
Abstract. Although leukoplakia is the most common pre-
cancerous lesion of the oral cavity, its molecular biological
properties are largely unknown. The aim of this study was
to identify the genes responsible for its pathogenesis and
malignant transformation using oligonucleotide microarray
technology. The expression profiles of 8,800 genes in human
oral leukoplakia (n=4) and oral squamous cell carcinoma
(OSCC) (n=2) were analyzed using the Affymetrix GeneChip®

system and the results were confirmed with RT-PCR. Eight
genes were up-regulated (>2.0-fold) and ten were down-
regulated (<0.5-fold) in all leukoplakias analyzed with the
GeneChip. In particular, loricrin and keratins displayed greater
differences between normal tissue and leukoplakia. Some of
the 18 alternatively expressed genes were markedly down-
regulated in squamous cell carcinoma compared with leuko-
plakia. Our data suggested that gene abnormalities in cyto-
skeleton network components might be responsible for the
development and progression of oral leukoplakia.

Introduction

No skilled clinicians and pathologists, sophisticated diagnostic
devices, nor a high degree of patient compliance is required
for the detection of oral leukoplakia, a common white lesion
of the oral mucosa (1,2). However, strategies for the clinical
management of this disease remain controversial because of
the high prevalence of malignant transformation (1,2). The
clinical appearance and degree of epithelial dysplasia cause a
less than accurate prediction of disease prognosis. It has been
suggested that understanding the overall genetic events
during the progression of these lesions might contribute to
the elucidation of oral epithelial carcinogenesis, in addition

to the development of more sophisticated diagnostic and
treatment strategies.

Previous studies have demonstrated that oral leukoplakia
and oral squamous cell carcinoma (OSCC) display unique
gene expression patterns, including p53 (3-5), Ki-67 (4,6),
and MDM2 (5). Despite the number of studies, the elucidation
of reliable prognostic markers for leukoplakia has been un-
successful. However, it is speculated that a number of un-
identified genes might be strongly correlated with disease
progression and would thus be available as prediction bio-
markers of cancer development.

In this study, we analyzed the gene expression profiles
of human oral leukoplakia and OSCC tissues by using an
Affymetrix GeneChip expression analysis system to identify
genes associated with the pathogenesis and malignant trans-
formation of oral leukoplakia. Eight thousand and eight
hundred genes were analyzed using the GeneChip microarrays,
revealing that several genes might be associated with patho-
genesis and some could be candidates as reliable clinical
biomarkers of oral leukoplakia.

Patients and methods

Patients and tissue samples. Five cases of oral leukoplakia
and two cases of OSCC were examined in this study (Table I).
The protocols for the use of human tissue were approved by
the Ethics Committee for Genome Research, Showa University.
Specimens of oral leukoplakia and OSCC were resected at
the Department of Oral and Maxillofacial Surgery, Showa
University Dental Hospital. Normal matched tissue was
obtained from normal sites adjacent to the lesions. All cases
of oral leukoplakia were classified as the ‘Simplex’ type
according to the classification by Súgar and Bánóczy (7). In
case 1, OSCC was observed to have developed within tongue
leukoplakia during clinical follow-up for leukoplakia. These
two lesions were excised en bloc and then handled separately
during the experiments. Excised tissue was immediately snap-
frozen in liquid nitrogen and stored at -80˚C until use. Total
cellular RNA was extracted from the frozen samples by using
TRIzol® agent (Life Technologies, Gaithersburg, MD, USA)
according to the manufacturer's recommendations. The RNA
purity and yield were measured by spectrophotometric absorb-
ance at 260 and 280 nm. The quality of the isolated RNA
samples was routinely confirmed by examining the integrity
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of 28S and 18S ribosomal RNA bands by electrophoresis on
agarose gels.

Probe preparation for oligonucleotide array hybridization.
Ten μg of total cellular RNA was converted into double-
stranded cDNA by using a SuperScript™ Choice system
(Invitrogen Life Technologies, Carlsbad, CA, USA). In this
protocol, oligo(dT)24 primer containing a T7 RNA polymerase
promoter site was used. T7-(dT)24 primer used in this study
was as follows: GGC CAG TGA ATT GTA ATA CGA CTC
ACT ATA GGG AGG CGG-(dT)24. Double-stranded cDNA
was purified by using a Phase Lock Gel (Eppendorf, Hamburg,
Germany). The biotinylated complementary RNA (cRNA)
was synthesized by an in vitro transcription (IVT) reaction
using T7 RNA polymerase (BioArray High Yield RNA
Transcript Labeling Kit; Enzo Life Sciences, New York, NY,
USA) supplemented with biotin-CTP and biotin-UTP. The
labeled cRNA was purified by using an RNeasy® mini kit
(Qiagen, Hilden, Germany) and fragmented randomly to an
average size of approximately 35-200 bases by mild alkaline
treatment at 94˚C for 35 min in fragmentation buffer (200 mM
Tris-acetate, pH 8.1, 500 mM potassium acetate, 150 mM
magnesium acetate). The hybridization cocktail was composed
of 0.05 μg/ μl of fragmented cRNA, 100 mM MES (2-[N-
Morpholino] ethanesulfonic acid), 1 M [Na+], 20 mM EDTA,
0.01% Tween-20, 0.1 mg/ml of herring sperm DNA and
0.5 mg/ml of acetylated BSA. In addition, the hybridization
cocktail contained a mixture of four control cRNAs for bacterial
and phage genes (1.5, 5, 25, and 100 pM of BioB, BioC,
BioD and Cre, respectively) to serve as comparison tools for
hybridization efficiency between arrays. A biotinylated oligo-
nucleotide B2 that specifically hybridized to features at the
center and corners of the chip was also added to the cocktail
to allow correct orientation and recognition of the probe sets.

Hybridization and scanning. The hybridization cocktail was
heated at 99˚C for 5 min, followed by incubation at 45˚C for
5 min and centrifugation (15.000 rpm) for 5 min at room
temperature. An aliquot of the hybridization cocktail (10 μg
fragmented cRNA in 200 μl of hybridization cocktail) was
hybridized on a GeneChip human genome focus array for
16 h at 45˚C. The array was washed and stained according to
the Affymetrix protocol with biotinylated goat anti-streptavidin

antibody (Vector Laboratories, Burlingame, CA, USA) and
streptavidin-phycoerythrin (Molecular Probes Inc., Eugene,
OL, USA) on Affymetrix Fluidics Station 400®. The array
was then scanned using a GeneArray® Scanner argon-ion
laser confocal microscope (Agilent, CA, USA).

Data analysis. The digitized image data was processed using
Microarray Suite® ver. 5.0 and Data Mining Tool® ver. 3.0
software (Affymetrix).

Detection algorithm. The detection algorithm used probe pair
intensities to generate a detection p-value and was assigned
as Present, Marginal, or Absent. The detection p-value was
determined by calculating the discrimination score [R] for
each probe pair. The discrimination score was measured
by the target-specific intensity difference of the probe pair
[perfect match (PM) and mismatch (MM)] relative to its
overall hybridization intensity (PM+MM): R = (PM - MM)/
(PM + MM).

Signal algorithm. The signal was a quantitative metric
calculated for each probe set, which represents the relative
level of expression of a transcript. The signal was calculated
using One-Step Tukey's Biweight Estimate, which yielded a
robust weighted mean that was relatively insensitive to
outliers, even when extreme.

Comparison analysis (experiment versus baseline arrays).
In comparison analyses, two samples hybridized to two
GeneChip arrays of the same type were compared with each
other to detect and quantify the changes in gene expression.
The analyses compared the difference values (PM-MM) of
each probe pair in the baseline array to its matching probe
pair on the experiment array. Two sets of algorithms were
used to generate change significance and change quantity
metrics for each probe set. A change algorithm generated a
change p-value and an associated change. A second algorithm
produced a quantitative estimate of the change in gene
expression in the form of a signal log ratio. Before comparing
two arrays, scaling or normalization was applied. Scaling and
normalization was corrected for variations between the two
arrays. Wilcoxon's signed rank test was used in the comparison
analysis to derive biologically meaningful results from the raw
probe cell intensities on expression arrays. During comparison
analyses, each probe set on the experiment array was compared
to its counterpart on the baseline array, and a change p-value
was calculated, indicating an increase, decrease, or no change
in gene expression.

Change p-value. Wilcoxon's signed rank test used the
differences between PM and MM intensities, as well as the
differences between PM intensities and background to compute
each change p-value. From Wilcoxon's signed rank test, three
one-sided p-values were computed for each probe set. Hence,
the p-value scale was used to generate discrete change calls
using thresholds. These thresholds will be described in the
Change call section.

Reverse transcription (RT)-PCR. One μg of total RNA was
subjected to first-strand cDNA synthesis and subsequent PCR
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Table I. Patients participating in this study.
–––––––––––––––––––––––––––––––––––––––––––––––––
Case Sex Age Affected  Pathological Epithelial 
no. (years) site diagnosis dysplasia
–––––––––––––––––––––––––––––––––––––––––––––––––
1 M 76 Tongue Leukoplakia No

Tongue OSCC

2 F 57 Tongue Leukoplakia Mild

3 F 66 Cheek Leukoplakia Mild

4 F 73 Tongue Leukoplakia No

5 M 71 Tongue OSCC

6 M 68 Gingiva Leukoplakia Moderate

7 M 76 Gingiva Leukoplakia No
–––––––––––––––––––––––––––––––––––––––––––––––––
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with an RNA PCR kit (AMV) ver. 2.1 using a programmed
temperature control system (Astec, Fukuoka, Japan). PCR
primers used in this study were as follows: ACG TCT CCT
CGC AGC AGG (sense) and CTA TTT GGA CGG CCA
GGT (antisense) for loricrin; TGA AGG TCG GAG TCA
ACG GAT TTG (sense) and CAT GTG GGC CAT GAG
GTC CAC CAC (antisense) for GAPDH.

Results

The differential expression of the 8,800 known genes in four
cases of leukoplakia (cases 1-4 in Table I) and two cases of

OSCC (cases 1 and 5) was analyzed using GeneChip. The
distribution of signal intensity is shown in the scatter graphs
of Fig. 1. Most of the genes were distributed along the
diagonal lines of the graphs, indicating that the experimental
procedures were successful. The boundaries in the graphs
indicate the cut-off lines (2.0-fold and 0.5-fold difference
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Table II. Genes up-regulated in the oral leukoplakia of cases
1-4.
–––––––––––––––––––––––––––––––––––––––––––––––––
Probe set Description
–––––––––––––––––––––––––––––––––––––––––––––––––
220414_at Homo sapiens calmodulin-like skin protein

(CLSP)

213287_s_at Human gene for acidic (type I) cytokeratin 10 
(K10)

207908_at Homo sapiens keratin 2e (epidermal
ichthyosis bullosa of Siemens) (K2e)

207720_at Homo sapiens loricrin (LOR)

206662_at Homo sapiens glutaredoxin (thioltransferase)
(GLRX)

206643_at Homo sapiens histidine ammonia-lyase (HAL)

206177_s_at Homo sapiens arginase-1, liver (ARG1)

204469_at Homo sapiens protein tyrosine phosphatase,
receptor-type, Z polypeptide 1 (PTPRZ1)

–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Scatter plots of the signal intensity values for the 8,800 genes in normal mucosa (X-axis) compared with leukoplakia (Y-axis) represented on the
GeneChip. Samples from oral leukoplakia and matched normal tissue were analyzed using the Affymetrix GeneChip as described in Materials and methods.
Genes up-regulated and down-regulated in leukoplakia are represented as orange and red dots, respectively. The upper and lower boundaries represent 2.0-
fold and 0.5-fold differences, respectively. Representative data from cases 1-4 are shown.

Table III. Genes down-regulated in the oral leukoplakia of
cases 1-4.
–––––––––––––––––––––––––––––––––––––––––––––––––
Probe set Description
–––––––––––––––––––––––––––––––––––––––––––––––––
201884_at Homo sapiens carcinoembryonic antigen-

related cell adhesion molecule 5 (CEACAM5)

202790_at Homo sapiens claudin 7 (CLDN7)

203108_at Homo sapiens retinoic acid induced 3 (RAI3)

203757_s_at Homo sapiens, carcinoembryonic antigen-
related cell adhesion molecule 6 (non-specific
cross reacting antigen) (CEACAM6)

205319_at Homo sapiens prostate stem cell antigen
(PSCA)

206884_s_at Homo sapiens sciellin (SCEL)

209365_s_at Human extracellular matrix protein 1 (ECM1)

210827_s_at Homo sapiens epithelial-specific transcription
factor ESE-la (ESE-1)

212657_s_at Homo sapiens IL-1 receptor antagonist IL-1
Ra (IL-1 RA) gene, alternatively spliced
forms, complete cds

219554_at Homo sapiens Rh type C glycoprotein
(RHCG)

–––––––––––––––––––––––––––––––––––––––––––––––––
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in signal intensity in leukoplakia compared with normal
mucosa). The orange and red dots indicate genes up-regulated
and down-regulated in leukoplakia, respectively. Each case
had approximately 200 alternatively expressed genes.

This was too many genes for our purpose, so we focused
on those that were commonly alternatively expressed in all
cases of leukoplakia analyzed with GeneChip. Eighteen
genes were selected using this criterion. Eight genes (0.091% of
the 8,800 genes) displayed more than 2.0-fold signal intensity
(up-regulated genes) and ten genes (0.114%) displayed lower
than 0.5-fold signal intensity (down-regulated genes) in all
cases of leukoplakia. The up-regulated and down-regulated
genes are listed in Tables II and III, respectively.

The list of up-regulated genes is comprised of genes for
the components of the keratinocyte cytoskeleton network:
loricrin, K2e, and K10 (Table II). Only four genes (loricrin,
K2e, K10, and CLSP) were epithelia-specific. On the other
hand, only one gene (SCEL) in the list of down-regulated
genes was associated with the cornified cell envelope of the
epithelial cells. Some genes were correlated with epithelial cell
adhesion (CLDN7), cancer antigen (CEACAM5 and
CEACAM6), keratinocyte activation (IL1RN and RAI-3),
transcription of epithelial cells (ESE-1), and epithelial cell
embryonicity (PSCA-1).

The signal intensities of the up-regulated genes in cases
1-4 are displayed in Fig. 2. All genes, except for K10, were
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Figure 2. Expression of the eight up-regulated genes in leukoplakia, OSCC,
and normal mucosa from cases 1-4. Abbreviations appear in Table II. 

Figure 3. Expression of the ten down-regulated genes in leukoplakia, OSCC,
and normal mucosa from cases 1-4. Abbreviations appear in Table III.

Figure 4. Distribution of signal intensity of the 8,800 genes and the ranking of the loricrin gene. The signal intensities of the loricrin gene in leukoplakia,
OSCC, and normal mucosa are indicated with dashed lines.
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only weakly expressed or were almost absent in the normal
mucosa. K10 was augmented in leukoplakia in all cases. The
loricrin gene displayed significant differences in signal intensity
between normal tissue and leukoplakia (3.36-39.9-fold). K2e
was also strongly expressed in leukoplakia in cases 1, 3, and
4. The expression of loricrin and K2e was weaker in case 2,
in which the signals of other genes were also lower. All the
up-regulated genes, except for PTPRZ1, were down-regulated
in OSCC developed from the tongue leukoplakia of case 1.

Similarly, the signal intensities of the down-regulated genes
in cases 1-4 are displayed in Fig. 3. Rh type C glycoprotein
(RHCG) and IL-1 receptor antagonist (IL-1RN) were strongly
expressed in normal tissue and decreased in leukoplakia.
However, differences in the signal intensity between normal
tissue and leukoplakia were smaller than in the up-regulated
genes, whereas leukoplakia/OSCC differences were greater
than normal/leukoplakia differences. The expression of RHCG
and IL-1RN was remarkably suppressed in the OSCC of case 1.
Similar expression patterns were obtained in CEACAM5 and
SCEL.

Of the genes alternatively expressed in the lesions, we
focused on the loricrin gene because of its higher signal
intensity and greater dynamic range of change in expression.
The distribution of its signal intensity in cases 1-5 is shown
in Fig. 4. Loricrin expression in leukoplakia was ranked in
the top-end group in cases 1, 3, and 4. Even in case 2, in
which loricrin expression was relatively low, the ranking of
loricrin appeared far beyond the average. In the OSCC of cases
1 and 5, loricrin expression was lower than in normal tissue.
These data suggested that differences in loricrin expression
could be easily detected by simple transcription assays such
as RT-PCR. If conventional RT-PCR is available, the loricrin
gene may be easily used in a routine clinical examination for
the prediction or early detection of malignant transformation.

To address this issue, RT-PCR for loricrin gene expression
was performed. Remarkable differences in loricrin expression
between normal tissue and leukoplakia were also detected by
RT-PCR (Fig. 5). Case 6 was not analyzed using GeneChip
because of an insufficient amount of tissue specimen. In this
case, loricrin was almost below the detectable level in normal
tissue but was clearly detected in leukoplakia. In case 4, the
intensity of the loricrin band in leukoplakia was beyond that
of the housekeeping gene, GAPDH. These results demonstrated
that data similar to those from GeneChip were obtained by
conventional RT-PCR.

Discussion

Detailed studies on differential gene expression are required
to further understand the molecular pathogenesis of oral
leukoplakia and OSCC. However, literature on the genome-
wide analysis of oral cancers and precancerous lesions has
been extremely limited. In this study, we attempted to identify
the genes associated with the pathogenesis of oral leukoplakia
and the mechanism of epithelial carcinogenesis using the
Affymetrix GeneChip cDNA microarray system.

Conventional methods of transcription analysis, such as
Northern blotting and RT-PCR, have imposed a practical limit
on the number of genes analyzed. The current technological
progress of highly-integrated cDNA microarrays, so-called
‘DNA chips’, enables us to monitor the expression level of
thousands of genes rapidly and simultaneously (8,9). The
small cm_ chip is a good tool for the complex genome-wide
screening of known genes. We can monitor the changes in
gene expression patterns with a small tissue sample or cultured
cells under the given conditions. A larger volume of data is
obtained and a database of gene expression profiles can be
easily constructed with the ‘DNA chips’ system.

Of the eight up-regulated genes, loricrin, K2e, and K10
displayed greater differences in signal intensity between normal
and leukoplakia tissues. Interestingly, these three genes were
expressed only weakly or were almost under the detectable
level in carcinoma tissues from cases 1 and 5 (Fig. 5).

Keratins have been intensively analyzed for their association
with the carcinogenesis and malignant phenotypes of several
types of carcinomas. Bloor et al (10) examined K2e/K10
expression in oral mucosal dysplasia and OSCC, and obtained
data similar to our observations. Loricrin, one of the major
components of the cornified cell envelope, is induced and
strongly expressed at the later stage of epithelial differentiation
(11-13). Several factors, such as loricrin, involucrin, sciellin,
and small proline-rich proteins, have been implicated in this
differentiation as precursor proteins of the cornified cell
envelope (13-16). There is limited information on the cor-
relation between these cytoskeleton network genes and oral
premalignant lesions (17). Re-arrangement of the cytoskeleton
occurs during cell division and, thus, abnormalities in the
cornified envelope components may be associated with, or
even responsible for, molecular events during the formation
of dysplasia and malignant transformation (18,19). Further
studies are needed to clarify these issues.

All ten down-regulated genes are associated with the
function, differentiation, and transformation of epithelial
cells. Of them, rhesus antigen type C glycoprotein (RhCG), a
splice variant of the IL-1 receptor antagonist (IL-1RA), and
SCEL displayed higher signal intensities in normal tissue,
marked down-regulation in leukoplakia, and further reduction
in OSCC. 

Human RhCG is a non-erythroid homologue of the rhesus
blood-antigen group and is expressed in certain tissues,
including squamous epithelia (20,21). It has been reported
that its expression is lost or dramatically reduced in primary
esophageal cancer tissue (21). Our data from leukoplakia and
OSCC corresponded well with these previous reports. IL-1 is
an important cytokine in keratinocyte biology and IL-1RA
works as a regulator of the IL-1 function. There are a number
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Figure 5. RT-PCR analysis of loricrin expression in normal mucosa and
leukoplakia. Samples from cases 2, 4, and 6 were subjected to RT-PCR as
described in Materials and methods.
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of publications describing the contribution of the IL-1 network
in cancer biology (22,23). Our findings suggested that the IL-1
network plays a certain role in the pathogenesis of leukoplakia
as well as OSCC. SCEL is a component of the cornified cell
envelope (16) and SCEL protein is produced by the cells of
squamous epithelia and keratin organs (24). Although the
contribution of these factors to the development of leukoplakia
and OSCC is unknown, studies of these factors will provide
suggestions and explanations for the molecular pathogenesis
of these diseases.

We expect from our data that alternatively expressed
genes are potentially useful biomarkers for the prediction of
malignant transformation. In GeneChip analyses, some of the
listed genes displayed greater dynamic signal ranges between
normal tissue and leukoplakia, and between leukoplakia and
OSCC. We confirmed that loricrin gene expression was easily
detected using RT-PCR (Fig. 5), suggesting that loricrin
might be available for clinical examinations in addition to
conventional cancer antigens. Not only simple expression
analyses but also a clustering of differential expression will
satisfy the requirements of clinicians.

Overall, we selected genes that might be responsible
for, or at least associated with, the pathogenesis of leuko-
plakia and oral mucosal carcinogenesis. However, we have
no information indicating that the differential expression
patterns of these genes are disease-specific. Oral dyskeratotic
lesions other than leukoplakia should be examined to address
this problem. Gene expression analyses of dysplastic keratino-
cytes captured with a micro-dissection technique are under-
way to monitor the events responsible for the formation of
epithelial dysplasia.
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