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Summary

Oral leukoplakia is the most prevalent and potentially malignant disorder of the oral mucosa.

Previous studies have demonstrated that molecular changes of the WWOX gene (WW-domain

containing oxidoreductase), a candidate tumor suppressor gene located at 16q23.3–24.1 that spans

FRA16D, the second most common fragile site, are present in several malignant neoplasias,

including oral squamous cell carcinoma. In this report, the role of the WWOX gene was

investigated in 23 cases of oral leukoplakias. Using nested RT-PCR and immunohistochemistry,

altered mRNA transcription and/or reduced Wwox protein expression was observed in 35% of the

lesions when compared with normal mucosa. The majority of lesions (4/6) with altered transcripts

had a reduction in the expression of Wwox protein. Although normal WWOX expression was

found in some lesions with dysplasia, all lesions with WWOX mRNA and/or protein expression

showed histological evidence of dysplasia and none of the cases without dysplasia presented this

alteration. These results show that the WWOX gene alteration is an early genetic alteration and

may contribute to oral carcinogenesis.
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Introduction

Oral leukoplakia (OL) is defined as a “predominantly white patch or plaque that cannot be

characterized clinically or pathologically as any other disease and is not associated with any

physical or chemical causative agent except the use of tobacco”.1,2 The development of OL

is strongly associated with the exogenous exposure to carcinogens, mainly smoking,

chewing tobacco and betel nut. Of these, tobacco use is the most important etiological factor

and is present in 80% of all cases.3,4 OL may show histologically the presence of dysplasia

which often undergoes malignant transformation to oral squamous cell carcinoma (OSCC)

ranging from 1% to 28% and approximately 80% of oral cancers progresses from

precancerous lesions.5–7 According to the degree of dysplasia, the lesions are classified as

mild, moderate or severe, based on histopathological findings.1 Although these designations

are thought to be sequential phases of oral carcinogenesis, transformation is found in lesions

with mild dysplasia.8 In addition, many studies have demonstrated that susceptibility to oral

cancer is associated with phase I and phase II metabolic enzymes.9–11 It has also been

suggested that the detection of genetic changes such as DNA aneuploidy and loss of

heterozygosity could improve the possibilities for predicting malignant development from

precursor lesions.12 However, there are no reliable biomarkers to predict which oral

leukoplakias will be quiescent or will rapidly become invasive squamous cell carcinoma.12

WWOX (WW-domain containing oxidoreductase) is a candidate tumor suppressor gene that

was identified in chromosome 16q23.3–24.1. It was determined that the WWOX gene spans

the common fragile site region FRA16D.13–15 Chromosomal fragile sites are often hot spots

for translocations, deletions, gene amplification and integration of oncogenic viruses. These

fragile sites are chromosomal regions that frequently exhibit DNA strand breaks, often

following exposure to chemicals that delay DNA replication.16 Of the common

chromosomal fragile site loci, FRA3B and FRA16D are the most frequently expressed.17

The tumor suppressor gene fragile histidine triad (FHIT) spans the FRA3B fragile site,18 and

abnormal FHIT transcription and low FHIT expression were detected in various human

cancers, including oral squamous cell carcinomas.19,20 Studies of the two most frequently

affected common fragile site loci, FRA3B and FRA16D, have provided compelling evidence

that these regions are indeed prone to DNA instability in cancer cells.21 It has also been

shown that exposure to environmental carcinogens such as smoking and alcohol

consumption increases the potential for chromosome breakage at fragile sites FRA3B and

FRA16D in esophageal, non-small-cell lung and cutaneous squamous cancer.21–25

Furthermore, we have recently described alterations on WWOX gene in 50% of oral

squamous cell carcinomas.26 Therefore, given that OLs have been associated with squamous

carcinomas, we investigated whether molecular changes of the WWOX gene were present in

these potentially malignant disorders.

Materials and methods

Human tissue

Fresh tissue samples were consecutively obtained from 23 patients (14 males and nine

females; age ranged from 29 to 67 years, mean 47 years; smoking status27: four non-

smokers and 19 smokers) undergoing therapeutic surgical resection for OL at the Oral
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Diagnosis Clinic at School of Dentistry between March 2005 and June 2006. The cases were

submitted to histological grade accord World Health Organization Classification of Tumors

Pathology & Genetic of Head Neck Tumors, 20051 and are shown in Table 1. Normal oral

mucosa was obtained from volunteers without leukoplakia during non-neoplastic or

preprosthetic surgical procedures (control samples). Age, sex and smoking habits of the

healthy volunteers matched that from patients. The present study was approved by the local

Ethics Committee and a signed informed consent was obtained from all patients as well as

healthy volunteers. In each case, a portion of the lesion was resected, immediately snap

frozen and stored at −80 °C. For immunohistochemistry, a portion of the tissue was fixed in

10% buffered formalin and paraffin embedded.

Reverse transcription-PCR analysis

Total RNA was extracted from cells of the OL lesions with Trizol reagent (Invitrogen Life

Technologies, Carlsbad, CA), according to the manufacturer's recommendations and treated

with DNAse (Invitrogen Life Technologies, Carlsbad, CA), after microdissection. First-

strand cDNA was prepared from 1 μg of total RNA treated with DNAse, using the

Superscript first-strand synthesis system (Invitrogen Life Technologies). After reverse

transcription, the cDNA was used as a template for PCR amplification of the human

WWOX cDNA. The first and second amplifications were performed with nested primers as

previously described.28 Both reactions were carried out in a volume of 25 μl containing 10

pmol of each primer, 2.5 mM MgCl2, 1.5 mM dNTP mix, 1× PCR buffer, and 1.25 unit of

Taq DNA Polymerase Recombinant (Invitrogen Life Technologies). Amplifications were

carried out in a Mastercycler gradient thermocycler (Eppendorf AG) as follows: an initial

denaturation for 8 min at 95 °C followed by 35 cycles of 94 °C for 30 s, 57 °C for 30 s, 72

°C for 1 min, and a final extension for 5 min at 72 °C. One microliter of the amplification

product from the first reaction was used for the second reaction under the same conditions

stated earlier. Glyceraldehyde-3-phosphate dehydrogenase cDNA was amplified as a control

for cDNA quality.29 The amplified products were subjected to electrophoresis on a 6.5%

polyacrylamide gel, followed by silver staining. DNA bands corresponding to the normal

and abnormal size transcripts were purified using the GFX PCR DNA and Gel Band

Purification Kit (Amersham Biosciences, Piscataway, NJ), and sequenced on the ABI

PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA). The two primer sets

of the second PCR amplification that amplify the whole open reading frame and two other

primers designed to facilitate sequencing of the open reading frame (WW1FOR 5′-

CGGCAAAGATACGACGGCAG-3′, exon 4 and WW2FOR 5′-

ACTTTTGCTCTACCCTGG-3′, exon 7) were used. To each case, two different amplified

products were sequenced.

WWOX immunohistochemistry

Tissue sections from OLs and oral normal mucosas were stained with Wwox antiserum.30

Briefly, 4 μm paraffin-embedded sections were dewaxed in xylene and hydrated with graded

ethanol. Heat-induced epitope retrieval was performed with 1 mM EDTA buffer pH 8.0 for

30 min in a steamer at 94 °C. Endogenous peroxidase activity was blocked with 3% H2O2 in

water for 10 min. Primary polyclonal rabbit antiWwox antiserum (140 μg/ml) was used at a

1:100 dilution (in BSA 0.5%) for 18 h at 4 °C. This was followed by incubation with the
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labeled streptavidin–biotin (LSAB) Kit (DakoCytomation California Inc., Carpinteria, CA).

Peroxidase activity was developed with DAB (Sigma, St Louis, MI) with timed monitoring

using a positive control sample. The sections were then counterstained with hematoxylin,

dehydrated and mounted. Two experienced independent pathologists examined multiple

fields and scored tissue sections for extent of staining, regardless of staining intensity (+1,

0–50% positive cells; +2, 51–75% positive cells; +3, greater than 76% positive cells). OL

scored as +3 were considered as having normal expression to Wwox (oral normal mucosas

were all +3).

Results

Aberrant WWOX gene transcripts

Aberrant WWOX gene transcript RT-PCR amplification was performed to analyze WWOX

mRNA expression and six of 23 cases (26%) showed altered or absent expression of WWOX

gene transcription. Of these six lesions, five showed transcripts with total or partial loss of

exons. In one lesion (#OL22) no transcript was detected. This sample was positive for

Cytokeratin 19 that was used as a marker of epithelial cells.31 All normal mucosa had

normal size transcripts without aberrant transcripts (Fig. 1a). Sequence analyses of the RT-

PCR products showed partial loss of exon 2, total loss of exons 3–6 and partial loss of exon

7 (#OL2) (Fig. 1b); partial loss of exon 1, total loss of exons 3–6 and partial loss of exon

7(#OL14) (Fig. 1c); partial loss of exon 2, total loss of exons 3–7 and partial loss of exon 8

(#OL18) (Fig. 1d). Interestingly, two transcript variants were present in lesion #OL23, one

with partial loss of exon 1, total loss of exons 2–7 and partial loss of 8 in one (Fig. 1e) and

the other with loss of exons 6–8 (Fig. 1f). In case #OL16 we detected a band of abnormal

size and we sequenced the exons 1–6 and part of exon 7 but the aberrant transcript was not

possible detected because of minute sample amount. The remaining 17 OLs samples showed

only the normal size transcript. Representative results of nested RT-PCR analysis are shown

in Figure 1.

Expression of Wwox protein

Wwox expression in normal oral mucosa and OL was also confirmed by

immunohistochemistry. Epithelial cells in normal oral mucosa displayed a cytoplasmic

staining for Wwox protein as shown in Figure 2a and b. All normal tissue showed a score +3

for Wwox (Fig. 2a). Of the 23 OLs, six lesions (26%) showed a reduced expression to

Wwox. Five of these (#OL4, #OL6, #OL14, #OL16, #OL23) were scored +2 and one lesion

(#OL2) scored +1 (Fig. 2c). Taken together, the results obtained by RT-PCR and

immunohistochemistry showed that 35% of the lesions presented mRNA and/or protein

alteration and the majority of lesions (4/6) with altered transcripts had a significant reduction

in the expression of Wwox protein (Table 1).

Correlation between the presence of dysplasia and WWOX alteration

All lesions with altered WWOX mRNA and/or protein expression showed histological

evidence of dysplasia. While five out of the 11 samples with moderate or severe dysplasia

showed WWOX alteration, three out of eight lesions with mild dysplasia and none of the

four cases without dysplasia presented this alteration.
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Discussion

Most of earlier studies have shown a risk of malignant transformation of OL in the range of

3.6–6%.6 However, this data has changed as recent studies have demonstrated an increase in

malignant transformation rates now ranging from 8.9% to 17.5%.32,33 However, there are no

genetic biomarkers to predict which OLs will be quiescent or will rapidly become invasive

squamous cell carcinoma.12

In this study, we demonstrated an altered WWOX mRNA and/or protein expression in eight

of 23 samples (35%) of OL. Among these samples, RT-PCR showed loss or aberrant

transcripts in 26% of them. By immunohistochemistry, Wwox protein expression was

reduced in 26%. We have recently investigated the WWOX gene in OSCCs and we showed

molecular changes in 50% of primary tumors by either genomic DNA, RT-PCR or protein

expression. The current findings suggest that WWOX changes are early events during OSCC

development, a finding previously reported in breast carcinogenesis.34,35

WWOX gene underexpression in human cancers could result from distinct events such as

allelic losses, point mutations, promoter hypermethylation, aberrant mRNA transcription, or

a combination of two or more events resulting in a loss of tumor suppressor activity.36 Point

mutations are rare in WWOX gene28 but loss of heterozygosity of WWOX allele is observed

in a variety of cancers.15,28,37 The expression of some tumor suppressor genes is down-

regulated in many cancers by epigenetic mechanisms. CpG rich areas of gene promoter

regions are frequently methylated in cancer.38 WWOX hypermethylation was previously

reported in breast and lung cancers.38,39

The WWOX aberrant forms can be generated by alternative splicing of WWOX mRNA as

well as by exon deletions of the WWOX allele in cancer. Alternative splicing has been

associated with various diseases.40 Splicing abnormalities occur frequently in cancer,

perhaps due to increased cellular proliferation or other uncommon abnormalities in the

splicing machinery. Furthermore, the splicing abnormalities would more often affect genes

that have very long transcripts such as WWOX.30

The pattern of aberrations affecting WWOX is similar to that of FHIT gene in human

tumors41 and could be caused by its location at a fragile site in the human genome.21 It has

been known that a fragile site replicates late during the cell cycle and common fragile sites

are susceptible to and preferentially targeted by the same carcinogenic agents.42 It is

conceivable that breakage at WWOX/FRA16D and FHIT/FRA3B loci could be inflicted

concomitantly.43

Four lesions with WWOX mRNA alteration had reduced expression of the protein.

Interestingly, in two lesions the molecular changes of the mRNA were not followed by

reduced protein expression. One them (#OL22) showed normal protein expression but no

transcript was detected by RTPCR. The other sample (#OL18) had normal protein

expression associated with partial loss of exon 2, total loss of exons 3–7 and partial loss of

exon 8. As the molecular and immunohistochemical analysis were performed on separate

areas of the lesion, this discrepancy may be due to the occurrence of heterogeneous

expression. Furthermore, two lesions with reduced protein expression (#OL4 and #OL6) did
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not exhibit any abnormality at genetic level, thus the possibility of WWOX

hypermethylation or deletion of one allele cannot also be excluded.36,39 In addition, despite

we have performed microdissection, the possibility of contamination with non-epithelial

cells should not be discarded.

The presence of dysplasia in OLs ranges from 15.6% to 39.2%.33 While lesions with severe

dysplasia are prone to malignant transformation, this alteration is also found in OLs with

mild dysplasia. Up to now, no molecular markers have been demonstrated as good

prognostic predictors of potentially malignant oral lesions. Therefore, dysplasia recording

continues to be the most reliable method for prognostic evaluation. Although we found

WWOX expression in some lesions with dysplasia, all lesions with WWOX mRNA and/or

protein expression showed histological evidence of dysplasia and none of the cases without

dysplasia presented this alteration.

In summary, in this report, we demonstrate a reduction in the expression of WWOX gene in

35% of the OL lesions. These results show that the WWOX gene alteration is an early

genetic alteration that could contribute to oral carcinogenesis and further studies on

differential gene expression are required to help clarify the molecular changes associated

with the transformation of OL to OSCC.
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Figure 1.
RT-PCR amplifications of the WWOX cDNA of oral leukoplasia (OL) cases. (a)

Electrophoresis in polyacrylamide gel 6.5% was used to detect wild-type transcript (1284

bp) and alterations in the WWOX mRNA transcripts. Absence of transcript was seen in 1

lesion (#OL22). Representative sequences from the OLs showing five different types of

aberrant transcripts: #OL2 (b); #OL14 (c); #OL18 (d); two in #OL23 – < (e) and > (f) bands.

* represents a partial loss of the exon. In case #OL16 we detected a band of abnormal size

and we sequenced the exons 1–6 and part of exon 7 but the aberrant transcript was not

possible detected because of minute sample amount. WT – Normal WWOX transcription

RNA with 9 exons.
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Figure 2.
Immunohistochemical detection of Wwox protein in normal oral mucosa and oral

leukoplakia (OL). (a) Normal oral mucosa showing (strong) cytoplasmic staining in all

layers of the epithelium (score +3). (b) OL showing normal expression (score + 3) of Wwox

protein (#OL10). (c) OL with reduced expression (score +1) of Wwox protein (#OL2)

(streptavidin–biotin complex stain, 400×).
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Table 1

Summary of the RT-PCR and Immunohistochemistry results

Lesions RT-PCR
a Aberrant product IH score

b
Histology

c

#OL1 N – 3 1

#OL2 N and aberrant
Exons 2

d
 – 7

d
 deletion

1 2

#OL3 N – 3 1

#OL4 N – 2 2

#OL5 N – 3 2

#OL6 N – 2 4

#OL7 N – 3 2

#OL8 N – 3 3

#OL9 N – 3 3

#OL10 N – 3 2

#OL11 N – 3 3

#OL12 N – 3 2

#OL13 N – 3 1

#OL14 N and aberrant
Exons 1

d
 – 7

d
 deletion

2 2

#OL15 N – 3 4

#OL16 N and aberrant NS 2 4

#OL17 N – 3 3

#OL18 N and aberrant
Exons 2

d
 – 8

d
 deletion

3 3

#OL19 N – 3 2

#OL20 N – 3 3

#OL21 N – 3 1

#OL22 A – 3 4

#OL23 N and aberrant
Exons 1

d
 – 8

d
 deletion

2 3

Exons 6 – 8 deletion

a
RT-PCR: N: wild type transcript; A: absence of transcript; NS: not sequenced.

b
Immunohistochemistry scores; +1, 0–50% positive cells; +2, 51–75% positive cells; +3, >76% positive cells. Normal mucosas were used as

positive controls and all were score +3.

c
Histological grading (1): 1 – without dysplasia; 2 – mild dysplasia; 3 – moderated dysplasia; 4 – severe dysplasia.

d
Partial exon deletion.
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