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Dysregulation of MicroRNA-152-3p is Associated with the 

Pathogenesis of Pulpitis by Modulating SMAD5

Fengyang Yua / Pengyue Wangb / Guoliang Gongc

Purpose: To research the role of microRNA (miR)-152 in the pathogenesis of pulpitis using a cell model based on human 
dental pulp cells (HDPCs) treated with lipopolysaccharides (LPS).

Materials and Methods: The biological activity of HDPCs infected by LPS was measured using a cell counting kit (CCK-8), 
Transwell test, flow cytometry, and fluorescent quantitative PCR. The concentration of superoxide dismutase (SOD) and 
malondialdehyde (MDA) was evaluated using an assay kit, the levels of interleukin (IL)-1ꞵ and IL-6 were measured by en-
zyme-linked immunosorbent assay (ELISA), and the targeting relationship between SMAD5 and miR-152 was measured by 
the double-luciferase report test. The expression of cell cycle-related CyclinD1 and BAX was assessed by PCR. By plotting 
a receiver operating characteristic (ROC) curve, the diagnostic value of miR-152 was shown.

Results: The level of miR-152 in HDPCs induced by LPS decreased, while the level of SMAD5 increased. After overexpress-
ing miR-152 in LPS-induced HDPCs, the viability was elevated, the apoptosis rate decreased, CyclinD1 was elevated, BAX 
diminished, the inflammatory cytokines (IL-6 and IL-1ꞵ) were inhibited, the activity of SOD increased, and the MDA con-
tent decreased. miR-152 targeted regulation of SMAD5, and SMAD5 modulated the effects of miR-152 on cell viability, 
apoptosis, inflammation, and the oxidative response of HDPCs. Reduced miR-152 expression was verified in patients with 
pulpitis, which could be a biomarker for pulpitis.

Conclusion: miR-152 was found to be a biomarker correlated with the pathogenesis of pulpitis and the biological behav-
iour of HDPCs.
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Pulpitis is considered as a complcation of  dental caries,21 
with a complicated pathogenesis and development. It is a 

non-specific inflammatory response and a specific immune re-
sponse caused by bacteria and their metabolites infecting den-
tal pulp tissue.33 Pulpitis refers to inflammatory lesions occur-
ring in the pulp tissue of the teeth and is mainly caused by 
dental infection.14 The main clinical manifestations include 
severe pain, which often makes eating and sleeping difficult; it 

seriously affects work and social interactions as well as emo-
tion status, thus endangering physical and mental health and 
quality of life.12 Pulpitis is the most common pathological dis-
order affecting the dental pulp tissue, and can lead to pulp ne-
crosis and loss of vitality of the tooth, brittle dentin, increased 
propensity to fracture, tooth loss, and loss of the immune de-
fense response of the pulp.4 Root canal therapy is the most 
common treatment.31 Endodontically treated teeth are com-
promised by sensory loss, increased fragility, a tendency to 
split, and tooth discolouration.1 Therefore, it is necessary to 
explore the aetiology and pathogenesis of pulpitis, find thera-
peutic targets, achieve early inflammation control, block the 
progression of inflammation, promote pulp regeneration, and 
restore pulp vitality. 

miRNA is involved in changing the expression genes in-
volved in pulpitis.15,26 According to one study, let-7c-5p, miR-
410, and miR-146a are related to oral diseases, such as dental 
pulp inflammation and pulpitis.22 miR-18b-5p has an interac-
tive relationship with lncRNA DUXAP8 in pulpitis, which in-
duces apoptosis, inflammation, and oxidation in human dental 
pulp cells (HDPCs).5 miR-27a-3p is highly expressed in HDPCs 
that contain lipopolysaccharides (LPS) and may promote in-
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flammation.25 miR-152 is important for normal cell function, 
and participates in the occurrence, development, outcome, 
and other pathological processes of diseases. In inflamed 
pulps, the relative quantity of miR-152 decreased, indicating 
that this change may promote inflammatory lesions of dental 
pulp tissues.36 Additionally, miR-152 regulates cell cycle pro-
gression and resists cellular senescence of H2O2-damaged 
human dental pulp stem cells.6 Thus, we hypothesise that miR-
152 may play a regulatory role in the pathogenesis of pulpitis.

Thus, the purpose of this study was to elucidate the role of 
microRNA (miR)-152 in the pathogenesis of pulpitis using a cell 
model based on human dental pulp cells (HDPCs) infected with 
lipopolysaccharides (LPS). Additionally, we collected pulp tis-
sues from teeth with pulpitis, detected the expression of miR-
152, and investigated the effect of miR-152 in the clinic.

MATERIALS AND METHODS

Patients and Collection of Clinical Samples 
This study was approved by the Medical Ethics Committee of 
Dr. Art & Smile Dental Care. All patients signed informed con-
sent before sample collection. Seventy-seven patients with a 
diagnosis of pulpitis and who had undergone tooth extraction 
at Dr. Art & Smile Dental Care participated. Eighty pulp tissues 
were extracted from eighty persons without pulpitis and 
served as the control group. All control teeth were healthy and 
free of caries. Pulpitis-tissue inclusion criteria were: donors 
aged between 18 and 60 years old; teeth were diagnosed with 
acute or chronic pulpitis by endodontists according to clinical 
examination and imaging examination, and the pulp could be 
removed in its entirety. The patients had not taken any medica-
tions for 3 months prior to their participation in the study. Pulp 

tissue samples from patients with serious diseases of the heart, 
brain, liver, kidney, and endocrine system were excluded. 
Forty-one (41) males and 40 females comprised the control 
group. The average age was 37.6 ± 12.0 years in controls and 
38.3 ± 13.0 years in the pulpitis group. The BMI was 22.7 ± 1.4 kg/
m2 in the control group and 22.7 ± 1.4 in pulpitis patients. The 
pulpitis group included 36 males and 40 females. No significant 
differences were observed in age, BMI, or sex (p > 0.05, Table 1). 
Seventy-two patients also exhibited caries and 10 periodonti-
tis, but no individual was found to have both caries and peri-
odontitis (p < 0.01, Table 1).

Teeth were immersed in normal saline for 30 min. After 
cleaning the root surface of any remaining periodontal tissue, 
the root tips were cut off, and the pulp was removed and stored 
in liquid nitrogen for 6 months.

Establishment of Cell Models and Transfection
HDPCs from ATCC (Manassas, VA, USA) were exposed to the 
bacterial endotoxin LPS (derived from E. coli 0111:B4, Sigma-
Aldrich; St Louis, MO, USA) at a concentration of 1 μg/ml for 
24 h. After that, the cells were extracted and prepared for sub-
sequent experiments.

HDPCs that had grown to 80% confluency were rinsed with 
PBS (Sigma-Aldrich), digested with trypsin (Sigma-Aldrich), and 
resuspended. The cells were counted using a cell counter and 
seeded into six-well plates, and the cell density was adjusted to 
8 x 104/ml. A solution was prepared of synthesised miRNA pow-
der (Sangon; Shanghai, China) with enzyme-free water at a 
concentration of 20 nmol/l in an ultra-clean bench, then mixed 
and stored in a refrigerator at -20°C for 24 h. Lipofectamine 
3000 reagent (Thermo Fisher Scientific; Waltham, MA, USA) was 
obtained for the cell transfection protocol, and the following 
experiments were carried out after 48 h of transfection.

Table 1  Basic clinical data of the subjects

Items Control group (n = 77) Pulpitis group (n = 80) Significance (p)

Age (years) 37.62±11.94 38.30±13.02 0.74

BMI (kg/m2) 22.66±1.35 22.68±1.40 0.92

Sex 0.68

Male 41 36

Female 40 40

Caries

Yes 0 72 <0.01

No 77 8

Periodontitis

Yes 0 10 <0.01

No 77 70

All data are presented as mean ± standard deviation or n.
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The expression of miR-152 and SMAD5 mRNA was detected 
by the real-time fluorescence quantitative PCR method.

Total RNA was extracted using an RNA fast tissue/cell kit 
(TIANGEN; Beijing, China) on a clean table as per kit instruc-
tions. For miRNA, synthesised cDNA was obtained using a 
miRNA 1st-strand cDNA-synthesis kit (Vazyme; Nanjing, China). 
For other genes, cDNA was synthesised by transcribing RNA 
according to the reverse transcription kit instructions (TaKaRa; 
Kusatsou, Japan). The StepOnePlus real-time PCR system (Ap-
plied Biosystems; Foster City, CA, USA) was employed using a 
SYBR Green qPCR kit (biosharp; Hefei, China). U6 and GAPDH 
were quantified as internal references. The relative expression 
was analysed using the 2-ΔΔCT formula.

Cell Viability Detected by CCK-8
HDPCs were inoculated into 96-well plates. On the 1st, 2nd and 
3rd days, the original culture medium was siphoned off, and 10 μl 
CCK-8 reagent (Beyotime; Shanghai, China) was supplemented 
and incubated for 4 h. The absorbance value was obtained with 
an enzyme label (450 nm) from BIO-RAD (Hercules, CA, USA).

Apoptosis Phenomenon Detected by Flow Cytometry
The cells were collected, annexin V-fluorescein isothiocyanate 
(FITC)/propidium iodide (PI) was added and left to react for 
15 min. A LSRFortessa flow cytometer (BD Biosciences Pharmi-

gen; San Diego, CA, USA) was used to detect the cells. The per-
centage of annexin V-positive cells was calculated as the per-
centage of apoptosis. All the reagents were obtained from BD 
Biosciences Pharmigen. Flow Jo software (Tree Star; Ashland, 
OR, USA) was employed to analyse the data collected.

Enzyme-linked Immunosorbent Assay (ELISA)
The HDPCs in a good growth state were cultured on 6-well 
plates at a density of 1x105 cells per well. The original culture 
medium was discarded when the cells adhered to the wall, 
and the cell supernatant was collected. The levels of TNF- , 
IL-6, and IL-8 were detected by ELISA, and the kit instructions 
(Sangon; Shanghai, China) were strictly followed. 100 μl of 
standard working solution and the HDCP sample were added 
to each reaction well and incubated at 37°C after sealing the 
plate. 100 μl of biotin-labeled antibody was added to each re-
action well and placed in an incubator at 37°C after sealing the 
plate. HRP-labeled streptavidin was also added to this mixture 
and incubated at 37°C after sealing the plate. A chromogenic 
agent was added to each reaction well, and the plate was 
sealed at about 37°C to prevent exposure to light. Terminating 
solution was added to each reaction well, and the OD value 
was measured with an enzyme-labeling instrument (Varioskan 
LUX, Thermo Fisher Scientific; Waltham, MA, USA) at 450 nm 
wavelength.

a

c

b

d

Fig 1  Impacts of miR-
152 on viability and 
apoptosis. a. Transfec-
tion of mimic reversed 
the decrease of miR-152 
expression. b. LPS dam-
aged the cell viability and 
miR-152 ameliorated the 
impacts of LPS. c. Effect 
of miR-152 on apoptosis 
of HDPCs induced by 
LPS. d. Levels of CyclinD1 
and Bax were improved 
by miR-152. ***p < 0.001, 
relative to control group; 
&&&p < 0.001, relative to 
LPS group. NC: negative 
control.
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Reporter Gene Assay
An online database for prediction of miRDB targets predicted a 
binding region between miR-152 and SMAD5. Recombinant 
vector plasmids of wild type (WT)-SMAD5 and mutant (MUT)-
SMAD5, miR-152 (negative control) NC, miR-152 mimics, and 
miR-152 inhibitors were all aquired from GenePharma (Shang-
hai, China). The carriers were co-transfected with synthetic 
nucleotide sequences of miR-152 into 293T cells. The ratio of 
fluorescence value of firefly luciferase to that of renilla lucifer-
ase in cells was measured by double-luciferase activity detec-
tion reagent (Yeason; Shanghai, China).

Statistical Analysis
Graphpad 6.0 (Graphpad Software; San Diego, CA, USA) was 
used to conduct one-way and two-way ANOVAs. In the cell ex-

Detection of Superoxide Dismutase (SOD) and 
Malondialdehyde (MDA) Levels
The cell supernatant was collected. The detection of SOD and 
MDA was performed strictly following the instructions of the 
total SOD assay kit with WST-8 and MDA assay kit (Beyotime). 
For detection of SOD, the samples were mixed with 160 μl of 
WST-8/enzyme working reagent and 20 μl of working solution, 
and were then incubated for 30 min. The absorbance data at 
450 nm were recorded. The MDA-detection working fluid was 
added to samples for MDA measurement, and the mixture 
was heated in boiling water for 15 min. After a water bath, the 
plates were cooled to room temperature and centrifuged at 
1000 g for 10 min. Supernatant was gathered and absorbance 
was subsequently measured at 532 nm using a Sunrise micro-
plate reader (Tecan Austria; Grodig, Austria).

a b c

a

b

Fig 3  SMAD5 targets miR-152. a. Comple-
mentary nucleotide sequences of miR-152 
and SMAD5. b. Decrease of luciferase activity 
after co-transfection of SMAD5 and miR-152. 
***p < 0.001, relative to control group.  NC: 
negative control.

Fig 2  Effects of miR-152 on inflammation and oxidation. a. IL-6 and IL-1ꞵ were inhibitory by the miR-152 overexpression. b. and c. The oxidative  
status was reflected by SOD and MDA activity. ***p < 0.001, relative to control group; &&&p < 0.001, relative to LPS group. NC: negative control.
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periments, each group of cells was set up with 5 multiple wells. 
SPSS 20.0 software package (IBM; Armonk, NY, USA) was used 
to perform the receiver operating characteristic (ROC) analysis. 
Statistical significance was set at p < 0.05.

RESULTS

miR-152 Reversed Viability and Apoptosis Induced by LPS
As shown by PCR, the expression of miR-152 in the cells treated 
with LPS was lower than that in control cells (p < 0.001, Fig 1a). 
This decreased expression changed after transfection with 
miR-152 mimic (p < 0.001, Fig 1a). The cell viability at 48 h and 
72 h was reduced in the LPS group, while the apoptosis rate 
was increased (all p < 0.001, Figs 1b and 1c). Higher miR-152 
expression increased cell viability and limited the apoptosis of 
HDPCs (all p < 0.001, Figs 1b and 1c). The pro-apoptotic BAX 
and cycle-associated CyclinD1 were estimated to reflect cell 
activity and apoptosis. CyclinD1 was suppressed and BAX was 
induced by the LPS treatment, but miR-152 reversed the partial 
impacts of LPS on HDPCs (p < 0.001, Fig 1d).

Effect of miR-152 on LPS-induced Oxidative Stress and 
Inflammation
The impacts of miR-152 on HDPCs were further confirmed by 
the inflammation and oxidative response data. The levels of 
IL-6 and IL-1  in the LPS group were increased, while the re-
lease of these cytokines was inhibited in the LPS + miR-152 
mimic group (p < 0.001, Fig 2a).

The activity of SOD in HDPCs was reduced and the amount 
of MDA was augmented (all p < 0.001, Figs 2b and 2c). SOD ac-
tivity in the LPS + miR-152 mimic group was partially increased, 
while the MDA level had dropped  (all p < 0.001, Figs 2b and 2c).

miR-152 Targets SMAD5 Gene Expression
As depicted in Fig 3a, miR-152 and SMAD5 had complementary 
nucleotide sequences. In the cells transfected with WT-SMAD5, 
the luciferase activity of the miR-152 mimic group was reduced 
and of miR-152 inhibitor group was enhanced (p < 0.001, 
Fig 3b). In cells transfected with MUT-SMAD5, all subgroups 
showed no statistically significant difference in luciferase activ-
ity (p > 0.05, Fig 3b).

a

c

b

d

Fig 4  SMAD5 reversed 
the effects of miR-152 on 
viability and apoptosis of 
HDPCs damage induced 
by LPS. a. The success of 
transfecting pCDNA3.1 
SMAD5. b. OD values at 
450 nm. c. Apoptotic per-
centage of HDPCs. d. 
Change of CyclinD1 and 
Bax expression. 
***p < 0.001, relative to 
control group; 
&&&p < 0.001, relative to 
LPS group; ##p < 0.01, 
###p < 0.001, relative to 
LPS group. NC: negative 
control.
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Effects of Overexpression of SMAD on Viability, 
Apoptosis, Inflammatory Cytokine Secretion, and 
Oxidation of HDPCs Stimulated by LPS
To further explore how miR-152 is involved in the regulation of 
trophoblast function and the related mechanism, we set up a 
group transfected with pCDNA3.1 SMAD5 and miR-152 mimics. 
The expression of SMAD5 was increased by LPS, while its expres-
sion was reduced by miR-152 overexpression (p < 0.001, Fig 4a). 
The treatment of pCDNA3.1 SMAD5 reversed the diminished ex-
pression of SMAD5 in the LPS + miR-152 group (p < 0.01, Fig 4a).

The viability was statistically significantly increased in the 
LPS + miR-152 group, but decreased by the overexpression of 
SMAD5 (p < 0.001, Fig 4b). The overexpression of miR-152 lim-
ited the proportion of apoptotic cells, while the overexpression 
of SMAD5 increased it (p < 0.01, Fig 4c). Overexpression of miR-
152 increased the amount of CyclinD1 and down-regulated the 
level of BAX, while the abundance of SMAD5 supressed the ef-

fects of miR-152 on HDPCs (p < 0.001, Fig 4d). Overexpression of 
miR-152 could attenuate the secretion of IL-6 and IL-1 , a ten-
dency which was reversed by SMAD5 (p < 0.01, Fig 5A). While 
miR-152 inhibited oxidative stress, SMAD5 reversed the inhibi-
tory effect of miR-152 (all p < 0.001, Figs 5b and 5c). Collectively, 
miR-152 could participate in the regulation of the activities of 
HDPCs by regulating the expression of SMAD5.

RT-PCR Validation Analysis of miR-152 in Human 
Pulpitis
Based on the abnormally expressed miR-152 found in-vitro, 
pulp tissue was taken from patients with pulpitis for miRNA 
detection. The expression of miR-152 in pulp tissues taken 
from these patients was diminished, indicating that pulpitis 
was associated with the decrease in miR-152 (p < 0.001, Fig 6a). 
The area under the curve (0.938) in Fig 6b demonstrates the 
efficacy of miR-152 in diagnosing pulpitis.

a b c

a b

Fig 6  a. Alterations in quantity of miR-152 
in patients. b. ROC curve was plotted to  
demonstrate the diagnostic value of miR-152.

Fig 5  SMAD5’s effect on inflammation and oxidative stress. a. Inflammatory activators were improved by SMAD5. b. and c. SMAD5 modulated the  
oxidative stress. ***p < 0.001, relative to control group; &&&p < 0.001, relative to the LPS group; ##p < 0.01, ###p < 0.001, relative to the LPS group.  
NC: negative control.
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DISCUSSION

Pulp tissue is a loose connective tissue in human teeth,2 a 
highly differentiated mesenchymal tissue surrounded by hard 
dentin.10 As one of the most common oral maladies, pulpitis 
can be cause by plaque biofilms; it is also an opportunistic in-
fection caused by oral microorganisms invading the dental 
pulp tissue.13 The pathogenesis of pulpitis involves the patho-
genic stimulation of dental pulp by various physical and chem-
ical factors, which leads to the destruction of dental pulp by 
bacteria.18 The main clinical symptoms are severe pain in teeth 
and gums. Without timely and effective intervention for pa-
tients with pulpal inflammation, the development of pulpitis 
may lead to the degeneration or necrosis of pulp tissue, cause 
periapical inflammation, alveolar bone defects, and other sec-
ondary diseases.19 Therefore, the study of the pathogenesis of 
pulpitis is necessary.

Dental pulp tissue produces defensive responses to elimi-
nate infection.27 miRNAs are abnormally expressed in pulp tis-
sues, and they participate in pulpitis by regulating related cell 
bio-function. miR-224-5p, miR-126, and miR-206 are associated 
with the pathogenesis of pulpitis by controlling the activities of 
dental pulp cells.9,11,33 miR-9 modulates the proliferation of 
HDPCs by targeting KLF5.29 miR-148a-3p modulates the viabil-
ity and differentiation by the Wnt1/ -catenin axis.16 All these 
miRNAs are proven to be related to the development of pulpi-
tis. miR-152 is a regulator in many disorders and is associated 
with the normal function of diverse types of cells. miR-152 can 
be involved in the development of thymic involution by sup-
pressing the proliferative ability of thymic epithelial cells.17 
miR-152 ameliorates the proliferation and CyclinD1 secretion 
of preadipocytes, thus participating in lipid accumulation.7 We 
used LPS to construct cell models, finding that miR-152 was 
upregulated in HDPCs treated by LPS. miR-152 reversed the 
adverse impacts of LPS on the viability and apoptotic percent-
age of HDPCs, implying that miR-152 was beneficial to the re-
covery of normal function of HDPCs. These impacts of miR-152 
on cell viability were also reflected by the secretion of CyclinD1 
and BAX. Inflammatory cytokines can regulate the inflamma-
tory response of pulp cells at the molecular level, and partici-
pate throughout the progression of pulpitis.30 When pulpitis 
has systemic effects, the contents of IL-6, IL-1 , IL-10, and other 
cytokines in the body are significantly higher than those in the 
healthy pulp.38 Overexpression of miR-152 ameliorates the in-
flammatory factors; thus, it is associated with immunological 
regulation.20 The results of this study suggest that LPS could 
induce inflammation in HDPC, and upregulation of miR-152 
expression could inhibit LPS-induced production of IL-6 and 
IL-1  in HDPC. In addition, miR-152 ameliorated the oxidative 
stress in HDPCs treated with LPS. It was concluded that miR-
152 played an inhibitory role in inflammation and oxidation.

Further investigation by luciferase assay verified that miR-
152 could negatively regulate the expression level of SMAD5. It 
is speculated that this targeting relationship may be related to 
the regulation of pulpitis by miR-152. SMAD5 regulates miR-
135b in terms of odontoblast-like differentiation in HDPCs,28 
indicating that SMAD5 may be correlated with pulpitis. Studies 
have shown that SMAD5 can activate the intracellular inflam-

matory response or related signaling pathways.23,35 Oxidative 
stress injury in macular degeneration is modulated by SMAD5, 
reflecting the association between SMAD5 and oxidation.3 The 
experimental results revealed that SMAD5 was elevated in the 
presence of LPS, and miR-152 inhibited SMAD5 expression in 
HDPCs. SMAD played a role in inhibiting viability and enhanc-
ing apoptosis, inflammation, and oxidation of HDPCs, which 
was closely related to the regulation of miR-152.

This investigation found reduced expression of miR-152 in 
the presence of pulpitis. Consistent with our findings, Zhong et 
al36 verified the downregulation of miR-152 in inflamed human 
pulps. The clinical significance of miR-152 has also been 
proven by previous studies. For instance, miR-152 is an abnor-
mally expressed gene in prostate cancer. It may be used as a 
diagnostic tool in combination with miR-98-5p, miR-326, and 
miR-4289.24 Several miRNAs are found aberrantly expressed in 
pulpitis and may serve as biomarkers. miR-30b is overex-
pressed in tissue, plasma, and saliva samples of patients with 
pulpitis and correlates with inflammation.34 Zhou et al37 con-
firm that miR-27a-3p can serve to distinguish pulpitis from the 
pulp of healthy persons. As reflected in the ROC curve in this 
study, miR-152 might act as an indicator of patients with pulpi-
tis, which can be used to target clinical treatment. As opposed 
to the study by Gu et al,8 the current study designed a model in 
which LPS treatment damaged the normal function of HDPCs, 
and focused on the function of miR-152 on cell viability, inflam-
mation, apoptosis, and oxidative stress. Additionally, the diag-
nostic function of miR-152 was also evaluated in patients with 
pulpitis, which was not the case in the previous article.8

CONCLUSION

Collectively, miR-152 could enhance viability and inhibit the 
inflammation, apoptosis, and oxidative stress of HDPCs in-
duced by LPS. The mechanism of this effect was related to the 
fact that miR-152 targeted SMAD5. The expression of miR-152 
was lower in patients with pulpitis and served as a biomarker 
in pulpitis. This investigation could provide a new basis for de-
termining the aetiology and pathogenesis of pulpitis.
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