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Abstract
Background
Oral and pharyngeal cancer accounts for one-sixth of the total cancers worldwide. An
estimated 263,900 new cases and 128,000 deaths from oral cavity cancer (including lip
cancer) occurred in 2008 worldwide. Smoking, alcohol use, smokeless tobacco
products, and HPV infections are the major risk factors for head and neck cancers, with
smoking and alcohol having synergistic effects.

Squamous cell carcinoma of the oral cavity is driven by a multistep process of
accumulation of genetic mutations related to cell proliferation and differentiation.
Increasing evidence suggests that cyclins, cyclin dependent kinases (CDKs), and cyclin
dependent kinases inhibitors (CDKIs) either are themselves targets for genetic change in
cancer or are disrupted secondarily by other oncogenic events. Cyclin D1 and p27KIP1
are two important regulators for the cell cycle G1/S checkpoint. Normally, cyclin D1 at
G1 is constant or at a very low level and its excessive expression may be associated
with disordered proliferation of cells leading to malignant change. On the other hand,
p27KIP1 is an anti-oncogene and under the regulation of TGF-β, p27KIP1 inhibits activity
of oncogenes and controls the transition of G1/S phase mainly by the interaction with
CDK and CDK-Cyclin, so as to inhibit cell proliferation and give cells opportunities to
repair DNA. No study, to date, has clearly determined the expression of cyclin D1 and
its correlation with in p27KIP1 in non-neoplastic and non-dysplastic mucosa, oral
dysplasia, and oral squamous cell carcinoma.
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Aim
The purpose of this research is to determine cyclin D1 and p27KIP1 intensity of
expression, location and pattern in oral epithelial dysplasia and oral squamous cell
carcinoma by standard immunohistochemistry.

Methodology
Formalin-fixed, paraffin-embedded (FFPE) tissue biopsies of the oral mucosa with a
diagnosis of non-neoplastic tissue (Gingivitis) (n=10), oral epithelial dysplasia (mild
and moderate)(n=12) and oral squamous cell carcinoma (n=11) for the period from
2005 to 2013 were obtained from the histopathology-archived records of the University
of Otago, School of Dentistry, Medlab Dental Oral Pathology Diagnostic Laboratory.
All the specimens were prepared and stained using immunohistochemistry following
confirmation of diagnosis on H&E stained sectioned. Scanning software was used to
determine cyclin D1 and p27KIP1 intensity of expression, location and pattern.

Result
A significant increase in expression of cyclin D1 and a decrease in expression of p27KIP1
proteins were observed with the severity of oral epithelial dysplasia and in less welldifferentiated OSCC in this study. In the control groups, scattered cells showing cyclin
D1 protein expression were seen in the parabasal and basal epithelial layers. In contract
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to the distribution in the control group, there was a more diffuse distribution of cells
showing cyclin D1 protein expression extending from the basal cell layer into the
prickle cell layers in epithelial dysplasia. Diffuse distribution of cyclin D1 positive cells
was observed within the OSCC.

In the control group, positive p27KIP1 stained cells were found in the superficial and
intermediary thirds, associated with epithelial differentiation and maturation
compartments. Cases of oral epithelial dysplasia showed moderate infrequent
expression of p27KIP1. There were no p27KIP1 positive cells in OSCC. In addition, we
observed the percentage of cells with both nuclear and cytoplasmic cyclin D1 staining
was higher in oral squamous cell carcinoma specimens than control groups and oral
epithelial dysplasia.

Conclusion
These results suggest that the characteristic expression of both cyclin D1 and p27KIP1
correlate with the grade of oral epithelial dysplasia and degree of oral squamous cell
carcinoma differentiation. Both nuclear and cytoplasmic cyclin D1 staining was
observed in more oral squamous cell carcinoma than non-neoplastic and non-dysplastic
epithelium. The exact mechanism remains unknown, but it may due to presence of two
different isoforms of cyclin D1.	
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1. Literature review
	
  

1.1 Introduction

Oral cancers are malignant epithelial neoplasms that affect the mouth. They may
develop as primary lesions originating from any of the oral tissue, as a metastasis from
distant sites, or an extension from adjacent sites. The most common oral malignancy is
squamous cell carcinoma, followed by salivary gland tumours. Oral and pharyngeal
cancer accounts for one-sixth of the total cancers worldwide (Jemal et al., 2011). An
estimated 263,900 new cases and 128,000 deaths from the cancer of the oral cavity
(including lip cancer) occurred in 2008 worldwide (Jemal et al., 2011), with two thirds
of these cases occurring in developing countries (Warnakulasuriya, 2010). According to
the New Zealand Ministry of Health, there were 420 new cases of oral cancer, and the
incidence rate was 7.1% of all cancers in 2010 (Ministry of Health, 2013). In general,
the incidence rates for oral cancer are higher in Melanesia, South-Central Asia, and
Central and Eastern Europe compared with Africa, Central America, and Eastern Asia
for both males and females (Jemal et al., 2011). In some countries such as India,
Pakistan and Sri Lanka, oral cancer may contribute up to 25% of all cancers (Garewal,
1991), whereas the incidence rate was only 3% in low-risk countries such as United
Kingdom (Warnakulasuriya, 2010). In most of the countries, oral cancer is more
common in men than women, this may due to heavy indulgence in risk habits, such as
tobacco and alcohol by men (Warnakulasuriya, 2010; Jemal et al., 2011; Siegel et al.,
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2012).

The lateral border and ventral surface of the tongue, soft palate, tonsillar area and floor
of the mouth are the high-risk sites for cancer development (Neville & Day, 2002). It
may be because most of the carcinogens can be mixed with saliva and pool in these
areas. As a result, these areas are constantly bathed in carcinogens. Secondly, these
areas are lined by a thin layer of non-keratinized oral mucosa, which provides little
protection against the carcinogens (Jovanovic et al., 1993). Oral cancer of the buccal
mucosa and sulcus may be more prevalent in countries, such as India and southern
China due to the use of betel leaf/areca nuts and lime to form a quid (Mirbod & Ahing,
2000). Lip cancer is typically found in fair skin patients with either long-term ultraviolet
radiation exposure from sunlight. Lip cancer may also develop at the site where the
patients hold their cigarette or cigar (Harris, 2011).

1.1.1. Classification of oral cancer

According to the World Health Organization (WHO) International Classification of
Disease version 10 (ICD-10), malignant neoplasms of lip, oral cavity and pharynx are
classified under C00-14, which comprise of tumours arising from the lips, base of the
tongue, gum, floor of mouth, palate, parotid gland, tonsil, oropharynx, nasopharynx,
piriform sinus, and hypopharynx (Fletcher et al., 2013). Oral cancer may arise from
epithelial, mesenchymal or haematolymphoid origin. However, more than 90% of
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malignant tumors in the oral cavity are squamous cell carcinoma (Johnson et al., 2011),
while malignant neoplasms of the minor salivary glands are uncommon. The annual
incidence rates of malignant salivary gland lesions vary between 0.05 and 2 per 100,000
in the world (Guzzo et al., 2010). They are aetiologically and biologically distinct from
squamous cell carcinoma.

1.1.2. Tumour staging for cancer of the oral cavity

Though there is no definitive way for staging oral cancer the tumour, node and
metastasis (TNM) system is accepted worldwide as a classification for cancer. The aim
of this classification is to help clinicians and researchers to choose from treatment
options, to give patients an estimate of their prognosis and to compare results of
treatment (van der Schroeff & Baatenburg de Jong, 2009). Therefore, clinical treatment
planning and prognosis for oral cancer patients are mainly based on TNM classification.
However, the TNM system merely provides the clinical information of oral cancer
based on tumour size and lymph node involvement. It has some major limitations. For
example, the TNM system is based on tumour morphology and does not consider
patient’s parameters such as age and gender. Secondly, different medical centres may
use different diagnostic tools to assess the tumour. Thirdly, there is no prospective and
multivariate analysis of the four stage groups. Finally, the problem of stage migration
may be due to a change in the staging system itself or a change in technology (van der
Schroeff & Baatenburg de Jong, 2009). Therefore, using molecular biological markers
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for oral cancer stage is strongly recommended for assessment of the severity of the
disease, prognosis and therapy.

1.1.3. Risk factors associated with Oral cancer

The aetiology of oral cancer is multifactorial. The risk factors can be grouped as nonmodifiable and modifiable and the latter group relates to risky life-styles. Smoking,
alcohol use, and smokeless tobacco products are the major risk factors for oral cavity
cancer, with smoking and alcohol having synergistic effects (Hashibe et al., 2009). For
example, heavy drinkers and smokers have thirty-eight times the risk of developing oral
cancer than abstainers from both products (Blot et al., 1988). Other causal agents
associated with oral cancer are ultraviolet light from sun damage, poor nutrition, and
immune system suppression.

1.1.3.1. Tobacco and Alcohol

There is ample evidence suggesting that tobacco in various forms, including smoking,
chewing and in betel quid have carcinogenic impact in oral cavity. Tobacco smoke
contains many carcinogenic combustion products including polycyclic aromatic
hydrocarbons, which are primarily contact carcinogens (Warnakulasuriya et al., 2005).
Nicotine is a powerful and addictive drug. A meta-analysis showed current smokers
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have a three-fold increased risk of oral cancer, and nearly seven times the risk of
pharyngeal cancer, compared with people who have never smoked (Gandini et al.,
2008). The risk of oral cancer is both dose and duration dependent (Lubin et al., 2011).
The evidence for smokeless tobacco, such as dipping or chewing tobacco causing oral
and pharyngeal cancer have been evaluated and confirmed (IARC Working Group on
the Evaluation of Carcinogenic Risks to Humans, 2007). In addition, a meta analysis
showed the risk of oral cancer is more than doubled among smokeless tobacco users in
the United States and Canada, increased five fold in India and other Asian countries,
and seven fold in Sudan, but there was no such increase in the Nordic countries
(Boffetta et al., 2008). The possible explanations may be the difference in the
composition of the products and the source of bias (Boffetta et al., 2008).

Betel quid with or without tobacco has been showed to be associated with oral cancer
(Secretan et al., 2009). Studies have demonstrated that betel quid without tobacco
increases the risk of oral cancer in non-smokers by around three and a half times
(Thomas et al., 2007; Song et al., 2013). Betel quid with tobacco increases the risk of
oral cancer in those who never drink and smoke tobacco alone by around seven times
(Petti et al., 2013). People who smoke, drink and chew betel are over thirty times more
likely to develop oral cancer compared with those who do not (Petti et al., 2013).

Many studies have suggested alcohol to be a major risk factor for oral cancer. Chronic
alcohol consumption in non-smokers is a major risk factor for cancer of the upper
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aerodigestive tract cancer (oropharynx, hypopharynx, larynx and oesophagus), liver,
colo-rectum and breast (Pöschl et al., 2004). The exact mechanism of ethanol-associated
carcinogenesis has remained obscure, since pure ethanol has never been shown to be
carcinogenic in vitro or in animal studies (Bagnardi et al., 2013). It has been suggested
that ethanol and other carcinogens in the beverage act in concert enhancing the
carcinogenic action (Johnson, 2001). However, one study has demonstrated that the
ingestion of all types of alcoholic beverage is associated with an increased cancer risk,
which suggests that ethanol is the common ingredient that causes this effect (Seitz &
Oneta, 1998). In addition, consumption of hot Calvados (apple brandy) may be
associated with an increased risk of oesophageal and oral cancer compared to other
alcoholic beverages due to its high concentration of acetaldehyde and the combined
effects of the high temperature (Launoy et al., 1997; Linderborg et al., 2008; Linderborg
et al., 2011). Farm-made Calvados and farm-made cognac have been shown to have a
high acetaldehyde concentration compared to wine, spirits, beer and cyder (Linderborg
et al., 2008). In general, the mechanisms that are involved in carcinogenesis may
include the effect of acetaldehyde, the induction of cytochrome P450 2E1 in cells
leading to the generation of reactive oxygen species and enhanced procarcinogen
activation, modulation of cellular regeneration and nutritional deficiencies (Seitz &
Oneta, 1998; Seitz et al., 2001).
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1.1.3.2. Human papillomavirus infection

The role of oncogenic viruses in human cancer is an emerging area of research. Viruses
are capable of attacking host cellular apparatus and modifying DNA and the
chromosomal structures inducing proliferative changes in the cells. Over the last decade
it has become clear that human papillomavirus (HPV) not only causes cervical, genital
and anal cancers, but also causes a subset of head and neck squamous cell carcinoma
(HNSCC) in young adults (D'Souza & Dempsey, 2011; Kaminagakura et al., 2012).
HPV is detected in 25% of the all HNSCC, and the majority of these HPV associated
HNSCC are oropharyngeal squamous cell carcinoma (D'Souza & Dempsey, 2011;
Kreimer et al., 2005). Over 30,000 oropharyngeal cancers are caused by HPV infection
each year worldwide (D'Souza & Dempsey, 2011). The incidence rates for oral cancer
related to HPV infections are increasing in the United States and some countries in
Europe and may be due to changes in oral sexual behaviour (Chaturvedi et al., 2008;
D'Souza et al., 2009; Marur et al., 2010; Robinson & Macfarlane, 2003). The most
commonly detected HPV in HNSCC is HPV-16, which has been detected in 90-95% of
all HPV positive cancer cases, followed by HPV-18, HPV-31, and HPV-33 (Ram et al.,
2011).
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1.1.3.3. Nutritional Factors

Nutritional factors also play an important role in oral cancer (Edefonti et al., 2010).
People with high fruit intake have around half the risk of head and neck cancer,
compared with people with the lowest fruit intake (Petti et al., 2013). On the other hand,
dietary deficiencies particularly of vitamin A, vitamin C, vitamin E, folate, iron,
selenium and other trace elements have been linked to increased risk of oral cancer
(Taghavi & Yazdi, 2007; Matsuo et al., 2012). According to a meta-analysis, each
portion of fruit consumed per day halves the risk of oral cancer, as does each portion of
vegetables (Pavia et al., 2006). People who have taken vitamin C supplement have a
24% reduced risk of head and neck cancer, but the association remains unclear (Li et al.,
2012). Some studies have suggested that retinoids and carotenoids may be effective in
reversing a putative “field cancerization” defect in the epithelium at risk for oral caner
(Garewal, 1991). In addition, Vitamin E supplements have been found to have
protective effect of oral cancer by inducing apoptosis of cancer cells (Garewal, 1991;
Gu et al., 2001). Chronic iron and related deficiencies may predispose the oral and
pharyngeal mucosa to malignant transformation (Gridley et al., 1992). Iron deficiency,
resulting in oral epithelial atrophy and Paterson-Kelly syndrome, is associated with
increased risk for squamous cell carcinoma of oesophagus, oropharynx, posterior region
of the mouth, and the buccal and maxillary alveolar mucosa (Rich & Radden, 1984;
Negri et al., 2000).
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1.1.3.4. Other Factors

People undergoing organ transplant have between two and five times the risk of oral and
pharynx cancers, compared with the general population (Grulich et al., 2007; Engels et
al., 2011; Krynitz et al., 2013). The risk of lip cancer in transplant recipients especially
kidney, heart and lung, is increased by seventeen to forty-six times (Grulich et al., 2007;
Engels et al., 2011; Krynitz et al., 2013). Sun exposure, fair skin and high susceptibility
to sunburn, pipe smoking and alcohol may be the possible causes of lip cancer
(Blomqvist et al., 1991). The vast majority of lip cancer occurs on the lower lip. Many
patients have outdoor activities where sun exposure is increased. Lip cancer is much
higher in men than women, which may be an effect of both smoking and occupation
(Perea-Milla Lopez et al., 2003). However, tobacco use cannot be ruled out in some
studies (Burket, 2008). It has been known that workers in wood products industry
chronically exposed to phenolic agents are at high risk for oral, nasal and
nasopharyngeal carcinoma (Harris, 2011). Syphilitic glossitis and leukoplakia have been
accepted as a risk factor of tongue carcinoma, but syphilis-associated oral cancer is very
rare now (Scully & Porter, 2001).
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1.1.4. Treatment

Oral cancers normally have higher incidence rate in elderly patients, however they have
been on the rise among patients in their 20s and 30s (van Monsjou et al., 2013).
Therefore, in the treatment of oral malignancies, preservation of most of the oral
functions and aesthetic features are very important. The standard therapies for early
stage oral cancers i.e. surgery and/or radiotherapy, remain the primary modalities of
curative treatment whereas advanced oral cancer is often resected by surgery, followed
by administration of postoperative external beam radiotherapy or brachytherapy (Brown
& Langdon, 1995; Forastiere et al., 2001; Hashibe et al., 2005). In addition to surgical
treatments and radiotherapy, the current therapeutic strategies for oral cancer may
involve chemotherapy, thermotherapy, immunotherapy, and gene therapy (Lee et al.,
2012).

1.1.4.1 Radiotherapy

The purpose of radiotherapy is to control the cancer by the ionization effect of the
radiation from X–radiation, gamma radiation or electron beams (Harris, 2011).
Radiotherapy has advantages over surgery as it can largely maintain a patient’s oral
function and aesthetic appearance. It can be used in patients’ status that cannot undergo
general anaesthetic and surgery due to their physical condition, such as the elderly and
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patients with poor performance. Radiotherapy can be classified into radical irradiation,
palliative irradiation and preventive irradiation. Radical irradiation is used for curing
cancer. Palliative irradiation is used to improve local symptoms in incurable cases.
Preventive irradiation is generally applied to prevent lymph nodes metastasis and local
recurrence (Harris, 2011). Radiotherapy may be used as a conservative treatment,
however it is difficult for oral cancers to be cured by radiotherapy alone, and thus it may
be combined with surgery and chemotherapy as a multidisciplinary treatment. Patients
with advanced stage, recurrent or metastatic disease may be given radiotherapy and/or
chemotherapy in conjunction with surgery, either as adjunctive therapy to improve
overall survival or as adjuvant therapy to shrink the size of the tumour in order to
facilitate surgery (Cohen et al., 2004; Hoebers et al., 2011; Huang & O'Sullivan, 2013).

1.1.4.2. Chemotherapy

Conventional surgery and radiotherapy are local treatment with the aim of curing
diseases or increasing the overall survival rates. In contrast, chemotherapy uses
systemic medications to stop the development of a tumour and/or prevent relapse and
metastases. There are two major advantages of chemotherapy. Firstly, it is a systemic
agent that can distribute into the entire body, and therefore it may prevent distant
metastasis. Secondly, low dose chemotherapy may increase the effect of radiotherapy
(Harris, 2011). The current chemotherapy agents used in oral cancers are cisplatin,
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carboplatin, 5-fluorouracil, and taxanes (paclitaxel and docetaxel), however
chemotherapy alone is not accepted as standard practice in most of cases (Ord &
Blanchaert, 2001; Huang & O'Sullivan, 2013).

1.1.4.3. Chemoradiotherapy

Chemoradiotherapy is the combination of chemotherapy and radiotherapy to treat
cancer. It can be given before or after surgery. When it is done before a surgical
procedure, it is called neoadjuvant chemoradiotherapy. It is usually done in order to
shrink the size of the cancer, thereby limiting the involvement of surrounding tissue
during its removal. Post-operative chemoradiotherapy is often used to destroy cancer
cells that are not completely removed during the surgery. Definitive chemoradiotherapy
is usually given to early stages cancer patients. In oral cancer, chemoradiotherapy is
considered as an effective treatment that can achieve maximum preservation of the oral
cavity’s function, including mastication, speech, swallowing and aesthetic appearance
(Harris, 2011). Recent studies showed that the combination of radiotherapy and
chemotherapy has the same or better clinical results than surgical treatment due to
improvement of the anti-malignant drugs and adjuvant therapies (Stenson et al., 2010;
Huang & O'Sullivan, 2013).
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1.1.4.3. Novel therapies

Oral squamous cell carcinoma (OSCC) develops through multiple steps involving the
accumulation of a number of genetic alterations. New drugs that can inhibit cell signal
transduction, cell-cycle traversal, apoptosis, regulation of transcription, and
angiogenesis are in development. Several potential targets of head and neck cancers
have been identified, in particular, the epidermal growth factor receptors antagonists,
cyclin-dependent kinase inhibitors, and replication competent adenoviruses (Forastiere
et al., 2001). For example, the chimeric IgG antibody C225 has high binding affinity to
epidermal growth factor and transforming growth factor alpha, thus it can enhance the
cytotoxicity when used in combination with cytotoxic therapies, including cisplatin and
paclitaxel, and enhance the killing effect when used in combination with radiotherapy
(Forastiere et al., 2001; Lester, 2003). Flavopiridol, a preclinical cyclin-dependent
kinase inhibitor can inhibit the transcription of cyclin D, therefore induced cell cycle
arrest at the transitions between the G2 and M phases and between the G1 and S phases
(Hashemolhosseini et al., 1998).

For most of countries, the overall 5-year survival rate for cancer of the oral cavity and
oropharynx is around 50-60% over the several decades (Silverman, 2001; Rogers et al.,
2009). The best outcome is for cancer of the lip, with over 90% of patients surviving for
five years (Bagan & Scully, 2008). In general women have higher survival rates than
men with oral cancer (Warnakulasuriya, 2010). The overall 5-year survival rates of oral
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cancer are reported as 80%, while for more advanced disease the survival rates drop to
about 15% (Bagan & Scully, 2008). In addition, the treatment in stage I and II lesions
are associated with less morbidity and better conservation of function, such as speech or
swallowing (Borges et al., 1989; Vokes et al., 1993). These studies clearly demonstrate
that the detection of oral cancer at an early stage is a good strategy since early stage
disease is associated with increased survival rate and reduced treatment associated
morbidity. Therefore, a rational approach is to better understand the biology of the
disease with the long-term aim of identifying molecular markers of disease progression,
and potentially offering earlier, more accurate intervention and preventing progression
to fully developed disease.

1.1.5. OSCC and potentially malignant disorders

OSCC is the tenth most common cancer in the world accounting for 6.9% of cancers in
men and 2.4% of cancers in women (Jemal et al., 2011). Although they can appear de
novo, many of them begin as premalignant lesions that appear as white, red or ulcerated
areas in the oral cavity. These lesions are usually asymptomatic, but some of them can
surreptitiously become cancer (Liviu & Johan, 2012).

OSCC is driven by a multistep process of accumulation of genetic mutations related to
cell proliferation and differentiation. The process might be morphologically considered
as potentially malignant lesions; however malignant transformation rarely develops
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directly from normal oral epithelium. Histologically potentially malignant lesions are
characterized by variations and they are classified depending on cellular atypia and
architectural disturbances as the degree of mild, moderate and severe dysplasia
(Fleskens & Slootweg, 2009). Overall the proportion of oral epithelial dysplasia (OED)
that evolves into oral cancer is approximately between 1.1% and 17.5% (Napier &
Speight, 2008; Warnakulasuriya et al., 2008). Clinically it may presents as leukoplakia,
erythroplakia or leukoerythroplakia (Lumerman et al., 1995; Reichart & Philipsen,
2005).

Leukoplakia is a clinical term and can be defined as an oral mucosa white patch or
plaque that cannot be characterized clinically or pathologically as any other definable
lesion (Barnes et al., 2005). It can be classified into two groups, homogenous and nonhomogenous leukoplakia. The latter further subdivided into speckled, nodular, and
verrucous types according to the morphologic appearance (Yang et al., 2012). Oral
leukoplakia is the most common potentially malignant lesion of the oral cavity of which
approximately less than 5% might become malignant in each year (Pindborg, 1971;
Weyant, 2008). Leukoplakia shows no dysplasia in most of the cases, but in some rare
conditions mild to moderate or severe dysplasia may be found (Sciubba, 1995).

On the other hand, erythroplakia can be defined as a flat or slightly elevated, red,
velvety or slightly granular, often glistening, rather sharply circumscribed,
asymptomatic plaque or patch of the mucosa which can not be characterized clinically
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or pathologically as any other definable condition (Shafer & Waldron, 1975). Oral
erythroplakia is considered a rare potentially malignant lesion, but it often demonstrates
severe dysplasia or squamous cell carcinoma at the time of diagnosis (Napier &
Speight, 2008). The prevalence of oral erythroplakia is between 0.02% and 0.83% from
different geographical area (Reichart & Philipsen, 2005). It has been shown that in oral
erythroplakia, 51% of lesions showed invasive carcinoma, 40% carcinoma in situ and
9% mild or moderate dysplasia (Reichart & Philipsen, 2005).

WHO has defined the histological criteria to assess cellular and tissue changes
(Thompson, 2006). There are a few attempts to improve the accurate diagnosis by
modifying the criteria (Katz et al., 1985), but for many years histological grading of
dysplasia is still the major method to confirm the potentially malignant nature of
leukoplakia and erythroplakia and to predict their prognosis (Warnakulasuriya, 2001;
Tabor et al., 2003; Warnakulasuriya et al., 2008). However assessing epithelial dysplasia
to predict malignant transformation remains problematic, since the customary grading
system of oral epithelial dysplasia into mild, moderate and severe dysplasia is poorly
structured and individual features poorly defined (Tilakaratne et al., 2011). Potentially
malignant lesions with epithelial dysplasia have shown to develop into cancer more
readily than lesions without epithelial dysplasia. However, not all epithelial dysplasia
develops into cancer and some have shown to regress with time (Holmstrup et al.,
2006). Therefore understanding of molecular carcinogenesis created new horizons in
predicting the outcome of individual cases. In recent year, attention has been focused on
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abnormalities of cell cycle-regulatory genes. Deregulation of the normal cell cycleregulatory machinery is integral to the carcinogenesis of many kinds of human
malignancies. In particular, recent studies have identified the likely importance of genes
that control the G1 to S phase transition in the cell cycle, including the cyclin D1 and
p27KIP1 genes (Neganova & Lako, 2008).

1.2. Cell cycle
The cell cycle is the series of events that are required to create two daughter cells from a
progenitor cell. The cell division cycle consists of four phases, i.e. G1, S, G2, and M. A
cell that is not in the cell cycle is in a quiescent state named G0. G1 is the interval
before DNA replication, S is the DNA replication phase, G2 is the interval after DNA
replication, M is the mitotic phase. Progression through the cell cycle is governed by a
family of cyclin-dependent kinases (CDKs), the activity of which is regulated by
phosphorylation (Solomon, 1993), activated by binding of cyclins (David, 1995) and
inhibited by CDK inhibitors (Reed et al., 1994).

The orderly progression through the different phases is assured by proteins that regulate
critical checkpoints. Several checkpoints have been identified such as the late G1 phase
restriction point, the G1/S phase transition, and the G2/M phase transition. These
checkpoints normally verify that the preceding events have been completed before
progressing to the next monitor completion of DNA replication, and produce signals
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that interrupt the cell cycle in the event of an error or damage to the genome. Abnormal
functioning of checkpoints, such as incapacity in detecting damaged DNA, may
therefore play a significant role in tumour progression by permitting cells to progress
through the cell cycle with damaged or abnormal DNA (Murray, 1994). The orderly
progression of cells through the cell cycle is carefully orchestrated by CDK after they
bind to a group of proteins called cyclins (Hunter & Pines, 1994). The cyclin/CDK
complexes form heterodimers that phosphorylate many proteins involved in major cell
cycle events (Nigg, 1993). The activity of cyclin/CDK complexes is modulated by the
phosphorylation of threonine residues on the CDK, and by interactions with cyclindependent kinase inhibitors (CDI). The proper and timely action of all these
mechanisms is the basis of normal function, and consequently dysregulation at many
levels of the cell cycle has been implicated in tumourigenesis.

1.3. Cyclins
Cyclins are a family of proteins synthesized during the cell cycle that are capable of
controlling the progression of cells by activating CDK enzymes (Galderisi et al., 2003).
They were originally described as proteins showing cyclical fashion in their
concentration during the cell cycle of fertilized Sea Urchin eggs (Evans, 2004). There
are several different cyclins that are active in different parts of the cell cycle and that
cause the CDK to phosphorylate different substrates. Since their discovery at least 30
cyclins have been described (Pines, 1995). Two major classes of cyclins are recognized
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according to the phase of action and to their pattern of degradation; these are the mitotic
cyclins and the G1 cyclins (Pines, 1995). Mitotic cyclins are essential for the control of
the cell cycle at the G2/M transition (mitosis). They usually accumulate steadily during
G2 and are abruptly destroyed as cell exit from mitosis. On the other hand, the G1
cyclins are essential for the control of the cell cycle at the G1/S transition. For example,
cyclin A/CDK2 complex is active in S phase. Cyclin D/CDK4, cyclin D/CDK6, and
cyclin E/CDK2 regulates transition from G1 to S phase (Pines, 1995; Morgan, 2007).

1.3.1. Mitotic cyclins

The mitotic cyclins such as A, B1, B2, and B3 are active during S and G2 phases
regulating the transition to mitosis. Given that cyclins are essential to active CDKs, the
specific destruction of cyclins is a very effective means of turning them off. Indeed, the
cycle-dependent destruction of specific protein, including both CDK activators (cyclins)
and CDIs, is central to the proper regulation of DNA replication and mitosis. In terms of
proteolysis, cyclins are degraded by proteasomes in an ubiquitin-dependent pathway
when cells enter mitosis (Pines, 1995). This is conferred by a sequence in the Nterminal region that directs enzymatic degradation by ubiquitin-mediated destruction by
proteasomes (Michael et al., 1991; Pines, 1995; King et al., 1996).

Cyclin A is detected in the nucleus at the onset of the S phase, persists through G2, and
then is degraded during metaphase (Girard et al., 1991; Pines & Hunter, 1992). It is
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involved in the initiation and completion of DNA replication (Pagano et al., 1992;
Thomas et al., 1997; Bendris et al., 2011). As the cell passes from G1 into S phase,
cyclin A associates with CDK2, replacing cyclin E (Thomas et al., 1997). Cyclin A has a
second function in S phase, in addition to initiating DNA synthesis; cyclin A ensures
that DNA is replicated once per cell cycle by preventing the assembly of additional
replication complexes (Dawn et al., 2002; Yam et al., 2002; Woo & Poon, 2003). This is
thought to occur though the interaction with CDK1 and CDK2 (Marraccino et al., 1992;
Yam et al., 2002; Bendris et al., 2011).

Cyclin B is another mitotic cyclin that accumulates in the cytoplasm during S and G2
phases. The amount of cyclin B and the activity of the cyclin B/CDK complex rise
through the cell cycle until mitosis, where they fall rapidly due to degradation of cyclin
B (Hershko, 1999; Ito, 2000). In the nucleus, it interacts with CDK1 to form a complex
that phosphorylates numerous proteins required for mitosis (Dorée & Galas, 1994).

1.3.2. G1 cyclins

G1 cyclins such as D type cyclins, cyclin C and E play an important role in the
progression of the G1 phase of the cell cycle (Draetta, 1994; Sherr, 1994). Cyclins of
this class, which do not have a destruction box similar to the mitotic cyclins, are
unstable proteins due to “PEST” sequences, polypeptide sequences enriched in proline
(P), glutamic acid (E), serine (S) and threomine (T). PEST sequences are a C-terminal
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region rich in proline, glutamic acid, serine, and threonine residues that destabilize
proteins and result in a short half-life of about 30 minutes (Rogers et al., 1986).

The exact function of cyclin C in the cell is not known. It is localized at chromosome
6q21 (Li et al., 1996). This cyclin was initially isolated by its ability to rescue yeast
mutants defective in G1 cyclin function, suggesting that it might function during G1
phase (Lew et al., 1991). Cyclin C interacts with CDK8, and appears to participate in
the cell cycle dependent phosphorylation of the RNA polymerase II C-terminal domain
in mammalian cells (Tassan et al., 1995).

Cyclin D is a member of the cyclin protein family that is involved in regulating cell
cycle progression. Currently, three isoforms of cyclin D have been identified D1, D2
and D3 (Lew et al., 1991). The synthesis of cyclin D is initiated during exposure of the
cell to growth promoting factors or mitogens in G1 phase. They drive the G1/S phase
transition, and then quickly disappear. As a result, cyclin D appears to be responsive to
external growth stimuli rather than internal controls of the cell cycle (Won et al., 1992;
Winston & Pledger, 1993). The function of these three D-type cyclins is still not fully
understood, since they are all expressed in different combinations in various cell lines
(Kiyokawa et al., 1992; Motokura et al., 1992; Ajchenbaum et al., 1993). However,
cyclin D1 is the best described D-type cyclin and the one of most frequently associated
with cell cycle control and oncogenesis.
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Cyclin D1 is localized at chromosome 11q13 (Motokura et al., 1991). It is a nuclear
protein that has been shown to be a key regulator of G1-S phase transition, and elevated
levels of cyclin D1 induce apoptosis (Han et al., 1999). Cyclin D1 protein binds and
activates CDK4 and CDK6, leading to phosphorylation of retinoblastoma protein (RB –
a tumour suppressor protein) that results in release of transcriptional activator E2F,
leading to transcription and activation of proteins associated with passage through the
G1 check point and progression into the S phase (Figure1.3.2) (Donnellan & Chetty,
1998). A review article states that cyclin D1 also acts as transcriptional modulator by
regulating the activity of several transcription factors and histone deacetylase (Coqueret,
2002). This function is independent of the CDK4 activity. Cyclin D1 protein is unstable
with a short half-life, about 24 minutes (Diehl et al., 1997; Diehl et al., 1998). It is
degraded mainly by the 26S proteasome in an ubiquitin-dependent pathway (Diehl et
al., 1997). However, cyclin D1 is an important proto-oncogene. Overexpression of
cyclin D1 leads to shortening of the G1 phase and to less dependency on exogenous
mitogens, resulting in abnormal cell proliferation that in turn may favour the occurrence
of addition genetic lesions (Fracchiolla et al., 1997).
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Figure 1.3.2. Retinoblastoma protein and cell cycle progression

Key molecules for G1/S transition are active Cyclin D1-CDK4/6 and Cyclin E-CDK2
complexes. Active cyclin D1-CDK4/6 and cyclin E-CDK2 inhibit RB by
phosphorylation, reducing its binding to E2F1-3 and thereby releasing E2F1-3
transcription, which then active genes that are required for cell-cycle progression
(Coller, 2007).
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Cyclin E is found in the nuclei of cells during G1 phase. It interacts with G1 phase
CDK2, which is required for the transition from G1 to S phase of the cell cycle that
determines cell division (Tsai et al., 1993). Cyclin E/CDK2 regulates multiple cellular
processes by phosphorylating many downstream proteins (Koff et al., 1991). Cyclin
E/CDK2 phosphorylates retinoblastoma protein to promote G1 progression (Koff et al.,
1991). Therefore, cyclin E/CDK2 plays a critical role in the G1 phase and in the G1-S
phase transition (Figure 1.3.2). 	
  

1.3.3. Other Cyclins
	
  

Cyclin F is the largest cyclin (Bai et al., 1994), which accumulates during S and G2
phase, and is destroyed in mitosis. Overexpression of cyclin F may result in a
significant increase level in the G2 phase, implicating a role in the regulation of cell
cycle in the transitions to mitosis (Bai et al., 1994).

There are two homologues of G type cyclins. Cyclin G1 has been shown to interact with
P16, Mdm2, PPP2R4 and P53 (Okamoto et al., 1996; Zhao et al., 2003). Cyclin G2 has
been shown to interact with PPP2CA (Bennin et al., 2002).

Cyclin H is suggested to act indirectly at S to G2 transition by regulating in a complex
with the CDK activating kinase MO15, and the phosphorylation of other cyclin-CDK
complexes in a cyclin/kinase signal transduction cascade (Fisher & Morgan, 1994; Tomi
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et al., 1994).

1.4. Cyclin-Dependent Kinases
Cyclin-dependent kinases are a family of protein kinases that are involved in regulating
the cell cycle. Their activity is controlled by a complex network of regulatory subunits
and phosphorylation events. In the cell, these regulatory mechanisms generate an
interlinked series of CDK oscillators that trigger the events of cell division. Therefore
they may be considered as the engines that drive the events of the cell cycle (Morgan,
1997). There are at least nine different cyclin-dependent kinases in eukaryotic cells, four
of which, CDK1, 2, 3, and 4, have been shown to play an important role in the
regulation of the eukaryotic cell division cycle and have also been suggested in the
control of gene transcription and other processes (Morgan, 1997). A crystallographic
study on CDK2 has revealed that CDKs have a modified ATP-binding site that can be
regulated by cyclin binding (Knighton et al., 1991). Based primarily on studies of CDKs
involved in cell cycle control, at least four major mechanisms are employed by all
CDKs, such as cyclin binding, CDK-activating kinase phosphorylation, regulatory
inhibitory phosphorylation, and binding of CDK inhibitory subunits (David, 1995).
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1.5. Cyclin-Dependent Kinase Inhibitors
Cyclin-dependent kinase inhibitors are proteins that inhibit cyclin-dependent kinase.
Cell cycle progression is negatively controlled by CDIs. They are involved in the cell
cycle arrest at the G1 phase. Two families of CDIs negatively regulate CDK activities
and mediate cell cycle arrest following growth inhibitory stimuli (Sherr & Roberts,
1995). The INK4 family members involve p15INK4B, p16INK4A, p18INK4C, and p19INK4D.
They specifically inhibit cyclin D1 associated kinase (Parry et al., 1995; Sandhu et al.,
1997). P15INK4B has an important role in G1 arrest and mutation of p15INK4B may
contribute to deregulated proliferation in tumours (Hannon & Beach, 1994). In addition,
several studies have shown inactivation or alteration of p16INK4A results in abnormal cell
cycling and growth, the features that characterize tumour development (Nakahara et al.,
2001; Paul et al., 1995). Therefore, both p15INK4B and p16INK4A may function as tumour
suppressors.

Members of the kinase inhibitor protein (KIP) family involve P21CIP1/WAF1/SDI1, P27KIP1,
and P57KIP2. It has been suggested that they bind and inhibit cyclin D/CDK4, cyclin
E/CDK2 and cyclin A/CDK2 complexes (Sherr & Roberts, 1995). P21 is a potent CDI.
It is a major element in cell cycle control and it is mainly regulated at the transcriptional
level. It binds to and inhibits the activity of cyclin/CDK2, cyclin/CDK1 and
cyclin/CDK4/6 complexes and thus acts as a regulator of cell cycle progression at G1/S
phase (Gartel & Radhakrishnan, 2005).
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1.5.1. P27KIP1

P27KIP1 is a cyclin-dependent kinase inhibitor and a tumour suppressor that regulates G0
to S phase transitions (Chu et al., 2008). It has been identified as an inhibitor in cells
arrested by transforming growth factor – β (TGF-β) and is regulated by growth
inhibitory cytokines and by contact inhibition (Kato et al., 1994; Polyak et al., 1994;
Slingerland et al., 1994). It is strongly expressed in non-proliferating cells and plays an
important role in the regulation of both quiescence and G1 progression (Tsihlias et al.,
1999).

Cyclin D/CDKs complexes are activated by mitogens to cause G0 exit and G1
progression (Chu et al., 2008). P27KIP1 has two main functions in the regulation of
cyclin D/CDK4 and cyclin D/CDK6 complexes. Firstly, p27KIP1 promotes assembly and
nuclear import of cyclin D1/CDK complexes by tyrosine phosphorylation in the early
G1 to mid-G1 stage (Sherr & Roberts, 1999; Grimmler et al., 2007; James et al., 2008).
Secondly, under adverse situation, such as contact inhibition and UV irradiation, p27KIP1
inhibit cyclin D/CDK complexes (Figure 1.5.1) (Sherr & Roberts, 1999; James et al.,
2008). P27KIP1’s inhibitory activity is mainly controlled by its concentration, subcellular
localization and phosphorylation status (Chu et al., 2008). The levels and activity of
p27KIP1 increase in response to a number of factors, including cell density,
differentiation signals, following loss of adhesion to the extracellular matrix, and in
response to growth inhibitory signaling by TGF-β or the drug lovastatin (Hengst &
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Reed, 1996; Sherr & Roberts, 1999; Liang & Slingerland, 2003; Besson et al., 2004).
P27KIP1 is not a classic tumour suppressor like P53, but loss of p27KIP1 could result in
resistance to growth inhibitory factors, deregulation of cell proliferation, and oncogenic
change (Payne et al., 2008).
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Figure 1.5.1. Dual Function of p27KIP1

The cyclin D1 binds to CDK4 in the presence of an assembly factor (p27KIP1). The
whole complex then is transferred into the nucleus.
In some adverse condition, including contact inhibition and after UV irradiation, p27KIP1
can inhibit cyclin D/CDK complexes (Lee & Kim, 2009).
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1.6. Cell Cycle Synopsis (Cyclin D)
Cell cycle progression is regulated by the sequential activation and inactivation of
cyclins, cyclin inhibitors and cyclin-dependent kinases. When the cells enter into G1
phase, levels of cyclin D increase, and cyclin D/CDK4 and cyclin D/CDK6 complexes
are formed. Cyclin D/CDK4 and cyclin D/CDK6 complexes then are phosphorylated.
The cell then passes through the restriction point. Active cyclin D/CDK4 and cyclin
D/CDK6

complexes

inhibit

retinoblastoma

tumour

suppressor

protein

by

phosphorylation, reducing its binding to E2F and thereby allowing E2F mediated
activation of the transcription of the cyclin E gene and the cell progresses towards to S
phase. Once the cell passes G1/S phase, cyclin D and E are degraded.

1.7. Cyclins in Cancer
Cyclin A has two main isoforms A1 and A2. It has been reported overexpression of
cyclin A occurs in oral dysplastic lesions. Cyclin A is also correlated with advanced
tumour stage and the poorly chemotherapeutic response in HNSCC (Lotayef et al.,
2000). Cyclin B has three isoforms. Overexpression of cyclin B1 has been suggested to
occur in some radiotherapy resistance cases in HNSCC (Hassan et al., 2002). Cyclin E
overexpression correlates with disease severity in larynx cancer, and its expression is
also associated with advanced tumour stage (Nguyen et al., 2003; Rittà et al., 2009).
There are three isoforms of cyclin D; cyclin D1 is perhaps the most studied D-type
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cyclin in human cancers (Donnellan & Chetty, 1998).

1.8. Cyclin D1 in Cancer
Cyclin D1 is reported as being overexpressed or amplified in a number of primary
human cancers supporting its role as an oncogene. In many tumours, genetic alterations
affecting the cyclin D1 gene frequently result in overexpression of cyclin D1 protein.
Several studies have shown overexpression of cyclin D1 is associated with at least half
of all invasive breast cancers (Buckley et al., 1993; Bartkova et al., 1994; Gillett et al.,
1994). Many studies of mantle cell lymphoma have demonstrated increased activity in
cyclin D1 (Bosch et al., 1994; Hayashi et al., 1994; de Boer et al., 1995). It has been
shown that overexpression of cyclin D1 by lymphocytes in the mantle zone impairs the
capacity of these cells to exit the cell cycle and to differentiate into mature plasma cells
(Banks et al., 1992). Studies of oesophageal cancer also showed amplification and
overexpression of cyclin D1 in 30% of the cases (Jiang et al., 1993; Naitoh et al., 1995).
Amplification and increase expression of cyclin D1 have been observed in 10% of
hepatocellular carcinoma (Zhang et al., 1993; Nishida et al., 1994). Overexpression of
cyclin D1 has also been associated with decreased survival and worse prognosis
(Ishikawa et al., 1998; Zhu et al., 1998; Mao et al., 2011).

Cyclin D1 overexpression is a common event in cancer but does not occur solely as
result of gene amplification; rather, increased levels of cyclin D1 frequently result from
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its defective regulation at the post-translational level (Gillett et al., 1994; Adrian et al.
1999; Russell et al., 1999). There are some studies on cyclin D1 degradation in vitro by
a number of therapeutic agents. They showed that induction of cyclin D1 degradation
might offer a useful avenue for therapeutic intervention (Langenfeld et al., 1997;
Spinella et al., 1999; Yu et al., 2001; Alao et al., 2004; Huang et al., 2005; Alao et al.,
2006).

1.9. Cyclin D1 in HNSCC
The cyclin D1 gene is located on chromosome 11q13, and it is commonly amplified in
HNSCC. Cyclin D1 transcription is controlled by several transcription factors (TFs),
including signal transducer and activator of transcription-3/5A (STAT3/5A), NFκB,
ETS1, β-Catenin, c-Myc and AP-1 (Mishra, 2013). Several studies have demonstrated
that increased levels of cyclin D1 mRNA may be associated with decreased survival rate
of patients with head and neck cancers (Michalides et al., 1995; Bartkova et al., 1995;
Kyomoto et al., 1997; Nakashima et al., 2005). These observations suggest that cyclin
D1 might play an important role in malignant transformation and disease progression.
In addition over expression of cyclin D1 may be the consequence of gene rearrangement
and therefore amplification of this gene often appears in malignant lesions (Tashiro et
al., 2003). Amplification of cyclin D1 gene has been demonstrated in 17%-55% of
HNSCC in several studies (Meredith et al., 1995; Gaffey et al., 1995; Kyomoto et al.,
1997). Over expression of cyclin D1 protein has also been shown in 21%-64% of
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HNSCC and associated with a poor prognosis, more frequent recurrence, and shorter
time to recurrence (Michalides et al., 1995; Akervall et al., 1997; Bova et al., 1999;
Mineta et al., 2000; Huang et al., 2012;). Moreover, overexpression has been shown to
be associated with lymph node metastasis (Bova et al., 1999).

1.10. Cyclin D1 in premalignant lesions
Oral leukoplakia and erythroplakia are considered to be premalignant lesions of the oral
mucosa. Some of them may show the histological features of epithelial dysplasia
(Silverman et al., 1984; Martorell-Calatayud et al., 2009). The prevalence of malignant
transformation of oral leukoplakia varies from 0.13% to 17.5%, with observation
periods ranging from 1 to 30 years (Amagasa et al., 2011). However, oral erythroplakia
has been documented as 51% showing invasive carcinoma, 40% carcinoma in situ and
9% mild or moderate dysplasia (Reichart & Philipsen, 2005). Amplification of cyclin
D1 gene and overexpression of cyclin D1 protein are frequently detected in HNSCC,
however little is known of the frequency and the timing of this change in oral epithelial
dysplasia (Rousseau et al., 2001). Overexpression of cyclin D1 in oral epithelial
dysplasia has been reported in some studies (Castle et al., 1999; Rousseau et al., 2001;
Ramasubramanian et al., 2013).

A summary of studies (1990-2012) on expression of cyclin D1 in normal, epithelial
dysplasia and squamous cell carcinoma is shown in Table 1.10
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Table 1.10. Data on Cyclin D1 protein expression in normal, epithelial dysplasia
and squamous cell carcinoma

Bibliographic

Study type

citation

Number of

Case/setting

Marker

Effect size

patients

(Michalides et

Retrospective

47 Head and

Random

Cyclin

Overexpression of cyclin
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case-control

Neck

selection of
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Cell
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overall survival of these
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study.
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Netherlands
(Akervall et al.,
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Cyclin

Patients with tumors

1997)

case-control
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selection.

D1

strongly positive for

pathology
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Cell
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survival (P=0.047)
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(Xu et al., 1998)
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slides

Anterior

grade, age,

associated with increased
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centre. Australia
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1.11. P27KIP1 and Human Cancers

P27KIP1 protein has prognostic significance in a wide variety of human cancers (Tsihlias
et al., 1999). P27KIP1 is a cyclin-dependent kinase inhibitor and a tumour suppressor. In
some tumours, p27KIP1 suppresses tumour growth by inhibition of cell proliferation.
P27KIP1 proteolysis increases dramatically during G1 phase progression, and the half-life
decreases five to eight times during G1 to S phase (Nakayama & Nakayama, 2006).
There are multiple different mechanisms that regulate ubiquitin-dependent p27KIP1
proteolysis (Chu et al., 2008). Activation of these degradation pathways can lead to
oncogenesis. In most cancers, activating oncogenic RTK may result in high level of Src
family protein (Chu et al., 2008). EGFR and ERBB2 are both epidermal growth factor
receptors. They bind to Src and catalyse mutual kinase activation (Arteaga & Baselga,
2003). Overexpression of EGFR family proteins may activate p27KIP1 proteolysis (Liang
& Slingerland, 2003). More than 30% of primary breast cancers showed amplification
of the ERBB2 gene and overexpression of EGFR and both are overexpressed in most of
epithelial malignancies (Pegram et al., 1998; Arteaga & Baselga, 2003).
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1.12. P27KIP1 and Cancer Progression

In quiescent normal epithelia of breast, prostate, ovary, lung and other sites, p27KIP1 is
expressed at high level, and loss or reduction of the level of this protein may be seen in
carcinomas (Tsihlias et al., 1999). When both a non-invasive and invasive component
coexist in the tumour, loss of p27KIP1 is detected in both carcinoma in situ and invasive
tumour, suggesting that events leading to deregulation of p27KIP1 may precede invasion
(Tsihlias et al., 1999). For example, p27KIP1 is reduced in benign prostatic hypertrophy, a
hyperplastic premalignant prostatic neoplasm (Cordon-Cardo et al., 1998; Tsihlias et al.,
1998; Vis et al., 2000). Study of prostate carcinoma also showed variable degrees of
reduction in p27KIP1 staining was frequently observed in the prostatic intraepithelial
neoplasia adjacent to invasive carcinoma (Tsihlias et al., 1998). Studies of breast cancer
also have similar results; p27KIP1 is reduced in premalignant and non-invasive malignant
lesions, including ductal carcinoma in situ of the breast (Catzavelos et al., 1997; Moriya
et al., 2000; Oh et al., 2001; de Paola et al., 2002;). In addition, a comparison of p27KIP1
levels in primary colon carcinoma and metastatic tumour demonstrated a reduction of
p27KIP1 staining in the metastatic tumour (Thomas et al., 1998; Zhang & Sun, 2001).
Therefore, reduction in p27KIP1 level may contribute to cancer progression in the
transitions from carcinoma in situ to invasive tumour, and from localized primary
tumour to metastatic tumour.

Moreover, decreased levels of p27KIP1 may be related to high tumour grade and stage in
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human colorectal (Payne et al., 2008), gastric (Yasui et al., 1997), breast (Charles et al.,
1997), prostate (Dreher et al., 2004; Tsihlias et al., 1998) and other cancers. Reduction
of p27KIP1 protein in tumours correlates significantly with decreased survival in
colorectal (Massimo et al., 1997), gastric (Masaki et al., 1997; Aoyagi et al., 2013),
breast (Charles et al., 1997; Peggy et al., 1997; Tan et al., 1997) and esophageal
(Shamma et al., 2000) squamous cell carcinoma patients, among others. These studies
have suggested that p27KIP1 plays an important role in tumour suppression. In fact,
identification of the p27KIP1 proteolysis pathways has opened new avenues for
therapeutic intervention in cancer (Ungermannova et al., 2012).
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2. Rationale, Hypothesis and Objective
Oral and pharyngeal cancer accounts for one-sixth of the total cancers worldwide.
Increasing evidence suggests that cyclins, CDKs, and CDK inhibitors either are
themselves targets for genetic change in cancer or are disrupted secondarily by other
oncogenic events. Cyclin D1 and p27KIP1 are two important regulators at the G1/S
checkpoint. Cyclin D1 is an oncogene of cell cycle regulation with positive effect.
Normally, cyclin D1 at G1 is constant or at a very low level and its excessive expression
may be associated with disordered proliferation of cells leading to malignant change.
On the other hand, p27KIP1 is an anti-oncogene for cell cycle regulation, which functions
as a negative regulator. Under the regulation of TGF-β, p27KIP1 inhibits activity of
oncogenes and controls the transition of the G1/S phase mainly by the interaction with
CDK and CDK-Cyclin, so as to inhibit cell proliferation and give cells opportunities to
repair DNA. In addition, p27KIP1 not only acts as CDK inhibitor, but also promotes cell
differentiation and induces the apoptosis of cells. However no study, to date, has clearly
determined the expression of cyclin D1 and its correlation with p27KIP1 in nonneoplastic and non-dysplastic mucosa, oral dysplasia, and OSCC. The purpose of this
research is to determine cyclin D1 and p27KIP1 intensity of expression, location and
pattern in oral epithelial dysplasia and OSCC by standard immunohistochemistry.	
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2.1. Objectives
1. To determine cyclin D1 and P27KIP1 intensity of expression, location and pattern
in oral epithelial dysplasia and OSCC by standard immunohistochemistry.
2. To show an association or link between cyclin D1 and P27KIP1 protein expression
and dysplastic change or progression.

2.2. Hypotheses
1. The number of cells that express cyclin D1 protein are increased in oral
epithelial dysplasia and OSCC compared to non-neoplastic and non-dysplastic
tissue (Gingivitis).
2. The number of cells that express p27KIP1 protein are decreased in oral epithelial
dysplasia and OSCC compared to non-neoplastic and non-dysplastic tissue
(Gingivitis).
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3. Materials and Methods
The project received category – B ethical approval from the University of Otago Ethics
Committee (07/210)(Appendix 5) and approval from the Ngai Tahu Research
Consultation Committee (Appendix 6).

3.1. Sample collection and selection
Formalin-fixed, paraffin-embedded (FFPE) tissue biopsies of the oral mucosa with a
diagnosis of non-neoplastic and non-dysplastic tissue (Gingivitis) (n=10), oral epithelial
dysplasia (mild and moderate)(n=12) and OSCC (n=11) for the period from 2005 to
2013 were obtained from the histopathology-archived records of the University of
Otago, School of Dentistry, Medlab Dental Oral Pathology Diagnostic Laboratory
(Table 3.1). All thirty-three specimens were selected for the experiment according to the
following selection criteria:

1. All tissues were obtained by biopsies
2. All samples had the patient’s signed approval to be stored in the
histopathology archive and to be used in experimental studies
3. All samples had adequate tissue bulk to represent the lesion
4. Diagnoses of oral epithelial dysplasia were confirmed by review using
established criteria (Speight et al., 1996)
5. Diagnoses of OSCC were confirmed by review using established criteria
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(Speight et al., 1996)

Specimens serving as positive and negative tissue controls for immunohistochemical
studies were also selected from the histopathology archive of the Medlab Dental Oral
Pathology Diagnostic Laboratory. A positive control for cyclin D1 and negative control
for p27KIP1 was breast carcinoma tissue (Liang et al., 2013; Pruneri et al., 1999). Normal
thyroid tissue was a negative control for cyclin D1 and positive control for p27KIP1
(Valdi et al., 2008).

Each histopathology report and the Haematoxylin and Eosin (H & E) slides of
specimens in the archive were re-examined by the oral pathologist to confirm their
diagnosis.
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Table 3.1. Specimens retrieved from the Medlab Dental Electronic Database

Specimen

Medlab Dental Pathology Diagnosis

Identification

1

Non-specific gingivitis (Control)

09/525

2

Hyperplastic gingivitis (Control)

09/1377

3

Non-specific gingivitis (Control)

09/1434

4

Non-specific gingivitis (Control)

09/1981

5

Hyperplastic gingivitis (Control)

09/2274

6

Hyperplastic gingivitis (Control)

10/109

7

Chronic gingivitis (Control)

10/1288

8

Hyperplastic gingivitis (Control)

11/1669

9

Hyperplastic gingivitis (Control)

12/669

10

Profound gingival inflammation bacterial

12/804

infection (Control)

	
  

11

Mild Oral Epithelial Dysplasia

08/1094

12

Mild Oral Epithelial Dysplasia

08/1405

13

Mild Oral Epithelial Dysplasia

09/1372

14

Mild Oral Epithelial Dysplasia

09/2187

15

Mild Oral Epithelial Dysplasia

09/2374

16

Mild Oral Epithelial Dysplasia

09/2375

17

Mild Oral Epithelial Dysplasia

10/194
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18

Mild Oral Epithelial Dysplasia

10/822

19

Mild Oral Epithelial Dysplasia

10/1348

20

Moderate Oral Epithelial Dysplasia

13/1850i

21

Moderate Oral Epithelial Dysplasia

13/1850ii

22

Moderate Oral Epithelial Dysplasia

14/0264

23

Well-Differentiated Squamous Cell

08/227

Carcinoma
24

Well-Differentiated Squamous Cell

08/2181

Carcinoma
25

Well-Differentiated Squamous Cell

09/1370

Carcinoma
26

Well-Differentiated Squamous Cell

10/362

Carcinoma
27

Well-Differentiated Squamous Cell

10/489

Carcinoma
28

Well-Differentiated Squamous Cell

10/2068

Carcinoma
29

Well-Differentiated Squamous Cell

10/2250

Carcinoma
30

Well-Differentiated Squamous Cell

12/159

Carcinoma
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31

Moderate-Differentiated Squamous Cell

07/885

Carcinoma
32

Moderate-Differentiated Squamous Cell

10/361

Carcinoma
33

Moderate-Differentiated Squamous Cell

11/1635

Carcinoma

The thirty-three specimens were categorized into five groups; Group 1, control group,
n=10; Group 2, mild oral epithelial dysplasia, n=9; Group 3, moderate epithelial
dysplasia, n=3; Group 4, well-differentiated OSCC, n=8; Group 5, moderatedifferentiated

OSCC,

n=3.

Serial

slides

were

subjected

to

H&E

and

immunohistochemical staining. Regions of epithelium were examined.
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3.2. Clinical data
The details of patient’s age, gender, relevant medical and dental histories, family and
social history, signs and symptoms of the presenting condition, clinical diagnosis and
treatment received were recorded from the biopsy request forms. This information aided
the case selection process. No information that could disclose a patient’s identity was
recorded (Appendix 1).

3.3. Sample preparation
All excised lesions were fixed in 10% formalin, processed and embedded in paraffin.
After routine diagnostic procedures, the remaining tissue paraffin blocks were stored in
the archive. For this study ten 4µm serial sections were cut using a microtome and
individually mounted onto a positively charged slide. Four slides for each specimen in
each group (non-neoplastic and non-dysplastic tissue, oral epithelial dysplasia and
OSCC) were subjected to immunohistochemical staining for cyclin D1 and p27KIP1. In
addition, 4µm section slides were also prepared from the positive tissue controls and
were stained simultaneously with the experiment slides. All slides were stored at 4oC in
a refrigerator before use.
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3.4. Histological examination
The first slide of the each specimen was subjected to H & E staining. The protocol used
to prepare H & E slides at the Medlab Dental Oral Pathology Services is shown in
Appendix 2. Briefly, the slides were dewaxed in xylene and they were transferred to
absolute ethanol. They were washed under the tap water before being stained with Gills
Haematoxylin (3801520; Leica Microsystems, Wetzlar, Germany). Then the slides were
placed in Scott’s tap water and washed again. Next, the slides were stained with 1%
Eosin (3801600; Leica Microsystems, Wetzlar, Germany) for one minute. Finally, the
slides were washed and dehydrated in absolute ethanol before being cleared in xylene.
DPX mounting agent (HX939322; Merk Darmstadt, Germany) was used during cover
slipping of the slides.

The H & E stained slides were examined using a light microscopy (Leica CTR5000,
Leica Microsystems, Wetzlar, Germany) with X10, X20, and X40 magnification
objectives. The histology report and diagnosis were confirmed by an oral pathologist
using WHO criteria at the School of Dentistry, University of Otago. Based on the
histological findings, all samples were re-confirmed. In addition, H & E stained slides
were used as reference to ensure that the immunohistochemistry slides adequately
represented the lesions.
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3.5. Immunohistochemistry
The second and third slides from each group (non-neoplastic and non-dysplastic tissue,
oral epithelial dysplasia and OSCC) and control tissues (n=2) were used for an initial
immunohistochemistry pilot study for each primary antibody. These eight slides were
not included in the experiment. The purpose of this pilot study was to establish
optimum dilution for each antibody and the time required for conditioning the tissue
cells in the automated slide stainer.

The

optimum

antibody

dilution

experiments

were

performed

using

the

immunohistochemistry protocol established in the Medlab Dental Oral Pathology
Diagnostic Laboratory (Appendix 3). Primary antibodies were ready to use according to
the manufacturers.

Manual on laboratory bench

Formalin-fixed, paraffin-embedded tissue samples were sectioned as described,
deparaffinized in xylene, rehydrated through graded ethanols. Endogenous peroxidase
activity was blocked by immersion in 3% hydrogen peroxide for five minutes.
Immunoreactivity of the target antigens was enhanced by microwaving the sections for
ten minutes in a 0.1M-citrate buffer. Slides were washed with phosphate-buffered saline
(PBS) and incubated overnight at 4oC with monoclonal rabbit anti-human cyclin D1
antibody, or p27KIP1 monoclonal mouse anti-human p27KIP1 antibody. The Dako
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EnvisionTM detection system (Dako, Denmark A/S Company) provided the secondary
detection system, and colour development was obtained using 3,3-diaminobenzidine
(DAB) in accordance with the manufacturer’s instructions. Sections were then
counterstained with Haemotoxylin, mounted, and studied under light microscope.

BenchMark XT

The time for conditioning tissue cells was the only variable that needed to be
established in the immunohistochemistry staining procedure performed by the
automated immunohistochemistry (IHC)/in situ hybridization (ISH) staining machine
(BenchMark XT, Ventana Medical System, Inc. AZ, USA) (Fig 3.5). The time and
temperature during the antibody incubation was fixed at 60 minutes at room
temperature. The purpose of cell conditioning was to remove the fixation effect of the
formalin on tissue before the antibody was applied. Cell Conditioning Solution (CC1)
(950-124; Ventana Medical Systems, Inc. AZ, USA) is a pre-diluted solution used as a
pre-treatment step in the processing of tissue samples for immunohistochemistry
reactions carried out on Ventana BenchMark XT automated slide stainer. The exact
composition and the kinetics of CC1 are proprietary confidential information, Ventana
Medical Systems have provided some basic information: CC1 is a tris-based buffer with
a slightly basic pH, which is capable of disrupting the covalent bonds formed in tissue
fixation by formalin in high temperature. Removing these bonds allows renaturation of
protein molecules, increases antibody accessibility and significantly enhances antibody

	
  

52	
  

binding. Often these changes result in significant gains in antibody binding. The
optimum time for tissue conditioning using CC1 in the BenchMark XT automated slide
stainer was investigated: mild (30 minutes), standard (60 minutes) and extended (90
minutes). After cell conditioning, the BenchMark XT automated slide stainer was
programmed to pause the staining process momentarily for manual titration of primary
antibody. The slide tray was opened and 100 µL of the diluted primary antibody were
titrated onto each slide. The staining procedure was then continued to completion.
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Figure 3.5. BenchMark XT, Ventana Medical System
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In the immunohistochemistry staining procedure, all slides were subjected to the
BenchMark XT automated slide stainer protocol for the complete staining process
(Appendix 4). The automated slide stainer performed deparaffinization, cell
conditioning, primary antibody (Table 3.5a) and negative antibody control (Table 3.5b)
incubations, visualization of primary antibody using ultraView Universal DAB (3,3’ –
Diaminobenzidine tetrahydrochloride) Detection Kit (Ventana Medical System, Inc. AZ,
USA) and all washing steps. Antibody titration and the end stage counterstaining with
Haematoxylin were performed manually. All slides were manually mounted with xylene
based mounting agent in a fume cupboard. Slides were examined as soon as practical
when the mounting medium had set.
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Table 3.5a Primary antibodies used in Immunohistochemistry

Primary

Manufacturer Raised React

Colonality

Concentration Target

Antibody

in

with

Monoclonal Ventana

Rabbit

Human Monoclonal 0.07µg/ml

Oral

Rabbit

Medical

epithelial

Anti-

Systems, Inc.

cell

Human
Cyclin D1
Monoclonal Dako

Mouse

Human Monoclonal 1µg/ml

Oral

Mouse

Denmark A/S

epithelial

Anti-

Company

cell

Human
P27Kip1
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Table 3.5b Negative antibody controls used in Immunohistochemistry

Antibody

Manufactu Concentration

Negative antibody

rer

control for

(mg/ml)

Normal rabbit Santa Cruz 0.4

Monoclonal

IgG

Biotechnol

Rabbit

Anti-

ogy,

Human

Cyclin

Inc.

(sc-2027)

D1

Normal

Santa Cruz 0.4

Monoclonal

mouse IgG

Biotechnol

Mouse

ogy,

Human P27Kip1

Inc.

Anti-

(sc-2027)
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3.6. Quantification and Evaluation of immunohistochemistry for cyclin
D1 and p27KIP1
The slides were examined under a light microscope (Leica CTR5000, Leica
Microsystems, Wetzlar, Germany) at 20x and 40x objective magnification and
representative photomicrographs were taken with a digital camera (Leica DC500; Leica
Microsystems, Wetzlar, Germany). The presence of brown-coloured end product at the
site of target antigen was indicative of positive immunoreactivity. The negative controls
demonstrated the absence of staining. Tissue section of cyclin D1 positive control
illustrated brown staining of the cells of basal and parabasal layers and was confirmed
as being positively stained. Tissue section of p27KIP1 positive control illustrated brown
staining of the cells of maturation layers and was confirmed as being positively stained.

Cyclin D1 and p27KIP1 immunohistochemistry was evaluated using image analysis
software, by analyzing at least 25 representative microscopic fields for each sample
obtained through a microscope under (20X) magnification. A “representative
microscopic field” is defined as the high power field with highest staining count. Firstly,
ten representative fields were selected and observed under higher (20X) magnification
on each slide. These ten representative fields were chosen from different areas of the
slide without any overlapping. Therefore each representative area was unique. Five
fields were randomly selected from these ten representative fields using randomize
function in Microsoft Excel 2010 (Appendix 5). Ten photos were taken from each
representative area under (20X) magnification. Next, five photos were randomly

	
  

58	
  

selected for cell counting. Hence each slide has 25 photos for cell counting. Positive
cells were counted with square size dimensions of the graticule grid broad on in
immunohistochemistry section photos (Figure 3.6).

Figure 3.6. Representative section of cyclin D1 positive epithelial cells
demonstrating graticule grid used for counting
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To determine the number of cyclin D1 and p27KIP1 positive cells as a proportion of the
total epithelial cell population (expression score), an image analysis system IMAGEJ v
1.47 (National Institutes of Health, Bethesda, MD, U.S.A.), and the IMAGEJ plugins
Grid and Cell Counter were used. Both plugins were included in the installation
package of recent versions of IMAGEJ. Before taking meaningful measurements, the
image needed to be calibrated to “tell” the software what a pixel represents in realworld terms of size or distance (spatial calibration), in terms of what pixel values mean
(density calibration), or both. Therefore in this study, the first step was to set the scale to
2.741 pixels/µm by using a standard 20x scale bar image. Next, a selected image was
imported via the “File -> Open” command. A grid was superimposed onto the image
using the Grid plugin. In the default IMAGEJ installation, this is performed via the
“Plugins -> Analyse -> Grid” command. In the next window, the square size of the grid
(in µm2) was chosen for a specific application depending on the resolution of the images
and the desired level of coverage. For example, analysis showed a value of 4900 µm2
per square for images with a resolution of 1600 × 1200 to be suitable for the study. This
resulted in each image consisting of thirty-five (4900 µm2) squares, and six squares
were selected randomly for cell counting. Incomplete squares (that did not form a
square of 4900 µm2) or squares containing no epithelial cells were not selected for
analysis.

In the next step, the Plugin Cell Counter was called via the “Plugins -> Analyse ->Cell
Counter” command. The image was initialized by using the ‘Initialize’ button of the
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plugin window, and a counter type was selected by clicking on one of the counter types
in the Cell Counter window. The positively stained cells were counted by repeated
pointing and clicking in the image window. For better discrimination of cells in areas
with a high background staining it was found to be helpful to modify the brightness
and/or contrast of the images via the ‘Image -> Adjust ->Brightness/Contrast’ command
before initialization via the Cell Counter plugin. After finishing the count, the counter
window was exported to a new image window via the ‘Export Image’ button of the Cell
Counter plugin. Therefore, the percentage of IHC positive cells per representative area
were calculated by dividing the total number of the positive epithelial cells in six
randomly chosen squares by the total number of epithelial cells in these squares.

Finally, the location and pattern of cyclin D1 and p27KIP1 staining were also described
as detailed Table 3.6.
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Table 3.6. Variables and features included in the cyclin D1 and p27KIP1
examination

Remark
Pattern

1. No nuclear and cytoplasmic staining
2. Nuclear staining
3. Cytoplasmic staining
4. Nuclear and cytoplasmic staining

Location

1. Cells in basal and parabasal epithelium
layer
2. Cells in basal to suprabasal epithelium
layer
3. Cells

in

maturation

compartment

epithelium layer only
4. Diffuse cell distribution throughout the
thickness of the epithelium
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3.7 Statistical analysis
All the descriptive data were collected and entered into a Microsoft Excel 2011
spreadsheet (Microsoft Corporation, USA). The relationship between non-neoplastic
and non-dysplastic epithelium, oral epithelial dysplasia and OSCC according to
immunohistochemical expression of cyclin D1 and p27KIP1 was tested by ANOVA. All
statistical analyses were performed using SPSS version 22 (IBM Company, NY, USA).
Statistical significance was ascribed at P<0.05.
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4. Results
4.1. Haematoxylin and Eosin Staining
	
  

Control group (Hyperplastic gingivitis)

Figure 4.1a Representative image of hyperplastic gingivitis (Control Group) (Top:
10X magnification; Bottom: 20X magnification)
This section consists of a cellular fibrous connective tissue that was covered in part by a
stratified squamous epithelium. The epithelium had a prominent basal cell layer and
regular maturation towards the surface. The connective tissue contained both focal
aggregations of lymphocytes, histiocytes and plasma cells and a scattered infiltrate of
these cells.
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Mild Oral Epithelial Dysplasia

Figure 4.1b Representative image of mild oral epithelial dysplasia (Experimental
group) (Top: 10X magnification; Bottom: 20X magnification)
This section showed mature fibrous connective tissue covered by parakeratinised
stratified squamous epithelium. The epithelium was acanthotic with broad and bulbous
rete ridges extending into the connective tissue. In some areas cellular pleomorphism
and nuclear hyperchromatism can be observed confined to one third of the prickle cell
layer. The submucosa showed numerous thin walled blood vessels with an area of
extravasated red blood cells. A minimal inflammatory cell infiltrate was observed
throughout the connective tissue.

	
  

65	
  

Moderate Oral Epithelial Dysplasia

Figure 4.1c Representative image of moderate oral epithelial dysplasia
(Experimental group) (Top: 10X magnification; Bottom: 20X magnification)
This section showed acanthotic orthokeratinised stratified squamous epithelium
covering a loose fibrous connective tissue. The basal cell layer showed nuclear
hyperchromatism and some pleomorphism with broad and bulbous rete ridge
architecture in some areas. There were some mitotic figures in the suprabasal cell layer.
Throughout the connective tissue there was an infiltrate of mixed chronic inflammatory
cells and occasional neutrophils.
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Well-differentiated oral squamous cell carcinoma

Figure 4.1d Representative image of well-differentiated oral squamous cell
carcinoma (Experimental group) (Top: 10X magnification; Bottom: 20X
magnification)
This section showed regions of intracellular keratinisation. In this region the cells
formed a number of small nests that extend deep into the connective tissue. Associated
with the neoplastic epithelium was a moderate scattered infiltrate of lymphocytes and
histiocytes.
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Moderate-differentiated oral squamous cell carcinoma

Figure 4.1e Representative image of moderate-differentiated oral squamous cell
carcinoma (Experimental group) (Top: 10X magnification; Bottom: 20X
magnification)
This section consisted of irregular masses of neoplastic epithelial cells. The epithelial
cells were pleomorphic, showing variations in morphology, nuclear staining, nuclear
cytoplasmic ratios and also loss of structure. In some regions keratin pearls were
evident amongst the neoplastic epithelial cells. The connective tissue also contained a
few scattered lymphocytes and histiocytes.
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4.2. Immunohistochemistry
4.2.1. Features of cyclin D1 staining

It was found that cyclin D1 staining was mainly restricted to epithelial cells in the
experimental and control tissue. In the control groups, scattered cells showing cyclin
D1 protein expression were seen in the parabasal and basal epithelial layers (Figure
4.2.1a). Either nuclear or nuclear and cytoplasmic staining was detected in the control
and experiment groups. On average, 20% of the epithelial cells in the control group
were positive expressing cells. The highest cyclin D1 protein expression score in the
control group was 27% of cells; therefore it was determined that protein expression
levels above this represented overexpression of cyclin D1. In contrast to the distribution
in the control group, in mild epithelial dysplasia there was a more diffuse distribution of
cells showing cyclin D1 protein expression extending from the basal cell layer into the
prickle cell layers (Figure 4.2.1b). Thirty-one percent of the epithelial cells in mild
epithelial dysplasia were positive expressing cells. In the cases of moderate oral
epithelial dysplasia, moderate to strong immunostaining was detected in basal,
parabasal and suprabasal cell layers. The percentage of positive cells per total number
of epithelial cell was 45%. While in cases with well-differentiated OSCC and moderatedifferentiated OSCC, an intense positive cyclin D1 expression for the cancer cells
throughout the thickness of the epithelium, was a constant finding (Figure 4.2.1c). The
protein expression score for well-differentiated OSCC moderate-differentiated OSCC
were 52% and 69% respectively.
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4.2.1.1. Quantitative analysis of cyclin D1 expression

Quantitative analysis is presented in Tables 4.2.1.1a and 4.2.1.1b. In comparing the
control group with oral epithelial dysplasia, the oral epithelial dysplasia specimens
revealed significantly higher cyclin D1 expression than the control group (P<0.05).
Similarly, the OSCC specimens showed significantly higher cyclin D1 expression than
the control group (P<0.05). In addition, higher cyclin D1 expression was observed in
OSCC (P<0.05) compared to oral epithelial dysplasia.

Mild oral epithelial dysplasia specimens had significantly lower cyclin D1 expression
(P<0.05) than moderate epithelial dysplasia. A high expression of cyclin D1 was
observed in moderate-differentiated OSCC when compared with well-differentiated
OSCC (P<0.05) (Table 4.2.1.1b and Figure 4.2.1.1b).
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Figure 4.2.1a Representative image of hyperplastic gingivitis (Control Group)
(Top: 10X magnification; Bottom: 20X magnification)
Scattered positive cells in the parabasal and basal epithelium layer (Red arrows)
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Figure 4.2.1b Representative image of oral epithelial dysplasia (Experimental
Group) (Top: 10X magnification; Bottom: 20X magnification)
A more diffuse distribution of positive cells extending from the basal layer into
prickle cell layer (Red arrows).
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Figure 4.2.1c Representative image of oral squamous cell carcinoma
(Experimental Group) (Top: 10X magnification; Bottom: 20X magnification)
Diffuse distribution of positive cells within the OSCC (Red arrows).
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Table 4.2.1.1a The percentage of the cells with cyclin D1 protein staining among
control groups, oral epithelial dysplasia and OSCC

Statistics

Control Group

Oral Epithelial

Oral Squamous

(Gingivitis)

Dysplasia

Cell Carcinoma

(n= 10)

(n=12)

(n=11)

Mean

19.8%

34.1%

56.7%

Std. Deviation

5.6%

10.3%

13.2%

Multiple Comparisons
Mean

Control Group

OED

OSCC

Difference

Std. Error

Sig.

OED

-14.3%*

.044

.003

OSCC

-36.9%*

.045

.000

Control Group

14.3%*

.044

.003

OSCC

22.6%*

.043

.000

Control Group

36.9%*

.045

.000

OED

22.6%*

.043

.000

*. The mean difference is significant at the 0.05 level.
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Percentage	
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  D1	
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  Dysplasia	
  

Squamous	
  Cell	
  Carcinoma	
  

Figure 4.2.1.1a Bar graph with standard deviation illustrates the percentage of the cells
with cyclin D1 protein staining among control group, oral epithelial dysplasia and OSCC
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Table 4.2.1.1b The percentage of the cells with cyclin D1 protein staining among

control group, mild OED, moderate OED, well-diff OSCC and moderate-diff
OSCC

Statistics

Control Group

	
  

Moderate-

(Gingivitis)

Mild OED

Moderate OED

Well-Diff

Diff OSCC

(n=10)

(n=9)

(n=3)

OSCC (n=8)

(n=7)

Mean

19.8%

30.5%

44.7%

52.0%

69.1%

Std. Deviation

5.6%

9.4%

1.4%

11.2%

11.0%
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Multiple Comparisons
Mean
Difference

Std.
Error

Sig

Control Group
Mild OED
Moderate OED
Well-Diff OSCC
Moderate-Diff OSCC

-10.8%*
-25.0%*
-32.3%*
-49.3%*

.040
.057
.041
.057

.012
.000
.000
.000

Control Group
Moderate OED
Well-Diff OSCC
Moderate-Diff OSCC

10.8%*
-14.2%*
-21.5%*
-38.6%*

.040
.058
.042
.058

.012
.021
.000
.000

Control Group
Mild OED
Well-Diff OSCC
Moderate-Diff OSCC

25.0%*
14.2%*
-7.30%
24.4%*

.057
.058
.059
.071

.000
.021
.225
.002

Control Group
Mild OED
Moderate OED
Moderate-Diff OSCC

32.3%*
21.5%*
7.3%*
-17.1%

.041
.042
.059
.059

.000
.000
.225
.007

49.3%*
38.6%*
24.4%*
17.1%*

.057
.058
.071
.059

.000
.000
.002
.007

Mild OED

Moderate OED

Well-Diff OSCC

Moderate-Diff OSCC
Control Group
Mild OED
Moderate OED
Well-Diff OSCC

*. The mean difference is significant at the 0.05 level.
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Percentage of the cells with cyclin D1 protein
staining
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Figure 4.2.1.1b Bar graph with standard deviation illustrates the percentage of the
cells with cyclin D1 protein staining among control group, mild oral epithelial
dysplasia, moderate oral epithelial dysplasia and well-differentiated OSCC and
moderate-differentiated OSCC
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4.2.2. Clinical features of p27KIP1 staining

It was found that p27KIP1 staining was mainly restricted to epithelial cells in the
experimental and control tissue. In the control group, positive p27KIP1 stained cells were
found in the superficial and intermediary thirds, associated with epithelial
differentiation and maturation compartments (Figure 4.2.2a). Only nuclear staining was
detected in the control and experiment groups. On average, 39% of the epithelial cells in
the control group were positive expressing cells (Table 4.2.2). Since no cases showed, a
p27KIP1 expression score below 24%, we determined that protein expression levels
below this represented underexpressed p27KIP1. Cases of mild oral epithelial dysplasia
showed infrequent expression of p27KIP1 with 25% of the epithelial cells showing
positive (Table 4.2.2). In comparing the control group with the mild and moderate
epithelial dysplasia specimens, a reduction in p27KIP1 expression was detected (P<0.05).
Compared to mild oral epithelial dysplasia, only a few scattered positive cells were
detected in the maturation compartment in moderate oral epithelial dysplasia (Figure
4.2.2b). In comparing the moderate oral epithelial dysplasia with the mild oral epithelial
dysplasia, no statistically significant difference was detected in the expression score
(P=0.08). Only 10% of the epithelial cells in the moderate oral epithelial dysplasia were
positive expressing cells. There were no positive cells in OSCC (Figure 4.2.2.c, d).
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Figure 4.2.2a Representative image of Hyperplastic gingivitis (Control Group)
(Top: 10X magnification; Bottom: 20X magnification)
KIP1

Positive p27

	
  

cells in the epithelial maturation compartment (Red arrows).
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Figure 4.2.2b Representative image of oral epithelial dysplasia (Experimental
Group) (Top: 10X magnification; Bottom: 20X magnification)
Scattered positive p27KIP1 cells in the maturation compartment (Red arrows).
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Figure 4.2.2c Representative image of oral squamous cell carcinoma (Experimental
Group) (Top: 10X magnification; Bottom: 20X magnification)
No positive p27KIP1 cells in the Oral Squamous Cell Carcinoma
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Table 4.2.2 Statistics (The percentage of the cells with p27

KIP1

protein staining among

control group, oral epithelial dysplasia and OSCC)

Control
Group

Mild

Well-Diff

Moderate-

(Gingivitis)

OED

Moderate

OSCC

Diff OSCC

(n= 10)

(n=9)

OED (n=3)

(n=8)

(n=3)

Mean

38.5%

25.4%

10.0%

0

0

Std. Deviation

8.6%

16.8%

2.2%

0

0

Multiple Comparisons

Mean

Control Group

Mild OED

Moderate OED

Difference

Std. Error

Sig.

Mild OED

13.2%*

.057

.031

Moderate OED

28.6%*

.083

.003

Control Group

-13.2%*

.057

.031

Moderate OED

15.4%

.083

.080

Control Group

-28.6%

.083

.003

Mild OED

-15.4%

.083

.079

*. The mean difference is significant at the 0.05 level.
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Figure 4.2.2d Bar graph with standard deviation illustrates the percentage of cells
with p27KIP protein staining among control group, mild oral epithelial dysplasia,
moderate oral epithelial dysplasia and well-differentiated OSCC and moderatedifferentiated OSCC
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4.3. Cyclin D1 expression pattern
Cyclin D1 expression (nuclear and/or cytoplasmic) was detected in all specimens.
Nuclear staining was defined as those cells showing nuclear staining alone, cytoplasmic
staining was defined as those cells showing cytoplasmic staining alone, and nuclear and
cytoplasmic staining was defined as those cells showing both nuclear and cytoplasmic.
In this study, cyclin D1 was predominantly localized to the nucleus in both control and
experimental group, whereas nuclear and cytoplasmic cyclin D1 was less frequent in
control group. The frequency of nuclear and cytoplasmic cyclin D1 overexpression was
higher in oral epithelial dysplasia and squamous cell carcinoma specimens than in
control groups. OSCC specimens showed the highest score of nuclear and cytoplasmic
staining (Table 4.3.1). There was no statistical difference among these three groups.
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Table 4.3.1. Cyclin D1 expression pattern (The percentage of cells with cyclin D1
staining)

Nuclear

Staining Cytoplasmic staining Nuclear and cytoplasmic staining

(Mean ± SD)

(Mean ± SD)

(Mean ± SD)

Control Group
(Gingivitis)

68% ± 11%

0

33% ± 11%

Dysplasia

54%± 12%

0

46% ± 11%

OSCC

48% ± 14%

0

55%± 13%

Oral Epithelial
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5. Discussion
It has been postulated that carcinogenesis of OSCC involves an accumulation of
genetic alterations in the oral epithelium. In the development of HNSCCs, it has
been estimated that as many as six to ten genetic mutations occur independently
(Balmain et al., 1993). D-type cyclin is one of the key proteins involved in cell cycle
control and is essential for the regulation of the G1 to S phase transition of the cell
cycle. Cyclin D1 binds to cyclin-dependent kinase 4/6 and forms a complex that
inhibits pRB by phosphorylation, allowing passage through the checked point and
progression through the G1 phase (Marx, 1994). Cyclin D1, one of the D-type
cyclins, was identified independently in humans as a putative proto-oncogene.
Overexpression of cyclin D1 has been reported to contribute to the loss of normal
cell cycle control during carcinogenesis. The normal cell cycle is also controlled by
interaction of several proteins, such as CDKs and CDKIs. P27KIP1 is present in nonproliferating cells, but keratinocytes, in the maturation compartment. P27KIP1 has
been showed to inactivate several CDKs (Chiarle et al., 2001). The degree of
expression of p27KIP1 is inversely correlated with malignant transformation of
several pre-malignant lesions (Esposito et al., 1997; Porter et al., 1997).

This study was interested in the role of cyclin D1 and p27KIP1 in oral potentially
malignant and cancer lesions and examined cyclin D1 and p27KIP1 protein
expression in FFPE tissue biopsies of oral epithelial dysplasia and OSCC from the
oral cavity. The oral cavity was selected due to the relative high frequency of SCC
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and the high risk of malignant transformation of oral epithelial dysplasia. This study
was carried out to evaluate the immunohistochemical reactivity and expression of
cyclin D1 and p27KIP1 and its association with site and pattern of non-neoplastic and
non-dysplastic epithelium (inflamed gingivitis tissue sections), oral epithelial
dysplasia and OSCC. The immunohistochemical reactivity for cyclin D1 and
p27KIP1 was evaluated on the basis of presence or absence of staining. Nuclear
and/or cytoplasmic staining in all the specimens of positive was observed, which
was similar to previous studies (Rodolico et al., 2005; Kövesi & Szende, 2006; de
Andrade et al., 2012; Perisanidis et al., 2012). However, Gillett et al. excluded
cyclin D1 cytoplasmic staining alone in their cases and considered it as negative
(Gillett et al., 1996). It has been shown that cyclin D1 plays an important role in cell
proliferation and differentiation and can be transported between nuclear and
cytoplasmic compartments via nuclear pores during different phases of the cell cycle
(de Falco et al., 2004).

Relatively few studies have examined cyclin D1 protein expression in oral epithelial
dysplasia and the reported prevalence rates of cyclin D1 overexpression vary from
low in low-grade oral epithelial dysplasia specimens (Rousseau et al., 2001) to high
in large number of all grades of oral epithelial dysplasia (Xu et al., 1998; Castle et
al., 1999; Liu et al., 1999; Matsushima et al., 2006). These discrepancies and
variations in the prevalence of cyclin D1 expression in oral epithelial dysplasia
reflect the general lack of objective quantification methods to examine protein
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expression since most of the studies used subjective assessment of staining
intensities (Castle et al., 1999; Kövesi & Szende, 2006), while others used semiquantitative scoring (Schoelch et al., 1999). In the present study, computer image
analysis software was used to quantify cyclin D1 and p27KIP1 nuclear/cytoplasmic
staining and therefore provided an objective assessment of protein staining levels in
oral epithelial dysplasia and OSCC.

This study established the threshold for cyclin D1 expression in normal epithelium
by showing that the cyclin D1 expression score did not go above 27%. From this it
was determined that protein expression levels above this represented overexpressed
cyclin D1 protein. In control groups scattered positive stained cells were located in
the basal and parabasal layers consistent with the proliferative compartment of
stratified squamous epithelium. In the cases of oral epithelial dysplasia, we found
increased number of cyclin D1 expression correlated with the grade of oral
epithelial dysplasia. The location of the positive cells extended from the basal and
parabasal layers into the prickle cell layers and in some cases to the keratin layers.
In addition, we found marked overexpression of cyclin D1 in OSCC compared with
the control groups, which is in line with previous studies (Umekita et al., 2002).
Moderately differentiated OSCC demonstrated a significantly higher incidence of
cyclin D1 overexpression than well-differentiated OSCC specimens. These results
are consistent with previous studies (Bova et al., 1999; Carlos de Vicente et al.,
2002; Miyamoto et al., 2003; Huang, et al., 2012). However, the exact reason for
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this relationship remains unclear. Studies on myoblasts and intestinal epithelial cells
have demonstrated cyclin D1 overexpression can inhibit the differentiation of these
two cell types (Skapek et al., 1995; Chandrasekaran et al., 1996; Kyomoto et al.,
1997; Zhang et al., 1999). Therefore this implies the possibility that cyclin D1
overexpression may be able to inhibit the differentiation in OSCC.

P27KIP1 is a member of the universal CDK inhibitor, which is considered as a
negative regulator of the cell cycle, is found abundantly in quiescent cells and less in
proliferative cells in response to growth promoting factors or mitogens (Nourse et
al., 1994; Tan et al., 1997). A number of studies have shown that decreased
expression of p27KIP1 protein significantly correlates with tumor progression in
prostate cancer (Tsihlias et al., 1998), breast cancer (Catzavelos et al., 1997; Moriya
et al., 2000; de Paola et al., 2002), primary colon carcinoma (Zhang & Sun, 2001),
gallbladder cancer (Hui et al., 2000), extrahepatic bile duct cancer (Hui et al., 1999)
and parathyroid cancer (Erickson et al., 1999). These studies suggested that the
p27KIP1 cell cycle inhibition pathway plays an important role in human
carcinogenesis and tumour progression. Mutations in p27KIP1 gene are uncommon
(Kawamata et al., 1995; Ferrando et al., 1996; Takeuchi et al., 1996), and
dysfunction of p27KIP1 appears to occur through degradation by the ubiquitinproteasome pathway in human cancer (Catzavelos et al., 1997; Porter et al., 1997;
Sgambato et al., 1997; Miyai et al., 2012).
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In this study, the control groups exhibited high levels of nuclear p27KIP1
immunoreactivity, whereas decreased p27KIP1 expression in oral epithelial dysplasia
and lack of immunoreactivity in OSCC specimens were observed. This strongly
suggests that dysfunction of p27KIP1 is involved in the pathogenesis of OSCC.
Therefore it seems plausible that p27KIP1 is a negative regulator of the cell cycle in
the oral cavity and that reduced expression of p27KIP1 protein reflects the potential
for malignant formation in oral potentially malignant lesion. An interesting finding
was that reduced p27KIP1 expression was closely associated with cyclin D1
overexpression. Given that both cyclin D1 and p27KIP1 affect the cell cycle by
regulating the same targets, CDKs, their concomitant under and overexpression is
understandable. CDKs interact with Rb protein by phosphorylation, as a result the
whole complex (CDK-Rb) releases the transcription factor E2F, which stimulates
the transition from G1 phase into the S phase. Both decreased p27KIP1 expression
and cyclin D1 overexpression result in increased CDK activity, and subsequently
lead to uncontrolled cell proliferation.

Interestingly, in this study it was observed that the control group (gingivitis) had
strong cyclin D1 nuclear staining, however OSCC had strong cyclin D1 nuclear and
cytoplasmic staining in the positive cells. In addition, the percentage of cells with
both nuclear and cytoplasmic cyclin D1 staining was higher in OSCC than in the
control group and oral epithelial dysplasia. The positive cells with cyclin D1 nuclear
staining alone was higher in the control group than OSCC and oral epithelial
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dysplasia.

Most of the previous studies suggest cyclin D1 is a nuclear protein (Baldin et al.,
1993; Sewing et al., 1993; Gladden & Diehl, 2005). However, our results (strong
nuclear and cytoplasmic staining) imply that for proteins such as cyclin D1, it is
more accurate to apply to nuclear/cytoplasmic distribution ratio than a single
cellular localization. Moreover, the capacity of the cell to direct nuclear import and
export during cell cycle suggested that movement of cyclin D1 must be considered
bi-directional (Alt et al., 2000).

5.1. Possible explanations of strong nuclear and cytoplasmic staining in
OSCC cells
Cyclin D1 normally accumulates in the nucleus throughout G1 phase, but it
relocalizes to cytoplasm during the interphase (Baldin et al., 1993; Diehl et al.,
1998). The redistribution of cyclin D1 correlates with its phosphorylation on Thr286 by glycogen synthase kinase-3 beta (GSK-3ß) (Diehl et al., 1998). On the other
hand, GSK-3ß might phosphorylate cyclin D1 in the cytoplasm, preventing its
association with protein required for nuclear import (Diehl et al., 1998). However,
overexpression of canonical cyclin D1 alone is not sufficient to induce cancer
transformation (Quelle et al., 1993; Alt et al., 2000).

It has been suggested that cyclin D1 is a multifaceted regulator that exists in two
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distinct isoforms, cyclin D1a and D1b. Cyclin D1a is rarely overexpressed in
cancers, because it can be phosphorylated by GSK-3ß (Burd et al., 2006). However,
cyclin D1b retains the ability to bind to and active CDK4, but the cyclin D1b protein
is refractory to GSK-3ß nuclear export, and is thus, constitutively nuclear (Diehl et
al., 1998). Expression of cyclin D1 mutant, cyclin D1b, which is not subject to
GSK-3ß-dependent redistribution, and remains in the nucleus during the cell cycle
suggesting that deregulation of cyclin D1 nuclear export results in increased cyclin
D1 oncogenic activity (Diehl et al., 1998; Alt et al., 2000). In addition, p27KIP1
levels are reduced in cyclin D1b-expressing cells and that p27KIP1 binds cyclin D1b
relatively poorly offers a possible explanation for why production of this isoform
may be associated with increased cancer risk, based on the ability of cyclin D1b to
evade restraint by p27KIP1 as compared with cyclin D1a (Lu et al., 2003). Therefore,
expression of a non-phosphorylatable cyclin D1b may be sufficient to induce cell
transformation (Alt et al., 2000). Moreover, it has been suggested that cyclin D1a
may merely be a marker of increased proliferation in cancer cells, but it may
represent a key driver of oncogenesis in those who express cyclin D1b as well.
Therefore, cyclin D1b may be the oncogenic mechanism that allows overexpression
of cyclin D1a to function in an oncogenic capacity (Abramson et al., 2010). These
studies and observations suggest that overexpression cyclin D1b and/or cyclin D1a
can lead to strong nuclear cyclin D1 staining in OSCC cells.

Finally, cyclin D1a retains the ability to bind to GSK-3ß; therefore it can be
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transported from nucleus to cytoplasm (Lu et al., 2003). However with a reduction
in p27KIP1 protein expression, cyclin D1a cannot be degraded in OSCC cells,
therefore a strong cytoplasmic staining was observed in this study. Perhaps these
could explain why we could observe strong nuclear and cytoplasmic cyclin D1
staining in OSCC specimen.

5.2. Conclusion

The aim of this study was to determine cyclin D1 and p27KIP1 protein expression,
location and pattern, in oral epithelial dysplasia and OSCC.

Cyclin D1 protein was frequently overexpressed in OSCC than in non-neoplastic
and non-dysplastic epithelium. The characteristic expression of cyclin D1 correlated
with the grade of oral epithelial dysplasia and degree of OSCC differentiation.
Normal expression of p27KIP1 could be observed in non-neoplastic and nondysplastic epithelium. A decrease in expression was found in oral epithelial
dysplasia and a lack of immunoreactivity was observed in OSCC. Reduced p27KIP1
expression was associated with cyclin D1 overexpression. It was found and
concluded that cyclin D1 accumulates in different compartments and this may be
through transit across the nuclear pores. Both nuclear and cytoplasmic cyclin D1
staining was observed more in OSCC than non-neoplastic and non-dysplastic
epithelium. The exact mechanism remains unknown, but it may due to present of

	
  

94	
  

two different isoforms of cyclin D1.

5.3. Limitations and Future research considerations

Due to practicalities and the duration of this study, relatively small numbers of
specimens were used in our experiments. Due to lack of appropriate consented
sample tissues, no severe oral epithelial dysplasia or poorly differentiated OSCC
specimens were able to used, and the control tissue specimens only consisted of
inflamed gingival tissue. There was no normal oral mucosa in our experiments.
Despite this, we were able to use appropriate analysis to derive statistical
significance.

Cyclin D1 is a multifaceted regulator of both transcription and cell cycle
progression that exists in two distinct isoforms. This study did not differentiate
between the two isoforms as such. Cyclin D1a and D1b protein expression, location,
pattern and ratio should be analyzed in oral epithelial dysplasia and OSCC. Detailed
investigations on the expression of both isoforms of cyclin D1 may contribute to
new discoveries of targeted therapies.

	
  

95	
  

6. References
Abramson, V. G., Troxel, A. B., Feldman, M., Mies, C., Wang, Y., Sherman, L., et al.
(2010). Cyclin D1b in human breast carcinoma and coexpression with cyclin
D1a is associated with poor outcome. Anticancer Research, 30(4), 1279-85.
Adrian, R., Thompson, M. A., Joy, H., Lyn, T., Jane, A., & Doris, G. (1999). Cyclin D1
and D3 associat with the SCF complex and are coordinately elevated in breast
cancer. Oncogene, 18(11), 1983-91.
Ajchenbaum, F., Ando, K., DeCaprio, J. A., & Griffin, J. D. (1993). Independent
regulation of human D-type cyclin gene expression during G1 phase in primary
human T lymphocytes. The Journal of biological chemistry, 268(6), 4113-9.
Akervall, J. A., Wennerberg, J. P., Michalides, R. J., Mineta, H., Balm, A., Borg, A., et
al.(1997). Amplification of cyclin D1 in squamous cell carcinoma of the head
and neck and the prognostic value of chromosomal abnormalities and cyclin D1
overexpression. Cancer, 79(2), 380-9.
Alao, J., Stavropoulou, A., Lam, E., Charles Coombes, R., & Vigushin, D. (2006).
Histone deacetylase inhibitor, Trichostatin A induces ubiquitin-dependent cyclin
D1 degradation in MCF-7 breast cancer cells. Molecular Cancer, 5(1), 8-19.
Alao, J. P., Lam, E. W. F., Ali, S., Buluwela, L., Bordogna, W., Lockey, P., et al. (2004).
Histone deacetylase inhibitor trichostatin A represses estrogen receptor alphadependent transcription and promotes proteasomal degradation of cyclin D1 in
human breast carcinoma cell lines. Clinical cancer research : an official journal
of the American Association for Cancer Research, 10(23), 8094-104.
Alt, J. R., Cleveland, J. L., Hannink, M., & Diehl, J. A. (2000). Phosphorylationdependent regulation of cyclin D1 nuclear export and cyclin D1-dependent
cellular transformation. Genes & development, 14(24), 3102-14.
Amagasa, T., Yamashiro, M., & Uzawa, N. (2011). Oral premalignant lesions: from a
clinical perspective. International Journal of Clinical Oncology, 16(1), 5-14.
Angadi, P. V., & Krishnapillai, R. (2007). Cyclin D1 expression in oral squamous cell
carcinoma and verrucous carcinoma: correlation with histological
differentiation. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology
and Endodontology, 103(3), e30-e35.
Aoyagi, K., Kouhuji, K., Miyagi, M., Imaizumi, T., Kizaki, J., Isobe, T., & Shirouzu, K.
(2013). Expression of p27Kip1 protein in gastric carcinoma.
Hepatogastroenterology, 60(122), 390-94.
Arteaga, C. L., & Baselga, J. (2003). Clinical trial design and end points for epidermal
growth factor receptor-targeted therapies: implications for drug development
and practice. Clinical cancer research : an official journal of the American
Association for Cancer Research, 9(5), 1579-89.
Bagan, J. V., & Scully, C. (2008). Recent advances in Oral Oncology 2007:
Epidemiology, aetiopathogenesis, diagnosis and prognostication. Oral Oncology,
44(2), 103-8.
Bagnardi, V., Rota, M., Botteri, E., Tramacere, I., Islami, F., Fedirko, V., et al. (2013).

	
  

96	
  

Light alcohol drinking and cancer: a meta-analysis. Annals of Oncology, 24(2),
301-8.
Bai, C., Richman, R., & Elledge, S. J. (1994). Human cyclin F. The EMBO journal,
13(24), 6087-98.
Baldin, V., Lukas, J., Marcote, M. J., Pagano, M., & Draetta, G. (1993). Cyclin D1 is a
nuclear protein required for cell cycle progression in G1. Genes and
Development, 7(5), 812-21.
Balmain, A., Barrett, J. C., Moses, H., & Renan, M. J. (1993). How many mutations are
required for tumorigenesis? implications from human cancer data. Molecular
Carcinogenesis, 7(3), 139-46.
Banks, P. M., Chan, J., Cleary, M. L., Delsol, G., De Wolf-Peeters, C., Gatter, K., et al.
(1992). Mantle cell lymphoma. A proposal for unification of morphologic,
immunologic, and molecular data. American Joural of Surgical Pathology,
16(7), 637-40.
Barnes, L., Eveson, L.W., Reichart, P.A., & Sidransky, D., (2005). World Health
Organization Classification of Tumours. Pathlolgy & Genetics. Head and Neck
Tumours. World Health Organization International Agency for Research on
Cancer. IACR Press:Lyon.
Bartkova, J., Lukas, J., Müller, H., Lützhøt, D., Strauss, M., & Bartek, J. (1994). Cyclin
D1 protein expression and function in human breast cancer. International
Journal of Cancer, 57(3), 353-61.
Bartkova, J., Lukas, J., Müller, H., Strauss, M., Gusterson, B., & Bartek, J. (1995).
Abnormal patterns of D-type cyclin expression and G1 regulation in human head
and neck cancer. Cancer research, 55(4), 949-56.
Bendris, N., Lemmers, B., Blanchard, J. M., & Arsic, N. (2011). Cyclin A2 Mutagenesis
Analysis: A New Insight into CDK Activation and Cellular Localization
Requirements (Cyclin A2 Mutagenesis Analysis). PLoS ONE, 6(7), e22879.
Bennin, D. A., Don, A. S. A., Brake, T., McKenzie, J. L., Rosenbaum, H., Ortiz, L., et
al. (2002). Cyclin G2 associates with protein phosphatase 2A catalytic and
regulatory B' subunits in active complexes and induces nuclear aberrations and a
G1/S phase cell cycle arrest. The Journal of biological chemistry, 277(30),
27449-67.
Besson, A., Assoian, R. K., & Roberts, J. M. (2004). Regulation of the cytoskeleton: an
oncogenic function for cdk inhibitors?(cyclin-dependent kinase). Nature
Reviews Cancer, 4(12), 948-55.
Blomqvist, G., Hirsch, J. M., & Alberius, P. (1991). Association between development
of lower lip cancer and tobacco habits. Journal of oral and maxillofacial
surgery : official journal of the American Association of Oral and Maxillofacial
Surgeons, 49(10), 1044-9.
Blot, W. J., McLaughlin, J. K., Winn, D. M., Austin, D. F., Greenberg, R. S., PrestonMartin, S., et al. (1988). Smoking and drinking in relation to oral and pharyngeal
cancer. Cancer research, 48(11), 3282-7.
Boffetta, P., Hecht, S., Gray, N., Gupta, P., & Straif, K. (2008). Smokeless tobacco and
cancer. Lancet Oncology, 9(7), 667-75.

	
  

97	
  

Borges, A. M., Shrikhande, S. S., & Ganesh, B. (1989). Surgical pathology of squamous
carcinoma of the oral cavity: Its impact on management. Seminars in Surgical
Oncology, 5(5), 310-17.
Bosch, F., Jares, P., Campo, E., Lopez-Guillermo, A., Piris, M. A., Villamor, N., et al
(1994). PRAD-1/cyclin D1 gene overexpression in chronic lymphoproliferative
disorders: a highly specific marker of mantle cell lymphoma. Blood, 84(8),
2726-32.
Bova, R. J., Quinn, D. I., Nankervis, J. S., Cole, I. E., Sheridan, B. F., Jensen, M. J., et
al. (1999). Cyclin D1 and p16INK4A expression predict reduced survival in
carcinoma of the anterior tongue. Clinical Cancer Research, 5(10), 2810-19.
Brown, A. E., & Langdon, J. D. (1995). Management of oral cancer. Annals of the Royal
College of Surgeons of England, 77(6), 404-8.
Buckley, M. F., Sweeney, K. J., Hamilton, J. A., Sini, R. L., Manning, D. L., Nicholson,
R. I., et al. (1993). Expression and amplification of cyclin genes in human breast
cancer. Oncogene, 8(8), 2127-33.
Burd, C. J., Petre, C. E., Morey, L. M., Wang, Y., Revelo, M. P., Haiman, C. A., et al.
(2006). Cyclin D1b variant influences prostate cancer growth through aberrant
androgen receptor regulation. Proceedings of the National Academy of Sciences
U S A, 103(7), 2190-95.
Burket, L. W. (2008). Burket's oral medicine. 11th ed. Hamilton: BC Decker.
Carlos de Vicente, J., Herrero-Zapatero, A., Fresno, M. F., & Lopez-Arranz, J. S.
(2002). Expression of cyclin D1 and Ki-67 in squamous cell carcinoma of the
oral cavity: clinicopathological and prognostic significance. Oral Oncology,
38(3), 301-8.
Castle, J. T., Cardinali, M., Kratochvil, F. J., Abbondanzo, S. L., Kessler, H. P., Auclair,
P. L., & Yeudall, W. A. (1999). P53 and cyclin D1 staining patterns of malignant
and premalignant oral lesions in age-dependent populations. Oral surgery, oral
medicine, oral pathology, oral radiology, and endodontics, 88(3), 326-32.
Catzavelos, C., Bhattacharya, N., Ung, Y. C., Wilson, J. A., Roncari, L., Sandhu, C., et
al. (1997). Decreased levels of the cell-cycle inhibitor p27Kip1 protein:
prognostic implications in primary breast cancer. Nature Medicine, 3(2), 227-30.
Chandrasekaran, C., Coopersmith, C. M., & Gordon, J. I. (1996). Use of normal and
transgenic mice to examine the relationship between terminal differentiation of
intestinal epithelial cells and accumulation of their cell cycle regulators. Journal
of Biological Chemistry, 271(45), 28414-21.
Charles, C., Nandita, B., Yee, C. U., James, A. W., Luba, R., Charanjit, S., et al. (1997).
Decreased levels of the cell-cycle inhibitor p27Kip1 protein: Prognostic
implications in primary breast cancer. Nature Medicine, 3(2), 227-30.
Chaturvedi, A. K., Engels, E. A., Anderson, W. F., & Gillison, M. L. (2008). Incidence
trends for human papillomavirus-related and -unrelated oral squamous cell
carcinomas in the United States. Journal of Clinical Oncology, 26(4), 612-9.
Chiarle, R., Pagano, M., & Inghirami, G. (2001). The cyclin dependent kinase inhibitor
p27 and its prognostic role in breast cancer. Breast Cancer Research, 3(2), 91-4.
Chu, I. M., Hengst, L., & Slingerland, J. M. (2008). The Cdk inhibitor p27 in human

	
  

98	
  

cancer: prognostic potential and relevance to anticancer therapy. Nature Reviews
Cancer, 8(4), 253-67.
Cohen, E. E. W., Lingen, M. W., & Vokes, E. E. (2004). The expanding role of systemic
therapy in head and neck cancer. Journal of clinical oncology : official journal
of the American Society of Clinical Oncology, 22(9), 1743-52.
Coller, H. A. (2007). What's taking so long? S-phase entry from quiescence versus
proliferation. Nature Reviews Molecular Cell Biology, 8(8), 667-70.
Coqueret, O. (2002). Linking cyclins to transcriptional control. Gene, 299(1), 35-55.
Cordon-Cardo, C., Koff, A., Drobnjak, M., Capodieci, P., Osman, I., Millard, S. S., et al.
(1998). Distinct Altered Patterns of p27 Gene Expression in Benign Prostatic
Hyperplasia and Prostatic Carcinoma. Journal of the National Cancer Institute,
90(17), 1284-91.
D'Souza, G., Agrawal, Y., Halpern, J., Bodison, S., & Gillison, M. L. (2009). Oral
sexual behaviors associated with prevalent oral human papillomavirus infection.
Journal of Infectious Diseases, 199(9), 1263-9.
D'Souza, G., & Dempsey, A. (2011). The role of HPV in head and neck cancer and
review of the HPV vaccine. Preventive Medicine, 53, S5-S11.
David, O. M. (1995). Principles of CDK regulation. Nature, 374(6518), 131-4.
Dawn, C., Heike, L., & Ronald, A. L. (2002). Distinct roles for cyclins E and A during
DNA replication complex assembly and activation. Nature Cell Biology, 4(7),
523-8.
de Andrade, B. A., Leon, J. E., Carlos, R., Delgado-Azanero, W., Mosqueda-Taylor, A.,
& de Almeida, O. P. (2012). Immunohistochemical expression of p16, p21, p27
and cyclin D1 in oral nevi and melanoma. Head and Neck Pathology, 6(3), 297304.
de Boer, C. J., Schuuring, E., Dreef, E., Peters, G., Bartek, J., Kluin, P. M., & van
Krieken, J. H. (1995). Cyclin D1 protein analysis in the diagnosis of mantle cell
lymphoma. Blood, 86(7), 2715-23.
de Falco, M., Fedele, V., De Luca, L., Penta, R., Cottone, G., Cavallotti, I., et al. (2004).
Evaluation of cyclin D1 expression and its subcellular distribution in mouse
tissues. Journal of Anatomy, 205(5), 405-12.
de Paola, F., Maria Vecci, A., Maria Granato, A., Liverani, M., Monti, F., Maria
Innoceta, A., et al. (2002). p27/kip1 expression in normal epithelium, benign and
neoplastic breast lesions. Journal of Pathology, 196(1), 26-31.
Diehl, J. A., Cheng, M., Roussel, M. F., & Sherr, C. J. (1998). Glycogen synthase
kinase-3beta regulates cyclin D1 proteolysis and subcellular localization. Genes
Dev, 12(22), 3499-511.
Diehl, J. A., Zindy, F., & Sherr, C. J. (1997). Inhibition of cyclin D1 phosphorylation on
threonine-286 prevents its rapid degradation via the ubiquitin-proteasome
pathway. Genes & development, 11(8), 957-72.
Donnellan, R., & Chetty, R. (1998). Cyclin D1 and human neoplasia. Molecular
Pathology, 51(1), 1-7.
Dorée, M., & Galas, S. (1994). The cyclin-dependent protein kinases and the control of
cell division. FASEB journal : official publication of the Federation of American

	
  

99	
  

Societies for Experimental Biology, 8(14), 1114-21.
Draetta, G. F. (1994). Mammalian G1 cyclins. Current Opinion in Cell Biology, 6(6),
842-6.
Dreher, T., Zentgraf, H., Abel, U., Kappeler, A., Michel, M. S., Bleyl, U., & Grobholz,
R. (2004). Reduction of PTEN and p27kip1 expression correlates with tumor
grade in prostate cancer. Analysis in radical prostatectomy specimens and needle
biopsies. Virchows Arch, 444(6), 509-17.
Edefonti, V., Bravi, F., La Vecchia, C., Randi, G., Ferraroni, M., Garavello, W., et al.
(2010). Nutrient-based dietary patterns and the risk of oral and pharyngeal
cancer. Oral Oncology, 46(5), 343-8.
Engels, E. A., Pfeiffer, R. M., Fraumeni, J. F., Jr., Kasiske, B. L., Israni, A. K., Snyder,
J. J., et al. (2011). Spectrum of cancer risk among US solid organ transplant
recipients. Journal of the American Medical Association, 306(17), 1891-901.
Erickson, L. A., Jin, L., Wollan, P., Thompson, G. B., van Heerden, J. A., & Lloyd, R. V.
(1999). Parathyroid hyperplasia, adenomas, and carcinomas: differential
expression of p27Kip1 protein. The American Journal of Surgical Pathology,
23(3), 288-95.
Esposito, V., Baldi, A., De Luca, A., Groger, A. M., Loda, M., Giordano, G. G., et al.
(1997). Prognostic role of the cyclin-dependent kinase inhibitor p27 in nonsmall cell lung cancer. Cancer Research, 57(16), 3381-5.
Evans, T. (2004). The discovery of cyclin (II). Cell, 116, S65-S66.
Ferrando, A. A., Balbin, M., Pendas, A. M., Vizoso, F., Velasco, G., & Lopez-Otin, C.
(1996). Mutational analysis of the human cyclin-dependent kinase inhibitor
p27kip1 in primary breast carcinomas. Human Genetics, 97(1), 91-4.
Fisher, R. P., & Morgan, D. O. (1994). A novel cyclin associates with M015/CDK7 to
form the CDK-activating kinase. Cell, 78(4), 713-24.
Fleskens, S., & Slootweg, P. (2009). Grading systems in head and neck dysplasia: their
prognostic value, weaknesses and utility. Head & neck oncology, 1(1), 11-11.
Fletcher, C.D.M, Bridge, J.A., Hogendoom, P.C.W., Mertens, F. (2013). WHO
classification of tumours of soft tissue and bone. Lyon: IARC Press.
Forastiere, A., Koch, W., Trotti, A., & Sidransky, D. (2001). Head and Neck Cancer. The
New England Journal of Medicine, 345(26), 1890-900.
Fracchiolla, N. S., Pruneri, G., Pignataro, L., Carboni, N., Capacchio, P., Boletini, A., et
al. (1997). Molecular and immunohistochemical analysis of the bcl-1/cyclin D1
gene in laryngeal squamous cell carcinomas: correlation of protein expression
with lymph node metastases and advanced clinical stage. Cancer, 79(6), 111421.
Gaffey, M. J., Williams, M. E., Iezzoni, J. C., Meredith, S. D., Boyd, J. C., Stoler, M.
H., et al. (1995). Cyclin D1 (PRAD1, CCND1) and glutathione-S-transferase pi
gene expression in head and neck squamous cell carcinoma. Human pathology,
26(11), 1221-6.
Galderisi, U., Jori, F. P., & Giordano, A. (2003). Cell cycle regulation and neural
differentiation. Oncogene, 22(33), 5208-19.
Gandini, S., Botteri, E., Iodice, S., Boniol, M., Lowenfels, A. B., Maisonneuve, P., &

	
  

100	
  

Boyle, P. (2008). Tobacco smoking and cancer: A meta‐analysis. International
Journal of Cancer, 122(1), 155-64.
Garewal, H. S. (1991). Potential role of beta-carotene in prevention of oral cancer.
American Journal of Clinical Nutrition, 53(1), 294S-297S.
Gartel, A. L., & Radhakrishnan, S. K. (2005). Lost in transcription: p21 repression,
mechanisms, and consequences. Cancer research, 65(10), 3980-5.
Gillett, C., Fantl, V., Smith, R., Fisher, C., Bartek, J., Dickson, C., et al. (1994).
Amplification and overexpression of cyclin D1 in breast cancer detected by
immunohistochemical staining. Cancer research, 54(7), 1812-7.
Gillett, C., Smith, P., Gregory, W., Richards, M., Millis, R., Peters, G., & Barnes, D.
(1996). Cyclin D1 and prognosis in human breast cancer. International Journal
of Cancer, 69(2), 92.
Girard, F., Strausfeld, U., Fernandez, A., & Lamb, N. J. C. (1991). Cyclin a is required
for the onset of DNA replication in mammalian fibroblasts. Cell, 67(6), 1169-79.
Gladden, A.B., & Diehl, J.A. (2005). Location, location, location: the role of cyclin D1
nuclear localization in cancer. Journal of Cell Biochemistry. 96(5), 906-13.
Gridley, G., McLaughlin, J. K., Block, G., Blot, W. J., Gluch, M., & Fraumeni, J. F.
(1992). Vitamin supplement use and reduced risk of oral and pharyngeal cancer.
American journal of epidemiology, 135(10), 1083-92.
Grimmler, M., Wang, Y., Mund, T., Cilensek, Z., Keidel, E.M., Waddell, M. B., et al.
(2007). Cdk-inhibitory activity and stability of p27Kip1 are directly regulated by
oncogenic tyrosine kinases. Cell, 128(2), 269-80.
Grulich, A. E., van Leeuwen, M. T., Falster, M. O., & Vajdic, C. M. (2007). Incidence of
cancers in people with HIV/AIDS compared with immunosuppressed transplant
recipients: a meta-analysis. The Lancet, 370(9581), 59-67.
Gu, X., Schwartz, J. L., Harris, D. R., & Palmer, A. F. (2001). Vitamin E induces
apoptosis in oral cancer cells (HCPC-1) by activating scrambling effect and
producing ceramide. (Antioxidants). The Journal of Nutrition, 131(11), 3152S.
Guzzo, M., Locati, L. D., Prott, F. J., Gatta, G., McGurk, M., & Licitra, L. (2010).
Major and minor salivary gland tumors. Critical Reviews in Oncology and
Hematology, 74(2), 134-48.
Han, E. K., Ng, S. C., Arber, N., Begemann, M., & Weinstein, I. B. (1999). Roles of
cyclin D1 and related genes in growth inhibition, senescence and apoptosis.
Apoptosis : an international journal on programmed cell death, 4(3), 213-219.
Hannon, G. J., & Beach, D. (1994). p15INK4B is a potential effector of TGF-betainduced cell cycle arrest. Nature, 371(6494), 257-61.
Harris MK. Oral cancer : causes, diagnosis and treatment. (2011). New York: New
York : Nova Biomedical.
Hashemolhosseini, S., Nagamine, Y., Morley, S. J., Desrivières, S., Mercep, L., &
Ferrari, S. (1998). Rapamycin inhibition of the G1 to S transition is mediated by
effects on cyclin D1 mRNA and protein stability. The Journal of biological
chemistry, 273(23), 14424-9.
Hashibe, M., Brennan, P., Chuang, S. C., Boccia, S., Castellsague, X., Chen, C., et al.
(2009). Interaction between tobacco and alcohol use and the risk of head and

	
  

101	
  

neck cancer: pooled analysis in the International Head and Neck Cancer
Epidemiology Consortium. Cancer Epidemiology Biomarkers Prevention, 18(2),
541-50.
Hashibe, M., Ritz, B., Le, A. D., Li, G., Sankaranarayanan, R., & Zhang, Z. F. (2005).
Radiotherapy for oral cancer as a risk factor for second primary cancers. Cancer
Letters, 220(2), 185-95.
Hassan, K. A., Ang, K. K., El-Naggar, A. K., Story, M. D., Lee, J. I., Liu, D., et al.
(2002). Cyclin B1 overexpression and resistance to radiotherapy in head and
neck squamous cell carcinoma. Cancer Research, 62(22), 6414-17.
Hayashi, T., Ohno, H., Yamabe, H., Nasu, K., Miyaoka, K., Fujii, H., et al. (1994).
Clinical aspects of B-cell malignancy involving the BCL1/PRAD1 locus.
International Journal of Hematology, 59(4), 281-96.
Hengst, L., & Reed, S. I. (1996). Translational control of p27Kip1 accummulation
during the cell cycle. Science, 271(5257), 1861-4.
Hershko, A. (1999). Mechanisms and regulation of the degradation of cyclin B.
Philosophical Transactions of the Royal Society B: Biological Sciences,
354(1389), 1571-76.
Hoebers, F., Heemsbergen, W., Moor, S., Lopez, M., Klop, M., Tesselaar, M., & Rasch,
C. (2011). Reirradiation for Head-and-Neck Cancer: Delicate Balance Between
Effectiveness and Toxicity. International Journal of Radiation Oncology,
Biology, Physics, 81(3), e111-e118.
Holmstrup, P., Vedtofte, P., Reibel, J., & Stoltze, K. (2006). Long-term treatment
outcome of oral premalignant lesions. Oral Oncology, 42(5), 461-74.
Huang, J. W., Shiau, C. W., Yang, Y. T., Kulp, S. K., Chen, K. F., Brueggemeier, R. W.,
et al. (2005). Peroxisome proliferator-activated receptor gamma-independent
ablation of cyclin D1 by thiazolidinediones and their derivatives in breast cancer
cells. Molecular pharmacology, 67(4), 1342-8.
Huang, K., Huang, C., Shan, K., Chen, J., & Li, H. (2012a). Significance of PC cellderived growth factor and cyclin D1 expression in cutaneous squamous cell
carcinoma. Clinical and Experimental Dermatology, 37(4), 411-7.
Huang, S. F., Cheng, S. D., Chuang, W. Y., Chen, I. H., Liao, C. T., Wang, H. M., &
Hsieh, L. L. (2012b). Cyclin D1 overexpression and poor clinical outcomes in
Taiwanese oral cavity squamous cell carcinoma. World Journal Surgical
Oncology, 10(1), 40.
Huang, S. H., & O'Sullivan, B. (2013). Oral cancer: current role of radiotherapy and
chemotherapy. Medicina oral, patología oral y cirugía bucal. Ed inglesa, 18(2),
233-40.
Hui, A. M., Cui, X., Makuuchi, M., Li, X., Shi, Y. Z., & Takayama, T. (1999).
Decreased p27(Kip1) expression and cyclin D1 overexpression, alone and in
combination, influence recurrence and survival of patients with resectable
extrahepatic bile duct carcinoma. Hepatology, 30(5), 1167-73.
Hui, A. M., Li, X., Shi, Y. Z., Torzilli, G., Takayama, T., & Makuuchi, M. (2000).
p27(Kip1) expression in normal epithelia, precancerous lesions, and carcinomas
of the gallbladder: association with cancer progression and prognosis.

	
  

102	
  

Hepatology, 31(5), 1068-72.
Hunter, T., & Pines, J. (1994). Cyclins and cancer II: Cyclin D and CDK inhibitors
come of age. Cell, 79(4), 573-82.
IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Smokeless
tobacco and some tobacco-specific N-nitrosamines. (2007). IARC Monographs
on the Evaluation Carcinogenic Risks Humans, 89, 1-592.
Ishikawa, T., Furihata, M., Ohtsuki, Y., Murakami, H., Inoue, A., & Ogoshi, S. (1998).
Cyclin D1 overexpression related to retinoblastoma protein expression as a
prognostic marker in human oesophageal squamous cell carcinoma. British
Journal of Cancer, 77(1), 92-7.
Ito, M. (2000). Factors controlling cyclin B expression. Plant Molecular Biology, 43(5),
677-690.
James, M. K., Ray, A., Leznova, D., & Blain, S. W. (2008). Differential Modification of
p27Kip1 Controls Its Cyclin D-cdk4 Inhibitory Activity. Molecular and Cellular
Biology, 28(1), 498-510.
Jemal, A., Bray, F., Center, M. M., Ferlay, J., Ward, E., & Forman, D. (2011). Global
cancer statistics. CA Cancer Jounral for Clinicians, 61(2), 69-90.
Jiang, W., Zhang, Y. J., Kahn, S. M., Santella, R. M., & Weinstein, I. B. (1993). Altered
expression of the cyclin D1 and retinoblastoma genes in human esophageal
cancer. Proceedings of the National Academy of Sciences of the United States of
America, 90(19), 9026-30.
Johnson, N. (2001). Tobacco use and oral cancer: a global perspective. Journal of dental
education, 65(4), 328-39.
Johnson, N. W., Jayasekara, P., & Amarasinghe, A. A., (2011). Squamous cell carcinoma
and precursor lesions of the oral cavity: epidemiology and aetiology.
Periodontology 2000, 57(1), 19-37.
Jovanovic, A., Schulten, E. A. J. M., Kostense, P. J., Snow, G. B., & Waal, I. (1993).
Tobacco and alcohol related to the anatomical site of oral squamous cell
carcinoma. Journal of Oral Pathology & Medicine, 22(10), 459-62.
Kaminagakura, E., Villa, L. L., Andreoli, M. A., Sobrinho, J. S., Vartanian, J. G., Soares,
F. A., et al. (2012). High‐risk human papillomavirus in oral squamous cell
carcinoma of young patients. International Journal of Cancer, 130(8), 1726-32.
Kato, J.Y., Matsuoka, M., Polyak, K., Massague, J., & Sherr, C. J. (1994). Cyclic AMPinduced G1 phase arrest mediated by an inhibitor (p27 Kip1) of cyclindependent kinase 4 activation. Cell, 79(3), 487-96.
Katz, H. C., Shear, M., & Altini, M. (1985). A critical evaluation of epithelial dysplasia
in oral mucosal lesions using the Smith-Pindborg method of standardization.
Journal of oral pathology, 14(6), 476-82.
Kawamata, N., Morosetti, R., Miller, C. W., Park, D., Spirin, K. S., Nakamaki, T., et al.
(1995). Molecular analysis of the cyclin-dependent kinase inhibitor gene
p27/Kip1 in human malignancies. Cancer Research, 55(11), 2266-69.
King, R. W., Deshaies, R. J., Peters, J. M., & Kirschner, M. W. (1996). How proteolysis
drives the cell cycle. Science, 274(5293), 1652-9.
Kiyokawa, H., Busquets, X., Powell, C. T., Ngo, L., Rifkind, R. A., & Marks, P. A.

	
  

103	
  

(1992). Cloning of a D-Type Cyclin from Murine Erythroleukemia Cells.
Proceedings of the National Academy of Sciences of the United States of
America, 89(6), 2444-7.
Knighton, D. R., Zheng, J., Ashford, V. A., Xuong, N. H., Taylor, S. S., & Sowadski, J.
M. (1991). Crystal Structure of the Catalytic Subunit of Cyclic Adenosine
Monophosphate-Dependent Protein Kinase. Science, 253(5018), 407-14.
Koff, A., Cross, F., Fisher, A., Schumacher, J., Leguellec, K., Philippe, M., & Roberts, J.
M. (1991). Human cyclin E, a new cyclin that interacts with two members of the
CDC2 gene family. Cell, 66(6), 1217-28.
Kövesi, G., & Szende, B. (2006). Prognostic value of cyclin D1, p27, and p63 in oral
leukoplakia. Journal of Oral Pathology & Medicine, 35(5), 274-7.
Kramer, I.R., Lucas, R.B., Pindborg, J.J., & Sobin, L.H. (1978). Definition of
leukoplakia and related lesions: An aid to studies on oral precancer. (1978). Oral
Surgery, Oral Medicine, Oral Pathology, 46(4), 518,539-537,539.
Kreimer, A. R., Clifford, G. M., Boyle, P., & Franceschi, S. (2005). Human
papillomavirus types in head and neck squamous cell carcinomas worldwide: a
systematic review. Cancer epidemiology, biomarkers & prevention : a
publication of the American Association for Cancer Research, cosponsored by
the American Society of Preventive Oncology, 14(2), 467-75.
Krynitz, B., Edgren, G., Lindelöf, B., Baecklund, E., Brattström, C., Wilczek, H., &
Smedby, K. E. (2013). Risk of skin cancer and other malignancies in kidney,
liver, heart and lung transplant recipients 1970 to 2008—A Swedish population‐
based study. International Journal of Cancer, 132(6), 1429-38.
Kyomoto, R., Kumazawa, H., Toda, Y., Sakaida, N., Okamura, A., Iwanaga, M., et al.
(1997). Cyclin-D1-gene amplification is a more potent prognostic factor than its
protein over-expression in human head-and-neck squamous-cell carcinoma.
International Journal of Cancer, 74(6), 576-81.
Lam, K. Y., Ng, I. O., Yuen, A. P., Kwong, D. L., & Wei, W. (2000). Cyclin D1
expression in oral squamous cell carcinomas: clinicopathological relevance and
correlation with p53 expression. Journal of Oral Pathology and Medicine,
29(4), 167-72.
Langenfeld, J., Kiyokawa, H., Sekula, D., Boyle, J., & Dmitrovsky, E. (1997).
Posttranslational Regulation of Cyclin D1 by Retinoic Acid: A Chemoprevention
Mechanism. Proceedings of the National Academy of Sciences of the United
States of America, 94(22), 12070-4.
Launoy, G., Milan, C., Day, N. E., Faivre, J., Pienkowski, P., & Gignoux, M. (1997).
Oesophageal cancer in France: potential importance of hot alcoholic drinks.
International Journal of Cancer, 71(6), 917-3.
Lee, F. K., King, A. D., Ma, B. B., & Yeung, D. K. (2012). Dynamic contrast
enhancement magnetic resonance imaging (DCE-MRI) for differential diagnosis
in head and neck cancers. European Journal of Radiology, 81(4), 784-8.
Lee, J. & Kim, S. S. (2009). The function of p27 during tumour development.
Experimental and Molecular Medicine. 41(11), 765-71.
Lester, J. P. (2003). Promising New Approaches in the Treatment of Advanced Head and

	
  

104	
  

Neck Cancer. American Journal of Cancer, 2(5), 335-47.
Lew, D. J., Dulić, V., & Reed, S. I. (1991). Isolation of three novel human cyclins by
rescue of G1 cyclin (cln) function in yeast. Cell, 66(6), 1197-206.
Li, H., Lahti, J. M., & Kidd, V. J. (1996). Molecular cloning and chromosomal
localization of the human cyclin C (CCNC) and cyclin E (CCNE) genes:
Deletion of the CCNC gene in human tumors. Genomics, 32(2), 253-9.
Li, Q., Chuang, S. c., Eluf‐neto, J., Menezes, A., Matos, E., Koifman, S., et al. (2012).
Vitamin or mineral supplement intake and the risk of head and neck cancer:
pooled analysis in the INHANCE consortium. International Journal of Cancer,
131(7), 1686-99.
Liang, J., & Slingerland, J. M. (2003). Multiple roles of the PI3K/PKB (Akt) pathway
in cell cycle progression. Cell cycle (Georgetown, Tex.), 2(4), 339-45.
Liang, S., Mu, K., Wang, Y., Zhou, Z., Zhang, J., Sheng, Y., & Zhang, T. (2013).
CyclinD1, a prominent prognostic marker for endometrial diseases. Diagnostic
pathology, 8, 138.
Linderborg, K., Joly, J. P., Visapaa, J. P., & Salaspuro, M. (2008). Potential mechanism
for Calvados-related oesophageal cancer. Food and Chemical Toxicology, 46(2),
476-9.
Linderborg, K., Salaspuro, M., & Vakevainen, S. (2011). A single sip of a strong
alcoholic beverage causes exposure to carcinogenic concentrations of
acetaldehyde in the oral cavity. Food and Chemical Toxicology, 49(9), 2103-6.
Liu, S. C., Hu, Y., Sauter, E. R., Clapper, M. L., Chen, S. Y., Lanfranchi, H. E., et
al.(1999). Image analysis of p53 and cyclin D1 expression in premalignant
lesions of the oral mucosa. Analytical and Quantitative Cytology Histology,
21(2), 166-73.
Liviu, F., & Johan, L. (2012). Oral Squamous Cell Carcinoma: Epidemiology, Clinical
Presentation and Treatment. Journal of Cancer Therapy, 3(4), 263-8.
Lotayef, M., Wilson, G. D., Daley, F. M., Awwad, H. K., & Shouman, T. (2000).
Aberrant expression of cyclin A in head and neck cancer. British Journal of
Cancer, 83(1), 30-4.
Lu, F., Gladden, A. B., & Diehl, J. A. (2003). An alternatively spliced cyclin D1
isoform, cyclin D1b, is a nuclear oncogene. Cancer Research, 63(21), 7056-61.
Lubin, J., Muscat, J., Gaudet, M., Olshan, A., Curado, M., Dal Maso, L., et al. (2011).
An examination of male and female odds ratios by BMI, cigarette smoking, and
alcohol consumption for cancers of the oral cavity, pharynx, and larynx in
pooled data from 15 case–control studies. Cancer Causes & Control, 22(9),
1217-31.
Lumerman, H., Freedman, P., & Kerpel, S. (1995). Oral epithelial dysplasia and the
development of invasive squamous cell carcinoma. Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology and Endodontology, 79(3), 321-9.
Mao, Y., Li, Z., Lou, C., & Zhang, Y. (2011). Expression of phosphorylated Stat5
predicts expression of cyclin D1 and correlates with poor prognosis of colonic
adenocarcinoma. International Journal of Colorectal Disease, 26(1), 29-35.
Marraccino, R. L., Firpo, E. J., & Roberts, J. M. (1992). Activation of the p34 CDC2

	
  

105	
  

protein kinase at the start of S phase in the human cell cycle. Molecular biology
of the cell, 3(4), 389-401.
Martorell-Calatayud, A., Botella-Estrada, R., Bagán-Sebastián, J. V., SanmartínJiménez, O., & Guillén-Barona, C. (2009). Oral Leukoplakia: Clinical,
Histopathologic, and Molecular Features and Therapeutic Approach. Actas
dermosifiliográficas (English Edition), 100(8), 669-84.
Marur, S., D'Souza, G., Westra, W. H., & Forastiere, A. A. (2010). HPV-associated head
and neck cancer: a virus-related cancer epidemic. Lancet Oncology, 11(8), 7819.
Marx, J. (1994). How Cells Cycle Toward Cancer. Science, 263(5145), 319-21.
Masaki, M., Koshi, M., Takeshi, S., Shinji, T., Hiroaki, U., Keizo, S., & Tsuyoshi, A.
(1997). p27 expression and gastric carcinoma. Nature Medicine, 3(6), 593.
Massimo, L., Barry, C., Sun, W. T., Philip, L., Michelangelo, F., Glulio, F. D., et al.
(1997). Increased proteasome-dependent degradation of the cyclin-dependent
kinase inhibitor p27 in aggressive colorectal carcinomas. Nature Medicine, 3(2),
231-4.
Matsuo, K., Rossi, M., Negri, E., Oze, I., Hosono, S., Ito, H., et al. (2012). Folate,
alcohol, and aldehyde dehydrogenase 2 polymorphism and the risk of oral and
pharyngeal cancer in Japanese. European Journal of Cancer Prevention, 21(2),
193-8.
Matsushima, Y., Tsuji, K., Tanaka, A., & Morita, S. (2006). P.210 Immunohistochemical
expression of cyclin D1 and cyclin B1 in oral leukoplakia. Journal of CranioMaxillofacial Surgery, 34(Journal Article), 186.
Meredith, S. D., Levine, P. A., Burns, J. A., Gaffey, M. J., Boyd, J. C., Weiss, L. M., et
al. (1995). Chromosome 11q13 amplification in head and neck squamous cell
carcinoma. Association with poor prognosis. Archives of otolaryngology--head
& neck surgery, 121(7), 790-4.
Michael, G., Andrew, W. M., & Marc, W. K. (1991). Cyclin is degraded by the ubiquitin
pathway. Nature, 349(6305), 132-8.
Michalides, R., van Veelen, N., Hart, A., Loftus, B., Wientjens, E., & Balm, A. (1995).
Overexpression of cyclin D1 correlates with recurrence in a group of forty-seven
operable squamous cell carcinomas of the head and neck. Cancer research,
55(5), 975-8.
Mineta, H., Miura, K., Takebayashi, S., Ueda, Y., Misawa, K., Harada, H., et al. (2000).
Cyclin D1 overexpression correlates with poor prognosis in patients with tongue
squamous cell carcinoma. Oral Oncology, 36(2), 194-8.
Ministry of Health (2013). Cancer: New registrations and deaths 2010. Wellington:
Ministry of Health, (Pages 5-10).
Mirbod, S. M., & Ahing, S. I. (2000). Tobacco-associated lesions of the oral cavity: Part
I. Nonmalignant lesions. Journal (Canadian Dental Association), 66(5), 252.
Mishra, R. (2013). Cell cycle-regulatory cyclins and their deregulation in oral cancer.
Oral Oncology, 49(6), 47581.
Miyai, K., Yamamoto, S., Iwaya, K., Asano, T., Tamai, S., Tsuda, H., & Matsubara, O.
(2012). Altered expression of p27(Kip1) -interacting cell-cycle regulators in the

	
  

106	
  

adult testicular germ cell tumors: potential role in tumor development and
histological progression. Apmis, 120(11), 890-900.
Miyamoto, R., Uzawa, N., Nagaoka, S., Hirata, Y., & Amagasa, T. (2003). Prognostic
significance of cyclin D1 amplification and overexpression in oral squamous
cell carcinomas. Oral Oncology, 39(6), 610-8.
Morgan, D. (2007). The cell cycle : principles of control. London: New Science Press
Sunderland.
Morgan, D. O. (1997). Cyclin-dependent kinases: engines, clocks, and microprocessors.
Annual Review of Cell Developmental Biology, 13, 261-91.
Moriya, T., Sakamoto, K., Sasano, H., Kawanaka, M., Sonoo, H., Manabe, T., & Ito, J.
(2000). Immunohistochemical analysis of Ki-67, p53, p21, and p27 in benign
and malignant apocrine lesions of the breast: its correlation to histologic
findings in 43 cases. Modern Pathology, 13(1), 13-8.
Motokura, T., Bloom, T., Kim, H. G., Jüppner, H., Ruderman, J. V., Kronenberg, H. M.,
& Arnold, A. (1991). A novel cyclin encoded by a bcl1-linked candidate
oncogene. Nature, 350(6318), 512-5.
Motokura, T., Keyomarsi, K., Kronenberg, H. M., & Arnold, A. (1992). Cloning and
characterization of human cyclin D3, a cDNA closely related in sequence to the
PRAD1/cyclin D1 proto-oncogene. The Journal of biological chemistry,
267(28), 20412-5.
Murray, A. (1994). Cell cycle checkpoints. Current Opinion in Cell Biology, 6(6), 8726.
Naitoh, H., Shibata, J., Kawaguchi, A., Kodama, M., & Hattori, T. (1995).
Overexpression and localization of cyclin D1 mRNA and antigen in esophageal
cancer. American Journal of Pathology, 146(5), 1161-9.
Nakahara, Y., Shintani, S., Mihara, M., Kiyota, A., Ueyama, Y., & Matsumura, T.
(2000). Alterations of Rb, p16INK4A and cyclin D1 in the tumorigenesis of oral
squamous cell carcinomas. Cancer Letters, 160(1), 3-8.
Nakahara, Y., Shintani, S., Mihara, M., Ueyama, Y., & Matsumura, T. (2001). High
frequency of homozygous deletion and methylation of p16 INK4A gene in oral
squamous cell carcinomas. Cancer Letters, 163(2), 221-8.
Nakashima, T., Kuratomi, Y., Yasumatsu, R., Masuda, M., Koike, K., Umezaki, T., et al.
(2005). The effect of cyclin D1 overexpression in human head and neck cancer
cells. European Archives of Oto-Rhino-Laryngology, 262(5), 379-83.
Nakayama, K. I., & Nakayama, K. (2006). Ubiquitin ligases: cell-cycle control and
cancer. Nature Reviews Cancer, 6(5), 369-81.
Napier, S. S., & Speight, P. M. (2008). Natural history of potentially malignant oral
lesions and conditions: an overview of the literature. Journal of Oral Pathology
& Medicine, 37(1), 1-10.
Neganova, I., & Lako, M. (2008). G1 to S phase cell cycle transition in somatic and
embryonic stem cells. Journal of Anatomy. 213(1), 30-44.
Negri, E., Franceschi, S., Bosetti, C., Levi, F., Conti, E., Parpinel, M., & La Vecchia, C.
(2000). Selected micronutrients and oral and pharyngeal cancer. International
Journal of Cancer, 86(1), 122-7.

	
  

107	
  

Neville, B. W., & Day, T. A. (2002). Oral Cancer and Precancerous Lesions. CA: A
Cancer Journal for Clinicians, 52(4), 195-215.
Nguyen, D. C., Parsa, B., Close, A., Magnusson, B., Crowe, D. L., & Sinha, U. K.
(2003). Overexpression of cell cycle regulatory proteins correlates with
advanced tumor stage in head and neck squamous cell carcinomas. International
Journal of Oncology, 22(6), 1285-90.
Nigg, E. A. (1993). Targets of cyclin-dependent protein kinases. Current Opinion in
Cell Biology, 5(2), 187-93.
Nishida, N., Fukuda, Y., Komeda, T., Kita, R., Sando, T., Furukawa, M., et al. (1994).
Amplification and overexpression of the cyclin D1 gene in aggressive human
hepatocellular carcinoma. Cancer Research, 54(12), 3107-10.
Nourse, J., Firpo, E., Flanagan, W. M., Coats, S., Polyak, K., Lee, M. H., et al. (1994).
Interleukin-2-mediated elimination of the p27Kip1 cyclin-dependent kinase
inhibitor prevented by rapamycin. Nature, 372(6506), 570-3.
Oh, Y. L., Choi, J. S., Song, S. Y., Ko, Y. H., Han, B. K., Nam, S. J., & Yang, J. H.
(2001). Expression of p21Waf1, p27Kip1 and cyclin D1 proteins in breast ductal
carcinoma in situ: Relation with clinicopathologic characteristics and with p53
expression and estrogen receptor status. Pathology international, 51(2), 94-99.
Okamoto, K., Kamibayashi, C., Serrano, M., Prives, C., Mumby, M. C., & Beach, D.
(1996). p53-dependent association between cyclin G and the B' subunit of
protein phosphatase 2A. Molecular and Cellular Biology, 16(11), 6593-602.
Ord, R. A., & Blanchaert, R. H. (2001). Current management of oral cancer. A
multidisciplinary approach. Journal of the American Dental Association (1939),
132 Suppl, 19S-23S.
Pagano, M., Pepperkok, R., Verde, F., Ansorge, W., & Draetta, G. (1992). Cyclin A is
required at two points in the human cell cycle. The EMBO journal, 11(3), 96171.
Parry, D., Bates, S., Mann, D. J., & Peters, G. (1995). Lack of cyclin D-Cdk complexes
in Rb-negative cells correlates with high levels of p16INK4/MTS1 tumour
suppressor gene product. The EMBO journal, 14(3), 503-11.
Paul, C., Thomas, J. P., Yolanda, E., Kaori, T., Joseph, C., Adrian, M., et al. (1995).
Frequency of homozygous deletion at p16/CDKN2 in primary human tumours.
Nature Genetics, 11(2), 210-2.
Pavia, M., Pileggi, C., Nobile, C. G., & Angelillo, I. F. (2006). Association between
fruit and vegetable consumption and oral cancer: a meta-analysis of
observational studies. American Journal of Clinical Nutrition, 83(5), 1126-34.
Payne, S. R., Zhang, S., Tsuchiya, K., Moser, R., Gurley, K. E., Longton, G., et al.
(2008). p27kip1 Deficiency Impairs G2/M Arrest in Response to DNA Damage,
Leading to an Increase in Genetic Instability. Molecular and Cellular Biology,
28(1), 258-68.
Peggy, L. P., Kathleen, E. M., Patrick, J. H., Gail, M. A., Laura, A. G., Eduardo, J. F., et
al. (1997). Expression of cell-cycle regulators p27Kip1 and cyclin E, alone and
in combination, correlate with survival in young breast cancer patients. Nature
Medicine, 3(2), 222-5.

	
  

108	
  

Pegram, M., Pauletti, G., & Slamon, D. (1998). Her-2/neu as a Predictive Marker of
Response to Breast Cancer Therapy. Breast Cancer Research and Treatment,
52(1), 65-77.
Perea-Milla Lopez, E., Minarro-Del Moral, R. M., Martinez-Garcia, C., Zanetti, R.,
Rosso, S., Serrano, S., et al. (2003). Lifestyles, environmental and phenotypic
factors associated with lip cancer: a case-control study in southern Spain. British
Journal of Cancer, 88(11), 1702-7.
Perisanidis, C., Perisanidis, B., Wrba, F., Brandstetter, A., El Gazzar, S.,
Papadogeorgakis, N., et al. (2012). Evaluation of immunohistochemical
expression of p53, p21, p27, cyclin D1, and Ki67 in oral and oropharyngeal
squamous cell carcinoma. Journal of Oral Pathology and Medicine, 41(1), 40-6.
Petti, S., Masood, M., Scully, C., & Miao, X. (2013). The Magnitude of Tobacco
Smoking-Betel Quid Chewing-Alcohol Drinking Interaction Effect on Oral
Cancer in South-East Asia. A Meta-Analysis of Observational Studies. PLoS
ONE, 8(11).
Pindborg, J. J. (1971). Oral leukoplakia. Australian Dental Journal, 16(2), 83-93.
Pines, J. (1995). Cyclins and cyclin-dependent kinases: a biochemical view. The
Biochemical journal, 308 ( Pt 3), 697-711.
Pines, J., & Hunter, T. (1992). Human cyclins A and B1 are differentially located in the
cell and undergo cell cycle-dependent nuclear transport. Trends in Cell Biology,
2(1), 7.
Polyak, K., Lee, M.H., Erdjument-Bromage, H., Koff, A., Roberts, J. M., Tempst, P., &
Massague, J. (1994). Cloning of p27(super Kip1), a cyclin-dependent kinase
inhibitor and a potential mediator of extracellular antimitogenic signals. Cell,
78(1), 59-66.
Porter, P. L., Malone, K. E., Heagerty, P. J., Alexander, G. M., Gatti, L. A., Firpo, E. J.,
et al. (1997). Expression of cell-cycle regulators p27Kip1 and cyclin E, alone
and in combination, correlate with survival in young breast cancer patients.
Nature Medicine, 3(2), 222-5.
Pöschl, G., Stickel, F., Wang, X. D., & Seitz, H. K. (2004). Alcohol and cancer: genetic
and nutritional aspects. Proceedings of the Nutrition Society, 63(1), 65-71.
Pruneri, G., Pignataro, L., Carboni, N., Buffa, R., Di Finizio, D., Cesana, B. M., & Neri,
A. (1999). Clinical relevance of expression of the CIP/KIP cell-cycle inhibitors
p21 and p27 in laryngeal cancer. Journal of clinical oncology : official journal
of the American Society of Clinical Oncology, 17(10), 3150-9.
Quelle, D. E., Ashmun, R. A., Shurtleff, S. A., Kato, J. Y., Bar-Sagi, D., Roussel, M. F.,
& Sherr, C. J. (1993). Overexpression of mouse D-type cyclins accelerates G1
phase in rodent fibroblasts. Genes & development, 7(8), 1559-71.
Ram, H., Sarkar, J., Kumar, H., Konwar, R., Bhatt, M., & Mohammad, S. (2011). Oral
Cancer: Risk Factors and Molecular Pathogenesis. Journal of Maxillofacial and
Oral Surgery, 10(2), 132-7.
Ramasubramanian, A., Ramani, P., Sherlin, H., Premkumar, P., Natesan, A., &
Thiruvengadam, C. (2013). Immunohistochemical evaluation of oral epithelial
dysplasia using cyclin-D1, p27 and p63 expression as predictors of malignant

	
  

109	
  

transformation. Journal of Natural Science, Biology and Medicine, 4, 349-59.
Reed, S. I., Bailly, E., Dulic, V., Hengst, L., Resnitzky, D., & Slingerland, J. (1994). G1
control in mammalian cells. Journal of Cell Science, 1994(Supplement 18), 6973.
Reichart, P. A., & Philipsen, H. P. (2005). Oral erythroplakia—a review. Oral Oncology,
41(6), 551-61.
Rich, A. M., & Radden, B. G. (1984). Squamous cell carcinoma of the oral mucosa: a
review of 244 cases in Australia. Journal of Oral Pathology and Medicine. 13(5),
459-71.
Rittà, M., De Andrea, M., Mondini, M., Mazibrada, J., Giordano, C., Pecorari, G., et al.
(2009). Cell cycle and viral and immunologic profiles of head and neck
squamous cell carcinoma as predictable variables of tumor progression. Head &
Neck, 31(3), 318-27.
Robinson, K. L., & Macfarlane, G. J. (2003). Oropharyngeal cancer incidence and
mortality in Scotland: are rates still increasing? Oral Oncol, 39(1), 31-6.
Rodolico, V., Aragona, F., Cabibi, D., Di Bernardo, C., Di Lorenzo, R., Gebbia, N., et al
(2005). Overexpression of cyclin D1 and interaction between p27Kip1 and
tumour thickness predict lymph node metastases occurrence in lower lip
squamous cell carcinoma. Oral Oncology, 41(3), 268-75.
Rogers, S., Wells, R., & Rechsteiner, M. (1986). Amino Acid Sequences Common to
Rapidly Degraded Proteins: The PEST Hypothesis. Science, 234(4774), 364-8.
Rogers, S. N., Brown, J. S., Woolgar, J. A., Lowe, D., Magennis, P., Shaw, R. J., et al.
(2009). Survival following primary surgery for oral cancer. Oral Oncology,
45(3), 201-11.
Ronaldo, J. B., David, I. Q., Janes, s., Ian, E. C., & et al. (2001). Cyclin D1 expression
predicts reduced survival in early stage carcinoma of the anterior tongue.
Australian Journal of OtoLaryngology, 4(1), 41-52.
Rousseau, A., Lim, M. S., Lin, Z., & Jordan, R. C. (2001). Frequent cyclin D1 gene
amplification and protein overexpression in oral epithelial dysplasias. Oral
Oncology, 37(3), 268-75.
Russell, A., Thompson, M. A., Hendley, J., Trute, L., Armes, J., & Germain, D. (1999).
Cyclin D1 and D3 associate with the SCF complex and are coordinately elevated
in breast cancer. Oncogene, 18(11), 1983-91.
Sandhu, C., Garbe, J., Bhattacharya, N., Daksis, J., Pan, C. H., Yaswen, P., et al. (1997).
Transforming growth factor beta stabilizes p15INK4B protein, increases
p15INK4B-cdk4 complexes, and inhibits cyclin D1-cdk4 association in human
mammary epithelial cells. Molecular and Cellular Biology, 17(5), 2458-67.
Sathyan, K. M., Sailasree, R., Jayasurya, R., Lakshminarayanan, K., Abraham, T.,
Nalinakumari, K. R., et al. (2006). Carcinoma of tongue and the buccal mucosa
represent different biological subentities of the oral carcinoma. Journal of
cancer research and clinical oncology, 132(9), 601-9.
Schoelch, M. L., Regezi, J. A., Dekker, N. P., Ng, I. O., McMillan, A., Ziober, B. L., et
al. (1999). Cell cycle proteins and the development of oral squamous cell
carcinoma. Oral Oncology, 35(3), 333-42.

	
  

110	
  

Sciubba, J. J. (1995). Oral leukoplakia. Critical reviews in oral biology and medicine :
an official publication of the American Association of Oral Biologists, 6(2), 147.
Scully, C., & Porter, S. (2001). Oral cancer. The Western journal of medicine, 174(5),
348-51.
Secretan, B., Straif, K., Baan, R., Grosse, Y., El Ghissassi, F., Bouvard, V., et al. (2009).
A review of human carcinogens—Part E: tobacco, areca nut, alcohol, coal
smoke, and salted fish. Lancet Oncology, 10(11), 1033-4.
Seitz, H. K., Matsuzaki, S., Yokoyama, A., Homann, N., Väkeväinen, S., & Wang, X. D.
(2001). Alcohol and Cancer. Alcoholism: Clinical and Experimental Research,
25, 137S-143S.
Seitz, H. K., & Oneta, C. M. (1998). Gastrointestinal Alcohol Dehydrogenase. Nutrition
Reviews, 56(2), 52-60.
Sewing, A., Burger, C., Brusselbach, S., Schalk, C., Lucibello, FC,. & Muller,R. (1993).
Human cyclin D1 encodes a labile nuclear protein whose synthesis is directly
induced bu growth factors and suppressed by cyclic AMP. Journal of Cell
Science, 104, 545-55.
Sgambato, A., Zhang, Y. J., Arber, N., Hibshoosh, H., Doki, Y., Ciaparrone, M., et al.
(1997). Deregulated expression of p27(Kip1) in human breast cancers. Clinical
Cancer Research, 3(10), 1879-87.
Shafer, W. G., & Waldron, C. A. (1975). Erythroplakia of the oral cavity. Cancer, 36(3),
1021-28.
Shamma, A., Doki, Y., Tsujinaka, T., Shiozaki, H., Inoue, M., Yano, M., et al. (2000).
Loss of p27(KIP1) expression predicts poor prognosis in patients with
esophageal squamous cell carcinoma. Oncology, 58(2), 152-8.
Sherr, C. J. (1994). G1 phase progression: Cycling on cue. Cell, 79(4), 551-5.
Sherr, C. J., & Roberts, J. M. (1995). Inhibitors of mammalian G1 cyclin-dependent
kinases. Genes & development, 9(10), 1149-63.
Sherr, C. J., & Roberts, J. M. (1999). CDK inhibitors: positive and negative regulators
of G1-phase progression. Genes & development, 13(12), 1501-12.
Siegel, R., Naishadham, D., & Jemal, A. (2012). Cancer statistics, 2012. CA: A Cancer
Journal for Clinicians, 62(1), 10-29.
Silverman, S. (2001). Demographics and occurrence of oral and pharyngeal cancers.
The outcomes, the trends, the challenge. Journal of the American Dental
Association, 132 Suppl, 7S-11S.
Silverman, S., Gorsky, M., & Lozada, F., (1984). Oral leukoplakia and malignant
transformation. A follow‐up study of 257 patients. Cancer, 53(3), 563-8.
Skapek, S. X., Rhee, J., Spicer, D. B., & Lassar, A. B. (1995). Inhibition of myogenic
differentiation in proliferating myoblasts by cyclin D1-dependent kinase.
Science, 267(5200), 1022-4.
Slingerland, J. M., Hengst, L., Pan, C. H., Alexander, D., Stampfer, M. R., & Reed, S. I.
(1994). A novel inhibitor of cyclin-Cdk activity detected in transforming growth
factor beta-arrested epithelial cells. Molecular and Cellular Biology, 14(6),
3683-94.
Smokeless tobacco and some tobacco-specific N-nitrosamines. (2007). IARC Monogr

	
  

111	
  

Eval Carcinog Risks Hum, 89, 1-592.
Solomon, M. J. (1993). Activation of the various cyclin/cdc2 protein kinases. Current
Opinion in Cell Biology, 5(2), 180-6.
Song, H., Wan, Y., & Xu, Y. y. (2013). Betel Quid Chewing Without Tobacco: A Metaanalysis of Carcinogenic and Precarcinogenic Effects. Asia-Pacific Journal of
Public Health, 29(16), 2032-40.
Speight, P. M., Farthing, P. M., & Bouquot, J. E. (1996). The pathology of oral cancer
and precancer. Current Diagnostic Pathology, 3(3), 165-176.
Spinella, M. J., Freemantle, S. J., Sekula, D., Chang, J. H., Christie, A. J., &
Dmitrovsky, E. (1999). Retinoic acid promotes ubiquitination and proteolysis of
cyclin D1 during induced tumor cell differentiation. The Journal of biological
chemistry, 274(31), 22013-8.
Stenson, K. M., Kunnavakkam, R., Cohen, E. E. W., Portugal, L. D., Blair, E., Haraf, D.
J., et al. (2010). Chemoradiation for patients with advanced oral cavity cancer.
Laryngoscope, 120(1), 93-9.
Tabor, M. P., Braakhuis, B. J. M., van der Wal, J. E., van Diest, P. J., Leemans, C. R.,
Brakenhoff, R. H., & Kummer, J. A. (2003). Comparative molecular and
histological grading of epithelial dysplasia of the oral cavity and the oropharynx.
Journal of Pathology, 199(3), 354-60.
Taghavi, N., & Yazdi, I. (2007). Type of food and risk of oral cancer. Arch Iran Med,
10(2), 227-32.
Takeuchi, S., Bartram, C. R., Miller, C. W., Reiter, A., Seriu, T., Zimmerann, M., et al.
(1996). Acute lymphoblastic leukemia of childhood: identification of two
distinct regions of deletion on the short arm of chromosome 12 in the region of
TEL and KIP1. Blood, 87(8), 3368-74.
Tan, P., Cady, B., Wanner, M., Worland, P., Cukor, B., Magi-Galluzzi, C., et al. (1997a).
The cell cycle inhibitor p27 is an independent prognostic marker in small
(T1a,b) invasive breast carcinomas. Cancer Research, 57(7), 1259-63.
Tashiro, E., Maruki, H., Minato, Y., Doki, Y., Weinstein, I. B., & Imoto, M. (2003).
Overexpression of cyclin D1 contributes to malignancy by up-regulation of
fibroblast growth factor receptor 1 via the pRB/E2F pathway. Cancer research,
63(2), 424-31.
Tassan, J. P., Jaquenoud, M., Léopold, P., Schultz, S. J., & Nigg, E. A. (1995).
Identification of Human Cyclin-Dependent Kinase 8, a Putative Protein Kinase
Partner for Cyclin C. Proceedings of the National Academy of Sciences of the
United States of America, 92(19), 8871-5.
Thomas, G. V., Szigeti, K., Murphy, M., Draetta, G., Pagano, M., & Loda, M. (1998).
Down-regulation of p27 is associated with development of colorectal
adenocarcinoma metastases. Am J Pathol, 153(3), 681-7.
Thomas, S., Oliver, P., Elke, H. O., Peter, D. A., & Markus, H. (1997). Deregulated
expression of E2F-1 induces cyclin A- and E-associated kinase activities
independently from cell cycle position. Oncogene, 14(19), 2251-7.
Thomas, S. J., Bain, C. J., Battistutta, D., Ness, A. R., Paissat, D., & Maclennan, R.
(2007). Betel quid not containing tobacco and oral cancer: A report on a case–

	
  

112	
  

control study in Papua New Guinea and a meta‐analysis of current evidence.
International Journal of Cancer, 120(6), 1318-23.
Thompson, L. (2006). World Health Organization classification of tumours: pathology
and genetics of head and neck tumours. Ear, nose, & throat journal, 85(2), 74.
Tilakaratne, W. M., Sherriff, M., Morgan, P. R., & Odell, E. W. (2011). Grading oral
epithelial dysplasia: analysis of individual features. Journal of Oral Pathology
& Medicine, 40(7), 533-40.
Tomi, P. M., Jean-pierre, T., Erich, A. N., Séverine, F., Graham, J. H., & Robert, A. W.
(1994). A cyclin associated with the CDK-activating kinase MO15. Nature,
371(6494), 254-7.
Tsai, L. H., Lees, E., Faha, B., Harlow, E., & Riabowol, K. (1993). The cdk2 kinase is
required for the G1-to-S transition in mammalian cells. Oncogene, 8(6), 1593602.
Tsihlias, J., Kapusta, L., & Slingerland, J. (1999). The prognostic significance of altered
cyclin-dependent kinase inhibitors in human cancer. Annual Review of Medicine,
50, 401-23.
Tsihlias, J., Kapusta, L. R., DeBoer, G., Morava-Protzner, I., Zbieranowski, I.,
Bhattacharya, N., et al. (1998). Loss of cyclin-dependent kinase inhibitor
p27Kip1 is a novel prognostic factor in localized human prostate
adenocarcinoma. Cancer Research, 58(3), 542-8.
Uma, S., Elizabeth, J., Umadevi, R., & Kannan, R. (2012). Expression of p53 and
Cyclin D1 in oral squamous cell carcinoma and normal mucosa: An
Immunohistochemical study. Journal of Oral and Maxillofacial Pathology :
JOMFP, 16(2), 172-7.
Umekita, Y., Ohi, Y., Sagara, Y., & Yoshida, H. (2002). Overexpression of cyclinD1
predicts for poor prognosis in estrogen receptor-negative breast cancer patients.
Internatinal Journal of Cancer, 98(3), 415-8.
Ungermannova, D., Parker, S. J., Nasveschuk, C. G., Chapnick, D. A., Phillips, A. J.,
Kuchta, R. D., & Liu, X. (2012). Identification and Mechanistic Studies of a
Novel Ubiquitin E1 Inhibitor. Journal of Biomolecular Screening. 17(4), 421-34.
Valdi PP., Ante P., Ivo., Vladimir B., Anka PK., & Nenad K,. (2008). Cyclin D1 and p27
expression as Prognostic Factor in Papillary Carcinoma of the Thyroid:
Association with Clinicopathological Parameters. Croation Medical Journal,
49(5), 643-9.
van der Schroeff, M. P., & Baatenburg de Jong, R. J. (2009). Staging and prognosis in
head and neck cancer. Oral Oncology, 45(4), 356-60.
van Monsjou, H.S., Wreesmann, V.B., van den Vrekel, M.W, & Balm, A.J. (2013). Head
and neck squamous cell carcinoma in young patients. Oral Oncology. 49(12),
1097-102.
Vis, A. N., Noordzij, M. A., Fitoz, K., Wildhagen, M. F., Schroder, F. H., & Van Der
Kwast, T. H. (2000). Prognostic value of cell cycle proteins p27kip1 and mib-1,
and the cell adhesion protein cd44s in surgically treated patients with prostate
cancer. The Journal of Urology, 2156-61.
Vokes, E. E., Weichselbaum, R. R., Lippman, S. M., & Hong, W. K. (1993). Head and

	
  

113	
  

Neck Cancer. The New England Journal of Medicine, 328(3), 184-94.
Warnakulasuriya, S. (2001). Histological grading of oral epithelial dysplasia: revisited.
Journal of Pathology, 194(3), 294-7.
Warnakulasuriya, S. (2010). Living with oral cancer: Epidemiology with particular
reference to prevalence and life-style changes that influence survival. Oral
Oncology, 46(6), 407-10.
Warnakulasuriya, S., Reibel, J., Bouquot, J., & Dabelsteen, E. (2008). Oral epithelial
dysplasia classification systems: predictive value, utility, weaknesses and scope
for improvement. Journal of Oral Pathology and Medicine, 37(3), 127-133.
Warnakulasuriya, S., Sutherland, G., & Scully, C. (2005). Tobacco, oral cancer, and
treatment of dependence. Oral Oncology, 41(3), 244-60.
Weyant, R. (2008). Little evidence of effectiveness for interventions aimed at
preventing oral leukoplakia from becoming malignant. Journal of EvidenceBased Dental Practice, 8(1), 8-9.
Winston, J. T., & Pledger, W. J. (1993). Growth factor regulation of cyclin D1 mRNA
expression through protein synthesis-dependent and -independent mechanisms.
Molecular biology of the cell, 4(11), 1133-44.
Won, K. A., Xiong, Y., Beach, D., & Gilman, M. Z. (1992). Growth-Regulated
Expression of D-Type Cyclin Genes in Human Diploid Fibroblasts. Proceedings
of the National Academy of Sciences of the United States of America, 89(20),
9910-4.
Woo, R. A., & Poon, R. Y. (2003). Cyclin-dependent kinases and S phase control in
mammalian cells. Cell cycle, 2(4), 316-24.
Xu, J., Gimenez-Conti, I. B., Cunningham, J. E., Collet, A. M., Luna, M. A.,
Lanfranchi, H. E., et al. (1998). Alterations of p53, cyclin D1, Rb, and H-ras in
human oral carcinomas related to tobacco use. Cancer, 83(2), 204-12.
Yam, C., Fung, T., & Poon, R. (2002). Cyclin A in cell cycle control and cancer.
Cellular and molecular sciences, 59(8), 1317-26.
Yang, S. w., Lee, Y. s., Chang, L. c., Hwang, C. c., & Chen, T. a. (2012). Diagnostic
significance of narrow‐band imaging for detecting high‐grade dysplasia,
carcinoma in situ, and carcinoma in oral leukoplakia. Laryngoscope, 122(12),
2754-61.
Yasui, W., Kudo, Y., Semba, S., Yokozaki, H., & Tahara, E. (1997). Reduced expression
of cyclin-dependent kinase inhibitor p27Kip1 is associated with advanced stage
and invasiveness of gastric carcinomas. Japanese journal of cancer research :
Gann, 88(7), 625-9.
Yu, Q., Geng, Y., & Sicinski, P. (2001). Specific protection against breast cancers by
cyclin D1 ablation. Nature, 411(6841), 1017-21.
Zhang, H., & Sun, X. F. (2001). Loss of p27 expression predicts poor prognosis in
patients with Dukes' B stage or proximal colorectal cancer. International
Journal of Oncology, 19(1), 49-52.
Zhang, J. M., Wei, Q., Zhao, X., & Paterson, B. M. (1999). Coupling of the cell cycle
and myogenesis through the cyclin D1-dependent interaction of MyoD with
cdk4. EMBO Journal, 18(4), 926-33.

	
  

114	
  

Zhang, Y. J., Jiang, W., Chen, C. J., Lee, C. S., Kahn, S. M., Santella, R. M., &
Weinstein, I. B. (1993). Amplification and Overexpression of Cyclin D1 in
Human Hepatocellular Carcinoma. Biochemical and Biophysical Research
Communications, 196(2), 1010-6.
Zhao, L., Samuels, T., Winckler, S., Korgaonkar, C., Tompkins, V., Horne, M. C., &
Quelle, D. E. (2003). Cyclin G1 has growth inhibitory activity linked to the
ARF-Mdm2-p53 and pRb tumor suppressor pathways. Molecular cancer
research : MCR, 1(3), 195-206.
Zhu, X. L., Hartwick, W., Rohan, T., & Kandel, R. (1998). Cyclin D1 gene
amplification and protein expression in benign breast disease and breast
carcinoma. Modern Pathology, 11(11), 1082-8.

	
  

115	
  

Appendices
Appendix 1- Specimens retrieved from the Medlab Dental Electronic
Database
	
  
Identification

Medlab Dental Pathology Diagnosis

Age

Gende

Site of Biopsy

r

Type of
biopsy

09/525

Non-specific gingivitis (Control)

65

F

Gingivae

I

09/1377

Hyperplastic gingivitis (Control)

58

F

Gingivae

E

09/1434

Non-specific gingivitis (Control)

31

M

Gingivae

E

09/1981

Non-specific gingivitis (Control)

54

F

Gingivae

N/A

09/2274

Hyperplastic gingivitis (Control)

21

M

Gingivae

E

10/109

Hyperplastic gingivitis (Control)

23

F

Gingivae

E

10/1288

Chronic gingivitis (Control)

51

F

Gingivae

E

11/1669

Hyperplastic gingivitis (Control)

58

F

Gingivae

E

12/669

Hyperplastic gingivitis (Control)

43

M

Gingivae

E

12/804

Profound

67

M

Gingivae

N/A

gingival

inflammation

bacterial infection (Control)
08/1094

Mild Oral Epithelial Dysplasia

66

F

Gingivae

E

08/1405

Mild Oral Epithelial Dysplasia

61

M

Palate

E

09/1372

Mild Oral Epithelial Dysplasia

79

F

Buccal

I

mucosa
09/2187

Mild Oral Epithelial Dysplasia

72

F

Tongue

E

09/2374

Mild Oral Epithelial Dysplasia

60

F

Palate

I

09/2375

Mild Oral Epithelial Dysplasia

63

F

Palate

N/A

10/194

Mild Oral Epithelial Dysplasia

62

F

Tongue

N/A

10/822

Mild Oral Epithelial Dysplasia

54

M

Floor of

E

mouth
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10/1348

Mild Oral Epithelial Dysplasia

82

M

Gingivae

N/A

13/1850i

Moderate Oral Epithelial Dysplasia

58

M

Lower lip

I

13/1850ii

Moderate Oral Epithelial Dysplasia

58

M

Lower lip

I

14/0264

Moderate Oral Epithelial Dysplasia

79

M

Lower lip

I

08/227

Well-Differentiated Squamous Cell

49

F

Tongue

E

78

M

Gingivae

I

79

F

Tongue

I

56

F

Floor of

N/A

Carcinoma
08/2181

Well-Differentiated Squamous Cell
Carcinoma

09/1370

Well-Differentiated Squamous Cell
Carcinoma

10/362

Well-Differentiated Squamous Cell
Carcinoma

10/489

mouth

Well-Differentiated Squamous Cell

60

F

Gingivae

E

62

F

Floor of

I

Carcinoma
10/2068

Well-Differentiated Squamous Cell
Carcinoma

10/2250

mouth

Well-Differentiated Squamous Cell

55

M

Gingivae

I

79

F

Gingivae

E

81

F

Buccal

I

Carcinoma
12/159

Well-Differentiated Squamous Cell
Carcinoma

07/885

Moderate-Differentiated

Squamous

Cell Carcinoma
10/361

Moderate-Differentiated

mucosa
Squamous

56

F

Cell Carcinoma
11/1635

Moderate-Differentiated

Floor of

I

mouth
Squamous

65

F

Tongue

N/A

Cell Carcinoma

	
  

117	
  

Appendix 2- Medlab Dental Oral Pathology Diagnostic Services H&E
Staining Protocols
Reagents
Gills Haematoxylin

(3801520; Leica Microsystems, Wetzlar, Germany)

1% Eosin

(3801600; Leica Microsystems, Wetzlar, Germany)

Other consumables
DPX mounting agent
Glass slide

(HX939322; Merck, Darmstadt, Germany)
(1005612; Marienfeld Glassware, Lauda-konigshofen, Germany)

Technique
1. Deparaffinize in Xylene twice (5 minutes each)
2. Rehydrate
a. EtOH 100% (3 minutes)
b. EtOH 100% (3 minutes)
c. EtOH 95% (3 minutes)
d. EtOH 95% (3 minutes)
e. EtOH 70% (3 minutes)
3. Rinse in running tap water
4. Stain in haematoxylin (6 minutes) Filter before each use to remove oxidized
particles
5. Rinse in running tap water
6. Place in Scott’s tap water (1 minutes)
7. Rinse in running tap water
8. Counterstain in Eosin (2 minutes)
9. Dehydrate
a. EtOH 95 % (3 minutes) Discard after each use
b. EtOH 95% (3 minutes)
c. EtOH 100 % (3 minutes)
d. EtOH 100 % (3 minutes)
10. Clear in Xylene I and II (5 minutes)
11. Mount with DPX in fume hood.
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Appendix 3- Medlab Dental Oral Pathology Diagnostic Services
immunohistochemistry Staining Protocols (Manual on laboratory
bench)
Methods
DAY 1
Reagent preparation
Total Number of Slide: (8 slides) 1 section (3µml)/Slide
4 Slides for Cyclin D1 and 4 Slides for negative control
(Reagents: Each slide requires 100µL, and total will be 800µL+200µL extra= 1000µL)
1. Make 1% BSA in PBS
90mg BSA+9mL PBS
Calculation: 0.09g/9mL= 1% BSA/PBS (leave it on ice)
2. Blocking serum 1000µL
20% goat serum in 1% BSA/PBS
200µL serum+800µL 1%BSA/PBS
No Diluent for Primary AB (Ready To Use)
3. Diluent for Isotype control (500µL)
(4 slides- require 400µL, 400µL+100µL extra= 500µL)
5% goat serum in 1%BSA/PBS
25µL goat serum+ 475µL 1%BSA/PBS
4. Dilute Isotype control antibody 1:140
3.57µL control AB +496.43µL diluent
(500µL at 0.07µL/mL)

	
  

119	
  

Protocol
1. Clearly label slides -- positive and negative tissue control
2. Thaw goat serum on ice
3. Make up blocking serum
4. Heat water bath, make up citrate buffer (90oC)
e.g. make up 600mL (60mL citrate buffer+540mL distilled H2O)
Make citrate buffer
Ø

Weigh out 2.94 grams of trisodium citrate (dihydrate).

Ø

Dissolve in approximately 900 ml of deionized, MQ water.

Ø

Adjust the pH to 6.00 with 1.0 N HCl.

Ø

Mix.

Ø

Bring up the volume to 1.0L MQ water.

Ø
storage.

Store this solution at room temperature for 3 months or at 4˚C for longer

5. De-wax and re-hydrate

	
  

Xylene

3 x 10 minutes (check wax has been removed)

100% ethanol
on clean bottle)

5 minutes (use dirty ethanol first, then clean ethanol and mark usage

90% ethanol

5 minutes

70% ethanol

5 minutes

50% ethanol

5 minutes

Distilled H20

2 minutes

Distilled H20

2 minutes

6.

PBS wash 5 minutes * 2

7.

Primary antibody at 40C

8.

DAKO pen, dry slide with blotting paper, DO NOT let slide dry out!

9.

20% blocking serum, spin tube first then apply 100µL to each slide
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10.

Leave for 30min RT then draw off (tap)

11.

Primary antibody (Need 500µL for 4 slides) Add 100µL per slide plus a bit extra
(0.07µg/mL)

Negative control
Add 100µL per slide plus a bit extra (0.07µg/mL)
12.

Overnight at 4°C. Leave glass rod and some PBS to hydrate the container.

DAY 2
1. PBS wash 2*5 minutes
2. Endogenous perosidase blocking
3% H202 in water. Incubate for 5 minutes
3. Rinse with PBS
4. DAKO anti-rabbit ENVISION kit
100µL on each side
Leave for 1 hour RT
5. PBS wash 2*10 minutes
6. DAB chromogen- Add 1 drop of DAB to 1ml buffer
7. 2*PBS wash 5 minutes, 1*dH20 wash 5 minutes
8. Mounting
Haematoxylin 2 dips
Running tap water until clear
Scotts Solution 2 minutes
Running Tap water 2 minutes
100% EtOH 5 minutes
100% EtOH 5 minutes
100% EtOH 5 minutes
100% EtOH 5 minutes
Xylene 10 minutes
Xylene 10 minutes
9. Mount in DPX
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Appendix 4- Medlab Dental Oral Pathology Diagnostic Services
immunohistochemistry Staining Protocols (BenchMark XT)
Reagents (Manufactured by Ventana Medical Systems, Inc. AZ. USA)
Ultra VIEW
Reaction buffer
EZ-PrepTM
EBar labels
CC1

DAB detection kit
Buffer solution
Deparaffinisation
Slide labeling system
Antigen retrieval

Other Reagents
Gills Haematoxylin
DPX mounting agents

(3801520; Leica Microsystems, Wetzlar, Germany)
(HX939322; Merck, Darmstadt, Germany)

Protocol:
1. Turn on the instrument, and then start the software
2. Register or log all the products you will be using
3. Label slides
3.1 Print bar code labels for each slide. Applying the bar code label enables the machine
to recognize the staining requirement
4. Check consumables and regents
5. Started automated staining process
6. Primary antibody incubation
6.1 Gently dispense 100µl of antibody in the centre of the slide
6.2 Gently close the tray and resume the automated procedure: antibody incubation and
antibody detection with DAB
7. Stain with Haematoxylin
7.1 Remove slides from the machine once IHC is finished
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7.2 Wash with warm running tap water (5 minutes)
7.3 Place the slides into Haematoxylin (20 seconds)
7.4 Wash with cold running tap water (1 minute)
8. Finishing
100% EtOH 5 minutes
100% EtOH 5 minutes
100% EtOH 5 minutes
100% EtOH 5 minutes
Xylene 10 minutes
Xylene 10 minutes
9. Mounting cover slides with DPX
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Appendix 5- Simple randomization
•

Start Microsoft Excel 2010 and open a workbook from your files that contains
data you want to use to get a random sample.

•

Verify that column A is empty, so you can use it to generate random numbers
into. If you have data in column A, then you will need to add a number column
so column A becomes empty and can be used to store the random numbers.

•

Click and drag to select the cells in column A that correspond with the records in
the other cells. You want to select an empty cell for each row of information you
have in the spreadsheet.

•

Type "=RAND()" (no quotes) in the "Formula" textbox. Press the "Enter" key on
your keyboard to generate the random numbers into column A.

•

Select all of the data in your spreadsheet along with the corresponding random
numbers. Do not select any titles or headings.

•

Use the "Data" tab at the top of the screen and click the "Sort" button from the
"Sort and Filter" group in the "Data" ribbon. The "Sort" dialog box will open
onto the screen.

•

Choose "Column A" from the "Sort by Column" drop-down list and "Smallest to
Largest" from the "Sort by Order" drop-down list. Click the "OK" button to
close the dialog box and return to your spreadsheet. Choose the top number of
rows to make up your random sample.
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Appendix 6- University of Otago Ethics Committee Ethical Approval
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Appendix 7- Ngai Tahu Research Consultation Committee
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Appendix 8- Abstract accepted for poster presentation at 17th
International Congress on Oral Pathology and Medicine, to be held
May 25th – 30th, 2014, in Istanbul, Turkey.
TITLE: Expression of cyclin D1 and its correlation with p27KIP1 in normal oral
mucosa, oral epithelial dysplasia and oral squamous cell carcinoma
Simon Guan1, Norman Firth1, Robert Love2
1
The Department of Oral Diagnostic and Surgical Sciences, University of Otago,
Dunedin, New Zealand
2
The Department of Oral Rehabilitation, University of Otago, Dunedin, New Zealand
OBJECTIVE: The purpose of this study was to investigate the expression of cell-cycle
regulatory proteins cyclin D1 and p27KIP1 in normal oral mucosa, oral epithelial
dysplasia and oral squamous cell carcinoma. The correlation between cyclin D1 and
p27KIP1 expression, and the grade of dysplasia or differentiation of oral squamous cell
carcinoma was examined.
STUDY DESIGN: Specimens consisting of normal oral mucosa (n=10), oral epithelial
dysplasia (n=10) and oral SCC (n=12) were prepared and stained using
immunohistochemistry methods. Scanning software was used to determine cyclin D1
and p27KIP1 intensity of expression, location and pattern.
RESULTS: A significant increase in expression of cyclin D1 and a decrease in
expression of p27KIP1 were observed with the severity of oral epithelial dysplasia and
in less well-differentiated SCC.
CONCLUSIONS: These results suggest that the characteristic expression of both
cyclin D1 and p27KIP1 correlate with the grade of oral epithelial dysplasia and degree
of oral squamous cell carcinoma differentiation.
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Appendix 9- Manuscript entitled "Oral Manifestations as An Early
Clinical Sign of Acute Myeloid Leukaemia: Report of a Case" has been
accepted for publication in the Australian Dental Journal.

Abstract
Leukaemia is the most common malignancy in children and one of the most common
malignancies in young adults. Acute myeloid leukaemia is often associated with early
oral manifestations. The purpose of this study is to report the case of a 49-year-old male
with spontaneous gingival bleeding for over two years with undiagnosed leukaemia.
Haematological investigation was instigated and on referral to the Haematology
Department in Dunedin Public Hospital, the diagnosis of an acute myeloid leukaemia
was confirmed. Since oral lesions can be one of the early events of acute myeloid
leukaemia, they may be considered as an important diagnostic indicator for the oral
health practitioners, and their roles in diagnosing and treating such patients.
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