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ABSTRACT
Many investigators have provided evidence supporting the role of chronic inflammation in the
development and progression of many types of cancer, including oral squamous cell carcinoma
(OSCC). OSCC is a highly invasive and aggressive malignancy that occurs in humans and in
animals. OSCC is the sixth most common cancer in people, with an estimated 4600 new cases in
Canada in 2016, and 1250 deaths. One of the ways that inflammation can contribute to cancer
progression is by promoting tumour cell invasiveness. Human OSCC has been found to have
increased expression of CD147. It is a known mediator of invasive behavior that has been
suggested as a possible target for cancer therapy. Cyclooxygenases (COX-1 and COX-2) are
important mediators of inflammation that are up regulated in OSCC and other cancers. A
relationship between inflammation and CD147 in cancer was recently proposed in
hypopharyngeal human carcinoma. Similar to the situation in humans, OSCC is the most
common tumour in the oral cavity of cats and is very aggressive with an average survival of only
2-4 months. Studies have shown that COX-2 is expressed in feline OSCC and COX inhibitors
are used as part of OSCC treatment in cats. Studying feline OSCC provides an opportunity to
learn about core mechanisms of this disease shared between species, possibly revealing treatment
strategies that may help patients. Cats provide an excellent opportunity for studying OSCC as
they are an outbred, diverse animal population that suffers from aggressive disease and quick
disease progression. The objective of this project was to determine if there is a positive
relationship between the cyclooxygenase pathway of inflammation and CD147 expression in
feline and human OSCC. Evaluation of immunohistochemistry results showed that a subset of
human and feline OSCC patients express COX-2 and CD147. This finding was confirmed in
three human and three feline OSCC cell lines using RT-qPCR, which showed varying expression
of COX-1, COX-2 and CD147. Additionally, the human and feline OSCC cell lines secreted
PGE2 into culture medium. A significant relationship between COX-2 and CD147 expression
was not revealed in either species, but it was found that COX-1 may be a source of tumour
derived PGE2 and may serve as a therapeutic target for some human and feline patients.
Additionally, this is the first report of CD147 expression in a feline malignancy. The role of
CD147 in feline tumour progression warrants further study, and pet cats with OSCC may present
an opportunity to evaluate future CD147-targeted therapies.
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CHAPTER 1
The role of inflammation in oral squamous cell carcinoma
A Literature Review
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1.1. Introduction

1.1.1. Generalities of cancer epidemiology and prognosis
Cancerous tissue resembles a complicated organ characterized by dysregulated growth and
composed of a heterogeneous population of cells including tumour cells, fibroblasts,
inflammatory cells, and vascular cells.1 The key changes in cancer are insensitivity to antigrowth
stimuli, evasion of apoptosis, unregulated proliferation potential, stimulation of new blood vessel
formation (angiogenesis), and metastasis.2
Cancer is the leading cause of death in Canada, causing 30% of all deaths, followed by
cardiovascular diseases (heart and cerebrovascular diseases), accidents and chronic lower
respiratory diseases.3 For all forms of cancer combined, the five-year relative survival for cancer
patients is 60%, but can vary from as high as 98% for patients with thyroid cancer and 96% for
patients with testicular cancer to as low as 8% for patients with pancreatic cancer.3 In 2016, it
was estimated that 202,400 Canadians would develop cancer, and 78,800 would die of it.3
Cancer therapy depends on the stage of disease and includes a variety of strategies including
surgery, chemotherapy and radiotherapy. There are side effects for each type of treatment. For
example, radiotherapy can eventually lead to the development of new cancers such as the
formation of radiation-induced sarcoma of the mandible in patients treated for cancer of the head
and neck.4 Chemotherapy can cause inflammation of the mucous membranes (mucositis) that
leads to substantial pain, interferes with eating and significantly worsens quality of life.5,6 In the
long term, surgery may be associated with the least side effects, but still can result in substantial
adverse effects for the patient. For example, cancer of the oral cavity often requires removal of
large segments of the jaw or tongue which dramatically affects the patient’s ability to eat and
speak, as well as causing facial disfigurement that can lead to significant psychological trauma.7
There is a great need to develop new ways to prevent cancer, and to more safely treat it to reduce
cancer-related suffering.

1.1.2. Risk factors for the development of cancer
There has been significant effort by the medical and scientific community to identify key risk
factors of cancer, with the hope of developing strategies that can prevent this disease.
Unfortunately, the multifactorial and highly variable nature of cancer makes complete prevention
2

impossible. Known risk factors include tobacco, which increase the risk of cancers such as lung
cancer and oral squamous cell carcinoma8 and alcohol abuse which predisposes to pancreatic
cancer and oral cancer.9 Diets that are high in fat and low in fruits and vegetables are a risk factor
for colonic9 and oropharyngeal10 cancer, and obesity increases the risk of a variety of cancers
including ovarian cancer.10 Immunosuppression and viral infection both act as risk factors,
demonstrated by increased cancer risk in people infected with Human Immunodeficiency Virus
(HIV).11 Another virus that plays an important role in the development of cancer is Human
papillomavirus (HPV), which is strongly associated with development of cervical carcinoma12
and is becoming increasingly associated with the development of head and neck cancer.13
Genetics have proven to be a significant risk factor for certain cancers such as that of the breast,
ovary and colon.14 Certain ethnic groups have increased susceptibility to certain types of cancer,
such as the increased rates of prostate cancer seen in African Americans compared to
Caucasians.15

1.1.3. Role of inflammation in cancer
Inflammation is a host response to injured tissue resulting from a variety of insults that can
include microbial pathogens, chemical irritation, or trauma. In the acute stages of inflammation,
macrophages and mast cells respond by producing chemotoxins to induce neutrophils to migrate
to the injured site.16 As inflammation progresses, lymphocytes and other inflammatory cells are
activated and recruited to the inflamed site in response to the injurious agent.17 However, if the
source of inflammation cannot be eliminated, the cellular response transitions to that of chronic
inflammation, characterized by a dominance of macrophages and other inflammatory cells that
generate many growth factors, cytokines, and reactive oxygen and nitrogen species18 that may
cause DNA damage.19 If the macrophages are activated persistently, continuous tissue damage
may occur that, with time, will predispose to the development of cancer.20
Extensive research has demonstrated a relationship between chronic inflammation and cancer.
For example, inflammatory bowel diseases, such as ulcerative colitis and Crohn’s disease,
increase the risk of colorectal cancer 10-fold.21 Chronic hepatitis caused by hepatitis B and C
viruses predispose patients to hepatocellular carcinoma.22 Gastritis associated with Helicobacter
pylori infection has been associated with the development of gastric carcinoma.23 Chronic
inflammation has also been shown to play a role in the pathogenesis of esophageal, pancreatic,
3

gallbladder and ovarian cancers.23,24,25 Chronic inflammation or irritation of the oral cavity
caused by dental cavities and periodontitis has been linked to the development of oral cancer in
some people.26

1.1.4. The arachidonic acid pathway and prostaglandin E2
Prostaglandin E2 (PGE2) is a mediator of active inflammation, promoting local vasodilatation
and local attraction and activation of neutrophils, macrophages and mast cells in the early stages
of acute inflammation.27 PGE2 can be produced by all cell types, but it is inflammatory cells that
represent the major source of PGE2 in the course of an immune response.28 Any external stimuli
(chemical, physical, bacterial, viral) can trigger synthesis of PGE2 which involves phospholipase
A2 (PLA2), an enzyme which hydrolyses membrane phospholipids and liberates free fatty acids
such as arachidonic acid (AA).29 AA is then converted into prostaglandin H2 (PGH2) by
cyclooxygenase 1 and 2 enzymes (COX-1 and COX-2).29 COX-1 is often referred to as the
housekeeping isoform, expressed in many tissues and functioning to maintain basal levels of
prostaglandins (PGs) required for normal cell function.29 PGH2 is rapidly converted into PGE2
by microsomal and cytosolic PGE2 synthase enzymes (mPGES and cPGES).27
PGE2 is an important mediator of many biological functions. These include regulation of
immune responses, blood pressure, gastrointestinal integrity and fertility. Dysregulated PGE2
synthesis is associated with pathological conditions such as chronic inflammation and cancer.30
PGE2 also contributes to the healing response in chronic inflammation by promoting
angiogenesis.31 These characteristics, in addition to suppression of the local immune response32
and encouragement of cellular proliferation,33 assist in providing a microenvironment more
supportive to tumour growth. Interestingly, increased expression of PGE2-synthesizing enzymes
such as COX-2 has been found in a variety of cancer types including carcinomas of the breast,34
oral cavity35 and colon.36

1.1.5. Purpose of studying inflammation in human oral squamous cell carcinoma and in
comparative models
This project focuses on the expression of COX-1, COX-2 and a mediator of cancer
invasiveness, CD147, in biopsy samples and cell lines of oral squamous cell carcinoma (OSCC)
in humans and cats. Findings from this study may lay the foundation for later improvements in
4

the prognosis for OSCC due to therapeutic options. This would be positive since it is a highly
aggressive malignancy with 50% of human patients diagnosed in the late stages of disease37 and
with a poor 5-year survival of only 63%.3
One of the strategies for making advancements in understanding cancer mechanisms and
developing new treatment approaches is to take advantage of model systems. There are a variety
of experimental animal models available for studying OSCC, but natural models of spontaneous
OSCC are particularly valuable.38 Feline OSCC is similar to human OSCC in that it is also
highly invasive, is the most common tumour of the oral cavity, is often diagnosed late in the
disease, and carries a poor prognosis.39 Studying cancer in pet animals allows researchers to rely
less on immunocompromised rodent models which are genetically uniform and not very
representative of the diversity amongst human OSCC patients.40 Additionally, the ability to
improve the prognosis of cats with this common and devastating form of cancer would be very
beneficial to affected cats, their guardians, and the veterinary profession in general.

1.2. Overview of human oral squamous cell carcinoma

1.2.1. Epidemiology and risk factors for oral cancer
Oral cancer includes cancers of the oral cavity and oropharynx. Squamous cell carcinomas
account for 90% of human oral malignancies in the upper aerodigestive tract.37 Oral squamous
cell carcinoma (OSCC) is a very aggressive neoplasm and is often diagnosed late in the
disease.41 OSCC is the sixth most common cancer in people, behind lung, stomach, breast,
colorectal and cervical cancer.37,42 According to the Canadian Cancer Society, it was estimated
that 4600 Canadians were diagnosed with oral cavity cancer in 2016, and 1250 Canadians died
from this disease.3
Risk factors for OSCC vary across different countries, correlating with differences in regional
practices and risk factors.43 In Western culture, the most significant risk factors are smoking and
alcohol use, which appear to have synergistic roles in oral tumourigenesis.43, 44 Other risk factors
include use of tobacco in alternate forms (chewing tobacco, pipes and cigars), viral infection, and
poor hygiene and diet associated with low socioeconomic status.45, 46 Not only does
socioeconomic status influence the risk of developing OSCC, but also the prognosis, since this
group of patients might delay seeking medical attention due to difficulties in accessing health
5

care in some countries.46 Additionally, poor dental and oral hygiene may predispose to viral
infection which is a risk factor in oral cancer.47
In Asian countries such as India and Sri Lanka, chewing betel quid (BQ) is a common
practice.48 BQ is an abrasive substance that combines betel leaf, areca nut and slaked lime, and
may contain tobacco.49 Chewing BQ affects oral collagen metabolism, leading to mucosal
fibrosis, which is a pre-malignant lesion associated with the development of OSCC.50 Addition
of tobacco to BQ increases exposure to carcinogens which increase the risk of cancer.51
Alcohol acts both independently and synergistically with smoking in oral carcinogenesis.52
Alcohol acts as a solvent and increases the penetration of carcinogens into target tissues.
Acetaldehyde is one of the alcohol metabolites responsible for this activity, and this compound
has recently been identified as a tumour promoter.53
HPV has been found in tumours of the oral cavity, pharynx and larynx. HPV subtypes 16 and
18 cause malignant transformation.54 A study in the United States of America (USA) has shown
that HPV-related OSCC was diagnosed at younger ages than HPV-unrelated OSCC.55 The virus
merges its DNA into the host nuclear DNA, and with unregulated expression of the viral
oncogenic proteins E6 and E7 of high-risk HPV (such as HPV16 and 18), there is inactivation of
the host tumour suppressor genes p53 and p16, ultimately leading to the formation of
carcinomas.56 Furthermore, Compared with patients who neither smoked tobacco nor drank
alcohol, those are smoker and drink alcohol had an increased risk of HPV-16-negative OSCC but
not of HPV-16-positive OSCC.57
The importance of diet and nutrition in oral neoplasia has been indicated in several studies.
Fruits and vegetables are described as being protective against oral neoplasia as they are rich in
b-carotene, vitamin C and vitamin E and have anti-oxidant properties.58 Lycopene, which is in
tomato sauce, is protective against prostate cancer because it is a potent antioxidant.59 In
contrast, meat has been identified as a risk factor for OSCC, attributed to the oxidative stress
resulting from free radicals and the carcinogens generated or added during meat preservation.60
Interestingly, deficiencies of vitamin A, riboflavin and iron have been found to be associated
with a higher incidence of oral carcinoma.61
Several studies have shown that a family history of oral cancer is a risk factor for developing
this disease.62 Familial cancer syndromes that include Fanconi anemia (disorder in a group of
proteins responsible for repair of damaged DNA),63 xeroderma pigmentosa (POLX gene),64 and
6

Li-Fraumeni syndrome (abnormal p53 gene)65 have been associated with development of
OSCC.64 Genetic polymorphism, such as in the cytokine IL-10,67 play a role in oral cancer.
Genetic polymorphisms in DNA methyltransferases have also been found to be related to oral
cancer and could be used for diagnosis and prognosis.66 The most common somatic (acquired)
mutated genes in OSCC are p53,a tumour suppressor gene involved in cell cycle arrest and
apoptosis,67 p16, a tumour suppressor gene controlling the cell cycle, and epidermal growth
factor (EGFR) which promotes growth of epidermal cells and regulates cell proliferation.68
A defective immune response, as seen in HIV-infected individuals, may predispose to oral
cancer due increased risk of HPV infection.69 OSCC of the lip are more common in transplant
patients receiving immunosuppressive therapy.70 Chronic antigenic stimulation from the
transplanted organ, repeated infections and exposure to immunosuppression medications disrupts
both anti-tumour immunosurveillance and anti-viral activity, which may potentiate
carcinogenesis.71

1.2.2. Prognostic factors for OSCC
Age and sex have not generally been associated with OSCC survival. However, a population
based study showed lower survival rates in older, unmarried, African-American men with
OSCC.72 Although smoking is associated with development of OSCC, recurrence-free survival
and disease-specific survival rates did not differ between ever-smokers and current smokers, and
smoking cessation did not affect the chance of recurrence and disease-related death in ever
smokers compared with current smokers.73
An important prognostic indicator is tumour stage. Staging of OSCC is performed with the use
of the TNM grading system, which involves the assessment of size of tumour (T-classification),
lymphatic spread (N-classification) and distant metastases (M-classification).74,75 This system is
widely accepted, and provides important prognostic information. It has been suggested that
inclusion of tumour volume would be beneficial, as this has been shown to be an important
prognostic factor with therapeutic implications.76 Histologic grades (well, moderately, or poorly
differentiated tumour) as determined by a pathologist must be utilized in order to estimate
prognosis.77 Of the known prognostic indicators, the involvement of cervical lymph nodes in
OSCC patients is the most important predictor of the survival and prognosis.78 With surgical
treatment of OSCC, clean (tumour-free) margins of at least 5 mm are recommended in order to
7

reduce the risk of recurrence and to improve the chances of survival.79 Oral cancer invades the
local or underlying tissue and later spreads to the surrounding area or structures, often including
the regional neck lymph nodes,80 lung 81 and bone of the mandible and maxilla.82 Factors that
enable OSCC invasion and intravasation into lymphatics and blood vessels include inflammatory
mediators such as PGE2 and matrix metalloproteinase (MMP) enzymes.83,84

1.2.3. OSCC therapy and complications
The treatment of OSCC generally requires medical, surgical and psychological help.85 The
nature of the carcinoma, which includes tumour size, site, invasion, histopathological features,
regional lymph node involvement and distant metastasis and the general condition of the patient
affect the type of treatment chosen.86 Important patient factors include age, high risk habits,
general health status, and a history of previously treated OSCC.86
Surgery is the first line treatment of small, accessible OSCCs. However, advanced stage OSCC
is usually treated with a combination of surgery, chemotherapy, and radiotherapy.87 The risk of
tumour recurrence after surgical removal varies depending on surgical margins. It is reported to
be 59% when the surgical margins are 1-5 mm, and up to 90% when surgical margins are less
than 1 mm.88 The risk of metastasis is reduced when surgical resection achieves at least 5 mm of
tumour-free margins.89,90 Possible reasons for post-surgical recurrence after resection with clean
margins include the presence of transformed cells remaining in the surgical wound that were not
detected by histopathological examination because they appear morphologically normal or are
too few to be detected.92 Alternatively, because of the exposure of broad areas of the oral cavity
to the carcinogenic actions of tobacco and alcohol, a new OSCC (second primary tumour) may
arise near the original surgical site (oral field cancerization).91
Dysphagia commonly occurs in OSCC patients during treatment.92 Patients who undergo
surgical removal of the most anterior region of the tongue usually suffer negative impacts on
speech, while those with posterior tongue removal have issues with mastication and
swallowing.93 The incidence of post-treatment dysphagia in patients with OSCC has been
reported to be 40% within 3 years of treatment.94 Furthermore, it has been estimated that 30 to
50% of patients with OSCC demonstrate some degree of malnutrition.95 The combination of
dysphagia with poor nutrition, significant weight loss, and impaired immune function associated
with cancer treatment often results in cachexia, fatigue, high susceptibility to infection, poor
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wound healing, or death.96 The most common side effects of chemo-radiotherapy are mouth
dryness due to destruction of salivary glands with a subsequent decrease in swallowing
efficiency, contributing to dysphagia.97 Eighty-six percent of patients with post-treatment
dysphagia will develop aspiration pneumonia.98 Regaining swallowing function can improve a
patient's emotional health and quality of life.99

1.2.4. Prevention and Control of OSCC
Cancer prevention decreases the incidence of cancer, while cancer control refers to early
detection of the disease to promote effective and efficient treatment. In order to reduce the
incidence of OSCC, health professionals must educate those at risk about the predisposing
factors and habits associated with cancer, the early signs of the disease, and the complications of
delaying seeking medical advice.100 This is important because quitting tobacco smoking101 and
betel quid chewing,102 moderation in the consumption of alcoholic beverages,103 and an increase
in dietary fresh fruits and vegetables, can reduce the incidence of oral cancer.104 Many healthcare
practitioners do not routinely perform oral soft tissue examinations for those patients who have
increased risk of oral cancer.105 However, in order to increase the rate of early diagnosis of
OSCC, healthcare practitioners should examine the mouth as part of a general examination.106

1.3. Inflammation-related mechanisms in cancer pathogenesis, with emphasis on oral
squamous cell carcinoma

1.3.1. Overview of inflammation in cancer
The inflammatory response is a defense mechanism initiated due to tissue injury, of any nature,
through the action of a variety of inflammatory mediators.107 Many inflammatory pathways are
activated in several types of cancer, providing support for the relationship between chronic
inflammation and tumourigenesis.108 Mediators of inflammation such as cytokines, chemokines,
free radicals, prostaglandins, growth factors, cyclooxygenase (COX) enzymes and matrix
metalloproteinases (MMPs) can induce genetic and epigenetic changes and can cause
suppression of tumour suppressor genes through DNA methylation and posttranslational
modifications.109 These inflammation-related mechanisms can result in alterations in critical
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pathways responsible for maintaining normal cellular homeostasis and can lead to the
development and progression of cancer.110
In 1860, Rudolf Virchow observed the presence of leukocytes within tumours which provided
the first hint of the relationship between inflammation and cancer.111 The relationship has since
become clearer. For example, recent research involving a mouse model with gastric cancer
originating from Helicobacter pylori-associated chronic infection showed that recruitment of
bone marrow derived stem cells to the site of chronic inflammation promoted tumourigenesis.112
Most malignancies in older individuals appear to be due to inflammatory mechanisms and cell
senescence. Senescent cells are unable to divide but they generate a variety of pro-inflammatory
factors and reactive oxygen species that increase the chance of cellular transformation and cancer
development.113 Inherited mutations are responsible for a variety of familial cancer syndromes
including Fanconi anemia63 and xeroderma pigmentosa,64 but Aggarwal reported in 2009 that
overall, germline mutations only account for 10% of all cancers.114 In contrast, the vast majority
(90%) of cancer cases are caused by somatic mutations acquired through a mechanisms related to
environmental factors such as tobacco smoking, obesity and chronic infections.114 Studies have
shown that tobacco smoke is a tumour promoter due to its ability to initiate chronic inflammation
and derivation of reactive oxygen species (ROS).115 Tobacco smoke suppresses innate and
cellular immunity in the oral cavity and activates the chronic inflammatory response through
ROS, stimulating epithelial cells, and inducing chemokine and inflammatory mediator release.116
Obesity is believed to contribute to cancer development through hypoxia within adipose tissue,
combined with excess body weight, which leads to a state of chronic low degree inflammation in
order to maintain cell homeostasis.117 The importance of inflammation and PGE2 production in
cancer is supported by several studies, but most notably in research showing that aspirin therapy
can reduce the development of colonic adenocarcinoma,118 prostate cancer 119 and pancreatic
cancer.120 Studies have shown that PGE2 and COX-2 are overexpressed in a variety of cancer
types including breast,34 OSCC35 and colon cancer.36 Regardless of the underlying cause,
inflammatory responses play important roles at different stages of tumour development,
including initiation, promotion, growth, invasion, metastasis and impaired immune
surveillance.114
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1.3.2. Inflammation in oral squamous cell carcinoma
The role of inflammation in OSCC has been studied by many investigators. Erovic et al. found
that COX-2 is expressed in OSCC tumours and the surrounding lymphocytic infiltrates,
suggesting that COX is an important link between chronic inflammation and carcinogenesis.121
Further support of COX-2 in OSCC comes from Pontes et al., who found increased levels of
COX-2 in oral dysplastic lesions and in OSCC when compared with oral hyperplastic epithelium,
suggesting that COX-2 is involved in the early stages of oral carcinogenesis.122 Another study
found that COX-2 is rarely expressed in normal epithelium but it is highly expressed in
dysplastic cells and carcinoma cells, and only to a variable degree in a few inflammatory cells,
fibroblasts and vascular endothelial cells.123 Chang et al. found that areca nut is associated with
increased COX-2 and PGE2 expression in human OSCC cell lines. The authors concluded that
these mediators of inflammation may have a role in sustained inflammatory tissue damage and
promotion of pathologic change.124 Another study found that COX-2 was overexpressed in
dysplasia and OSCC compared with normal mucosa.35,125 and a COX-2 selective inhibitor
reduced PGE2 production from OSCC cell lines.126
Abrahao et al. found that in OSCC, the overexpression of COX-2 promotes the release of
PGE2, which acts on its cell surface receptors prostaglandin E2 receptor1 (EP1), prostaglandin
E2 receptor 2 (EP2), prostaglandin E2 receptor3 (EP3), and prostaglandin E2 receptor4 (EP4) to
encourage the development of OSCC. Those receptors are widely expressed in most OSCC cells,
in particular EP3 receptors, which play a role in promotion of cell growth in OSCC.127 Another
research group found that COX-2 and PGE2 receptors EP1, EP2, EP3 and EP4 are expressed in
OSCC biopsy tissue and cell lines, and an EP3 receptor antagonist had an anti-proliferative effect
in vitro which was accompanied by reduced PGE2 production and cell cycle arrest.128 Yang et al.
found that COX-2 and PGE2 increase migration and upregulate intercellular adhesion molecule1(ICAM-1) expression in OSCC cells and that the expression of COX-2 is associated with
metastases of OSCC.129 Although COX-2 expression was associated with increased levels of
several types of prostaglandins, it was found that PGE2 was most important in COX-2-mediated
cell migration in OSCC.129 Further support of the role of inflammation was provided by a study
that found that COX-2 and PGE2 was significantly expressed in OSCC cell lines and expression
was reduced by treatment with the COX-2 inhibitor, celecoxib.130
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Interestingly, COX-2 expression represents an important marker of prognosis. Byatnal et al.
found that in 58 of 75 OSCC patients, high expression of COX-2 was associated with local
recurrence of the tumour, lymph node metastasis and decrease patient survival times.131
Similarly, Pannone et al. found that higher levels of COX-2 expression are associated with poor
disease-free survival.132 Furthermore, Morita et al. found that COX-2 promotes tumour lymphangiogenesis and lymph node metastasis of OSCC.133 That research group went on to
demonstrate that COX-2 causes upregulation of vascular endothelial growth factor C (VEGF-C)
expression and encourages growth of new lymph vessels and subsequent lymph node
metastasis.134Additional studies have shown that COX-2 is highly expressed in lymph node
metastases and is expressed in newly formed vessels within and around the tumour, especially in
the areas of tumour invasion.135
Additional support for the role of inflammation in OSCC pathogenesis comes from studies
showing a benefit when anti-inflammatory medications have been combined with cancer therapy.
Johnson and Young found that administration of COX-inhibitors such as indomethacin to mice
with OSCC and premalignant oral lesions improves the clinical outcome. They speculated that
increased COX-2 and PGE2 production is associated with a poor prognosis in patients with oral
cancer.136 In a separate study, combined treatment of celecoxib with cetuximab (an anti-EGFR
monoclonal antibody) reduced proliferation, migration and invasion of OSCC compared to either
therapy alone.137 Similarly, Zhao et al. showed that low dose celecoxib can enhance anticancer
efficacy of salvianolic acid B (the main bioactive component of S. miltiorrhiza Bge in Chinese
herbal medicine) through multiple mechanisms such as induction of OSCC apoptosis and
reduced proliferation along with inhibition of the COX-2/PGE2/EGFR pathway.138 An additional
benefit of combination therapy is that the dose of celecoxib can be reduced, thus lowering the
risk of cardiotoxicity.138

1.3.3. Inflammation and tumour initiation
In the stepwise theory of cancer development, malignant tumours arise through a process
starting with initiation, followed by promotion and continuing through a process of cancer
progression. In the first step, tumour initiation, mutations are formed in cells due to various types
of damage including ionizing radiation and generation of ROS.139 Because the mutations must be
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made permanent through cellular division, initiation of cells with stem cell properties is highly
advantageous to the process of carcinogenesis. At first, these cells appear and behave normally,
but they carry one or more mutations that are then passed on to daughter cells during replication.
During tumour promotion, selection pressure is applied to the cells.17 This causes uninitiated
cells to undergo apoptosis, and encourages initiated cells to preferentially proliferate; the
proportion of initiated cells in the population thus increases.16 During promotion, continued
rounds of replication allow for additional genetic mutations to form, causing cellular survival and
replication to become increasingly unregulated; tumour formation occurs.16 Through the course
of tumour progression, continued tumour growth occurs along with changes in the supporting
microenvironment including angiogenesis,140 fibroplasia, alterations in local immune cells, and
the acquisition of invasive and metastatic behaviour.16
The role of inflammation in tumour initiation has been demonstrated in studies showing that
COX-2 expression and subsequent PGE2 synthesis contributes to malignant transformation of
gastric mucosa triggered by gastrin.141 COX-2 inhibitors, and inhibitors of gastrin expression
such as somatostatin analogs were found to be helpful in preventing tumour development and
inhibiting progression of gastric carcinoma in patients with Helicobacter pylori infection.142
During initiation, one of the ways that inflammation leads to DNA damage and mutagenesis
results from the action of cyclooxygenase and lipoxygenase enzymes in the AA pathway. COX2-mediated AA metabolism can lead to oxidative damage of DNA, such as through the
production of lipid hydroperoxides that ultimately results in development of highly mutagenic
DNA adducts.143 Damage to DNA have been found in a mouse model of COX-2-associated
colorectal cancer.143
Other oxidative mechanisms can generate DNA mutations. PGE2 can contribute to tumour
initiation by stimulating the generation of ROS that damage DNA.145 Gerschman and colleagues
in 1954 found that formation of free oxygen radicals comes from the damaging effect of
oxygen.146 These free radicals contain an unpaired electron which makes them highly reactive
and capable of DNA damage through fragmentation and adduct formation. ROS include both
free radicals and non-radical derivatives of oxygen. 147 Sies et al. explained the concept of
oxidative stress as an imbalance between oxidants and antioxidants, favoring oxidants.147
ROS can be produced inside the body (endogenous) or by the effect of exogenous
substances.148 Exogenous sources include environmental agents as non-genotoxic carcinogens,
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xenobiotics, ultrasound and microwave radiation.149 Potential endogenous sources include
mitochondria, cytochrome P450 metabolism, peroxisomes, and of particular importance here,
inflammatory cell activation.150 ROS are necessary for normal cellular functions but when in
excess they can cause cellular damage and can lead to cancer.151 ROS and reactive nitrogen
intermediates (RNI) are produced by inflammatory cells and are capable of inducing DNA
damage and genomic instability.139 This ROS-mediated DNA damage can be explained by
different mechanisms. First, ROS produced by macrophages diffuse through the extracellular
matrix and enter the nucleus where they react with DNA.139 The best example is hepatitis C virus
infection. It results in chronic inflammation, increased production of ROS, increased risk of
progression to terminal cirrhosis and in some cases, hepatocellular carcinoma.152 The second
mechanism involves the inflammatory cells synthesizing cytokines such as tumour necrosis
factor alpha (TNF-α) to stimulate ROS accumulation in neighboring epithelial cells.152 Oxidative
damage can cause p53 mutations which have been found in cancer cells and in inflammatory
cells, suggesting that chronic inflammation causes genomic changes.153 Further support for the
role of inflammation and ROS in cancer comes from patients with OSCC associated with chronic
tobacco and alcoholic use.154 Oxidative stress is increased and antioxidant defenses are
decreased in patients with oral cancer.155 There is DNA damage produced by free radicals
generated by the use of tobacco,156 and this damage plays a significant role in oral
carcinogenesis.157 Vitamin C deficiency and marked tissue depletion of vitamin E found in
alcoholics are due to their increased utilization dealing with the high level of free radicals
involved with alcohol abuse.158 All this suggests that in alcoholics there is oxidant–antioxidant
imbalance resulting from increased oxidative stress and a weakened antioxidant system that may
result in the initiation of cancer.159 RNI also serve as a tumour initiating agent. Nitrosative stress
has been implicated in cellular damage or alterations in normal cell signaling pathways.160 RNI
such as nitrogen dioxide (NO2), dinitrogen trioxide (N2O3) and nitrous acid (HNO2) are
mutagenic agents, with the potential to produce nitration, nitrosation and deamination reactions
on DNA bases.161 Nitric oxide (NO) products and NO synthase (NOS) enzymes have been found
to be raised in blood and tissues of healthy individuals that use tobacco, as well as in oral cancer
and precancer patients.161
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1.3.4. Inflammation and tumour promotion
Tumour promotion is the process of tumour growth from a single initiated cell into a fully
developed primary tumour.16 Inflammation stimulates the initiated tumour cell to divide, inhibits
cell death and stimulates angiogenesis, allowing the tumour to receive the blood supply
necessary for growth.140 Inflammatory cells stimulate the production of growth factors and
cytokines that can stimulate expansion of initiated stem cells, causing enlargement of the cell
pool that was targeted by environmental mutagens and oxidative damage.145 As mentioned
above, ROS can play an important role in initiation, but ROS also contribute to tumour
promotion by stimulating expansion of mutated cell clones by temporarily modulating the genes
related to proliferation or cell death. Additionally, they regulate the activity of certain
transcription factors such as nuclear factor kappa-light-chain-enhancer of activated B cells (NFκB), Hypoxia-inducible factor (HIF) and p53 that control cell growth and oncogenesis.162 In
contrast to large increases in ROS that cause oxidative stress and trigger cell death, minor
changes in ROS can stimulate tumourigenic signaling and can stimulate cell proliferation.163
Aside from inflammation-associated oxidative damage, other major tumour promoting
mechanisms in inflammation are related to cytokine and chemokine production by immune
cells.164 For example, IL-1, IL-6 and PGE2 are produced by immune and inflammatory cells,
which serves as an important tumour promoting mechanism providing malignant cells with
signals for growth and survival.165 These cytokines are also capable of stimulating expression of
COX-2, and activating transcription factors such as NF-κB and Signal transducer and activator of
transcription 3 (STAT3) in pre-malignant cells.168 This activates transcriptional pathways leading
to expression of genes that control cell survival, proliferation, growth, angiogenesis, invasiveness
and motility.166 In addition to inflammatory cytokines, NF-κB and STAT3 can be activated by
components of bacteria and viruses via pattern recognition receptors (PRRs), and by products of
damaged and dying cells through damage-associated molecular patterns (DAMPS).167
STAT3 was discovered as a latent transcription factor that was activated by the inflammatory
cytokine, interleukin-6 (IL-6), and by epidermal growth factor (EGFR).168 Interestingly, IL-6 has
been shown to be increased by PGE2,169 and IL-6 can, in turn, stimulate synthesis of PGE2.170
Due to its activity as a participant in cellular transformation, STAT3 has subsequently been
defined as a proto-oncogene.171 Upon IL-6 binding to its receptor, STAT3 undergoes homo-
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dimerization and nuclear translocation where it regulates expression of genes responsible for cell
transformation, proliferation, survival, motility, and eventually the progression of malignancy.172
NF-κB is also important in inflammatory and immune responses.173 Its normal functions
include inhibition of apoptosis, stimulation of cell proliferation, and promotion of migratory and
invasive cell behaviors that are associated with tumour progression.174 The activation of NF-κB
has been observed in most human cancers, such as colon, gastric, pancreatic, ovarian,
hepatocellular, breast, head and neck carcinomas, melanoma, lymphomas, leukemia, and
Hodgkin’s disease.175 The first important evidence for inflammatory cells to be a source of
tumour promoting cytokines was obtained in hepatitis-associated liver cancer, where it was
found that inactivation of NF-κB reduced tumour growth and blocked the production of
cytokines.176 Studies have shown a link between STAT3 and NF-κB in tumour formation.177
Interestingly, NF-κB activation can promote the production of the cytokine IL-6, which
stimulates STAT3 activation leading to tumour growth and metastasis.177 In addition to IL-6 and
numerous other inflammatory mediators, NF-κB can also induce the expression of COX-2.178
Aside from NF-κB, COX-2 can be induced by pro-inflammatory cytokines such as Interleukin 1
beta (IL-1β), Interferon gamma (IFN-γ), and TNF-α,165 leading to increased PGE2 production.179
PGE2 contributes to tumour promotion through generation of ROS and stimulating oncogenic
transcriptional factors, and also helps support tumour progression by suppressing anti-tumour
immune responses145 and stimulating angiogenesis.83

1.3.5. Inflammation and Angiogenesis
Many years ago Judah Folkman predicted that most tumours require a vascularized stroma to
grow beyond minimal size.180 Angiogenesis is the formation of new blood vessels is a normal
occurrence during embryonic development, organ homeostasis and disease progression.181
Regulators for angiogenesis include vascular endothelial growth factors (VEGFs), fibroblast
growth factor β (FGFβ), transforming growth factor β (TGF-β) and angiopoietin-1 and 2.182
COX-2 and PGE2 production during inflammation indirectly regulates tumour stromal formation
and angiogenesis via vascular endothelial growth factor (VEGF) and FGFβ, or they directly
modulates endothelial cell proliferation.84 VEGF is a potent, endothelial-specific permeability
mediator that is highly expressed in a number of organs including lung,183 placenta and
endometrium.184 VEGF expression is increased at the site of chronic inflammation by pro16

inflammatory cytokines like IL-1, IL-6, and IL-8, TGF-𝛽, TNF-𝛼 and oxidant species.185 In the
tumour microenvironment, low oxygen levels can stimulate induction of the HIF family of
transcription factors which promote angiogenesis and cell proliferation186 by causing expression
of VEGF.187 A low-oxygen environment increases the levels of hypoxia inducible factor 1- alpha
(HIF-1α), VEGF and pro-angiogenic mediators in myeloid leukemia cells.188 Studies have shown
tumour hypoxia plays a significant role in the treatment resistance of OSCC.189 Research has also
shown that increased expression of HIF-1α and VEGF in prostate cancer patients treated
surgically or with radiotherapy is linked to poor outcome.190 In OSCC, a number of angiogenic
factors such as VEGF are up regulated by hypoxic stimulation and are related to angiogenesis
and poor prognosis.191 Interestingly, PGE2 can induce HIF-1leading to increased expression of
VEGF.83
Tumour-associated macrophages (TAMs) are monocyte-derived cells recruited to sites of
inflammation that undergo differentiation into mature macrophages within the tumour
microenvironment in response to hypoxia and chemokines.192 Studies have shown that TAMs
produce factors such as PGE2, encouraging tumour cell proliferation and formation of new blood
vessels.193 In addition to PGE2, TAMs produce proteolytic enzymes such as MMPs that break
down extracellular matrix (ECM) proteins, thus helping tumour expansion, motility and
invasion.194 Studies have found that high TAMs are associated with poor prognosis in a majority
of tumours, including OSCC.195 Studies have shown in growing tumours TAMs depletion results
in interference in angiogenesis and tumour growth; this supports the importance of inflammatory
mediators in tumour angiogenesis.16

1.3.6. Inflammation and metastasis and invasion
The leading cause of death in cancer is metastases, which requires separation of cells from the
primary tumour, invasion through the basement membrane, intravasation into the blood stream,
and extravasation from the blood stream at a distant site where implantation and tumour cell
proliferation occur.196 The harmony between cancer cells, immune cells, inflammatory cells, and
stromal elements are important requirement for cancer metastases.16 The process of metastasis
may be explained as four major steps.
The first step is epithelial to mesenchymal transition (EMT). EMT was first described by
Krug et al. in 1987,197 but was not characterized until 1995.198 EMT is the process of converting
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non-motile, polarized epithelial cells to motile, non-polarized mesenchymal-like cells, with the
ability to move from a primary tumour site to distant organs, where they can establish metastases
and grow.199 The major biomarker that dominates EMT is cadherin. E-cadherin is the most
important intercellular adhesion molecule in epithelial cells and has a critical role in reducing
invasive behaviours of cancer cells.200 In contrast, N-cadherin is normally expressed in neuroectodermal and mesodermal-derived tissue and is involved in many processes including
migration and invasion.201 An important step in the progression of epithelial malignancy and
EMT is known as cadherin switching. This process is characterized by a gain of N-cadherin and
a loss of E-cadherin which allows tumour cells to acquire motile capabilities.202 Studies of
cadherin switching in OSCC have shown that it is associated with malignant behavior, including
invasiveness, poor differentiation and lymph node metastasis.203 Dovizio et al. showed that
platelet activation and COX-2 production during inflammation helped support metastasis through
effects on cell-cycle and acquisition of migratory phenotype by inducing EMT genes and downregulating E-cadherin expression.204
Inflammatory cytokines (IL-6, TGF-β) and transcription factors (Twist, Snail and STAT3) are
important regulators of EMT and metastasis. Twist and Snail are transcription factors that inhibit
E-cadherin expression in epithelial cells.205 TGF-β is a cytokine that modulates inflammation and
activity of stromal and immune cells. It is produced by cancer cells, myeloid cells, and T
lymphocytes and has a role in EMT development.206 It has been proposed that TGF-β expression
in breast cancer cells contributes to recurrence and poor outcomes in patients with metastatic
disease.207
Wendt et al. recently reviewed the role of the IL-6 in the development of EMT.172,208 Studies
showed IL-6 expression and its activation of STAT3 have been associated with development and
progression of carcinomas. Expression of Twist or Snail can stimulate the production of IL-6,
leading to activation of STAT3 which in turn is responsible for EMT.209 Finger et al. associated
cancer-related changes in basement membrane structure with changes in growth factor
expression, secretions of cytokines by inflammatory cells, and increased fibroblast proliferation,
culminating in metastatic spread of tumour cells.196 Cancer cell invasion in hepatocellular
carcinoma needs extensive proteolysis of the extracellular matrix produced by matrix
metalloproteinases 2 (MMP2) and 9 (MMP9).210 Overexpression of matrix metalloproteinase 1
(MMP1) by cancer cells in OSCC is essential for the process of EMT.211 Once activated, the
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majority of MMPs function to break down collagen (types I, II, and III), as well as releasing
growth factors and peptides from the extracellular matrix.212 MMP expression in patients with
advanced stage of cancer was linked to decreased survival.213 Interestingly, Yang et al. showed
that increased expression of COX-2 in hypopharyangeal carcinoma was associated with
increased expression of CD147, a surface glycoprotein capable of activating MMPs.6 CD147 will
be discussed in more detail below.
Following the development of invasive behaviour, cancer cells undergo the second step of
metastasis where they intravasate into blood vessels and lymphatics. This process is promoted by
inflammation through the production of mediators that increase vascular permeability.214
Intravasation is regulated by MMPs,215 cytokines (IL-8)216 and PGE2.217 PGE2 can stimulate
production of lymphangiogenic growth factors (VEGF-C and VEGF-D) which play important
roles in regulating of the patency of collecting lymphatic vessels draining the tumour and
facilitating metastasis.218
For those tumours that metastasize via blood vessels, it is estimated that only about 0.01% of
cancer cells that enter the circulation will survive and give rise to macro-metastases.219 One of
the ways that tumour cells survive this trip is by interacting with platelets through tumour cellinduced platelet aggregation (TCIPA).220 In addition to their role in hemostasis, platelets act as
inflammatory cells and can play a role in immunity and cancer. They are activated by the
interaction with cancer cells causing release of mediators such as COX-2.204 Dovizio et al.
showed that expression of COX-2 can be induced by interaction of platelets with colon
carcinoma cells.221 Platelet aggregation protects tumour cells from immunological attack in the
circulation by protecting them from natural killer (NK) cells.222
The third step of metastasis is extravasation in which the tumour cells leave the vasculature at
the metastatic site. Dissemination of tumour cells was first characterized by the seed and soil
hypothesis of Stephen Paget, which explained that cancer spreads from the primary tumour to
distant locations in a unidirectional way.223 The circulating tumour cells (CTCs) are analogous to
seeds which will only establish a metastatic tumour when they encounter suitable conditions at
the new site which is analogous to soil.224
The process of metastasis is subject to organ-specific mechanisms. Some tumours metastasize
to preferred organ sites. For example, breast cancers metastasize to lung, liver, bone and brain;225
prostate cancer to bone;226 and colorectal cancer to liver, bone and lung.227 Several studies have
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shown that the preferences of CTCs to specific organs is regulated by genetic alterations in the
cancer cells228 and by the types of mediators produced by the tumour cells.229 Many malignant
cells upregulate expression of chemokine receptors during pre-malignancy, so they can recognize
new anatomic sites by local chemokine production and specific molecular signals displayed on
the vascular endothelium.230,231
In order to gain entrance into the new tissue, tumour cells have to squeeze between endothelial
cells to extravasate from the blood vessels. First, they have to attach to the luminal side of
endothelial cells (ECs), which is mediated by different adhesion receptors on the tumour and
ECs and is also facilitated by platelets.232 Upon activation, platelets produce mediators that affect
both vascular permeability and tumour cell adhesion to the endothelium; these include TGFα,
EGF, VEGF, and MMPs.233
In the fourth step, newly arrived cancer cells settle into their metastatic site where they
interact with immune, inflammatory and stromal cells and start to proliferate.234 The processes of
local invasion, angiogenesis and repeated rounds of metastasis can continue through the
mechanisms described above, contributing to ever increasing tumour burden and deteriorating
health of the cancer patient.

1.3.7. Inflammation and anticancer immunity
The microenvironment of the tumour consists of a variety of immune cells that are important
for anti-tumour surveillance, including natural killer (NK) cells, cytotoxic T cells, and dendritic
cells (DCs).16 Tumour cells can resist immune destruction for better survival by secreting
immune suppressive factors or by recruiting cells that are actively immunosuppressive such as
regulatory T cells (T-regs) and myeloid-derived suppressor cells (MDSCs).235 The COX-2-PGE2
signalling axis can help modulate the immune response against tumour cells. For example, PGE2
can inhibit DCs activity and reduce the maturation of DCs and their ability to present antigen and
activate T cells.236,237
Macrophages can participate in anti-tumour immunity, or can help tumour progression.
Macrophages originate from circulating monocytes and can alter their phenotype in response to
growth factors in the tumour microenvironment, causing them to develop into either M1 or M2macrophages.238 M1 macrophages are stimulated by IFNγ and microbial products; they express
high levels of pro-inflammatory cytokines (TNF-α, IL-1, IL-6, IL-12 or IL-23), major
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histocompatibility complex (MHC) molecules and inducible nitric oxide synthase.239 They
function to kill pathogens and prime anti-tumour immune responses.239 In contrast, M2
macrophages, which are induced in vitro by expression of IL-4, IL-10, IL-12 and IL-13, lead to
suppression of the adaptive immune response, increased expression of the anti-inflammatory
cytokine IL-10, and increased angiogenesis.239 This macrophage polarization can be influenced
by COX-2 activity during monocyte differentiation, with COX-2 being the key enzyme for M2
polarization.240 The therapeutic significance is that COX-2 inhibitors could cause tumour
associated macrophages to lose their M2 macrophage characteristics leading to reduced
metastasis.240
NK cells are a subset of lymphocytes that participate in innate immunity; they secrete IFNγ and
exert cytotoxic effects including the direct killing of tumour cells.241 PGE2 inhibits the cytotoxic
functions of NK cells,242,243 preventing them from making IFNγ,244 and encourages malignant
growth through successful evasion of type I interferon and T-cell-mediated death.245 For
example, in vivo inhibition of PGE2 leads to decreased lung metastasis as well as increased
ability to produce IL-12 by peritoneal macrophages (a feature of the M1 phenotype) and IFNγ by
splenic lymphocytes.246
Infiltrating B cells are the main component of inflammation in some cancers, such as ductal
carcinoma in situ of the breast and 20% of invasive breast tumours.247 PGE2 has been shown to
prevent the growth and division of human B cells.248
T-regs are a population of T cells that maintain peripheral immune tolerance and inhibit
effector T cell responses such as cytokine production and proliferation.249 PGE2 mediates the
repressive activity of T-regs,249 and has been shown in OSCC to help the maturation of T-regs,
resulting in suppressed anti-tumour immunity.250 Another cell type that helps tumours avoid
immune-mediated destruction are MDSCs. They are a mixed population of myeloid progenitor
cells and immature myeloid cells.251 These cells expand during pathological conditions such as
cancer and inflammation and inhibit both innate and adaptive anti-tumour immunity by downregulating macrophage cytokines, suppressing NK cell cytotoxicity, blocking cytotoxic T cell
activation and regulating T-reg development.252 PGE2 helps MDSCs migrate to tumour
environments, allowing the malignant cells to proliferate without interference from the host
immune system.253
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1.3.8. The role of anti-inflammatory drugs in cancer
Non-steroidal anti-inflammatory drugs (NSAIDs) have been shown to suppress cell
proliferation and carcinogenesis through different mechanisms. COX-dependent mechanisms of
NSAID-suppression of breast cancer were demonstrated in human cell lines and in mice, when
the inhibitory effect of NSAIDs was eliminated after genetic knockdown of COX-2.254 However,
various adverse effects have been associated with the use of NSAIDs. These includes
gastrointestinal ulceration,255inhibition of platelet activation linked with COX-1 use and a high
incidence of cardiovascular and kidney toxicity associated with prolonged use of selective COX2 inhibitors.256
In young patients with familial adenomatous polyposis (FAP), an inherited disease associated
with increased risk of colon cancer, a small trial of a nonselective NSAIDs showed a significant
decrease in the number and size of polyps during treatment.257 Anti-inflammatory drugs have
been used as adjuvant therapy in the treatment of prostate and lung cancer.258 Nimesulide
(selective COX-2 inhibitor) have been shown to increase apoptosis and suppress the proliferation
in nasopharyngeal carcinoma.259
There is an important link between NSAIDs and reduced cancer mortality as well as reduced
rates of primary and recurrent cancer.260 Studies have proposed that the use of aspirin and
NSAIDs decrease the incidence of breast cancer.261 Colorectal cancer and lung cancer patients
using NSAIDs over long periods had decreased mortality rates compared to non-NSAID
users.262, 263 Using sulindac (a type of NSAID) has been shown to decrease the polyp recurrence
and number in FAP patients.264 A specific COX-2 inhibitor (celecoxib) may have activity in the
treatment of high-grade cervical dysplasia.265
Administration of anti-inflammatory agents can decrease the toxicity of chemotherapeutic
agents. For example, in patients with refractory metastatic prostate cancer, administration of
celecoxib with docetaxel (anti-mitotic chemotherapy) decreased hematologic toxicity and
decreased the pain index.266 Addition of celecoxib to a FOLFIRI (folinic acid, fluorouracil and
irinotecan) regimen or to capecitabine therapy decreases chemotherapy-related diarrhea.267, 268
Additionally, administration of anti-thrombotic NSAIDs with the chemotherapy helps prevent
thromboses in cancer patients, allowing cytotoxic agents to access small tumours and improve
the prognosis of patients with ovarian cancer.269 Celecoxib combined with erlotinib (a receptor
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tyrosine kinase inhibitor, which acts on the epidermal growth factor receptor), and radiation
therapy are active combinations in patients with recurrent OSCC.270

1.4. Role of CD147 in tumour invasion
The connection between tumour cells, non-malignant stromal cells and ECM of the tumour
microenvironment helps the tumour to invade locally and later metastasize.271 ECM consists of
collagen, fibronectin, elastin, and proteoglycans. The ECM is subjected to reorganization and
breakdown during processes such as wound healing, inflammation, and organogenesis.272
Different groups of proteolytic enzymes are involved in matrix breakdown but the MMP group
of enzymes is the most important in tumour invasion and metastasis.273 MMPs are zincdependent endopeptidases which facilitate tumour invasion and modulate tumour associated
angiogenesis.213,215 They are classified using amino acid sequence, peptide domain structure, and
substrate specificity into four main groups: the collagenases, gelatinases, stromelysins and
membrane-type MMPs.274,275 There are twenty-five different MMPs in mammals, of which
twenty-three are found in humans.276 MMPs have been shown to concentrate on membranous
projections of tumour cells (invadopodia) that allow the cell to invade into adjacent stroma and
ultimately gain entrance to the vasculature and finally establish metastatic disease.277, 278, 279
Studies have shown that MMP2 expressed by stromal fibroblasts help the growth of pulmonary
metastases in breast cancer.280 In colorectal cancer, MMP13 has an important role in promoting
the growth of liver metastasis.281 In OSCC patients, MMP-7 expression is associated with
metastases and poor outcome282 while MMP9 is associated with reduced survival.283
Research has shown that curcumin treatment inhibits invasiveness in oral cancer by reducing
the expression of MMP2 and MMP9.284 Furthermore, the invasion of OSCC into adjacent bone
might be due to increased expression of MMP1, MMP9, and CD147 (an MMP activator).285
MMP2, MMP9 and CD147 are associated with bone invasion.286 Studies have shown that in
colorectal cancer, MMP11 and CD147 increase the progression of the disease 287 and act as
negative prognostic factors as they affect the survival rate.288 In tumour cells, CD147 stimulates
the formation of MMPs and participates in invasion.285
CD147, also referred to as Basigin and extracellular matrix metalloproteinase inducer
(EMMPRIN), is a glycosylated protein belonging to the immunoglobulin superfamily.289 CD147
exists as soluble and transmembrane forms. The transmembrane form consists of an extracellular
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domain and a cytoplasmic tail that plays an important role in induction or stimulation of
MMP,289 while the soluble form is a useful marker for hepatocellular carcinoma in early hepatic
cancer.290 CD147 is known to play a role in the pathogenesis of Alzheimer’s disease,291 brain
ischemia292 and viral infections such as HIV-1.293 CD147 analogues have been identified in
different species, such as Basigin and M6 leukocyte activation antigen in people,294 MRC-OX47
antigen/CE9 in rats295and blood–brain barrier specific HT7 molecule in chickens.296
An association between increased CD147 expression and poor prognosis has been
demonstrated in a variety of cancers such as OSCC,297 colon cancer287 and breast cancer.298
CD147 activation of MMPs in the tumour microenvironment helps tumour cells undergoing
EMT to invade the surrounding stroma.299 Studies found that combination therapy of an
antiangiogenic drug and anti-CD147 may be helpful in targeting angiogenesis because CD147
acts as a co-receptor for VEGF in vitro and in vivo.300 It has also been demonstrated that CD147
has a role in cancer cell metabolism and proliferation through effects on glucose metabolism and
inhibition of the p53 pathway.301

1.4.1. The relationship between CD147 and inflammation
Despite the fact that inflammation (specifically COX-2 expression) and CD147 have been well
studied in cancer and OSCC in particular, they have generally been investigated separately. Very
little attention has been paid to the possibility that inflammation may contribute to tumour
invasiveness (and therefore progression and metastasis) via CD147. Although there is indeed
evidence supporting an important role for CD147 in various inflammatory conditions, there are
only a few studies showing a possible link between COX-2 and CD147 in cancer.
CD147 is expressed at a low level on resting monocytes, neutrophils and lymphocytes, but its
expression is upregulated in activated neutrophils, macrophages, monocytes, T and B
lymphocytes and dendritic cells, illustrating its role in inflammation and immune response.302,303
The extracellular domain of CD147 acts as a receptor for cyclophilins (proteins secreted from
cells during inflammation), serving as a chemoattractant for neutrophils and T lymphocytes.295,
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Binding of cyclophilins to CD147 results in the activation of protein kinase pathways and

leukocyte recruitment, allowing CD147 to contribute to inflammatory disease.305 Examples of
inflammatory diseases that have shown leukocyte recruitment and upregulation of CD147
include brain injury after trauma, multiple sclerosis,306 acute lung injury,307 allergic asthma,308
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atherosclerosis, atherothrombosis,309 and rheumatoid arthritis.310 It is used as a marker in
combination with others in lupus nephritis as it is elevated in renal damage.311
Additional studies have shown that CD147 also has a role in immune development. It is more
intensely expressed on thymocytes compared to mature peripheral blood T cells,312 and is
reported to be expressed on neutrophils and macrophages in pathological conditions.313,314 A
study showed fluvastatin (a statin) can inhibit CD147 expression from macrophages in coronary
atherosclerosis, further supporting the relationship between inflammation and CD147.315,316
CD147 is present at low levels on resting platelets, while it is upregulated on activated
platelets.317 It helps platelet-monocyte interaction leading to release of inflammatory mediators
from monocytes such as IL-2, TNF, and MMP9 via activation of NF-κB pathway inside the
monocytes.318 Interestingly, a study has shown a relationship between CD147, COX-2 and
inflammation, where COX-2 can modulate the production of CD147 via a PGE2-dependent
pathway in macrophages and that the effect can be inhibited by a COX-2 inhibitor in
atherosclerotic plaques.319 Angiotensin II can up-regulate CD147 expression in macrophages via
type 1 angiotensin receptor and the COX-2/PGE2 signal transduction pathway, and the effect can
be inhibited by losartan (an angiotensin II antagonist).320 CD147 has also been implicated in the
pathogenesis of myocardial infarction.321 With regard to cancer, a study using a mouse model of
OSCC revealed that CD147 inhibition resulted in decreased inflammatory mediators such as IL1β, IL-6, and IL-8, along with reduced collagen degradation and cell growth in vitro.322 In
hypopharyngeal squamous cell carcinoma, both COX-2 and CD147 were expressed and were
associated with tumour invasion, lymph node metastasis and survival, suggesting that COX-2
and CD147 are important for prognosis.6 There has been great interest in developing CD147
monoclonal antibody therapy for cardiovascular and other inflammatory conditions, raising the
possibility that anti-CD147 therapy may also be helpful for the treatment of inflammation-related
invasive cancer. Anti-CD147 therapy has been attempted experimentally in mice bearing OSCC
xenografts, revealing that mice treated with anti-CD147 had significant tumour growth delay
when compared with untreated controls.322

1.5. Comparative Oncology: Oral Squamous Cell Carcinoma in Cats
One of the obstacles to advancing new therapeutic discoveries for the treatment of OSCC is the
poor availability of animal models that faithfully mimic the highly invasive nature of this type of
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cancer, as well as the genetic diversity of OSCC patients. Studying OSCC in veterinary patients
provides an opportunity to learn about core mechanisms of this disease shared between species,
possibly revealing helpful treatment strategies. Cats provide an excellent opportunity for
studying OSCC in an outbred, diverse animal population that suffers from aggressive disease.38
Furthermore, OSCC is an important and devastating disease in cats and there is a great need in
veterinary medicine for better treatment options. Similar to the human disease, OSCC is the most
common tumour in the oral cavity of cats, accounting for 61% of oral cancer cases.323 The
average survival after the diagnosis is only 2-4 months.324 Most cats are considered to be senior
at the time of diagnosis (average age of 12.5 years).325 These tumours arise most commonly from
the ventral aspect of the tongue.323 Those that originate from the gingiva are thought to be
diagnosed later in the course of the disease since the appearance can be easily mistaken for
dental disease. By the time they are diagnosed, these advanced tumours have often already
invaded the adjacent mandible or maxilla resulting in bone destruction. Subsequent mortality via
elective euthanasia commonly occurs when faced by this invasive disease accompanied by pain
and anorexia.323
OSCC in cats is aggressive and highly invasive, and is commonly associated with
inflammation, necrosis and mucosal ulceration.326 Feline OSCC metastasizes to regional lymph
nodes and distant sites in some cases, although most cats die from local disease before the
development of clinically detectable metastases.324 The risk factors of OSCC in cats are still
unknown but flea control products, diet and exposure to environmental tobacco smoke have been
identified as potential risk factors.327 The overall prognosis for cats diagnosed with OSCC is
poor.323 Treatment includes radiotherapy, chemotherapy, and surgery or combination therapy but
unfortunately treatment efforts are usually not effective at improving survivability.328
A study using feline OSCC cell lines demonstrated that COX-2 is expressed in feline OSCC
and piroxicam (a nonselective COX inhibitor) inhibits COX-2 expression, supporting the use of
COX-2 inhibitors for treatment of OSCC in cats.329 Another study found that meloxicam (a
COX-2 inhibitor) combined with zoledronic acid (a bisphosphonate bone resorption inhibitor),
inhibited feline OSCC tumour growth and bone loss in a mouse model using a feline OSCC cell
line.330
The importance of papillomavirus infection in the pathogenesis of some cases of human OSCC
has inspired studies looking at the possible role of feline papillomavirus in feline OSCC. These
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studies have not revealed a link between this viral infection and OSCC in cats, but a study has
found that the oral cavity of the cats can be infected with feline papillomavirus.331
The role of MMPs and CD147 in the invasion of feline OSCC have not yet been determined,
providing an exciting opportunity for new research into the mechanisms responsible for
progression of feline OSCC.

1.6. Conclusion
Chronic inflammation is linked to cancer by different inflammatory mediators that support
tumour initiation, progression, invasion and finally metastases. Studies focusing on blocking the
mediators of inflammation may help to decrease tumour formation and progression and thus
potentially improve the quality of life and survival rates of cancer patients. The concept that
infectious agents and inflammation have the ability to contribute to cancer risk has been widely
accepted, translating into preventative recommendations such as condom use to prevent human
papillomavirus transmission, screening blood for hepatitis B, C and HIV infections, developing
vaccination programs against hepatitis B and human papillomavirus infection, and educating the
public about smoking cessation.332 Additionally, a US task force on preventive health care
recommended that individuals over fifty years of age should take a small daily dose of aspirin to
protect from colorectal cancer333 and cardiovascular diseases.334

1.7 Study Objectives and Hypothesis
The long term goal of this research is to improve the prognosis of OSCC in people and in cats,
with the hope of developing new treatments to stop OSCC invasion and subsequent metastases
and death. The first objective of this project is to determine the relationship between CD147 and
cyclooxygenase expression in human and feline OSCC biopsy samples using
immunohistochemistry (IHC). The second objective is to determine if a relationship exists
between expression of CD147, cyclooxygenase enzymes and PGE2 in human in vitro by Semiquantitative reverse transcriptase polymerase chain reaction (RT-qPCR) and enzyme-linked
immunosorbent assay (ELISA) in human and feline OSCC cell lines. The overall hypothesis is
that expression of COX-2 and PGE2 will be positively associated with CD147 expression in
human and feline OSCC.
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CHAPTER 2
Materials and Methods
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2.1. Immunohistochemical detection of COX enzymes and CD147 in human and feline
OSCC biopsies

2.1.1. Patient signalment and biopsy information
Forty-five (45) hematoxylin and eosin (HE)-stained tissue sections and corresponding paraffinembedded tissue blocks from surgical biopsies of feline OSCC were acquired from Diagnostic
Services, Atlantic Veterinary College (Charlottetown, Prince Edward Island, Canada). Biopsies
were submitted from veterinary clinics in Atlantic Canadian provinces between 2011 and 2013.
Tumours were assigned to the following anatomic locations based on information provided:
tongue, sublingual (includes ventral tongue, frenulum, mouth floor), gingiva (includes tumours
associated with mandible, maxilla and jaw), soft palate, buccal mucosa, oral cavity and
undisclosed. Both genders were represented and ages ranged from 5 to 17 years-old (Table 1).
The HE-stained tissue sections were evaluated microscopically by an American College of
Veterinary Pathologists boarded veterinary pathologist to confirm the diagnosis of OSCC. HEstained and unstained slides representing 41 cases of human OSCC were provided by the Queen
Elizabeth Hospital (Charlottetown, Prince Edward Island, Canada). Biopsies were submitted
between 2008 and 2015. Use of the human biopsies for this study was approved by the Prince
Edward Island Research Ethics Board and the University of Prince Edward Island Research
Ethics Board. Tumours were assigned to the following anatomic locations based on information
provided: tongue, oral mucosa, larynx, buccal mucosa, gingiva, epiglottis and tonsil. Both
genders were represented, and ages ranged from 23 to 104 years old (Table 2).

2.1.2. Primary antibodies and matching isotype control antibodies
Immunohistochemistry protocols were designed for the detection of COX-1, COX-2 and
CD147. Primary antibodies, matching isotype control antibodies (or control antiserum) and
negative controls are listed in tables 3 and 4. The COX-1 antibody was a polyclonal rabbit antiCOX-1 (ovine) antiserum. The other antibodies were polyclonal rabbit anti-COX-2 (mouse) IgG
and polyclonal goat anti-CD147 (human) IgG. The concentration of control rabbit IgG, control
goat IgG and control rabbit serum were matched to the concentration of the primary antibody or
antiserum. In the finalized protocol, control goat IgG (for comparison with anti-CD147) and
control rabbit serum (for comparison with COX-1) were used at a dilution 1:100 while control
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rabbit IgG (for comparison with COX-2) was used at a dilution of 1:200. Positive control tissues
were selected based on published literature. Feline intestinal goblet cells were selected as a
positive control for COX-1,335 human seminal vesicle and feline kidney (macula densa) were
selected as positive control tissues for COX-2 expression,336,337 and human and feline small
intestine (enterocytes) were selected as positive control tissues for CD147 expression.338,339

2.1.3. Immunohistochemistry protocol
Immunostaining was performed on paraffin embedded archival tissue. In brief, the paraffin
blocks were sliced into 5-μm-thick sections, deparaffinized with xylene (Fisher Scientific,
Waltham, Massachusetts) and rehydrated through 100% and then 75% ethanol followed by
water. Antigen retrieval was achieved by preheating sodium citrate buffer (pH 6.0) (Fisher
Scientific) for 2 minutes in a 750 W microwave oven, followed by incubation of the slides for 20
minutes in the hot (95⁰C) citrate buffer in a steamer (Black and Decker, Mississauga, Ontario),
followed by 20 minutes of cooling at room temperature.
Endogenous peroxidases were quenched by incubating the slides in 3% hydrogen peroxide
(Fisher Scientific) for 20 minutes. The sections were then washed with phosphate-buffered saline
(PBS) (HyClone Laboratories, South Logan, Utah) for 10 minutes. Endogenous avidin and biotin
was blocked using a blocking kit according to manufacturer instructions (Vector Laboratories,
Burlington, Ontario, Canada). The sections were then washed with PBS for 4 minutes. Primary
antibodies were applied at the indicated concentration (Table 3) for 60 minutes at room
temperature in a humidified chamber. After rinsing the slides in PBS, they were incubated in
secondary antibody (1:100 biotinylated goat anti-rabbit IgG or rabbit anti-goat IgG (Vector
Laboratories) for 30 minutes at room temperature. After washing with PBS for 10 minutes, the
slides were incubated with Vectastain ABC reagent (Vector Laboratories) for 30 minutes. After
washing with PBS for 5 minutes, colour development was achieved by applying
diaminobenzinetetrahydrochloride (DAB) solution (Vector Laboratories) for 2–5 minutes
depending on primary antibody. The duration of DAB incubation was determined through pilot
experiments and was then held constant for all slides. After washing in distilled water, the
sections were counterstained with haematoxylin, dehydrated through ethanol and xylene and
cover slipped using a xylene-based mounting medium (Fisher Scientific).
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Specificity of secondary antibodies was evaluated by omitting the primary antibody from the
protocol on a subset of slides. Additionally, specificity of the protocol was evaluated by
incubating positive control tissues and a subset of OSCC samples with matching control IgG and
antiserum (Tables 3 and 4). Optimization of the protocols included testing several concentrations
of primary antibody, different antibody sources (CD147), and duration of DAB incubation.
CD147 antibody was initially purchased from Bioss (Woburn, Massachusetts), but was replaced
with CD147 antibody from Santa Cruz Biotechnology Inc. (Dallas, Texas). The range of
dilutions for the primary antibodies were 1:200 and 1:100 for COX-2, 1:1000, 1:500, 1:400,
1:200, 1:100 and 1:40 for COX-1, and 1:50, 1:100, 1:200 for CD147. The duration of DAB
incubation ranged from 2 minutes to 10 minutes in optimization experiments before arriving at 1
minute, 20 seconds for COX-1, 1 minute, 30 seconds for COX-2 and 3 minutes, 40 seconds for
CD147.
Protocols that yielded signals on positive control tissue, and those with minimal non-specific
staining, were selected for evaluating feline and human OSCC specimens. Positive and negative
controls were run with all OSCC slides.

2.1.4. Immunohistochemistry grading system
A visual grading system that distinguished between tumour and stroma (and adjacent
epithelium if present) was developed. The percentage of positive cells in the tumour cells,
adjacent epithelium and supporting tumour stroma, along with staining intensity, were estimated
and converted into a categorical grading system (Table 5).

2.2. Semi-quantitative reverse transcriptase polymerase chain reaction (RT-qPCR) for
detection of COX enzymes and CD147 in human and feline OSCC cell lines

2.2.1. Cell lines, reagents and primers
Feline oral squamous carcinoma cells (SCCF1, SCCF2 and SCCF3) were previously
developed and kindly provided by Dr. Thomas Rosol at The Ohio State University (Table 6).
Human oral squamous carcinoma cells (SCC25, HN and BHY) are commercially available and
were purchased from DSMZ (Leibniz Institute DSMZ-German Collection of Microorganisms
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and Cell Cultures, Braunschweig, Germany) and ATCC (American Type Culture Collection,
Manassas, USA) (Table 7). SCCF1, SCCF2, SCCF3, BHY and HN cells were maintained in
growth medium consisting of 90% Dulbecco's MEM (4.5 g/L glucose, HyClone Laboratories,
South Logan, Utah) and 10% heat inactivated fetal bovine serum (FBS, HyClone
Laboratories),100 units/ml penicillin and 100 ug/ml streptomycin (HyClone Laboratories). SCC25 cells were maintained in growth medium consisting of a 1:1 mixture of Dulbecco's modified
Eagle's medium and Ham's F12 medium containing 2.5 mM L-glutamine, 15 mM HEPES and
0.5 mM sodium pyruvate (Fisher Scientific) and supplemented with 400 ng/ml hydrocortisone
(HyClone Laboratories), 10% FBS, 100 Units/ml penicillin and 100 ug/ml streptomycin.
OSCC cells were grown in T75 flasks with vented caps (Fisher Scientific) and periodically
split by rinsing the adherent cells in two changes of sterile PBS followed by incubating cultures
in 0.25% trypsin–ethylenediaminetetraacetic acid (trypsin-EDTA) (Wisent Inc., Saint-JeanBaptiste, Quebec) until cells lifted from the surface of the flask (5 to 10 minutes). Trypsin was
neutralized by the addition of serum-containing growth medium and a fraction of the cells (1/10
to 1/20) were moved to a new flask with fresh medium.
The feline primers for RT-qPCR were designed using feline gene sequences catalogued in the
databases of the National Center for Biotechnology Information (NCBI, Bethesda, MD), and
Primer-Blast software (NCBI). Primer pairs were selected based on similar melting temperatures
(Tm), favouring those that were closest to 60°C and within 1 degree of each other. Candidate
primer pairs were prioritized based on the presence and length of a spanned intron and the size of
the polymerase chain reaction (PCR) product (Table 8). Three primer pairs were selected for
testing for each target. Primer validation included checking for the appropriate size of the PCR
product on a 1% agarose gel, and sending PCR products and primers to an outside laboratory to
determine the sequence of the PCR product (ACGT Corporation, Toronto, Ontario). Product
sequences were compared to feline complementary deoxyribonucleic acid (cDNA) sequences
using NCBI Primer Blast software in order to determine if the primers amplified the desired
target.
Commercially available pre-validated primers for human genes were purchased from Bio-Rad
Laboratories (Mississauga, Ontario). Fourteen (14) candidate reference (housekeeping) genes
were screened by testing 6 cDNA samples representing the three human cell lines and two
experimental conditions (serum deprivation and serum stimulation) on a predesigned 96-well
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panel (Reference Genes H96, Bio-Rad Laboratories). The screened reference genes are listed in
table 9. Based on the screening experiment, 5 candidate human reference genes were selected for
additional evaluation in the full gene expression study based on acceptable gene stability values
(M) and coefficients of variation (CV). The human reference gene screening results and
veterinary literature were used to select candidate reference genes for the feline study. 40, 132
Primers for the three genes of interest and the candidate reference genes are listed in tables 8 and
10. M and CV values for the reference genes were revaluated in the final data sets, with the best
reference genes selected for normalization of the data. The reference genes selected for
normalization in the final analysis were RPS18 and HPRT1 for the human study and HPRT1,
RPS18 and B2M for the feline study.

2.2.2. Experimental conditions, RNA extraction and cDNA synthesis
In order to determine expression of COX enzymes and CD147 in OSCC cell lines, cell cultures
were established. Cells were trypsinized and counted using a hemocytometer and trypan blue
exclusion, and 2x105 cells were seeded into each well of a 6-well plate (Fisher Scientific). Cells
were grown for 48 hours, rinsed with sterile PBS and their regular medium was replaced with
serum free medium containing 0.1% bovine serum albumin (BSA) (HyClone Laboratories) and
cultured overnight. The next morning, the serum deprivation group remained in the serum free
medium for an additional 2 hours, while the medium for the serum stimulated group was
replaced with standard growth medium containing 10% FBS and cultured for 2 hours. This
protocol provided cultures that were approximately 80% confluent at the time of ribonucleic acid
(RNA) extraction. Serum deprivation and serum stimulated cells were cultured in triplicate wells,
and each experiment was repeated for a total of 3 independent experiments.
RNA was extracted using the Aurum total RNA mini kit (Bio-Rad Laboratories) according to
the manufacturer instructions, which included DNase digestion in order to reduce genomic DNA
contamination. RNA was eluted in 40 μl of elution buffer. RNA concentration and A260/A280
ratios were determined using the NanoDrop ND-1000 spectrophotometer (Thermo Scientific,
Rockford, USA). Isolated RNA was stored at -80ºC until used for RT-qPCR.
RNA samples were reverse transcribed using the iScript gDNA Clear cDNA Synthesis Kit
(Bio-Rad Laboratories) following the manufacturer instructions (250 ng of RNA in a 20 μl
reaction volume). In order to test for genomic DNA contamination, no reverse transcriptase No33

RT (NRT) controls were prepared on a subset of samples (no reverse transcriptase was included
in the cDNA synthesis reaction). A Bio-Rad thermal My-Cycler was used for the synthesis
reaction (5 minutes at 25°C, reverse transcription for 20 minutes at 46°C and RT inactivation for
1 minute at 95°C). cDNA was stored at -20°C until used for real-time PCR.

2.2.3. RT-qPCR optimization
For both feline and human primers, validation included thermal gradients to identify ideal
annealing temperature (52°C to 64°C), melt curve analysis, evaluation of amplicon size using
agarose gel electrophoresis, and standard curves of pooled cDNA to determine reaction
efficiency. Additionally, appropriate performance in no-RT (NRT) and no-template control
(NTC) was confirmed. For NTC reactions, cDNA was replaced with nuclease-free water. Realtime PCR was performed using a CFX96 Real‐Time PCR Machine (Bio-Rad Laboratories).
RT-qPCR for human genes was performed according to manufacturer instructions (Bio-Rad),
and consisted of a 10 μl reaction volume, containing 0.5 μl of primer mixture (forward combined
with reverse, concentration not provided), 5μl of Sso Advanced Universal SYBR Green
Supermix (Bio-Rad Laboratories), and 4.5 μl of diluted cDNA (or NRT or water). For feline
genes, the reaction included 0.5 μM forward primer and 0.5 μM reverse primer (1 μl combined
volume), 5μl SYBR Green Supermix, and 4 μl of diluted cDNA (or NRT or water). Optimization
steps utilized pooled cDNA samples representing all samples in the experiment. PCR products
were checked on a 1% native agarose gel using 1Kb DNA ladder (Invitrogen, Burlington,
Ontario) at 85 V for 45 min, stained with ethidium bromide (Thermo Scientific) and visualized
on the BioSpectrum AC imaging system (UVP, LLC, Upland, California).

2.2.4. RT-qPCR standard curves and reaction efficiency
In order to determine the reaction efficiencies of the primer pairs, serial dilutions of pooled
cDNA were prepared from the cell line samples. Dilution series ranged from 2-fold dilution
series to 4-fold dilution series depending Cq values generated during the thermal gradient
experiment. Negative controls (NTC) were included with all standard curves. The efficiency of
the optimized RT-qPCR assays was determined using CXF manager software (Bio-Rad CFX
Manager 3.1). Target amplification efficiency for the reactions ranged from 90-110%. The feline
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OSCC cells demonstrated very low COX-1 expression which made calculating the reaction
efficiency difficult (data from a minimum of 5 dilutions was required to calculate the efficiency).
Reaction efficiency for the feline COX-1 primers was determined using cDNA synthesized from
frozen feline kidney samples collected from a recently euthanized cat from the Prince Edward
Island (PEI) Humane Society (approved by the University of Prince Edward Island Animal Care
Committee).
Finalized RT-qPCR protocols used cDNA diluted 1:16 (human and feline COX-1, COX-2,
CD147, TBP and HPRT1) and 1:64 (B2M, GAPDH, and RPS18). An additional reference gene
(TUBB) was tested on the feline samples using 1:64 diluted cDNA. All samples in each
experiment were run in technical duplicates (two reaction wells per sample generating an
average Cq value). Reaction protocols started with a 3 minute 95°C denaturation step followed
by 40 cycles consisting of 5 seconds of denaturation at 95°C, 20 seconds of annealing at 60°C
(except for feline RPS18 and HPRT1 which were at 63°C), and 20 seconds of extension at 72°C.
The reaction protocol was completed with a melt curve analysis where the temperature was
raised from 65°C to 95°C in 0.5°C 5 second increments.

2.3. Enzyme-linked immunosorbent assay (ELISA) detection of PGE2 in human and feline
OSCC cell lines

2.3.1. ELISA detection of PGE2 in human and feline OSCC cell lines
To measure PGE2 secretion, human and feline OSCC cells were seeded into 6 well plate at a
density of 5x 10⁵ cells per well. OSCC cells were cultured in growth medium as described
above for 48 hours. Supernatants were collected at 48 hours, and adherent cells were counted
using a hemocytometer after trypsinization. The experiment was performed in triplicate wells,
and the experimented was repeated for a total of three independent experiments. PGE2 levels in
the supernatants were measured using a Prostaglandin E2 Multispecies Competitive ELISA Kit
(Thermo Scientific) according to the manufacturer instructions. PGE2 concentration was
calculated from a standard curve, and normalized to the average number of cells in the cultures at
the time of supernatant collection.
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2.4. Statistical analysis
All statistical analyses were carried out using Stata IC 14 software (StataCorp LLP, College
Station, Texas). P values equal to or less than 0.05 were considered statistically significant.
Fisher’s exact test was used for categorical immunohistochemistry data. In vitro experiments
were performed with triplicate cultures, with each sample analyzed in duplicate, and each
experiment was repeated for a total of three independent experiments. Data from the three
experiments were combined for statistical analysis. Continuous RT-qPCR data was tested for
normality using the Shapiro–Wilk test, followed by the Kruskal-Wallis test for non-parametric
data. It is graphically represented by showing relative expression compared to a low-expressing
cell line. Continuous ELISA data was log-transformed and then tested for normality using the
Shapiro–Wilk test, followed by one-way ANOVA and Bonferroni post hoc test. Bar graphs
represent means with standard deviation.
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2.5. Tables
Table 1. Feline OSCC cases

Tumour
Gender

(n)

Breed

(n) Age (years) (n)

Location

(n)

Male

24

a

DSH

16

5-7

3

Gingiva

8

Female

19

b

DMH

2

8-10

10

Sublingual

14

c

DLH

9

11-13

16

Tongue

5

Persian

1

14-17

15

Buccal Mucosa

5

Burmese

1

Palate

1

Oral cavity

7

Undisclosed

5

Undisclosed
a

2

Undisclosed

16

Undisclosed

1

Domestic short hair
b

Domestic medium hair

c

Domestic long hair

Table 2. Human OSCC cases

Gender

(n)

Age (years)

(n)

Tumour Location

(n)

Male

28

< 40

2

Gingiva

2

Female

13

40-49

3

oral mucosa

5

50-59

10

Tongue

27

60-69

10

Buccal Mucosa

3

70-79

10

larynx

2

≥ 80

6

Tonsils

1

Epiglottis

1
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Table 3. Immunohistochemistry antibodies
Antibody
a

Positive Control

1:100

Feline intestinal goblet cells

1:200

Feline macula densa

Rabbit anti-COX-1

(polyclonal antiserum)
b

Dilution

Rabbit anti-COX-2
polyclonal IgG
(200ug/ml)
c

Human seminal vesicle

Goat anti-CD147
polyclonal IgG

1:100

Intestinal epithelial cells

(200 ug/ml)

(human and feline enterocytes)

a

Cayman Chemical Company (Ann Arbor, Michigan, USA)

b

Cayman Chemical Company (Ann Arbor, Michigan, USA)

c

Santa Cruz Biotechnology Inc. (Dallas, Texas, USA)

Table 4. Negative controls for immunohistochemistry

Target

No primary

Control IgG/serum

antibody
a

Heavy signal similar to COX-1

COX-1

No signal

COX-2

No signal

b

Minimal to absent signal

CD147

No signal

c

Minimal to absent signal

antibody

a

Normal rabbit serum, Santa Cruz Biotechnology Inc. (Dallas, Texas, USA)

b

Normal rabbit IgG, Millipore Sigma company (Etobicoke, Ontario, Canada)

c

Normal goat IgG, Santa Cruz Biotechnology Inc. (Dallas, Texas, USA)
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Table 5. Immunohistochemistry grading system
Grade

Descriptions

Negative

less than 1% positive cells

Grade 1

1-9% positive cells (light, moderate or heavy staining)

Grade 2

10 - 50% light cells with scattered moderate or heavy staining

Grade 3

mostly light, < 50% moderate with scattered heavy staining

Grade 4

mostly moderate, < 50% heavy staining

Table 6. Feline oral squamous cell carcinoma cell lines
Cell line

Tumour Site

Patient information

Source

SCCF1

Larynx

domestic cat of unknown age

*OSU

SCCF2

Gingiva

SCCF3

Tongue

7-year-old male castrated domestic
shorthaired cat
12-year-old male castrated domestic
medium-haired cat

OSU

OSU

*OSU (The Ohio State University, USA), courtesy of Dr. Thomas Rosol

Table 7. Human oral squamous cell carcinoma cell lines
Cell line

Tumour Site

Patient information

Source

BHY

Gingiva (alveolus)

52-year-old male

*DSMZ

SCC25

Tongue

70-year-old male

**ATCC

60-year-old male

DSMZ

HN

Lymph node
metastasis

*DSMZ (Leibniz Institute DSMZ-German Collection of Microorganisms and Cell Cultures,
Braunschweig, Germany)
**ATCC (American Type Culture Collection, Manassas, USA)
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Table 8. Feline primers
Primer name

Primer Sequence

*fPTGS1-4S
fPTGS1-4-5AS
*fPTGS2-3S
fPTGS2-3AS
*fCD147-3S
fCD147-3AS
fTUBB-2S
fTUBB-2AS
fTBP-2S
fTBP-2AS
**fRPS18-2S
**fRPS18-2AS
**fHPRT1-2S
**fHPRT1-2AS
fGAPDH-WD4S
fGAPDH-WD4AS
**fB2M-WD-5S
**fB2M-WD-5AS

GTCCTTCAACAGGGACTGGAC
ATGCTGGTTACTTATCTCGCTCC
GGCGTGAACCACGAGAAGTA
GATGGCATGGACTGTGGTCA
ATTGACCCCACCGGTACCTA
CCCAAAAGGACCTGAGCGAA
CAAGCGGTTTGCTGCTGTTA
GCTAGTCGGGACTGCTCTTC
TCTATGAGAAGCGACGGAAGC
GCCTTTGTCGTTGATGTGCC
TTGCCCAACACTTCACCCAT
AGGCGCAGTTTATGCTGTCT
AATTGGGGCCCCCTTTTCTC
CCACCAAATGTGCTTGGCTT
TGTCCATCCTTCGTCCCTCA
CGGACACTCCAGAACCGTAG
GTTCTCTCTTCCACAGGAGGC
ACTCGCAAAATGTGCTGGAAC

Amplicon

Spans

Length

Intron?

129

no

136

yes

95

yes

159

yes

117

yes

92

yes

158

no

144

yes

146

yes

* Genes of interest: PTGS1 (COX-1), PTGS2 (COX-2) and CD147. Other genes listed are
candidate reference (housekeeping) genes that were tested.
**Reference genes that were selected for normalization of the data after evaluation of M
and CV values.
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Table 9. Screened human reference genes

Predesigned Reference Genes H96 Panel (Bio-Rad)
Human Gene Name
RPL13A
RPLP0
GUSB
G6PD
TBP
RPS18
HPRT1
GAPDH
B2M
ACTB
TFRC
YWHAZ
HMBS
PGK1

Table 10. Human primers

Primer Assay
Name
*hPTGS1
*hPTGS2
*hCD147
hTBP
**hRPS18
**hHPRT1
hGAPDH
hB2M

Unique Assay ID (Bio-Rad)
qHsaCID0009735
qHsaCED0042341
qHsaCED0056835
qHsaCID0007122
qHsaCED0037454
qHsaCID0016375
qHsaCED0038674
qHsaCID0015347

Amplicon

Spans

Length

Intron?

100
118
62
120
67
90
117
123

no
no
no
yes
no
yes
no
yes

* Genes of interest: PTGS1 (COX-1), PTGS2 (COX-2) and CD147. Other genes listed are
candidate reference (housekeeping) genes that were tested.
** Reference genes that were selected for normalization of the data after evaluation of M
and CV values.
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CHAPTER 3
Results

42

3.1. Immunohistochemical detection of COX enzymes and CD147 in human and feline
OSCC biopsies

In order to evaluate COX-1, COX-2 and CD147 expression in human and feline OSCC,
immunohistochemical protocols were developed and optimized. Rabbit anti-COX-1 antiserum diluted to 1:100 achieved positive signal in feline intestinal goblet cells, human
OSCC, and feline OSCC (Figures 1, A, C, and E). Unfortunately, replacing the COX-1 antiserum with normal rabbit serum (negative control) demonstrated reduced staining in goblet
cells but a high amount of nonspecific stain that was indistinguishable from the COX-1 antiserum in human and feline OSCC (Figures 1B, D and F). COX-1 immunohistochemistry
was not selected for further analysis.
The ideal rabbit-anti-COX-2 IgG concentration was 1:200, which gave positive signal on
human seminal vesicle epithelial cells, feline macula densa and human and feline OSCC
(Figures 2.A, C, E and G). Replacing the primary antibody with control rabbit IgG
eliminated the staining (negative control, Figures 2B, D, F and H).
A 1:100 dilution of goat anti-CD147 gave positive signal in human and feline small
intestine enterocytes as well as human and feline OSCC (figure 3A, C, E and G). Replacing
the CD147 antibody with control goat IgG significantly reduced signals in the control
tissues (Figures 3B, D, F and H).
Serial sections of human and feline OSCC were stained for COX-2 and CD147 expression
yielding variable levels of signals for both COX-2 and CD147 in human (Figure 4) and
feline (Figure 5) OSCC. Of the initial 41 human OSCC slides, 2 were removed due to
insufficient tissue. Two additional slides partially dried during CD147 IHC and were not
included in this part of the analysis. Of the 45 feline OSCC slides, 2 were removed from
COX-2 IHC and 1 was removed from CD147 IHC due to the slides drying during
processing. Using a visual grading system, the percentage of positive cells in tumour,
stroma and overlying epithelium was estimated and converted into categorical data (Figures
6, 7). In human OSCC, tumour cells were more likely to be COX-2 positive compared to the
stroma or overlying epithelium (Figure 6A). In contrast, there was no statistically significant
difference in CD147 expression between the different tissues within human OSCC tumours
(tumour, stroma and overlying epithelium, Figure 6B).
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Similar to human OSCC, the expression of COX-2 in feline OSCC was highest in the
tumour cells compared to stroma and overlying epithelium (Figure 7A). Interestingly,
CD147 expression was also higher in the tumour cells of feline OSCC compared to the
other sites (Figure 7B). When human and feline tumours were divided into COX-2 positive
and COX-2 negative groups, there was no detectable difference in CD147 expression
(Figures 6C and 7C).

3.2. Expression of COX-1, COX-2 and CD147, and secretion of PGE2, in human and feline
OSCC cell lines

COX-1, COX-2 and CD147 expression was detected at the mRNA level in all feline and
human OSCC cell lines at variable levels. Serum-stimulation up regulated COX-2 in all human
and feline cell lines, but had no significant effect on COX-1 expression, and only significantly
affected CD147 expression in the feline SCCF3 cells (Figures 8A, B, C and 9A, B, C).
Focusing on serum stimulated groups, the human cell lines differed in COX-1 expression with
SCC25 cell expressing the most COX-1 mRNA (Figure 8C). There was no significant difference
in COX-2 expression or CD147 expression between the three human cell lines (Figures 8A and
8B), although there was a trend for BHY cells having the highest COX-2 and CD147 expression,
and for HN cells having the least COX-2 and CD147 expression. The results were similar under
serum deprivation conditions, except that the difference in CD147 expression between human
cell lines was significant (Figure 8C), with BHY cells expressing the most CD147.
HN cells secreted the least amount of PGE2 (Figure 8D), consistent with the RT-qPCR results
showing that HN cells tended to express the least COX-1 and COX-2 mRNA. SCC25 secreted
the most PGE2 (these cells produced the most COX-1), followed by BHY cells (which expressed
the most COX-2). Although there was an interesting trend between CD147 expression, COX
expression and PGE2 secretion (HN cells producing the least and BHY tending to have higher
COX-2 and CD147 expression), the high levels of PGE2 secreted by SCC25 did not match the
relatively low expression of CD147 in these cells.
Similar to what was observed in human OSCC cell lines, the greatest effect of serum
stimulation in feline OSCC cell lines was in the expression of COX-2. The expression of all
three genes significantly differed between cell lines, regardless if RNA was from serum deprived
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or serum stimulated cells (Figure 9A, B and C). SCCF1 cells express the least COX-1 and COX2, with SCCF2 cells expressing the most COX-2 and SCCF3 cells expressing the most COX-1.
This expression pattern did not appear to be related to CD147 expression, since CD147 was
expressed similarly between SCCF1 and SCCF2 cells, with SCCF3 expressing the least. In
contrast with the human cell lines, and the feline RT-qPCR data showing a marked increase in
COX-2 in SCCF2 cells, the differences in PGE2 secretion were minimal and not statistically
significant (Figure 9D).
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3.3. Figures
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Figure 1. COX-1 positive and negative controls for immunohistochemistry
Photomicrographs of IHC results using rabbit anti-COX-1 antiserum (1:100) and normal
rabbit serum (1:100, negative control). The chromogen is DAB (brown), and the
counterstain is hematoxylin (blue). A. Human OSCC had widespread heavy staining using
COX-1 antiserum. B. The same human OSCC biopsy had similar staining with normal
rabbit serum, demonstrating that the protocol was not specific for COX-1 expression
(background signal was indistinguishable from positive signal). C. Feline intestinal goblet
cells served as a positive control. D. Replacement of the anti-serum with normal serum
revealed reduced goblet cell staining, but high nonspecific background stain remained. E.
Feline OSCC showed intense COX-1 signal using the anti-serum, which was similar to the
high non-specific background signal from normal rabbit serum (F). COX-1
immunohistochemistry was not pursued further.
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Figure 2. COX-2 positive and negative controls for immunohistochemistry
Photomicrographs of IHC results using rabbit anti-COX-2 IgG (1:200) and normal rabbit IgG
(1:200, negative control). The chromogen is DAB (brown), and the counterstain is hematoxylin
(blue). A. Human seminal vesicle (positive control tissue) with moderate cytoplasmic COX-2
signal in glandular epithelial cells. B. Replacement of the antibody with normal rabbit IgG
significantly reduced the signal. Remaining light brown color was interpreted as endogenous
pigment (lipofuscin). C. COX-2 antibody on a human OSCC biopsy with mild gingival staining
and moderate OSCC staining. D. Replacement of the antibody with normal IgG significantly
reduced signal. E. Feline kidney served as positive control tissue, with the macula densa having
intense cytoplasmic signal. F. Replacement of the COX-2 antibody with normal rabbit IgG
eliminated staining in the macula densa. G. Feline OSCC biopsy showing multifocal areas of
positive signal in OSCC cells. H. Replacement of the COX-2 antibody with normal rabbit IgG
eliminated staining in the OSCC cells. This protocol produced a positive signal with minimal or
no background staining and was used to evaluate the full study set.
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Figure 3. CD147 positive and negative controls for immunohistochemistry
Photomicrographs of IHC results using goat anti-CD147 IgG (1:100) and normal goat IgG
(1:100, negative control). The chromogen is DAB (brown), and the counterstain is hematoxylin
(blue). A. Human small intestine (positive control tissue) with mild to moderate cytoplasmic
CD147 signal in enterocytes. B. Replacement of the antibody with normal goat IgG significantly
reduced the signal. C. CD147 antibody on a human OSCC biopsy with moderate staining in
OSCC cells and in surrounding stroma. D. Replacement of the antibody with normal goat IgG
significantly reduced signal. E. Feline intestine served as positive control tissue, with moderate
signal in enterocytes. F. Replacement of the CD147 antibody with normal goat IgG significantly
reduced the signal. G. Feline OSCC biopsy showing widespread moderate signal in the OSCC
and light signal in the surrounding stroma. H. Replacement of the CD147 antibody with normal
goat IgG significantly reduced staining in the OSCC biopsy material. This protocol produced a
positive signal with minimal background staining and was used to evaluate the full study set.
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Figure 4. COX-2 and CD147 in serial sections of human OSCC
Photomicrographs of IHC results using rabbit anti-COX-2 IgG (1:200) and goat anti-CD147
IgG (1:100). The chromogen is DAB (brown), and the counterstain is hematoxylin (blue). A
and B. OSCC cells had variable (light to moderate) COX-2 expression and minimal CD147
expression. C and D. OSCC cells showed scattered moderate COX-2 expression and
widespread moderate CD147 expression. E and F. OSCC cells were negative for COX-2
expression, but demonstrated widespread moderate CD147 signal. Immunohistochemistry
did not support a positive relationship between COX-2 and CD147 expression in human
OSCC biopsies.
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Figure 5. COX-2 and CD147 in serial sections of feline OSCC
Photomicrographs of IHC results using rabbit anti-COX-2 IgG (1:200) and goat anti-CD147
IgG (1:100). The chromogen is DAB (brown), and the counterstain is hematoxylin (blue). A
and B. OSCC cells had scattered areas of moderate COX-2 expression, and widespread
moderate CD147 expression. C and D. OSCC cells were negative for COX-2 but had
widespread moderate CD147 expression and scattered rare heavy expression. E and F.
OSCC cells were negative for COX-2 expression, but demonstrated widespread light
CD147 signal. Immunohistochemistry did not support a positive relationship between COX2 and CD147 expression in feline OSCC biopsies.
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Figure 6. Expression of COX-2 and CD147 in human OSCC using immunohistochemical
grading system
The human OSCC study set was composed of 39 samples, 28 of which included adjacent oral
epithelium. A. COX-2 expression by tissue compartment. Each bar represents the percentage
of cases that were considered positive for COX-2 expression within each compartment (tumour
cells, stroma, and adjacent epithelium). Thirty seven (37) slides were evaluated. Each bar is
subdivided to demonstrate the percentage of cases assigned to each grade. COX-2 expression
was highest in the tumour cells. B. CD147 expression by tissue compartment: Each bar
represents the percentage of cases that were considered positive for CD147 expression within
each compartment. Thirty nine (39) slides were evaluated. Each bar is subdivided to demonstrate
the percentage of cases assigned to each grade. CD147 expression was variable across all biopsy
tissues, with no significant differences between compartments. C. Expression of CD147 in
COX-2 positive and COX-2 negative OSCC biopsies. Twenty-four (24) cases had positive
COX-2 expression (grades 1 and 2) and 13 cases were COX-2 negative (grade 0). Each bar
represents the percentage of positive CD147 cases within the COX-2 positive and COX-2
negative groups. There was no significant difference in CD147 expression. All statistical
comparisons were made using Fisher’s exact test (*p value <0.05).
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Figure 7. Expression of COX-2 and CD147 in feline OSCC using immunohistochemical
grading system.
The feline OSCC study set was composed of 45 samples, 28 of which included adjacent oral
epithelium). A. COX-2 expression by tissue compartment. Each bar represents the percentage
of cases that were considered positive for COX-2 expression within each compartment (tumour
cells, stroma, and adjacent epithelium). Forty three (43) slides were evaluated. Each bar is
subdivided to demonstrate the percentage of cases assigned to each grade. COX-2 expression
was highest in the tumour cells. B. CD147 expression by tissue compartment: Each bar
represents the percentage of cases that were considered positive for CD147 expression within
each compartment. Each bar is subdivided to demonstrate the percentage of cases assigned to
each grade. Forty four (44) slides were evaluated. CD147 expression was highest in the tumour
cells. C. Expression of CD147 in COX-2 positive and COX-2 negative feline OSCC biopsies.
Twenty-two (22) cases had positive COX-2 expression (grades 1 and 2) and 20 cases were COX2 negative (grade 0). One case did not have CD147 IHC staining results to accompany the COX2 results and could not be included in this part of the analysis. Each bar represents the percentage
of positive CD147 cases within the COX-2 positive and COX-2 negative groups. There was no
significant difference in CD147 expression. All statistical comparisons were made using Fisher’s
exact test (*p value <0.05).
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Figure 8. Expression of COX-1, COX-2 and CD147 in Human OSCC using RT-qPCR

A. RT-qPCR for COX-2 mRNA expression in human OSCC: Each bar represents the mean
fold-increase in COX-2 mRNA compared to serum deprived HN cells. 2-Hour serum exposure
significantly stimulated COX-2 expression in all 3 cell lines. Although there was a trend for
increased COX-2 expression in BHY cells, it was not statistically significant. B. RT-qPCR for
COX-1 mRNA expression in human OSCC: Each bar represents the mean fold-increase in
COX-1 mRNA compared to serum deprived HN cells. There was no significant effect of serum
exposure on COX-1 expression. Expression of COX-1 differed between the three cell lines in
serum deprived (*) and stimulated (**) conditions, with SCC25 cells expressing the most COX1. C. RT-qPCR for CD147 mRNA expression in human OSCC: Each bar represents the mean
fold-increase in CD147mRNA compared to serum deprived HN cells. There was no significant
effect of serum exposure on CD147 expression. Expression of CD147 differed between the three
cell lines only in serum deprived (*) conditions, with BHY cells expressing the most. BHY also
expressed the most CD147 under serum stimulation, but the results were not statistically
significant. D. ELISA detection of PGE2 in human OSCC cell lines: Each bar represents
mean PGE2 concentration in the conditioned medium (pg/ml per 100,000 cells). HN cells
secreted the least amount of PGE2 and SCC25 secreted the most PGE2. All statistical
comparisons of RT-qPCR data were made using Kruskal-Wallis test (*serum-deprived, p value
<0.05; **serum-stimulated, p value <0.05; #serum-deprived compared to serum-stimulated, p
value <0.05). PGE2 concentrations were log-transformed prior to analysis using one-way
ANOVA and Bonferroni post hoc test (*p value <0.05).

61

62

Figure 9. Expression of COX-1, COX-2 and CD147 in Feline OSCC using RT-qPCR
A. RT-qPCR for COX-2 mRNA expression in feline OSCC: Each bar represents the mean
fold-increase in COX-2 mRNA compared to serum deprived SCCF3 cells. Serum exposed
significantly stimulated COX-2 expression in all 3 cell lines. Expression of COX-2 differed
between the three cell lines in serum deprived (*) and stimulated (**) conditions, with SCCF2
cells expressing the most and SCCF1 cells expressing the least. B. RT-qPCR for COX-1
mRNA expression in feline OSCC: Each bar represents the mean fold-increase in COX-1
mRNA compared to stimulated SCCF2 cells. There was no significant effect of serum-exposure
on COX-1 expression. Expression of COX-1 differed between the three cell lines in serum
deprived (*) and stimulated (**) conditions, with SCCF3 expressing the most COX-1 and
SCCF1 cells expressing the least COX-1. C. RT-qPCR for CD147 mRNA expression in feline
OSCC: Each bar represents the mean fold-increase in CD147mRNA compared to serum
deprived SCCF3 cells. Serum exposure only had a significant effect on SCCF3 expression of
CD147. Expression of CD147 differed between the three cell lines in serum deprived (*) and
stimulated (**) conditions, with SCCF3 cells expressing the least CD147. D. ELISA detection
of PGE2 in feline OSCC cell lines: Each bar represents mean PGE2 concentration in the
conditioned medium (pg/ml per 100,000 cells). There was a trend for the highest PGE2 secretion
to be from SCCF3 cells, but this was not statistically significant. All statistical comparisons of
RT-qPCR data were made using Kruskal-Wallis test (*serum-deprived, p value <0.05; **serumstimulated, p value <0.05; #serum-deprived compared to serum-stimulated, p value <0.05).
PGE2 concentrations were log-transformed prior to analysis using one-way ANOVA and
Bonferroni post hoc test (*p value <0.05).
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CHAPTER 4
Discussion
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4.1. Rationale
Several studies have investigated the role of inflammation and cyclooxygenase enzymes
(COX-1 and COX-2) in human OSCC, but only one study focused on CD147 and COX-2
together.6 In that study, immunohistochemistry was used to determine COX-2 and CD147
expression in patients with hypopharyngeal squamous cell carcinoma, revealing a positive
relationship between COX-2 and CD147 expression. Additionally, CD147 and COX-2 were
associated with tumour invasion, lymph node metastasis and poor survival. The authors
concluded that COX-2 and CD147 have important effects on prognosis of these patients.6 This
thesis project was designed to determine if there was a relationship between cyclooxygenase
enzyme expression and CD147 expression in human and feline OSCC. Understanding the role of
COX enzymes and CD147 in OSCC will help determine if these factors can be targeted in order
to improve the prognosis for human and feline OSCC patients. In this study, COX-1, COX-2 and
CD147 expression was evaluated in biopsy tissue using IHC, and in human and feline OSCC cell
lines using RT-qPCR and PGE2 ELISA.

4.2. Expression of COX enzymes and CD147 in human and feline OSCC biopsies
IHC was attempted as a way to evaluate COX-1 expression in human and feline OSCC
biopsies. Consistent with published literature,335 the antiserum produced a positive signal in
feline intestinal goblet cells. Although replacing the COX-1 antiserum with normal rabbit serum
as a negative control produced less of a signal in the goblet cells, there was a high amount of
non-specific stain that was indistinguishable from the COX-1 antiserum reaction in human and
feline OSCC. Based on poor performance of the antiserum, COX-1 IHC was not selected for
further analysis. Instead, COX-1 was only evaluated in vitro by RT-qPCR. This poor IHC result
was surprising because Shibata et al. used it to demonstrate COX-1 expression in human OSCC
and oral dysplastic lesions.125 These investigators used a different antibody and it did not report
negative control information, so it is uncertain if their protocol was working in a specific
manner.123 Similarly, Mauro et al. found that COX-1 expression in human OSCC increased as
lesions progressed from normal to carcinoma, but the only negative control reported was the
omission of the primary antibody.30 This was challenging to correlate with the current study in
which removal of the antiserum also eliminated staining. The COX-1 IHC results on feline
tissues were similar to the human results in the current study. Replacing the COX-1 antiserum
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with normal rabbit serum (negative control) failed to eliminate a signal in feline OSCC biopsy
tissue, making the results unreliable for confident detection of COX-1. In contrast, Hayes et al.
found that COX-1 was widely expressed in all neoplastic tissues of feline OSCC biopsies, with
intense nuclear and cytoplasmic staining.343 In that study, adjacent histologically normal oral
mucosa showed weak COX-1 expression in comparison to neoplastic tissue.340 These
investigators appear to have used the same COX-1 antiserum that was used in the current study,
but at a lower concentration (1:400). Importantly, they used the antiserum with a purified rabbit
immunoglobulin fraction, which may have been more purified than the COX-1 antiserum used in
the present study. It should be noted that replacement of primary antibody or antiserum with
purified rabbit IgG in the current study produced minimal or no signal on OSCC biopsies. If
other studies didn’t include a normal serum control that matched the COX-1 antiserum, then it is
uncertain if the widespread COX-1 staining that has been reported is specific.
Thirty-seven (37) biopsies of human OSCC were stained for COX-2. COX-2 expression
differed between tumour cells, surrounding stroma and adjacent epithelium. The highest
expression was in tumour cells with 29.7% of biopsies having grade 1 and 5.4 % having COX-2
staining in tumour areas. This finding is similar to what was reported by Shibata et al. who found
that COX-2 was most highly expressed in OSCC, followed by that in dysplastic lesions and
normal gingiva.123 Studies showing higher COX-2 expression in OSCC tumour tissue compared
to dysplastic lesions and adjacent normal tissue have also been reported by Pannone et al.135 and
Cho et al.341 On the other hand, Mauro et al. found that peak COX-2 expression appeared to
occur during the dysplastic phase, and started to become down-regulated in carcinoma, although
expression was still increased compared to normal gingiva.29 Other studies have shown that
COX-2 expression is not limited to OSCC but has been shown in a variety of cancer types
including carcinomas of the breast,34 oral cavity35 and colon.36
The human OSCC study set was also stained for CD147. OSCC tissue showed widespread and
variable expression of CD147 with no significant differences between tumour, stroma and
overlying epithelium. These results are compatible with Vigneswaran et al. who found CD147
was expressed in normal gingiva and in hyperplastic, inflammatory, dysplastic and malignant
lesions, but they did find that expression increased with increasing degrees of dysplasia.342
Interestingly, CD147 was generally localized to the cell surface in their studies, whereas CD147
localization was cytoplasmic in this study. This difference may be due to differences in the
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antibody and protocol, which allowed cytoplasmic CD147 to be detected in the current study.
Similarly, Monteiro et al. found CD147 expression in OSCC tumour cells and normal mucosa
adjacent to tumours, with the signal localizing to the cytoplasm and cell membranes.297
Additionally, De Andrade et al. found strong expression of CD147 in a variety of locations in the
oral cavity (palate, buccal mucosa, oropharynx, retromolar trigone, buccal floor and alveolar
ridge), as well as in most low and high-grade OSCC.343 Although other investigators found a
relationship between increased CD147 expression and poor prognosis in patients with
OSCC344,345 as well as in patients with colon cancer287 and breast cancer,298 clinical parameters
and patient outcomes were not evaluated in the present study.
Forty-three (43) feline biopsies were evaluated for COX-2 and CD147 expression using IHC.
Similar to the human OSCC results, there were significant differences in COX-2 expression
between the different sites within feline OSCC samples (tumour, stroma and overlying
epithelium). The highest expression was found in tumour cells, although expression was still
generally low, with 35% of biopsies having grade 1 and 16 % having grade 2 COX-2 staining in
tumour areas. These results are consistent with Hayes et al. who found that 67% of neoplastic
feline OSCC cells had mild to moderate COX-2 expression, in contrast to the adjacent
histologically normal oral mucosa which had none.340 A similar study by DiBernardi et al.
showed that 6 of 34 (~18%) feline OSCC cases had high expression of COX-2, 22 (~64%) cases
had weak expression and 6 (~18%) cases had none.324 These findings were in contrast with Beam
et al. who found that COX-2 was only expressed in 2 of 21 (~9%) feline OSCC biopsies. They
also found that COX-2 had low expression in feline transitional cell carcinomas, and had no
expression in cutaneous squamous cell carcinomas, adenocarcinomas (mammary, pulmonary and
intestinal), lymphomas, or vaccine-associated sarcomas.346 In contrast, others have reported that
feline mammary cancer does express COX-2,347 which is also true for endometrial carcinoma.348
Some of the difficulties in comparing IHC results from different investigators can be due to
different staining protocols. Important differences include the concentration and source of
antibody, source of other reagents, and how different investigators define positive and negative
results. For example, Mauro et al. included normal samples of gingiva in their human OSCC
study, in contrast to the overlying and adjacent epithelium used in the present study. Adjacent
‘normal’ tissue included in the current study was probably not totally normal and may have had
early genetic changes due to exposure to carcinogens. In another example, when Hayes et al.
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reported that 67% of feline OSCC were COX-2 positive, most of these cases had COX-2 signal
in less than 1% of the tumour cells, with only 5 of 55 cases having 2-50% positive tumour cells.
In the present study, biopsies with less than 1% positive tumour cells were designated as
negative. Review of the literature also revealed that selection of negative controls (an important
part of IHC validation) is quite variable, with some investigators including isotype-matched
control antibody, while others simply replace the primary antibody with diluent.
Even though we cannot directly compare the expression of the markers in human and feline
OSCC as antibodies likely perform differently in these species, the results from the feline and
human IHC studies do show interesting similarities. CD147 expression in human and feline
OSCC was variable but generally widespread throughout the tumour cells, stromal compartment
and adjacent gingiva. Interestingly, there was a statistically significant increase in CD147
expression in feline tumour areas compared to stroma and adjacent gingival epithelium which
was not apparent in the human samples. COX-2 expression was significantly different between
compartments in both feline and human OSCC with the highest expression being in the tumour
areas. This supports the concept that COX-2 expression may be important in the pathogenesis of
OSCC, despite being expressed at detectable levels in only small portions of the tumour at any
given time. In the present study, a statistically significant relationship between COX-2 and
CD147 expression was not observed using immunohistochemistry.

4.3. Expression of COX-1, COX-2 and CD147, and secretion of PGE2, in human and feline
OSCC cell lines

RT-qPCR was performed on three feline and three human OSCC cell lines as a way to
determine if OSCC cell lines expressed COX-1, COX-2 and CD147 in vitro. Returning cells
to serum-containing medium after a period of deprivation stimulated expression of COX-2
in all human cell lines, but had a minimal effect on CD147 and COX-1 expression. This is
consistent with the inducible nature of COX-2 expression.349 SCC25 cells expressed the
most COX-1 and HN cells expressed the least. Although HN cells also expressed the least
CD147, it was BHY cells that expressed the most CD147 rather than SCC25 cells. Despite
no statistically significant differences in COX-2 expression between the human cell lines,
there was an interesting trend for COX-2 expression to be similar to CD147 expression.
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Specifically, BHY tended to have more COX-2 and CD147 expression and HN tending to
have the least of both. While it is possible that including additional cell lines or evaluating
gene expression in a greater variety of culture conditions could reveal a stronger
relationship between COX-2 and CD147 in vitro, the IHC data from 37 OSCC patients did
not support a relationship between COX-2 and CD147 in human OSCC. Further study of a
potential relationship between COX-2 and CD147 would benefit from the addition of other
methods of analysis. For example, Heller et al. reported that western blot use was more
accurate than IHC for determination of COX-2 expression in cell lines. Unfortunately, they
did not include RT-qPCR in their comparison,350 so the results could not be compared to the
current study.
This study confirmed that COX-1 and COX-2 are expressed in human OSCC cell lines.
This is compatible with the study by Moazeni-Roodi et al. which revealed that COX-2
expression was higher in OSCC tumour tissues compared to normal gingiva from healthy
individuals.351 Pannone et al. found that COX-2 was upregulated in OSCC samples from 15
out of 22 patients, and COX-1 expression which was up regulated in 11 of these 22.
Interestingly, they found that there was an inverse relationship between the expression
levels of COX-l and COX-2 in almost all cases.132 Another study showed that COX-2
expression was highest in OSCC, followed by that in oral lichen planus (a premalignant
lesion), and there was no expression of COX-2 mRNA in normal gingival tissue.352 As
mentioned previously, Mauro et al. used IHC to demonstrate that COX-2 expression was
higher in OSCC compared to normal gingiva, but was actually highest in dysplastic
lesions.29 They supported their findings by also using RT-PCR. They found COX-2 was not
expressed in normal gingiva, but COX-1 is normally expressed in gingiva and its expression
is upregulated in OSCC. While this current study has confirmed that COX-1 and COX-2 are
expressed in OSCC cell lines, normal gingival samples were not included for RT-qPCR
analysis.
In order to determine if OSCC cells secrete PGE2, a PGE2 ELISA was used to measure
PGE2 in the conditioned cell culture medium. All three human cell lines secreted detectable
levels of PGE2 into the medium, which is consistent with other studies.130, 127 HN cells
secreted the least amount of PGE2 and the RT-qPCR results showed that HN cells tended to
express the least COX-1 and COX-2 mRNA. SCC25 secreted the most PGE2 (these cells
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produced the most COX-1), followed by BHY cells (which expressed the most COX-2).
Although there was an interesting trend between CD147 expression, COX expression and
PGE2 secretion (HN cells producing the least CD147, COX-1, COX-2 and PGE2), the
robust secretion of PGE2 from SCC25 did not correlate with the relatively modest
expression of CD147 in these cells.
The three feline OSCC cell lines had differing expression of COX-1, COX-2 and CD147
mRNA, regardless of serum deprivation or serum stimulated conditions. Comparable with a
previous study,333 the SCCF2 cells expressed relatively high levels of COX-2 and SCCF3
cells expressed high levels of COX-1. In contrast with the human cell lines, RT-qPCR data
from the feline OSCC cell lines showed significant differences in COX-2 expression, but
the differences in PGE2 secretion were minimal and not statistically significant. It has been
previously shown that PGE2 secretion does not always correlate with COX-2 expression.
For example, HCT-116 (human colonic carcinoma) and RPMI 2650 (human nasal
squamous cell carcinoma) cell lines had low or absent PGE2 secretion despite high COX-2
expression shown by IHC and western blotting.350 It is important to remember COX-1 and
COX-2 expression are not the only factors that determine PGE2 synthesis and secretion.
Cervantes-Madrid et al. speculated that the FosB transcription factor regulates COX-2
expression in colorectal cancer cells without affecting PGE2 or COX-1 expression.353
Despite increased COX-2 expression, PGE2 secretion may be hampered by reduced levels
of PGE2 synthase (which is downstream of COX enzymes and converts PGH2 into PGE2),
or increased activity of 15-hydroxyprostaglandin dehydrogenase (PGDH) an enzyme which
inactivates PGE2.354 Expression of these enzymes should be evaluated in future studies.
Based on the combined data from human and feline OSCC cell lines, it appears that COX1 plays a role in OSCC secretion of PGE2. Feline SCCF2 cells made the most COX-2, but
surprisingly did not make the most PGE2. In contrast, feline SCCF3 cells made the most
COX-1 mRNA, and tended to secrete the most PGE2 into the culture medium. Similarly,
human SCC25 cells expressed the most COX-1 mRNA and secreted the most PGE2. These
findings suggest that OSCC expression of COX-1 could be an important source of PGE2
and tumour-associated inflammation, despite most attention being paid to COX-2
expression (and COX-2 inhibitors) in OSCC-related literature. Interestingly, Bottone et al.
reported that COX-1 inhibitors were more effective than COX-2 inhibitors against cancer of
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the colon in people.355 Additionally, the Pannone study looking at COX-1 and COX-2
expression in human OSCC also concluded that COX-1 should be considered as a
therapeutic target in the management of OSCC patients.132
This study supports previous work showing that the cyclooxygenase pathway is active in
both human and feline OSCC. Other similarities related to the COX pathway of
inflammation in human and animal diseases have been reported. PGE2 has been detected in
human and canine prostate cancer,356 and microsomal PGE synthase-1 (mPGES-1) and EP2
receptor have been shown to be expressed in canine and feline mammary cancer,357 similar
to human breast cancer.357 COX-2, COX-1 and PGE2 have been demonstrated in the feline
intestinal tract as they have in people, with cats being susceptible to intestinal lesions
secondary to NSAID usage, suggesting that the COX pathway functions similarly in the two
species.358, 335 In contrast, a study looking at COX-2 expression in feline pancreatic
adenocarcinoma revealed that COX-2 was not consistently expressed like it is in human
pancreatic cancer and that COX-2 inhibitors for the treatment of the feline form of the
disease may not be a good choice.359 This indicates that despite the similarities, it cannot be
assumed that the COX pathway is equally important in feline and human tumours. Feline
tumours and cell lines must be used in feline cancer research if improvements in cancer
treatments for cats are to be made.
This study showed that CD147 is variably expressed in the three human OSCC cell lines
evaluated. Vigneswaran et al. reported that CD147 is upregulated in oral pre-malignancy cell
lines.342 In a different study, CD147 mRNA was increased in OSCC tumour tissue compared to
normal adjacent tissues, and was higher in a human OSCC cell line (Tu686) compared to an
immortalized non-tumourigenic cell line (HaCaT).360 The authors concluded that upregulation of
CD147 plays a crucial role in OSCC progression.360 Furthermore, CD147 over-expression is
related to metastases in OSCC.361 This current study represent the first time that CD147 has been
investigated in cats. Although there is no veterinary literature specific to CD147 that can be
referred to, it appears that CD147 is expressed in feline OSCC similar to human OSCC. Studies
have shown that MMPs known to be activated by CD147 are expressed in feline tumours. This
includes MMP9 and MMP2 expressed in feline meningioma,362 and MMP9 in feline
lymphoma.363 Furthermore, a recent review article describes that MMPs are present in a variety
of animals including cats.364 CD147 is otherwise known as extracellular matrix metalloproteinase
71

inducer, and is related to MMP9 and MMP2 expression in human cancer, so it is not surprising
that CD147 would be expressed in feline and human OSCC. In the human OSCC cell lines, it
was interesting that HN cells had the lowest PGE2 secretion and the lowest CD147 expression. A
similar pattern was not observed in the feline cell lines, but actually demonstrated a trend that is
suggestive of an inverse relationship between CD147 and PGE2 secretion.
Research focusing on feline cancer can be challenging because commercially available kits
and antibodies are usually designed for human or rodent studies. The epitope sequence for the
CD147 antibody was not available, but according to Santa Cruz Biotechnology technical
support, the epitope sequence is 79% homologous to feline CD147. Based on predicted feline
amino acid sequences available in NCBI databases, the COX-2 antibody recognizes an epitope
that is 83% identical to feline COX-2, and the COX-1 antiserum recognizes an epitope that is
91% identical to feline COX-1. The use of a PGE2 ELISA to detect feline PGE2 was
previously done in a study which found that feline peripheral blood monocytes produce PGE2
as a result of COX-2 activity.324 Heller et al. also detected feline PGE2 secreted from SCCF1
cells.350 The PGE2 assay used in the current study was an ELISA marketed for the detection of
PGE2 from multiple species.
This study shows that CD147 and COX expression, as well as PGE2 secretion, can be quite
different among OSCC cell lines. Interestingly, the cell lines that secreted higher levels of
PGE2 (human SCC25 and feline SCCF3) also expressed the most COX-1. SCC25 and SCCF3
cell lines were both derived from OSCC from the tongue. Similarly, the cell lines with
relatively high COX-2 expression (human BHY cells and feline SCCF2 cells), were both
isolated from gingival OSCC, which raises the possibility that that the location of the tumour is
associated with the amount of COX-1 and COX-2 expression. In the IHC study of human
OSCC, most of the biopsies were from the tongue, and only 1 biopsy was from gingiva, so it
cannot be determined if the location of the tumour affected COX-2 expression in human OSCC.
In the feline IHC study, there was no apparent pattern of expression in the different locations.
Most of the human samples were from the tongue, and most feline samples were sublingual,
which is consistent with the published literature.323,365 Additionally, this study indicated that
gingival OSCC seems to be more common in cats than it does in people. Differences in
anatomic location of OSCC between the two species could be explained by the difference in
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risk factors and dental hygiene habits. More studies are needed to determine if COX expression
and PGE2 synthesis depend of the site of origin of the tumour cell lines.
The overall objective of this study was to determine if there was an association between COX
enzyme expression and CD147 expression in human and feline OSCC. CD147 expression from
adjacent serial sections of COX-2 positive and COX-2 negative tumours was compared, but no
significant differences were detected. Although there was a suggestion of a positive relationship
between COX-2 and CD147 in the human cell lines, the data was not statistically significant.
This is in contrast with Yang et al. who reported a strong correlation between COX-2, CD44v6
(a variant isoform of CD44 that regulates tumour invasion and metastasis), and CD147 using
IHC.6 Reasons for this discrepancy could include differences in the staining protocol, including
the fact that their COX-2 antibody was from a different company (Santa Cruz Biotechnology as
opposed to Cayman Chemical) than in the current study. As well, the CD147 antibody used in
the Yang study was more dilute (1:150) than that in the present study (1:100). Differences in the
biology of the tumours between the studies is also possible, as the Yang study focused on
hypopharyngeal SCC, while the current study focused on SCC of the oral cavity with fewer
tumours from the pharynx and larynx. Differences in patient demographics (Chinese patients in
the Yang study and Canadian patients in the current study) may carry with it different risk factors
and tumour biology. Finally, Yang et al. did not report on how their protocols were validated;
there was no information about positive and negative controls, so this may be a contributory
reason for differences from the current study.
The human OSCC biopsies used for IHC in this study were from patients in eastern Canada,
while the human OSCC cell lines were from Japanese patients. There are regional differences in
risk factors for development of OSCC, and therefore the critical molecular pathways in the cell
lines may not be representative of the OSCC samples in the IHC study. The types of mediators
regulating inflammation and invasion may be different. Ideally, it would be best to investigate
the pattern of expression in the same anatomic location and within the same ethnic group of
OSCC patients. That being said, the multifactorial and variable nature of cancer makes it
difficult to study naturally occurring neoplasms in highly uniform groups.
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4.4. Future directions and conclusion
Although a relationship between COX-2, PGE2 and CD147 was not supported by the findings
of this study, it appears that COX-1 may be a source of tumour derived PGE2 in OSCC cells in
some human cases. Therefore, COX-2 specific inhibitors might not be the best option for
reducing PGE2 in all patients. COX-1 as a therapeutic target for human and feline OSCC should
be considered in future studies. New COX-1 IHC protocols will need to be developed in order to
evaluate COX-1 expression in feline and human OSCC samples. Future in vitro studies should
include co-culture of tumour cells along with stromal cells and possibly immune cells in order to
provide a better model of the tumour microenvironment. Similarly, 3-dimensional culture
systems may be helpful, since it has been shown that gene expression in 2-dimensional and 3dimensional culture differ.366, 367 Future studies should also evaluate the role COX inhibitors on
CD147 expression and invasive behaviour of tumour cells.
For the first time, CD147 has been shown to be expressed in feline OSCC, and its potential as a
therapeutic target deserves additional study. This project revealed that COX-1, COX-2 and
CD147 may play a role in the pathogenesis of OSCC in both people and cats, supporting the idea
that pet cats can serve as a spontaneous model of human OSCC and may be useful in preclinical
trials for new human cancer treatments.
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