COMPARISON OF LOSS OF HETEROZYGOSITY PATTERNS IN
PRIMARY ORAL PREMALIGNANCY AND PREMALIGNANCY
ADJACENT TO ORAL CANCER
By

Ming Yeung (Cecil) Chau
B.Sc. (Hon.), University of British Columbia

THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF

MASTER OF SCIENCE

In the School
of
Kinesiology

© Ming Yeung Chau 2003
SIMON FRASER UNIVERSITY

August 2002

All rights reserved. This work may not be
reproduced in whole or in part, by photocopy
or other means, without permission of the author.



NAME:

DEGREE:

TITLE OF THESIS:

APPROVAL
Ming Yeung Chau

Master of Science

Adjacent to Oral Cancer

EXAMINING COMMITTEE:

Chair: Dr. Christine MacKenzie
Professor

—

Dr. Miriam Rosin
Senior Supervisor
Professor, School of Kinesiology
Simon Fraser University

Dr. Lewei Zhang V
Supervisor
Associate Professor, Oral Biological and Medical Sciences
Uni@ity of British Columbia

Dr. Wade Parkhouse
Supervisor
Professor, School of Kinesiology
Simon Fraser University

P

Dr. Michael Nimmo
External Examiner
Clinical Assistant Professor, Pathology & Laboratory Medicine
University of British Columbia

Date Approved: 19" August 2003

Comparison of Loss of Heterozygosity Patterns in
Primary Oral Premalignancy and Premalignancy



PARTIAL COPYRIGHT LICENCE

I hereby grant to Simon Fraser University the right to lend my thesis, project or
extended essay (the title of which is shown below) to users of the Simon Fraser
University Library, and to maké partial or single copies only for such users or
in response to a request from the library of any other university, or other
educational institution, on its own behalf or for one of its users. I further agree
that permission for multiple copying of this work for scholarly purposes may
be granted by me or the Dean of Graduate Studies. It is understood that
copying or publication of this work for financial gain shall not be allowed

without my written permission.

Title of Thesis/Project/Extended Essay
ch,aw*sm r/ﬁ Loss C’% HL‘PﬂxrchjoJ J' Pattrns in

j)’\;\me'}vf O/M Ff\lmixﬂf"wm and ?,UZ/N)J
(‘}(AJW:Z( To U/\A,Q W‘j W‘{/j

Author: anw
(signature) \

ﬂ’)'mo Mﬂw\wj Ciras

(name) . Jo

> M ,A(vtj 2003

(date)



Abstract

Head and neck squamous cell carcinoma (SCC) is one of the most common
human cancers, accounting for about 6% of all cancers in the western world and up to
40% in other parts of the world. SCC is believed to progress through sequential stages of
premalignant lesions (OPLs) from hyperplasia to dysplasia (mild, moderate and severe)
to carcinoma in situ (CIS) before finally becoming invasive SCC. The prognosis of
invasive SCC is poor, with a 5-year survival rate of less than 50%. This is primarily due
to a high rate of local-regional tumor recurrence in these patients (about 30 to 40%) as-
well as the development of second primary tumors (17% average). Apparently, the
current regimen of surgical removal of at least 1 cm of normal looking oral mucosa
beyond the clinical tumor is adequate for some patients but inadequate for others. At
present, pathological finding of SCC or CIS or severe dysplasia at the reséction margins
will invoke aggressive treatment, but there is no guideline for treatment when low-grade
dysplasia (mild/moderate) has involved the resection margins. Primary low-grade
dysplasia has a low cancer risk; however, it is not clear whether a similar degree of

dysplasia found adjacent to a tumor sample has a higher cancer risk.

A recent study from this laboratory has shown that microsatellité analysis for the
loss of heterozygosity (LOH) could identify high-risk OPLs. OPLs that later progressed
into cancer are characterized by a high frequency of multiple LOH and LOH at 3p &/or
9p plus loss at any of 4q, 8p, 11q, 13q or 17p (RR = 33.4) as compared to OPLs that did

not progress into cancer (Rosin et al. Clin. Cancer Res. 6:357-362, 2000).

iii



The objective of the study was to'compare the cancer risk of 75 primary OPLs (30
hyperplasia and 45 low-grade dysplasia) with 53 OPLs with similar histology but taken
adjacent to oral SCC (15 adjacent hyperplasia and 38 low-grade dysplasia) by
microsatellite analysis for LOH using the same primers as in our previous study: 3p14.2
(D351234, D3S1228, D3S1300); 4926 (FABP2); 4q31.1 (D45243); 8p21.3 (D&S261);
8p23.3 (D8S262); 8p23.3 (D8S264); 9p21 (IFNA, D9S171, D9S1748, D9S1751); 11q13.3
(INT2); 11q22.3 (D11S1778); 13q12.3-13 (D13S170); 13q14.3 (D13S133); 17p11.2

(CHRNBI) and 17p13.1 (53 and D17S5786).

The results showed there was no difference in LOH pattern between primary
hyperplasia and hyperplasia taken adjacent to oral SCC. However, compared to primary
low-grade dysplasia, low-grade dysplasia taken adjacent to SCC showed increased LOH,
particularly multiple LOH: 55% vs. 22% for > 1 LOH, P = 0.0029; and 50% vs. 11% for
>2 LOH, P=0.0002. Similarly the high-risk LOH patterns were observed more |
frequently in low-grade dysplasias adjacent to cancers as compared to the primary
lesions: 65% vs. 42% for LOH at 3p and/or 9p, P = 0.0483; and 57% vs. 18% for LOH at
3p and/or 9p plus other arms, P = 0.0004). Multiple losses and LOH pattern of 3p and/or
9p plus other arms are associated with marked by increased cancer risk. The LOH
frequencies on individual arms also differed. Low-grade dysplasia adjacent to cancers
had a significant increase in 4q and 11q losses. Our previous studies showed that LOH at
4q and 11q are rare in primary low-grade dysplasia but significantly increased in high-

risk lesions such as verrucous hyperplasia and severe dysplasia, or low-grade lesions that
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later progressed into cancer (Poh et al., 2000 and Rosin ez al., 2000). All of these suggest
that low-grade dysplasia adjacent to cancer should not be regarded in general as low-risk

lesions as morphologically similar primary lesions.

While dysplasias taken from adjacent to cancer have an overall higher molecular
risk as compared to those morphologically similar primary lesions, the results also
showed that about half or a little less than half of the low-grade dysplasias adjacent to
cancer were molecularly low risk judged by multiple losses (45% had not demonstrated >
1 arm loss and 50% had not demonstrated > 2 arm losses) or by LOH at 3p & 9p plus
other chromosome arms (43% did not have such loss). These results again illustrate the
value of molecular markers in triage lesions of different risks that allow aggressive
treatment of those low-grade dysplasias with high molecular risk to prevent tumor
recurrence on one hand but avoid unnecessary aggressive or mutilating surgery on the

other.
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1 Introduction

1.1 Oral Cancer and poor prognosis

Head and neck cancers account for approximately 6% of éll cancers in the
western world. The incidence is much higher in the Far East, and India in particular, with -
up to 40% of malignancies occurring in the head and neck region. Despite the recent
refinements and improvements in surgery, radiotherapy, and chemotherapy, the prognqsis
of oral cancer has not significantly improved during the past two decades: the 5-year-
survival rate is still less than 50% and is one of the lowest among the major types of
cancers (Crowe et al., 2002; Raybaud-Diogene et al 1996; Partridge et al., 1998; Tabor et
al 2001). This poor prognosis is largely due to a high-rate of local regional recurrence as
- well as development of second primary tumors (SPT) (Khuri et al., 1997; Califano et al.,
1996; Lippman and Hong, 1989; Tabor et al., 2001; Van Houten et al., 2002; Vikram et
al., 1994). Up to 30% - 40% of oral SCC will recur, the majority within 2 years of
treatment (about 70% in the first year and 20% in the second) (BC Cancer Registry).

The understanding of the mechanisms of local recurrence is critical for the improvement
of the dismal prognosis. The study of premalignant lesions is thus not only important in
the intervention and prevention of primary oral SCC but also is one of the keys to
understand recurrence and SPT, and such understanding should enable us to manage the
high-risk premalignant lesions before they become recurrent or SPT and hence improve

the poor prognosis of oral SCC.



1.2 Etiology of oral cancer

A combination of environmental and genetic risk factors are involved in the
pathogenesis of SCC of the oral cavity and that it involves. The main environmental risk

factors of oral cancer are tobacco usage and/or alcohol consumption.

Tobacco usage is the most important etiological factor for HNSCC (Andre et al
1995; Bundgaard et al 1994; Blot et al, 1988; Paterson et al 1996). All forms of tobacco
- cigarettes, pipes, cigars, and snuff and chewing tobacco - have been implicated in the
development of oral cancers (DHEW, 1973; Spitz and Newell, 1987; Winn et al, 1981).
For example, the incidence of HNSCC is as high as 40% in the Far East and India
(Saranath et al, 1993), where usage of both smokeless tobacco and smoking is a common
habit frequently starting at a young age. Chewing of bedi (tobacco rolled in a temburni

leaf) and reverse smoking are also prevalent in these regions.

It 1s well known that tobacco contains various carcinogens such as aromatic
hydrocarbons and nitrosamines. They can form DNA addicts and disturb base-pairing
during DNA replication. Chemical analysis reveals that smoke from a single cigarette is
composed of over 4,000 different constituents, including some components that are
pharmacologically active, toxic, mutagenic, or carcinogenic (DHEW, 1979). For
example, polynuclear aromatic hydrocarbons (PAHs) in tobacco smoke have been

implicated extensively in oral carcinogenesis, and 4- (methylnitrosamino)-l -(3-pyridyl)-



1-butanone (NNK) and N - nitrosonornicotine (NNN), which are commonly found in
both smokeless tobacco and tobacco smoke and were carcinogenic in rats, mice and
Syrian golden hamsters, likely play a major etiological role in oral cancer as well

(Brunneman et a/, 1982; Hoffman et al, 1995).

One important phenomenon for exposure to the myriads of carcinogens in tobacco
is the ‘field’ effect. For example, when a person smokes a cigarette, the whole field of
oral cavity together with many other organs and tissues (e.g. larynx, pharynx, trachea and
lung) are exposed to the carcinogens. Therefore, the whole field that has been exposed to

carcinogens will have an increased cancer risk.

The risk associated with alcohol consumption is not as well understood as
tobacco. It is not clear whether alcohol by itself is carcinogenic, since heavy drinkers
usually tend to smoke as well. Hence, it is difficult to separate the effects of alcohol on
carcinogenesis. Some believe that alcohol only acts as a co-carcinogen. The possible
mechanisms proposed for the co-carcinogenic effects of alcohol include the dehydrating
and irritating effect it has on mucosa, or the theory that it functions potentially as a
solvent for carcinogens, making it easier for carcinogen to be absorbed. The co-
carcinogenic effects may also result from liver damage by alcohol, which causes reduced
clearance of carcinogens. Hsu et al (1991) also suggested that ethanol may temporarily
inhibit DNA repair. There is no doubt, however, that combined usage of tobacco

products and alcohol markedly increases the risk of cancer development.



Beside tobacco and alcohol, other factors such as genetic predisposition and
human papilloma virus (HPV) are also related to carcinogenesis of the oral cavity.

The area of genetic predisposition to cancer is becoming more important. Many
studies have shown susceptibility could play a major role in determiniﬁg cancer risk, and
markers of susceptibility can be used in association with clinical and histological markers
(and the molecular markers discussed in this thesis) to predict cancer risk. However, it is
important to note that susceptibility is a complex issue that at present is very poorly
understood. Current reseqrch suggests that it involves the interactions of multiple genes
that produce proteins acting in concert to perform critical events. For example, several
polymorphisms have been suggested for genes that code for proteins that are involved in
the metabolism of carcinogens. Some of these proteins code for Phase I enzymes and
these in general act to activate procarcinogens to active forms that can damage DNA.
Such enzymes are normally counterbalanced by the activity of Phase II enzymes (e.g.
glutathione, glucuronide, etc.) that act to conjugate various chemical groups to the
activated carcinogens to detoxify them, thus preventing DNA damage. The balance
between metabolic activation and inactivation, as well as the actual level of carcino gén
exposure, are all important aspects involved in determining an individual’s risk of
developing cancer (Bell ef al, 1993; Butler et al, 1989; Feigelson et al, 1996;
Frederickson et al, 1994). Other areas in which genetic factors may impact on
susceptibility include variations in genes that affect proteins that control DNA repair
competence (Hsu ef al, 1983; Schantz and Hsu, 1989; Spitz and Bondy, 1993) or the

immune system. Such possibilities are only now being explored.



1.3 Histology of Oral Mucosa

The oral cavity is lined with mucosa, which is composed of the overlying
stratified squamous epithelium and the underlying lamina propria, commonly known as
connective tissue. The underlying connective tissue holds blood and lymphatic vessels as

well as nerves and muscle fibers.

The physical barrier that separates the overlying epithelium from underlying
connective tissue is called the basement membrane. It is composed of the extracellular
matrix, which gives a mechanical support for epithelial cells. This membrane consists éf
two layefs: basal lamina and lamina reticularis. The former is produced by the

epithelium, and the latter is produced by connective tissue (Fine, 1991).

The overlying stratified squamous epithelium is composed of three cell types;
basal cells, prickle cells, and cornified cells. The cuboidal-shaped basal cells form a very
thin layer (usually single-cell layer) that exists between epithelium and connective tissue.
The cells within this basal cell layer are the ones that have the caipacity to divide and give
rise to more new basal cells or differentiate into prickle ceﬂs (located in the upper part of
the epithelium). As the cells mature, they migrate toward the surface, changing their
shapes into more elongated and flattened forms. Once reaching the surface, they will

eventually be desquamated.



Like many other parts of the body with mucosa lining, such as the esophagus and
cervix, the majority of the oral cavity lining is not keratinized. However, some oral
epithelium regions susceptible to mechanical forces such as gingiva and hard plate are
covered with keratin and are referred to as masticatory mucosa (Wertz et al., 1993). This
mucosa serves as a very effective mechanical and permeability barrier. The dorsum of
the tongue is covered with a specialized keratinized epithelium and the mucosa is
attached tightly to the underlying tongue muscle (Wertz et al., 1993). The rest of the oral
mucosa, such as the buccal mucosa and the floor of mouth, is lined with non-keratinized
stratified squamous epithelium and the mucosae are more flexible, thus accommodating
the actions of chewing and speaking (Wertz ef al., 1993). Over 90% of oral malignancies
are squamous cell carcinoma (SCC), arising from this stratified squamous epithelial

tissue.

1.4 Histological Progression Model for Oral Cancer

Oral SCC is believed to be a result of a long time multistage carcinogenesis
process. This multistage process involves progression from normal to premalignant
lesions and finally invasive SCC. A premalignant or precancerous lesion has been
defined by the World Health Organization (WHO, 1978) as a morphologically altered
tissue in which cancer is more likely to occur than in its apparently normal counterpart.
In the oral cavity, premalignant lesions present clinically mostly as leukoplakias, and
sometimes as erythroplakia (WHO 1978). Leukoplakia is only a clinical term and means

a “white patch” and occurs on mucous membranes of the oral cavity as well as other



organs, such as the mucosa of the oropharynx, larynx, esophagus, and genital tract. Not
necessarily white, leukoplakias may also appear yellow to light brown, especially in
smokers. The World Health Organization (WHO, 1978) defines leukoplakia in the oral
cavity as a white patch or plaque of oral mucosa, which cannot be characterized clinically

or pathologically as any other diagnosable disease and cannot be removed by rubbing.

When a biopsy is taken, a leukoplakia will show microscopically hyperkeratosis
and/or epithelial hyperplasia (acanthosis) with or without epithelial dysplasia. The World
Health Organization has established the following criteria for histological diagnosis of
oral dysplasia (1978):

1. Loss of basal cell polarity

2. More than 1 layer of basaloid cells

3. Increased nuclear to cytoplasmic ratio

4. Drop-shaped rete ridges

5. Irregular stratification

6. Increased and abnormal mitoses

7. Mitotic figures in the superficial half of the epithelium
8. Cellular pleomorphism (variation in shape and size)

9. Nuclear hyperchromatism (dark staining nuclet)

10.  Enlarged nucleoli

11.  Reduction of cellular cohesion
12.  Keratinization of single cells or cell groups in the spinous cell
layer



Pathologically, dysplastic lesions are further divided into mild, moderate, and
severe forms depending upon how much of the epithelial tissue are dysplastic. In mild
dysplasia, the dysplastic cells are confined to the basal layer and the cells exhibit the
smallest degree of above described changes. With moderate and severe dysplasia, the
epithelial layers involved and the severity of the cellular changes are progressively
increased. In carcinoma in situ, the dysplastic cells occupy the entire thickness of the
epithelium (bottom to top changes) although the basement membrane is still intact.
Invasion of the dysplastic cells through the basement membrane into the underlying
stroma and/or the dissemination of these cells to other sites through lymphoid and

circulatory systems are events associated with development of invasive SCC.

The presence or absence of dysplasia, and the degree of dysplasia, is believed to
have a huge impact on the malignant risk of the premalignant lesions. *All studies to date
have shown that leukoplakia with dysplasia has a higher malignant risk than leukoplakia
without dysplasia. A large clinical study by Silverman ez al (1984) found that during a
mean onset of 7.2 years after presentation, more than 36% of leukoplakia lesions with
microscopic epithelial dysplastic features eventually underwent malignant transformation
whereas leukoplakia without dysplasias only demonstrated a malignancy rate of 15%.
The risk of dysplasia and degree of dysplasia is further demonstrated by studies from the
uterine cervix and other systems and organs including skin and respiratory system. As a

result, currently the gold standard for judging the malignant potential of premalignant



lesions in these organs and systems, including the oral cavity, is the presence and degree

of dysplasia. '

Using these criteria, a histological progression model has been established for the
oral cavity (Fig. 1). Premalignant lesions are classified histologically into categories with
progressively increased risk of becoming invasive SCC: epithelial hyperplasia (without

dysplasia), mild, moderate and severe dysplasias, and carcinoma in situ (CIS).

Figure 1. Histological progression model of oral premalignant and malignant

lesions
CIs SCC
Mitd Moderate Severe
dysplasia dysplasia  dysplasia
Hyperplasia
Normal {wxgut gsplasia) l

Other factors also affect the malignant potential of oral premalignant lesions.

These include location and duration of the lesion, gender of the patient, appearance of the
lesion (homogenous versus non-homogenous), and presence of Candida albicans (Waal

etal., 1997). Most studies on the malignant transformation of oral premalignant lesions



have been done on leukoplakias (clinical presentation of oral premalignant lesions),
frequently without knowledge of dysplasia for all the study cases. The reported
malignant risk for leukoplakia varies from study to study, ranging from as low as 0.13%
to as high as 50% depending upon the patient population and follow-up time (Lumerman
et al., 1995; Papadimitrakopoulou and Hong, 1997; Schepman et al., 1998; Silverman et

al,, 1984).

15 Tumor recurrence and second oral malignancy (SOM)

The prognosis of oral SCC is poor and the 5-year survival rate is around 50%, one
of the poorest among the major human cancers, despite technical advances. This is
primarily due to a high rate of local recurrences and development of second primary

tumors.

If there is a tumor occurring from the previous tumor site (the index tumor site),
this could include two things: one is recurrence and the other is second primary tumor if

the lesion occurs 3 years (some call it 5 years) after the primary tumor.

When new tumors appear at the previous oral SCC sites (the index tumor sites),
they mostly represent tumor recurrences that develop from tﬁe outgrowth of residual
tumor cells or high-risk premalignant cells left behind. The latter has also been called
second field tumors (SFT), a term proposed by Braakhuis and his colleagues (2002) for

those derived from the same genetically altered mucosal field as the primary tumors. In

10



addition, these tumors could also represent SPTs and local metastasis. To differentiate
recurrences from SPTs, most investigators currently use the criteria of that Warren and
Gates that were published in 1932. A recurrent tumor is defined to be at the site of the
index tumor or a contiguous site of the index tumor and occur within a certain time
interval of the index tumor. A second tumor is called a SPT when the second malignancy
is histologically different from the index tumor or topographically or chronologically
distinct from it, and the probability of one being a metastasis of the other can be

excluded.

The histological evaluation for assessment of malignancies and similarity between
the index and the second tumor is easy and well accepted. Histological assessment could
easily idéntify second primary tumors if the types of malignancies are different. For
example, if the index tumor is a squamous cell carcinoma and the second tumor from the
same site is an adenocarcinoma, then the second tumor could not be a recurrence of the
index tumor but is a second primary tumor. On the other hand, if the second tumor is
also a squamous cell carcinoma of similar or close grade, then histologically the

possibility of a recurrence cannot be ruled out.

The criterion of topographical distinction for differentiation between recurrences
and second primary tumors is under debate. There is no common agreement on what
distance should lie between the index tumor and the second tumor. Some say 1.5 cm
(Scholes et al., 1998), others take at least 2 cm (Hong et al., 1990; Shin et al., 1996, van

de Tol et al., 1999), while more recent studies suggest at least 3 cm (Tabor et al., 2002).
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The criterion of chronological distinction for differentiation between recurrences
and second primary tumors is also under debate. Since the vast majority of SCC recurs
within 5 years of treatment, tumors developed from the same site beyond the 5-year span
may be regarded as a new tumor. There is, however, no hard evidence available to
support this presumption (Funk et al., 2002). More recent studies have shown that the
chronological distinction time should be 3 years (Leong et al., 1998; Shin et al., 1996).
Still others do not believe in the chronological distinction and one group proposed that
any subsequent SCC at the index tumor site or direct vicinity (<2 cm) of the indexed
primary tumor, regardless of the time from the primary tumor, should be considered as a

recurrence (van de Tol et al., 1999).

The difficulty in differentiation between recurrences and second primary tumors
has been demonstrated by recent molecular evidence that tumors defined by the above
described traditional criterion as second primary tumors could in reality be tumor
recurrence (see discussion bellow). Furthermore, the differentiation of local metastasis
from recurrence could be even harder. The term “second oral malignancy” (SOM) has
been coined for second tumors occurring at the index tumor sites without differentiating

between recurrences and SPTs.
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L6 Development of second oral malignancies

There are two theories regarding the development of SOMs (recurrences and

SPTs): the traditional field cancerization theory and the clonal expansion theory.

1.6.1 Traditional concept of field cancerization

The prevailing theory that supports the usage of topographical distinction as a :
criterion in the differentiation of recurrent tumor from second primary tumor is the field
cancerization theory proposed by Slaughter ez al. in 1953. According to this theory, the
whole field, for example the oral cavity, under the repeated exposures of carcinogens will
undergo multiple independent genetic alterations, which could give rise to multiple
tumors unrelated to each other. The following points were used as supporting evidence:
1) several distinct lesions within the same resection specimen, 2) margins of normal
mucosa around a tumor with another noncontiguous area of dysplasia or contiguous area
of dysplasia, 3) several small distinct premalignant lesions could coalesce to form a

tumor; 4) the high incidence of second primary tumors found in this patient population.

1.6.2 One clone expansion theory
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On the other hand, more recent studies have shown that topographically quite
distinct tumors (classified traditionally as second primary tumors) share some or even all
genetic changes indicaﬁng the two tumors are related (Califano et al., 1999; Partridge et
al., 2001). Sidransky et al. (1992) studied patients with multifocal bladder carcinoma
and found that all tumors seemed to have arisen from one clonal population. Bedi et al.
(1996) later found out the same clonal expansion also happened in HNSCC. Additional
evidence in a small group of head and neck SCC patients suggested that at least a
proportion of multiple SCC arise from a single clone. Although the concept that
precancerous change extends beyond the macroscopically visible tumor is widely
accepted, the extensive expansion of a single clone is only recently scientifically

demonstrated.

Califano ef al. in 1999 examined mucosa surrounding invasive head and neck
tumors and found similar genetic mutations occurring in the histologically abnormal
mucosa as were present in the tumor. Thus similar events are occurring in surrounding
mucosa with histologic abnormalities and the adjacent invasive tumor. At least a poﬁion
of these appears to involve a clonal pattern of growth from a single progenitor cell. They
also found that a squamous cell carcinoma of the esophagus was similar genetically to an

oropharyngeal squamous cell carcinoma in one patient (Califano et al., 1999).
Based on these déta, Sidransky et al has proposed an alterative hypothesis, the

clonal expansion theory (Califano et al., 1999, 2000; Mao et al., 1994; Sidransky et al.,

1992b). This theory states that in some patients, instead of multiple independent genetic
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events, there are widespread clonal migrations of one genetic event through the whole
aerodigestive tract. This can be through migration of tumor cell, for example, by saliva
(micrometastases), and by intraepithelial migration of the progeny of the initially
transformed cells. With this theory, topographically distinct tumors could either be
‘identical’ (hence tumor recurrence) or pértially related (that is, the new tumor is derived
from similar premalignant field as the first tumor and hence share the early genetic

events).

In summary, both the traditional field cancerization theory and the new clonal
expansion theory indicate that the mucosa surrounding the oral squamous cell tumor - ‘

could contain genetic/morphological abnormalities.

In this study, dysplasias adjacent to SCC were examined to determine the risk for
the adjacent dysplasia to progress into cancer in the future. In addition, by looking into
the different genetic alterations between SCC and their adjacent dysplasia, we may have a

better understanding of field cancerization and clonal expansion.

1.7 Treatment of oral SCC: Should low-grade dysplasia be

left?

Treatment of primary oral tumors in British Columbia Canada usually involves

surgery, irradiation or both.
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The surgical removal of oral SCC aims for at least 1 cm of normal-looking
mucosa margin (Al-Rajhi et al., 2000; Juan et al., 2001) although frequently only 5 mm
margin is included because of the location of the tumor and impossibility of removal of a
large normal-looking mucosa margin (Brown et al., 2002; Tabor et al., 2001). For
radiation therapy, the rate of radiation delivery, fraction size, field of radiation, and
radiation source varies depending on individual patient status and previous surgical
intervention. Patients may undergo radiation therapy for 3-7 weeks with a total dose
ranging from 3,000 to >7,000 centigray (cGy), depending on tumor type and location

(BC Cancer Agency Dentistry website).

The treatment of a second primary tumor (SPT) is similar to a primary tumor, but
the chance of recurrence must be ruled out first. In B.C., recurrence of any tumor is
defined as tumor appears within 3 years after the first diagnosis, and the location of the
second tumor is within 3 cm of the first one. Recurrence is treated aggressively
disregarding the stage and grade of the tumor. Treatment usually involves the

combination of surgery and radiotherapy (BC Cancer agency website).

Surgical resection margins are evaluated histologically. Currently, if high-grade
dysplasia (e.g. severe dysplasia) has involved the resection margin, aggressive treatment
will be employed to eradicate these high-grade dysplastic changes because of the high
likelihood of cancer progression and the development of tumor recurrences. However,
when low-grade dysplasia has involved the biopsy margin, there is no general agreement

on whether further treatment is needed. Therefore, many of these lesions are left
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untreated. It is not clear whether these low-grade dysplastic changes have higher cancer
risk than those morphologically similar but from patients without a history of cancer. If
these low-grade lesions are of high cancer risk, they may contribute to the high
recurrence of oral SCC if left untreated. This thesis will try to address this issue by
comparing the molecular profiles of low-grade dysplasias from adjacent to oral SCC and
those primary low-grade dysplasias. In the following section, genetic changes in oral

premalignant and malignant lesions will be reviewed.

1.8 Genetic changes found in oral cancer

It is now well established that clonal evolution of cancer is due to a progressive
accumulation of critical genetic alterations. The genes include at least two large groups:

oncogenes and tumor suppressor genes (TSGs).

Oncogenes are derived by the mutation of normal cellular genes termed proto-
oncogenes. Protofoncogenes act in a dominant fashion to positively regulate cell growth
and differentiation. They include genes for growth factors, growth factor receptors,
protein kinases, signal transducers, nuclear phosphoproteins, and transcription factors.
Mutation of these proto-oncogenes to oncogenes can alternate the structure and activity in
coded proteins. Many oncogenes have been identified in the literature; however, few of
them have been reported to express in HNSCC. Some of the oncogenes that have been
found altered or expressed at abnormal levels in head and neck cancers are ras, cyclin-

D1, myc, erbB, bcl-1, bcl2, int-2 (Frederick et al.; 1999; Namazie et al., 2002; O-
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charoenrat et al., 2002; Roh et al., 2000; Squire et al., 2002; Takes et al., 2001; Xu et al.,

1998). .

In contrast, TSGs function antagonistically with cellular proto-oncogenes to
negatively regulate cell growth and differentiation. The functions of TSGs must be lost in
order for tumorigenesis to occur. According to Knudson’s hypothesis (1985), both copies
of a tumor suppressor gene have to be inactivated for its protective function to be lost in a
cell.. Current literature suggests that this process involves two separate events, the first
quite often involving a point mutation in one allele, followed by loss of loci containing
the wild type gene in the remaining allele. Some of the TSGs involved in head and neck
cancers include p53, Rb (retinoblastoma), and p16INK44 (Gallo et al., 1999;; Jares et al.,
1999; Liggett et al., 1999; Papadimitrakopoulou et al., 1997; Partridge et al., 1999; Sartor
etal., 1999; Van Houten et al., 2002; Weber et al., 2002). Other potential candidates are
FHIT (fragile histidine triad), APC (adenomatous polyposis coli), doc-1, VHL (the gene
responsible for von Hippel-Lidau syndrome) and TGFBR?2 (the gene coding for
transforming growth factor type II receptor) (Mao et al., 1998 and 1996; Mao EJ et al.,
1998; Paterson et al., 2001; Pavelic et al., 2001; Todd et al., 1995; Uzawa et al., 1994,

Waber et al., 1996).

This meticulous balance between growth inducers (coded by proto-oncogenes)
and suppressors (coded by tumor suppressor genes) controls the rate of division in normal
cells. These genes are altered through a multistep process in which a cell accumulates

many genetic changes, breaking the balance of normal cell growth and leading to the
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malignant phenotype. Recent advancement in the techniques of molecular analysis has
rapidly revolutionized our ability to look at these genetic alterations. My research will

focus on loss of tumor suppressor genes (TSGs).

Functional loss of TSGs is one of the most common genetic alterations during
carcinogenesis. Therefore, defining chromosomal regions harboring biologically
important suppressor genes may have broad practical implications not only on our
comprehension of progression of tumors but also on the clinical management of cancers
and premalignant lesions. This thesis has studied regions of chromosome loss that
contain presumptive TSGs by employing a polymerase chain-based microsatellite

analysis for loss of heterozygosity (LOH).

1.9 Loss of heterozygosity (LOH) as a genetic test

1.9.1 Whatis LOH?

LOH is defined as a loss of genomic material (as small as a few thousand
nucleotides to as large as a whole chromosome) in one of a pair of chromosomes. The
LOH assay is designed to assess polymorphic chromosomal regions that map close to or
within putative or known recessive cancer-related genes. The concept of LOH is
consistent with Knudson’s two-hit hypothesis, which states that inactivation of one of the

two alleles by either a germline or somatic mutation will provide a growth advantage to a
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tumor cell because only one more inactivation of the remaining allele is needed. LOH
analysis has been employed as a means of identifying critical loci containing TSGs,
which subsequently led to the discovery of several important TSGs, including the
retinoblastoma (Rb) gene and the genes responsible for multiple endocrine neoplasia type
1 (MENI), the nevoid basal cell carcinoma syndrome (NBCCS), adenomatous polyposis
coli (4PC), and neurofibromatosis type I and I (NFI and NFII, respectively) (Ah-See et

al., 1994 and Fearon et al., 1997).

Two methods have been available for the study of LOH or allelic loss: the more
classical approach of restriction frequent length polymorphism (RFLP) analysis, and the
newer method of microsatellite analysis. This thesis employed microsatellite analysis for
at least two reasons. First, microsatellite repeat markers are highly polymorphic and
well-distributed throughout the human genome. They show levels of heterozygosity
- between 30-80%, significantly above the level observed with the RFLP analysis based on
base substitutions at endonuclease recognition sites. Second, this PCR-based approach is
much more sensitive than the RFLP analysis and requires only small quantities of DNA
(5 nanograms or less per reaction). For these reasons, the microsatellite analysis
procedure has become the major tool for the majority of current LOH studies of oral

premalignant lesions, which tend to be small lesions compared to invasive SCC.
Microsatellites contain runs of short and tandemly iterated sequences of di, tri, or

tetranucleotides, such as GTGTGT... or GTAGTAGTA... or GTACGTACGTA....

These short repetitive DNA sequences are called microsatellites. The number of such
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tandem repeats is found to be highly polymorphic in the population, with each individual
typically containing a different number of copies (generally 4 to 40) of the repeat at each
particular locus. In addition, they are well interspersed throughout the human genome
(e.g., estimated every 30-60 KB for CA repeats) and are highly conserved through
successive generations (Ah-See et al., 1994). Testing of highly polymorphic
microsatellite markers from a specific chromosomal region allows rapid assessment of
allelic loss by comparing the alleles in tumor DNA to normal DNA. Therefore
microsatellites are a good way to research the TSGs either close to or within these
chromosome spots. Loss of heterozygosity suggests that a putative tumor suppressor

gene nearby is also lost.

Figure 2. Schematic view of loss of heterozygosity

Narmal cells D}rspiastic cells

21



1.9.2 LOH in oral cancer

Recent studies including those from this lab have shown that the loss of specific
regions of chromosomes that contain tumor suppressor genes is a common event in oral
SCCs. In this thesis, microsatellite markers on chromosome arms 3p, 4q, 8p, 9p, 11q,
13q and 17p were used, since they have been reported to lie within regions most

frequently lost in oral SCCs. Each of these regions will be discussed briefly.

Chromosome 3: High frequency of LOH at chromosome 3p has been
reported in head and neck cancers (Table 1 in the appendix). The losses appear to centér
around 3p13-21.1, 3p21.3-23, and 3p24-25 (Maestro et al., 1993; Partridge et al., 1999,
1998; Partridge et al., 1996; Roz et al., 1996; Scully et al., 1996). Studies have shown
that LOH at 3p at early stage tends to be located in small regions and only at one of the 3
locus; whereas with pro gression of the carcinogenesis, a larger region of losses or loss at
all three loci are noted at 3p. The increasing number of regions showing allele loss at 3p
(3p 12.1-14.2, 21.3-22.1 and 24-26) is consistent with the progressive accumulation of

genetic errors during the development of oral SCC (Partridge et al., 1996).

Each of the three regions is presumed to contain at least one putative TSG.
Within the region of 3p14.2 exists one of the most common fragile site locus, called
FRA3B, in the human genome. Fragile sites are portions of chromosomes that are
extremely weak and break easily. Consequently, these weak areas may be easy targets for

carcinogens such as those found in tobacco. The gene, FHIT (fragile histidine triad), was
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recently identified at this fragile site and appears to be involved in various cancers such
as esophageal, gastric, colonic, breast, cervical, small cell lung, and head and neck
carcinomas (Mao et al., 1996a; Ohta et al., 1996; Pennisi et al., 1996; Sozzi et al., 1996;
Wilke et al., 1996 and Wu et al., 1994). It encodes a protein with 69% similarity to a
Schizosaccharomyces pombe enzyme, diadenosine 5°, 5’-P1, P4-tetraphosphate (Ap4A)
asymmetrical hydrolase which cleaves the AP4A substrate into 5’ - ADP and AMP.
Current theories suggest that diadenosine tetraphosphate may accumulate in the cells in
the absence of the normal expression of the gene and may eventually lead to DNA

synthesis and cell replication (Mao et al., 1996).

Several recent studies have shown that FHIT may be significantly involved in oral
SCC development (Croce et al., 1999; Mao et al., 1998; Tanimoto et al., 2000; van
Heerden et al., 2001) and suggest that alteration to this gene may play an important role
in the early stage of development of this cancer (Mao et al., 1996). It was recently
suggested in some tissues and organs, particularly those associated with exposure to
environmental carcinogens, alterations in FHIT occur quite early in the development of
human cancer (Croce et al., 1999). Croce et al. concluded that FHIT loss in bronchial
tissue indicates the occurrence of genetic alterations associated with the early steps of
carcinogenesis. LOH at 3p14 has been shown to be involved in oral premalignant lesions

(Mao et al., 1996; Rosin et al., 2000, 2002; Sukosd et al., 2003; Uzawa et al., 2001).

Until now there is sufficient evidence for only one gene, FHIT, to be responsible

for the LOH at the region 3p14.3, although the evidence in support of it being a TSG is
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still considered to be controversial (Mao et al., 1998). TSGs that are responsible for
LOH at the other two regions (3p24-pter, and 3p21.3) are still not clear. For example, the
region of 3p24-25 contains the VHL gene, which is thought to be a member of a novel
class of glycan-anchored membrane proteins that function in signal transduction and cell
adhesion (Waber ez al., 1996), and its alteration has been reported especially in VHL-
associated cancers (van den Berg et al., 1997; Kok et al., 1997 and Decker et al., 1997).
Uzawa et al. also mentioned the possibility that the VHL gene may in involved in oral
SCC development (1998). However, mutations of the VHL gene could not be identified
and the VLH gene was not inactivated by hypermethylation in HNSCC.
Hypermethylation is an alternative méthod of inactivity of a gene that does not require -
direct mutation to the gene. It is possible that allelic loss of chromosome arm 3p in
HNSCC involves regions surrounding the VHL locus but does not include the VHL gene.
Another TSG in HNSCC may exist in the regions surrounding D3S 1110 at 3p 25

(Uzawa et al., 1998; Waber et al., 1996).

Chromosome 9: LOH on 9p is by far the most commonly reported
chromosomal defect in head and neck cancers, with LOH reported in 72% of malignant
lesions. The most commonly affected region is chromosome 9p21-22. In addition, LOH
at 9p22-q23.3 is also common (> 70% of head and neck cancers) (Lydiatt et al., 1998 and
Nawroz et al., 1994). The putative TSGs are near the interferon locus and are not clearly

identified.
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At 9p21, the prime TSG candidate involved in head and neck cancers is pI6 (also
know as MTS-1 for major tumor-suppressor 1, INK4a for inhibitor of cyclin-dependent
kinase4a, and CDKN24 for cyclin-dependent kinase inhibitor 2A). The TSG pl6
(INK4A/MTS-1/CDKN24) encodes a cell cycle protein that inhibits cyclin-dependent
kinases (CDK) 4 and 6, preventing phosphorylation of Rb protein and consequently
inhibiting the cell cycle transition of the G1-S phase (Reed ez al., 1996). The major
biological effect of p16 is to halt cell-cycle progression at the G1/S boundary. The loss
of p16 function may lead to cancer progression by allowing unregulated cellular

proliferation (Stott et al., 1998).

Although mutations of this gene are not apparently frequent in oral cancer, this

- might suggest that either this gene is inactivated by an alternative mechanism such as

homozygous deletion or by methylation of the 5°CpG-rich region, which results in a
complete block of gene transcription (Matsuda et al., 1996; Merlo et al., 1995;
Papadimitrakopoulou et al., 1997 and Rawnsley ez al., 1997). Reed et al. (1996) and
Papadimitrakopoulou et al. (1997) found that ~80% of the head and neck cancers and
premalignant lesions were p16 inactivated at the protein and/or DNA level and suggest
that inactivation of p16 may play an important role in early head and neck cancer
development. Alternatively, other tumor suppressor genes may exist in this region

(Dawson et al., 1996; Reed et al., 1996 and Waber et al., 1997).

Chromosome 17 LOH on 17p has been reported in 50% of head and neck

cancers, most frequently involving 17p13 and 17p11.1-12 (Adamson et al., 1994; Field et
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al., 1996; Nawroz et al., 1994). The region 17p13 harbors the gene p53 (17p13.1), which
has been reported to have the highest frequency (~50%) of mutations in human cancers.
Mutation at p53 is also one of the most common events in HNSCC (Van Houten et al.,
2002). TP53 protein functions as mediator in several activities, including transcription
activation, DNA repair, apoptosis, senescence, and G1/G2 cell cycle inhibition. In
addition, increasing evidence has showed that a region, defined by the cholinergenic
receptor B1 (CHRNB1) locus at 17p11.1-12, which is tightly linked to the p53 regions,

may contain a novel TSG.

Chromosome 4 LOH on chromosome 4 has been studied in cancers of
many systems and organs including hepatocellular, bladder, ovarian, and cervical
cancers. The putative tumor suppressor locus was localized to a region near the
epidermal growth factor gene on 4925 and 4q24-26. Loss at 4925 occurs in 70% of head
and neck cancers (Pershouse et al., 1997) and loss at 4q26-28 occurs in 47% (Bockmihl
et al., 1996; Califano et al., 1996; Koch et al., 1999). The combination of allelic
deletions and chromosomal transfer studies strongly suggests the presence of a TSG
within 4q24-26. This region was involved in >80% of the tumors examined, suggesting
that a putative chromosome 4q TSG may play an important role in the evolution of

HNSCC (Pershouse et al., 1997).

Chromosome 8: | Investigation of 8p regions in head and neck squamous
carcinoma has shown a relatively high incidence of alterations (31%-67%) (Ah-aee et al.,

1994; Bockmuhl et al., 1996; Califano et al., 1996; EI-Naggar et al., 1995; Field et al.,
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1995; Li et al., 1994; Scholnick et al., 1996 and Wu et al., 1997). Deletion mapping of
oral and oropharyngeal SCC defines three'discrete areas on chromosome arm 8p: 8p23,
8p22, and 8p12-p21 (EI-Naggar et al., 1995; Ishwad et al., 1999; Wu et al., 1997).
Several studies have linked allelic loss at 8p to a higher stage (Wu et al., 1997) and poor

prognosis (Li et al., 1994 and Scholnick et al., 1996).

Chromosome 11: LOH on human chromosome 11 has also been commonly
reported in a variety of hurﬂan cancers, including HNSCC (39%-61%) (Bockmuhl et al.,
1996; Califano et al., 1996; EI-Nagger et al., 1995; Lazar et al., 1998; Nawroz et al.,
1994; Uzawa et al., 1996; Venugopalam et al., 1998). The common region of loss at this
chromosome seems to be near the INT-2 locus at 11q13 (Nawroz et al., 1994). Itis
possible that some of this region's allelic imbalance may be due to amplification rather
than LOH (Nawroz et al., 1994). Amplification of this region associated with poor

prognosis was also reported (Papadimitrakopoulou et al., 1997).

Chromosome 13: More than half of HNSCCs shows LOH of 13q in regions
close to the RB (retinoblastoma) locus, but not RB gene (52-67%) (Bockmubhl et al.,
1996; Califano et al., 1996; Maestro et al., 1996; Nawroz et al., 1994; Ogawara et al.,
1998). A hot spot of D13s133 at 13q14.3, which lies just telomeric to the RB gene, was
reported (Yoo et al., 1994). A recent study done by Ogawara ef al. showed LOH on
13q14.3 correlated with lymph node metastasis of oral cancer (P < 0.0024). Their results
also suggest that LOH on 13q i1s a common event in oncogenesis and/or progression of

oral SCC and the existence of a new suppressor gene near D/35273-D13S5176 loci which
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may play a role in these events since no significant variation in RB protein expression
was detected (Ogawara ef al., 1998). The study of Harada et al. (1999) confirmed that
LOH in chromosome 13 showed a significant correlation with lymph node metastasis in
esophageal squamous cell carcinoma, as well as HNSCC. They reported that an

unidentified TSG(s) in region 13q12-13 might be involved.

1.10 Molecular progression model for oral cancer

In the late 1980s, Fearon and Vogelstein, among the first people to describe
molecular progression, suggested that a) tumors progress via the activation of oncogenes
and the inactivation of TSGs, each generating a growth advantage for a clonal population
of cells; b) specific genetic events generally occur in a distinct order of progression; but
c) the order of progression is not necessarily the same for each individual tumor, and
therefore it is the accumulation of genetic events that determines tumor progression. It
has been estimated that at least 6-10 independent genetic events are required in order for
head and neck cancers to occur (Emilion ez al., 1996). It is now accepted that the
histologic progression of oral cancer (from hyperplasia = mild dysplasia = moderate
dysplasia = severe dysplasia > CIS = SCC) is underlain by the accumulation of such
changes to critical genes. In a landmark study by Califano and his colleagues (1996),
LOH was investigated in a whole spectrum of oral premalignant lesions including
hyperplasia, dysplasia, CIS, and SCC. The study proposed a genetic progression model
for oral carcinogenesis. The model proposes that LOH at 9p is the earliest event

associated with transition from normal to benign hyperplasia; LOH at3pand 17pis
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associated with dysplasia, whereas CIS and SCC were characterized by additional

deletions on 4q, 6p, 8p, 11q, 13q, and 14q.:

1.11 LOH in oral premalignant lesions

Since tumorigenesis is a sequential accumulation of genetic alterations, analysis
of early and late stage lesions may define the genetic changes associated with the
development and progression of HNSCC. Few studies have investigated the
premalignant stages of the lesions while there are many studies of LOH in oral SCC. The
main difficulties lie in the fact that: 1) premalignant lesions are small and therefore it is
extremely hard to obtain sufficient amount of DNA for molecular analysis, 2) big
hospitals or research centers typically have better access to cancers than premalignant
lesions, and 3) it is much harder to microdissect premalignant lesions compared to

carcinomas.

1.12 LOH as a risk marker for oral premalignant lesions

This lab has recently investigated the value of LOH as a risk marker for oral
premalignant lesions in a number of studies (Zhang et al., 1997, 1999, 2000, 2001a, b,
2002; Rosin et al., 2000, 2002; Poh et al., 2001). In one study, we evaluated the use of
allelic loss to predict malignant risk for oral hyperplasia and low-grade oral epithelial

dysplasia. Two sample sets were used. The first set consisted of oral lesions from
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patients with no subsequent history of head and neck cancer (non-progressing cases),
which included 54 patients with biopsies of low-grade dysplasia (31 patients with mild
dysplasia and 23 patients with moderate dysplasia) and 33 patients with epithelial
hyperplasias. The second set (progressing cases) consisted of 29 patients (6 hyperplasias,
9 mild dysplasias, and 14 moderate dysplasias) that later progressed to CIS and SCC.
Each of the 116 cases was analyzed for LOH at 19 microsatellite loci on seven

chromosomal regions (3p, 49, 8p, 9p, 11q, 13q, and 17p).

LOH frequencies were dramatically elevated in lesions that later progressed to
cancer. All (100%) progressing lesions (both hyperplastic and dysplastic) showed LOH
at one or more of the 19 microsatellite loci tested for the 7 chromosome arms. In
contrast, LOH was detected in only 21% of the non-progressing hyperplasias and 59% of

non-progressing dysplasias.

Multiple chromosomal arm loss was characteristic of progressing lesions (50% of
hyperplasia and 91% of dysplasia). It was absent in non-progressing hyperplasia and

occurred in only 31% of the non-progressing dysplasias.

The progressing and non-progressing cases showed different LOH patterns of
multiple allelic losses. Three risk groups were deduced based on genetic profile: a low-
risk LOH pattern (retention of 3p and 9p); an intermediate-risk (loss at 3p and/or 9p) and
high-risk pattern (loss at 3p and/or 9p plus loss at 4q, 8p, 11q, 13q or 17p). Leukoplakia

with LOH at sites on 3p and/or 9p had a 3.8-fold increase in relative risk of developing

30



cancer. Lesions with additional loss on other chromosome arms had a 33-fold increase in
cancer risk as compared to those that retained 3p and 9p (Rosin et al., 2000; editorial on
the article by Mao, 2000). The study indicates that employment of microsatellite analysis
of LOH could identify premalignant lesions with high cancer risk even though they are

histologically low grade.

* In a more recent study from our lab, we investigated the use of LOH markers to
predict the risk of developing a second oral malignancy (SOM). A total of 68
leukoplakias at former cancer sites with known outcome were evaluated for the loss of
heterozygosity at 19 loci on seven chromosome arms. Thirty six of the 68 cases
progressed to SOM later. It was found that 3p and/or 9p loss in these post-treatment
leukoplakia was associated with a 26.3-fold increase in risk of developing SOM
compared with those that retained both of these arms (P < 0.001), with 60% of cases
developing SOM in 2 years. This study had shown that the identification of 3p and 9p
loss in post-treatment lesions could serve as a simple and direct test for stratifying risk of

SOM development (Rosin et al., 2002).

This thesis will employ similar molecular markers on the 7 chromosome arms
studies to compare the genetic risk of low-grade dysplasia adjacent to oral SCC and those

of the primary oral SCC.
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2 Statement of the problem

Surgical excision of oral SCC currently involves removal of at least 1 cm of
normal looking oral mucosa outside of the clinically visible tumors, if possible. The
excisional samples are judged histologically for the margin. Currently if tumor or high-
grade dysplasia (e.g. severe dysplasia) has involved the resection margin, aggressive
treatment will be employed to eradicate the cancerous or high-grade dysplastic changes.
However, when low-grade dysplasia has involved the biopsy margin, there is no general
agreement on whether further treatment is needed. Therefore, many of these lesions are
left untreated. It is not clear whether these low-grade dysplastic changes have higher
cancer risk than those morphologically similar but from patient without a history of
cancer, which have been shown to be of low cancer risk. Studies are needed to address
this important question. If these low-grade lesions are of high cancer risk they may

contribute to the high recurrence of oral SCC, if left untreated.
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3 Objectives

1. To obtain information on the pattern of genetic changes in epithelial hyperplasia,
mild epithelial dysplasia and moderate dysplasia adjacent to SCC or CIS, by
means of LOH analysis using microsatellite markers for the 7 chromosomal

regions (3p, 4q, 8p, 9p, 11q, 13q and 17p).

2. To obtain information on the pattern of genetic changes of primary epithelial
hyperplasia, mild epithelial dysplasia, and moderate dysplasia by means of LOH
analysis using microsatellite markers for the 7 chromosomal regions (3p, 44, 8p,

9p, 11q, 13q and 17p).
3. To determine whether LOH profile was significantly altered in low-grade lesions

(hyperplasia or low-grade dysplasia) taken from adjacent to SCC/CIS as

compared td morphologically similar primary lesions.
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Hypothesis

Low-grade dysplasias (mild/moderate) and hyperplasias adjacent to SCC or CIS
contain more high-risk LOH pattern than primary low-grade dysplasia and

hyperplasia.

34



5 Materials and Methods

5.1 Sample collection

This study used paraffin-embedded archival samples fromv the provincial Oral
Biopsy Service of British Columbia. This centralized Oral Biopsy Service provides
service to dentists and ENT surgeons throughout the province, at no cost to the provider
or patient, with more than 3,500 biopsies of oral lesions received per year (23 years
archived). This provides a large collection of early lesions that can be followed over
time. Cases that progressed into cancer were identified by linking the database of this
Service to the British Columbia Cancer Registry, which receives notification of all
histologically confirmed cases of cancer and CIS diagnosed in the Province. All primary
lesions used in this study were checked against the BCCA registry to preclude

progression into cancer or history of previous cancer.

5.2 Study groups

There are 4 groups of patients in this study. The first group consists of 30 cases
of primary hyperplasia. The second group consists of 45 cases of primary low-grade

dysplasia. The third group consists of 15 cases of hyperplasia taken from adjacent to
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SCC or CIS. The fourth group consists of 38 low-grade dysplasias taken from adjacent to

SCC or CIS. An summary: :

Group 1: 30 primary hyperplasia.

Group 2: 45 primary low-grade dysplasia (mild/moderate).

Group 3: 15 hyperplasia taken from adjacent to oral SCC or CIS.

Group 4: 38 low-grade dysplasia (mild/moderate) taken from adjacent to oral

SCC or CIS.

5.3 Histological diagnostic criteria for the samples

| The criteria for choosing samples included:

1) A histological diagnosis of a case confirmed by two pathologists using criteria
established by the World Health Organization (WHO collaborating Reference

centre 1978).

2) The provision that the sample was large enough to yield sufficient DNA from

both the epithelium and from the connective tissue for multiple LOH analyses.

The histological diagnoses of the lesions were performed independently by Dr. R.
Priddy and Dr. L. Zhang, oral pathologists at the University of British Columbia. Only

those cases in which the two pathologists agreed on the diagnosis were used for the study.
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5.4 Patient information

In addition to histological diagnosis of the lesions, the following patient
information was collected: age, gender, site of the lesion, history of cancer, and smoking

habits.

5.5 Slide preparation

Following confirmation of diagnosis and sufficient tissue on blocks, a 5 micron ,
section was cut from each block and stained with hematoxylin and eosin (H&E) for use
as a dissection reference slide. Further 12 micron thick sections were cut and put on
glass slides for dissection. These slides were also stained with H&E. The H&E

procedure is described below:

The sections were baked overnight at 37 °C in an oven, then at 60-65 °C for 1
hour, and were left at room temperature to cool. Samples were deparaffinized by two
changes of xylene for 15 minutes each, then the xylene was cleared by graded ethanol
(100%, 95% and 70%), and hydrated by rinsing in tap water. Slides were then placed in
Gill’s Hematoxylin for 5 minutes, followed by rinsing in tap water, and were then blued
with 1.5% (w/v) sodium bicarbonate. After rinsing in water, the H.E. slides were lightly
counterstained with eosin, dehydrated, and cleared for coverslipping. Thick sections to
be dissected were stained by the above procedure without the dehydration step, and air

dried (Michelsen, 1997).
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5.6 Tissue microdissection

Areas of hyperplasia and dysplasia were microdissected from sections stained
with hematoxylin/eosin. DNA from tissues were obtained by dissecting out the
underlying stroma in these sections and used as control DNA for the case. Undera
dissection microscope, the dysplastic or hyperplastic epithelial cells were separated from
underlying connective tissues with a 1 ml syringe needle. The collected connective tissue
was used as a control for the study, as the epithelium tissue was used for experiment. The

tissues were put in a 1.5 ml eppendorf tube separately.

5.7 Sample digestion ahd DNA extraction

The microdissected tissue was placed in an Eppendorf tube and digested in 300 pl
of 50 mM Tris-HCI (pH 8.0) containing 1% sodium dodecyl sulfate (SDS) and proteinase
K (0.5mg/ml) at a 48°C water bath for 72 or more hours. During incubation, samples

were spiked with 10 - 20 pL of fresh concentrated proteinase K (20 mg/ml) twice daily.
The DNA was then extracted two times with PC-9, a phenol-chloroform mixture,

and precipitated with 100% ethanol in the presence of glycogen. DNA was resuspended

in Tris buffer.
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5.8 DNA quantification

1

Sample DNA was quantified with fluorescence analysis using Picogreen kit
(Molecular Probes). The absorbance was read from an SLM 4899C spectrofluorometer.
The amounts of sample DNA were determined from the standard curves which were
made by the absorbance of known concentration of standard DNA provided by the
Picogreen kit. The calibration with known concentration of DNA with standard curve

was repeated in every experiment to ensure reproducibility.

5.9 LOH analysis

The 19 microsatellite markers were used for LOH analysis came from Research
Genetics (Huntsville, AL) and they were mapped to the following regions: 3p14.2
(D3S1234, D351228, D3S1300); 4926 (FABP2); 4q31.1 (D45243); 8p21.3 (D8S261);
8p23.3 (D8S262, D8S264); 9p21 (IFNA, D9S171, D9S1748, D9S1751); 11q13.3 (INT. 2);
11922.3 (D1151778); 13q12.3-13 (D13S170); 13q14.3 (D13S133); 17p11.2 (CHRNBI)
and 17p13.1 (tp53 and D17S5786). These markers are localized to regions previously
shown to be frequently lost in head and neck tumors (Bockmihl et al, 1996; Califano et
al., 1996, 1999, 2000; Koch et al., 1999; Lydiatt et al., 1998; Nawroz et al., 1994;
Partridge et al., 1996, 1999, 1998; Van Houten et al, 2002; Uzawa et al., 1996). The

protocol used for LOH analysis is described in Zhang ef al., 1997.
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5.9.1 End-labeling

The reaction was performed in a 50 ul mixture containing the following: 38 ul of
PCR-quality distilled water, 5 pl of a 10 x buffer for T4 polynucleotide kinase (New
England BioLabs: Ontario), 1 ul of 10 x Bovine Serum Albumin, 1 pl of one of the
primer pairs, 3 ul of T4 polynucleotide kinase (New England BioLabs: Ontario), and
2 ul of [y-**P] ATP (20 uCi, Amersham: NJ, USA). The labeling was done in a

single reaction in the thermocycler at 37°C for 60 min (Michelsen 1997).

5.9.2 PCR Amplification for microsatellite analysis

The PCR amplification was carried ouf in a 5 pl reaction volume containing Sng
of genomic DNA, 1ng of labeled primer, 10 ng of each unlabeled primer, 1.5 mM
each of dATP, dGTP, dCTP, and dTTP, 0.5 units of Taq DNA polymerase (Life
Techs: Ontario), PCR buffer [16.6 mM ammonium sulfate, 67 mM Tris (pH8.8), 6.7
mM magnesium chloride, 10mM p-mercaptoethanol, 6.7 mM EDTA, and 0.9%

dimethyl sulfoxide], and 2 drops of mineral oil. The amplification reaction was run in
the thermal-cycler for 1 cycle of pre-heat at 95°C for 2 min; 40 cycles of denaturation
at 95°C for 30s, annealing at 50-60 °C }(depending on the primer used) for 60s, and
polymerization at 70 °C for 60 sec; followed by 1 cycle of final polymerization ét 70

°C for 5 min.
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After PCR amplification, PCR products were separated on 7% urea-formamide-
polyacrylamide gels and visualized by autoradiography. For informative cases, allelic
loss was inferred when the signal intensity of one allele was decreased by at least
50% in the DNA sample from a lesion, as compared to the corresponding allele in the
matching connective tissue DNA. Samples showing allelic loss were subjected to
repeat analysis after a second independent amplification whenever the quantity of

DNA was sufficient.

5.9.3 Primer-Extension Preamplification (PEP)

In several cases, DNA concentrations were too low to perform multiple LOH
assays. To increase the amount of available DNA, these samples were subjected to
total genomic DNA amplification prior to LOH assay, using a PCR-based technique
developed by Zhang et al., 1997, 10 ng of DNA was suspended in 60 pl reaction
mixtures containing 90 mM Tris-HCl, pH 8.3, 33 uM random 15-mer primer (Operon
Techs., SP180-2), 5 units Taq DNA polyermase (Gibco BRL), 100 uM each of
dATP, dGTP, dCTP, and dTTP, and PCR buffer [2.5 mM MgCl,, 10 mM Tris-HCl
pH 8.3, 50 mM KCl, and 100 pg/ml gelatin (Fisher G8-500)]. PCR amplification was
performed for 50 cycles consisting of denaturation at 92°C for 1 minute, annealing at
37°C for 2 minutes, ramping at 10sec/degree to 55°C and a final extension at 55°C for
4 minutes. Two pl aliquots from this reaction were then assayed for the presence or

absence of LOH using a microsatellite based-PCR assay. -
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5.10 Statistical analysis

Differences and associations between hyperplasia/dysplasia from cancer patients
and primary hyperplasia/dysplasia were examined using either Fisher’s exact test for
categorical variables (gender, smoking habit, and LOH) or t-test for continuous variables
(age). All tests were two sided. P < 0.05 was considered to be statistically significant

and those less than 1 considered approaching significant or marginally significant.
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6 Results

6.1 Demographic information

In this study, 128 cases were studied, including 30 primary hyperplasia, 45
primary low-grade dysplasias, 15 hyperplasias taken from adjacent to oral cancer, and 38
low-grade dysplasias taken from adjacent to oral cancer. Table 1 sﬁmmarizes the
demographic characteristics of all cases in this study. Patient ages ranged from 16 to 91
years, with a mean of 54 and standard deviation of 17. Fifty five percent were male, and

sixty percent from the study population had a smoking habit (ever-smoker).

Cases with primary lesions (hyperplasia and low-grade dysplasia) and lesions
(hyperplasia and low-grade dysplasia) adjacent to SCC/CIS were compared for the
aforementioned clinicopathological features. No significant association was observed

between age, gender, or smoking history (Table 1, all have P > 0.05).

Of the 75 primary lesions, 39 cases (52%) came from high-risk sites (tongue,
floor of mouth and the soft palate complex), and 38 cases (48%) were from low-risk sites
(the rest of oral cavity). In the 53 lesions taken from adjacent to cancers, 42 (79%) were
from high-risk sites and only 11 (21%) came from low-risk sites. The primary lesions

showed significantly fewer cases located in the high-risk region (£ = 0.002)
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Table 1. Demographic features of primary lesions and lesions adjacent to cancers

Primary
lesions (%)

Lesions
adjacent to
cancer (%)

Total

128

75 (59%)

53 (41%)

55+16

53+17

Mean age (yr) £ SD 34 +17

Male sex — no. (%) 671126 1 30/73 (s3%) | 28/53 (53%)
(53%)

59/99
(60%)

Ever smoker -- no. (%) 37/59 (63%) | 22/40 (55%)

Histology
Hyperplasia 45
Low-grade dysplasia 83

Lesions on ventrolateral
81/128

39/75 (52%) | 42/53 (79%)
(63%)

tongue, floor of mouth &

soft palate complex (%)

*P-values between primary lesions and lesions adjacent to cancer.

The lesions were then separated according to the histological diagnosis. Table 2
demonstrates the demographic information for all hyperplasias, and also compares the
primary hyperplasia with hyperplasia taken from adjacent to cancer. The age, gender, or
smoking histories between the two groups were similar and no significant difference was
found (all have P > 0.05). However, a significantly higher proportion of hyperplasias
taken adjacent to cancer were from the ventrolateral tongue and floor of mouth region (P

= 0.004).
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Table 2. Demographic features of hyperplastic lesions

Hyperplasia
adjacent to
cancer (%)

All Primary
hyperplasias | hyperplasia (%)

Total 15

Mean age (yr) + 53 +3 52+3 54+5
SD

Male sex -- no.
29/45 (64%) 18/30 (60%) 11/15 (73%)

(%)
Ever smoker --

22/39 (56%) 14/26 (54%) 8/13 (62%)
no. (%)
Lesions on

ventrolateral 21/45 (47%) 9/30 (30%) 12/15 (80%)

tongue, floor of

mouth & soft

*P-values between primary hyperplasia and hyperplasia adjacent to cancer.

Table 3 demonstrates the demographic information for all low-grade dysplasias
and compares the primary low-grade dysplasia with the low-grade dysplasia taken from
adjacent to cancer. There were no differences in the age, gender, smoking history or the

site of the lesions (all have P > 0.05).
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Table 3. Demographic features of low-grade dysplasias

All
dysplasias

Primary low-
grade
dysplasia (%)

Low-grade
dysplasia
adjacent to
cancer (%)

&3

45

38

55+2

57+2

53+3

Male sex -- no. (%)

38/81
(47%)

21/43 (48.8%)

17/38 (44.7%)

. Ever smoker -- no. (%)

37/60
(62%)

23/33 (69.7%)

14/27 (51.9%)

.~ Lesions on
ventrolateral tongue,
floor of mouth & soft
palate complex (%)

cancer.

The demographic results show that age, gender, and smoking history were not
confounders and did not introduce biases to the experiment. While the site of the lesions
was not a confounder for the dysplastic lesions, it is a confounder for the hyperplastic

lesions as primary hyperplastic lesions were more likely to be located at the low-risk

region.

60/83
(72%)

30/45 (67%)
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6.2 LOH and histology

Table 4 compares LOH frequencies in hyperplasia and low-grade dysplasias.

Consistently higher rates of LOH at all categories were observed in lesions with dysplasia

as compared to non-dysplastic lesions, and the differences in almost all of the categories

were significant.

When the number of losses was examined, dysplasias showed significant
increases in LOH as compared to hyperplasias for any losses (66% vs. 11%, P <0.0001),
for more than 1 arm lost (37% vs. 2%, P < 0.0001), and for more than two arms lost |

(29% vs. 2%, P < 0.0001).

For the LOH patterns of individual chromosome arms, the increases in LOH for
dysplasia as compared to hyperplasia were very significant for 3p loss (25% vs. 4.5%, P
= 0.006), 4q loss (20% vs. 0%, P = 0.004), 8p loss (25% vs. 5%, P = 0.02), 9p loss (44%
vs. 4.5%, P <0.0001), 11qloss (22% vs. 2%, P =0.004), 13q loss (18% vs. 2%, P =

0.03), and 17p loss (30% vs. 2%, P < 0.0001).
When the pattern was inspected, LOH at 3p and /or 9p loss (52% vs. 2%, P <

0.0001) and LOH at 3p and/or 9p plus 17p lost (35% vs. 2%, P < 0.0001) were

significantly higher in dysplastic lesions, compared to hyperplasias.
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It is clear that lesions with dysplastic changes have much higher LOH frequencies

in all chromosome regions tested than hyperplasia.
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Table 4. LOH pattern between hyperplasia and low-grade dysplasia

Lesions with
hyperplasia

Lesions with
dysplasia

# of lesions

45

83

# with LOH"

5/45 (11%)

55/83 (66%)

< 0.0001

>1 arm lost

1/45 2%)

31/83 (37%)

<0.0001

>2 arms lost

1/45 (2%)

24/83 (29%)

<0.0001

LOH on: 3p

2/44 (4.5%)°

20/80 (25%)

0.006

dq

0/37 (0%)

13/66 (20%)

0.004

8p

2/38 (5%)

17/67 (25%)

0.02

9p

2/44 (4.5%)

35/80 (44%)

<0.0001

11q

1/43 %)

15/67 (22%)

0.004

13q

1/42 (2%)

11/61 (18%)

0.03

17p

1/44 (2%)

24/81 (30%)

< 0.0001

3p &/or 9p

1/45 (2%)

43/82 (52%)

< 0.0001

3p &/or 9p plus

others

1/45 (2%)

-values between lesions wi

® A total of seven chromosomal arms were tested.

€ Loss/ informative cases (%).
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6.3 LOH and presence of cancer

1

LOH frequencies were compared between primary hyperplasia/lo‘w-grade
dysplasia and those morphologically similar lesions taken from adjacent to oral cancer
(Table 5). Consistently higher rates of LOH at all categories were observed in lesions
adjacent to SCC/CIS as compared to the primary lesions and the differences in almost all

of the categories were statistically significant.

When the number of losses was examined, lesions taken from adjacent to cancer
showed increased LOH frequency in any loss as compared to the primary lesions (57% |
vs. 40%, P =0.07), and an extremely significant increase for > 1 arm loss (41.5% vs.

13%, P = 0.0004), and for more than 2 arms losses (38% vs. 7% in patients, P < 0.0001).

For individual chromosome arms, the increase in LOH for lesions taken adjacent
to cancer as compared to primary lesions was very significant for 4q loss (24% vs. 3.5%,
P =0.002), 11q loss (25.5% vs. 5%, P =0.003), 13q loss (22% vs. 4%, P = 0.006), and 9p
loss (41.5% vs. 21%, P = 0.02). An increased frequency in LOH was noted for 3p (25%
vs. 12.5%, P = 0.10), and 17p (28% vs. 14%, P = 0.07). The only category obviously not

statistically significant was 8p loss (23% vs. 14%, P = 0.31).

When the pattern of LOH was considered, LOH for 3p and/or 9p (48% vs. 25%, P
=0.01), and LOH for 3p and/or 9p plus 17p (42% vs. 11%, P < 0.0001) were significantly

higher in lesions taken from adjacent to cancer as compared to primary lesions.
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Table 5. LOH frequencies primary lesions and lesions taken from adjacent to

¢ancer

Primary hyperplasia

and low-grade
dysplasia

Hyperplasia and low-
grade dysplasia
adjacent to cancer

Pvalue*

of lesions

.

75

53

# with LOH®

30/75 (40%)

30/53 (57%)

0.07

1 arm lost

10/75 (13%)

22/53 (41.5%)

0.0004

5/75 (7%)

20/53 (38%)

<0.0001 .

9/72 (12.5%)°

13/52 (25%)

2/57 (3.5%)

11/46 (24%)

8/57 (14%)

11/48 (23%)

15/71 21%)

22/53 (41.5%)

3/59 (5%)

13/51 (25.5%)

2/56 (4%)

10/46 (22%)

10/72 (14%)

15/53 (28%)

19/75 (25%)

25/52 (48%)

3p &/or 9p plus
others

8/75 (11%)

22/52 (42%)

* P-values between lesions with hyperplasia and dysplasia.

® A total of seven chromosomal arms were tested.

© Loss/ informative cases (%).
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6.4 LOH pattern and presence of SCC/CIS in hyperplastic

lesions

Since the proportion of hyperplasia and low-grade dysplasia in the primary groups
and cancer groups differed, and the cancer group had a higher prdportion of dysplasia,
there is a possibility that the increase in the LOH seen in the cancer group resﬁlted from
increased number of dysplasia. To rule out the possibility, primary and cancer lesions of

different histology were separated.

Table 6 compared LOH patterns in primary hyperplasias and hyperplasias taken
adjacent to cancer. LOH was observed in low frequency in both groups of hyperplasias.
There was no significant difference in all categories of LOH frequencies between primary
hyperplasia and those histologically similar hyperplasia adjacent to SCC/CIS: cases with
any LOH (13% vs. 7%, P = 0.65), more than 1 arm lost (0% vs. 7%, P = 0.33), more than
2 arms lost (0% vs. 7%, P = 0.33), LOH on 3p (3% vs. 7%, P = 1.00), 4q loss (0% vs.
0%, P =1.00), 8p (4% vs. 8%, P =0.32), 9p (3% vs. 7%, P =1.00), 11q (0% vs. 7%, P =
0.33), 13q (0% vs. 8%, P = 0.32), and 17p (3% vs. 0%, P = 1.00), and LOH for 3p and/or

9p loss (0% vs. 7%, P = 0.333), and for 3p and/or 9p plus 17p loss (0% vs. 7%, P = 0.33).
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Table 6. LOH pattern between primary hyperplasia and hyperplasia adjacent to

SCC/CIS

Hyperplasia adjacent

Primary hyperplasia to cancer

# of lesions 30 15 v

# with LOH " 4/30 (13%) 1/15 (7%)

>1 arm lost 0/30 (0%) 1/15 (7%)

>2 arms lost 0/30 (0%) 1/15 (7%)

LOH on: 3p 1729 (3%)° 1/15 (7%)

025 (0%) 0/12 (0%)

1725 @%) 1/13 (8%)

129 (3%) 1/15 (7%)

029 (0%) - /14 (7%)

0/28 (0%) 1/13 (8%)

1729 (3%) 0/15 (0%)

9 0
3p &/or 9p 0/30 (0%) 115 (7%)

3p &/or 9p plus 0/30 (0%) 1/15 (7%)
others '

? P-values between lesions with hypérplasia and ysplé
® A total of seven chromosomal arms were tested.
© Loss/ informative cases (%).
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6.5 LOH pattern and presence of SCC/CILS in low-grade

dysplasias

Table 7 compared LOH patterns in primary low-grade dysplasias and those
morphologically similar lesions taken from adjacent to oral cancer. Consistently higher
rates of LOH in all categories were observed in low-grade dysplasias taken adjacent to
SCC/CIS as compared to the primary low-grade dysplasias and the differences in the

majority of the categories were significant.

When the number of losses was examined, compared to the primary low-grade
dysplasias, low-grade dysplasia taken from adjacent to cancer showed a significant
increase for LOH at more than 1 arm losses (55% verses 22%, P = 0.003) and for more
than two arm losses (50% vs. 11%, P = 0.0002), although no statistical difference was

noted for any loss (76% vs. 58%, P = 0.10).

LOH on individual chromosome arms in low-grade dysplasias adjacent to tumor
compared to primary low-grade dysplasia were 32% vs.19% for 3p (P = 0.20), 32% vs.
6% for 4q (P = 0.01), 29% vs. 22% for 8p (P = 0.58), 55% vs. 33% for 9p (P = 0.07),
32% vs. 10% for 11q (P = 0.04), 27% vs. 7% for 13q (P = 0.51), and 39.5% vs. 21% for
17p (P =0.09). The differences were statistically significant for 4q and 11q (P = 0.01

and 0.04 respectively).
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For LOH patterns, the difference was significant for 3p and/or 9p (65% vs.

42.2%, P = 0.05) and for 3p and/or 9p plus other arms (57% vs.18%, P = 0.0004).

These results indicate that the differences in LOH results between primary lesions
(both hyperplasia and low-grade dysplasia) and those taken from adjacent to cancer
resulted from the differences between the dysplastic lesions and not the hyperplastic

lesions.
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Table 7. LOH pattern between primary low-grade dysplasia and low-grade

dysplasia adjacent to SCC/CIS

Primary low-grade
dysplasia

Low-grade dysplasia
adjacent to cancer

of lesions

45

38

with LOH"”

26/45 (58%)

29/38 (76%)

1 arm lost

10/45 (22%)

21738 (55%)

2 arms lost

5/45 (11%)

19738 (50%)

8/43 (19%)°

12/37 (32%)

2/32 (6%)

11/34 (32%)

7732 (22%)

10/35 (29%)

14/42 (33%)

21738 (55%)

3/30 (10%)

12/37 (32%)

2/28 (1%)

9/33 (27%)

/43 (21%)

15/38 (39.5%)

19/45 (42%)

24/37 (65%)

3p &/or 9p plus
_others

8/45 (18%)

21/37 (57%)

P-values between lesions with hyperplasia and dysplasia.
® A total of seven chromosomal arms were tested.
€ Loss/ informative cases (%).
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7 Discussion -

Oral cancer has a high recurrence rate. About one third of oral SCC will recur and
the majority of this recurrence occurs within 2 years of the treatment of the primary
cancer. The tumor recurrence is usually attributed to the outgrowth of residual malignant

or adjacent high-risk premalignant cells left behind in the margins of treated lesions.

While high-grade premalignant lesions at the margins of the oral cancer are
regarded as high-risk and will invoke aggressive salvage treatment, currently there is no-
agreement on whether low-grade lesions left at the tumor margins should be treated.
Clinicians may feel reluctant to go back for further salvage treatment when the margins
are involved with low-grade dysplasia. Primary low-grade dysplasias are known to have
a low risk for cancer transformation; however, it is not clear whether low-grade dysplasia

at the margin of cancer also has low cancer risk.

One way of assessing the cancer risk of low-grade dysplasia at the margins of oral
tumors is by assessing the molecular risk of these lesions. Recent studies have shown
that molecular markers could be used to identify high-risk OPL. According to a previous
study from our lab, primary low-grade dysplasias which contain LOH on 3p and/or 9p
plus other chromosome arms has a 33-fold increased risk of progressing into cancer later
(Rosin et al., 2000 and Zhang et al., 2000). A more recent study from our lab has shown

that, for patients with a history of oral cancer, microsatellite markers can also be used to

57



predict cancer risk of leukoplakias at the index tumor sites (Rosin et al., 2002). 3p &/or
9p loss in the post-treatment leukoplakia was associated with a 26.3-fold increase in risk
of developing into cancer compared to those that retained both of these arms (P < 0.001),

with 60% of cases with LOH developing cancer in 2 years.

This study investigated the cancer risk of low-grade dysplasias adjacent to cancers.
The results could be used to improve the management of the surgical margins of oral

cancer.

7.1 Presence of dysplasia signals increased molecular risk

When dysplastic lesions from both patients without a history of oral cancer and
patients with a history of oral cancer were compared to nondysplastic lesions, a markedly
increased LOH frequency was noted in all categories examined (Table 4), including
multiple losses and LOH at 3p and/or 9p plus other arms, a pattern shown to associate
with a 33-fold increase in relative cancer risk. Such data are consistent with those of the
literature (Mao et al., 1996a; Partridge et al., 1999, 1998; Poh et al., 2001; Rosin et al.,
2000, 2002; Zhang et al., 1997, 1999, 2000, 2001a, b, 2002) including the results from
our previous studies that demonstrated the increased molecular risk associated with the

dysplastic phenotype and supported the value of the gold standard histology.

58



7.2 Hyperplasia adjacent to cancer showed no increased

molecular risk

The significance of the phenotype of dysplasia is further supported by the data
that hyperplasia adjacent to SCC/CIS showed no significant increase in LOH when
compared with primary hyperplasia (Table 6). The frequencies of LOH were very low in
both primary hyperplasias and hyperplastic epithelial tissue taken from the margin of the
tumors, even though hyperplastic tissues taken from adjacent to cancer were more likely
to be at the high risk region. The results reinforce the significant role of the gold standard
histology in the assessment of cancer risk of tumor margins. Interestingly one of the |
hyperplasias taken from thé margins of thé tumor resection samples showed a high-risk
molecular pattern, suggesting that this case has increased cancer risk despite the absence

of apparent dysplasia.

7.3 Low-grade dysplasias adjacent to cancer have increased

molecular risk

In sharp contrast to hyperplasias, a striking difference in LOH frequencies was
observed between primary low-grade dysplasias and those morphologically similar

lesions taken from adjacent to cancer (Table 7).
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Low-grade dysplasias adjacent to oral cancers had a significant increase in
multiple LOH as compared to the primary low-grade dysplasia: the LOH frequency had
more than doubled for more than 1 loss (55% vs. 22%, P = 0.0029) and had increased
almost five times for more than 2 losses (50% vs. 11%, P = 0.0002). Similarly the high-
risk LOH patterns were observed significantly more frequent in low-grade dysplasias
adjacent to cancers as compared to the primary low-grade lesions: the LOH frequency of
3p and/or 9p was higher in the cancer group (P = 0.0483), and 3p and/or 9p plus other
arms increased more than 3 times from 18% in primary low-grade dysplasias to 57% in
low-grade dysplasia adjacent to SCC/CIS (P = 0.0004). Both multiple losses and LOH
pattern of 3p and/or 9p plus other arms have been found to correlate with markedly
increased cancer risk by our research team and by other laboratories (Califano et al.,

1996; Mao et al., 1996; Partridge et al., 2000; Rosin et al., 2000, 2002).

The LOH frequencies on individual arms also differed. Low-grade dysplasia
adjacent to cancer had a significant increase in 4q and 11q losses. Our previous studies
showed that LOH at 4q and 11q are rare in primary low-grade dysplasia but signiﬁcaﬁtly
increased in high-risk lesions such as verrucous hyperplasia and severe dysplasia, or low-
grade lesions that later progressed into cancer (Poh et al., 2000 and Rosin et al., 2000).
All of these suggest that low-grade dysplasia adjacent to cancer should not be regarded in
general as low-risk lesions, as are morphologically similar primary lesions. This study
may suggest a more careful follow-up for patients with residue low-grade dysplasia in the

surgical margins.
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While dysplasias taken from adjacent to cancer have an overall higher molecular
risk as compared to those morphologically similar primary lesions, fhe results also
showed that about half or a little less than half of the low-grade dysplasias adjacent to
cancer were molecularly low risk judged by multiple losses (45% had not demonstrated >
1 arm loss and 50% had not demonstrated > 2 arm losses) or by LOH at 3p & 9p plus
other chromosome arms (43% did not have such loss). These results again illustrate the
value of molecular markers in triage lesions of different risks that allow aggressive
treatment of those low-grade dysplasias with high molecular risk to prevent tumor
recurrence on the one hand but avoid unnecessary aggressive or mutilating surgery on the

other.

7.4 Limitations of the study and future plan

This study has shown markedly increased molecular risk for many low-grade
dysplasias taken from adjacent to cancers. Since increased molecular risk has been
shown to be significantly associated with increased cancer risk, such results would
suggest aggressive salvage treétment for patients with such residual low-grade dysplasia.
This would be a significant alteration to the current practice since, in many cases, the
residual dysplasia is not removed subsequent to the histological evaluation after

treatment.
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However, before the results can be applied clinically and affect patient
management, the study data must be further tested and confirmed because of the

limitation of the current study.

It is possible that the study results were biased by the small sample set that was
used. Because of time restraint for a MSc thesis and manpower limitations for
microdissection and multiple primer analysis of samples, I could only manage 128
samples. Larger sample numbers, preferably from different study centers, will be needed

to confirm the study results.

Although microsatellite analysis is currently one of the most sensitive molecular
techniques for assaying small samples, it still requires at least 100 ng of DNA for
multiple primer analysis. Consequently, the selection of samples was biased by the
preferential selection of larger oral premalignant lesions with sufficient amount of DNA
from both the epithelium and the connective tissue; those samples with less than 100 ng
of DNA were excluded. Advancement in technology sensitivity that would allow

analysis of much smaller amount of samples will be needed to eliminate this bias.

A major limitation of the study comes from the fact that this study has a
retrospective design. It is well known that retrospective studies are inherently prone to
bias. Without exhausting the many possible biases and partialities associated with
retrospective studies, I will list some of the limitations of retrospective studies for my

study.
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The information obtained from retrospective studies is frequently inaccurate or
lacking and hence may miss confounding factors (that could produce false associations in
parameters). Patients with complete pathological records were preferentially selected

rather than those that had missing information, hence producing sample selection bias.

Of all the limitations that are associated with retrospective studies, the most
significant limitation is that it is not clear what the relationship was between the ‘adjacent
dysplasias’ from cancer samples and the surgical margins of the cancers. Ideally, one
would like to know if the adjacent dysplasia analyzed for loss of heterozygosity has
involved the biopsy margins. Theoretically, if the molecularly high-risk lesions were left
behind after treatment, these lesions would have higher risk of developing into recurrence
compared to morphologically similar lesions without the high-risk molecular pattern.
However, if the samples from the high-risk low-grade lesions did not involve the biopsy
margins, its high-risk would not affect the outcome. Since my data lacked information on
whether or not the sample involved the biopsy margins, I am not able to correlate the data
with the outcome, the gold standard for validating any biomarkers. I also do not know
whether further treatment (surgery) was given to these cases, to increase the margin

width. Such treatment would also affect outcome.
For future plans, a large-scale prospective study will be needed to confirm the

study results. Ideally, low-grade dysplasia for molecular analysis should be taken from

the margin of the cancer excision sample. Longitudinal study will allow comparison
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between the outcomes of patients with residual high molecular risk low-grade dysplasia
and patients with residual low molecular risk low-grade dysplasia. If prospective studies
with large number of patients confirm my study findings, the future treatment of oral
cancer patients with residual low-grade dysplasia may be drastically changed. This could
have a significant impact on such patients, and hopefully, lead to an improvement in their

dismal prognosis.

7.5 Summary

The results of this study, if confirmed by large prospective studies, will have
important clinical implication in the management of patients with oral squamous cell
carcinomas. On one hand, the study results confirm the value of the gold standard
histology in judging the cancer risk of tumor surgical margins since an absence of the
dysplasia correlated significantly with an absence of a high-risk molecular profile. Once
there is dysplasia, the study results showed that the overall cancer risk of low-grade
dysplasia taken from adjacent to cancer is markedly higher than primary lesions with
similar histology; and that molecular markers could serve as powerful tool to identify
high-risk, low-grade lesions from morphologically similar low-risk lesion, which the
traditional gold standard histology is poor in differentiating. Salvage treatment of
tumors with high—risk, low-grade dysplasia involving the surgical margins could prevent

the development of the recurrent tumors.
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