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Abstract

Background—Oiral cancer in the form of squamous cell carcinoma (OSCC) is typically detected
in advanced stages when treatment is complex and may not be curative. The need for surgical
biopsy may contribute to delays in diagnosis and impede early detection. Multiple studies of RNA
from surgically obtained tumor samples have revealed many genes differentially expressed with
this disease. We sought to determine if the identified mRNAs could be used as markers by a
noninvasive detection system for OSCC using RNA from brush cytology.

Methods—Levels of mMRNAs from 21 genes known to be differentially expressed in head and
neck squamous cell carcinoma surgical samples, compared to controls, were shown to be
quantifiable in oral brush cytology samples. These mRNAs were quantified in a training set of 14
tumor and 20 nonmalignant brush cytology samples from tobacco/betel nut users. The
measurement of two additional mMRNAs and analysis using support vector machines produced an
algorithm for class prediction of these cancers.

Results—This OSCC classifier based on the levels of 5 mMRNAs in RNA from brush cytology
initially showed 0.93 sensitivity and 0.91 specificity in differentiating OSCC from benign oral

mucosal lesions based on leave-one-out cross-validation. When used on a test set of 19 samples
from 6 OSCCs and 13 nonmalignant oral lesions we found misclassification of only one OSCC
and one benign lesion.

Conclusions—This shows the promise of using RNA from brush cytology for early OSCC
detection and the potential for clinical usage of this noninvasive classifier.
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Introduction

Oral squamous cell carcinoma (OSCC), by far the most common oral cancer, is typically
detected in advanced stages when treatment is complex and may not be curative (1). In
contrast, early stage OSCC responds well to treatment, making improvements in early
detection important. Testing for OSCC carcinoma is appropriate with suspicious oral lesions
without a known cause that endure for more than 2 weeks, especially in the patient with high
risk behavior such as tobacco usage. The patient is asked to make an appointment with a
surgeon, at which time a surgical biopsy is taken. This allows for histopathologic
examination of the tissue to determine abnormalities in epithelial cell and tissue morphology
and architecture that correspond to OSCC. These include changes in nuclear cytoplasmic
ratios, cellular and nuclear pleomorphism, and mucosal architecture changes, the location of
mitotic cells and disruption of the basement membrane of the epithelium. Based on the
histopathology, a diagnosis of malignancy (OSCC), premalignancy (carcinoma in situ,
dysplasia), or nonmalignancy is made.

The last 15 years have seen an increase in methodologies for detection of possible oral
malignancies (2, 3). These include fluoroscopy, toluidine blue staining, and laser
tomography. In addition, screening methods using brush cytology have sought to obtain
cells from oral lesions. These can then be examined after staining for changes in cell size
and nuclear cytoplasmic ratio that can occur with malignancy, thus eliminating surgical
biopsy as a screening method. Despite these advances, the vast majority of OSCCs in the
U.S. and worldwide are still detected by the patient or during a visual oral examination by a
dentist or a health care provider, usually during the advanced stages of the disease process,
and then verified after biopsy and tissue histopathologic examination.

Global gene expression analysis of tissue obtained by surgical biopsy of OSCC, and more
generally head and neck squamous cell carcinoma, has defined a large group of genes that
show changes in expression with these diseases (4-11). Despite efforts to dissect out non-
tumor tissue in these studies, there are typically large amounts of mesenchymal cells from
stroma, in addition to epithelium. Studies that focused on oral cancers have produced gene
expression-based classifiers for OSCC with preliminary external validation (5, 10, 11). This
points to the promise that gene expression analysis of OSCC tissue may provide accurate
diagnosis. Limiting the usage of this methodology for oral cancer screening has been the
lack of a demonstrated ability to differentiate malignant versus benign pathology, validation
by external groups, and the difficulty in standardization of tissue collection. The requirement
for surgical acquisition of tissue with biopsy is also a limiting factor. For these and other
reasons, the many published DNA microarray gene expression studies of OSCC tissue have
unfortunately been an “endpoint of research endeavor “ ... and not “screening tools for
identifying potential genes for validation and further investigation “ as observed by Choi and
Chen (12).

Brush cytology offers a noninvasive method of cell acquisition from oral lesions that allows
RNA isolation from mucosal cells. Work in the field has shown that this RNA is amenable
to RT-PCR analysis (13, 14) that provides reproducible measurements of gene expression
(15-17). This noninvasive approach to obtaining RNA from oral tissue has recently been
used to provide a window to changes in gene expression that occur with tobacco usage in
benign tissue (15, 18, 19). We and others have described changes in gene expression that
can be detected in RNA from OSCC lesions obtained by brush cytology (16, 17, 20, 21).
Perhaps because of the challenges of performing global gene expression analysis with RNA
from brush cytology, an externally validated gene expression-based classifier for this disease
using this noninvasive approach has never been published (15, 18). Our focus here is OSCC
associated with long-term exposure to tobacco and to a lesser degree betel nut, two powerful
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mutagenic compositions. These cancers may be separate from human papilloma virus
(HPV)-associated head and neck tumors, which are typically not linked to long-term tobacco
usage and occur with higher frequency in the oropharynx than the oral cavity (22). We
tested if genes shown to be differentially expressed in surgical samples of head and neck
squamous cell carcinoma and normal tissue were also differentially expressed in RNA from
brush cytology of OSCC and benign lesions. The goal is to find a classifier that uses RNA
from brush cytology to noninvasively allow gene expression-based identification of these
tumors.

Material and methods

Clinical sampling

Brush cytology samples were collected from 34 former and current tobacco and betel nut
users, who presented with oral lesions, typically just prior to taking a diagnostic biopsy.
Patients were seen in the Oral and Maxillofacial Surgery Clinic, the Multidisciplinary Head
and Neck Cancer Clinic, and the Otolaryngology Clinic in the University of Illinois Medical
Center (16). The person who took the brush cytology sample was the same person who
performed the biopsy in all except one case. Samples from an earlier study, along with those
from additional patients, make up the 14 OSCC samples (Table 1) and 20 benign controls of
the classifier training set. Benign samples include mucosal lesions, such as lichen planus and
leukoplakia, all without dysplasia and are described in Kolokythas et al. (16). Nineteen
additional patients from the same clinics provided RNA from brush cytology of 6 OSCC and
13 benign lesions to make up the validation set (Tables 2 and 3). We note that while
keratocystic odontogenic tumors and ameloblastomas are typically not confused with OSCC,
in both cases, in this study mucosal perforation led to differential diagnoses that included
malignancy. Similarly, the salivary tumor presented with mucosal ulceration suggestive of
malignancy. All diagnoses were verified by histopathologic examination of surgically
obtained tumor tissue for OSCCs and scalpel biopsy material for nonmalignancies, with the
exception of one leukoplakic lesion that resolved on cessation of smoking over a one-year
follow-up. All subjects provided consent to participate in accordance with guidelines of the
Office for the Protection of Research Subjects of the University of Illinois at Chicago.

Brush cytology

Brush cytology was performed on patients as they presented in the clinic just prior to biopsy.
Care was taken to sample only epithelium in the case of ulcerative lesions. Internal controls
were not used and only samples from lesions were taken. Samples were immediately placed
in Trizol (Invitrogen, Carlsbad, CA, USA), mixed, and frozen. We used a cervical cytology
brush with RNA purification as described in Schwartz et al. (17).

Gene target selection

Nearly 30 studies have compared gene expression in surgically obtained tumor tissue versus
control mucosa to define genes differentially expressed with OSCC. A survey by Choi and
Chen reported 65 genes consistently differentially expressed in OSCC in multiple studies
(12). Similar characterization of gene expression in surgically obtained tumor tissue in
studies that focused on OSCC revealed 5 additional genes differentially expressed within
this subset of cancers (4, 8, 23-25). These 70 genes are strong candidates to contribute to an
OSCC classifier.

Due to the limited amount of RNA from each brush sample, in some cases less than 150 ng,
the focus was on mRNAS with greater than average expression levels in the epithelium, as
tested by global gene expression analysis of 3 tumor brush cytology samples using
hybridization to Affymetrix Human Genome U133 Plus 2.0 microarrays. Thirty-four of the
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70 head and neck squamous cell carcinoma genes were poorly expressed or undetectable,
which was verified by RT-PCR analysis of a subset of 6 MRNAs (data not shown). Three
MRNAs were not testable using RT-PCR analysis, due to sequence and 12 more were tested
with one or two different sets of primers but did not consistently form a product or made
multiple products during RT-PCR analysis and SYBR green detection and were not
examined further. This left 21 genes that were tested for expression in brush samples from
OSCC and benign control patients.

RNA from brush cytology was converted to cDNA and quantitative RT-PCR was carried out
using the iCycler iQ (Bio-Rad, Hercules, CA) and SYBR Green fluorescence as described
(16). Values were normalized to the geometric mean of the controls, GAPD, RPLPO, and
RPL4. Primers for these mRNAs, and those to detect the target mRNAS, were designed
using Primer Express to give products of approximately 100 bases; sequences were
previously published and/or included in the supplemental data section (supplemental table)
(16).

Statistical analysis, class comparison, and class prediction using RNA from brush

cytology

Results

The class comparison function of BRB-Array Tools 3.9 (two-sample #test with random
variance model) allowed the determination of mRNA of genes that discriminate between
RNA from cytology samples obtained from OSCC and nonmalignant lesions with a
maximum allowed proportion of false positive genes of 0.1 (R. Simon and A. Pang Lam
(http://linus.nci.nih.gov/BRB-ArrayTools.html).

A gene expression-based OSCC classifier was generated using the class predictor function
of BRB-Array Tools as described (16, 26). Briefly, normalized mRNA levels for the 21 plus
2 additional targets were log2 transformed and entered for each sample of the training set.
Due to the small number of genes tested, genes with measured levels significantly different
between the classes at 0.01 significance level were used for class prediction. The program
used 7 separate algorithms to generate optimized predictors while simultaneously
performing leave-one-out cross-validation of the generated classifiers.

A receiver operating characteristic (ROC) curve was obtained on the 19-subject validation
set by varying the decision threshold of the 5-gene OSCC classifier algorithm and plotting
the effect on sensitivity and significance (Fig. 2).

Brush oral cytology samples were obtained from 34 patients, 14 with OSCC and 20 with
nonmalignant oral mucosal lesions (see Kolokythas et al. 2011 and Table 1), all tobacco or
betel nut users (16). Diagnoses were verified with histopathology of biopsy and surgical
tissue, with one exception. Based on the number of genes interrogated (<35), an observed
within class standard deviation of 0.7, and cutoff for differential expression of 2-fold
between classes, we estimated, a minimum of 11 samples from each group was sufficient to
define a classifier with a tolerance of 0.10 (27).

Of the 21 mRNAs shown in the literature to be at different levels in surgically obtained head
and neck squamous cell carcinoma or OSCC versus healthy tissue, we found that 5 of the
genes showed differential expression in brush cytology RNA samples from OSCC versus
benign lesions (Fig. 2). This was defined as a fold change of over 2x and an FDR of below
0.1. Interestingly, one of these mMRNAs, ANXAZ, showed an increase in levels in OSCC
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brush cytology samples, while earlier studies that examined RNA isolated from surgically
obtained tissue, had indicated a decrease (12).

In an effort to increase the number of marker mRNAs for OSCC using RNA from brush
cytology we also tested for changes in expression of 6 more genes, LAPT, C200rf3, ARPCI,
Cllorf48, ANXAZ and CAV1. These were arbitrarily chosen among the many genes
reported to be differentially expressed on the RNA level in tissue from head and neck
squamous cell carcinoma and nonmalignant or normal sites in a single study (8, 23, 25). A
preliminary analysis of RNA from oral cytology samples from 7 OSCC lesion and 8
nonmalignant oral mucosal lesions was done (Fig. 1). Of the mMRNAs analyzed those from
the ANXAZ and CAV1 genes showed statistically significant or near significant changes in
levels based on the Student’s #test (supplemental data). Results of RT-PCR for quantitation
of ANXAZ, when tested against the entire training set, showed a 4.08 change in levels in
OSCC samples with an FDR of 0.101. We did not pursue CAVZ mRNA analysis due to the
low levels of signal.

To perform class prediction for OSCC using the RNA from cytology samples, BRB-Array
Tools was used for leave-one-out cross-validation, simultaneously testing 7 classifiers for
their ability to differentiate OSCC from nonmalignant samples based on the expression
levels of the 21 genes in table 1. Two additional genes were tested, ANXAZ, based on its
earlier identification as a marker for OSCC (23) and our findings here, and B2M, a gene we
have shown to be enriched in RNA from brush cytology of OSCC in earlier studies (16, 17).
We found that 3 out of 7 methods, compound covariate predictor, diagonal linear
discriminant analysis, and 1-nearest neighbor, showed approximately 89% accuracy in
identifying these samples. Support vector machines generated a classifier that showed the
highest level of success in correct classification of OSCC and nonmalignant lesions using
RNA from cytology samples in the training set with 92% accuracy. The permutation p value
for the support vector machine generated classifier was <0.0001 indicating that zero out of
10000 classifiers generated from samples with randomly permuted class labels provided a
classifier this accurate. This OSCC classifier was based on the levels of 5 mMRNAs in RNA
from brush cytology, B2M, KRT17, ANXAZ, LAMCZ2, and /LS.

The support vector machines-generated classifier based on the levels of these 5 mRNAs was
then tested on an independent validation set of 19 samples of RNA from brush cytology of 6
OSCC lesion and 13 benign lesions (Tables 3 and 4). In this preliminary external validation,
the classifier made two errors, incorrectly classifying one tumor and one nonmalignant
lesion. This classifier had 89% accuracy, sensitivity of 0.83, and specificity of 0.92. The
ROC curve in figure 2 illustrates the accuracy of the classifier at various cut-offs and
indicates an area under the curve (AUC) of 0.83, indicating while it worked well there is
room for improvement.

Discussion

We took advantage of the many studies of surgical samples from head and neck cancer that
have analyzed gene expression changes occurring with this disease to narrow the set of
MRNA s tested (4-11). We studied in detail the expression of 21 genes identified in multiple
studies and found 5 were differentially expressed in RNA from brush cytology samples of
tobacco and betel nut associated OSCCs (Table 2). Most of the genes did not show
differential expression and this may be due to several possible reasons: (Z) many of the
earlier studies did not differentiate oral, oropharyngeal, and laryngeal tumors, which have
different etiologies and response to treatment (12, 28, 29); (2) in almost all studies no effort
was made to focus on oral tumors associated with a consistent risk factor such as tobacco
usage; and (3) many of these earlier studies compared gene expression in surgically obtained
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tumor versus histopathologically normal tissue from the same subject or normal subjects (5,
11). In the present study RNA from brush cytology was taken from malignancies, with
controls from pathologic, but benign, oral mucosal lesions of other subjects. A final
explanation for differences in gene expression might be the make-up of the cells in brush
cytology samples versus those in surgically obtained biopsy tissue. As we, and others, have
shown, brush oral cytology samples are almost exclusively epithelial cells (13, 17). Brush
samples from friable lesions may contain blood cells but brushing is done to minimize their
contribution. In contrast, surgical biopsies routinely have a range of stromal cells in
addition to epithelium unless laser microdissection is done. These stromal cells include
fibroblasts, immune cells, endothelial cells, and blood cells. Homogeneous cells obtained by
brush cytology allow sensitive detection of changes in gene expression of the epithelium,
but only detect changes in that tissue. For these reasons, we did not expect all 21 genes
tested to be differentially expressed in RNA from brush cytology sampled OSCC versus
benign mucosa.

The focus in this study is on genes already linked to head and neck squamous cell carcinoma
or OSCC as shown in surgically obtained tumor tissues. This limited the number of features
analyzed and greatly lowered the chance for overfitting the data, which can occur with true
global gene expression analysis (27, 30). We tested approximately 30 mRNAs versus the
greater than 20,000 typically tested in global gene expression analysis. This reduced the
number of samples required to produce a statistically valid gene expression-based class
predictor. The focus was tumors of a similar etiology, tobacco or betel nut-associated

OSCC, with samples from a single cell type, epithelial cells, which further decreased sample
needs (31, 32). While an examination of global gene expression may indicate more marker
RNAs for OSCC in brush cytology samples it would require many more samples. A possible
disadvantage of the present approach is that most studies that identify genes associated with
OSCC report on genes that are differentially expressed and not on those genes that are
ideally useful for class prediction. An ideal class predictor gene may show smaller
differential expression between the two groups but be more consistently differentially
expressed (31). mMRNAs that show changes that complement other mRNAs in the goal of
class prediction would be optimal. One of our future aims is to expand the field of tested
genes to create a superior OSCC classifier that uses RNA from brush cytology.

Half of the patients in the training set had early stage disease (T1NO or T2NO), suggesting
the classifier would be accurate with both early and advanced stage OSCC. The ROC curve
with an AUC of 0.83 for the validation set demonstrated the value of the 5-gene OSCC
classifier but also indicated its errors (Fig. 2). The one OSCC misclassified, OSCC213, was
from an early stage tumor (T1NO), though somewhat unusual in that it was grade 3. If one
relaxes the classifier cut-off value for OSCC identification in order to identify OSCC213
correctly and provide a sensitivity of 1.0, the specificity would drop to an unacceptable
value of 0.38. Variability in site selection or the types of cells acquired during the brush
cytology is a possible explanation; though a second backup brush cytology sample gave the
same result (data not shown). As described earlier, efforts were made to only sample intact
epithelium in the case of ulcerative lesions so to avoid contamination of samples with
stromal cells. Also, this OSCC may have been distinct. While all OSCCs were associated
with tobacco or betel usage, this oral tumor may have been caused not by either of these
mutagens but have a distinct etiology or be different in other ways that result in a different
global gene expression pattern. This phenomenon has been well described in other cancers
though not yet in OSCC (33, 34). Control sample BL225, a benign sample from a patient
with lichen planus, was misidentified by the classifier as an OSCC. While lichen planus is
reported to progress to OSCC at elevated rates, analysis of the biopsy did not show
dysplastic or neoplastic changes (35). Given that a second brush cytology sample from the
lesion gave the same anomalous expression pattern, possible explanations include difficulty
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in sampling some hyperkeratotic lesions, or a gene expression pattern in this benign
inflammatory lesion that shares some features with malignancy. This patient is under close
observation.

This external validation of an OSCC classifier that relies on RNA from brush cytology has
not been reported before even as a preliminary finding. The sensitivity and specificity of this
prototype OSCC classifier was 0.91 and 0.93 with the training set using leave-one-out cross-
validation, and 0.83 and 0.92 with the small validation set of subjects. In research studies
done over the years, an alternative screen for OSCC using brush cytology samples and then
microscopic examination of the cells, revealed sensitivity for dysplasia and early tumors of
0.70 - 1 and specificity of 0.90 - 1 (1, 36-41). In the future we will need to expand the
number of subjects in both sets to further test and optimize the gene expression-based
classifier for brush oral cytology cells and to determine if it is superior in early oral
malignancy detection compared to microscopic examination of these cells. We note that
unlike the microscopic examination of cells, gene expression analysis of RNA from brush
cytology does not require morphologic examination of the cells, but relies on gene
expression measurement that has been proposed to potentially provide information on tumor
staging and prognosis (42). The immediate goals are to provide validation with a larger data
set focusing on early stage tumors and potential malignancies where early detection allows
superior prognosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Expression of the above genes was measured in RNA from cytology of a subset of 7 OSCC
samples and 6 benign samples using gRT-PCR. Three housekeeping genes were used as
controls for total RNA level. Shown are means plus and minus standard error of the means.
ANXAZ2and CAVshowed differences that attained or approached statistical significance
based on the Student’s #test, P < 0.08 and P < 0.017, respectively.
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The ROC curve shows the accuracy of the 5-gene classifier for tobacco/betel associated
OSCC when tested on RNA from brush cytology of the validation set of 6 OSCCs and 13
benign lesions at different thresholds for OSCC detection. The 5 genes were B2M, KRT17,

ANXAZ LAMCZ, and /LS.
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Table 1

Training Set: Patient data and OSCC details tumor samples

Sample*

0OsCC1
0scc2
0OscC3
0OsCC 4
0OsCC5
OsCC 6
oscc7
Oscc8
0scc9
0OSCC 10
0OsCC 11
0OSsCC 12
OSCC 56
OSCC 63

sitef

UG
LG
UG
FOM
Bu
LG
FOM

Bu
FOM-TM
T

p

uG

LG

Sex Age Tobacco/Betelt TNM

45
46
65
55
64
38
64
81
53
60
64
61
84
85

LT £ 2L L £ KKK LKL KL

Tob and Bet
F-Tob
F-Tob
Tob
Tob
Tob
Tob
Tob
Tob
Tob
F-Tob
Tob
F-Tob
Tob

Classification
TINOMO
T4aNOMO
TalN1MO
T2NOMO
T4aNOMO
T4aN2bMO
TINOMO
T2NOMO
T2NOMO
T4aNOMO
TINOMO
T3NOMO
T4aNoMo
T4bN3M1

Grade

Grl
Gr2
Grl
Gr2
Gr2
Gr2
Gr2
Grl
Gr2
Grl
Gr3
Gr2
Gr2
Grl

*
OSCC1 - OSCC12 previously described (Kolokythas et al, 2011).

fT, tongue; P, palate; LG/UG, lower/upper gingival; FOM, floor of mouth; Bu, buccal mucosa.

’tTob, Tobacco user; Bet, betel nut user, if former user than F-Tob or F-Bet.
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RT-PCR analysis of gene expression using RNA from brush cytology of OSCC versus

Table 2

Parametric
*
p-value

0.0003012
0.0014582
0.0054184
0.0098977
0.017282

0.0908235
0.0922038
0.1030077
0.1568689
0.1817851
0.2025812
0.2489573
0.2765658
0.3184763
0.3228818
0.3414761
0.3435379
0.2574326
0.2991023
0.5283724
0.8653252

0.00663
0.0107
0.0298
0.0435
0.0585
0.225
0.225
0.227
0.314
0.333
0.343
0.378
0.378
0.378
0.378
0.378
0.378
0.412
0.422
0.554
0.865

Fold-change
in MRNA level

0.21
2.49
9.43
4.46
3.33
0.43
3.76
1.83
3.18
2.32
2.24
2.42
214
1.57
1.39
2.32
2.03
051
0.44
1.62
0.96

Gene

LAMCZ
KRT17
IL8
ANXAL
ECM1
IL6
MAL
MMP12
CXCL1
TGM3
EMP
MMP1
SPINKS
SCEL
CEACAM1
KRT4
KRT13
PPL
CSTBI1
1SG15
ALDH9

Number of
samplestestedI

13T 24N
14T 24N
14T 23N
14T 24N
14T 24N
10T 15N
13T 2IN
11T 22N
14T 24N
13T 22N
11T 17N
10T 21N
12T 18N
12T 18N
12T 17N
10T 18N
12T 22N
11T 15N
11T 15N
13T 22N
11T 17N

*
Sorted by p-value of the univariate test

#

FDR is the false discovery rate, a measure of the probability that the data point is truly differentially expressed.
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12‘Number of samples tested refers to number of tumor samples (T) and nonmalignant samples (N) that provided expression data for these mMRNAs.
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Validation set: Patient data and OSCC details for tumor samples

Table 3

Sample

0OscCc 81

0OSCC 102
OsCcC 127
OSCC 204
0OSCC 213
OSCC 216

site’

RMF
LG
FOM
T

T
FOM

Sex Age Tobacco/Betel T

< mm g L L

61
46
52
76
55
67

Tob
Tob
Tob
Tob
Tob
Tob

TNM Grade
Classification
T4aNOMO Gr2
T4bN3MO Grl
TINOMO Grl
TINOMO Grl
TINOMO Gr3
T2NOMO Gr3

*
T, tongue; SP, soft palate; HP, Hard palate; LG/UG, lower/upper gingival; FOM, floor of mouth; Bu, buccal mucosa, LM, lip mucosa.

fTob, Tobacco user; Bet, betel nut user, if former user than F-Tob or F-Bet.
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Validation set: Patient data and pathologic appearance of benign lesions

Table 4

Sample
BL66
BL93
BL115
BL120
BL130
BL142
BL151
BL158
BL29
BL225
BL2337
BL242
BL278
dysplasia

site’

SP
UG
Bu
LG
LG
Bu
HP
T
Bu
Bu
LM
SP
G

Sex Age Tobacco/Betel T

M

LT T ML L L L L LT

93
63
22
55
32
53
88
65
66
56
52
39
57

F-Tob
Tob
Bet/Tob
Tob
F-Tob
Tob
Tob
Tob
Tob
Tob
Tob
Tob
Tob

Diagnosis

Pleomorphic adenoma

Keratocystic Odontogenic Tumor

Submucous Fibrosis
Periodontal cyst
Ameloblastoma

Lichen planus

Nicotinic stomatitis

Lichen planus, candidiasis
Hyperplastic foliat papilloma
Lichen planus

Salivary gland tumor
Papilloma

Verruciform xanthoma, mild

*
T, tongue; SP, soft palate; HP, Hard palate; LG/UG, lower/upper gingival; FOM, floor of mouth; Bu, buccal mucosa, LM, lip mucosa.

7‘Tob, Tobacco user; Bet, betel nut user, if former user than F-Tob or F-Bet.
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