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INTRODUCTION 

Oral lichen planus (OLP) is a relatively 

common chronic inflammatory mucocutaneous 

disease. It affects 1-2% of the adult population, 
women more than men, mainly middle aged and  
elderly [1, 2]. Clinical presentation of OLP ranges from 
asymptomatic reticular white straie to symptomatic 
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ABSTRACT

Objectives: To evaluate microRNA-138 (miR-138) gene expression and its target cyclin 
D1 (CCND1) gene and protein expression in oral lichen planus (OLP) mucosa in an attempt to 
investigate their possible roles in OLP immunopathogenesis. 

Methods: Sixty oral biopsy specimens were harvested from 30 healthy subjects and 30 
OLP patients; subdivided into reticular, atrophic and erosive groups (n=10 each). Samples were 
subjected to quantitative real-time polymerase chain reaction analysis for quantification of miR-
138 and CCND1 relative gene expression and immuohistochemical analysis to determine CCND1 
protein expression. 

Results: Samples from OLP patients had a significant underexpression of miR-138 gene and 
overexpression of CCND1 at both gene and protein levels compared to normal mucosa samples. 
The lowest levels of miR-138 expression were observed in atrophic and erosive OLP compared to 
reticular OLP and the highest levels of CCND1 gene and protein expression was in atrophic OLP. 
An inverse correlation was demonstrated between the miR-138 expression and both CCND1 gene 
and protein expression in OLP patients. A significant positive correlation between CCND1 gene 
and protein expression was also observed. 

Conclusion: Down regulation of miR-138 increases the gene and protein expression of its 
potential target CCND1 in OLP mucosa which might have a pivotal role in the disease pathogenesis. 

Clinical relevance: This research implied that miR-138 may have a role in identification of 
symptomatic OLP lesions. MiR-138 might be considered as a potential tool in future OLP molecular 
therapy. 
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atrophic-erosive red lesions with symptoms of 
burning, irritation and pain. To date, OLP is regarded 
as a T-cell-mediated disease, however, the precise 
pathogenesis remain obscure [3, 4]. OLP is classified 
as a potentially malignant disorder by the World 
Health Organization (WHO) with a highly variable 
risk of developing into head and neck squamous cell 
carcinoma (HNSCC) (0.4%-12.5%) [5-7]. Currently, 
there are few prognostic markers to identify 
which chronic OLP lesions are at a higher risk for 
progression. Therefore, it is extremely urgent to 
unravel the underlying molecular mechanisms of 
malignant transformation of OLP so that accurate 
diagnosis can be made and new therapeutic 
approaches can be developed [8]. 

Recent studies revealed an important role of 
microRNAs (miRNAs) in the pathogenesis of  
OLP [8, 9]. MiRNAs are endogenous small non-coding 
22-nucleotide-long RNA molecules that control the 
target gene expression at the post-transcriptional 
level [10, 11]. Each miRNA can control a large number 
of target mRNAs and each mRNA can be controlled 
by many miRNAs [12, 13]. MiRNAs participate in the 
regulation of diverse cellular processes including 
proliferation, differentiation, development and 
apoptosis [11, 14]. Recently, alterations in miRNAs 
expression were reported to be involved in many 
physiological and pathological processes, including 
chronic inflammatory, autoimmune diseases [15, 16] 

and HNSCC [17-21]. Moreover, studies suggested that 
there is a particular miRNA signature associated 
with the malignant progression of oral premalignant 
lesions [22-24].

MiRNAs are functionally integrated into 
many crucial cell cycle control pathways [25]. 
MicroRNA-138 (miR-138) is a multi-functional 
molecule regulator that regulates a variety of 
biological processes [26]. Studies reported that the 
downregulation of miR-138 was involved in the 
pathogenesis of different diseases [27, 28]. While 
deregulation of miR-138 has been frequently 

observed in HNSCC [29-32], the precise role of miR-
138 in tumorigenesis is still elusive. Moreover, Liu 
et al [33] identified the cyclin D1 (CCND1) gene as a 
novel direct target of miR-138 using bioinformatics 
estimation. CCND1 is a proto-oncogenic positive 
regulator of the cell cycle, driving cells from G1 
into S phase checkpoint [34]. It is a 45 kD protein 
encoded by CCND1 gene located on chromosome 
11q13 [35]. Previous reports suggested that 
CCND1 might have a role in the pathogenesis of  
OLP [36-38]. In addition, other studies reported 
alterations in the expression of cell cycle regulatory 
proteins in oral premalignant and malignant 
lesions[35,39-41]. Nonetheless, our recognizing of 
the regulatory networks underlying the altered 
expression of these genes in the development of 
OLP is far from complete. Given that miRNAs 
appear to constitute one of the largest classes of gene 
regulatory molecules, understanding their mode of 
action and their pathological roles is essential [42]. 

Although OLP is currently discussed as a status 
with malignant potential, the premalignant potential 
of OLP and how it develops into oral cancer is not 
fully elucidated [43, 44]. In light of the regulatory 
properties of miRNAs and its impact on tumor 
development, there is an urgent and great need to 
explore the molecular mechanisms underlying the 
pathogenesis of OLP, indicating new therapeutic 
targets. Based on the authors’ knowledge, no 
previous studies in the literature have investigated 
the target relationship between miRNA-138 
and CCND1expression in OLP mucosal tissue. 
Accordingly, the aim of the present investigation 
was to evaluate the expression of miR-138 and 
its target CCND1 protein and gene expression in 
OLP lesions compared to healthy controls utilizing 
quantitative real-time polymerase chain reaction 
(qRT-PCR) and immunohistochemistry. This 
study was conducted in an attempt to investigate 
the possible role of miR-138 on the regulation of 
CCND1 in OLP immunopathogenesis.
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MATERIALS AND METHODS

This clinical trial has been registered at 
ClinicalTrials.gov (identifier NCT02834520)

Study population

The entire study sample comprised 60 subjects. 
Thirty patients suffering from OLP (19 female, 11 
male; their age ranging from 46 to 69 years) and 
30 age-sex matched control subjects (19 female, 11 
male; their age ranging from 45 to 65 years) who 
were healthy normal individuals free form any 
inflammatory oral lesions. 

Inclusion and exclusion criteria 

All individuals enrolled in this study were selected 
from the Outpatient clinic, Department of Oral 
Medicine, Periodontology and Diagnosis, Faculty 
of Oral and Dental Medicine, Cairo University 
during the period from May 2015 to December 
2015. A detailed medical history of each subject was 
obtained according to the detailed questionnaire of 
the modified Cornell Medical Index [45]. To qualify 
for the study, patients were diagnosed with OLP 
according to the World Health Organization’s 
(WHO’s) clinicopathological diagnostic criteria 
for OLP [46]. According to the clinical features, the 
OLP patients were divided into three subgroups, 
including 10 reticular OLP, 10 erosive OLP and 10 
atrophic OLP cases. The presence of Wickham’s 
striae confirmed the clinical diagnosis. These 
striae got accentuated by stretching of the surface 
mucosa and were not eliminated by rubbing. The 
oral lesions were bilateral and extended to involve 
the buccal mucosa, labial mucosa and tongue which 
varied from one patient to the other. Duration of 
the disease ranged from 5 to 6 months with periods 
of remission and exacerbation. Exclusion criteria 
included; patients with suspected restoration-related 
reaction or under any medication that could cause 
lichenoid reaction during the 3 months before the 
study, gingival inflammation, any systemic disease, 
inflammatory oral lesions, immunodeficiency, 
autoimmune disorders, hepatitis, or human 

immunodeficiency virus infection, pregnancy or 
lactation, and former or current smokers. Patients 
did not use any topical or systemic medications for 
treatment of OLP in the last 3 months.

Following an explanation of the study as well 
as the information about the sampling procedures, 
each subject signed a written informed consent form 
approved by the Faculty Research Ethics committee 
(September 2014). After obtaining patients’ written 
consent, 60 tissue biopsy specimens were harvested 
from representative lesions clinically diagnosed as 
OLP (n=30) and from healthy normal oral mucosa 
as control (n=30) under local anesthesia with 2% 
xylocaine adrenaline. All tissue specimens were 
processed by the Department of Oral Pathology, 
Faculty of Oral and Dental Medicine, Cairo 
University. Analysis were performed on coded 
samples by one of the authors (KR), who was 
masked with regard to the subjects’ diagnoses until 
all analysis were finished.  The histopathologic 
diagnosis and examination of all specimens was 
confirmed by two oral pathologists (FS, KR). 

Tissue specimens

A total of fresh 60 specimens were transformed 
into paraffin impregnated tissue blocks including 
normal oral mucosa as a control group (n=30) and 
OLP (n=30; 10 reticular OLP, 10 atrophic OLP and 
10 erosive OLP). Thin (5 µm) paraffin sections of 
each tissue specimen were stained with H&E to 
reconfirm the diagnosis other 4 µm paraffin sections 
of each specimen were mounted on positively 
charged glass slides (Optiplus;Biogenex, Milmont 
Drive, CA, USA) for immunostaining with anti-
cyclin D1 antibody. Ten sections of 5 µm thickness 
were cut from each sample and placed in plastic 
eppendorf to be subjected equally to a qRT-PCR 
analysis for miR-138 and cyclin D1 gene expression.

Immunohistochemistry

The 60 paraffin embedded tissue sections on 
positively charged slides were immunostained 
with anti-cyclin D1 antibody with super sensitive  
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biotin–streptavidin staining technique. Tissue 
sections were deparafinized, rehydrated, and treated 
with endogenous peroxidase in 0.3% H2O2 for 30 
min to block the endogenous peroxidase activity. 
For antigen retrieval, the slides were boiled in 10 
mM citrate buffer, pH 6.0 for 10–20 min followed 
by cooling at room temperature for 20 minutes. The 
positive test slides were incubated with the primary 
antibody rabbit polyclonal antibody anti-cyclin D1 
antibody (Cat #RB-9041-R7) Thermo Scientific, 
Labvision, Kalamazoo, MI, USA) for 30 min at room 
temperature in a humified chamber. On the other 
hand, the negative control slides were not exposed to 
the primary antibody. After washing with phosphate 
buffer solution (PBS), the slides were treated with 
the biotin-labeled link antibody for 30 minutes, then 
the streptavidin conjugated horseradish peroxidase 
was used. The diaminobenzedine chromogen 
was applied to visualize the antigen antibody 
reaction. All these reagents belong to the universal 
Labeled Streptavidin-Biotin 2 System, Horseradish 
Peroxidase (code no. K0673 DakoCytomation, 
Glostrup, Denmark) All the slides were immersed in 
Mayer’s hematoxylin for counterstaining. Finally, 
the sections were covered by cover slips using 
aqueous mounting medium.

The ordinary light microscope was used to 
detect and localize the immunostaining of anti-
cyclin D1 antibody. Cells with nuclear staining 
were considered positive. The number of cyclin D1 
positive cells in the basal and parabasal layers of 
control and OLP cases were counted. The parabasal 
layers were defined as the second and third row 
above basement membrane of stratified squamous 
epithelium. At least 500 basal and parabasal cells 
were counted. The cyclin D1 labeling index was 
expressed as the number of positive cells per total 
number of cells in the basal and parabasal layers [47].

MicroRNA Extraction

MicroRNAs was extracted from paraffin blocks 
sections by miRNeasy extraction kit (Qiagen, 
Valencia, CA, USA) according to the manufacturer’s 

instructions. The extracted microRNA was stored at 
–80°C until use.

Quantitative real-time PCR (qRT-PCR) analysis 
for miR-138 expression

Reverse transcription was carried out on 
extracted microRNA in a final volume of 20 uL 
RT reactions using the miScript II RT kit (Qiagen, 
Valencia,CA, USA) according to the manufacturer’s 
instructions. Quantitative real-time PCR (qRT-
PCR) was performed using a MiScript SYBR 
Green PCR kit (Qiagen, Valencia,CA, USA) and 
miScript primer assay miR-138 (Qiagen, Valencia, 
CA, USA) according to the manufacturer’s 
instructions using Rotor-gene Q Real-time PCR 
system (Qiagen, USA). After the PCR cycles, 
melting curve analyses were performed to validate 
the specific generation of the expected PCR product. 
SNORD 68 was used as an endogenous control. The 
expression level of miR-138 was evaluated using 
the ΔCt method. The cycle threshold (Ct) value is 
the number of quantitative PCR cycles required for 
the fluorescent signal to cross a specified threshold. 
ΔCt was calculated by subtracting the Ct values of 
SNORD 68 from those of target microRNA. ΔΔCt 
was calculated by subtracting the ΔCt of the control 
samples from the ΔCt of the disease samples. The 
relative gene expression of miR-138 was calculated 
by the equation 2–ΔΔCt [48].

Quantitative real-time PCR (qRT-PCR) analysis 
for cyclin D1 expression

The commercial QIAamp RNA Mini Kit (Qia-
gen, USA) was used for RNA extraction. The 
RNA integrity and concentration was determined 
by nanodrop measurement at 260 nm. One μg of 
extracted RNA was reverse transcribed to cDNA 
with High cDNA Reverse Transcriptase Kit. cDNA 
was amplified for the expression of Cyclin D1 
and β-actin with SYBR green fluorophore follow-
ing the manufacturer’s recommended amplifica-
tion procedure. The sequence of primers used for 
Real-time PCR analysis were: cyclin D1 forward 



GENE EXPRESSION OF MIRNA-138 AND CYCLIN D1 IN ORAL LICHEN PLANUS (629)

5’-CGGAGGACAACAAACAGATC-3’ and re-
verse 5’-GGGTGTGCAAGCCAGGTCCA- 3’ and 
β actin forward primer 5’-AACCGCGAGAAGAT-
GACCCAGATCATGTTT-3’ and reverse 5’-AG-
CAGCCGTGGCCATCTCTTGCTCGAAGTC-3’. 
The relative quantification of cyclin D1 gene was 
determined using the comparative CT method. The 
ΔCt was calculated as the difference between the 
average Ct values of the β-actin from the average Ct 
value of cyclin D1 gene. The ΔΔCt was determined 
by subtracting the ΔCt of the control from the ΔCt 
of the OLP. Samples were run in triplicate. Relative 
expression of the target gene was calculated by the 
equation 2–ΔΔCt [48] which was the amount of cyclin 
D1 product, normalized to the endogenous control 
(β-actin) and relative to the control sample. 

Statistical and power analysis

Using G-power analysis program [49] sample size 
was determined by comparing cyclin D1 index in 
the control and OLP groups according to Hirota et al. 
[47]. A total sample size of 44 patients was calculated 
to be sufficient to detect effect size (f = 1.15) by 
considering level of significance α = 0.05, with 95 % 
power. This number was increased to 60 patients (30 

in each group) to increase the validity of the results. 
Data were presented as mean ± standard deviation 
(SD) or median (min–max). Mann-Whitney U test 
was used for pair wise comparisons when Kruskal-
Wallis test was significant and for correlation 
analyses, Spearman’s rank correlation coefficient 
was performed. Results were displayed by the use 
of box plots, with the rectangle representing 50% of 
the cases and the whiskers going out to the smallest 
and largest value. The median value is displayed 
by the line inside the rectangle. All tests were two 
sided, and P values of ≤ 0.05 were accepted for 
statistical significance. All data were processed with 
a computerized statistical package (SPSS 15.0 for 
Windows, SPSS Inc., Chicago, IL).

RESULTS

Table 1 shows demographic data for all subjects 
included in this study.

Immunohistochemical detection of cyclin D1 
protein in OLP

Evaluation of CCND1 protein expression 
occurred by the use of immunohistochemistry 
performed by one of the investigators (KR).  

TABLE (1) Demographic and clinical data of subjects.

Clinical characteristics of 
subjects

Mean (SD) of age 
(year)

Range of age 
(year)

Gender
(male/female)

Tobacco 
habits (n)

n (%)

Control group (n=30) 58.77 (5.47) 45-65 11/19 0 -

Oral lichen planus group (n=30) 60.73(6.0) 46-69 11/19 0

Reticular OLP (n=10) 59.33 (5.02) 50-65 4/6

Erosive OLP (n=10) 60.5 (2.55) 46-64 3/7

Atrophic OLP (n=10) 63.7 (7.15) 47-69 4/6

Localization of OLP lesion

Buccal mucosa 27 (90)

Labial mucosa 15 (50)

Tongue 21 (70)

Gingiva 12 (40)

Palate 6 (20)
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In normal oral epithelium (n=30) no expression 
of CCND1 protein was seen, (immunonegative). 
In all specimens (n=30) of OLP (100%) CCND1 
protein was expressed prominently compared with 
those in the control mucosa. The positivity of 
CCND1 was detected as dense nuclear stain which 
was concentrated at the basal and the parabasal 
cell layers. The subepithelial connective tissue 
zone which is just below the epithelium contains 
dense band of lymphocytes (Fig. 1). Statistical 
analysis of the CCND1 labeling index revealed that 
CCND1 protein was significantly highly expressed 
in atrophic OLP cases compared to reticular OLP 
group (P < 0.05). Although erosive OLP cases also 
showed high CCND1 protein expression, yet it was 
not significant when compared to both reticular 

OLP (P=0.96) and atrophic OLP groups (P=0.242) 
(Table 2).

Relative gene expression of miRNA-138 in OLP 
by qRT-PCR

MiRNA-138 relative gene expression was 
successfully detected in all 60 samples by qRT-
PCR. Results showed significantly lower expression 
of miR-138 (P<0.001) in OLP samples compared 
to normal oral mucosa (Fig. 2a). No differences 
in miRNA-138 expression in OLP epithelium 
based on sex or age could be detected. The least 
miRNA-138 expression was observed in atrophic 
OLP group followed by erosive OLP and reticular 
OLP groups. Moreover, subgroup analysis revealed 
that miRNA-138 expression was significantly 

Fig. (1): (a) photomicrograph of normal oral mucosa showing negative CCND1 immunoexpression, anti-cyclin D1antibody X400. 
(b)&(c) photomicrographs of reticular OLP showing CCND1 positivity, Anti-cyclin D1 antibody x200&400. (d)&(e) 
erosive OLP showing CCND1 positivity, Anti-cyclin D1 antibody x200&400. (f)&(g) atrophic OLP showing CCND1 
positivity, Anti-cyclin D1 antibody x200&400. (h) CCND1 positive basal cells (arrows), anti-cyclin D1 antibody X400.
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higher (P<0.01) in reticular OLP compared to both 
atrophic and erosive OLP, however no significant 
difference (P=0.968) was detected between atrophic 
OLP and erosive OLP subgroups (Table 2). In 
addition, the fold change regarding miR-138 was 
approximately 0.4-fold in OLP lesions compared 
to normal tissue. In subgroup analysis, miR-138 
fold change in reticular, atrophic and erosive OLP 
samples was approximately 0.8, 0.5 and 0.2 fold 
compared to normal controls, respectively.

Relative gene expression of cyclin D1 in OLP by 
qRT-PCR 

CCND1 relative gene expression was 
successfully detected in all 60 samples by qRT-PCR. 
Similar to immunohistochemical analysis, results 
showed that CCND1 mRNA was significantly (P < 
0.001) overexpressed in OLP samples compared to 
normal oral mucosa (Fig. 2b). The highest CCND1 
gene expression was observed in atrophic OLP 

group followed by erosive OLP and reticular OLP 
groups. Although, subgroup analysis revealed that 
CCND1 gene expression was lower in reticular 
OLP compared to both atrophic and erosive OLP, 
however no significant difference (P=0.105) was 
detected between them (Table 2).

Table 3 represents delta Ct (ΔCt) of miRNA-138 
and cyclin D1 in all studied groups.

Spearman’s rank correlation coefficient analysis

In OLP tissue, a statistically significant negative 
correlation was detected between the miR-138 
relative gene expression levels and its potential target 
CCND1 at both the protein level (q = -0.417, n = 30, 
P < 0.05) and mRNA gene level (q = -0.483, n = 30, 
P < 0.001) (Fig. 3 and 4 respectively). Furthermore, 
statistical analysis showed a statistically significant 
strong positive correlation between CCND1 relative 
gene expression and CCND1 protein expression  
(q = 0.754, n = 30, P < 0.001) in OLP tissue. 

TABLE (2) Relative gene expression of miRNA-138 and cyclin D1 and cyclin D1 index in all studied 
groups.

miRNA-138
(Relative gene expression)

Cyclin D1
(Relative gene expression)

Cyclin D1 index
(protein expression)

Median min-max Median min-max Median min-max

Control group (n=30) 4.6 3.1-6.88 1.24 0.34-2.55 - -

Oral lichen planus group (n=30) 2.05* 0.11-4.32 7.74* 0.69-12.4 30 22-40

Reticular OLP group (n=10) 3.38 1.03-4.3 4.74 0.69-12.31 26 22-35

Erosive OLP group (n=10) 1.82# 0.11-2.5 9.88 0.74-12.3 30 28-40

Atrophic OLP group (n=10) 1.05# 0.5-4.32 11.13 0.88-12.40 33# 27-37

*Statistically significant when compared to control (P < 0.001).

# Statistically significant when compared to reticular OLP (P < 0.05).
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TABLE (3) Delta Ct (ΔCt) of miRNA-138 and cyclin D1 in all studied groups.

ΔCt
miRNA-138

ΔCt
 Cyclin D1

Median min-max Median min-max

Control group (n=30) -2.2 -1.63 –  -2.78 -0.31 1.55 – -1.35

Oral lichen planus group (n=30) -1.04* 3.184 –   -2.11 -2.95* 0.53 –  -3.63

Reticular OLP group (n=10) -1.76 -0.04 –   -2.1 -2.24 0.53 –  -3.62

Erosive OLP group (n=10) -0.86# 3.18 – -1.32 -3.3 0.43 –  -3.62

Atrophic OLP group (n=10) -0.07# 1–  -2.11 -3.48 -0.18 –  -3.63

*Statistically significant when compared to control (P < 0.001).

# Statistically significant when compared to reticular OLP (P < 0.05).

Fig. (2): Box plot showing relative gene expression of miR-138 (a) and CCND1 (b) in normal mucosa compared with OLP mucosa 
using qRT-PCR. The boxes stretch from the 25th to the 75th percentile; the lines across the boxes indicate the median 
values; the lines stretching from the boxes indicate extreme values. *Statistically significant when compared to control  
(P < 0.001).

Fig. (3): miR-138 relative gene expression levels were inversely 
correlated with CCND1 index (protein expression) in 
OLP.

Fig. (4): miR-138 relative gene expression levels were inversely 
correlated with CCND1 relative gene expression in 
OLP. 
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DISCUSSION

The comprehension of etiology and 
pathogenesis of OLP is one of the major challenges 
in oral pathology and oral medicine. MiRNAs 
are increasingly being recognized as critical 
regulators of tissue-specific patterns of gene  
expression [50]. Based on the authors’ knowledge, this 
study revealed for the first time a significant lower 
miR-138 gene expression and higher CCND1 gene 
and protein expression in OLP patients compared 
to normal oral epithelium using qRT-PCR and 
immunohistochemical analysis.

The present immunohistochemical findings 
were similar to those reported by Hirota et al.[47], 
who suggested that the significant increase in 
CCND1 index could induce the proliferation status 
of OLP epithelium. As explained by the authors; 
in the basal and parabasal cell layers of OLP 
mucosa, most injured cells enter the cell cycle for 
proliferation and repair, while the remaining cells 
undergo apoptosis due to severe DNA damage. In 
this context, cell cycle arrest and up-regulation of 
proliferation activity are concomitantly seen, and 
these contradictory changes could contribute to the 
development of characteristic mucosal architecture 
and clinical manifestations of OLP [47] which 
supports the current observations. The present 

results were also consistent with other reports 
suggesting that CCND1 plays an important role in 
the occurrence and development of OLP [36-38]. This 
study showed positive CCND1 expression in 100 
% of OLP cases, which is in line with Abid and  
Merza [38], Zhang et al [37] and Yao et al  [36] who reported 
CCND1 positive expression in (84%), (71.67%) and 
(82%) of OLP cases respectively. In agreement with 
the above mentioned studies, these data suggests 
that the currently observed increase of CCND1 at 
both protein and mRNA levels in OLP may lead to 
increased cellular proliferation and might denote 
the hyperproliferative status of epithelial cells. 
Other studies reported the proliferation activity of 
epithelial cells in OLP showing alterations of the 
cell cycle regulatory mechanism [51, 52]. Although 
the mechanism of enhanced cell proliferation in 
OLP remains unsolved, Gonzalez-Moles et al.[53] 
proposed that this hyperproliferative status in 
OLP is a compensatory mechanism of epithelium 
to maintain its architecture in spite of aggressive 
lymphocyte attack. In addition, Rezaee et al [52] 

suggested that cyclin overexpression noted in OLP 
caused increased cell proliferation due to shortening 
in the cell cycle G1 phase.

The lower expression of miR-138 in OLP tissue 
demonstrated in this study was consistent with 
numerous studies which proposed that alterations in 
miRNAs expression may play a critical role in the 
pathogenesis of OLP [50, 54-58]. These studies suggested 
that the discovery of miRNAs is a new way to 
unveil the molecular mechanisms underlying OLP 
and might represent a novel candidate biomarker 
for diagnosis [8, 9] which supports the current data. 
Although it is not possible to identify the exact 
role of miR-138 in OLP, some hypothesis could be 
drawn. Recent reports provided explanation for how 
miR-138 could regulate the immune response in 
some chronic diseases through the action of others 
regulatory mechanisms [59, 60]. Fu et al [59] showed that 
miR-138 expression was decreased significantly in 
psoriasis patients compared with healthy controls, 

Fig. (5):  CCND1 relative gene expression levels were positively 
correlated with CCND1 protein expression in OLP.
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suggesting that that the downregulation of miR-
138 induced an imbalance in Th1/Th2, involved in 
the pathogenesis of psoriasis. It is well established 
that OLP is characterized by the imbalance between 
the levels of Th1 and Th2 immune responses [3], 
consequently, this study hypothesized that miR-
138 downregulation might contribute to the intense 
inflammation seen in OLP through its impact on 
Th1 and Th2. This might be one of the mechanisms 
that may be implicated in OLP pathogenesis. 
Furthermore, subgroup analysis revealed that miR-
138 expression was significantly lower in cases 
of atrophic and erosive OLP than reticular OLP 
group. Similarly, Zhang et al [54] revealed that miR-
27b was significantly lower in atrophic and erosive 
OLP compared with reticular OLP suggesting that 
downregulation of miR-27b was associated with the 
disease activity. Hu et al. [57] also showed that miR-
125a has varied expression in different clinical forms 
of OLP and might be a novel candidate biomarker 
to estimate the severity of OLP. Along with the 
current literature which confirms that erosive and 
atrophic OLP show more severe clinical symptoms, 
pathological features and differ in treatment than 
reticular OLP [61, 62], this study supports that different 
clinical forms of OLP may have a distinct immune 
modulatory background. 

Despite current established evidence in 
the literature considering erosive and atrophic 
subtypes of OLP to have a higher risk of malignant 
transformations, still the mechanism is poorly 
understood [2, 6]. Carcinogenesis can occur as a result 
of uncontrolled cell proliferation due to multiple 
genetic alterations associated with aberrant cell 
cycle regulation [35]. Consistent with this hypothesis, 
previous studies showed that overexpression of 
CCND1 were implicated in the pathogenesis of 
HNSCC [35, 63, 64]. Furthermore, Bascones et al [65] 
suggested that molecular alterations related to cell 
cycle control may produce an epithelial substrate that 
favors evolution to malignity in OLP. Since erosive 
and atrophic OLP epithelium is more susceptible to 

malignant transformation being more sensitive to 
carcinogenic exposures than normal oral mucosa [5, 

52], hence, action on proliferating cells by oncogenic 
insults may lead to the development of a malignant 
cell phenotype in OLP patients [65]. Accordingly, 
this study agrees with other reports suggesting 
that overexpression of CCND1 at both protein and 
gene levels in OLP may disturb the normal cell 
cycle control providing tumor cells with a selective 
growth advantage [36, 38]. Moreover, Rezaee et al 
[52] reported that the increased cell proliferation 
observed in OLP favors the accumulation of cell 
cycle genetic alterations which might be considered 
as a strong indicator of malignant potential in OLP, 
which agrees with the current results. 

Previous reports suggested that miR-138 might 
function as a tumor suppressor by negatively 
regulating cyclin genes in cancer [66]. Earlier 
studies showed that CCND1 and D3 levels were 
inversely correlated with miR-138 expression in 
nasophayngeal carcinoma [33] and hepatocelular 
carcinoma [27]. Numerous investigations also 
observed that dysregulation of miR-138 might 
contribute to the enhanced cell migration in HNSCC 
[26, 29-31]. Interestingly, this study demonstrated an 
inverse correlation between miR-138 and CCND1 
expression in OLP patients. This is in agreement 
with Liu et al [33], who suggested that miR-138 
negatively regulates cell cycle progression in OLP 
by targeting critical cell cycle regulators leading 
to overexpression of CCND1 and eventually cell 
proliferation. Recently, Yang et al [62] reported that 
miR-146a may be involved in the malignancy 
associated with erosive OLP and could be used as a 
potential biological marker to evaluate the severity 
of OLP. Based on the above mentioned data, it might 
be speculated that miRNA-138 might be considered 
as a tumor suppressor in premalignant lesions like 
atrophic and erosive OLP. However, further studies 
involving HNSCC are warranted to confirm this 
speculation.
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In conclusion, this investigation showed that 
the downregulation of miR-138 increases the 
expression of their potential targets CCND1 in OLP 
mucosa which might indicate a pivotal role in the 
disease pathogenesis. The present data highlights 
the potential role of miRNA expression analysis in 
OLP, which will ultimately improve diagnosis and 
patient outcome. Moreover, this study suggests that 
miR-138 might be considered as a potential novel 
therapeutic target for atrophic and erosive OLP 
patients. Further characterization of miRNA and 
their target genes will advance our understanding of 
the pathogenesis of OLP and a large-scale patient 
based study will be needed to fully explore the 
mechanism that regulates the expression of this 
noncoding gene.

REFERENCES

1. Roopashree MR, Gondhalekar RV, Shashikanth MC, George 
J, Thippeswamy SH, Shukla A. Pathogenesis of oral lichen 
planus--a review. J Oral Pathol Med. 2010;39(10):729-34. 
doi: 10.1111/j.1600-0714.2010.00946.x. PubMed PMID: 
20923445.

2. Kurago ZB. Etiology and pathogenesis of oral lichen pla-
nus: an overview. Oral Surg Oral Med Oral Pathol Oral Ra-
diol. 2016;122(1):72-80. Epub 2016/06/05. doi: 10.1016/j.
oooo.2016.03.011. PubMed PMID: 27260276.

3. Sugerman PB, Savage NW, Walsh LJ, Zhao ZZ, Zhou XJ, 
Khan A, et al. The pathogenesis of oral lichen planus. Crit 
Rev Oral Biol Med. 2002;13(4):350-65. PubMed PMID: 
12191961.

4. Lavanya N, Jayanthi P, Rao UK, Ranganathan K. Oral 
lichen planus: An update on pathogenesis and treat-
ment. J Oral Maxillofac Pathol. 2011;15(2):127-32. Epub 
2012/04/25. doi: 10.4103/0973-029x.84474. PubMed 
PMID: 22529568; PubMed Central PMCID: PM-
CPMC3329692.

5. Silverman S, Jr. Oral lichen planus: a potentially premalig-
nant lesion. J Oral Maxillofac Surg. 2000;58(11):1286-8. 
Epub 2000/11/15. doi: 10.1053/joms.2000.16630. PubMed 
PMID: 11078141.

6. Lodi G, Scully C, Carrozzo M, Griffiths M, Sugerman 
PB, Thongprasom K. Current controversies in oral lichen 

planus: report of an international consensus meeting. 
Part 2. Clinical management and malignant transforma-
tion. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2005;100(2):164-78. doi: 10.1016/j.tripleo.2004.06.076. 
PubMed PMID: 16037774.

7. van der Waal I. Potentially malignant disorders of the oral 
and oropharyngeal mucosa; terminology, classification and 
present concepts of management. Oral Oncol. 2009;45(4-
5):317-23. Epub 2008/08/05. doi: 10.1016/j.oraloncol-
ogy.2008.05.016. PubMed PMID: 18674954.

8. Zuo YL, Gong DP, Li BZ, Zhao J, Zhou LY, Shao FY, 
et al. The TF-miRNA Coregulation Network in Oral Li-
chen Planus. Biomed Res Int. 2015;2015:731264. Epub 
2015/06/13. doi: 10.1155/2015/731264. PubMed PMID: 
26064947; PubMed Central PMCID: PMCPMC4433662.

9. Gassling V, Hampe J, Acil Y, Braesen JH, Wiltfang J, 
Hasler R. Disease-associated miRNA-mRNA networks 
in oral lichen planus. PLoS One. 2013;8(5):e63015. 
Epub 2013/06/01. doi: 10.1371/journal.pone.0063015. 
PubMed PMID: 23723971; PubMed Central PMCID: PM-
CPMC3664564.

10. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, 
and function. Cell. 2004;116(2):281-97. Epub 2004/01/28. 
PubMed PMID: 14744438.

11. Erson AE, Petty EM. MicroRNAs in development and dis-
ease. Clin Genet. 2008;74(4):296-306. Epub 2008/08/21. 
doi: 10.1111/j.1399-0004.2008.01076.x. PubMed PMID: 
18713256.

12. Bentwich I, Avniel A, Karov Y, Aharonov R, Gilad S, 
Barad O, et al. Identification of hundreds of conserved 
and nonconserved human microRNAs. Nat Genet. 
2005;37(7):766-70. Epub 2005/06/21. doi: 10.1038/
ng1590. PubMed PMID: 15965474.

13. Chen K, Rajewsky N. The evolution of gene regulation 
by transcription factors and microRNAs. Nat Rev Gen-
et. 2007;8(2):93-103. Epub 2007/01/19. doi: 10.1038/
nrg1990. PubMed PMID: 17230196.

14. Anglicheau D, Muthukumar T, Suthanthiran M. Mi-
croRNAs: small RNAs with big effects. Transplanta-
tion. 2010;90(2):105-12. Epub 2010/06/25. doi: 10.1097/
TP.0b013e3181e913c2. PubMed PMID: 20574417; 
PubMed Central PMCID: PMCPMC3094098.

15. Dai R, Ahmed SA. MicroRNA, a new paradigm for un-
derstanding immunoregulation, inflammation, and auto-
immune diseases. Transl Res. 2011;157(4):163-79. Epub 
2011/03/23. doi: 10.1016/j.trsl.2011.01.007. PubMed 



(636) Noha A. Ghallab, et al.E.D.J. Vol. 63, No. 1

PMID: 21420027; PubMed Central PMCID: PM-
CPMC3072681.

16. Singh RP, Massachi I, Manickavel S, Singh S, Rao NP, 
Hasan S, et al. The role of miRNA in inflammation and au-
toimmunity. Autoimmun Rev. 2013;12(12):1160-5. Epub 
2013/07/19. doi: 10.1016/j.autrev.2013.07.003. PubMed 
PMID: 23860189.

17. Chang SS, Jiang WW, Smith I, Poeta LM, Begum S, Glaz-
er C, et al. MicroRNA alterations in head and neck squa-
mous cell carcinoma. Int J Cancer. 2008;123(12):2791-7. 
Epub 2008/09/18. doi: 10.1002/ijc.23831. PubMed PMID: 
18798260; PubMed Central PMCID: PMCPMC3184846.

18. Chen Z, Jin Y, Yu D, Wang A, Mahjabeen I, Wang C, et 
al. Down-regulation of the microRNA-99 family members 
in head and neck squamous cell carcinoma. Oral Oncol. 
2012;48(8):686-91. Epub 2012/03/20. doi: 10.1016/j.
oraloncology.2012.02.020. PubMed PMID: 22425712; 
PubMed Central PMCID: PMCPMC3380146.

19. Wang H, Zhang G, Wu Z, Lu B, Yuan D, Li X, et al. MicoR-
NA-451 is a novel tumor suppressor via targeting c-myc in 
head and neck squamous cell carcinomas. J Cancer Res 
Ther. 2015;11 Suppl 2:C216-21. Epub 2015/10/29. doi: 
10.4103/0973-1482.168189. PubMed PMID: 26506880.

20. Li J, Lei H, Xu Y, Tao ZZ. miR-512-5p suppresses tumor 
growth by targeting hTERT in telomerase positive head 
and neck squamous cell carcinoma in vitro and in vivo. 
PLoS One. 2015;10(8):e0135265. Epub 2015/08/11. 
doi: 10.1371/journal.pone.0135265. PubMed PMID: 
26258591; PubMed Central PMCID: PMCPMC4530866.

21. Yu X, Li Z. MicroRNA expression and its implications for 
diagnosis and therapy of tongue squamous cell carcinoma. 
J Cell Mol Med. 2016;20(1):10-6. Epub 2015/10/27. doi: 
10.1111/jcmm.12650. PubMed PMID: 26498914.

22. Cervigne NK, Reis PP, Machado J, Sadikovic B, Bradley 
G, Galloni NN, et al. Identification of a microRNA sig-
nature associated with progression of leukoplakia to oral 
carcinoma. Hum Mol Genet. 2009;18(24):4818-29. Epub 
2009/09/25. doi: 10.1093/hmg/ddp446. PubMed PMID: 
19776030.

23. Clague J, Lippman SM, Yang H, Hildebrandt MA, Ye 
Y, Lee JJ, et al. Genetic variation in MicroRNA genes 
and risk of oral premalignant lesions. Mol Carcinog. 
2010;49(2):183-9. Epub 2009/10/24. doi: 10.1002/
mc.20588. PubMed PMID: 19851984; PubMed Central 
PMCID: PMCPMC3640857.

24. Yang Y, Li YX, Yang X, Jiang L, Zhou ZJ, Zhu YQ. 
Progress risk assessment of oral premalignant lesions 
with saliva miRNA analysis. BMC Cancer. 2013;13:129. 
Epub 2013/03/21. doi: 10.1186/1471-2407-13-129. 
PubMed PMID: 23510112; PubMed Central PMCID: PM-
CPMC3637283.

25. Bueno MJ, Malumbres M. MicroRNAs and the cell cy-
cle. Biochim Biophys Acta. 2011;1812(5):592-601. Epub 
2011/02/15. doi: 10.1016/j.bbadis.2011.02.002. PubMed 
PMID: 21315819.

26. Jiang L, Liu X, Kolokythas A, Yu J, Wang A, Heidbreder 
CE, et al. Downregulation of the Rho GTPase signaling 
pathway is involved in the microRNA-138-mediated in-
hibition of cell migration and invasion in tongue squa-
mous cell carcinoma. Int J Cancer. 2010;127(3):505-12. 
Epub 2010/03/17. doi: 10.1002/ijc.25320. PubMed PMID: 
20232393; PubMed Central PMCID: PMCPMC2885137.

27. Wang W, Zhao LJ, Tan YX, Ren H, Qi ZT. MiR-138 induc-
es cell cycle arrest by targeting cyclin D3 in hepatocellu-
lar carcinoma. Carcinogenesis. 2012;33(5):1113-20. Epub 
2012/03/01. doi: 10.1093/carcin/bgs113. PubMed PMID: 
22362728; PubMed Central PMCID: PMCPMC3334515.

28. Jiang L, Dai Y, Liu X, Wang C, Wang A, Chen Z, et al. 
Identification and experimental validation of G protein 
alpha inhibiting activity polypeptide 2 (GNAI2) as a mi-
croRNA-138 target in tongue squamous cell carcinoma. 
Hum Genet. 2011;129(2):189-97. Epub 2010/11/17. doi: 
10.1007/s00439-010-0915-3. PubMed PMID: 21079996; 
PubMed Central PMCID: PMCPMC3121246.

29. Liu X, Jiang L, Wang A, Yu J, Shi F, Zhou X. MicroR-
NA-138 suppresses invasion and promotes apoptosis in 
head and neck squamous cell carcinoma cell lines. Can-
cer Lett. 2009;286(2):217-22. Epub 2009/06/23. doi: 
10.1016/j.canlet.2009.05.030. PubMed PMID: 19540661; 
PubMed Central PMCID: PMCPMC2783372.

30. Jin Y, Wang C, Liu X, Mu W, Chen Z, Yu D, et al. Molecular 
characterization of the microRNA-138-Fos-like antigen 1 
(FOSL1) regulatory module in squamous cell carcinoma. J 
Biol Chem. 2011;286(46):40104-9. Epub 2011/10/05. doi: 
10.1074/jbc.C111.296707. PubMed PMID: 21969367; 
PubMed Central PMCID: PMCPMC3220531.

31. Liu X, Wang C, Chen Z, Jin Y, Wang Y, Kolokythas A, 
et al. MicroRNA-138 suppresses epithelial-mesenchymal 
transition in squamous cell carcinoma cell lines. Biochem 
J. 2011;440(1):23-31. Epub 2011/07/21. doi: 10.1042/



GENE EXPRESSION OF MIRNA-138 AND CYCLIN D1 IN ORAL LICHEN PLANUS (637)

bj20111006. PubMed PMID: 21770894; PubMed Central 
PMCID: PMCPMC3331719.

32. Jin Y, Chen D, Cabay RJ, Wang A, Crowe DL, Zhou X. 
Role of microRNA-138 as a potential tumor suppressor in 
head and neck squamous cell carcinoma. Int Rev Cell Mol 
Biol. 2013;303:357-85. Epub 2013/03/01. doi: 10.1016/
b978-0-12-407697-6.00009-x. PubMed PMID: 23445815; 
PubMed Central PMCID: PMCPMC3668567.

33. Liu X, Lv XB, Wang XP, Sang Y, Xu S, Hu K, et al. MiR-
138 suppressed nasopharyngeal carcinoma growth and 
tumorigenesis by targeting the CCND1 oncogene. Cell 
Cycle. 2012;11(13):2495-506. Epub 2012/06/29. doi: 
10.4161/cc.20898. PubMed PMID: 22739938.

34. Grillo M, Bott MJ, Khandke N, McGinnis JP, Miranda M, 
Meyyappan M, et al. Validation of cyclin D1/CDK4 as an 
anticancer drug target in MCF-7 breast cancer cells: Ef-
fect of regulated overexpression of cyclin D1 and siRNA-
mediated inhibition of endogenous cyclin D1 and CDK4 
expression. Breast Cancer Res Treat. 2006;95(2):185-
94. Epub 2005/12/02. doi: 10.1007/s10549-005-9066-y. 
PubMed PMID: 16319987.

35. Koontongkaew S, Chareonkitkajorn L, Chanvitan A, 
Leelakriangsak M, Amornphimoltham P. Alterations 
of p53, pRb, cyclin D(1) and cdk4 in human oral and 
pharyngeal squamous cell carcinomas. Oral Oncol. 
2000;36(4):334-9. Epub 2000/07/19. PubMed PMID: 
10899671.

36. Yao X, Yin C, Shen LJ, Xie SM. [Expressions of NF-
-kappaBp65, TRAF2, cyclinD1 and their association with 
cell apoptosis in oral lichen planus]. Nan Fang Yi Ke Da 
Xue Xue Bao. 2007;27(11):1657-60. Epub 2007/11/21. 
PubMed PMID: 18024283.

37. Zhang Z, Chen L, Hong Q, Sun S. Expression of TGF-β1, 
Smad 4 and Cyclin D1 in oral lichen planus. Chinese J 
Conser Dent. 2010;11.

38. Abid AM, Merza MS. Immunohistochemical expression 
of Cyclin D1 and NF-KB p65 in oral lichen planus and 
oral squamous cellcarcinoma (Comparative study). J Bagh 
College Dentistry. 2014;26(1):80-7.

39. van Oijen MG, Tilanus MG, Medema RH, Slootweg PJ. 
Expression of p21 (Waf1/Cip1) in head and neck cancer 
in relation to proliferation, differentiation, p53 status and 
cyclin D1 expression. J Oral Pathol Med. 1998;27(8):367-
75. Epub 1998/09/15. PubMed PMID: 9736425.

40. Chen Q, Luo G, Li B, Samaranayake LP. Expression of 
p16 and CDK4 in oral premalignant lesions and oral squa-

mous cell carcinomas: a semi-quantitative immunohisto-
chemical study. J Oral Pathol Med. 1999;28(4):158-64. 
Epub 1999/05/11. PubMed PMID: 10235368.

41. Poomsawat S, Buajeeb W, Khovidhunkit SO, Punyasingh 
J. Alteration in the expression of cdk4 and cdk6 proteins in 
oral cancer and premalignant lesions. J Oral Pathol Med. 
2010;39(10):793-9. Epub 2010/07/14. doi: 10.1111/j.1600-
0714.2010.00909.x. PubMed PMID: 20618617.

42. Bushati N, Cohen SM. microRNA functions. Annu Rev 
Cell Dev Biol. 2007;23:175-205. Epub 2007/05/18. doi: 
10.1146/annurev.cellbio.23.090506.123406. PubMed 
PMID: 17506695.

43. van der Meij EH, Mast H, van der Waal I. The possible pre-
malignant character of oral lichen planus and oral lichen-
oid lesions: a prospective five-year follow-up study of 192 
patients. Oral Oncol. 2007;43(8):742-8. Epub 2006/11/23. 
doi: 10.1016/j.oraloncology.2006.09.006. PubMed PMID: 
17112770.

44. Fitzpatrick SG, Hirsch SA, Gordon SC. The malig-
nant transformation of oral lichen planus and oral li-
chenoid lesions: a systematic review. J Am Dent Assoc. 
2014;145(1):45-56. Epub 2014/01/01. doi: 10.14219/
jada.2013.10. PubMed PMID: 24379329.

45. Abramson JH. The cornell medical index as an epide-
miological tool. Am J Public Health Nations Health. 
1966;56(2):287-98. Epub 1966/02/01. PubMed PMID: 
5948222; PubMed Central PMCID: PMCPmc1256865.

46. Rad M, Hashemipoor MA, Mojtahedi A, Zarei MR, Cha-
mani G, Kakoei S, et al. Correlation between clinical and 
histopathologic diagnoses of oral lichen planus based on 
modified WHO diagnostic criteria. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2009;107(6):796-800. doi: 
10.1016/j.tripleo.2009.02.020. PubMed PMID: 19464654.

47. Hirota M, Ito T, Okudela K, Kawabe R, Yazawa T, Hayas-
hi H, et al. Cell proliferation activity and the expression 
of cell cycle regulatory proteins in oral lichen planus. J 
Oral Pathol Med. 2002;31(4):204-12. Epub 2002/06/22. 
PubMed PMID: 12076323.

48. Schmittgen TD, Livak KJ. Analyzing real-time PCR 
data by the comparative C(T) method. Nat Protoc. 
2008;3(6):1101-8. Epub 2008/06/13. PubMed PMID: 
18546601.

49. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a 
flexible statistical power analysis program for the social, 
behavioral, and biomedical sciences. Behav Res Methods. 
2007;39(2):175-91. Epub 2007/08/19. PubMed PMID: 
17695343.



(638) Noha A. Ghallab, et al.E.D.J. Vol. 63, No. 1

50. Arao TC, Guimaraes AL, de Paula AM, Gomes CC, 
Gomez RS. Increased miRNA-146a and miRNA-155 
expressions in oral lichen planus. Arch Dermatol Res. 
2012;304(5):371-5. Epub 2011/12/06. doi: 10.1007/
s00403-011-1197-x. PubMed PMID: 22139425.

51. da Silva Fonseca LM, do Carmo MA. Identification of the 
AgNORs, PCNA and ck16 proteins in oral lichen planus 
lesions. Oral Dis. 2001;7(6):344-8. Epub 2002/02/09. 
PubMed PMID: 11834097.

52. Rezaee M, Tadbir AA, Akbari B. CDK6 Expression in 
Oral Lichen Planus. Middle-East Journal of Scientific 
Research. 2013;16(10):1297-302. doi: 10.5829/idosi.me-
jsr.2013.16.10.7647.

53. Gonzalez-Moles MA, Bascones-Ilundain C, Gil Mon-
toya JA, Ruiz-Avila I, Delgado-Rodriguez M, Bas-
cones-Martinez A. Cell cycle regulating mechanisms in 
oral lichen planus: molecular bases in epithelium pre-
disposed to malignant transformation. Arch Oral Biol. 
2006;51(12):1093-103. Epub 2006/08/18. doi: 10.1016/j.
archoralbio.2006.06.007. PubMed PMID: 16914114.

54. Zhang WY, Liu W, Zhou YM, Shen XM, Wang YF, Tang 
GY. Altered microRNA expression profile with miR-
27b down-regulation correlated with disease activity of 
oral lichen planus. Oral Dis. 2012;18(3):265-70. Epub 
2011/11/15. doi: 10.1111/j.1601-0825.2011.01869.x. 
PubMed PMID: 22077423.

55. Danielsson K, Ebrahimi M, Wahlin YB, Nylander K, Bold-
rup L. Increased levels of COX-2 in oral lichen planus sup-
ports an autoimmune cause of the disease. J Eur Acad Der-
matol Venereol. 2012;26(11):1415-9. Epub 2011/10/25. 
doi: 10.1111/j.1468-3083.2011.04306.x. PubMed PMID: 
22017396.

56. Danielsson K, Wahlin YB, Gu X, Boldrup L, Nylander K. 
Altered expression of miR-21, miR-125b, and miR-203 in-
dicates a role for these microRNAs in oral lichen planus. 
J Oral Pathol Med. 2012;41(1):90-5. Epub 2011/09/29. 
doi: 10.1111/j.1600-0714.2011.01084.x. PubMed PMID: 
21943223.

57. Hu JY, Zhang J, Cui JL, Liang XY, Lu R, Du GF, et al. In-
creasing CCL5/CCR5 on CD4+ T cells in peripheral blood 
of oral lichen planus. Cytokine. 2013;62(1):141-5. Epub 
2013/03/16. doi: 10.1016/j.cyto.2013.01.020. PubMed 
PMID: 23490419.

58. Shen Z, Du G, Zhou Z, Liu W, Shi L, Xu H. Aberrant ex-
pression of interleukin-22 and its targeting microRNAs in 
oral lichen planus: a preliminary study. J Oral Pathol Med. 

2015. Epub 2015/12/30. doi: 10.1111/jop.12404. PubMed 
PMID: 26711064.

59. Fu D, Yu W, Li M, Wang H, Liu D, Song X, et al. Mi-
croRNA-138 regulates the balance of Th1/Th2 via target-
ing RUNX3 in psoriasis. Immunol Lett. 2015;166(1):55-
62. Epub 2015/06/06. doi: 10.1016/j.imlet.2015.05.014. 
PubMed PMID: 26045321.

60. Zhou X, Luan X, Chen Z, Francis M, Gopinathan G, Li 
W, et al. MicroRNA-138 Inhibits Periodontal Progeni-
tor Differentiation under Inflammatory Conditions. J 
Dent Res. 2016;95(2):230-7. Epub 2015/11/01. doi: 
10.1177/0022034515613043. PubMed PMID: 26518300; 
PubMed Central PMCID: PMCPMC4720956.

61. Karatsaidis A, Schreurs O, Helgeland K, Axell T, Schenck 
K. Erythematous and reticular forms of oral lichen pla-
nus and oral lichenoid reactions differ in pathological 
features related to disease activity. J Oral Pathol Med. 
2003;32(5):275-81. Epub 2003/04/16. PubMed PMID: 
12694351.

62. Yang JG, Sun YR, Chen GY, Liang XY, Zhang J, Zhou 
G. Different Expression of MicroRNA-146a in Peripheral 
Blood CD4(+) T Cells and Lesions of Oral Lichen Planus. 
Inflammation. 2016;39(2):860-6. Epub 2016/02/11. doi: 
10.1007/s10753-016-0316-4. PubMed PMID: 26861135.

63. Carlos de Vicente J, Herrero-Zapatero A, Fresno MF, Lo-
pez-Arranz JS. Expression of cyclin D1 and Ki-67 in squa-
mous cell carcinoma of the oral cavity: clinicopathological 
and prognostic significance. Oral Oncol. 2002;38(3):301-
8. Epub 2002/04/30. PubMed PMID: 11978554.

64. Martin-Ezquerra G, Salgado R, Toll A, Gilaberte M, Baro 
T, Alameda Quitllet F, et al. Multiple genetic copy number 
alterations in oral squamous cell carcinoma: study of MYC, 
TP53, CCDN1, EGFR and ERBB2 status in primary and 
metastatic tumours. Br J Dermatol. 2010;163(5):1028-35. 
Epub 2010/07/29. doi: 10.1111/j.1365-2133.2010.09947.x. 
PubMed PMID: 20662834.

65. Bascones C, Gonzalez-Moles MA, Esparza G, Bravo M, 
Acevedo A, Gil-Montoya JA, et al. Apoptosis and cell cy-
cle arrest in oral lichen planus Hypothesis on their possible 
influence on its malignant transformation. Arch Oral Biol. 
2005;50(10):873-81. Epub 2005/09/03. doi: 10.1016/j.ar-
choralbio.2005.02.005. PubMed PMID: 16137496.

66. Han LP, Fu T, Lin Y, Miao JL, Jiang QF. MicroRNA-138 
negatively regulates non-small cell lung cancer cells 
through the interaction with cyclin D3. Tumour Biol. 
2016;37(1):291-8. Epub 2015/07/24. doi: 10.1007/s13277-
015-3757-8. PubMed PMID: 26201895.


