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Squamous cell carcinoma (SCC) of the oral and oropha-

ryngeal region is the sixth most common malignancy in

the world today. Despite numerous advances in treat-

ment, long-term survival from this disease remains poor.

Early detection can decrease both morbidity and mor-

tality associated with this neoplasm. However, screening

for potentially malignant disease is typically confounded

by difficulty in discriminating between reactive ⁄ inflam-

matory lesions vs those lesions that are premalignant in

nature. Furthermore, the histologic diagnosis of dysplasia

can be subjective and is thus prone to a considerable

range of interpretation. Similarly, no definitive, validated

criteria exist for predicting which dysplastic lesions are

most likely to progress to cancer over time. Given this

state of science, the presence of dysplasia can only be

used to indicate that an oral lesion may have an increased

risk of malignant transformation. Molecular biomarkers

capable of identifying the subset of lesions likely to pro-

gress to cancer are required to eliminate this clinical

diagnostic dilemma. The purpose of this review is to as-

sess the current state of knowledge regarding

genetic ⁄ epigenetic alterations observed in oral mucosal

premalignancy. In addition, recommendations for future

research studies directed at defining the predictive

capacity of specific biomarkers in this modeling are pre-

sented.
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Introduction

With an annual incidence worldwide of over 500 000
cases, squamous cell carcinoma (SCC) of the head and
neck region is the sixth most common malignancy today.
Etiology of this malignancy within this anatomic region
can be multi-factorial and site-specific. For example, oral
cavity SCC (OSCC) is typically caused by chronic
exposure to tobacco and alcohol (Blot et al, 1988).
Historically, the etiology of oropharyngeal SCC has been
similar to that of OSCC, namely tobacco use, with
increased cancer incidence when alcohol abuse has also
occurred. However, the paradigm of oropharyngeal SCC
has fundamentally changed in recent years such that
infection with high-risk subtypes of the human papillo-
mavirus (HPV), particularly HPV-16, has emerged as a
major causative factor for the neoplasm (Gillison et al,
2000, 2008; Schlecht, 2005; D’Souza et al, 2007; Cha-
turvedi et al, 2008; Fakhry et al, 2008). Thus, there are
now fundamentally different molecular models of causa-
tion for OSCC as compared with oropharyngeal SCC.

There have also been impressive advances in recent
years regarding the detection, prevention, and treatment
of OSCC. Unfortunately, however, the overall 5-year
survival for OSCC continues to be modest at best.
OSCC survival is highly dependent on the stage of the
tumor at diagnosis. For example, Stage I cancers have
an �80% 5-year survival rate while the survival rate
decreases to �20% for Stage IV lesions (Ries et al,
2008). To improve long-term outcomes therefore early
detection in conjunction with primary and secondary
prevention strategies is critical.
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Screening and early detection are believed to
decrease both the morbidity and mortality associated
with OSCC because unlike many anatomic sites, oral
cavity premalignant lesions are often visible upon
clinical examination. However, accurate discrimination
of premalignant vs reactive ⁄ inflammatory lesions via
conventional visual and tactile examination alone is
problematic. Notably, clinical presentation of oral
premalignant lesions can be highly heterogeneous and
may mimic more commonly occurring reactive ⁄ inflam-
matory mucosal lesions. As the malignant potential of
oral lesions cannot be accurately predicted solely on
the basis of their clinical characteristics, histologic
evaluation is essential for all suspicious lesions. Biopsy
results may reveal a range of tissue change, from a
non-cancerous tissue condition to a precancerous lesion
or frank malignancy.

As with the diagnosis of OSCC, a definition of oral
mucosal premalignancy that is based upon conventional
histologic examination can also be problematic. Lesions
are currently considered precancerous when there are
cytomorphologic changes consistent with dysplasia.
However, the various criteria for diagnosing and
grading dysplasia are controversial, highly subjective
and open to a wide range of interpretation, even among
highly qualified pathologists (Abbey et al, 1995; Warn-
akulasuriya et al, 2008). In addition, no definitive
criteria currently exist for predicting risk of cancerous
transformation of individual dysplastic lesions; even
dysplastic oral lesions have been reported to undergo
spontaneous regression.

Therefore, conventional histologic findings can only
be utilized to indicate that a given lesion may have
malignant potential, and cannot be used for the predic-
tion of malignant change. Figure 1 underscores this
concept and highlights two provocative yet key issues
that are not prominently discussed in the literature:

• In general, OSCC progression may not occur in a
linear fashion over a uniform period of time. Rather,
there are subsets of lesions with histologic evidence
of dysplasia that may or may not progress to OSCC.

• Similarly, histologically �normal’ appearing mucosal
lesions may truly be benign or they may represent
molecular premalignant lesions that have not yet
developed morphologic ⁄ cytologic changes consis-
tent with dysplasia.

Several recent studies underscore this concept. For
example, a retrospective hospital-based study of 207
patients with dysplasia determined that during a 1-year
follow-up, 39% of the lesions regressed, 20% remained
stable, 33% developed new dysplastic lesions, and 7%
developed OSCC (Arduino et al, 2009). Similarly, in a
meta-analysis of 992 patients derived from 14 studies,
Mehanna et al reported a malignant transformation rate
of 12%, with a time to malignant transformation (TMT)
of 4.3 years (Mehanna et al, 2009). Importantly, sub-
group analyses by dysplastic grade and treatment
modality showed no significant differences in TMT.
Finally, Holmstrup et al reported that the estimated
odds ratio for patients with oral dysplasia showed that
none of the associated variables, including presence of
any grade of dysplasia, had any influence on the risk of
OSCC development (Holmstrup et al, 2006). These
findings emphasize that, at the present time, it is not
feasible to prognosticate accurately on the basis of
histologic change. The data further highlight that
development of molecularly based approaches to iden-
tify predictive biomarkers that could be used to inter-
rogate lesions prior to and after the development of
cytologic atypia would greatly improve the potential for
early detection, prognostication and intervention.

Current modeling postulates that the development of
cancer is driven by the accumulation of genetic and
epigenetic changes within a clonal population of cells.
These genotypic alterations can affect hundreds of
genes, leading to phenotypic changes in critical cellular
functions such as resistance to cell death, increased
proliferation, induction of angiogenesis, and the ability
to invade and metastasize. The mechanisms underlying
these genetic and epigenetic aberrations include, but are
not limited to, genomic instability through chromo-
somal rearrangement, amplification, deletion, methyla-
tion, and mutation. These genetic alterations have been
shown to contribute directly to cancer development and
progression and are central to understanding the biol-
ogy of oncogenes and tumor suppressor genes (TSG) as
well as the phenotypes they regulate. There has been
considerable investigation into the genotypic and phe-
notypic alterations observed in OSCC. However, data
regarding the incidence and timing of these changes in
oral premalignancy are limited. Furthermore, it is not
clear whether any of the genotypic changes, utilized
individually or in a panel, can consistently predict which

Figure 1 Oral lesion heterogeneity. Oral mucosal lesions, whether histologically normal or atypical, do not follow a linear progression pattern.
Rather, a small majority of dysplastic lesions will progress to cancer, while the majority will either remain quiescent or even regress. Similarly,
lesions lacking histologic atypia may represent reactive and molecularly benign lesions or they may be molecularly premalignant

Genetics ⁄ epigenetics of oral premalignancy
MW Lingen et al

8

Oral Diseases



dysplastic lesions will progress to OSCC. Therefore, the
objectives of the review were:

1. To summarize the key genotypic and phenotypic
alternations observed in potentially malignant oral
lesions that are likely to progress to OSCC.

2. To determine whether these changes correlate with
the clinicopathologic findings, and whether they aid
clinical practice at this time.

3. To delineate future research directions that could
enhance understanding of the pathobiologic model
such that clinical management is strategically im-
proved.

Search strategy
An initial search was done in Pubmed ⁄Medline (1950
to January 2010) and Embase (1988 to January 2010)
with overall search terms (keywords, text, and corre-
sponding MeSH terms) that covered the genetics ⁄ epi-
genetics of oral dysplasia. This search was limited to
meta-analyses, guidelines, reviews, and studies (without
restrictions). Addendum. The initial search yielded a
total of 16 meta-analyses, 4 guidelines, 145 reviews, and
1020 studies. All abstracts were reviewed by the
authors and the search was refined with the key
alterations as text terms �aneuploidy’, �microRNAs
(miRNA)’, �loss of heterozygosity’, �microsatellites’,
�hypermethylation’, �telomerase’, �oncogenes’, �p53’,
�tyrosine kinase’, �proliferation markers’ cross refer-
enced with �oral dysplasia’, �premalignant oral lesions’.
The purpose of this second phase was to narrow the
focus to significant genetic ⁄ epigenetic events and pro-
gression of oral dysplasia. Manuscripts on viral factors,
salivary gland disorders, lichenoid reactions, and lichen
planus were excluded. References of selected review
papers were analyzed for missed studies, and consul-
tants to the review group (experts in the field) were
queried for suggestions of significant literature to be
included. A piloted data extraction form was used to
abstract information of interest and selected papers
were reviewed for strength of the evidence by assessing
methodology, bias, and confounding factors.

Aneuploidy

Chromosomal instability often leads to imbalanced
DNA content and the generation of near-diploid or
aneuploid clones. Aneuploidy may result from gene dose
imbalance, loss of TSG, gain of tumor promoting genes
or oncogenes, or formation of fusion genes that leads to
increased survival and proliferation advantage. Approx-
imately 50–60% of oral cancers are aneuploid with one
study reporting a figure of 90% (Diwakar et al, 2005;
Abou-Elhamd and Habib, 2007; Torres-Rendon et al,
2009b). Aneuploidy in OSCC has also been shown to be
associated with higher incidence of local recurrence and
lymph node metastases (Baretton et al, 1995; Rubio
Bueno et al, 1998; Hemmer et al, 1999). A study by
Diwakar et al noted that while 52% of OSCC were
aneuploid, 19% were heterogenous on ploidy studies
(Diwakar et al, 2005).

Several studies have investigated the relationship
between dysplasia and aneuploidy. Approximately 20–
45% of oral dysplasia are aneuploid, with one study
reporting a frequency of 83% (Pentenero et al, 2009;
Torres-Rendon et al, 2009b; Donadini et al, 2010).
Aneuploidy was found to be significantly and positively
associated with the histologic grade of dysplasias (Saito
et al, 1995; Pentenero et al, 2009; Donadini et al, 2010).
Even mild dysplasias may show aneuploidy particularly
if these are located on the tongue or floor of mouth
(Islam et al, 2010). One study showed that aneuploid
dysplasias were more likely to progress than diploid
lesions (33% vs 11%, P = 0.01) and that aneuploid
lesions transformed to OSCC within 5 years in 53% of
cases vs 25% of diploid cases (Torres-Rendon et al,
2009b). Conversely, another study did not find a
correlation between dysplasia and aneuploidy and the
development of OSCC (Seoane et al, 1998). Two studies
reported that proliferative verrucous leukoplakias may
initially start as diploid lesions and develop aneuploidy
over time prior to becoming OSCC (Kahn et al, 1994;
Klanrit et al, 2007).

Summary and clinical significance: Aneuploidy is
observed in 20–45% of oral dysplasias and there is
some correlation between aneuploidy and histologic
grade. In addition, there are limited and conflicting data
regarding aneuploid dysplasias and the likelihood of
progressing to OSCC. There are thus at the present time
insufficient data to determine whether aneuploidy can be
used as a biomarker for predicting the development of
OSCC.

miRNA

The discovery of miRNA, 20–22 nucleotide-long mem-
bers of the non-coding RNA family, adds another layer
of gene regulation that is altered as cancer develops.
They may be present as intergenic transcription units or
found in the intronic sequences of protein-coding genes.
More than 1,000 of these sequences have been identified
and functional studies have identified that miRNAs act
as conventional tumor suppressors or as oncogenes, and
affect the translation or stability of target mRNA. Most
are negative regulators of gene expression and have
fundamental roles in biologic processes with this func-
tion being dysregulated as cancer develops. miRNAs of
the let-7 family are examples of tumor suppressors
with the genes mapping to chromosomal regions
including the let-7g cluster at 3p21 (commonly deleted
in squamous carcinomas). Validated target genes for
miRNAs that function as TSG include Bcl-2, ras, myc,
HMGA2, cyclin-dependent kinase 4 (CDK4), and
CDK6, and target genes for miRNAs with ongogenic
activity include PTEN, p27, p57, TIMP3, and BIM.
miRNAs have been implicated in early disease. Cervigne
et al found that miR-21, miR-181b, and miR-345 were
consistently increased in oral dysplasia and associated
with lesion severity (Cervigne et al, 2009). These regu-
latory sequences may have therapeutic potential as
many of them influence multiple pathways that are
dysregulated in cancer.
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Summary and clinical significance: Presently, there is
limited information regarding the expression of miR-
NAs in oral dysplasia. Insufficient evidence is available
to delineate recommendations regarding the clinical
utility of miRNA expression and the prediction of
whether a dysplastic lesion will progress to OSCC.

Loss of heterozygosity (LOH) and microsatel-
lite instability or allelic imbalance (AI)

Loss of heterozygosity and AI have been relevant targets
in cancer research. AI may occur when one copy of a
polymorphic marker (with two slightly different alleles)
is lost (LOH) or amplified (allelic gain). The term LOH
is commonly used to describe this process, but as allelic
gain occurs very frequently, and may be more common,
AI describes the process more accurately. AI occurs at
loci across the genome at low frequency and at higher
frequency at 3p (3p24–25, 3p21, 3p13–14), 9p21 (p16),
17p13 (p53) and 8p22–24, with loci at 13q14, 18q and
21q being implicated in some studies. The markers
utilized in these studies evolved as more informative
markers, and those showing higher frequency of AI
(indicating the position of relevant genes), were discov-
ered (el-Naggar et al, 1995; Califano et al, 1996, 2000;
Mao et al, 1996; Roz et al, 1996; Partridge et al, 1997;
Rosin et al, 2000; Tabor et al, 2001, 2003; Zhang et al,
2001a,b; Epstein et al, 2003; Garnis et al, 2004; Cheng
and Wright, 2005). Consensus has emerged that AI at 3p
and 9p provides useful evidence of the accumulation of
genetic damage in potentially malignant lesions. This
statement is based on studies performed at different
laboratories and at distinct geographic locations where
potentially malignant lesions are associated with differ-
ent risk factors (el-Naggar et al, 1995; Califano et al,
1996, 2000; Mao et al, 1996; Partridge et al, 1997, 1998,
2000, 2001; Rosin et al, 1997, 2000, 2002; El-Naggar
et al, 1998; Lee et al, 2000; Guo et al, 2001; Jiang et al,
2001; Kayahara et al, 2001; Poh et al, 2001; Tabor et al,
2001; Zhang et al, 2001a,b, 2005; Ha et al, 2002; Epstein
et al, 2003; Garnis et al, 2004, 2005, 2009; Bremmer
et al, 2005, 2008; Cheng and Wright, 2005; Tsui et al,
2008). At present, the identity of the relevant sequences
at many of these loci is not known such that regulatory
sequences as well as oncogenes or TSG may reside here.
The role of mutant p53, as opposed to LOH, may be
biologically relevant in view of the oncogenic activity of
some mutant p53 proteins.

With respect to AI and dysplasia, initial studies (prior
to 2002) revealed AI at many loci in different chromo-
somes (Califano et al, 1996; Partridge et al, 1997, 1998,
2000, 2001; El-Naggar et al, 1998; Rosin et al, 2000;
Jiang et al, 2001; Tabor et al, 2001). In general, there is
a trend for lesions with more disturbance in cellular
organization and architecture to harbor more genetic
changes at 3p and 9p (Califano et al, 1996, 2000; Mao
et al, 1996; Roz et al, 1996; Tabor et al, 2001, 2003;
Zhang et al, 2001a,b, 2005; Epstein et al, 2003; Tsui
et al, 2008). However, not all studies confirm this
observation and AI at 3p and 9p may not result in
any phenotypic change in the oral epithelium that can be

detected by light microscopy (Mao et al, 1996; Partridge
et al, 2000, 2001; Jiang et al, 2001; Kayahara et al,
2001). It is clear, however, that progression may occur
against a background of mild dysplasia especially when
the lesion has a marked propensity for lateral spread.
Cases presenting with widespread field change almost
always harbor AI at 9p and frequently at 3p21, but the
nature of the other events that result in clonal expansion
and lateral spread is unclear (Califano et al, 1996;
Partridge et al, 1997, 2001; Jiang et al, 2001; Tabor
et al, 2001; Ha et al, 2002; Tsui et al, 2008).

Whether AI at 3p, 9p and 17p can predict risk of
progression to dysplasia has not been conclusively
established as only a few studies have compared the
frequency of AI at the key loci for lesions in which
carcinoma developed as well as for cases where pro-
gression did not occur. An increase in the frequency of
AI at 3p and ⁄ or 9p for lesions with low-grade (mild and
moderate) dysplasia was reported for 22 of 23 (96%)
cases progressing to dysplasia, compared to 30 ⁄ 54
(56%) of non-progressing cases, with the risk of
progression being greater when AI at any other of the
chromosomes tested also occurred (Rosin et al, 2000).
The relationship between increased AI and risk of
progression was confirmed by case–control methodol-
ogy using markers at 3p, 8p, 9p, and 13q, with
progressing and non-progressing cases matched with
respect to age, gender, site of the lesion, smoking, and
alcohol habits together with the status of the margins
(Partridge et al, 2000). In this report, AI LOH at 3p and
9p occurred in 35 ⁄ 39 (90%) of cases progressing and for
28 ⁄ 39 (72%) of those not progressing. Only LOH at
17p13 was significantly associated with risk of tumor
development. These reports cannot be directly com-
pared due to the different study designs and number of
markers used. The study by Rosin et al (2000) used three
markers at 3p and 19 at other chromosomes, whereas
Partridge et al (2000) used 10 markers at 3p, 3 at 9p, and
9 at other chromosomes (Partridge et al, 2000; Rosin
et al, 2000). Nevertheless, they confirm that information
regarding increased frequency of AI provides indication
that genetic damage is occurring and may be linked with
risk of progression, but these markers cannot yet be
used to predict risk of progression. Indeed, the link
between AI at 3p and 9p and risk of progression,
initially suggested by Mao et al, was weakened on long-
term follow-up (P = 0.09), emphasizing the need for
further prospective studies. In view of this, several
studies have combined information derived from the
application of multiple markers to improve the useful-
ness of a predictor (Califano et al, 2000; Lee et al, 2000;
Partridge et al, 2001; Chen et al, 2005a). Additional
chromosomes studied for LOH and AI are 8p, 8q, 11p,
17p, and 18q; however, the evidence supporting the
predictive value of these loci is inconclusive (Califano
et al, 1996, 2000; El-Naggar et al, 1998; Partridge et al,
1998, 2000; Jiang et al, 2001; Tabor et al, 2001, 2003;
Rosin et al, 2002; Bremmer et al, 2005, 2008; Chen et al,
2005a).

Summary and clinical significance: There is prelimin-
ary albeit limited evidence in support of LOH and AI of
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3p and 9p as early markers for dysplastic progression of
premalignant oral lesions. Comparison among existent
studies is challenged by methodologic differences,
adjustment for confounders, and controls. The clinical
utility of LOH in 3p and 9p as an effective screen for
progression of oral premalignant lesion requires pro-
spective validation.

Epigenetic events

Epigenetic changes involve modifications of DNA and
histones that are not coded in the DNA sequence
although these changes are heritable (Egger et al,
2004). Three systems are involved: DNA hypermethy-
lation, RNA-associated post-transcriptional silencing,
and histone modification. Of these, DNA methylation
has been studied in OSCC. In normal tissues, unme-
thylated cytosine is found in high densities in CpG
islands (areas with high concentration of cytosine and
guanine) that map close to a promoter region in 40%
of mammalian genes (Egger et al, 2004). This unme-
thylated state is associated with a high rate of
transcriptional activity. Hypermethylation of TSG,
mediated through the enzyme DNA methyltransferase,
results in stable transcriptional silencing of tumor
suppressor activity. This process has been detected in
oral OSCC and is a hallmark of many other cancers as
well.

In OSCC, hypermethylation of p16 occurs in 50–73%
of cases and p15 in 60% of cases; (Wong et al, 2003;
Goldenberg et al, 2004; Kulkarni and Saranath, 2004;
Kato et al, 2006). Interestingly, 25–60% of �normal
margins’ of resected specimens also showed a hyperme-
thylated state (Wong et al, 2003; Kulkarni and Sar-
anath, 2004; Kato et al, 2006). Only three studies
investigated hypermethylation and oral dysplasia. Kres-
ty et al identified hypermethylation of p16 INK4a and
p14ARF in 57.5% and 3.8% of cases of severe dysplasia
respectively (Kresty et al, 2002). Hypermethylation (as
well as point mutation and deletion) of p16 (locus on
9p21) probably abrogates its activity via the p16 ⁄R6 ⁄ cy-
clin D1 tumor suppressor pathway (Kresty et al, 2002;
Goldenberg et al, 2004). Takeshima et al noted hyper-
methylation of p16 in 18% vs 55% of mild vs severe
dysplasia; p14 in 77% mild vs 65% severe dysplasia; p15
in 50% milld vs 65% severe dysplasia and p53 in 32%
mild vs 40% severe dysplasia (Takeshima et al, 2008).
Patients with submucous fibrosis showed hypermethy-
lation in 50–80% of these four markers. One study that
investigated hypermethylation of RARB2 found 53%
of oral leukoplakias were hypermethylated, but
the histology of these lesions was not well defined
(Youssef et al, 2004). Some of the other important genes
shown to be hypermethylated in OSCC are the following
(Youssef et al, 2004; Ha and Califano, 2006; Kato et al,
2006):

1. CDH1 (cadherin 1 Type 1, a gene on chromosome
16q22.1) that produces E-cadherin, which plays
an important role in cell adhesion and contact
inhibition.

2. MGMT gene (a gene on chromosome 10q26) which
produces MGMT, O6-methylguanine-DNA-methyl
transferase) a DNA repair enzyme that removes
adducts caused by alkylating agents; such DNA
repair causes the cells to be resistant to treatment-
induced apoptosis. Silencing this gene thus allows
alkylated guanine to accumulate leading to apoptosis
(Kulkarni and Saranath, 2004; Kato et al, 2006).

3. DAPK1 (death-associated protein kinase-1), a TSP
on chromosome 9q22 associated with apoptosis
(Kulkarni and Saranath, 2004; Ha and Califano,
2006; Kato et al, 2006).

4. RARB2 gene (retinoic acid receptor B2 gene on
chromosome 3p24) codes for the nuclear receptor
that suppresses transcription activation and sup-
presses cell proliferation and squamous differentia-
tion (Youssef et al, 2004).

Hypermethylation of p14ARK, p16 INK4a, P15,
MGMT, DAPK, GSTP1 and RARB have been seen
in dysplasias and in histologically normal appearing
margins of OSCC resections. However, these studies do
not correlate hypermethylated states with recurrence of
OSCC or with progression to invasive OSCC. There is
some evidence that hypermethylation of p14 is linked to
p53 activity and that lesions on the tongue and floor of
mouth, high-risk sites for dysplasia and malignancy,
tend to be hypermethylated (Kresty et al, 2002). A few
studies also showed hypermethylation of p15 and p16 in
smokers and drinkers and in patients with leukoplakia,
but these were not confirmed by histopathologic exam-
ination.

Summary and clinical significance: Hypermethylation
is seen with relatively high frequency in OSCC as well as
at tumor margins and in dysplasias. However, these
studies do not show a correlation with the degree of
dysplasia and do not predict the development of OSCC.
At this time, there is insufficient evidence to determine if
hypermethylation can be used as a predictive biomarker
for the progression of dysplastic lesions.

Telomerase regulation

Telomeres are specialized areas of the distal end of
chromosomes composed of chromatin formed by tan-
dem repeats of the sequence TTAGGG bound to
specific telomere-binding proteins. They are progres-
sively shortened with each cell division, ultimately
resulting in aging and senescence of cells. As telomere
loss limits lifespan of cells, the loss also reduces the
probability of cancer development. Telomerase is an
enzyme that directs the synthesis and maintenance of
these telomeres and is composed of hTR (human
telomerase RNA, the RNA template), hTEP1 or TP1
(telomerase-associated protein 1) and hTERT (human
telomerase reverse transcriptase) (Pannone et al, 2007).
Cancer cells are able to stabilize telomeres by activating
telomerase, thereby bypassing senescence and facilitat-
ing cell immortalization (Shay and Wright, 2010).

Depending on the assay utilized, telomerase activity is
noted in 67–100% of OSCC (Sumida et al, 1998;
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Pannone et al, 2007). Enhanced telomerase expression is
seen in 50–100% of moderate and severe dysplasia
(Miyoshi et al, 1999; Zhang and Zhang, 1999; Liao et al,
2000; Kim et al, 2001; Chen et al, 2007). Fujita and
Yajima et al both showed that OSCC, OSCC margins,
and dysplastic lesions have similar expression of telo-
merase activity (Fujita et al, 2004; Yajima et al, 2004).
Liao et al and Miyoshi et al showed that telomerase
activity increases from 0–50% in mild to 50–100% in
moderate-to-severe dysplasia, and was highly expressed
in OSCC, suggesting that the acquisition of activity was
part of multi-step carcinogenesis (Miyoshi et al, 1999;
Liao et al, 2000). However, the number of cases
evaluated was small. Zhang et al showed similar findings
with carcinoma in situ and OSCC showing the highest
degree of telomerase activity, and suggesting that this
was a late event during progression (Zhang and Zhang,
1999). The study by Chen et al was the only one that did
not find differences in expression between mild, moder-
ate and severe dysplasia and OSCC (Chen et al, 2007).
Mutirangura et al demonstrated that non-dysplastic
leukoplakias that progressed to OSCC were also asso-
ciated with increased telomerase activity (Mutirangura
et al, 1996).

Summary and clinical significance: Compared with
normal mucosa, telomerase activity is increased in
dysplasias and OSCC. The activation of telomerase
appears to be a late change during progression, but the
frequency of increased telomerase activity varies greatly
from study to study. There are no studies that have
attempted to correlate telomerase activity and progres-
sion with OSCC. At this time, there is insufficient
evidence to determine if increased telomerase activity
can be used as a predictive biomarker for dysplastic
lesions.

Proliferation markers

It is generally accepted that increased cell proliferation is
associated with the progression in the multistep process
of carcinogenesis. Immunohistochemical methods of
detecting proliferation markers, such as proliferating
cell nuclear antigen (PCNA), minichromosome-mainte-
nance protein 2 (MCM2) and Ki-67, have been widely
used as possible indicators of genetic abnormalities
typical of malignant progression. Ki67 antigen is one of
the best known proliferation markers as its expression is
seen in proliferating cells (G1, S, G2 phase), but not in
resting cells (G0 phase). MCM2 is expressed throughout
the cell cycle, including cells leaving G0 to enter into the
early G1 phase, distinguishing then from Ki67. PCNA,
another marker frequently used as a measure of the
proliferation, is an essential factor both for replication
and for repair of DNA. Dysregulation of Ki67, PCNA,
and MCM2 protein expression has been observed in
OSCC (Iamaroon et al, 2004; Fourati et al, 2009;
Torres-Rendon et al, 2009a; Watanabe et al, 2010).
There is conflicting evidence regarding their possible
role as prognostic markers for OSCC (Xie et al, 1999;
Kodani et al, 2003; Szelachowska et al, 2006). Increased
suprabasilar Ki67 immunostaining may correlate with

increasing grades of dysplasia (Kushner et al, 1997;
Jordan et al, 1998; Schoelch et al, 1999b; Gonzalez-
Moles et al, 2000; Loro et al, 2002; Tabor et al, 2003;
Bortoluzzi et al, 2004; Takeda et al, 2006; Vered et al,
2009). Only one paper included in this review failed to
show any correlation between expression levels of Ki67
and degree of dysplasia (Soria et al, 2001). Among the
cited papers, only three incorporated hyperplastic
tissues derived from inflammatory lesions. Importantly,
in each of these studies, the proliferation indices of the
reactive lesions were very similar to the dysplastic
specimens (Loro et al, 2002; Takeda et al, 2006; Vered
et al, 2009).

Only one paper included in this review described
PCNA expression in oral dysplastic lesions.

The PCNA labeling index (LI) increased steadily with
lesion progression from normal to acquistition of
malignant features, with a statistically significant in-
crease in the transition from moderate to severe
dysplasia (Shintani et al, 2002). In an immunohisto-
chemical analysis of MCM2, Kodani described a trend
of increased LI with increasing degree of dysplasia.
Furthermore, a significantly higher MCM2 LI was
associated with the subgroup of patients developing
OSCC from dysplasias (Kodani et al, 2001). Li et al,
through a quantitative real time PCR, found MCM2
mRNA expression levels increased with increasing
grades of dysplasia, with a highly significant difference
between mild and moderate (P < 0,001), and between
moderate and severe dysplasia (P < 0.001) (Li et al,
2008).

Summary and clinical significance: There is a good
overall correlation between Ki67 expression and the
degree of dysplasia. However, Ki67 expression would
appear to have low specificity for predicting which
dysplastic lesions are more likely to progress to cancer
given that other oral mucosal conditions, both benign
and inflammatory, can result in increased Ki67 staining.
Data regrading the expression of PCNA and oral
dysplastic lesions is limited. Therefore, no conclusion
can be deduced for its potential use in clinical practice,
and further studies are necessary. The limited data to
date suggest that increased expression of MCM2 mRNA
and protein correlates with increasing grades of dyspla-
sia. Therefore, the potential usefulness of MCM2 as a
prognostic marker of potentially malignant oral lesions
requires further evaluation.

p53 family: p53, p63, p73, p21, p27

p53 is a TSG located on chromosome 17p13. p53 plays a
major role in cell-cycle progression, cellular differenti-
ation, DNA repair and apoptosis, and is regarded as a
guardian of the genome. Loss of p53 function dimin-
ishes the regulation of cell cycle arrest and apoptosis,
thereby altering the ability of cells to respond to stress or
damage (such as DNA damage, hypoxia, and oncogene
activation). This can subsequently lead to genomic
instability and the accumulation of additional genetic
alterations. p53 is the most commonly inactivated TSG
in human cancer including OSCC (Vousden and Lane,
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2007). Various genetic events can lead to inactivation of
p53 including mutation, inactivation through interac-
tion with a viral protein of �oncogenic’ HPV subtype,
(such as HPV16 or HPV18), or through loss of one allele
as a result of LOH (Gonzalez et al, 1995; Olshan et al,
1997; Nagpal et al, 2002). In normal cells, p53 protein
levels are low due to the wild-type protein’s short half-
life and are essentially undetectable by immunohisto-
chemistry (IHC) (Smeenk and Lohrum, 2010). Stabiliz-
ing mutations may cause an increased half-life for the
protein, which frequently results in increased expression
of mutant p53 in neoplastic cells. Association of p53
with other proteins that protect against degradation has
also been shown to be responsible for the over-expres-
sion of p53. IHC expression of a mutant p53 protein has
been correlated with increased risk for secondary
tumors, early recurrence, metastatic spread, and resis-
tance to chemotherapy or radiation therapy (Shin et al,
1996; Temam et al, 2000; Warnakulasuriya et al, 2000).
Poeta et al, 2007 reported that inactivation of p53 in
OSCC is associated with reduced survival after surgical
treatment (Poeta et al, 2007). However, in view of the
heterogeneity of laboratory techniques as well as limited
clinical data of various studies, the value of the p53 as a
biomarker in patients with OSCC is still controversial.
In addition, the wide spectrum of p53 mutations
observed among tumor samples suggests that the
mutations vary in their prognostic power. It has been
established by several studies that there is a role for p53
as a biomarker in dysplastic lesions; however, there is no
consensus yet on the details. Various studies have
reported the analysis of p53 expression by IHC based
on the percentage of positive cells, the distribution of the
cells within the epithelial lining and the intensity of the
stain. However, correlation between expression of p53
and histologic grade of dysplasia has yielded inconsis-
tent results. Bortoluzzi and Vered found that suprabasal
p53 staining correlated with increasing histologic grade,
whereas Schoelch reported that higher degree of dys-
plasia correlated with an increased percentage of p53
positive cells (Schoelch et al, 1999a; Bortoluzzi et al,
2004; Vered et al, 2009). Brennan and Kodani found
that, in addition to percentage of positive cells, intensity
of staining correlated with higher grades of dysplasia
(Brennan et al, 2000; Kodani et al, 2001).

Cruz did not find a correlation between p53 expres-
sion and the degree of dysplasia (Cruz et al, 1998).
However, they did find that suprabasal expression of
p53 was an early event of malignant transformation and
had predictive value for developing oral SCC
(P = 0.002). Conversely, Murti et al found that p53
expression was not predictive of malignant transforma-
tion (Murti et al, 1998). In biopsies from cohorts of
patients who did or did not progress to cancer over a
period of up to 25 years, similar levels of p53 expression
were found (29% and 31% respectively; P > 0.05).
Kodani reported that increased p53 labeling indices
(mean percentage of positive cells) may correlate with
increased risk of malignant transformation, while Shah
et al, found that overexpression of p53 represented the
greatest risk for this outcome (P = 0.0001) (Kodani

et al, 2001; Shah et al, 2007). Smith et al, who reviewed
the literature regarding dysplasia, concluded that the
pooled relative risk for cancer progression in p53
positive cases was 0.96, 0.65, 1.42) while for p53 staining
in suprabasal layers, only the relative risk was higher
(1.36, 0.27, 6.82). The P values for heterogeneity were
0.38 and 0.94 respectively (Smith et al, 2009).

p63 and p73 are members of the p53 family, and are
related both structurally and functionally to p53
(Smeenk and Lohrum, 2010). Both cooperate with p53
to induce apoptosis, suggesting that they have a role in
the regulation of DNA damage-induced cell death. The
p63 gene, located at 3q27–29, is responsible for the
transcription of six isoforms. Three isoforms contain an
N-terminal transactivation (TA) domain and can induce
apoptosis; the remaining three isoforms lack the TA
domain, and may function in a dominant-negative
fashion as oncoproteins. There are limited data regard-
ing the p63 and p73 expression and OSCC (Bortoluzzi
et al, 2004). p63 gene amplification has been associated
with prognostic outcome in OSCC (Thurfjell et al,
2005). Conversely, Oliveira et al found that p63 was
over expressed in the majority of OSCC (64.4%), but
with conflicting results regarding its association with
survival (Oliveira et al, 2008). In normal and hyperplas-
tic mucosa, p63 protein expression was limited to the
basal and parabasal layers, while its expression extended
to the more superficial layers with increasing grades of
dysplasia (Chen et al, 2005b; Takeda et al, 2006; Vered
et al, 2009). Conversely, Bortoluzzi found neither typ-
ical tendency nor statistically significant differences in
the p63 staining score among the 3 grades of dysplasia
(Bortoluzzi et al, 2004). p73 is a member of the p53
family and located on chromosome 1p36 that frequently
demonstrates deletions and is thought to contain multi-
ple TSG. In one study, p73 protein expression was
detected in basal cells of normal epithelium and showed
a significant suprabasal expression in dysplasias. How-
ever, there was no difference in p73 expression with
increasing histologic grade of dysplasia (Chen et al,
2004).

The CDK inhibitor (CDKI) p21 mediates growth
arrest following DNA damage by inactivating members
of the cyclin family. Altered expression of p21 in OSCC
has been reported with respect to its correlation with
tumor biology and clinical outcomes (Erber et al, 1997;
Venkatesan et al, 1999; Xie et al, 2002; Nemes et al,
2005). Choi et al reported that p21 expression increased
during histologic progression, but that there no was
significant correlation between expression and progres-
sion to OSCC (Choi et al, 2003). Similarly, Shintani
reported a correlation between the degree of dysplasia
and histologic progression, and positive staining in 3%
of mild, 50% of moderate, and 64% of severe dysplastic
samples (Shintani et al, 2002). Similarly, Schoelch et al
reported an increasing trend in levels of p21 expression
from normal to dysplastic to malignant mucosa (Scho-
elch et al, 1999b). Conversely, Kodani reported a
decreasing trend in p21 expression with increasing
histologic grade. Specifically, the authors reported that
the progression to OSCC from dysplasia correlated with
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significantly lower levels of p21 expression (Kodani
et al, 2001). There are no published data that correlate
p21 expression and prediction of progression with
OSCC.

The p27 gene located on chromosome shares sequence
homology with p21, and acts as a p53 independent
negative cell cycle regulator involved in G1 arrest. It
associates with several CDK complexes, resulting in loss
of their activity and inability to phosphorylate the
retinoblastoma (Rb) gene. Although rarely mutated,
reduced levels of p27 protein expression have been
reported in various human tumors including OSCC
(Lee and Kim, 2009). In general, data for OSCC suggest
that there is decreased p27 expression when compared
with normal tissue and that this decrease is associated
withpoor prognosis (Jordan et al, 1998;Venkatesan et al,
1999; Kudo et al, 2000a; Kuo et al, 2002; Shintani et al,
2003). However, several manuscripts have reported
increased p27 expression in OSCC (Fujieda et al, 1999;
Kudo et al, 2000b). With respect to oral premalignancy,
several papers have described a positive suprabasal
staining pattern in normal andmild dysplasia that became
less apparent with increasing degrees of dysplasia (Jordan
et al, 1998; Schoelch et al, 1999b; Kodani et al, 2001;
Shintani et al, 2002). However, there are insufficient data
to determine if altered p27 expression can be used to
predict malignant transformation.

Summary and clinical significance: Expression of p53
is observed in dysplastic lesions and its expression is
correlated with increasing histologic grade. There are
conflicting data regarding the value of p53 as a predictor
for progression to OSCC. There are insufficient data to
determine if p63 or p73 expression can be used to iden-
tify which dysplastic lesions are more likely to progress
to OSCC. To evaluate fully the diagnostic utility of the
p53 family, future studies must consider the pathway as
a whole as well as each of the various mechanisms by
which a particular gene ⁄ protein in the pathway may be
inactivated. There are conflicting reports regarding the
expression of p21, although majority of data suggest
that its expression is lost during progression to cancer.
There is currently insufficient information to determine
if p21 can predict which dysplastic lesions will progress
to cancer. Expression of p27 appears to decrease with
increasing grades of dysplasia. However, its utility as a
diagnostic biomarker is unknown.

Rb family: Rb, p16

The Rb gene was the first TSG identified and plays a key
role in the regulation of cellular proliferation. There is
compelling evidence that several components of the Rb
pathway are altered in human cancer, including OSCC
(Todd et al, 2002). The expression of Rb protein in
OSCC has been variably reported. Many studies have
reported loss of Rb protein expression, while others
have showed elevated levels of expression (Yoo et al,
1994; Pande et al, 1998; Xu et al, 1998; Schoelch et al,
1999b; Nakahara et al, 2000). There are limited data

regarding the expression of Rb in premalignant lesions.
Soni et al reported a significant loss of pRb at the
transition from hyperplasia to dysplasia (Soni et al,
2005).

Inactivation of the p16 TSG is a common event in
various types of cancer and may be one of the first TSG
inactivated in OSCC. Inactivation of the gene may have
prognostic relevance (Reed et al, 1996; Papadimitrako-
poulou et al, 1997; Pande et al, 1998; Xu et al, 1998; Lai
and El-Naggar, 1999; Nakahara et al, 2000; Muirhead
et al, 2006; Suzuki et al, 2006). P16 is a member of a
family of negative cell cycle regulatory proteins that
inhibits the activity of cyclin D–CDK4 ⁄ 6 complexes,
thereby preventing Rb phosphorylation. Data regarding
the direction (overexpression or loss) of immunohisto-
chemical detection of p16 expression in OSCC are
conflicting. Gologan et al found a significant correlation
between an increase in expression of p16 and increasing
degrees of dysplasia (Gologan et al, 2005). Similarly,
Chen observed an increasing trend of p16 staining score
with increasing grades of dysplasia (Chen et al, 1999).
Conversely, several investigators have found a signifi-
cant correlation between decreased p16 protein expres-
sion and histologic grade of dysplasia (Soria et al, 2001;
Shintani et al, 2002; Bradley et al, 2006). While not the
focus of this review, it should be noted that overexpres-
sion of p16 in SCC is now used as a surrogate for
identifying HPV-associated SCC vs SCC associated with
tobacco and alcohol consumption. This is particularly
relevant in non-oral sites such as the tonsil, base of
tongue and oropharynx.

Summary and clinical significance: There are limited
reports regarding the expression of Rb in dysplasia.
Furthermore, there are insufficient data regarding the
ability of Rb protein expression to predict progression
to OSCC. There are conflicting data regarding the
expression of p16 in dysplastic lesions. The data are also
insufficient to determine whether p16 expression (either
gain or loss) is predictive of progression to OSCC.
Further research is thus required to define more
comprehensively the diagnostic ⁄ predictive potential of
the Rb pathway.

Receptor tyrosine kinase pathways

Several signal transduction pathways are frequently
altered in cancer and share common nodes and interact
as a network. Their modification can affect cell survival,
cell proliferation, morphology, and angiogenesis. Com-
prehension of the underlying pathways governing the
progression of oral premalignant lesions is thus of
utmost importance. A number of growth factors,
including platelet-derived growth factor (PDGF), epi-
dermal growth factor (EGF), fibroblast growth factor
(FGF), nerve growth factor (NGF), and transforming
growth factor-a (TGF-a) family members, signal by
inducing dimerization and activation of receptors that
are protein tyrosine kinases. Regulation of normal
epithelium by growth factors such as TGF-a or EGF
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is dependent on the expression of the corresponding
receptors on the target cell.

Receptor tyrosine kinase pathway (EGFR ⁄TGF-a)
The EGF receptor (EGFR) pathway plays an important
role in cell proliferation, apoptosis, invasion, angiogen-
esis, and metastasis. Via the tyrosine kinase cascade, the
receptor tyrosine kinase (also known as Type I receptor
tyrosine kinases or ErbB tyrosine kinase receptors) has
many downstream signaling targets that are associated
with carcinogenesis. Development, growth, and survival
of OSCC are highly dependent upon the EGFR signal-
ing pathway. Increased expression of EGFR and TGF-a
is observed in most OSCC, and expression correlates
with poor prognosis (Ciardiello and Tortora, 2003).
EGFR signaling also appears to be important at the
stage of oral premalignancy. For example, Grandis et al
found increased expression of TGF-a and EGFR
mRNA expression in both dysplasias and OSCC
(Grandis and Tweardy, 1993). Furthermore, amplifica-
tion of EGFR in premalignancy has also been described.
Specifically, Nagatsuka et al reported EGFR amplifica-
tion in epithelial dysplasia and carcinoma in situ, and
this amplification increased with the histologic grade of
dysplasia (Nagatsuka et al, 2001). Similarly, using IHC,
several investigators have reported increased expression
of both EGFR and TGF-a in premalignant lesions
(Bergler et al, 1989; Shin et al, 1994; Christensen, 1998;
Srinivasan and Jewell, 2001). These findings suggest an
increased receptor–ligand interaction with increasing
degrees of oral dysplasia. Therefore, coexpression of
TGF-a and EGFR may provide an early marker for the
onset of epithelial dysplasia preceding OSCC. These
results also suggest that EGFR expression may be
suitable as a potential intermediate endpoint in evalu-
ating the efficacy of oriented target therapies trials. In a
recent study, Taoudi Benchekroun et al assessed
whether EGFR expression and gene copy number
changes might predict the risk of progression of oral
leukoplakia to oral SCC. They reported that increased
EGFR gene copy number in oral leukoplakias was
associated with an increased risk of developing OSCC
(Taoudi Benchekroun et al, 2010).

Summary and clinical significance: Increased EGFR
and TGF-a are observed in both premalignancy and
OSCC. Recent data from a single study have reported
that EGFR copy number may correlate with malignant
transformation. Further studies are required to validate
the utility of EGFR as a predictive biomarker.

Phosphoinositide 3-kinase (PI3K) ⁄AKT pathway
Once activated, EGFR stimulates a number of down-
stream signaling events, namely the Ras ⁄Raf ⁄mitogen
activated protein kinase (MAPK) signaling pathway, the
transcription factor signal transducer and activator
transcription, and the PI3K ⁄AKT pathway, which in
turn contributes to the malignant growth, and meta-
static potential of oral cancer (Molinolo et al, 2009).
PI3K is a lipid kinase that phosphorylates structural
components of the cell membrane such as the inositol of
phosphatidyl-1D-myo-inositol (PI) at the 3-position,

and is known to be closely involved in carcinogenesis
(Massarelli et al, 2005). Activation of PI3K by growth
factors generates PI(3,4)P2 and PI(3,4,5)P3, which act as
second messengers. PI(3,4,5)P3 causes activation of PH
domain-containing proteins AKT and PDK1—AKT
upstream kinase—thus enabling PI3K to transmit sig-
nals related to cell survival and proliferation (Fujita and
Tsuruo, 2003).

Watanabe et al, reported that mRNA expression of
PI3K class III was 2.5–11 times greater in dysplastic
mucosa and OSCC compared with normal tissue. This
was further validated by IHC by demonstrating the
presence of p-AKT-positive cells only in dysplastic and
early cancerous lesions (Watanabe et al, 2009). This
finding is substantiated by Kaur et al, who assessed PI
synthase expression by IHC in clinical specimens from
oral leukoplakias without dysplasia, with dysplasia
(mild, moderate and severe) and OSCCs. They reported
increased PI synthase expression to be an early event in
oral tumorigenesis, further sustained during the devel-
opment and progression of OSCC (Kaur et al, 2010).
AKT activation has been shown as an early event in oral
preneoplastic lesions, and its expression is correlated
with poor outcome in oral cancer patients (Massarelli
et al, 2005). Massarelli et al, reported frequent expres-
sion of p-AKT in oral dysplasia, with AKT activation
being found in 55% of the cases which progressed to
OSCC (Massarelli et al, 2005).

Summary and clinical significance: These data further
support the assertion that the PI3K-AKT signal path-
way is closely related to oral precancerous lesions as well
as the development of OSCC (Amornphimoltham et al,
2004). Nevertheless, despite the evidence, large-scale
studies are warranted to evaluate further the PI3-
K ⁄AKT pathway’s potential as an indicator of progres-
sion risk in leukoplakia and a role in development and
progression during early stages of oral tumorigenesis.

ERK ⁄MAPK pathway
The extracellular-signal regulated kinases (ERK ⁄MAP-
Ks) pathway is critically involved in the regulation of
cell differentiation, proliferation, and survival (Mishima
et al, 2002). MAPKs are activated by phosphorylation
on two sites within the kinase domain and activated
forms phosphorylate serine ⁄ threonine residues present
on effector kinases. The MAPKs include two mamma-
lian isoforms (ERK1, p44MAPK and ERK2,
42MAPK), which are translocated to the nucleus upon
activation by growth factors such as EGF, NGF, and
PDGF (Marshall, 1995).

Extracellular-signal regulated kinases ⁄mitogen acti-
vated protein kinases play a central role in mitogenic
signaling, which is a cascade of phosphorylation reac-
tions involving cell surface receptor, Ras, Raf, and
MEK or protein kinase C, Raf, and MEK (Cobb and
Goldsmith, 1995; Gutkind, 1998). Activation of
ERK1 ⁄ 2-MAPK pathway is often the result of the
stimulation of EGFR signaling, with previous studies
showing that in OSCC the Ras ⁄RAF ⁄MAPK pathway
may be either constitutively activated due to gain in
functional mutations in ras genes or may be activated
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downstream from the persistent autocrine or paracrine
stimulation of EGFR and other growth factor receptors,
namely FGF (Tsui et al, 2009). Tsui et al performed
whole genome DNA microarray analysis of 50 dysplas-
tic lesions (21 CIS, 22 severe dysplasias, six mild ⁄mod-
erate dysplasia and one hyperplasia) that later
progressed to cancer. They reported that 40% of the
dysplastic lesions and 43.5% of the OSCC exhibited
DNA amplification and homozygous deletions (Tsui
et al, 2009). Furthermore, they reported that 25 oral
lesions (one progressing low-grade lesion, 14 high-grade
dysplasias and 10 oral SCC) showed a high-level gene
amplification of different genes inside a signaling
network which included the canonical ERK ⁄MAPK,
FGF, p53, PTEN and PI3K ⁄AKT signaling pathways.
While 34% of the low-grade lesions that progressed to
OSCC contained these alterations, no similar changes
were found in the low-grade dysplasias that did not
progress (Tsui et al, 2009).

Summary and clinical significance: There is evidence of
ERK ⁄MAPK alterations in dysplastic lesions of the oral
cavity. Furthermore, there is some evidence that alter-
ations in this pathway may help identify a subset of
dysplastic lesions that are more likely to progress to
OSCC. Additional studies are required to determine
their diagnostic and prognostic utility.

Cyclin D1 pathway
The CCND1 gene encodes the cyclin D1 protein which
is a key regulator of the G1 phase of the cell cycle.
Deregulation of the cell cycle is linked to carcinogenesis,
specifically, the deregulation of G1–>S phase progres-
sion. The transition from G1 into S phase is regulated by
CDKs, CDK4 and CDK6, in protein complexes with
cyclin D1 (Huang et al, 2006). Cyclin D1 catalyzes the
phosphorylation of Rb, which then releases the tran-
scriptional factor E2F that will activate a number of
downstream genes necessary for cell cycle progression.
Therefore, overexpression of the protein accelerates the
G1 phase transition, whereas inhibition of cyclin D1
results in cell cycle arrest.

Overexpression of cyclin D1 is the result of gene
rearrangement and gene amplification and is often
present in OSCC. For example, Mineta et al reported
that OSCC demonstrating overexpression of cyclin D1
had a 39% 5-year survival (Mineta et al, 2000). With
respect to oral premalignancy, Kövesi et al reported that
cyclin D1 expression increased in parallel to the severity
of dysplasia (Kovesi and Szende, 2006). Turatti et al
also reported that the major components AP-1 tran-
scriptional factors (c-Jun and c-Fos) and cyclin D1 are
altered in dysplastic epithelium and OSCC, with cyclin
D1 expression increasing with the degree of histologic
differentiation from normal to moderate dysplasia and
OSCC (Turatti et al, 2005). Ishida et al assessed the
relationship between the expression of components of
the canonical Wnt pathway and the progression of
dysplasia in oral leukoplakia and showed that two of the
target genes of the Wnt ⁄ b-cat pathway—c-Myc and
Cyclin D1—were overexpressed in leukoplakia. They
reported an increase in cyclin D1 expression during

histologic progression of the severity in oral leukopla-
kia, with overexpression being more evident in oral
leukoplakia with dysplasia than that without dysplasia
(Ishida et al, 2007). Ye et al used a pathway-based
approach to assess the complex interaction between
single-nucleotide polymorphisms (SNPs) from genes in
the cell-cycle control pathway, smoking status, and the
overall risk of oral premalignant lesions. They reported
that the CCND1 P241P polymorphism was significantly
associated with a 2.5-fold increased risk of oral prema-
lignant lesion (Ye et al, 2008). Huang et al also assessed
the role of cell-cycle deregulation in carcinogenesis.
They genotyped CCND1 SNPs in a case–control study
of 115 oral premalignant lesions and 230 controls and
showed that individuals with one or more copies of the
CCND1 G870A variant A-allele had an increased risk
of oral premalignant lesion development. These findings
support the hypothesis that this polymorphism may be a
susceptibility factor for OSCC (Huang et al, 2006).

Summary and Clinical Relevance: Alterations in the
Cyclin D1 pathway are present in both OSCC and
dysplasia. However, there is currently insufficient evi-
dence to determine whether these alterations could be
used as predictive markers to identify which dysplasias
are more likely to progress to OSCC.

Vascular endothelial growth factor (VEGF) pathway
Angiogenesis is an essential phenotype in both physio-
logic and pathologic settings including tumor formation.
The angiogenic phenotype is one of the first recogniz-
able phenotypic changes observed in both experimental
models as well as in human OSCC, suggesting that
angiogenesis markers may hold promise for diagnosis
and prevention (Pazouki et al, 1997; Macluskey et al,
2000; Carlile et al, 2001). The VEGF family is thought
to be one of the factors that play a central role in the
induction of blood vessel growth. VEGF acts by
increasing vessel permeability and enhancing endothelial
cell proliferation, migration and differentiation (Tae
et al, 2000). The biologic effects of the VEGF ligands
are mediated through their binding to members of the
VEGF receptor family (VEGFR-1, VEGFR-2, VEG-
FR-3).

Vascular endothelial growth factor expression is
increased in both dysplasia and HNSCC (Inoue et al,
1997; Moriyama et al, 1997; Shintani et al, 2004; Li
et al, 2005; Johnstone and Logan, 2007). With respect to
premalignancy, Johnstone et al reported a significant
up-regulation of VEGF during progression from normal
oral mucosa to dysplasia and OSCC (Johnstone and
Logan, 2006, 2007). However, they found no correlation
between VEGF expression and the grade of dysplasia
(Denhart et al, 1997; Johnstone and Logan, 2007). This
was consistent with the results of Carlile et al who
observed that the increase in the histologic grade of
dysplasia was not necessarily accompanied by an
increase in VEGF expression (Carlile et al, 2001).
Conversely, Denhart et al reported that only 50% of
premalignant lesions and 75% of OSCC expressed
VEGF (Denhart et al, 1997; Johnstone and Logan,
2007), implying that 50% of the premalignant and 25%
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of the malignant lesions in this study were inducing
angiogenesis via an alternative mechanism(s) that did
not seem to involve VEGF. Similarly, Tae et al found
that levels of VEGF in premalignant and malignant oral
tissue were lower than in normal tissue (Tae et al, 2000).
Finally, Hasina et al reported that OSCC demonstrate
angiogenic heterogeneity that had an impact on targeted
anti-angiogenic therapy (Hasina et al, 2008).

Summary and clinical significance: The current data
suggest that there is heterogeneity with respect to the
expression of VEGF in both dysplasia and OSCC. These
findings suggest that selection of a single angiogenic
factor ⁄ pathway biomarker may have limited ability to
predict which lesions may or may not progress to
OSCC.

Future research directions

The overarching purpose of this article has been to
review the current state of knowledge of the genetic ⁄ epi-
genetic alterations that are specifically observed in oral
mucosal premalignancy. The ultimate goal of this
research is to identify the specific candidate biomarkers
that would have optimal predictive capacity for identi-
fication of those dysplastic lesions most likely to
progress to OSCC over time.

Analysis of correlations between biomarkers, stages
of dysplasia and their progression to OSCC is complex
and requires incorporation of multiple variables. The
literature published to date delineates two primary,
interrelated approaches for study of this model:

1. A description of biomarker profiles at a specific point
in time, including expression and pattern of distribu-
tion, in relation to grade of dysplasia.

2. Correlation of changes of biomarker profiles over
time in relation to progression of dysplasia, and, in a
subset of lesions, to cancer.

The potential to identify accurately and prospectively
the subset of dysplastic lesions likely to progress
through dysplasia to cancer is of premier scientific and
clinical significance. Biomarker profiles are of high value
in this regard and may ultimately supercede histopath-
ologic staging in the future. Further research is needed
to delineate this paradigm more fully.

Selected published studies are based on the assump-
tion that the more advanced the degree of dysplasia, the
higher the likelihood of progression to frank cancer.
However, this assumption is not fully substantiated in
the literature.

Reports of time from progression of dysplasia to
malignancy vary considerably across studies and the,
majority of dysplastic lesions do not undergo malignant
transformation, even after many years. Nevertheless, it
is likely that even a 1–5% rate of transformation from
dysplasia to OSCC would be of concern to most
patients. New research is needed that integrates histo-
pathology, biomarkers and molecular profiling with
well-established clinical parameters including compre-
hensive baseline data, homogeneous patient populations
and long-term follow-up.

The current state of the science has thus provided the
foundation to pursue several key research issues,
including the following:

1. Standardization of the definition of dysplasia, includ-
ing whether the dysplasia is occurring in the absence of
invasive cancer or is contiguous with tumor margin.
These two types of lesionsmay have similar clinical and
histopathologic appearance, but etiopathogenesis of
the processes may be fundamentally different.

2. Standardization of the definition of control tissues
used in comparison with dysplastic or OSCC tissue.
For example, control tissue could be collected from
normal appearing oral mucosa in the patient with
dysplasia at another oral site or from a healthy
subject with no documented dysplasia or cancer.
Benign lesions (e.g., frictional hyperkeratosis, fibro-
ma) as well as benign inflammatory lesions should be
considered in this modeling as well to insure that the
expression of the biomarker in question is not also
seen in reactive lesions.

3. Consideration of expression of each biomarker by
either distribution pattern (e.g., basal or suprabasal
sites) or indices (e.g., percentage) of positive staining
cells. In addition, potential impact of variability in
laboratory technology including antibody staining
techniques should be addressed.

4. Key elements related to the clinical cohorts, including:

• Inclusion and exclusion criteria;
• Patient risk behaviors, including tobacco use,
alcohol abuse, and HPV status;

• Length of long-term follow-up.
5. Correlation of histologic findings with the clinical

appearance of oral mucosal lesions. The translational
research opportunities associated with these and
related key research issues will be described in a
companion paper from our group. This latter man-
uscript will incorporate additional detailed modeling
associated with the design strategy in relation to the
state-of-the-science evidence base.
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