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Abstract
Background. Oral lichen planus (OLP) and oral lichenoid lesions (OLL) comprise a group of oral mucosal 
disorders that have similar clinical and histological features.

Objectives. To compare the levels of investigated biomarkers in biopsied OLP and OLL, and to determine 
the pattern of biomarkers, which could be useful for the biological characterization of these 2 disorders.

Materials and methods. A total of 56 biopsy specimens in 2 groups were analyzed in this study. One 
group consisted of 25 idiopathic OLP lesions, and the other included 31 OLL from patients treated with an-
tihypertensive and cardiac medications. The expression of protein p53, topoisomerase I (topo I), heat shock 
protein 90 (HSP90), and E-cadherin was analyzed using immunohistochemistry.

Results. The p53 protein expression showed a trend to a positive correlation with topo I expression in the total 
sample (p = 0.067, R = 0.25). The p53 protein and HSP90 expression was higher in the OLL group compared 
to the OLP group, but the difference was not statistically significant. No association was found between topo I 
and E-cadherin expression for either the OLP or OLL group.

Conclusions. The findings of this study suggest that the slightly higher protein p53 and HSP90 expression 
in the OLL group might be caused by the medications used. The slight association between p53 and topo I 
expression indicates that the cooperation between these proteins might be essential for the growth of OLP/
OLL in general. We conclude that the overexpression of p53 protein and high expression of topo I found 
in both types of lesions might induce their biologically aggressive behavior.
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Background

Oral lichen planus (OLP) and oral lichenoid lesions 
(OLL) comprise a group of disorders of the oral mucosa. 
Oral lichen planus lesions are a chronic disorder most 
commonly affecting middle-aged adults, with a slight fe-
male predominance. Such lesions appear as white papules 
that coalesce to form reticular, annular or plaque-like pat-
terns.1,2 The etiology and pathogenesis of OLP are still 
not clear or fully explained. Studies suggest the presence 
of an immunological disorder in which CD4+ (Th1) and 
CD8+ (Tc) lymphocyte activation, as well as production 
of cytokines, such as interleukin-2 (IL-2), interferon gamma 
(IFN-γ) and tumor necrosis factor (TNF), can cause apop-
tosis of keratinocytes.3–5 Recent studies have indicated that 
Th2 lymphocytes can also contribute to the pathogenesis 
of OLP.6 The histopathological assessment of OLP lesions 
reveals hyperkeratosis, degeneration of the basal cell layer 
of the epithelium, hydropic degeneration of basal cells, 
infiltration of lymphocytes in the connective tissue, and 
acanthotic or atrophic epithelium.1,2

Oral lichenoid lesions are another type of  lesion fre-
quently observed in the oral mucosa. In certain patients, 
oral lichenoid drug reaction lesions can be caused by nu-
merous medications, such as the majority of β-blockers, 
some angiotensin-converting enzyme inhibitors, some 
thiazide diuretics, nonsteroidal anti-inflammatory drugs, 
and oral hypoglycemic medications.2,5,7 In a study by Bala-
kumar et al. adverse drug reactions were identified in pa-
tients treated with combinations of β-adrenergic blockers 
and calcium-channel blockers in addition to β-adrenergic 
blockers and diuretics and coronary disease medications.7 
Similarly, Jinbu and Demitsu noted that nicorandil induced 
ulcerations on the sites typical of OLP lesions.8 Farzin et al. 
found lichenoid reactions of linear striations on the buc-
cal mucosa in 4.5% of 465 hypertensive patients being 
treated with antihypertensive medications.9 An oral li-
chenoid drug reaction can occur at any time, even years 
after the beginning of treatment. In many cases, alternative 
medication options are not available. Oral lichenoid lesions 
often represent clinical and histological features of OLP, so 
diagnosis is often complicated.2,9 Furthermore, there are 
no specific biomarkers helpful in distinguishing between 
OLP and OLL and predicting their behavior.10–12

Few studies have analyzed molecular markers that might 
be useful in  identifying patients with progressive OLP 
growth.11–13 They found that p53 protein and topoisom-
erase IIα expressions in OLP might be markers of pro-
liferative activity.10,11 Some data suggest that the overex-
pression of p53 protein in benign lesions might play a role 
in the early stages of oral carcinogenesis, and TP53 muta-
tions might be an important oncogenic event in malig-
nantly transformed OLP.3,11,14 A single study determined 
that focal loss of E-cadherin expression in OLP lesions 
might increase their progressive growth.10 Similarly, it was 
noted that heat shock proteins are potentially involved 

in the pathogenesis of the inflammatory process, which 
is observed when OLP induces premalignant lesions.10,13 
There are no data on p53, topoisomerase I (topo I), heat 
shock protein 90 (HSP90), and E-cadherin expression 
in OLL, or comparative studies between OLP and OLL. 
Based on the data that OLP/OLL represent a heteroge-
neous group of inflammatory disorders that share com-
mon antigens and are characterized by similar clinical and 
histological features, it would be interesting to investigate 
biomarker patterns which would be useful for the biologi-
cal characterization of these different lesions.2

Objectives

The aim of this study was to assess p53 protein, topo I, 
HSP90, and E-cadherin expression in OLP and OLL biopsy 
specimens, which could help distinguish between these 
2 pathologies diagnostically.

Materials and methods

Patients and study group selection

A total of  56  patients with OLP who were referred 
to the oral pathology outpatient clinic between January 1, 
2015 and May 31, 2019, were enrolled in the study. The clini-
cal and histopathological diagnoses of OLP were made based 
on the World Health Organization (WHO) criteria defined 
in 1978 and modified in 2003.15 Clinical investigation was 
performed by a specialist in periodontology and oral muco-
sal pathology, and histopathological investigation was per-
formed by a specialist in pathomorphology. The patients were 
reviewed for demographic data, general health and type(s) 
of medication. A clinical investigation was carried out to re-
cord the clinical forms of the lesions and the sites involved.

Assuming that the lesions of some of the patients di-
agnosed with OLP could be related to medication side 
effects, 2 groups of patients were created. The 1st group 
(idiopathic OLP) consisted of 25 patients, and the 2nd group 
(OLL) of 31 patients whose lesions may have resulted from 
the treatment with antihypertensive and/or cardiovascu-
lar medications. Differences in the expression patterns 
of the 4 abovementioned biomarkers, which could be con-
sidered when making the diagnosis between these 2 pa-
thologies, were evaluated.

The pathologist evaluating the molecular markers was 
blinded. All 56 biopsies were assessed without being di-
vided into groups. After immunohistochemical evaluation, 
the data were described in accordance with the groups 
(OLP or OLL groups).

The study was conducted according to the principles 
of the Declaration of Helsinki and approved by the Ethics 
Committee of the Wroclaw Medical University, Poland 
(approval No. KB230/2016).
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Antibodies

Immunohistochemical staining was performed with 
the following antibodies: mouse monoclonal antibody DO-7 
(clone DO-7) that reacts with both the wild and mutant 
forms of unphosphorylated human p53 protein (Novocas-
tra, Newcastle, UK); anti-topo I that binds to a region within 
the middle of the topo I molecule (clone 1D6; Novocastra); 
anti-HSP90 protein that recognizes protein corresponding 
to 306 amino acids of the C-terminus of the HSP90 mol-
ecule (clone JPB24; Novocastra); and anti-human cadherin 
(clone NCH-38) that recognizes the 120 kD mature form 
of E-cadherin (Dako, Copenhagen, Denmark).

Immunohistochemical staining

Immunohistochemical staining for the analyzed pro-
teins was performed on paraffin-embedded OLP tissue 
specimens using the Universal Dako REAL EnVision De-
tection System, Peroxidase/DAB+, Rabbit/Mouse (Dako); 
the  primary antibodies were anti-p53 protein, topo  I, 
HSP90, and E-cadherin. The 5-μm sections of OLP were 
deparaffinized and boiled 2 × 5 min in a citrate buffer 
(pH = 6.0) at 800 W in a microwave. After that, the OLP 
sections were slowly cooled for 30 min. Nonspecific tis-
sue endogenous peroxidase reactivity was blocked with 
Dako REAL Peroxidase Blocking Solution (Dako). The OLP 
specimens were incubated overnight with primary an-
tibodies at 4°C. After washing the OLP specimens with 
0.1 M Tris-buffered saline (TBS; pH = 7.4), they were in-
cubated with Dako REAL EnVision/HRP, Rabbit/Mouse 
(Dako) for 30 min at room temperature. After washing 
the antigen-antibody with TBS, the reaction was visual-
ized using 3,3 diaminobenzidine (Dako) as a chromogen. 
The sections were counterstained with hematoxylin and 
mounted. The incubation buffer (TBS) without primary 
antibodies was used as a negative control. Positive controls 
for each antibody were performed according to the manu-
facturer’s recommendations.

Interpretation  
of immunohistochemical staining

The assessment of protein expression in the OLP tissues 
was scored semiquantitatively, taking into account the in-
tensity of immunostaining and the number of cells showing 
immunoreactivity for the analyzed proteins. The number 
of cells exhibiting staining for p53 protein and topo I anti-
bodies was assessed by counting 1000 cells in 10–15 ran-
domly selected high-power fields. Heat shock protein 90 
and E-cadherin expressions were analyzed by determining 
cytoplasmic/membrane immunostaining based on the in-
tensity of immunostaining and the percentage of the stained 
OLP tissue area. The cases were scored as negative for all 
protein expressions when there was no immunostaining 
or variable weak positivity (<5% of cells).

Statistical analyses

The  statistical significance between the  means for 
the different groups was calculated using the nonparamet-
ric Mann–Whitney U test; the frequencies were calculated 
using the χ2 test or Fisher’s exact test.16 The associations 
between p53 protein and HSP90, topo I and E-cadherin 
were analyzed using Spearman’s rank correlation. Dif-
ferences were considered statistically significant when 
p < 0.05. Statistical analysis was performed using Statis-
tica v. 13.0 software (StatSoft Poland, Kraków, Poland) and 
PAST v. 4.05 (https://past.en.lo4d.com/windows).

Results

Comparison of clinical parameters 
between groups

There were 21  men and 35  women with mean age 
of 57.7 ±13.6 years and 65.5 ±9.4 years, respectively. Follow-
ing anamnesis, the OLP group included 25 patients with 
a mean age of 57.0 years, and the OLL group included 31 pa-
tients with a mean age of 68.0 years; the patients in the OLP 
group were significantly younger (p = 0.0001; Table 1). 
There was a significantly higher number of women when 
all 56 patients were considered (p = 0.04), as well as when 
the 31 OLL patients were considered separately (p = 0.04). 
The duration of the lesions was similar in the OLP and OLL 
groups (38.6 months and 39.3 months, respectively). A com-
parison of the parameters evaluated between the groups 
revealed a significant difference in the median age, which 
was higher in the OLL group. In the OLL group, more pa-
tients showed shorter disease duration (below 34 months), 
whereas in the OLP group, more patients presented with 
longer disease duration (above 34 months). The observed 
differences between the OLL group and the OLP group 
were statistically significant (p = 0.018; Table 1).

Two clinical forms among all 56 lesions were found: white 
lesions of striae in 43 cases and erosions in 13 cases; there 
were no statistically significant differences in the preva-
lence of clinical forms between the OLP and OLL groups. 
In the assessment of site involvement, lesions were present 
on the buccal mucosa in 27 patients, at other sites (such 
as the gingiva or tongue) in 4 patients, and at 2 or 3 sites 
in 25 patients. No statistically significant difference was 
seen in site involvement between the groups (Table 1).

Comparison of p53, topo I, HSP90,  
and E-cadherin expression between 
groups

The  p53 expression was found in  19/56 (33.0%) 
of the oral lesions. Nuclear accumulation of p53 protein 
showed a trend to higher expression in the OLL group com-
pared to the OLP group (Table 2). In the majority of cases 
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in both groups, p53 expression was found in a low per-
centage of basal and suprabasal epithelial cells (Fig. 1A,B). 
Topoisomerase I expression was found in 42/56 specimens 
(75.0%), HSP90 in 28/56 specimens (50.0%) and E-cad-
herin in 37/56 specimens (66.1%); expressions were slightly 
higher in the OLL group than in the OLP group (Table 2).

Positive results for E-cadherin expression were obtained 
from 10–60% of immunoreactive tissue. Topoisomerase I 
expression revealed equal immunoreactivity in both groups 
and was observed in different tissue areas from 10–70% 
of  tissue. The expression of HSP90 was slightly higher 
in  the  OLL group than in  the  OLP group (Fig. 1C–F). 
The intensity of topo I and HSP90 immunoreactivity was 
stronger in the OLL group than in the OLP group. Simi-
larly, the range of E-cadherin immunopositivity was higher 
in the OLL group than in the OLP group (Fig. 1G,H).

Association between p53 protein  
and topo I, HSP90 and E-cadherin 
expression

The  p53 protein expression showed a  trend to-
ward a positive correlation with top  I expression only 

(of  the  biomarkers) when all patients were considered 
(p  =  0.067, R  =  0.25) (Table 3). Such a  correlation be-
tween p53 and topo I expression was not observed when 
the 2 groups were considered separately. No correlation 
was observed between p53 protein expression and HSP90 
and E-cadherin expression when the OLL and OLP groups 
were considered separately and when all cases were con-
sidered together (Table 3).

Discussion

Data on the identification of biomarkers of OLP and OLL, 
which could help explain their biological characteristics, are 
limited.11–13 This study found no differences in terms of gen-
der, forms and location of lesions between the OLP and OLL 
groups, which is consistent with other reports.12,17 The dif-
ferences in mean age between groups in this study are in con-
trast to the published data.12,14 The reason why the patients 
in the OLL group were older might be that they had cardiac 
and vascular diseases. In the OLL group, a significantly higher 
number of patients had a longer duration of lesions, which 
could have been associated with the use of medications.

Table 1. Demographic parameters in oral lichenoid lesions (OLL) and oral lichen planus (OLP) groups

Parameters
OLL group (n = 31) OLP group (n = 25)

Test value p-valuemedian (25Q–75Q)
mean ±SD

median (25Q–75Q)
mean ±SD

Age [years] 68.0 (64.0 ±71.0) 57.0 (45.0 ±62.0) 3.46 0.0001*

Lesions presence duration [months] 38.6 ±19.9 39.3 ±18.9 0.87 0.386*

Lesions presence duration, patients (n)

≤34 months 21 9
5.61 0.018**

>34 months 10 16

Lesions presence clinical forms, patients with (n):

White striae 23 20
0.26 0.609**

Erosive form 8 5

Lesions presence – sites involved, patients with (n):

Buccal mucosa involved 13 14

– 0.55***Other site involved 3 1

General involvement 15 10

* U Mann–Whitney (test value – Z); ** χ2 test; *** exact Fisher’s test; 25Q – lower quartile; 75Q – upper quartile; SD – standard deviation.

Table 2. P53, HSP90, topo I, and E-cadherin expression in oral lichenoid lesions (OLL) and oral lichen planus (OLP) groups

Biomarkers

Immunopositivity (% of positive cases)

OLL group
(n = 31)
[n, %]

OLP group
(n = 25)

[n, %]
Test value p-value

p53 12 (38.7) 7 (28.0) 0.71 0.400

HSP90 18 (58.0) 10 (40.0) 1.81 0.177

E-cadherin 22 (70.9) 15 (60.0) 0.74 0.388

Topo I 24 (77.4) 18 (72.0) 0.64 0.642

HSP90 – heat shock protein 90; topo I – topoisomerase I. χ2 test.
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Fig. 1. Representative oral lichenoid lesions (OLL) and oral lichen planus (OLP) patients. A. Low number of keratinocytes and epithelial cells with p53 
protein nuclear accumulation in OLP lesions; B. The p53 protein expression observed in a high number of cells in OLL; C. High number of cells showing 
topoisomerase I expression in OLP; D. Topoisomerase I immunostaining limited to deep layers of epithelial tissue in OLL; E. Heat shock protein 90 
(HSP90) membrane/cytoplasmic expression detected in a high percentage of OLP tissue; F. The HSP90 membrane immunostaining observed in basal 
and suprabasal epithelial cells of patients with OLL; G. E-cadherin membrane expression in epithelial cells of untreated patients with OLP; H. E-cadherin 
expression in superficial epithelial tissue of OLL (the EnVision technique)

Fig. 1A,B,E: scale bar = 50 μm; Fig. 1C,D,F,G,H: scale bar = 100 μm.
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In order to explore the differences between the OLP 
and OLL groups, the biomarkers p53, topo I, HSP90, and 
E-cadherin were analyzed.10,11,18 As with previous reports, 
the expression of p53 was observed in a small number 
of cases in this study.11,18 Consistent with existing studies, 
we consider that the heterogeneous pattern of p53 expres-
sion (ranging from weak to strong intensity of p53 immu-
nostaining) observed in this study indicates that cases with 
strong nuclear accumulation of p53 protein are the result 
of gene alteration or protein structural changes which oc-
cur during the early stages of a premalignant lesion.10,14,18 
Our clinical observations of the OLP patients did not show 
any development of premalignant lesions. There are no 
reports in the literature regarding p53 protein expression 
in OLL patients taking antihypertensive or cardiac medi-
cations, which was analyzed in this study. The findings 
of this study revealed significant differences in p53 protein 
expression, which was higher in the OLL group; this could 
be explained as being related to ongoing medical treat-
ment. Moreover, p53 protein expression might be a result 
of p53 protein activation after DNA damage by drugs used 
in the patients’ therapy, which might reflect protective 
mechanisms, such as DNA repair, rather than gene altera-
tion.14 However, this observation needs to be confirmed 
by TP53 gene status analysis.16 Nevertheless, we postu-
late that the risk of progressive growth might be higher 
in the OLL group (that had greater p53 expression) than 
in the idiopathic OLP patients, due to loss of the suppres-
sive role of p53 protein.18,19 We found an association with 
high proliferative activity based on topo I expression and 
p53 protein nuclear accumulation in the sample as a whole 
but not when the OLL group alone was examined. We are 
unable to prove the prognostic value of the p53 protein 
due to the short time of clinical observation of the treated/
untreated OLP patients. Nevertheless, the results of this 
study are supported by Bermejo-Fenoll et al. to an extext; 

their retrospective study found an association between 
p53 protein expression and malignancy of OLP lesions.20 
They found the development of squamous cell carcinoma 
(SCC) in 5 out of 550 patients with OLP; 3 of these 5 cases 
were being treated for hypertension, so they were diag-
nosed as OLL.19 Giuliani et al. described overall malignant 
transformation in 1.4% of cases, including 1.37% for OLP 
and 2.43% for OLL in large groups, and concluded that p53 
expression can cause progression from healthy oral tissue 
to malignancy; thus, p53 may be an early diagnostic sign 
of carcinogenesis.21

In this study, specimens showing the expression of topo I 
in  a  high number of  cells indicated that this enzyme 
might characterize the subgroup of OLP that has high 
proliferative activity and leads to a progressive growth 
of these lesions. This hypothesis is supported by other 
studies which showed that high topo I expression in be-
nign tumors increased the risk of malignancy.22 As found 
in our study, similar topo I expression in specimens of both 
the OLP and OLL groups indicates that medications do 
not influence the cellular activity of oral epithelial cells. 
The lower expression of HSP90 in tissues from the OLP 
group might be associated with greater nuclear accumula-
tion of p53 protein, which can form complexes with HSP90 
in cells.23,24 The lack of association between p53 protein 
and HSP90 expression in  the  study group as  a  whole, 
as well as in the OLP and OLL groups separately, suggests 
that HSP90 protein does not play a protective role against 
p53 protein in, for example, carcinoma tissue.25

The high E-cadherin expression observed in this study 
is consistent with other studies and indicates that high 
E-cadherin expression is important for tissue structure 
because this protein is highly expressed by normal oral 
epithelial cells in  the  spinous layer and basal layer.26 
Our results concerning equal E-cadherin expression 
in the OLP/OLL groups are somewhat in line with the the 

Table 3. Correlation between p53 protein and HSP90, topo I and E-cadherin expression in the whole specimens, oral lichenoid lesions (OLL) and oral lichen 
planus (OLP) groups

Biomarkers Number of cases Spearman’s R p-value

P53 compared to HSP90

Whole investigated group 56 0.16 0.225

OLP group 25 0.26 0.261

OLL group 31 0.07 0.671

P53 compared to topo I

Whole investigated group 56 0.25 0.067

OLP group 25 0.15 0.509

OLL group 31 0.27 0.114

P53 compared to E-cadherin

Whole investigated group 56 0.13 0.344

OLP group 25 0.34 0.139

OLL group 31 0.06 0.715

HSP90 – heat shock protein 90; topo I – topoisomerase I. Spearman’s rank correlation.
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study by Sargolzaei and Mohamadian, who did not observe 
significant differences in the expression of E-cadherin be-
tween OLP specimens with and without dysplasia.12 How-
ever, there is research indicating that p53 protein expres-
sion reduces E-cadherin expression in oral SCC.27 The lack 
of correlation between p53 protein and E-cadherin expres-
sion in the OLP specimens analyzed in this study suggests 
that there is no cooperation between these 2 proteins. This 
observation is consistent with a published report suggest-
ing that the reduction of E-cadherin in OLP is associated 
with mild and moderate dysplasia.26,27

Limitations

The 1st limitation of this study is that the medications 
used by the OLL patients are not specified – not all classes 
of antihypertensive and cardiac medications cause OLL 
as a side effect. Moreover, there are new medications for 
which there are no published observations or investiga-
tions with regard to OLL. The 2nd limitation is the absence 
of a control group; tissue biopsies from healthy subjects 
would have been useful for comparison.

Conclusions

The results of this study suggest that high p53 protein 
and HSP90 expressions in the OLL of patients treated with 
cardiovascular medications could result not only from 
gene alterations but also from those medications. The im-
pact of p53 protein on the biological behavior of oral cells 
might be different in idiopathic OLP compared to drug-re-
lated OLL. The association between p53 protein and topo I 
expression indicates that the association between these 
proteins might be essential for the growth and behavior 
of OLP/OLL. We conclude that the expression of p53 pro-
tein and topo I found in both types of lesion might induce 
their biologically aggressive behavior. However, to con-
firm these observations, future larger studies on the roles 
of these molecules in oral lesions are warranted.
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