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Background: The dysregulated long noncoding RNAs (lncRNAs) are implicated in progres-

sion of various diseases, including pulpitis. Double homeobox A pseudogene 8 (DUXAP8)

has been found to be upregulated in pulpitis. Herein, the functional mechanism of DUXAP8

in lipopolysaccharide (LPS)-induced pulpitis was explored.

Material and methods: DUXAP8, microRNA-18b-5p (miR-18b-5p), or hypoxia-inducible factor

3A (HIF3A) levels were examined through reverse transcription-quantitative polymerase

chain reaction assay. Cell behaviours were determined by Cell Counting Kit-8 assay for cell

viability, Ethynyl-20-deoxyuridine (EdU) assay for cell proliferation, and flow cytometry for

cell apoptosis. Protein levels were measured using western blot. Inflammatory reaction

was analysed via enzyme-linked immunosorbent assay. Oxidative stress was assessed by

commercial kits. Dual-luciferase reporter assay, RNA immunoprecipitation assay, and

pull-down assay were used for validation of interaction between targets.

Results: Cell apoptosis, inflammatory reaction, and oxidative stress were induced by LPS in

human dental pulp cells (HDPCs). DUXAP8 upregulation and miR-18b-5p downregulation

were found in pulpitis. LPS-induced cell injury was relieved after downregulation of

DUXAP8. DUXAP8 interacted with miR-18b-5p. The regulation of DUXAP8 was related to

miR-18b-5p sponging function in LPS-treated HDPCs. HIF3A served as a target of miR-18b-

5p. MiR-18b-5p protected against LPS-induced cell injury through targeting HIF3A. DUXAP8

targeted miR-18b-5p to regulate HIF3A level.

Conclusions: Results demonstrated that LPS-induced cell injury in pulpitis was promoted by

DUXAP8 through mediating miR-18b-5p/HIF3A axis.

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
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TaggedH1Introduction TaggedEnd

TaggedPPulpitis is a typical inflammatory disease with acute and

intense pain of dental pulp tissues.1,2 Lipopolysaccharide

(LPS) can induce dental inflammation and immune response

in pulpitis.3 Epigenetic pathways are involved in dental pulp

inflammation, such as methylation and acetylation of histo-

nes or dysregulation of noncoding RNAs (ncRNAs).4 Long

ncRNAs (lncRNAs) and small microRNAs (miRNAs) exhibit

important regulation in oral inflammation.5,6 It is important

to research the pathogenic mechanism of pulpitis associated

with lncRNAs andmiRNAs. TaggedEnd
TaggedPlncRNAs are absent from specific open reading frames with-

out protein-coding ability, and they are crucial players in a vari-

ety of pathologic and physiologic processes in human diseases.7

lncRNAs are known to regulate gene level via functioning as

miRNA sponges to construct lncRNA/miRNA/mRNA axis in dis-

ease regulation8 as well as in pulpitis.9 Double homeobox A

pseudogene 8 (DUXAP8) was aberrantly overexpressed in pulpi-

tis tissues,9 but its regulatory function is unclear in pulpitis. In

addition, Du et al10 found that miR-18b-5p was downregulated

in LPS-induced periodontitis, indicating the important role of

miR-18b-5p in dental diseases. The potential function of miR-

18b-5p in pulpitis remains to be identified. Chen et al11 stated

that hypoxia-inducible factor 3A (HIF3A) promoted the progres-

sion of periodontitis, and MALAT1 resulted in upregulation of

HIF3A by controlling miR-769-5p. The involvement of HIF3A in

pulpitis requires further research.TaggedEnd

TaggedPHerein, DUXAP8 was hypothesised to induce a sponge effect

on miR-18b-5p to regulate the level change of HIF3A. DUXAP8/
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miR-18b-5p and miR-18b-5p/HIF3A target relationships were

affirmed in this study. The current purpose was to discover the

molecular regulation of DUXAP8/miR-18b-5p/HIF3A in LPS-

induced pulpitis.TaggedEnd
TaggedH1Materials andmethods TaggedEnd

TaggedH2Human specimens TaggedEnd

TaggedPTwenty-seven patients were diagnosed with pulpitis by 2

experienced stomatologists. The pulpitis tissues (n = 27) were

collected from patients with pulpitis, and normal pulp tissues

(n = 23) were acquired from patients with other tooth dis-

eases. Inflamed pulp tissues were extracted from teeth diag-

nosed with irreversible pulpitis in the late stage according to

the endodontic diagnosis system from the American Associa-

tion of Endodontists. The inclusion criteria were as follows:

(1) patients older than 18 years; (2) those without any other

inflammatory disease; and (3) patients who had not received

endodontic treatment or any related therapeutic treatment.

The exclusion criteria were as follows: (1) patients without

complete clinical treatment history; (b) patients with more

than a single indicated tooth, (c) patients with any periodon-

tal disease; (d) patients without the complete treatment. Nor-

mal pulp tissues were collected from healthy third molars

extracted for orthodontic purposes. Then specimens were

conserved in liquid nitrogen at Shaoxing People’s Hospital,

until extraction of total RNA or protein. The protocols were

based on the Declaration of Helsinki and were approved by

the Ethics Committee of Shaoxing People’s Hospital. TaggedEnd

TaggedH2LPS-induced cell model TaggedEnd

TaggedPHuman dental pulp cells (HDPCs) were purchased from Amer-

ican Tissue Culture Collection, followed by cell incubation

with Dulbecco’s modified Eagle’s medium (Sigma) containing

10% fetal bovine serum, 100 mg/mL streptomycin, and

100 units/mL penicillin (Sigma). HDPCs were cultured in a

humidified 5% CO2 incubator at 37 °C, and cell passage was

performed every 2 to 3 days. The third-passaged cells were

used for subsequent research. LPS is usually used for mimick-

ing a cell model of pulpitis.12,13 HDPCs were stimulated with

LPS (Sigma) of different concentrations (0 mg/mL, 0.5 mg/mL,

1 mg/mL, 2 mg/mL) for 24 hours, and 1 mg/mL was used as a

final use concentration of LPS. TaggedEnd

TaggedH2Cell counting kit-8 (CCK-8) assay TaggedEnd

TaggedPCell viability determination was performed using CCK-8

assay. HDPCs in 96-well plates were incubated with 10 mL/

well CCK-8 solution (Beyotime), and then cell absorbance was

assayed via microplate reader after 2 hours. Cell viability was

defined as percentage of viable cells. TaggedEnd

TaggedH2Ethynyl-20-deoxyuridine (EdU) assay TaggedEnd

TaggedPEdU Detection Kit (RIBOBIO) was applied to assess prolifera-

tion. Briefly, HDPCs were performed with labeling of EdU

solution and staining of diamidino phenylindole (DAPI;
Beyotime). EdU and DAPI merged cells were counted as EDU-

positive cells with proliferation ability. TaggedEnd
TaggedH2Flow cytometry TaggedEnd

TaggedPApoptosis phenomenon was analysed through Annexin V-

FITC Apoptosis Detection Kit (Beyotime). Moreover, 1 £ 106

HDPCs were dyed with Annexin V-fluorescein isothiocyanate

(Annexin V-FITC; 5 mL) and propidium iodide (PI; 10 mL) for

20 minutes, following the user’s instruction book. Then, fluo-

rescence detection was performed on a flow cytometer (BD

Biosciences), and Annexin V-FITC+/PI� + Annexin V-FITC+/PI+

cells were calculated as apoptotic cells. TaggedEnd
TaggedH2Western blotTaggedEnd

TaggedPAfter lysis of tissues and cells by radioimmunoprecipitation

assay buffer (Sigma), sample concentration was examined

via BCA Protein Assay Kit (Sigma). Then, 40 mg proteins were

used for western blot analysis.14 Antibodies were bought

from Abcam: anti-Cyclin D1 (ab134175, 1:1000), anti-Bcl2

associated X (anti-Bax; ab182733, 1:1000), anti-HIF3A (ab10134

1:1000), anti-glyceraldehyde-phosphate dehydrogenase (anti-

GAPDH; ab9485, 1:2000), and goat-anti rabbit immunoglobulin

G (IgG) H&L (HRP) secondary antibody (ab205718, 1:5000). Elec-

trochemiluminescence Substrate Kit (Abcam) was used for

exhibiting back blots on the membranes, then the expression

level was analysed via Image J software (NIH). TaggedEnd
TaggedH2Enzyme-linked immunosorbent assay (ELISA) TaggedEnd

TaggedPInflammatory factors were measured through ELISA. The

supernatant cells were harvested, then interleukin-6 (IL-6)

and interleukin-1beta (IL-1b) concentrations were determined

according to human IL-6 ELISA Kit and IL-1b ELISA Kit (San-

gon). The concentrations were expressed as pg/mL. TaggedEnd
TaggedH2Superoxide dismutase (SOD) and malondialdehyde (MDA)
assays TaggedEnd

TaggedPSOD activity and MDA level were detected to evaluate oxida-

tive injury. The operating procedures were in accordance

with guidelines of SOD Assay Kit and Lipid Peroxidation

(MDA) Assay Kit (Sigma). Cell absorbance was read at 450 nm

for SOD assay and 530 nm for MDA assay. TaggedEnd
TaggedH2Cell transfection TaggedEnd

TaggedPRNAs were synthesised by RIBOBIO, including small interfer-

ing RNA for DUXAP8 (si-DUXAP8) and matched control (si-

NC), mimic for miR-18b-5p (miR-18b-5p) and relative control

(miR-NC), and inhibitor for miR-18b-5p (anti-miR-18b-5p) and

corresponding control (anti-miR-NC). Additionally, pcDNA,

pcDNA-DUXAP8 (DUXAP8), and pcDNA-HIF3A (HIF3A) vectors

were obtained from GENESEED. RNAs or vectors were diluted

with Opti-MEM� Reduced Serum Medium (Gibco), followed by

transfection with Lipofectamine 3000 reagent (Invitrogen)

into HDPCs at 37 °C.TaggedEnd
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TaggedH2Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) assay TaggedEnd

TaggedPTotal RNA isolation by TRIzol Reagent (Invitrogen) and com-

plementary DNA (cDNA) synthesis by ReadyScript cDNA Syn-

thesis Mix (Sigma) were performed following manufacturers’

specifications. The amplified reaction was implemented

using SYBR Green One-Step qPCR Kit (Invitrogen) and specific

primers (Sangon), as shown in Supplementary Table 1.

U6 small nuclear RNA (U6) or glyceraldehyde-phosphate

dehydrogenase (GAPDH) was selected as references for

expression normalisation, then data analysis was performed

through the 2�ΔΔCt method.15 In addition, nuclear and cyto-

plasmic RNAs were isolated from HDPCs via PARIS Kit (Invi-

trogen). Then DUXAP8, U6, and GAPDH levels were examined

to identify the localisation of DUXAP8. TaggedEnd
TaggedH2Dual-luciferase reporter assay TaggedEnd

TaggedPLuciferase expression plasmid pmirGLO (Promega) was

cloned with DUXAP8 or HIF3A 30UTR sequence. The recombi-

nant plasmids containing miR-18b-5p binding sites were

regarded as wild-type (WT) plasmids: WT-DUXAP8 and WT-

HIF3A 30UTR. Binding sites in DUXAP8 and HIF3A 30UTR

sequences were mutated, followed by construction of

mutant-type (MUT) plasmids MUT-DUXAP8 and MUT-HIF3A

30UTR. HDPCs were collected after WT- and MUT-DUXAP8 or

-HIF3A plasmids were co-transfected with miR-18b-5p or

miR-NC for 48 hours. Dual-Luciferase Reporter System (Prom-

ega) was employed for detection of luciferase activity in each

group.TaggedEnd
TaggedH2RNA immunoprecipitation assay TaggedEnd

TaggedPFurther identification of target interaction was carried out

using Imprint RNA Immunoprecipitation Kit (Sigma). HDPCs

were incubated with antibody Argonaute 2 (Ago2)-coupled

magnetic beads and antibody IgG acted as a negative control.

Total RNAs on beads were purified, then RNA levels (DUXAP8,

miR-18b-5p, HIF3A) were assayed via RT-qPCR. TaggedEnd
TaggedH2RNA pull-down assay TaggedEnd

TaggedPBiotin-coupled miR-18b-5p (bio-miR-18b-5p) and negative

control (bio-miR-NC) were acquired from RIBOBIO, and then

HDPCs were transfected for 48 hours. Then cells were incu-

bated with streptavidin magnetic beads (Thermo Fisher Sci-

entific) at 4 °C overnight, followed by quantification of

DUXAP8 and HIF3A by RT-qPCR. TaggedEnd
TaggedH2Statistical analysis TaggedEnd

TaggedPData were collected after experiments were repeated 3 times,

and then data were revealed as mean § standard deviation

(SD). Linear relationships were determined via Pearson corre-

lation coefficient. Data analysis was carried out through SPSS

22.0 (SPSS Inc.), and difference comparison was performed

using Student t test or analysis of variance followed by Tukey

test. Difference was significant if P < .05, statistically. TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2DUXAP8 was upregulated and miR-18b-5p was
downregulated in pulpitis TaggedEnd

TaggedPViable cells were detected after treatment with LPS in HDPCs.

CCK-8 data showed that cell viability was reduced in 0.5-mg/

mL, 1-mg/mL, and 2-mg/mL LPS groups relative to the 0-mg/mL

LPS group (Supplementary Figure 1A). Further, 1 mg/mL was

used as a final concentration of LPS in subsequent assays.

Then 1 mg/mL LPS was found to reduce cell proliferation but

evoke cell apoptosis, inflammatory response, and oxidative

stress in HDPCs (Supplementary Figure 1B). This evidence

identified that LPS induced cell injury in HDPCs. Expression

detection was performed using RT-qPCR. Compared to nor-

mal tissues, DUXAP8 was highly expressed in pulpitis tissues

with significant change (Figure 1A). DUXAP8 upregulation

was detected in HDPCs with 0.5-mg/mL, 1-mg/mL, or 2-mg/mL

LPS treatment in contrast with the control group (Figure 1B).

Localisation analysis indicated that DUXAP8 was enriched in

cytoplasm, with U6 and GAPDH as nuclear and cytoplasmic

controls (Figure 1C). Additionally, miR-18b-5p level was

reduced in pulpitis samples relative to controls (Figure 1D),

and DUXAP8 was negatively associated with miR-18b-5p

(r = �0.8278, P < .001) in pulpitis tissues (Figure 1E). Also, the

obvious downregulation of miR-18b-5p was validated in LPS-

treated HDPCs (Figure 1F). The above data revealed abnormal

expression levels of DUXAP8 andmiR-18b-5p in pulpitis. TaggedEnd

TaggedH2DUXAP8 inhibition attenuated cell injury in LPS-treated
HDPCs TaggedEnd

TaggedPTransfection with siRNA was used for expression knock-

down, and RT-qPCR demonstrated that DUXAP8 level was sig-

nificantly downregulated in the LPS+DUXAP8 group

compared with the LPS+si-NC group (Figure 2A). Cell viability

reduction (Figure 2B), proliferation suppression (Figure 2C),

and apoptosis acceleration (Figure 2D−E) caused by LPS were

evidently alleviated by si-DUXAP8 in HDPCs. Furthermore,

CyclinD1 and Bax protein levels affirmed the mitigation of si-

DUXAP8 for LPS-induced effects on proliferation and apopto-

sis (Figure 2F). IL-6 and IL-1b concentrations were reduced

after knockdown of DUXAP8 in LPS-treated HDPCs (Figure 2G

−H). SOD activity (Figure 3I) and MDA level (Figure 2J) showed

that LPS-aroused oxidative stress was relieved by DUXAP8

downregulation. In addition, si-DUXAP8 attenuated ROS level

and Fe2+ level in LPS-treated HDPCs (Supplementary Figure

2). DUXAP8 knockdown inhibited oxidative stress and ferrop-

tosis in LPS-induced pulpitis. The upregulation of DUXAP8

aggravated LPS-induced inhibition of cell growth and promo-

tion of apoptosis, inflammation, and oxidative stress (Supple-

mentary Figure 3). Thus, DUXAP8 contributed to cell injury in

LPS-induced pulpitis. TaggedEnd

TaggedH2DUXAP8 regulated cell injury in LPS-treated HDPCs via
targeting miR-18b-5p TaggedEnd

TaggedPStarbase prediction and reverted assays suggested that

DUXAP8 directly interacted with miR-18b-5p (Supplementary

Figure 4). LPS-treated HDPCs were transfected with



TaggedEnd TaggedFigure

Fig. 1 –Double homeobox A pseudogene 8 (DUXAP8) was upregulated andmicroRNA-18b-5p (miR-18b-5p) was downregulated in pulpitis. DUXAP8 expression was deter-

mined through reverse transcription-quantitative polymerase chain reaction (RT-qPCR) in pulpitis tissues and normal controls (A) as well as in lipopolysaccharide (LPS)-

treated human dental pulp cells (HDPCs) and control cells (B). C, DUXAP8, U6, and glyceraldehyde-phosphate dehydrogenase (GAPDH) levels were analysed by RT-qPCR in

nucleus and cytoplasm. D, RT-qPCR was performed for miR-18b-5p quantification in pulpitis and normal tissues. E, The relationship between DUXAP8 andmiR-18b-5p was

analysed using Pearson correlation coefficient. F, ThemiR-18b-5p level was detected via RT-qPCR after LPS treatment in HDPCs. Experiments were repeated 3 times with 3

parallels, and data are expressed as mean § SD. *P < .05; **P < .01; ***P < .001; ****P < .0001. TaggedEnd
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Fig. 2 –Double homeobox A pseudogene 8 (DUXAP8) inhibition attenuated cell injury in lipopolysaccharide (LPS)-treated human dental pulp cells (HDPCs). HDPCs were

divided into control, LPS, LPS+si-NC, and LPS+si-DUXAP8 groups. A, Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was applied to determine

DUXAP8 level. B, Cell counting kit-8 assay was used for cell viability analysis. C, Ethynyl-20-deoxyuridine (EdU)-positive cells were measured using EdU assay. D−E, Cell apo-
ptosis rate was examined via flow cytometry. F, CyclinD1 and Bax protein detection was performed by western blot. G−H, Inflammatory cytokines were detected by enzyme-

linked immunosorbent assay. Oxidative stress was evaluated by superoxide dismutase activity (I) andmalondialdehyde level (J). Experiments were repeated 3 times with 3

parallels, and data are expressed as mean § SD. *P < .05; **P < .01; ***P < .001; ****P < .0001. TaggedEnd
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TaggedEnd TaggedFigure

Fig. 3 –Double homeobox A pseudogene 8 (DUXAP8) regulated cell injury in lipopolysaccharide (LPS)-treated human dental

pulp cells (HDPCs) via targeting microRNA-18b-5p (miR-18b-5p). HDPCs were treated with LPS, LPS+si-DUXAP8, LPS+si-

DUXAP8+anti-miR-18b-5p, and there were corresponding control groups. A, The expression of miR-18b-5p was examined

via reverse transcription-quantitative polymerase chain reaction. B, Cell counting kit-8 assay was performed to determine

cell viability. C, EdU assay was performed for assessment of proliferation. D−E, Flow cytometry was applied to detect cell

apoptosis. F, Western blot was used for protein detection of CyclinD1 and Bax. G−H, Enzyme-linked immunosorbent assay

was used for examination of inflammatory cytokines. Superoxide dismutase activity (I) andmalondialdehyde level (J) were

measured by commercial kits. Experiments were repeated 3 times with 3 parallels, and data are expressed as mean § SD.

*P < .05; **P < .01; ***P < .001; ****P < .0001.TaggedEnd
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si-DUXAP8, si-DUXAP8+anti-miR-18b-5p, and control groups.

The miR-18b-5p expression was downregulated in LPS+si-

DUXAP8+anti-miR-18b-5p group relative to the LPS+si-

DUXAP8+anti-miR-NC group (Figure 3A). The alleviative

effects of si-DUXAP8 on cell viability (Figure 3B), proliferation

(Figure 3C), and apoptosis (Figure 3D−E) were all abolished

after miR-18b-5p level inhibition in HDPCs. CyclinD1 upregu-

lation and Bax downregulation by si-DUXAP8 were also coun-

teracted by anti-miR-18b-5p in LPS-treated HDPCs (Figure 3F).

In addition, miR-18b-5p inhibitor reversed suppressive regu-

lation of si-DUXAP8 in inflammatory reaction (Figure 3G−H)
and oxidative stress (Figure 3I−J). The function of DUXAP8 in

LPS-induced cell injury was related to negative regulation of

miR-18b-5p. TaggedEnd

TaggedH2Overexpression of miR-18b-5p protected from LPS-induced cell
injury via downregulating HIF3A TaggedEnd

TaggedPStarbase prediction and rescued assays showed that HIF3A

was a downstream gene of miR-18b-5p (Supplementary

Figure 5). Then, miR-18b-5p function was explored in LPS-

treated HDPCs. Transfection of miR-18b-5p reduced HIF3A
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Fig. 4 –Overexpression of microRNA-18b-5p (miR-18b-5p) protected from lipopolysaccharide (LPS)-induced cell injury via

downregulating hypoxia-inducible factor 3A (HIF3A). Human dental pulp cells (HDPCs) were treated with LPS, LPS+miR-18b-

5p, and LPS+miR-18b-5p+HIF3A, and there werematched control groups. A, HIF3A protein detection was carried out by west-

ern blot. B, Cell viability examination was conducted via cell counting kit-8 assay. C, Cell proliferation determination was

performed using EdU assay. D−E, Cell apoptosis was evaluated through flow cytometry. F, Protein levels of CyclinD1 and Bax

were detected using western blot. G−H, Inflammatory response was assessed via enzyme-linked immunosorbent assay.

Superoxide dismutase activity (I) andmalondialdehyde level (J) were used to analyse oxidative stress. Experiments were

repeated 3 times with 3 parallels, and data are expressed as mean § SD. *P < .05; **P < .01; ***P < .001; ****P < .0001. TaggedEnd

TaggedEnd642 da i e t a l .
protein expression, which was recovered by introduction of

HIF3A in LPS-treated HDPCs (Figure 4A). LPS-induced viability

reduction (Figure 4B), proliferation inhibition (Figure 4C), and

apoptosis promotion (Figure 4D−E) were suppressed by miR-

18b-5p, whereas these effects were partly offset by upregula-

tion of HIF3A. CyclinD1 protein upregulation and Bax down-

regulation by miR-18b-5p were abated after HIF3A was

overexpressed in LPS-treated HDPCs (Figure 4F). LPS-released

IL-6 and IL-b were relieved by miR-18b-5p, and then HIF3A

transfection abolished this regulation (Figure 4G−H). Addi-

tionally, HIF3A overexpression counterbalanced miR-18b-5p−
mediated SOD activity increase (Figure 4I) and MDA level
suppression (Figure 4J) in LPS-exposed HDPCs. Altogether,

miR-18b-5p ameliorated LPS-induced cell injury through tar-

geting HIF3A. Moreover, DUXAP8 was identified to upregulate

HIF3A via targeting miR-18b-5p (Supplementary Figure 6). TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPDUXAP8 was validated to aggravate LPS-induced cell injury in

pulpitis via miR-18b-5p−mediated HIF3A upregulation. The

DUXAP8/miR-18b-5p/HIF3A network was implicated in pulpi-

tis progression. TaggedEnd
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TaggedPLPS is commonly used for stimulation of inflammatory

response in pulpitis.16 Our data showed that LPS treatment

led to cell apoptosis, inflammation, and oxidative damages in

HDPCs, revealing that the LPS-induced pulpitis cell model

was successfully constructed. Previous studies have indicated

that lncRNA dysregulation is associated with pathogenic

development of pulpitis.17 Liu et al18 stated that MEG3 down-

regulation prevented the secretion of inflammatory cytokines

and facilitated odontogenic differentiation of HDPCs. Wang

et al19 affirmed that NUTM2A-AS1 overexpression contrib-

uted to apoptosis and inflammation in LPS-disposed HDPCs

in pulpitis. DUXAP8 upregulation was confirmed in pulpitis

samples, and LPS-induced damage of HDPCs has been allevi-

ated with DUXAP8 knockdown. The results of the cell model

demonstrated that DUXAP8 accelerated the progression of

pulpitis. TaggedEnd

TaggedPLncRNAs have sponge function for miRNAs in various

kinds of dental diseases. For instance, pPDLSC osteogenesis

impairment-related lncRNA (POIR) enhanced osteogenic dif-

ferentiation in periodontitis through interacting with miR-

182 to inhibit miR-182 level.20 Overexpression of X-inactive

specific transcript promoted periodontitis progression via

absorbing miR-214−3p.21 Also, NUTM2A-AS1 served as a

molecular sponge for miRNAlet-7c-5p in pulpitis.19 In this

work, DUXAP8 exhibited target relation with miR-18b-5p, and

miR-18b-5p downregulation reversed si-DUXAP8−mediated

cell injury inhibition in LPS-treated HDPCs. Significantly,

DUXAP8 was involved in pulpitis progression through seques-

tering the level of miR-18b-5p. TaggedEnd

TaggedPIn addition to lncRNAs, miRNAs with dysregulated levels

are also essential regulators in pulpitis.22 Upregulation of

miR-506 protected against LPS-induced inflammation and

apoptosis via reducing SIRT1 expression,23 and miR-21 played

an anti-inflammatory role in LPS-treated HDPCs by targeting

TRAF6 or PDCD4.24 Additionally, the miR-223/NLRP3 axis reg-

ulated an LPS-caused inflammatory reaction in pulpitis.25

The current data manifested that miR-18b-5p level was

reduced in pulpitis tissues, and HIF3A acted as a miR-18b-5p

target. Moreover, LPS-evoked cell injury was partly mitigated
TaggedEnd TaggedFigure
Fig. 5 – Lipopolysaccharide upregulated double homeobox A

pseudogene 8 to regulate themicroRNA-18b-5p/hypoxia-

inducible factor 3A axis to inhibit cell proliferation but

induce apoptosis, inflammation, and oxidative stress. TaggedEnd
by miR-18b-5p via resulting in downregulation of HIF3A. The

pathogenic role of HIF3A was also verified in pulpitis. TaggedEnd

TaggedPMore importantly, lncRNAs are known as competing

endogenous RNAs by binding to miRNAs to regulate gene

expression in dental diseases.9,26 HIF3A expression was

shown to be suppressed by siRNA of DUXAP8, and miR-18b-

5p inhibitor abolished this effect in LPS-treated HDPCs.

Therefore, DUXAP8 regulated the level of HIF3A through

completely sponging miR-18b-5p in LPS-mediated pulpitis

progression. TaggedEnd

TaggedPIn conclusion, LPS upregulated DUXAP8 to regulate the

miR-18b-5p/HIF3A axis to inhibit cell proliferation but induce

apoptosis, inflammation, and oxidative stress (Figure 5). This

study provided a novel molecular mechanism (DUXAP8/miR-

18b-5p/HIF3A) in pulpitis progression that may be useful for

further research of pulpitis. TaggedEnd
TaggedH1Conflict of interest TaggedEnd

TaggedPNone disclosed. TaggedEnd
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