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Proliferative verrucous leukoplakia (PVL) is a rare form of oral leukoplakia first described in 

1985 by Hansen et al. Since then, PVL has been shown to have aggressive biological 

behavior due to its high probability of recurrence and rate of malignant transformation (usually 

higher than 70%) to verrucous carcinoma or squamous cell carcinoma (SCC). According to 

World Health Organization (WHO), the etiology of this condition is currently unknown. PVL 

appears not to be associated with known risk factors  such as tobacco use, alcohol 

consumption, or Human Papilloma Virus (HPV ).1

Currently, there is no diagnostic tool to distinguish PVL; PVL is diagnosed retrospectively, on 

the basis of a history of physical and histopathologic changes that occur over years.2 PVL as 

having four clinical stages: 1) focal flat white keratosis; 2) diffuse and multifocal white 

patches; 3) slowly progressive horizontal and exophytic growth resulting in a warty (verrucoid) 

surface with focal erythematous areas; 4) development of verrucous or squamous cell 

carcinoma. However, not every PVL goes through these clinical stages. While pathologic 

diagnosis at the earliest 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”. This results in the 

underestimation of risk of malignant transformation of these lesions. In addition, early PVL 

lesions may be misdiagnosed as lichen planus due to overlapping clinical and microscopic 

features. 

In order to improve management of patients with PVL, there is a need to better understand its 

pathogenesis and to identify PVL at early. Recent reports have revealed interesting functions 

of Toll-Like Receptor (TLR) in various epithelial cells, and TLR2 (also known as CD282), a 

cell-surface receptor for mainly Gram-Positive bacterial products, has emerged as an 

important regulator of epithelial cells.3-8 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. Moreover, in oral SCC specimens, it was noted that 

transition from hyperplastic to dysplastic squamous epithelium was marked by a significant 

increase in TLR2 expression (Fig. 1), suggesting that TLR2 may play a role in the early 

stages of squamous carcinogenesis, at least with respect to conventional SCC. 

Figure 1. TLR2 Expression of dysplastic epithelium vs. squamous cell carcinoma

In the current study, we analyzed samples of human oral mucosal PVL and other epithelial 

disorders to test the possibility that, if TLR2 is involved in early stages of carcinogenesis, then 

keratinocytes in early-intermediate stages of PVL may express more TLR2 than 
keratinocytes in non-dysplastic epithelium.

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 pathologist (ZK). Eleven cases of 

well-documented PVL were selected on the basis of clinical features and multiple biopsy specimens. 

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 verrucous hyperplasia with or without dysplasia. The 

lesions involved multiple vestibular, buccal and gingival sites, and occasionally, tongue; four out of 

10 cases were documented to progress to verrucous, papillary or conventional squamous cell 

carcinoma.

For comparison, we used 38 hyperkeratosis (HK) cases, presenting clinically as white lesions of any 

oral mucosal surface, and diagnosed as hyperkeratosis with or without dysplasia. 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).

Two to four separate 5-um sections from each of the formalin-fixed, paraffin-embedded tissue blocks 

were stained by IHC using anti-TLR2 and negative control rabbit antibodies (see below) along with 

reagents and rabbit-specific Pierce Ultra-Sensitive ABC Staining Kit (Thermo Scientific) according to 

manufacturer instructions. Briefly, deparaffinized sections were heated to retrieve antigen for 20 

minutes in citrate buffer, pH 6.0 (Thermo Scientific), and then re-equilibrated in phosphate-buffered 

saline (PBS). Endogenous 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 4C overnight in a humidity chamber with 2 ug/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 minutes, each, with Biotinylated Affinity 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 sections were photographed at 50-200x 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. 

In summary, the diffuse cytoplasmic expression of TLR2 in early to intermediate 

stages of PVL and in epithelial dysplasia suggests that this microbial pattern 

recognition receptor may play a role in oral carcinogenesis. 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. Such studies could lead to 

strategies that prevent or control the progression of a notoriously difficult oral 

health problem. 

Figure 2. Representative histopathologic features

and TLR2 expression in early PVL lesions and in

associated carcinomas. A) Four representative

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 evaluated PVL cases (top to

bottom, respectively): VC of buccal mucosa, VC of

gingiva, papillary SCC of gingiva, and poorly

differentiated SCC of the tongue.

Figure 3. Representative examples of hyperkeratosis

in the buccal mucosa or vestibule, gingiva and tongue

(mag. 100x). 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 hypeparakeratosis 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) Gingiva. 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 retention 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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Figure 4. 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 200x. 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 keratinocytes of all

squamous epithelial layers. D) Diffuse cytoplasmic

TLR2 expression in malignant squamous cells of oral

SCC.
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