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RESUMO 
 
O carcinoma espinocelular (CEC) representa mais de 95% de todas as neoplasias malignas 
que acometem a cavidade oral e muitas vezes estes tumores são precedidos por alterações 
clínicas que apresentam um evidente potencial de transformação maligna, as quais são 
chamadas de desordens potencialmente malignas orais (DPMO). Dentre estas, a leucoplasia 
oral (LO) é a mais importante das DPMOs com uma de incidência de 3,4% e uma taxa de 
transformação maligna que varia de 0,2% até 17,5%. Uma forma menos reconhecida e ainda 
pouco compreendida de leucoplasia, denominada leucoplasia verrucosa proliferativa (LVP), 
representa uma variante de comportamento persistente e progressivo para malignidade, com 
uma taxa de transformação maligna maior que 70%. O diagnóstico da LVP atualmente só́ é 
possível por meio da observação temporal e individual de cada paciente, com a demonstração 
de progressão clínica e histológica das lesões para um CEC. No entanto, ainda não existem 
métodos moleculares ou biomarcadores que possam de forma confiável auxiliar no 
diagnóstico diferencial e precoce entre LO e LVP. Além disto, a LVP frequentemente 
apresenta resposta inadequada a todas as modalidades de tratamento e sofre altas taxas de 
recidiva. Diante disto, identificar potenciais biomarcadores para LVP poderá́ auxiliar no 
diagnóstico diferencial, prognóstico e tratamento desta DPMO. Assim, a principal hipótese 
deste projeto é: O perfil proteômico entre LO e LVP é distinto e a sua caracterização poderá́ 
auxiliar no entendimento do comportamento clínico distinto entre estas DPMOs. Para testar 
esta hipótese, os objetivos específicos deste estudo consistem em (1) identificar potenciais 
biomarcadores por meio da associação da microdissecção a laser (ML) e espectrometria de 
massas em tandem (MS/MS); (2) avaliar possíveis mecanismos biológicos associados aos 
principais biomarcadores identificados por meio de ferramentas bioinformáticas e; (3) realizar 
estudos de validação in vitro. 
 
 
Palavras chave: Leucoplasia oral. Proteômica. Biomarcadores. 
 



 

Arroyo Ormeño EA. Researching of potential biomarkers for proliferative verrucous 
leukoplakia [tese de doutorado]. Araraquara: Faculdade de Odontologia da UNESP; 2022. 
 
 
ABSTRACT 
 
Oral squamous cell carcinoma (OSCC) represents more than 95% of all malignant neoplasms 
in the oral cavity and often these tumours are preceded by clinical entities which have a clear 
potential for malignant transformation, these are so-called oral potentially malignant disorders 
(OPMD). Among these, oral leukoplakia (OL) is the most prevalent OPMD with an incidence 
of 3.4% and a malignant transformation rate ranging from 0.2% to 17.5%. A less recognised 
and still poorly understood form of OL, is the proliferative verrucous leukoplakia (PVL), 
which represents a variant of recalcitrant and progressive behaviour towards malignancy, with 
a malignant transformation rate higher than 70%. Currently, the diagnosis of PVL is only 
based on the temporal and individual observation, with demonstration of clinical and 
histological progression of these lesions to OSCC. Regardless, there are still no molecular 
methods or biomarkers that can reliably assist in the differential and early diagnosis between 
OL and PVL. Moreover, PVL often shows an inadequate response to all treatment modalities 
and suffers high rates of recurrence. Therefore, identifying potential biomarkers for PLV may 
help in the differential diagnosis, prognosis and treatment of this OPMD. Thus, the main 
hypothesis of this research is: The proteomic profile between LO and LVP is different and its 
characterization may help in the understanding of the distinct clinical behaviour between 
these OPMD. To prove this, the main goals of this study are (1) identify potential biomarkers 
through the association of laser microdissection (LM) and mass spectrometry in tandem 
(MS/MS); (2) assess possible biological mechanisms associated with the main biomarkers 
founded by the aid of bioinformatics tools and; (3) performing in vitro validation assays. 
 
 
Keywords:  Oral leukoplakia. Proteomics. Biomarkers. 
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1 INTRODUÇÃO 
 

O carcinoma espinocelular (CEC) representa mais de 95% de todas as 

neoplasias malignas da boca1,2, possui uma alta incidência e letalidade, apresentando 

354.900 novos casos e 177.400 óbitos por ano aproximadamente3. Mesmo que existam 

avanços na compreensão e protocolos de tratamento para diferentes tumores malignos, 

as taxas de sobrevida em cinco anos para pacientes com CEC não excede os 50%-

60%1,4. Dessa forma, a prevenção e o diagnóstico precoce são extremamente 

necessários para melhorar o prognóstico desses pacientes. 

As desordens potencialmente malignas orais (DPMO) são condições clínicas 

que podem preceder ao CEC, e tem uma capacidade de transformação maligna 

variável. As DPMOs estão compostas por leucoplasia, leucoplasia verrucosa 

proliferativa, eritroplasia, eritroleucoplasia, líquen plano, estomatite nicotínica, queilite 

actínica, entre outras2,5,6.  A leucoplasia oral (LO) é clinicamente definida como uma 

"placa branca com um risco questionável de malignidade, uma vez que todas as outras 

lesões clínicas semelhantes que não apresentam risco foram excluídas"2,7, e apresenta 

taxas de transformação maligna dentre 2% a 8%2,5,8,9. Esta lesão pode apresentar 

aspectos microscópicos, que podem variar desde hiperceratose, com ou sem grau de 

displasia (baixo ou alto), até um carcinoma in situ2,4,7.  

Por outra parte, a Leucoplasia verrucosa proliferativa (LVP) é considerada de 

maneira geral como uma variante agressiva da LO6,10–12. Clinicamente, a LVP aparece 

como uma leucoplasia não homogênea que afeta locais únicos ou múltiplos, com 

envolvimento de áreas contíguas ou não contíguas ao longo do tempo, de crescimento 

lento e resistente a todas as formas de tratamento, além disso afeta principalmente a 

mulheres por sobre os 60 anos de idade, e sem presença de fatores de riscos como o 

fumo e álcool13–17. Histopatologicamente, a LVP pode variar desde hiperceratose com 

ou sem displasia a hiperplasia verrucosa, carcinoma verrucoso ou CEC, seja in situ ou 

infiltrante10,18. 

A LVP é a DPMO com a maior taxa de transformação maligna, recentemente 

foi determinada uma taxa cumulativa de 49,5% (IC99%: 26,7% - 72,4%) entre estudos 

com 12 a 20 anos de acompanhamento e uma taxa de transformação maligna por ano 

de 9,3%8. Além disso, devido ao alto potencial de recorrência e o comprometimento 
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vários sítios concomitantemente na cavidade bucal, não há tratamento disponível, 

mesmo antes do processo de transformação maligna19–22. Assim, o diagnóstico precoce 

da LVP é extremamente necessário para melhorar o prognóstico dos pacientes. 

Por fim, o líquen plano oral (LPO) é uma doença inflamatória crônica de 

etiologia desconhecida, comumente caracterizada pela presença de lesões reticulares 

brancas bilaterais, em sua maioria simétricas7,23–25. Histologicamente é caracterizada 

pela presença de uma zona em forma de faixa bem definida de infiltração celular 

confinada à parte superficial do tecido conjuntivo, consistindo principalmente em 

linfócitos23.  Atualmente, o LPO é considerado a DPMO com a menor taxa de 

transformação maligna8, entretanto esta ideai é ainda controversa, em grande parte 

atribuível aos diferentes critérios diagnósticos empregados2,8,24,25. Além disso, alguns 

estudos têm demonstrado que a LVP, principalmente em estágios iniciais, pode 

apresentar aspectos clínicos e microscópicos que mimetizam o LPO26–31. 

Adicionalmente, desde o ponto de vista histológico a LVP apresenta um infiltrado 

inflamatório com predomínio de linfócitos T na lâmina própria, semelhante às 

características histopatológicas encontradas no LPO23. 

Deve-se destacar ainda, que a classificação proposta pela OMS enfatiza os 

critérios microscópicos para definir o estágio clínico das DPMOs, mas esses métodos 

representam um problema, pois são pouco reprodutíveis, têm alta variabilidade inter-

observador e são limitados quando se trata de lesões com características histológicas 

semelhantes, principalmente para as lesões de LVP ou aquelas que podem ser 

confundidos com ela2,12,32–35. Apesar dos diferentes critérios desenvolvidos ao longo do 

tempo o diagnóstico da LPV ainda é controverso devido à falta de características 

clínicas, microscópicas e moleculares patognomônicas10,18,36–38. Contudo, há 

evidências recentes que reforçam a falta de consenso para o diagnóstico de LVP com 

base aos critérios histopatológicos35, dessa maneira, ainda não há um método objetivo 

padronizado disponível para o diagnóstico da LVP assim como a sua detecção precoce, 

prevenção e reconhecimento da progressão tumoral a partir dessas lesões. 

Além disso, não há dados sobre a caracterização das células imunes nas DPMO, 

as quais têm se mostrado como um fator contribuinte na transformação maligna, bem 

como na patogênese de diferentes tipos de tumor39–43 e também como um provável 
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fator etiológico para o desenvolvimento do LPO, por meio da desregulação do sistema 

imune, envolvendo tanto a resposta inata como a adaptativa44–46.  

O uso de técnicas moleculares pode melhorar significativamente a detecção de 

alterações que são imperceptíveis na análise histopatológica, melhorando a precisão na 

identificação de pacientes com maior risco de desenvolver um carcinoma14,47–49. Ainda, 

as inovações no campo da identificação de proteínas que envolvem vários 

procedimentos altamente sensíveis como as técnicas de espectrometria de massas têm 

possibilitado melhorar a resolução da detecção de proteínas nos tecidos e mesmo até 

quando são aplicadas a fluidos complexos como a saliva50–58.  

Contudo, sabe-se que a saliva é uma matriz complexa, cuja composição pode 

variar em função da estimulação do sistema nervoso autônomo, ritmo circadiano, 

hábitos, estado de saúde-doença, entre outros59–61. Isso tem despertado grande interesse 

no uso da saliva como método de diagnóstico e controle de diversas doenças, tanto 

sistêmicas quanto da cavidade oral60,61, devido ao abundante conteúdo molecular, 

menor invasividade e facilidade de extração, bem como o baixo custo envolvido60. Os 

avanços no campo da saliva estabeleceram sua utilidade como fonte de biomarcadores 

comparáveis ao sangue, líquido cefalorraquidiano, líquido pleural e urina50,55,60,61, que 

permitiria a triagem precoce de diferentes doenças por meio de "biópsias 

líquidas"55,56,61. 

Por fim, diferentes softwares possibilitam a análise qualitativa e quantitativa do 

proteoma, permitindo explorar clusters e nós de diferentes redes, bem como suas vias 

biológicas, funcionais e metabólicas52,57,58,62–64. Entretanto, atualmente não existe um 

consenso sobre quais biomarcadores podem ser úteis para diagnosticar e/ou tratar a 

LVP65.  

Consequentemente, a busca por marcadores no tecido e na saliva é de suma 

importância, pois abre novas possibilidades de diagnóstico e possíveis alvos 

terapêuticos na LVP, o que levaria a melhorar a prevenção da progressão do carcinoma 

oral. 
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2 PROPOSIÇÃO 

2.1 Objetivo Geral  

Buscar biomarcadores que permitam diagnosticar e diferenciar a LVP das outras 

DMPO, independentemente das características histomorfológicas. 

 

2.2 Objetivos Específicos 

• Analisar comparativamente e caracterizar do infiltrado inflamatório da LVP e do 

LPO nas camadas epitelial e subepitelial. 

• Procurar biomarcadores proteicos expressos na saliva já descritos na literatura 

por meio de uma meta-análise, para diferenciar as principais DPMO do tecido saudável 

e do CEC. 

• Analisar descritivamente o proteoma da LVP em comparação com a LO em 

amostras de tecido e de saliva, buscar biomarcadores diagnósticos com potencial 

terapêutico, e com possibilidade de aplicação nas biópsias líquidas. 
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3 PUBLICAÇÕES 
 

Os trabalhos científicos apresentados nesta secção foram desenvolvidos no 
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diferentes instituições brasileiras e finlandesas sinaladas em cada artigo 

especificamente. 
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Abstract 

Using a meta-analytical approach this study aimed to analyse the diagnostic capacity of 

protein-based biomarkers in saliva for the differential diagnosis of oral potentially 

malignant disorders (OPMDs) and oral squamous cell carcinoma (OSCC) and a control 

group of healthy individuals (HCG). 

Articles on protein-based biomarkers in saliva providing quantitative expression in 

individuals with clinically and histopathological diagnosed of OPMD or oral 

leukoplakia (OL) were considered eligible. Searches were conducted in eight electronic 

databases. The methodological quality was assessed through the Quality Assessment of 

Diagnostic Studies tool (QUADAS-2). Functional analysis was also performed. Meta-

analyses were performed using the OpenMeta tool (Analyst).  

Meta-analysis was possible for 4 of the 11 biomarkers studied. Only carcinoembryonic 

antigen (CEA) and the soluble fragment of cytokeratin 19 (CYFRA21) were significant 

for the OSCC/OPMD subgroup, both with very low heterogeneity. CEA had an 
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OE=25.854 (CI95%: 13.215-38.492, p<0.001, I2=0) and CYFRA21 an OE=9.317 

(CI95%: 9.014-9.619, p<0.001, I2=0). For the OPMD/HCG subgroup, only CYFRA21 

was significant, with an OE=3.679 (CI95%: 0.663-6.696, p=0.017) although with high 

heterogeneity (I2=91.24). 

The CEA and CYFRA21 markers had proved to be very useful when differentiating 

OSCC from OPMD. The CYFRA21 resulted to be the only protein capable of 

distinguishing between OPMD and healthy controls. 

Keywords: Systematic review; meta-analysis; protein-based biomarkers; saliva; oral 

leukoplakia; oral potentially malignant lesions. 

 

1. Introduction 

The oral squamous cell carcinoma (OSCC)  represents more than 95% of all malignant 

neoplasms of the mouth[1,2], and it has a high prevalence and morbidity, with 354,900 

new cases and 177,400 deaths registered per year worldwide[3]. Despite advances in 

the understanding and treatment protocols for different malignant tumours, the five-

year survival rate for patients with OSCC does not exceed 50-60% overall[1,4]. As a 

result, prevention and early diagnosis are considered to be highly necessary to improve 

the prognosis and survival rates. 

The oral potentially malignant disorders (OPMD) are clinical conditions that have a 

variable malignant transformation capacity. This group of lesions is comprised of 

leukoplakia, erythroplakia, erythroleukoplakia, lichen planus, nicotinic stomatitis, 

actinic cheilitis, amongst others[2,5,6]. The oral leukoplakia (OL) is the main lesion 

within the OPMD group, and has an annual global average of malignant transformation 

rate between 1 and 2%[2,5,7], nonetheless, these estimations may be higher, depending 
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on the geographical region observed and the level of dysplasia, meaning, that it is 

possible to achieve rates that are equal to or greater than 39%[2]. The OL is clinically 

defined as a "white plaque with a questionable risk of malignancy once all other 

similar clinical lesions that carry no risk have been excluded"[2,8]. This lesion may 

present microscopic aspects, which can vary from hyperkeratosis, with or without 

various levels of dysplasia (low or high), to carcinoma in situ[2,4,8]. Therefore, a 

biopsy is strictly necessary to establish a definitive diagnosis.  

Currently, the diagnoses that are based on these clinical and histopathological criteria 

represent a problem since they are poorly reproducible and have high inter-observer 

variability, therefore impeding a real standardisation in the early detection and 

prevention of the development of OSCC[2,9–11]. As a result, one of the most 

important challenges in the diagnosis of OL is to predict which of the lesions will 

progress to OSCC.  

Saliva is a complex biological matrix, the composition of which can vary depending on 

multiple factors[12–14]. The idea of using saliva as a method for the diagnosis and 

control of different diseases (periodontitis, cancer, recurrent aphthous stomatitis, 

OPMD, etc.)[13,14] has proved to be of great interest, not only due to the varying 

molecular content, the low invasiveness of the procedure and the fact that it is easy to 

collect, but also given the low-cost involved[13]. The advances that have been made 

into the study of saliva have meant that it has been possible to establish its usefulness 

as a source of biomarkers that is comparable to blood, cerebrospinal fluid, pleural fluid 

and urine[13–16], and which allows for the early diagnosis and screening of different 

diseases through "liquid biopsies” [14,15,17]. 
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Despite innovations in the field of protein identification that involve several highly 

sensitive procedures (such as mass spectrometry techniques)[15,16,18–20], the ELISA 

method is still one of the most widely used, given its wide dissemination, 

reproducibility and low cost in comparison with the new omics techniques[21–24]. As 

a consequence, the search for protein markers in saliva offers further possibilities for 

understanding the structural interrelationships of OPMD and how these might 

determine progression to oral carcinoma. 

The main goal was to perform a systematic review and meta-analysis with the markers 

that met the established requirements. The secondary goals were 1) To obtain 

information on the protein-based salivary markers described in the literature for 

OPMD, 2) To study the expression differences in comparison with healthy controls and 

malignant OSCC lesions. 

2. Methods 

A systematic review of the literature was conducted by a multidisciplinary team 

between the 1st of December, 2019 and the 31st of January, 2020. The review was 

written following the Cochrane Handbook for Systematic Reviews of Interventions 

version 5.1.0[25] and the PRISMA guide checklist[26,27] for systematic reviews 

(Supplementary 1). 

2.1. PICO question 

The study was organised based on the following PICO question: Patient, index test, 

comparison, outcome. P: patients diagnosed with an OPMD or OL.  I: protein 

biomarker in saliva. C: patients with OSCC and control group of healthy individuals 

(HCG).. O: Expression differences between OPMD and OSCC-HCG. With this we 

generated the scientific question: Are there any protein-based markers in saliva that 
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make it possible to quantitatively obtain diagnostic differences between healthy 

patients, OPMD and OSCC? 

2.2. Criteria for considering studies for this review 

2.2.1. Types of accuracy study 

Studies of protein-based molecular markers (index tests) in saliva that revealed 

quantitative expression results related to clinically and histopathologically diagnosed 

diseases (reference standard). Therefore, the following were included 1) Human 

studies and controls, in the English language, considering the OL or the OPMD that 

included cases of OL as the reference standard; 2) Studies that included protein and 

saliva-based markers exclusively; 3) Studies that used ELISA and/or equivalent 

methods of analysis with quantitative expression determination (Bromocresol green 

method, Immunoturbidometry and LUMINEX). The exclusion criteria included: 1) 

Patients with explicit diagnosis, systemic disease or a disorder that interfered with the 

conditions of interest; 2) Studies that only evaluated blood or tissue markers; 3) Studies 

in which the biomarker was not validated and was only discovered in label-free 

analysis; 4) Studies that only tried to validate a technique for diagnosis; 5) Betel quid 

chewers population as the only risk factor; 6) Studies that did not define the biomarker; 

7) Studies that investigated changes in cytokines in saliva pre/post-treatment and that 

did not distinguish a potential biomarker; 8) Studies that did not define or include 

groups with the conditions of interest; 9) Studies that only included the OSCC or 

OSCC/HCG group. 10) Studies that quantified protein expression in units of 

measurement other than weight/capacity (i.e. mg/dl, ng/dl or pg./dl), such as Sequence 

coverage, mass/load ratio (m/z), Ion score, Fold-change o Mascot score. 11) Studies in 

which the marker was expressed under a minimum breakpoint.   
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2.2.2. Participants 

The participants included in the study were those with clear and validated diagnoses 

both clinically and histopathologically. Studies on experimental animals or in vitro 

models were excluded. 

2.2.3. Control and target conditions 

The patients included had been diagnosed according to the WHO Classification for 

Head and Neck Tumours. OPMD and OL were considered as the target condition and 

OSCC and HCG as the healthy control group, both positive and negative according to 

the compared subgroups. The HCG group included patients without systemic diseases 

and who were not treated with immunosuppressive medication. 

2.2.4. Reference standard 

The reference standard for the diagnosis of OPMD, OL and OSCC was defined based 

on clinical and histopathological parameters (dysplasia and malignancy). Studies that 

did not detail any reference standard for the diagnosis of the described pathologies 

were not considered eligible for inclusion in this review. Given the great diversity of 

studies, clear inclusive diagnostic criteria were established. For the OSCC group: 

clinically diagnosed patients who had been verified through a histopathological study, 

regardless of the degree of differentiation, excluding cases of warty carcinomas. For 

the OPMD group: cases of oral lichen planus, erythroplakia, oral submucous fibrosis 

and OL were included. We considered as OPMD any studies that did not mention a 

clear clinical diagnosis, but which mentioned non-malignant lesion with some degree 

of dysplasia. [28,29]. When was found solely the OL as the OPMD group, this must 

have been: white, non-detachable, homogeneous and non-homogeneous (mottled or 
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warty) lesions with hyperkeratosis, acanthosis and/or histological squamous 

hyperplasia, with any degree of dysplasia (except carcinoma in situ which was 

excluded). 

2.2.5. Index test(s) 

Any single protein-based biomarker detected in saliva, which was analysed from a 

quantitative point of view to differentiate between controls and targets. Studies 

analysing multiple biomarker panels were excluded because of the impossibility of 

analysis. 

2.3. Search methods for the identification and selection of studies 

2.3.1. Information sources and search strategy 

Electronic searches in MEDLINE were performed using PubMed, EMBASE, OVID, 

Web of Science, Scopus, Cochrane Library, ClinicalTrials and the WHO regional 

bibliographic databases (AIM, IMEMR, IMSEAR, WPRIM) and the Conference 

Citation Index databases. Following the recommendations established by the Cochrane 

Systematic Reviews of Diagnostic Test Accuracy Group [30], the search strategy used 

to identify precision studies included three sets of terms related to the target condition 

(OPMD or OL), the index tests (protein-based biomarkers) and the type of oral sample 

(saliva) (Supplementary 2). 

2.4. Data collection and analysis 

The search was conducted by 2 observers (MPS and EA). Any ongoing discrepancies 

were resolved by discussion with 2 different reviewers (XMM and CMCP.). The 

reasons for excluding studies were detailed. During the first phase, the title and abstract 

of the retrieved articles were read, and any studies that complied with the inclusion 
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criteria, as well as those that did not provide sufficient data for a clear decision to be 

made were judged in full text. Subsequently, the entire content of all of the studies that 

were considered eligible was reviewed in their entirety in a second-round and a final 

decision was made as to whether they were to be included or not. 

2.5. Assessment of methodological quality 

Two reviewers (MPS and EA) assessed the quality of the included studies separately 

using the revised Quality Assessment of Diagnostic Studies tool (QUADAS - 2) [31]. 

This tool consists of four domains: 1) patient selection, 2) index test, 3) reference test, 

4) flow and time. Besides, each domain was evaluated in terms of its risk of bias and 

the first three domains were also evaluated in terms of their applicability. 

2.6. Qualitative analysis 

The unit of analysis was the expression of each protein biomarker in saliva, 

supplemented by the author and the year of publication. In most studies, the 

quantitative expression or level of a quantifiable protein was reported. Accordingly, 

these results were interpreted as the presence or absence of disease (OSCC, OPMD or 

OL) based on a numerical measurement that was classified according to a specific 

threshold (predetermined or not). The expression estimates were shown as integer 

values and their standard deviation for each biomarker and subgroup. The weighted 

mean difference (WM) between the case group and the control group was obtained for 

each model, giving the overall expression (OE) and the 95% confidence interval 

(CI95%). We distributed the meta-analysis in two subgroups, the first OSCC (standard 

reference)/ OPMD and the second OPMD (standard reference)/HCG, including the 

isolated OL reports within OPMD group. 

2.7. Quantitative analysis 
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A meta-analysis was performed when the number of data for a biomarker was at least 

two papers and when the units of measurement of the marker were the same. The 

analysis strategy was to include all expression studies, regardless of their threshold 

value. The statistical analysis of the results was performed using the OpenMeta tool 

(Analyst). 

2.8. Functional networks, and pathway mapping 

Analyses of biological pathways within the differential protein markers were 

performed using the PANTHER enrichment analysis tool [32], only for interactions 

with high confidence (0.7). The Reactome Biological Pathway enrichment analysis of 

proteins of interest was performed using the STRING tool [33]. In both cases, we used 

proteins that presented statistically significant differences in our study, and in some 

cases, we performed node enrichment to obtain more protein interactions.  Finally, we 

used a systematic bioinformatics analysis including Database for Annotation, 

Visualisation and Integrated Discovery (DAVID) and gene ontology enrichment [34].  

2.9. Assessment of heterogeneity 

Firstly, the threshold effect of expression was evaluated graphically by looking at the 

forest plot and secondly, the threshold effect was evaluated statistically using the I2 

test. The p values>0.1 and an index I2<50% indicated a low heterogeneity among the 

studies and as such, the fixed-effect model was performed. On the other hand, p 

values<0.1 and an index I2>50% indicated considerable heterogeneity. All of the 

bilateral differences with a p-value less than or equal to 0.05 were considered as 

significant [35]. 

3. Results 

3.1. Study Selection 



 
 

 

25 

 

The overall combined result of the references obtained from the aforementioned 

databases was 279 citations. After removing the duplicates, we obtained 217 unique 

citations. The biomarkers described in the literature for OPMD included: 

carcinoembryonic antigen (CEA), C-reactive protein (CRP), soluble fragment of 

cytokeratin 19 (CYFRA21), human epidermal growth factor receptor 2 (Her-2/neu; 

erbB-2), interleukin-1α (IL-1α), interleukin-1B (IL-1B), interleukin-6 (IL-6), 

interleukin-8 (IL-8), Naa10p, Resistin (RETN), Tumour necrosis factor-alpha (TNF-α). 

Out of these papers, only eight[36–43] fulfilled all of the eligibility criteria. The 

flowchart of research and data processing is shown in Fig. 1. 

3.2. Characteristics of protein-based studies in saliva 

Table 1 summarises the characteristics of the eight selected studies, disaggregated by 

biomarkers. The 8 references were conducted in 5 different countries: China[36], 

Italy[43], India[37,39–41], USA[42] and Taiwan[38]. A total of 986 patients were 

included who were distributed in the following groups: HCG (N=335), OL (N=20), 

OPMD (N=267) and OSCC (N=364). The average age of the HCG was 49.9 years, and 

it was 50 years in the OL group, 49.6 years in the OPMD and 55.9 years in the OSCC 

group. The analysed markers were: CEA (GO:0006915, apoptotic process), CYFRA21 

(GO:0006955, immune response) IL-6 (GO:0006955, immune response) and IL-8 

(GO:0006955, immune response). With regards to the level of dysplasia, this aspect of 

OPMD was only described in the studies by Rhodus et al[42] (Moderate (38,46 %), 

Severe (61,53)); Punyani et al[40](Mild (20%)) and Sharma et al[41](Mild (40%), 

Moderate (35%), Severe (25%)). No information was provided with regards to the size 

or clinical appearance of the OL (homogeneous non-homogeneous), or the treatment 

modality or follow-up (oncological events or recurrences). 
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3.3. Quality assessment of protein-based studies in saliva 

Regarding the methodological quality of the studies (Supplementary 3), after applying 

the QUADAS-2 scale regarding the risk of bias, it was determined that this was very 

high for patient selection (100%) and very low (0%) for Flow and Timing and 

Reference Standard. Respect to concerns regarding the applicability, the 

methodological risk was generally very low, especially for the patient selection and 

index test fields, although the study by Zheng, J. et al (1 study of 8, 12.5 %) had an 

uncertain evaluation of the reference standard, given that it did not define the number 

of cases for each type of diagnosis included in the OPMD group. 

3.4. Synthesis of the qualitative and quantitative analyses of four salivary biomarkers 

In terms of the different markers and study subgroups, Table 2 shows all the values of 

OE and I2. Only two markers were significant for the OSCC/OPMD subgroup, CEA 

and CYFRA21, both with very low heterogeneity. CEA had an OE=25.854 (CI95%: 

13.215-38.492, p<0.001, I2=0) and CYFRA21 an OE=9.317 (CI95%: 9.014-9.619, 

p<0.001, I2=0). Both markers included two studies respectively (CEA: Zheng et al and 

Airoldi et al and CYFRA21: Awatashi et al and Rajkumar et al) (Fig. 2A and 2B). IL-8 

was not a predictable marker for the OSCC/OPMD subgroup (Fig. 2C). For the 

OPMD/HCG subgroup, only CYFRA21, with an OE=3.679 (CI95%: 0.663-6.696, 

p=0.017) although with a high heterogeneity (I2=91.24) (Table 2, Fig. 3A). CEA 

showed differences between OPMD and HCG approaching significance (p=0.061) but 

with high heterogeneity, additionally, IL-6 and IL-8 showed no differences and 

presented extreme (I2=99.89) and low (I2=39.30) heterogeneity, respectively (Fig. 3B, 

3C, 3D). 
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Once these proteins had been obtained from the 8 selected references, we performed 

interaction studies to determine the possible relationship between them. To do this we 

used the STRING program, and as can be seen in Fig. 4, there is a direct relationship 

between IL-6 and IL-8 (CXCL-8), forming a small cluster of pro-inflammatory 

cytokines with two proteins, the CXC chemokine receptor type 2 (CXCR2) and the IL-

6 receptor (IL6R), which are potent chemotherapeutics targets and neutrophil 

activators (Supplementary 4).  

Given the relationship between the cytokines, which showed a well-defined cluster, 

several studies were performed to see the position of these proteins in the immune 

system's response to the inflammatory process. Using the DAVID program, we were 

able to observe how these proteins are found in the TNF signalling pathway activated 

by macrophages (Supplementary 5). The study, which used databases such as 

PHANTER, allowed us to globally view the biological processes in which the selected 

proteins are involved. According to Supplementary 6, proteins are involved in 

signalling processes, the immune system, regulation, localisation, locomotion, etc. 

New protein-protein interaction analysis was performed, which observed that the 

selected biomarkers presented a theorical direct molecular relationships between IL-8 

(or CXCL-8), IL-6 and CYFRA21 (KRT19). The data gathered from STRING 

indicated that KRT19 is involved in the organisation of myofibrils alongside KRT8, 

while CEA plays a very important role in cell adhesion and intracellular signalling 

processes (Fig. 4, Supplementary 7 and Supplementary 8). Only CYFRA21 can be 

considered as a good marker for the OPMD/HCG subgroup, by asking the program to 

indicate more possible nodes/interactions related to this protein we determined a strong 

cluster composed of cytoskeleton proteins and Mesothelin; a membrane-binding 
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protein that plays a very important role in the cell adhesion process (Supplementary 7 

and Supplementary 9).  

4. Discussion 

The hypothesis of this study proposed the idea that there are protein-based biomarkers 

in saliva whose quantitative expression in OPMD is different to that of healthy control 

groups and malignant lesions, therefore making it possible for reference points of 

expression to be established. Although we found studies that analysed 11 different 

biomarkers, it was only possible to perform a meta-analysis on 8 studies with 4 

biomarkers. 

CEA is a transmembrane glycoprotein that has multiple functions. In OSCC of the 

tongue, its overexpression correlates with neutrophil infiltration and both are 

associated with poor prognosis[44]. In our meta-analysis, CEA presented differences in 

expression between OSCC and OPMD (p<0.001). The value of the expression in the 

Chinese population[36] and the Italian population[43] was 29.3 (CI95%: 11.6–46.9) 

and 22.2 (CI95%: 4.1–40.3), respectively, with an OE of 25.85 (CI95%: 13.2–38.4). 

However, CEA did not present a significant difference in expression when comparing 

OPMD with HCG in the considered studies. The distribution of men and women in the 

population in Zheng et al’s study [36] was similar, although the number of cases of 

OSCC was almost 4 times higher than those of OPMD (Table 1), which also included 

the diagnoses of oral lichen planus, OL and erythema, without specifying the number 

of cases that corresponded to each diagnosis (risk of bias). The salivary levels of CEA 

in the OSCC group showed a significant association with the tumour stage (p=0.018) 

and lymph node metastasis (p=0.035)[36]. On the other hand, more than 70% of the 

subjects in Airoldi et al’s study [43] were male, identifying that 70.6% of the OPMD 
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corresponded to OL (n=12). In this study, the CEA was significantly greater in OSCC 

compared to OPMD (p<0.025) and HCG (<0.001). 

Historically, CYFRA21 has been researched as a biomarker for non-small cell lung 

carcinoma and it was subsequently evaluated in other malignant[45] and potentially 

malignant disorders[46]. It may also be a useful biomarker in the head and neck 

region[47]. The OE for CYFRA21 was highly significant in OSCC compared to 

OPMD (p<0.001), and the latter group also showed significance when compared to 

HCG (p=0.017). In the considered studies, populations of the same origin were 

studied[37,39]. The OPMD group exhibited an OE which was 3.6 (CI95%: 0.6-6.6) 

times greater than HCG, despite this, there was a wide heterogeneity in the estimation 

of the included studies, for Awasthi et al[37] with 2 (CI95%: 0.2–3.7) and Rajkumar et 

al[39] with 5 (CI95%: 4.9–5.2). The Indian population, which was studied by Awasthi 

et al[37] was comprised of more than 88% male individuals and it evaluated a quantity 

of OPMD that was equivalent to 1/3 of OSCC cases, specifying that the OPMD group 

was comprised of 5 OL, 2 submucous fibrosis, 1 lichen planus and 1 squamous 

papilloma. CYFRA21 exhibited a positive association with the tumour size, clinical 

tumour stage and lymph node status. Furthermore, analysis of the ROC curve showed a 

sensitivity of 90% and a specificity of 97%, with a minimum cut-off value of 8.7ng/mL 

for the detection of OSCC. The study by Rajkumar et al [39] included an OPMD group 

that consisted of 50 cases of OL and 50 cases of oral submucous fibrosis, with males 

representing  60% of the case and a reported rate of 14% of smokers for both OSCC 

and OL. The analysis of the ROC curve showed specificity and sensitivity of 75%, 

with a cut-off limit >10.4ng/mL to differentiate OSCC from OPMD, additionally, it 



 
 

 

30 

 

showed a specificity of 95% and a sensitivity of 83.6%, with a cut-off limit 

>7.91ng/mL for the detection of cases of OSCC in contrast to HCG.  

In studies which were performed to determine the interaction between CEA and 

CYFRA21, the results demonstrated that both present a strong association (Fig. 4) and 

that they are directly related to a whole cluster of keratins involved in the cellular 

cytoskeleton, one of the key factors in oral carcinogenesis[48]. All this was in line with 

studies in which it has been determined that both proteins can be used as diagnostic 

markers in other epithelial tumours such as lung cancer[49] and head and neck 

cancer[50], therefore concurring that these two proteins are differentially expressed in 

healthy and potentially malignant tissues. 

The IL-6 salivary mRNA was previously identified as a promising biomarker for 

OSCC[51], however, studies into the role of protein expression in saliva or OPMD are 

limited. There was no significant difference in the IL-6 cytokine salivary OE between 

the OPMD group and HCG. The anticipated means of expression for the studies 

included in the meta-analysis were considerably different, the highest being 397.8 

(CI95%: 381.3–414.3) in the study by Sharma et al[41], compared to 69.4 (CI95%: 

56.1–82.6) in the study by Rhodus et al[42], which resulted in a value of extreme 

heterogeneity. In the study of Rhodus et al, no clinical diagnoses were indicated in the 

OPMD group, only different histological degrees of dysplasia [42]. The concentration 

of IL-6 was significantly higher in OSCC and OPMD when compared to HCG 

(p<0.001). On the other hand, in Sharma's study, which was conducted in India, means 

of salivary expression were almost 10 times higher than those observed in the US 

population, also were included patients with periodontitis simultaneously to OL, which 

could be impact in the amount of IL-6 measured. The OL group showed a significantly 



 
 

 

31 

 

higher mean IL-6 compared to the HCG (p<0.001). The levels of IL-6 in patients who 

smoked and had a higher degree of dysplasia were always higher. 

Changes in the expression of pro-inflammatory cytokines may play a role in the 

malignant transformation in OSCC and are likely to be used as diagnostic markers in 

the serum of patients, due to their excessive production by tumour cells[14], and 

likewise, they could also act as possible pharmacological targets. IL-8 plays an 

important role in cancer invasion, angiogenesis and metastasis[52]. In this meta-

analysis, we found no significant difference for IL-8 between OSCC and OPMD, nor 

between OPMD and HCG. Likewise, we did not find any relationship between these 

pro-inflammatory cytokines and the previously described markers (CEA and 

CYFRA21), however, as can be seen in Fig. 4, the pro-inflammatory cytokines would 

form a strong signalling cluster by themselves, through the functional analysis, which 

has been performed with the DAVID program, which corresponds to the immune 

response and inflammation signalling pathway (Supplementary 4). The studies 

included in the meta-analysis showed a very high value of heterogeneity in all 

subgroups (Fig. 2C and 3C). The study by Gleber-Netto et al[38] from a population in 

Taiwan was almost exclusively male and had a percentage of smokers which exceeded 

80% in all groups. The corresponding clinical diagnoses were not reported in the 

OPMD group, only those lesions with different degrees of dysplasia were included. On 

the other hand, the study conducted by Punyani et al[40] in India reported that the 

OPMD group was comprised of 13 oral submucous fibrosis and 12 OL and that 5 of 

these had mild dysplasia. The identification of IL-8 was significantly higher in OSCC 

compared to OPMD (p<0.0001) and HCG (p<0.0001). The OPMD group presented 

higher levels of IL-8 compared to HCG, however, this difference was not significant 
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(p=0.738). In the study by Rhodus et al[42], the clinical diagnoses were not determined 

in the OPMD group, only the existence of lesions with different degrees of dysplasia 

was mentioned. The concentration of IL-8 was significantly higher in OSCC compared 

to HCG (p<0.001), and it was also significantly higher in OPMD compared to HCG 

(p<0.05), although the statistical significance between OSCC and OPMD was not 

noted. 

The main constraints of this study included the lack of clinical-pathological 

information on the lesions that are mentioned as dysplastic in the OPMD group, and 

likewise, the degree of dysplasia is not characterised. Additionally, there were 

considerable discrepancies between the number of analysed cases of OL and OPMD, 

compared with the cases of OSCC. Very few studies have analysed pure OL groups, 

independent of other OPMD, therefore making it difficult to draw specific conclusions. 

Another aspect that must be taken into consideration is that the gender and age of the 

individuals in the meta-analysis was quite heterogeneous, without there being a strictly 

matched selection in terms of gender or similar age intervals between all of their study 

groups. Moreover, not all of the studies reported the presence of risk factors such as 

smoking (a key factor in oral carcinogenesis) and others included habits that are typical 

of the geographical region under study, such as chewing betel nut, therefore meaning 

that extrapolation to a global level was not possible. In terms of the strengths of this 

study, it is important to highlight the clear and strict inclusion criteria that made it 

possible to limit analysis biases. Furthermore, even though there were different 

techniques such as proteomic techniques that allowed for massive quantitative analyses 

in the literature, this systematic review only included studies in which the quantitative 

values were representative, reproducible and comparable. 
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5. Conclusion 

This systematic review and meta-analysis provide a summary of the quantitative 

expression of biomarkers based on salivary proteins. Basing on the results, we can 

conclude that is quantitively possible to discriminate the OPMD compared to 

malignant lesions and healthy controls. The CEA and CYFRA21 markers proved to be 

very useful when differentiating OSCC from OPMD, however, the usefulness of 

exclusively differentiating the group of leukoplakia from OSCC does not seem totally 

clear. Besides, CYFRA21 marker proved to be the only protein capable of 

distinguishing between OPMD and healthy controls. The definition of these protein-

based salivary markers as a molecular signature, which identifies potentially malignant 

lesions, would allow for new, less invasive protocols to be established for early 

diagnosis and screening, as well as making it possible to determine therapeutic targets 

that would improve the prognosis of patients with potentially malignant lesions and 

those at risk. 
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Table 1. Descriptive data from the studies included in the meta-analysis 

First 

Author 

Year Country Study 

Subgroup 

Proteomic 

Biomarker 

N Age Male 

(%) 

Smokers 

(%) 

Mean 

Expression  

Method Dysplasia 

Zheng 2018 China OSCC CEA  112 63.2 55.35  - 146.02 ELISA ng/ml  - 

      OPMD CEA  30 61.43 53.33  - 116.72 ELISA ng/ml  - 

      HCG CEA  60 60.57 61.66  - 77.34 ELISA ng/ml  - 

Airoldi 1986 Italy OPMD CEA  17  52 82.4   82 58.52 ELISA ng/mL  - 

      OSCC CEA  11  66  81.8  81 80.72 ELISA ng/mL  - 

      HCG CEA  19  58  70  42 46.31 ELISA ng/mL  - 

Awasthi 2017 India OSCC CYFRA 21 30 49.6 93.3  - 17.5 ELISA ng/ml  - 

      OPMD CYFRA 21 9 34.2 88.9  - 5.9 ELISA ng/ml  - 

      HCG CYFRA 21 25 48.1 88  - 3.9 ELISA ng/ml  - 

Rajkumar 2015 India OSCC CYFRA 21 100 55.5 68 14 17.46 ELISA ng/ml  - 

      OPMD CYFRA 21 100 55.5 58 14 8.15 ELISA ng/ml  - 

      HCG CYFRA 21 100 43 65 0 3.06 ELISA ng/ml  - 

Rhodus 2005 USA OSCC IL-6 13 59.46 76.92 61.53 0.0882 ELISA pg/ml  - 

      OPMD IL-6 13 56.76 30.76 53.84 0.0708 ELISA pg/ml Moderate 

(38.46%)  

Severe (61.54) 
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      HCG IL-6 13 58.7 53.84  0 0.0014 ELISA pg/ml  - 

Sharma 2011 India OL IL-6 20 50 100 35 0.414 ELISA pg/ml Mild (40%) 

Moderate (35%) 

Severe (25%) 

      HCG IL-6 20 35 100 0 0.0172 ELISA pg/ml  - 

Rhodus 2005 USA OSCC IL-8 13 59.46 76.92 61.53 3154 ELISA pg/ml  - 

    

 

 
 

  OPMD IL-8 13 56.76 30.76 53.84 1918 ELISA pg/ml Moderate 

(38.46%) 

Severe (61.54) 

      HCG IL-8 13 58.7 53.84  0 1580 ELISA pg/ml  - 

Gleber-Netto 2016 Taiwan OSCC IL8 60 51.4 95 83.3 283.75 ELISA pg/ml  - 

      OPMD IL8 60 50.8 95 96.7 140.35 ELISA pg/ml  - 

      HCG IL8 60 50.5 91.7 81.7 127.79 ELISA pg/ml  - 

Punyani 2012 India OSCC IL8 25 53.2 64  - 1718.610 ELISA pg/mL  - 

      OPMD IL8 25 32.16 76  - 299.513 ELISA pg/mL Mild (20 %) 

      HCG IL8 25 45.12 76  - 210.096 ELISA pg/mL  - 

Note: CEA: carcinoembryonic antigen, CYFRA 21: soluble fragment of cytokeratin 19, IL-6: interleukin-6, IL-8: interleukin-8. 
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Table 2. Overall expression values 

Biomarker Study  

Subgroup 

OE CI 95% (p) Heterogeneity (I2, p) 

CEA OSCC/OPMD 

 

OPMD/HCG 

25.854 

 

25.394 

13.215–38.492 (p<0.001) * 

 

-1.221–52.008 (p=0.061) 

Null (I2=0, p=0.582) 

 

High (I2=79.91, p=0.026) 

CYFRA21 OSCC/OPMD 

 

OPMD/HCG 

9.317 

 

3.679 

9.014–9.619 (p<0.001) * 

 

0.663–6.696 (p=0.017) * 

Null (I2=0, p=0.428) 

 

High (I2=91.24, p<0.001) 

 

IL-6 

 

OPMD/HCG 

 

233.561 

 

-88.265–555.387 

(p=0.155) 

 

Extreme (I2=99.89, 

p<0.001) 

IL-8 OSCC/OPMD 

 

OPMD/HCG 

912.622 

 

45.967 

-108.248–1933.492 

(p=0.08) 

 

-24.473–116.407 

(p=0.201) 

Extreme (I2=97.69, p<0.001 

 

Low (I2=39.30, p=0.193) 

Note:  Overall expression values (OE) with a 95%, confidence interval (CI95%) and the heterogeneity (I2) for each 

marker in the different analysis subgroups. * Stands for statistically significant differences  
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Figures and Supplementary material captions 

Fig. 1. Flow chart describing the management of data since the search, data processing and 

selection of articles for meta-analysis. 

Fig. 2. Forest plot with the weighted mean differences, overall expression (OE), 95% confidence 

interval and heterogeneity for each protein biomarker in saliva for the OSCC/OPMD subgroup 

analysis. A) CEA. B) CYFRA21. C) IL8. 

Fig. 3. Forest plot with the weighted mean differences, overall expression (OE), 95% confidence 

interval and heterogeneity for each protein biomarker in saliva for the OPMD/HCG subgroup 

analysis A) CEA. B) CYFRA21. C) IL8. D) IL6 

Fig. 4. Protein interaction network of the 4 protein markers selected using the STRING 

databases. 

Supplementary 1. PRISMA checklist 

Supplementary 2. Search strategy 

Supplementary 3. Analysis of the methodological quality and the risk of bias using the 

QUADAS-2 scale. 

Supplementary 4. DAVID Functional analysis: interactions between the IL system and TNF-α.  

Supplementary 5. DAVID Functional analysis: cells and molecules involved in the local acute 

inflammatory response.  

Supplementary 6. Pathway enrichment analysis using PANTHER for the 4 proteins of interest. 

Supplementary 7. Protein interaction network by adding more nodes to the human CEA and 

CYFRA21 proteins determined using STRING databases. MSLN: mesothelin 

Supplementary 8. Human CYFRA21 and CEA Protein interaction network using STRING 

databases. 

Supplementary 9. Protein interaction network of CYFRA21 with the other cytoskeleton proteins 

determined using STRING databases. 
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ABSTRACT 

This study aims to compare the inflammatory infiltrate among proliferative verrucous 

leukoplakia, oral lichenoid lesion and oral lichen planus. 27 proliferative verrucous leukoplakia, 

14 oral lichen planus, 14 oral lichenoid lesions and 12 controls were processed for 

immunohistochemistry of CD3, CD4, CD8 and CD20 expression. Groups and layers 

(intraepithelial and subepithelial) were statistically compared.  The correlation was calculated for 

CD4+ and CD20+ for each group. SPSS version 20.0 was used with a significance of 95%.  

Immunohistochemistry analysis for T and B lymphocytes revealed a significant result for 

CD3+(p=0.001), CD4+(p<0.0001) and CD20+(p<0.029). In the subepithelial layer, CD3+ was 

significantly higher in oral lichen planus(p<0.001) and proliferative verrucous 

leukoplakia(p<0.027). CD4+ was significantly higher in the oral lichen planus than in the other 

groups(p<0.05). CD20+ in the intraepithelial layer had a lower density in proliferative verrucous 

leukoplakia compared with the control(p<0.0001). In the subepithelial layer were lower densities 

of CD20+ in proliferative verrucous leukoplakia(p<0.032) and oral lichenoid lesion(p<0.010). It 

was found a significant correlation for proliferative verrucous leukoplakia between CD4+ and 

CD20+ cells(p=0.0366). The different densities in lymphocytes could explain the behaviour of 

oral lichen planus, as well the higher malignant potential of oral lichenoid lesion and 

proliferative verrucous leukoplakia. 

INTRODUCTION 

Oral potentially malignant disorders (OPMD) are clinical conditions that can precede oral 

squamous cell carcinoma (OSCC) (El-Naggar, Chan, Grandis, Takata, & Slootweg, 2017; Van 

der Waal, 2009; Van Der Waal, 2010), which represent more than 95% of oral neoplasms, with 

high prevalence and mortality rates, as well a poor clinical outcome who does not exceed 50% to 

60% of surviving in five years (Ferlay et al., 2019; Scully & Bagan, 2009; Sklenicka, Gardiner, 

Dierks, Potter, & Bell, 2010). Thus, prevention and early diagnosis are extremely necessary to 

improve the prognosis and survival rates for these patients.  

Proliferative verrucous leukoplakia (PVL) is the OPMD with the highest malignant 

transformation rate (Iocca et al., 2020). Clinically, PVL appears as a non-homogenous 

leukoplakia that generally affects multiple sites, with slow-growing involvement of contiguous 

or non-contiguous areas, being resistant to all forms of current treatments(Borgna et al., 2017; 

Capella, Gonçalves, Abrantes, Grando, & Daniel, 2017; Celentano, Glurich, Borgnakke, & 

Farah, 2020; Torrejon‐Moya, Jané‐Salas, & López‐López, 2020; Villa et al., 2018). 

Histopathologically, PVL can range from hyperkeratosis with or without dysplasia to verrucous 
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hyperplasia, verrucous carcinoma or OSCC, whether in situ or infiltrating(Cerero-Lapiedra, 

Balade-Martinez, Moreno-Lopez, Esparza-Gomez, & Bagan, 2010; Hansen, Olson, & Silverman, 

1985). 

Otherwise, oral lichen planus (OLP) is a chronic inflammatory disease of unknown aetiology, 

commonly characterized by the presence of bilateral white reticular lesions, mostly symmetrical, 

but others forms like erosive and atrophic can be associated (Giuliani et al., 2019; González-

Moles et al., 2019; Neville, Damm, Allen, & Chi, 2016; van der Meij, Schepman, & van der 

Waal, 2003). Histologically is characterized by the presence of a well-defined bandlike zone of 

cellular infiltration confined to the superficial part of the connective tissue, consisting mainly of 

lymphocytes, with signs of “liquefaction degeneration” in the basal cell layer and absence of 

epithelial dysplasia (van der Meij et al., 2003).  

Moreover, oral lichenoid lesion (OLL) is a clinical entity used to describe oral lesions with 

similar aspects (clinically or histopathologically) of oral lichen planus, caused by an identifiable 

etiological factor in the majority of cases.  Dental restorative materials or systemic medications, 

as well as secondary to another pathological condition are examples of OLL etiological factors 

(Cheng, Gould, Kurago, Fantasia, & Muller, 2016; Chiang et al., 2018). In addition, OLL was 

recently classified as OPMD, after an international seminar on nomenclature and classification, 

convened by the WHO Collaborating Centre for Oral Cancer, since there is enough evidence of 

the increased risk of oral cancer among the patients diagnosed with OLL (Warnakulasuriya et al., 

2021).  

OLP and OLL are considered the OPMD’s with the lowest malignant transformation rate (Iocca 

et al., 2020), although this is still controversial, largely attributable to the different criteria 

employed for diagnosis, which lead to the creation of various terms related to lichen, even 

defining versions of OLP that may or may not have determined the malignant transformation 

potential (El-Naggar et al., 2017; Giuliani et al., 2019; González-Moles et al., 2019; Iocca et al., 

2020). Moreover, some studies have shown that PVL, especially in the early stages, may have 

clinical and microscopic aspects that mimic OLP and/or OLL (Garcia-Pola, Llorente-Pendas, 

Gonzalez-Garcia, & Garcia-Martin, 2016; Gillenwater, Vigneswaran, Fatani, Saintigny, & El-

Naggar, 2013, 2014; Lopes, Feio, Santos-Silva, & Vargas, 2015; Müller, 2011, 2017).  

According to WHO, OPMD diagnoses should be based on precise clinical and histopathological 

findings, but these represents a problem because these methods are poorly reproducible, have 

high inter-observer variability, and present limitations in the presence of OPMD with similar 
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histological characteristics (Fleskens et al., 2011; Kujan et al., 2006; Sperandio et al., 2013; 

Upadhyaya et al., 2020).  

Therefore, this study proposes a comparative analysis of the lymphocyte infiltrate of PVL, OLP 

and OLL in the intraepithelial and subepithelial layers, to provide new tools for differential 

diagnosis and elucidate the role of lymphocyte infiltrate in this OPMD. 

METHODS 

This retrospective analysis considered the clinical records and tissues samples of patients that 

constituted 4 different groups.  These were compounded by one control group with 12 samples of 

oral inflammatory fibrous hyperplasia (OIFH), based on the principles adopted in a previously 

published work (Ferrisse et al., 2021), also, three experimental groups with 27 samples of PVL, 

14 samples of OLP and 14 samples of OLL, from the Faculty of Dentistry of Araraquara (FOAr-

UNESP), Faculty of Dentistry of São José dos Campos (FOSJC-UNESP) and Federal University 

of Rio Grande do Norte (UFRN). All patients in experimental groups were followed up for a 

minimum of 8 years. The samples on the PVL group had a microscopic characteristic that went 

from hyperkeratosis and/or acanthosis to verrucous hyperplasia, with or without dysplasia. In 

experimental groups were excluded samples that microscopically showed carcinoma in situ, 

squamous cell carcinoma or verrucous carcinoma. All samples were analysed for morphological 

description and diagnosis confirmation by two different examiners. The study was approved by 

the local Research Ethics Committee (CAAE: 34361814.9.0000.5416).  All patients provided 

written informed consent. 

Immunohistochemical methods 

For immunohistochemical staining, 3 µm thick sections were placed on silane-coated glass 

slides. Briefly, the sections were deparaffinized and rehydrated in graded ethanol solutions. After 

antigen retrieval with EDTA/Tris buffer (pH 9.0) in a microwave oven (1380 W; Panasonic, São 

Paulo, Brazil), endogenous peroxidase activity was blocked with 20% H2O2 using five cycles of 

5 min each. Overnight incubation with the primary antibodies for CD3 (Polyclonal; 

DakoCytomation, Glostrup, Denmark; 1:500), CD4 (4B12; Leica Biosystems Newcastle, UK; 

1:200), CD8 (C8/144B; DakoCytomation, Glostrup, Denmark; 1:400) and CD20 (L26; 

DakoCytomation, Glostrup, Denmark; 1:2000) diluted in bovine serum albumin (BSA) was 

followed by incubation with the secondary antibody conjugated with polymer dextran marked 

with peroxidase (Dako EnVision Labeled Polymer; Dako, Glostrup, Denmark). Reactions were 

developed with a solution containing 0.6 mg/ml 3,30 -diaminobenzidine tetrahydrochloride 

(DAB, Sigma, St. Louis, MO, USA) and 0.01% H2O2 and counterstained with Carazzi’s 
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haematoxylin. Thereafter, the sections were dehydrated in a series of graded ethanol solutions, 

diaphanized and mounted in Canada balsam under cover glasses. Positive and negative controls 

were included in all reactions. 

Immunostaining assessment and statistical analysis 

For quantification, photos of five representative fields of the intraepithelial and subepithelial 

areas were taken separately with Olympus DP25 camera (Olympus, Center Valley, PA, USA) 

attached to the Nikon Eclipse E600 microscope (Nikon, Tokyo, Japan) using a 20 × objective. 

Positive cells were counted by two independent examiners, using the Image J software (version 

1.52, NIH, Bethesda, MD, USA). 

Statistical Analysis 

Collected data were tabulated and normality was assessed by the Shapiro-Wilk test and the 

descriptive analysis of Skewness and Kurtosis. The presence of outliers was checked. The 

homoscedasticity was checked by the Box’s Test of Equality of Covariance Matrices and by 

Levene’s Test of Equality of Error Variance The density of different immunophenotypes of 

lymphocytes was considered as response variables and the independent factors were grouped 

(PVL, OLP, OLL and control) and layer (epithelial and subepithelial areas). Thus, multiple 

analysis of variance (Manova two-way) was applied. In presence of significant results, Tukey 

post-test was applied. In addition, correlation studies were performed evaluating the density of 

CD4+ and CD20+ cells for PVL (Pearson’s correlation coefficient/r), OLP and OLL 

(Spearman’s correlation coefficient/rs). SPSS version 20.0 was used for statistical analysis with a 

significance level of 95% (α= 0.05).  

RESULTS 

Clinical, demographic and histologic characteristics of the study groups 

All OLP patients had lesions at multiple sites, buccal mucosa was the most affected site (n=5; 

33.3%), followed by tongue (n=4; 27%), gingiva (n=3; 19%) and lips (n=3; 19%). The most 

prevalent clinical presentation was white reticular lesions associated with the erosive form (n=9; 

60%).  Every single PVL patient had lesions in multiple sites, with a total lesion size greater than 

3 cm. At some point in the clinical course of the disease, 7 patients in the PVL group (46.6%) 

had microscopic features described as lichenoid in association with leukoplakic lesions (Figure 

1). All individuals classified as PVL had lesions that spread and affected new sites in the oral 

cavity. On average each PVL patient had 2.3 biopsies. All cases in the control group were 

clinically presented as an irregularly shaped nodule, with a smooth/ulcerated surface and located 
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in a groove bottom region, directly related to the edge of an improperly adapted removable 

prosthesis. Table 1 summarizes the clinical and histologic characteristics of the groups. 

Assessment of density of lymphocytes.  

IHC analysis for T and B lymphocytes revealed an overall reduction of these populations in PVL 

samples compared to the OLP, OLL and control group (Figure 2). Through the different groups, 

the T and B cells were seen mainly in the basal and spinous layers of the intraepithelial. While in 

the subepithelial layer, T cells formed an infiltrate in close relationship with the basal cell layer, 

whereas B cells were sparser and more located more deeply in the connective tissue. 

The homoscedasticity tests indicated a non-homoscedasticity distribution for the groups 

evaluated (p<0.05). Thus, the Pillai’s Trace was used for the multivariate test, resulting in a 

significant interaction between the independent factors (p<0.0001). Additionally, it was observed 

a significant result of density of CD3+ (p=0.001), CD4+ (p<0.000) and CD20+ cells (p<0.029). 

Tukey post-test for multiple comparisons reveals that in the subepithelial layer the CD3+ cells 

was significantly higher in OLP (p<0.001) and PVL(p<0.027)  compared both with the control 

group, as well in OLP was higher in comparing to the OLL (p<0.029), being that the highest 

expression of CD3+ cells was in the OLP group. The CD4+ T-cells was significantly higher in 

the OLP compared with OLL (p<0.015), PVL (p<0.000) and control (p<0.001). The CD20+ cells 

in the intraepithelial layer had a significant lower quantification in PVL compared with control 

(p<0.0001). In the subepithelial layer were found lower densities of CD20+ cells in PVL 

compared with OLP (p<0.032), as well OLL in comparison with the control group (p<0.010) 

(Figure 3).  

In the correlation studies performed for CD4+ and CD20+ cells, was noted significant result for 

PVL group (p=0.0366/rs=0.4115) while for OLP (p=0.8990/rs= -0.0359) and OLL 

(p=0.1292/r=0.3957) were not significant results (Figure 4).   

 

DISCUSSION 

It has been hypothesized that OPMD probably represents a state of balance between the 

activation of the immune system and the proliferation of dysplastic cells (Dunn, Old, & 

Schreiber, 2004a, 2004b; Gomes et al., 2016; Mantovani, Allavena, Sica, & Balkwill, 2008; 

Schreiber, Old, & Smyth, 2011; Zitvogel, Tesniere, & Kroemer, 2006). The results obtained in 

this study allow for a better understanding of the role of the immune system through the T and B 

lymphocytes in the PVL, OLL as well OLP, three OPMD with different malignant 

transformation rates; 49.5%, 3.8% and 1.4%, respectively (Iocca et al., 2020).  
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The recognition of tumour antigens includes several entities of the immune system; activated 

macrophages, natural killer cells, CD4+ and CD8+ T lymphocytes, as well B lymphocytes and 

also plasma cells specifics for tumour peptides, which were found in dysplastic and neoplastic 

tissues (Zitvogel et al., 2006; Dunn et al., 2004a, 2004b; Mantovani et al., 2008; Schreiber et al., 

2011; He et al., 2014; Mandal et al., n.d.). For different types of carcinomas was described that 

this type of immune cell infiltrates leads to a better clinical outcome (Lee, Zakka, Mihm, & 

Schatton, 2016; Mellman, Coukos, & Dranoff, 2011; Nosho et al., 2010; Schreiber et al., 2011; 

Zhu, Lin, Qiao, Xu, & Zou, 2015; Zitvogel et al., 2006). On the other hand, some researchers 

point to infiltrations of cytotoxic T-cells are associated with a good prognosis while regulatory 

T-lymphocytes suppress anti-tumour response and because of that, it is related to the worst 

prognosis(Zou, 2006). In addition, the accuracy of the role of B-cells in tumours is still 

unfamiliar and can vary according to the type of tumour(Largeot, Pagano, Gonder, Moussay, & 

Paggetti, 2019).    

There is evidence that suggests oral leukoplakia which transformed into OSCC expressed a 

significantly higher density of CD3+cells in contrast with oral leukoplakia which did not 

undergo a malignant process (Chen, Tan, Zhang, He, & Zhou, 2019). Thus, high levels of CD3+ 

cells rates could be a monitoring parameter for malignant transformation. This argumentation 

could be linked with the results obtained in the present study, which shows higher quantities of 

CD3+ cells in the intraepithelial layer for PVL, and significantly higher expression of CD3+ in 

the subepithelial layer for PVL and OLP. However, this would not explain the behaviour of 

OLL, who shows conflicts in the literature about the malignant transformation rates seen in it, 

which is even greater than OLP (El-Naggar et al., 2017; Iocca et al., 2020). 

Moreover, the malignancy potential and the participation of the immune system in this process 

for OLL is also still controversial (Thomson, Goodson, & Smith, 2018). The results of this 

research show significantly lower quantities of CD3+ and CD4+ in the subepithelial layer than 

OLP, reflecting the loss of capability to respond against tumoral cells.   This fact could be 

explaining the higher malignant behaviour of OLL compared with OLP. Also, the criteria for 

OLL diagnosis is not standardized in the literature and this can impact the estimation rates of the 

malignant potential and follow up periods of this type of OPMD(González-Moles et al., 2019). 

Furthermore, it was shown a significantly high number of CD4+ in OSCC with metastases and 

was related to the action of CD4+ T lymphocytes in favour of the invasion and metastasis by 

promoting the pro-tumoral function of tumour-associated macrophages (Stasikowska-Kanicka, 

Wągrowska-Danilewicz, & Danilewicz, 2018). The results of this study showed significantly 
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lower densities in the subepithelial layer of CD4+ in PVL and OLL groups, this could be related 

to the fact that those lesions have the malignant potential, but in fact, there are not running 

through a malignant course.  

On the other hand, different researches had characterized the lymphocytic infiltrate in OLP 

mainly as CD4+ cells, independently of the clinical presentation (Omar, Hietanen, Kero, 

Lukinmaa, & Hagström, 2009; Zhou, Sugerman, Savage, Walsh, & Seymour, 2002). Moreover, 

the aetiology of OLP is still not fully understood but, some studies pointed out that T 

lymphocytes represent the greater number of cells related to the pathogenesis of OLP (Chiang et 

al., 2018; Sugerman et al., 2002). For instance, there have been described four main mechanisms 

to explain the aetiology of OLP, which three of them related to the action of lymphocytes; they 

run through antigen-specific mechanisms include antigen presentation by keratinocytes and 

Langerhans cells to CD4+ helper and CD8+ cytotoxic T lymphocytes to activate these two types 

of T cells(Chiang et al., 2018; Chitturi, 2014; Córdova, Rubio, & Echeverría, 2013; Lavanya, 

Jayanthi, Rao, & Ranganathan, 2011; Mutafchieva, Draganova-Filipova, Zagorchev, & Tomov, 

2018; Payeras, Cherubini, Figueiredo, & Salum, 2013). Furthermore, has been shown that low 

levels of CD8+ cells could be a marker of clinical remission of OLP (Enomoto et al., 2018), 

which is related to the mechanisms mentioned above. Altogether, seems to agree with the 

observations of this study, which show a significantly higher expression of CD4+ in the 

subepithelial layer of OLP compared with the other lesions.  

Otherwise, different studies had related lower density of CD8+ in OSCC than dysplastic lesions 

(Pellicioli et al., 2017) as well, a decreased number of CD8+ in OSCC with poor clinical 

outcome(Maleki et al., 2011; Stasikowska-Kanicka et al., 2018). Despite the present study does 

not show significant differences in CD8+ in the intraepithelial and subepithelial layers, was 

possible to note a discreet lower density of CD8+ T lymphocytes in the PVL and OLL samples 

compared with OLP and control. Different studies had been shown a significantly lower number 

of CD8+ cells in OPMD with the malignant process involved in comparison with OPMD which 

never transformed and OSCC (Savina & Amigorena, 2007). This could be consistent with our 

data since PVL has the highest and OLL has a  higher malignant potential than OLP, and this 

two OPMD probably are losing the immune capacity to self-defence (Iocca et al., 2020). 

At last, there are conflicts in the literature concerning B-lymphocytes in the tumorigenesis 

process(Hadler-Olsen & Wirsing, 2019; He et al., 2014), some evidence pointed out that B-cells 

may participate in mediating antitumor immunity (Mandal et al., n.d.; Schmidt et al., 2008) and 

others describe that B-cells can regulate the T-cells by suppressing their cytotoxic activity and 
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induce CD4+ cells death (Sarvaria, Madrigal, & Saudemont, 2017; Yarchoan et al., 2020). The 

CD20+ cells infiltrating in the tumour was correlated with better clinical outcomes in OSCC, and 

could act by; somatic mutation, clonal expansion, intraclonal variation and isotype switching; 

reflecting an adaptive immune response in the OSCC microenvironment (Quan et al., 2016; 

Suárez-Sánchez et al., 2021; Taghavi, Mohsenifar, Baghban, & Arjomandkhah, 2018). Also, 

there is evidence supporting an increasing expression of B-lymphocytes infiltration in the 

progression to dysplasia and carcinoma in the oral epithelium (Gannot, Gannot, Vered, Buchner, 

& Keisari, 2002). The present study observed in the intraepithelial layer an absence of B 

lymphocytes through CD20+ cells in PVL lesion as well OLP and OLL; this could be related to 

the loss of the tools to self-defend by the humoral response against the tumoral cells. 

Nonetheless, there is evidence that the presence of CD20+ cells and plasma cells in the OLP 

does not show a correlation with all the histological features, only was described a higher 

intensity of CD20+ cells expression in the pattern of keratosis of OLP (Mahdavi, Aminishakib, 

& Soltani, 2020). 

There is evidence showing in non-small cell lung cancer (NSCLC) better survival rates for 

lesions with high intensities of stromal CD4+ and CD20+  (Al-Shibli et al., 2008), in this study 

was noted a significant correlation of CD4+ and CD20+ cells in the PVL group 

(p=0.0366/rs=0.4115), this relation could be reinforcing the idea of self-defence mechanism of 

PVL to prevent malignant transformation process. In addition, further cohort studies evaluating 

the prognosis of patients affected by PVL with correlation levels of CD4+ and CD20+ cells are 

expected to strengthen the idea of this mechanism.  

Therefore, the results of this study suggest that immune evasion through the reduction of the T 

and B lymphocytes seems to contribute to the susceptibility of the malignant transformation 

process in PVL, because the elimination of tumour cells requires the participation of both innate 

and adaptive immunity pathways, through the integrated humoral and cellular response (Chaves 

et al., 2019), which also could explain the difference in malignant transformation rates and the 

behaviour seen between PVL and OLL as well OLP. 

CONCLUSIONS 

The OLP shows an immune response pattern mediated mainly by T lymphocytes, which could 

explain their etiopathology, while the OLL shows a decreasing of T and B lymphocytes nearly of 

PVL behaviour, and this, in turn, shows a remarkable reduction of both T and B lymphocytes, 

which can work in favour to the malignant transformation process, supporting the behaviour seen 

in this OPMD.  
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TABLE LEGENDS 
 
Table 1. Clinical and histopathological features of groups 

 
FIGURES LEGENDS 
 
Figure 1. Representative clinical and histological images from PVL patients included in this 

study. Clinical findings of PVL lesion at the time of diagnoses, mimicking an oral lichen planus 

(a), and its respective histopathological findings showing acanthosis and subepithelial lichenoid 

inflammatory infiltrate in basal cell layer, (H&E, 10x magnification) and in detail the 

liquefaction degeneration (H&E, 20x magnification) (b). The same case after 4 years of follow-

up showing a white verrucous plaque(c), and its histopathological findings displaying verrucous 

hyperplasia and prominent keratosis (H&E, 10x magnification). 

Figure 2. Representative images of the immunohistochemical staining pattern for CD3+, CD8+ 

and CD20+ in all studied groups (20x magnification). 

Figure 3. CD3+, CD4+, CD8+ and CD20+ intraepithelial (a, b, c, d) and subepithelial (e, f, g, h) 

in all studied groups, quantified by 5 representative high-resolution fields (400x); *p<0.05. 

Figure 4. Correlation analysis of CD4+ and CD20+ density cells for a)OLL, b)OLP and c)PVL; 

*p<0.05. 
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Group n Female % Mean Age Dysplasia n (%) 

OIFH 12 86.7 44.4 - 

OLP 14 66.6 48.0 - 

OLL 14 80.0 53.3  

PVL 27 60.0 64.6 26 (74.2%) † 

†High grade dysplasia 

Table 1. Clinical and histopathological features of groups 
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Figure 2. Representative images of the immunohistochemical staining pattern for CD3+, CD8+ 

and CD20+ in all studied groups (20x magnification). 
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Figure 3. CD3+, CD4+, CD8+ and CD20+ intraepithelial (a, b, c, d) and subepithelial (e, f, g, h) 

in all studied groups, quantified by 5 representative high-resolution fields (400x); *p<0.05. 

 

 

 

 

 
 

Figure 4. Correlation analysis of CD4+ and CD20+ density cells for a)OLL, b)OLP and c)PVL; 

*p<0.05. 
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ABSTRACT 

Proliferative verrucous leukoplakia (PVL) is the oral potentially malignant disorder (OPMD) 

with the highest malignant transformation rate, reaching 72.4% over time. Due to his clinical 

behaviour, there is no treatment available at this time. Thus, prevention and early diagnosis are 

extremely necessary for a better prognosis. Therefore, this study aimed to analyse the PVL 

proteome and find diagnostic biomarkers with therapeutic potential. Using tissue and saliva of 

PVL, oral leukoplakia diagnoses and control patients a proteomics analysis was performed 

through LC-MS/MS label-free, qualitative and quantitative analyses were conducted to identify 

differentially expressed proteins. Potential biomarkers were prioritized and further investigated 

by immunohistochemistry (IHC) and Marking Intensity (MI) scan-analyses in tissue samples of 

PVL, OL and control from Brazil, Spain and Finland. The immune system, cell cycle, DNA 

regulation and apoptosis pathways, as well as the whole proteome, were significantly different in 

the PVL samples. Besides, CALR, GNB2L1, YWHA family were highly differentially expressed 

in PVL samples through the LC-MS/MS analyses. IHC and MI analysis showed that CALR 
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higher expression can differentiate the PVL from OL, while YWHAQ and GNB2L were higher 

in PVL samples, and also proved to be helpful to discriminate the PVL from controls. 

Altogether, the proposed biomarkers bring new tools to improve the early detection of PVL, and 

these biomarkers could provide the possibility of new treatments since there is evidence of the 

modulation of these proteins can enhance better the clinical outcomes. 

1. INTRODUCTION 

Proliferative verrucous leukoplakia (PVL) is defined as a “distinct and aggressive form of oral 

potentially malignant disorder” (OPMD)1, understanding as a variation from oral leukoplakia 

(OL)2–5. Clinically appear as a recalcitrant non-homogenous leukoplakia affecting unique or 

multiple sites, which potentially involve more contiguous or non-contiguous areas over time6–10. 

PVL is the OPMD with the highest malignant transformation rate, recently was determined a 

cumulative rate of 49.5% (CI99%: 26.7%- 72.4%) between studies with 12 to 20 years of follow-

up and a malignant transformation rate per year of 9.3%11. Moreover, due to the high potential of 

recurrence and reaching several sites of the mouth, before and once is transformed there is no 

treatment available, consequently, patients will have low survival rates12–15. Thus, prevention and 

early diagnosis are extremely necessary for better prognosis2,5,11,16,17. 

Despite the different criteria developed over time2,18–21, PVL diagnosis is still controversial 

proper to the lack of pathognomonic clinical,  microscopic and molecular features. Besides, 

OPMD diagnoses and risk assessment based only on clinical and histopathological criteria are 

poorly reproducible and have high inter-observer variability, while the usefulness of dysplasia 

subdivision has been questioned due to the large intra-observer and inter-observer variability 

regarding the presence/absence and grade of dysplasia assessment5,22–24. There is recent evidence 

reinforcing the lack of agreement for PVL diagnosis based on this method25. Altogether, there is 
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no standardized objective method yet available for early detection, prevention, and recognize the 

progression of the development of oral carcinoma from PVL lesions. 

The use of molecular techniques could markedly improve the detection of changes that are not 

visible on histopathological analysis, improving the effectiveness of identifying patients with a 

higher risk to develop a carcinoma7,16,26,27. Today there is not a consensus about which 

biomarkers could be helpful to make PVL diagnoses and/or to treatment this pathology28. 

Furthermore, a deeper understanding of the molecular nature of PVL is essential to develop new 

diagnostic and therapeutic tools. 

Saliva is a complex matrix, whose composition can vary depending on autonomic nervous 

system stimulation, circadian rhythm, habits, health-disease status, among others29–31. This has 

aroused great interest in using saliva as a method of diagnosis and control of different diseases, 

both systemic and oral cavity30,31, due to the bountiful molecular content, lesser invasiveness, 

and ease extraction, as well as the low-cost involved30. Advances in the field of saliva have 

established its usefulness as a source of biomarkers comparable to blood, cerebrospinal fluid, 

pleural fluid, and urine30–33, which would allow early screening of different diseases through 

"liquid biopsies"31,32,34. 

The increasing development and innovation have made it possible to improve the resolution of 

proteomics based on mass spectrometry, reaching more sensitive detections on tissue as well in 

saliva32–37. Different software makes possible the differential quantitative analysis of the 

proteome, allowing to explore clusters and nodes of different networks, as well as their 

biological, functional, and metabolic pathways38–43. Consequently, the search for markers in 

tissue and saliva is of paramount importance cause opens up new possibilities of diagnosis and 

possible therapeutic targets for preventing progression to oral carcinoma. 

Therefore, this study aimed to analyse descriptively the PVL proteome from tissue and saliva in 

comparison with OL and find diagnostic biomarkers with therapeutic potential from epithelial 
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tissue as well as the possibility to apply these through the liquid biopsy. Also, investigate their 

correlation with clinical and histopathological features. 

2. METHODS 

2.1. Design and type of study 

This study was conducted based on a descriptive case and control clinical model of retrospective 

analysis with prospective recruitment of patients. Also, was designed following the REMARK 

recommendations for tumour marker prognostic studies44.  

The study was developed between the Oral Medicine Clinical Center of Araraquara, Faculty of 

Dentistry, Sao Paulo State University (UNESP), and the Oral Medicine, Oral Surgery and 

Implantology Unit (MedOralRes), Faculty of Medicine and Dentistry, University of Santiago de 

Compostela, both had the approval of their local institutional ethics committees, under the 

numbers 34361814.9.0000.5416 and 2019/271, respectively. 

Data was gathered from March 2014 to November 2019. Before undertaking the proceedings, the 

subjects’ informed consent was recorded in writing following the Declaration of Helsinki and its 

subsequent amendments. 

2.2. Target conditions and control 

Patients included had been diagnosed with PVL and OL, according to the WHO Classification 

for Head and Neck Tumours1, with different dysplasia grades without carcinoma in situ signals, 

for PVL patients were chosen specifically lesions with an epithelium with verrucous appearance. 

For control purposes were selected patients with an inflammatory reactional non-neoplasm 

process of the oral mucosa. 

2.3. Other exclusion criteria 

Were excluded from the study patients diagnosed with malignant conditions and others OPMD 

as lichen planus, oral lichenoid lesion, oral submucous fibrosis, erythroplakia, actinic cheilitis, 
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oral squamous cell carcinoma, erythroleukoplakia, nicotinic stomatitis, and also patients with 

lesions that showed histologically sign of carcinoma in situ or microinvasive carcinoma. 

2.4. Subjects 

Tissue and saliva samples were compound for 3 groups; PVL, OL, and inflammatory fibrous 

hyperplasia (IFH). For tissue, were five samples for each one group (1 sample from the IFH 

group was missing during protein extraction, so the group was reduced to 4 samples). Saliva 

groups were compound for 7 PVL, 8 OL, and 5 IFH samples. (Details of the patient demographic 

data and samples from each group are shown in Table 1 and supplementary Table 1).  

2.5. Study variables 

Both types of samples were included as variables: diagnosis, substrate, sex, date of birth, age, 

date of sample, date of initial diagnosis, race, clinical presentation, anatomic location of biopsy, 

number of lesions, type of biopsy, type of treatment performed, comorbidities, dysplasia grade, 

previous carcinoma, clinical evolution in the period studied, smoking, cigarettes per day, years of 

smoking, years of smoking ex-smoker and alcohol consumption. 

2.6. Tissue samples processing for LC-MS/MS Qualitative (DDA) and Quantitative 

(Proteome Discoverer 2.1 by Sequest HT algorithm) analysis 

2.6.1. Collection and preparation 

Tissue fragments (20-25mm) were obtained by incisional biopsy, each one was divided into two 

parts of 10mm, one of these fragments was directed for routine histopathological analysis and 

another fragment to freeze for this study. The freezing process was performed with Tissue Tek 

O.C.T. compound in plastic cryomold and liquid nitrogen, followed by storage at -80ºC. The 

tissues for histopathological analysis were fixed in formalin 10% and processed with 

haematoxylin-eosin colouration, to confirm the clinical diagnoses.  

2.6.2. Preparation of the slides and laser microdissection (LM) 
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The frozen samples were cut at 9μm thick slices in a portable cryostat (Leica Microsystem) at -

23°C. Arcturus PEN Membrane Glass Slides (Life Technologies) was used to assemble the slices 

and were immediately stored in a plastic box at -80 °C35. Six slices of biopsy tissue were fixed in 

each slide, three slides with different profundity in the microanatomy were prepared for each 

sample in every group.  

Laser microdissections of the slides containing the slices were coloured with toluidine blue 

staining to be microdissected in the Arcturus XT ™ IR-Laser (LCM - Laser Capture 

Microdissection - Life Technologies), each microdissected tissue was coupled to a cap, obtained 

3 caps for every sample. The microdissected areas correspond just to the stratified squamous 

epithelial tissue. 

2.6.3. Protein extraction and digestion 

Caps with epithelial tissue were coupled in a tube to make a protein extraction and digestion35. 

First, urea 8M was added and then incubated with dithiothreitol (DTT) at 5mM for 25min at 

56°C. Afterwards, iodoacetamide (IAA) was added at a final concentration of 14mM followed 

by incubation for 30 min in the dark at room temperature. The quench of free IAA was 

performed with 5mM DTT via incubation for 15min in the dark at room temperature. Finally, the 

samples were diluted 10-fold with 100mMtris pH8.0 and incubated with sequence grade 

modified Trypsin (Promega) at 1:50 concentration for trypsin: protein during 16hrs at 37°C.  

Samples were acidified with formic acid. The resulting peptides were loaded onto a tip column 

Porous R2 analogue washed with trifluoroacetic acid (TFA) 0.4 %, with a pH low than 2.0. 

Fractions were collected and dried in a speed vacuum concentrator at 2500g for 10min. Dried 

peptides were dissolved in 0.1 % formic acid (FA)35. 

After the protein digestion, normalization was performed considering the lowest size area of 

epithelium adhered to the cap, which was determinate by an area of 9.046.307μm2 that should 
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correspond to a final volume of 20μL. Following this rule were defined the necessary volume of 

FA to add in each sample of the three different groups, to obtain the same protein concentration 

relative to the lowest area of epithelium adhered to the cap before the LC-MS/MS analysis35.  

2.6.4. LC-MS/MS analysis 

Each fraction was analysed in three technical replicates in an Easy-nLC 1000 nano-LC system 

(Thermo Scientific) coupled to a Q Exactive Plus Orbitrap mass spectrometer (Thermo 

Scientific). Samples were loaded onto a trap column (Thermo Scientific EASY-column C18, 

2cm×100μm i.d.×5μm, 120Å) with a flow rate of 5μL/min and separated on the analytical 

column (Thermo Scientific EASY-column  C18, 10cm×175μm i.d.×3μm) with a constant flow 

rate of 250nL/min and gradient of 5–45% for 100min, 45–95% for 7min of B (95% acetonitrile 

(ACN), 0.1% FA). For electrospray was used 2.7kV and 250°C at the inlet of the mass 

spectrometer. The instrument was operated in label-free data-dependent acquisition (DDA) mode 

with a dynamic exclusion of 45ms and full-scan MS spectra with a resolution of 70,000 followed 

by fragmentation of 15 most intense ions with HCD, NCE of 30, and resolution of 17,500 in 

MS/MS scans. Species with a charge of +1 and unassigned were excluded from MS/MS 

analysis35. 

2.6.5. Data analysis  

Raw data were processed using Proteome Discoverer 2.1 Software (Thermo Scientific). Peptide 

identification was performed with the Sequest HT algorithm against the Homo sapiens database 

provided by Uniprot. The searches were performed with peptide mass tolerance of 10ppm, 

MS/MS tolerance of 0.05Da, tryptic cleavage specificity, 2 maximum missed cleavage sites, 

fixed modification of carbamidomethyl (Cys) and variable modification of acetylation of protein 

N-Terminus and oxidation of Methionine.  False discovery rates (FDR) were obtained using 
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Percolator node selecting identifications with a q-value ≤ 0.01. (simplified workflow is shown on 

supplementary 1) 

Statistical analysis was performed with Perseus 1.6.10.43 software, which is available in the 

MaxQuant package. Protein abundance, which was calculated based on ratio area/spectrum 

intensity, obtained from Proteome Discoverer was loaded on Perseus38. The workflow starts 

determining a categorical annotation for each sample and group, then the dataset was filtered by; 

filter rows based on valid values with minimum 70% valid values in at least one group of 

“samples”. A general overview of exclusive and common proteins between the groups was 

performed by a Venn diagram using Bioinformatics & Evolutionary Genomics software. 

Biological interaction pathways and biological processes were performed by Reactome40 and 

FunRich45,46 open-access software (Functional Enrichment analysis tool), respectively. For 

functional enrichment and interaction network analysis of the identified proteome 

(https://reactome.org, http://funrich.org/index.html).  

Subsequently, the data were log2(x) transformed and applied z-score normalization of the 

samples by column using the median, then was calculated the median of the technical replicates 

followed by filter rows based on valid values with minimum 100% valid values in at least one 

group of “group”35,39. Over this last matrix, missing values for the LFQ intensity were imputed 

with random numbers from a normal distribution, the mean and standard deviation of which 

were selected to best simulate low abundance values close to the noise level (imputation width = 

0.3, shift = 1.8)35. Then, a multivariate statistical analysis using principal component analysis 

(PCA) was performed to compare the data across the samples (cut-off method Benjamini-

Hochberg FDR=0.05). Also, two volcano plots were performed to explore the foldchange (FC) 

values for protein expressions on the  PLV group against OL and IFH group (using a t-test 

FDR=0.05 and S0=0.1)35,39. A threshold of ±1.2 for up/down expression was considered. 
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significant differential expression (DE) was assessed over the same imputed matrix using one-

way ANOVA (Permutation-based FDR=0.05, with 250 randomizations) and Post Hoc test 

(FDR=0.05) to compare the three groups. Gene ontology (GO) of the biological process (GOBP), 

cellular component (GOCC), molecular function (GOMF) and pathways using Kyoto 

Encyclopaedia of Genes and Genomes (KEGG) data from Homo sapiens annotations of Uniprot 

database was added to perform enrichment theoretical analysis for these proteins. 

For data visualization of clustering and expression of the proteins in the samples, heat maps with 

z-score values of log2 LFQ intensities were built selecting only proteins that showed DE values 

for OPMD lesions (potential biomarkers), as follow; PVL to OL and IFH, PVL to IFH and OL to 

IFH (simplified workflow is shown on supplementary Contextualtual network analysis by 

Cytoscape by CHAT was performed considering the proteins matrix of PVL/OL FC values 

(considering important the proteins with values >1.2) 41. 

Proteins that showed significant DE values were loaded on STRING open-access software (using 

homo sapiens database, confidence network edges, with highest confidence value =0.900 and 

hiding disconnected nodes) to create a network to highlight the clusters and nodes formed by 

these proteins (https://string-db.org)47,48 

The whole, the selection of the potential biomarkers for immunohistochemistry assays was made 

using the following criteria: 

(I) Significant DE (p<0.05) between PVL against all groups. (II)Proteins were considered 

important from GO annotations when related to the regulation of cell cycle, apoptosis, ageing, 

pathways in cancer, cellular replication, antigen processing and presentation, biological 

regulation, cell death. (III)Theoretical analysis of the proteins highlighted as important in the 

previous points based on the literature research of processes related to malignant transformation 

and their therapeutic potential. (IV)The highest prevalence in the identification across the 

samples on their technical and biological replicates on tissue LC-MS/MS analysis. (V)"Up 
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expressed" proteins for difference values between PVL/OL, and also the behaviour in PVL/IFH 

and OL/IFH FC values. (VI)Consider the nodes that connect the biggest cluster and the possible 

effector nodes on the STRING network. (VII)Considering highlighted proteins and clusters on 

CHAT app. 

2.7. Saliva samples processing for LC-MS/MS Qualitative (DDA) and Quantitative 

(SWATH49) analysis 

2.7.1. Saliva Sample Collection and Processing 

Unstimulated whole saliva (5mL) was collected from case and control subjects by having each 

subject swallow and then expectorate continuously into 20-ml sterile, polypropylene conical tube 

for a period of 5 to 10 minutes50. To minimize the effect of food intake and circadian variation, 

all samples were taken at 8–9 am after the nothing by mouth state, also in other to avoid blood 

contamination of the saliva, participants were asked not to brush their teeth within 45 min before 

sample collection; saliva samples visibly contaminated with blood were discarded and 

recollected32. 

Two aliquots of 30 μL of saliva are precipitated using the method adapted from the described by 

Dr Wessel’s group49,51. The pellet is resuspended in milli-Qwater and submitted to an in-gel 

concentration and in-gel digestion.  

Therefore, to make global protein identification, an equal amount of protein (90μg) from all 

samples were loaded on a 10% SDS-PAGE gel. The run was stopped as soon as the front had 

penetrated 3 mm into the resolving gel 52,53 The protein band was detected by Sypro-Ruby 

fluorescent staining (Lonza, Switzerland), excised, and processed for in-gel, manual tryptic 

digestion as described elsewhere54. Peptides were extracted by carrying out three 20-min 

incubations in 40μL of 60% acetonitrile dissolved in 0.5% HCOOH. The resulting peptide 

extracts were pooled, concentrated in a SpeedVac, and stored at −20 °C. 
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In order to make global protein identification, an equal amount of protein (90μg) from all 

samples were loaded on a 10% SDS-PAGE gel. The run was stopped as soon as the front had 

penetrated 3 mm into the resolving gel 52,53 The protein band was detected by Sypro-Ruby 

fluorescent staining (Lonza, Switzerland), excised, and processed for in-gel, manual tryptic 

digestion as described elsewhere54. Peptides were extracted by carrying out three 20-min 

incubations in 40μL of 60% acetonitrile dissolved in 0.5% HCOOH. The resulting peptide 

extracts were pooled, concentrated in a SpeedVac, and stored at −20 °C. 

2.7.2. Mass spectrometric analysis 

To perform the LC-MS/MS, samples were dissolved in mobile phase A (0.1% formic acid in 

water). 4µL (4µg) of digested peptides were separated using Reverse Phase Chromatography. 

The gradient was created using a micro liquid chromatography system (Eksigent Technologies 

nanoLC 400, SCIEX) coupled to a high-speed Triple TOF 6600 mass spectrometer (SCIEX) 

with a microflow source. The chosen analytical column was a silica-based reversed-phase 

column Chrom XP C18 150 × 0.30 mm, 3 mm particle size and 120 Å pore size (Eksigent, 

SCIEX). The trap column was a YMC-TRIART C18 (YMC Technologies, Teknokroma with a 3 

mm particle size and 120 Å pore size, switched on-line with the analytical column. The loading 

pump delivered a solution of 0.1% formic acid in water at 10 µL/min. The micro-pump 

generated a flow-rate of 5 µl/min and was operated under gradient elution conditions, using 0.1% 

formic acid in water as mobile phase A, and 0.1% formic acid in acetonitrile as mobile phase B. 

Peptides were separated using a 90 minutes gradient ranging from 2% to 90% mobile phase B 

(mobile phase A: 2% acetonitrile, 0.1% formic acid; mobile phase B: 100% acetonitrile, 0.1% 

formic acid).  

Data acquisition was performed in a TripleTOF 6600 System (SCIEX, Foster City, CA) using a 

Data-dependent workflow (DDA). Source and interface conditions were the following: ion spray 
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voltage floating (ISVF) 5500 V, curtain gas (CUR) 25, collision energy (CE) 10 and ion source 

gas 1 (GS1) 25. The instrument was operated with Analyst TF 1.7.1 software (SCIEX, USA). 

Switching criteria was set to ions greater than mass to charge ratio (m/z) 350 and smaller than 

m/z 1400 with a charge state of 2–5, mass tolerance 250ppm and an abundance threshold of 

more than 200 counts (cps). Former target ions were excluded for 15 s. The instrument was 

automatically calibrated every 4 hours using external calibrant tryptic peptides from PepCalMix. 

2.7.3. Data Analysis 

After MS/MS analysis, data files were processed using ProteinPilotTM 5.0.1 software from 

Sciex which uses the algorithm ParagonTM for database search and ProgroupTM for data 

grouping. Data were searched using a Human-specific Uniprot database. False discovery rate 

was performed using a non-linear fitting method displaying only those results that reported a1% 

Global false discovery rate (FDR) or better. 55 

2.7.4. Protein quantification by SWATH (Sequential Window Acquisition of all 

Theoretical Mass Spectra)  

2.7.4.1. Creation of the spectral library  

In order to construct the MS/MS spectral libraries, the peptide solutions were analysed by a 

shotgun data-dependent acquisition (DDA) approach by micro-LC-MS/MS, as described 

previously. To get a good representation of the peptides and proteins present in all samples, 

pooled vials of samples from each group (IFH, OL and PVL) were prepared using equal mixtures 

of the original samples. 4μL (4µg) of each pool was separated into a micro-LC system Ekspert 

nLC425 (Eksigen, Dublin, CA, USA) using a column Chrom XP C18 150 × 0.30 mm, 3 mm 

particle size and 120 Å pore size (Eksigent, SCIEX). at a flow rate of 5µL/min. Water and ACN, 

both containing 0.1% formic acid, were used as solvents A and B, respectively. The gradient run 

consisted of 5% to 95% B for 30 min, 5 min at 90% B and finally 5 min at 5% B for column 
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equilibration, for a total run time of 40 min. When the peptides were eluted, they were directly 

injected into a hybrid quadrupole-TOF mass spectrometer Triple TOF 6600 (Sciex, Redwood 

City, CA, USA) operated with a data-dependent acquisition system in positive ion mode. A 

Micro source (Sciex) was used for the interface between microLC and MS, with an application 

of 2600 V voltage. The acquisition mode consisted of a 250 ms survey MS scan from 400 to 

1250 m/z followed by an MS/MS scan from 100 to 1500 m/z (25 ms acquisition time) of the top 

65 precursor ions from the survey scan, for a total cycle time of 2.8 s. The fragmented precursors 

were then added to a dynamic exclusion list for 15 s; any singly charged ions were excluded 

from the MS/MS analysis. 

The peptide and protein identifications were performed using Protein Pilot software (version 

5.0.1, Sciex) with Data that were searched using a Human-specific Uniprot database, specifying 

iodoacetamide as Cys alkylation. The false discovery rate (FDR) was set to 1 for both peptides 

and proteins. The MS/MS spectra of the identified peptides were then used to generate the 

spectral library for SWATH peak extraction using the add-in for PeakView Software (version 

2.2, Sciex) MS/MSALL with SWATH Acquisition MicroApp (version 2.0, Sciex). Peptides with 

a confidence score above 99% (as obtained from Protein Pilot database search were included in 

the spectral library).  

2.7.4.2. Relative quantification by SWATH acquisition  

SWATH (Sequential Window Acquisition of all Theoretical Mass Spectra) – MS acquisition was 

performed on a TripleTOF® 6600 LC-MS/MS system (AB SCIEX). Samples were analysed 

using a data-independent acquisition (DIA) method (30 total samples). Each sample (4 μL (from 

an mg/ml solution) was analysed using the LC-MS equipment and LC gradient described above 

for building the spectral library but instead using the SWATH-MS acquisition method. The 

method consisted of repeating a cycle that consisted of the acquisition of 100 TOF MS/MS scans 
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(400 to 1500 m/z, high sensitivity mode, 50 ms acquisition time) of overlapping sequential 

precursor isolation windows of variable width (1 m/z overlap) covering the 400 to 1250 m/z 

mass range with a previous TOF MS scan (400 to 1500 m/z, 50 ms acquisition time) for each 

cycle. The total cycle time was 6.3 s. For each sample set, the width of the 100 variable windows 

was optimized according to the ion density found in the DDA runs using a SWATH variable 

window calculator worksheet from Sciex. 

2.7.4.3. Data analysis  

The targeted data extraction of the fragment ion chromatogram traces from the SWATH runs 

was performed by PeakView (version 2.2) using the SWATH Acquisition MicroApp(version 

2.0). This application processed the data using the spectral library created from the shotgun data. 

The retention times from the peptides that were selected for each protein were realigned in each 

run according to the iRT of peptides from each sample that were eluted along the whole-time 

axis. PeakView computed an FDR and a score for each assigned peptide according to the 

chromatographic and spectra components; only peptides with an FDR below 1% were used for 

protein quantitation. Up to ten peptides per protein and seven fragments per peptide were 

selected, based on signal intensity; any shared and modified peptides were excluded from the 

processing. Five-minute windows and 30 ppm widths were used to extract the ion 

chromatograms; SWATH quantitation was attempted for all proteins in the ion library that were 

identified by ProteinPilot with an FDR below 1%. The extracted ion chromatograms were then 

generated for each selected fragment ion; the peak areas for the peptides were obtained by 

summing the peak areas from the corresponding fragment ions.  

The integrated peak areas (processed. mrkvw files from PeakView) were directly exported to the 

MarkerView software (AB SCIEX) for relative quantitative analysis. The export will generate 

three files containing quantitative information about individual ions, the summed intensity of 
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different ions for a particular peptide and the summed intensity of different peptides for a 

particular protein. MarkerView has been used for the analysis of SWATH-MS data reported in 

other proteomics studies56–59 because of its data-independent method of quantitation. 

MarkerView uses processing algorithms that accurately find chromatographic and spectral peaks 

direct from the raw SWATH data. Data alignment by MarkerView compensates for minor 

variations in both mass and retention time values, ensuring that identical compounds in different 

samples are accurately compared to one another. To control for possible uneven sample loss 

across the different samples during the sample preparation process, we performed a global 

normalization based on the total sum of all the peak areas extracted from all the peptides and 

transitions across the replicates of each sample. Unsupervised multivariate statistical analysis 

using principal component analysis (PCA) was performed to compare the data across the 

samples (PCA were plotting using as parameters square root and range scale). The average MS 

peak area of each protein was derived from the replicates of the SWATH-MS of each sample 

followed by Student’s t-test analysis using the MarkerView software for comparison among the 

samples based on the averaged area sums of all the transitions derived for each protein. The t-test 

will indicate how well each variable distinguishes the two groups, reported as a p-value.  

A general overview of exclusive and common proteins between the groups was performed using 

the library of Protein Pilot database selectin proteins with FDR below 1% (by a Venn diagram 

using Bioinformatics & Evolutionary Genomics software). 

Biological interaction pathways and biological processes were performed byReactome40 and 

FunRich45,46open-access software (Functional Enrichment analysis tool), respectively 

(https://reactome.org,http://funrich.org/index.html).  

For this library, was considered in each comparison that a protein was differentially expressed 

when has a p-value <0.05 and FC> 1.2-fold or FC< 0.83.  
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All proteins identification on PVL saliva samples and proteins that showed DE values were 

loaded separately on STRING open-access software(using homo sapiens database, confidence 

network edges, with highest confidence value =0.900 and hiding disconnected nodes) to create 

two different networks highlight the clusters and nodes formed by these proteins (https://string-

db.org)47,48 

2.8. Multiple comparisons  

Considering the limitation in the number of samples used for the LC-MS/MS a combined 

analysis using tissue and saliva samples was performed to evaluate the intensity of protein 

identification in the most important proteins presented in tissue and saliva samples related to the 

grade of dysplasia. 

2.9. Immunohistochemical methods 

For immunohistochemical (IHC) staining, 3 µm thick sections were placed on slides properly 

coated with organo-silane (Sigma-Aldrich, St Louis, MO, USA), were included for this stage; 31 

PVL samples from Spain, 31 PVL, 32 OL and 25 IFH cases from Brazil, also 75 PVL and 17 OL 

samples from Finland. Briefly, the sections were deparaffinized and rehydrated in graded ethanol 

solutions. After antigen retrieval with EDTA/Tris buffer (pH 9.0) in a microwave oven (1380 W; 

Panasonic, Sa ̃o Paulo, Brazil), endogenous peroxidase activity was blocked with 20% H2O2 

using five cycles of 5 min each. Overnight incubation with the primary antibodies for CALR, 

YWHAQ and GNB2L1 (Table 2) diluted in bovine serum albumin (BSA) was followed by 

incubation with the secondary antibody conjugated with polymer dextran marked with 

peroxidase (Dako EnVision Labeled Polymer; Dako, Glostrup, Denmark). Reactions were 

developed with a solution containing 0.6mg/ml 3,3’diaminobenzidine tetrahydrochloride (DAB, 

Sigma‐Aldrich, Saint Louis, MO, USA) and 0.01% H2O2 and counterstained with Carazzi’s 

haematoxylin for 5 minutes. Thereafter, the sections were dehydrated in a series of graded 
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ethanol solutions, diaphanized and mounted in Canada balsam under cover glasses.  Positive and 

negative controls were included in all reactions. 

2.10. Marking Intensity of Immunohistochemistry assay 

Proteins expression was assessed with the aid of the Aperio ImageScope 12.4.3 (Leica 

Biosystems Division of Leica Microsystems Inc., USA). This step was performed by blind 

evaluators who didn't know which lesion was assessed. Briefly, glass slides were scanned into 

high-resolution images, which were analysed in the Pixel Count V9 algorithm software (Aperio 

ImageScope 12.4.3, USA). The keratinocyte cells were delimitated in a zoom x5 view and by 

using specific input parameters (hue value = 0.101, hue width = 0.00, colour saturation threshold 

= 0.101), the percentage of cytoplasm positivity was calculated and classified in three range 

categories, according to its staining intensity as weak (from 160 to 244), moderate (from 138 to 

160) and strong (from 100 to 138). To each category, an intensity score was set: 1 for weak, 2 for 

moderate, and 3 for strong staining. Marking Intensity (MI) final scores were calculated as the 

sum of the percentage of each category weighted by its intensity score, using the following 

equation: [(%weak x 1) + (%moderate x 2) + (%strong x 3)]60,61. Marking Intensity findings are 

described using descriptive statistics.  

Statistical analysis was performed by a blinded statistician, without knowing who were the 

groups compared. Normal distribution was analysed using the Shapiro-Wilk test. The presence of 

outliers was checked. Homoscedasticity was assessed through Box’s Test of Equality of 

Covariance Matrices and Levene’s Test of Equality Variances. Therefore, the multivariate 

analysis of variance (Manova one-way) was applied. Differences among groups were analysed 

using the post hoc Games-Howell test. Statistical analysis was performed by IBM SPSS 

Statistics 20.0 (α= 0.05) and graphics images were built using GraphPad Prism version 6.0. 
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3. RESULTS 

3.1. Clinical and demographic data 

Table 1 summarises the characteristics of the patients and samples included in this study. The 

PVL population consist mainly of women (91.7%), while de OL was compound mostly by men 

(69.2%). PVL samples were biopsied principally from jugal mucosa, tongue and keratinized 

gingival tissue, as well, OL samples were biopsied mainly from the tongue (p=0.029). More than 

half of the PVL patients did not present associated comorbidities as well as the OL patients. PVL 

samples showed mainly high-grade (41.7%) and low-grade dysplasia (33.3%), while the OL 

samples exhibited low grade (53.8%) and absence (30.8%) of dysplasia.  Over 83% of the 

population in OPMD the samples were non-smokers and no alcohol consumption was declared. 

3.1.1. Follow-up in the study period 

Till the redaction of this manuscript three of the five patients from the PVL tissue samples group 

developed an oncological event, and the other two presented recurrence in the PVL lesion 

without signs of malignancy in the histological analysis, there are still under follow up. 

3.2. Protein Discoverer and overview of the proteome of tissue samples 

The statistical analysis of detected proteins started with 663 proteins (FDR≤ 0.01) identified 

between groups from Proteome Discoverer (data are not shown). After the filtering process was 

kept 309 proteins, and the general overview of these by Venn diagram exhibited 110 and 2 

exclusive proteins for PVL and OL, respectively (figure 1).  

3.2.1. Biological Interaction Pathways and Biological process of tissue samples 

Using the UniProt code of each protein of the PVL group, 266 out of 305 identifiers in the 

sample were found in Reactome, where 851 pathways were hit by at least one of them (details 

are shown in report 1, supplementary material), and the most significant represented pathways 
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were related to the immune system, cell cycle, DNA replication, apoptosis and metabolism of 

proteins (figure 2 & Supplementary 5). While in the OL group, 137 out of 157 identifiers in the 

sample were found in Reactome, where 652 pathways were hit by at least one of them (details 

are shown in report 2, supplementary material), and the most significant represented pathways 

were related to DNA repair, apoptosis, cellular responses to stress, immune system and cell cycle 

(figure 2  & Supplementary 6). 

Biological processes, assessed by the FunRich tool; that involve the immune system, cell cycle 

control, programmed cell death, cell activity and the characteristics of cell phenotype have a 

higher number of proteins matched with those in the PVL group, in contrast, the to OL group 

(figure 3). 

3.2.2. Proteome Analysis 

Subsequently, the data related to the 309 proteins matrix were processed as mentioned above to 

develop a new matrix with 89 proteins. 

3.2.2.1. Principal component analysis (PCA) 

Using this last matrix, according to the principal components of the samples, the PVL group is 

located on the right side of the graph while the OL and IFH groups are located more nearly 

between them on the left side (PC1=36.9%, figure 4).  

3.2.2.2. Significance Analysis of tissue samples 

FC assessment of PLV/OL resulted in 32 significant proteins (figure 5) and PVL/IFH resulted in 

37 significant proteins (figure 6). 

DE was assessed and resulted in 51 differential expressed proteins between the groups 

(Permutation-based FDR=0.05, with 250 randomizations). GOBP, GOCC, GOMF and KEGG 

data from Homo sapiens annotations of the Uniprot database was added to perform enrichment 

theoretical analysis for these proteins.  



 
 

 

103 

 

Regarding OPMD samples only 43 proteins (potential biomarkers) showed significant DE 

values, post-test pointed up that 18 proteins of PVL in compression with OL and IFH at the same 

time, 10 proteins of PVL to OL, 13 proteins of PVL to IFH and 6 proteins of OL to IFH; were 

expressed significantly different (FDR=0.05) between the groups mentioned above (left-hand 

side of Table 3). Figure 7 shows the data visualization of clustering and expression of these 

potential biomarkers by a heatmap, this means that are displaying the intensities of each protein 

in every sample, allowing to build different clusters based on the amount of protein detected on 

the samples, note that the PVL samples are grouped strictly separate from the control group and 

the OL samples. 

3.2.3. Bioinformatic functional network analysis 

Contextual analysis performed over the 89 proteins matrix on Cytoscape by CHAT app shows 

that YWHA family proteins are weighty considering the FC values of PVL/OL (figure 8). 

The STRING network built with the same matrix above for OPMD samples revealed six 

principal clusters, where one of the shows YWHA family proteins also linked with two other 

clusters compounded by chaperons’ proteins like heat shock proteins, CALR and others like 

ALDOA, GAPDH, GDI2, RAB11A; another cluster is related to ribosomal protein activity, 

linked by GNB2L1, and the final is related to keratin proteins family (figure 9). 

3.2.4. Selection of biomarkers 

The whole, the selection of the potential biomarkers were made using the criteria mentioned in 

de material and methods section, the following proteins; identified on tissue samples, qualified as 

biomarkers and were chosen for immunohistochemistry assays: CALR, YWHAQ, GNB2L1. 

3.3. Identification and overview of the proteome of saliva samples 

Across the three groups, 374 proteins (FDR≤ 0.01) were identified from ProteinPilot™ (data are 

not shown). Between all these identified proteins; 282 corresponded to PVL, 287 to OL and 247 
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to the control group. To the general overview of the distribution of these identified proteins a 

Venn diagram was performed, exhibiting 190 common proteins in the groups and 53 and 49 

exclusive proteins for PVL and OL, respectively (figure 10).  

3.3.1. Biological Interaction Pathways and Biological process of saliva samples 

Using the uniport code of each protein of the PVL group, 285 out of 369 identifiers in the sample 

were found in Reactome, where 1034 pathways were hit by at least one of them (details are 

shown in report 3, Supplementary 9), and the most significant represented pathways were related 

to the immune system and apoptosis (figure 11 & Supplementary 7). While in the OL group, 231 

out of 287 identifiers in the sample were found in Reactome, where 908 pathways were hit by at 

least one of them (details are shown in report 4, Supplementary 10), and the most significant 

represented pathways were related to the immune system, DNA repair and cell cycle (figure 11 

& Supplementary 8). 

Biological processes that involve the immune system, cell cycle control, programmed cell death, 

cell activity and the characteristics of cell phenotype have a higher number of proteins linked 

with these in the PVL group, in contrast to the OL group (figure 12). 

3.3.2. Proteome Analysis 

3.3.2.1. Principal component analysis (PCA) 

According to the principal components of saliva samples, the PVL group is located mainly on the 

left side while the OL and IFH groups are located more nearly between them on the right side in 

the graph (PC1=81.6%, figure 13).  

3.3.2.2. Significance Analysis of tissue samples 

DE and FC were assessed by MarkerView, this showed PLV/OL resulted in 60 significant 

proteins, with 28 proteins with FC values under the threshold (-1.2) and 12 proteins without 

statistical significance but they pointed up because their presence where detect on tissue 
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proteomic analysis (supplementary Table 2) and PVL/IFH resulted in 62 significant proteins, 

with 32 proteins with FC values under the threshold, 1 over the threshold and 13 proteins without 

statistical significance but they pointed up because their presence where detect on tissue 

proteomic analysis (supplementary Table 3). 

3.4. Proteomic analysis of tissue and saliva samples 

Based on DE and FC values, there were 20 proteins matched identified on tissue and saliva (top 

of Table 3). Nevertheless, each substrate had other proteins highlighted as important (bottom of 

Table 3); tissue and saliva samples presented 28 and 39 different proteins, respectively. 

Table 4 presents multiple comparisons between protein expression and grade of dysplasia in all 

PVL samples analyzed by LC-MS/MS, note that almost of proteins showed a significantly higher 

amount of protein detected on high-grade dysplasia in comparison with low-grade and without 

dysplasia. Besides, the ENO1 and HSPA1B showed significant differences just in the 

comparison of high-grade and without dysplasia. Nonetheless, the comparison between the low-

grade and without dysplasia only was significant for the SERPINB5 (p=0.04).  

3.5. Marking Intensity of Immunohistochemistry assay  

The independent factor assessed by each multivariate analysis was the biomarker (CALR, 

YWHAQ, GNB2L). The dependent variates were Group 1, Group 2, Group 3, which encodes the 

lesions groups OL, PVL, IFH, respectively. Thus, this characterized a one-way multivariate 

analysis of variance design. (The descriptive statistics are shown in Supplementary Table 4. An 

example of MI counting is shown in Supplementary 11). 

The distribution of data was normal and heteroscedastic according to Box’s Test of Equality of 

Covariance Matrices and Levene’s Test of Equality Variances (both p<0.001). Therefore, Pillai’s 

trace was used to evaluate the multivariate analysis of variance of the three biomarkers, showing 

statistically significant differences across the groups for each biomarker (p<0.001).  
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Games-Howell test showed statistically significant differences in the intraepithelial expression of 

CALR which was higher in PVL than OL (p=0.003), despite the expression of CALR being 

greater in PVL than IFH there was no statistically significant difference. The YWHAQ was 

broader expressed in OL compared with IFH (p=0.002) and also higher expressed in PVL in 

comparison with IFH (p<0.001), while the expression in PVL was higher than OL there was no 

statistically significant difference among these. Additionally, the GNB2L was more expressed in 

OL compared with IFH (p<0.001) and also greater in PVL in comparison with IFH (p<0.001), 

and was observed a higher expression in PVL than OL, however, there was no statistically 

significant difference between these (Statistical information is shown in Supplementary Tables 5 

and 6). 

4. DISCUSSION 

Proteomics based on mass spectrometry is a promising approach for OPMD because allows the 

discovery of molecular signatures that clinical examination and histopathological analysis can’t 

be seen 7,16,22–27. Therefore, this study aimed to determine the PVL proteome from tissue and 

saliva in comparison with OL, and find diagnostic biomarkers with therapeutic potential from 

epithelial tissue as well as the possibility to apply these through the liquid biopsy, to develop 

new insight into diagnostic and treatment tools.  

PVL samples showed a higher amount of protein detected in comparison with OL and controls in 

tissue samples as well in saliva (figure 1 and figure 10). Across the different pathways built with 

the identified proteins in PVL samples, both in tissue and saliva, is possible to note a huge 

difference between this lesion and OL regarding the immune system paths, certainly working in 

the immunosurveillance process62–64, and this higher amount in immune system pathways would 

be explained probably due to the more malignant behaviour of PVL compared with OL11 (figure 

2 and figure 11).  
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Moreover, this greater malignancy capability would be related to a higher number of pathways 

from the cell cycle detected on PVL samples. Regardless, in response to the deregulation of the 

cell cycle, the cell can act also with another mechanism to control this situation, as was seen in 

the tissue PVL proteome; exhibiting a higher number of proteins related to apoptosis and DNA 

repair pathways (supplementary 5), or in saliva PVL proteome exhibiting a higher number of 

proteins related to apoptosis (supplementary 7). This molecular pattern seems to agree with the 

clinical behaviour of PVL, which shows a tendency to malignant transformation slowly and 

progressively over the time1,2,10,12, without enough capacity of autoregulation since this lesion 

will progress to a carcinoma among 26.7% to 72.4% of cases11. 

Tissue and Saliva PCA (figure 4 and figure 13) shows clearly how is possible to separate and 

cluster the groups only based on the proteome of samples, PVL is further away from OL and 

control groups, demonstrating that these lesions have a different molecular composition, and the 

visualization of these features could help to solve the lack in the assessment based only in 

clinical and histopathological criteria’s, which have proven poor reproducibility, high intra and 

inter-observer variability and conflicts in the agreement for PVL diagnosis5,22–25. These 

differences in the molecular composition in PVL suggest that this diagnosis could be a different 

entity from OL and should not be considered as a variation or more aggressive form of OL. 

Otherwise, the closeness between OL and control is in agreement with the potential of malignant 

transformation of OL, who not exceed 1.56% annually11, since the control group are only 

inflammatory lesions without the potential of malignant transformation, it is logical to think that 

the samples that are closer to the control group (figure 4 and figure 13) will be more similar, 

molecularly, and consequently will have a lower potential for malignant transformation. 

PVL not only present some exclusive proteins (figure 1 and figure 10), also tissue fold change 

assessment exposes that 32 proteins are present in PVL and OL and these are upper expressed in 

PVL samples (figure 6), as well 37 are upper expressed in PVL in comparison with the control 
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group (figure 7), demonstrating that the difference in clinical behaviour can be identified by the 

proteome of these (molecular pattern) and not only by histological analysis. The upper 

expression of these proteins also could explain the reason for PVL has the higher malignant 

transformation rate among OPMD3–5,11,12 and the differences in the pathways expressed in PVL 

and OL (figure 2 , figure 11, supplementary 5, supplementary 6, supplementary 7 and 

supplementary 8). 

Quantitative tissue analysis of DE reveals 43 proteins that are expressed significantly higher in 

PVL samples (FDR=0.05) (left-hand side of Table 3), and these lead to cluster the samples only 

based on intensity (figure 7), showing again that the proteome, in terms of differential protein 

expression, allows to differentiates the diagnoses. 

The saliva proteome analysis showed a limited number of proteins identified also on tissue 

samples (top of Table 3), and not everyone showed significant DE or FC values, this lack could 

be due to the limited number used in LC-MS/MS analysis, but independently of this limitation, 

does not detract from the finding of the detection of important proteins in both, tissue and saliva, 

proven the utility of liquid biopsies. 

Based on tissue PVL/OL FC values (left-hand side of Table 3) the contextual analysis 

highlighted the members of the YWHA proteins family, reflecting that the interactions on the 

different proteins that compound the matrix of PVL samples are strongly linked by the activity 

and function of these proteins (figure 8). Also, the network projected through STRING showed a 

cluster of the same proteins (figure 9), which have been implicated in the regulation of several 

intracellular signalling processes, including cell cycle, cell proliferation, cell migration, DNA 

damage checkpoint, apoptosis, autophagy, modulation of gene expression and regulation of 

oncoproteins and tumour suppressor proteins, in these last by binding YWHA proteins they can 

modulate their activity, cellular localization, stability and interactions65–67. Further, the 
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overexpression of YWHA proteins is strongly associated with development, poor survival rates 

and worst treatment outcomes in brain, lung, breast, liver and bladder tumours 66,68–80. 

The YWHAQ also known as 14-3-3 protein theta/tau (14-3-3 θ/τ), is a member of the YWHA 

proteins family, who was proved in vitro assays when Tenascin-C, an extracellular matrix 

protein highly expressed in almost all solid tumours with antiadhesive properties, was expressed 

promoting growth of tumour cells by increasing 14-3-3τ expression, which consequently turns 

has a positive effect on tumour cell adhesion and growth81. Besides, studies in glioma showed 

that 14-3-3θ negatively regulates the nuclear function of the SLC2A4 regulator who induces cell 

apoptosis via caspase-3 and caspase-6 in glioma cells, leading to tumour progression82. Also, the 

14-3-3 θ/τ protein suppressed the activity of signal-regulating kinase 1, which is responsible for 

inducing apoptosis in glioma cells68.  

In addition, other observations in cholangiocarcinoma (CCA) searching about notch signalling, 

who regulates a wide variety of processes like stem cell self-renewal, cell fate specification, 

differentiation, proliferation, and apoptosis; demonstrated by LC-MS/MS that NOTCH1 may 

cooperate with 14-3-3 theta to promote CCA cell survival83. Further, in lung cancer cells was 

detected an overexpression exclusively of 14-3-3 θ in comparison with normal mucosa, as well 

in breast cancer cells, in this last, the overexpression of 14-3-3 θ was also correlated with 

advanced TNM stage, lymph node metastasis, estrogenic negative status and poor clinical 

outcome 66,72,84. Other studies showed that the reduction in 14-3-3 (109109ß, ε, ζ and θ) proteins 

whichs were overexpressed in cultured lung cells leads to a greater sensitivity to killing by 

radiation71.  

The Overexpression of 14-3-3τ in breast cancer cells exerts an inhibitory effect in tamoxifen-p21 

induction and G1/S arrest leading to tumoral progression and then was also correlated with 

shorter patient survival69. Moreover, another study observed in breast cancer cell FC values over 

1.5 for 14-3-3 θ/τ expression and this overexpression was significantly associated with 
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chemotherapy resistance85. Furthermore, a different study with western blot analysis of breast 

cancer cells demonstrated that the inhibition of 14-3-3τ with dicaffeoylquinic acids avoided cell 

proliferation and metastasis via Jak/PI3K/Akt and Raf/ERK pathway, which promote IL6 and 

CSF3 expression raised by CREB (CREBBP, CREB5) and induced cell apoptosis via 

Bad/Bax/caspase 9 signalling pathway86. 

In the LC-MS/MS performed in this study the YWHAQ was identified and differentially 

expressed on tissue (q=0.02) as well in saliva samples, but in this last almost reach significance 

(q=0.06) possibly due to the limited number of samples included in the LC-MS/MS. Otherwise, 

the FC values on tissue are opposite to the saliva samples, since saliva only contain secreted and 

non-linked forms of proteins, it is possible to think that the highest FC PVL/OL values on tissue 

represent the YWHAQ linked or acting in different biological process and pathways, while in 

saliva the PVL/OL FC value is too down expressed because much of the YWHAQ protein is 

interacting with other proteins and then the free/non-linked amount of YWHAQ is very limited 

in saliva. Despite that, the presence of this protein in PVL needs to be examined more deeply 

cause of the higher FC values of YWHA proteins in tissue samples, the opposite behaviour in FC 

values and also the detection of saliva samples is not a casualty (Table 3). Even more, taking all 

the m/z data of differentially expressed proteins the statistical analysis showed that the 

expression of YWHAQ, YWHAE, YWHAZ, YWHAB were significantly higher in high-grade 

dysplasia samples compared with low-grade and without dysplasia samples (Table 4). Moreover, 

the IHC assays analysed by MI showed higher YWHAQ expression on PVL samples than the 

other two groups, however only were statically difference between the OPMD lesions compared 

with control (p<0.01) and not between of them (supplementary Table 6) this information 

reinforce our idea that these proteins collaborate with the malignant transformation process of 

OPMD, mainly in PVL.  
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The YWHA cluster is linked with two clusters compounded mainly by chaperons’ proteins like 

heat shock proteins (HSPA1B, HSPA8, HSP90AA1), CALR and others like ALDOA, GAPDH, 

GDI2, RAB11A (figure 9). Among these, heat shock proteins have the ability to maintain, 

stabilize and activated oncogenic proteins87–89. Indeed, HSP70 (encoded by HSPA1B) and 

HSP90 (encoded by  HSP90AA1) balance p53 transcriptional behaviour, a well-known tumour 

suppressor, by regulating conformation and DNA binding activity90. Besides, HSP90 participates 

in the regulation of autophagy pathways which are implicated in cancer development, still, some 

inhibitors have been used for cancer therapy for preventing drug resistance, regulation of 

autophagy, as well as diminishing cellular proliferation, growth and inducing cell apoptosis87–

89,91–95. Furthermore, HSP90 protein also was related to the promotion and survival of cells in 

Burkitt lymphoma96 and nasopharyngeal carcinoma95, and their depletion was correlated with 

better outcomes after surgery in gastric cancer97. On the other hand, some evidence released the 

possibility of bringing the immunotherapies with inhibitors of HSP90, since the inhibition can 

potentiate T-cell-mediated anti-tumour immune responses98. 

Calreticulin (CALR) is highly related to the carcinogenesis process. This protein acts as a cell 

surface marker for phagocytosis by macrophage or another immune cell, as the dendritic cell99. 

There is evidence showing that the macrophages would secret CALR to bind on 

asialoglycoproteins on the cell surface to target the cell and eliminate, and the malignant cell 

would express a significantly higher level of CALR-binding molecules than normal cells100,101. 

Besides, CALR would act favouriting the acetylation as an inhibitor histone deacetylase (HDAC) 

which would provide antitumor activity, upregulating genes responsible for apoptosis, cell cycle 

arrest and cellular differentiation and these hyperacetylation conditions also would improve 

enhance the therapeutic efficacy of the conventional antitumoral treatments99,102,103.  

Nevertheless, upper expression of CALR was associated with high tumour cell proliferation, cell 

growth, upregulation of vascular endothelial growth factor and metastasis, in some types of the 
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tumour as ovarian, pancreatic, gastric, prostate cancers and oral cancer, despite that, this relation 

does not mean causality between CALR and pro-tumoral cell behaviour99,104; regardless, 

contradictory observations are suggesting the deleterious effect of CALR in cancer cell survival 

and proliferation, like in bladder cancer, prostate cancers and neuroblastoma cells, where would 

diminish de epithelial-mesenchymal transition. Presently, is not clear if CALR exerts an effect 

prooncogenic, antitumoral or both depending on the location on cell and state (binding or solely) 

of this protein99,105, or if his high presence in some type of cancers is a cellular response to stop 

the malignancy process, acting only as antitumoral protein. 

The LC-MS/MS shows only the presence and differential expression of CALR on tissue samples 

(q<0.00) with high FC values over 1.2 to the PVL/OL and PVL/control comparisons (left-hand 

side of Table 3). The absence in saliva could be explained since CALR works as a protein-ligand 

and lives between the endoplasmic reticulum, cytosol and extracellular surface of the plasma 

membrane, when is secreted extracellularly will bind with other cell surfaces of plasma 

membrane104,106–109. On the other hand, the IHC assays analysed by MI showed higher CALR 

expression on PVL samples than the other groups, and only this biomarker was capable to 

distinguish between PVL and OL (p<0.01), although not between OPMD and control 

(supplementary Table 6), maybe due the inflammatory nature of the IFH. 

Regarding the cluster with ribosomal proteins (RPs), linked by GNB2L1, could be hypostatized 

that they are in agreement with the functions of clusters mentioned above. Ribosomal proteins 

have extra-ribosomal functions, that can include participation in apoptosis, cell cycle arrest, cell 

proliferation, neoplastic transformation and cell migration and invasion110. The extra-ribosomal 

activity is chiefly mediated and regulated by the p53-MDM2 axis110,111 or by the RPs binding 

through c-Myc and SP1, and nucleophosmin (p53-independent manner)110,112–114.  

The overexpression of RPs was associated with diverse types of cancers like prostate, gastric, 

lung, oesophageal, breast, osteosarcoma, renal cell carcinoma, melanoma, glioblastoma, ovarian 
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tumours; impacting on poor prognosis, short survival rates and negative predictor of metastasis-

free survival110. Notwithstanding, in colorectal and liver cancer the overexpression seems to be 

associated with a better prognosis and better overall survival, respectively 110.  

The Guanine nucleotide-binding protein subunit beta-2-like 1 (GNB2L1) also known as 

Receptor for activated C kinase 1 (RACK1) in other species, is a multifunctional scaffold protein 

that acts in a wide range of biological processes, including signal transduction, immune response, 

cell growth, migration, cell adhesion and differentiation, and also has been implicated in the 

promotion of tumour invasion and metastasis115–120. Further, the inhibition of RACK1 affected 

negatively the cell proliferation, cell migration, invasion and adhesion in neuroblastoma121, also 

induced apoptosis in hepatocellular carcinoma122 and too provoked a reduction in senescence in 

cervical cancer cells123.  

The overexpression of RACK1 was reported in assorted kinds of tumours including breast, 

thyroid, melanoma, lung, brain, colorectal, pancreas and OSCC124–134. Regardless that the 

overexpression can promote progression in these tumours, in colon play an oncogenic role by the 

down expression, inducing autophagy and promoting proliferation and survival of tumour 

cells135, furthermore, in lesions with helicobacter pylori infection, the downregulation leads to 

the elevated activation of the NF-κB signalling pathway, inducing carcinogenesis136. 

RACK1 stimulates the progression and survival of malignant tumours in OSCC through several 

pathways, including inhibition of G1 and G2 phase arresting via upregulation of Cyclin B1 and 

Cyclin D1. When RACK1 was knockdown led to decrease tumour volume and the expression of 

Ki67, CD34, and VEGF in vivo. Also, the knockdown can downregulate the protein levels of p-

AKT, p-mTOR, and p-S6, affecting negatively growth, survival, adhesion, migration and 

invasion of tumoral cells137,138. The overexpression of RACK1 in OSCC was strongly related to 

Ki67, proving to be a good regulator of cell survival through favouring anti-apoptotic activities, 

also lesions with high expression of RACK1 were correlated with the severity of the epithelial 
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dysplasia, clinical stage, lymph node involvement, recurrence and more aggressive behaviour, 

the whole indicating a poor clinical outcome 133,139.  

The LC-MS/MS shows only the presence and differential expression of GNB2L1on tissue 

samples (q<0.00) with high FC values over 1.2 to the PVL/OL and PVL/control comparisons 

(left-hand side of Table 3). The absence in saliva could be explained since GNB2L1 works as a 

protein receptor and is mainly located in the cell nucleus, perinuclear region, plasma membrane 

and rarely in the extracellular medium140–144. Furthermore, the IHC assays analysed by MI 

showed greater GNB2L1 expression on PVL samples than the other two groups, regardless of 

the statically difference only was between the PVL and OL cases compared with control 

(p<0.01) (supplementary Table 6). As well as in the case of the YWHAQ, it appears that these 

proteins only differentiate OPMD from controls but not from each other, maybe these two 

biomarkers are a common denominator in the malignant transformation process, and the amount 

expressed may be related to the magnitude of the malignant potential, as PVL samples always 

showed higher expression of these two biomarkers. 

  

5. CONCLUSIONS 

Despite that PVL is understood as a more aggressive form of OL, this work shows that these 

lesions have a different protein background, consequently, they should be considered as two 

different clinical entities, but which undoubtedly fall within the context of OPMD not only 

because of their clinical behaviour but also because of the protein machinery they possess, which 

facilitates the malignant transformation processes in different proportions depending on each 

lesion. Further, the nature of the behaviour of PVL is highly influenced by the YWHA family, 

CALR and GNB2L supporting the hypothesis that these proteins are related to the process of 

malignancy, either as its cause or as protectors of this event, depending on the specific function 
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of each protein. In addition, CALR proved to be useful as a biomarker to differentiate the PVL 

from OL, while YWHAQ and GNB2L proved to be helpful to discriminate the PVL and OL 

from controls.  

Altogether, these findings need to be explored more deeply because they could provide new 

targets to develop diagnostics tools as well treatments to enhance the prognosis of patients with 

potentially malignant lesions. 
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TABLES: 

Table 1: Description of mains variables of the samples in association with type of diagnosis 
 

  PVL n (%) OL n (%) Control n (%) p-value§ 

Substrate saliva 7 (58.3) 8 (61.5) 5 (55.56) 0.961 
tissue 5 (41.7) 5 (38.5) 4 (44.4) 

Gender men 1 (8.3) 9 (69.2) 2 (22.2) 0.004 
women 11 (91.7) 4 (30.8) 7 (77.8) 

Race 

Caucasian 7 (58.3) 8 (61.5) 6 (66.7) 

0.486 Afro-American 0 (0) 5 (38.5) 1 (11.1) 
Latin-American 5 (41.7) 0 (0) 2 (22.2) 
Asian 0 (0) 0 (0) 0 (0) 

Clinical presentation 

homogeneous 0 (0) 8 (61.5) - 

0.000 verrucous 12 (100) 1 (7.7) - 
nodular 0 (0) 2 (15.4) - 
erythroleukoplakia 0 (0) 2 (15.4) - 

Biopsy location 

jugal mucosa 3 (25) 3 (23.1) - 

0.029 

tongue 3 (25) 8 (61.5) - 
mouth floor 0 (0) 0 (0) - 
palate 0 (0) 1 (7.7) - 
keratinized gingival tissue 3 (25) 1 (7.7) - 
alveolar ridge 2 (16.7) 0 (0) - 
labial mucosa 1 (8.3) 0 (0) - 
vestibule fundus 0 (0) 0 (0) - 
retromolar trigone 0 (0) 0 (0) - 

Associated comorbidities 

without pathology 7 (58.3) 7 (53.8) 6 (66.7) 

0.171 

cardiovascular 1 (8.3) 2 (15.4) 0 (0) 
endocrine† 1 (8.3) 2 (15.4) 2 (22.2) 
psychiatric 0 (0) 2 (15.4) 0 (0) 
degenerative†† 1 (8.3) 0 (0) 0 (0) 
Multiple‡ 3 (25) 0 (0) 1 (11.1) 
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Dysplasia 
without dysplasia 3 (25) 4 (30.8) 9 (100) 

0.331 low grade 4 (33.3) 7 (53.8) - 
high grade 5 (41.7) 2 (15.4) - 

Tobacco 
Non smoker 10 (83.3) 4 (30.8) 6 (66.7) 

0.044 smoker 2 (16.7) 7 (53.8) 1 (11.1) 
former smoker 0 (0) 2 (15.4) 2 (22.2) 

Alcohol consumption no 10 (83.3) 12 (92.3) 7 (77.8) 0.621 
yes 2 (16.7) 1 (7.7) 2 (22.2) 

† Endocrine: Diabetes and / or hypothyroidism. 
†† Degenerative: Alzheimer’s, multiple sclerosis, rheumatoid arthritis, Parkinson’s. 
‡ Multiple: Two or more of the above mentioned. 
§ p-value correspond to chi2 test 

 
 
 
 
 
 
 
 
 
 

Table 2. Primary antibodies used in IHC experiments to validate potential biomarkers. 

Protein Target Antibody Clone Manufacturer Dilution 

CALR 
mouse anti-human calreticulin 

mAb 
FMC 75 

Abcam, Cambridge, 

UK 
1:2000 

GNB2L1 
anti-human GNB2L1 Rabbit pAb A0151 

ABclonal, Woburn, 

USA 
1:200 

YWHAQ 
anti-human YWHAQ Rabbit pAb A2563 

ABclonal, Woburn, 

USA 
1:200 
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Table 3: Differential protein expression analysis between Tissue & Saliva 

Protein name Gene name Tissue: FC 
PVL/OL 

Tissue: FC 
PVL/control 

Tissue: DE q-
value Protein name Gene name Saliva: FC 

PVL/OL 
Saliva: FC 

PVL/control 
Saliva: DE q-

value 
40S ribosomal 
protein SA RPSA§ 2.1 1.6 0.00 40S ribosomal 

protein SA  RPSA -0.3 -0.7 0.20 

Histone H4 HIST1H4A† 1.9 1.6 0.02 Histone H4  HIST1H4A 1.2 1.0 0.34 
14-3-3 protein 
epsilon YWHAE§ 1.7 2.1 0.00 14-3-3 protein 

epsilon  YWHAE -0.2 -0.3 0.43 

Alpha-enolase ENO1† 1.6 1.4 0.03 Alpha-enolase  ENO1 -0.5 -1.0 0.01 

14-3-3 protein 
beta/alpha YWHAB§ 1.5 1.0 0.01 14-3-3 protein 

beta/alpha  YWHAB 0.1 -0.1 0.99 

Serpin B5 SERPINB5§ 1.4 1.4 0.00 Serpin B5  SERPINB5 -0.9 -1.2 0.01 
Heat shock 70 
kDa protein 1B HSPA1B† 1.4 1.3 0.02 Heat shock 70 

kDa protein 1B  HSPA1B 0.3 0.1 0.44 

14-3-3 protein 
theta YWHAQ§ 1.3 1.4 0.02 14-3-3 protein 

theta  YWHAQ -1.3 -2.1 0.06 

Fructose-
bisphosphate 
aldolase A 

ALDOA† 1.3 0.9 0.01 
Fructose-
bisphosphate 
aldolase A  

ALDOA -0.5 -1.1 0.00 

Heat shock 
cognate 71 kDa 
protein 

HSPA8† 1.3 1.3 0.03 
Heat shock 
cognate 71 kDa 
protein  

HSPA8 -0.3 -0.3 0.26 

Desmoglein-1 DSG1‡ 1.1 1.6 0.04 Desmoglein-1  DSG1 -1.0 -1.7 0.00 
Keratin, type II 
cytoskeletal 1 KRT1‡ 1.1 1.5 0.04 Keratin, type II 

cytoskeletal 1  KRT1 -1.6 -0.6 0.04 

Rab GDP 
dissociation 
inhibitor beta 

GDI2§ 1.0 1.2 0.00 
Rab GDP 
dissociation 
inhibitor beta  

GDI2 -0.6 -0.9 0.02 

Glyceraldehyde
-3-phosphate 
dehydrogenase 

GAPDH† 1.0 0.4 0.01 
Glyceraldehyde
-3-phosphate 
dehydrogenase  

GAPDH -0.4 -1.4 0.07 

ATP synthase 
subunit beta, 
mitochondrial 

ATP5B‡ 0.9 1.1 0.02 
ATP synthase 
subunit beta, 
mitochondrial  

ATP5F1B -1.2 -0.6 0.11 

Keratin, type I 
cytoskeletal 10 KRT10‡ 0.8 1.4 0.04 Keratin, type I 

cytoskeletal 10  KRT10 -1.1 -0.9 0.03 

14-3-3 protein 
zeta/delta YWHAZ‡ 0.5 0.9 0.03 14-3-3 protein 

zeta/delta  YWHAZ -0.5 -0.7 0.08 
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Keratin, type I 
cytoskeletal 16 KRT16‡ 0.3 2.2 0.01 Keratin, type I 

cytoskeletal 16  KRT16 -0.7 -0.6 0.09 

Keratin, type I 
cytoskeletal 14 KRT14‡ 0.1 1.2 0.02 Keratin, type I 

cytoskeletal 14  K1C14 -1.3 -1.8 0.03 

Keratin, type II 
cytoskeletal 4 KRT4‡ -1.1 -1.9 0.04 Keratin, type II 

cytoskeletal 4  KRT4 -0.5 -0.2 0.35 

          

Keratin, type I 
cytoskeletal 19 KRT19† 2.8 -0.2 0.01 Alpha-2-HS-

glycoprotein  FETUA 0.0 -1.6 0.39 

Suprabasin SBSN† 1.8 1.4 0.03 Angiotensinoge
n  ANGT 0.0 -2.4 0.45 

Receptor of 
activated 
protein C kinase 
1 

GNB2L1§ 1.7 1.6 0.00 Hemopexin  HEMO -0.1 -1.9 0.35 

Calreticulin CALR§ 1.7 1.7 0.00 Hemoglobin 
subunit delta  HBD -0.3 -1.4 0.23 

Actin, alpha 
cardiac muscle 
1 

ACTC1§ 1.7 1.9 0.01 Transforming 
protein RhoA  RHOA -0.4 -2.2 0.04 

60S ribosomal 
protein L22 RPL22§ 1.5 0.9 0.00 Ceruloplasmin  CERU -0.5 -1.8 0.23 

Protein 
disulfide-
isomerase A3 

PDIA3† 1.4 0.9 0.01 

6-
phosphoglucona
te 
dehydrogenase, 
decarboxylating  

6PGD -0.7 -1.4 0.01 

Desmocollin-3 DSC3§ 1.4 1.6 0.01 
Immunoglobuli
n kappa variable 
1-5  

KV105 -0.8 -1.6 0.27 

Transitional 
endoplasmic 
reticulum 
ATPase 

VCP§ 1.3 1.0 0.01 
Nucleoside 
diphosphate 
kinase B  

NDKB -1.0 -2.2 0.22 

Tubulin beta 
chain TUBB† 1.2 1.5 0.00 Adenosylhomoc

ysteinase  SAHH -1.0 -1.8 0.00 

Keratin, type II 
cytoskeletal 78 KRT78† 1.2 0.1 0.04 

Chloride 
intracellular 
channel protein 
1  

CLIC1 -1.2 -2.2 0.00 

X-ray repair 
cross- XRCC5§ 1.1 1.5 0.00 Prostaglandin 

reductase 1  PTGR1 -1.3 -1.6 0.00 
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complementing 
protein 5 

60S ribosomal 
protein L4 RPL4§ 1.0 0.8 0.00 

Cell division 
control protein 
42 homolog  

CDC42 -1.3 -2.1 0.00 

Neuroblast 
differentiation-
associated 
protein 
AHNAK 

AHNAK† 0.9 1.1 0.01 Cocaine 
esterase  EST2 -1.3 -1.7 0.00 

Filamin-B FLNB§ 0.9 0.9 0.02 Cornulin  CRNN -1.3 -1.6 0.06 

Filamin-A FLNA‡ 0.9 1.4 0.01 Ras-related 
protein Rap-1A  RAP1A -1.4 -1.6 0.00 

Periplakin PPL† 0.9 0.2 0.02 Transgelin-2  TAGL2 -1.4 -1.5 0.00 

Catenin alpha-1 CTNNA1§ 0.8 0.9 0.00 

Interleukin-1 
receptor 
antagonist 
protein  

IL1RA -1.4 -1.4 0.00 

Keratin, type I 
cytoskeletal 17 KRT17‡ 0.7 2.4 0.03 ERO 1-like 

protein alpha  ERO1A -1.5 -1.8 0.00 

Heat shock 
protein HSP 90-
alpha 

HSP90AA1‡ 0.7 1.9 0.00 Beta-2-
microglobulin  B2MG -1.7 -1.4 0.00 

Myosin-9 MYH9‡ 0.6 1.7 0.02 
Liver 
carboxylesteras
e 1  

EST1 -1.7 -2.0 0.02 

60S ribosomal 
protein L35a RPL35A‡ 0.6 1.5 0.00 

Proteasome 
activator 
complex 
subunit 2  

PSME2 -1.7 -2.3 0.00 

Plectin PLEC§ 0.6 0.7 0.02 Cystatin-S  CYTS -1.9 -1.7 0.10 

Desmoplakin DSP‡ 0.6 0.9 0.01 

BPI fold-
containing 
family B 
member 2  

BPIB2 -1.9 -1.7 0.02 

Ubiquitin-like 
modifier-
activating 
enzyme 1 

UBA1† 0.5 0.4 0.04 Involucrin  INVO -1.9 -2.8 0.25 

Dermokine DMKN‡ 0.5 2.3 0.00 Zymogen 
granule protein ZG16B -2.0 -1.5 0.15 
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16 homolog B  

Protein S100-
A16 S100A16‡ -0.1 -1.6 0.00 Interleukin-36 

alpha  IL36A -2.0 -2.5 0.00 

Ras-related 
protein Rab-
11A 

RAB11A‡ -0.2 0.5 0.01 
Ly6/PLAUR 
domain-
containing 
protein 3  

LYPD3 -2.0 -2.5 0.01 

     Carboxypeptida
se E  CBPE -2.1 -1.8 0.01 

     Heme-binding 
protein 2  HEBP2 -2.1 -1.8 0.00 

     Antileukoprotei
nase  SLPI -2.2 -2.1 0.11 

     Small proline-
rich protein 3  SPRR3 -2.2 -1.5 0.07 

     
BPI fold-
containing 
family A 
member 1  

BPIA1 -2.4 -2.5 0.06 

     IgGFc-binding 
protein  FCGBP -2.4 -1.8 0.03 

     
Putative 
cytochrome 
P450 2D7  

CP2D7 -2.8 -3.0 0.05 

     
BPI fold-
containing 
family B 
member 1  

BPIB1 -2.8 -2.7 0.14 

     Lipocalin-1  LCN1 -2.9 -2.8 0.15 
     Lysozyme C  LYSC -4.0 -1.7 0.19 
     Mesothelin  MSLN -4.5 -3.2 0.01 
PVL: proliferative verrucous leukoplakia, OL: oral leukoplakia, FC: foldchange values for each specific comparison between groups, DE: differential analysis between PVL group 
against OL and control groups considering FDR=0.01 
§ proteins that show difference between PVL against OL and control groups at the same time in tissue samples 

† proteins that only show difference between PVL and OL groups in tissue samples 

‡ proteins that only show difference between PVL and control groups in tissue samples 
Difference on tissue samples in KRT4, KRT78, KRT1, KRT10, UBA1 proteins were observed based only in foldchange values due the post hoc cannot see where is the difference 
between groups 
Cut-off for FC values was ±1.2 for tissue and saliva samples 
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The upper part of the table is delimited by the thick black line and shows the same proteins identified in tissue and saliva, the lower part of the table shows different proteins 
identified in tissue and saliva 
Proteins had been organized by the FC PVL/OL values in decreasing order with reference in the tissue samples to the upper part of the table and lower part was organized in 
decreasing order independently for each substratum 
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Table 4: PVL Multiple comparisons 

Proteins Mean expression  § SD* Grade of 
Dysplasia† Difference of means 95% Confidence Interval p-value‡ 

Lower limit Upper limit 

RPSA 0.069 1.018 
Low Without 0.35 -0.24 0.94 0.34 

High 
Without 2.13 1.56 2.70 0.00 

Low 1.78 1.32 2.24 0.00 

YWHAQ⨍ 0.167 0.952 
Low Without - - - - 

High 
Without - -0.71 1.05 0.00 

Low - -0.71 1.05 0.00 

YWHAB 0.055 1.029 
Low Without 0.56 -0.62 1.73 0.57 

High 
Without 2.14 1.01 3.28 0.00 

Low 1.59 0.68 2.50 0.00 

SERPINB5 0.107 0.973 
Low Without 0.54 0.04 1.03 0.04 

High 
Without 2.15 1.67 2.63 0.00 

Low 1.62 1.23 2.00 0.00 

GDI2 0.052 1.032 
Low Without 0.24 -0.93 1.40 1.00 

High 
Without 1.97 0.85 3.10 0.00 

Low 1.74 0.84 2.64 0.00 

YWHAE 0.065 1.022 
Low Without 0.32 -0.53 1.17 0.87 

High 
Without 2.08 1.25 2.90 0.00 

Low 1.76 1.10 2.41 0.00 

ALDOA 0.074 1.014 
Low Without 0.74 -0.70 2.18 0.47 

High 
Without 2.11 0.72 3.50 0.01 

Low 1.37 0.25 2.48 0.02 

GAPDH 0.083 1.005 
Low Without 0.88 -0.59 2.34 0.33 

High 
Without 2.14 0.72 3.55 0.01 

Low 1.26 0.12 2.39 0.03 

ENO1 0.073 1.015 
Low Without 0.71 -1.08 2.49 0.80 

High 
Without 1.94 0.22 3.67 0.03 

Low 1.23 -0.15 2.62 0.08 

HSPA1B 0.050 1.033 
Low Without 1.01 -0.79 2.81 0.39 

High 
Without 2.10 0.36 3.83 0.02 

Low 1.08 -0.31 2.48 0.14 

HSPA8 0.056 1.029 
Low Without 0.70 -0.55 1.94 0.39 

High 
Without 2.19 0.99 3.39 0.00 

Low 1.49 0.53 2.46 0.00 

HIST1H4A 0.008 1.048 
Low Without 0.30 -0.88 1.49 1.00 

High 
Without 2.04 0.89 3.19 0.00 

Low 1.74 0.82 2.66 0.00 

KRT14 0.058 1.028 
Low Without 0.27 -0.23 0.76 0.43 

High 
Without 2.11 1.63 2.59 0.00 

Low 1.84 1.46 2.23 0.00 

KRT16 0.062 1.024 
Low Without 0.08 -0.55 0.71 1.00 
High Without 1.97 1.36 2.58 0.00 

  Low 1.89 1.40 2.38 0.00 

YWHAZ 0.062 1.025 
Low Without 0.34 -0.60 1.28 0.92 

High 
Without 2.07 1.17 2.98 0.00 

Low 1.73 1.01 2.46 0.00 
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DSG1 0.056 1.029 
Low Without -0.01 -0.74 0.73 1.00 

High 
Without 1.91 1.19 2.62 0.00 

Low 1.91 1.34 2.48 0.00 

KRT1 0.046 1.035 
Low Without 0.42 -0.76 1.60 0.95 

High 
Without 2.08 0.94 3.22 0.00 

Low 1.66 0.75 2.58 0.00 

KRT10 0.053 1.031 
Low Without 0.45 -0.57 1.47 0.66 

High 
Without 2.13 1.14 3.12 0.00 

Low 1.68 0.89 2.47 0.00 

KRT4 0.049 1.033 
Low Without 0.08 -0.64 0.79 1.00 

High 
Without 1.97 1.28 2.66 0.00 

Low 1.90 1.34 2.45 0.00 

ATP5B 0.047 1.049 
Low Without 0.47 -0.58 1.52 0.58 

High 
Without 2.27 1.17 3.38 0.00 

Low 1.81 0.88 2.73 0.00 
§ Mean expression correspond to the area below the curve for the m/z detection of every protein in each sample, with 
log2(x) transformation and z-score normalization by protein 
* Standard deviation 
† Comparison across the different grades of dysplasia 
‡ α=0.05 for ANOVA and post hoc Bonferroni, note that in all significant differences the "high grade dysplasia" 
always had a greater amount of each protein detected 
⨍ In the YWHAQ protein was not possible stablish the parameters in the post hoc because 5 samples with high grade 
were compared with 1 without and 1 low grade of dysplasia , notwithstanding, ANOVA test showed significance 
difference 
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FIGURES: 

 
Figure 1. Venn diagram of proteins identified on tissue samples 
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Figure 2. Reactome pathways of PVL and OL samples from tissue samples 
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Figure 3. Biological processes assessed by FunRich tool in PLV and OL tissue proteins 
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Figure 4. Principal component analysis (PCA) of tissue samples 
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Figure 5. Volcano plot; Foldchange assessment of PLV/OL 
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Figure 6. Volcano plot; Foldchange assessment of PLV/IFH 
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Figure 7. Heatmap of potential biomarkers in tissue samples 
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Figure 8. Bioinformatic functional network analysis by CHAT on Cytoscape 
 



 

 

146  

 

 

 
Figure 9. Bioinformatic functional network analysis by String 
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Figure 10. Venn diagram of proteins identified on saliva samples 
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Figure 11. Reactome pathways of PVL and OL samples from saliva samples 
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Figure 12. Biological processes assessed by FunRich tool in PLV and OL saliva proteins 
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Figure 13. Principal component analysis (PCA) of saliva samples 
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SUPPLEMENTARY TABLES: 
 
Table 1: Clinical data base of samples used in LC-MS/MS 

Codification Diagnosis Substrate Sex Age Biopsy location Associated 
comorbidities 

Dysplasia 
degree 

Previous 
carcinoma 

Clinical evolution in 
the period studied 

GLVP_S_001 PVL Saliva Female 85 Keratinized gingiva Without Without Carcinoma 
in situ Stable 

GLVP_S_003 PVL Saliva Female 69 Keratinized gingiva Without Low Not Stable 
GLVP_S_004 PVL Saliva Female 51 Jugal mucosa Without Without Not Healing 
GLVP_S_005 PVL Saliva Female 72 Keratinized gingiva Without Low Not Stable 
GLVP_S_006 PVL Saliva Female 94 Jugal mucosa Without - Not Stable 
GLVP_S_007 PVL Saliva Male 83 Tongue Degenerative  Low Not Healing 
GLVP_S_010 PVL Saliva Female 87 Jugal mucosa Without Low Not Healing 

GL_S_002 OL Saliva Male 61 Tongue Without High Not Healing 
GL_S_003 OL Saliva Female 62 Tongue Psychiatric Without Not Stable 
GL_S_006 OL Saliva Male 86 Jugal mucosa Without Low Not Healing 
GL_S 007 OL Saliva Female 66 Palate Cardiovascular Without Not Stable 
GL_S_008 OL Saliva Male 28 Tongue Without Low Not Recurrence 
GL_S_010 OL Saliva Male 44 Tongue Without Low Not Stable 
GL_S_014 OL Saliva Male 82 Tongue Psychiatric Low Not New disease 
GL_S_016 OL Saliva Male 58 Jugal mucosa Without Without Not Stable 
GC_S_002 Control Saliva Female 37 - Without Without Not Healing 
GC_S_006 Control Saliva Female 36 - Without Without Not Healing 
GC_S_007 Control Saliva Female 70 - Without Without Not Healing 
GC_S_008 Control Saliva Male 52 - Without Without Not Healing 
GC_S_009 Control Saliva Male 47 - Without Without Not Healing 

PVL 16 PVL Tissue Female 73 Alveolar rim Without High Not Recurrence 
PVL 17 PVL Tissue Female 67 Tongue Cardiovascular High Not Recurrence 
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PVL 21 PVL 
Tissue 

Female 52 Tongue 

Dyslipidemia, 
osteoporosis, 
depression High 

Carcinoma 
in situ Oncological event 

PVL 24 PVL 
Tissue 

Female 55 Lip (internal mucosa) 
Osteoporosis, 

depression High Not Oncological event 

PVL 26 PVL 

Tissue 

Female 71 Alveolar rim 

Hypertension, 
hypothyroidism, 
acute myocardial 

infarction, had lung 
cancer High Not Oncological event 

OL 3 OL Tissue Male 50 Jugal mucosa - Low Not Stable 
OL 4 OL Tissue Male 51 Keratinized gingiva Cardiovascular Low Not Stable 

OL 14 OL 
Tissue 

Female 60 Tongue 

Endocrine; diabetes 
and / or 

hypothyroidism Without Not Stable 

OL17 OL 
Tissue 

Female 47 Tongue 

Endocrine; diabetes 
and / or 

hypothyroidism High 
Carcinoma 

in situ Oncological event 
OL 18 OL Tissue Male 55 Tongue Without Low Not Recurrence 

IFH 2 Control 
Tissue 

Female 49 Lip (internal mucosa) 

Endocrine; diabetes 
and / or 

hypothyroidism Without Not Healing 

IFH 3 Control 
Tissue 

Female 67 Alveolar rim 

Endocrine; diabetes 
and / or 

hypothyroidism Without Not Healing 
IFH 10 Control Tissue Female 53 Vestibule fundus Without Without Not Healing 

IFH 11 Control 
Tissue 

Female 76 Alveolar rim 
Aasthma, vitiligo, 

diverticulitis Without Not Healing 
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Table 2: Differential protein expression analysis in Saliva between PLV and OL groups 

Protein Gene p-value FC PVL/OL 
Serpin B5  SERPINB5§ 0.04 -4.6 
Fructe-bisphphate aldolase A  ALDOA† 0.05 -4.4 
14-3-3 protein zeta/delta  YWHAZ† 0.14 -2.8 
14-3-3 protein epsilon  YWHAE§ 0.58 -0.8 
14-3-3 protein beta/alpha  YWHAB§ 0.89 -0.2 
Desmoglein-1  DSG1† 0.01 -6.2 
Keratin, type I cytkeletal 14  KRT14†  0.03 -5.2 
14-3-3 protein theta  YWHAQ§  0.10 -3.3 
Alpha-enolase  ENO1† 0.10 -3.3 
Rab GDP dissociation inhibitor beta  GDI2§ 0.11 -3.2 
Keratin, type I cytkeletal 16  KRT16†  0.12 -3.1 
Glyceraldehyde-3-phphate dehydrogenase  GAPDH†  0.18 -2.5 
Heat shock cognate 71 kDa protein  HSPA8† 0.37 -1.4 
40S ribomal protein SA  RPSA§ 0.42 -1.2 
Histone H4  HIST1H4A†  0.42 -1.2 
Heat shock 70 kDa protein 1B  HSPA1B† 0.45 -1.1 
14-3-3 protein sigma  SFN  0.02 -5.6 
Prtaglandin reductase 1  PTGR1  0.00 -10.9 
Heme-binding protein 2  HEBP2  0.00 -10.4 
Interleukin-36 alpha  IL36A  0.00 -9.9 
Cocaine esterase  CES2  0.00 -9.8 
Interleukin-1 receptor antagonist protein  IL1RN  0.00 -8.3 
Cofilin-1  CFL1  0.00 -8.1 
Cell division control protein 42 homolog  CDC42  0.00 -8.1 
Mesothelin  MSLN  0.00 -8.0 
Nucleobindin-1  NUCB1  0.00 -8.0 
Kallikrein-11  KLK11  0.00 -7.9 
Annexin A1  ANXA1  0.00 -7.9 
Protein CutA  CUTA  0.00 -7.8 
ERO1-like protein alpha  ERO1A  0.00 -7.8 
Glutathione S-transferase P  GSTP1  0.00 -7.7 
Plastin-3  PLS3  0.01 -7.5 
Adenylhomocysteinase  AHCY  0.01 -7.5 
Proteasome activator complex subunit 1  PSME1  0.01 -7.4 
Beta-2-microglobulin  B2M  0.01 -7.3 
Proteasome activator complex subunit 2  PSME2  0.01 -7.3 
Transgelin-2  TAGLN2  0.01 -7.0 
Carboxypeptidase E  C  0.01 -7.0 
Desmocollin-2  DSC2  0.01 -6.9 
Protein FAM3D  FAM3D  0.01 -6.7 
Nucleobindin-2  NUCB2  0.01 -6.4 
Nucleotide exchange factor SIL1  SIL1  0.01 -6.3 
Thioredoxin  TXN  0.02 -5.9 
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Platelet-activating factor acetylhydrolase IB subunit beta  PAFAH1B2  0.02 -5.9 
Ly6/PLAUR domain-containing protein 3  LYPD3  0.02 -5.8 
Keratin, type I cytkeletal 13  KRT13  0.02 -5.8 
Peroxiredoxin-1  PRDX1  0.02 -5.7 
BPI fold-containing family B member 2  BPIFB2  0.02 -5.7 
Galectin-3-binding protein  LGALS3BP  0.02 -5.4 
Keratin, type II cytkeletal 6C  KRT6C  0.02 -5.4 
Cysteine-rich secretory protein 3  CRISP3  0.02 -5.3 
Serpin B3  SERPINB3  0.03 -5.3 
Malate dehydrogenase, mitochondrial  MDH2  0.03 -5.3 
Ras-related protein Rap-1A  RAP1A  0.03 -5.3 
Chloride intracellular channel protein 1  CLIC1  0.03 -5.3 
Liver carboxylesterase 1  CES1  0.03 -5.3 
Peptidyl-prolyl cis-trans isomerase B  PPIB  0.03 -5.2 
Zinc-alpha-2-glycoprotein  AZGP1  0.03 -5.2 
Trypsin-1  PRSS1  0.03 -5.2 
Putative ubiquitin-conjugating enzyme E2 N-like  UBE2NL  0.03 -5.2 
IgGFc-binding protein  FCGBP  0.03 -5.1 
Apolipoprotein A-II  APOA2  0.03 -4.9 
Metalloproteinase inhibitor 1  TIMP1  0.03 -4.9 
Phphatidylethanolamine-binding protein 1  BP1  0.03 -4.8 
Fatty acid-binding protein, epidermal  FABP5  0.04 -4.7 
Keratin, type I cytkeletal 10  KRT10  0.04 -4.5 
GTP-binding nuclear protein Ran  RAN  0.04 -4.5 
Cathepsin Z  CTSZ  0.04 -4.5 
Keratin, type II cytkeletal 2 epidermal  KRT2  0.05 -4.4 
Serpin B13  SERPINB13  0.05 -4.4 
Moesin  MSN  0.05 -4.4 
Cystatin-S  CST4  0.05 -4.4 
PVL: proliferative verrucous leukoplakia, OL: oral leukoplakia, FC: foldchange values for each specific comparison between groups. 
§ proteins that show difference between PVL against OL and CG at the same time in tissue samples 
† proteins that only show difference between PVL and OL groups in tissue samples 
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Table 3: Differential protein expression analysis in Saliva between PLV and CG groups 
Group Gene p-value FC PVL/CG 

Fructe-bisphphate aldolase A  ALDOA† 0.00 -1.1 
Desmoglein-1  DSG1† 0.00 -1.7 
Alpha-enolase  ENO1† 0.00 -1.0 
Serpin B5 SERPINB5§  0.02 -1.2 
Keratin, type I cytkeletal 14  KRT14†  0.05 -1.8 
Rab GDP dissociation inhibitor beta  GDI2§ 0.05 -0.9 
Keratin, type I cytkeletal 10  KRT10† 0.05 -0.9 
14-3-3 protein theta  YWHAQ§ 0.06 -2.1 
Keratin, type II cytkeletal 1  KRT1† 0.07 -0.9 
40S ribomal protein SA  RPSA§ 0.10 -0.7 
14-3-3 protein zeta/delta  YWHAZ†  0.11 -0.7 
Keratin, type I cytkeletal 16  KRT16†  0.20 -0.6 
Heat shock cognate 71 kDa protein  HSPA8† 0.37 -0.3 
14-3-3 protein epsilon  YWHAE§ 0.44 -0.3 
Complement C3  C3† 0.50 -0.4 
Histone H4  HIST1H4A† 0.57 1.0 
Keratin, type II cytkeletal 4  KRT4†  0.68 -0.2 
Heat shock 70 kDa protein 1B  HSPA1B† 0.77 0.1 
14-3-3 protein beta/alpha  YWHAB† 0.86 -0.1 
14-3-3 protein sigma  SFN 0.17 -0.7 
Transforming protein RhoA  RHOA  0.00 -2.2 
Cocaine esterase  CES2  0.00 -1.7 
Chloride intracellular channel protein 1  CLIC1  0.00 -2.2 
Adenylhomocysteinase  AHCY  0.00 -1.8 
Interleukin-36 alpha  IL36A  0.00 -2.5 
Proteasome activator complex subunit 2  PSME2  0.00 -2.3 
6-phphogluconate dehydrogenase, decarboxylating  PGD  0.00 -1.4 
Cathepsin B  CTSB  0.00 -1.3 
ERO1-like protein alpha  ERO1A  0.00 -1.8 
Cell division control protein 42 homolog  CDC42  0.00 -2.1 
Aldehyde dehydrogenase, dimeric NADP-preferring  ALDH3A1  0.00 -1.3 
Transmembrane protease serine 11D  TMPRSS11D  0.00 -1.1 
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Desmocollin-2  DSC2  0.00 -1.2 
Heme-binding protein 2  HEBP2  0.00 -1.8 
Peroxiredoxin-6  PRDX6  0.00 -1.0 
Immunoglobulin heavy constant gamma 2  IGHG2  0.00 -1.4 
Cofilin-1  CFL1  0.00 -1.1 
Glutathione S-transferase P  GSTP1  0.00 -1.2 
Cellular retinoic acid-binding protein 2  CRABP2  0.00 -1.4 
Cornulin  CRNN  0.00 -1.6 
Interleukin-1 receptor antagonist protein  IL1RN  0.01 -1.4 
Malate dehydrogenase, mitochondrial  MDH2  0.01 -1.2 
Prtaglandin reductase 1  PTGR1  0.01 -1.6 
Putative cytochrome P450 2D7  CYP2D7  0.01 -3.0 
NPC intracellular cholesterol transporter 2  NPC2  0.01 -1.0 
Transgelin-2  TAGLN2  0.01 -1.5 
Ras-related protein Rap-1A  RAP1A  0.01 -1.6 
Ly6/PLAUR domain-containing protein 3  LYPD3  0.01 -2.5 
BPI fold-containing family B member 1  BPIFB1  0.01 -2.7 
Mucin-5B  MUC5B  0.01 -2.3 
Lipocalin-1  LCN1  0.02 -2.8 
Ras-related C3 botulinum toxin substrate 2  RAC2  0.02 -1.2 
Nucleobindin-1  NUCB1  0.02 -1.7 
L-lactate dehydrogenase B chain  LDHB  0.02 -1.3 
Peroxiredoxin-1  PRDX1  0.02 -0.7 
Glyceraldehyde-3-phphate dehydrogenase  GAPDH  0.02 -1.4 
Ras-related protein Rab-10  RAB10  0.02 -0.9 
L-lactate dehydrogenase A chain  LDHA  0.02 -1.0 
Beta-2-microglobulin  B2M  0.02 -1.4 
Annexin A1  ANXA1  0.02 -1.0 
BPI fold-containing family A member 1  BPIFA1  0.02 -2.5 
Carboxypeptidase E  C  0.02 -1.8 
Antileukoproteinase  SLPI  0.02 -2.1 
Poly(U)-specific endoribonuclease  ENDOU  0.02 -1.0 
Alpha-2-macroglobulin-like protein 1  A2ML1  0.03 -1.2 
Chitotriidase-1  CHIT1  0.03 2.2 
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Kallikrein-6  KLK6  0.03 1.1 
Liver carboxylesterase 1  CES1  0.03 -2.0 
Moesin  MSN  0.04 -0.9 
Platelet-activating factor acetylhydrolase IB subunit beta  PAFAH1B2  0.04 -0.9 
GTP-binding nuclear protein Ran  RAN  0.04 -1.3 
Small proline-rich protein 3  SPRR3  0.04 -1.5 
Coronin-1A  CORO1A  0.04 -1.2 
Beta-enolase  ENO3  0.04 -1.1 
BPI fold-containing family B member 2  BPIFB2  0.05 -1.7 
PVL: proliferative verrucous leukoplakia, CG: control group, OL: oral leukoplakia, FC: foldchange values for each specific comparison between groups. 
§ proteins that show difference between PVL against OL and CG at the same time in tissue samples 
† proteins that only show difference between PVL and OL groups in tissue samples 



 

 

158  

 

 
 
 
Table 4: Descriptive statistics Marking Intensity of Immunohistochemistry assay 
  CALR YWHAQ GNB2L 
Descriptive OL 

Grupo 1 
PVL 

Grupo 2 
IFH 

Grupo 3 
OL 

Grupo 1 
PVL 

Grupo 2 
IFH 

Grupo 3 
OL 

Grupo 1 
PVL 

Grupo 2 
IFH 

Grupo 3 
Minimum 5.64 9.02 4.28 9.49 0.07 7.59 0.17 0.36 6.77 
Maximum 157.33 228.70 208.35 210.38 250.83 157.88 185.21 223.47 148.96 
Amplitude Total 151.69 219.68 204.07 200.89 250.76 150.29 185.04 223.11 142.19 
Median 64.42 96.23 88.68 125.44 122.21 92.14 108.58 86.24 28.24 
First Quartile (25%) 37.16 67.91 57.12 75.67 69.21 36.64 18.43 37.21 18.07 
Third Quartile (75%) 105.91 121.78 123.00 164.10 162.60 122.26 148.23 140.81 66.53 
Interquartile Deviation 68.75 53.88 65.88 88.44 93.39 85.62 129.80 103.60 48.46 
Arithmetic Mean 70.82 96.32 93.60 112.97 117.65 83.37 90.31 93.09 45.99 
Variance 1720.53 1930.81 2392.38 3697.59 3978.74 3532.81 4473.49 3869.69 1982.47 
Standard Deviation 41.48 43.94 48.91 60.81 63.08 59.44 66.88 62.21 44.53 
Error Standard 6.33 4.10 8.65 11.70 6.65 24.27 13.12 6.42 14.08 
Coefficient of Variation 0.59 0.46 0.52 0.54 0.54 0.71 0.74 0.67 0.97 
Asymmetry (g1) 0.13 0.36 0.37 -0.30 0.03 -0.14 -0.17 0.20 1.60 
Kurtosis (g2) -1.06 0.31 -0.23 -1.02 -0.75 -1.87 -1.44 -0.96 2.36 
Outlier 1 -169.09 -93.72 -140.51 -189.64 -210.97 -220.22 -370.98 -273.60 -127.30 
Outlier 2 312.16 283.41 320.62 429.41 442.78 379.12 537.64 451.62 211.89 
No outliers observed 
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Table 5: Pillai’s trace for multivariate analyses 

Effect Value F Hypothesis df Sig. Partial Eta 
Squared 

Observed Power 

Biomarker 0.189 6.483 6.000 0.000 0.095 0.999 

Biomarker: CALR, YWHAQ, GNB2L; F: F statistic; Hypothesis: number of dependent 
variables; df; degrees of freedom. 
 
 
 
 
Table 6: Multiple Comparisons post hoc Games-Howell 

Dependent 
Variable 

  Mean Difference 
(I-J) 

Std. 
Error 

Sig. 95% Confidence Interval 

Lower 
Bound 

Upper Bound 

CARL OL IFH -22.78 10.71 0.09 -48.52 2.96 
PVL OL 25.50* 7.54 0.00 7.49 43.50 

IFH 2.71 9.57 0.96 -20.46 25.89 
YWHAQ OL IFH 29.61* 8.43 0.00 9.39 49.82 

PVL OL 4.68 8.96 0.86 -16.68 26.04 
IFH 34.29* 6.69 0.00 18.40 50.17 

GNB2L OL IFH 44.31* 8.94 0.00 22.85 65.77 
PVL OL 2.78 9.45 0.95 -19.79 25.35 

IFH 47.10* 6.74 0.00 31.10 63.09 
Coparissons based on observed means. 
The error term is Mean Square(Error) = 2617,972. 
*The mean difference is significant at the 0.05 level. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

160 

 

 
SUPPLEMENTARY FIGURES: 
 
 
Supplementary 1.  Flow chart 1 
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Supplementary 2.  Flow chart 2 
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Supplementary 3.  Pathway Analysis Report 1 
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Supplementary 4.  Pathway Analysis Report 2 
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Supplementary 5.  Tissue PVL samples top 5 
pathways
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Supplementary 6.  Tissue OL samples top 5 
pathways
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Supplementary 7.  Saliva PVL samples top 2 pathways 

 
 
 
 
 
 
Supplementary 8.  Saliva OL samples top 3 pathways 
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Supplementary 9.  Pathway Analysis Report 3 
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Supplementary 10.  Pathway Analysis Report 4 
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Supplementary 11. Example of Marking Intensity of Immunohistochemistry 
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4 CONCLUSÃO 
 

A leucoplasia verrucosa proliferativa é a doença potencialmente maligna oral que mais 

acrimônia gera na clínica de estomatologia, pelo seu comportamento recalcitrante e pela alta 

taxa de transformação maligna que possui. Resulta evidente pensar que a leucoplasia 

verrucosa proliferativa é uma entidade clínica verdadeiramente diferente da leucoplasia oral 

convencional, não unicamente pelas características clinicas e histopatológicas, mas também 

pelos atributos moleculares que possui, os quais tem mostrado uma depleção marcada dos 

mecanismos de defesa mediados pela resposta imune inata e adaptativa, assim como a 

magnitude de expressão de proteínas ambivalentes que limitam e favorecem os processos de 

malignidade. Adicionalmente, constata-se que as diferenças moleculares expressas dentre as 

doenças potencialmente maligna orais, carcinoma espinho celular e controles saudáveis são o 

suficientemente nítidas para manifestar diferenças perceptíveis no proteoma salivar dos 

pacientes em questão.  
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