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ABSTRACT 

Objectives: to evaluate the risk of malignant potential through toluidine blue staining and 

dysplastic grading of verrucous papillary lesions of the oral cavity (VPLO).  

Materials and methods: patients with VPLO located in the oral cavity were identified to whom 

toluidine blue was applied and dysplastic changes were subsequently evaluated and graded 

histopathologically as absent, low or high risk of malignant transformation. Patients who 

refused toluidine blue staining, did not accept excisional biopsy or had insufficient tissue, or 

the tissue lack of presence of koilocytes, damage associated with the presence of human 

papilloma virus were eliminated from the study.  

Results: Thirty-four patients with VPLO were included, of which 4 were found to have positive 

toluidine blue staining. Of these, 3 cases were considered intense and 1 was mild. 

Conclusions: VPLO may emit a positive stain to toluidine blue as well as present a 

heterogeneous variety of architectural and cytological dysplastic changes evaluated 

histopathologically, which in all samples, according to the binary system, are classified as low 

risk of malignant transformation. 

Key words (MeSh): Human Papillomavirus, Toluidine blue, dysplasia 

RESUMEN 

Objetivos: evaluar el riesgo potencial maligno mediante la tinción de azul de toluidina y 
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gradificación displásica de las lesiones verrucopapilares de la cavidad oral (LVPO).  

Materiales y métodos: Se identificaron pacientes con LVPO localizados en la cavidad oral, 

se les aplicó azul de toluidina y posteriormente se evaluó los cambios displásicos para 

finalmente gradificarlos histopatológicamente en ausente, bajo o alto riesgo de transformación 

maligna. Pacientes que se negaron a la tinción con AT, no aceptaron la biopsia escisional o 

el tejido no poseía coilocitos, daño citopático asociado a la presencia del virus papiloma 

humano fueron eliminados del estudio.  

Resultados: se incluyeron 34 pacientes con LVPO, 4 con tinción positiva al AT (3 fueron 

considerados intensos y 1 leve).   

Conclusiones: las LVPO pueden emitir una tinción positiva al azul de toluidina así como 

presentar una variedad heterogénea de cambios displásicos arquitecturales y citológicos 

evaluados histopatológicamente, que en la totalidad de las muestras, de acuerdo al sistema 

binario, son clasificadas como riesgo leve de transformación maligna. 

Palabras clave (MeSh): Virus Papiloma Humano, Azul de Toluidina, Displasia 

RESUMO 

Objetivos: Avaliar o risco de potencial maligno através da coloração com azul de toluidina e 

da classificação displásica das lesões verrucopapilares da cavidade oral (LVPO).  

Materiais e métodos: Foram identificados pacientes com LVPO POVE localizados na 

cavidade oral nos quais foi aplicado azul de toluidina e posteriormente avaliadas as alterações 

displásicas para finalmente serem classificadas histopatologicamente como ausentes, baixo 

ou alto risco de transformação maligna. Os pacientes que recusaram a coloração com azul 

de toluidina AT, não aceitaram a biópsia excisional ou o tinha tecido insuficiente, presença de 

coilócitos ou dano citopático associado ao papilomavírus humano foram eliminados do 

estudo.  

Resultados: Foram incluídos 34 pacientes com LVPO, dos quais 4 foram interpretados como 

tendo coloração positiva para azul de toluidina AT positiva, sendo 3 considerados intensos e 

1 leve. 

Conclusões: A LVPO pode emitir coloração positiva para azul de toluidina, bem como 

apresentar uma variedade heterogênea de alterações arquitetônicas e citológicas displásicas 

avaliadas histopatologicamente, que em todas as amostras, segundo o sistema binário, são 

classificadas como leve risco de transformação maligna. 



Palavras Chave (MeSh): Papilomavírus Humano, Azul de Toluidina, Displasia 

 

 

INTRODUCTION AND BACKGROUND 

Human papillomaviruses (HPV) exhibit tropism for squamous epithelium (1). Viral particles 

infect the basal cells of the epithelium, which are exposed through microabrasions or epithelial 

wounds. While the HPV receptors and exact viral entry mechanism remain largely unknown, 

it has been suggested that glycosaminoglycans, proteoglycans, and glypicans may serve as 

binding receptors on the cell surface (2, 3). 

HPV infections can appear in various forms, including asymptomatic infections, benign 

papillomatous or verrucous lesions, potentially malignant lesions, intraepithelial neoplasia, 

and even invasive carcinomas (3). 

The diversity of these lesions and their behavior is due to the genotypic variation in HPV. As 

of the time of this study, approximately 200 types are known, which are typically classified as 

high-risk (HR) or low-risk (LR) HPV, depending on their interaction with oncogenes involved 

in carcinogenesis (3,4). 

HPV lesions are not considered among the potentially malignant disorders (5), because they 

are generally caused by LR-HPV. However, any agent that causes an increase in cell 

proliferation is considered to increase the risk of neoplastic transformation (6). Furthermore, 

three recent findings make it necessary to evaluate the possibility of neoplastic transformation 

of verrucopapillary lesions of the oral cavity (VPLO): 1) an increase in the co-infection of HR-

HPV with LR-HPV has been reported in cervical cytology with any degree of intraepithelial 

neoplasia (7); 2) human papillomavirus-associated oral epithelial dysplasia (HPV-OED) has 

been recently incorporated into the 5th WHO classification of head and neck tumors as a 

different type of oral dysplasia, characterized by a typical architecture with architectural and 



cytological changes caused by HR-HPV (8,9); and 3) risk factors associated with oral squamous 

cell carcinoma in young adults include human papillomavirus infection (10,11). 

Among the adjuvant methods used to aid in the selection of lesions at risk of malignancy, the 

most widely available worldwide, with the best reported percentages of sensitivity and 

specificity, is toluidine blue (TBO) (12,13). This supravital staining has been used to highlight oral 

potentially malignant lesions and to identify early lesions that could go undetected during a 

clinical examination(14,15). TBO (also known as tolonium chloride) is an acidophilic 

metachromatic dye that selectively stains acidic tissue components, with an affinity for nucleic 

acids, which allows it to bind to nuclear material in tissues with high DNA and RNA content 

(15). 

Richart first proposed the use of TBO as a vital stain to reveal dysplasia and carcinoma in situ 

in the cervix. Neibel and Chomet, as well as Shedd et al., were the first to report on the vital 

application of TBO for detecting premalignant and malignant lesions of the oral cavity. They 

confirmed TBO’s ability to verify clinically suspicious lesions as neoplastic, delimit the margins 

of premalignant lesions and malignant growths, and detect satellite or unnoticed tumors (16). 

The widely accepted marker for assessing the risk that an oral potentially malignant disorder 

(OPMD) will eventually undergo malignant transformation is the presence and degree of 

histopathologic dysplasia in the lesion. Dysplasia is defined as specific epithelial architectural 

and cytologic changes that result from the loss of normal maturation and stratification  (17). 

Several approaches have been proposed for grading oral epithelial dysplasia (OED), but the 

binary system, which classifies dysplasia as either low or high grade, is recognized as the 

least ambiguous (17,18). 

So far, no studies have evaluated both methods in VPLO, thus it remains unknown whether 

these lesions carry any risk of malignant transformation. Therefore, this study aims to evaluate 

the positivity of toluidine blue staining and the histological changes of dysplasia in VPLO. 



MATERIALS AND METHODS 

Patients with lesions clinically identified as VPLO by specialists were recruited at the pathology 

and oral medicine clinic at the University of Guadalajara. The following inclusion criteria were 

applied: first-time lesions not associated with any syndrome nor hereditary condition, and the 

acceptance of informed consent or assent for underage patients. The exclusion criteria 

included patients who did not consent to the use of toluidine blue or did not complete the 

process for histopathological evaluation, as well as samples that did not show cytopathic 

damage (koilocytes) associated with HPV. The research project was approved by the ethics 

and research committee of the University of Guadalajara CI-04219. 

Test for the timely detection of OPMD. 

After filling in the sociodemographic data, the intravital toluidine blue staining test was 

performed according to previously established protocols (15). First, the patient was asked to 

rinse with drinking water for 20 seconds to remove the thickness of the saliva. Then, the lesion 

was cleaned with a cotton swab impregnated with Bluedetect clean (acetic acid 1%) for 20 

seconds, followed by the application of Bluedetect stain (Toluidine Blue 1%) for 20 seconds. 

To clean the lesion again, Bluedetect clean was also applied for 20 seconds, and finally, the 

patient was asked to rinse with drinking water twice. Interpretation was based on the intensity 

of the blue color, which could range from mild to intense blue and was considered positive, 

while the total absence of color was interpreted as negative. 

Histopathological grading 

Lesions were removed by excisional biopsy. After the surgical procedure, the obtained tissue 

was immersed in 10% formalin for subsequent histopathological study. Lesions with 

cytological changes associated with HPV infection and the presence of koilocytes were 

identified. Grading was performed according to the binary system established by the World 

Health Organization in 2005 (19), in which nine possible architectural alterations are 



considered, including: 1) irregular epithelial stratification, 2) loss of polarity of basal cells, 3) 

drop-shaped rete pegs 4) generalized premature keratinization, 5) high mitotic activity 

throughout the epithelium, 6) keratin pearls, 7) nest of basal cells, 8) papillary or verrucous 

architecture, 9) loss of keratinocyte cohesion. It also considers nine cytological alterations, 

such as: 1) abnormal variation in nuclear size, 2) abnormal variation in nuclear shape, 3) 

abnormal variation in cell size, 4) abnormal variation in cell shape, 5) increased nuclear-

cytoplasmic ratio, 6) atypical mitotic figures, 7) increased size, 8) number of nucleoli, 9) 

hyperchromasia.  

The grading of dysplastic changes was determined by the sum of dysplastic changes. 

According to the WHO proposal in 2017 (20), high-grade dysplasia was defined by the presence 

of >5 cytological changes and >4 architectural changes, while low-grade dysplasia was 

characterized by <5 cytological changes and <4 architectural changes. 

RESULTS 

Of the 34 cases included in the study, 23 (67.6%) were male, and 11 (32.3%) were female, 

with an average age of 32.4 years. The most common location was the hard or soft palate, 

with 12 (35.3%) cases found in this area. The next most frequently affected oral region was 

the gingiva, with 9 (26.5%) cases, while the tongue and oropharynx were affected less 

frequently, with 7 cases (20.6%) and 6 cases (17.6%) respectively. 

Four cases with intravital staining showed reagent retention, producing a blue spectrum on 

the lesion tissue. Three were interpreted as having an intense blue spectrum upon AT 

absorption (Image 1A, B, and C), and 1 case was determined to have a mild intensity (Image 

2D). 



 

 

 

Regarding the architectural dysplastic changes, a verrucous or papillary appearance was 

observed in all cases (Image 2A). The next dysplastic change detected was a loss of polarity 

of the nucleus (Image 2B), present in 4 cases (11.8%). 

Cytological dysplastic changes were recognized, with nuclear hyperchromatism (Image 2C) 

being the most prevalent in 16 (47.0%) of the cases, followed by an altered nuclear-

cytoplasmic ratio (Image 2D) in 14 (41.2%) samples. Less commonly, an increase in the size 

and number of nucleoli (Image 2E) was observed in 4 lesions (11.8%), and variation in cell 

size was identified in 1 case (Image 3E) (2.9%). 

 

 

 

 

Image 1.  VPLO Positivity for TBO. A) VPLO in the soft palate showing an intense blue 

coloration (+) with TBO staining. B) VPLO in the hard palate at the gingival margin showing 
a higher intensity of blue (+) in the clefts of the verrucous plaque. C) VPLO in the oropharynx,  
with an intense blue spectrum across the entire lesion.  D) VPLO showing mild intensity (+) 
on the ventral surface of the tongue. 
 

 



 

 

 

 



 

As a result of HPV-induced hyperplasia, all lesions exhibited at least one architectural 

dysplastic change and up to six dysplastic changes, either cytological and/or architectural. 

According to image 4, the TBO-positive lesions presented the highest number of cytological 

changes compared to the negative lesions, which displayed between one and three dysplastic 

changes. 

 

 

 

Based on the collected data, the cases are classified as low-grade epithelial dysplasia. 

DISCUSSION 

Oral squamous cell carcinoma develops through a multistage process, beginning with initial 

epithelial hyperplasia, which may progress to invasive carcinoma (21). 

Image 2. Dysplastic changes in VPLO. Architectural: A) verrucous 
or papillary appearance. B) loss of polarity of the nucleus in basal cells. 
Cytological: C) nuclear hyperchromatism. D) altered nuclear-
cytoplasmic ratio. E) increased nucleolar size and number. F) variation 
in cell size. Magnifications are 4x, 10x, and 40x. 
 
 
 

Image 3. Sum of cellular and architectural changes grouped according 
to the intravital staining results. The group of staining-negative lesions 
showed a decreasing frequency as the number of architectural or cellular 
changes increased (purple arrow), while the staining-positive lesions 
exhibited an increasing frequency as the number of changes rose (orange 
arrow). 
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To date, no studies have employed previously established methods for identifying lesions with 

dysplastic changes in clinical and histopathological screening. 

TBO is based on the principle that dysplastic and neoplastic cells may contain quantitatively 

more nucleic acid than normal tissues. Furthermore, malignant epithelium may have wider 

intracellular channels than normal epithelium, which can facilitate TBO uptake  (22). Other 

hypotheses regarding TBO uptake in carcinomas and dysplastic tissues include a high density 

of nuclear material, loss of cellular cohesion, and increased mitotic activity  (23). 

This is the first study to present TBO-positive VPLO images. TBO positivity in VPLO can be 

attributed to the accumulation of dysplastic features in infected tissue, as observed in the 

results, where positive VPLOs exhibited up to six dysplastic changes. Some cases exhibited 

nuclear hyperchromatism, an increased nuclear-cytoplasmic ratio, enlarged and more 

numerous nucleoli, variation in cell size, verrucous or papillary appearance, and loss of 

nuclear polarity. Additionally, the stained lesions were those that exhibited an increase in 

nucleolar size and number, which corresponds to high mitotic activity. However,  this cannot 

be fully demonstrated through histopathological evaluation. Although the binary system is a 

useful tool for assessing the risk of malignant transformation, it is still unclear which 

architectural or cytological features are directly associated with carcinogenesis. Currently, 

molecular methods incorporating the Ki-67 immunomarker are required to assess mitotic 

activity and determine the mitotic index, as well as to identify viral DNA for HPV infection (25). 

Although the grading indicated that all lesions were at low risk, it should be emphasized that 

this result does not exclude the presence of risk, as TBO-positive lesions have been shown to 

present genetic alterations associated with loss of heterozygosity at multiple genetic sites, an 

event frequently involved in the multistage carcinogenesis of head and neck cancer (26). 

During our search, we found only one study in which the possibility of malignancy risk was 

evaluated through the detection of HR-HPV and LR-HPV genotypes in squamous papillomas 

of the oral cavity, as well as ki-67 cell proliferation markers. In this study, when tumor tissues 



were compared with oral and oropharyngeal cancer, the researchers found that HR-HPVs 

were present only in malignant tissues and that Ki-67 labeling could not be considered positive 

for HPV lesions (27). Despite employing a highly sophisticated methodology, TBO staining in 

the oral cavity is easily accessible and can be performed by any healthcare specialist. 

Additionally, the evaluation of dysplastic features can be documented in the histopathological 

report. 

However, this study does not have a large enough sample size to determine the sensitivity or 

specificity of TBO in predicting malignant transformation, nor does it rule out the possibility of 

finding VPLOs with dysplastic features graded as high risk. Nonetheless, this study 

demonstrates that HPV-induced damage in oral tissues is neither self-limiting nor 

homogeneous,  as TBO-positive lesions can exhibit one or more dysplastic changes. It is 

important to note that toluidine blue staining can reveal cytologic changes that may be difficult 

to detect clinically. However, these changes are not always related to malignant 

transformation. Despite this, the use of toluidine blue for monitoring oral cancer should not be 

entirely dismissed, as the technique has high sensitivity. Its low specificity is attributed to a 

high false-positive rate, often resulting from misinterpretation of the clinical context (28). 

Nevertheless, these findings may serve as a precedent for future studies, as the use of 

toluidine blue for the surveillance of verrucous papillary lesions with dysplastic alterations has 

not been entirely ruled out. 

CONCLUSION 

VPLOs can stain positively for toluidine blue and exhibit a heterogeneous range of 

architectural and cytologic dysplastic changes, as assessed by histopathological evaluation. 

However, studies with larger sample sizes are needed to assess the risk of malignant 

transformation. 
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