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Summary
Objectives. The aim of the present study was to analyze the methylation status in patients 
who presented with an Oral Squamous Cell Carcinoma (OSCC) concomitantly with multi-
focal Proliferative Verrucous Leukoplakia (PVL)(PVL-OSCC).
Methods. Nine patients with OSCC and concomitant PVL lesions were selected. Two 
brushing samples were collected simultaneously from OSCC and PVL lesions in contralat-
eral mucosa from each patient. 15 genes (272 CpGs) were used to compare methylation 
profiles of PVL-OSCC and paired OSCC. CpGs with a methylation level superimposable 
between PVL-OSCC and contralateral OSCC were selected for a comparative analy-
sis between PVL-OSCC, 8 PVL patients with no history of OSCC (PVL) and 23 healthy 
donors. Samples were also tested using an algorithm that was recently validated for epi-
genetic alterations in OSCC. 
Results. 220/272 CpGs islands (80%) showed a superimposable methylation level in 
OSCC and in PVL-OSCC. 10 genes (88 CpGs) and in particular PARP15 and ITGA4 
(100% of the studied CpGs) were able to stratify PVL-OSCC from PVL and healthy donors. 
3/4 (75%) PVL-OSCC patients with a “positive” algorithm score developed second neo-
plastic events compared to only 1/5 (20%) patients with a “negative” score.
Conclusions. The present study provides evidence that PVL shares an aberrant methyla-
tion profile with contralateral OSCC. In agreement with the theory of field cancerization, 
our data point towards the potential role of epigenetics in patients at risk of developing 
multiple neoplastic events.

Key words: oral squamous cell carcinoma, proliferative verrucous leukoplakia, methylation, 
oral field cancerization, oral brushing

Introduction

Proliferative Verrucous Leukoplakia (PVL) is an aggressive clinical var-
iant of Oral Leukoplakia (OLK) first described in 1985 by Hansen and 
colleagues 1. 
The latest WHO blue book on Head and Neck tumors 2 defined PVL as a 
distinct form of multifocal oral leukoplakia characterized by a progressive 
clinical course, changing clinical and histopathological features and the 
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highest rate of cancer development compared to other 
OPMDs 3,4.
A recent systematic review reported a malignant trans-
formation rate of 49.5% 5 (95% CI  =  26.7–72.4%), 
while many reports describe PVL as being charac-
terized by a marked tendency to evolve into multiple 
carcinomas 6. 
Such behavior is deeply connected with the field can-
cerization effect described by Slaughter et al. 7 ac-
cording to which a large portion of mucosa extending 
beyond the clinical and histological boundaries of the 
tumor is affected by genetic abnormalities. Hence, ar-
eas distant from the primary tumor may give rise to 
multiple additional neoplastic events. 
Therefore, PVL is commonly accepted as one of the 
most important entities included among oral potential-
ly malignant disorders (OPMDs) 3.
At present, the clinical management of patients affect-
ed by PVL relies on strict clinical observation to inter-
cept malignant evolution at the earliest stage. Indeed, 
surgical management is poorly effective due to high 
rates of recurrence as well as not being protective 
against tumor development 8. 
The introduction of a molecular biomarker ancillary to 
clinical examination that can recognize PVL patients 
at higher risk of malignant transformation during fol-
low-up would be highly beneficial. Nevertheless, on-
ly few studies have investigated the molecular land-
scape of PVL. 
Investigations of DNA ploidy in PVL have found ab-
normalities in DNA content in the majority of the stud-
ied cases 9. 
Other studies found that the inactivation of CDKN2A 
(P16INK4a/P14ARF) which encodes the tumor sup-
pressor proteins p16 (p16INK4a) and p14ARF is more 
frequently involved in PVLs than in OLKs 10. 
Immunohistochemical studies exploring the expression 
of Ki-67 in PVL and normal epithelium have found a 
modest increase in Ki-67 in PVL and a moderate in-
crease in PVLs undergoing malignant transformation 
11,12. Conversely, studies investigating the immunohis-
tochemical expression of p53 in PVL have found con-
flicting results 11,13,14. Therefore, none of the studied 
biomarkers can accurately predict malignant transfor-
mation 15. 
DNA methylation plays an important role in various 
biological processes, such as gene expression, cell 
differentiation, development, and inflammation. More-
over, promoter methylation seems to be an early event 
in oral carcinogenesis and has been reported to occur 
even more frequently than mutations and deletions 16. 
The identification of epigenetic alterations involved in 
the malignant degeneration of PVLs would be of great 
importance for the management of these OPMDs. 

However, few studies have investigated the epigenetic 
landscape of PVL 17,18.
The aim of the present study was to explore the meth-
ylation status of 9 patients with concomitant OSCC 
and PVLs and to compare the methylation profiles of 
both lesions in the same patient. 

Materials and methods

All clinical investigations were conducted in accordance 
with the principles of the Declaration of Helsinki and 
the study was approved by the local ethics committee 
(520/2018/Sper/AOUBo 12 December 2018). All infor-
mation pertaining to human material used in this study 
was managed using anonymous numerical codes. 
We selected 9 consecutive patients with concomitant 
OSCC and PVLs referred to and/or followed up at the 
Department of Biomedical and Neuromotor Sciences, 
Section of Oral Sciences, University of Bologna.
To be included in the case series, patients had to 
display: a) a diagnosis of PVL based on clinical and 
histopathological examination. b) a diagnosis of squa-
mous cell carcinoma formulated simultaneously or af-
ter the diagnosis of PVL.
The clinical diagnostic criteria adopted for PVL were 
those proposed by Cerero-Lapiedra et al. in 2010 19 
and in particular the following major criteria: a) the 
presence of a leukoplakia lesion with more than two 
different oral sites, b) the presence of a verrucous ar-
ea, and c) lesions that have spread or engrossed dur-
ing the development of the disease. 
In all cases, malignant transformation was histologi-
cally confirmed using preoperative diagnostic biopsy.
In case of PVL diagnosis prior to OSCC development, 
all patients performed one or more biopsies during 
the oncological follow-up. In presence of simultaneous 
presence of OSCC and PVL lesions two incisional bi-
opsies were always performed, one from the suspected 
malignant lesion and the other in the most representa-
tive area of the multifocal PVL lesions. Diagnostic biop-
sies and surgical specimens were subjected to histo-
logical analysis at the Sections of Anatomic Pathology 
of the University of Bologna at Bellaria and Sant’Orsola 
Hospitals. Biopsies of all cases were reviewed and the 
histological diagnosis of PVL was confirmed according 
to recently reported criteria  20. Cases not fulfilling the 
aforementioned criteria were excluded.
Surgical resection of OSCC was performed in accord-
ance with standard practices at the Maxillofacial Sur-
gery Unit, Sant’Orsola Hospital. 
Postoperatively, patients underwent routine follow-up, 
including clinical, instrumental, and radiological exam-
inations in accordance with the International National 
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Comprehensive Cancer Network guidelines 21. Demo-
graphic and clinical variables such as age, sex, smoke, 
site of malignant transformation, TNM, Grading and de-
velopment of secondary tumors were recorded. 
As reference samples, we also evaluated 8 PVL pa-
tients that were not transformed into OSCC (PVL 
Group) and 23 healthy donors (Healthy Group).

Oral brushing sample cOllectiOn

The brushing specimens were collected according to 
a previously described protocol 22,23 using the kit SG-
Oral Collection Kit (Studium Genetics Cat No. SG001-
5, Italy). In brief, after collection each cytobrush sam-
ple was stored in a 2-ml tube containing a preservation 
solution at room temperature until DNA purification.
In the 9 patients with OSCC and concomitant PVL two 
oral brushing samples were collected before surgical 
resection of OSCC for DNA methylation analysis; one 
sample (OSCC Group) was collected from the his-

tologically proven area of squamous cell carcinoma 
(Figs. 1a, 2a), and the other (PVL-OSCC Group) from 
white/verrucous PVL oral lesions in the contralateral 
mucosa (Figs. 1b, 2b). 
In the PVL not evolved, oral brushing cell collection 
was performed in a wide more representative area of 
lesions, whereas in healthy volunteers the surface of 
different sites of the oral mucosa (cheeks, marginal, 
and dorsal tongue) was gently brushed with rotation 
and translational movements. 

Dna methylatiOn analysis

Quantitative methylation analysis included next-gen-
eration sequencing of the following 15 genes: KIF1A, 
ZAP70, GP1BB, LRRTM, PARP15, FLI1, NTM, EPHX, 
TERT, LINC0059, ITGA4, miR193, miR296, PAX1, 
miR137. 13/15 genes (KIF1A ZAP70 GP1BB LRRTM 
PARP15 FLI1 NTM EPHX TERT LINC0059 ITGA4 
miR193 miR296) are part of a panel of genes previ-
ously described to be aberrantly regulated in OSCC 

Figure 1. Clinical picture of the oral squamous cell carcinoma 
lesion from patient #2. Diagnosis confirmed by incisional bi-
opsy (a). Clinical picture from the same patient showing the 
contralateral area affected by white verrucous lesions related to 
PVL. Both lesions were sampled for methylation analysis (b).

Figure 2. Squamous cell carcinoma: At the margin of the 
mucosal section, a solid-growing neoplasm is present, con-
sisting of large clusters of cells with pink cytoplasm with no 
squamous pearls. The neoplastic cells show prominent inter-
cellular bridges, and round, frequently hyperchromatic nuclei 
and mitotic figures (a). Proliferative verrucous leukoplakia: 
section of oral mucosa, lined by squamous epithelium with 
thickened hyperkeratotic growth accompanied by a lichenoid 
inflammatory response. The epithelium is characterized by 
orthokeratosis, with no cytological atypia and sharp transi-
tions and skip zone of corrugated orthokeratosis (b).
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22. The inclusion of PAX1 was based on the results of 
Guerrero-Preston et.al. who found a high frequency of 
genomic and epigenomic alterations in the PAX gene 
family in head and neck cancers 24. Mir137 was also 
added to the panel as in a recent study by Dang et al., 
the miR-137 promoter was found to be methylated in 
58.3% in patients with OSCC 25. 
DNA from exfoliated cells was purified using the 
Quick-DNA ™ MagBead Plus Kit (ZymoResearch Cat. 
No. D4082). DNA ranging from 100–500 ng was treat-
ed with sodium bisulphite using the EZ DNA Meth-
ylation-Lightning Kit™ (D5031; Zymo Research) ac-
cording to the manufacturer’s instructions. The target 
enrichment was prepared amplifying the regions of 
interest 22 by multiplex PCR with Phusion U DNA pol-
ymerase (ThermoFisher, cod. F555L). Indexing was 
performed using the Nextera™ Index Kit (Illumina, 
San Diego, CA, USA, FC-121-1012) and libraries were 
loaded onto MiSEQ (Illumina, San Diego, CA, USA, 
cod. 15027617). Each NGS experiment was designed 
to allocate at least 1000 reads/amplicon, with the aim 
to reach a depth of coverage of 1000×.
The FASTQ output files underwent quality control pro-
cessing (> Q30) and were processed in a Galaxy Project 
environment (https://galaxy.studiumgenetics.com/)  26. 
The methylation ratio of each CpG was calculated in 
parallel using BWAmeth followed by MethylDackel. 
In a previous study 27, the best CpGs identified by re-
ceiver operating characteristic curve analysis were 
used to generate an algorithm based on a multiclass 
linear discriminant analysis of the best CpGs identi-
fied by ROC analysis in a panel of 13 gene (Oral Car-
cinoma Risk Algorithm, SG-OCRA ™). This approach 
identified a threshold value for OSCC of 1.0615547; 
this value had the optimal sensitivity and specificity 

(area under the curve 0.981). Values exceeding the 
threshold of 1.06 were considered as “positive” results. 

statistical analysis

Quantitative methylation analysis of CpGs islands of 
PVL-OSCC lesions and contralateral OSCC from the 
same patient was performed using paired t test if the 
standardized skewness and kurtosis values were with-
in the data range for a normal distribution or, alterna-
tively, the paired samples Wilcoxon signed-rank test.
CpGs that displayed a methylation level not signifi-
cantly different between PVL-OSCC lesions and con-
tralateral OSCC were selected. A comparative anal-
ysis of the methylation level of PVL-OSCC samples 
with respect to PVL samples and healthy subjects 
was performed using Kruskal Wallis test and Multiple 
Range Test for each CpG.
For each analysis a value of p < 0.05 was considered 
statistically significant. 
PCA analysis and the methylation plot were created 
using ClustVis, a web tool for visualizing clustering 
multivariate data (http://biit.cs.ut.ee/clustvis/) 28. Meth-
ylation Plotter tool (http://maplab.cat/methylation_plot-
ter) 29 was used to generate the Supplementary Figure 
1 showing the methylation level for each CpG.

Results

stuDy pOpulatiOn anD fOllOw-up

The cohort included a group of 9 patients with con-
comitant OSCC and PVL. Clinical information from 
each of the PVL patients in PVL-OSCC group is 
shown in Table I: median age was 69±13 years [range: 
55-92], 7/9 patients (77%) were females, and no pa-
tients (0%) were smokers. 

Table I. Demographic and clinical characteristics of 9 patients with OSCC tumor mass associated with PVL lesions.

Patient Age Sex Smoke Alcohol
PVL Site 
Brushing

OSCC 
Brushing 

Site

OSCC 
Histology

TNM Grading OSCC Score
PVL-OSCC 

Score
Multiple 
OSCCs

1 75 F No No Left Cheek Tongue Squamous pT2N0M0 G1 2,767352* 0,916179 Yes
2 92 F No No Lower 

Gingiva
Palate Squamous pT1N0M0 G1 3,434539* 0,954786 No

3 57 M No No Left cheek Right 
cheek

Squamous pT2N0 G2 1,657414* -1,161367 No

4 60 F No No Right cheek Tongue Squamous pTis G1 2,460917* 0,143952 No
5 64 M No No Left cheek Palate Squamous pT1N0M0 G2 1,912301* -0,859304 No
6 85 F No No Left cheek Right 

cheek
Verrucous pT1N0Mx G2 5,799223* 7,6* Yes

7 55 F No No Right cheek Palate Squamous pTis G1 3,220426* 13,367421* Yes
8 65 F NO No Left cheek Right 

mandibular 
gingiva

Squamous PTis G1 5,1337852* 2,8964698* Yes

9 86 F NO No Left Cheek Palate Squamous pT1N0M0 G1 4,94078884* 7,28468145* No
PVL Proliferative Verrucous leukoplakia OSCC Oral squamous cell carcinoma associated with proliferative verrucous leukoplakia  “*” values with asterisk refer to values 
exceeding the threshold of 1.06.

https://galaxy.studiumgenetics.com/
http://biit.cs.ut.ee/clustvis/
http://maplab.cat/methylation_plotter
http://maplab.cat/methylation_plotter
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In 2/9 patients the diagnosis of OSCC and PVL were 
simultaneous, while in the remaining 7/9 the diagnosis 
of PVL preceded the development of an OSCC. Me-
dian time to malignant transformation was 59.4±62.8 
months (range 0-163 months).
Four of 9 patients developed a second oral neo-
plastic event after the resection of primary tumor. In 
detail, median time from primary tumor to second 
events (calculated as the interval between the two 
diagnosis dates) was 31±25 months (range 8-54). 
Four of 4 second neoplastic events were histological-
ly classified as oral squamous cell carcinoma. Three 
of 4 lesions, being located at more than 2 cm and /
or having occurred more than 3 years after the index 
tumor, were classified as second tumor according to 
Hong et al. criteria, 30 whereas 1/4 was classified as 
local recurrence.
Nine patients with PVL associated with OSCC (PVL-
OSCC Group and OSCC Group) were cumulatively fol-
lowed for a median time of 98±57 months (range 11-150).
Brushing specimens from 8 PVL patients (mean 
age 65±10 years range 46-77) who never developed 
OSCC (PVL Group) in a median follow-up period of 
82±81 months (range 11-209) and 23 healthy subjects 

(mean age 53±17 years range 28-90) were also in-
cluded in DNA methylation analysis. 

15 gene-DNA Methylation analysis

A total of 272 CpGs from the panel of 15 genes were 
analyzed. 
Paired test analysis revealed that 220 (80%) out of 
272 CpGs analyzed showed a superimposable mean 
methylation level between the PVL-OSCC Group and 
OSCC Group (p  =  ns). The percentage of studied 
CpGs with superimposable degree of methylation be-
tween PVL-OSCC and OSCC Group for each gene is 
shown in Table II. 
These CpGs were selected to compare the methyla-
tion level of PVL-OSCC samples with healthy subjects 
and PVLs not transformed in oral cancer (PVL).
A statistical difference among groups was found in 122 
CpGs from 10 genes (KIF1A, ZAP70, LRRTM, PARP15, 
FLI1, NTM, EPHX, ITGA4, MIR 296, MIR 137). Spe-
cifically, Kruskall-Wallis test with multiple range test 
revealed that in 88 CpGs the level of methylation in 
PVL-OSCC was significantly different from both PVL 
and Healthy subjects. More in detail, in PARP15 and 
in ITGA4 100% of the studied CpGs could stratify PVL-

Table II. Comparative analysis of methylation level for different groups of specimens.

15 Genes Panel 
Number of 

interrogated CpGs 

% of CpGs with superimposable level 
of methylation between OSCC and 

paired PVL*

% of CpGs with a significantly altered 
methylation level in OSCC-PVL group respect 

to PVL group not evolved in OSCC and 
healthy donors**

KIF1A  27   27/27 100% 6/27 (22.2%)

ZAP70  20   15/20 75% 5/20 (25%)

GP1BB  18   2/18 11% 0/18 (0%)

LRRTM1  22   22/22 100% 15/27 (55.6%)

PARP15  19   19/19 100% 19/19 (100%)

FLI1  12   11/11 100% 1/11(9%)

NTM  15   15/15 100% 6/27 (22.2%)

EPHX3  29   29/29 100% 13/27 (48.2%)

TERT  6   6/6 100% 0/6 (0%)

LINC00599  20  14/20 70 % 0/14 (0%)

ITGA4  14   14/14 100% 14/14 (100%)

miR193  26   8/26 30% 1/26 (4%)

miR296  15   15/15 100% 0/15 (0%)

PAX1  13   7/13 54% 0/13 (0%)

miR137  16 16/16 100% 8/16 (50%) 

*paired t test analysis orWilcoxon signed-rank test between OSCC and paired OSCC-PVL.

**Kruskall-Wallis analysis with multiple range test between PVL-OSCC, PVL and healthy donors groups. Analysis limited to genes that displayed a 100% 
superimposable level of methylation between OSCC and paired PVL.
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OSCC from other groups (Fig. 3a-3b). See Table II for 
details. 
Supplementary Figure 1 points out in detail for the 
genes of interest the methylation level at each locus 

and the statistical significance highlighted with an as-
terisk. All methylation data for each gene are available 
in Supplementary File 1.
Principal component analysis (Fig. 4) showed a partial 

Figure 3. Methylation plots of PARP15 (a) and ITGA4 (b) genes. The statistical significance in each locus was highlighted 
by an asterisk and emerged in all the CpGs investigated. A significant higher quantitative methylation level of PVL-OSCC 
respect to PVL and healthy donors group can be noted. 
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superimposable methylation profile of OSCC Group a 
PVL-OSCC Group. These data were also pointed out 
by the HeatMap in Figure 5, where some PVL-OSCC 
cases and relative OSCC clustered together. 

Algorithm score

Concerning the score deriving from the algorithm 
recently validated for OSCC, 100% of the studied 
OSCCs had a score exceeding the threshold of 1.06 
and were consequently recorded as “positive”. 

tralateral OSCCs in a selected series of nine patients. 
It emerged that 80% of the CpGs in the PVL-OSCC 
group had a methylation level superimposable to con-
tralateral OSCC. In terms of genes, this study identi-
fied a panel of 10 genes that were epigenetically dys-
regulated in both OSCC (OSCC Group) and contralat-
eral PVL-OSCC (KIF1A, LRRTM, PARP15, FLI1, NTM, 
EPHX, TERT, ITGA4, MIR296, MIR193) in 100% of the 
analysed CpGs. 
The novelty of the present study is the comparison 

Figure 4. Principal component analysis (PCA); Unit variance scaling is applied to rows; SVD with imputation is used to 
calculate principal components. X and Y axis show principal component 1 and principal component 2 that explain 50.6% and 
11.4% of the total variance, respectively. Prediction ellipses are such that with probability 0.95, a new observation from the 
same group will fall inside the ellipse. N = 49 data points. The graph shows that OSCC elements (OSCC, blue) are sparse at 
the bottom of the plot, nearby PVL with OSCC (PVL-OSCC, violet), while healthy donors (Healthy, red) are clustered in a well-
defined and restricted area on the center nearby PVL with no OSCC (PVL, green).
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op OSCC during the follow-up (mean duration 82 
months±81 range 11-209), 5/8 showed a score ex-
ceeding the value of 1.06 (see Supplementary files).
None of healthy individuals included in DNA methyl-
ation analysis showed a positive score (see Supple-
mentary files).

Discussion

The aim of this study was to compare the methyla-
tion status of PVL lesions with the corresponding con-

When the algorithm was tested in the group of 9 PVL-
OSCC specimens, it emerged that 4/9 (44%) patients 
had a positive score. Three out of four (3/4, 75%) pa-
tients with a “positive” score also developed second 
neoplastic events (2 diagnosed as second tumors and 
1 local recurrence) after the first malignant transforma-
tion (respectively after 36, 8 and 54 months respect to 
oral brushing cell collection. By contrast, only 1 out of 5 
(20%) patients in the group of PVL lesions with a “neg-
ative” algorithm score developed a secondary OSCCs 
(15 months after primary OSCC treatment resection). 
In the PVL group of 8 patients who did not devel-

Figure 5. Cluster analysis: in the HeatMap, rows are centered; unit variance scaling is applied to rows. Imputation is used 
for missing value estimation. Columns are clustered using correlation distance and complete linkage. There are 261 rows, 49 
columns. Two main clusters are present: the one on the left includes 20 healthy cases (Healthy, red), 4 PVL with carcinoma 
(PVL-OSCC, violet), one OSCC (OSCC, blue) and one PVL with no OSCC (PVL, green); the other on the right includes 8 OSCC 
(blue), 5 PVL with OSCC (violet), 7 PVL with no OSCC (PVL, green) and 3 healthy cases (red).
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between the methylation status of PVL lesions with 
related OSCCs in the contralateral mucosa. Indeed, 
matched samples obtained from the same individu-
al simultaneously facilitate the identification of DNA 
methylation changes during oral cancer progression 
and reduce the impact of potential confounding fac-
tors. Specifically, the similarities in the dysregulated 
methylation profiles between OMPDs lesions and the 
corresponding OSCC support the role of epigenetics 
as an early event in oral carcinogenesis.
In addition, these findings strengthen the idea that the 
theory of field cancerization proposed by Slaughter et 
al. can be applied to patients with PVL 7. This hypoth-
esis is in agreement with Bagan et al. who clinically 
demonstrated that second primary tumors and field 
cancerization are frequent in PVL with decreasing 
time intervals between the appearance of one tumor 
and the next over time 17. Epigenetic distinct dys-
regulation in oral cancers arising from PVL lesions 
compared to OSCCs not preceded by premalignant 
lesions was also highlighted in a recent study by Her-
reros-Pomares 31. These data suggest that DNA meth-
ylation could be a regulatory mechanism. 
Evidence of epigenetic alterations in the development 
of field cancerization has been also described in other 
cancers where the development of multiple carcino-
mas after the primary tumor frequently occurs  32. In 
particular, increased incidence of aberrant methyla-
tion in the non-cancerous liver tissues of cases with 
hepatocellular carcinomas has been described by 
Kondo et al.33 Similar results have been reported by 
Eads et al. in Barrett’s esophagus and associated ad-
enocarcinoma where APC and CDKN2A were found 
to be hypermethylated in Barrett’s metaplasia and dys-
plasia 34. Epigenetic field cancerization has also been 
suggested by Guo et al. for lung cancer. Histologically 
negative bronchial margins of resected non-small cell 
lung cancer have been found to exhibit frequent hy-
permethylation changes in multiple genes 35. 
Present findings, with the limit of small number of spec-
imens analyzed, also point out that PVLs associated 
with cancer show a different methylation level with re-
spect to PVLs not associated with cancer and healthy 
subjects. Specifically, a panel of 8 genes (KIF1A, LR-
RTM, PARP, FLI, NTM, EPHX, ITGA4, MIR 137) strati-
fied PVLs associated with cancer from other groups. Of 
note, ITGA4 and PARP15 showed 100% of the studied 
CpGs able to stratify PVL-Ca from other groups.
Integrin α4β1 (ITGA4) is a major receptor for FN1 on 
human eosinophils (Anwar et al. 1994) and involves in 
tumor cell proliferation, migration and survival. ITGA4 
is involved in gastric and colorectal cancer 36,37. Previ-
ous reports indicate ITGA4 as a promising marker for 
prognosis of oral squamous cell carcinoma 38,39.

PARP is a sensor of DNA damage and the recogni-
tion of DNA breaks by the PARP-1 enzyme has been 
identified as one of the earliest events that occur with 
DNA damage 40. Moreover, the use of PARP inhibitors 
is of particular relevance for radiation oncology as it 
seems to interfere with DNA repair thus playing a role 
in radiosensitization of head and neck squamous cell 
carcinoma 41. 
Concerning PVLs, the present data confirm the results 
of a previous study that identified epigenetic chang-
es in three PVLs with a methylation pattern closer to 
OSCCs than to normal donors 22. These findings also 
agree with Herreros-Pomares et al., who studied the 
methylation profile of 10 patients with PVL. 
They found 4647 differentially methylated regions with a 
prominent state of hypermethylation in PVL with respect 
to 5 healthy individuals 17. Their analyses also showed 
that PVL and healthy donors had clearly differentiated 
methylation patterns. Interestingly, Herreros-Pomares 
also demonstrated that PVLs and homogeneous leu-
koplakias present differential methylation patterns that 
could be linked to their differential clinical behavior 18.
To the best of our knowledge, this is the first study 
highlighting that PVLs associated with OSCC differ in 
terms of DNA methylation from those who do not un-
dergo malignant transformation. This finding reinforc-
es the hypothesis that epigenetics may play a pivotal 
role in oral carcinogenesis of PVL. 
This is also in agreement with recent studies that 
showed that OSCCs preceded by PVL seem to exhibit 
different methylation profiles31. 
Finally, 3/4 (75%) patients who received a “positive” 
score in the PVL-OSCC sample at the algorithm de-
veloped second neoplastic events, compared to 1/5 
(20%) patients who received a “negative” score in 
the PVL-OSCC specimen. Our group recently devel-
oped a patented algorithm (SG-OCRA) based on the 
DNA methylation analysis of CpG islands of 13 genes 
that were also included in the analysis in the present 
study. The algorithm discriminates lesions in “positive” 
or “negative” according to a pre-calculated threshold 
value. A multicenter clinical study collected 220 oral 
brushing samples (110 from OSCC patients and 110 
from healthy volunteers) and, on the basis of this algo-
rithm score, detected OSCCs with a sensitivity, spec-
ificity, positive predictive value, negative predictive 
value, and accuracy of 93.6%, 84.9%, 86.6%, 92.8%, 
and 89.4%, respectively 27.
It may be speculated that a positive score of the al-
gorithm may linked to the development of second ne-
oplastic events in patients with OSCC proceeded by 
PVL lesions. However, since a positive score was also 
found in 5/8 patients from the group of PVLs that did 
not develop an OSCC during the follow-up it is prema-



EPIGENETIC EVIDENCE OF FIELD CANCERIZATION IN PROLIFERATIVE VERRUCOUS LEUKOPLAKIA 377

ture to draw any conclusion regarding the predicting 
value of the score in terms of prediction of malignant 
transformation of PVL. Nevertheless, in the future it 
might be interesting to investigate whether a positive 
score in PVL, as a consequence of the field canceri-
zation effect, can predict an aggressive local behavior 
associated with additional neoplastic events.

Conclusions 

In conclusion, the results of the present study provide 
further evidence that PVL lesions share an aberrant 
methylation profile with OSCC even if spatially distant. 
Common epigenetic alterations between OSCC and 
related OPMDs strengthen the idea that methylation 
abnormalities reflect a field cancerization effect. Fur-
thermore, results of the present study highlight the po-
tential role of DNA methylation analysis in predicting 
the risk of developing multiple neoplastic events.
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