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1  |  INTRODUC TION

Oral lichen planus (OLP) is a chronic, immuno- inflammatory, poten-
tially malignant oral disease affecting the squamous epithelium and 
the underlying lamina propria (Adamo et al., 2022; Bermejo- Fenoll 
& López- Jornet, 2006). The worldwide prevalence is estimated to 

fluctuate between 0.22% and 5% (Gorouhi et al., 2014), and the fe-
male/male ratio is 2:1 (Farhi & Dupin, 2010). The etiology of OLP is 
unknown; however, the most relevant hypothesis explains OLP as an 
immune reaction elicited by T- lymphocytes, probably through exog-
enous or endogenous factors (Gueiros et al., 2018; Pippi et al., 2016). 
Furthermore, infectious agents such as hepatitis C virus (Lodi 
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Abstract
Objective: The present study evaluated the oral tissue expression of micro- RNA 
(miRNAs) linked to the potential malignant evolution of oral lichen planus (OLP). 
Furthermore, the correlation between OLP severity and miRNAs expression was as-
sessed, and possible predictors of miRNAs in OLP patients were identified.
Methods: The present study enrolled 41 patients with OLP (median age 58 years) 
and 42 healthy controls (median age 59 years). In each patient, miRNA levels (miR- 
7a- 3p,- 7a2- 3p,- 7a- 5p,- 21- 3p,- 21- 5p,- 100- 3p,- 100- 5p,- 125b- 2- 3p,- 125b- 5p,- 200b- 
3p,- 200b- 5p) were assessed and analyzed through reverse transcription polymerase 
chain reaction. Clinical parameters and the eventual presence of OLP symptoms, 
signs, and disease severity scores in each patient were reported using an anamnestic 
questionnaire.
Results: In comparison with healthy controls, OLP patients showed significantly 
higher miR- 7a- 3p,- 7a- 2- 3p,- 21- 3p, miR- 21- 5p and miR- 100- 5p levels (p < 0.05) and 
significantly lower miR- 125b- 2- 3p,- 125b- 5p,- 200b- 3p, and - 200b- 5p levels (p < 0.05). 
Furthermore, OLP symptoms and signs and disease severity scores were significantly 
correlated and were also predictors of all analyzed miRNAs (p < 0.05).
Conclusions: In comparison with healthy subjects, OLP patients exhibited unbalanced 
oral miRNAs expression linked to the risk of potential malignant evolution of OLP. 
Furthermore, some miRNAs were correlated with OLP extent and were significant 
predictors of OLP symptoms, signs, and disease severity scores.
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et al., 2010; Petti et al., 2011), genetic factors (Gorouhi et al., 2014), 
autoimmunity (Warnakulasuriya et al., 2021), heat shock proteins 
(Payeras et al., 2013), and psychological factors (de Porras- Carrique 
et al., 2022; Rojo- Moreno et al., 1998) have been related with the 
etiology of OLP. Moreover, growing evidence has reported that the 
overall risk of OLP malignant transformation could be around 1.37% 
(Payeras et al., 2013), although several factors have been identified 
that could increase the possibility of cancerization, such as female 
sex, elderly age, atrophic- erosive lesions, tobacco, alcohol, and in-
fections (Crincoli et al., 2011; Giuliani et al., 2019; González- Moles 
et al., 2019; Nunes et al., 2022). The first- line therapy of OLP relies on 
the use of topical corticosteroids (Lodi et al., 2012, 2020; Santonocito 
et al., 2021), miconazole (Lodi et al., 2007), while alternatively, cal-
cineurin inhibitors such as topical tacrolimus (Polizzi et al., 2023) or 
systemic corticosteroids and immunosuppressants may be employed 
(Al- Hashimi et al., 2007; da Silva et al., 2021). However, there is no 
clear and resolutive therapy for OLP, with periods of exacerbation and 
quiescence (Thongprasom et al., 2011). Therefore, research efforts go 
toward the early identification of new biomarkers and potential ther-
apeutic targets involved in the early risk of development, and the risk 
of malignant transformation of OLP lesions is of increasing interest.

Recently, a growing interest has attracted microRNAs (miRNAs) 
in oral tissue homeostasis and abnormal expression related to dif-
ferent oral inflammatory and autoimmune diseases such as OLP (Wu 
et al., 2015; Ziebarth et al., 2019). MiRNAs are small single- stranded 
noncoding RNA molecules which repress protein expression at a post- 
transcriptional level through imperfect base pairing with mRNA 3′ 
UTR, reducing translation or inducing degradation of the target mRNA 
(Li et al., 2022). Some miRNAs have been reported as being abnor-
mally expressed in OLP; in this regard, miR- 27b and miR- 137 have 
been related to the potential malignant transformation of OLP lesions 
(Aghbari et al., 2018; Ahmadi- Motamayel et al., 2017). In this regard, 
significant changes were found in the expression of nine miRNAs 
(miR- 21, 26b, 121, 137, 146a, 155, 203, 375, and 4484) in patients 
with OLP (Liu et al., 2015) and oral squamous cell carcinoma (OSCC) 
(Jakob et al., 2019). Furthermore, a recent preliminary study by Liang 
et al. (2016) showed an increased serum level of IL- 17 and miR- 155 
m- RNA in patients with OLP compared to healthy controls; this study 
proposed the role of mi- RNAs in the erosive evolution of OLP. There-
fore, based on the above- mentioned evidence, the aim of this study 
was to identify the oral tissue expression of miRNAs in patients with 
OLP. Furthermore, the correlation was assessed between OLP severity 
and miRNAs expression, and possible predictors of miRNAs expres-
sion in OLP patients were investigated.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

The present study was designed as a case– control study in which 
healthy controls and OLP patients were enrolled at the Dental 
School of the University of Catania, Italy. The local International 

Review Board approved the study protocol (121/20/PO), and writ-
ten informed consent was obtained from each patient. The study 
was performed in accordance with the guidelines for strengthen-
ing the communication of observational studies (STROBE) (Table S1) 
and followed the declaration of Helsinki on medical research guide-
lines reviewed in 2016.

For OLP patients, in accordance with the updated WHO clinical 
and histopathological criteria of 2020 (Warnakulasuriya et al., 2021), 
the inclusion criteria were: (1) ≥ 18 years of age; (2) more or less 
symmetrical white lesions; (3) lace- like network of slightly raised 
white lines (reticular, annular or linear pattern) with or without 
erosions and ulcerations; (4) possible desquamative gingivitis; (5) 
well- defined, band- like zone of cellular infiltration consisting mainly 
of lymphocytes and confined to the superficial lamina propria; (6) 
vacuolar degeneration in the basal/suprabasal cell layer with kera-
tinocyte apoptosis; (7) epithelial thinning with eventual ulceration 
and mixed inflammatory infiltrate in atrophic variant. The exclusion 
criteria for the OLP patients were: (1) use of anti- inflammatory drugs 
or antibiotics during the last 6 months preceding the study; (2) the 
state of pregnancy or breastfeeding; (3) the presence of contact or 
oral drug lichenoid lesions.

Healthy subjects had (1) no diagnosis of OLP, (2) the presence 
of any oral disease, (3) the presence of any systemic disease, and (4) 
medication intake in the 6 months prior to the study.

Each patient completed an anamnestic questionnaire report-
ing the eventual presence of any comorbidities (e.g. diabetes, hy-
pertension, hypercholesterolemia, hypothyroidism, celiac disease, 
HBV, HCV, HPV, and EBV), anxiety, depression, and stress, all drugs 
usually taken, information on the lesion onset and the possible de-
gree of limitation felt in oral functions. Furthermore, each subject 
underwent a scrupulous oral and general objective examination to 
assess the presence of oral mucosal OLP lesions and some possible 
skin and/or genital mucous membranes lichenoid lesions. Hyper-
tension was assessed for blood pressure values ≥140/90 mmHg; 
diabetes was diagnosed with blood glucose >126 mg/dL and hy-
percholesterolemia with blood cholesterol >200 mg/dL with LDL 
>130 mg/dL. The presence of celiac and other possible systemic 
diseases was assessed during the medical examination of each en-
rolled patient.

2.2  |  OLP symptoms, signs and disease 
severity scores

OLP symptoms and signs were assessed as previously described 
(Polizzi et al., 2023). More specifically, OLP symptom severity was 
classified in accordance with Raj et al. (2012) as follows: 0, no symp-
toms; 1, mild (occasional symptoms); 2, moderate (e.g., while eating 
spicy food); 3, severe (i.e., while eating any food); 4, intolerable (al-
ways present) symptoms. OLP signs were recorded with a scale for-
mulated by Kaliakatsou et al. (2002) as follows: 0, no lesion present; 
1, only white striae present; 2, white striae plus erosion of fewer than 
1 cm2; 3, white striae plus erosion of more than 1 cm2; 4, white striae 
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plus ulceration of fewer than 1 cm2; and 5, white striae plus ulcera-
tion of more than 1 cm2. Finally, the OLP disease severity score was 
obtained through the combination of OLP symptoms and sign scores 
(Singh et al., 2017): 1– 3, mild disease; 4– 6, moderate disease; and 7– 9, 
severe OLP disease.

2.3  |  Tissue sample collection

In the OLP group, the tissue specimen was taken for OLP diagno-
sis, while in the healthy group, the oral mucosal specimens (with-
out inflammation) were obtained from individuals who underwent 
oral surgery (e.g. third molar surgery, fractured teeth). Samples were 
dipped in formalin for regular histological diagnosis, while frozen 
fresh tissue was used for the analysis of the miRNA. A small 4- mm 
piece of biopsy fresh tissue was kept at −70°C immediately after sur-
gery to analyze the expression of miRNAs levels.

2.4  |  RNA extraction and reverse- transcriptase 
PCR (RT- PCR) analysis

Total RNA extraction was performed through TRIzol kit (Life Tech-
nologies). Complementary DNA (cDNA) was obtained by reverse- 
transcribing 10 ng RNA (in 10 μg) using the miRCURY LNA RT Kit 
(cat. no. 339340). PCR procedures were carried out on a QuantS-
tudio™ 3 (Applied Biosystems Thermo Fisher Scientific) using 3 μL 
diluted 1:60 cDNA template of RT- product. The reactions were car-
ried out in triplicate in three separate experiments. Triplicate values 
for real- time PCR were managed by calculating the triplicate mean. 
The miRCURY LNA SYBR® Green PCR kit (cat. no. 339346) was 
used to quantify the expression levels of the following miRNAs: 
miR- 7a- 3p, miR- 7a- 2- 3p, miR- 7a- 5p, miR- 21- 3p, miR- 21- 5p, miR- 
100- 3p, miR- 100- 5p, miR- 125b- 2- 3p, miR- 125b- 5p, miR- 200b- 3p, 
and miR- 200b- 5p. The relative miRNAs expression levels were 
measured by the △△Ct method after normalization with refer-
ence control. The U6 snRNA was the reference gene, as previously 
described (Isola et al., 2023) and in agreement with previous stud-
ies (Cheng et al., 2022; Donati et al., 2019; Han et al., 2014; Luo 
et al., 2018; Tang et al., 2019) which recommended U6 snRNA as a 
reference gene for miRNA quantification by RT- PCR analysis in oral 
fluid specimens.

2.5  |  Power sample analysis

The sample size was established considering a number of two groups, 
one tail, an effect size of 0.80 for the OLP disease severity score 
(which represented the primary outcome variable), a significance 
level of 0.05, a power of 80%, and an allocation ratio of 0.85. It was 
established that at least 36 patients per group were needed. In each 
group, over 41 patients were enrolled in order to achieve a good 
power sample.

2.6  |  Statistical analysis

Numerical data were expressed as the median and interquartile 
range (Q1– Q3), while categorical variables were expressed as num-
bers and percentages. A non- parametric approach was used since 
analyzed variables were not normally distributed, as verified by the 
Kolmogorov– Smirnov test. The comparison between cases and con-
trols was calculated using the Mann– Whitney test for numerical pa-
rameters and the Chi- Squared (or exact Fisher test) for categorical 
variables.

The Spearman correlation test was applied in order to assess 
the interdependence among miRNAs and variables related to the 
patient, such as age, comorbidities (yes/no), stress (yes/no), plaque 
index, depression (yes/no), anxiety (yes/no), OLP signs, OLP symp-
toms, and OLP disease severity score.

Furthermore, to identify possible significant predictors of miR-
NAs expression in the analyzed sample, a logarithmic transformation 
of each analyzed miRNA was performed and, conditionally to a state 
of obtained normality after a logarithmic transformation, a uni-  and 
multivariable linear regression models were established in order to 
estimate the dependence of each miRNA by potentially explicative 
variables such as age, gender, smoking, BMI, comorbidities, stress, 
plaque index, depression, anxiety, OLP signs, OLP symptoms, and 
OLP disease severity score. Smoking, comorbidities, stress, depres-
sion, and anxiety were inserted as dichotomous variables (yes/no). 
Statistical analyses were performed using SPSS 22.0 for the Win-
dows package. A p- value smaller than 0.05 was considered to be 
statistically significant.

3  |  RESULTS

Both groups' demographics, clinical characteristics and miRNAs 
expression are shown in Table 1. The sample was composed of 42 
healthy controls (22 males, 20 females, mean age 59 years old) and 
41 patients with OLP (20 males, 21 females, mean age 58 years 
old); both groups were well matched for age (p = 0.310) and sex 
(p = 0.591). Figure 1 represents a case of ulcerative and sympto-
matic OLP.

In the OLP group, 63.4% of patients presented a red OLP form, 
while 36.6% had a white OLP form (Table 2). Moreover, patients 
with red OLP forms had atrophic OLP (29.3%) and ulcerative- 
erosive OLP (26.8%), and patients with white OLP forms had 
reticular OLP (21.9%) and plaque OLP (24.4%). The median OLP 
symptom score was 2 (1– 3 IQR), and the OLP signs score was 3 
(2– 4 IQR). Moreover, one patient showed the presence of skin li-
chenoid lesions (Table 2).

3.1  |  Primary outcome

Regarding miRNA concentrations (Table 3), in comparison with con-
trols, OLP patients showed significantly higher levels of the miRNAs: 
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miR- 7a- 3p (p < 0.001), miR- 7a- 2- 3p (p < 0.001), miR- 21- 3p (p < 0.001), 
miR- 21- 5p (p < 0.001) and miR- 100- 5p (p = 0.014) and lower levels 
of miR- 125b- 2- 3p (p < 0.001), miR- 125b- 5p (p = 0.029), miR- 200b- 3p 
(p = 0.046), and miR- 200b- 5p (p = 0.009).

The Spearman correlation analysis results are represented in 
Table 4. More specifically, the plaque index was positively cor-
related with miRNA 7a- 3p (rs = 0.365, p = 0.017), 7a- 2- 3p (rs = 0.394, 
p = 0.010), 21- 3p (rs = 0.439, p = 0.004), 21- 5p (rs = 0.364, p = 0.018), 
and negatively with 7a- 5p (rs = −0.404, p = 0.008), and 125b- 2- 3p 
(rs = −0.471, p = 0.002). Hypertension was positively correlated with 
miRNA 7a- 3p (rs = 0.704, p < 0.001), 7a- 2- 3p (rs = 0.545, p < 0.001), 
21- 3p (rs = 0.489, p = 0.001), 21- 5p (rs = 0.549, p < 0.001), and nega-
tively with 125b- 2- 3p (rs = −0.541, p < 0.001), 125b- 5p (rs = −0.292, 
p = 0.060), and 200b- 5p (rs = −0.316, p = 0.042). Hypercholesterolemia 
was positively correlated with miRNA 7a- 3p (rs = 0.582, p < 0.001), 

7a- 2- 3p (rs = 0.533, p < 0.001), 21- 3p (rs = 0.407, p = 0.008), 21- 
5p (rs = 0.362, p = 0.019), and negatively correlated with miRNA 
125b- 2- 3p (rs = −0.504, p = 0.001), 200b- 5p (rs = −0.342, p = 0.027), 
while hypothyroidism was positively associated with miRNA 7a- 3p 
(rs = 0.383, p = 0.012) and negatively with 125b- 2- 5p (rs = −0.336, 
p = 0.030). Anxiety was positively associated with miRNA 7a- 3p 
(rs = 0.539, p < 0.001), 7a- 2- 3p (rs = 0.537, p < 0.001), 21- 3p (rs = 0.376, 
p = 0.014), 21- 5p (rs = 0.364, p = 0.018), 100- 5p (rs = 0.307, p = 0.048), 
and negatively with 125b- 2- 3p (rs = −0.384, p = 0.012); depression 
was positively associated with miRNA 7a- 3p (rs = 0.351, p = 0.023), 
7a- 2- 3p (rs = 0.393, p = 0.010), and negatively associated with 7a- 5p 
(rs = −0.343, p = 0.026) while stress was positively associated with 
miRNA 7a- 3p (rs = 0.544, p < 0.001), 7a- 2- 3p (rs = 0.544, p < 0.001), 
21- 3p (rs = 0.409, p = 0.007), 21- 5p (rs = 0.337, p = 0.029), 100- 3p 
(rs = 0.385, p = 0.012), and negatively associated with 125b- 2- 3p 

TA B L E  1  Clinical characteristics of OLP and healthy controls.

Variables
Controls 
(n = 42)

OLP 
(n = 41) p- value

Age, median (IQR) 59 (55– 63) 58 (52– 65) 0.310

Male sex, no. (%) 22 (52.4) 20 (48.8) 0.591

Plaque index, median 
(IQR)

1 (1– 2) 2 (1– 3) <0.001

Diabetes, no. (%) - 3 (9.1) 0.393

Hypertension, no. (%) 5 (11.9) 8 (19.5) 0.286

Hypercholesterolemia, 
no. (%)

3 (7.1) 9 (22) <0.001

Hypothyroidism, no. (%) 2 (4.8) 6 (14.6) 0.076

Anxiety, no. (%) 3 (7.1) 11 (26.8) <0.001

Depression, no. (%) 2 (4.8) 8 (19.5) 0.014

Stress, median (IQR) 1 (0– 2) 2 (1– 4) <0.001

F I G U R E  1  Ulcerative and symptomatic OLP male patient. (a) Loss of autofluorescence on the right buccal mucosa compared to (b) 
conventional photo on the same side, (c) tongue dorsum, (d) left buccal mucosa, (e) light- based autofluorescence photo on tongue dorsum, 
(f) autofluorescence photo on left tongue margin compared to (g) conventional photo on the same side, (h) right tongue margin, and (i) 
autofluorescence related photo. The erosive lesions around the ulcers, particularly in the left buccal mucosa and lateral margins of the 
tongue, showed loss of autofluorescence compared to the surrounding areas, indicating potential increased metabolic activity in the 
epithelium, blood flow and/or inflammation.

TA B L E  2  Description of OLP forms, lichenoid lesions and types 
among OLP patients.

OLP (n = 41) No. (%)

OLP forms

White 15 (36.6)

Red 26 (63.4)

OLP types

Reticular 8 (19.5)

Plaque 10 (24.4)

Atrophic 12 (29.3)

Ulcerative 11 (26.8)

Systemic lichenoid lesions

Skin mucous membranes 1 (2.4)

Genital mucous membranes - 
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(rs = −0.011, p = 0.945). The OLP symptom score was positively asso-
ciated with miRNA 7a- 3p (rs = 0.493, p = 0.001), 7a- 2- 3p (rs = 0.470, 
p = 0.002), 21- 3p (rs = 0.580, p < 0.001), 21- 5p (rs = 0.502, p = 0.001), 
100- 3p (rs = 0.377, p = 0.014) and negatively associated with 7a- 5p 
(rs = −0.342, p = 0.027), 125b- 2- 3p (rs = −0.573, p < 0.001) The. OLP 
signs score was positively associated with miRNA 7a- 3p (rs = 0.625, 
p < 0.001), 7a- 2- 3p (rs = 0.642, p < 0.001), 21- 3p (rs = 0.608, p < 0.001), 
21- 5p (rs = 0.551, p < 0.001), and negatively associated with 7a- 5p 
(rs = −0.364, p = 0.018), 125b- 2- 3p (rs = −0.711, p < 0.001). OLP dis-
ease severity was positively associated with miRNA 7a- 3p (rs = 0.659, 
p < 0.001), 7a- 2- 3p (rs = 0.624, p < 0.001), 21- 3p (rs = 0.574, p < 0.001), 
21- 5p (rs = 0.497, p = 0.001), and negatively associated with 7a- 5p 
(rs = −0.359, p = 0.019), 125b- 2- 3p (rs = −0.633, p < 0.001). The other 
analyzed parameters were not significant (Table 4).

3.2  |  Secondary outcome

The multivariate regression models, aimed at identifying possible pre-
dictors of miRNAs expression, highlighted that age was a significant 
predictor of miR- 125- b5 (p = 0.021); plaque index was a significant 
predictor of miR- 7a- 2- 3p (p = 0.012) and miR- 7a- 5p (p = 0.025); diabe-
tes was a significant predictor of miR- 100- 3p (p = 0.046); hypercho-
lesterolemia was a significant predictor of miR- 21- 5p (p = 0.001) and 
miRb- 200- 5p (p = 0.023); hypothyroidism was a significant predictor 
of miR- 100- 3p (p = 0.015) and - 200b- 3p (p = 0.014); anxiety was a sig-
nificant predictor of miR- 7a- 3p (p = 0.022) miR- 7a- 5p (p = 0.026), miR- 
125b- 2p (p = 0.024), miR- 200b- 3p (p = 0.025); stress was a significant 
predictor of miR- 7a- 3p (p = 0.026), miR- 21- 3p (p = 0.015), mir- 125b- 5p 
(p = 0.013), and miR- 200b- 5p (p = 0.013) (Table 5).

Furthermore, the analysis evidenced also that the OLP symptom 
score was a significant predictor of miR- 7a- 3p (p = 0.021), and miR- 
21- 5p (p = 0.009), miR- 100- 5p (p = 0.045), miR- 125b- 5p (p = 0.022), 
and miR- 200b- 5p (p = 0.041); The OLP signs score was a significant 
predictor of miR- 7a- 3p (p = 0.029), miR- 7a- 2- 3p (p = 0.002), miR- 
21- 3p (p = 0.041), miR- 100- 5p (p = 0.011), miR- 125- b2 (p = 0.002), 
and miR- 200- b3 (p = 0.015); OLP disease severity was a significant 

predictor of miR- 7a- 3p (p = 0.036), miR- 7a- 2- 3p (0.025), miR- 21- 3p 
(p = 0.012), miR- 100- 3p (p = 0.023), miR- 125b- 5p (p < 0.001), and 
miR- 200b- 3p (p = 0.002) (Table 5).

4  |  DISCUSSION

The aim of this study was to identify the impact of OLP and its sever-
ity on miRNAs expression in oral tissues and to assess the correla-
tion and possible predictors of local miRNAs concentration levels. It 
was found that patients with OLP exhibited different miRNA expres-
sion patterns of miR- 7, - 21, - 100, - 125, and - 200 compared to healthy 
individuals, and a positive association among analyzed miRNAs and 
OLP disease extent.

These results are in agreement with the literature. A recent study 
conducted by Mehdipour et al. (2018) reported higher miR- 21 and de-
creased miR- 125a salivary levels in OLP and OSCC patients compared 
to healthy controls, indicating a potential role of these biomarkers for 
a bad prognosis of OLP. In addition, elevated miR- 21 and decreased 
miR- 125 expression in OLP tissues were also reported, and a negative 
correlation was observed between miR- 21 and the tumor suppressor 
p53 expression in oral tissues (Danielsson et al., 2012).

In the present study, the worsening of OLP symptoms, signs, and 
disease severity scores were significant predictors of high miRNA- 
21- 3p/- 21- 5p and reduced miR- 125- b- 2/- 125b- 5p expression levels. 
These results suggest that a decrease in miR- 125 and an increase in 
miRNA- 21 may predict more severe forms of OLP, potentially less re-
sponsive to drug treatment. Conversely, an increase in miR- 125 and 
a decrease in miR- 21 might be protective against OLP malignant risk 
evolution. In this regard, miRNA- 21 salivary levels were found to be 
significantly increased in dysplastic OLP, while this did not occur in sal-
ivary miRNA- 125a levels (Mehdipour et al., 2018; Mueller et al., 2021), 
and it is possible to hypothesize that miR- 125- b tissue levels may rep-
resent more effective predictive and clinical severity biomarkers than 
miR- 125a salivary levels. Therefore, while miR- 125- b2 could act as a 
tumor suppressor and hinder the transformation of OLP into OSCC, 
miR- 21 seems to act as an oncogene promoting the risk of OSCC 

miRNA

Controls (n = 42) OLP (n = 41)

p- valueMedian IQR Median IQR

miR- 7a- 3p 0.530 0.390– 0.590 4.180 3.060– 4.510 <0.001

miR- 7a- 2- 3p 0.614 0.410– 0.831 1.590 1.410– 2.030 <0.001

miR- 7a- 5p 0.856 0.708– 2.594 0.845 0.690– 0.960 0.065

miR- 21- 3p 0.772 0.769– 0.874 1.284 0.946– 5.870 <0.001

miR- 21- 5p 1.033 0.993– 1.380 1.822 1.321– 3.890 <0.001

miR- 100- 3p 0.640 0.636– 0.787 0.749 0.429– 1.960 0.713

miR- 100- 5p 0.732 0.381– 1.574 2.117 0.852– 2.320 0.014

miR- 125b- 2- 3p 1.210 1.190– 1.263 0.590 0.348– 0.622 <0.001

miR- 125b- 5p 0.960 0.800– 0.960 0.435 0.260– 1.650 0.029

miR- 200b- 3p 1.008 0.632– 1.120 0.348 0.227– 1.540 0.046

miR- 200b- 5p 0.729 0.562– 0.729 0.350 0.210– 1.320 0.009

TA B L E  3  miRNAs expression in the 
analyzed sample.
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TA B L E  5  Uni-  and multivariable linear regression analysis for miRNAs expression in all enrolled patients. Significance was set as p < 0.05.

Variable

miR 7a- 3p miR 7a- 2- 3p

Univariate Multivariate Univariate Multivariate

B p- value B p- value B p- value B p- value

Age 0.229 0.218 - - −0.225 0.558 - - 

Plaque index 0.345 0.336 - - −0.214 0.029 0.156 0.012

Diabetes −0.155 0.115 - - 0.312 0.324 - - 

Hyperthyroidism −0.432 0.568 - - 0.336 0.248 - - 

Hypercholesterolemia −0.371 0.257 - - 0.458 0.369 - - 

Hypothyroidism 0.484 0.158 - - −0.332 0.557 - - 

Anxiety 0.257 0.196 - - 0.214 0.115 0.277 0.022

Depression 0.332 0.419 - - −0.568 0.254 - - 

Stress 0.257 0.045 0.257 0.026 0.254 0.274 - - 

OLP symptoms score 0.236 0.036 0.189 0.021 0.214 0.041 - - 

OLP signs score 0.115 0.029 0.158 0.029 0.339 0.032 0.457 0.002

OLP disease severity 0.336 0.036 0.254 0.036 0.247 0.041 0.336 0.025

Variable

miR 7a- 5p miR 21- 3p

Univariate Multivariate Univariate Multivariate

B p- value B p- value B p- value B p- value

Age 0.332 0.212 - - 0.248 0.552 - - 

Plaque index −0.441 0.021 −0.324 0.025 0.665 0.652 - - 

Diabetes −0.257 0.235 - - −0.336 0.287 - - 

Hyperthyroidism −0.665 0.258 - - 0.236 0.547 - - 

Hypercholesterolemia 0.221 0.447 - - 0.312 0.045 - - 

Hypothyroidism 0.236 0.554 - - −0.336 0.778 - - 

Anxiety −0.254 0.047 0.009 0.026 0.354 0.446 - - 

Depression −0.336 0.554 - - −0.287 0.317 - - 

Stress 0.218 0.332 - - 0.554 0.105 0.258 0.015

OLP symptoms score −0.331 0.046 - - 0.215 0.886 - - 

OLP signs score −0.458 0.015 - - 0.284 0.002 0.158 0.041

OLP disease severity 0.365 0.023 - - 0.336 <0.001 0.328 0.012

Variable

miR 21- 5p miR 100- 3p

Univariate Multivariate Univariate Multivariate

B p- value B p- value B p- value B p- value

Age 0.258 0.265 - - 0.248 0.125 - - 

Plaque index 0.645 0.458 - - 0.588 0.195 - - 

Diabetes 0.365 0.016 - - −0.331 0.029 −0.057 0.046

Hyperthyroidism 0.667 0.332 - - 0.123 0.334 - - 

Hypercholesterolemia −0.257 0.012 −0.273 0.001 0.441 0.254 - - 

Hypothyroidism 0.336 0.428 - - 0.285 0.025 0.293 0.015

Anxiety −0.541 0.336 - - −0.336 0.665 - - 

Depression 0.109 0.685 - - −0.567 0.287 - - 

Stress 0.125 0.019 0.061 0.013 0.105 0.551 - - 

OLP symptoms score −0.026 0.037 −0.013 0.009 0.259 0.285 - - 

OLP signs score 0.335 0.671 - - 0.365 0.365 - - 
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Variable

miR 21- 5p miR 100- 3p

Univariate Multivariate Univariate Multivariate

B p- value B p- value B p- value B p- value

OLP disease severity −0.572 0.009 - - 0.212 0.012 0.325 0.023

Variable

miR 100- 5p miR 125b- 2- 3p

Univariate Multivariate Univariate Multivariate

B p- value B p- value B p- value B p- value

Age 0.241 0.213 - - 0.247 0.187 - - 

Plaque index 0.331 0.335 - - 0.315 0.165 - - 

Diabetes 0.258 0.254 - - −0.025 0.254 - - 

Hyperthyroidism 0.574 0.541 - - 0.107 0.668 - - 

Hypercholesterolemia −0.361 0.055 - - −0.247 0.574 - - 

Hypothyroidism 0.354 0.039 - - −0.289 0.325 - - 

Anxiety −0.512 0.224 - - −0.654 0.047 −0.254 0.024

Depression 0.115 0.274 - - 0.369 0.254 - - 

Stress 0.258 0.158 0.231 0.013 −0.107 0.028 - - 

OLP symptoms score −0.029 0.028 0.136 0.045 −0.265 0.185 - - 

OLP signs score 0.335 0.034 0.254 0.011 −0.374 0.025 0.365 0.002

OLP disease severity 0.554 0.021 - - −0.441 0.006 - - 

Variable

miR 125b- 5p miR 200b- 3p

Univariate Multivariate Univariate Multivariate

B p- value B p- value B p- value B p- value

Age 0.470 0.035 0.225 0.021 0.254 0.245 - - 

Plaque index 0.541 0.416 - - 0.117 0.336 - - 

Diabetes −0.332 0.178 - - −0.255 0.028 - - 

Hyperthyroidism 0.254 0.128 - - −0.305 0.025 - - 

Hypercholesterolemia −0.314 0.001 - - 0.355 0.541 - - 

Hypothyroidism −0.287 0.428 - - −0.247 0.035 0.214 0.014

Anxiety −0.258 0.045 - - −0.244 0.045 0.136 0.025

Depression 0.111 0.936 - - −0.214 0.257 - - 

Stress 0.026 0.019 0.061 0.013 0.147 0.254 - - 

OLP symptoms score −0.158 0.037 −0.013 0.022 0.198 0.336 - - 

OLP signs score −0.255 0.671 - - 0.278 0.012 0.247 0.015

OLP disease severity −0.167 0.009 −0.505 <0.001 0.332 0.012 0.445 0.002

Variable

miR 200b- 5p

Univariate Multivariate

B p- value B p- value

Age 0.241 0.134 - - 

Plaque index 0.332 0.416 - - 

Diabetes 0.541 0.178 - - 

Hyperthyroidism 0.552 0.128 - - 

Hypercholesterolemia −0.224 0.011 −0.115 0.023

Hypothyroidism 0.365 0.428 - - 

TA B L E  5  (Continued)

(Continues)
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development (Manzano- Moreno et al., 2021; Zheng et al., 2021). The 
present results also suggest a close correlation between OLP disease 
severity and the expression of these miRNAs in oral tissues. However, 
it should be noted that the expression of miR- 125b- 5p was not signifi-
cantly correlated with any clinical parameters evaluated. In contrast, 
miR- 125- b2 expression was negatively correlated with plaque index, 
hypertension, hypercholesterolemia, hypothyroidism, anxiety, and 
stress, miR- 21- 3p and miR- 21- 5p showed positive correlations. These 
data suggest the possibility of individualized expression based on spe-
cific miRNAs profile.

Literature data associated some miRNA levels with oral dys-
plasia and OSCC compared to healthy oral mucosa. Specifically, 
miRNA- 7 and - 21 families are known as OncomiR and are highly 
expressed during oral leukoplakia, OSCC, and OLP (Chattopadhyay 
et al., 2016; De Sarkar et al., 2014). In the present study, higher miR- 
7a- 3p/miR- 7a- 2- 3p and lower miR- 7a- 5p tissue expressions were 
significantly impacted by OLP symptoms, signs, and disease sever-
ity scores. Interestingly, miR- 7a- 5p appeared downregulated in lung 
cancer cells with highly metastatic capacity, and its overexpression 
induced suppression in lung cancer cell growth (Woo et al., 2020). 
This suggests that within the miR- 7 family, not all are OncomiRs be-
cause miR- 7a- 3p and miR- 7a- 2- 3p have been positively correlated 
with OLP and OSCC; instead, miR- 7a- 5p acted as tumor suppres-
sor. In the present study, miR- 7 was a significant predictor of the 
OLP severity extent in terms of OLP symptoms and signs; miR- 7 
expression levels were also correlated with various clinical parame-
ters, such as plaque index and depression. In agreement, stress, de-
pression and anxiety were significantly related to the expression of 
some miRNAs levels, in particular, miR- 7 and miR- 100, which were 
also significantly impacted by the OLP symptoms, signs, and disease 
severity scores, indices of erosive and symptomatic lesions, and this 
should be noted since a possible inflammatory status due to gingival 
inflammation or diabetes might have influenced the expression of 
the analyzed miRNAs. In this regard, miR- 100- 5p has been reported 
as a tumor suppressor downregulated in OSCC cell lines (Jakob 
et al., 2019); however, OLP patients expressed higher levels of this 
mediator, although there were no significant correlations with the 
disease severity.

However, the present study results have some limitations that 
need to be addressed. One is the study design; the lack of a longitudinal 

evaluation of the effects of the miRNAs could have better identified 
the miRNAs associated with the potential malignant evolution of OLP 
in the long term. The other limitation is the limited number of enrolled 
patients. Furthermore, the several significant correlations identified 
in the present study between miRNA expression and factors such as 
gingival plaque index, hypertension, hypercholesterolemia, hypothy-
roidism, anxiety and stress indicate which predictive biomarkers of 
disease should be carefully considered by evaluating all of the above 
when evaluating miRNA with regards to the individual profile of the 
patient's local (oral) and systemic health status.

5  |  CONCLUSION

The results of the present study showed that patients with OLP 
presented a different pattern of all analyzed miRNAs compared to 
healthy subjects. Furthermore, OLP symptoms, signs, and disease 
severity scores were significant predictors of the several analyzed 
miRNAs. The present study provides interesting insights into miR-
NAs' potential utility as risk biomarkers of OLP disease progression. 
However, given the lack of longitudinal data in the present study, 
our results should be cautiously interpreted when associated with 
the developmental malignant risk transformation of OLP. Further-
more, the analysis of oral miRNA levels has proved to be a valuable 
tool for the prognostic evaluation of the risk profile of OLP patients; 
however, further studies with larger sample sizes and a longitudinal 
design are needed to understand better the impact of oral miRNAs 
during OLP and to test the predictive efficacy of miRNA levels in 
oral tissues as effective biomarkers for therapeutic monitoring of 
malignant evolution of OLP.
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miR 200b- 5p

Univariate Multivariate

B p- value B p- value

Anxiety −0.278 0.251 - - 

Depression 0.247 0.936 - - 

Stress 0.015 0.019 0.061 0.013

OLP symptoms score −0.075 0.028 −0.015 0.041

OLP signs score 0.255 0.671 - - 

OLP disease severity 0.0258 0.025 - - 
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