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ABSTRACT 
 
 

This study aims to establish an association of the expression of specific biomarkers in oral 

lichen planus to understand its biological behavior. Materials and methods: An 

immunohistochemistry study was conducted in 40 cases of oral lichen planus against BAX, 

BCL-2, CD-138, Histone 3, Ki-67, MCM3 and p53 at the Molecular Pathology Area of the 

School of Dentistry, UDELAR, Uruguay. Results: A greater expression of BAX was detected 

compared to BCL-2, suggesting a pro‑ apoptotic behavior, supported by the absence of p53 

expression. MCM3 expression was more sensitive than Ki-67, considering proliferation 

alterations. CD-138 had a more intense and uniform expression, determining fewer 

intercellular adhesion alterations. Conclusions The expression of the proteins studied 

suggests an alteration in proliferative and apoptotic mechanisms, associated with a 

pathological behavior of the oral mucosa. 
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RESUMEN 
 
 

El objetivo del presente trabajo fue determinar la expresión de diversos biomarcadores 

moleculares en liquen plano oral para ayudar a comprender su conducta biológica. 

Materiales y métodos: Se realizó un estudio inmunohistoquímico en 40 casos de liquen 

plano oral contra BAX, BCL-2, CD-138, Histona 3, Ki-67, MCM3 y p53, en el Área de Patología 

Molecular Estomatológica de la Facultad de Odontología, UDELAR, Uruguay. Resultados: Se 

observó mayor expresión de BAX en contraposición con BCL-2, sugiriendo un 

comportamiento proapoptótico, respaldado a su vez por la ausencia de expresión de p53. La 

expresión de los marcadores de proliferación celular fue en todo el tejido lesional 

observado, sugiriendo así alteraciones de la proliferación. CD-138 se expresó de manera 

intensa y uniforme, determinando una baja alteración de las uniones intercelulares para 

estos casos. Conclusiones: La alteración en la expresión de las proteínas estudiadas sugiere 

un trastorno en los mecanismos proliferativos y apoptóticos, los cuales se asocian con una 

conducta patológica de la mucosa oral. 

 

Palabras clave: liquen plano oral, apoptosis, proliferación. 



RESUMO 

O objetivo deste trabalho foi determinar a expressão de vários biomarcadores moleculares no líquen 

plano oral para ajudar a compreender seu comportamento biológico. Materiais e métodos: Foi 

realizado um estudo imuno-histoquímico em 40 casos de líquen plano oral contra BAX, BCL-2, CD-138, 

Histona 3, Ki-67, MCM3 e p53, na área de Patologia Molecular Estomatológica da Faculdade de 

Odontologia , UDELAR, Uruguai. Resultados: Observou-se aumento da expressão de BAX em contraste 

com BCL-2, sugerindo um comportamento proapoptótico, apoiado por sua vez pela ausência da 

expressão de p53. A expressão de marcadores de proliferação celular foi observada em todo o tecido 

da lesão, sugerindo alterações na proliferação. CD-138 foi expressado de maneira intensa e uniforme, 

determinando uma baixa alteração das junções intercelulares para esses casos. Conclusões: A 

alteração na expressão das proteínas estudadas sugere um distúrbio nos mecanismos proliferativos e 

apoptóticos, os quais estão associados a um comportamento patológico da mucosa oral. 

 

Palavras-chave: líquen plano oral, apoptose, proliferação. 
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INTRODUCTION 
 
 
Lichen planus is an immune-mediated inflammatory disease of the stratified squamous 

epithelium that affects the skin and mucosa (1). It was first described by Erasmus Wilson in 

1869. Etymologically, “lichen planus” is derived from the Greek word leichen, “tree moss”, 

and the Latin planus, “flat”, due to the appearance of the lesions (2). It affects 0.2-1.9% of 

the population and is mostly found in people aged between 30 and 70 (3). While cutaneous 

lichen is self-limited, oral lichen planus (OLP) is chronic, rarely undergoes spontaneous 

remission and is considered potentially malignant by the World Health Organization (4), with 

the risk of malignant transformation into oral squamous cell carcinoma being less than 

1% (5). 

 
As for its clinical features, the most common location for lesions is the buccal mucosa, 

followed by the tongue (lateral borders), the dorsum of the tongue and the gingiva. OLP can 

have different clinical presentations, among which are reticular lichen planus, characterized 

by a pattern of whitish striae (keratinization) 0.1 to 2 mm wide; atrophic lichen planus, 

which shows redness and thinning of the epithelium; ulcerated lichen planus defined by loss 

of epithelial surface, with formation of irregular ulcers that are covered with fibrin, 

surrounded by atrophic areas; plaque-like lichen planus with solid areas of keratinization 

(mainly in the tongue or buccal mucosa); desquamative gingivitis, which affects the attached 

gingiva, which appears inflamed, smooth and shiny; bullous lichen planus is found when 

there is a separation of the epithelium after the loss of basal cells (5-7). 

 
As for its histopathology, OLP can manifest with various alterations such as hyperkeratosis 

(ortho- or parakeratosis), acanthosis, granulosis, spongiosis, colloid bodies, lymphocytic 

exocytosis and epithelial atrophy, with the essential alterations being vacuolar degeneration 

of the basal layer of the epithelium and the underlying band-like inflammatory infiltrate (8). 



 
The etiopathogenesis of OLP has not been completely elucidated, but it is thought to be a 

cytotoxic T cell (CD8+)-mediated autoimmune reaction against basal keratinocytes, induced 

by an antigenic change in the skin or mucosa (9). The combination of specific and nonspecific 

mechanisms seem to cause the accumulation of T lymphocytes in the lamina propria which 

underlies the epithelium, breaks in the basal lamina, the migration of intraepithelial 

T lymphocytes and keratinocyte apoptosis (10). The altered antigens of basal keratinocytes 

are recognized and presented by Langerhans cells to CD4+ T lymphocytes locally or during 

passage through the lymph nodes through the HLA-II (class II Human Leukocyte Antigen), 

triggering the clonal expansion. After the T cells have become activated, they differentiate 

into two effector subtypes: type 1 T cells (Th1) which produce TNFγ (Tumor Necrosis 

Factor γ) and type 2 T cells (Th2) which produce interleukins (IL): IL-4, IL-5, IL-6, IL-10 and IL-

13 (11). TNFγ stimulates the accelerated proliferation of basal keratinocytes and the 

subsequent accumulation of surface keratin that clinically manifests as hyperkeratosis; 

under this stimulus, cell layers in different strata increase, and epithelial desquamation 

becomes slower. The intense basal proliferation causes intercellular alterations, which are 

perceived by intraepithelial CD8+ T lymphocytes through HLA I expression by basal 

keratinocytes, and apoptosis is activated in the basal layer (12). 

 
 
The mutations and molecular alterations present in OLP might play a critical role in 

neoplastic transformation (13). 



According to Fitzpatrick, erosive OLP shows a higher risk of neoplastic transformation (14). 

 
OLP is commonly diagnosed using the WHO's clinical and pathological criteria, which 

includes the presence of bilateral, mostly symmetrical lesions; white reticular-papular 

striation; erosive, atrophic, bullous and plaque-type lesions in the presence of white striae 

elsewhere in the oral cavity. Histopathological criteria are based on the presence of a 

band-like juxtaepithelial infiltrate, consisting mainly of lymphocytes; signs of liquefaction 

degeneration in the basal cell layer, and absence of epithelial dysplasia (15). 

 

 
Treatment of OLP usually entails the application of topical and/or systemic 

corticosteroids (5). 

 
The study of several biomarkers, for cell proliferation (Ki-67, MCM3, Histone 3), for tumor 

suppression (p53) and for the regulation of the apoptosis process (BCL-2, BAX) can help 

establish a possible association between the expression of these proteins and the 

pathological behavior of OLP. Therefore, the aim of this study was to determine and find a 

morphological correlation between the presence of these proteins and OLP to generate 

information that helps us understand the biological behavior of these lesions. 



MATERIALS AND METHODS 
 
 
We included 40 cases of OLP from samples from the Pathology Department of Universidad 

Autónoma Metropolitana (UAM, Mexico City, Mexico) and Universidad de Córdoba, 

Argentina, diagnosed during the period ranging from 2008 to the beginning of 2013. The 

specimens were preserved in paraffin blocks. Seven sections of the tissue were cut for the 

immunohistochemistry technique and one section for hematoxylin and eosin staining. The 

morphological study was conducted by two pathologists experienced in OLP, taking into 

account predetermined histopathological parameters and the clinical features of the 

lesion (16). 

 
Immunohistochemical studies were conducted at the Laboratory of Molecular Pathology in 

Stomatology, of the School of Dentistry, Universidad de la República, (UDELAR, Montevideo, 

Uruguay). This study was approved by the Ethics Committee of the School of Dentistry, 

UDELAR, file number: 120/16. 

 
We cut 4 µm sections and mounted them on poly-L-lysine coated slides. The sections were 

then deparaffinized in a stove at 60°C for 30 minutes and subsequently left in xylol for 

5 minutes. The sections were hydrated in a series of decreasing concentrations of absolute 

alcohols (absolute, 90%, 80%, 70% and 50%) and rinsed with distilled water. The antigen 

retrieval technique was used to unmask epitopes with a pH 6 sodium citrate solution in a 

pressure cooker in microwave oven on full power at 750 W. Endogenous peroxidases were 

blocked with hydrogen peroxide at 0.9%, followed by washes with distilled water and a pH 

7.4 phosphate-buffered saline (PBS) solution. Primary antibodies were incubated for 

60 minutes against: p53 (dilution: 1:200, Bio SB/D07), MCM3 (dilution: 1:100, Leica/DCS-

141.1), Ki-67 (dilution: 1: 100, DAKO/MIB1), CD-138 (dilution: 1: 100, DAKO/MI15), BCL-2 

(dilution: 1:100, Biocare/100/D5), BAX (dilution: 1:200, DAKO Corp, Carpinteria, CA, USA, 



Policlonal), histone H3 (dilution: 1:50, phosphohistone H3 Genetex 300095). The sections 

were then incubated with the second biotinylated anti-mouse/anti-rabbit antibody and with 

the streptavidine/peroxidasa complex (LSA-B + Labeled streptavidin-biotin, Dako 

Corporation, Carpinteria CA, USA) for 30 minutes each. The products of the reaction were 

visualized with substrate 3,3’-diaminobenzidine-H2O2 (Dako Corporation, Carpinteria, CA, 

USA). Various tissue punches were used as positive controls; as negative controls the 

incubation with the primary antibodies was omitted. 

 
Cytoplasmic and/or membrane quantification was done visually using an optical microscope 

(Eclipse CI-L, Nikon, Japan) with a 40x magnification, taking into account the following 

semi-quantitative scale: 0-4% "negative staining"; 5-25% are considered a "weak staining"; 

26-50% were "moderate staining" and 51-100% corresponds to a "strong staining" of cells. 

Nuclei were quantified by dividing the total number of positive cells by the total number of 

cells present in the field being analyzed and multiplying by 100 to obtain a percentage. 

Microphotographs of all markers were taken using a digital camera (Olympus C-7070) in 

three selected fields in which larger areas of epithelial damage caused by the inflammatory 

response (corresponding to the basal layer and the subepithelial infiltrate) were found. 

 
Results were compared subjectively against unaltered healthy tissue from the analyzed 

sample when the sample size allowed. This was used as an internal control. When no tissue 

was available for comparison, we used healthy tissue from another mucosa sample as 

reference. 



Given that the aim of the study was to evaluate the presence of the relevant proteins at the 

morphological level, no clinical features were associated with this study. 

 

RESULTS 
 
 
The expression of apoptosis-related markers, as is the case of BAX, was predominantly weak 

for 50% of samples, localized in the basal layer of the epithelium, and found in the 

cytoplasm of basal keratinocytes (Fig. 1. A), while BCL-2 showed weak cytoplasmic 

expression with 42.86% of cases, in suprabasal layers, away from the area of lymphocytic 

attack; the nuclear expression of p53 observed was predominantly negative, since 81.4 % of 

the samples showed a positivity average lower than 4% and whereas the remaining 18.60% 

showed a weak presence of p53 in the band-like subepithelial infiltrate, this could be an 

indication of apoptotic activity in these parts of the tissue, as well as the presence of cell 

damage in the basal layer, and the weak expression could be explained by the rapid 

proteolysis of this protein, as well as the fact that it is only involved during the G1 phase of 

the cell cycle (Fig. 1. B). 

 

The average cell proliferation index at the nuclear level for Ki-67 was 12.40%, and 

proliferative cells were observed mainly in the basal layer of the epithelium (Fig. 1. C), while 

MCM3 showed moderate to strong nuclear positivity in almost all cases with average cell 

proliferation of 33.36% also in basal keratinocytes (Fig. 1. D); in turn, positivity at the nuclear 

level for histone H3 (H3) was predominantly weak, followed by moderate positivity, with a 

final average cell proliferation index of 26.76% and also found in the basal layer (Fig. 1. E). 

 

CD-138 was found to be mostly strongly positive, with 95.35% at the level of the cell 

membrane throughout the epithelium, without negative expression in any of the cases 

(Fig. 1. F). 

 



Lesions showed an active proliferation index in the keratinocytes of the basal and 

suprabasal layers, a slight increase in proapoptotic proteins in the basal layer and 

subepithelial inflammatory infiltrate (Table 1). 



 
 
 

Fig 1. Immunoexpression of biomarkers in OLP. A: Cytoplasmic expression of BAX in basal layer 

keratinocytes. 40x magnification. B: Cytoplasmic expression of p53 in the subepithelial inflammatory 

infiltrate. 20x magnification. C: Nuclear expression of Ki-67 in basal layer keratinocytes. 20x 

magnification. D: Nuclear expression of MCM3 in cells of the basal layer of the epithelium. 20x 

magnification. E: Nuclear expression of H3 in basal keratinocytes. 20x magnification. F: 

Membrane/cytoplasmic expression of CD-138 in all epithelial strata. 



Table 1. Results for each biomarker. 

 

Biomarkers 

Expression (%) 

0-4 
(negative) 

5-25 
(weak) 

26-50 
(moderate) 

51-100 
(strong) Localization 

BAX 40.38% 50.00% 9.52% 0.00% Basal keratinocytes 

BCL-2 57.14% 42.86% 0.00% 0.00% Basal keratinocytes 

p53 81.40% 18.60% 0.00% 0.00% Subepithelial inflammatory infiltrate 

Ki67 7.32% 92.68% 0.00% 0.00% Basal keratinocytes 

MCM3 8.12% 2.70% 45.94% 43.24% Basal keratinocytes 

H3 15.63% 58.14% 30.23% 0.00% Basal keratinocytes 

CD-138 0.00% 4.65% 0.00% 95.35% Basal and suprabasal keratinocytes 

 

 

 
 
 

DISCUSSION 
 
 
BAX is considered an inducer of apoptosis and is a member of the BCL-2 family (17). This 

family is formed by a network of protein-protein interactions that regulate apoptosis 

through permeabilization of the mitochondrial outer membrane. BAX is translocated to the 

mitochondria, where it is activated and integrated into the membrane, which causes a series 

of proteins considered apoptotic factors to be released to the cytoplasm (Fig. 2), 

(Cytochrome c, Smac/Diablo, Omi/HtrA2, Endonuclease G, apoptosis-inducing factor) (18). 

High levels of expression are associated with a favorable prognosis in several types of 

cancer (19-20).



The Bcl-2 oncogene encodes a protein which blocks a specific passage in the apoptotic 

pathways (Fig. 2). Abnormal expression of BAX, generally overexpressed in tumor cells, 

contributes to the spread of cell damage and the reduction of apoptosis; by enabling cell 

survival, it makes the acquisition of mutations and malignant transformations easier (21). Its 

function is basically to prevent the release of cytochrome c through the outer mitochondrial 

membrane given the formation of heterodimers with anti-apoptotic molecules such as 

BAX (22). The increased expression of BCL-2 in a study conducted on laryngeal squamous-cell 

carcinoma was associated with an advanced disease stage (23). 

As for the expression of apoptosis markers (BAX and BCL-2) and the halting of the cell cycle 

(p53) in OLP, our results were very similar to those reported in the international literature. 

Bascones et al. found that in lesion areas, the expression was mild to moderate in the basal 

layer, and in the suprabasal layer decreased to a mild intensity or negativity (24). 

 
 

 

Fig. 2. When it binds to the membrane receptor, the pro-apoptotic biomarker BAX causes 

the release of cytochrome c from the mitochondria, which leads to cell death. When BCL-2 

binds to this protein, this apoptosis pathway is blocked. 



 
 

In a study conducted on 30 cases of OLP, Shailaja et al. report a negative immunoexpression 

for BAX in 43.3% of the cases and moderate in 33.3%. While for BCL-2, immunoexpression 

was moderate in 36.7% of the cases and negative in 26.7% (25). According to studies 

conducted by Bogdan et al. and Calenic et al. (27), BCL-2 expression showed no significant 

differences when compared to the control group; unlike BAX immunoexpression, which was 

significantly higher than in the control group in both studies (26-27). Moreover, the research 

conducted by Shailaja shows similar results regarding BAX expression compared to our 

study (25). 

The physiological function of p53 is to prevent the accumulation of genetic cell damage, 

whether through repair before cell or causing apoptosis. Alterations in p53 would, 

therefore, lead to uncontrolled cell growth (28). It has been established that the functional 

damage of p53 is involved in the development and progression of oral epithelial dysplasia 

and oral squamous cell carcinoma (29). 

Several studies agree that p53 immunoexpression is significantly higher in OLP in the basal 

and suprabasal layers when compared to a control group (healthy oral mucosa) (25-27,30-31). 

Under normal conditions, p53 is found in low levels due to its rapid proteolysis (27). Our 

results show weak expression of this protein at the level of the basal layer, suggesting an 

increase in cell apoptosis in the region. 



Ki-67 is a nuclear protein involved in the cell cycle, associated with cell proliferation and 

used as a cell proliferation marker to measure tumor cell growth (28). This marker can be 

used for early detection of squamous-cell carcinoma, as it is expressed on phases G1, S, G2, 

M of the cell cycle (32). 

MCM3 is part of a set of proteins (minichromosome maintenance proteins) connected to 

DNA replication, and its increase plays a role in the malignant cell transformation 

process (25). Several studies on MCM3 expression in lymphomas, leukemia, carcinoma of the 

uterine cervix, breast, kidney, stomach, lung, colon and melanoma, among others, have 

found that a high MCM3 expression is associated with a worse prognosis (33). 

Ki-67 is present during all active phases of the cell cycle, except G0 and early G1, whereas 

MCM3 is expressed in high levels during all phases of the cell cycle including early G1 and 

excluding G0 (35). 

In a study conducted by Rezazadeh et al. based on Ki-67 and MCM3 expression in oral 

squamous cell carcinoma, 96.4% of cases were positive for MCM3 and 78% for Ki-67, 

compared to the cases of normal mucosa where proliferative indices are low (32). Cell 

proliferation measured by these two proteins in our study showed a weak 

immunoexpression of 92.68% for Ki-67 and a moderate one of 45.94% for MCM3, 

suggesting that it is elevated, which is reflected in the positive expression of both in OLP. 

H3 is one of the five major histone proteins involved in the structure of chromatin of 

eukaryotic cells (36). According to several studies, variations and modifications in the status 

of H3 play a role in long-term gene regulation (37). Two genes, H3F3A and H3F3B, encode the 

H3 protein, but both are differentially regulated in carcinogenic processes, given that 

overexpression of H3F3A promotes cell invasion and cancer progression (38-40). Finally, we 

found that H3 expression is weak to moderate, suggesting a mild to no alteration of this 

protein in connection with the pathogenesis of OLP or with its biological behavior. 



Syndecan-1 (CD-138) is part of a family of receptors that take part in cell–cell and cell-matrix 

adhesion, and is localized in the basal and suprabasal level of cell layers (38). 

The expression of syndecan-1 is elevated during keratinocyte differentiation in the normal 

or hyperplastic epithelium and reduced in squamous cell carcinoma and premalignant cells; 

therefore, it may have a prognostic value in determining the clinical result of the lesion (39). 

According to the study conducted by Manal et al., CD-138 expression is high and positive in 

normal stratified epithelium, but the expression is reduced in the cases of erosive OLP, and 

CD-138 immunoreactivity was associated with the lesions that were not malignized, which 

means this marker is considered to be potentially useful in determining the malignant 

potential of lesions (31). In our study we found that CD-138 was conserved, which can be 

understood as a continuity in the cell-cell cohesion. 

 
A considerable limitation of this study is that the expression of the proteins analyzed could 

not be countered or compared with the adjacent healthy tissue in all cases because some 

samples had insufficient tissue. 

 

CONCLUSIONS 
 
There appear to be pro-apoptotic mechanisms in the basal layer of the epithelium, which is 

supported by a higher expression of BAX compared to BCL-2; this speculation is reinforced 

by the fact that p53 was the only marker found in the subepithelial infiltrate. 

 
The alteration of the proliferative mechanisms is associated with an increase in Ki-67, MCM3 

and H3 biomarkers, suggesting a response of basal keratinocytes to lymphocyte-mediated 

immune damage toward the basal layer of the epithelium. 

 

We suggest expanding this work in the future with a larger number of cases, comparing 

samples with healthy adjacent areas or normal oral mucosa of patients without OLP. 
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