
prism 6.0. Samples significantly different to the control are annotated * p<0.05. (d) Cells 
were seeded (as in mRNA preparation), protein was harvested from treated samples and 
lysates were prepared for western blot analysis. 20|.ig o f  protein was separated on a 12% 
resolving gel with a 5% stacking gel, transferred to a PVDF m em brane and probed with 
an anti-CAT antibody. M embranes were also probed for GAPDH as a loading control. 
Results are representative o f three individuals experiments.
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Figure 3-14 Analysis of CAT mRNA and protein expression in Ca9.22 cells.

Ca9.22 cells were seeded at a density o f  3 X 10  ̂ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). m RNA 
was harvested and target genes were am plified up using a Sybr green O ne-Step qRT- 
PCR with specific primers for CAT using (3-actin as a nonnaliser. Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
m anager, Applied Biosystems). Any effect attributed to the yietabolic breakdown 
products o f EtOH was controlled for using InM acetaldehyde (AA) Experim ents were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way ANOVA with post-hoc Bonferroni analysis using G raphPad 
prism 6.0. Sam ples significantly different to the control are annotated ** p<0.01. (d) 
Cells were seeded (as in mRNA preparation), protein was harvested from treated 
sam ples and lysates were prepared for western blot analysis. 20 |ig  o f  protein was 
separated on a 12% resolving gel with a 5% stacking gel, transferred to a PVDE 
m em brane and probed with an anti-CAT antibody. M em branes were also probed for 
GAPDH as a loading control. Results are representative o f  three individuals 
experiments.
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3 .3 .5 .3  M o d u la t io n  of GPx-1 e x p re s s io n  in OSCC lines in r e s p o n s e
to  EtOH.

T he antiox idation  system , as m en tion ed  before, is com p osed  o f  several im portant 

en zy m es in v o lv ed  in a m ultistep  breakdow n o f  h igh ly  reactive m o lecu les  that react and 

d am age im portant ce ll structures. A nother p ow erfu l antioxidant in the sy stem  is G P x-1 . 

G Px-1 fun ction s to cata lyse the con version  o f  H 2O 2 into w ater sim ilar to the action  o f  

C A T . The exp ression  and protein  le v e ls  o f  G Px-1 w ere exam in ed  to d etem iin e  i f  G Px-1  

is m odulated  in response to  EtOH w ith  an in fluence on  the le v e ls  o f  k ey  R O S sp ec ies  

w ith in  the ce ll.

In the T R 146  ce ll line there is no sign ifican t d ifferen ce in G Px-1 exp ression  at any tim e 

point (F igure 3 -1 5 ). In C a 9 .2 2  c e lls  there is no sign ifican t d ifferen ce after 6h and 24h  

[Figure 3 -1 6  (a) (b)] but there is a sign ifican t d ecrease in exp ression  after 48h  at every  

con centration  o f  EtOH [Figure 3 -1 6  (c)].
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Figure 3-15 Analysis of GPx-1 mRNA expression in TR146 cells.

TR146 cells were seeded at a density o f  3 X 10^ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). m RNA 
was harvested and target genes were am plified up using a Sybr green One-Step qRT- 
PCR with specific prim ers for GPx-1 using P-actin as a nonnaliser. Relative 
quantification o f  gene expression profile was calculated using a DDCt method (RQ 
m anager, Applied Biosystems). Any effect attributed to the m etabolic breakdow n 
products o f  EtOH was controlled for using InM  acetaldehyde (AA) Experim ents were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way ANOVA with post-hoc Bonferroni analysis using GraphPad 
prism 6.0.
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Figure 3-16 Analysis o f  GPx-1 mRNA expression in Ca9,22 cells.

Ca9.22 cells were seeded at a density o f  3 X 10  ̂ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). inRNA 
was harvested and target genes were amplified up using a Sybr green One-Step qRT- 
PCR with specific prim ers for GPx-1 using P-actin as a norm aliser. Relative 
quantification o f  gene expression profile was calculated using a DDCt method (RQ 
m anager. Applied Biosystems). Any effect attributed to the m etabolic breakdown 
products o f  EtOH was controlled for using InM  acetaldehyde (AA). Experim ents were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way A NOVA w'ith post-hoc Bonferroni analysis using GraphPad 
prism  6.0. Samples significantly different to the control are annotated *p<0.05, **
p<0.01.
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3 . 3 . 5 . 4  M o d u la t io n  o f  HO-1 e x p r e s s io n  in OSCC l ines  in r e s p o n s e
to  EtOH.

HO-1 is con sid ered  a k ey  en zym e in the antioxidant cap ab ility  o f  a ce ll h ow ever  it 

fun ction s d ifferen tly  to the p rev iou sly  exam in ed  antioxidants. H O -1 ca tab o lises free  

h em e into ferrous iron, carbon m on oxid e and b iliverd in . Free h em e can cata lyse  the  

production  o f  to x ic  free radicals b y  cata ly sin g  the con version  o f  H 2O 2 into the cy to to x ic  

h yd roxy l radical OH '.

HO-1 g en e  exp ression  an alysis in the T R 146  ce ll lin e after EtO H  treatm ent sh o w s a 

d ecrease in HO-1 m R N A  over 48h . A fter 6h treatm ent [Figure 3 -1 7  (a)] there is no  

sign ifican t ch an ge in HO-1 exp ression . A fter 24h  there is a s ign ifican t d ecrease in 

exp ression  at 1% and 3% EtOH [Figure 3 -1 7  (b)]. In terestingly  after 48h  there is a 

sign ifican t d ecrease in exp ression  at every  EtOH concentration  in th is ce ll lin e [Figure 

3 -1 7  (c )]. C ontrastin gly  there is no ch an ge in exp ression  at any tim e point in  the C a9 .22  

ce ll line (F igure 3 -1 8 ). Here again  it h igh ligh ts the d ifferen ces b etw een  the tw o  ce ll lin es  

in their antioxidant cap abilities.
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Figure 3-17 Analysis of HO-1 mRNA expression in TR146 cells.

TR146 cells were seeded at a density o f  3 X 10  ̂ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). mRNA 
was harvested and target genes were amplified up using a Sybr green One-Step qRT- 
PCR with specific primers for HO-1 using p-actin as a norm aliser. Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
m anager, Applied Biosystems). Any effect attributed to the m etabolic breakdow n 
products o f  EtOH was controlled for using InM  acetaldehyde (AA). Experim ents were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way A NO VA  with post-hoc Bonferroni analysis using GraphPad 
prism  6.0. Samples significantly different to the control are annotated *p<0.05, **
p<0.01, ***p<0.001.
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Figure 3-18 Analysis of HO-1 mRNA expression in Ca9.22 cells.

Ca9.22 cells were seeded at a density o f  3 X 10  ̂ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). m RNA 
was harvested and target genes were am plified up using a Sybr green One-Step qRT- 
PCR with specific primers for HO-1 using p-actin as a norm aliser. Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
m anager, Applied Biosystems). Any effect attributed to the m etabolic breakdown 
products o f  EtOH was controlled for using InM  acetaldehyde (AA). Experim ents were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way ANOVA with post-hoc Bonferroni analysis using GraphPad 
prism 6.0. There is no significant difference between samples.
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3 . 3 .6  The in f lu en ce  o f  EtOH on  t h e  cel l cyc le  in OSCC cell l ines

It is w e ll know n  that H 2O 2 at h igh le v e ls  can cau se ex ten siv e  dam age to ce ll structures. 

M ore recently  it has b eco m e know n  that H2O 2 a lso  fun ction s as a sign a llin g  agent and it 

is in v o lv ed  in m any d ifferent asp ects o f  cellu lar fun ction s in clu d ing  control o f  the ce ll 

cy c le , w h ich  can b eco m e disrupted in cancer. Previous resu lts sh ow  low er le v e ls  o f  

H 2O 2 in the p resen ce o f  EtOH therefore experim ents w ere undertaken to an alyse the 

e ffec t  o f  EtO H  on ce ll cy c le  distribution and proteins that control the ce ll cy c le .

3 . 3 .6 . 1  Cell cyc le  d is tr ibut ion  in OSCC cell l ines in t h e  p r e s e n c e  o f  
EtOH

F lo w  cytom etry  and propidium  iod id e an alysis o f  the ce ll cy c le  w as used  to id en tify  

ch an ges resu lting from  EtOH exp osu re over a 4 8h  period. In the T R 146  ce ll line (F igure  

3 -1 9 ) during the GO/GI (a) p hase o f  the cell cy c le  there w as no effec t on ce ll cy c le  

distribution w ith in  the 6h  and 48h  tim e point. A fter 48h  treatm ent there w as a sign ifican t  

increase after 1% and 3%  in com parison  to the untreated control. D uring the S phase in 

this ce ll lin e  (b) there is a sign ifican t increase in c e lls  during the 6h treatm ent w ith  

in creasing con centrations o f  EtOH. A fter 24h  there is an overall increase in the am ount 

o f  c e lls  in this p hase h ow ever  there is no sign ifican t d ifferen ce b etw een  the treatm ents. 

A t the later tim e point, 48h , there is an overall d ecrease in the am ount o f  ce lls  in the S 

p hase and w ith  a sign ifican t d o se  dependent d ecrease at 1%. In the G 2M phase (c ), the 

T R I4 6  ce ll lin e sh o w s a sign ifican t d ecrease after 6h in the p resen ce o f  3%  EtOH. A fter  

24h  treatm ent, the num ber o f  c e lls  in the G 2M  phase sign ifican tly  d ecreases w ith  

in creasing  con centration  o f  EtO H . T his d ecrease is still ob served  after 48h  h ow ever  

there is a recovery  at 0.5%  and 0.75%  treatm ent w ith  sig n ifica n ce  on ly  been  seen  after 

1% at this tim e point.

In the C a9 .22  ce ll lin e (F igure 3 -2 0 ), during the GO/G l (a) p hase o f  the ce ll cy c le  there 

is no ch an ge in the p ercen tage o f  c e lls  at d ifferent con centrations o f  EtOH after 6h  

treatm ent. In contrast to the T R 146  ce ll line, after 24h  treatm ent there is a sign ifican t  

increase in c e lls  during the GO/GI phase after 1% and 3%  treatm ent. A fter 48h  

treatm ent there is an increase after 1% treatm ent but a slight recovery  in com parison  to  

the 24h  tim e point. D uring the S phase (b) in th is ce ll lin e there is a sign ifican t increase  

in c e lls  w ith  in creasing  con centration s o f  EtOH after 6h treatm ent h ow ever  no



significant changes after 24h and 48h treatment. At 48h there is a decreasing trend in the 

percentage o f  cells in the S phase without any significance observed. In the C a9.22 cell 

line during the G2M stage (c) there is a decrease in the number o f  cells after 3% EtOH  

treatment for 6h. Post 24h treatment there is a more pronounced decrease than after 6h 

with significance at 1% and 3% treatment. This decrease continues until 48h with  

sign ificance also been noted at 1% and 3%.
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Figure 3-19 Analysis o f cell cycle distribution in the TR146 cell line after treatment 
with varying concentrations of EtOH.

T R 146  cells w ere seeded at a density  o f  3 X lOM n a T25 flask, left to  adhere overnight 

and  trea ted  w ith  vary ing  concentrations o f  E tO H  for 6h, 24h and  48h . A fter the required  

incubation  tim e, cells w ere harvested , fixed in E tO H  and  stained w ith  propid ium  iodide. 

C ells w ere analysed  by flow  cytom etry  for the percentage o f  ce lls  in each stage o f  the 

cell cycle  (a) G O /G l, (b) S phase and (c) G 2M phase. V alues rep resen t the m ean ±  SEM  

o f  th ree  independen t experim ents carried  out in trip licate  (n=9). S am ples sign ifican tly  

d iffe ren t to the contro l are  annotated  *p<0.05, ** p<0.01 , ***p < 0 .0 0 1 .
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Figure 3-20 Analysis of cell cycle distribution in the Ca9.22 cell line after treatm ent 
with varying concentrations o f EtOH.

C a9.22  ce lls  w ere seeded at a density  o f  3 X  10^ in a T25 flask, left to  adhere overn igh t 

and trea ted  w ith  vary ing  concen trations o f  E tO H  for 6h, 24h and  48h. A fte r the requ ired  

incubation  tim e, cells w ere harvested , fixed in EtO H  and sta ined  w ith p rop id ium  iodide. 

C ells w ere  analysed  by flow  cytom etry  for the percen tage  o f  cells in each  stage o f  the 

cell cycle  (a) G O /G l, (b) S phase and (c) G 2M  phase. V alues rep resen t the m ean ±  SEM  

o f  th ree independen t experim ents carried  ou t in trip licate  (n=9). S am ples s ign ifican tly  

d ifferen t to  the control are anno ta ted  *p<0.05, ** p<0.01 , ***p<0.001.
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3 .3 .6 .2  C han g es  in cyclin e x p re s s io n  a f t e r  48h e x p o s u r e  t o  EtOH in 
OSCC cell l ines.

Cyclin proteins are a family o f proteins that control progression o f cells through the cell 

cycle. In the presence o f EtOH cell cycle transition is affected as shown in the previous 

experiment. Western blot analysis o f cyclin proteins was carried out to see if the effect 

o f EtOH on the cell cycle is due to alterations o f cyclin proteins. Cyclin B1 and D1 have 

both been implicated in cancer progression (Kim and Diehl, 2009, Wang et al., 1997).

In the TR146 cell line (Figure 3-21), cyclin B1 expression does not alter after 6h 

treatment with varying concentrations of EtOH. After 24h treatment there is a significant 

decrease in cyclin B1 expression from 0.75% to 3% EtOH. Cyclin B1 protein levels 

significantly recover after 48h treatment in the TR146 cell line. Cyclin D1 expression is 

not altered in the TR146 cell line.

In the Ca9.22 cell line (Figure 3-22) cyclin B1 does not significantly change until the 

24h time point. Here there is a decrease after 0.75% EtOH with a notable significant 

decrease at 3% EtOH. Interestingly at 48h there is almost no expression o f cyclin B1 in 

the controls and significant increase in expression at 3%. Cyclin D1 expression is 

reduced after 3% treatment for 6h in the Ca9.22 cell line. There is no change in cyclin 

D1 expression after 24h and 48h in this cell line.
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Figure 3-21 Cyclin expression in TR146 cells after 48h treatm ent with varying  
concentrations o f EtOH.

TR146 cells were seeded at a density o f  6 X 10^ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h, 24h and 48h. Post treatm ent, 
protein was harvested from treated samples and lysates were prepared for w estern blot 
analysis. 20|ag o f  protein was separated on a 12% resolving gel with a 5% stacking gel, 
transferred to a PVDF m em brane and probed with an anti-Cyclin B1 and anti-Cyclin D1 
antibodies. M em branes were also probed for GAPDH as a loading control. Results are 
representative o f  three individuals experiments carried out in triplicate.

93



v>'
c>- C > -

o \°  o \o

C yc lin  B1  
(5 5 k D a )

C yc lin  D 1  
(3 6 l< D a )

G A P D H
(4 0 k D a )

6h

C yc lin  B1  
(5 5 k D a )

C yc lin  D 1  
( 3 6 k D a )

G A P D H
( 4 0 k 0 a )

2 4 h

C yc lin  B1  
(S S k D a )

C yc lin  D 1  
(3 6 k O a )

G A P D H
(4 0 k D a )

4 8 h

Figure 3-22 Cyclin expression in Ca9.22 cells after 48h treatment with varyinj* 
concentrations of EtOH.

Ca9.22 cells were seeded at a density o f 6 X 10̂  in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f EtOH for 6h, 24h and 48h. Post treatment, 
protein was harvested from treated samples and lysates were prepared for western blot 
analysis. 20|ig o f protein was separated on a 12% resolving gel with a 5% stacking gel, 
transferred to a PVDF membrane and probed with an anti-Cyclin B1 and anti-Cyclin D1 
antibodies. Membranes were also probed for GAPDH as a loading control. Results are 
representative o f three individuals experiments carried out in triplicate.
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3.3 .7  The effect of EtOH on dysplastic  cell viability.

Previous results have shown that EtOH causes changes in the ROS production in OC 

cell lines. The next phase was to investigate whether EtOH causes sim ilar changes in 

dysplastic cells. Using the parameters developed in the previous sections, a dysplastic 

cell line, DOK, was treated with several concentrations o f  EtOH to see whether EtOH 

could be aiding in transfonnation o f  these types o f  cells.

The A lam arBlue viability assay was used to assess the effects o f  EtOH concentrations 

on the dysplastic cell line, DOK. Cells were treated with a range o f  EtOH (EtOH) 

concentrations (0-3%) for 6h, 24h and 48h. The assay was perform ed on at least three 

occasions in triplicate. Acetlyaldehyde (InM ), a known alcohol derived carcinogen, was 

exam ined to detennine if  breakdown o f  EtOH had an effect on cell viability. As shown 

in Figure 3-23, increasing concentrations o f  EtOH did not have any effect on the 

viability o f the cells after 6h (a), 24h (b) and 48h (c) timepoints. A cetlyaldehyde ( InM)  

also did not affect the viability o f  the cell lines.
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Figure 3-23 EtOH concentrations o f 0-3%  does not affect DOK cell viability.

DOK cells were seeded (10,000/well) in a 96 well plate treated with increasing 
concentrations o f  EtOH (0-3% ) and Alam ar Blue reagent (10%  v/v) was added 4h before 
being read on a SPECTRAm ax PLUS M icroplate spectrophotom eter. All time points, 
6h, 24h and 48h showed no significant difference between treatm ents (in com parison to 
control 100%). Any effect attributed to the metabolic breakdow n products o f  EtOH was 
controlled for using InM  acetaldehyde (AA). Experim ents were perform ed in triplicate 
on three separate occasions (n=9) and results are expressed as mean ± SEM (error bars). 
Statistical analysis was perform ed by one-way ANOVA with post-hoc Bonferroni 
analysis using GraphPad Prism 6.0.
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3.3.8 ADH is a b s e n t  from  a dysplastic  oral cell line.

ADH was shown in Section 3.3.2 to be absent in the two model OSCC cell lines. To 

confim i ADH is not expressed and/or upregulated to a significant level in the DOK cell 

line, a detennination  o f  ADH activity was perform ed with these cells. It is vital that no 

ADH is present so the effect on the cells is not due to E tO H ’s first m etabolite.

DOK cell lines were treated with a range o f  EtOH concentrations (0-3% ) for 24h to 

investigate if  ADH is present and/or upregulated in the presence o f  EtOH. After 24h 

incubation there was no discernible ADH activity present in these cells. A fter treatment 

with EtOH (0.5%  -3%>) there is no upregulation o f ADH activity after 24h. As a positive 

control, O.IU o f  ADH was added to the cells in the presence o f  1% EtOH and a 

significant increase in activity was observed (Figure 3-24), (*** p<0.001).
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Figure 3-24 ADH is absent from DOK cells after 24h incubation with EtOH.

DOK cells were seeded (10,000/well) in a 96 well plate treated with increasing 
concentrations o f  EtOH for 24h. Cells were lysed (1% triton) and NAD (20mM ), EtOH 
(10% ), and sodium phosphate buffer (pH 7.5) were added to each well (FV 200|al). The 
kinetic assay was read at 340nm in a SPECTRAm ax PLUS M icroplate 
spectrophotom eter for 30min. Experiments were perfom ied in triplicate on three 
separate occasions and results are expressed as mean ± SEM (error bars) (n=9). 
Statistical analysis was perform ed by one-way ANOVA with post-hoc Bonferroni 
analysis using GraphPad Prism 6.0. Samples significantly different to the control are 
annotated ***p<0.001.
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3 . 3 .9  Th e  e f f e c t  o f  EtOH o n  H2 O2 p ro d u ct io n  in a d ysp las t i c  oral cell  
ca r c in o m a  cell line.

Previous results indicated a dose dependant decrease in release o f  H2 O 2 from OSCC cell 

lines. Experiments were carried out to investigate i f  a similar effect w as present using a 

dysplastic cell line DOK to exam ine i f  EtOH altered H2O 2 in a sim ilar manner to the 

OSCC m odel.

3 . 3 . 9 . 1  The e f f e c t  o f  EtOH on H2 O 2 r e l e a s e  from  d y s p la s t i c  oral  
cell  carc in om a cell l ine.

H2O2 release from DOK cells w as monitored as described in Section 3.3 .16.1 . In the

DOK cell line (Figure 3-25) there is a dose dependant decrease in the release o f  H2O 2

after 6h (a) 24h (b) and 48h (c). After 6h, there is a significant decrease in H2O 2 release

at every concentration o f  EtOH. There is a slight recovery after 24h with there being a

significant decrease only after 0.75%  EtOH. Post 48h treatment w ith EtOH, there is a

significant decrease in H2O 2 release at 1% and 3%. The pattern o f  release o f  H2O 2 from

the cells sign ifies that they have the ability to recover over 48h at lower EtOH

concentrations.
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F igure 3-25  EtO H  d ecreases the rate o f  H 2O 2 release after 6h, 24h , and  48h  
treatm en t in the D O K  cell line.

D O K  cells (10 ,000 /w ell) w ere  treated  for 6h (a), 24h (b) and 48h (c) w ith a range o f  

EtOH concen tra tions (0-3% ). Post treatm ent, cells w ere assayed in K rebs b u ffe r w ith 

A inplex  red  and  H R P for 45 m in at 37°C . H 2O 2 activ ity  w as m onitored  in a Spectram ax 

G em ini XS plate  reader w ith  excita tion  w avelength  o f  550nm  and em ission  w avelength  

o f  580nm . A ny effect attribu ted  to the m etabolic breakdow n products o f  E tO H  w as 

con tro lled  for using  InM  aceta ldehyde (A A ). E xperim ents w ere com pleted  in trip lica te  

on three individual p repara tions (n=9) and results w ere expressed  as m ean  ±  SEM  (erro r 

bars). S tatistical analysis w as p e rfo n n ed  by one-w ay A N O V A  w ith post-hoc B onferroni 

analysis using  G raphP ad  Prism . Sam ples sign ifican tly  d ifferen t to the con tro l are 

anno ta ted  * p< 0.05 , ** p<0.01 and *** p<0.001.
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3.3.10 The effect of EtOH on HIFl-a in a dysplastic oral cell line.

H lF l-a  plays a central role in the hypoxic response o f  cells. Previous results in both 

OSCC cell lines and in DOK cell lines show  a dose dependant decrease o f  H 2O2 release  

in the presence o f  EtOH. R ecovery at long time points and low er concentrations was 

noted. qRT-PCR analysis o f  H IF l-a  expression w as undertaken to investigate its 

potential role in the regulation o f  ROS during EtOH exposure in the DOK cells.

In the DOK cell line (Figure 3-26) there is a decreasing trend o f  H lF l-a  expression at 

24h (b) and 48h (c) but there is no significant change in H lF l-a  expression over these  

tim e points.
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Figure 3-26 H IF l-a  expression after 6h, 24h, and 48h in the presence o f increasing  
concentrations o f EtOH in DOK cells.

DOK cells were treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h 
(c). m RNA was harvested and targets genes were amplified up using a Sybr green One- 
Step qRT-PCR with specific prim ers for H IF l-a . Any effect attributed to the m etabolic 
breakdown products o f  EtOH was controlled for using InM  acetaldehyde (AA). Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
m anager, Applied Biosystems). Experim ents were com pleted in triplicate using three 
individual preparations (n=9) and statistical analysis was carried out using a one-w ay 
AN O V A with post-hoc Bonferroni analysis using GraphPad prism 6.0. Sam ples 
significantly different to the control are annotated * p<0.05, ** p<0.01, *** p<0.001.
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3.3.11 M o d u la t io n  of an t iox idan t  enzym es  in oral dysplas tic cells in 
r e s p o n s e  t o  EtOH exposure .

As show n in Section 3.3.9 ROS production is affected in DOK cells with increasing  

concentrations o f  EtOH and recovery o f  som e levels o f  ROS at lower concentrations. 

qRT-PCR and western blot analysis o f  antioxidant enzym es were undertaken to 

detennine i f  they have a role in controlling ROS levels in dysplastic cells.

3.3.11.1 M odula t ion  of MnSOD express ion  in oral dysplas t ic  cells 
in r e sp o n se  to  EtOH.

M nSO D is the primary antioxidant enzym e that protects cells from oxidative stress by

catalysing dismutation o f  O 2 ' to H2O2 . In the DOK cell line (Figure 3-27) there is no

change in M nSO D RNA expression analysed using qRT-PCR over 6h (a), 24h (b), and

48h (c). A nalysis o f  M nSO D protein levels were perfonned using the w estern blot

technique and show  no change after 6h, 24h and 48h which corresponds to the RNA

levels in these cells. A A  also has no effect on M nSO D at either m R N A  or protein level.

3.3.11.2 M odula t ion  of CAT express ion  in oral dysplas t ic  cells in 
r e sp o n se  to  EtOH.

CAT catalyses the decom position o f  H 2O2 to H2O and O 2 . Perturbed ROS levels in

dysplastic cells could signify a change in the levels o f  CAT so qRT-PCR and western

blot analysis w as carried out to analyse any changes in the levels o f  this antioxidant

enzym e. Results shown in Figure 3-28 indicate that there is an increasing trend in CAT

expression with significance at 3% after 6h (a) treatment. After 24h (b) there is a

significant increase in CAT levels at every concentration o f  EtOH. R ecovery o f  enzym e

expression levels is seen after 48h (c) treatment with no significant change in

expression. From analysis o f  the western blot (d) there is no observable change in

protein expression o f  this enzym e over 48h treatment with EtOH. A A  has no effect on

C A T m R N A  or protein expression.
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3 .3 .11 .3  M o d u la t i o n  o f  GPx-1 e x p re s s io n  in oral  d y sp la s t i c  cells in 
r e s p o n s e  t o  EtOH.

S im ilar in fun ction  to C A T , the en zym e GPx-1 reduces H 2O 2 to H 2O and O 2 . U sin g

qR T -P C R  an alysis o f  GPx-1 it can be seen  that after 6h (a) treatm ent w ith  several

in creasing  con centrations o f  EtOH there is a slight increase in G Px-1 exp ression  w ith

sig n ifica n ce  after 3%  treatm ent. There is no ch an ge in m R N A  exp ression  after 24h  (b)

treatm ent. A fter 48h  (c) there is a sign ifican t d ecrease in exp ression  at 3%  EtOH

treatm ent. A A  has n o  effec t on  G Px-1 exp ression  at any tim e point.

3 .3 .11 .4  M o d u la t io n  of  HO-1 e x p re s s io n  in ora l  d y sp la s t i c  cells  in 
r e s p o n s e  to  EtOH.

HO-1 ca tab o lises free h em e, w hich  is not tox ic  but can produce tox ic  free rad icals in

ce lls . HO-1 (F igure 3 -3 0 ) gen e  exp ression  an a lysis in the D O K  ce ll lin e after EtOH

treatm ent sh o w s an increase in HO-1 m R N A  over  after 6h (a) treatm ent. A t this tim e

point there is a sign ifican t increase in HO-1 exp ression  after 0 .75%  EtO H . C ontrastingly

after 24h  (b) treatm ent there is a sign ifican t d ecrease after 0 .75%  EtOH. A fter 4 8h  there

is a recovery  o f  m R N A  exp ression  w ith  no sign ifican t change in H O -1 .
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Figure 3-27 Analysis of MnSOD mRNA and protein expression in DOK cells.

DOK cells were seeded at a density o f 3 X 10  ̂ in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f EtOH for 6h (a), 24h (b) and 48h (c). mRNA 
was harvested and target genes were amplified up using a Sybr green One-Step qRT- 
PCR with specific primers for MnSOD using p-actin as a normaliser. Relative 
quantification o f gene expression profile was calculated using a DDCt method (RQ 
manager, Applied Biosystems). Any effect attributed to the metabolic breakdown 
products o f EtOH was controlled for using InM acetaldehyde (AA) Experiments were 
completed in triplicate on three individual preparations (n=9) and statistical analysis was 
earned out using a one-way ANOVA with post-hoc Bonferroni analysis using GraphPad 
prism 6.0. (d) Cells were seeded (as in mRNA preparation), protein was harvested from 
treated samples and lysates were prepared for western blot analysis. 20|ig o f protein was 
separated on a 12% resolving gel with a 5% stacking gel, transferred to a PVDF 
membrane and probed with an anti-MnSOD antibody. Membranes were also probed for 
GAPDH as a loading control. Results are representative o f three individuals 
experiments.
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Figure 3-28 Analysis o f  CAT mRNA and protein expression in DOK cells.

DOK cells were seeded at a density o f  3 X 10'̂  in a T25 flask, left to adhere overnight 
and treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h (c). mRNA 
was harvested and target genes were amplified up using a Sybr green One-Step qRT- 
PCR with specific prim ers for CAT using P-actin as a nonnaliser. Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
m anager, Applied Biosystems). Any effect attributed to the m etabolic breakdown 
products o f  EtOH was controlled for using 1 nM acetaldehyde (AA) Experim ents were 
com pleted in triplicate on three individual preparations (n=9) and statistical analysis was 
carried out using a one-way A NOVA with post-hoc Bonferroni analysis using GraphPad 
prism  6.0. Sam ples significantly different to the control are annotated ** p<0.01. (d) 
Cells were seeded (as in m RNA preparation), protein was harvested from treated 
sam ples and lysates were prepared for western blot analysis. 20p.g o f  protein was 
separated on a 12% resolving gel with a 5% stacking gel, transferred to a PVDF 
m em brane and probed with an anti-CAT antibody. M em branes were also probed for 
GAPDH as a loading control. Results are representative o f  three individuals 
experiments.
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Figure 3-29 GPx-1 expression after 6h, 24h, and 48h in the presence o f increasing  
concentrations o f EtOH in DOK cells.

DOK cells were treated with varying concentrations o f  EtOH for 6h (a), 24h (b) and 48h 
(c). inRN A  was harvested and target genes were am plified up using a Sybr green One- 
Step qRT-PCR with specific primers for GPx-1. Any effect attributed to the m etabolic 
breakdow n products o f  EtOH was controlled for using InM  acetaldehyde (AA). Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
m anager, Applied Biosystems). Experiments were com pleted in triplicate using three 
individual preparations (n=9) and statistical analysis was carried out using a one-way 
ANOVA with post-hoc Bonferroni analysis using GraphPad prism  6.0. Sam ples 
significantly different to the control are annotated *p<0.05, *** p<0.001.
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Figure 3-30 HO-1 expression after 6h, 24h, and 48h in the presence of increasing 
concentrations of EtOH in DOK cells.

DOK cells were treated with varying concentrations o f EtOH for 6h (a), 24h (b) and 48h 
(c). mRNA was harvested and target genes were amplified up using a Sybr green One- 
Step qRT-PCR with specific primers for HO-1. Any effect attributed to the metabolic 
breakdown products o f EtOH was controlled for using InM  acetaldehyde (AA). Relative 
quantification o f gene expression profile was calculated using a DDCt method (RQ 
manager, Applied Biosystems). Experiments were completed in triplicate using three 
individual preparations (n=9) and statistical analysis was carried out using a one-way 
AN O VA with post-hoc Bonferroni analysis using GraphPad prism 6.0. Samples 
significantly different to the control are annotated *p<0.05, * *  p<0.01, * * *  p<0.001.
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3 .3 .1 2  The inf luence of  EtOH on  th e  cell cycle in a dysplast ic  oral cell 
line.

Earlier experim ents have shown that EtOH affects cell cycle  distribution in OSCC cell 

lines, see Section 3.3.6. This experim ent w as undertaken to analyse the effects o f  EtOH 

on dysplastic ce lls  using previously described method (Section 3 .3 .6 .1).

F low  cytom etry and propidium iodide analysis o f  the cell cycle  w as used to identify 

changes resulting from EtOH exposure over a 48h period. In the DO K  cell line (Figure 

3-31) during the GO/Gl (a) phase o f  the cell cycle there w as no effect on cell cycle  

distribution over 6h, 24h and 48h. There is a decreasing trend after 6h treatment but with 

no sign ificance found. There was also no change in the distribution o f  the cell cycle  in 

the S phase (b) with increasing concentrations o f  EtOH. In the G 2 M phase (c), the DOK  

cell line show s a significant increase after 6h in the presence o f  1% and 3% EtOH. After 

24h treatment, there is no significant change in the quantity o f  cells in the G 2 M phase. 

After 48h  in the G 2 M phase there is a significant increase in the amount o f  cells after 

0.75%  EtOH -3% EtOH.
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Figure 3-31 Analysis o f cell cycle distribution in the DOK cell line after treatm ent 
with varying concentrations o f  EtOH.

D O K  cells w ere  seeded  at a density  o f  3 X 10^ in a T25 flask, left to  adhere  overn ight 

and trea ted  w ith  vary ing  concen tra tions o f  E tO H  for 6h, 24h and  48h. A fte r the required  

incubation  tim e, cells w ere  harvested , fixed in E tO H  and sta ined  w ith  p rop id ium  iodide. 

C ells w ere ana ly sed  by flow  cy tom etry  fo r the percentage o f  cells in each  stage o f  the 

cell cycle  (a) G O /G l, (b) S phase  and (c) G 2M phase. V alues rep resen t the  m ean  ±  SEM  

o f  th ree independen t experim en ts carried  out in trip licate  (n=9). S am ples sign ifican tly  

d ifferen t to the  contro l are anno ta ted  *p<0.05, ** p< 0.01 , ***p< 0 .001 .
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3.3.13 The effect  of  p53 on antioxidant response in the  TR146 cell 
line.

Tum our suppressor protein p53 is a crucial m ultifunctional protein that controls the cell 

cycle and has been shown to have antioxidant capabilities. It is a protein that is m utated 

in a large num ber o f  cancers including approxim ately 50% o f  all OSCC. Previous results 

obtained show a large variability in response to EtOH effects on the cell in the two 

OSCC cell types used. TR146 is a buccal m ucosal cell line that has a fully functional 

p53 w hereas Ca9.22 has a p53 point m utation at codon 248. D ifferences between cell 

lines could be as a result o f  their p53 protein activity. Experim ents were undertaken to 

analyse the effect o f  p53 on antioxidant function in the presence o f  EtOH.

3.3.13.1 Confirmation of p53 (transient) knockdown in TR146 cells.

p53 knockdow n was confirm ed by both qRT-PCR and w estern blot. In Figure 3-32 (a) 

knockdow n o f  p53 was confirm ed using qRT-PCR. After 24h incubation with p53 

siRNA there is an 86% knockdown o f  the target RNA. The silencing increases to 94% 

after 48h incubation and to 96% after 72h incubation. Analysis o f  the w estern blot shows 

that there is alm ost com plete knockdown after 24h at protein level and no upregulation 

after 6h treatm ent with 1% EtOH. After 48h and 72h incubation there is no p53 protein 

detectable at protein level and no upregulation o f  p53 after 24h and 48h treatm ent with 

EtOH.
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Figure 3-32 siRNA knockdown of p53 in TR146 ceil iine.

TR146 cells were seeded at 3 X lOVwell in a 6 well plate, serum starved overnight and 
treated the following day with siRNA targeted to p53. Post knockdown (~24h) cells 
were treated with 1% EtOH for 6h, 24h and 48h. (a) mRNA was harvested and target 
genes were amplified up using a Sybr green One-Step qRT-PCR with specific primers 
for p53. Relative quantification o f  gene expression profile was calculated using a DDCt 
method (RQ manager, Applied Biosystems). Experiments were com pleted in triplicate 
using three individual preparations (n=9) and statistical analysis was carried out using a 
one-way ANOVA with post-hoc Bonferroni analysis using GraphPad prism 6.0. (b) 
Protein was harvested from treated samples and lysates were prepared for western blot 
analysis. 10(ig o f  protein was separated on a 12% resolving gel with a 5% stacking gel, 
transferred to a PVDF membrane and probed with an anti-p53 antibody. M embranes 
were also probed for tubulin as a loading control. Results are representative o f  three 
individuals experiments carried out in triplicate.
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3.3.14 The effect of p53 knockdown on HIF-la activity in the  
presence and absence of EtOH in TR146 cells.

The effect o f p53 on H IF-la  was monitored using qRT-PCR in the absence and presence 

o f EtOH (1%) (Figure 3-33). Firstly H IF -la  expression was analysed after knockdown 

for 24h, 48h, and 72h. In comparison to the control at this time point there was a 

significant decrease in H IF-la expression after 24h (a), 48h (b) and 72h (c). Next the 

levels o f expression between the knockdowns with no treatment with EtOH were 

compared to knockdown with EtOH treatments for 6h (d), 24h (e) and 48h (f). After 6h, 

24h and 48h EtOH treatment there was no change in expression o f H IF-la. Therefore 

overall there is a decrease in expression o f H IF -la  with knockdown o f p53 but no 

change in H IF -la  expression in the presence o f EtOH over the series o f time points.

113



(a) (d)

+siRNA

+siRNA

+siRNA

Figure 3-33 Analysis of p53 knockdown on H IF-la expression in the presence and 
absence of EtOH in TR146 cells.

TR146 cells were seeded at 3 x lOVwell in a 6 well plate, serum starved overnight and 
treated the following day with siRNA targeted to p53. The effect o f  knockdown o f  p53 
alone on H IF l-a  expression was determ ined after 6h (a), 24h (b) and 48h (c). The effect 
o f  EtOH and p53 knockdow n on H IF l-a  was determ ined by treating sam ples with 1% 
EtOH (~24h post knockdow n) for 6h (d), 24h (e) and 48h (f). mRNA was harvested and 
target genes were am plified up using a Sybr green One-Step qRT-PCR with specific 
prim ers for H IF l-a . Relative quantification o f  gene expression profile was calculated 
using a DD Ct m ethod (RQ m anager, Applied Biosystems). Experim ents were com pleted 
in triplicate using three individual preparations (n=9) and statistical analysis was carried 
out using an unpaired t-test with post-hoc Bonferroni analysis using GraphPad prism 
6.0. Samples significantly different to the control are annotated ** p<0.01, *** p<0.001.
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3.3.15 The effect of p53 knockdown on antioxidant enzyme activity 
in the  presence and absence of EtOH in TR146 cells

3.3.15.1 The effect of p53 knockdown on MnSOD activity in the  
presence  and absence of EtOH in TR146 cells.

As in previous studies, the involvement o f the antioxidant MnSOD was investigated in

relation to EtOH effect. MnSOD mRNA expression was examined in the presence and

absence o f p53 siRNA using qRT-PCR (Figure 3-34). The knockdown o f p53 in TR146

cells using siRNA on MnSOD had no effect on MnSOD expression levels after 24h (a),

48h (b), and 72h (c). Incubation with 1% EtOH has no effect after 6h (d) or 24h (e) but

levels o f MnSOD RNA were significantly decreased after 48h incubation.

3.3.15.2 The effect of p53 knockdown on CAT activity in the  
presence and absence of EtOH in TR146 cells.

As in section 3.3.15.1 the antioxidant CAT was analysed in the same way to MnSOD

levels (Figure 3-35). The knockdown o f p53 in TR146 cells shows an increase in CAT

expression over 24h (a), 48h (b) and 72h (c) in comparison to the control. Incubation

with EtOH (1 %) shows no effect on the expression of CAT in knockdown cells after 6h

incubation (d). There is a significant increase in expression after 24h (e) incubation with

EtOH. After 48h (f) incubation there is no change in CAT expression.

3.3.15.3 The effect of p53 knockdown on GPx-1 activity in the  
presence and absence of EtOH in TR146 cells.

The effect o f p53 on GPx-1 was assessed in the same manner as previous antioxidants

(Figure 3-36). The expression levels o f GPx-1, with an almost complete knockdown of

p53, remain stable throughout a 72h period- p53 siRNA has no effect on GPx-1 levels

after 24h (a), 48h (b) or 72h (c). After knockdown o f p53 in the presence o f EtOH shows

no effect after 6h (d) and 24h (e). After 48h with 1% EtOH (f) there is a significant

increase in GPx-1 expression in the TR146 cell line.
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3.3.15.4 The effect of p53 knockdown on HO-1 activity in the 
presence and absence of EtOH in TR146 cells.

HO-1 expression was monitored as before using qRT-PCR. Cells with and without

siRNA was analysed for their expression with HO-1. As shown in Figure 3-37 there is

no effect o f  silencing o f p53 on HO-1 expression after 6h and 24h. A fter 48h there is an

increase in HO-1 expression. The effect o f 1% EtOH and p53 siRNA after 6h and 24h

have no effect on HO-1 expression however after 48h treatment there is a significant

decrease in Ho-1 mRNA levels. Therefore, almost complete knockdown o f p53 causes

an upregulation o f HO-1 but treatment with 1% EtOH for48h causes a decrease in these

levels.
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Figure 3-34 Analysis of p53 knockdown on MnSOD expression in the presence and 
absence o f EtOH in TR146 cells.

TR146 cells were seeded at 3 x lOVwell in a 6 well plate, serum starved overnight and 
treated the following day with siRNA targeted to p53. The effect o f  knockdow n o f  p53 
alone on M nSOD expression was determ ined after 6h (a), 24h (b) and 48h (c). The effect 
o f  EtOH and p53 knockdow n on M nSOD was determ ined by treating sam ples with 1% 
EtOH (~24h post knockdow n) for 6h (d), 24h (e) and 48h (f). m RNA was harvested and 
target genes were am plified up using a Sybr green O ne-Step qRT-PCR with specific 
prim ers for M nSOD. Relative quantification o f  gene expression profile was calculated 
using a DDCt m ethod (RQ m anager, Applied Biosystems). Experim ents w ere com pleted 
in triplicate using three individual preparations (n=9) and statistical analysis was carried 
out using an unpaired t-test with post-hoc Bonferroni analysis using G raphPad prism 
6.0. Sam ples significantly different to the control are annotated *p<0.05.
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Figure 3-35 Analysis of p53 knockdown on CAT expression in the presence and 
absence of EtOH in TR146 cells.

TR146 cells were seeded at 3 x 10^/well in a 6 well plate, serum starved overnight and 
treated the following day with siRNA targeted to p53. The effect o f  knockdown o f  p53 
alone on CAT expression was determ ined after 6h (a), 24h (b) and 48h (c). The effect o f  
EtOH and p53 knockdow n on CAT was determ ined by treating sam ples with 1% EtOH 
(~24h post knockdow n) for 6h (d), 24h (e) and 48h (f). m RNA was harvested and target 
genes were am plified up using a Sybr green One-Step qRT-PCR with specific prim ers 
for CAT. Relative quantification o f  gene expression profile was calculated using a DDCt 
m ethod (RQ m anager, Applied Biosystems). Experim ents were com pleted in triplicate 
using three individual preparations (n=9) and statistical analysis was carried out using an 
unpaired t-test w ith post-hoc Bonferroni analysis using GraphPad prism 6.0. Sam ples 
significantly different to the control are annotated ** p<0.01, *** p<0.001.
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Figure 3-36 Analysis of p53 knockdown on GPx-1 expression in the presence and 
absence of EtOH in TR146 cells.

TR146 cells were seeded at 3 x lOVwell in a 6 well plate, serum starved overnight and 
treated the follow ing day with siRNA targeted to p53. The effect o f knockdown o f p53 
alone on GPx-1 expression was determined after 6h (a), 24h (b) and 48h (c). The effect 
o f EtOH and p53 knockdown on GPx-1 was determined by treating samples with 1% 
EtOH (~24h post knockdown) for 6h (d), 24h (e) and 48h (f). mRNA was harvested and 
target genes were amplified up using a Sybr green One-Step qRT-PCR with specific 
primers for GPx-1. Relative quantification o f gene expression profile was calculated 
using a DDCt method (RQ manager, Applied Biosystems). Experiments were completed 
in triplicate using three individual preparations (n=9) and statistical analysis was carried 
out using an unpaired t-test with post-hoc Bonferroni analysis using GraphPad prism 
6.0. Samples significantly different to the control are annotated * p<0.05.
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Figure 3-37 Analysis of p53 knockdown on HO-1 expression in the presence and 
absence of EtOH in TR146 cells.

TR146 cells were seeded at 3 x 10^/well in a 6 well plate, serum starved overnight and 
treated the following day with siRNA targeted to p53. The effect o f knockdown o f p53 
alone on HO-1 expression was determ ined after 6h (a), 24h (b) and 48h (c). The effect o f  
EtOH and p53 knockdown on HO-1 was determ ined by treating sam ples with 1% EtOH 
(~24h post knockdown) for 6h (d), 24h (e) and 48h (f). m RNA was harvested and target 
genes were amplified up using a Sybr green One-Step qRT-PCR with specific primers 
for HO-1. Relative quantification o f  gene expression profile was calculated using a 
DDCt m ethod (RQ m anager. Applied Biosystems). Experim ents were com pleted in 
triplicate using three individual preparations (n=9) and statistical analysis was carried 
out using an unpaired t-test with post-hoc Bonferroni analysis using GraphPad prism 
6.0. Samples significantly different to the control are annotated * p<0.05.
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3 . 3 .1 6  D eterm in in g  t h e  e f f e c t  o f  EtOH o n  r ed o x  s t a t u s  in i so la te d  
h u m a n  primary oral epi the l ia l  cel ls

O S C C  results from  a change in the p h y sio lo g y  o f  n om ia l h ealthy ep ithelia l c e lls  in the 

oral m ucosa . Previous experim ents h ave built a m od el o f  the e ffec t o f  EtO H  on  c e lls  o f  

the oral m ucosa . U sin g  this m odel, experim ents w ere carried out to an a lyse the e ffec ts  o f  

EtOH on hum an primary oral ce lls  to see  i f  it cou ld  m ed iate the transform ation to a 

p otentia lly  m alignant phenotype.

3 . 3 .1 6 . 1  The e f f e c t  o f  EtOH on H2 O 2  r e l e a s e  from  oral cel l l ines

P revious resu lts indicate that EtOH results in d ecreased  H 2O 2 production  in both an OC  

ce ll lin e and a d ysp lastic oral ce ll. H 2O 2 re lease from  prim ary oral c e lls  w as m onitored  

u sin g  a fluorescen t reagent (A m p lex  red). T im e d ependent stud ies w ere perform ed in the 

p resen ce o f  a sin g le  concentration o f  EtOH (1% ). C ells  w ere treated for 6h, 24h , and 48h  

b efore the a ssay  w as m onitored u sing a Spectram ax p late reader. The resu lts (Figure  

3 -3 8 ) sh ow  that in the first primary ce ll culture (Prim ary 1) (a) there is a decrease o f  

H 2O 2 re lease after 6h, 24h  and 48h . The am ount o f  H 2O 2 re leased  b etw een  6h and 24h  

increases h ow ever  it is still s ign ifican tly  decreased  in com p arison  to the control. H 2O 2 

release rem ains stable b etw een  24h  and 48h . In the secon d  prim ary c e ll line (Prim ary 2) 

(b) there is a lso  a sign ifican t decrease in the release o f  H 2O 2 at all tim e points. The 

sig n ifica n ce  o f  the d ecrease sh ow s a recovery b etw een  the tim e points. There is a 

sig n ifica n ce  o f * * *  p <0.001 after 6h, ** p<0.01 after 24h  and * p < 0 .0 5  after 48h . There 

is a sim ilar trend b etw een  the tw o isolated  ce lls  excep t that Prim ary 2 show's a better 

ability  to recover at a later tim e point.
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Figure 3-38 EtOH decreases the rate of H2O 2 release after 6h, 24h, and 48h 
treatm ent in two prim ary oral cells.

P rim ary  cells (10 ,000 /w ell) [Prim ary 1 cells (a). P rim ary  2 cells (b)] w ere  serum  starved  

overn igh t and  the fo llow ing  day w ere treated  for 6h (a), 24h (b) and  48h (c) w ith 1% 

E tO H . Post trea tm en ts, cells w ere assayed  in K rebs b u ffe r w ith A m plex  red and H RP 

fo r 45 m in at 37°C . H 2O 2 activ ity  w as m onitored  in a S pectram ax  G em ini X S p late 

reader w ith  excita tion  w avelength  o f  550nm  and em ission  w aveleng th  o f  580nm . 

E xperim en ts w ere com pleted  in trip lica te  on three individual p repara tions (n=9) and 

resu lts  w ere expressed  as m ean ± SEM  (erro r bars) S tatistical analysis  w as perfo rm ed  

u sing  a tw o-ta iled  unpaired  t-test w ith  post-hoc B onferroni analysis  using  G raphP ad  

P rism . Sam ples sign ifican tly  d ifferen t to the contro l are anno tated  * p< 0.05 , ** p<0.01 

and  *** p<0.001.
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3.3.17 The effect of EtOH on HIF-la activity in isolated hum an 
primary oral epithelial cells

The effect o f  1% EtOH on H IF -la  in Primary 1 and Primary 2 cells was m onitored using 

qR T-PCR  (Figure 3-39). In the Primary 1 cells there is a significant decrease in H IF -la  

expression after 6h (a) but no change in expression after 24h (b) and 48h (c). There is a 

decreasing trend after the later time points but no significance attained. In the Prim ary 2 

cells there is no change in H IF -la  expression after 6h (d), 24h (e) and 48h (f).
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Figure 3-39 The effect o f EtOH on H lF l-a  expression in isolated human primary 
oral epithelial cells.

Primary cells (10,000/well) [Primary 1 (a) (b) (c), Prim ary 2 (d) (e) (f)] were serum 
starved overnight and the following day were treated for 6h (a) (d), 24h (b) (e) and 48h
(c) (f) with 1% EtOH. mRNA was harvested and target genes were am plified up using a 
Sybr green One-Step qRT-PCR with specific primers for H lF l-a . Relative quantification 
o f  gene expression profile was calculated using a DDCt m ethod (RQ manager. Applied 
Biosystems). Experim ents were com pleted in triplicate using three individual 
preparations (n=9) and statistical analysis was carried out using an unpaired t-test with 
post-hoc Bonferroni analysis using GraphPad prism 6.0. Samples significantly different 
to the control are annotated *** p<0.001.
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3 .3 .18  Analysis  o f  a n t io x id a n t  e n z y m e  e x p re s s io n  in h u m a n  p r im a ry  
ep i th e l ia l  cells

3 .3 .1 8 .1  M o d u la t io n  of MnSOD e x p re s s io n  in i s o la t e d  h u m a n  
p r im a ry  ora l  ep i the l ia l  cells

In previous experim ents, M nSOD mRNA expression was found to be altered in OSCC

cell lines but not in a dysplastic cell line. qRT-PCR analysis o f  M nSOD expression was

carried out on Prim ary 1 and Primary 2 cells types (Figure 3-40). After 6h (a) in the

Prim aiy 1 cells there was no change in expression o f  M nSOD. A fter 24h (b) there was a

significant increase in expression o f  MnSOD. There was an increase in expression after

48h (c) but no significance was attained. In the Primary 2 cells there was no change in

M nSOD expression over 6h (d), 24h (e) and 48h (f).

3 .3 .18 .2  M o d u l a t i o n  of CAT e x p re s s io n  in i so la t ed  h u m a n  p r im a ry  
ora l  e p i th e l i a l  cells

The antioxidant CA T was analysed by qRT-PCR in the same way to M nSOD (Figure

3-41). In the Prim ary 1 cells after 6h (a) 24h (b) and 48h (c) treatm ent with EtOH there

was a significant increase in expression o f CAT. In the Primary 2 cells there was also an

increase in expression after 6h (d), 24h (e) and 48h (f) treatm ent with 1 % EtOH.

3 .3 .1 8 .3  M o d u l a t i o n  of GPx-1 e x p re s s io n  in in i s o la t e d  h u m a n  
p r im a ry  ora l  ep i the l ia l  cells

The effect o f  EtOH and p53 on GPx-1 was assessed in the same m anner as previous

experim ents (Figure 3-42). In the Primary 1 cell line there was a decrease in expression

after 6h (b) treatm ent with 1 % EtOH but no change in expression after 24h (b) and 48h

(c). In the Prim ary 2 cell line there was no change in expression o f  GPx-1 over 6h (d),

24h (e), or 48 (f).
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3.3.18.4 Modulat ion of HO-1 expression in in isolated human 
primary oral epithelial cells

HO-1 expression was monitored in the primary cells as previously described using qRT-

PCR. In the Primary 1 cells there was a significant decrease in expression o f HO-1 after

6h (a) treatment w ith 1% EtOH. After 24h (b) there was a significant increase in

expression o f HO-1 but no change in expression after 48h (c). In the Primary 2 cell line

there was an increase in expression o f HO-1 after 6h (d) treatment and a decrease in

expression after 24h (e) treatment. There was no change in expression after 48h (f).
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Figure 3-40 The effect o f EtOH on M nSOD expression in in isolated human  
prim ary oral epithelial cells.

Primary cells (10,000/well) [Primary 1 (a) (b) (c), Prim ary 2 (d) (e) (f)] w ere serum 
starved overnight and the following day were treated for 6h (a) (d), 24h (b) (e) and 48h
(c) (f) with 1% EtOH. mRNA was harvested and target genes were am plified up using a 
Sybr green One-Step qRT-PCR with specific primers for M nSOD. Relative 
quantification o f  gene expression profile was calculated using a DDCt m ethod (RQ 
manager, A pplied Biosystems). Experiments were com pleted in triplicate using three 
individual preparations (n=9) and statistical analysis was carried out using an unpaired t- 
test with post-hoc Bonferroni analysis using GraphPad prism 6.0. Sam ples significantly 
different to the control are annotated * p<0.05.
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Figure 3-41 The effect o f EtOH on CAT expression in isolated human primary oral 
epithelial cells.

Prim ary cells (10,000/well) [Primary 1 (a) (b) (c), Primary 2 (d) (e) (f)] were serum 
starved overnight and the following day were treated for 6h (a) (d), 24h (b) (e) and 48h 
(c) (f) with 1% EtOH. mRNA was harvested and target genes were am plified up using a 
Sybr green One-Step qRT-PCR with specific prim ers for H IF l-a . Relative quantification 
o f  gene expression profile was calculated using a DDCt method (RQ m anager, Applied 
Biosystems). Experim ents were com pleted in triplicate using three individual 
preparations (n=9) and statistical analysis was carried out using an unpaired t-test with 
post-hoc Bonferroni analysis using GraphPad prism  6.0. Samples significantly different 
to the control are annotated * p<0.05, *** p<0.001.
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Figure 3-42 The effect o f EtOH on GPx-1 expression in isolated hum an prim ary  
oral epithelial cells.

Primary cells (10,000/well) [Primary 1 (a) (b) (c), Prim ary 2 (d) (e) (f)] were serum 
starved overnight and the following day were treated for 6h (a) (d), 24h (b) (e) and 48h 
(c) (f) with 1% EtOH. mRNA was harvested and target genes were am plified up using a 
Sybr green One-Step qRT-PCR with specific primers for GPx-1. Relative quantification 
o f  gene expression profile was calculated using a DDCt m ethod (RQ m anager, Applied 
Biosystems). Experim ents were com pleted in triplicate using three individual 
preparations (n=9) and statistical analysis was carried out using an unpaired t-test with 
post-hoc Bonferroni analysis using GraphPad prism  6.0. Samples significantly different 
to the control are annotated ** p<0.01.
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Figure 3-43 The effect o f EtOH on HO-1 expression in isolated human primary oral 
epithelial cells.

Primary cells (10,000/well) [Primary 1 (a) (b) (c). Prim ary 2 (d) (e) (0 ] were serum 
starved overnight and the following day were treated for 6h (a) (d), 24h (b) (e) and 48h
(c) (f) with 1% EtOH. mRNA was harvested and target genes were am plified up using a 
Sybr green One-Step qRT-PCR with specific primers for HO-1. Relative quantification 
o f  gene expression profile was calculated using a DDCt m ethod (RQ m anager, Applied 
Biosystems). Experim ents were completed in triplicate using three individual 
preparations (n=9) and statistical analysis was carried out using an unpaired t-test with 
post-hoc Bonferroni analysis using GraphPad prism 6.0. Samples significantly different 
to the control are annotated * p<0.05, ** p<0.01.
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3.4 Discussion

Alcohol has been recognised as one o f the major risk factors o f OC. Despite the definite 

association between chronic alcohol consumption and OC, the exact role o f alcohol in 

the pathogenesis o f the disease is not fully understood. This is due in part to the concern 

regarding the mutagenic capabilities o f downstream products such as aldehyde. This 

study detennined the direct effect of EtOH on oral mucosal cells, dysplastic cells, and 

primary oral mucosal cells in relation to ROS production, control and effect on the cell 

cycle. The tumour suppressor protein p53 is a key regulator o f cellular ROS and is found 

to be dysfunctional in -50%  of OC cases therefore the role o f p53 tumour suppressor 

protein on EtOH modulation o f antioxidant species was also examined.

Studies relating to the effect of EtOH on cellular function report an increase in ROS 

production. The majority o f these studies examined report the consequence o f EtOH 

exposure on the liver and several other cell types within the body. The nature o f these 

studies suggest that the observed effects may be due in part to the oxidation o f EtOH and 

is mediated through the products of this (and further oxidation) via liver enzymes. EtOH 

is oxidised to acetaldehyde in hepatocytes and subsequently to acetate through the action 

o f enzymatic systems including ADH and ALDH. Therefore it is difficult to conclude 

that any observed effect is as a direct result of EtOH rather than one o f the metabolite 

products. However it is interesting to note the effects o f alcohol within the liver and 

other systems, in humans, alcohol is absorbed at a faster rate than it is oxidised, which 

can result in a chronic blood alcohol level. It is estimated that it can take up to 8h to 

complete the oxidation o f a blood alcohol level o f lOOmg/lOOml. This “lag-time” in the 

removal o f EtOH suggests that EtOH may have a direct effect and not just the 

acetaldehyde metabolic product as shown by where EtOH played a role in 

neuroinflammation (Alfonso-Loeches et a l ,  2010). Initial findings from this study show 

that there is little or no upregulation o f ADH in the oral mucosal cell lines so therefore 

no observable breakdown of EtOH over the time course o f the study. To ensure that 

EtOH was the primary causative agent at work in the cells, a control o f InM 

acetaldehyde was used to demonstrate if any action o f the primary by-product o f EtOH 

was contributing to the observed effects. This concentration was determined from 

previous studies in oral mucosal cells which showed a maximum level o f ADH activity 

of 6|iM/ 24h/g protein (Dong et a i ,  1996). By determining the amount o f protein in the 

cell lines used along with the maximum concentration o f EtOH in each experiment the
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maximum amount o f  acetaldehyde produced during the time course o f the experiments 

was found to be InM based on the previously mentioned rate.

Primary findings from this study show EtOH promotes a decrease in the ROS H2O2 in 

two OC cell lines, TR146 and Ca9.22. This decrease was observed to act in both a time 

and dose dependent manner and was found to reduce both intracellular and extracellular 

levels o f  H2O2 . This is in contrast to several reports which document increases in ROS 

during EtOH exposure, however these studies were completed on different cell types 

including liver cells which have a higher level o f  ADH than oral cells. These studies 

used significantly lower doses and may involve EtOH oxidation products in some cases 

(Xue et al., 2012, Agudelo et a i ,  2011, Heaton et a i ,  2011). A decreased release o f  

H2O2 was determined at 6h, 24h and 48h and at the stated range o f  concentrations. A 

similar decrease in intracellular H2O2 was also confirmed using confocal microscopy at a 

single time point, 24h, with a single concentration o f 1% EtOH. The use o f  a single time 

point and dose was due to the maintenance o f  cells in confocal dishes and duration o f  the 

experiment. The concentrations used during this study were significantly greater than a 

number o f the previously quoted studies in an attempt to mimic contact levels observed 

in the oral cavity during the consumption o f alcoholic beverages (lOOmM ~900mM in 

the case o f 3% EtOH). These results suggest that at the low-mM range o f  EtOH 

concentrations, the initial H2O2 generating capacity o f  EtOH observed in some reports is 

mitigated at the mid-high mM range until a threshold level is reached approaching molar 

concentrations in these oral cell types. Previous studies have shown that at lower 

concentrations, H2O2 can act as a cellular signalling molecule (Meng et a i ,  2002) so 

therefore lowering the amount o f H2O2 in the cell could potentially activate pathways 

involved in cell growth and proliferation. Cellular proliferation has been noted in 

hepatoma and aveolar cells during exposure to low levels o f  H2O2 (Liu et a i ,  2002, 

Sigaud et a i ,  2005). This phenomenon may result from the decreasing levels o f  H2O2 

observed with EtOH treatment in this study. Increased cellular proliferation is an early 

hallmark o f  carcinogenic transformation potentially leading to the development o f OC 

resulting from chronic alcohol exposure. Although acute levels o f  EtOH does not cause 

an increase in proliferation as noted with the Alamar blue viability assay, chronic 

decreased levels o f  H2O2 could lead to increased growth in these cell types.
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Upon observing that a fluctuation o f  the oxidative response within the cells occurred in 

the presence o f  EtOH a decision to exam ine the hypoxic response in these cells w as 

taken. H lF - la  in low cellular O 2 concentrations binds to the hypoxic response elem ents 

(H REs) o f  antioxidant genes prompting expression and up-regulation o f  the cells  

response to hypoxia and the promotion o f  angiogenesis and is believed to be, in part, 

responsible for the metastatic events in som e tumours (Sem enza, 2009). W ith the 

significant decrease observed in H2O2 production (p<0.001) in both cell lines it seem ed  

pertinent to exam ine the expression levels o f  H IF -la . Interestingly it was observed that 

EtOH exposure produced a different effect on H IF -la  production in the tw o the cell 

lines. This present study revealed that EtOH caused an increase in H IF -la  in T R I46  

cells after 6h exposure to EtOH, a decrease at 3% after 24h exposure and no change in 

expression after 48h. This biphasic effect fo llow ed  by a H lF -la  expression recovery  

may be a protective m echanism  in these cells. An increased level o f  H IF -la  activates the 

hypoxic response elem ent genes fo llow ed by a deactivation when returning to normal 

ROS levels observed after 48h. In the Ca9.22 cell line no effect on H IF -la  expression at 

any tim e point w as observed. These findings are contrary to expectations as the cells  

appear to be entering a hypoxic state as demonstrated by the reduction in H2O 2 (and 

therefore concurrently, O2 levels) whereby the expression level o f  H IF -la  w ould be 

expected to increase in response to this stimuli in both cells lines. H ow ever it is possible  

that EtOH m ediated m odification is a hypoxic independent m echanism  and that EtOH is 

exerting an indirect effect on the H lF -la  pathway in TR146 cells in concert with the 

reduction in H 2O 2 levels, due to a variation in either pheno- or genotype, in the case o f  

the ce lls  understudy the Ca9.22 cell line possesses a mutation in the p53 gene, a known  

regulator o f  ROS levels which suggests a potential role for this mutation in the 

abrogation o f  undesirable effects o f  EtOH m ediated ROS disruption. A  decrease in the 

generation o f  H2O 2 may be in response to an alteration in endogenous antioxidant 

production, nam ely enzym es such as M nSO D, CAT, GPx-1 and HO-1 that are key  

regulators o f  the oxidative status o f  the cell. In the T R 146 cell line EtOH affects several 

o f  these antioxidant enzym es. There is an increase in M nSO D after 6h and 24h at higher 

concentrations o f  EtOH, and a recovery at the 48h treatment. Since M nSO D converts O 2 ' 

to H2O 2 it w as as expected that M nSOD expression levels w ould increase to make up for 

the decreasing levels o f  H2O 2 in an attempt to try to stabilise the H 2O 2 levels. Chronic 

EtOH exposure then m itigates the recovery process. The change in H2O 2 m ay also be 

driven by increased conversion o f  H2O2 to H2O and O 2 by CAT and G Px-1. CAT levels
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show  an increase after 24h but no change at any other time point. The expression o f  

GPx-1 show s no change over the time course o f  the experiment. CAT could be involved  

in som.e o f  the degradation o f  H 2O 2 how ever there was no change after 6h or 48h, which  

suggests that it is o f  minor significance in the processes at hand. Protein expression  

levels o f  M nSO D  and CAT were detennined to compare gene expression to functional 

protein under the conditions exam ined in these cell lines. A s noted from the western 

blots there w ere no observable changes in M nSO D and CAT protein expression in the 

T R 146 cell line. The lack o f  observable protein expression maybe a result o f  the 

resolution o f  the technique involved resulting in the changes in m RNA level not being  

detectable at protein level. A s gene expression is controlled at many different levels 

including transcriptional and posttranscriptional regulation gene expression does not 

alw ays correlate with protein expression. Further analysis o f  antioxidant enzym es 

continued by looking at changes in expression o f  HO-1. Free hem e catalyses the 

conversion o f  H2O 2 into the OH’ a more toxic radical. HO-1 expression decreased with 

EtOH treatment after 24h and 48h. In the TR146 cell line the decrease in H2O 2 could be 

due to a decrease in HO-1 after 24h and 48h. This decrease suggests that HO-1 cannot 

neutralise toxic free hem e allow ing it to convert more H2O 2 into OH . Protein expression  

levels o f  HO-1 and GPx-1 were not carried out due to a lack o f  suitable antibodies.

The Ca9.22 cell line showed a notable difference in the expression o f  the antioxidant 

enzym es when compared to the TR 146 cell line. M nSO D was increased after 6h and 48h  

but no change at 24h. A s expected increasing M nSOD expression is possibly making up 

for decreasing levels o f  H2O 2 . There was also no observed change in protein expression  

over the tim e points using this cell line. CAT gene expression show ed a significant 

increase with 3% EtOH after 6h and a highly significant decrease after 24h with every 

concentration o f  EtOH suggesting that a reduction in H2O 2 levels can modulate an 

abrogation o f  CAT expression preventing further removal o f  H2O 2 thus attempting to 

stabilise the oxidative status o f  the cell. The cells recover after 48h with no change in 

expression. The recovery after 48h suggests that after EtOH exposure, follow ed by a 

stabilisation o f  the cells ROS status, CAT gene expression norm alises before it has 

major im plications on protein expression in the cells demonstrated by the absence o f  

changes in the observed protein levels. The decrease in GPx-1 expression in the Ca9.22  

cells after 48h treatment with EtOH w ould correlate to the decrease in H2O 2 levels and 

as a minor influence in the presence o f  the other antioxidant enzym es it would have a

134



minor role in the removal o f H2O2 . In contrast to the TR146 cells, EtOH had no effect on 

the expression of HO-1 mRNA in Ca9.22 cells.

One o f the more significant observations in this study is the increase o f MnSOD 

expression in the TR146 and Ca9.22 cells in response to EtOH and could potentially 

indicate a method o f transfonnation of these cell lines. Other studies complement these 

results, as an increase in MnSOD with short-tenn EtOH exposure has been previously 

noted in human hepatoma cells (Perera et al., 1995) further reports showed that 

upregulation of an MnSOD isoform in squamous cell carcinoma patients was associated 

with apoptosis resistance in these cancers (Hu et a i ,  2007). Increased MnSOD 

expression is also associated in metastatic gastric cancer patients (Malafa et al., 2000). 

The change in MnSOD expression in these cell lines was likely not to be the cause o f the 

decreasing H2O2 production in these cells but it could however be a driver o f potential 

transformation by EtOH through the dysregulation o f key enzymes including MnSOD. 

The abnormal fluctuations of CAT observed between the two cell lines reinforce the 

differential response o f both cells to EtOH treatment. Increased production o f CAT has 

been previously noted in OC tumour cells (Khanna et a i ,  2005) while decreased 

production has been noted in other fonns o f cancer (Dong et a i ,  1996). Differential 

expression of GPx-1 was also noted between these two cell lines. High expression levels 

o f GPx-1 are associated with increased survival in OSCC patients (Fu et a i ,  2011). In 

contrast there was no change in the TR146 cell line and a decrease in the amount of 

GPx-1 over48h in response to high EtOH concentrations. In previous studies EtOH has 

been shown to cause an upregulation in HO-1 expression in oesophageal squamous 

carcinoma cells (Hu et a i ,  2013). In EtOH fed rats the silencing o f HIF-la attenuated 

HO-1 upregulation (Yeligar et a i ,  2010). Since there are no alterations in HIF-la 

expression in Ca9.22 cells lines and no alteration in HO-1 expression it is possible that 

EtOH induced modification of HO-1 is HIF-la dependant. With EtOH causing minor 

insults on antioxidant expression over a short time period, chronic EtOH consumption 

over a longer time course could cause more major disruptions in the antioxidant systems 

in these cells, which has been reported in many forms o f cancer.

There are several possibilities as to why there is such different responses between the 

two cell lines. Gender-specific and site-specific differences could be a reason for such 

wide-ranging responses. The TR146 cell line originated from the buccal mucosa of a
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m ale and the Ca9.22 cell line from the gingiva o f  a fem ale how ever the major difference 

betw een the cell lines lies in the genotype o f  the Ca9.22 cell line, which contains a p53 

mutation. Studies have shown that EtOH effects p53 expression (Kuhn and Miller, 

1998), p53-m ediated activities (M iller e! al., 2003) and downstream regulators o f  p53 

(Li et  al., 2001). EtOH is not only driving modulations in ROS and the enzym es 

involved, there is also a greater influence in the p53 mutant line show ing that p53 is 

involved in the regulation o f  these enzym es in response to EtOH. This could signify that 

mutated cells are more susceptible than a non-mutated cell line.

p53 exerts its effects through transcriptional induction o f  target genes including cell 

cycle  checkpoints and apoptosis. ROS in general and H2 O 2 in particular can play a major 

role in apoptosis along with defined roles in the modulation o f  numerous other cell 

signalling pathways including the cell cycle (Li et  al., 2009). In previous studies EtOH 

has been show n to affect cell cycle  progression by disrupting proteins involved in 

regulating the cell cycle checkpoints (Luo and Miller, 1997). Exposure to EtOH has also  

been shown to disrupt cell cycle  progression by affecting growth factor signalling  

pathways involved in the cell cycle. In this study EtOH affected cell cycle distribution 

and protein levels in both cell lines. The proposed target o f  EtOH in the cell cycle  is the 

G1 phase and the G l/S  checkpoint (H icks et al., 2010). In the T R 146 cell line there is a 

build-up o f  ceils in the S phase at higher concentrations o f  EtOH as shown by an 

increase in cells in the S phase and a decrease o f  cells in the G2/M  phase after 6h. This 

continues through 24h and 48h where there is a decrease in cells in both the S phase and 

G 2/M  phases and an increase in cell numbers in the GO/Gl phase. Cyclin D l, which has 

been implicated in the pathogenesis o f  many cancers, is not involved in this EtOH 

modulation in the TR 146 cell line. Cyclin B1 how ever is suppressed after 24h 

incubation with EtOH. This suppression o f  cyclin B1 w ould limit the supply o f  

cd k l/cy c lin  B1 com plex required for G2/M  transition. Similar results were obtained for 

the Ca9.22 cell line. Over 48h there was a decrease in G2/M  phase cells and an increase 

in cells in the G1 phase. A  suppression o f  cyclin 81 is also noted after 24h in this cell 

line how ever there is a decrease in cyclin B1 in controls at 48h and a greater expression  

at higher concentrations o f  EtOH. High cyclin  B1 expression has been noted in other 

types o f  cancers including oral carcinoma (W ang et al.,  1997, Kushner et  al., 1999). 

C yclin D l is normally over expressed in cancers, which causes the cells to bypass cell 

cycle  checkpoints and divide uncontrollably. M utations o f  cyclin  D l in cancers have
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been extensively  recorded (A lao, 2007). In contrast with the TR 146 cell line, in the 

C a9.22 ce ll line there is a decrease in cyclin  D1 expression after 6h. Altered expression  

o f  cyclin  D1 has been seen with EtOH treatment o f  hepatocytes (Hsu et al., 2006) and 

also in EtOH exposure during murine neurulation (A nthony et al.,  2008). This decrease 

could sign ify  a deregulation after short-tenn treatment, which could cause lasting 

dam age to cyclin  D1 with long-term alcohol consum ption. A lternatively the decrease in 

cyclin  D1 could be due to the gain-of-function p53 mutation in Ca9.22 cells w hich has 

been show n to be involved in cell cycle  regulation (van Oijen and S lootw eg, 2000). 

Another explanation is that the cell line is already a transfonned cell line so there could  

be differences in cyclin D1 expression if  analysed in a normal oral m ucosal cell. It 

w ould be necessary to carry out further experim ents to confirm  this, w hich w as not 

achievable within the time permitted for project but w ill lead to a further interesting 

study.

Approxim ately 4-35%  o f  all dysplastic lesions w ill develop into OSCC how ever the 

relationship between alcohol consum ption and the transfonnation o f  dysplastic cells is 

unknown. U tilising the same m odel as previously used in the OSCC cell lines (TR146 

and C a9.22), the effect o f  EtOH on the DOK cells was investigated. In a manner similar 

to the O SCC cell lines there was a dose dependant decrease in H 2O 2 release after EtOH 

treatment. It is interesting to note that the amount o f  H2O 2 release in the untreated cells 

o f  each cell type in comparison to one another w as significantly different. It is w ell 

known that ROS levels are much higher in cancer cells than in normal cells 

(Trachootham et al., 2006). Similar to the C a9.22 cell line there w as no change in the 

redox sensing protein H lF -la  expression in the DOK cell line suggesting there is no 

correlation with the decreasing levels o f  H2O 2 observed. The decrease in H2O 2 could be 

as a result o f  direct effects o f  EtOH on antioxidant enzym es how ever in contrast to both 

OSCC cell lines there was no effect on M nSO D expression. An increase in M nSOD  

expression is indicative o f  the presence o f  cancerous cells so therefore any EtOH 

associated transformation in these cells is not been driven by M nSO D alterations 

(M alafa e t  al., 2000). CAT expression is acutely increased in both OSCC cell lines in the 

presence o f  EtOH and in the DOK cell line there is also a notable increase. Increased 

production o f  CAT is associated with transfonned cells therefore i f  coupled to an 

observed increase in dysplastic cells there is potential to use CAT as a biomarker o f  

transfonnation. GPx-1 has a similar function to CAT as it breaks dow n H2O 2 as part o f
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the cells antioxidant system. Comparatively, the overall change in GPx-1 expression in 

Ca9.22 cells and DOK cells was similar. Both cells showed a decrease in expression o f 

GPx-1 after 48h. However there was an increase in expression after 6h o f  this protein in 

the DOK cells. This biphasic effect could dem onstrate that while cancer cells have no 

m ethod o f  recovering from the effect o f  EtOH, DOK cells potentially contain a recovery 

m echanism  where they can increase the amount o f  protein, however chronic exposure to 

EtOH does cause a decrease, sim ilar to that seen with the cancerous cell lines. As with 

GPx-1 there was a biphasic response observed with HO-1 production. Interesting to 

note that in the TR146 cell line there was also a decrease in HO-1 expression after 24h 

and 48h how ever there was a recovery in the DOK cells after 48h. Over time the long 

term  effects o f  EtOH could cause repeated insults to the cells antioxidant system and 

inhibit the cells ability to recover allowing for transform ation to occur.

The cell cycle distribution in the presence o f  EtOH in the DOK cells was remarkably 

different to the OSCC cell lines. Overall in the GO/Gl phase there was no change in cell 

distribution over 24h but a decrease in cells after 48h. This contrasts to the OSCC cell 

lines where there was an increase in cells in the GO/Gl phase after 48h. This change 

could be in part due to the effect o f  EtOH on M nSOD expression in these cell lines. 

Previously a study (Sarsour et al., 2008) found that increasing levels o f  M nSOD 

facilitated proliferating cells transition into the quiescence. Thus in the OSCC cell lines 

EtOH exposure induces increased levels o f  M nSOD and arrest in the G 1 phase which 

can lead to uncontrolled growth o f tum ours (M organ, 2006). in contrast the DOK cells 

arrest in the G2/M  phase, which is indicative o f  growth inhibition and repair (Kastan and 

Bartek, 2004). These results indicate that alcohol consum ption may worsen the 

prognosis for OSCC but the dysplastic DOK cells are able to undergo repair, how ever 

long term /chronic alcohol consum ption affects the repair m echanisms in the cells 

increasing the potential o f  a carcinom a developing.

The DOK cell line also contains a m utation in the p53 gene. M utations in this gene are 

extrem ely com m on in OC and it is this protein that m ay determ ine some o f  the effects 

on the cells. To explore the relationship between p53 and EtOH, p53 was knocked down 

using siRNA in TR146 cells. Using data obtained from the previous experim ents a 

suitable exposure level to EtOH (1%) was determined.

138



With the knockdown of p53 there was a significant decrease in H lF -la  expression over 

the three time points. When treated with EtOH there was no change in H IF -la  

expression. This resuh confinns observations from both the Ca9.22 cell line and the 

DOK cell line that p53 activity correlates with H IF-la expression. This outcome 

reinforces the hypothesis that with a mutation in p53, H IF-la expression is diminished 

and is unable to respond in the presence of EtOH. There has been much debate about the 

interaction and relationship between p53 and H IF-la. It is thought that the two proteins 

stabilise one another in the presence of stress in the cell (An et a i,  1998). This 

interaction could prove extremely important in EtOH effect on oral mucosal cells and 

possibly transfonn to a more detrimental genotype. Additional experiments would need 

to be carried out to investigate this relationship further but the preliminary results are 

extremely interesting to observe.

Knockdown o f p53 did not change the expression o f MnSOD however after 48h 

treatment with EtOH in the knockdown there was a decrease. In the TR146’’̂ '̂̂ ‘ cells 

there was an increase in expression o f MnSOD after 6h and 24h with 1% EtOH. 

Contrastingly there was no change in expression o f MnSOD after these time points in 

the TR146’’̂  ̂' ‘ cells. This suggests that knockdown of p53 combined with exposure to 

EtOH impairs the function of MnSOD over longer time points as seen with the decrease 

observed over 48h. Therefore the EtOH upregulation o f MnSOD in TR146 is a p53 

dependant mechanism.

The down regulation o f p53 does not alter the response o f CAT to EtOH treatment in 

TR146 cells. However suppression o f p53 using siRNA does alter the fiinction o f CAT. 

At every time point there is an upregulation o f CAT expression with knockdown o f p53 

activity. A recent publication (Kang et a l ,  2013) showed that p53 suppresses CAT 

activity in human colon carcinoma cells. Therefore down regulation o f p53 causes an 

increase in CAT expression within the cell. As mentioned previously an increased 

production o f CAT was noted in OC cells and could drive a more aggressive phenotype 

in cancer cells. Similarly to MnSOD, p53 down regulation does not alter the expression 

o f GPx-1 in TR146 cells. However after 48h treatment with EtOH in these cells there 

was an increased expression o f GPx-1. A link between p53 upregulation and GPx-1 

induction has been shown in a lymphoblast cell line (Hussain et a l ,  2004). The 

induction o f GPx-1 in the TR146’’” ' ' cells was not due to p53 expression however
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upregulation has been shown to be positively correlated with promoting invasion, 

migration, proliferation and resistance in oesophageal squamous cell carcinoma (Gan et 

al., 2014). Down regulation of HO-1 occured the TR146 cells with and without a 

functional p53 in the presence o f EtOH. Therefore any changes that occur to HO-1 with 

EtOH treatment in this cell line are not due to p53. However, in the TR146’’"’̂ '’ cells 

there was an up regulation o f HO-1 expression in the absence o f EtOH, suggesting that 

p53 does have an association with HO-1. It is known that HO-1 is upregulated in many 

types of cancer including oesophageal carcinoma and thus the down regulation o f p53 

drives increased HO-1 into a more tumorigenic state (Hu et al., 2013). Despite this, 

treatment o f EtOH decreases HO-1, which could therefore be a sign that the cells are 

attempting to recover from EtOH insult. However if the baseline levels are increased in 

p53 mutants then down regulation o f HO-1 might not be sufficient to enable the cells to 

overcome the insult.

The varying responses to EtOH by the cells containing either mutant or knockdown p53 

are probably due to the nature o f p53 the mutation within these cells. The Ca9.22 

contains a dominant-negative (DN) R248W mutation which although the nonnal 

functions o f p53 are impaired, this type o f mutation is known as a gain-of-function 

(GOF) mutation. GOF mutations contain newly acquired activities o f p53 and can 

contribute actively to various stages o f tumour progression and increased resistance to 

anticancer treatments (Lotem and Sachs, 1995). DN mutants in cancer are a predictor o f 

poor outcomes (van Oijen and Slootweg, 2000). The knockdown o f p53 activity in the 

TR146 cells is almost 100% so therefore there is very little or no function o f p53 at all 

and this best represents a loss-of-function mutation. The DOK cells contain a deletion in 

the p53 codon causing it to over express p53 which has also been shown to lose its 

normal function and drive mutated gain-of-function p53. A study (Blagosklonny et al., 

2001) has shown that mutant p53 blocks transcription o f H lF-la, which correlates to this 

study using Ca9.22, DOK and TR146 & p53-/-) ^gj|g if  H lF -la  is unable to mount the

correct response in the presence o f EtOH the prognosis for the cells/tissue involved will 

be significantly worse.

The inductions o f dysplastic or carcinogenic changes by EtOH occur in untransfonned 

‘normal’ tissue therefore, to analyse changes that occur to nonnal oral cells, 

mucoperiosteal tissue kindly donated from patients o f the Dublin Dental Hospital was
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utilised and primary oral epithelial cells were obtained using a combination o f enzymatic 

and direct explant techniques. Due to limited availability o f samples and in the technical 

challenges involved in extracting and maintaining growth of these cells only two 

samples were used for this study-named Primary 1 and Primary 2. In agreement with the 

previous studies there was a decrease in H2O2 production with slight recovery over the 

time points. Interestingly there were several differences in response to EtOH with 

regards to changes in expression of analysed genes. Firstly, there was a decrease in 

expression o f HIF-la after 6h in the Primary 1 cells but no change in expression in the 

Primary 2 cells. When comparing this result to previous cells, those who had a p53 

mutation did not elicit a response in the HIF-la gene and suggests that the Primary 2 

cells may contain a p53 mutation but further work would need to be carried out to 

analyse any genetic differences between these cell types. Next there were changes in the 

differences between the antioxidant enzymes response. MnSOD in the Primary 1 cells 

increased after 24h but recovered after 48h. In the Primary 2 cells there was no change 

in MnSOD expression. The differences in changes could mark the increased 

susceptibility o f one cell type more than the other. As mentioned previously, an increase 

in MnSOD was observed in squamous cell carcinoma patients and was associated with 

apoptosis resistance in these cancers (Hu et ai,  2007). Following on from this another 

interesting response to EtOH in these two cell types was that CAT was increased at all 

time points in both cell lines. This was the only gene whose expression was the same in 

the two cell lines. As was the case with the TR146, Ca9.22 and DOK and p53 

knockdown cells all primary cells showed an increase in CAT expression. As previously 

alluded to, an increase in CAT expression has been discovered in oral malignancies 

(Khanna et ai ,  2005). Increase in CAT has been shown to increase the doubling time 

and delay G1 to S phase in the cell cycle. This is perhaps a defence mechanism used in 

the cells for protection against EtOH damage. In the primary cells, EtOH did not prompt 

any significant change in the expression of GPx-1 except a small increase in the Primary

1 cells after 6h. Interestingly, EtOH caused opposite responses in HO-1 in both cell 

types. After 6h HO-1 in the Primary 1 cells was decreased followed by an increase after 

24h and contrastingly after 6h in Primary 2 cells there was an increase in HO-1 

expression and a decrease after 24h. The response in the Primary 2 cells are analogous to 

the HO-1 expression in the DOK dysplastic cells that as previously mentioned have a 

mutation in the p53 gene. Once again this result supports the argument that the Primary

2 cells could possibly contain a mutation in the p53 gene. Over all the response in the

141



Prim ary  cells support the  hypothesis that EtOH can drive changes in the redox system  

that cou ld  po ten tia lly  lead to dysp lastic  and m alignant phenotypes. O ne lim itation  o f  this 

study  is that the sam ple size is too  sm all to be confiden t about d istinct changes in 

p rim ary  oral cells but it builds a m odel for fu rther analysis. Further w ork involv ing  a 

larger sam ple size w ould  be an in teresting  ex tension  to this study  and could  co n fin n  and 

prov ide fu rther insigh t into the changes that occur in the oral m ucosa due to EtO H .

A lcohol is cu rren tly  no t believed  to cause oncogenic  transfo rm ation  in the oral m ucosa 

how ever peop le  w ho consum e excessive  am ounts o f  a lcohol are at a h igher risk  o f  

d evelop ing  O S C C  in com parison  to  those w ho abstain . It is c lear that acu te  EtOH 

consum ption  does not have the ab ility  to drive transfo rm ation  in the oral m ucosa but this 

study show s chronic EtO H  consum ption  over p ro longed  periods could  be involved  in 

tran sfo n n a tio n  o f  these cells. T his study  show ed that acu te  EtOH drives a decrease in 

H 2O 2 p roduction  in cell lines, dysp lastic  cells and prim ary  oral hum an ceils. This 

reduction  in H 2O 2 a long  w ith fluctuations in cell cycle  d istribu tion  and proteins could  

ac tivate  new  pathw ays associated  w ith increased pro lifera tion  as prev iously  seen in 

ep ithelia l cells. O v er tim e this poten tia l increase in p ro liferation  could  becom e 

uncon tro lled  w hich  is a key m arker o f  dysp lasia  and cancer. T h is study a lso  show ed that 

E tO H  causes fluc tuations in the an tiox idant response in all the cell types. T h is response 

is essen tia l for cell m ain tenance  and alterations in these have been show n to be drivers 

o f  tran sfo n n a tio n . T he an tiox idan t response w as altered  by changes in p53 activ ity . In 

particu lar p53 dow n regu lation  w as show n to a llev iate  the H IF l-a  response to E tO H , a 

key m edia to r in a cells defence. This study form ulates novel m o lecu la r pathw ays tha t are 

involved  in acute a lcoho l-induced  changes in the oral m ucosa that could  po ten tia lly  lead 

to oncogen ic  tran sfo n n atio n  w ith longer EtO H  treatm ent.
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4 Discrimination of OSCC cells using Raman

spectroscopy
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4.1 Introduction
Despite the use o f combined aggressive treatments including surgery, chemotherapy and 

radiation therapy in OC treatment, the 5-year survival rate is low in more advanced cases 

o f  the disease. This is partly due to the fact that 60% o f OCs are discovered at stages 111 

and IV o f the disease (Lingen et a l ,  2008). Descriptive histology is currently the gold 

standard for the diagnosis o f cancers o f the oral cavity and oropharynx. There is an 

urgent requirement need for more accessible and less invasive methods o f diagnosis in 

the clinic. This study examines the potential use o f Raman spectroscopy as an aid in the 

diagnosis o f OC and also its potential to elucidate more about the biochemical and 

carcinogenic changes that occur in OC. Raman spectroscopy is based on the principles 

that the biochemical composition o f a cell corresponds to a fmgerprint o f light 

scattering. This light scattering can be used to obtain further information about the make 

up o f a cell and could potentially identify biomarkers for OC. This technique has 

previously been shown to be successful in aiding the diagnosis o f cervical cancer (Lyng 

et a l ,  2007).

4.1.1 OC diagnosis
Despite the seeming ease o f which OCs should be diagnosed, given their probable 

visibility on examination, many OCs are not identified until the latter stages o f the 

disease. A fundamental reason for misdiagnosis is the inconsistent differentiation 

between pre-malignant and benign lesions o f the mouth (Abbey et al., 1995). Poor 

prognosis for OC is thought to be due to several reasons. Firstly, OC is frequently 

associated with multiple primary tumours, the rate o f development o f second primary 

tumours being 3-7% per year in these patients. This is higher than any other malignancy. 

Secondly, poor survival among cancer patients can be attributed to the advanced stage at 

which the disease is diagnosed, over 60% of patients presenting in stages III and IV. 

Such discouraging statistics seem perverse, since the disease primarily arises in the 

surface epithelium that is readily accessible to visual and tactile examination. This may 

be due to, in part, an incomplete understanding or awareness that even small 

asymptomatic lesions can have significant malignant potential.
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Screening patients for signs o f OC and precancerous lesions has rehed upon 

conventional oral examinations. Current m ethods o f  clinic-based diagnostics include 

visual exam ination for potentially malignant lesions, including leukoplakia and 

erythroplakia. Depending on the size, site, shape, colour and texture o f the plaque, 

further tests m ay be carried out in the clinic to investigate the risk for these pieces o f 

tissue. These tests include toluidine blue stain, brush biopsy, exfoliative cytology, and 

fluorescence staining. These tests can prove usefiil in visualising potential m alignancies. 

However, further analysis must always be carried out to confinn the status o f  the piece 

o f  tissue. This includes a surgical biopsy, which is invasive to a patient.

One approach to this problem  would be to im prove the ability o f  oral health care 

professionals to detect relevant potentially m alignant lesions or cancerous lesions at their 

earliest stage with m inim um  invasion and discom fort to the patient. There is a need for 

the developm ent and use o f  diagnostic aids that would more readily identify or access 

persistent oral lesions o f  uncertain biological significance. Raman spectroscopy, which 

is used in the diagnosis o f other types o f  cancer, could prove a useful tool in the 

diagnosis o f  OC due to the ease o f  use and lack o f  disruption to the patient with regards 

to invasiveness and time.

4.1.2 Vibrational spectroscopy
Vibrational spectroscopy is a m olecular characterisation technique in which normal 

vibrational m odes specific to the m olecular bonds as well as m olecular fingerprints are 

probed. There are two main vibrational spectroscopic techniques, Fourier transfonn 

infrared spectroscopy (FTIR) spectroscopy and Ram an spectroscopy. These two 

techniques give com plem entary spectral infonnation (Chalm ers, 2002).

A m olecule com posed o f  n atoms has 3n degrees o f freedom. Six degrees o f  freedom  are 

translations and rotations o f  the m olecule itse lf  The other 3n-6, or 3n-5 for a linear 

m olecule, is called vibrational freedom. A m olecular vibration occurs when the atomic 

constituents o f  the molecule are in periodic motion, w hile the m olecule has constant 

translational and rotational motion. The frequency o f  this periodic m otion is called
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vibrational frequency. V ibrational modes are often given as descriptive names, such as 

stretching, bending, scissoring, rocking and twisting. A schematic illustration o f  the 

main vibrational m odes is shown in Figure 4-1.

Sym m etrical A sym m etrical

Stretching

+ +

Rocking Scissoring

In-plane deformations

W agging Twisting

Out-of-plane deformations

Figure 4-1 Schem atic illustration o f the main vibrational modes in Raman  
Spectroscopy.

The plus and m inus signs denote m ovem ent o f the atom into and out o f  the plane o f  the 
diagram , respectively.
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4.1.3 Theoretical basis of Raman spectroscopy

Raman spectroscopy is based on the principle o f the inelastic scattering of 

monochromatic light. It is a type o f vibrational spectroscopy in which normal vibrational 

modes specific to molecular bonds as well as more complicated molecular fingerprints 

are probed. Analysis is rapid, non-invasive and delivers a fingerprint o f the chemical 

constituents o f the material analysed. Biomedical applications of Raman are rapidly 

developing and the techniques have been utilised in many studies for the detection of 

different types o f cancer, including cervical (Lyng et al., 2007, Schubert et a i ,  2010), 

breast (Kast et al., 2008, Haka et al., 2005), prostate (Tollefson et al., 2010), skin 

(Bodanese et al., 2010) and lung (Magee et al., 2010, Magee et a i ,  2009).

In Raman spectroscopy measurements, incident light is scattered inelastically from a 

sample. The frequency o f photons in the incident light changes in the process of 

interaction o f the photons and molecules, such that the frequency o f the reemitted 

photons is shifted up or down in comparison with the original monochromatic light. This 

is called the Raman effect. The exact energy required to excite a molecular vibration 

depends on the masses of the atoms involved in the vibration and the type o f chemical 

bonds between these atoms and may be infiuenced by molecular structure, molecular 

interactions and the chemical microenvironment o f the molecule. Therefore, the 

positions, relative intensities and shapes o f the bands in a Raman spectrum carry detailed 

infomiation about the molecular composition o f the sample (Socrates, 2004).

The monochromatic laser light excites molecules and transforms them into oscillating 

electric dipoles. The oscillating dipoles emit light o f three different frequencies. The first 

o f  these frequencies is Raleigh scattering, which is a molecule with no active Raman 

modes and absorbs a photon with frequency Vo. The excited molecule returns back to the 

same vibrational state and emits light with the same frequency as the source. Stokes 

shifting o f the frequency occurs when the initial frequency Vo interacts with a Raman 

active molecule, which at the time of interaction is in the ground vibrational state. The 

resulting frequency of scattered light is reduced to Vo -  Vm- When the Raman active 

molecule is in an excited vibrational state at the time o f the interaction, the emitted light 

frequency is increased to Vo + Vm- This is called the anti-Stokes frequency. Stokes
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scattering results in the generation o f  a molecular vibration, whereas anti-Stokes results 

in the annihilation o f  a vibration. In practice, the Stokes scattered light is norm ally 

m easured since, at room  tem perature, most m olecules exist in the ground vibrational 

state, and thus it is easier to create a vibration than to annihilate one.

The interaction is often portrayed by an energy level diagram, as shown in Figure 4-2. 

The excited electronic state can be virtual, or, in the case o f  resonant Raman scattering, a 

real electronic state o f  the molecule.

Energy

Rayleigh
scattering

Vo - V m

Stokes
Raman

scattering

Vo + V̂ ,

Anti-Stokes
Raman

scattering

Virtual states

Vibrational states

Ground state

Figure 4-2 Diagrammatic representation of an energy transfer model of Rayleigh 
scattering, Stokes Raman and anti-Stokes Raman scattering.
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4.1.4 Identification of biochemical and molecular changes using 
Raman Spectroscopy

Raman spectroscopy has been shown to identify and classify malignant changes in other 

types o f cancer. As previously mentioned, the spectrum can be used to analyse different 

molecular components in the ceil. Nucleic acids can be identified by peaks characteristic 

o f nucleotide and sugar-phosphate backbone vibrations. The main peaks are found at 

1095cm ' (phosphodioxy group P02-), 788cm ' (C5’ -0 -P -0 -C 3 ’ phosphodiester bonds 

in DNA) and 813cm ' (C5’ -0-P -0-C 3 ’ phosphodiester bonds in RNA), 782cm ' 

(thymine, cytosine and uracil) and 1578cm'' (guanine and adenine). The phosphate 

peaks are particularly useful to determine the structure o f DNA including the common 

B-, right handed form o f DNA and the less common A- and Z- fonns. It can also 

differentiate between DNA and RNA (Notingher, 2007).

0 .1-

0.09 -

i t  0.05-

0.04

0.03

0.02

0.01

1600 1800400 600 800 1000 1200 1400

Wavenunnber (cnr^)

Figure 4-3 Raman spectra from the cell nucleolus (red), nucleus (green) and 
cytoplasm (blue) obtained with a 532nm diode laser.
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The spectra o f proteins are dominated by peaks corresponding to the Amide 1 (1660- 

1670cm ’) and Amide 111 (1200-1300cm ') vibrations, which have been shown to be 

sensitive to the secondary stmcture o f the proteins. There are additional Raman peaks 

corresponding mainly to amino acids containing phenyl groups, such as phenylalanine 

(1005cm '), tyrosine (854cm ') and tryptophan (760cm ') as well as C-H vibrations 

(1449cm '). While it is difficult to distinguish between specific types o f proteins on the 

basis o f their Raman spectra, the Amide I and Amide 111 peaks are sensitive to subtle 

changes in the secondary structure of proteins (Kinalwa et al., 2010). The strongest 

Raman peaks o f lipids are present at 1449cm ', 1301cm ' (C-H vibrations) and 1660cm ' 

(C=C stretching) and belong to vibrations o f the hydrocarbon chains. Additional Raman 

peaks corresponding to head groups of phospholipids can also be found, such as the 

719cm ' peak corresponding to the C-C-N+symmetric stretching in phosphatidylcholine, 

a major constituent of cellular membranes. Carbohydrates can be identified and analysed 

reliably due to their characteristic Raman peaks o f sugars, especially the C-O-C 

vibrations o f the glycosidic bonds and sugar rings (873cm ', 1065cm ') (Stone et al., 

2004, Notingher, 2007, Ilin and Kraft, 2014).

Table 4-1- Main peak assignm ents for Raman spectra (Ilin and Kraft, 2014)

P ea k  cm -1 Assignment

Nucleic ac ids Proteins Lipids C arboliydrates

622 C-C twist Phe

645 C-C twist Tyr

669 T, G

719 C-C-N+

729 A

746 T

754 Ring breatli

782 U.CJ

788 C 5'-0 -P -0-
C3'(DNA)

813 C 5'-0 -P -0 -
C3'(RNA)
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832 CCH
d eform ation
aliphatic

853 RingbrTyr

873 C-C-N+ C -o " c  ring

sym str

937 C-C BK str. A-
helix

980 C-C BK str. p-
s h e e t

1004 Sym. Ring br
Phe

1034 C-H in-plane
Phe

1065 C-Nstr C-O, C-C str

1095 PO2

1124 C-Nstr

1214 C-C6H5. Phe,
Trp

1240 C -C /C -N str

1301 C-H vibrations

1449 C-H vibrations

1578 G,A

1600 C=C stretching

1660-1670 A m ide I

4.1.5 Raman spectroscopy in cervical cancer
In a novel study by Lyng et a l, in 2007, the potential use o f Raman spectroscopy in the 

diagnosis o f cervical cancer was assessed. In their study, they obtained 40 human 

samples, 20 normal and 20 diagnosed with invasive carcinoma. O f the 20 diagnosed 

with cervical cancer, 10 had regions o f cervical intraepithelial neoplasia (CIN). It was 

discovered that the glycogen contributions from the normal samples are absent in the 

carcinoma samples. This is due to the fact that cervical cells have an abnormally high 

level o f glycogen and with the loss o f differentiation during neoplasia this level o f
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glycogen drops and it can be visualised using Raman spectroscopy. The main peaks that 

contribute to the glycogen are at 482cm ', 849cm ' and 938cm ' and are due to glycogen 

skeletal deformation, CCH aromatic defomiation and CCH defonnation respectively, it 

was also noted that the invasive carcinoma shows characteristic nucleic acids bands and 

some of these were identified in the CIN samples. Using the spectral features identified 

with invasive carcinoma, the sensitivity and specificity values were calculated as 99.5% 

and 100% for normal tissue, 99%> and 99.2% respectively for CIN and 98.5%> and 99% 

respectively for invasive carcinoma. Similar methods have been also used to classify 

bladder, prostate, breast and basal cell carcinoma (Crow et a l ,  2005, Haka et al., 2005, 

Nijssen et al., 2002).

4.1 .6  Principal com ponents analysis

The analysis o f Raman spectra is often a complicated process involving several detailed 

steps. In order to extract useful information from the spectra in an objective manner, 

multivariate statistical techniques can be employed. Principal components analysis 

(PCA), one o f these techniques, was developed at the beginning o f the twentieth century 

(Pearson, 1901) and is a statistical method widely used in the exploratory analysis and 

establishing predictive models.

PCA consists o f several mathematical steps which begins with mean data centering, a 

process by which the mean or average across each dimension is subtracted from the data 

for each data dimension. The covariance matrix is then calculated for the data set, which 

is a measure o f the linear relationships between the variables (Figure 4-4). The 

eigenvectors, which are perpendicular to each other in the data set, are then calculated 

and each eigenvector has a corresponding eigenvalue. The eigenvector with the highest 

eigenvalue explains the most variance in the data set and is called the first principal 

component. The second principal component contains infonnation about the remaining 

variances and so on for the subsequent principle components. Eigenvectors are 

organised according to their eigenvalues, from highest to lowest, to give the components 

in order o f significance.
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Y

PCI

PC2

Figure 4-4 G raphical representation o f a PCA transform ation in only two 
dim ensions.

Rotated coordinate axes (PCI, PC2) capturing tiie maximum variance o f the data set, 
where X and Y represent variables.

PCA is a very common statistical method used in vibrational biospectroscopy data 

analysis. The wide range o f applications includes diagnostic classification o f normal and 

cancerous cells (Bodanese et al., 2010, Oliveira et al,  2006, Teh et a i,  2008). This 

multivariate statistical technique was also applied in the study o f classification o f cells 

under variable influencing factors such as fixation (Meade et ai,  2010), drugs (Krishna 

et ai,  2006), viruses (Ostrowska et a i,  2010) or photosensitisers (Chio-Srichan et ai, 

2008). In the present work, PCA was used to investigate the diversity in the spectrum 

between nonnal oral cells, dysplastic cell lines and OC cell lines.
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4.2 Aims of the chapter
Early diagnosis o f  OC is o f  the utmost im portance as the 5-year survival rate is 

extrem ely low. This is due to the disease being asym ptom atic until the latter stages and 

difficulty in diagnosing the disease at the incipient stage. As m entioned above, Raman 

spectroscopy has been successfully used to differentiate between other cancer types from 

norm al tissue. It is a non-invasive and rapid technique so it could have the potential to be 

superior to current diagnostic methods. The aim o f  this study is to exam ine if  Raman can 

differentiate between the biochem ical signature o f  cancer, pre-cancerous cell lines and 

normal cell lines. Specific objectives were as follows;

1. Identify if  Ram an spectroscopy and PCA can differentiate the biochem ical signature 

from sub-cellular regions (nucleolus, nucleus and cytoplasm ) o f  oral cell lines.

2. Determ ine if  Ram an spectroscopy and PCA can discrim inate betw een OC cell lines 

and isolated norm al hum an primary cells.

3. Investigate if  Raman spectroscopy and PCA can differentiate between an OC cell 

line, a dysplastic cell line and isolated human prim ary cells.
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4 .3  Results

4 .3 .1  Raman analysis o f  the  subcellular  regions  within human  
primary oral epithelial  cells.

There is an increasing num ber o f  studies involving the use o f  Ram an spectroscopy as an 

optical biopsy method, as the technique is based on optical m icroscopy, it can also be 

extended to the analysis o f  cytologicai sam ples at a cellular and subcellular level. The 

aim o f  this study was to assess the potential o f  Ram an spectroscopy to differentiate and 

analyse the biochem ical signature from the sub-cellular regions o f  oral epithelial cells 

(cytoplasm , nucleus and nucleolus) in a label free manner.

Figure 4-5 shows the differentiation o f  the subcellular com ponents o f  a cell captured by 

Raman spectroscopy. Spectra were captured from the nucleolus, nucleus and cytoplasm  

from 20 individual cells within each sam ple preparation. In Figure 4-6 (a, b), the spectra 

for each sub com ponent before and after the 20 spectra are averaged. Figure 4-6 (d, e, f) 

shows the individual spectrum for each subcellular com ponent o f  the cell, each with a 

degree o f  sim ilarity but differing in their biochem ical m ake up. Using Raman 

spectroscopy and PCA analysis it was possible to discrim inate between the m olecular 

com ponents o f  the subcellular regions.

PCA analysis was applied to distinguish all the recognised spectral signals o f  the 

subcellular com ponents. The variances captured for the first three principal com ponents 

(PCs) were as follows- 76.67%, 6.11%, and 2.92%. The results o f  PCA are dem onstrated 

in Figure 4-7 and show a very good separation o f the groups o f  Ram an spectra. The 

scatterplot includes 60 data points, 20 for each subcellular com ponent. PCI shows good 

separation o f  the nucleus and nucleolus from the cytoplasm. No separation o f  the nuclear 

com ponents by the first com ponent would be expected, as they are both very sim ilar in 

their m olecular structure. PC2 shows good separation o f  the nucleus from the nucleolus, 

however. PCS does not show any separation o f  the subcellular regions.
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D ifferen ces in load ing, w ith assignm en ts o f  the m ain p eaks, contribute to d iscrim inate  

b etw een  the data (Figure 4 -8 ). The scatterplots sh ow  that PCI separates the cytop lasm  

from  the nuclear structures. The p ositive  peaks represent the nuclear com p on en ts and the 

n egative  peaks are the cytop lasm ic com ponents. The nuclear com p on en ts sh ow  an 

increase in n u c le ic  acid  and proteins. T his is sh ow n  by the band at 7 88cm  ', related to O- 

P-O  stretching o f  D N A  and n u cleic  acids in general, the band at 1033cm  ', related to C- 

H in phenyla lan in e vibrational m odes and can be found in proteins in general, the band 

at 1220cm '', related to A  (adenine), G (guanine) vibrational m od es o f  n u c leic  acids and 

C -H  stretching from  protein, the bands at 1480 /1 5 7 8 cm  ', related to ad en ine guanine and 

C -H  deform ation  from  n ucleic  acids vibrational m od es and the band at 1680cm '', related  

to A m id e 1 vibrational m odes o f  proteins. The cy top lasm ic com p on en ts sh ow  a decrease  

in lip ids and carbohydrates. T h is in clu d es the band at 7 1 7 cm  ', related to CN'^(CH3 ) 3  

stretching o f  lip ids vibrational m odes, the band at 1301cm  ', related to C H 2 tw ists o f  

lip id s vibrational m od es, the band at 1420cm  ', related to C H 2 deform ation  from  lip ids 

and carbohydrates, the band at 1655cm '', related to C =C  stretching o f  lip ids vibrational 

m od es and the band at 1736cm  ', related to C = 0  ester lip ids vibrational m odes.

T h e PC2 scatterplot sh o w s d iscrim ination  b etw een  the n u cleu s and n u cleo lu s. The 

p o sitiv e  peaks represent the increase in nucleolar com p on en ts and the n egative  peaks 

represent the d ecrease in nuclear com ponents. A n  increase in the contributions o f  n ucleic  

acid s, carbohydrates and lip ids is seen  in the n u cleo lu s. T h is is sh ow n  by the band at 

7 8 8 cm  ' w h ich  represents an increase in the O -P -0  stretching in D N A , the band at 

1301cm  ' w h ich  represents an increase in the C H 2  tw ist in lip id s and the band at 

1420cm  ' w hich  is a CH deform ation  in carbohydrates and lip ids. There is on ly  a sin g le  

decreasin g  peak in the n ucleu s w hich  is at 1680cm  ', w h ich  represents a d ecrease in 

A m id e I proteins [represented by the C = 0  stretching vibrations (70 -85% ) and by the C- 

N  groups (10-20% ].
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Figure 4-5 Im age o f a human primary cell captured by the Raman m icroscope 
video system . (1) Cytoplasm , (2) Nucleus, and (3) Nucleolus.
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Figure 4-6 Capturing the Raman spectra of the nucleolus, nucleus and cytoplasm of 
OSCC cells.

(a)-Tw enty different spectra were obtained from each sub cellular com ponent, nucleolus 
(c) (red), nucleus (d) (green), and cytoplasm  (e) (blue), (b) The m ean o f  each spectrum 
was calculated using M atlab software. Each sub cellular com ponent spectra 
differentiates relative to the m olecular com ponents within that part o f  the cell. The 
differences were analysed in detail using in house DIT M atlab scripts.
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Figure 4-7 Comparisons of the subcellular regions using Principal Component 
Analysis scatterplots.

The nucleolus (red) and the nucleus (green) can be separated from the cytoplasm (blue) 
using PC 1 (a). PC2 (c) shows a good separation o f the nucleus from the nucleolus.
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Figure 4-8 Principal com ponent loadings dem onstrating the main 
contributing to discrim ination between the subcellular regions.

peaks

Loading plots o f PCI (a), PC2 (b), and PCS (c). PCI show the differences between the 
nuclear components and the cytoplasm as confirmed using the scatterplots in Figure 4-7. 
PC2 displays the loading changes between the nucleolus (positive) and the nucleus 
(negative).
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4.3.2 Determination and analysis of the  variation be tw een  Rannan 
spectra  of human OC cell lines and hum an primary oral 
mucosal cells.

The previous section shows that Raman spectroscopy can be used to differentiate 

betw een sub cellular com ponents within a single cell. To further expand the potential for 

the use o f  Ram an in OC, investigations were undertaken to determ ine w hether Raman 

spectroscopy can differentiate between sub cellular com ponents o f OC cells and nonnal 

healthy cells. Raman spectra were obtained from 20 individual cell sam ples in one 

culture dish from the nucleolus, nucleus and cytoplasm  o f  Ca9.22, TR146 and hum an 

prim aiy oral cells. Data was processed using M atlab scripts and protocols developed in- 

house at Dublin Institute o f  Technology (Appendix 2). Pre-processing o f  each Raman 

spectra was carried out prior to statistical analysis. This included baseline correction and 

averaging each cell lines total spectra for further analysis. After pre-processing the 

spectra, PC A was applied to the data set. PCI was not included in this study it was found 

to show  solely water contributions from the cells (Figure 4-9). The variances captured 

for the first four PCs are listed in Table 4-2.

% Nucleolus Nucleus Cytoplasm

P C I 84.87 62.52 67.76

PC2 4.19 11.18 17.78

PC3 2.47 4.44 3.96

PC4 1.60 2.88 2.69

Table 4-2: Variances for principal com ponent analysis for the respective cellular 
regions in TR146, Ca9.22 and human oral prim ary ceils.
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Figure 4-9 PC 1 shows major contributions from the water background.

For this reason PCI was excluded from further analysis.
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4 . 3 . 2 . 1  Nuc l e o l us

Raman spectra from the nucleolus w ere pre-processed prior to PCA (Figure 4 -10). PCA  

analysis w as applied to distinguish all the recognised spectral signals o f  the nucleolus in 

TR 146, C a9.22 and primary cell lines. PCA analysis (Figure 4-11) show s a very good  

separation o f  the cell types o f  Raman spectra. The scatterplot includes 60 data points, 20  

for each cell type. PC2 show s good separation o f  T R 146 and Ca9.22 from primary cells. 

PC3 show s no separation o f  any o f  the cell types. The 3D  scatterplot clearly defines the 

boundaries o f  the cancer and non-cancer cell types. Loadings, with assignm ents o f  the 

main peaks contribution to discrimination betw een the data sets, are presented in Figure 

4-12. From the scatterplots, it can be show n that PC2 discrim inates the cancer cell types 

from the nonnal cells. The positive peaks represent the cancer com ponents and the 

negative peaks are the normal cell com ponents. The m olecular changes associated with 

the cancer cells are nucleic acids and proteins. The cancer com ponents show  an increase 

in nucleic acids and proteins. This is shown with the band at 813cm  ', related to O -P -0  

stretching o f  RNA and nucleic acids in general, the band at 1004cm  ', related to 

phenylalanine vibrational m odes and can be found in proteins in general, the band at 

1342cm  ', related to A (adenine), G (guanine) vibrational m odes o f  nucleic acids and C- 

H stretching from protein, the band at 1480cm '', related to adenine guanine vibrational 

m odes and the band at 1680cm  ', related to A m ide 1 vibrational m odes o f  proteins. The 

normal cell com ponents show a decrease in lipids and proteins. This includes the band at 

717cm  ', related to CN^(CH 3 ) 3  stretching o f  lipids vibrational m odes, the band at 

1301cm '', related to CH 2 twists o f  lipids vibrational m odes, bands between 1510- 

1580cm  ', related to A m ide II vibrational m odes, and the band at 1736cm  ', related to 

C = 0  ester lipids vibrational m odes.
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Figure 4-10- Baseline correction o f Raman spectrum  o f nucleoli o f  TR146, Ca9.22 
and prim ary oral epithelial cells.

Total average spectra from 20 nucleoli from each cell type. Baseline correction was 
applied as in Section 4.3.1 and the mean was calculated prior to further analysis. TR146 
cells (red), Ca9.22 cells (green) and prim ary cells (blue).
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Figure 4-11 Principal component scatterplots of nucleoli of TR146, Ca9.22 and 
primary oral epithelial cells.

TR146 cells (red) and the Ca9.22 cells (green) can be distinguished from the primary 
cells (blue) using PC2 (a). PCS (a) and PC4 (b) do not separate the cell types, although 
the 3D scatterplot (c) using PC2, PC3, and PC4 shows the separation o f the primary cells 
from the cancer cells lines.
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Figure 4-12 Principal component loading controls of nucleoli of TR146, Ca9.22 and 
primary oral epithelial cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). PC2 shows the changes between the 
TR146/Ca9.22 cells and the primary cells. PC3 and PC4x show no loading variations 
between the samples.
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4 .3 .2 .2  Nuc leus

Raman spectra from the nucleus were pre-processed prior to PCA (Figure 4-13). PCA 

analysis was applied to distinguish all the recognised spectral signals o f  the nucleus in 

TR146, Ca9.22 and prim ary cell lines. PCA o f  the nucleus is shown in (Figure 4-14) and 

shows a good separation o f the Ram an spectra for each cell type. The scatterplot 

includes 60 data points, 20 for each cell type. PC2 and PC3 both show good separation 

o f  TR146 and prim ary cells from Ca9.22 cells. PC4 does not show good separation o f 

the cell types how ever inclusion o f  PC4 in the 3D scatterplot clearly defines the 

boundaries o f  the nuclear com ponents o f  the Ca9.22 from the TR146 and prim ary cell 

type. Loading with assignm ents o f  the main peaks contribution to discrim ination 

between the data sets are presented in Figure 4-15. The scatterplots separate the TR146 

and nom ial cells from the Ca9.22 cells using PC2 and PC3. The positive peaks represent 

the TR146 and nonnal cell com ponents and the negative peaks are the Ca9.22 

com ponents. The changes observed in the TR146 and prim ary cells relate to lipids and 

nucleic acids. This is observed with the peak at 850cm ', that represents an increase in 

tyrosine ring breathing, the peak at 1095cm ' representing an increase in the 

phosphodioxy group in nucleic acids, the band at 1301cm '', showing an increase in the 

CH : tw ist in lipids and the band at 1480cm '' which is an increase in adenine and guanine 

in nucleic acids. The changes observed in the Ca9.22 cells relate to nucleic acids and 

proteins. This is shown by the band at 813cm ', related to O -P -0  stretching o f  RNA and 

nucleic acids in general, the band at 1004cm ', related to phenylalanine vibrational 

modes and can be found in proteins in general, band 1342cm ', related to A (adenine), G 

(guanine) vibrational m odes o f  nucleic acids and C-H stretching from protein, the band 

at 1480cm ', related to adenine guanine vibrational m odes and the band at 1680cm ', 

related to Am ide 1 vibrational m odes o f  proteins.

PC3 was also able to separate the Ca9.22 cell line from the TR146 cell line and the 

prim ary cells. In this case, the positive peaks represent the Ca9.22 cell line and the 

negative peaks are the TR146 and prim ary cell line. As with PC2, the Ca9.22 cells differ 

from the other cell types in relation to RNA, proteins and nucleic acids. This is shown 

by the peak at 813cm"', representing the O -P -0  stretching in RNA, the peak at 1004cm '', 

representing the sym m etric ring-breathing m ode o f phenylalanine, the peak at 1480cm ', 

showing an increase in adenine and guanine in nucleic acids and the peak at 1680cm ',
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sh o w in g  an in crease in A m id e 1 proteins. The n egative peaks o f  the T R  146/prim ary c e lls  

sh o w  ch an ges in n u c leic  acids, proteins, and lip ids. T h is is sh ow n  b y O -P -O  stretching  

o f  n u c leic  acids at 7 8 8 cm '', the deform ation  and asym m etric d eform ation  o f  C H t and 

C H 3 resp ective ly , in proteins and lip ids at 1398cm  ', and the ch an ge in A m id e 1 proteins 

at 1680cm ''.
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Figure 4-13 Advanced preprocessing o f Raman spectrum  of nuclei o f TR146, 
Ca9.22 and prim ary oral epithelial cells.

Total average spectra from 20 nuclei from each cell type- TR146 (red), Ca9.22 (green) 
and prim ary cells (blue). Baseline correction was applied as in Section 4.3.1 and the 
m ean was calculated prior to further analysis.
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Figure 4-14 Principal component scatterplots of nuclei o f  TR146, Ca9.22 and 
primary oral epithelial cells.

Ca9.22 cells (green) can be distinguished from the TR146 cells (red) and the primary 
cells (blue) using PC2 (a) and PC3 (a). PC4 (b) does not separate the cell types, although 
the 3D scatterplot (c) using PC2, PC3, and PC4 shows the separation o f  the Ca9.22 cells 
from the TR146 and prim ary cells.
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Figure 4-15 Principal component loading plots of nuclei of TR146, Ca9.22 and 
primary oral epithelial cells.

Loading plots o f PC2, PC3 and PC4. PC2 (a) show the differences between the 
TR 146/primary cells (positive) and the Ca9.22 cells (negative). PC3 (b) shows the 
differences between the Ca9.22 cells (positive) and the TR146/primary cells (negative). 
PC4 (c) show no changes in loading between the cell types.
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4.3.2.3  Cytoplasm

Raman spectra from the cytoplasm  were pre-processed prior to PCA (Figure 4-13). PCA 

analysis was applied to distinguish all the recognised spectral signals o f the cytoplasm  in 

TR146, Ca9.22 and prim ary cell line. The results o f  PCA are presented in Figure 4-16 

and do not show a clear separation o f  the points. The scatterplot includes 60 data points, 

20 for each cell type. The cell types cannot be separated using PC2, PCS or PC4, 

although it is clear from the plots that the groups o f  cells all have different biochem ical 

m akeups in their cytoplasm. All cell type boundaries are clearly defined as shown in 

Figure 4-17. PCs loading plots are shown in Figure 4-18 and, using the data obtained, 

the scatterplots showed no significant changes in the samples
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Figure 4-16 Advanced preprocessing o f Raman spectrum  of cytoplasm  o f TR146, 
Ca9.22 and prim ary ora! epithelial cells.

Total average spectra from the cytoplasm ic region o f  20 cells o f  each type- TR146 (red), 
Ca9.22 (green), and primary cells (blue). Baseline correction was applied as in Section 
4.3.1 and the mean was calculated prior to further analysis.
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Figure 4-17 Principal com ponent scatterpiots o f cytoplasm  o f TR146, Ca9.22 and 
prim ary oral epithelial cells.

TR146 cells (red), Ca9.22 (green) and prim ary cells (blue) have no significant changes 
in their cytoplasm ic make up according to the PC2/PC3 (a), PC2/PC4 (b), and the 3D 
loading plot (c).
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Figure 4-18 Principal com ponent loading plots o f cytoplasm  o f TR146, Ca9.22 and  
prim ary oral epithelial cells.

Loading plots o f  P C I, PC2 and PC3. PCI (a), PC2 (b) and PCS (c) show no changes in 
loading between the cell types.
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4.3.3 Raman spectroscopy has potential in differentiation of  
dysplastic lesions from OSCC

These studies dem onstrate that Ram an spectroscopy can be used to differentiate between 

sub cellular com ponents o f normal oral epithelial cells and those o f  OSCC cell lines in 

relation to both the nucleus and nucleolus. A follow up hypothesis was to determ ine 

whether Raman spectroscopy could be used to differentiate dysplastic cells from nonnal 

cells and also from OSCC. The dysplastic cell line DOK, is a cell line established from 

hum an dysplastic oral m ucosa o f  the tongue which was com pared to an OSCC cell type, 

SCC-4, a cell line also derived from the tongue. The SCC-4 cell line was used as it 

originated from the same site (tongue) as the dysplastic cell line DOK and so this 

elim inated any potential site-specific differences from the study. Ram an spectra were 

obtained from 20 individual cells in culture from the nucleolus, nucleus and cytoplasm  

o f  DOK, SCC-4 and human prim ary oral cells. The data was processed using the same 

in-house protocol as described in Section 4.3.1. As was previously observed PCI was 

dom inated by the w ater background, and was thus excluded from the analysis (Figure 

4-9). The variances captured for the first four PCs are listed in Table 4.3.

% Nucleolus Nucleus Cytoplasm

PCI 76.08 76.69 63.42

PC2 5.42 6.30 17.72

PC3 4.05 4.05 6.34

PC4 1.65 1.23 2.01

Table 4-3: Variances for principal com ponent analysis for the respective cellular 
regions in SCC-4, DOK and human oral prim ary cells.

4 .3 .3 .1  Nucleolus

Ram an spectra from the nucleolus o f  SCC-4, DOK and prim ary cells w ere pre-processed 

and averaged prior to PCA (Figure 4-19). PCA analysis was applied to distinguish all the 

recognised spectral signals o f  the nucleolus in these cell lines. The results o f  PCA are 

shown in Figure 4-20 and show good separation o f  the Ram an spectra. As before, the
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scatterplot includes 60 data points, 20 for each cell type. PCA 2 shows a good separation 

o f  the dysplastic DOK cells and SCC-4 tongue carcinom a cells from the norm al cells. 

PC-3 and PC-4 show no significant differences between the cell types. However, the 3D 

scatteiplot including all three P C ’s clearly defines the boundaries o f  the nucleolar 

com ponents with 100% separation between the DOK /SCC-4 and the nonnal cells 

(Figure 4-20c) Loadings with assignm ents o f  the main peaks contribution to 

discrim ination between the data sets are presented in Figure 4-21. From  the scatterplots, 

it can be seen that PC2 differentiates between the dysplastic and cancer cells from the 

norm al cells. The positive peaks represent the dysplastic/cancer cells and the negative 

peaks are the norm al cell components. The changes in relation to the DOK /SCC-4 are 

nucleic acids and proteins. The SCC-4 and DOK cells show an increase in the DNA 

bases adenine and guanine at 1480cm ' and an increase in the Am ide 1 proteins at 

1680cm '. The nonnal cells show an increase in C-CfiHs stretching m ode o f  tyrosine, 

phenylalanine and tryptophan in proteins as shown by the peak at 1214cm ' and also a 

decrease in the A m ide II proteins between 1510-1580cm '.
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Figure 4-19 Advanced preprocessing o f Raman spectrum  of nucleolus o f SCC-4, 
DOK and prim ary oral epithelial cells.

Average o f  20 spectra from the nucleolus o f  each cell type- SCC-4 (red), DOK (green) 
and prim ary cells (blue). Baseline correction was applied as in Section 4.3.1 and the 
m ean was calculated prior to further analysis.
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Figure 4-20 Principal com ponent scatterplots o f  nucleolus o f SCC-4, DOK and 
prim ary oral epithelial cells.

SCC-4 cells (red) and the DOK cells (green) can be separated from the prim ary cells 
(blue) using PC2. PC2 and PC4 do not separate the cell types how ever the 3D scatterplot 
using PC2, PC3, and PC4 shows 100% separation o f  the prim ary cells from the 
cancer/dysplastic cells lines.

179



1680cm*‘ 
Amide I 
Proteins

1480cm‘ 
A.G/C-H 

nucleic acids/proteins
0.08

0.06
SCC-4
DOK0.04

0.02

- 0.02
Primary
ceils- 0.04 1214cm

C-C,H,
Protein

ISlO-lSSOcm 
Amide II 
Proteins

Y1695cm->
Amide I band components 

Protein

^800

- 0.06

160014001000 1200 
W avenum ber (c m ')

800600

0.15

0.05

- 0.05

1200 1 
W avenum ber (cm *)

1400 1600 1800800 1000600

0.05

- 0.05

- 0.1

- 0.15
600 800 1000 1200 

W avenum ber (cm *)
1400 1600 1800

Figure 4-21 Principal component loading plots of nucleolus of SCC-4, DOK and 
primary oral epithelial cells.

Loading plots o f PCI, PC2 and PC3. PCI shows the changes between the SCC-4/D0K 
cells and the primary cells. PC2 and PC3 show no loading variations between the 
samples.
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4 . 3 . 3 . 2  N u c le u s

R am an spectra  from  the nucleus o f  SC C -4, D O K  and  p rim ary  ce lls  w ere  p re-p rocessed  

and averaged  p rio r to PC A  (F igure  4-22). PCA  analysis w as app lied  to  d istingu ish  all the 

reco g n ised  spectral signals o f  the nucleus in SC C -4, D O K  and p rim ary  cells. T he resu lts  

o f  PC A  are  dem onstra ted  in F igure  4-23 and  show  a good  separa tion  o f  the g roups o f  

R am an spectra . Each scatterp lo t includes 60 data po in ts, 20 fo r each  cell type. PC 2 and 

PC 4 do  no t show  good separation  o f  the  cell types. PC3 show s go o d  separa tion  o f  the 

norm al ce lls  from  the SC C -4 and  D O K  cell lines. L oad ings w ith  assignm en ts o f  the 

m ain  peaks con tribu tion  to d iscrim ination  betw een  the data sets are  p resen ted  in F igure 

4-24. T he positive  peaks in PC3 represen t the D O K /S C C -4  com ponen ts and  the nega tive  

peaks are  the n o n n a l cell com ponents. D O K /S C C -4  cells show  a change in pro te in  

levels. T h is is show n w ith the band  at 937cm  ', re la ted  to  C -C  back b o n e  stre tch  in the a -  

helix  o f  p ro te ins, the band  at 1004cm  ',  re la ted  to  pheny la lan ine  v ib ra tional m odes and 

can be found  in p ro teins in general and  the band  at 1680cm  ',  re la ted  to  A m ide 1 

v ib rational m odes o f  proteins. The norm al cell com ponen ts show  a decrease  in lip ids and 

n ucleic  acids. T h is includes the band at 788cm  ', re la ted  to O -P -O  stretch ing  o f  D N A , 

the band  at 1095cm  ', re la ted  to the phosphodioxy  group  o f  nuc le ic  acids, bands at 

1301cm  ', re la ted  to  C H t tw ist o f  lip ids and  1438cm  ', re la ted  to  the d e fo rm ation  and 

asym m etric  defo rm ation  o f  lipids v ib rational m odes.
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Figure 4-22 Advanced preprocessing of Raman spectrum of nucleus of SCC-4, 
DOK and primary ora! epithelial cells.

Average o f 20 spectra from the nucleus o f each cell type. Baseline correction was 
applied as in Section 4.3.1 and the mean was calculated prior to further analysis.
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Figure 4-23 Principal com ponent scatterplots o f  nucleus of SCC-4, DOK and 
prim ary oral epithelial cells.

SCC-4 (red) and the DOK (green) cells can be separated from the primary cells (blue) 
using PC3. PCS and PC4 do not separate the cell types.
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Figure 4-24 Principal component loading plots of nuclei of SCC-4, DOK and 
primary oral epithelial cells.

Loading plots o f PC2, PC3 and PC4. PC2 shows the changes between the SCC-4/D0K 
cells and the primary cells. PC2 and PC4 show no loading variations between the 
samples.
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4 .3 .3 .3  Cytoplasm

Raman spectra from the cytoplasm  were pre-processed prior to PC A as before (Figure 

4-25). PC A analysis was applied to distinguish all the recognised spectral signals o f  the 

cytoplasm  in SCC-4, DOK and primary cells. The results o f  PCA are demonstrated in 

Figure 4 -2 6  and show a good separation o f  the groups o f  Raman spectra. Each 

scatterplot includes 60 data points, 20 for each cell type. PC2 show s good separation o f  

the SC C -4 ce lls  from the DOK cells and PCS show s good  separation o f  the normal cells  

from the D O K / SCC-4 cells. Loadings with assignm ents o f  the main peaks contribution  

to discrim ination between the data sets are presented in Figure 4-27. The positive peaks 

in PC2 represent the SCC-4 com ponents and the negative peaks are the DOK cell 

com ponents. SC C -4 cells show  a change in protein levels. This is show n with the band 

1004cm  ', related to sym m etric ring breathing m ode o f  phenylalanine and can be found  

in proteins in general, bands between 1258-1262cm  ' and 1334-1341cm "', related to 

A m ide III vibrational m odes o f  proteins. The DOK cell com ponents show  a decrease in 

lipids and nucleic acids. This includes the band at 1301cm  ', related to C H t tw ist o f  

lipids, the band at 1438cm  ', related to defonnation and asym m etric defonnation o f  

lipids, and bands between 1 6 5 0 -1652cm ' related to cytidine and thym idine o f  

R N A /D N A  vibrational m odes.

The scatterplots were also able to differentiate between normal and DOK cells  through 

PC3. The positive peaks represent the nonnal cells and the negative peaks represent the 

DOK cells. The nonnal cells do not show any increase in b iochem ical com ponents in 

relation to the DOK cells but the DOK cells show  a decrease in proteins, lipids and 

nucleic acids in comparison to the nonnal cells. This is demonstrated by peaks at 959cm ' 

', w hich represent a change in the CH 2 rocking o f  proteins and at 1270cm  ', w hich  

indicates a change in the C-N stretching and N -H  defonnation o f  a-helix , collagen and 

tryptophan. It also represents a change in the C =C H 2 defonnation o f  lipids. A decrease 

in cytidine and thym idine in D N A /R N A  is also seen in the DOK cells.
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Figure 4-25 Advanced preprocessing of Raman spectrum of cytoplasm of SCC-4, 
DOK and primary oral epithelial cells.

Total average spectra from the cytoplasmic region o f 20 cells o f each type. Baseline 
correction was applied as in section 4.3.1 and the mean was calculated prior to further 
analysis.
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Figure 4-26 Principal component scatterplots of cytoplasm of SCC-4, DO K and 
primary oral epithelial cells.

SCC-4 (red) and the DOK (green) cells can be separated from each other using PC2. 
PC3 separates the primary cells (blue) from the DOK cells. PC4 does not separate the 
cell types however the 3D scatterplot separates the SCC-4/D0K cells from the primary 
cells.
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Figure 4-27 Principal component loading plots of the cytoplasm regions of SCC-4, 
DOK and primary oral epithelial cells.

Loading plots o f PC2, PC3 and PC4. PC2 (a) shows the changes between the SCC-4 
(positive) and DOK cells (negative). PC3 (b) shows the changes between the primary 
cells (positive) and the DOK cells (negative). PC4 (c) does not separate the cell types.
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4.4 Discussion

There is a substantial amount o f evidence indicating that early diagnosis is correlated 

with increased survival in OC patients (Baykul et a i ,  2010). Despite the apparent ease 

with which OCs should be diagnosed, given their probable visibility on examination, 

many OCs are not identified until the latter stages o f the disease resulting in poor 

prognosis for the patient. Many factors influence the speed at which cancer is diagnosed 

including a lack o f profound clinical presentation. Studies have also shown that there are 

inconsistent interpretations o f what constitutes a precancerous lesion among clinicians 

(Abbey et al., 1995). The principal methods o f OC detection take time and can be quite 

invasive. Despite a variety o f advanced clinical diagnostic techniques, some can prove 

unreliable and occasionally a small percentage o f false positive and negative tests are 

reported which can be distressing for patients.

Previous studies have indicated the use o f Raman spectroscopy as an aid in the diagnosis 

and treatment o f various types o f cancer (Crow et al., 2005, Haka et al., 2005, Kast et 

al., 2008, Lyng et al., 2007). Studies examining the diagnosis o f  cervical cancer using 

Raman spectroscopy are in the initial stages, but are looking promising. Studies by Lyng 

et al., have demonstrated that Raman spectroscopy can be successfully used to classify 

cervical cancer and pre-cancer with high specificity and high sensitivity, 99% and 99.2% 

respectively for invasive carcinoma (Lyng et al., 2007). This study set out to build on 

the premise that this technology is an aid to the quick and accurate diagnosis in cases o f 

OC. The initial findings o f this study demonstrate the potential for Raman spectroscopy 

in the diagnosis, monitoring and treatment o f OC in a similar manner to the cervical 

cancer studies. This study demonstrated that not only could Raman spectroscopy 

differentiate between different populations of cells in OC; it can also be used to 

differentiate between different regions within a single cell.

Initial investigations showed that Raman spectroscopy was able to differentiate between 

the nucleolus, nucleus and cytoplasm of a single oral epithelial cell from a tumour cell 

line. The nucleus and nucleolus were distinguished from the cytoplasm due to the 

presence o f nucleic acid peaks in the nucleus/nucleolus whereas lipids and carbohydrates 

dominate the cytoplasm, as shown in Figure 4-8. As expected, the nucleus and
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nucleolus contain higher amounts o f DNA and RNA than the cytoplasm and the 

cytoplasm contains higher levels o f lipids and carbohydrates. The Raman spectra show 

up several specific peaks in relation to both nucleic acids and carbohydrates.

This data shows the potential o f Raman spectroscopy in analysing specific cellular 

changes within specific regions in a cell and also relative changes through monitoring 

fluctuations between defined areas within a cell. Monitoring changes in the cytoplasmic 

composition o f cells potentially undergoing transformation could aid in diagnosing, 

monitoring and predicating outcomes for patients with OC or dysplastic lesions. Based 

on this research, a suggested targeted approach to study neoplastic changes in OC cells 

using Raman spectroscopy would be to monitor specific fluctuations in carbohydrates 

associated with neoplastic transfomiations in the cytoplasm. Glucose and lactate have 

been extensively studied due to the shift in metabolism observed in most cancer cells 

(Hirschhaeuser et a i ,  2011). Cancer cells predominately produce their cellular energy 

ATP by a high rate o f glycolysis followed by lactic acid fermentation, in an anaerobic 

manner known as the Warburg effect (Warburg, 1956). The Warburg effect results in a 

high level o f glucose uptake by the cell and a proportionate level o f lactate production. 

Previous studies using Raman spectroscopy have followed glucose uptake and lactate 

production to aid the diagnosis o f diabetes (Ren and Arnold, 2007). This study reports 

that the distinguishing bands for glucose in the Raman spectra are centred at 1072cm ' 

and 1128cm ', which correspond to C -0  stretching and C-O-H bending, respectively. 

The main peaks for lactate are centred at 845cm ' and 1455cm ', which correspond to C- 

COOO" stretching and CH3 deformation, respectively. Using data from such studies 

along with the work presented herein may make it possible to detect/analyse small 

changes in glucose and lactate a goal o f predicting potential early pre cancerous changes 

within a cell.

The two nuclear elements o f the cell, the nucleus and nucleolus, can be separated 

through examination o f specific peaks relating to DNA and RNA. The nucleolus 

contains an increased number o f nucleic acids, lipids and carbohydrates (Figure 4-8). 

These results are in line with expectations, as the laser light must travel through the 

nucleus when aimed at the nucleolus. This results in an overlap in some components 

within these structures with the nucleolus spectra containing additional peaks
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corresponding to nucleic acids. Given that one o f the major neoplastic processes in 

cancer cells results in an increased nuclear volume, resulting from increased nucleic acid 

production (Zink et a l ,  2004), Raman spectroscopy could potentially be used to monitor 

increases in DNA quantity in pre malignant lesions, thereby predicting a progression 

towards the uncontrolled growth associated with cancer cells. Not only could Raman 

spectroscopy be used to monitor increases o f nucleic acids, it could also be used to 

monitor specific changes to the nucleic acids. Previous studies revealed that, using 

Raman microscopy, it is possible to analyse epigenetic changes that occur in the DNA of 

the cell (Barhoumi and Halas, 2011). Epigenetic changes occur when there is an 

alteration o f gene expression without modifications in the genetic code. This process is 

vei'y important in controlling gene expression. However, it has also been shown to 

strongly correlate with some fonns o f cancer in humans (Yu et al., 2014). 

Hypomethylation o f DNA in human tumours, hypenriethlyation o f tumour-suppressor 

genes and the inactivation o f microRNA by DNA methylation are all strong evidentiary 

factors in the development and progression o f human cancers (Ehrlich, 2002). Raman 

spectroscopy can discriminate between these different chemically modified DNA bases 

(Barhoumi and Halas, 2011) making it possible (noting the results from this study) to 

monitor and detect changes in the post translational modifications o f DNA in OC to 

develop a procedure to predict the outcome and survival in patients.

In the next phase o f the study, an investigation was undertaken to determine whether 

Raman spectroscopy could differentiate between subcellular components o f cancer cells 

and nonnal cells. As mentioned above, Raman spectroscopy has already been shown to 

identify neoplastic cells in other types o f cancer to a high specificity and selectivity and 

therefore the potential use o f Raman spectroscopy in a clinical setting is promising. This 

study has shown that nonnal oral cells can be differentiated from two cancer cell lines, 

the TR146 cell line and the Ca9.22 cell line based on several different parameters. Since 

the normal cells are easily distinguishable from the cancer cells, the potential for this 

therapy in an oral medicine setting is high. The sole use o f Raman spectroscopy in the 

future, as a diagnostic technique, is conceivable. However, until then its use in 

combination with current diagnostic tools is a more realistic approach. Until more 

detailed development work is carried out confirming the potential o f this technique in a 

clinical setting, samples would still be required to undergo analysis in the laboratory, but 

future studies could eliminate the need for further examination. The development o f an
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in-house clinical Raman spectroscopy system could facilitate the diagnosis o f OC for the 

patient.

The main focus o f the separation between the two cancer cell lines and the primary cells 

is within the nucleolus. There is an increase in the amount o f RNA, proteins, lipids and 

nucleic acids within the nucleolus. While it is difficult to detennine what exaci 

biochemical components are augmented, is it interesting to note the significant changes 

between the different types o f cells. For several decades the primary function o f the 

nucleolus was thought to be ribosomal transcription. More recently, it has been notec 

that the nucleolus has a diverse range o f functions including controlling cellulai 

functions and it has also been implemented in controlling certain tumour suppressoi 

proteins. Under certain condhions, the nucleolus regulates murine double minute 2 

(MDM2), the E3 ubiquitin ligase that negatively regulates p53, a critical tumoui 

suppressor protein (Weber et ai, 1999). In doing so, it has a central role in regulatinj. 

cell cycle progression, senescence and apoptosis. Several studies in recent times havt 

investigated the central role the nucleolus may have to play in malignant transfonnatior 

and results suggest that several proteins are increased in the nucleolus in cancer cells 

The earliest link between the nucleolus and malignant transfonnation stemmed from tht 

recognition by pathologists that enlarged and/or an increased number o f nucleoli were c 

marker o f an aggressive tumour. More recently it has been detennined that this increast 

in nucleoli is due to hyper activated rDNA transcriptions (Ruggero and Pandolfi, 2003) 

The results presented here support this theory, as the proteins identified in the TR14( 

and Ca9.22 cells are unregulated in the nucleoli. Further evidence for this observec 

increase in nucleolar proteins could be due to the fact that the nucleolus has beei 

implicated in controlling several cellular functions including regulation o f the cell cycle 

DNA replication and repair, stress signalling and induction o f apoptosis. Perhaps tht 

most important o f the pathways mentioned here is the nucleolar stress pathway, als( 

known as the ribosomal surveillance pathway, in which insults to the nucleolus o- 

ribosomal biogenesis lead to the accumulation o f p53. The current proposed mechanisn 

suggests that, under normal physiological conditions, the p53/MDM2 complex is co

exported with ribosomal components to the cytoplasm triggering proteosoma 

degradation o f p53. During times o f nucleolar stress, p53 accumulates due to impairec 

export o f the ribosomal proteins. This could explain the observed increase in nucleola- 

proteins seen in the cancer cells. The p53 protein is mutated in a large majority of al

192



cancers and between 30-70% o f OCs (Acha-Sagredo et ai,  2009). The Ca9.22 cell line 

used for this study contains a mutation in p53. This mutation (R248W) is known as a 

gain-of-function mutation, as the protein possesses new molecular functions due to the 

point mutation in the p53 gene. This mutation could affect the nucleolar translocation o f 

the protein causing a build up o f the ribosomal proteins.

A further recently discovered function o f the nucleolus is the timely retention o f proteins 

in a process known as the nucleolar detention pathway (NoDP) (Audas et a i,  2012). In 

this pathway, the nucleolus affects post-translational modifications by immobilising 

essential cellular proteins so they are concealed from their targets until the precise time 

they are required. This is known to occur in the presence o f diverse stimuli such as 

acidosis, heat shock and transcriptional stress (Audas et ai,  2012). A novel class o f 

inducible long non coding RNA expressed in distinct loci within the ribosomal 

intergenic spacer (IGS RNA) have been shown to capture and immobilise molecules 

within the nucleolus rendering them functionally inert. A possible reason for the increase 

in the amount o f protein within cancer cell nucleoli is due to more proteins being 

immobilised to interrupt biochemical pathways that control cell division and apoptosis. 

This increase in protein retention could signify the transformation of nonnal cells 

towards a more oncogenic cell type. Therefore, Raman spectroscopy could be used to 

analyse specific nucleolar changes to deduce deviations that could indicate carcinogenic 

transfonnation.

Within the nucleolus o f the primary oral cells, there is a decrease in lipids in comparison 

to the two cancer cell lines. The nucleolus itself has not been found to contain any lipids, 

nor does it have a lipid membrane. A possible reason for this decrease in lipids could be 

due in part to the fact that the Raman laser penetrates the nucleus prior to the nucleolus 

so the lipid peak contribution could be due to the increase in size o f the nucleus in 

cancer cells so therefore more lipid interaction from its lipid membrane.

The separation between the nucleus o f cancer cells and the primary cells is not as 

evidently defined as the spectrum between the nucleoli. Using both principal component 

2 and 3, there is a trend in the division between the Ca9.22 and the TR146 and primary
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cells. However, using the 3D scatterplot, a clear separation is noted betw een the two 

groups o f  cells (Figure 4-14). This result is interesting to note, in that the TR146 Raman 

spectroscopy nucleus spectrum, is sim ilar to the prim ary cells but not the other cancer 

cell line, Ca9.22. There is a broad range o f  changes in com parison betw een the cells 

with regards to nucleic acids, lipids and proteins. The differences betw een the cells 

could stem from the fact that the Ca9.22 cells contain a p53 m utation, which, as 

m entioned before, has a w ide range o f  targets and functions within the nucleus o f  the 

cell. This could cause an increase and decrease in the transcription o f  certain types o f 

proteins, since the p53 protein is a well-known transcription factor. This could be the 

cause o f  the variation seen between the cell types.

To further exam ine the potential for Raman spectroscopy as an early diagnostic tool it is 

im perative to determ ine the sensitivity o f  the system and how early in cellular 

transform ation can the changes described be detected. To achieve this, an examination 

o f  dysplastic oral cells was undertaken. Dysplasia is a term used to describe cells that 

contain abnorm alities and is often indicative o f  early neoplastic changes. Dysplastic 

lesions are frequent in the oral cavity and it is apparent that as m any as 50%  o f  OSCC 

arise from dysplastic lesions o f  the oral m ucosa (Shafer and W aldron, 1961, Pindborg et 

a i ,  1963). There is currently no method o f  predicting which lesions will progress to 

OSCC. Ram an analysis was utilised in this study to detem iine if  the com ponents o f a 

dysplastic oral cell line (DOK cell line), originating from the tongue could be 

distinguished from both oral prim ary cells and an OC cell line (SCC-4).

W hen com paring the Raman spectra o f  nucleolar and nucleus com ponents o f  the DOK, 

SCC-4 and prim ary cells, there was significant separation between the prim ary cells and 

the D OK/SCC-4 cells when analysing the 3D scatterplot o f  the nucleolar com ponents 

and PC3 o f  the nuclear com ponents o f  the PCA. C om pared to previous results (section 

4.3.2), there was a com plete separation between the prim ary cells and the cancer cells. 

However, it is interesting to note that the dysplastic cell line could not be separated from 

the OC cell line. W hile m orphological and clinical differences between dysplastic and 

cancer cells are hard to detect, this suggests that Raman spectroscopy could be used to 

differentiate more harmful pre cancerous lesions that will go on to develop into OSCC. 

Further studies with a broad range o f  mild, m oderate and severe dysplasia w ould be
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interesting to detennine w hether slight changes between the spectra o f  these cells could 

be used to predict the outcom e for a patient. In contrast, the cytoplasm ic spectra from the 

cell lines differentiate both the SCC-4 from the DOK cells based on PC2 and the 

prim ary cells from the DOK cells based on PC3. A lthough both separations are weak, it 

is interesting to note the trend. The SCC-4 cells contain higher levels o f  proteins in the 

cytoplasm  and the DOK cells contain fewer lipids. W ith regards to the PC3 separation, 

the DOK cells contain fewer proteins, lipids and nucleic acids in com parison to the 

prim ary cells. The broad range o f differences between the cytoplasm ic com ponents is 

probably due to fluctuating and variable com ponents within each cell including 

differences in cell division and growth patterns. The cytoplasm  contains a large num ber 

o f  d ifferent organelles that could cause a vast num ber o f changes between the cell types.

To conclude, these results show the ability o f  Ram an spectroscopy to detect OC and it 

could prove useful as a viable diagnostic strategy. Ram an spectroscopy can also 

discrim inate between different com ponents o f  oral cells and detect specific changes 

within those components. This m ight lead to insights into the transitions which drive the 

transfonnation o f  the cell into a carcinogenic state and facilitate the exam ination o f  the 

underlying cellular function. Significant clinical interest will no doubt lie in the potential 

prognostic capability o f  this technology. To date, there is no m ethod o f  accurately 

detennin ing  the prognostic significance o f  an individual lesion in the oral m ucosa i.e. 

will a given lesion resolve to a norm al state or continue to transfonn resulting in tum our 

fonnation. Data from this study illustrates that Ram an spectroscopy has the potential to 

distinguish m alignant dysplastic cells and possible tum our m argins in som e cases o f  OC 

with the caveat that further exam ination o f  clinical sam ples is required to confirm  this 

finding. The developm ent o f clinical Raman instrum entation could decrease the cost o f  

surgical procedures and im prove the clinical outcom e for the patient. There are technical 

challenges to be overcome, such as developm ent o f  easy-to-use software interfaces for 

clinicians, before Raman spectroscopy can becom e a standardised clinical tool but the 

current research looks promising. The presented study has clearly dem onstrated that 

Ram an spectroscopy offers potential as a novel technology to assist pathologists and 

dental professionals with OC screening and diagnosis.
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5 Analysis of EtOH induced changes in the 

biochemical profile of oral epithelial cells using 

Raman Spectroscopy.
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5.1 Introduction

Chapter 3 demonstrated that EtOH produced alterations in ROS levels, antioxidant 

enzyme expression and perturbations in the cell cycle in OSCC, dysplastic and human 

primary epithelial cells, which all have the potential to drive oncogenic changes in these 

cell types. In Chapter 4 Raman spectroscopy was used to differentiate between sub 

cellular components and it was demonstrated that the technology could differentiate 

between cells with a cancerous phenotype and wild type nornial primary cells based on 

specific molecular components in these cells. This chapter examines the potential of 

Raman spectroscopy as tool for following EtOH induced changes in oral epithelial cells.

Recently there has been a lot o f interest in using Raman spectroscopy as a diagnostic 

tool as illustrated in Chapter 4. The Raman spectroscopy fingerprint provides a detailed 

spectrum o f the molecular components o f the cells imparting a number o f useful 

functions, many of which are currently underused. The potential o f Raman spectroscopy 

for the analysis o f external agents (anti-cancer drugs and nanoparticles) on the cell has 

been demonstrated (Lin, 2012, Huang, 2012). Recently it has been studied as a tool for 

monitoring the progress o f chemotherapy treatment in leukaemia (Gonzalez-Solis et at., 

2014). It can also successfully monitor drug distribution and metabolism in colon cancer 

cells (El-Mashtoly et a!., 2014).

Raman spectroscopy has been shown to monitor detailed changes in the carbohydrates 

glucose and lactate (Ren and Arnold, 2007). Increased glucose uptake and accumulation 

o f lactate are key signs o f cancer metabolism due to a process known as the Warburg 

effect. The ability to monitor specific changes in cellular metabolites such as glucose 

and lactate has the potential to aid in the early detection o f carcinogenic changes in the 

cell. Additionally analysing changes to DNA levels and post translational modifications 

may aid in finding specific biomarkers in OC (Barhoumi and Halas, 2011). Monitoring 

the changes in OC cell lines, dysplastic cells and primary cells in response to a potential 

carcinogenic insult, such as EtOH, using Raman spectroscopy has not previously been 

reported. Raman spectroscopy and principal component analysis could identify potential 

cellular targets and early cellular changes in response to EtOH within the nucleolus.
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nucleus and cytoplasm  leading to a better understanding o f  the processes involved 

coupled to early diagnosis and improved prognosis for patients.
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5.2 Aims of the  chapter
Previous work for this thesis has shown that EtOH has significant effects on a num ber o f  

cellular processes in various oral cell types and that Raman Spectroscopy can 

discrim inate between the subcellular structures in oral cells based on their biochem ical 

makeup. As biochem ical variations in the cells were detectable using Raman 

spectroscopy technology the potential to m onitor in-situ changes within a cell using 

Raman spectroscopy was exam ined using EtOH as a protagonist given that it has 

dem onstrated potential to exert changes within these cells. This novel study allows for 

further exam ination o f  the effect o f  EtOH on the oral cell types and to gain a w ider 

understanding o f  the processes involved and potentially find targets affected by EtOH in 

the cells. Specific objectives were as follows;

1. Identify changes in the biochemical fingerprint o f  OSCC cell lines, TR146 and 

Ca9.22 in response to EtOH exposure using Raman spectroscopy and Principal 

Com ponent Analysis.

2. Identify changes in the biochemical fingerprint o f the dysplastic cell line DOK in 

response to EtOH exposure using Raman spectroscopy and Principal Com ponent 

Analysis.

3. Identify changes in the biochem ical fingerprint o f  prim ary oral epithelial cells in 

response to EtOH exposure using Raman spectroscopy and Principal Com ponent 

Analysis.

4. Confirm ation o f  the effect o f  EtOH on the nucleoli using Raman spectra o f 

TR146 and Ca9.22 cells using fluorescent microscopy.
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5.3 Results

5.3.1  Raman analysis of OSCC cellular connponents after exposure  
to  EtOH

W hile there are an increasing num ber o f  studies analysing the use o f  Raman as an 

optical biopsy m ethod in cancer diagnosis it can also be used to m onitor and examine 

biochem ical changes that occur w ithin the cell. The aim  o f  this study was to assess the 

potential o f  Ram an spectroscopy in analysing the effects o f  EtOH (1%  for 24h) on 

OSCC, TR146 and Ca9.22, to see detennine if  there is a change in the biochem ical 

signature in sub-cellular regions (nucleolus, nucleus and cytoplasm ).

Ram an spectra w ere obtained from 20 individual cell sam ples in one culture dish from 

the nucleolus, nucleus and cytoplasm  o f  TR146, Ca9.22 untreated and treated with 1% 

EtOH. Data was processed using M atlab scripts and protocols developed in-house at 

Dublin Institute o f  Technology. Pre-processing o f  each Raman spectra was carried out 

prior to statistical analysis. This included baseline correction and averaging each cell 

lines total spectra for further analysis. After pre-processing the spectra PCA was applied 

to the data set. PCI was not included in this study as it was found show solely water 

contributions from the cells as previously described in C hapter 4. The variances captured 

for the first four PCs are stated in Table 5-1 (TR146) and Table 5-2 (Ca9.22) below.

% Nucleolus Nucleus Cytoplasm

PCI 84.87 62.52 67.76

PC2 4.19 11.18 17.78

PC3 2.47 4.44 3.96

PC4 1.60 2.88 2.69

Table 5-1 Variances for principal com ponent analysis for the respective cellular 
regions in TR 146 cells treated with and without EtOH.
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% Nucleolus Nucleus Cytoplasm

PCI 84.31 61.99 61.40

PC2 4.82 20 17.64

PC3 2.75 3.32 6.09

PC4 1.44 2.63 3.80

Table 5-2 V ariances for principal com ponent analysis for the respective cellular 
regions in Ca9.22 cells treated with and without EtOH.

5 .3 .1 .1  Raman sp ec troscop y  and principal co m p o n en t  analysis of  
TR146 cells after  exposure  to  EtOH

5.3 .1 .1 .1  Nucleolus

Raman spectra from the nucleolus were pre-processed prior to PCA (Figure 5-1). PCA 

analysis was applied to distinguish all the recognised spectral signals o f  the nucleolus in 

TR146 treated with and w ithout EtOH (1% 24h). The results o f  PCA are presented in 

(Figure 5-2) and do not show a clear separation o f  the points. The scatterplot included 60 

data points, 20 for each cell type. The cell types cannot be separated using either PC2, 

PC3 or PC4. Principle loading plots are shown in Figure 5-3 and confirm ed using the 

scatterplots there was no separation between the data sets.

5 .3 .1 .1 .2  Nucleus

Ram an spectra from the nucleus o f  the TR146 data sets were pre-processed prior to PCA 

(Figure 5-4). PCA analysis was applied to distinguish all the recognised spectral signals 

o f  the nucleolus in T R I46  treated w ith and without EtOH (1% 24h). The results o f  PCA 

are presented in (Figure 5-5) and did not show a clear separation o f  the points. The 

scatterplot included 60 data points, 20 for each cell type. The cell types cannot be 

separated using with PC2, PCS or PC4. Principle loading plots are shown in Figure 5-6 

and as confirm ed using the scatterplots there is no separation between the data sets.
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5 .3 .1 .1 .3  Cytoplasm

Ram an spectra from the cytoplasm  were pre-processed prior to PCA (Figure 5-7). PCA 

analysis was applied to distinguish all the recognised spectral signals o f  the cytoplasm  in 

TR146 treated with and without EtOH (1% 24h). PCA analysis (Figure 5-8) showed a 

very good separation o f  the cell types o f  Ram an spectra. The scatterplot included 60 data 

points, 20 for each cell type. PC4 showed good separation o f  TR146 data. PC2 and PC3 

show ed no separation o f  any o f  the cell types. The 3D scatterplot clearly defines the 

boundaries o f  the treated and untreated cell types (Figure 5-8 (c)). Loading with 

assignm ents o f  the main peaks contribution to discrim ination betw een the data sets are 

presented in Figure 5-9. From the scatterplots it can be shown that PC4 discrim inated the 

treated cells from the untreated cells. The positive peaks represent the control cells and 

the negative peaks are the treated cells. The m olecular changes associated with the 

control cells were proteins while the treated cells showed a decrease in nucleic acids and 

lipids. The increase in m olecular com ponents in controls cells is shown by the band 

1004cm ' related to phenylalanine vibrational m odes and can be found in proteins in 

general and band 1214cm ' related to phenylalanine and tryptophan. The decrease shown 

with the treated cells included band 669cm  ' related to thym ine and guanine in nucleic 

acids, band 813cm  ' related to the C 5 ’-0 -P -0 -C 3 ’ phosphodiester bonds in RNA and 

band 1449cm ' related to the C-H vibrations in lipids.
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Figure 5-1 Advanced preprocessing of Raman spectrum of the nucleoli o f  untreated  
and treated TR146 cells.

Total average spectra from 20 nucleoli from each cell type. Baseline correction was 
applied as described in C hapter 4 and the mean was calculated prior to further analysis.
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Figure 5-2 Principal component scatterplots of the nucleoli in untreated and 
treated TR146 cells.

PCA scatter plot showing the nucleoli Raman Spectra spread o f points between the 
untreated cells (green) and the treated cells (red). There is no difference between the 
groups o f points which means EtOH has no effect on the nucleoli after 24h treatment 
with PC2, PC3, or PC4.
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Figure 5-3 Principal component loading plots of untreated and treated nucleoli of 
TR146.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA scatter plots there 
is no changes between the TR146 cells and treatment.
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Figure 5-4 Advanced preprocessing of Raman spectrum of the nuclei of TR146 
cells.

Total average spectra from 20 nuclei from each cell type. Baseline correction was 
applied as described in Chapter 4 and the mean was calculated prior to further analysis.
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Figure 5-5 Principal component scatterplots of the nuclei of TR146 cells.

PCA scatter plot showing the nuclei Raman Spectra spread o f points between the 
untreated cells (green) and the treated cells (red). There is no difference between the 
groups o f points which means EtOH has no effect on the nuclei after 24h treatment with 
PC2, PC3, or PC4.
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Figure 5-6 Principal com ponent loading plots o f the nuclei o f TR 146 cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA scatter plots there 
is no changes between the TR146 cells and treatment.
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Figure 5-7 Advanced preprocessing of Raman spectrum of cytoplasm TR146 cells.

Total average spectra from the cytoplasmic region o f 20 cells o f each type. Baseline 
correction was applied as described in Chapter 4 and the mean was calculated prior to 
further analysis.
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Figure 5-8 Principal component scatterplots of cytoplasm of TR146 cells.

Untreated (green) and treated cells (red) can be separated from each other using 
PC4.This separation is clear on the 3D scatterplot in figure (c).
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Figure 5-9 Principal component loading plots of the cytoplasm regions of untreated 
and treated TR146 cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA scatter plots PC4 

separates the control cells ( t-ve) and the treated cells (-ve).
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5 .3 .1 .2  Raman spectroscop y  and principal c o m p o n e n t  analysis  of  
Ca9.22 cells  after exposure  to  EtOH 

5 .3 .1 .2 .1  Nucleolus

Ram an spectra from the treated and untreated nucleolus o f  Ca9.22 were pre-processed 

prior to PCA (Figure 5-10). PCA analysis was applied to distinguish all the recognised 

spectral signals o f  the nucleolus in Ca9.22 treated with and without EtOH (1%  24h). The 

results o f  PCA are presented in (Figure 5-11) and do not show a clear separation o f  the 

points. T he scatterplot includes 60 data points, 20 for each cell type. The cell types 

cannot be separated using with PC2, PC3 or PC4. Principle loading plots are show n in 

Figure 5-12 and as confirm ed using the scatterplots there was no separation betw een the 

data sets.

5 .3 .1 .2 .2  Nucleus

Ram an spectra from the nucleus o f  the Ca9.22 data sets were pre-processed prior to PCA 

(Figure 5-13). PCA analysis was applied to distinguish all the recognised spectral signals 

o f the nucleolus in Ca9.22 treated with and w ithout EtOH (1%  24h). The results o f PCA 

are presented in (Figure 5-14) and do not show a clear separation o f  the points. The 

scatterplot includes 60 data points, 20 for each cell type. The cell types cannot be 

separated using with PC2, PC3 or PC4. Principle loading plots are shown in Figure 5-15 

and as confim ied using the scatterplots there is no separation betw een the data sets.

5 .3 .1 .2 .3  Cytoplasm

Raman spectra from the cytoplasm  were pre-processed prior to PCA (Figure 5-16). PCA 

analysis was applied to distinguish all the recognised spectral signals o f  the cytoplasm  in 

Ca9.22 treated with and without EtOH (1% 24h). PCA analysis (Figure 5-17) shows a 

very good separation o f  the cell types o f  Raman spectra. The scatterplot includes 60 data 

points, 20 for each cell type. Sim ilarly to the TR146 cells, PC4 shows good separation o f 

Ca9.22 data sets. PC2 and PC3 show no separation o f  any o f  the cell types. The 3D 

scatterplot clearly defines the boundaries o f  the untreated and treated Ca9.22 cells 

[Figure 5-17 (c)]. Loading with assignm ents o f  the m ain peaks contribution to
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discrim ination between the data sets are presented in Figure 5-18. From the scatterplots 

it can be shown that PC4 discrim inates the untreated from the treated Ca9.22 cells. The 

negative peaks represent the control cells and the positive peaks are the treated cells. The 

m olecular changes associated with the control cells are proteins and nucleic acids while 

the treated cells showed an increase in proteins. The decrease in m olecular com ponents 

in controls cells was shown by the band 813cm ' related to the C 5 ’-0 -P -0 -C 3 ’ 

phosphodiester bonds in RNA, band 1004cm ' related to phenylalanine vibrational 

modes and can be found in proteins in general and band 1480cm ' related to adenine 

guanine vibrational modes. The increase shown with the treated cells includes band 

1240cm ' related to C-C stretch in protein vibrational m odes and band 1680cm ' related 

to the Am ide 1 vibrational m odes o f proteins.
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Figure 5-10 Advanced preprocessing of Raman spectrum of nucleoli of untreated 
and treated Ca9.22 ceils.

Total average spectra from 20 nucleoli from each cell type. Baseline correction was 
applied as described in C hapter 4 and the m ean was calculated prior to further analysis.
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Figure 5-11 Principal component scatterpiots of the nucleoli of untreated and 
treated Ca9.22 cells.

PCA scatter plot showing the nucleoli Raman Spectra spread o f points between the 
untreated cells (green) and the treated cells (red). There is no difference between the 
groups o f points which means EtOH has no effect on the nucleoli after 24h treatment 
with PC2, PC3, or PC4.
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Figure 5-12 Principal com ponent loading plots o f the nucleoli o f untreated and 
treated Ca9.22 cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA scatter plots there 
is no changes between the Ca9.22 cells and treatment.
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Figure 5-13 Advanced preprocessing o f Raman spectrum  o f the nuclei o f untreated  
and treated Ca9.22 cells.

Total average spectra from the nuclei o f  20 cells o f  each type. Baseline correction was 
applied as described in C hapter 4 and the mean was calculated prior to further analysis.
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Figure 5-14 Principal component scatterplots of the nuclei of untreated and treated 
Ca9.22 cells.

There is no difference between the groups o f points which means EtOH has no effect on 
the nuclei after 24h treatment with PC2, PC3, or PC4.
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Figure 5-15 Principal component loading plots of the nuclei of untreated and 
treated Ca9.22 cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the RCA scatter plots there 
is no changes between the Ca9.22 cells and treatment.
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Figure 5-16 Advanced preprocessing of Raman spectrum of cytoplasm of untreated 
and treated Ca9.22 ceils.

Total average spectra from the cytoplasm ic region o f  20 cells o f  each type. Baseline 
correction was applied as described in C hapter 4 and the m ean was calculated prior to 
further analysis.
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Figure 5-17 Principal com ponent scatterplots o f cytoplasm  o f untreated and treated  
Ca9.22 cells.

There is a clear separation using PC4 (b) between the untreated cells (green) and the 
treated cells (red). The separation is clear using the 3D scatterplot in part (c).
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Figure 5-18 Principal com ponent loading plots o f the cytoplasm  regions o f  
untreated and treated Ca9.22 cells.

Loading plots o f  PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA  scatter plots there 
is a separation between the untreated cells (-ve) and the treated cells (+ve) using PC4 

( c ) .
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5.3.2 Analysing the effect of  EtOH on the DOK dysplastic cell line 
using Raman spectroscopy and principal com ponent  analysis

Results from previous chapters indicated that EtOH has a different effect on dysplastic 

cells when com pared to changes observed in OSCC cell lines. The next phase was to 

investigate if  EtOH affects subcellular com ponents in the dysplastic cell line. Using the 

sam e param eters as previously described DOK cells were treated with 1% EtOH for 24h 

to investigate i f  Raman spectroscopy could detect EtOH induced m odifications to this 

cell line. The variances captured for the first four PCs in DOK cells were as stated in 

Table 5-3 below.

% Nucleolus Nucleus Cytoplasm

PC I 82.07 65.23 71.30

PC2 5.26 10.62 14.40

PC3 2.67 5.39 3.64

PC4 2.16 3.42 2.36

Table 5-3 Variances for principal com ponent analysis for the respective cellular 
regions in DOK cells treated with and without EtOH.

5.3.2.1  Nucleolus

Ram an spectra from the treated and untreated nucleolus o f  DOK cells were pre- 

processed prior to PCA (Figure 5-19). PCA analysis was applied to distinguish all the 

recognised spectral signals o f  the nucleolus in DOK treated with and without EtOH (1% 

24h). PCA analysis (Figure 5-20) shows a weak separation o f  the cell types o f  Raman 

spectra. The scatterplot includes 60 data points, 20 for each cell type. PC2 shows faint 

separation o f  DOK data sets. PCS and PC4 show no separation o f  any o f  the cell types. 

Loading with assignm ents o f  the m ain peaks contribution to discrim ination betw een the 

data sets are presented in Figure 5-21. From the scatterplots it can be shown that PC2 

discrim inates the untreated from the treated DOK cells. The negative peaks represent the 

control cells and the positive peaks are the treated cells. T he m olecular changes
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associated with the control cells are proteins and nucleic acids while the treated cells 

show  an increase in proteins and lipids. The decrease in m olecular com ponents in 

controls cells is shown by the band 813cm '' related to the C 5 ’-0 -P -0 -C 3 ’ 

phosphodiester bonds in RNA, band 1004cm ' related to phenylalanine vibrational 

m odes and can be found in proteins in general and band 1480 cm -1 related to adenine 

guanine vibrational modes. The increase shown w ith the treated cells includes bands 

1301cm ' and band 1449cm ' related to CH2 tw ist and C-H vibrations in lipids 

vibrational m odes, respectively, and band 1680cm ' related to the Am ide I vibrational 

m odes o f  proteins.

5 . 3 . 2 . 2  N u c le u s

Ram an spectra from the nucleus o f  the DOK data sets were pre-processed prior to PCA 

(Figure 5-22). PCA analysis was applied to distinguish all the recognised spectral signals 

o f  the nucleus in DOK treated with and w ithout EtOH (1% 24h). PCA analysis (Figure 

5-23) show s separation o f  the cell types o f  Raman spectra although the separation is 

weak as it is defined using PC4, which shows only slight variations between cell types. 

The scatterplot includes 60 data points, 20 for each cell type. PC4 shows good 

separation o f  DOK data sets. PC2 and PC3 show no separation o f  any o f  the cell types. 

Loading with assignm ents o f the main peaks contribution to discrim ination between the 

data sets are presented in Figure 5-24. From the scatterplots it can be shown that PC4 

discrim inates the untreated from the treated DOK cells. The positive peaks represent the 

control cells and the negative peaks are the treated cells. The m olecular changes 

associated with the control cells include proteins, nucleic acids and lipids while the 

treated cells show a decrease in both proteins and lipids. The increase in m olecular 

com ponents in the controls cells is shown by the band 813cm '' related to the C 5 ’-0 -P -  

0 -C 3 ’ phosphodiester bonds in RNA, band 1342cm ' related to related to A (adenine), G 

(guanine) vibrational m odes o f  nucleic acids and band 1449cm -1 related C-H vibrations 

in lipids. The decrease shown with the treated cells includes band 1004cm '' related to 

phenylalanine vibrational m odes and can be found in proteins in general and band 

1600cm ' related to the C-H vibrations in lipids.
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5 .3 .2 .3  C y to p la sm

Raman spectra from the cytoplasm  were pre-processed prior to PCA (Figure 5-25). PCA 

analysis was applied to distinguish all the recognised spectral signals o f  the cytoplasm  in 

DOK cells treated with and w ithout EtOH (1% 24h). PCA analysis (Figure 5-26) shows 

a separation o f  the cell types o f  Ram an spectra. The scatterplot includes 60 data points, 

20 for each cell type. PC3 shows good separation o f  DOK data sets. PC2 and PC4 show 

no separation o f  any o f the cell types. Loading with assignm ents o f  the main peaks 

contribution to discrim ination betw een the data sets are presented in Figure 5-27. From 

the scatterplots it can be shown that PC4 discrim inates the untreated from the treated 

DOK cells. The positive peaks represent the control cells and the negative peaks are the 

treated cells. The m olecular changes associated with the control cells are proteins and 

nucleic acids w hile the treated cells show a decrease in lipids. The increase in m olecular 

com ponents in controls cells is shown by the band 1004cm  ' related to phenylalanine 

vibrational m odes and can be found in proteins in general, band 1480cm -1 related to 

adenine and guanine vibrational modes and band 1680cm ' related to the Am ide 1 

vibrational m odes o f  proteins. The decrease shown with the treated cells includes band 

1449cm ' and band 1600cm ' both related C-H vibrations in lipids.
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Figure 5-19 Advanced preprocessing of Raman spectrum of the nucleoli of 
untreated and treated DOK cells.

Total average spectra from 20 nucleoli from each cell type. Baseline correction was 
applied as described in C hapter 4 and the m ean was calculated prior to further analysis.
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Figure 5-20 Principal component scatterplots of the nucleoli of untreated and 
treated DO K cells.

PCA scatter plot showing the nucleoli Raman Spectra spread o f points between the 
untreated cells (green) and the treated cells (red). PC2 shows separation o f the control 
cells from the treated cells.
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Figure 5-21 Principal component loading plots of the nucleoli of untreated and 
treated DO K  cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in tiie PCA scatter plots PC2 
separates the control cell from the treated cells.
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Figure 5-22 Advanced preprocessing of Raman spectrum of the nuclei of untreated 
and treated DOK ceils.

Total average spectra from 20 nuclei from each cell type. Baseline correction was 
applied as described in C hapter 4 and the mean was calculated prior to further analysis.
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Figure 5-23 Principal component scatterplots of the nuclei of untreated and treated 
DOK cells.

PCA scatter plot showing the nuclei Raman Spectra spread o f points between the 
untreated cells (green) and the treated cells (red). PC4 shows separation o f the control 
cells from the treated cells.
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Figure 5-24 Principal component loading plots of the nuclei of untreated and 
treated DOK cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). PC4 separates the control cells from the 
treated cells.
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Figure 5-25 Advanced preprocessing of Raman spectrum of cytoplasm untreated 
and treated DOK cells

Total average spectra from the cytoplasm ic region o f  20 cells o f  each type. Baseline 
correction was applied as described in C hapter 4 and the m ean was calculated prior to 
further analysis.
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Figure 5-26 Principal component scatterplots of cytoplasm of DO K cells.

PCA scatter plot showing the cytoplasmic regions Raman spectra spread o f points 
between the untreated cells (green) and the treated cells (red). PC3 shows separation o f 
the control cells from the treated cells.
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Figure 5-27 Principal component loading plots of the cytoplasm regions of 
untreated and treated DOK cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA scatter plots PC3 
shows separation o f the control cells from the treated cells.
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5.3.3 Raman spectroscopy and principal com ponent analysis of  
isolated human primary cells after exposure to  EtOH

As m entioned previously OSCC occurs from a transform ation o f  the norm al oral 

m ucosa, therefore the optim um  model for exam ining changes due to EtOH are primary 

oral epithelial cells. Based on the m odels above, Raman spectra were captured for oral 

prim ary cells untreated and treated with 1% EtOH for 24h. The variances captured for 

the first four PCs in primary cells were as stated in Table 5-4 below.

% Nucleolus Nucleus C ytoplasm

P C I 76.67 63.30 72.27

PC2 6.11 12.57 14.57

PC3 2.92 4.75 3.79

PC4 2.11 2.98 1.35

Table 5-4 V ariances for PC A for the respective cellular regions in prim ary cells 
treated with and w ithout EtOH.

5.3 .3 .1  Nucleolus

Ram.an spectra from the treated and untreated nucleolus o f  prim ary epithelial cells were 

pre-processed prior to PCA (Figure 5-28). PCA analysis was applied to distinguish all 

the recognised spectral signals o f  the nucleolus in prim ary epithelial cells treated with 

and w ithout EtOH (1% 24h). PCA analysis (Figure 5-29) shows a very good separation 

o f  the cell types o f  Ram an spectra using PC2. The scatterplot includes 60 data points, 20 

for each cell type. PC3 and PC4 show no separation o f  any o f  the cell types. Loading 

with assignm ents o f  the main peaks contribution to discrim ination between the data sets 

are presented in Figure 5-30. From  the scatterplots it can be shown that PC2 

discrim inates the untreated from the treated prim ary epithelial cells. The negative peaks 

represent the control cells and the positive peaks are the treated cells. The m olecular 

changes associated with the control cells are proteins and lipids w hile the treated cells 

show  an increase in proteins and nucleic acids. The decrease in m olecular com ponents in
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controls cells is show n by the band 850cm  ‘ related to the tyrosine ring breathing in 

proteins, band 1301cm ' related to CH2 twist in lipids and band 1449cm -l related to C- 

H vibrations in lipids. The increase shown with the treated cells includes band 788cm  ' 

related to O -P-O  stretch in DNA, band 1004cm ' related to phenylalanine vibrational 

m odes and can be found in proteins in general, band 1214cm ' related phenylalanine and 

tryptophan and band 1680cm '' related to the Am ide 1 vibrational m odes o f  proteins.

5 .3 .3 .2  N uc leus

Ram an spectra from  the nucleus o f  the prim ary epithelial cells data sets were pre- 

processed prior to PCA (Figure 5-31). PCA analysis was applied to distinguish all the 

recognised spectral signals o f  the nucleus in prim ary epithelial cells treated with and 

w ithout EtOH (1%  24h). The results o f  PCA are presented in (Figure 5-32) and do not 

show a clear separation o f  the points. The scatterplot includes 60 data points, 20 for each 

cell type. The cell types cannot be separated using w'ith PC2, PC3 or PC4. Principle 

loading plots are show n in Figure 5-33 and as confinned using the scatterplots there is 

no separation betw een the data sets.

5 .3 .3 .3  C y to p la sm

Ram an spectra from  the cytoplasm  were pre-processed prior to PCA (Figure 5-34). PCA 

analysis was applied to distinguish all the recognised spectral signals o f  the cytoplasm  in 

prim ary epithelial cells treated with and without EtOH (1%  24h). PCA analysis (Figure 

5-35) shows a very good separation o f  the cell types o f  Ram an spectra. The scatterplot 

includes 60 data points, 20 for each cell type. PC3 and PC4 show no separation o f  any o f  

the cell types. Loading with assignm ents o f  the main peaks contribution to 

discrim ination betw een the data sets are presented in Figure 5-36. From  the scatterplots 

it can be shown that PC2 w eakly discrim inates the untreated from  the treated prim ary 

epithelial cells. The positive peaks represent the control cells and the negative peaks are 

the treated cells. The m olecular changes associated w ith the control cells are proteins 

and nucleic acids w hile the treated cells show a decrease in lipids. The increase in 

m olecular com ponents in controls cells is shown by the band 1004cm ' related to 

phenylalanine vibrational m odes and can be found in proteins in general, band 1342cm ' 

related to related to A (adenine), G (guanine) vibrational m odes o f  nucleic acids and
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band 1680cm ' related to the Amide 1 vibrational modes o f  proteins. The decrease shown 

with the treated cells includes band 1301cm ', band 1449cm ' and band 1600cm ' related 

to CH2 twist and C-H vibrations in lipids.
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Figure 5-28 Advanced preprocessing o f Raman spectrum  of the nucleoli of 
untreated and treated prim ary oral epithelial cells.

Total average spectra from 20 nucleoli from each cell type. B aseline correction was 
applied as described in C hapter 4 and the m ean was calculated prior to further analysis.
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Figure 5-29 Principal component scatterpiots of nucleolus of untreated and treated 
primary oral epithelial cells.

Untreated cells (green) and the treated cells (red) can be separated from each other using 
PC2. PC3 and PC4 do not show any separation o f the cell types.
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Figure 5-30 Principal component loading plots of nucleolus of untreated and 
treated primary oral epithelial cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA scatter plots PC2 
discriminates the untreated from the treated cells.
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Figure 5-31 Advanced preprocessing o f Raman spectrum  of the nucleus o f treated  
and untreated prim ary ora! epithelial cells.

Total average spectra from 20 nuclei from each cell type. Baseline correction was 
applied as described in C hapter 4 and the mean was calculated prior to further analysis.
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Figure 5-32 Principal com ponent scatterplots o f  nucleus o f untreated and treated  
prim ary oral epithelial cells.

PC A scatter plot showing the nuclei Raman Spectra spread o f points between the 
untreated cells (green) and the treated cells (red). There is no difference between the 
groups o f points which means EtOH has no effect on the nuclei after 24h treatment with 
PC2, PC3, or PC4.
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Figure 5-33 Principal com ponent loading plots o f nuclei o f untreated and treated  
prim ary oral epithelial cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA scatter plots there 
are no changes between the primary cells and treatment.
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Figure 5-34 Advanced preprocessing of Raman spectrum of cytoplasm of treated 
and untreated primary oral epithelial cells.

Total average spectra from the cytoplasmic region o f 20 cells o f each type. Baseline 
correction was applied as in Section 4 and the mean was calculated prior to further 
analysis.
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Figure 5-35 Principal component scatterplots of cytoplasm of untreated and treated 
primary oral epithelial cells.

Untreated cells (green) and the treated cells (red) can be separated from each other using 
PC2. PCS and PC4 do not show any separation o f the cell types.
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Figure 5-36 Principal component loading plots of the cytoplasm regions untreated 
and treated primary oral epithelial cells.

Loading plots o f PC2 (a), PC3 (b) and PC4 (c). As shown in the PCA scatter plots PC2 
(a) separates the control cells (+ve) from the treated cells (-ve).
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5.4 Confirmation of the effect of EtOH on the nucleoli Raman 
spectra of TR146 and Ca9.22 cells using fluorescent  
microscopy

It was noted during the study that post 24h EtOH treatm ent that using a lOOX w ater 

im m ersion objective lens that it was difficult to visualise the nucleolus hence capturing 

the Ram an spectra was impossible. It was therefore decided, using fluorescence 

m icroscopy, to visualise the nucleolus after 6h, 24h and 48h treatm ent with 1% EtOH 

using RNA specific stain to m onitor any changes in the nucleolar structure.

Figure 5-37 (a) and Figure 5-38 (a) and shows the 6h time point from both cell lines. 

The top line o f  im ages in represent the control cells and the bottom  line represent the 

cells treated with 1% EtOH. The left-stacked images show the nucleolar dye alone, the 

right-stacked im ages show the nuclear dye alone and the central im ages show both o f  

these stains m erged. This is the same lay out o f  im ages in both the 24h (b) and 48h (c) 

for both the TR146 and Ca9.22 cell lines. After 6h treatm ent with EtOH there is no 

change in the structure o f  the nucleoli in either the TR146 or Ca9.22 cell line as shown 

by no change in fluorescence intensity or distribution o f  RN A select™  stain in the green 

channel. A fter 24h (b) in both cell lines there is a visible decrease in nucleolar 

fluorescence intensity after treatm ent in com parison to the control. 48h treatm ent (c) 

with EtOH show s a m arked decrease in punctuate green intensity forming in the 

nucleolus o f  both cell lines. In the TR146 is it im possible to m ake out any specific 

nucleoli how ever the staining intensity throughout the nucleus has increased in 

com parison to the control. In the Ca9.22 cell line the nucleolus is still visible however 

there is also an increase in intensity o f  staining throughout the nucleus and a decrease in 

the boundaries o f  the nucleolus in com parison to the control.
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Figure 5-37 Changes in nucleolar structure after treatment with EtOH in TR146  
cell line.

Fluorescent m icroscopy im ages o f  im m unofluorescent stain o f  nucleoli using 

R N A select™  in TR146 cells, (a) 6h (b) 24h and (c) 48h are im ages o f  controls and 

treatm ent groups using 1% EtOH. Left-hand im ages are nucleolar staining in the green 

channel, right-hand images are DAPl in the blue channel and central im ages are merged 

DAPl and RNAselect™  staining. Im ages are representative o f  an individual experim ent 

carried out in triplicate.
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Figure 5-38 Changes in nucleolar structure after treatm ent with EtOH in Ca9.22 
cell line.

Fluorescent m icroscopy im ages o f  im m unofluorescent stain o f  nucleoli using 

RN A select™  in Ca9.22 cells, (a) 6h (b) 24h and (c) 48h are im ages o f  controls and 

treatm ent groups using 1% EtOH. Left-hand im ages are nucleolar staining in the green 

channel, right-hand im ages are DAPI in the blue channel and central im ages are m erged 

DAPl and RN A select’'"'̂  staining. Images are representative o f  an individual experim ent 

carried out in triplicate.
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5.5 Discussion
Studies have shown that Raman spectroscopy can successfully distinguish cancer cell 

lines from normal cell lines using a spectrum of the cells molecular fingerprint (Chapter 

4). This chapter focused on the use o f Raman in monitoring changes in the cell caused 

by a potentially carcinogenic insult, EtOH. Previous chapters have shown that EtOH can 

induce changes to the antioxidant system in OC cell lines, dysplastic cells and normal 

primary cells, which could possibly lead to carcinogenic transformations. Using Raman 

analysis directly after the exposure period, changes to proteins, carbohydrates, lipids and 

nucleic acids can be distinguished to attempt to determine cellular targets that may 

possess potential biomarkers that could indicate alteration in these cells. All cell types 

were treated with 1% EtOH for 24h as longer time points were not possible as the 

nucleolus could not be visually distinguished.

Firstly, there was no observable effect on the nucleolus or nucleus in the TR146 or 

Ca9.22 cell line. The major effect o f EtOH had in these cell lines was directed towards 

the cytoplasm and its components. Raman spectroscopy was able to differentiate 

changes within the cytoplasm between the untreated and treated cells based on PC4 in 

both cell lines. In the control for the TR146 cell line there was an increase in proteins. 

The TR146 treated cells showed a decrease in nucleic acids, RNA, lipids and proteins. 

Previous studies support these observations as EtOH is known to cause a decrease in 

protein synthesis in vitro and in vivo (Hong-Brown et al., 2001, Rawat, 1985). A 

possible mechanism for this decrease in protein levels is via EtOH regulation o f the 

mammalian target o f rapamycin (mTOR) pathway. EtOH causes stabilisation of 

regulatory-associated protein o f mTOR (RAPTOR), which inhibits the activity o f mTOR 

kinase (Hagner et a i ,  2009). This pathway has been known to be involved in regulation 

o f cell growth, proliferation, survival, protein synthesis and transcription. Additionally 

in Chapter 3 it was noted that there were fluctuations in antioxidant response proteins in 

the cells whose main site o f action is in the cytoplasm. Although it is not possible to 

specifically identify proteins that are changing with Raman spectroscopy, changes noted 

in the spectra could be partly due to the changing antioxidant response in these cells. 

Previously EtOH has also been shown to alter the lipids in biological membranes thus it 

could react with lipids within the cell itself (Gurtovenko and Anwar, 2009). Lipids have 

unique and important functions in cells including cell signalling, cellular structure, and
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energy storage (G la tz e /a /., 1995, Frauenfelder, 2010). in the Ca9.22 cell line, treated 

cells show an increase in RNA, proteins and nucleic acids in comparison to untreated 

cells. This is in contrast to what was observed in the other cell line. As mentioned in 

previous chapters, differences between TR146 cell line and the Ca9.22 could be site or 

gender specific however the major disparity between the cell lines lies in the genotype of 

the Ca9.22 cell line, which contains a p53 mutation. The differences shown here 

between the cells could be due to p53 regulation o f EtOH targets. Activation o f p53 has 

been shown to control mTOR in a variety o f cells (Feng et al., 2005). It is therefore 

possible that in the Ca9.22 cells, the effect o f EtOH on mTOR is not as potent or 

efficient due to the p53 mutant thereby reducing protein synthesis.

In contrast to the cell lines, EtOH exposure altered the Raman spectroscopy molecular 

fingerprint o f DOK cells in the nucleolus, nucleus and cytoplasm. In the treated cells 

there was more RNA and nucleic acids in the nucleoli and a decrease in the nucleus in 

comparison to the untreated cells. Therefore EtOH is causing an accumulation o f RNA 

and nucleic acids in nucleolus, which possibly originated from the nucleus. As 

mentioned previously the nucleolus has a diverse range o f functions within the cell. It is 

implicated in controlling several cellular functions including regulation o f the cell cycle, 

DNA replication and repair, stress signalling and induction o f apoptosis. This study 

found that not only is there an increase in nucleic acids in the nucleoli there is also an 

increase in lipids and proteins due to EtOH treatment and a decrease in the nucleus in 

comparison to the untreated cells. Protein accumulation has previously been noted in the 

nucleolus o f cancer cells (Ruggero and Pandolfi, 2003). It was not until recently that the 

role o f lipids in the nucleus had been established. Lipids within the nucleus are involved 

in cell cycle regulation as they have been found in interphase chromatin and metaphase 

chromosomes (Alessenko, 1990). Decrease in regulation o f lipid dispersion in the 

nucleus may interfere with correct cell cycle function in cells treated with EtOH.

Not only does EtOH affect the nuclei and nucleoli o f DOK cells it also affects the 

cytoplasm, in contrast to the TR146 and Ca9.22 cells. In line with the results noted in the 

nuclear components o f the treated DOK cells there is also a decrease in protein, nucleic 

acids and lipids in the treated cells cytoplasm in comparison to the control. This decrease 

in molecules in the cytoplasm may be due to the dysregulation o f proteins and lipids in
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the nucleus so therefore transport o f  specific com ponents from the nucleus to the 

cytoplasm  w ould be affected. The im pact o f  EtOH on the nucleolus m ight be partly 

responsible for the alterations in mRNA expression in antioxidant enzym es noted in 

C hapter 3. Lipids and proteins are involved in transportation o f  m olecules from the 

nucleus to the cytoplasm  (Lev, 2010). Therefore if  nucleic acid production is decreased 

then protein and lipid function w ould be disrupted within in the nucleus and transport o f 

m olecules to the cytoplasm  will be reduced, as the cell will focus on repair or initiating 

apoptosis resulting in the decreased levels o f m olecules in the cytoplasm  as observed 

here. This concurs with results noted in Chapter 3 as the cells arrest in the G2/1VI phase 

o f  the cell cycle, a distinguishing feature o f  growth inhibition and repair (Kastan and 

Bartek, 2004). The decrease in protein levels may also be a result o f  effect o f  EtOH on 

mTOR as previously m entioned in the OSCC cell lines. EtOH can cause the stabilisation 

o f  m olecules that can inhibit the activity o f  mTOR kinase in its cell regulation activities, 

an action that has been im plicated in oncogenic transform ation (Guertin and Sabatini, 

2007). Additionally decreasing levels o f  certain antioxidants were noted in C hapter 3 in 

the DOK cells, in particular GPx-1 and HO-1, therefore decreasing levels o f  these 

enzym es could be causing some o f  the reduction noted in the cells cytoplasm , their main 

place o f  action.

Utilising Ram an to follow the effect o f  EtOH exposure on prim ary epithelial cells 

yielded results com parable to those observed on DOK cells. There was an accum ulation 

o f  proteins and lipids in the nucleolus o f  the prim ary cells after treatm ent with EtOH. 

However there was no change observed in the com ponent content o f  the nucleus. This 

discrepancy between cells m aybe phenotypic in nature and a result o f  the dysplastic 

nature o f  the DOK cells. D ifferential lipid com position betw een the prim ary and 

dysplastic cells is likely due to the m em brane lipid com position, a factor that is known 

to change in oncogenic cells (Leach, 1996, Negendank, 1992). The accum ulation o f  

proteins in the nucleoli o f  prim ary cells is perhaps due to the nucleolar retention 

pathway, as stated previously, that causes an accum ulation o f  protein to regulate cell 

function. There was also a decrease in lipids and proteins in the cytoplasm  o f  primary 

cells, which was sim ilar to the DOK cells and could be due to the direct effects o f  EtOH 

on the com ponents in the cells. Sim ilarly to DOK cells there was a decrease in HO-1 

noted in the prim ary cells in C hapter 3 which could cause some o f  the reduction noted in 

com ponents in the cytoplasm . It must be also taken into account that the cytoplasm
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contains a large num ber o f  organelles that m ay vary in size and integrity between the 

cell types, w hich m ay influence to overall cellular content o f  lipids and proteins. The 

changes w ithin the nuclear com ponents are perhaps the m ore influential irregularities 

that could cause greater dam age within the cell.

A fter 48h treatm ent with EtOH there was no visible nucleoli in the cells when exam ined 

with the m icroscope attached to the Ram an spectrom eter. A nalysing the Ram an 

fingerprint there was a significant changes in the nucleoli when treated w ith EtOH for 

24h in the dysplastic and prim ary cells. The separations were made using PC2 which 

dem onstrates that the changes were greater than any other changes in other cellular 

com ponents. Using a fluorescent stain to highlight the nucleoli in the TR146 and Ca9.22 

cells show ed that after 24h treatm ent there were significant changes in nucleoli structure. 

In the controls there is a distinct boundary betw een the nucleus and nucleoli how ever in 

the treated cells the boundary becom es diffuse after 24h possibly due to the increased 

accum ulation o f  proteins and lipids in the nucleoli. Increased retention o f  proteins and 

lipids will cause dispersion o f  the RNA, which is the target o f  the stain, therefore 

decreasing the intensity o f  the fluorescence. A fter 48h in the TR146 cell there were no 

visible nucleoli and very faint nucleoli in the Ca9.22 cells. A lthough there was no direct 

effect o f  EtOH on the nucleoli Raman spectra after 24h in the cell lines it is possible that 

as the cells are already a cancer phenotype they are som ew hat m ore resistant to EtOH 

disruption but after 48h the threshold is reached and EtOH causes accum ulation o f  

cellular com ponents in the nucleolus. Such irregularities in nucleoli function are m arkers 

o f  oncogenic changes in cells as stated previously and appear to be the result o f  the 

presence o f  EtOH in the m odels used during these experim ents. EtOH induced nucleoli 

dam age is a potential early event in the transfonnation  o f  cells. W ith recurrent excessive 

consum ption o f  alcoholic beverages patients are causing repeated insults in this region 

o f  the cell and can potentially give rise to a m alignant species should intracellular 

m echanism  o f  control fail to supress these changes.

This novel study found that EtOH affects lipids, protein and nucleic acids levels and 

distribution in all cell types analysed and that these changes can be successfully 

identified using Raman spectroscopy. Specifically o f  interest, in the transfonned  cells 

there is a direct effect on the nucleoli spectra. The cancer cell lines m ay be able to
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protect the nucleoli for a longer time period perhaps because cancer cells have larger 

nucleoli. H ow ever the nucleoli in all cell types were not visible after 48h treatm ent as 

detennined by Raman spectroscopy and confirm ed by fluorescent m icroscopy 

dem onstrating that EtOH is responsible for alterations in the nucleolar structure. The 

nucleolus is w idely im plicated in cancer as it controls the functions o f  many tum our 

suppressor proteins, in conclusion, EtOH m ediated transform ation o f  these cell types is 

predom inately focused on dam aging the nucleoli and hence causing disruption to the 

pathways under nucleoli control and potentially can cause dysregulation in 

untransfonned oral cell types resulting in the initiation o f  carcinogenesis.
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6 Induction of apoptosis in OSCC cell lines by 

pyrrolo-l,5-benzoxazepines
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6.1 Introduction
The treatment o f OC usually has a multi- disciplinary approach and the elements 

involved depend on the size, stage and location o f the cancer. Surgery' is typically the 

main treatment o f  OCs with the use radiation and chemotherapy drugs adjunctivel/. 

After surgical removal o f the cancerous tissues there is typically a requirement f)r 

plastic and reconstructive surgery to rebuild bones and tissues in the mouth. This is 

highly invasive and debilitating to the patient. The use o f chemotherapy drugs alone 

without surgical intervention has not been shown to improve survival rates amorg 

patients. There is a need for a new treatment options that are less invasive and mo-e 

effective than those on the current market. This study investigates the use of a novil 

microtubule-targeting agent in the treatment o f OSCC.

6.1.1 Microtubules
Microtubules are filamentous cell structures that comprise the cytoskeleton, the proten 

network that gives the structure to the eukaryotic cell and allows for various types if  

movements within the cell including cell division and organelle movement, a-tubuln 

and P-tubulin are the primary components of microtubules, a  and P-tubulin form dim es 

that polymerise into protofilaments by joining end to end. The microtubule is formtd 

when 13 linear protofilaments assemble around a hollow core. In each protofilament, x- 

tubulin is exposed at one end and p-tubulin at the other. Microtubules are pohr 

structures with a positive and negative end and this polarity determines the direction )f 

movement. Both a and P-tubulin can bind GTP. Unlike a-tubulin, P-tubulin c u t  

hydrolyse this bound GTP to GDP and Pi. Likewise it can release the Pi and exchange 

the GDP for GTP (Lowe ef al,  2001).

Microtubules are dynamic structures that carry out their functions in the cell ly 

assembly and disassembly through polymerisation and depolymerisation. Duriig 

polymerisation GTP bound to P-tubulin is hydrolysed. This weakens P-tubulins affiniy 

for adjacent molecules resulting in depolymerisation. Tubulin with bound GDP a-e 

repetitively lost from the minus end and replaced at the plus end with GDP bouid 

tubulin. The microtubule will continue to grow as long as there is an excess o f  GTP 

bound tubulin. If the rate o f GTP hydrolysis becomes faster than the rate o f addition, tie
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GDP bound tubulin at the end will dissociate and disassembly occurs. The switch 

between phases o f growth and shrinkage is referred to as dynamic instability (Horio and 

Murata, 2014).

During mitosis, the key function o f microtubules is attachment and alignment o f the 

sister chromatids. The microtubule organising centre (MTOC) is the anchoring point 

near the centre o f the cell from which the microtubules extend out. During interphase the 

MTOC is at the centrosome. Throughout cell division the microtubules disassemble 

from the MTOC and reassemble to fonn the mitotic spindle (de Forges et al., 2012). The 

spindle tubulin ensures correct attachment to the kinetochores on the chromatids. In 

metaphase, microtubules align the chromosomes along the metaphase plate. Later, 

during anaphase and telophase the microtubules aid the movement o f chromosomes to 

opposite poles to ensure they are in the proper position when the cell divides into 

daughter cells.

H eterodim er >

Protofilamen

a-tubulin

3-tubulin

Figure 6-1 the structure of a tubulin polymer.
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6.1.2 Microtubule targeting agents

The cell cycle has a number o f  checkpoints, which become faulty in cancerous cells 

allowing for uncontrolled proliferation. Therefore one approach to combatting these 

defective cells is to use drugs that target certain processes or proteins that impinge on the 

cell cycle machinery. As previously discussed above microtubules play a critical role in 

cell division therefore making them an attractive candidate for cancer therapy. 

Microtubule targeting agents (MTAs) inhibit cell division by binding to microtubules 

(see Figure 6-3 and Figure 6-4) and inhibiting microtubule dynamics during mitosis. The 

binding site for PBOX compounds on tubulin is currently unknown but studies o f  the 

binding sites o f  other M TAs might aid in hypothesising the potential binding sites 

(Figure 6-4). During mitosis, microtubules that form the spindle become 4-100 times 

more dynamic than interphase microtubules. MTAs inhibit cell division by interfering 

with the spindle microtubule dynamics.

/

Paclitaxel Vincris tine

D ocetaxol V inb las t ine

Figure 6-2 Chemical structures of common MTAs.
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Two classes o f MTAs exist; those which stabilise microtubules and those which 

destabilise. Destabilisers inhibit polymerisation e.g vinca alkaloids, colchicine and 

combretastations. Stabilisers increase polymerisation e.g paxlitaxel and epothilones. 

Vinca alkaloids were first isolated from the leaves o f the periwinkle plant Catharanthus 

roseu. Since the 17'’’ century the leaves o f this plant have been known for its medicinal 

properties. Two groups discovered the anti-cancer potential o f the drug in the late 1950’s 

(Johnson el a i,  1959) (Noble et al., 1958). The mechanism of action for this group o f 

compounds is to induce apoptosis through binding tubulin causing depolymerisation and 

formation o f large crystalline structures composed o f drug and tubulin (Malawista et a i, 

1968) (Lengsfeld et a i,  1981) (Bensch and Malawista, 1968). This tubulin disruption 

causes metaphase arrest in dividing cells (Howard et a i,  1980). Each heterodimer o f a-(3 

tubulin possesses a single vinca-specific site o f  high affinity located at the plus end of 

the tubulin heterodimer.

Paclitaxel (Taxol), from the Taxane group of compounds, was first isolated in 1971 from 

the bark o f a western yew tree, Taxus Brevifolia nut, and was found to promote tubulin 

assembly. This in turn shifts the equilibrium in a cell towards polymerisation o f tubulin 

molecules. Unlike other anti neoplastic dioigs, tubulin is the only confirmed target o f 

paclitaxel. The polymerisation o f tubulin in the presence o f paclitaxel causes tubulin to 

have the inability to carry out many functions within the cell. Tubulin, as mentioned 

above, is very dynamic and polymerisation/depolymerisation allows it to move 

organelles and other cell structures for nonnal cellular processes. Inhibition o f these 

processes will render the cell unable to divide and it will drive its machinery into the 

apoptotic cell death pathway.
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Polymerisation inhibitors

Vinca binding

Depolymerisation inhibitors

a-tubulin

Taxane binding 
site

(J-tubulIn

Figure 6-3 The binding sites for microtubule targeting drugs on tubulin.
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Figure 6-4 Computer generated 3D image of common tubulin binding sites for 
microtubule targeting agents.

Image o f the a/p tubulin protafilament with binding sites o f paclitaxel (PTX), colchicine 
(CN) and vinblastine (VLB) shown. A single a/(3-tubulin heterodimer comprises the (3- 
tubulin monomer (green) in the center o f the image and two a-tubulin monomers 
(yellow) at the top and bottom o f the frame. The GTP at the non-exchangeable and GDP 
at the exchangeable site are colored purple. PDB (Protein Data Bank)

6.1.3 Pyrrolo-l,5-Benzoxazepine (PBOX)
PBOXs are a group o f novel compounds designed and synthesised by a group in Siena, 

Italy originally designed as high affinity ligands for the peripheral benzodiazepine 

receptor (PBR), which is expressed in multiple locations throughout the body. The exact 

role o f the PBR receptor is yet to be elucidated however it has been observed that PBR 

ligands have a role in apoptosis. Over the past decade it has was noted that PBOX 

compounds have anti proliferative effects in a range o f cancerous cell lines, in ex vivo 

patient samples and in-vivo models (Bright et a i ,  2010).

The PBOX compounds can be divided into two classes, those that arrest cells in the G1 

phase such as PBOX-21 and those which induce apoptotic cell death, for example
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PBOX-6. Two o f the more potent members o f the latter class, PBOX-6 and PBOX-15 

(Figure 6-5) have been shown to induce cell death in a number o f cell lines including, 

MCF-7 breast cancer cells (Mulligan et a i,  2006, Greene et al., 2005), A2780 ovarian 

cancer cells (Nathwani ef a i,  2010a), Jurkat and HUT-78 T-lymphoma cells (Zisterer?/ 

al., 2000). Importantly these drugs have been shown to induce apoptosis in a number of 

multi drug resistant cells lines, for example the highly drug-resistant chronic myelo d 

leukaemia, K562 cell line (Zisterer et al., 2001). The PBOX compounds are not on y 

potent against neoplastic cells they also show minimal toxicity towards normil 

peripheral bone marrow cells, normal B-cells and bone marrow progenitor cells (Me Gee 

et al., 2004, McElligott et al., 2009). Therefore these compounds target cancer cells 

specifically without damaging surrounding nonnal cells unlike many commcn 

chemotherapy drugs. Both PBOX-6 and PBOX-15 have been shown to cause apoptosis 

by depolymerisation o f the microtubule network in a similar manner to MTAs 

previously mentioned (Mulligan et al., 2006). Although tubulin has been identified as 

the molecular target, the binding site on the tubulin heterodimer is yet to be identified.

Previously members o f the PBOX family have been shown to work in combination wi h 

other non-MTA drugs in several malignant cell types such as CML cell lines, K562 ard 

LAMA84 (Me Gee et al., 2004, Nathwani et a i,  2010b, Bright et al., 2009). CML is 

caused by a constitutively active tyrosine kinase, breakpoint cluster region-Abelscn 

(Bcr-Abl). This tyrosine kinase phosphorylates proteins involved in growth factor 

signalling or cell adhesion, it is the result o f  the reciprocal translocation between 

chromosome 9 and 22, t(9;22), more commonly known as the Philadelphia chrom osone 

(Deininger et a i,  2000). The current first line treatment o f CML is Imatinib (STl-57 ) 

however cells can become resistant to this tyrosine kinase inhibitor. PBOX-6 has betn 

shown to synergistically enhance the effects o f Imatinib and more importantly it has 

been shown to induce apoptosis with co -treatm ent with Imatinib in Imatinib-resistait 

cell lines. Co-treatment with flavopiridol, a cyclin-dependant kinase inhibitor, aho 

induced apoptosis in CML cells. More recently PBOX-6 has been shown to induce 

apoptosis and improve the efficacy o f carboplatin in drug sensitive and MDR 

neuroblastoma cells (Lennon et a i,  2014). PBOX-15 has been shown to impro^e 

efficacy o f oxalipatin, a platinum-based antineoplastic agent, in colorectal cancer cell 

lines (Gangemi et a i,  2013). Interestingly PBOX-15 increases radiosensitivity in sevenl 

cancer cell lines (Forde et al., 2011).
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PBOX-6 PBOX-15

Figure 6-5 Chemical structure of the microtubule targeting agents PBOX-6 and 
PBOX-15.

Treatment o f OC is usually detennined by the stage, size and location o f the cancer. The 

use o f anti neoplastic agents is common but they are usually used in combination with 

another fomi o f treatment i.e. neoadjuvant and adjuvant therapy. The most commonly 

used chemotherapy drug is cisplatin, which is a platinum containing drug (Bhide and 

Nutting, 2010). Carboplatin, another platinum containing compound is used in the 

treatment o f OC. As mentioned above, PBOX compounds have been shown to increase 

efficacy o f some common non-MTA drugs in different types o f  cancer. Recently, 

carboplatin has been shown to work in combination with PBOX-6 in neuroblastoma 

cells (Lennon et a i ,  2014).
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6.2 Aims of the chapter
Given the prevalence o f chemoresistance now occurring in cases of OSCC, this study 

focused on the potential o f PBOX compounds as novel agents in the treatment o f OC. 

Numerous studies have investigated the effects o f PBOX compounds on several 

carcinoma cell lines, ex vivo models and in vivo studies. In these studies the PBOX 

compounds have been shown to induce apoptosis by the irreversible binding o f tubulin 

and its depolymerisation. This study is the first to examine the potential o f PBOX 

compounds for use in OC and in particular OSCC. This study focuses on the effects o f 

PBOX-6 and PBOX-15 on TR146, a buccal mucosa cell line, and Ca9.22, a gingiva cell 

line. Specific objectives were as follows;

1. Exam ine the potential anti proliferative effects o f PBOX-6 and PBOX-15 on 

two O SCC cell lines.

Cell lines were treated with a range of concentrations o f PBOX to determine effective 

doses over a 72h period of treatment. This allows determination o f the optimum 

concentration o f drug needed for maximal response.

2. Determ ine the cellular processes through which PBOX com pounds induce 

apoptosis in these cell lines.

Using fluorescent microscopy, the stmcture o f tubulin was assessed after treatment with 

PBOX compounds. Polymerisation assays were completed to investigate if PBOX 

compounds are promoting the depolymerising o f tubulin.

3. Investigate the effect of PBOX com pounds on the cell cycle.

The cell cycle was examined using flow cytometry after exposure with each compound 

to assess whether observed effects o f tubulin could be correlated with any changes in the 

cell cycle.

4. Investigate the process by which PBOX com pounds are inducing death.

Investigating the mechanisms involved in cell death by the PBOX compounds. 

Apoptotic cell markers were analysed by western blot.
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6.3 Results

6.3.1 PBOX com pounds reduced OC cell proliferation

OSCC cell lines were treated for 24-72h with a range of concentrations of PBOX-6 or 

PBOX-15. Cell proliferation was measured using an AlamarBlue viability assay. PBOX- 

6 and PBOX-15 reduced proliferation of both Ca.922 and TR146 cell lines in a dose 

dependant manner (Figure 6-6). PBOX-15 was found to be the more potent of the two 

analogues. lC-50 values (concentration of drug resulting in 50% reduction in cell 

viability) were 35 ±2.1 \iM and 470 ±86nM for PBOX-6 (a) and PBOX 15 (b) at 72h, 

respectively in TR146 cells and 2.6 ±l|iM  and 83 ±32nM for PBOX-6 (c) and PBOX-15 

(d) at 72h, respectively in the Ca9.22 cell line (Table 6-1). Therefore the Ca9.22 cells 

were more sensitive to PBOX compounds due to the lower IC-50 values. Time- 

dependant inhibition was observed in the TR146 cell line with treatment of PBOX-15 

(b).
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Figure 6-6 PBOX-6 and PBOX-15 reduce viability of TR146 and Ca9.22 cell lines.

OSCC cell lines TR146 (a) (b) and Ca9.22 (c) (d) were seeded at 1 xIO"* cells/well in a 
clear 96 well plate. Cells were then treated with a range o f PBOX -6 (a) (c) and PBO);* 
15 (b) (d). A fter 20h, 44h and 68h AlamarBlue was added to the wells for 4i. 
Fluorescence levels were determined using a Spectramax Gemini Plate reader it 
excitation and emission wavelengths o f 544nm and 590nm respectively. Valu;s 
represent the mean ± S.E.M o f three independent experiments.
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IC-50'FR146
24h 48h 72h

PBOX-6 9.2±2.3^M 8.1±0.3^M 35± 2.7nM
PBOX-15 480±92nM 530±52nM 470± 86nM

IC-50 Ca9.22
24h 48h 72h

PBOX-6 4.5± 1.5|iM 2.9± 0.7nM 2.6± l|aM
PBOX-15 210±28nM 170±81nM 83± 32nM

Table 6-1 IC-50 values o f PBOX-6 and PBO X-15 in Ca9.22 and TR146 cell lines.

6.3.2 PBOX com pounds  destabilised the  microtubule ne tw ork  in 
OC cells

C a9.22 and TR146 cells were treated with PBOX-6 or PBOX-15 for 24h. As a positive 

control, cells were also treated with the known tubulin polym eriser paclitaxel and the 

tubulin depolym eriser nocozadole. Im m unofluorescent staining was used to detect 

m orphological changes in the m icrotubule network, such as, alterations in organisation 

and arrangem ent (Figure 6-7 and Figure 6-8). In untreated TR146 and Ca9.22 cells, the 

m icrotubule netw ork is organised as cytoplasm ic tubulin filam ents radiating from  a 

central point to the periphery. Cells treated with vehicle alone (1%  EtOH) displayed this 

typical tubulin m orphology. Exposure o f  cells to the tubulin polym erising agent 

paclitaxel resulted in highly concentrated accum ulation o f  filam ents into dense 

peripheral bundles indicative o f  m icrotubule stabilisation. The tubulin depolym erising 

agent nocozadole resulted in diffuse tubule staining with no defined structure caused by 

m icrotubule disassem bly. W hile no change in m icrotubule structure was evident 

following treatm ent w ith low dose (lOOnM) PBOX-6 and PBO X -15, higher 

concentrations o f  10|iM PBOX-6 and l|iM  PBOX-15 resulted in a clear observable 

change in tubulin m orphology resem bling that o f  the drug nocozadole. This 

dem onstrates that PBO X  com pounds can destabilise the m icrotubule netw ork in a 

sim ilar m anner to a recognised depolym erising agent in both TR146 and C a9.22 cell 

lines.

C onfirm ation that the disruption observed using fluorescent m icroscopy is 

depolym erisation o f  the tubulin network, tubulin polym erisation assays were com pleted 

using differential centrifugation followed by detection using im m unoblotting. A fter a 4h
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exposure, tubulin is com pletely depolym erised (Figure 6-9) with 10|.iM PBOX-6 and 

l|.iM PBOX-15 in both cell lines. After 4h exposure with paclitaxel the tubulin is 

polym erised and with nocozadole it is unpolym erised. In the presence o f  the vehicle (1%  

EtO H) there is no effect on the tubulin network and equal levels o f  polym erised to 

unpolym erised tubulin are present. This confirm s that the disruption observed using 

fluorescent m icroscopy is depolym erisation o f  the tubulin netw ork as a result o f  

exposure to PBO X compounds.
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Figure 6-7 PBOX compounds cause disruption o f  microtubule network in TR146  
cells.

TR146 cells were treated with either only media l|iIVl paclitaxel (tax) 10|iM nocodazole 
(noc), lOOnM, l^iM, lO^M PBOX-6 and lOOnM, l^M , 10f.iM PB O X -15 for 24h. After 
this time, the medium was carefully removed and the cells were washed and fixed in 4% 
parafomialdehyde. Cells were incubated with monoclonal anti-a-tubulin antibody 
(1:2000) for Ih at room temperature followed by incubation with anti-mouse secondary 
antibody (1:500) for a further hour at room temperature. The organization o f the 
microtubule network (green) and the cellular DNA (blue) was visualized by a Zeiss 
Axiovert/ Axiocam CCD system through a 60X oil objective. Scale bar= 20|iM. These 
images are representiative o f an experiment completed three times.
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Figure 6-8 PBOX compounds cause disruption of microtubule network in Ca9.22 
ceils.

Ca9.22 cells were treated with either only media l^M  paclitaxel (tax) 10|iM nocodazole 
(noc), lOOnM, l^M , 10^M PBOX-6 and lOOnM, l^iM, lO^M PBOX-15 for 24h. After 
this time, the medium was carefully removed and the cells were washed and fixed in 4% 
parafomialdehyde. Cells were incubated with monoclonal anti-a-tubulin antibody 
(1:2000) for Ih at room temperature followed by incubation with anti-mouse secondary 
antibody (1:500) for a fiirther hour at room temperature. The organization o f the 
microtubule network (green) and the cellular DNA (blue) was visualized by a Zeiss 
Axiovert/ Axiocam CCD system through a 60X oil objective. Scale bar= 20|iM. These 
images are representiative o f an experiment completed three times.

277



{

I

278



Veh Tax Noc PBOX-6 PBOX-15

U P U  P U P U P U

TR146

Ca9,22

a-Tubulin 50 kDa 

P-Actin 42 kDa

a-Tubulin 50 kDa 

(3-Actin 42 kDa

Figure 6-9 PBOX treatment resulted in tubulin depolymerisation in the TR146 and 
Ca9.22 cell lines.

PBOX-6 and PBOX-15 exposure resulted in tubulin depolym erisation in the TR146 and 
Ca9.22 cells and disruption o f  the organisation o f  the m icrotubule netw ork. C ells were 
treated for 4h with either vehicle (1%  (v/v) EtOH) PBOX-6 (10|iM ), PBOX-15 (l|.ilVI), 
paclitaxel (l|.iM ) or nocozadole (lOfiM). Polym erised (P) or unpolym erised (U) tubulin 
was then separated by centrifugation in a m icrotubule-preserving buffer. The quantity o f  
polym erised com pared to unpolym erised was tubulin was assessed by W estern Blot 
using m onoclonal antibodies directed against tubulin and loading control P-actin 
followed by incubation with a H RP-conjugated anti-m ouse antibody. These blots are 
representative o f  an experim ent com pleted three times.
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6.3.3 PBOX compounds induce G 2 /M  arrest and apoptosis in OC 
cell lines

Flow cytometric analysis o f propidium iodide stained cells allowed determination o f 

DNA content o f TR146 and Ca9.22 cells and thus any induction o f cell cycle arrest or 

the onset o f apoptosis was observed (Figure 6-10). There are significant increases in the 

amount o f apoptotic cells w ith levels o f apoptosis rising from 4.4±1.210% for control 

cells to 57.6±8.1% for lOjuM PBOX-6 (***P<0.001) and to 39.1±6.6% for l^IVl PBOX- 

15 (***p<0.001) after 48h in the TR146 cell line (a). S im ilarly in the Ca9.22 cell line (b) 

there was an increase in cells in the sub-GO/Gl peak from 2.120 ±0.8% in control cells 

to 40.84± 0.8% (***p<0.001) for PBOX -6 and to 30.45±1.56% (***p<0.001) for 

PBOX-15 after 72h. This increase in the levels o f sub-GO/Gl cells corresponded with a 

decrease in cells in the G2/M phase o f the cell cycle seen from 8h in both cell lines with 

PBOX-6 (10 ).iM) and PBO X-15 (lf.iM ) treatment. Statistically significant decreases o f 

the levels o f G2/M arrest reduced at later time points to 15.4±1.07% (**p<0.01) and 

12.6±1.87% (*p<0.05) for PBOX-6 and -15, respectively after 48h in TR146 cells (c). 

There was also a significant decrease o f 22.23±0.95% (*p<0.05) and 16.6±1.25% 

(**p<0.01) in Ca9.22 cells (d) over 48h with PBOX-6 and PBO X-15 respectively. 

Treatments were compared to the vehicle control and statistical analysis was carried out 

using a one-way A N O VA  with post-hoc Bonferroni analysis using GraphPad prism 6.0.
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Figure 6-10 PBOX compounds increase cells in sub GO/Gl phase o f  cell cycle and 
induce G2/M  arrest.

TR146 (a) (c) and Ca9.22 (b) (d) cells were seeded onto 6 well plates and treated with 
10).iM PBOX 6 and l|iM  PBOX 15 for stated time points up to 72h. The cells were then 
fixed overnight in ice-cold EtOH before being resuspended in PBS and propidium 
iodide. The cells were then analysed using a BD canto flow cytometer, DNA content 
was detected using a 630/22 nm band pass filter. Values represent mean + SEM for three 
independent experiments. Cells in the sub GO/Gl peak with <2N DNA were considered 
to be apoptotic (a) (b) while cells with 4N quantities o f DNA were considered to be in 
the G2/M phase o f the cell cycle (c) (d).
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6.3.4 PBOX com pounds  induce degradat ion of PARP in OC cell lines

To confirm  that the cell death observed from flow cytom etric analysis was due to 

induction o f  apoptosis, the degradation o f  PARP was assessed. PARP cleavage is a 

hallm ark associated with this controlled cell death pathway. Using western blot 

techniques Figure 6-11 (a) it was found that both PBOX-6 (lO jiM ) and PBO X-15 (l|.iM ) 

induced a decrease in expression o f  full length PARP in Ca9.22 and TR 146 cells over 

72h. Treatm ent with vehicle (1%  (v/v) EtOH) alone show ed no effect on PARP 

expression in either cell line (Figure 6-11). in the TR146 cell line there is degradation o f  

PARP after 24h with l|iM  PBOX-15 when com pared to the vehicle control. The 

reduction o f  PARP is clearly seen in the TR146 cell line after 48h with both PBOX 

com pounds. Degradation o f  PARP is noted after 48h with treatm ent o f  both PBOX 

com pounds in the Ca9.22 cell line. P-Actin was used as a loading control in all 

experim ents. PARP blots were further analysed using Image J and nom ialised to the 

housekeeping protein. In the TR146 cell line (b) there is a significant decrease in PARP 

protein after 48h and 72h with both PBOX com pounds. In com parison, after 48h in the 

Ca9.22 cell line (c) there is no significant decrease in PARP protein with treatm ent o f 

PBOX-6. There is a significant decrease after 48h using PBOX-15 and significant 

decreases after 72h using both PBOX com pounds in the Ca9.22 cell line.

These results confirm  that the PBOX com pounds induce the apoptotic cell death 

pathw ay via tubulin disassem bly in OC cell lines.
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Figure 6-11 PBOX compounds cause a reduction in PARP protein.

PBO X-6 and P B O X -15 induced a reduction in full length PARP in Ca9.22 and TR146 
cells. Both cell lines were treated with vehicle (1%  (v/v) EtOH), 10|.tM PBO X -6 or l|iM  
P B O X -15 for the indicated times, (a) Degradation o f  PARP was assessed by W estern 
blot analysis using m onoclonal antibodies generated against PARP or loading control P- 
actin, follow ed by H RP-conjugated anti-m ouse secondary antibodies. Blots are 
representative o f  an experim ent com pleted three times. Using Im age J software, TR146 
(b) and Ca9.22 (c) western blot bands w ere quantified and nom ialised  to the 
housekeeping protein (3-actin. T reatm ents were com pared to the vehicle control (100% ) 
and statistical analysis was carried out using an unpaired t-test w ith post-hoc Bonferroni 
analysis using G raphPad prism 6.0. Sam ples significantly d ifferent to the control are 
annotated * p<0.05 ** p<0.01, *** p<0.001.
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6.3.5 The effect of p53 knockdown on the viability of TR146 cells in 
the presence of PBOX compounds

In Chapter 3 it was discovered that cells respond differently to treatments o f EtOH i f  

they contain a p53 mutation or knockdown. In Section 6.3.1 it was shown that the 

Ca9.22 cell line was more sensitive to PBOX treatment and this could be due to the fact 

it contains a mutation in the p53 gene. Experiments were carried out to examine the 

effect o f p53 on the efficacy o f PBOX compounds in the TR146 cell line.

Using a p53 siRNA, p53 was knocked down using the same method as in Chapter 3. 

Results shown in Figure 6-12 indicate the lC-50 from the TR146 knockdown cells using 

both PBOX-6 (a) and PBO X-15 (b). The IC-50 from the PBOX 6 cells is 3.3±I.4|aM and 

the lC-50 after using PBO X-15 in the knockdown cells is 520±1.08nM. Comparing 

these results to the lC-50 values after 24h in TR146 cells (Table 6-1) without 

knockdown we can see that there is no significant difference after PBO X-15 treatment. 

However after PBOX-6 treatment in the knockdown cells there is a significant decrease 

in the IC-50 value in comparison to the nonnal TR146 cells at the same time point 

[carried out using a t-test between the means o f the IC-50 values (**p<0.01)]. This 

indicates that less drug is needed to k ill the same amount o f cells- i.e. the cells are more 

susceptible to PBOX treatment with a mutation in the p53 gene.
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Figure 6-12 The effect of PBOX compounds on TR146 viability with p53 
knockdown.

TR146 cells were seeded at 3 x 10  ̂ cells/well in a 6 well plate, serum starved overnight 
and treated the follow ing day with siRNA targeted to p53. Cells were then treated with a 
range o f  PBOX -6 (a) and PBOX- 15 (b) concentrations. A fter 24h, Alamar blue was 
added to the wells for 4h. Fluorescence was measured using a Spectramax Gemini Plate 
reader at excitation and emission wavelengths o f 544nm and 590nm respectively. Values 
represent mean ± S.E.M o f three independent experiments.
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6.4 Discussion

Multidrug resistance, the principal mechanism by which many cancers develop 

resistance to chemotherapy drugs, is a major factor in the failure o f many fonns of 

chemotherapy, it affects many types o f cancer including OSCC. There is a need for the 

development o f novel agents that have the ability to kill chemotherapy-resistant cells. In 

this chapter a novel set o f compounds have been assessed in relation to their potential 

therapeutic value in OC. PBOX-15 and PBOX-6 are potent pro-apoptotic members o f 

the PBOX series o f compounds which have previously been shown to induce apoptosis 

in several human tumour cell lines and to have anticancer proprieties in various cell 

culture systems, animal models and clinical samples (Greene et a i,  2005). In addition to 

inducing apoptosis in a variety o f cancerous cell types, they possess the added benefit o f 

inducing cytotoxicity in multidrug resistant cancer cells (Nathwani et ai,  2010d).

Herein we report that PBOX compounds are capable o f reducing the proliferation o f the 

OC cell lines TR146 and Ca9.22 with IC-50 values o f 35|.iM and 2.6|.iM for PBOX-6 

and 470nM and 69nM for PBOX-15, respectively. These values are within a range 

previously observed in other cancer cell lines exposed to PBOX compounds including 

CACO-2 human colorectal carcinoma cell (PBOX-6 11.16|.iM, PBOX-15 0.63|.iM) 

neuroblastoma cells SHSY5Y (PBOX-6 1.73f.iM, PBOX-15 0.06|.iIVl) and PC3 prostate 

cancer cells (PBOX-6 5.8|iM, PBOX-15 0.37|.iM) (Greene et a i,  2013, Lennon et al., 

2014, Nathwani et ai,  2010c). PBOX-15, as previously noted, is the more potent o f the 

two compounds, which is confirmed here in both cell lines as shown by an order o f 

magnitude difference in the calculated IC-50 values. It is interesting to note that the IC- 

50 values in the nM range for the PBOX-15 is lower than some common 

chemotherapeutic agents, for example, Taxol and Cisplatin both o f which IC-50 values 

are in the j^M range (Huang et ai,  2004). The lower the IC-50 value in comparison to 

common chemotherapeutic agents could reduce side effects commonly seen with these 

drugs. Although PBOX-6 has a higher IC-50 value to the PBOX-15 compound it is still 

within the range o f other chemotherapeutic agents. Significant variation in the sensitivity 

o f each cell type was also observed, the Ca9.22, the gingiva cell line, was sensitive to 

both compounds and had significantly lower IC-50 values when compared to the TR146 

cells. The variations in efficacy o f PBOXs observed between the two analysed cell lines 

suggest a phenotypic or genotypic factor may be involved.
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The disruption o f the microtubule network in other cancer cell lines following treatment 

with PBOX-6 and PBOX-15 suggested that they act as microtubule depolymerizing 

agents (Mulligan et a i, 2006). To examine this hypothesis in OSCC cell lines, cells were 

treated with several concentrations o f PBOX-6 and PBOX-15. We found our results to 

be in agreement with previous results in other studies -both PBOX compounds caused 

disruption o f tubulin after 24h in vitro (Mulligan et a l ,  2006). As expected, the control 

compounds, nocodazole depolymerised tubulin and paclitaxel resulted in tubulin 

aggregation through polymerisation confirmed by the polymerisation assay (Figure 6-9). 

PBOX-15 the more potent o f the two compounds was effective at disrupting tubulin at 

l}.iM in both cell lines whereas PBOX-6 mediated depolymerisation was observed at 

concentrations o f 10|.iM. Confinnation that the tubulin disruption by PBOX compounds 

is a depolymerisation effect was demonstrated as shown after 4h both compounds fully 

depolymerised the tubulin in vilro (Figure 6-9). This depolymerisation and 

destabilisation o f the tubulin network was in a manner similar to nocozadole, a MTA 

depolymeriser.

This inhibition o f tubulin assembly is likely to be the cause o f cell death by the PBOX 

compounds (Mulligan et a i,  2006). Tubulin is a key protein in spindle formation during 

the cell cycle. A mechanism known as the spindle assembly checkpoint (SAC) is 

activated during metaphase in the cell cycle (Rudner and Murray, 1996). If there is a 

breakdown o f tubulin and a loss o f spindle tension then the cell will not be able to 

continue into anaphase. To elucidate part o f the mechanism involved in the response o f 

OSCC cells to PBOX treatment their effect on the cell cycle was examined. The PBOXs 

caused a time dependent accumulation o f cells in G2/M as early as 4h in TR146 cells 

and 8h in Ca9.22. This was followed by an increase o f cells in sub GO/Gl indicative of 

apoptosis and a concomitant decrease in the percentage o f cells in G2/M. To confinn the 

mode o f cell death, degradation o f the DNA repair enzyme PARP that is indicative o f 

apoptosis was examined. The decrease in expression o f the full-length 116kDa PARP 

over 72h is evident in both cell lines with both compounds. The decrease in full length 

o f PARP in the Ca9.22 cell line is more prominent than in the TR146 cell line which is 

comparable to the lC-50 values for both compounds.

In OSCC approximately 50% o f cases present with a mutation in the p53 gene with 

subsequent phenotypic manifestations and impaired p53 function and as such the Ca9.22 

cells have a known p53 gain-of-function (R248W) mutation (Kaneda et a i,  2006, Liu et 

a i,  2010a) whereas the TR146 cells have no known reported p53 mutation. Previous

287



studies have reported the influence o f p53 in modifying drug efficiency and function in 

cancer cells (Bunz el al., 1999) and it may be a potential contributor to the variation in 

sensitivity seen in this study. As previously mentioned, there is significant variation in 

IC-50 values for both compounds between the two cell lines. Experiments were carried 

out to determine if  p53 plays a role in the efficacy o f PBOX compounds. It was found 

that PBOX-6 IC-50 was significantly altered between the TR146 cells and the TR146 

cells with a p53 knockdown. The p53 knockdown decreases the IC-50 value, which 

means the cells are more sensitive to PBOX-6 induced apoptosis. This sensitivity is also 

noted in the Ca9.22 cells, which contain a p53 mutation and are also more sensitive to 

PBOX-6. There was no significant change in IC-50 value with treatment o f PBOX-15 in 

the p53 knockdown cells. This finding, that PBOX-6 compound is more potent in p53- 

mutated cells, could be used to personalise treatment for patients with certain types o f 

OSCC.

These results indicate that PBOX-6 and its more potent analogue PBOX-15 could prove 

effective in the treatment o f OSCC. This study has shown that the compounds 

depolymerise their molecular target, tubulin, resulting in cell death through apoptosis in 

OSCC cell lines. Given the accessibility afforded in a large number o f OSCC cases the 

use o f PBOX compounds, as a topical agent could be a potential therapeutic strategy for 

this disease with a conceivable use as a personalised treatment based on the p53 status o f 

the patient. PBOX compounds used alone or in combination with the other 

antineoplastic agents could prove useful in the treatment o f OSCC.
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7 General Discussion
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7.1 General  discussion

Mechanisms underlying the pathogenesis o f  OSCC are yet to be fully elucidated. It is a 

cancer with an extremely low 5-year survival rate as risk factors are not fully understood 

and it can be difficult to diagnose at early stages and thus treatment options are limited. 

Research in the last decade has focused on the association o f  smoking in the 

pathogenesis o f  OC with alcohol merely seen as a synergistic enhancer and not a sole 

contributor (Ide et a i ,  2008, Zygogianni et a i ,  2011). However meta-analysis stud es 

have shown that individuals who consume alcohol but do not smoke are at an increased 

risk o f  cancer o f  the oral cavity (Tramacere et al., 2010). Studies pertaining to the direct 

effect o f  alcohol and OC mechanism are currently lacking. Furthermore diagnosis and 

treatment o f  OC can prove to be challenging which seems extraordinary since the site o f  

cancer is so easily accessible. The research within this thesis not only demonstrates that 

alcohol induces direct changes in primary epithelial cells which may directly increase 

cellular transfomiation, it also examines novel diagnostic tools and therapeutics aimed at 

earlier intervention in OC.

While a sizeable amount o f  studies have attempted to deduce the secondary effects o f  

alcohol induced oral carcinogenesis, very few have looked into direct results o f  EtOH on 

the biochemical changes in the oral mucosa. One cellular system in particular las 

emerged as a therapeutic target in recent times and is referred to as the antioxidtnt 

enzyme system (Glasauer and Chandel, 2014). This system is o f  great importance in Ihe 

cell as it controls the levels o f  ROS. This study showed that in the presence o f  acite 

alcohol that levels o f  ROS were perturbed in addition to the levels o f  key antioxidint 

enzymes. While it may be safe to assume that the antioxidant enzym es are not the sole 

cause o f  the deregulation o f  H2O2 homeostasis, the impact o f  EtOH on this cell systtm 

could have a profound long-temi effect on the cells. The decreasing levels o f  H2 O2 tre 

o f  particular interest. H2 O2 has been put under the spotlight as a possible cancer-causiig 

molecule when the levels are uncontrollably high. It can bind and damage celluar 

structures including DNA leading to carcinogenesis (Waris and Ahsan, 2006). The effect 

o f  diminished levels o f  H2O2 in the presence o f  EtOH has not been recognised before. In 

more recent times H2O2 has been shown at lower levels to be involved in nonnal celluar 

regulation including cell cycle and proliferation (Gough and Cotter, 2011, Burden, 

1995). Therefore a certain threshold o f  H2O2 is necessary for normal cell function. By
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depleting leve ls  o f  H2O 2 could this perturb normal cellular system s and lead to 

transform ation? This unwarranted side effect o f  EtOH m ay open up new  approaches for 

therapeutics in alcohol-induced carcinogenesis in the oral m ucosa by targeting 

restoration o f  the noniial levels o f  ROS. F ollow ing on from these findings, efforts were 

m ade to elucidate the changes to H2O 2 by analysing antioxidant enzym e levels. W hile  

various changes to several enzym es occurred in response to EtOH exposure the m ost 

intriguing w as the change observed in C A T expression. This enzym e w as increased in 

response to EtOH, a m odification observed in other types o f  OC (Khanna et al., 2005) 

and could  be a driver o f  pennanent dam age to cellular function. This finding could  

render new  therapeutic targets when treating alcohol induced OC.

W ith the influence o f  genotype prevalent in cancer Chapter 3, w e exam ined the effects  

o f  p53 (com m on ly  mutated in OC) status on alcohol-induced changes in oral m ucosal 

cells  by em p loy in g  a siR N A  transient knockdow n m olecule. Inhibition o f  p53 im pacted  

upon the H l F l - a  response to EtOH treatment m ost severely  in oral epithelial cells. 

Personalised m edicine is a recent m odel developed and aim s to treat individuals based  

on sp ecific  genetic abnorm alities related to their d isease. U sing the infonnation gathered  

in this study, personalised m edicine regarding individuals w ith p53 m utations could  be 

an interesting approach for treatment. T hose with p53 m utations m ay potentially benefit 

from treatment with targeted inducers o f  H l F l - a  or in more severe cases targeted gene  

therapy for p53, an approach currently undergoing clinical tests for use in m etastatic 

colon cancer patients and to date has provided prom ising results (Speetjens et al.,  2009 , 

Speetjens et al., 2011) .

M echanism s underlying OC pathogenesis are not the only lim itations that arise w hen it 

com es to analysis and diagnosis o f  this d isease. Confirm ation o f  d isease status can prove 

unreliable and can be clin ically  subjective particularly in the m ild to severe dysplastic  

stages o f  oral transformation. To address this situation Chapter 4  exam ined the potential 

role o f  Raman spectroscopy in diagnosis o f  OC with em phasis on dysplastic  

classification . This relatively new  technique has so far proved useful in the d iagnosis o f  

cervical cancer but it is still in infantile stages (L yng et al., 2007). This study established  

that Raman spectroscopy can successfu lly  and reproducibly differentiate betw een  

cancerous and primary cells o f  the oral m ucosa based on sub cellular regions, w ith the
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molecular content revealing spectral fingerprints for each region. The possibilities for 

this technique in OC are immense. Raman spectroscopy offers the potential for 

performing an ‘optical biopsy’ with important clinical benefits. Excisional tissue 

biopsies carry risks and can be intrusive to the patient and require a period o f recovery. 

Raman spectroscopy would alleviate the need for invasive procedures by either using 

brush biopsy approach or with the development o f hand held Raman instruments 

allowing direct in vivo analysis o f tissue. Raman spectroscopy could also have 

significant economic benefits through decreasing the time and associated costs o f OC 

diagnosis. With in-clinic Raman spectroscopy tools the need for further analysis using 

laboratory techniques would be redundant. Immediate results showing specific 

m olecular profiles would be available directly to the clinician enabling immediate 

review and potentially diagnosis. In addition, long term monitoring o f suspicious lesions 

using Raman spectroscopy in parallel with visual examination could reduce the length of 

diagnostic periods through employing similar techniques as described in Chapter 5 o f 

this study. There are many difficulties in distinguishing normal tissue from abnonnal or 

potentially cancerous tissue without using standard invasive biopsy techniques. These 

areas o f abnormality can also be identified using wide field methods such as 

fluorescence, which as mentioned has various limitations. Identifying and grading 

dysplastic lesions and early tumours are troublesome. It is within this setting that Raman 

spectroscopy has a potential clinical role. Most asymptomatic dysplastic lesions o f the 

oral cavity are monitored visually over a prolonged period o f time, even up to a year to 

watch for signs o f transfonnation. Although this study could not show differences 

between a dysplastic and OC cell lines, with a greater cohort o f nornial, dysplastic and in 

situ carcinoma patient samples, novel differences within the spectra would potentially be 

distinguished.

Combining the findings from Chapter 3 and 4, Chapter 5 took the application o f Ramin 

in OC one step further and adopted the technology for use in analysing the mechanisms 

underlying alcohol induced oral carcinogenesis. Alcohol affected components o f tie 

cytoplasm in all cell types. This corroborated a number o f observations presented in 

Chapter 3 since antioxidant enzymes are for the most part mainly confined to tie 

cytoplasm therefore the changes in the Raman spectra may represent changes in tie 

status o f these proteins or their transcripts post expression. Furthennore this chapter 

exposed novel effects o f EtOH on nucleoli, which in recent times have been linked to
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control o f  critical cellular functions and have been linked to cancer. In the presence o f  

EtOH there is an increase in protein levels within the nucleolus, which may be an early 

sign o f  dysregulation and may drive early carcinogenic changes. For this reason it has 

become an emerging target for cancer therapy. Common OC chemotherapeutics, like 5- 

Fluorouracil and Mitomycin C, impact on ribosomal biogenesis and cause nucleolar 

disintegration, respectively (Burger et a i,  2010). Accelerated ribosome generation and 

rRNA synthesis is essential for tumour maintenance so targeting therapies to interfere 

with nucleolar function could decrease the rate o f ribosome generation thus limiting 

critical cellular necessities (Hein et ai,  2013).

Many individuals taking chemotherapeutics for OC develop chemoresistance via several 

proposed mechanisms (Wang et a i,  2012, Gatti and Zunino, 2005) and in particular this 

is a cause for concern in patients with reoccurring cancers. Novel PBOX compounds, 

PBOX-6 and PBOX-15, examined in Chapter 6 have been previously studied as 

potential agents in several different fonns o f cancer (Bright et a i,  2010, Gangemi et ai,  

2013, Greene et a i,  2005, Lennon et a i,  2014). This is the first study to look at the 

potential o f these compounds as therapeutic agents in OC. They are potentially an 

exciting breakthrough in the realm of cancer therapeutics as they can induce apoptosis in 

multidrug resistant cells (Lennon et a i,  2014, Nathwani et al., 2010a). The potency o f 

these compounds at low concentrations, especially PBOX-15, is one o f the beneficial 

aspects o f these compounds as they may induce less systemic side effects than many 

other common chemotherapeutic agents. While this study was limited and examined just 

two members o f the PBOX family, albeit the two most potent members currently 

available, many others are being modeled and synthesised which opens the way for the 

development and availability o f enhanced PBOX derivatives with greater potency and 

specificity. Use o f such compounds may also lend themselves to alternative treatment 

regimes. Due to the accessibility o f OC sites, the use o f PBOX compounds as a topical 

agent could be conceivable and would show far less adverse reactions, shorter duration 

in hospital receiving chemotherapy and less discomfort for patients, as an intravenous 

route would no longer be necessary. Treatment o f skin cancers with topical treatments 

has shown promise (Gross et ai,  2007). With further studies, not only could cancerous 

lesions be treated topically, pre cancerous or dysplastic lesions could be treated as a 

preventative measure.
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7.2 Future Work

7.2.1 Examination of the role of alcohol in OC development
There are many aspects o f OC that await further investigation and further studies into 

alcohol-induced carcinogenesis w ill broaden the knowledge and understanding o f the 

mechanisms shown within this thesis. One question that dominates the study regarding 

alcohol and oral mucosal interaction is what lasting effects are going to occur with 

longer EtOH exposure, particularly in the case o f the isolated primary cells, since this 

transformation would mimic what occurs in nonnal cells. This could not be achieved in 

this study due to the paucity o f suitable patient samples and the technical challenges 

involved in maintaining stable primary cells. A  larger cohort o f samples would not only 

provide a greater understanding into the effects shown in the study with acute treatment 

but also facilitate an understanding o f the lasting effects o f EtOH through longer 

treatment durations and repeated exposure to mimic chronic alcoholism. This is 

especially pertinent in the case o f diminished levels o f H2O2 in the cells with EtOH 

treatment. Studies in recent times have shown that H2O2 (at low levels) has significant 

functions within the cell involved in the control and regulation nonnal cellular processes 

(Gough and Cotter, 2011), therefore further studies should target the effect o f a sudden 

decline w ill have over an extended period on cellular regulation? This issue clearly 

warrants further investigation particularly as H2O2 is known to play a role in 

proliferation, migration, survival and autophagy all key pathways in a nonnal functional 

cell.

Further studies examining the antioxidant enzymes, would have to focus on the 

consequences o f altered enzyme function. Long-term irregularities in these enzymes 

could permanently damage the cells as abnonnalities observed w ith this class o f protein 

are repeatedly seen in malignancies. The enzyme CAT is o f particular importance as it 

has unique expression patterns in cancer and EtOH induced a modification o f this 

enzymes behaviour across all cell types analysed. This suggests fragility  in this enzyrr.e, 

which could manifest into greater weaknesses in the cells defences not only in the 

presence o f EtOH but also in the presence o f other carcinogens in tandem. A recent 

study has also noted that the levels o f cellular oxidative stress can affect the response to 

chemotherapeutic agents, therefore analysis o f individual patients alcohol intake may :>e
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a valuable source o f clinical infonnation and aid in appropriate treatment regimes 

(Filippova et al., 2014).

The impact o f p53 mutations on the antioxidant response in the cell lines presented 

interesting and intriguing results, which require further investigation to tenninally define 

a role for p53 in OC related ROS modulation. The expression levels o f H IF -la  in 

particular were noteworthy as this gene is extremely important in cell regulation in 

response to hypoxic changes in the cell (Goda et al., 2003). Therefore it would be 

interesting to assess the response to treatment in primary cells with p53-targeted siRNA 

to develop a greater understanding o f p53-alcohol interaction. A further investigation 

would be a comprehensive examination o f the effects the different fornis o f  p53 

mutations play in the ROS modulation, e.g. are gain o f function mutations more or less 

severe in terms o f ROS manipulation. Also determining the minimum level o f p53 

function which can still act as a regulator in this context. Double knockout studies may 

yield interesting results and give further insight into the mechanisms described this 

thesis, in particular knockouts o f the main antioxidant enzymes coupled to a complete 

knockout o f  p53 may lead to alternate mechanisms of ROS control within the cell in 

response to EtOH stimuli.

7.2.2 Investigation of the  use of Raman spectroscopy as a 
diagnostic aid in OC

Numerous lines o f investigation are open regarding studies involving Raman 

spectroscopy. The highest priority would be further investigation into its use as a clinical 

diagnostic tool to replace more invasive methods currently used and to identify 

biochemical changes in tissue where morphological changes are not yet prominent. To 

achieve a step closer to this goal, analysis o f patients samples o f both normal and 

carcinogenic samples in a similar study to those done by (Lyng et al., 2007) on cervical 

samples. Further to this, carrying out studies involving monitoring o f leukoplakia, 

erythroplakia and dysplastic lesions to uncover molecular fingerprints related to 

transfomiation could lead to more efficacious treatment. Raman also lends itself to 

potentially become a diagnostic technology that can be utilised within a clinical setting 

and possibly become a chair side diagnostic tool. This would have significant benefits

295



for both patient and clinician as suspicious lesions can be monitored on the spot without 

the need for lengthy laboratory diagnosis, the system would be no more invasive than a 

curing gun commonly used in the dental setting although initially a brush biopsy 

protocol may be a first step.

Improvements on the resolution o f Raman would be o f great benefit. Currently Raman 

can determine classes o f molecules e.g. protein, nucleic acids, lipids and so on but 

should the technology become enhanced with the ability to discriminate between nucleic 

acids e.g. DNA and mRNA confirmation o f  changes in expression level, perhaps 

identification o f phosphorylation events on proteins determining activation. This 

infonnation would prove invaluable particularly as currently the technology pennits a 

discrimination o f regions within the cell.

7.2.3 Explore the therapeutic efficacy of PBOX compounds in OC 
trea tm ent

The results obtained using PBOX compounds for treatment o f OSCC are promising. 

Developing drugs for human use can take years, as there is a strict process to ensure 

safety o f a drug. The next stage to assess the efficacy o f the PBOX compounds in OC is 

to characterise out their toxicity, pharmacokinetics and metabolism in vivo. In a recent 

study (Bright et a i ,  2010), PBOX compounds were examined in a mouse model (or 

chronic myeloid leukaemia (CML) with promising results. Design o f a representative 

animal model o f oral dysplasia and/or OC would confirm the efficacy o f PBOXs in a 

preclinical setting and would also facilitate the trial o f topical application. Given the on

going development o f new novel PBOX compounds further screening may elucidate 

more potent and specific compounds.

7.3 Conclusions of the  thesis
Together the results o f this study broaden the understanding o f the complex mechanisms 

underlying OC development. New possible pathways o f alcohol-induced carcinogenesis 

have been established and the use o f Raman spectroscopy for OC diagnosis in the near 

future looks promising, based on the results herein. This study has also demonstrated 

that PBOX compounds have the ability to induce apoptosis in OSCC cell lines indicating 

they could be a promising therapeutic alternative to common chemotherapeutic agents.
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Induction of apoptosis in oral squamous 
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A bstrac t. Oral cancer (OC) is a largely asymptomatic disease, 
resulting in one of the highest m ortality rates of any cancer. 
OC is currently ranked as the sixth most common cancer in 
the world, according to a recent World Health Organization 
analysis, and its prevalence is increasing, both in western and 
developing regions. Depending on the stage of OC, treatment 
strategies include surgery, radiation therapy and chem o
therapy, or a com bination thereof. As with numerous other 
types of cancer, resistance to conventional chemotherapeutic 
drugs is increasing in oral squamous cell carcinoma (OSCC). 
The present study aimed to investigate the use of a novel group 
of com pounds, the pyrrolo-l,5-benzoxazepines (PBOXs), as 
a therapeutic alternative for the treatment of OC. PBOXs are 
microtubule-targeting agents that are able to induce apoptosis 
in numerous cancer cell types, thereby preventing tum our cell 
proliferation. Ca9.22 gingival and TR146 buccal cell lines 
were used as models for OSSC. Cell viability and prolifera
tion in the presence of two PBOXs: PBOX-6 and PBOX-15, 
was monitored using an AlamarBlue™ assay. Flow cytometric 
analysis o f propidium iodide-stained cells was used to deter
mine the DNA content, and therefore the percentage of cells 
in each phase o f the cell cycle. M icrotubule disruption was 
determined by indirect immunofluorescence staining. Changes 
in protein expression and degradation were determ ined by 
western blotting. The results o f the present study indicated that 
both PBOX-6 and -15 were able to induce apoptotic cell death 
by disrupting the microtubule network in both cell lines. The 
EC50 values were subsequently calculated for both PBOX-6 
and -15, and PBOX-15 was shown to possess a higher potency. 
Both compounds displayed anti-proliferative effects mediated 
through sustained Gj/M  arrest accompanied by tubulin disrup-
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tion, and a decrease in DNA repair protein poly (ADP ribose) 
polymerase expression. These findings suggest that PBOXs 
may prove useful, either alone or in combination with other 
agents, in the treatment o f chemotherapeutic resistant OSCC.

In troduction

Oral cancer (OC) is the sixth most common cancer worldwide 
and has one of the highest m ortality  rates, due to it being 
largely asym ptom atic until the latter stages of the disease. 
Cancers of the oral cavity include cancers that occur in the 
tongue, floor of the mouth, buccal mucosa, alveolus, retromolar 
trigone, gingival, hard palate, and lips (1,2). A total of 90% of 
OCs are squamous cell carcinomas (SCC). SCC is caused by 
the presence o f m alignant cells in the epithelium. Oral SCC 
(OSCC) accounts for 2-3% of all malignancies, the prevalence 
of which ranges between 1-10 cases per 100,000 people in the 
majority of countries (3).

OSCC prognosis is poor, with a 5-year survival rate of 
~50%, according to the National Cancer Research Institute. 
Treatments for OSCC are usually limited to a combination of 
chemotherapy and radiation, in order to reduce tum our size 
prior to  the surgical removal of the tum our margins. Two 
of the most com mon chem otherapeutic agents used in the 
treatm ent of OSCC are cisplatin and 5-fluorouracil (4), and 
recurrent tumours are usually treated with one of these two 
chemotherapy drugs. However, resistance to these drugs may 
develop following treatment, as is the case in numerous types 
of cancer (5,6).

Pyrrolo-l,5-benzoxazepines (PBOXs) are a novel family 
of compounds that have been shown to induce cell cycle arrest 
and apoptosis in numerous cancer cell lines, including chemo- 
therapy-resistant cell lines (7,8). In addition, PBOXs have been 
shown to induce cell apoptosis in ex vivo patient samples and 
in in vivo animal models of breast cancer and chronic myeloid 
leukaem ia (8,9). Notably, PBOXs display m inim al toxicity 
towards normal blood and bone marrow cells (10). A recently 
improved understanding regarding the m olecular m echa
nisms underlying the apoptotic effects o f PBOX compounds 
has allowed their development as antineoplastic therapeutic 
agents. Within the PBOX family, two members exhibit mark
edly elevated activity, PBOX-6 and PBOX-15 (Fig. I) (8).
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M u lligan  e t a l  (13) p rev iou sly  dem onstrated  that 
PBO X-induced apoptosis in cancer ce lls  is preceded by 
a marked Gj/M  phase ce ll cycle arrest, and that the cells 
displayed morphological features that suggested an inhibi
tion o f  m itosis, notably in pro-m etaphase. The effects o f 
PBOXs on cell morphology are similar to those induced by 
two microtubule-targeting drugs, paclitaxel and nocodazole, 
which are polymerising and depolym erising agents, respec
tively. These results are concordant with previous studies that 
also demonstrated that anti-microtubule agents arrest the cell 
cycle in pro-metaphase (11,12).

Previous studies have suggested that PBOXs possess  
an ti-m icrotu b u le  activ ity . T hrough in d irect im m u n o
fluorescence analysis. M ulligan e t a l (13) demonstrated that 
pro-apoptotic PBOX compounds result in depolymerisation of 
the microtubule network, and an inhibition o f the assembly 
of purified tubulin in vitro. Tubulin has therefore been iden
tified  as the m olecular target o f  the pro-apoptotic PBOX 
compounds (13).

In the present study the pro-apoptotic capabilities o f two 
representative members o f  the PBOX family; PBOX-6  and 
PBOX-15, were examined in the following two OC cell lines: 
TR146 (buccal mucosa) and Ca9.22 (gingival carcinoma). The 
results o f  the present study demonstrated that these compounds 
were capable of inhibiting the proliferation of OSCC cells. This 
response was manifested by an initial Gj/M phase cell cycle 
arrest, followed by cellular apoptosis. These events coincided 
with a disruption o f  the microtubular network. Together, these 
results indicate that PBOX compounds may prove to be useful 
agents in the treatment o f  OSCC, and therefore merit further 
investigation, either alone, or in combination with other agents 
as potential treatments for OC.

Materials and Methods

R eagents. A ll reagents were obtained from Sigma-Aldrich  
(A rklow , Ireland) u n less o th erw ise  stated. T he PBOX  
compounds, 7-[(N,N-dimethycarbomoyl) oxy]-6 -(naphth-l-yl) 
pyrrolo[2,l-d][l,5]benzoxazepine (PBOX-6), and 4-acetoxy-5- 
(naphth-l-yl)naphtho[2,3-b] p yrro lo [2 ,l-d ][l,4 ]oxazep in e  
(PBOX-15), were synthesized as previously described (16). The 
PBOX compounds were subsequently dissolved in ethanol, and 
stored at -20°C. The antibodies used in the present study were 
as follows: Mouse anti-a-tubulin (EM D M illipore, Billerica, 
M A, USA); mouse anti-poly (ADP ribose) polymerase (PARP) 
(M erck B ioscien ces L td ., N ottingham , UK); and mouse 
anti-p-actin (EMD Millipore).

C ell cu ltu re. Both ce ll lin es were m aintained in a 95% 
humidified atmosphere containing 5% CO2 at 37°C, and all 
cell culture experiments were carried out under sterile condi
tions in a laminar flow hood. Cell growth and viability were 
visually monitored using a light microscope with 10 and 20x 
dry objectives. The TR146 cell line was initially derived from 
the neck node o f a 67 year-old fem ale (the primary tumour 
was located in the buccal mucosa) and was obtained from 
the Health Protection Agency Culture Collection (UK ). The 
TR146 cells were maintained in Dulbecco's Modified Eagle's 
m edium , supplemented with 10% v/v foetal bovine serum  
(FBS), 10 U/ml penicillin, 0.1 mg/ml streptomycin, and 2 mM

glutamine. The Ca9.22 cell line was obtained from the Japanese 61 
Collection o f Research Bioresources Cell Bank (Japan). The 62 
Ca9.22 cells were maintained in Minimum Essential medium, 63 
supplemented with 10% v/v FBS, 10 U penicillin, 0.1 mg/ml 64 
streptomycin, and 2 mM glutamine. 65

66
C ell pro lifera tion . Cell proliferation was determined using 67 
AlamarBlue^'*’ dye (L ife  T ech n o lo g ies , Grand Islan d , 68 
N Y, USA), which allowed the visualisation o f  changes in 69 
compound fluorescence that occur as a consequence o f the 70 
reduced number o f  viable, proliferating cells. The cells were 71 
seeded in 96-w ell plates for each o f  the tim e points with 72 
specified concentrations o f  PBOX-6 or PBOX-15, and were 73 
incubated at 37°C in 5% CO2. A  final concentration o f 10% 74 
(v/v) AlamarBlue™ was added to the cells 4  h prior to the end 75 
o f each time point. Fluorescence was measured at an excita- 76 
tion wavelength o f  544 nm and at an em ission wavelength 77 
o f 590 nm, using a SpectraMax Gem ini spectrofluorometric 78 
plate reader (M olecular D ev ices (U K ) Ltd, W okingham , 79 
UK ). Cell viability was determ ined as a percentage o f  the 80 
vehicle-only cells. The experimental results were displayed as 81 
dose-response curves and half maximal effective concentra- 82 
tion (EC50) values, as determ ined using Prism GraphPad 5 83 
(GraphPad Software, Inc., La Jolla, CA, USA). 84

85
Im m unofluorescence. The ce lls  were cultured for 24  h on 86 
13 mm glass coverslips with the fo llow ing seed densities: 87 
C a9.22,3x10“ cells/coverslip; and TR146,4x10'*cells/coverslip. 88 
The cells were subsequently cultured in the presence o f  either 89 
PBOX-6 or PBOX-15 for a further 24 h. Following incubation, 90 
the cells were fixed  with 4% paraform aldehyde in phos- 91 
phate-buffered saline (PBS) for 15 m in, perm eabilised with 92 
0.2% Triton in PBS for 10 min, rinsed with PBS, and blocked 93 
using 1% bovine serum albumin (BSA ) in PBS containing 94 
Tween® 20 (PBST) for 30 min. The cells were then incubated 95 
with the following primary antibodies: M ouse anti-a-tubulin 96 
(1:1,000) in 1% BSA and PBST for 1 h, prior to incubation 97 
with secondary anti-mouse antibody 488 (Life Technologies) 98 
(1:500) in 1% B SA  and PBST for 1 h. The coverslips were 99 
then placed on glass slides with 3.5 //I Vectashield^^ mounting 100 
medium (Vector Labs, Burlingame, CA, USA) containing the 101 
nuclear counterstain 4,6-diam idino-2-phenylindole (DAPI), 102 
and stored in the dark at 4°C until imaging. The indirect fluo- 103 
rescence of the cells was examined using a standard filter set 104 
for DAPI and fluorescein isothiocyanate (blue/green), through 105 
10 and 20x dry objectives, and a 60x oil objective using a Zeiss 106 
Axiovert/Axiocam CCD system, and imaged using AxioVision 107 
AxioVs40 software (Carl Zeiss Ltd., Cambridge, UK). 108

109
DNA content. The cellular D NA  content was determined using 110 
of propidium iodide (PI), intercalated with fluorescent dye. i l l  
The fluorescence intensity is proportional to the quantity of 112 
DNA present in the cell. Both cell lines were cultured in the 113 
presence o f PBOX-6 or PBOX-15 at the desired concentrations 114 
and time points. The cells were then harvested by trypsinisa- 115 
tion, prior to being centrifuged at 220 x g for 5 min, washed 116 
with PBS, and centrifuged once more. The supernatant was 117 
decanted and the cell pellets were resuspended in 200  pi\ PBS, 118 
prior to the addition o f 2 ml ice-cold 70% ethanol in order to 119 
fix the cells. Following overnight fixation at 4°C, the cells were 120
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PBOX-6 PBOX-15

Figure 1. Chemical structures of pyrrolo-l,5-benzoxazepine (PBOX)-analogues PBOX-6 and PBOX-15.

centrifuged at 200 x g for 5 min in order to remove the ethanol, 
and the pellet was resuspended in 400 //I PBS, followed by 
25 III RNase A, and 75 pi\ PI. The cells were incubated in 
the dark at 37°C for 30 min. The samples were subsequently 
transferred to appropriately labeled fluorescence activated cell 
sorting (FACS) tubes, and were analysed using a FACSCalibur 
flow cytometer (BD Biosciences, Oxford, UK). The fluorescent 
signal was detected using a 630-22 nm band pass filter (FTL2). 
The cell lines were gated in order to prevent cell debris and 
doublets from being counted. A total of >10,000 cells were 
counted and analysed using Treestar Flow Jo.

Analysis o f  protein expression by western blotting. The 
cells cultured in the presence of PBOX-6 or PBOX-15 for 
24,48, and 72 h, were harvested and centrifuged at 220 x g 
for 5 min, following which the supernatants were discarded 
and the cell pellets were resuspended in 2 ml ice-cold PBS. 
Following further centrifugation at 220 x g for 5 min, the 
supernatant was removed and the pellets were resuspended 
in 80 ii\ ice-cold lysis buffer (150 mM sodium chloride, 1.0% 
Triton X-100, 50 mM Tris; pH 8.0) containing Complete 
Protease Inhibitor Cocktail (Roche Diagnostics Ltd., Burgess 
H ill, UK). The samples were maintained under constant 
agitation at 1,000 rpm for 30 min at 4°C, prior to being 
centrifuged at 13,000 x g for 20 min at 4°C. The supernatants 
were aspirated and placed in an eppendorf tube on ice until 
further experimentation. The protein concentrations were 
determined using a bicinchoninic acid assay. The protein 
samples were separated by SDS-PAGE with an 8% resolving 
gel. The proteins were then transferred to a polyvinylidene 
difluoride (PVDF) membrane using a semi-dry blotter for 
1 h. The PVDF membranes were subsequently blocked with 
5% non-fat milk, and probed with the appropriate primary 
antibodies prior to being incubated with horseradish perox
idase-conjugated secondary antibodies. Protein expression 
was visualised through chemiluminescence.

Results

PBOX compounds reduce OC cell proliferation. The OSCC 
cell lines were treated for 72 h with PBOX-6 or PBOX-15 at

61 
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

various concentrations. Cell proliferation was subsequently 80 
measured using AlamarBlue™ assay. The results of the assay 81 
indicated that PBOX-6 and PBOX-15 reduced proliferation of 82 
both the Ca.922 and the TR146 cell lines in a dose-dependent 83 
manner (Fig. 2). PBOX-15 was the more potent of the two 84 
analogues. After 72 h, the ECjo values of PBOX-6 and 85 
PBOX-15 were 35±2.7 and 470±86 nM for the TR146 86 
cells, and 2.6±1 ;/M and 83±32 nM for the Ca9.22 cells, 87 
respectively (Table I). The drug concentrations used for the 88 
remaining experiments were chosen according to the results 89 
of this cell proliferation assay. 90

91
PBOX compounds destabilise and depolymerise the microtu- 92 
bule network in OC cells. The Ca9.22 and TR146 cells were 93 
treated with either PBOX-6 or PBOX-15 for 24 h. In addition, 94 
the cells were also treated with the known tubulin polymer- 95 
iser paclitaxel, and tubulin depolymeriser nocodazole, which 96 
served as positive controls. Immunofluorescent staining was 97 
used to detect morphological changes in the microtubule 98 
network, such as alterations in microtubule organisation 99 
and arrangement (Fig. 3). In the untreated TR146 (Fig. 3A) 100 
and Ca9.22 (Fig. 3B) cells, the microtubule network was 101 
organised as cytoplasmic tubulin filaments radiating from 102 
a centra] point to the periphery. The cells treated with 103 
vehicle alone (1% EtOH) also displayed this typical tubulin 104 
morphology. Exposure of the cells to the tubulin poly- 105 
merising agent paclitaxel resulted in a highly concentrated 106 
accumulation of filam ents in dense peripheral bundles, 107 
indicative of microtubule stabilisation. Conversely, exposure 108 
to the tubulin depolymerising agent nocodazole resulted in 109 
diffuse tubule staining with no definition of structure caused 110 
by microtubule disassembly. No alterations in microtubule 111 
structure were evident following treatment with a low dose 112 
of 100 nM PBOX-6 and PBOX-15, whereas higher doses of 113 
10 fiM  PBOX-6 and 1 ftM  PBOX-15 resulted in a change in 114 
tubulin morphology resembling that induced by nocodazole. 115 
These results indicate that PBOX compounds destabilise the 116 
microtubule network in a similar manner to a depolymerising 117 
agent, in both TR146 and Ca9.22 cell lines. 1

In order to confirm the results of previous studies, namely 119 
that the disruption observed using a confocal microscope is 120
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Table I. H alf maximal effective concentration (EC5 0) values obtained for each pyrrolo-l,5-benzoxazepine (PBOX) compound in 
the TR146 and Ca9.22 oral squamous cell carcinoma cell lines.

Cell line

EC 5 0

24 h 48 h 12 h

TR146
PBOX - 6 9.2±2.3 fiM 8.1±0.3 //M 35±2.7/<M
PBOX-15 480±92 nM 530±52 nM 470±86 nM

Ca9.22
PBOX - 6 4.5±1.5//M 2.9±0.7 fiM 2.6±1 fiM
PBOX-15 210±28 nM 170±81 nM 83±32 nM
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Figure 2. Pyrrolo-1,5-benzoxazepines (PBOX)-6 and PBOX-15 reduce the viability of oral squamous cell carcinoma (OSCC) cell lines. OSCC cell lines 
(A and B) TR146 and (C and D) Ca9.22 were treated with a range of (A and C) PBOX-6 and (B and D) PBOX-15 for 24,48, and 72 h. AlamarBlue™ was added 
4 h prior to endpoint reading. Fluorescence was measured using a Spectramax Gemini Plate reader at excitation and emission wavelengths of 544 nm and 
590 nm, respectively. The values are presented as the mean ± standar error of the mean for three independent experiments.

the result of depolymerisation of the tubulin network, tubulin 
polymerisation assays were performed using western blotting 
(Fig. 3C). Following 4 h treatm ent with 10 /iM  PBOX - 6  or 
1 fiM  PBOX-15, tubulin was shown to be completely depo
lym erised in both cell lines. Following 4 h treatm ent with 
paclitaxel, tubulin was polymerised, whereas treatment with 
nocozadole resulted in unpolym erised tubulin. Treatm ent 
with the vehicle (1% EtOH) resulted in equal am ounts of 
polymerised to unpolymerised tubulin. These results indicate 
that the disruption observed by confocal m icroscopy was 
indeed depolymerisation o f the tubulin network.

PBOX compounds induce G J M  arrest a n d  apoptosis in 
OC cells. The DNA content o f the P l-stained TR146 and 
Ca9.22 cells was m easured using flow cytom etric analysis,

thus allow ing the successful identification  of cell cycle 
arrest or apoptosis. A decrease in the number of cells in the 
Gj/M  phase of the cell cycle was observed in both cell lines 
following 8 h treatment with PBOX - 6  (10 ;<M) and PBOX-15 
(1 //M ) (Fig. 4C and 4D). A marked decrease was observed in 
the number of TR146 cells arrested in G2 /M  phase following 
72 h treatment, 15.4±1.07% and 12.6±1.87% for PBOX - 6  and 
-15, respectively. A significant decrease also occurred in the 
number of Ca9.22 cells arrested in the Gj/M  phase following 
72 h of treatment, 22.23±0.95% and 16.6±1.25% for PBOX - 6  

and PBOX-15, respectively. This decline in the levels of 
G j/M  phase cells correlated with a m arked increase in the 
number of apoptotic TR146 cells, with the levels of apoptosis 
rising to 4.4±1.210% in the control cells, 57.6±8.1% in the 
cells treated with 10 /iM  PBOX-6 , and 39.1±6.6% in the cells
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P-actin 42 kDa
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F igure  3. P y rro lo -l,5 -b en zo x az ep in e s  (P B O X )-6  and  PBOX-15 induce  m icro tubu le  d isrup tion  and  depo lym erisa tion  o f  o ra l squam ous cell carcinom a 
(O SCC ) cell lines. (A) TR 146 and  (B) C a9.22 cells  w ere trea ted  w ith  e ither vehicle, I ^ M  paclitaxe l (Tax), 10 piM nocodazo le  (N oc), 100 nM , 1 ^M  or 
10 PBOX-15, o r  100 nM , 1 //M  o r 10 i tM  PB O X -6 fo r 24  h. T he m edium  w as subsequently  rem oved and  the cells  w ere fixed w ith paraform aldehyde. The 
cells w ere then incubated  w ith  m onoclonal an ti-a -tu b u lin  antibody, follow ed by fu rth er incubation  w ith  fluorescein iso th iocyanate-con jugated  anti-m ouse 
secondary  antibody. T h e  o rgan iza tion  o f th e  m icro tubu le  netw ork  (g reen) and the ce llu la r D NA (blue) was v isualized  using  a Z eiss A xiovert/A xiocam  
CCD  system  th rough  lOx and 20 x  d ry  objectives, and  a 60x  oil objective. Scale bar, 20 / /m . (C) In  o rder to  confirm  tu bu lin  depolym erisation  in the TR146 
and C a9.22 cell lin es , the cells  w ere trea ted  for 4  h w ith  e ither vehicle (1% (v/v) e thano l), PBOX-6 (10 /<M), PBOX-15 (1 /iM ), Tax (1 ijM ),  or N oc (10 /jM ). 
T he po lym erised  (P ) o r unpo lym erised  (U ) tubu lin  w as then  sepa ra ted  by cen trifuga tion  in a m icro tubu le-p reserv ing  buffer. T he  ra tio  o f po lym erised , 
vs. unpolym erised  tu bu lin  w as subsequen tly  assessed  by w estern  blo t analysis using  m onoclonal an tibod ies d irec ted  against tubu lin  and  loading  control 
P-actin , follow ed by  incubation  w ith  horserad ish  perox idase-con jugated  anti-m ouse antibody. T he im ages are represen tative  o f experim ents repeated  three 
tim es.

treated with 1//M PBOX-15 (Fig 4A and 4B). Sim ilarly, in 
the Ca9.22 cell line, the num ber o f cells in the sub-G ,/G , 
phase following 72 h increased to 2.120±0.8% in the control 
cells, 40.84±0.8%  in the cells trea ted  w ith PBOX-6 , and 
30.45±1.56% in the cells treated with PBOX-15.

P BO X com pounds induce degrada tion  o f  P A R P  in OC  
cell lines. In order to confirm  tha t the cell death observed 
during flow cytom etric analysis was indeed cellular apop- 
tosis, PARP degradation, which is associated with controlled 
cell death, was assessed. Concordant with the DNA content 
analysis results, both PBOX - 6  (10 ;<M) and PBOX-15 (1 ;<M) 
induced a decrease in the expression levels o f full length 
PARP in Ca9.22 and TR146 cells following 72 h treatm ent 
(Fig. 4E and 4F). Treatment with the vehicle (1% (v/v) EtOH) 
did not affect PARP expression in  either cell line. In the 
TR146 cell line, PARP degradation was observed following 
24 h treatm ent with 1 /<M PBOX-15, as com pared with the 
vehicle control. PARP degradation  was clearly  observed 
in the TR146 cell line follow ing 48 h treatm ent with both 
PBOX com pounds. In addition, PARP degradation was also 
observed in the Ca9.22 cell line follow ing 48 h treatm ent 
with both PBOX com pounds. P-actin was used as a loading 
control in all experim ents. These results indicate that the 
PBOX com pounds induce apoptosis via tubulin disassembly.

Discussion

The present study assessed a novel set o f com pounds with 
regards to their potential therapeutic value in OC. PBOX-15 
and PBOX - 6  are potent pro-apoptotic members of the PBOX 
family, and have previously been shown to induce apoptosis 
in numerous human tumour cell lines, and to have anti-cancer 
properties in various cell culture systems, animal models, and 
clinical samples (9,14). In addition to inducing apoptosis in 
various cancer cell types, PBOX - 6  and -15 possess the added 
benefit of inducing cytotoxicity in multi drug-resistant cancer 
cells (15).

The present study dem onstrated that PBOX compounds 
were capable of reducing the proliferation o f OC cell lines 
TR146 and Ca9.22, w ith EC 5 0  values of 35±2.7 ^^M and 
2.6±1 fiM  for PBOX-6 , and 470±86 nM and 83±32 nM for 
PBOX-15. These values are within a range previously observed 
in other cancer cell lines exposed to PBOX com pounds, 
including K562 chronic m yeloid leukem ia cells, A2780 
ovarian carcinom a cells, and various cancerous m ainm ary 
cells (7,14,16). PBOX-15, as previously reported, is the more 
potent o f the two compounds, a result that was confirmed in 
the present study in both cell lines tested, as demonstrated by 
the order of m agnitude o f difference in the calculated EC,,, 
values. Significant variation in the sensitivity of each cell type
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Figure 4. Pyrro lo -l,5 -benzoxazep ines (P B 0 X )-6  and PBOX-15 reduced proliferation o f T R I46  and Ca9.22 cells through induction o f  G j/M  cell cycle arrest 
and cellu lar apoptosis. The TR 146 and Ca9.22 cells were treated w ith 10 ;<M PBOX-6, and 1 i tM  PBOX-15 at various tim e points for up to 72 h. T he values 
are presented  as the mean ±  standard  error o f  the m ean for three independent experim ents. (A and B) Cells in the sub-G ,/G , phase w ith <2N  quantities of 
DNA w ere considered to be apoptotic , (C and D) whereas cells w ith 4N  quantities o f DNA were considered to be in the G ,/M  phase o f the cell cycle. PBOX-6 
and PBOX-15 reduced full length poly (A D P ribose) polym erase (PARP) in C a9.22 and TR146 cells. Both cell lines w ere treated  w ith e ithe r vehicle (1% (v/v) 
E tO H ), 10 /iM  PBOX-6, o r 1 /iM  PBOX-15 fo r the indicated tim es. (E  and F) PA R P degradation w as assessed by w estern blo t analysis using m onoclonal 
antibodies targeting PARP, or loading control P-actin , followed by horseradish peroxidase (H R P)-conjugated anti-m ouse secondary  antibodies. T he blo ts are 
representative o f experim ents repeated  three tim es.

to PBOX treatment was also observed. The Ca9.22 gingiva 
cell line was sensitive to both PBOX-15 and PBOX-6, and 
had significantly lower EC,o values, as compared with the 
TR146 buccal cell line. The observed variation in efficacy 
of the PBOXs in the two experimental cell lines suggests a 
phenotypic or genotypic factor may be involved. In OSCC, 
~50% of cases are associated with a mutation in the p53 gene, 
which results in deleterious phenotypic manifestations and 
impaired p53 function. The Ca9.22 cells have a known p53 
mutation (17), whereas the TR146 cells have no known p53 
mutation. Previous studies have reported the influence of p53 
in modifying drug efficacy and function in cancer cells (18).

The disassembly of the microtubule network in other 
cancer cell lines following treatment with PBOX-6 and 
PBOX-15 suggested that the compounds act as microtubule 
depolymerizing agents (13). To examine this hypothesis in 
OSCC, the Ca9.22 and TR146 cells were treated with various 
concentrations of PBOX-6 and PBOX-15. The results of the 
present study were concordant with previous studies, demon
strating that both PBOX compounds caused disassembly of 
tubulin following 24 h treatment in vitro (13). In the case of 
the control compounds, nocodazole depolymerised tubulin, 
whereas treatment with paclitaxel resulted in tubulin aggrega
tion through polymerisation. PBOX-15, the more potent of the 
two compounds, was effective at disrupting tubulin at 1 /<M in

both cell lines, whereas PBOX-6-mediated depolymerisation 
was only observed at concentrations of 10 /<M.

This inhibition of tubulin assembly is likely to be the cause of 
cell death following treatment with the PBOX compounds (13). 
Ibbulin is a key protein in spindle formation during the cell 
cycle. A mechanism known as the spindle assembly checkpoint 
is activated during metaphase in the cell cycle (19). In the pres
ence of tubulin breakdown and loss of spindle tension, the cell 
will not be able to continue into anaphase. In order to determine 
part of the mechanism underlying the response of OSCC cells 
to PBOX treatment, the effects of PBOX-6 and PBOX-15 on the 
cell cycle were examined. The PBOXs caused a time-dependent 
accumulation of cells in Gj/M phase, as early as 4 h in TR146 
cells, and 8 h in Ca9.22 cells. This was followed by an increase 
in the number of cells in sub-Go/G, phase, indicative of apop
tosis and a concomitant decrease in the percentage of cells 
in Gj/M. To confirm the mechanism of cell death, degrada
tion of the DNA repair enzyme PARP, which is indicative of 
apoptosis, was examined. A decrease in the expression levels 
of the full-length 116 kDa PARP was evident in both cell lines 
following treatment with both compounds after 72 h, suggesting 
PARP had been cleaved. The decrease in full-length PARP in 
the Ca9.22 cell line was more prominent than in the TR146 cell 
line, a result that was also confirmed by the ECjo values for both 
compounds.
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The results o f the present study indicated that PBOX-6, and 
its more potent analogue PBOX-15, may prove effective in the 
treatment of OSCC. The present study has shown that PBOX-6 
and PBOX-15 depolymerise their molecular target, tubulin, 
resulting in cell death through apoptosis in OSCC cell lines. 
Given the prevalence of OSCC, the use of PBOX compounds 
as topical agents may be a potential therapeutic strategy for 
this disease. PBOX compounds used alone or in combination 
with other antineoplastic agents may prove useful in the treat
ment of OSCC.
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Raman spectroscopy can provide a molecular-level fingerprint of the biochemical composition and structure of cells 
w ith excellent spatial resolution and could be useful to monitor changes in composition for dysplasia and early, non- 
invasive cancer diagnosis (carcinoma in situ), both ex-vivo and in vivo. In this study, we demonstrate this potential 
by collecting Raman spectra of the nucleoli, nuclei and cytoplasm from oral epithelial cancer (SCC-4) and dysplastic 
(pre-cancerous, DOK) cell lines and from normal oral epithelial primary cell cultures, in vitro, which w ere then 
analysed by principal component analysis (PCA) as a multivariate statistical method to discriminate the spectra. Re
sults show significant discrimination between cancer and normal cell lines. Furthermore, the dysplastic and cancer 
cell lines could be discriminated based on the spectral profiles of the cytoplasmic regions. The principal component 
loading plot which elucidates the biochemical features responsible for the discrimination, showed significant con
tributions of nucleic add and proteins for nucleolar and nuclear sites and variation in features of lipids for the cyto
plasmic area. This technique may provide a rapid screening method and have potential use in the diagnosis of 
dysplasia and early, non-invasive oral cancer, the treatm ent of which involves much less extensive and complex sur
gery and a reduction in associated co-morbidity for the patient.

© 2015 Elsevier Inc All rights reserved.

1. Introduction

Oral cancer is one of the more common cancers worldwide, and 
in non-developed countries is next in prevalence to skin and breast 
cancers. Tumours are primarily located around the tongue, floor of the 
mouth, gingiva and buccal mucosa (Cabral et al., 2010; Kelly e t al., 
2014). Although clinical diagnosis of late stage, invasive oral cancer is 
relatively straightforward, the clinical challenge remains to detect 
early cancerous lesions, which are significantly harder to identify. Surgi
cal treatm ent of early oral squamous cell carcinoma involves much less 
extensive and complex surgery and leads to a significant reduction in 
co-morbidity. Currently, the gold standard for diagnosis is histological 
analysis of tissue biopsies. However, numerous studies are being conduct
ed in order to improve histopathological techniques with the ultimate

* Corresponding author at: Laboratory of Biomedical Vibrational Spectroscopy, Institute 
of Research and Development, Universidade do Vale do Parafba (UNIVAP), SSoJose dos 
Campos, SP, Brazil.

E-mail address: luisfelipecarvalho®hotmail.com (LF.CS. Carvalho).
' Present address: Universite Fran<;ois-Rabelais de Tours, Faculty of Pharmacy, EA 6295 

Nanomedicaments et Nanosondes, 31 Avenue Monge, 37200 Tours, France.

goal to obtain a non-invasive. high throughput detection method for 
screening suspect cancer cells (Peer, 2014).

In this context, optically-based spectroscopic techniques are promi
nent among potential candidate non-invasive and rapid diagnostic 
methods. These methods are widely used as a tool for analysis of many bi
ological tissues and the technique has been referred to as an “optical biop
sy” (Carvalho et al., 2010; Evers et al.. 2012; Kallaway et al.. 2013; Nawaz 
et al.. 2011) or “spectral cytopathology” (Schubert et al.. 2010) because of 
its capacity to show features of underlying pathological tissues when 
compared with normal samples. Raman spectroscopy is one of the most 
popular techniques w ith demonstrated potential in studies examining 
different types of cancer, including lung cancer (Wang et al., 2014), neural 
cancer (Tanahashi e t al., 2014), breast cancer (Damayanti e t al.. 2013; 
Marro et al.. 2014) cervical cancer (Lyng et al.. 2007). gastric cancer 
(Luo et al.. 2013). skin cancer (Mittal et al., 2013) and head and neck 
cancer (Singh et al.. 2012).

The power of the method is primarily related to the molecular and 
biochemical signature it provides of the biological sample when the fin
gerprint region is analysed. The Raman effect is a result of inelastic scat
tering of monochromatic electromagnetic radiation due to interaction 
with molecular vibrations, such that the frequency of the scattered radi
ation is different from the incident radiation (Raman and Krishnan,

http://dx.doi.org/10.1016/j.yexmp.2015.03.027 
0014-4800/® 2015 Elsevier Inc. All rights reserved.
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1928). The Raman spectrum of a given molecule consists of a series of 
peal<s or bands, each corresponding to a characteristic vibrational 
mode of that molecule. Each molecule exhibits a characteristic spec
trum, and thus the Raman spectrum can provide a "fingerprint” of a sub
stance from which the molecular composition can be determined (Lyng 
et al., 2007; Nawaz et al., 2011). Changes in molecular composition due 
to the presence of disease are often subtle, requiring the use of multivar
iate statistical analysis (Byrne et al., 2014). In this way. Raman spectros
copy has been dem onstrated to elucidate biochemical signatures not 
only from cancer studies but from other different pathological condi
tions in tissues and cells. Carvalho e t al. (2010), using Raman spectros
copy to discrim inate buccal inflam matory processes and normal 
tissues, revealed that the discrimination is possible using Soft Indepen
dent Modelling of Class Analogy (SIMCA) methods of analysis.

Although there are increased numbers of studies involving Raman 
spectroscopy as an optical biopsy m ethod, as the technique is based 
on optical microscopy, it can also be extended to the analysis of cytolog- 
ical samples at a cellular and subcellular level (Bonnier et al.. 2010b). 
Thus, interactions of. for example, anticancer agents and nanoparticles 
can be explored at a subcellular level (Dorney et al.. 2012; Nawaz 
et al.. 2011). Of clinical relevance. Raman spectroscopy has been ex
plored for routine cytological screening for cervical cancer (Bonnier 
et al.. 2014; Vargis et al., 2012). However, only a few studies have 
been published on oral squam ous cell carcinoma and Raman micro
spectroscopy (Cuze et al., 2011; Lasalvia et al., 2015: Su et al., 2012). 
The present study dem onstrates the potential of Raman spectroscopy 
to provide and differentiate the biochemical signature from sub- 
cellular regions of oral cell lines, such as the cytoplasm, nucleus and nu
cleolus, in a label free manner. Also, we illustrate the potential of the 
technique to discrim inate betw een cancer, pre-cancerous dysplastic 
cells and normal oral cell lines.

2. Materials and methods

2.1. Oral cell lines

To determ ine the efficacy of Raman spectroscopy in distinguishing 
between the cellular states observed during carcinogenic transform a
tion. three different types of oral cell lines namely SCC-4 (m alignant 
cell line). DOK (dysplastic cell line) and primary cells (normal oral epi
thelial cell line) were utilised. It is important to note that both patholog
ical cell lines w ere originally from tongue, one of the sites of highest 
incidence of oral squamous cell carcinoma.

2.1.1. SCC-4 a n d  DOK cell cu ltures
The SCC-4 and DOK (HPA cultures. UK) cell lines w ere cultured in 

Dulbecco Modified Eagle's Medium (DMEM) supplemented with 10% 
(v/v) FBS. penicillin/streptom ycin (100 U/100 ng) and L-glutamine 
(2 mM). For the DOK cell line, hydrocortisone (5 ng/ml) was also 
added. The medium was pre-warmed at 37 °C before incubation of the 
cells. Cells were cultured until 90% confluency in a humidified environ
m ent at 5% CO2 . before being passaged. W hen confluent, the cells were 
washed in pre-warmed phosphate buffered saline (PBS) (0.01 M phos
phate buffer, 0.154 M sodium chloride) and incubated with trypsin- 
EDTA (0.5% trypsin, 0.02% EDTA) for 5 min at 37 °C. Fresh, pre-warmed 
medium was added to deactivate trypsin, and the suspended cells were 
centrifuged at 250 g  for 5 min. The supernatant was discarded and the 
cell pellet was resuspended in a sufficient volume of fresh pre-warmed 
medium, counted and passaged at a ratio of 1:3.

2.1.2. P rim a iy  cell cu lture
Human oral mucosa was recovered at the Dublin Dental University 

Hospital from patients undergoing routine third molar extraction 
in the Departm ent of Oral and Maxillofacial Surgery. The sample 
was immediately placed into pre-warmed collection medium [DMEM, 
penicillin/streptom ycin (100 U/100 ^lg), am photericin B (2.5 ^ig/ml)]

for 10 min before washing the tissue three tim es with pre-w arm ed 
1 X PBS and placing it in 0.17% tiypsin overnight at 4 °C. The following 
day. the sample was washed w ith 1 x PBS and the connective tissue 
was removed using a scalpel. The tissue was cut into small pieces 
(1 mm X 2 mm) and the small sections w ere placed in pre-treated  
T25 flasks (CELL-I-, Sarstedt), each with a small coating of keratinocyte 
growth medium (KCM). These were left to adhere to the flask for 1-2 h 
and the flask was subsequently flooded w ith KCM. Once sufficient 
growth of cells from tissue was achieved (2 -3  weeks), KCM was 
replaced with Epilife m edium (Invitrogen) to select for epithelial cell 
growth. Cells were passaged using 0.05% trypsin and spun at 250 g  for 
10 min at 4 °C and cultured to 90% confluency.

2.1.3. Sa m p le  p reparation
To facilitate Raman spectroscopy m easurem ents, cells w ere de

tached from the flasks using 0.025% ti'ypsin-EDTA at 37 °C and pelleted 
at 250 g  for 5 min at room temperature. The supernatant was removed 
and cells were counted and seeded at a density of 5 x lO'’ cells/calcium 
fluoride (CaF2 ) disc in a multiwell plate and maintained, as previously 
described, until a m onolayer of cells was stably growing on the disc. 
The cells were then fixed with 10% neutral buffered formaldehyde for 
5 min, washed with 1 x PBS and stored in 0.9% physiological saline solu
tion prior to capture of the Raman spectrum.

2.2. Ram an sp e c tjv sc o p y  m ea su rem en ts

The study was conducted with a Horiba Jobin-Yvon LabRam HR800 
instrument using a 532 nm laser as the source in a backscattering geom
etry, and a 300 lines/mm grating, providing a dispersion of -1 .5  cm “ ' 
per pixel. The laser power was approxim ately 35 mW at the sample. 
Spectra were taken in the range from 600 cm “ ' to 1800 c m ~ ’ with a 
confocal hole diam eter of 100 |,u t i . A lOOx w ater immersion objective 
(LUMPlanFl, Olympus, N.A.: 1.0) was used to focus the laser on the 
sample, immersed in distilled water, providing a spatial resolution of 
-1  nm (Bonnier e t al., 2010a, 2010b; Bonnier e t al., 2012; Fullwood 
et al., 2014). W ater immersion has been dem onstrated to reduce any 
photothermal damage to the cells during measurement, and the signals 
were observed to be stable and reproducible (Bonnier e t al.. 2012). 
For each cell line, 20 cells were analysed. For each cell, three different 
subcellular regions were analysed, resulting in one spectrum  for each 
subcellular region of each cell. Thus, for each cell line, 20 nucleolar, 20 
nuclear and 20 cytoplasmic spectra w ere recorded, each for a period 
of 2 x 20 s.

2.3. Data preprocessing

Data preprocessing was performed using Matlab (Mathworks. USA). 
Before statistical analysis, a Savitsky-Colay filter (5th order, 7 points) 
was applied to sm ooth the spectra. As it has been dem onstrated that, 
in w ater immersion, the background to the Raman spectrum is simply 
the spectrum  of the overlying w ater (Bonnier et al.. 2010a), and no 
background was subtracted. All spectra were (vector) normalized to re
move point to point intensity variations and facilitate comparison of all 
spectra.

2.4. Data analysis

Principal com ponent analysis (PCA) is a m ethod of m ultivariate 
analysis broadly used with datasets of multiple dimensions (Varmuza, 
2009; Laurikkala and Juhola, 2007; German et al., 2006). It allows rhe re
duction of the num ber of variables in a m ultidimensional dataset, al
though it retains most of the variation within the dataset. The order of 
the principal components (PCs) denotes their importance to the dataset. 
PCI describes the highest amount of variation, f^2  the second highest, 
and so on (Kelly e t al.. 2011; Martin et al.. 2007). A PCA scatter plot 
groups similar datasets (spectra) according to the loadings of the PCs
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and can be used to distinguish different datasets (samples). Tine load
ings represent the variance for each variable (wavenumber) for a 
given PC. Analysing the loadings of a PC can give information about 
the source o f the variability inside a dataset, in the case of spectroscopy, 
derived from variations in the molecular components contributing to 
the spectra.

PCA was employed in this study to highlight the variability existing 
in the spectral data set recorded for the different subcellular regions, 

jand to differentiate the spectroscopic signatures of different cell lines.

i3. Results and discussion

3 .1. Single cell analysis ( normal p rim ary  cell culture)

Analysis of the subcellular regions, nucleolus, nucleus and cytoplasm, 
from the primary cell culture (Fig. lA), was completed and the different 
subcellular regions were compared using PCA analysis. Fig. IB, C. D 
shows the average spectra for each subcellular region, the standard devi
ation being illustrated by the shaded region. Visually, it is possible to note 
the similarities, but few differences, between the average spectra of the 
nucleolus and nucleus. That of the cytoplasm is, however, clearly different. 
Notable differences, highlighted by the boxes in Fig. IB, C and D, include 
the peak at -700 cm“ ' observed in the cytoplasm, the single peak around 
-800 cm” ' observed in the nucleolus and nucleus, and also the profiles of

the spectra between 1200 cm“ ' and 1400 cm” '.These features can be 
associated w ith specific chemical moieties, as indicated in Table 1. and 
their differing relative strengths are an indication of differing chemical 
composition of the subcellular region analysed. For example, the peak at 
-720 cm” ' can be associated w ith lipidic components, which are rela
tively strong in the cytoplasm, while the peak at -790 cm” ' is associated 
with nucleic acids, predictably relatively strong in the nucleus and nucle
olus. The changes in the spectral region from 1200 to 1400 cm” ' are more 
complex and subtle, illustrating the need for more sophisticated multivar
iate data analysis techniques such as PCA (Bonnier and Byrne, 2012; 
Yasser et al., 2014).

Using PCA clustering, the nucleolus, nucleus and cytoplasm were 
clearly differentiated and spatially located. In confocal operation, the 
focal depth is -1 -2  |.im, and thus it can be expected that while sampling 
the nucleus or nucleolus, the overiying plasmatic membrane and cyto
plasm may contribute to the observed signal. Nevertheless, good 
discrimination of the respective subcellular regions is achievable. The 
nuclear (nucleolus and nucleus) regions and cytoplasm are effectively 
separated according to PCI as shown in Fig. 2A. Similariy, it can be 
seen that the nucleolus and nucleus are differentiated according to 
PC3, although no significant differences in the average spectra are im
mediately obvious in Fig. 1B, C. No significant differentiation is observed 
according to PC2, and the loadings plot of this component is dominated 
by spectral features of water. A detailed analysis of the peaks of the
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loadings o f PCI and PC3 show s that it w as possible to separate the sub- 
cellular regions from  each other based on their biochem ical content, 
even  though  th e  nucleolus and nucleus are m olecularly quite sim ilar 
(Bonnier and Byrne, 2012).

The spectral loadings from PCI and PC3 are respectively illustrated 
in Fig. 2B and C. W ith  respect to PCI, the spectra from th e nucleolus  
and nucleus are clustered on the right (positive values) and the spectra 
from  the cytoplasm  clustered on the  left (negative  values) o f  Fig. 2B. 
Thus, positive peaks in the loading o f PCI correspond to chem ical sp e
cies w hich  are m ore abundant in the  nucleolus and nucleus, and nega
tiv e  to sp ec ies w h ich  are relatively m ore abundant in the cytoplasm  
(Notingher, 2007). Clearly, the m ain features associated w ith  the nucle
o lu s and nucleus are related to nucleic acids, and protein  structural 
com ponents, w h ereas the features associated w ith  the cytoplasm  are 
derived from lip ids and carbohydrate com ponents, w hich  could be re
lated to organelle membrane content.

W ith respect to PC3, the spectra from the nucleolus are clustered on  
the top right quadrant (positive values) and the spectra from the nucle
us are clustered on the bottom  right (negative values) o f  Fig. 2A. Thus, 
positive peaks in the loading o f  PC3 show n in Fig. 2C correspond to spe
cies w hich  are m ore abundant in th e  nucleolus, and negative to species  
w h ich  are relatively m ore abundant in the nucleus (Notingher, 2007). 
Thus, the  m ain  features associated  w ith  th e  n ucleolus are related to  
nucleic acids, w hereas the features associated w ith  the nucleus are re
lated  to protein structural com ponents, indicating a higher density  o f  
th ese  com ponents in the respective subcellular regions (Table 1).

3 2 . Squamous cell carcinoma vs dysplastic cells vs normal cells

In individual cell lines, Raman spectroscopy, coupled w ith  multivar
iate statistical analysis, has thus b een  dem onstrated  to  be a pow erful 
tool to  d iscr im inate different subcellu lar reg ions based on  their b io
chem ical content. The technique can also be extended  to differentiate 
b etw een  different cell lines, representing different oral pathologies.

A sim ilar spectral screening w a s conducted for the three cell lines, 
SCC-4, DOK and primary m ucosal epithelial cells and PCA w as used for 
statistical analysis o f  the Raman spectroscopic data from the respective 
subcellular regions for each cell line. In all cases, PCI w as discarded, as it 
w as dom inated by w ater contributions and the analysis w as therefore 
based on PC2, PCS and PC4 in order to  discrim inate the cell lines accord
ing to  each subcellular region. The variances explained by each PC for 
the respective cellular regions are tabulated in Table 2.

The peak  at - 7 2 0  c m “ ’ can  be a sso c ia ted  w ith  lip id ic  co m p o 
n en ts , w h ich  are relatively stron g  in  the  cytop lasm , w h ile  th e  peak  
at - 7 9 0  c m ~ '  is associated w ith  nucleic acids, predictably relatively  
strong in the nucleus and nucleolus. The changes in the spectral region 
from  1200 to  1400 cm “ ’ are m ore com plex and subtle, illustrating the  
need  for m ore sophisticated multivariate data analysis techniques such 
as PCA (Bonnier and Byrne, 2012; Yasser et al., 2014).

Table 2
Variances explained by each PC for the respective cellular regions.

PC/region Nucleolus% Nucleus% Cytoplasm%

P C I  (water) 76.08 76.69 63.42
PC2 5.42 6.30 \ i m
PC3 4.05 4.05 6.34

3.2.1. Nucleolus
The scatter plot o f  Fig. 3 A show s the PCA o f  the Raman spectral data 

o f  the nucleolar regions o f the three cell lines, com paring PC2 and PC3. 
Normal cells (blue) score predom inantly negative w ith  respect to  P Q , 
w h ile  abnormal cells (SCC-4 (red) and DOK (green )), both score pre
dom inantly positive, giving a 90% discrim ination according to  PC2, cal
cu lated  as the  ratio o f  the  num ber o f spectra w h ich  are “correctly" 
clustered negatively, to those w hich  are “incorrectly" clustered positive
ly. The loading plot for this PC (Fig. 3B), therefore show s positive peaks 
corresponding to sp ec ies w hich  are m ore prom inent in the spectra o f  
nucleoli o f  abnormal cells, w h ile  th e  negative peaks are related to spec
tra o f  normal cells. As detailed below , the nucleolar region contains the 
m ain percentage o f  nucleic acids (Chen e t  al., 2 0 1 4 ) com pared to the  
other subcellular regions, so w e  can argue that, from a spectroscopic  
point o f  v iew , every peak related to vibrational m odes o f nucleic acids 
could be im portant as a biomarker for discrim ination o f  the  cell lines 
in the nucleolus region.

Positive features include bands at 788 /811  cm “ ’, related to  O -P -0  
stretching o f  DNA and nucleic acids in general, 1420  cm “ ’ related to 
CH2 deformation from lipids and carbohydrates, and 1680 cm “ ', related 
to  am ide 1 vibrational m odes o f  proteins. N egative peaks include  
1220  c m ~ ’ , related to  A (ad en in e), and T (th ym in e) vibrational 
m odes from nucleic acids (Notingher, 2007).

3 J 2 .  Nucleus
Fig. 4A sh ow s the  PCA scatter plot for the Raman spectral data from 

the  nuclear region o f  the three cell lines. In this case, there is little or no 
differentiation o f  the data according to PC2, but there is som e degree o f  
differentiation betw een  the cell lines according to  PC3, the normal cell 
lines being predom inantly distributed on  the  n egative axis, w h ile  the  
diseased  SCC-4 and DOK data points are prim arily distributed on the 
positive side, g iv ing an 82.5% differentiation. The loading p lot for this 
PC (Fig. 4B) sh ow s positive peaks corresfw nding to biochem ical species 
w hich  are m ore abundant in the nucleus o f  abnormal cell lines, whereas 
th e  negative peaks w ere  related  to spectra from th e norm al primary 
cells. The subcellular region o f  the  nucleus contains a large percentage 
o f  nucleic acids com pared to th e  cytoplasm , although som e changes to 
lipid content are observed. Thus, a combination o f  nucleic acid/lipid con
ten t has spectroscopic significance as a biom arker to  discrim inate the

Table 1
Band assignments o f Raman peaks (Notingher. 2007).

Band (cm ' )/subceliular region Nucleolus Nucleus Cytoplasm
Vibrational mode/structural component Vibrational mode/structural component Vibrational mode/structural component

717 CN +  (CH3 ) 3  str. — lipids

729 A -  nucleic acids
760 Ring breath Try — proteins
8 1 1 -1 4 O -P -0  str, RNA — nucleic acids

937 C-C Bk str. a -h elix  — proteins 
C-O-C glycos, -  carbohydrates

1065 POr str. — nucleic acids P05" str, — nucleic acids Chain C-C str. -  lipids

1301 CH2  tw ist -  lipids CHj tw ist -  lipids

1320-4 G-N ac./C-H -  proteins

1342 A, C -N  ac./C-H -  proteins C-H def. -  carbohydrates

1441 C, A, CH d ef — nucleic acids G, A, CH def -  nucleic acids C-H def. -  carbohydrates/lipids

1487 C-H def, -  carbohydrates/lipids

1658 Amide 1 -  proteins
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Fig. 3. A -  PCA scatter plot differentiating tlie Raman spectra of the nucleoli of the primary (normal) cell line (blue), from those of the abnormal cell lines (SCC-4 (red) and DOK (green)). 
B -  Spectral loading of PC2, differentiating the Raman spectra of the nucleoli of the primaiy (normal) cell line (negative), from those of the abnormal cell lines (positive). (For interpretation of 
the refereiKes to color in this figure legend, the reader is referred to the web version of this article,)

normal and abnormal cell lines in the nuclear region. In this case, little or 
no differentiation is observed between the two abnormal cell lines, 
however.

Positive features include mostly bands at 1065 cm“ ’ , related to P07  
of nucleic acids, and 1680 cm ~ ’ , related to the Amide 1 vibrational 
modes from proteins (Chen et al., 2014). Negative peaks mostly include 
788/811 cm“ ’ , related to O -P -0  stretching of DNA and nucleic acids in 
general, 1301 cm“ ’ related to CH2  twist of lipids and 1420 cm ~’ related 
to CH2  deformation from lipids and carbohydrates (Notingher, 2007).

32.3. Cytoplasm
The scatter plot o f Fig. 5A shows PCA of the cytoplasmic regions of 

the three cell lines. Some degree of differentiation between the normal 
and abnormal cell lines according to PCS is apparent giving 90% of dis
crimination. Similarly, PC2 differentiates between the spectra of the 
dysplastic and cancer cell lines giving 77.5% of discrimination (Fig. 5A).

Analysing PC3, the main features include positive bands at 788/ 
811 cm ~’ , related to O -P -0  stretching of DNA. 1301 cm“ ' related to 
CH2  twist of lipids and 1420 cm“ ’ related to CH2  deformation from 
lipids and carbohydrates. Negative peaks include 937 cm“ ’, related to 
the C-C backbone stretch of the a-helix  of proteins and the C-O-C vi
brations of carbohydrates, and 1658 cm“ ’ , related to Amide 1-proteins 
(Fig. 5B) (Notingher, 2007). The spectral profile of the cytoplasm sub- 
cellular region is dominated by vibrational modes from lipids and

carbohydrates, which could be related to any physiologic subcellular 
transport and organelle membranes and both constituents could be 
im portant as biomarkers for discrimination o f the cell lines in the 
cytoplasm region. Notably, the cytoplasm was the only subcellular 
region in which some discrimination between dysplastic and cancer 
cells was observed according to the loading plot o f PC2 (Fig. 5B).

The analysis demonstrates that the technique may not only be 
urilised to differentiate normal and abnormal cells, but also dysplastic 
and cancer cells, based on cytoplasmic biomarkers. It is notable that 
the dysplastic and cancer cells are discriminated only based on cytoplas
mic, rather than on nucleolar or nuclear biomarkers, suggesting that the 
cells are relatively similar in biochemical content in these regions and 
the pathological differences are largely manifest in the cytoplasmic re
gions, Further analysis is required to explore this further, however.

Notably, the cytoplasm was the only subcellular region in which 
some discrimination between dysplastic and cancer cells was observed 
according to the loading plot o f PC2 (Fig. 5B). Positive features include 
mostly bands at 788 cm ~ ', related to O -P -0  stretching of DNA and 
nucleic acids in general, 1301 cm“ ’ related to CH2  twist of lipids and 
1420 cm“ ’ related to CH2  deformation from lipids and carbohydrates. 
Negative peaks mostly include 937 cm “ ’ , related to C-C backbone 
stretching in a-helical proteins and C -O -C  vibrarions in glycosylated 
carbohydrates. 1220-1284 cm ~ ’ related to = C H  bend of lipids and 
1640 cm“ ’ related to the Amide I band of proteins (Notingher. 2007).
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Variations between the samples as reported here have a number of 
possible origins, both intrinsic and due to measurement conditions. As 
the measurements were performed in immersion geometry, and no ex
plicit removal of it was carried out. the water spectrum emerges as one 
of the most significant principal components, in all measurements. In 
the case of the normal cells, the w ater contribution to the variance of 
the difference between the nucleus, nucleolus and cytoplasm, described 
by PC2, as the differences between the subcellular regions are domi
nantly those associated with the biochemical makeup and described 
by PCI (-70% variance). In the case of the comparison of the same sub- 
cellular regions of different cells, slight variations in size and shape con
tribute significant variations in the contributions of the overlying water, 
represented by PCI (-70% variances). This variance is larger than the 
more subtle differences in the biochemical makeup of the respective 
subcellular regions between the cell types. Cancer cells are continually 
undergoing transformation to enable survival, replication and metasta
sis and potentially changes observed in the Raman spectra may be a 
direct observation of some of these changes. These changes are driven 
through a number of cellular mechanisms and can manifest as posttrans- 
lational modification (chemical processes resulting in the cleavage or 
modification of proteins) e.g.. glycosylation, phosphorylation, or epige
netic changes (heritable changes not due to changes in the DNA se
quence) e.g„ histone modification and DNA methylation. The sensitivity 
of the analysis used in this study is unlikely to identify such specific 
changes in cells, but both posttranslational modification and epigenetic 
changes have been observed utilising surface-enhanced Raman spectros
copy (Barhoumi and Halas, 2011; Sundararajan et al.. 2006) and variation 
between the cell types used is potentially the result of an accumulation of 
these cellular changes (>75%). Notably, however, more sophisticated 
multivariate classification techniques can be applied to achieve higher de
grees of sensitivity and specificity for real clinical applications (Knipfer 
e t al., 2014; Lasalvia et al.. 2015; Lyng et al.. 2007).

4. Conclusion

It has been demonstrated that Raman micro-spectroscopy can dif
ferentiate each subcellular region (nucleolus, nucleus and cytoplasm), 
based on biomolecular content, revealing specific spectral biomarkers 
for each region. Although the spectral differences are subtle, the use of 
an unsupervised multivariate analytical method, PCA, allows a detailed, 
high content analysis of the spectral markers associated w ith the bio
chemical differences. The technique is completely label free, requires lit
tle sample preparation and is nondestructive.

Importantly, it was also possible to discriminate the pathological 
cell lines from the normal primary cells based on differences in the 
spectral profiles of either the nuclear (>90%) or nucleolar (>80%) re
gions of the respective cell lines. Interestingly, the dysplastic and 
cancer cells w ere only discriminated in the analysis of the cytoplas
mic regions.

Although the study presented is a proof of concept, and more elabo
rate analysis of normal and dysplasia/cancer cytological samples from 
the same patients will be required to explore intra and inter patient 
variabilities, the model cells used in this study are well established 
oral cancer models and are representative of the stage of the disease de
scribed and are indicative of clinical samples. The inclusion of isolated 
primary cells which are of a normal phenotype is an acceptable compar
ator in this study. Further such studies of a range of clinical samples are 
planned.

Notably, as an optically-based microscopic technique, the Raman 
spectroscopic analysis is readily adaptable to clinical applications. The 
development of fibre optic Raman probes ultimately offers the promise 
of in vivo, optically-directed biopsy in extensive areas of leukoplakia 
and intraoperative applications in determining tumour resection mar
gins. In the short term, existing microscope based Raman technologies 
might also be adopted for chair-side diagnosis based on exfoliated cyto
logical samples which could yield a rapid outcome and a significant re
duction in the num ber of false negatives/positives along w ith early 
cancer detection, as evidenced by the observed changes in established 
cancer and dysplastic lesions.
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10.2 Patient Consent Form
Project Title: "A role for ethanol in oral cancinogensis"

Principal Investigators:

Dr Jeff O ’Sullivan  
Prof. Stephen Flint 
Dr M ary Clarke

BACKGROUND: This project will investigate the relationship between the consumption 
o f alcohol and damage to the oral mucosal tiss ues. This will aid in our understanding o f 
the effects o f alcohol in oral conditions such as  leukoplakia and the development o f oral 
cancer. To facilitate this study we ask permission to recover a piece o f tissue, which 
maybe removed during your extraction and w ould be normally discarded. Cells will be 
isolated from a small piece o f the recovered tissue, these cells will be grown in the 
presence o f alcohol and changes in the levels o f  inflammatory proteins will be monitored 
to establish if  the alcohol has any effect on normal cell growth. The benefit o f the study 
will be better understanding of the nature o f the disease and possible improvement o f the 
treatment approaches to this disease, with an ai m o f cancer prevention.

Your data will be atwnymised, conjldential and securely stored.

DECLARATIO N:
I have read, or had read to me, this consent form. 1 have had the opportunity to ask 
questions and all my questions have been answered to my satisfaction. 1 freely and 
\ oluntarily agree to be part o f this research stuidy, though without prejudice to my legal 
and ethical rights. I understand 1 may w'ithdTaw from the study at any time. I have 
received a copy o f this agreement.

Patient's Nam e

Contact Details

Participant's Signature: Date:

The Researcher:

1 have explained the nature and purpose o f  this research study, the procedures to be 
undertaken and any risks that may be involved. I have offered to answer any questions 
and fully answered such questions. I believe that the participant understands my 
explanation and has freely given informed cons.ent.

Investigator's Signature: Date:
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10.3 Patient Information Sheet

Names of researchers:
Dr Jeff O ’Sullivan 
Prof Stephen Flint 

Dr Mary Clarke

Working title o f study:
"A role for ethanol in oral carcinogensis"

Introduction
Leukoplakia is a white lesion o f the mouth with the potential to turn cancerous. The 
diagnosis o f leukoplakia is made by taking a biopsy (sample) o f the tissue and looking at 
it under a microscope. We cannot predict with any certainty which leukoplakias will 
become cancers. However, we do know that some leukoplakias present with substantial 
inflammation. Common alcohol can cause a temporary inflammatory response in tissues, 
which are exposed to it. What is also not obvious is whether the present o f alcohol can 
causes the progression o f leukoplakia and if  it is responsible for the observed 
inflammation.

Description of study
• Aims and objectives o f study
1) Determine the normal pattern o f oral tissue growth/intlammation and respiration
2) We then propose to grow normal healthy cells derived from your tissue sample to 
determine the interaction between alcohol and normal (tissue) cells by culturing both 
together and monitoring the production o f inflammatory proteins.
3) We also propose to investigate if several potential compounds can alleviate the onset 
o f inflammation and/or carcinogenesis.

Contribution required from participant
The study involves recovering a piece o f tissue, which maybe routinely removed (as part 
o f your extraction) and would be normally discarded after treatment. We are asking your 
permission to use a small piece o f the recovered specimen for our investigations 
outlined in 1), 2) and 3) above.

Possible benefits o f the study.
The possible benefits o f  the study will be better understanding o f the nature o f the effect 
alcohol consumption can have on the rate o f oral cancer development, with an aim of 
cancer prevention or early detection.

Possible risks to participants and after effects
There are no more risks than if  you were not in the study, since this tissue is routinely 
removed and discarded as part o f your procedure. You are at no more risk o f the normal 
side effects or complications o f any extraction, namely: post-operative bleeding, 
swelling, pain and infection. We aim to prevent these through postoperative instructions, 
ensuring an atraumatic technique, pain killers and post-operative antiseptic mouthrinses.

Location of research.
Dublin Dental University Hospital
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W hat w ill happen to the results o f the study
I'his project is part o f  PhD degree and the resuhs o f  the study will be published in a 
scientific journal, w ith due consideration o f  confidentiality.

C onfidentiality  o f  inform ation
Your identity will remain entirely confidential. Your name will not be published and will 
not he disclosed to anyone outside the study group. Your data and sample will he coded 
and anonymised.
The data will be stored securely at Dublin Dental School & Hospital in the data 
inform ation system  and protected by the use o f  security software. The DDSH has its 
own server, security and secure access system s. The anonym ised sam ples will be kept 
for five years and then destroyed

V oluntary participation
You are N O T obliged to take part.

Perm ission
Ethical approval from  Faculty Research Ethics G roup - Faculty o f  Health Sciences, 
TCD.

Further inform ation and how to take part
The procedures will be explained to you and an inform ed consent form  m ust be signed 
by you if  you agree to take part in this study. The research will be conducted in D ublin 
Dental School & Hospital.

C ontact details o f researchers
Dr. Je ff O 'S u llivan  
P ro f  Stephen Flint 
Dr. M ary Clarke
Dublin Dental U niversity Hospital 
Lincoln Place, D ublin 2
Tel: 01 6127200. Email: je ffosu llivan@ denta l.ted .ie .
This study is covered by standard institutional indemnity insurance.
Nothing in this document restricts or curtails your rights

323



I
B

I

I
%

t
3

324



11 Appendix 2
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11.1 DiT Matiab script
SCCx DOKx NC nucleolus

Figures are generated at several steps along the script (‘figure’) producing the loading 

plots and scatterplots observed in Chapters 4 and 5. Colours are given to the specific 

plots, ‘r’ =red, ‘g’=green.

%%%%%loading of the filesV%%%

readfiles_pk

Nucleolus_SCC_FA = ans(:,2:end) 

readfiles_pk

Nucleolus_OOK_FA = ans(:,2:end) 

readfiles_pk

Nucleolus_NC_FA = ans(:,2:end)

wavenuRibers = ans(:,l)

figure 
hold on
plot(wavenumbers,Nucleolus_SCC_FA,‘ r ' ) 
plot{wavenumbers,Nucleolus_DOK_FA,*g’ )

k=5;
w=13;

Nucleolus_SCC_FA_S = sgolayfilt(Nucleolus_SCC_FA{: , : ) ,k,w); 
Nucleolus_DOK_FA_S = sgolayfilt(Nucleolus_DOK_FA(: , : ) ,k,w);

figure 
hold on
plot(wavenumbers,Nucleolus_OOK_FA_S,*r*) 
plot(wavenumbers,Nucleolus_SCC_FA_S,*g')

mean_Nucleolus_NC_FA_S = mean(Nucleolus_NC_FA_S<:» ’•) *2) 
mean_Nucleolus_SCC_FA_S = n»ean(Nucleolus_SCC_FA_S(: , : )  ,2) 
mean_Nucleolus_DOK_FA_S = inean(Nucleolus_DOK_FA_S(: , : ) ,  2)

figure 
hold on
plot(wavenumbers,mean_Nucleolus_SCC_FA_S,* r ' ) 
plot(wavenumbers,fli€an_Nucleolus_DOK_FA_S,*g')

baseline correction %%%%%%%%%%%%%%
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Nucleolus_SCC_FA_Bl = mrubberbandp_pk(wavenurabers,Nucleolus_SCC_FA_S', 0 ) :  
Nuclcolus_SCC_FA_B2 = f l ip d im (N u c le o lu s_ S C C _ F A _ B l ,2 )
Nucleolus_SCC_FA_BN = norm aliz(Nucleolus_SCC_FA_B2)

Nucleolus_DOK_FA_Bl = mrubberbandp_pk(wavenumbers,Nucleolus_OOK_FA_S', 0 ) ;  
Nucleolus_D0K_FA_B2 = f l ip d im (N u c le o lu s _ D 0 K _ F A _ B l ,2 )
Nucleolus_DOK_FA_BN = norm aliz(Nucleolus_D0K_FA_B2)

f i g u r e  
hold  on
plo t(w avenum bers ,Nucleo lus_SCC_FA_BN,' r ' ) 
p lo t (w avenu m b ers ,N u c leo lu s_D O K _F A _B N ,'g ')

mean_Nucleolus_NC_FA_BN = mean(Nucleolus_NC_FA_BN(: , : ) , 1 )  
f i g u r e
plot(wavenumbers,mean_Nucleolus_NC_FA_BN)

mean_Nucleolus_SCC_FA_BN = mean(Nucleolus_SCC_FA_BN(: , : ) , 1 )  
f i g u r e
plot(wavenumbers,mean_Nucleolus_SCC_FA_BN)

mean_Nucleolus_DOK_FA_BN = mean(Nucleolus_DOK_FA_BN(: , : ) , 1 )  
f i g u r e
plot(wavenumbers,mean_Nucleolus_SCC_FA_BN)

f ig u re  
hold  on
plot(wavenumbers,mean_Nucleolus_SCC_FA_BN, ’ r ‘ ) 
plo t(wavenum bers,m ean_Nucleolus_DOK_FA_BN,'g ' )

f ig u r e  
hold on
plot(Nucleolus_SCC_FA_BN', ' g ' )

c l e a r  cnd_spectrum; 

axes = wavenurobers 

] = 1: 

k = 1;

fo r  1 = l:size(Nucleolus_SCC_FA_BN)  

c le a r  new_vdlues;

current_spectrum  = Nucleolus_SCC_FA_BN(i,: ) ;
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[max_int,max_ind) = max(current_spectrum(600:615)): 
y_correct = 599+max_ind;

%right shifted spectrum 
if axes(y_correct) < 1005
diff_pos= axes(y_correct) - 1C05 ;
\remove y number of elements from end of spectrum and add y elements with same value as>^
first element element
corrected_spectrum = current_spectrum;
first_value = current_spectrum(l);
corrected_spectrum{end-abs(diff_pos)+l:end) = II;
new_values(l:abs(diff_pos)) = first_value;
corrected_spectrum = single(corrected_spectrum)
end_spectrum(j,:) = (new_values corrected_spectrum);
i = j +1:
end

%left shifted spectrum 
if axes(y_correct) > 1005

diff_pos= axes(y_correct) - 1005 ;
%remove y number of elements from start of spectrum and add y elements with same^ 

value as first element element
corrected_spectrum = current_spectrum; 
last_value = current_spectrum(end); 
corrected_spectrum(l:diff_pos) = (1; 
new_values(l:abs(diff_pos)) = last_value; 
corrected_spectrum = single(corrected_spectrum)

end_spectrum(j,:) = (corrected_spectrum new_values);
) = ] ♦ ! :end

if axes(y_correct) == 1005
end_spectrum(],:) = current_spectrum;

i = j +1;end
end

Nucleolus_SCC_FA_BN_R = end_spectrum

figure 
hold on
plot(wavenumbers,Nucleolus_SCC_FA_BN_R, ‘r ‘) 
plot(wavenumbers,Nucleolus_00K_FA_BN_R_2,'g‘)
mean_Nucleolus_SCC_FA_BN_R = mean(Nucleolus_SCC_FA_BN_R(:,:),1) 
mean_Nucleolus_DOK_FA_BN_R = mean(Nucleolus_DOK_FA_BN_R(:,:),1)
figure 
hold on
plot(wavenumbers_cut,mean_Nucleolus_SCC_FA_BN_R, 'g ’) 
plot(wavenumbers_cut,mean_Nucleolus_DOK_FA_BN_R,'r')
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ind_end= f ind(wavenutnbers==1800); 

ind_start=find(wavenumbers==600); 

wavenumbers_cut=wavenumbers(ind_start: ind_end);

% wavenumbers_cut = f lipdim(wavenumbers_cut,2);

Nucleolus_SCC_FA_S_R = Nucleolus_SCC_FA_BN_R(: , in d _ s ta r t : ind_end); 
Nucleolus_D0K_FA_S_R_2 = Nucleolus_00K_FA_BN_R_2{; , in d _ s ta r t : ind_end);

f igure  
hold on
plot{wavenumbers_cut,Nucleolus_SCC_FA_S_R,'g') 
plot(wavenumbers_cut,Nucleolus_D0K_FA_S_R_2,' r ' )

mean_Nucleolus_SCC_FA_S_R = mean(Nucleolus_SCC_FA_S_R{: , : ) , 1 )  
f ig u re
plot(wavenumbers_cut,mean_Nucleolus_SCC_FA_S_R,‘ r ’ )

mean_Nucleolus_D0K_FA_S_R_2 = mean(Nucleolus_D0K_FA_S_R_2(

f igure  
hold on
plot(wavenumbers_cut,mean_Nucleolus_SCC_FA_S_R,'g‘ ) 
plot(wavenumbers_cut,mean_Nucleolus_D0K_FA_S_R_2,' )

spectraPCA = lNucleolus_SCC_FA_S_R; Nucleolus_D0K_FA_S_R_2)

(x y]=size(Nucleolus_SCC_FA_S_R); ind_Nucleolus_SCC_FA_S_R=x;
(x y1=size(Nucleolus_D0K_FA_S_R_2); ind_Nucleolus_00K_FA_S_R_2=x;

group=zcros(1 , ind_Nucleolus_SCC_FA_S_R+ind_Nuclcolus_D0K_FA_S_R_2); 

in d l= l : ind_Nucleolus_SCC_FA_S_R;
ind2=ind_Nucleolus_SCC_FA_S_R+l:ind_Nucleolus_SCC_FA_S_R+ind_Nucleolus_D0K_FA_S_R_2;

gro up ( ind l)= l ;  
group(ind2)=2;

Ic o e f f l ,  scoresl, l a t e n t l )  = princomp(spectraPCA);

f igurc

scat te r3 (  scoresK in d l ,  2 ) ,  scoresK i n d l , 3 ) ,  scoresK ind 1 ,4 ) ,  ' g o ' , '  t l U e d ' )  ;hold on 
scat te r3 (  scoresK in d 2 ,2 ) ,  scoresK in d 2 ,3 ) ,  scoresK in d 2 ,4 ) , '  r o ' , '  f i l l e d ' )  ;hold on

S s c a t ie r3 (sc o res K  in d 4 ,1 ) , scorcsK in d 4 ,2 ) , scoresK in d 4 ,3 ) , '  r s ' , '  f l U e d ' )  ;hold on 
\  sc a tte r3 (s co re s ( in d S ,1 ) , scores{ indS,2 ) , scores( indS,3 ) , ' y o ' , ' f i l l e d ' ) ; hold on 
xlabeK  ' PC2 ' ) :  
ylabeK  ' PC3' ) ;  
z lab eK  ' PC4 ' ) ;
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p e rc en t_ ex p l a i n ed  = 100*l a t ent l / su tn(  l a t e n t l ) ;
f i g u r e ;
hold  on
p l o t ( p e r c e n t _ e x p l a i n e d ( l : 10 ,1 ))

f i g u r e ;  
ho ld  on
p lo t (wavenumbers_cut , c o e f f 1 ( : , 4 ) , ' b ' ) 
% p lo t (wavenumber_2 , coe f f4 ( : , 2 ) , '  r ' )
% s e t ( g c a , ' X O i r ' , ' r e v e r s e ’ )

f i g u r e ;  
hold on
p lo t (w av en u m be r s _c u t , c oe f f 1 ( : , 3 ) ,  ' b ‘ )
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