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[Abstract] Objective To study the effect of low concentrations of sodium fluoride on the osteogenic/odontogenic
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differentiation of human dental pulp cells (hDPCs) in vitro. Methods This study was reviewed and approved by the
Ethics Committee. hDPCs were cultured using a modified tissue explant technique in viiro. The effects of different con-
centrations of sodium fluoride on the proliferation of hDPCs were measured by methylthiazol tetrazolium (MTT) assay.
Appropriate concentrations were added to the osteogenic/odontogenic differentiation induction medium, and the cells
were induced in vitro. Alizarin red S staining was used to detect the osteoblastic/odontogenic differentiation ability of
the cells, and the mRNA expression of the key differentiation factors was detected by RT-qPCR. Moreover, the expres-
sion of key molecules of endoplasmic reticulum stress (ERS) was detected by RT-qPCR and Western blot. The data were
analyzed with the SPSS 18.0 software package. Results Low concentration of NaF (0.1 mmol/L) could stimulate cell
proliferation in vitro, while a high concentration (5-10 mmol/L) could inhibit cell proliferation (P < 0.05). According to
the literature and the experimental data, 0.1 mmol/L. NaF was selected as the following experimental concentration. The
levels of alizarin red S staining were increased after NaF induction of mixed osteogenic/odontogenic differentiation in vi-
tro. The mRNA expression levels of key molecules for osteogenic/odontogenic differentiation, dentin sialophosphoprotein
(DSPP), bone sialoprotein (BSP) and osteocalcin (OCN), were increased (P < 0.05). The mRNA levels of ERS markers
(splicing x-box binding protein-1 (sXBP1), glucose-regulated protein 78 (GRP78) and activating transcription Factor 4
(ATF4) were increased in NaF-treated cells. The protein expression levels of key ER stress molecules (phosphorylated
RNA -activated protein kinase-like ER-resident kinase (p-PERK), phosphorylated eukaryotic initiation factor-2o (p-
elF2a) and ATF4) were higher in NaF-treated cells. Conclusion A low concentration of NaF promotes the osteogenic/
odontogenic differentiation of hDPCs and increases the level of ER stress.
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#z 1 qRT-PCR 5P 4
Table 1 ~ Sequences of the qRT-PCR primers

Primer Sequence

GAPDH 5~CCTGCACCACCAACTGCTTA-3"
5-GGCCATCCACAGTCTTCTGAG-3"

OCN 5-AGGGCAGCGAGGTAGTGAAG-3"
5=CTCCTGAAAGCCGATGTGGT-3"

DSPP 5~GCCACAAACAGAAGCAACAC-3"
5-TTCCCACTAGGACTCCCATC-3"

BSP 5-GGCACCTCGAAGACAACAAC-3"
5~ACCATCATAGCCATCGTAGC-3

GRP78 5= TGTTCAACCAATTATCAGCAAACTC-3"
5~ TTCTGCTGTATCCTCTTCACCAGT-3"

ATF4 5= GTTCTCCAGCGACAAGGCTA -3-
5= ATCCTGCTTGCTGTTGTTGG -3°

sXBP1 5= CTGAGTCCGAATCAGGTGCAG -3°

5= ATCCATGGGGAGATGTTCTGG -3~

OCN: osteocalcin; DSPP: dentin sialophosphoprotein; BSP: bone sialo-
protein; GRP78: glucose - regulated protein 78; ATF4: activating tran-

scription factor 4; sXBP1: splicing x-box binding protein-1
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SR T d 5, N mRNA ZKSE R H 5 % B8 241 A1
b, NaF $% 77 41 B 8/ A T 4 A A 56 3
DSPP. BSP H1 OCN ) mRNA 7K F 3 i5 2 8
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*: compared with 0 mmol/L. NaF group, P < 0.05
Figure 1  Effect of different concentrations of sodium
fluoride on the proliferation of human dental pulp cells
detected by MTT assay
B 1 MTT ARG AN ] e B S A gk o A A 40
BB A

(DSPP: P = 0.007,BSP: P = 0.042,0CN: P = 0.009)
(K 2¢),
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hDPCs B BCH /A A 0T 31k g
2.3 &K E NaF 38 hDPCs A it M 5L ik K -F

0.1 mmol/LNaF+ i B/ 7 A& i i & &% 3
hDPCs 7 d J5 , 4 M P J52 9 137 380 AH OC 55 AT ATF4
sXBP1 Fll 1Y) mRNA R iA 7K 4 2 [+ (ATF4: P =
0.004,sXBP1: P = 0.020, GRP78: P = 0.039) (¥ 3a) .
Western blot £ il hDPCs f¥ p - PERK . p - elF2a FlI
ATF4 25 R k7K 45 - 3R W, 0.1 mmol/L NaF 4b
2 J8 )G, p-PERK Fl p-elF2a DL J2 ATF4 & 3k 7K
-5 0E H 5 S 55 R 4 IR (PERK : P = 0.002,

' 0
NaF @ GAPDH BSP OCN DSpPP G

a: cells were stained with Alizarin red S staining after 3 weeks’ s culture; b: quantitation of calcium of the control and NaF group; c: the expres-

sion levels of osteo/odontogenic marker genes, including OCN, BSP and DSPP, were analyzed by RT-qPCR after 7 days’ culture. Concentration of
NaF was 0.1 mmol/L. *: vs. the control group (0 mmol/L. NaF), P < 0.05. OCN: osteocalcin; DSPP: dentin sialophosphoprotein; BSP: bone sialopro-

tein

Figure 2 Low concentration of sodium fluoride promotes osteogenic/odontogenic differentiation of human dental pulp cells
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p-elF2a: P = 0.003, ATF4: P = 0.001) ([ 3b & 3¢) .
DL F 45538, 0.1 mmol/L NaF BEf% I i hDPCs i

B ICE A B3 i A v PN T R 7K F

24 - 3 Control «
| —— u
g Control p-PERK 125kD = Nak
S 20 ¢ -8
7 BNaF 7 * *
g e
2 16 - 2 2
2 pelF2a - ETRE
= =
z 12 * 3
ME 2
s gl « ATF4 W—— 0 | ) f 1
= Z
E =
< 4r " =
= B-Actin ”ﬂ -
O - L 1 L 0
@ GAPDH APF4 sXBP1 GRP78 @ Control NaF G p-PERK p-elF2a ATF4

a: expression levels of endoplasmic reticulum stress marker genes, including ATF4, Sxbpl and GRP78, were analyzed by RT-qPCR after

7 days’ culture; b: after two weeks, hDPCs’ protein expressions of endoplasmic reticulum stress markers (p-PERK, p-elF2a and ATF4) were

assessed; c: the histogram shows the quantitative analysis of the expression levels of p-PERK, p-elF2a and ATF4 proteins. Concentration of

Nal" was 0.1 mmol/L. *: vs. control group (0 mmol/LL NaF), P < 0.05. GRP78: glucose-regulated protein 78; ATF4: activating transcription factor

4; sXBP1: splicing x-box binding protein-1; p-PERK: phosphorylated the RNA-activated protein kinase-like ER-resident kinase; p-elF2a:

phosphorylated eukaryotic initiation factor-2a

Figure 3 Low concentration of sodium fluoride enhances endoplasmic reticulum stress levels in human dental pulp cells
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