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Purpose: To investigate the roles of Notoginsenoside R1 (NG-R1) on the proliferation and osteogenic differentiation of human 
periodontal ligament stem cells (hPDLSCs) and explore its possible mechanism.
Methods: hPDLSCs were isolated and, then characterized by flow cytometry. Cell-counting kit-8 (CCK-8) and colony assays were 
used to validate the effect of different NG-R1 concentrations on hPDLSCs proliferation and the optimal concentration was determined. 
Quantitative detection of alkaline phosphatase (ALP) activity at optimal concentration and the mineralization of the cells was 
investigated by Alizarin Red S staining. qRT-PCR and Western blot were utilized to examine the factors expression levels of ALP, 
Runx Family Transcription Factor 2 (RUNX2), Collagen I (Col-1) and catenin beta 1 (CTNNB1; β-catenin). In addition, the tankyrase 
inhibitor XAV-939 was used to explore NG-R1’s role in canonical Wnt signaling.
Results: hPDLSCs were positive for surface antigens CD90 while negative for CD34 and CD45, which indicated that we have 
successfully isolated the hPDLSCs. Furthermore, a concentration of 20μmol NG-R1 dramatically enhanced hPDLSCs proliferation, 
ALP activity, and mineral deposition. ALP, RUNX2, COL-1, and β-catenin expression were all rised in comparison to control group. 
After XAV-939 was added to disrupt the canonical Wnt signaling, the impact of NG-R1 appeared to be reversed.
Conclusion: These findings suggest that NG-R1 can stimulate osteogenic differentiation of hPDLSCs, which is probably attributable 
to canonical Wnt signaling activation.
Keywords: notoginsenoside R1, NG-R1, human periodontal ligament stem cells, hPDLSCs, osteogenesis, β-catenin

Introduction
Periodontitis occurs in approximately 45%-50% of individuals.1 It is characterized by inflammation caused by microbial 
and host interactions, which eventually leads to the loss of periodontal attachment.2 If not intervened, it will lead to the 
progressive deterioration of gum tissue, periodontal ligaments, and periodontal support tissues, ultimately leading to the 
loss of teeth. In addition, studies have proved that periodontitis is closely related to systemic diseases such as chronic 
kidney disease,3 diabetes,4 and cerebrovascular disease.5 Existing clinical treatment techniques, such as periodontal 
cleaning and scraping of root leveling, can prevent only further development of inflammation but cannot promote the 
regeneration of periodontitis tissue that has been destroyed. The most ideal treatment for periodontitis is to regenerate 
periodontal tissue. Periodontal tissue regeneration refers to the surgical or tissue engineering restoration of damaged 
periodontal tissue.6 The development of stem cells provides a powerful background for the regeneration of periodontal 
tissue. hPDLSCs are multidirectionally differentiable, self-renewing stem cells,7 it can differentiate into fibroblasts, 
osteoblasts, and cementoblasts.8 It’s the primary source of cells that produce new attachments following periodontitis 
therapy. Hence, hPDLSCs have broad potential in periodontal tissue regeneration.
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Panax notoginseng has a lengthy history as a hemostatic agent,9 it is also used to treat cardiovascular diseases,10 and 
chronic hepatitis.11 Furthermore, Panax notoginseng has antioxidant, anti-inflammatory, and neuroprotective properties.9 

NG-R1 is a compound isolated from Panax notoginseng that has estrogenic activity.12 Studies have shown that NG-R1 
could relax pulmonary blood arteries, thereby alleviating pulmonary hypertension.13 In vitro experiments have demon-
strated that NG-R1 can promote osteogenesis, which is beneficial postmenopausal ladies who have osteoporosis.14 

However, the effect of NG-R1 on hPDLSCs has not been reported.
Studies have shown that NG-R1 can promote various stem cells differentiation through multiple signaling pathways. 

Wang et al15 has demonstrated that NG-R1 can facilitate MC3T3-E1 differentiation through the MAPK and JAK1/STAT3 
signaling. In vitro studies have also proven that NG-R1 can promote osteogenic differentiation of rat primary osteoblasts 
through estrogen receptor signaling.14 Li et al16 demonstrated that NG-R1 can reduce the dysfunction of osteoblasts 
under oxidative stress by blocking the JNK signaling pathway. Wnt signaling pathways cascade controls a vast range of 
biological processes in all animals during development and adulthood,17 it is crucial for maintaining the homeostasis of 
human bones.18 Numerous studies have found that various traditional Chinese medications enhance osteogenesis of 
hPDLSCs via the canonical Wnt signaling, which is dependent of β-catenin.19–21 As a result, we hypothesized that NG- 
R1 could improve hPDLSCs osteogenic differentiation by regulating the canonical Wnt signaling.

The purposes of this work were to explore whether NG-R1 could affect the proliferation and differentiation of 
hPDLSCs, and to research its possible mechanism. We hypothesized that this process was related to the canonical Wnt 
pathway. Also, we hypothesized that this experiment might yield valuable reference data for clinical applications of 
NG-R1 and hPDLSCs in tissue engineering.

Method
hPDLSCs Cultivation and Identification
This study was conducted in accordance with the Declaration of Helsinki. Approval was given by the Ethics committee 
of Shandong University Protocol (Protocol No. 20210122). The parental/legal guardians of those involved were made 
aware of the purpose of the study and supplied consent to participate on their children’s behalf. After obtaining consent, 
premolars that were extracted between the ages of 14–18 years for orthodontic purposes without dental caries or 
periodontal disease. We placed the centrifuge tube on ice with the pre-cooled α-minimum essential medium (α-MEM; 
Hyclone, Logan, UT, USA) containing 5% penicillin/streptomycin (Hyclone; GEHealthcare Life Sciences, Logan, UT, 
USA), and rapidly putted the extracted teeth into the centrifuge tube and transferred it to the laboratory. After discarding 
the centrifuge tube’s medium and gently rinsing the tooth root with phosphate buffered saline (PBS) containing 5% 
penicillin/streptomycin antibiotics, scraping the periodontal membrane from the middle part of tooth root, and placing the 
scraped membrane in the culture flask, adding 6mL complete medium including 20% fetal bovine serum (FBS; 
Biological Industries, Israel) to the culture flask, and keeping the tissue block from attaching successfully in an incubator 
for about 4 hours, then turning the bottle so that the tissue block is completely immersed in the culture medium. Spindle- 
shaped hPDLSCs started to emerge from the tissue block’s edge after about a week. When the cells had occupied about 
80% of the bottle’s bottom, rinsing it with PBS and adding 1.5mL of 0.25% trypsin-EDTA solution (Thermo Fisher 
Scientific Inc) to digest the cells. The flask should be placed in the incubator for 2 minutes to react, then we observed 
under the microscope until the cells are spherical and floating, added 4mL of complete medium to stop the digestion. 
Collected the cell suspension in a centrifuge tube, after centrifugation, discard the supernatant, and added 1.5mL of 
complete medium to resuspend the cell suspension, and re-inoculated in a large plate at a ratio of 1:3. The hPDLSCs were 
collected and utilized in subsequent experiments between passages 3 and 5. Flow cytometry was used to evaluate stem 
cell characteristics by detecting fluorescent isothiocyanate (FITC) labeled CD34, CD45, and CD90 (Beckman Coulter, 
Franklin Lakes, NJ, USA).20

Multidirectional Differentiation Assays
To verify multi-directional differentiation capacity, hPDLSCs were assayed by osteogenesis and adipogenic 
experiments.21 hPDLSCs were introduced by osteogenic inducing medium (α-MEM containing 10% FBS, 50μg/mL 
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ascorbic acid, 10mM β-glycerophosphate, and 0.01μM dexamethasone) (Sigma-Aldrich) per well, and after 21 days of 
osteogenesis induction, it was discarded. Cells were fixed with 4% paraformaldehyde after being rinsed in PBS, and then 
stained with Alizarin Red-S while being observed under a microscope, scanned, and photographed.

For adipogenic induction experiments, cells were cultured in adipogenic medium (α -MEM supplemented with 
500mM isobutyl-methylxanthine, 0.5 M hydrocorti-sone, 60mM indomethacin, 10 mM insulin, and 10% FBS) 
(Sigma-Aldrich) for 21 days. Removed the induction media after 21 days of adipogenic induction, then washed 
the dish with PBS, when the cells were fixed, added Oil Red O (Cyagen Bio-sciences, Guangzhou, China) for 
staining.

CCK-8 Assay
The effect of NG-R1 on hPDLSCs proliferation was examined by CCK-8 experiment,20 after routine digestion and 
centrifugation of cells were resuspended, 2000 cells were added to each well in the 96-well plate. After cell adhesion, the 
culture medium was discarded, 0, 5, 20, 40, 50μmol NG-R1 (Solarbio, Beijing, China) were added respectively, five 
duplicate wells were measured. On the 1,3 and 5 days of culture, the solution was discarded, and 100μL of CCK-8 
working solution (CCK-8; Dojindo Laboratories, Kumamoto, Japan) was added to each well. After two hours of 
incubation in dark room, the absorbance was measured using a microplate reader.

Colony Formation
After cell digestion and centrifugation, 500 cells were implanted in each well, 2mL of complete medium was added to 
each well for adherent culture, after the cell adhesion,2mL of 0, 5, 20, 40μmol NG-R1 were added to the six-well plate, 
after 10 days of culture, the plate was washed three times with PBS, 4% paraformaldehyde was added for cell fixation, 
the cell fixative solution was discarded and crystal violet (Solarbio)was added for staining.

ALP Activity Measure and Staining Assay
Cells were cultured with various concentrations of NG-R1 (0, 5, 20, 40, 50μmol). After cultured for 7 or 14 days, added 
the cell lysate (RIPA: PMSF=99:1)(Solarbio, Beijing, China). Following 15 minutes of lysis on ice, the lysate was 
collected and centrifuged, and the supernatants were extracted to obtain the protein.22 ALP activity was measured by 
alkaline phosphatase assay kit (Solarbio, Beijing, China).

We used bicinchoninic acid (BCA) kits to detect protein concentrations. A spectrophotometer (SPECTRAstar, Nano, 
BMG Labtech, Ortenberg, Germany) was applied to evaluate absorbance at 520nm wavelength.

In order to observe staining, a BCIP/NBT Alkaline Phosphatase Color Development Kit (Beyotime, Shanghai, China) 
was used, with the intensity of dark blue representing ALP activity.23

Alizarin Red S Staining
After 21 days of incubation, we rinsed the plates three times with PBS, and added 2mL of 4% paraformaldehyde per well 
for cell fixation, and then added Alizarin Red S for staining. After 30 minutes, discarded the dye and added PBS to the 
plate to rinse it five times. Examining the cells under a microscope, scanning, and photographing them.

The mineral nodules were subsequently dissolved using 10% cetylpyridinium chloride (CPC; Solarbio).22 The OD562 

value was determined using a microplate reader to identify the amount of mineralized matrix deposition.

Real-Time PCR
Following osteogenic induction for 7 and 14 days with different concentration of NG-R1 (0 or 20μmol), total RNA was 
extracted with Trizol (Takara) and reverse transcriptase(Takara) generated cDNA.21

qRT-PCR was carried out using Takara’s SYBR® Premix Ex TaqTM II and the Roche Light Cycler® 480 Sequence 
Detection System (Roche Diagnostics GmbH, Mannheim, Germany). Each reaction was repeated three times. The primer 
sequences used in the present study were as follows: ALP:

5′-GGCGGTGAACGAGAGAATGT-3′and 5′- GGACGTAGTTCTGCTCGTGG-3′; RUNX2:
5′-GGAGTGGACGAGGCAAGAGT-3′ and 5′- AGGCGGTCAGAGAACAAACT-3′; CTNNB1:
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5′-GCTGCAACTAAACAGGAAGGG-3′ and 5′- CCCACTTGGCAGACCATCAT −3′;
COL-1:5′-TAAAGGGTCACCGTGGCTTC-3′and 5′-GGGAGACCGTTGAGTCCATC-3′;
GAPDH: 5′-GCACCGTCAAGGCTGAGAAC-3′ and 5′-TGGTGAAGACGCCAGTGGA-3′. The data were analyzed 

using the 2−ΔΔCt method. The data were averaged after each examination was carried out in three duplicates.

Western Blot
After cultivated with NG-R1 (0,20μmol) for 7 days, cells were lysed for 15 minutes on ice, we centrifuged the samples 
and then extracted the supernatant to get the protein, and the protein concentration was quantified by using a BCA kit. 
The protein samples (20μg) were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE) and transferred onto a polyvinylidene fluoride (PVDF) membrane, and the PVDF membranes were blocked for 
1 hour at room temperature with 5% skim milk. The incubation box was placed in 4°C overnight after selecting 
appropriate sites to incubated with primary antibodies based on the molecular weight of GAPDH, ALP, RUNX2, 
COL-1, β-catenin, GSK3β, P-GSK3β (Ser9), and LEF (Abcam, Cambridge, UK).22 The membranes were washed for 
30 minutes by using Tris-buffered saline with 0.1% Tween 20 (TBST) (Solarbio, Beijing, China) and then the secondary 
antibody was incubated for one hour. We used a chemiluminescent substrate kit obtained from Millipore to create the 
protein blots.

XAV-939 Treatments
XAV-939 is a proven inhibitor of canonical Wnt pathway, thereby stabilizing Axin and increasing the degradation of β-catenin 
as a result.25,26 In this study, hPDLSCs were cultured in four different solutions in 6 well plates as follows: (i)osteogenic 
induction group was seen as the control group.(ii)osteogenic induction medium+2.5 × 10−6 M XAV-939 group was utilized as 
a confirmation group for the XAV-939 action.(iii)osteogenic induction medium+20μmol NG-R1 group. (iv) osteogenic 
induction medium+20μmol NG-R1+2.5 × 10−6 M XAV-939 group. The protein expression was evaluated using the 
Western blot method after being induced for 7 days.

Statistical Analysis
All experiments were repeated three times. The data were normally distributed and presented as the means ± standard 
deviations. Statistical analysis was conducted using

GraphPad Prism 6 (GraphPad Software, Inc, La Jolla, CA, USA). Differences were analyzed by the Student’s t-test or 
one-way analysis of variance (ANOVA), and P < 0.05 was considered statistically significant.

Result
hPDLSCs Cultivation and Identification
After the cells were cultured for approximately 1 week, the primary cells begin to crawl out of the edges of the tissue 
block. For the tests that followed, we utilized cells from the passage 3 to 5 (Figure 1A) There were red mineralized 
nodules formed after osteogenesis induction (Figure 1B) and lipid droplets formed after lipogenesis induction 
(Figure 1C), which were evidence that hPDLSCs had multidirectional differentiation ability. We also found that the 
hPDLSCs were positive for CD90 expression (Figure 1D), whereas hematopoietic-related surface chronicles CD34 and 
CD45 were negative (Figure 1E and F).

Proliferation of Cells
On days 1, 3, and 5, the effect of various NG-R1 concentrations (0, 5, 20, 40, or 50μmol) on the proliferation of 
hPDLSCs was assessed. Though cell proliferation did not significantly differ between the first and third days, 20μmol 
significantly promoted cell proliferation on day 5, while 50μmol markedly inhibited it (Figure 2A).

The cloning experiment results proved that the colonies formed by 20μmol group were larger and more numerous 
than other groups (Figure 2B and C).
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ALP Activity and Mineralized Nodule Formation are Impacted by NG-R1
The ALP activity experiment showed that on days 7 and 14, the ALP activity of the 20μmol NG-R1 treated hPDLSCs 
was increased compared with other groups (Figure 3A). ALP staining showed the same trend (Figure 3B). From the 
results of CCK8 and ALP activity, it can be concluded that 20μmol NG-R1 had a distinguished effect on hPDLSC 
proliferation, and we therefore selected 20μmol for follow-up experiments.

The Alizarin Red positive nodules indicated that the 20μmol NG-R1 group dramatically increased the deposition of 
mineralized nodules by hPDLSCs (Figure 3C and D).

NG-R1 Promoted the Osteogenic-Related Factors Expression
After 7 and 14 days cultivation by osteogenesis induction including 20μmol NG-R1, the expression of elements 
associated to osteogenesis ALP, RUNX2, COL-1 and β-catenin were detected by qRT-PCR, so as to verify the effect 
of NG-R1 on hPDLSCs osteogenesis at the molecular level. The results of the experiment showed that the expression of 
osteogenic related factors in the NG-R1 treatment group was increased, and the increase was more obvious on day 14 
than day 7(Figure 4A-D).

To shorten the cycle of the experiment, 7 days osteogenesis-induced cells were used in the subsequent experiments in 
order to perform Western blot. The results revealed that the expression of osteogenesis-related protein increased in NG- 
R1group (Figure 4E and F), which was consistent with the results of qRT-PCR.

Figure 1 Cultivation and characterization of hPDLSCs. (A) hPDLSCs arranged in a swirling pattern after subculturation. Scale bar: 500μm. (B) Mineralized nodules formed 
after osteogenesis induction. Scale bars: 100μm. (C) Lipid droplets formed after lipogenesis induction. Scale bars: 100μm. The expression levels of CD90 (D), CD34 (E), and 
CD45 (F) were determined by flow cytometry.
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NG-R1 Can Activate the Canonical Wnt Signaling
The experiments proved NG-R1 could promote osteogenesis of hPDLSCs, and we further investigated its possible 
mechanism. The experimental results proved that the addition of 20μmol of NG-R1 can significantly increase the 
expression of osteogenic proteins including ALP, RUNX2, COL-1 and signaling pathway-associated proteins including 
β-catenin, P-GSK3β, and LEF while there was no significant variance in GSK-3β expression between the four groups, in 
addition, after the addition of XAV-939, the expression of the above proteins decreased significantly (Figure 5A-H), 
indicating that the canonical Wnt signaling has been successfully inhibited. Interestingly, after adding 20μmol of NG-R1 
and XAV-939 at the same time, NG-R1 can partially reverse the blocking of canonical Wnt signaling by XAV-939 
(Figure 5A-H), which is manifested by an increase in the expression level of the protein compared with the XAV-939 
group. The above results prove that NG-R1 can promote osteogenesis of hPDLSCs by activating the canonical Wnt 
signaling.

Discussion
hPDLSCs are multidirectionally differentiable, self-renewing stem cells. They are cells with a high potential for tissue 
regeneration. hPDLSCs have been shown to differentiate into osteoblasts and cementoblasts, which form alveolar bone 
and cementum.24 Furthermore, the hPDLSCs can also differentiate into chondroblast-like cells.25 So, discovering drugs 
that promote periodontal tissue regeneration is critical.

In this experiment, hPDLSCs were isolated and then passaged. Flow cytometry showed that the MSC–related surface 
marker CD90 was positive, while hematopoiesis-related markers CD34 and CD45 were negative, which proved that the 
hPDLSCs were derived from mesenchyme. In vitro osteogenic and adipogenic induction of hPDLSCs into osteoblasts and 
adipocytes, as well as colony formation experiments, proved their multidirectional differentiation and colony formation 
ability.

Figure 2 Influences of NG-R1 on hPDLSC proliferation. (A) Effects of different concentrations of NG-R1 on hPDLSCs. (B) Colonies formed by 20μmol group were larger 
and more numerous than other groups. (C) The rate of clonal formation increased considerably in the 20μmol group. (ANOVA, n = 3). The columns represent the means. 
Error bars represent standard deviations. (** P < 0.01 ****P < 0.0001).
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Panax notoginseng is a traditional Chinese herbal medicine, it’s is a hemostatic drug with a long history,26 and has 
also been used to treat cardiovascular diseases and tumors.10,27 Saponin is the main component of P. notoginseng.28 The 
saponins in Panax notoginseng mainly include Ginsenosides Rg1, Rb1, and NG- R1.29 Studies have shown that NG-R1 
can significantly promote MC3T3-E1 osteogenesis in vitro and also has an anti-osteoporotic effect.30 Other experiments 
have shown that NG-R1, through its estrogenic properties, enhances osteoblast differentiation and mineralization, while 
inhibiting osteoclast-mediated bone resorption.14 These findings indicate that NG-R1 has the potential to promote bone 
regeneration. As a result, it is critical to investigate the effect of NG-R1 on the hPDLSCs’ ability to proliferate and 
differentiate, since this can result in the creation of novel medications to support periodontal tissue regeneration.

ALP is considered a precursor to osteogenesis, our experimental results showed that the ALP activity in the 20μmol NG- 
R1 group was significantly increased. Mineralization can be detected via Alizarin Red S staining, the formation of 
mineralized nodules was larger and more numerous in the 20μmol NG-R1-treated group, and the Alizarin red staining 
was deeper in this group. According to the results above, the cells’ level of mineralization has increased following treatment 
with 20μmol NG-R1. The CCK-8 and ALP staining assay demonstrated that 20μmol NG-R1 had the strongest stimulating 
effect on the proliferation and mineralization of hPDLSCs, Moreover, the results of the cloning formation experiment are 
consistent with the above conclusions. Therefore, 20μmol NG-R1 was selected for subsequent experiments.

Four osteogenic factors (ALP, RUNX2, Col-1, and β-catenin) were chosen for this study. GAPDH was selected as 
a standard reference. ALP is a hallmark of early osteogenesis and it’s also a hallmark of osteoblast maturation.31 RUNX2 
is a key factor in osteogenesis. Col-1 is a marker of osteogenesis and collagen formation.32 β-catenin plays a key role in 
embryogenesis and adulthood.33 In this experiment, the effect of NG-R1 on hPDLSCs osteogenesis at the molecular level 
was explored through qRT-PCR and Western blot. The results of qRT-PCR showed that the expression of the above 
osteogenesis-related genes in NG-R1 group increased significantly, and the Western blot experimental results showed the 

Figure 3 Effects of NG-R1 on ALP activity and mineralized nodule deposition of hPDLSCs(A) ALP activity under different concentrations of NG-R1 treatment (ANOVA, 
n = 3). (B)ALP staining under different concentrations of NG-R1 treatment. Scale bar: 100 μm.(C) Formation of mineralized nodules after alizarin red staining. Scale bar: 
100μm. (D) Mineralized nodule formation was quantitatively analyzed at OD562 (ANOVA, n = 3). The columns represent the means. Error bars represent standard 
deviations. (***P < 0.001**** P < 0.0001).
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same trend, from which we concluded that NG-R1 can affect the osteogenesis ability of hPDLSCs through the regulation 
of a series of osteogenic related factors.

The Wnt signaling pathway plays an important role in many processes in the body, and this pathway also plays a key 
role in the function of osteoblasts.34 The Wnt signaling pathway is divided into two parts: the canonical Wnt signaling 
pathway (Wnt/β-catenin pathway)and the non- canonical Wnt signaling pathway.34 According to studies, an increase in 
fat formation frequently coincides with a decrease in bone formation.35 Regulation of osteoblast and adipoblast 
differentiation is largely controlled by the Wnt/β-catenin pathway.36 The stability of β-catenin is the key to the Wnt/β- 
catenin pathway. When a Wnt signal is present, it binds to the frizzled receptor on the cell membrane, which transmits the 
signal to Dishevelled (Dvl) in the cytoplasm and activates it. Activated Dishevelled (Dvl) has the ability to inhibit the 
activity of the complex formed by Axin, adenomatous polyposiscoli (APC), and GSK3β, thereby preventing β-catenin 
from being phosphorylated by GSK3β. As only phosphorylated β-catenin can be degraded, unphosphorylated β-catenin 
accumulates in the cytoplasm, the accumulated β-catenin binds to the transcription factor TCF/LEF, activating TCF’s 
transcriptional activity and regulating the expression of target genes. According to research, phosphorylation of the Ser9 
site decreases the action of GSK3β. As a result, the level of P-GSK3β is primarily used to assess GSK3β activity.

XAV-939 can stabilize Axin and subsequently promote β-catenin degradation to block the Wnt signaling pathway.37 

Therefore, in this experiment, we chose it to inhibit the canonical Wnt signaling, and then explored the mechanism of NG- 
R1 on hPDLSCs proliferation and osteogenesis. According to the experiment’s findings, XAV-939 treatment dramatically 
lowered the expression of pathway-related proteins, which showed that XAV-939 has inhibited the Wnt signaling pathway. 
At the same time, compared with the NG-R1 group, the expression of osteogenesis-related proteins was reduced in the 
XAV-939 group, which indicated the osteogenic capacity of NG-R1 is impaired when the Wnt signaling pathway was 
blocked. In addition, NG-R1+ XAV-939 had a decreased protein expression level compared with the NG-R1 group, this 

Figure 4 Expression of osteogenesis associated genes ALP (A), RUNX2 (B), COL-1 (C) and β-catenin (D)were all enhanced by 20μmol NG-R1 treated. (ANOVA, n = 3). 
Expression of osteogenesis associated genes detected by Western blot analysis were all enhanced by 20μmol NG-R1 treated (E and F) (ANOVA, n = 3). The columns 
represent the means. Error bars represent standard deviations. (*P < 0.05,***P < 0.001, ****P < 0.0001).
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suggests that the inhibition of the pathway by XAV-939 partially weakened the promotion of osteogenesis by NG-R1. In 
summary, NG-R1 can promote osteogenesis of hPDLSCs by activating the canonical Wnt signaling.

However, when we looked at the protein expression levels of the NG-R1+XAV-939 group, we discovered that XAV- 
939 only partially reduced the effect of NG-R1. This suggests that there are other possible mechanisms by which NG-R1 
promotes hPDLSCs osteogenesis. For instance, it was claimed that NG-R1 could promote rat primary osteoblasts through 
estrogen receptor signaling.14 In future studies, we will explore the precise mechanism by which NG-R1 affects 
hPDLSCs and investigate its effect on osteogenesis in vivo.
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