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Abstract
Proliferative verrucous leukoplakia (PVL) is a premalignant condition of the oral mucosa with > 70% chance of progres-
sion to squamous cell carcinoma (SCC), while lacking the common risks and behavior seen in non-PVL oral squamous 
carcinogenesis. PVL follows a multi-stage slow, relentless and usually multifocal expansion of surface epithelial thickening 
that over time takes on a verrucous architecture, eventually leading to verrucous carcinoma and/or dysplasia followed by 
“conventional” SCC, a process that takes years and is notoriously difficult to manage. As mucosal surfaces and carcinomas 
arising at these sites, are colonized by microorganisms, host receptors for microbial products have received attention as 
potential contributors to carcinogenesis. Studies show that microbial pattern recognition toll-like receptor (TLR)2 in various 
epithelial cells is upregulated in premalignant lesions and in malignant cells and can activate oncogenic pathways. Because 
of the highly progressive nature of PVL, we examined TLR2 expression in well-characterized PVL samples by immunohis-
tochemistry. We found that, similar to epithelial dysplasia and SCC, PVL keratinocytes throughout the epithelial thickness 
showed diffuse TLR2 expression even in early stage lesions prior to onset of dysplasia. In contrast, oral mucosal samples 
in the absence of hyperorothokeratosis or dysplasia, expressed TLR2 primarily in the basal and parabasal layers. Given the 
high rates of PVL transformation and the previously established pro-cancer role of high TLR2 expression in malignant oral 
squamous cells, it is important to determine how its’ expression and functions are regulated in the oral squamous epithelium, 
and what is the specific TLR2 role in carcinogenesis.
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Abbreviations
CD282	� Cluster of differentiation 282
DAB	� Diaminobenzidine
ERK	� Extracellular signal regulated kinase
Gneg	� Gram-negative
Gpos	� Gram-positive
H&E	� Hematoxylin and eosin
HPV	� Human papillomavirus
IHC	� Immunohistochemistry
MAPK	� Mitogen-activated protein kinase
PBS	� Phosphate buffered saline

PVL	� Proliferative verrucous leukoplakia
SCC	� Squamous cell carcinoma
TLR	� Toll-like receptor

Introduction

The stratified squamous epithelium of the oral mucosa, 
similar to other skin and mucosal surfaces, is susceptible to 
carcinogenesis. While the oropharyngeal and base of tongue 
epithelium overlying mucosa-associated lymphoid tissue 
is more likely to develop squamous cell carcinoma (SCC) 
because of high-risk Human papillomavirus (HPV) infec-
tion, SCC of other oral cavity surfaces are usually unrelated 
to HPV [1, 2]. Several subtypes of oral SCC are recognized, 
including the so-called “conventional”, verrucous and pap-
illary, among others, and the “conventional” SCC type is 
the most common [1, 3]. The “conventional” SCC is pre-
ceded by specific morphologic and molecular intraepithelial 
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changes defined as epithelial dysplasia, also known as pre-
cancer, with a direct relationship between the amount of 
dysplasia and the probability of SCC [1, 3].

In the past several decades, many clinical-pathologic 
studies have described an oral epithelial abnormality called 
proliferative verrucous leukoplakia (PVL) as a premalig-
nant condition with a particularly high (> 70%) chance of 
progression to SCC [1], while lacking the most common 
risks and behavior seen in non-PVL oral squamous carcino-
genesis. The diagnostic criteria and definitions vary in the 
literature, but there is general agreement that PVL exhibits 
slow, relentless and usually multifocal proliferation of the 
oral surface epithelium that over time takes on a verrucous 
architecture, eventually leading to verrucous carcinoma and/
or dysplasia followed by “conventional” SCC, a process that 
takes years [1, 4, 5]. Histopathologic diagnosis at the earli-
est stages is variable and generally non-specific. Biopsies of 
the verrucous lesions are often diagnosed as “hyperkeratosis 
with verrucous architecture”, “verrucous hyperplasia”, or 
“atypical verrucous hyperplasia”, and pathologists familiar 
with this condition usually include a comment about the 
possibility of PVL.

Oral SCC develop in the context of surface-associated 
microbes, potentially contributing to disease pathogenesis. 
Various commensal and pathogenic Gram-positive (Gpos) 
and Gram-negative (Gneg) bacteria colonize oral cancer 
tissues [6–11], and oral SCC cells tested in vitro are defi-
cient in the production of several anti-microbial peptides 
[12]. Professional innate immune system cells are the pri-
mary responders to microbes, because common microbe-
associated molecular patterns (MAMP) activate cell sur-
face and intracellular pattern recognition receptors, among 
which toll-like receptors (TLR) are the best characterized 
(reviewed in [13, 14]). Much remains unknown about the 
role of microorganisms and TLR in the pathogenesis of oral 
cancer. However, studies show that inflammation induced 
by TLR activities in innate immune system monocytes, 
macrophages, and dendritic cells provides soluble factors 
that can support oncogenesis thanks to potent activation of 
NF-kB [15–19]. Among the induced factors are interleukin 
(IL-6), which activates an important pro-survival transcrip-
tion factor STAT3 in SCC cells [15], hypoxia-inducible 
factor (HIF)-1alpha important for tumor growth and metas-
tasis [16, 19], vascular endothelial growth factor (VEGF-
A) important for tumor angiogenesis, which is induced via 
STAT3 activity [15, 16], and other factors. Moreover, the 
induction of CCL-2 and other chemokines [15, 16] further 
amplifies the inflammation by attracting more monocytes 
into the tumor environment.

Recent reports have revealed interesting functions of 
TLR in various epithelial cells, and TLR2 (also known as 
CD282), a cell-surface receptor for mainly Gpos bacterial 
products, has emerged as an important regulator of epithelial 

cells [18, 20–24]. A unique feature of TLR2 is the broad 
specificity, as it dimerizes with TLR1 or TLR6 [14]. Our 
previous studies showed an important intrinsic role for TLR2 
(both TLR2/1 and TLR2/6 dimers) in squamous epithelial 
cells [24]. Established oral SCC cell lines expressed high 
levels of TLR2 > 80% of the time (5/6 cell lines), and TLR2-
high SCC cells activated the oncogenic MAPK ERK1/2 
pathway in response to TLR2 ligands, which protected the 
cells from apoptosis and stimulated proliferation. Moreo-
ver, in oral SCC specimens, we noticed that transition from 
hyperplastic to dysplastic squamous epithelium was marked 
by increase in TLR2 expression, suggesting that TLR2 may 
play a role in the early stages of squamous carcinogenesis, 
at least with respect to conventional SCC.

In the current study, we analyzed samples of human 
oral mucosal PVL to test if TLR2 is associated with this 
high-risk premalignant condition before the development 
of dysplasia or SCC. We show evidence that supports our 
hypothesis. Moreover, we evaluated additional hyperkera-
totic lesions to determine if oral mucosal subsite or morpho-
logic features may predict the pattern of TLR2 expression 
in epithelial cells.

Materials and Methods

Cases

The use of archival specimens was approved by Augusta 
University IRB (#964456). All cases were reviewed and 
selected by a board-certified oral and maxillofacial patholo-
gist (ZK). Ten cases of well-documented PVL were selected 
on the basis of clinical features and multiple biopsy spec-
imens (Table 1). The following PVL criteria accepted in 
the literature were applied: (1) large and multifocal white 
plaque-like lesions; (2) progressive spread and recurrences 
over months or years; (3) multiple biopsy samples showing 
hyperorthokeratosis and/or verrucous hyperplasia with or 
without dysplasia. The lesions involved multiple vestibular, 
buccal and gingival sites, and occasionally, tongue; 4 out of 
10 cases were documented to progress to verrucous, papil-
lary or conventional squamous cell carcinoma.

We selected 38 hyperkeratosis (HK) cases, presenting 
clinically as single white lesions of any oral mucosal surface, 
and diagnosed as hyperkeratosis with or without dysplasia, 
and not associated with PVL. All sites involved in PVL 
cases were represented in HK samples: buccal mucosa and 
vestibule (17 cases), tongue and floor of mouth (14 cases), 
gingiva (7 cases).
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Immunohistochemistry (IHC) and Analysis of TLR2 
Expression

Two to four separate 5-µm sections from each of the for-
malin-fixed, paraffin-embedded tissue blocks were stained 
by IHC using anti-TLR2 and negative control rabbit anti-
bodies (see below) along with reagents and rabbit-specific 
Pierce Ultra-Sensitive ABC Staining Kit (Thermo Scientific) 
according to manufacturer instructions. Briefly, deparaffi-
nized sections were heated to retrieve antigen for 20 min 
in citrate buffer, pH 6.0 (Thermo Scientific), and then re-
equilibrated in phosphate-buffered saline (PBS). Endog-
enous peroxidase and non-specific antibody binding were 
sequentially blocked using Hydrogen Peroxide and normal 
goat serum, respectively (Thermo Scientific). The sections 
were then incubated at 4 °C overnight in a humidity chamber 
with 2 µg/mL polyclonal rabbit anti-TLR2 antibody (Ab) 
(#2229, Cell Signaling Technology), or 2ug/ml non-specific 
polyclonal rabbit Ab (Abcam, Cambidge MA). To detect the 
primary Ab binding, sections were sequentially incubated at 
room temperature for 30 min, each, with Biotinylated Affin-
ity Purified Goat Anti-Rabbit IgG and ABC Complex (Ultra-
Sensitive ABC Staining Kit, Thermo Scientific), followed 
by diaminobenzidine tetrahydrochloride (DAB) substrate 
(Thermo Scientific). Sections were counterstained using 
Mayer’s hematoxylin. All incubations, except the non-
specific antibody binding block, were followed by washing 
with PBS. Coverslips were applied with aqueous mounting 

medium (Thermo-Fisher). All H&E and IHC-stained sec-
tions were photographed at 50–200× magnifications using 
microscope-mounted digital camera (Olympus Corp., 
Tokyo, Japan). The H&E and IHC features were tabulated 
and patterns were identified, followed by adding the clinical 
and diagnostic information.

Results

Squamous Epithelium in PVL Shows Full‑Thickness 
Expression of TLR2

The available clinical information for the PVL cases is sum-
marized in Table 1. As seen in representative examples, the 
common thread was the diffuse cytoplasmic TLR2 expres-
sion throughout the epithelial thickness from the basal layer 
up to the stratum corneum (Figs. 1a, 3c). This pattern was 
independent of the presence or absence of inflammation or 
dysplasia. In addition, four out of 10 PVL had progressed 
to carcinomas, including verrucous, papillary and so-called 
conventional. Malignant epithelial cells in the carcinomas 
usually retained diffuse cytoplasimic TLR2 expression, with 
more intense perinuclear distribution in the verrucous and 
papillary subtypes (Fig. 1b). As most of the PVL samples 
in our set were from the buccal mucosa/vestibule and the 
gingiva, additional analysis of the oral mucosa was needed 

Table 1   Summary of PVL cases

Most cases had some areas of low-grade dysplasia
hx history, L left, R right, BM buccal mucosa, mand mandibular, max maxillary, “?” no specimen, ST smokeless tobacco
a Most follow-up data are based upon the dates of submitted specimens

Case # Patient age at first 
biopsy, sex, smoking hx 
(+/−)

Years of 
follow-upa (N of 
biopsies)

Location of lesions/biopsy samples Pathologic features

Dysplasia Verrucous 
hyperplasia

Verrucous or 
papillary carci-
noma

Con-
ven-
tional 
SCC

1 60M(ST) 1 (3) R&L tongue, L vestibule + +
2 62F(ST) 5 (4) R&L FOM, ventral tongue, R BM + + +
3 53M(ST) 2 (4) R&L mand gingiva, R vestibule +
4 82F(?) 4 (5) entire mand gingiva + + + +
5 46M(ST) 3 (4) R anterior and posterior mand 

gingiva
+ + ?

6 67F(−) 3 (7) anterior vestibule, R BM, tongue, 
entire palate

+ + +

7 41M(+) 1 (6) R max alveolar mucosa, palate, L 
BM

+ +

8 71F(−) 2 (5) R and L mand gingiva, lip + + +
9 65F(?) 7 (7) tongue, FOM, R mand alveolar 

mucosa
+ +

10 60M (+) 5 (2) R BM +
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to assess whether TLR2 distribution was independent of the 
subsite and/or the morphologic features of the epithelium.

Samples of Hyperkeratosis Exhibit Variable Patterns 
of TLR2 Expression

The samples diagnosed as “hyperkeratosis” were selected 
based upon presentation as single lesions with or without 
dysplasia, and included all oral mucosal subsites. We found 
a significant variation in TLR2 expression, sometimes within 

the individual samples. One common pattern was diffuse 
cytoplasmic expression limited to keratinocytes in the basal 
and parabasal layer, with only occasional small perinuclear 
foci remaining in the spinous layer of some keratinocytes 
(Figs. 2, 3b). This pattern was prevalent in the absence of 
orthokeratosis, dysplasia or inflammation, irrespective of 
subsite, as seen in examples from buccal mucosa/vestibule 
(Fig. 2a), gingiva (Fig. 2b), and tongue (Fig. 2c). How-
ever, a TLR2 expression pattern similar to that in PVL was 
noted in specific conditions. In the presence of dysplasia, 

Fig. 1   Representative histopathologic features and TLR2 expression 
in early PVL lesions and in associated carcinomas. a Four representa-
tive examples of PVL cases showing the recognizable morphologic 
features. The two top panels represent two different sites of the same 
case. Note the diffuse cytoplasmic TLR2 expression in all epithelial 

layers, irrespective of the specific site and variation in morphology. b 
Examples of squamous carcinomas associated with four of the evalu-
ated PVL cases (top to bottom, respectively): VC of buccal mucosa, 
VC of gingiva, papillary SCC of gingiva, and poorly differentiated 
SCC of the tongue
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inflammation or orthokeratosis, diffuse cytoplasmic TLR2 
expression increased in the spinous layers at all subsites 
(Fig. 2).

Discussion

Overall, our current study revealed that the oral squamous 
epithelium constitutively expresses TLR2 in the basal and 
parabasal layers at any subsite. The marked expansion of 
TLR2 expression towards the cornified layer of the epithelial 
surface was characteristic of early-intermediate PVL lesions, 
and was also present in hyperorthokeratosis and epithelial 
dysplasia, as well as inflammation.

The patterns of TLR2 expression in oral squamous epi-
thelium are of interest for several reasons related to TLR2 
functions at host surfaces and to the apparent contributions 
of this pattern recognition receptor to carcinogenesis. Rel-
evant to the former, oral mucosa, like other host surfaces, 
is colonized by microorganisms, and the surface epithe-
lium serves as a barrier. In the epidermis, TLR2 activity 
was shown to contribute to the function of tight junctions 
between skin keratinocytes by strengthening the barrier, as 
well as facilitating wound repair [21, 25]. The activation of 
epidermal keratinocyte TLR2 increased epithelial resistance 
and decreased its permeability at least in part due to the 
impact on desmosomal proteins [21, 25]. Moreover, bar-
rier function of the glandular epithelium that covers most of 
the gastrointestinal tract is also enhanced by TLR2 activity 
[26, 27]. Intestinal epithelial cells (IEC) stimulated through 
TLR produce anti-bacterial proteins that enhance barrier 
function [27], while some commensal microorganisms in 
the intestines interact with TLR2 on IEC and other mucosal 
cells, which suppresses inflammation. These data support 
the possibility that activation of TLR2 in oral squamous cells 
could also enhance barrier function. Consistent with such a 

Fig. 2   Representative examples of hyperkeratosis in the buccal 
mucosa or vestibule, gingiva and tongue (mag. ×100). a Buccal 
mucosa and vestibule. Left column—H&E, right column—TLR2. 
Note acanthosis and hyperparakeratosis (top two examples) and focal 
orthokeratosis (middle), with primarily basal and parabasal TLR2 
expression. Small foci of perinuclear TLR2 expression are present 
in the keratinocytes of the spinous layer (middle). A case of hypep-
arakeratosis with focal acanthosis and with mild dysplasia (lower 
panel) shows retention of diffuse cytoplasmic TLR2 expression above 
the basal/parabasal layers, following the pattern of dysplasia. b Gin-
giva. Acanthosis, hyperpara- and orthokeratosis, and variable TLR2 
expression. c Tongue. Acanthosis and hyperparakeratosis with TLR2 
predominantly in basal and parabasal layers. Only small perinuclear 
foci of TLR2 appear to be present in the spinous layers. However, in 
the case of transition to moderate dysplasia (lower panel), note reten-
tion of diffuse cytoplasmic TLR2 expression in the spinous layers, 
following the dysplasia. Note: same portions of the specimens were 
photographed, although the H&E-stained and IHC-stained sections 
were not serial

▸
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possibility is the observation that TLR2-high hyperkeratotic 
lesions of PVL typically contained little or no inflammatory 
infiltrates, suggesting potent barrier function, although thick 
surface keratin was a likely contributor, as well. On the other 
hand we noted an association between inflammation and 
possible increase in TLR2 expression. Inflammatory factors, 
such as IL-6, can stimulate TLR2 expression by activating 
the transcription factor STAT3 at least in gastric epithelial 
cells [28]. However, most of the samples with inflammation 
also showed epithelial dysplasia, so it is not clear if other 
cell-intrinsic abnormalities in epithelial dysplasia alone or 
the associated inflammation, was the key factor responsible 
for increased TLR2 expression.

The causes and consequences of TLR2 expression 
throughout the basal, spinous and granular layers in PVL 
and in other hyperorthokeratotic lesions of the oral mucosa 
remain to be determined. As already mentioned, the pat-
tern of TLR2 staining is consistent with intracellular dis-
tribution. Studies have shown that in immune system cells, 
TLR2 is predominantly a plasma membrane protein that can 
translocate to the endosomes upon stimulation with TLR2-
specific bacterial products [29], which may also be true of 
keratinocytes. If so, this would suggest that PVL and hyper-
orthokeratotic lesions may contain a source of TLR2 ago-
nists. It would be of interest to further characterize hyper-
orthokeratotic lesions and PVL to determine the significance 
of diffuse and full-thickness TLR2 expression.

Another important reason to investigate TLR2 in oral epi-
thelium is that epithelial cell-intrinsic TLR2 can contribute 

to carcinogenesis via oncogenic pathways in squamous car-
cinomas and adenocarcinomas [24, 28, 30]. Moreover, the 
expression of TLR2 increases in premalignant and malignant 
oral and GI epithelial lesions of squamous and glandular 
differentiation [22, 24, 31–33], suggesting that TLR2 may 
be important early in carcinogenesis. Early PVL lesions are 
yet another example of a highly-progressive premalignant 
condition that implicates TLR2 in carcinogenesis.

Although patients with PVL may use tobacco and/or 
alcohol, in general, PVL lacks consistent associations with 
the well-known oral cancer risk factors, which leaves open 
the question of initiating and promoting factors. If TLR2 is 
important in the progression of PVL, then TLR2 ligands 
including products of bacteria, would be of significant 
interest. The slow, but relentless progressive spread of PVL 
lesions along mucosal surfaces even prior to overt dysplastic 
characteristics is particularly interesting from the pathogen-
esis standpoint, as it sets PVL apart from other oral prema-
lignant conditions. Our study adds TLR2 to the increasing 
list of molecular changes in the affected epithelial cells.

Strengths and Limitations of the Study

The strengths of this study include: (1) Careful selection 
of well-documented PVL cases that involved multiple 
sites, and prolonged patient follow-up; (2) the use of mul-
tiple sections and all available biopsies; (3) comparison to 
other white lesions from the same sites; (4) identification 

Fig. 3   Close-up of patterns 
of TLR2 expression in oral 
keratinocytes. IHC for TLR2 
was performed as described 
in “Materials and Methods”. 
All images are acquired at 
200×. Brown: TLR2 stain; 
blue = hematoxylin counterstain. 
a Negative control. b Diffuse 
cytoplasmic TLR2 expression 
in basal keratinocytes, rapidly 
decreasing to occasional small 
perinuclear foci in the spinous 
layer. c Diffuse cytoplasmic 
expression of TLR2 in keratino-
cytes of all squamous epithelial 
layers. d Diffuse cytoplasmic 
TLR2 expression in malignant 
squamous cells of oral SCC
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of epithelial disturbances that are associated with increased 
TLR2 expression.

The limitations of this study are the small number of PVL 
cases and the use of immunohistochemistry alone to identify 
TLR2 expression. However, the limitations are minimized 
by the use of a significant number of hyperkeratotic lesions 
that varied by subsite and morphologic changes, which 
allowed to identify epithelial disturbances most likely to 
be associated with high TLR2 expression. Moreover, the 
selected method showed clear differences in the patterns 
of TLR2 expression, suggesting that some epithelial dis-
turbances may lead to the retention of diffuse cytoplasmic 
TLR2 expression well above the basal cells. This mapping 
would not be possible by other methods.

Conclusions

In summary, the diffuse cytoplasmic TLR2 expression 
throughout the epithelium in early to intermediate stages of 
PVL and in epithelial dysplasia suggests that this microbial 
pattern recognition receptor may play a role in oral carcino-
genesis. Given the high rates of PVL transformation and the 
previously established pro-cancer role of high TLR2 expres-
sion in malignant oral squamous cells, it is important to 
determine how its’ expression and functions are regulated in 
the oral squamous epithelium, and what is the specific TLR2 
role in carcinogenesis. Such studies could lead to strategies 
that prevent or control the progression of a notoriously dif-
ficult oral health problem.
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