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Abstract

Objectives This study aimed to investigate the functions of 19 types of Wnt ligands during the process of osteogenic dif-
ferentiation in human periodontal ligament stem cells (hPDLSCs), with particular attention to WNT3A and WNT4.
Materials and Methods The expression levels of 19 types of Wnt ligands were examined using real-time quantitative poly-
merase chain reaction (real-time qPCR) during hPDLSCs osteogenic differentiation at 7, 10, and 14 days. Knockdown of
WNT3A and WNT4 expression was achieved using adenovirus vectors, and conditioned medium derived from WNT3A and
WNTH4 overexpression plasmids was employed to investigate their roles in hPDLSCs osteogenesis. Osteogenic-specific genes
were analyzed using real-time qPCR. Alkaline phosphatase (ALP) and alizarin red S activities and staining were employed
to assess hPDLSCs' osteogenic differentiation ability.

Results During hPDLSCs osteogenic differentiation, the expression of 19 types of Wnt ligands varied, with WNT3A and
WNT4 showing significant upregulation. Inhibiting WNT3A and WNT4 expression hindered hPDLSCs' osteogenic capacity.
Conditioned medium of WNT3A promoted early osteogenic differentiation, while WNT4 facilitated late osteogenesis slightly.
Conclusion Wnt ligands, particularly WNT3A and WNT4, play an important role in hPDLSCs' osteogenic differentiation,
highlighting their potential as promoters of osteogenesis.

Clinical Relevance.

Given the challenging nature of alveolar bone regeneration, therapeutic strategies that target WNT3A and WNT4 signaling
pathways offer promising opportunities. Additionally, innovative gene therapy approaches aimed at regulating of WNT3A
and WNT4 expression hold potential for improving alveolar bone regeneration outcomes.
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Background

The alveolar bone destruction is highly common in oral
diseases and the reconstruction and restoration of the lost-
bone is paramount to treat them [1-3]. Alveolar bone, the
most metabolically active and modified part of the skel-
etal system, consists mainly mineralized tissue, organic
matrix and water. The orthodontic treatment principle for
patients with malocclusion is the remodeling and resorp-
tion of alveolar bone. In patients with severe periodontal
disease, a major pathological change is the resorption and
destruction of the alveolar bone, which ultimately leads
to tooth loss. And it is equally important for the patients
with jawbone destruction invaded by carcinoma or the
patients with implant placement for tooth loss. Therefore,
it is urgent to achieve alveolar bone regeneration [4, 5].
Human periodontal ligament stem cells (hPDLSCs) rep-
resent a crucial promising seed cells in periodontal tis-
sue regeneration, characterized by strong clonogenicity,
highly proliferation rate, and multi-lineage differentiation
potential [6, 7].

Since it is discovered in 2004, hPDLSCs have ushered
in a new era in alveolar bone regeneration for its strong
osteogenic capacity [6-8]. The introduction of hPDLSCs
into collagenous porcine bone blocks, comprising both
natural cancellous and cortical bone, has been demon-
strated to trigger the robust generation of newly mineral-
ized osseous tissue, as documented in previous research
[9]. Moreover, a pivotal role in the vascularization of Cal-
cium Phosphate Cement (CPC) scaffolds is played through
the co-cultivation of periodontal stem cells with umbilical
vein endothelial cells [10]. Simultaneously, the interaction
of hPDLSCs with osteogenic differentiation factors, such
as bone morphogenetic protein-9 (BMP-9) or specialized
bioactive materials designed for bone regeneration, sub-
stantially contributes to the effective repair of periodontal,
cranial, and various other bone tissue defects [11-13].
This remarkable differentiation potential of hPDLSCs,
guiding their commitment towards the mesenchymal stem
cells (MSCs) lineage, is intricately linked with multiple
biological processes. These encompass the secretion of
essential paracrine growth factors, active participation
in the remodeling of the extracellular matrix, immu-
nomodulatory functions, facilitation of angiogenesis, and
engagement with critical signaling pathways, including
those governed by BMP and the wingless and int-1 (Wnt)
/P-catenin pathway [13-16].

Previous studies have shown that the Wnt/B-catenin
signaling pathway plays an irreplaceable role in the pro-
liferation and osteogenic differentiation of hPDLSCs
for the repair of bone defects [7, 8, 17]. Activating the
Whnt/p-catenin signaling pathway may contribute to the
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osteogenic differentiation of hPDLSCs via compounds
such as asiaticoside [18], baicalein [19], and luteolin [20].
Kim et al. [21] found that the overexpression of the clas-
sical Wnt signaling molecules of Wnt3A and p-catenin
could enhance the osteogenic activity of hPDLSCs. And
local activation of classical Wnt signaling leds to signifi-
cant deposition of new cellular dental bone and the well
formation of periodontal membrane fibers [22]. How-
ever, some studies found that the osteogenic capacity
of hPDLSCs can be diminished when Wnt/p-catenin is
activated [23, 24]. Presently, the involvement of the Wnt
signaling pathway in periodontal stem cell osteogenesis is
a topic of debate in the scientific community.

The Wnt signaling pathway, one of the most important
pathways in osteogenic differentiation, is composed of Wnt
ligands, Wnt receptors, dishevelled (Dsh/Dvl) proteins,
B-catenin, and glycogen synthase kinase 3p (GSK-3p). It
is also can be classified into classical pathway (p-catenin
dependent) and non-classical pathway (not p-catenin
dependent) according to whether it is f-catenin dependent
or not [25]. Till now, 19 kinds of Wnt ligands have been
identified and current studies have shown that multiple Wnt
ligands may be involved in the balance between osteogenesis
and osteolysis in the same cell, and that even if the same
pathway is activated, the different ligands activated often
produce different results; and that the same ligands may play
different roles in different cells, which differs from the early
view that the classical Wnt signaling pathways tended to
promote osteogenesis and as for the non-classical ones may
promote osteoclast activity [26-28]. Currently, there is too
little research to study the role of these 19 types of Wnt
ligands in the osteogenic differentiation of hPDLSCs.

In this study, we explored the role of 19 types of Wnt
ligands in the process of osteogenic differentiation of
hPDLSCs and focus on the molecular mechanisms of the
significant upregulation of WNT3A and WNT4.

Methods and Materials

Sample preparation, hPDLSCs isolation, culture,
and identification

Healthy permanent teeth from individuals aged 12—18 years
extracted for orthodontic treatment reason were collected
for hPDLSCs culture, following approval from the Medical
Ethics Committee of the Affiliated Stomatological Hospital
of Fujian Medical University (2018-IRB-28). The culture of
hPDLSCs was performed using enzymatic digestion com-
bined with tissue blocks, as described in previous literature
[29]. Immunohistochemical staining of vimentin and kera-
tin (Rabbit anti-human vimentin/ keratin protein polyclonal
antibody, 1:200 dilution, Maixin, Fuzhou, China) proteins
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was conducted on the third passage of hPDLSCs to con-
firm their mesenchymal nature. The trilineage differentia-
tion potential of hPDLSCs was assessed through alizarin
red staining (Alizarin Red Staining Kit G8550-25, Solar-
bio, Beijing, China) for osteogenic differentiation, oil red O
staining (00625-25G, Sigma, USA) for lipogenic differen-
tiation, and alcian blue staining (Alcian Blue Kit G2541-2,
Solarbio, Beijing, China) for chondrogenic differentiation.
For this study, hPDLSCs from the 3—5 passages were used.

Detection of Wnt ligand expression during hPDLSCs
osteogenic differentiation using Real-time qPCR

hPDLSCs were exposed to osteogenic induction media
(referred to as the DM group) or non-induction media
(referred to as the CM group) for 7, 10, and 14 days to
induce osteogenic differentiation. The culture media were
changed with fresh eluates every 3 days. Total RNA was
extracted from the cells at the designated time points using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. Reverse tran-
scription was performed using the PrimeScriptTM RT rea-
gent kit (Takara Bio, Inc.) to produce cDNA from 1 pg of
total RNA (20 pL volume). The mRNA expression levels
were determined using the SYBR Premix ExTagq kit (Takara
Bio, Inc.) with B-actin as the internal reference. Data anal-
ysis was performed using the 2742 method. The primer
sequences used for mRNA analysis are provided in supple-
mentary Table 1-3.

Construction of WNT3A and WNT4 short hairpin (sh)
RNA expression lentivirus

The lentiviral vector of shRNA targeting WNT3A and
WNT4 was packaged by GenePharma (Shanghai, China),
combining the GV lentiviral vector series, the pHelper1.0
vector, and the pHelper2.0 vector with three plasmids.
The constructed shRNA expression vectors were named
as follows: LV-WNT3A-RNAi (62,405-1), LV-WNT3A-
RNAIi (62,406-1), LV-WNT3A-RNAi (62,407-1), LV-
WNT4-RNAi (82,225-1), LV-WNT4-RNAi (82,226-2),
LV-WNT4-RNAi (82,227-1). They were abbreviated as
shRNA-62405, shRNA-62406, shRNA-62407, shRNA-
82225, shRNA-82226, and shRNA-82227, respectively. A
negative control shRNA with no homology to WNT3A and
WNT4 sequences was synthesized and named shRNA-NC.
The primer sequences for these constructs are provided in
supplementary Table 3.

A puromycin sensitivity assay was conducted to deter-
mine the minimum concentration of puromycin that com-
pletely killed all cells for subsequent experiments. hPDLSCs
were seeded in 24-well plates at a density of 15,000 cells/
well and incubated for 24 h. The culture medium was then

replaced with complete medium containing puromycin at
concentrations of 0, 0.5, 1, 1.5, 2, 2.5, 3, and 3.5 pg/ml.
Each group consisted of 3 wells, and cell death was evalu-
ated after 48 h. Flow cytometric analysis was performed to
determine the suitable multiplicity of infection (MOI) and
the type of transfection enhancement reagent. The silencing
effect of WNT3A and WNT4 was verified using real-time
gPCR and western blotting following the respective manu-
facturer's instructions.

Detection of hPDLSCs osteogenic differentiation
with silencing of WNT3A and WNT4

The osteogenic differentiation ability of hPDLSCs was
assessed through alkaline phosphatase (ALP) and alizarin
red S activities, staining, and the expression of osteogenesis-
related genes.

hPDLSCs were cultured in osteogenic media for 7 days.
ALP staining was performed on fixed cells using a previ-
ously reported method, and the OD values were obtained by
cleaving the cells with 1% Triton X-100 for 2 h on ice. The
ALP quantification kit was used to assess the ALP activity.

After 14 days of osteogenic induction, alizarin red S
staining was performed on hPDLSCs, and their activities
were evaluated using the Alizarin Red Semi-Quantitative
Assay Kit. Real-time qPCR was conducted to detect the
expression of osteogenic genes, including ALP, osteocal-
cin (OCN), osteopontin (OPN), and collagen I (COL1), in
hPDLSCs induced for 14 days.

Effect of WNT3A/WNT4 conditioned medium
on hPDLSCs osteogenic differentiation

Exogenous WNT3A and WNT4 proteins were obtained from
the supernatant of HEK293T cells transfected with WNT3a
and WNT4 plasmids, respectively. An equal concentration of
supernatant from HEK293T cells transfected with the pEnter
(Empty Vector) plasmid was used as a negative control.
For transfection, HEK293T cells were digested and
seeded at a density of 10x 10° cells in 10 cm dishes. After
16-18 h, transfection was performed following the instruc-
tions of the PEI Transfection Reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). Firstly, the PEI solution was heated
on a 55 °C water bath for 5 min. Simultaneously, 10 pg of
pEnter/WNT3A/WNT4 plasmids (purchased from Shandong
Weizhen Biological Company) and 1 pg of eGFP DNA (co-
transfected with eGFP) were diluted in 1 ml of 150 mM
NaCl solution and mixed thoroughly. Secondly, 30 pg of PEI
was thoroughly diluted in 1 ml of 150 mM NacCl solution.
Finally, the PEI/NaCl solution was added to the DNA/NaCl
solution, mixed well, and incubated at room temperature for
20 min. The resulting mixture was then added to the culture
dish. After 24 h of transfection, the original culture medium
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was replaced with fresh osteogenic induction medium. And
48 h of culture later, the supernatant was collected, filtered
through a 0.22 pm filter sieve, dispensed into 1.5 ml sterile
EP tubes, and stored at -20 °C. Prior to use, the supernatant
was thawed at 4 °C.

The successful transfection of the WNT3A and WNT4
plasmids into HEK293T cells was confirmed by fluorescence
microscopy, and the collected supernatant proteins were sub-
jected to Western Blotting using an affinity tag Flag.

To assess the effect of WNT3A/WNT4 conditioned
medium on the proliferation of hPDLSCs, the cell count-
ing kit (CCK-8 kit, Dojindo, Kumamoto, Japan) method
was employed. hPDLSCs were seeded at a density of 2500
cells per well in a 96-well plate. After 24 h, the culture
medium was replaced with 10% WNT3A/WNT4-condi-
tioned medium separately. The absorbance at a wavelength
of 450 nm was measured daily for 5 consecutive days using
a CCK-8 assay kit. The average values of each group's opti-
cal density (OD) were obtained, and the data were plotted
as a line graph.

For the osteogenic differentiation experiments,
hPDLSCs were cultured in osteogenic solutions contain-
ing 10% exogenous WNT3A/WNT4 protein, respectively.

After 7 days of culture, changes in ALP activity and the
expression of osteogenesis-related genes were examined,
while on day 14, alizarin red staining was performed to
evaluate calcified nodule formation.

Statistical analysis

Each experiment was repeated three times, and the results
are presented as mean =+ standard deviation (x = SD).
Statistical analysis was performed using SPSS 20.0 soft-
ware (Chicago, IL, USA). One-way analysis of variance
(ANOVA) was used to analyze the data, as they met the
assumptions of normality and homogeneity. Dunnett's post
hoc test was conducted to compare each transfected group
with the negative control group (sShRNA-NC). Statistical
significance was set at P < 0.05.

Fig. 1 Isolation, culture, and identification of human periodontal
ligament stem cells (hPDLSCs). (A). Primary culture of hPDLSCs
for 7 days (magnificationx 100). (B). Primary culture of hPDLSCs
for 14 days (magnification X 100). (C). Immunohistochemical stain-
ing showing Vimentin-positive expression of hPDLSCs (magnifica-
tionx200). (D). Immunohistochemical staining showing Keratin-
negative expression of hPDLSCs (magnification X 200). (E). Alizarin
Red staining after 14 days of osteogenic induction, demonstrating
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the presence of insoluble calcium salts (indicated by black arrows)
(magnification X 100). (F). Oil Red O and Hematoxylin staining of
hPDLSCs after 21 days of lipogenic induction, showing the presence
of lipid droplets (indicated by black arrows) (magnification x200).
(G). Alcian Blue staining after 21 days of cartilage formation induc-
tion, indicating the presence of endo-acid mucopolysaccharides in
cartilage tissue (indicated by the arrow) (magnification X 200).
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Results

The hPDLSCs exhibit trilineage differentiation
potential (Fig. 1)

Spindle-shaped hPDLSCs were successfully isolated from
the periodontal tissue mass after 7 days of incubation
(Fig. 1A). After approximately 14 days, the hPDLSCs exhib-
ited robust proliferation with a swirling pattern (Fig. 1B).
Immunohistochemical staining showed positive expression
of vimentin (Fig. 1C) and negative expression of keratin
(Fig. 1D) in hPDLSCs, confirming their mesenchymal origin
and absence of epithelial cell contamination. Upon triline-
age differentiation induction, hPDLSCs demonstrated the
formation of numerous alizarin red-positive mineralized
nodules (Fig. 1E), red-stained lipid droplets (Fig. 1F), and
blue-stained endoacidic mucopolysaccharides and cartilage
stroma (Fig. 1G). These findings indicate the stemness and
multi-directional differentiation potential of hPDLSCs, thus
justifying their designation as hPDLSCs.

Differential expression of Wnt ligands during hPDLSCs
osteogenic differentiation (Fig. 2)

During the process of hPDLSCs osteogenic differentiation, the
expression levels of Wnt ligands were analyzed (Fig. 2). Among
the analyzed Wnt ligands, only WNT3A and WNT4 exhibited
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a significant increase in expression in the DM group (Fig. 2D
and 2E). WNT5A and WNT7B showed a slight decrease in
expression (Fig. 2F and 2H) and WNTS5B exhibited only a mar-
ginal increase in expression on the 10th day. However, WNT2,
WNT2B, WNT3, WNTIA, WNT10B, WNT11, and WNT16
did not show any significant changes in expression (Fig. 2A-C,
G, I-L). The expression levels of WNT1, WNT6, WNT7A,
WNTSA, WNT8B, WNTOB, and WNT10A could not be deter-
mined as they were below the detection limit in our study.

Successful silencing of WNT3A and WNT4 (Fig. 3

The puromycin sensitivity assay demonstrated that a con-
centration of 2 pg/mL was optimal for screening lentiviral
stable transfected cells. Flow cytometry analysis confirmed
that a multiplicity of infection (MOI) of 20, along with the
addition of the transfection enhancement reagent hitransG P,
resulted in high transfection efficiency (Supplemental Fig. 1
). The lentivirus-mediated green fluorescent protein (GFP)
expression indicated a high infection efficiency of the lenti-
viral vector (Supplemental Fig. 2).

At the mRNA level, the expression of WNT3A and
WNT4 was significantly reduced with the introduction of
their respective shRNA interference (Fig. 3A and 3B). Fur-
thermore, at the protein level, ShRNA-62406 and shRNA-
62407 effectively inhibited the expression of WNT3A pro-
tein, while sShRNA-62405 had no inhibitory effect (Fig. 3C).
Similarly, sShRNA-82225 and shRNA-82227 demonstrated
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Fig.2 The mRNA expression levels of Wnt ligands during hPDLSCs osteogenesis, excluding WNT1, WNT6, WNT7A, WNT8A, WNTSB,
WNT9IB, and WNT10A, which were below the detection threshold in our study
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Fig.3 Knockdown efficiency of WNT3A and WNT4. The efficiency of WNT3A knockdown was evaluated using real-time qPCR (Fig. 3A) and
Western blotting (Fig. 3C), and WNT4 knockdown efficiency was assessed using real-time qPCR (Fig. 3B) and Western blotting (Fig. 3D).

effective inhibition of WNT4 protein expression in
hPDLSCs, whereas shRNA-82226 did not show inhibitory
effects (Fig. 3D). Therefore, for further functional experi-
ments, ShRNA-62406, shRNA-62407, shRNA-82225, and
shRNA-82227 were selected.

Silencing of WNT3A and WNT4 resulted in decreased
osteogenic differentiation of hPDLSCs (Fig. 4)

To investigate the impact of WNT3A and WNT4 on the
osteogenic differentiation of hPDLSCs, we utilized lentiviral

vectors carrying shRNA targeting WNT3A and WNT4 to
inhibit their expression at both the mRNA and protein levels
(Fig. 3). Subsequently, we assessed the effect of WNT3A
and WNT4 silencing on hPDLSCs osteogenic differentiation.
The staining of alkaline phosphatase (ALP) in the silenced
groups of WNT3A and WNT4 exhibited significant attenu-
ation (Fig. 4A), which corresponded to a reduction in ALP
activity (Fig. 4B). Alizarin red staining after 14 days of
hPDLSCs osteogenesis induction revealed a notable decrease
in the formation of insoluble red calcium salt deposits in the
WNT3A and WNT4 silenced groups compared to the control

ALP

OPN OCN coLt

A ALP staining B ALP activity E WNT3A
Control Group (NC) 1.54
2 c 8 NC
L:; ] 0 shRNA-62405
I ]
e 8 104 B ShRNA-62407
Z &
> 'ShRNA-62406 shRNA-62407 o
g
§ ; — i 0.5
[7)
I [
= 0.04
:Z> 3 ALP OPN OCN coLt
C Alizarin Red staining D' Amount of ARS F WNT4
3 1.5+
§ @ NC
— c
= 8 0 shRNA-82225
% = | % 10 B8 shRNA-82227
= i o
i g
% J Al NC 'ShRNA-62406 sShRNA-62407 g
o
§ WNT4-shRNA-8227 rrp— -% 0.54
)
I [
[ =
= 0.0-
Z
>

o

200pm

Fig.4 Effects of WNT3A and WNT4 silencing on hPDLSCs' osteo-
genic differentiation. The impact of WNT3A and WNT4 silencing
on hPDLSCs' osteogenic differentiation was evaluated based on ALP
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staining (A) (magnification X 50), ALP activity (B), alizarin red stain-
ing (C) (magnification X 50), absorbance of alizarin red staining (D),
and the mRNA expression of osteogenic-specific genes (E and F).
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group (Fig. 4C). Moreover, the absorbance values measured
after dissolving the alizarin red-stained calcium deposits
using cetylpyridinium chloride were significantly lower in
the silenced groups (Fig. 3D). The decreased expression of
osteogenic-specific genes (ALP, OPN, OCN, COL1) further
supported the inhibitory effect resulting from the silencing
of both WNT3A (Fig. 4E) and WNT4 (Fig. 4F) on the osteo-
genic differentiation of hPDLSCs.

The conditioned medium of WNT3A facilitates early
osteogenic differentiation of hPDLSCs, whereas WNT4
appeared to promote their late osteogenesis (Fig. 5)

Green fluorescence was observed in the HEK293T cells
under fluorescence microscopy (Supplementary Fig. 3),
and significant upregulation in the conditioned medium of
WNT3A and WNT4 expression was confirmed by west-
ern blotting of the affinity tag Flag (Fig. 5A), indicating
successful transfection of the WNT3A and WNT4 plas-
mids into HEK293T cells and the presence of WNT3A
and WNT4 proteins in the collected conditioned medium.

The CCK-8 assay results showed that the experimental
group treated with WNT3A/WNT4 conditioned medium
had no significant effect on the proliferation of hPDLSCs
(Fig. 5B). To evaluate its impact on osteogenic differen-
tiation, we examined the formation of calcified nodules,
expression of osteogenesis-related genes, and ALP activity.
Our findings revealed that WNT3A conditioned medium
promoted early osteogenesis of the ALP activity (Fig. 5D)
and the expression of osteogenesis-related genes (Fig. 5C);
however, there was no significant difference in the produc-
tion of late mineralized nodules based on the results of
alizarin red staining (Fig. 5E). Interestingly, WNT4 con-
ditioned medium appeared to exhibit a slightly promotion
effect on late osteogenesis in hPDLSCs (Fig. SE).

Discussion
Jaw bone defects or loss pose significant challenges in

oral disease treatment. Despite numerous studies focusing
on bone regeneration and osteogenesis promotion using
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various approaches, more efficient strategies for osteogen-
esis remain to be investigated.

Whnt signaling ligands, crucial components of the Wnt
signaling pathway, have been extensively studied for their
role in osteogenic or osteolytic differentiation and their
impact on bone mass or volume [30-33]. Different Wnt
ligands play distinct roles in bone diseases. For instance,
mutations in WNT1 have been associated with osteogen-
esis imperfecta (OI) type XV and early-onset osteoporosis
[34, 35]. Additionally, WNT3, WNT5A, WNT6, WNT7A,
WNT10B, and others have been implicated in limb devel-
opment and skeletal bone disorders [28, 32, 36-38]. In
this study, we examined the changes in 19 Wnt ligands
during the osteogenic differentiation of hPDLSCs using
real-time qPCR and specifically investigated the functions
of WNT3A and WNT4.

The WNT3A gene, located on human chromosome
1q42, activates the classical Wnt signaling pathway by
inducing the accumulation of B-linked proteins. It plays
important roles in various cell types, such as inhibiting
apoptosis in mouse embryonic liver stem cells to pro-
mote their survival and upregulating genes associated
with melanocyte differentiation [38]. On the other hand,
WNT4 operates through a non-classical signaling path-
way and has been shown to promote bone regeneration
in craniofacial defective MSCs [39]. Preliminary experi-
ments indicated that WNT3A and WNT4 might be closely
related to the osteogenesis of hPDLSCs. Consequently, we
further suppressed the expression of WNT3A and WNT4
in hPDLSCs to investigate their effects on osteogenic
differentiation.

Previous studies have demonstrated that WNT3A, one
of the most extensively studied classical signaling pathway
ligands, has effects on both osteoblasts and osteoclasts. In
an experimental periodontitis study, researchers examined
the expression of WNT3A and DkkI in rat periodontal
tissues and found a time-dependent decrease in WNT3A
expression and an increase in the expression of its inhibi-
tor, Dkk1[40]. This suggests that WNT3A and Dkk1 may
play crucial roles in alveolar bone loss. While some stud-
ies have shown that WNT3A activates classical signaling
pathways to promote osteogenic differentiation or inhibit
osteoclasts, others argue against it, proposing that WNT3A
inhibits osteogenesis. Boland et al. [41] demonstrated
that WNT3A promoted the proliferation of human bone
marrow stem cells while inhibiting their differentiation
into osteoblasts. In our study, we observed a reduction
in hPDLSCs osteogenic differentiation upon silencing
WNT3A and the overexpression of WNT3A conditional
medium promoted the early osteogenic differentiation of
hPDLSCs.

Wnt4 operates through a non-classical signaling path-
way and its ectopic expression has been associated with

@ Springer

renal dysplasia. Genome-wide association studies have also
revealed a close association between WNT4 and osteogen-
esis [42]. WNT4 has been shown to promote the osteogenic
differentiation of craniofacial defect mesenchymal stem cells
through activation of p38 MAPK via a non-classical signal-
ing pathway, thereby accelerating the healing of craniofacial
defects [39]. Previous studies have demonstrated that Wnt4
overexpression enhances the proliferation and mineraliza-
tion of dental pulp stem cells and prevents bone aging and
inflammation by inhibiting NF-xB [43]. However, there is
currently a lack of conclusive evidence regarding the effect
of WNT4 on the osteogenic differentiation of hPDLSCs.
Building upon our previous findings, this study employed
lentiviral infection to suppress WNT4 expression and inves-
tigate its specific effects on the osteogenic differentiation
of hPDLSCs. Our results revealed a diminished capacity
for osteogenic differentiation. Interestingly, the conditioned
medium containing WNT4 had no significant effect on the
proliferation, but promote the late osteogenic differentiation
of hPDLSCs in some degree, suggesting the need for further
investigation into the underlying mechanism.

In summary, our study highlights the importance of Wnt
ligands in the osteogenic differentiation of hPDLSCs. We
observed that the inhibition of WNT3A and WNT4 expres-
sion impairs the osteogenic capacity of hPDLSCs, while
WNT3A conditioned medium promotes early osteogenesis
in hPDLSCs. Surprisingly, the conditioned medium contain-
ing WNT4 did not affect the proliferation but seems to have
an effect on late osteogenic differentiation of hPDLSCs. The
underlying mechanisms of these observations require fur-
ther elucidation. Future studies should aim to validate these
findings in vivo and explore the underlying mechanisms in
more detail.

Conclusion

In conclusion, our study investigated the expression of 19
different Wnt ligands during the osteogenic differentiation
of hPDLSCs. Silencing WNT3A and WNT4 resulted in a
reduction in hPDLSCs' osteogenic differentiation, highlight-
ing them as promising new targets for the treatment of alveo-
lar bone destruction.
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