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Abstract
The aim of this study is to investigate the role of calcium-sensing receptor (CaSR) in the expression of inflammatory media-
tors of lipopolysaccharide (LPS)-treated human dental pulp cells (hDPCs). The expression profile of CaSR in LPS-simulated 
hDPCs was detected using immunofluorescence, real time quantitative PCR (RT-qPCR), and Western blot analyses. Then, 
its regulatory effects on the expression of specific inflammatory mediators such as interleukin (IL)-1β, IL-6, cyclooxyge-
nase 2 (COX2)-derived prostaglandin E2 (PGE2), tumor necrosis factor (TNF)-α, and IL-10 were determined by RT-qPCR 
and enzyme-linked immunosorbent assay (ELISA). LPS significantly downregulated the gene expression of CaSR, but 
upregulated its protein expression level in hDPCs. Treatments by CaSR agonist R568 or its antagonist Calhex231, and their 
combinations with protein kinase B (AKT) inhibitor LY294002 showed obvious effects on the expression of selected inflam-
matory mediators in a time-dependent manner. Meanwhile, an opposite direction was found between the action of R568 
and Calhex231, as well as the expression of the pro- (IL-1β, IL-6, COX2-derived PGE2, and TNF-α) and anti-inflammatory 
(IL-10) mediators. The results provide the first evidence that CaSR-phosphatidylinositol-3 kinase (PI3K)-AKT-signaling 
pathway is involved in the release of inflammatory mediators in LPS-treated hDPCs, suggesting that the activation or blockade 
of CaSR may provide a novel therapeutic strategy for the treatment of pulp inflammatory diseases.
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Introduction

Dental pulp inflammation is a dynamic process character-
ized by changes in local blood flow, immunocompetent cell 
function, and neuronal activity, accompanying with the 
transition from an innate to an adaptive immune response 
[1]. There are now evidences that relative low inflamma-
tion could result in dentin formation, to “wall-off” the insult 
from the pulp, and is a prerequisite for tissue healing and 
pulp regeneration [2, 3]. In a slow-growing lesion, certain 
bacterial endotoxins, such as lipopolysaccharide (LPS), have 

been shown to be a potent inducer of pulpitis as well as 
dental pulp cells (DPCs)-mediated reparative events [4, 5]. 
LPS can activate immune activity and induce inflammatory 
reactions (e.g., the classical activation and polarization of 
macrophages, and secretion of proinflammatory cytokines) 
by various signals, including calcium-sensing receptor 
(CaSR) [6, 7].

The CaSR is extremely multifaceted due to its ability to 
participate in various different signaling pathways that are 
ligand and tissue specific, enabling this receptor to play a 
variety of critical roles in the physiology and pathophysi-
ology of both Ca2+ regulation and other cellular functions 
which appear unrelated to Ca2+ homeostasis, e.g. secretion 
of digestive hormones and airway constriction [8–10]. Our 
previous study and other researches have identified the func-
tional expression of CaSR in dental pulp tissue and cells 
and verified its involvement in the odontoblastic differentia-
tion of DPCs through phosphatidylinositol-3 kinase/protein 
kinase B (PI3K/AKT) signals [11, 12]. Of note, CaSR is now 
thought to be an initiator and responder to the inflamma-
tion [13], and PI3K/AKT is an important and quite complex 
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signaling pathway that mediates numerous cell processes, 
including cell division, metabolism, survival, and inflam-
mation [14]. Thus, we speculated that CaSR and PI3K/AKT 
signaling pathways may be involved in the modulation of 
dental pulp inflammation.

During the process of pulp inflammation, a complex vari-
ety of pro-inflammatory and anti-inflammatory chemokines 
and cytokines, such as cyclooxygenase 2 (COX2)-derived 
prostaglandin E2 (PGE2), interleukin (IL)-1α, IL-1β, IL-4, 
IL-6, IL-8, IL-10, IL-12 and tumor necrosis factor (TNF)-α, 
etc., have been reported to be involved in pulp response to 
infections [15–18]. However, the role of CaSR in the regu-
lation of inflammatory mediator expression in dental pulp 
tissue has not been studied before. Here, we for the first time 
identified the expression of CaSR in LPS-treated hDPCs, 
and then investigated the effect of CaSR-PI3K/AKT on the 
expression of some specific pro-inflammatory and anti-
inflammatory mediators through pharmacological activation.

Materials and methods

Cell culture and stimulation

Clinically healthy human premolars were obtained with 
informed consent of the patients between 18 and 25 years 
old who were undergoing orthodontics extractions to col-
lected dental pulp tissues in accordance with the Ethics 
Committee of Guanghua School of Stomatology, Sun Yat-
sen University, Guangzhou, Guangdong, China. Cells were 
isolated from dental pulp explants and cultured as previously 
described [12], and then used for stimulation experiments.

For the CaSR expression assay, hDPCs were cultured in 
α-MEM media with 0.1 and 1 µg/mL Escherichia coli LPS 
(Cat. no. L2880, Sigma, St. Louis, MO, USA) for 24, 48, and 
72 h. The LPS concentrations were defined on the basis of 
our preliminary experiment and previous studies [4].

For the determination of inflammatory factors expression, 
cells were treated for 24 and 48 h using α-MEM media sup-
plemented with different combinations of several stimulants 
as follows: (a) Blank control; (b) Positive control: 1 μg/
mL LPS; (c) 1 μg/mL LPS + 1 μm R568 (Tocris Biosci-
ence, Bristol, UK); (d) 1 μg/mL LPS + 1 μm R568 + 25 μm 
LY294002 (PI3K inhibitor; Cat. no. HY-10108, Shanghai, 
China); (e) 1 μg/mL LPS + 1 μm Calhex231 (Sigma-Aldrich, 
St Louis, MO); (f) 1 μg/mL LPS + 1 μm Calhex231 + 25 μm 
LY294002.

Immunofluorescence analysis

To identify CaSR-positive cells, 3 × 104 hDPCs were seeded 
into 6-well-chamber slides (NEST, Beijing, China) and 
exposed to 0.1 and 1 µg/mL E. coli LPS. The cells cultured 

in α-MEM media were used as positive controls, with 
omission of the first antibody as negative controls (data not 
shown). Then, cells were fixed and routinely processed using 
any of the previously described methods [12]. The anti-
CaSR antibody (Cat. no. ab19347, Abcam) was diluted at 
1:500 ratio. Images were captured by a fluorescence micro-
scope (Axio Imager 2, ZEISS).

Real‑time quantitative PCR (RT‑qPCR) analysis

To detect the gene expression of CaSR and specific inflam-
matory mediators that include IL-1β, IL-6, COX2, TNF-α, 
and IL-10, total RNA was extracted from hDPCs exposed 
to different combinations of several stimulants described 
in section “Cell culture and stimulation” using Trizol Rea-
gent (Invitrogen, Carlsbad, CA). The quantity and purity 
of isolated RNA were determined by a gel electrophore-
sis (Fig. 2a). Then, 1.5 μg of RNA was reverse transcribed 
into cDNA and PCR was performed using the Reverse 
Transcriptase M-MLV (RNase H-) (Takara Bio Inc, Shiga, 
Japan). 5 µL of diluted cDNA was added into 10 µL of 
SYBR® Premix Ex Taq™ (Tli RNaseH Plus, Takara Bio 
Inc, Shiga, Japan). The primer sets were shown in Table 1, 
and PCR conditions were as follows: 95 °C for 5 min, 95 °C 
for 10 s, and 60 °C for 30 s, 39 cycles. The housekeeping 
gene GAPDH was used as an internal control. The relative 
expression levels of mRNAs were calculated by the 2−ΔΔCt 
method.

Western blot

As alluded above, hDPCs were treated with 0.1 and 1 µg/mL 
LPS for 24 h, 48 h and 72 h to determine the protein level of 
CaSR. Cell lysates were prepared using the whole protein 

Table 1   Primer sequences used for quantitative RT-qPCR

Genes Primers Size (bp)

GAPDH Forward CAT​GTT​CCA​ATA​TGA​TTC​CACC​ 88
Reverse GAT​GGG​ATT​TCC​ATT​GAT​GAC​

CaSR Forward ACC​AGC​GAG​CCC​AAA​AGA​AG 103
Reverse GAC​TCC​GGC​CTT​GAT​TTG​AGA​

IL-β Forward GCT​CGC​CAG​TGA​AAT​GAT​GG 149
Reverse GGT​GGT​CGG​AGA​TTC​GTA​GC

IL-6 Forward AGT​GAG​GAA​CAA​GCC​AGA​GC 111
Reverse ATT​TGT​GGT​TGG​GTC​AGG​GG

COX2 Forward GCC​AAG​CAC​TTT​TGG​TGG​AG 91
Reverse GGG​ACA​GCC​CTT​CAC​GTT​AT

TNF-α Forward TCA​GAG​GGC​CTG​TAC​CTC​AT 127
Reverse GGA​GGT​TGA​CCT​TGG​TCT​GG

IL-10 Forward GGC​ACC​CAG​TCT​GAG​AAC​AG 86
Reverse ACT​CTG​CTG​AAG​GCA​TCT​CG
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extraction kit (KGP2100; Keygen Biotech, Nanjing, China). 
Protein concentrations were estimated by bicinchoninic acid 
assay. After immunoblotting, the protein extracts were trans-
ferred to polyvinylidene fluoride membranes by a semi-dry 
transfer apparatus (Bio-Rad, Hercules, CA, USA). Western 
blot analysis was performed as described previously [12]. 
Primary antibodies were purchased from the following 
commercial sources: monoclonal antibodies against human 
CaSR [Cat. no. ab19347 (1:500 dilution), Abcam]; and mon-
oclonal antibodies against-β-actin [Cat. no. ab8227 (1:1000 
dilution), Abcam].

Enzyme‑linked immunosorbent assay (ELISA)

To determine the action of CaSR on the expression of 
inflammatory factors, we used RT-qPCR as alluded in “Real 
time quantitative PCR (RT-qPCR) analysis” section to detect 
the gene expression of selected inflammatory mediators, 
and employed ELISA to monitor their secretion levels. In 
brief, the cells were cultured in 12-well plates at a density 
of 1 × 104 cells/well. After incubation of the cultures in 
experimental conditions, the medium of each sample was 
collected and assayed for IL-1β, IL-6, PGE2, TNF-α, and 
IL-10 synthesis according to the manufacturer’s protocol 
using a commercial enzyme-linked immunosorbent assay 
(ELISA; R&D Systems, Minneapolis, MN, USA) and cali-
brated spectrophotometrically with a standard curve. The 
experiments were performed in triplicate.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 6 
(GraphPad Software, Inc., San Diego, CA). All results were 

expressed as the mean ± standard error of the mean. Multiple 
comparisons were performed using two-way analysis of vari-
ance (ANOVA) followed by Tukey test. A p value of < 0.05 
was set a priori to identify significant differences between 
any two groups.

Results

LPS increases the protein level of CaSR in hDPCs

To measure the action of LPS on the CaSR expression in 
hDPCs, we used the immunohistochemical staining, RT-
qPCR and Western blot assay. The results of immunohis-
tochemical analysis showed an enhanced staining in LPS-
treated hDPCs at 24 h (Fig. 1), 48 h and 72 h (data not 
shown). At the gene level, the 18S and 28S ribosomal RNA 
bands are clearly visible at about 1:2 ratio, indicating the 
intact RNA sample (Fig. 2a), and the CaSR expression of 
all experiment groups was significantly downregulated in all 
time points except 0.1 μg/mL LPS at 24 h (Fig. 2b). In con-
trast, an increased protein level of CaSR in LPS-stimulated 
cells was detected by Western blot assay, compared to LPS-
free controls (Fig. 2c).

R568 and Calhex231 affect the gene expression 
of IL‑6 and IL‑10 in LPS‑treated hDPCs (Table 2)

The results of RT-qPCR demonstrated that R568 alone 
didn’t affect the mRNA expression of selected inflamma-
tory cytokines except its promotive action on the IL-6 levels 
in LPS-stimulated hDPCs, whereas Calhex231 alone can 
increase the gene level of proinflammatory cytokines IL-6 

Fig. 1   The CaSR expression in 
LPS-treated hDPCs. Immuno-
fluorescence assay showed that 
LPS can enhance the CaSR 
expression in a dose-dependent 
manner. The cells cultured 
in α-MEM media were used 
as positive controls. Scale 
bar = 100 mm



2874	 Molecular and Cellular Biochemistry (2022) 477:2871–2881

1 3

and anti-inflammatory cytokine IL-10 at 48 h (Fig. 3a–e). 
In addition, the significant difference was also found in the 
expression of IL-6 at 24 h and IL-10 at 48 h between R568- 
and Calhex231-treated cells (Fig. 3b, e).

R568 and Calhex231 regulate the secretion 
of inflammatory mediators in LPS‑treated hDPCs 
(Table 2)

ELISA assay showed an increasing pattern with prolonged 
time in the secretion level of selected mediators. Treatment 
of hDPCs with R568 alone resulted in the reduction of LPS-
stimulated pro-inflammatory cytokines production includ-
ing IL-1β and TNF-α at 24 h, and IL-6 and PGE2 at 48 h, 
while increasing the production of IL-1β and TNF-α at 48 h, 
as well as anti-inflammatory cytokines IL-10 at 24 h. With 
regard to Calhex231 alone stimulation, IL-1β at 24 h and 
TNF-α and IL-10 at 48 h were highly expressed compared 
with the LPS only‐treated ones, but IL-6 at 48 h, TNF-α and 
IL-10 at 24 h were lowly expressed (Fig. 4). Similar to the 
situation in the gene expression, the secretive trend of IL-1β 
and IL-10 at 24 and 48 h, IL-6 at 24 h, and PGE2 at 48 h 
showed an opposite direction between R568 and Calhex231 

treatment. Compared with the R568 stimulation, the release 
of IL-1β was elevated at 24 h but decreased at 48 h in the 
Calhex231-treated cells, whereas the IL-10 secretion was 
obviously suppressed at 24 h but increased at 48 h (Fig. 4a, 
e).

PI3K/AKT signal may be involved in CaSR‑mediated 
inflammatory mediator production (Table 2)

Gene analysis revealed that LY294200 treatment (PI3K 
inhibitor) in R568-challenged hDPCs significantly reduced 
IL-1β expression at 24 h compared to parallel R568-stim-
ulated controls, but increased IL-6 level at 24 h and COX2 
and IL-10 at 48 h. In the cultures added with Calhex231, it 
can up-regulate IL-6 expression and TNF-α at 24 h, whereas 
down-regulate the IL-10 expression at 48 h (Fig. 3).

The protein level in culture supernatants determined by 
ELISA presented that LY294200 stimulation can enhance 
the production of IL-1β and IL-6 at 24 h, and PGE2 at 24 
and 48 h, and IL-10 at 48 h, but suppress TNF-α secretion at 
48 h in the cultures supplemented with R568. In Calhex231-
stimulated cells, it was showed to promote the release of 
IL-1β (48 h), IL-6 (24 h), PGE2 (48 h), and IL-10 (24 h) 

Fig. 2   The effect of LPS on the gene and protein expression of CaSR in hDPCs. a The quality of isolated RNA sample assessment. b, c The 
mRNA and protein expression of CaSR at 24, 48, and 72 h after 0.1 and 1.0 µg/mL of LPS administration
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compared to the treatment with Calhex231 alone at indicated 
time-points in brackets. In contrast, its inhibitive action was 
only found in the secretion of TNF-α at 48 h (Fig. 4).

Discussion

The understanding of the mechanisms that modulate inflam-
mation in pulp tissue is key to preventing the consequences 
of pulpitis and achieving pulp repair or regeneration [18]. 
Previous studies have demonstrated that CaSR is involved 
in the release of inflammatory mediators in several LPS-
treated cell linages, such as mouse bone marrow-derived 
macrophages and H292 airway epithelial cells [19, 20], 

indicating its key roles in inflammatory diseases [10, 21]. 
It is well known that LPS can activate oxidative metabo-
lism and antimicrobial activity of macrophages and has been 
widely used to induce inflammatory response in numerous 
animal and in vitro models [7]. In the study regarding dental 
pulp tissue, LPS is usually topically administered to mimic 
pulp inflammation caused by cariogenic microorganisms to 
some degree. Thus, we first, investigated the CaSR expres-
sion in LPS-challenged hDPCs using immunofluorescent 
assay, and found an enhanced positive staining in all experi-
mental groups, which may be attributed to the dose-depend-
ent action of LPS that was indicated to promote the cell pro-
liferation and to protect cells against apoptosis at 1 μg/mL 
level in mesenchymal stem cells [22], and human stem cells 

Fig. 3   The gene levels of selected inflammatory mediators after cell 
treatment for 24 and 48 h with 1.0 µg/mL LPS. Results were stand-
ardized to the housekeeping gene GAPDH, and expressed as relative 

fold change in mRNA levels. a IL-1βmRNA, b IL-6 mRNA, c COX2 
mRNA, d TNF-α mRNA, and e IL-10 mRNA. Nc negative control; 
Pc positive control
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from the apical papilla at 0.1 μg/mL [23], accompanying by 
maximal induction of specific cytokines of 1 μg/mL LPS 
[24]. Therefore, LPS treatment with 1 μg/mL was adopted 
in the experiments on the expression of inflammatory medi-
ators. The subsequent Western blot analysis also demon-
strated a promotive action of LPS in defined concentrations 
on the protein level of CaSR in a dose-dependent manner, 
along with a decreased trend of CaSR expression level in the 
control that has been confirmed in our previous study [12]. 
The results are consistent with other researches on the role of 
CaSR in intestinal epithelial cells [25], and cardiomyocytes 
[6]. However, LPS unexpectedly decreased the mRNA level 
of CaSR, and the inconsistency between gene at the mRNA 
level and protein expression (also exists in the expression of 
selected inflammatory mediators) has already reported and 

discussed in previous studies [12, 26]; one possible reason 
is that gene expression is controlled at the translational level, 
but the expression of individual protein is differentiation 
stage specific through a posttranslational mechanism involv-
ing phosphorylation of key residues [27, 28].

As alluded above, some specific cytokines (e.g. IL-1β, 
IL-6, and TNF-α) are produced and secreted by a wide 
range of immune and non-immune cells and affect many 
interactions among these cells in the pulp inflammatory 
process [16, 17]. Hence, we monitored the role of CaSR in 
the release of selective mediators using its allosteric posi-
tive modulator NPS R-568 and negative allosteric modulator 
Calhex231 in LPS-stimulated hDPCs. In our present study, 
LPS alone did not promote the production of all selected 
mediators in all time-points as anticipated. The similar result 

Fig. 4   The determination of selected inflammatory mediators production using ELISA assay after 24 and 48 h of exposure to 1.0 µg/mL LPS. a 
IL-1β, b IL-6, c PEG2, d TNF-α, and e IL-10. Nc negative control; Pc positive control
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has also been reported by other previous studies [29, 30], 
indicating a various regulative manner of LPS on the release 
of inflammatory cytokines at different time-points of the 
culture period. Similarly, both R568 and Calhex231 alone 
treatment showed different effects on the secretion of IL-1β, 
IL-6, TNF-α, and IL-10 at different time-points, suggest-
ing a possible time-dependent regulative manner of CaSR 
on the inflammatory mediator secretion. We also found an 
antagonistic interaction between the CaSR agonist R568 and 
its antagonist Calhex 231 in hDPCs, which was indicated by 
an obvious opposite direction in the level of their induced 
IL-1β and IL-10 secretions. In addition, we showed a reverse 
direction between the pro- (IL-1β, IL-6, PGE2, and TNF-α) 
and anti-inflammatory (IL-10) cytokines expressions under 
R568 or Calhex231 stimulation. With regard to the phenom-
enon, some studies reported that IL-1 family cytokines are 
considered upstream of other inflammatory cytokines, such 
as IL-6, IL-2, and IL-12 that are stimulated by IL-1β and 
IL-18, which are mainly secreted by inflammatory cells; 
whereas IL-10 could inactivate macrophages and inhibit 
proinflammatory cytokine expressions, e.g., NF-κB, IL-8, 
and IL-6, in inflamed dental pulp [17]. Thus, we can con-
clude that CaSR may promote or attenuate the release of 
specific inflammatory mediators in dental pulp, depending 
on the situation.

CaSR can be activated by agonists (type I calcimimetics), 
and allosteric activators (type II calcimimetics; like NPS 
R-568, cinacalcet, and AMG 416) that have been proven 
clinically useful [31]. In hDPCs, we observed that R568 
can inhibit IL-6 secretion but enhance the release of IL-1β, 
TNF-α and IL-10. The result was supported by a study of 
other researchers who reported an increasement of R568 on 
the TNF-α release in the rat peripheral blood T lymphocyte 
[32]. However, in rat renal tissue, R-568 showed a promo-
tive effect on the secretion of IL-6, and an inhibitive action 
on the IL-10 level [33]. These findings partly support the 
notion that calcimimetics exhibit cell phenotype-dependent 
pharmacology [31]. Furthermore, the above findings on the 
action of R568 in hDPCs are also partially consistent with 
that in intestinal epithelial cells using γ-glutamyl cysteine 
and γ-glutamyl valine as CaSR agonists that reduced the 
expression of IL-1β, IL-6, and TNF-α, and increased the 
expression of IL-10 [34]. Conversely, CaSR activator cin-
calcet was verified to increase the secretion of IL-6, but 
decrease the production of IL-10 in rat peripheral blood pol-
ymorphonuclear neutrophils [35]. The agreement and disa-
greement among different researches may be related to vari-
ous experimental conditions, such as cell linage, agonist, and 
measurement time-point, etc., and the tissue-specific actions 
of CaSR that mediated by biased signaling pathways upon 

agonist or allosteric activator stimulation (Chavez-Abiega 
et al. [9], Leach, Hannan et al. [10]). In addition, we may 
glean a clue for the differences from the properties of CaSR 
that tends to adopts multiple active conformations stabilized 
by different agonists to generate a set of distinct intracel-
lular signals and biological effects, differing to many other 
GPCRs that exist in either an “on” or “off” conformation. 
Consequently, super-agonism (more than 100% efficacy) and 
biased-agonism (selective activation or inactivation of one 
function over others) may occur when a combination of dif-
ferent agonists is used to influence the receptor function [8].

In contrast to the positive effect of calcimimetics in CaSR 
activation, calcilytics (e.g. NPS 2143, Calhex231, and ATF 
936) are used to inhibit CaSR activity. In the present study, 
we used Calhex231 to reduce the sensitivity of the CaSR 
and found a significant inhibitive effect of Calhex231 on the 
secretion of IL-6 in hDPCs; similarly, NPS 2143 (a novel 
and selective antagonist of CaSR) was reported to attenuate 
the releases of IL-6 LPS-stimulated H292 airway epithelial 
cells [19]. NPS 2143 and Calhex231 share the similar struc-
ture and target a common allosteric site within the seventh 
transmembrane domain of the CaSR, and thus likely show 
similar actions on the function of CaSR in several cell types 
[36, 37]. Moreover, we concluded a facilitative action of 
Calhex231 on the IL-1β production in LPS-treated hDPCs; 
in contrast, other studies indicated an inhibitive effect of 
Calhex231 on the release of IL-1β in rat peritoneal mac-
rophages and human neutrophils [38, 39]. The discrepancy 
appears similar with the tissue-selective effects of calcimi-
metics, but still lacks sufficient evidences for such selectivity 
with calcilytics at present [31].

CaSR can activate multiple cellular signaling pathways, 
such as nuclear factor kappa-B (NF-κB) and mitogen-acti-
vated protein kinase (MAPK) signals, which were involved 
in many different physiological functions that includes the 
secretion of inflammatory mediators [9, 21]. In our previous 
study, we have demonstrated that CaSR was involved in the 
activation of PI3K/AKT pathway [12]. In this study, we found 
that PI3K/AKT pathway inhibitor LY294002 can intensify or 
attenuate the actions of R568 and Calhex231 in inflammatory 
cytokines production induced by LPS in a time-points- and 
cytokine types-dependent way, suggesting a possible involve-
ment of CaSR-PI3K/AKT in dental pulp inflammation. In 
addition, LY294002 was also found to facilitate COX2 mRNA 
expression in R568-treated cells and PGE2 production in Cal-
hex231-challenged cells, which indicated a possible interaction 
between the PI3K/AKT and COX2/PGE2 signals in the context 
of pulp inflammation. Future researches using gene knockout, 
gene silencing, RNA interference and specific inhibitors and 
agonists should be considered to clarify the roles of CaSR in 
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the cross-talks among various signal pathways involved pulp 
inflammatory responses. Furthermore, due to its present and 
various key roles in many tissues and cells, such as parathyroid 
hormone secretion, bone turnover, vascular tone and blood 
pressure, and intestinal or renal reabsorption, etc., CaSR may 
mediate the physiological and pathological events of dental 
pulp through regulating vasodilator system and hormones 
secretion. Thus, we may explore this possible mechanism by 
which systemic diseases (e.g., diabetes mellitus and hyperten-
sion) affect dental pulp alterations through conducting some 
specific experiments, e.g., the role of CaSR in regulating the 
ration of blood urea nitrogen (BUN) and creatinine that usu-
ally indicate dehydration of tissues can be elucidated and used 
to monitor the functioning and performance of dental pulp in 
the patients with cardiovascular (hypertension) and metabolic 
diseases (diabetes) [40].

Conclusion

In summary, our present study demonstrated that CaSR is 
expressed in LPS-treated hDPCs, and also indicated a possi-
ble involvement of CaSR and PI3K-AKT pathway in the pro-
duction of specific inflammatory mediators related to dental 
pulp inflammation. These findings imply that the activation 
or blockade of CaSR may provide a new research line for 
the treatment of pulp inflammatory diseases. In future, it will 
be significant to investigate the performance of more differ-
ent CaSR activators and CaSR inhibitors and the underlying 
mechanisms in dental pulp tissue under physiological and 
pathological states.
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