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Purpose: Oral lichen planus (OLP) is a chronic inflammatory disease occurring in the oral 
cavity, and several miRNAs have been identified to be involved in the disease progression 
and malignant transformation. This study investigated the expression changes of miR-23a-3p 
in OLP patients, and further explored its functional role in keratinocyte cell proliferation and 
inflammatory response.
Patients and Methods: Fifty buccal mucosal tissue samples were collected from OLP 
patients. HaCaT cells were cultured with lipopolysaccharides (LPS) to mimic the condition 
of OLP in vitro. RNA extraction and quantitative real-time PCR (qRT-PCR) were used for 
the measurement of miR-23a-3p levels. The cell viability and inflammation were detected by 
using cell counting kit-8 (CCK-8) and enzyme-linked immunosorbent assay (ELISA). The 
target gene of miR-23a-3p was verified by using luciferase reporter assay.
Results: Compared with the control group, miR-23a-3p was significantly downregulated in 
the buccal mucosal tissues of OLP patients, and a remarkably decreased level of miR-23a-3p 
was detected in patients with erosive OLP. ROC curve demonstrated the diagnostic value of 
miR-23a-3p for OLP with the AUC of 0.908, it can also distinguish erosive OLP from the 
non-erosive ones. MiR-23a-3p level was negatively associated with RAE (reticular, atrophic, 
erosive) score in OLP patients (r = −0.790, P < 0.001). The in vitro experiments indicated 
that overexpression of miR-23a-3p reversed the promotive effect of LPS on HaCaT cell 
proliferation and reduced the protein levels of TNF-α and IL-6. The cyclin D1 (CCND1) was 
a direct target gene of miR-23a-3p, it was overexpressed in OLP cell models.
Conclusion: MiR-23a-3p was at the low expression in OLP patients and showed close 
association with the disease severity. Overexpression of miR-23a-3p might inhibit keratino-
cyte proliferation and inflammatory response via targeting CCND1.
Keywords: oral lichen planus, miR-23a-3p, keratinocyte cell, CCND1

Introduction
Oral lichen planus (OLP) is a chronic inflammatory disease occurring in the oral 
cavity, affecting approximately 2% of the population, especially middle-aged 
women.1 OLP has a malignant potency, and according to the World Health 
Organization, approximately 1.63% of patients initially diagnosed with OLP can 
develop into oral squamous carcinomas.2 Therefore, the early diagnosis and treat-
ment of OLP are crucial to prevent disease deterioration. However, the etiology and 
pathogenesis of OLP are still not well understood. Keratinocytes are a major cell 
type in human skin, which plays an important role in normal skin metabolism.3 
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Studies have shown that the degeneration of basal kerati-
nocytes plays an important regulatory role in the develop-
ment and exacerbation of OLP.4

MicroRNAs (miRNAs) are a group of small non- 
coding RNAs, which regulate the target gene expression 
through binding to their target messenger RNAs 
(mRNAs).5 Specific miRNAs have been reported to be 
aberrantly expressed in various human diseases, and are 
involved in the development and pathogenesis of 
diseases.6 In previous studies, miRNAs are reported to 
be involved in inflammation, metabolism, and 
development.7,8 In the field of OLP, several miRNAs 
have been identified to be differentially expressed in 
OLP patients, and play a role in the disease progression 
and malignant transformation.9,10 For example, miR-4731 
is identified to be low expressed in OLP patients, further-
more, the low level of miR-4731 also shows close associa-
tion with the occurrence and survival outcome of oral 
squamous cell carcinomas (OSCCs).11 In addition, several 
miRNAs have been detected to be aberrantly expressed in 
OLP cases, such as miR-155, miR-27b, and so on.12,13 

MiR-23a-3p is a member of the miR-23a-27a-24-2 cluster, 
it has been suggested to exert its biological functions in 
different cancers through regulating cellular activation, 
cell motility and immune cell infiltration.14,15 In a study 
reported by Chen et al, miR-23a-3p was identified to be 
downregulated in the tissues of oral squamous cell carci-
nomas (OSCCs) patients, and overexpression of miR-23a- 
3p was suggested to suppress tumor proliferation and 
invasion of OSCC.16 Additionally, the dysregulation of 
miR-23a-3p was also detected in OLP patients through 
next-generation sequencing.17 However, the functions of 
miR-23a-3p in OLP remain unclear.

In the present study, the expression changes of miR- 
23a-3p were verified in OLP patients using qRT-PCR, and 
its clinical role was investigated. Additionally, we further 
explored the functional role of miR-23a-3p in keratinocyte 
cells behaviors.

Patients and Methods
Study Subjects
This study included 50 OLP patients, who were diagnosed 
with OLP in Dongying People’s Hospital from May 2017 
to March 2019. The OLP patients were diagnosed accord-
ing to the clinicopathologically modified WHO diagnostic 
criteria of OLP.18 The exclusion criteria were as follows: 
cases with the age below 18 or above 70 years old; 

pregnant women; patients who suffered from oral lesions 
adjacent to metal crowns or amalgam fillings; individuals 
with other detectable oral lesions or systemic diseases, or 
received treatment 3 months before the sample collection. 
Patients receiving any medication that can cause lichenoid 
reactions such as antihypertensive drugs and oral hypogly-
cemics were also excluded from the study. Besides, 
another 45 healthy individuals were recruited as a control 
group, who were detected to have no detectable oral 
lesions or systemic diseases. Control buccal mucosal tis-
sues were collected during wisdom tooth extraction or 
orthognathic surgery. The OLP and control groups had 
no significant difference in age and gender. The clinical 
characteristics were recorded in Table 1. Before treatment, 
buccal mucosal tissue samples were collected from each 
participant.

Table 1 Clinical Characteristics of the Subjects

Variables Healthy 
Group 

(n = 45)

OLP (n = 50) P value

Age, years 49.02±13.00 48.52±12.33 0.847

Gender

Male 11 14
0.694

Female 34 36

Smoking
No 35 38

0.837

Yes 10 12

Drinking

No 37 40
0.783

Yes 8 10

Position

Single site – 23

Buccal 
mucosa

– 18

Tongue – 4

Lips – 1
Multiple 

sites

– 27

Clinical 

classification

Erosive type – 31
Reticular 

striation

– 15

Atrophic 
type

– 2

Patch type – 2
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The Ethics Committee of Dongying People’s Hospital 
approved all procedures of the present study, and written 
informed consent was obtained from each individual. This 
study was conducted in accordance with the Declaration of 
Helsinki.

Cell Culture and Transfection
The human immortalized skin keratinocyte cell line, 
HaCaT, was purchased from American Type Culture 
Collection (Manassas, VA, USA), and cultured in 
DMEM supplemented with 10% FBS (Thermo Fisher 
Scientific, Waltham, MA, USA) at 37°C in a humidified 
atmosphere containing 5% CO2. To mimic the condition 
of OLP in vitro, HaCaT cells were cultured with 10 µg/mL 
of LPS for 48h according to the previous evidence.19 In 
brief, HaCaT cells were plated into a six-well plate at the 
density of 5 × 104/well and maintained for 12 h. Then, the 
cells were cultured for another 48h in the absence of LPS 
(10 µg/mL).

To regulate the expression levels of miR-23a-3p, trans-
fection expression was performed when the cells reached 
the growth stage. Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) was used to transfect miR-23a-3p 
mimic, miR-23a-3p inhibitor, or the negative control 
(miR-NC) into cells. After transfection, qRT-PCR was 
used to evaluate the transfection efficiency.

RNA Extraction and Quantitative 
Real-Time PCR (qRT-PCR)
Total RNA was extracted by using TRIzol reagent, then 
was reversed into complementary cDNA by the miRNA 
cDNA Synthesis Kit (CWBiotech) according to the man-
ufacturer’s instructions. Finally, the expression levels of 
miR-23a-3p were measured by using miRNA qPCR Assay 
Kit (CWBiotech) in ABI7300 real-time PCR system 
(Applied Biosystems; Thermo Fisher Scientific, Inc). The 
following thermocycling conditions were used for the 
PCR: initial denaturation at 94°C for 2 min, followed by 
40 cycles of 94°C for 20 sec, 60°C for 34 sec. In the 
reaction, U6 was used as the internal reference gene, and 
the relative expression of miR-23a-3p was calculated 
using the 2−ΔΔCt method. The primer sequences were as 
follows: miR-23a-3p (5ʹ-CCAGGAACCCCTCCTTACTC 
-3ʹ and 5ʹ-TCTAGGGATGGTCCGAAGGA-3ʹ); U6 (5ʹ- 
CTCGCTTCGGCAGCACATATACT-3ʹ and 5ʹ-ACGCTT 
CACGAATTTGCGTGTC-3ʹ).

CCK-8 Assay
The change of the cell viability was measured by using (cell 
counting kit-8) CCK-8 reagent (Dojindo, Japan). Cells were 
first seeded in 6-well plates with a density of 4×105. Before 
detection, 10 μL of reagent was added to the well plate. 
After incubation in the incubator for 1 h, the absorbance at 
490 nm was detected using a Bio-Rad iMark plate reader 
(Bio-Rad Laboratories, Inc). The detection was performed 
every 24h, and three consecutive tests were performed to 
assess the relative viability of HaCaT cells.

Enzyme-Linked Immunosorbent Assay 
(ELISA)
The protein levels of inflammatory cytokines were examined 
by using the ELISA kits (Boster Biotechnology Company, 
Wuhan, China) according to the manufacturer’s protocols.

Luciferase Reporter Assay
The candidate target gene of miR-23a-3p was predicted by 
using TargetScan Release 7.0 (http://targetscan.org/), and 
then was verified through the luciferase reporter assay. The 
3ʹ-untranslated region (UTR) of CCND1 was cloned into the 
luciferase reporter vector psiCHECK-2 (Promega 
Corporation) according to the manufacturer’s instruction. 
Briefly, 500 ng of each reporter construct [wild-type (WT) 
or mutant 3ʹ-UTR of CCND1] and miR-23a-3p mimic, miR- 
23a-3p inhibitor or miR-NC were co-transfected into pre--
confluent (60-70%) HaCaT cells using Lipofectamine 2000 
(Invitrogen, USA) for 48 h at 37°C. The relative luciferase 
activity was measured by the Dual-Luciferase Reporter 
System (Promega Corporation, USA) according to the 
instructions of the manufacturer. Renilla fluorescence activ-
ity was identified as the internal reference.

Statistical Analysis
All data analysis was carried out using the SPSS version 
18.0 software (SPSS Inc., Chicago, IL) and GraphPad Prism 
5.0 software (GraphPad Software, Inc., USA). The differ-
ences between groups were analyzed by Student’s t-test or 
one-way ANOVA analysis. Pearson’s analysis was used for 
correlation analysis. The statistical outlier limits were calcu-
lated (greater than two standard deviations from the mean), 
and no significant outliers were detected. The receiver oper-
ating characteristic (ROC) curve was used to detect the 
diagnostic value of miR-23a-3p. The differences were con-
sidered significant when P < 0.05.
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Results
Clinical Characteristics of the Study 
Subjects
As shown in Table 1, there were 11 males and 34 females 
in the healthy group, with a mean age of 49.02±13.00 
years old. The mean age of the OLP patients was 48.52 
±12.33 years, including 14 males and 36 females. The 
statistical analysis results indicated that there was no sig-
nificant difference in age, gender, smoking, and drinking 
status between the control and OLP groups (all P > 0.05). 
In addition, the position and clinical classification of OLP 
patients were recorded in Table 1.

MiR-23a-3p is Downregulated in OLP 
Patients
The expression levels of miR-23a-3p were detected by 
qRT-PCR in buccal mucosal tissues of OLP patients. As 
shown in Figure 1A, miR-23a-3p was significantly 
lower in OLP patients than that in healthy controls 
(P < 0.001). Additionally, all OLP patients recruited in 
the present study were divided into the non-erosive 
group (n = 29) and erosive group (n = 21). It was 
noted that miR-23a-3p was down-regulated in erosive 
OLP patients compared with non-erosive cases 
(Figure 1B, P < 0.001).

Diagnostic Value of miR-23a-3p in OLP 
Patients
Considering the dysregulation of miR-23a-3p in OLP 
patients, a ROC curve was constructed to calculate the 
diagnostic value of miR-23a-3p for OLP. According to 
the levels of miR-23a-3p in OLP patients and healthy 
controls, the ROC curve was constructed. As shown in 

Figure 2A, the area under the curve (AUC) was 0.908, 
with the sensitivity of 84.0% and specificity of 86.7% at 
the cutoff value of 0.820. It suggested that miR-23a-3p can 
distinguish OLP patients from healthy controls. 
Additionally, according to the levels of miR-23a-3p in 
non-erosive and erosive OLP patients, a ROC curve was 
also constructed. The results showed that the AUC was 
0.831, with a sensitivity of 71.4% and specificity of 86.7% 
at the cutoff value of 0.550 (Figure 2B). Erosive OLP is 
featured by more evident oral mucosal damage, it is gen-
erally considered to be a more severe form than non- 
erosive OLP. In terms of the low level of miR-23a-3p in 
erosive OLP cases, it was concluded that miR-23a-3p 
might be associated with the severity of OLP.

Correlation of miR-23a-3p with RAE 
Scores in OLP Patients
RAE (reticular, atrophic, erosive) score is well known to 
evaluate the severity of OLP patients. In the current study, 
we further explored the association of miR-23a-3p level with 
RAE scores in OLP patients (Figure 3). The results indicated 
that miR-23a-3p level was negatively associated with RAE 
score in OLP patients (r = −0.790, P < 0.001), suggesting 
miR-23a-3p was associated with the severity of OLP.

Overexpression of miR-23a-3p Inhibits 
HaCaT Proliferation
To investigate the role of miR-23a-3p in vitro, HaCaT cells 
were treated with LPS to mimic the OLP condition. It was 
found that after LPS treatment, the miR-23a-3p levels 
were downregulated significantly in HaCaT cells com-
pared with the control group, which was consistent with 
the results observed in buccal mucosal tissues of OLP 
patients (Figure 4A). After cell transfection, the level of 

Figure 1 The expression levels of miR-23a-3p in OLP patients. (A) MiR-23a-3p was significantly lower in OLP patients than that in healthy controls. (B) MiR-23a-3p was 
down-regulated in erosive OLP patients compared with non-erosive cases. ***P < 0.001.
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miR-23a-3p was increased significantly by miR-23a-3p 
mimic transfection, whereas miR-23a-3p inhibitor trans-
fection reduced the level of miR-23a-3p (Figure 4A). The 
OD value in the CCK-8 assay suggested that LPS treat-
ment inhibited the HaCaT cell viability compared with the 
untreated control group (Figure 4B). However, overex-
pression of miR-23a-3p reversed the inhibition of cell 
viability induced by LPS, whereas miR-23a-3p downregu-
lation further inhibited the cell viability (Figure 4B). 
Moreover, the protein levels of inflammatory cytokines 
were further detected. It was found that LPS promoted 

the release of TNF-α and IL-6, which was reversed by 
miR-23a-3p upregulation. However, downregulation of 
miR-23a-3p aggravated the release of TNF-α and IL-6 
induced by LPS (Figure 4C).

CCND1 is the Target Gene of miR-23a-3p
According to the TargetScan analysis results, the comple-
mentary sequence of miR-23a-3p was found in the 3ʹ-UTR 
of CCND1 (Figure 5A). Furthermore, the luciferase repor-
ter assay results indicated that overexpression of miR-23a- 
3p inhibited the luciferase activity of WT 3ʹ-UTR of 
CCND1 (Figure 5B). But for the luciferase activity of 
MUT 3ʹ-UTR of CCND1, there was no significant differ-
ence among different groups. In addition, CCND1 was 
upregulated in HaCaT cells after LPS treatment, but 
miR-23a-3p mimic transfection reduced the level of 
CCND1, and miR-23a-3p downregulation further 
increased the level of miR-23a-3p (Figure 5C).

Discussion
MiRNAs are a class of non-coding RNAs composed of 
19–25 nucleotides. MiRNAs can inhibit the target gene 
expression at the transcriptional levels through binding to 
the 3ʹ-UTR of mRNA.13 The bioinformatic studies have 
suggested that one-third of known genes may be regulated 
by different miRNAs.20 Many studies have reported that 

Figure 3 Correlation of miR-23a-3p with RAE scores in OLP patients. MiR-23a-3p 
level was negatively associated with RAE score in OLP patients (r = −0.790, P < 0.001).

Figure 2 Diagnostic value of miR-23a-3p in OLP patients. (A) According to the levels of miR-23a-3p in OLP patients and healthy controls, miR-23a-3p was suggested to 
distinguish OLP patients from healthy controls, with the AUC of 0.908, the sensitivity of 84.0% and specificity of 86.7% at the cutoff value of 0.820. (B) According to the 
levels of miR-23a-3p in non-erosive and erosive OLP patients, miR-23a-3p could distinguish erosive OLP patients from non-erosive ones, with the AUC of 0.831, the 
sensitivity of 71.4% and specificity of 86.7% at the cutoff value of 0.550.
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miRNAs are involved in many important cellular pro-
cesses, such as cell apoptosis, cell differentiation, prolif-
eration, tumorigenesis and tumor inhibition.21,22 A large 
number of researches have proved that miRNA is an 
important epigenetic regulatory factor in the occurrence 
and progression of various human diseases.23,24

Previous evidence has demonstrated that a variety of 
miRNAs are differentially expressed in OLP patients. For 
example, miR-146a and miR-155 were identified to be over-
expressed in OLP lesions tissues.25 Ma et al reported that 
approximately 70 miRNAs were identified to be differentially 
expressed in OLP patients compared with healthy controls 

through microarray analysis.26 In the present study, we con-
firmed that miR-23a-3p was down-regulated in the buccal 
mucosal tissues of OLP patients. And the ROC curve analysis 
results further indicated that miR-23a-3p expression can dis-
tinguish OLP patients from healthy controls. Consistent with 
the present results, a study by Chen et al reported the down-
regulation of miR-23a-3p in the oral mucosa of OLP patients 
by using next-generation sequencing with DESeq and edgeR 
software algorithms, indicating its potential role in the etiology 
and pathogenesis of OLP, which supported our present 
results.17 All evidence indicated the potential role of miR- 
23a-3p in OLP.

Figure 4 Overexpression of miR-23a-3p inhibits HaCaT proliferation and inflammatory response. (A) The expression level of miR-23a-3p was decreased by LPS treatment, 
which was reversed by miR-23a-3p mimic transfection. (B) LPS promoted the cell proliferation, which was reversed by miR-23a-3p mimic transfection. (C) LPS promoted 
the release of TNF-α and IL-6, which was reversed by miR-23a-3p upregulation. However, downregulation of miR-23a-3p aggravated the release of TNF-α and IL-6 induced 
by LPS. ***P < 0.001, compared with untreated group; ##P < 0.01, ###P < 0.001, compared with LPS group.

Figure 5 CCND1 was the target gene of miR-23a-3p. (A) According to the TargetScan analysis results, the complementary sequence of miR-23a-3p was found in the 3ʹ-UTR of 
CCND1. (B) Overexpression of miR-23a-3p inhibited the luciferase activity of WT 3ʹ-UTR of CCND1. But for the luciferase activity of MUT 3ʹ-UTR of CCND1, there was no significant 
difference among different groups. (C) CCND1 was upregulated in HaCaT cells after LPS treatment, but miR-23a-3p mimic transfection reduced the level of CCND1, and miR-23a-3p 
downregulation further increased the level of miR-23a-3p. **P < 0.01, ***P < 0.001 compared with untreated group. ##P < 0.01, ###P < 0.001, compared with LPS group.
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Oral lichen planus is a chronic disease that can be con-
trolled but not eliminated. An erosive form of OLP results in 
pain and ulceration, which may most likely transform or 
develop into malignant tumors.27 In the current study, a total 
of 50 OLP patients were recruited, who were further divided 
into non-erosive group and erosive group. Then the qRT-PCR 
results indicated that miR-23a-3p was down-regulated in ero-
sive OLP patients compared with non-erosive cases. 
Considering the expression changes of miR-23a-3p between 
erosive and non-erosive OLP patients, we speculated that miR- 
23a-3p might be associated with the severity of OLP. RAE 
score is well known to evaluate the severity of OLP patients. In 
the current study, we further explored the association of miR- 
23a-3p level with RAE scores in OLP patients, and 
a significantly negative association was detected between 
miR-23a-3p level and RAE scores. Additionally, according to 
the levels of miR-23a-3p in non-erosive and erosive OLP 
patients, a ROC curve was also constructed. The results indi-
cated that miR-23a-3p can distinguish erosive OLP patients 
from non-erosive OLP patients. Erosive OLP is featured by 
more evident oral mucosal damage, it is generally considered 
to be a more severe form than non-erosive OLP. In terms of the 
low level of miR-23a-3p in erosive OLP cases, we presented 
that miR-23a-3p might be associated with the severity of OLP.

OLP is an immune disease, and the pathological process of 
OLP has been reported to be closely linked to basal keratino-
cytes degeneration.28 HaCaT cells are a type of immortalized 
human skin keratinocytes, which are easily grown and pas-
saged, thus HaCaT cells are suitable for the research of oral 
keratinocytes. Gram-negative bacterial lipopolysaccharide 
(LPS) has been widely used in previous studies to induce 
inflammatory mediators.29 Accordingly, in the present study, 
HaCaT cells were treated with LPS to establish the in vitro 
inflammatory OLP model. Initially, we found that after LPS 
treatment, the miR-23a-3p levels were downregulated signifi-
cantly in HaCaT cells, which was consistent with the results 
observed in buccal mucosal tissues of OLP patients. It has been 
indicated that cell proliferation of keratinocyte was promoted 
in OLP progression, the same result was also detected in vitro 
model of OLP, which were consistent with the results observed 
in LPS-treated HaCaT cells in the current study.30,31 

Additionally, the gain and loss function experiments’ results 
suggested that overexpression of miR-23a-3p reversed the 
effect of LPS on HaCaT cell proliferation. We concluded that 
miR-23a-3p might be involved in the pathogenesis of OLP 
through inhibiting keratinocyte proliferation.

OLP is an immune disease, and the pathological process of 
OLP has been reported to be closely linked to the release of 

inflammatory cytokines.28 In the OLP cell model, LPS pro-
moted the release of TNF-α and IL-6, which was consistent 
with the previous evidence. Furthermore, the gain and loss 
function experiment results demonstrated that overexpression 
of miR-23a-3p inhibited the inflammatory response of kerati-
nocyte cells. miR-23a-3p has been widely reported to be 
involved in the inflammatory response in various cell types 
and diseases. In the study of traumatic brain injury, miR-23a- 
3p is reported to alleviate the brain injury via inhibiting 
neuroinflammation.32 Downregulation of miR-23a-3p is also 
identified in psoriatic arthritis patients and enhanced secretion 
of inflammatory cytokines in synovial fibroblasts.33 The pre-
sent results indicated that overexpression of miR-23a-3p inhib-
ited the keratinocyte cell inflammatory response during the 
progression of OLP, which was supported by the previous 
evidence.

The cyclin D1 (CCND1) gene, located on chromosome 
11q13, is a proto-oncogenic positive regulator of the cell cycle, 
driving cells from G1 into S phase checkpoint.34 Previous 
studies have indicated that the expression of cell cycle regula-
tory proteins is dysregulated in oral premalignant and malig-
nant lesions.34,35 In the present study, the luciferase reporter 
assay results indicated that CCND1 was a direct target gene of 
miR-23a-3p, and CCND1 was upregulated in the LPS induced 
OLP cell model. The involvement of CCND1 in OLP has been 
widely reported in previous studies.36,37 In addition, an ele-
vated level of CCND1 is identified by Yao et al r in the 
epithelial cells of OLP patients by immunohistochemistry, 
and it was closed associated with the cell apoptosis index of 
the lymphocytes.36 Besides, CCND1 is also detected to be at 
the high expression in the mucosa samples of OLP patients, 
and the aberrant expression is involved in the protective role of 
miR-138 in OLP.38 It is known that CCND1 is a target of the 
WNT signaling pathway, which has been reported to have 
a significant role in malignant transformation of oral lesions 
such as OLP, and contribute to the chronic inflammatory 
disease.39 Accordingly, we speculated that miR-23a-3p might 
inhibit keratinocyte proliferation and inflammatory response 
via targeting CCND1. However, the underlying mechanism is 
worthy of exploration. In the future, other studies involving the 
role of CCND1 as well as WNT signaling in OLP are needed to 
confirm our speculation.

Conclusion
In conclusion, the current study suggested that miR-23a-3p 
was downregulated in OLP patients, and might be associated 
with the disease severity. Overexpression of miR-23a-3p might 
inhibit keratinocyte proliferation via targeting CCND1. The 
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present results provide a basis for further study of the molecu-
lar mechanisms underlying the development and progression 
of OLP.
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