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microRNA-142 is upregulated by tumor necrosis  
factor-alpha and triggers apoptosis in human gingival 
epithelial cells by repressing BACH2 expression
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Abstract: Tumor necrosis factor-alpha (TNF-α) has been shown to cause apoptosis of gingival epithelial cells (GECs) 
in periodontitis. However, the underlying molecular mechanism is still unclear. In this study, we showed that miR-
142 expression was significantly elevated in human GECs after exposure to TNF-α. Such induction was in a time- 
and concentration-dependent manner. Serum miR-142 levels were positively correlated with serum TNF-α levels 
in patients with chronic periodontitis (r = 0.314, P = 0.0152). Depletion of miR-142 was found to attenuate TNF-
α-induced apoptosis, as determined by TUNEL staining and caspase-3 activity assays. In contrast, overexpression 
of miR-142 significantly reduced viability and induced apoptosis in GECs. Basic leucine zipper transcription factor 
2 (BACH2) was identified to be a functional target of miR-142. Overexpression of miR-142 caused a 3-fold reduc-
tion of BACH2 protein in primary GECs. Overexpression of BACH2 significantly reversed miR-142- or TNF-α-induced 
apoptosis of GECs. Similar to the findings with miR-142 mimic, depletion of BACH2 significantly promoted apoptosis 
in GECs, which was accompanied by decreased expression of Bcl-2 and Bcl-xL and increased expression of Bax and 
Bim. Overall, miR-142 mediates TNF-α-induced apoptosis in gingival epithelial cells by targeting BACH2 and may 
represent a potential therapeutic target for periodontitis.
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Introduction

Chronic periodontitis is a common disorder of 
the oral cavity caused by pathogenic microor-
ganisms [1, 2]. This disease is characterized by 
massive inflammatory cell infiltration into peri-
odontal tissues and overproduction of pro-
inflammatory cytokines including tumor necro-
sis factor-alpha (TNF-α), leading to periodontal 
tissue destruction and tooth loss. TNF-α is a 
multifunctional cytokine that plays an impor-
tant role in periodontitis [3]. It has been docu-
mented that TNF-α can increase the permeabil-
ity of gingival epithelial cells (GECs) and aug-
ment the invasion of periodontal pathogens [4]. 
This cytokine also induces receptor activator of 
nuclear factor kβ ligand (RANKL) expression in 
GECs, consequently promoting osteoclast for-
mation and periodontal bone resorption [5]. In 

addition, TNF-α can exert direct destructive 
effects on GECs, e.g. triggering apoptotic death 
[6]. However, the mechanism underlying TNF-α-
induced apoptosis in GECs is still unclear.

microRNAs (miRNAs) are endogenous, small 
noncoding RNAs that participate in a broad 
range of cellular processes, such as cell prolif-
eration, differentiation, apoptosis, and inflam-
mation [7]. miRNAs can negatively regulate 
gene expression by binding to the 3’-untrans-
lated region (UTR) of target mRNAs, resulting  
in mRNA degradation and translational repr- 
ession. Profiling studies revealed that many 
miRNAs are differentially expressed in healthy 
and inflamed gingival tissues from patients  
with periodontitis [8]. However, only a small 
subset of miRNAs are functionally validated in 
the pathobiology of periodontitis. For instance, 
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miRNA-146 was reported to interfere with pro-
inflammatory cytokine production in human 
gingival fibroblasts [9].

miR-142 has been identified to be upregulated 
in inflamed gingival tissues, relative to healthy 
gingival tissues [10]. This miRNA can alter cell 
proliferation, migration, and survival in several 
types of malignant epithelial cells [11, 12]. How- 
ever, few studies have addressed its role in 
GECs. In this study, we aimed to determine the 
expression and biological relevance of miR-142 
in GECs in response to TNF-α.

Materials and methods

Patients and serum collection

A total of 31 patients with chronic periodontitis 
(age: 32-57 years; gender: 14 males and 17 
females) were enrolled in this study. The pati- 
ents with other systemic inflammatory diseas-
es or having received periodontal therapy were 
excluded. Written informed consent was ob- 
tained from each participant. This study was 
approved by Institutional Ethical Committee 
and Review Board of Shanghai Jiao Tong Unive- 
rsity School of Medicine (Shanghai, China).

Blood samples (5 mL) were collected from each 
participant and allowed to clot at room temper-
ature. Serum was separated by centrifuging at 
1,200 g for 10 min. Serum samples were ali-
quoted and stored at -80°C until analyses.

Cell culture and TNF-α treatment

Primary GECs were collected from healthy gin-
gival tissues after oral surgery as previously 
described [13]. Briefly, gingival tissues were cut 
into small pieces and incubated with 0.4% dis-
pase (Sigma-Aldrich, St. Louis, MO, USA). Cells 
were maintained as monolayers in serum-free 
keratinocyte growth medium (Invitrogen, Carls- 
bad, CA, USA) in a humidified incubator cont- 
aining 5% CO2. Cells at ~80% confluence were 
treated with different concentrations of TNF-α 
(PeproTech Inc., Rocky Hill, NJ, USA) for indicat-
ed times. Cells were collected for gene expres-
sion and apoptosis analysis.

Real-time PCR analysis

Total RNA from serum samples or cells was 
extracted with TRIzol reagent (Invitrogen). cDNA 
was obtained with a reverse transcription sys-

tem kit (Applied Biosystems, Foster, CA, USA), 
using specific stem-loop primers for miR-142. 
For real-time PCR, TaqMan MicroRNA Ass- 
ays (Applied Biosystems) for miR-142 and U6 
(an internal control) were used, according to 
the manufacturer’s protocol. Relative miR-142 
expression was calculated after normalization 
against U6.

Measurement of serum TNF-α levels by en-
zyme-linked immunosorbent assay (ELISA)

The levels of TNF-α in serum samples from 
patients with periodontitis were measured us- 
ing a TNF-α ELISA kit (eBioscience, San Diego, 
CA, USA) according to the manufacturer’s 
instructions.

Transfection of RNA molecules

miR-142 mimic, anti-miR-142 inhibitor, and 
negative control RNAs were purchased from 
GenePharma (Shanghai, China). BACH2-target- 
ing small interfering RNA (siRNA) and negative 
control siRNA were obtained from Santa Cruz 
Biotechnology, Santa Cruz, CA, USA. Primary 
GECs at ~70% confluence were transfected 
with 50 nM small RNAs using Lipofectamine 
2000 (Invitrogen). A fluorescein-labeled double- 
stranded RNA (Qiagen, Valencia, CA, USA) was 
used to assess transfection efficiency. When 
the transfection efficiency was of > 80%, trans-
fected cells were used for further experiments. 
At 24 h post-transfection, cells were exposed to 
TNF-α for 48 h and tested for gene expression 
and apoptotic response.

Cell viability assay

Cells seeded in 96-well plates (3 × 103 cells  
per well) were treated with different concentra-
tions of TNF-α for 48 h. Each well was added 
with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) solution (0.5 mg/
mL; Sigma-Aldrich) and incubated for 4 h at 
37°C. Formazan crystals were dissolved with 
dimethyl sulfoxide. The absorbance was read at 
570 nm.

Apoptosis analysis

Apoptosis was assessed using a terminal deox- 
ynucleotidyltransferase-mediated dUTP-biotin 
nick end labeling (TUNEL) assay kit according 
to the protocol of the manufacturer (Roche 
Applied Science, Indianapolis, IN, USA). In brief, 
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after treatment with 15 ng/mL TNF-α for 48 h, 
cells were seeded on 8-well chamber slides 
and allowed to adhere overnight. Cells were 
fixed in 4% paraformaldehyde, permeabilized 
with 0.1% Triton X-100, and incubated with fluo-
rescein isothiocyanate (FITC)-labeled dUTP and 
terminal deoxynucleotidyltransferase for 1 h in 
the dark at 37°C. Cells were counterstained 
with DAPI (Molecular Probes, Eugene, OR, USA) 
and analyzed using a fluorescence microscope. 
The percentage of TUNEL-positive cells relative 
to total cells was calculated.

Caspase-3 activity assay

Caspase-3 activity was analyzed using a colori-
metric assay kit (BioVision Inc., Mountain View, 
CA, USA), according to the instructions of the 
manufacturer. The absorbance was recorded at 
405 nm.

Plasmid construction and transfection

Wild-type BACH2 3’-UTR was amplified by PCR 
and cloned into the downstream of the firefly 
luciferase gene in PGL3 vector (Promega, Ma- 
dison, WI, USA). Mutation of the BACH2 3’-UTR 
was performed using the QuickChange Site-
Directed Mutagenesis Kit (Stratagene, Heidel- 
berg, Germany). The BACH2 expression plas-
mid (pcDNA3.1-BACH2) was constructed by 
inserting human BACH2 open reading frame 

ng of Renilla luciferase-expressing pRL-TK vec-
tor (Promega), together with 50 nM of miR-142 
mimic or control miRNA. Luciferase activity 
assay was carried out 24 h after transfection 
with the dual luciferase reporter assay system 
(Promega). The relative luciferase activity was 
normalized to that of Renilla luciferase.

Western blot analysis

Cells were lysed in radioimmunoprecipitation 
assay buffer containing protease inhibitors 
(Sigma-Aldrich). Equal amounts of protein were 
resolved by SDS-polyacrylamide gel electro-
phoresis and transferred onto nitrocellulose 
membranes. Immunoreactions were perform- 
ed with primary antibodies: anti-BACH2 (1:300 
dilution; Santa Cruz Biotechnology), anti-Bcl-2 
(1:500 dilution; Cell Signaling Technology, Dan- 
vers, MA, USA), anti-Bcl-xL (1:500 dilution; Cell 
Signaling Technology), anti-Bax (1:500 dilution; 
Cell Signaling Technology), anti-Bim (1:500 dilu-
tion; Abcam, Cambridge, MA, USA), and anti-β-
actin antibody (1:2000 dilution; Santa Cruz Bio- 
technology). After washing, membranes were 
incubated with horseradish peroxidase-conju-
gated secondary antibodies (Santa Cruz Bio- 
technology). The blots were visualized with the 
chemiluminescent system (Cell Signaling Tech- 
nology). Densitometry was performed using 
Quantity One software (Bio-Rad Laboratories, 
Hercules, CA, USA).

Figure 1. TNF-α stimulates the expression 
of miR-142 in human GECs. A. Detection 
of miR-142 abundance in primary GECs 
exposed to different concentrations of 
TNF-α for 24 h. B. Time-course studies of 
miR-142 expression in GECs exposed to 
15 ng/mL TNF-α. *P < 0.05 vs. untreated 
control cells. C. Analysis of the correla-
tion between serum miR-142 and serum 
TNF-α levels in patients with chronic peri-
odontitis (n = 31). 

(Origene, Nockville, MD, USA) in- 
to pcDNA3.1(+) vector (Invitro- 
gen). All constructs were con-
firmed by sequencing. To test 
whether BACH2 overexpression 
can reverse miR-142- or TNF- 
α-induced apoptosis, GECs we- 
re co-transfected with pcDNA- 
3.1-BACH2 plasmid or vector  
(1 μg) together with miR-142 
mimic (50 nM) or were pre-
transfected with pcDNA3.1-BA- 
CH2 or vector before TNF-α tre- 
atment. Cells were then exam-
ined for gene expression and 
apoptosis.

Luciferase reporter assay

HEK293T cells (1 × 105 cells 
per well) in 24-well plates were 
co-transfected with 0.5 μg of 
3’-UTR reporter constructs, 20 
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Statistical analysis

Data are expressed as mean ± standard devia-
tion and were analyzed by the Student’s t  
test or one-way analysis of variance followed by 
the Tukey-Kramer multiple comparisons test. 
Correlation analysis was performed using the 
Spearman method. A P value of < 0.05 was 
considered statistically significant.

Results

TNF-α stimulates the expression of miR-142 in 
human GECs

It has been documented that many miRNAs  
are dysregulated in gingival tissues from pati- 
ents with periodontitis [8, 10]. To search for 
TNF-α-regulated miRNAs implicated in this dis-
ease, we treated primary human GECs with dif-
ferent concentrations of TNF-α and measured 

the expression changes of candidate miRNAs. 
As shown in Figure 1A, miR-142 expression 
was significantly increased in primary GECs 
after treatment with TNF-α at 5-20 ng/mL, com- 
pared to control cells (P < 0.05). A maximal 
induction of miR-142 was observed at 15 ng/
mL. However, the other miRNAs tested, miR-
20a, miR-130, miR-203, miR-205, miR-146a, 
miR-548 did not show significant expression 
changes after TNF-α treatment (data not sho- 
wn). Time-course studies demonstrated that 
TNF-α exposure increased miR-142 levels as 
early as 8 h after treatment, with a peak level 
occurring at 20 h (Figure 1B). These results 
suggest that miR-142 is a TNF-α-responsive 
miRNA in GECs. In support of this notion, clini-
cal data revealed that serum miR-142 levels 
were positively correlated with serum TNF-α 
levels in patients with chronic periodontitis (r = 
0.314, P = 0.0152; Figure 1C).

Figure 2. miR-142 is required for TNF-α-induced apoptosis in human GECs. A. MTT assay was performed to detect 
cell viability in GECs exposed to 15 ng/mL TNF-α for 48 h with or without pre-transfection with anti-miR-142 inhibi-
tor or control inhibitor (C-inhibitor). B. Apoptosis detection by TUNEL staining. Right, quantification of TUNEL-positive 
cells from three independent experiments. C. Measurement of caspase-3 activity in GECs with indicated treatments. 
*P < 0.05 vs. untreated control cells; #P < 0.05 vs. C-inhibitor + TNF-α group. D. Analysis of the viability in GECs 
transfected with control miRNA (C-miRNA) or miR-142 mimic by MTT assay. E. Quantification of apoptosis in GECs 
transfected with C-miRNA or miR-142 mimic. *P < 0.05 vs. untreated control cells. 
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se in BACH2 protein levels in primary GECs, as 
determined by Western blot analysis (Figure 
3C). These results suggest that BACH2 is a 
direct target gene of miR-142.

Overexpression of BACH2 reverses miR-142-in-
duced apoptosis in human GECs

Next, we checked whether miR-142 triggers 
apoptosis in GECs through downregulation of 
BACH2. To this end, we co-transfected miR-142 
mimic with a plasmid expressing BACH2 lack-
ing the 3’-UTR into GECs and measured apop-
totic response. Co-transfection with the BACH2-
expressing plasmid restored BACH2 levels in 
GECs (Figure 4A). Enforced expression of BAC- 
H2 significantly reduced apoptosis induced by 
miR-142 mimic (Figure 4B). Thus, miR-142-in-
duced apoptosis in GECs is likely mediated 
through downregulation of BACH2.

Overexpression of BACH2 confers resistance 
to TNF-α-induced apoptosis

Next, we investigated the effect of overexpres-
sion of BACH2 on TNF-α-induced apoptosis in 
GECs. Western blot analysis revealed that TNF- 
α treatment resulted in a significant (P < 0.05) 
inhibition of BACH2 expression in human GECs 
(Figure 4C). Pre-transfection with the BACH2-
expressing plasmid significantly impaired apop-

Figure 3. miR-142 directly targets BACH2 in human GECs. A. Prediction 
of a miR-142 binding site in the 3’-UTR of BACH2 mRNA by TargetScan 
software (http://www.targetscan.org/vert_71/). B. HEK293T cells were 
transfected with indicated constructs and tested for luciferase activities. 
C. Western blot analysis of BACH2 protein in GECs transfected with C-miR-
NA or miR-142 mimic. *P < 0.05 vs. C-miRNA-transfected cells. 

miR-142 is required for TNF-α-induced apopto-
sis in human GECs

Next, we tested if miR-142 is involved in TNF-α-
induced biological effects in human GECs. MTT 
assay showed that the viability of GECs was 
reduced by about 42% after exposure to 15 ng/
mL TNF-α for 48 h, which was reversed by inhi-
bition of miR-142 (Figure 2A). Significant apop-
tosis was detected in GECs treated with 15 ng/
mL TNF-α, as determined by TUNEL staining 
(Figure 2B). Interestingly, TNF-α-induced apop-
totic death in GECs was significantly (P < 0.05) 
prevented by delivery of anti-miR-142 inhibi- 
tors (Figure 2B). Measurement of caspase-3 
activity, a biomarker of apoptosis, revealed that 
knockdown of miR-142 led to an ~60% dec- 
line in caspase-3 activity in TNF-α-treated GECs 
(Figure 2C). Additionally, enforced expression 
of miR-142 recapitulated the suppressive ef- 
fect of TNF-α on GECs (Figure 2D and 2E). The- 
se data collectively indicate that miR-142 par-
ticipates in TNF-α-induced apoptosis in human 
GECs.

miR-142 directly targets BACH2 in human 
GECs

To determine how miR-142 induces apoptosis 
in GECs, we performed bioinformatic analysis 
to search for potential targets of miR-142. As 

shown in Figure 3A, there is one 
predicted miR-142 binding site 
in the 3’-UTR of BACH2 mRNA. 
To validate whether miR-142 
can directly target BACH2 3’- 
UTR, luciferase reporter assay 
was carried out using wild-type 
or mutant BACH2 3’-UTR report-
er genes. When the reporters 
were co-transfected with miR-
142 mimic or negative miRNA 
control into HEK293T cells, miR-
142 mimic significantly reduced 
the luciferase activity of the re- 
porter containing wild-type BA- 
CH2 3’-UTR, compared to con-
trol miRNA (Figure 3B). However, 
the activity of the reporter gene 
with mutant BACH2 3’-UTR was 
not affected by miR-142 mimic. 
In agreement with the luciferase 
reporter assay, overexpression 
of miR-142 led to 3-fold decrea- 
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totic response in TNF-α-treated GECs, which 
was coupled with restoration of BACH2 protein 
expression (Figure 4D). These data indicate the 
pro-survival activity of BACH2 in human GECs.

Knockdown of BACH2 triggers apoptosis in 
human GECs by regulating the Bcl-2 family 
members

To further validate the role of BACH2 in GECs, 
we performed loss-of-function experiments. 
siRNA-mediated knockdown of BACH2 was con-
firmed by Western blot analysis (Figure 5A). 
Interestingly, depletion of BACH2 significantly 
induced apoptosis in human GECs, as com-
pared to delivery of control siRNA (Figure 5B). 
Moreover, silencing of BACH2 decreased the 
expression of Bcl-2 and Bcl-xL and increased 
the expression of Bax and Bim (Figure 5C).

results suggest that miR-142 may be involved 
in TNF-α-related pathogenesis of periodontitis.

miR-142 shows the ability to regulate apoptosis 
in different types of cells, such as cancer cells 
[11], tumor-associated macrophages [17], and 
cardiac myocytes [18]. In this study, we extend-
ed the observation to primary GECs and showed 
that overexpression of miR-142 significantly 
induced apoptosis in GECs, which phenocopied 
the effect of TNF-α on GECs. Rescue experi-
ments further demonstrated that inhibition of 
miR-142 significantly blocked TNF-α-induced 
apoptotic death in GECs. These results suggest 
that miR-142 mediates apoptotic response 
induced by TNF-α in GECs.

Mechanistic studies revealed that overexpres-
sion of miR-142 significantly decreased the lev-

Figure 4. Overexpression of BACH2 confers resistance to miR-142- or TNF-
α-induced apoptosis. A. Western blot analysis of BACH2 protein in GECs 
transfected with indicated constructs. B. Quantification of apoptosis in 
GECs transfected with indicated constructs for 48 h by TUNEL staining. *P 
< 0.05 vs. untreated control cells; #P < 0.05 vs. cells co-transfected with 
miR-142 mimic and vector. C. Western blot analysis of BACH2 protein in 
GECs treated with or without 15 ng/mL TNF-α. *P < 0.05 vs. untreated 
control. D. Top, Western blot analysis of BACH2 protein in GECs transfect-
ed with vector or BACH2-expressing plasmid before exposure to TNF-α. 
Bottom, quantification of apoptosis in GECs with the same treatment. *P < 
0.05 vs. untreated control cells; #P < 0.05 vs. vector-treated cells exposed 
to TNF-α.

Discussion

miRNA profiling studies have 
reported that many miRNAs are 
differentially expressed betwe- 
en inflamed and healthy gingival 
tissues [8, 10]. Functional stud-
ies revealed that miR-138 can 
suppress periodontal progenitor 
differentiation in an inflammato-
ry microenvironment, thus con-
tributing to bone loss associat-
ed with advanced periodontal 
disease [14]. It has been docu-
mented that miR-146a expres-
sion was upregulated in patients 
with periodontitis and that ele-
vated miR-146a was associated 
with a significant reduction in 
TNF-α [15]. miR-146a has been 
shown to play a negative feed-
back role in the regulation of 
proinflammatory cytokine secre-
tion in human periodontal liga-
ment cells after lipopolysaccha-
ride stimulation [16]. However, 
we are still far from understand-
ing of the roles of dysregulated 
miRNAs in periodontitis. In this 
study, we showed that miR-142 
expression was induced in GECs 
by TNF-α in a time-and concen-
tration-dependent manner. Mo- 
reover, there was a positive cor-
relation between serum miR-
142 and TNF-α levels in patients 
with chronic periodontitis. These 
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els of BACH2 protein in primary GECs. Bio- 
informatic analysis and luciferase reporter as- 
say showed that miR-142 repressed the expres-
sion of BACH2 by binding to the 3’-UTR of 
BACH2 mRNA. BACH2 has been found to be a 
risk gene for type 1 diabetes and protects from 
cytokine-induced β-cell apoptosis [19]. In con-
trast, BACH2 was reported to cause apoptosis 
in both NIH3T3 and Raji B-lymphoid cells upon 
mild oxidative stress [20]. These studies en- 
courage us to hypothesize that BACH2 may be 
involved in TNF-α/miR-142-induced apoptosis 
in GECs. In support of this hypothesis, we show- 
ed that enforced expression of BACH2 signifi-
cantly reversed miR-142-induced apoptosis in 
GECs. Similarly, overexpression of BACH2 con-
ferred resistance to TNF-α-induced apoptosis 
in GECs. Taken together, miR-142 participates 
in TNF-α-induced apoptosis in GECs, at least 
partially, via targeting of BACH2.

BACH2 has been shown to regulate the expres-
sion of many genes involved in immune cell 
development [21, 22], alveolar macrophage fu- 
nction [23], and bortezomib cytotoxic response 

TNF-α-responsive miRNA and contributes to 
TNF-α-induced apoptosis in human GECs by 
targeting BACH2. These observations warrant 
further investigation of the in-vivo roles of miR-
142 in an animal model of periodontitis.
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