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Abstract
Objective: To investigate the role of phosphatase and tensin homolog (PTEN) in dental pulp cells (hDPs) and adipose-derived mesenchymal stem cells (hADSCs).
Materials and Methods: Genetic variant was identified with exome sequencing. The
hDPs isolated from a patient with Cowden syndrome were investigated for their proliferation, osteogenesis, adipogenesis, and gene expression compared with controls.
The normal hDPs and hADSCs were treated with the PTEN inhibitor, VO-OHpic trihydrate (VOT), to investigate the effect of PTEN inhibition.
Results: A heterozygous nonsense PTEN variant, c.289C>T (p.Gln97*), was identified
in the Cowden patient's blood and intraoral lipomas. The mutated hDPs showed significantly decreased proliferation, but significantly upregulated RUNX2 and OSX expression and mineralization, indicating enhanced osteogenic ability in mutated cells.
The normal hDPs treated with VOT showed the decreases in proliferation, colony
formation, osteogenic marker genes, alkaline phosphatase activity, and mineral deposition, suggesting that PTEN inhibition diminishes proliferation and osteogenic potential of hDPs. Regarding adipogenesis, the VOT-treated hADSCs showed a reduced
number of cells containing lipid droplets, suggesting that PTEN inhibition might compromise adipogenic ability of hADSCs.
Conclusions: PTEN regulates proliferation, enhances osteogenesis of hDPs, and
induces adipogenesis of hADSCs. The gain-of-function PTEN variant, p.Gln97*, enhances osteogenic ability of PTEN in hDPs.
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I NTRO D U C TI O N

cell proliferation, self-renewal, and stemness such as HMGA2, CDK4,
and CDC2A are differently expressed in favor of deciduous pulp cells

Phosphatase and tensin homolog (PTEN, OMIM *601728) is a tumor

(Kang et al., 2016; Kaukua et al., 2015; Kim et al., 2014). Therefore,

suppressor gene that controls several cell functions, proliferation,

the same gene in the cells of deciduous and permanent teeth could

and differentiation. PTEN encodes a dual lipid and protein phos-

function differently. We therefore aim to explore the roles of PTEN

phatase that dephosphorylates the lipid phosphatidylinositol-3,4,5-

in dental pulp cells of permanent teeth.

triphosphate (PIP3) to the phosphatidylinositol 4,5-bisphosphate

Mice with conditional loss of PTEN led to lipoma formation,

(PIP2) (Zheng et al., 2020). Heterozygous germline mutations in

presumably caused by the differentiation of preadipocytes into ad-

the PTEN gene have been associated with an autosomal dominant

ipocytes forming the lipoma (Hsieh et al., 2009). PTEN pathogenic

Cowden syndrome 1 (MIM #158350/ Bannayan-Riley-Ruvalcaba

variants causing Cowden syndrome are associated with lipoma

syndrome/ Lhermitte-Duclos syndrome), macrocephaly/autism syn-

development. Preadipocytes obtained from a patient carrying a

drome (MIM #605309), and increased susceptibility to meningioma

heterozygous PTEN deletion showed reduced PTEN protein lev-

(MIM #607174) (Clipperton-Allen & Page, 2020; Golas et al., 2019;

els, activated PI3K/AKT signaling pathway, and enhanced capacity

Martinez-Domenech et al., 2019). Cowden syndrome 1 is character-

for adipose differentiation during long-term culture (Kässner et al.,

ized by macrocephaly, acral keratoses, papillomatous papules, mul-

2020). These indicate the biological roles of PTEN in preadipocytes

tiple lipomas involving intraoral mucosa, hemangiomas, intellectual

and adipose homeostasis, but the effects of PTEN on the adipogen-

disability, and susceptibility for breast, gastrointestinal tract, thy-

esis of hADSCs remain unclear. The present study therefore aimed

roid, and endometrial cancers.

to investigate the influence of PTEN on the human dental pulp cells

PTEN participates in the PI3K/AKT survival pathway activating

(hDPs) by studying (1) the hDPs obtained from a Cowden syndrome

in multiple cancers (Carnero & Paramio, 2014; Fan et al., 2019; Wang

patient with a PTEN nonsense mutation and (2) the effects of the

et al., 2018). The PTEN somatic mutation increases prostate cancer

PTEN inhibitor treatment on the hDPs obtained from healthy in-

susceptibility (MIM #176807). Numerous miRNAs promote cancer

dividuals. The application of PTEN inhibitor in hADSCs was also

initiation, growth, and metastasis via targeting PTEN (Fang et al.,

investigated to expand an understanding of PTEN involvement in

2017; Yu et al., 2017; Zhao et al., 2019). PTEN also regulates stem

adipogenesis.

cells. PTEN knockdown promotes neural differentiation and neurite
outgrowth in neural stem cells (Lyu et al., 2015; Shen et al., 2020).
PTEN inhibition by miR-19a/b potently stimulates fibroblast repro-
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gramming to the induced pluripotent stem cells (He et al., 2014).
Increased cell proliferation and suppressed cell differentiation are

This study was approved by the Human Research Ethic Committee,

observed in PTEN knockdown human embryonic stem cells (Alva

Faculty

et al., 2011). These evidences implicate the important role of PTEN

Chulalongkorn University (No.264–62), and performed according

in various biological processes.

to the ethical standards of the 1964 Declaration of Helsinki and its

Tissue or organ function of PTEN was investigated. The Pten
knockout Col2a1 expressing cells exhibited increased bone mass and

of

Dentistry

(No.079/2018),

Faculty

of

Medicine,

amendments. Written informed consents were obtained from all
participants.

cortical thickness, inferring the PTEN function in bone formation
(Hsieh et al., 2009). In tooth development, PTEN was expression in
dental papilla, outer enamel epithelium, stellate reticulum, and cer-

2.1 | Exome Sequencing and Sanger sequencing

vical loops of developing human tooth germs, suggesting that PTEN
is involved in tooth development (Kero et al., 2016). PTEN overex-

A patient with Cowden syndrome and his mother were recruited.

pression attenuated periodontal inflammation in mice by modu-

Peripheral blood leukocytes obtained from the patient and his

lating inflammatory cytokines (Fu et al., 2019). PTEN knockdown

mother, and an intraoral lipoma from the patient were extracted

by shRNA or inhibition by the PTEN inhibitor, bisperoxovanadium

for genomic DNA and sent to Macrogen Inc. (Seoul, Korea) for

(bpV(pic)), activated AKT and increased adipogenesis, but decreased

exome sequencing using Illumina Hiseq4000 sequencer. The vari-

osteogenesis in mesenchymal stem cells derived from human exfoli-

ant analysis was performed as previously described (Intarak et al.,

ated deciduous teeth. PTEN was shown to be responsible for lineage

2018; Porntaveetus et al., 2017). Pathogenic variants were identi-

commitment and tumorigenesis in dental pulp cells of deciduous

fied if they (1) passed all quality filters during variants calling pro-

teeth (Shen et al., 2019). However, studies of dental pulp cells iso-

cess, (2) had total read depth >10, (3) were located in the coding

lated from the permanent teeth (hDPs) of a Cowden patient with

regions and canonical splice sites of genes related to lipomatous

PTEN variant have never been reported. The deciduous and per-

tumor according to the Human Phenotype Ontology (HP:0012031)

manent teeth exhibit different developmental processes, morphol-

(Köhler et al., 2018), (4) had <1% minor allele frequency in the

ogies, histological characteristics, and genetic profiles. There are

Genome Aggregation Database (gnomAD), Exome Variant Server,

numerous genes that are differentially expressed in dental pulp cells

1000 Genomes Project Consortium, dbSNPs, and in-house da-

from deciduous and permanent teeth, for example, genes involved in

tabase of 3,206 Thai exomes, and (5) classified as pathogenic or

|
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likely pathogenic according to the ACMG standards and guidelines

incubated with 0.5 mg/mL MTT solution for 15 mins at 37℃. The

(Richards et al., 2015). The identified variant was confirmed by Sanger

precipitated formazan crystals were solubilized with the mixture of

sequencing using primers, F: GGGGAAAATAATACCTGGCTTCCT

dimethylsulfoxide and glycine buffer. The solution was measured an

and R: TCTCTGGTCCTTACTTCCCCAT.

absorbance at 570 nm. The percentage of cell number was calculated.

2.2 | Cell characterization and behavior

2.6 | Colony-forming unit assay

Human dental pulp cells (hDPs) were isolated from the patient's third

Cells were seeded in 6-well tissue culture plates at density of 500

molar. Healthy dental pulp cells (controls) were obtained from the third

cells/well and maintained in growth medium for 14 days. Fresh me-

molars of age-matched healthy individuals (18 ± 1 years of age). For

dium was replaced every 2 days. At Day 14, cells were stained with

adipose tissue derived cells, adipose tissues were obtained from waste

Coomassie blue staining.

tissues during surgical procedure for iliac bone graft harvesting and incubated with collagenase solution (Sigma-Aldrich, Missouri, USA). Cells
were maintained in growth medium (Dulbecco's modified eagle me-

2.7 | Real-time polymerase chain reaction

dium (DMEM) (Gibco, MA, USA) supplemented with 10% feta bovine
serum, 100 U/mL penicillin, 2 mM L-glutamine, 250 ng/mL ampho-

Total cellular RNA was collected using TRIzol reagent (RiboExTM,

tericin B, and 100 μg/mL streptomycin) in 100% humidity with 5% car-

GeneAll® Seoul, Korea). RNA quality and quantity were determined

bon dioxide at 37℃. Cells at passage 3–7 were used for experiments.

using nanodrop. 1 μg of total RNA was converted to complimentary
DNA using a reverse transcriptase kit (Promega, WI, USA). One mi-

2.3 | Osteogenic and adipogenic differentiations

croliter of complimentary DNA was employed in polymerase chain
reaction with FastStart® Essential DNA Green Master (Roche,
Germany). The polymerase chain reaction and melting curve analy-

For osteogenic differentiation, cells were maintained in growth me-

sis was performed in a CFX Connect™ Real-Time PCR (Bio-rad, USA).

dium supplemented with β-glycerophosphate (5 mM), L-ascorbic

The oligonucleotide sequences were shown in Table S1. The expres-

acid (50 μg/mL), and dexamethasone (100 nM). Adipogenic in-

sion levels of target genes were normalized to the expression levels

duction medium was growth medium supplemented with insulin

of 18S and further normalized to the control.

(1 μg/mL), dexamethasome (1 μM), indomethasin (100 μM), and
3-isobutyl-1-methylxanthine (500 μM). In some experimental conditions, culture medium was supplemented with PTEN inhibitor, VO-

2.8 | Immunofluorescence staining of collagen

OHpic trihydrate (VOT) (C12H17N2O10V) (Sigma-Aldrich, Missouri,
USA).

Cells were stained with primary antibody (mouse monoclonal IgG
anti Collagen 1, Abcam, USA) at dilution 1:250 for 18 h., followed

2.4 | Flow cytometry analysis

by goat anti-mouse secondary antibody (Invitrogen, USA) at dilution 1:500 and streptavidin-FITC (Sigma-Aldrich, USA) at dilution
1:1,000. The nuclei were counterstained with DAPI solution. The

Mesenchymal surface marker expression was evaluated using flow

images were captured by the fluorescence microscope (Apotome.2

cytometry analysis. The fluorescence-conjugated primary antibod-

Zeiss Observer.Z1, Germany). The negative control was performed

ies used in the cocktail were PerCP-conjugated anti-CD45 (Immuno

by omitting primary antibody incubation.

Tools, Friesoythe, Germany), FITC conjugated anti-human CD44
(BD Bioscience Pharmingen, NJ, USA), APC-conjugated anti-human
CD90 (Immuno Tools), and PE-conjugated anti-human CD105

2.9 | Alkaline phosphatase staining

(Immuno Tools). Samples were analyzed using a FACSCalibur Flow cytometer (BD Bioscience, CA, USA). For cell cycle analysis, cells in

Cells were fixed with 10% buffered formalin for 10 mins and gently

suspension were stained with PI/RNase staining buffer (Sigma, USA)

washed twice with phosphate-buffered saline. ALP staining was per-

for 30 mins at room temperature and subsequently analyzed with

formed using NBT/BCIP Ready-to-Use Tablets (Roche, Germany). Images

FACSCalibur Flow cytometer.

were captured with Microscope ECLIPSE Ts2, Nikon-DS-Fi3 (Japan).

2.5 | Cell proliferation assay

2.10 | Alizarin red staining

Cell proliferation was evaluated using MTT (3-(4,5-dimethylthiazo

Samples were stained with 1% w/v alizarin red s (Sigma-Aldrich) so-

l-2-yl)-2,5-diphenyl tetrazolium bromide) assay. Briefly, cells were

lution at room temperature for 3 mins. Images were captured with

4
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Microscope ECLIPSE Ts2, Nikon-DS-Fi3 (Japan). For quantitative

Radiographs showed enlarged size of right leg with increased

analysis, samples were destained with 10% cetylpyridium chloride

thickness of intermuscular and subcutaneous fat at posterior aspect,

monohydrate in 10 mM sodium phosphate (Sigma-Aldrich). The ab-

enlargement of the right foot and the first and second toes with infil-

sorbance of solution was measured with microplate reader (Biotek

trative soft tissue mass and multiple phleboliths at medial and dorsal

ELX800, USA) at 570 nm.

aspects of right foot, and soft tissue swelling with tortuous density
surrounding proximal phalanx of right little finger and bone erosion

2.11 | Statistical analysis

at the volar cortex, mild scoliosis of thoracolumbar spine convex to
the left side, protruded forehead, and skeletal class III malocclusion
with retrognathic maxilla and orthognathic mandible (Figure 1h-n).

Data were presented as mean ± standard error of mean. Each dot

His mother noticed that the patient had swollen cheek and tooth

represented the individual value. Biological replications were per-

pain. The patient was then referred for dental treatment. Oral exam-

formed. Graph plotting and statistical analyses were performed by

ination revealed right cheek and buccal mucosa swelling, impacted

Prism GraphPad version 8.3.1 (GraphPad Software, USA). Mann–

lower right third molar with large dental cavity, multiple tooth caries,

Whitney U test was utilized for two group comparison, and Kruskal–

heavy plaque and calculus, inflamed gingiva, and multiple soft tissue

Wallis test following by pairwise comparison was employed for three

masses at the left lateral side of tongue. Dental radiographs revealed

or more group comparison. The statistically significant difference

four impacted third molars and multiple proximal caries. The lower

was considered when p < 0.05.

right third molar, lower right second molar, and upper second molars
had large cavities (Figure 1o-r). The dental treatment was carried

3
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3.1 | Patient phenotype

out under general anesthesia. Four third molars were surgically removed. Two upper second molars and lower right second molar, diagnosed with irreversible pulpitis, were extracted. Biopsy of the soft
tissue mass showed a mass of fibro-fatty connective tissue covered
by parakeratinized stratified squamous epithelium, decreased rete

The patient was an 18-year-old Thai male. He was born at term with

ridges, various bundles of muscle fibers beneath the epithelium, and

a birth weight of 3,200 g. Pregnancy was unremarkable. At 1 year

numerous mature adipocytes in the stroma, indicating the lipoma

of age, he developed lipomas on his back and dorsum of right foot

(Figure 1r-t). Other members of the family are unaffected.

which were getting larger and were surgically removed. At 6 years
of age, the patient presented with fatty infiltrate mass at the right
anterior abdominal wall. Computerized tomographic scan revealed

3.2 | Variant analysis

a well-defined homogeneous fat attenuation lesion extending from
lower T1 level to the pelvic brim and diffuse fat infiltrative lesion

Exome sequencing identified a heterozygous nonsense variant

at right posterior pararenal space, small bowel, mesentery, bilat-

c.289C>T (p. Gln97*) in the exon 5 of the PTEN gene (NM_000314.8)

eral lower abdomen, and pelvic area which caused displacement

in the patient's blood and intraoral lipoma. The variant was classi-

of the small bowel, ascending and descending colon, and superior

fied as pathogenic based on the ACMG standards and guidelines

mesenteric vessels. Fat infiltration was also detected in the right

(Richards et al., 2015) and previously reported in a patient with

external oblique and right gluteus muscles. Liver, gall bladder, pan-

Cowden syndrome (Nelen et al., 1999). Sanger sequencing con-

creas, spleen, adrenal glands, and kidneys appeared normal. No

firmed that the PTEN variant was detected in the patient's blood and

bony involvement was noticed. His complete blood count, blood

lipoma but not in his mother (Supplementary Figure 1). The patient

urea nitrogen, creatinine, lipid profile, prothrombin time, and partial

was diagnosed with Cowden syndrome 1 (MIM #158350).

thromboplastin time were within normal limits.
At 18 years of age, he had intellectual disability and chronic severe pain. Physical examination showed macrocephaly, large and
malformed right foot, macrodactyly of the right fifth finger, and leg

3.3 | PTEN-mutated hDPs show reduced cell
proliferation, but increased osteogenesis

length discrepancy (Figure 1a-g). Lipomas were observed on his back
around costovertebral area, abdomen, inguinal area, right and left

Cells isolated from dental pulp tissues of the PTEN-mutated patient

thighs, and right foot.

were positive for CD44, CD90, and CD105 expression (Figure 2(a))

F I G U R E 1 Patient's characteristics. (a-g) The patient presented with macrocephaly, large and malformed right foot, and macrodactyly
of the right fifth finger. (h-n) Radiographs showed mild scoliosis of thoracolumbar spine convex to the left side, enlarged size of right leg,
right foot, and the first and second toe, soft tissue swelling surrounding proximal phalanx of right little finger and bone erosion at the volar
cortex, protruded forehead, retrognathic maxilla, and orthognathic mandible. (o-q) Dental radiographs showed four impacted third molars
and multiple caries. (r) Lipomas were observed on the left lateral side of tongue. (s, t) Biopsy showed a mass of fibro-fatty connective tissue
covered by parakeratinized stratified squamous epithelium, various bundles of muscle fibers beneath the epithelium, and numerous mature
adipocytes in the stroma, indicating the lipoma.
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but negative for CD45 expression (data not shown), indicating mes-

The osteogenic marker gene expression and the in vitro mineral-

enchymal cells. These observations were consistent with those

ization were examined using real-time PCR and alizarin red s staining,

cells isolated from healthy donors (Figure 2a). The hDPs from both

respectively. On Day 7 compared with Day 3 after osteogenic induc-

PTEN-mutated and healthy donors were able to proliferate in vitro

tion, PTEN-mutated hDPs showed markedly increased RUNX2 and

(Figure 2b). The significant increases in cell numbers were observed

OSX mRNA expression 3.6- and 6.7-folds, respectively; on the con-

at Days 3 and 7 compared with Day 1 in PTEN-mutated hDPs and

trary, the mRNA levels of these two genes were decreased in Donors

two controls. However, it was noted that the cell numbers of PTEN-

1 and 2 (Figure 2c, d). Correspondingly, a dramatic increase in mineral

mutated hDPs at Days 3 and 7 were significantly lower than those

deposition was observed in PTEN-mutated hDPs compared with those

of two controls.

of Donors 1 and 2 at 14 days after osteogenic induction (Figure 2e, f).

F I G U R E 2 Characterization of cells isolated from dental pulp tissues of a patient with Cowden syndrome and PTEN mutation. (a) The
expression of mesenchymal stem cell markers, CD44, CD90, and CD105 was examined using flow cytometry. (b) Cells were maintained in
normal growth medium, and cell viability was tested at Day 1, 3, and 7 using MTT assay. (c-d) Cells were maintained in osteogenic induction
medium (OM) for 7 days, and the mRNA expression of osteogenic marker genes, RUNX2 and OSX, was determined using real-time PCR. (e)
Cells were maintained in osteogenic induction medium for 14 days. The mineral deposition was determined using alizarin red s staining. (f)
The absorbance of the solubilized alizarin red s dye was measured at 570 nm. Cells maintained in the normal growth medium (GM) were
used for comparison. Cells isolated from dental pulp tissues of healthy subjects were employed as controls (donor 1 and 2). Bars indicate the
statistically significant difference within the same sample at difference situations. Asterisks indicate the statistically significant difference
between PTEN-mutated cells and donor 1 or donor 2 at the same time point.
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3.4 | PTEN inhibition by VOT reduces colony
formation and osteogenesis, but not adipogenesis of
wild-type hDPs

7

was attenuated in the VOT-treated condition at Day 8 (Figure 4g,
h), although the difference was not statistically significant. We also
observed a slight increase in PTEN mRNA in hADSCs cultured in
adipogenic medium (Figure 3i). In normal growth medium, no signifi-

To examine the effect of PTEN inhibition on wild-t ype hDPs behav-

cant difference in cell number was observed in hADSCs treated with

iors, hDPs from healthy donors were treated with VO-OHpic trihy-

VOT compared with the untreated controls at Day 7 (Supplementary

drate (VOT), a PTEN inhibitor. The hDPs were exposed with VOT at

Figure 2).

the concentration of 0.625 to 5 µM and maintained in normal growth
medium. Cell viability was examined using MTT assay at Days 1, 3,
and 7 (Figure 3a). At Day 1, there was no significant difference of cell

4
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DISCUSSION

viability in all VOT-treated concentration. At Day 3, hDPs exposed
to the higher doses of VOT demonstrated a slightly more reduction

PTEN has been previously shown to have various effects on dif-

of cell numbers. At Day 7 compared to Day 3, the differences of the

ferent cell types. The PTEN inhibitor VO-OHpic was proved to be

cell proliferation were more obvious, with the more concentration

a highly potent inhibitor of PTEN (Mak et al., 2010). Many studies

of VOT, the lower the cell proliferation. The 5 µM VOT abolished

have demonstrated the efficiency of VO-OHpic in PTEN inhibition,

colony formation at Day 14 (Figure 3b). Further, cell cycle analysis at

which results in the elevated levels of PI3K and P-AKT in multiple

72 h after VOT (5 µM) treatment demonstrated the slight decrease

cell types including tendon stem cells (Wang et al., 2019), nucleus

of population in S phase and the increase in population in G2/M

pulposus cells (Qin et al., 2020), bladder carcinoma cell (Lin et al.,

phase (Figure 3c, d).

2019), and human dental pulp cells derived from the deciduous teeth

In osteogenic condition, the COL1 and ALP expression was

(Shen et al., 2019). These evidences suggest that the VO-OHpic is

suppressed in VOT (5 µM) treated condition at Day 7 (Figure 3e-

an efficient PTEN inhibitor in various cells. VOT reduced the pro-

j). Similarly, an in vitro mineral deposition was markedly reduced in

liferation of Hep3B and PLC/PRF/5 cell lines (Augello et al., 2016)

cells exposed to VOT for 14 days (Figure 3k, l). This was confirmed

and human breast cancer cells (Yang et al., 2017). In contrast, in-

by the significant reduction of absorbance of solubilized alizarin red

creased proliferation was reported in osteosarcoma cells treated

s staining (Figure 3m). In addition, the significant decreases of osteo-

with VOT (Xi & Chen, 2017) and in genetically knockout of PTEN

genic marker gene expression comprising RUNX2, ALP, COL1A1, and

in rabbit bone marrow-derived mesenchymal stem cells (Shen et al.,

OCN were observed in cells treated with VOT after maintaining in

2018). These suggest that the inhibition of PTEN on cell prolifera-

osteogenic induction medium for 7 days (Figure 3n-r). In addition, we

tion is cell type-dependent. The present study demonstrated that

investigated the expression of adipogenic marker genes in healthy

the PTEN inhibition by VOT led to a marked decrease in cell prolif-

hDPs in growth medium or adipogenic medium with and without

eration and colony-forming unit of human dental pulp cells (hDPs)

VOT treatment. The LPL and PPARg expression in VOT-treated hDPs

in a dose dependent manner, suggesting that PTEN increases pro-

was not significantly different from untreated hDPs (Figure 3s, t).

liferation of hDPs. In addition, PTEN has been shown to control cell

Here, we reported that PTEN-mutated hDPs exhibited higher

cycle progression (Brandmaier et al., 2017). We observed the slightly

osteogenic potency compared with cells from healthy donors while

increased percentage of hDPs in G2/M subpopulation when treated

PTEN inhibitor suppressed osteogenic differentiation in wild-t ype

with VOT compared with untreated. Corresponding to a previous re-

hDPs. These results may imply that this nonsense PTEN mutation,

port, VOT-treated Hep3B cells exhibited an increase in G2/M popu-

c.289C>T (p. Gln97*), enhances osteogenic ability of PTEN in hDPs.

lation compared with controls (Augello et al., 2016). These suggest
that PTEN is involved in cell proliferation and cell cycle.

3.5 | PTEN inhibition attenuates adipogenic
differentiation in hADSCs

Regarding osteogenesis, we reported that PTEN inhibition with
VOT attenuated osteogenic potency of hDPs as shown by the reductions in COL1 expression, ALP enzymatic activity, mineral deposition,
and osteogenic marker gene expression. Correspondingly, CRISPR/

Multiple lipomas are one of the typical features found in PTEN-

Cas9-mediated PTEN knockdown in rabbit bone marrow derived

mutated patients. Exome sequencing also detected the PTEN muta-

mesenchymal stem cells showed lower Runx2 mRNA expression

tion, c.289C>T (p. Gln97*), in the proband's lipoma. We thus further

and mineral deposition (Shen et al., 2018). Similarly, VOT treatment

investigate the role of PTEN in adipogenesis using PTEN inhibitor and

suppressed an in vitro mineral deposition and expression of Alp and

hADSCs. The hADSCs were cultured in adipogenic induction me-

Runx2 mRNA in mouse embryonic palatal mesenchymal cells after

dium in the presence or absence of VOT (5 µM). Intracellular lipid ac-

osteogenic induction for 3 weeks (Shi et al., 2019). Further, PTEN

cumulation was observed under light microscope. Oil red O staining

inhibition by VOT treatment or shPTEN transduction in SHEDs re-

and phase contrast microscopy showed that the number of cells con-

sulted in a reduction in mineralization while PTEN overexpression

taining lipid droplets in VOT-treated adipogenic medium was fewer

led to an increase in mineral deposition and osteogenic marker gene

than that in untreated adipogenic medium at Day 16 (Figure 4a-i).

expression (RUNX2, OCN, and DSP) (Shen et al., 2019). It was also

In addition, the expression of adipogenic markers, LPL and PPARγ,

shown that miR-363-3p attenuated OCN, ALP, and COL1A1 mRNA
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9

F I G U R E 3 Effects of VOT, a PTEN inhibitor, on hDPs. (a) Cells were exposed to various concentration of PTEN inhibitor VO-OHpic
trihydrate, and cell viability was performed at Day 1, 3, and 7. Bars indicate the statistically significant difference between different
concentrations of VO-OHpic trihydrate at Day 7. Asterisks indicate the statistically significant difference between Day 7 and Day 1 at the
same concentration. (b) Colony-forming unit ability was determined at Day 14. Cell colonies were stained with Coomassie blue. (c) Cells were
treated with VO-OHpic trihydrate for 72 h. Cell cycle analysis was examined using flow cytometry analysis. M1; Sub G0, M2; G0/G1, M3; S,
M4; G2/M. (d) The percentages of each subpopulation in different cell cycle stages were demonstrated. Cells were maintained in osteogenic
induction medium in the presence or absence of VO-OHpic trihydrate. (e-f ) Immunofluorescence staining of COL1 and (i-j) ALP staining was
performed at Day 7 after induction. (k-l) The in vitro mineral deposition was examined using alizarin red s staining at Day 14. (m) The relative
absorbance of solubilized alizarin red s dye was demonstrated. (n-r) The osteogenic marker gene expression was determined using real-time
PCR at Day 7. (s, t) The adipogenic marker gene expression was determined at Day 8 in both normal growth medium or adipogenic medium
in the presence or absence of VO-OHpic trihydrate. Bars indicate the statistically significant difference. OM; osteogenic induction medium,
ADM; adipogenic induction medium.
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F I G U R E 4 Effects of a PTEN inhibitor on adipogenic differentiation of hADSCs. (a-f ) The hADSCs were maintained in adipogenic
induction medium for 16 days in the presence or absence of VO-OHpic trihydrate. Intracellular lipid accumulation was observed under phase
contrast microscope. Black arrow heads indicate lipid accumulation. (g-i) Oil red O staining showed the presence of lipid droplets in cells
(colored red). (j-l) The mRNA levels of adipogenic marker genes were investigated using real-time PCR at Day 8 after adipogenic induction.
Bars indicate the statistically significant difference. (i) hADSCs were maintained in adipogenic medium for 8 days. PTEN mRNA levels were
determined using real-time PCR. ADM; adipogenic induction medium.
expression in C2C12 cells via targeting PTEN (Li et al., 2019). In mu-

be due to differences in cell types and techniques to modify PTEN

rine osteosarcoma cell line with Rank deletion (MOTO-Rank Δ/ΔOC

expression in vitro. None of the aforementioned studies involved

cells), VOT treatment slightly decreased Alp, Runx2, Col1a1, and

hDPs from the permanent teeth, while oral symptoms are observed

Bsp mRNA levels compared with the controls (Xi & Chen, 2017).

in Cowden patients. It will then be beneficial to know the impact and

These evidences confirm that PTEN acts as a positive regulator in

role of PTEN in oral mineralizing cells and stem cells.

osteogenesis.

PTEN has also been shown to regulate adipogenesis. Mice with

On the other hands, PTEN also plays a role as a negative regulator

Pten deletion using Col2a1 Cre system exhibited abnormal fat ac-

in osteogenic differentiation. In this regard, miR-19b-3p was reported

cumulation, lipoma, and higher fat marrow in the femurs compared

to reduce PTEN expression, but increase osteogenic differentiation

with wild types (Hsieh et al., 2009). The Pten deleted mice also de-

potency determined by mineral deposition, alkaline phosphatase

veloped lipoma tumors but at a much lower frequency and later

enzymatic activity, and osteogenic marker protein expression (Zhu

onset than those with co-deletion of Pten and Rb1 tumor suppressor

et al., 2019). Conditional knockout Pten in Osx-Cre mice showed an

gene. Mouse calvarial osteoblasts lacking Pten, treated with adipo-

increase in bone formation (Filtz et al., 2015). Calvarial osteoblasts

genic media for 25 days, showed increased adipocyte differentiation

derived from Pten deleted mice had a slight suppression of Bglap,

compared with controls, but a more pronounced adipocyte differ-

Runx2 and Col1a1 at 48 hours after incubated in osteogenic induc-

entiation was observed in cells with co-deleting Rb1 and Pten (Filtz

tion medium (Filtz et al., 2015). However, Pten deleted cells exhibited

et al., 2015). In SHEDs, genetic or chemical inhibition of PTEN also

an in vitro increased mineralization, suggesting the potent role of

increased intracellular lipid droplets and adipogenic gene expression

PTEN in later differentiation stage of osteogenic differentiation. The

(Shen et al., 2019). Aspirin was shown to induce PTEN expression

discrepancy role of PTEN in osteogenesis among publications could

in a PTEN/PI3K/AKT pathway, resulting in a decrease in adipogenic
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marker gene expression and cellular lipid storage, and adipogenic

hADSCs. This might be applicable for treating lipomas in Cowden

differentiation in tendon stem cells (Wang et al., 2019). An addition

patients. Lastly, we believe that the new findings of PTEN molecular

of VOT was able to rescue aspirin-suppressed adipogenic differen-

mechanisms in osteogenesis and adipogenesis in hDPs and hAD-

tiation in tendon stem cells (Wang et al., 2019) (Wang et al., 2019).

SCs would be of high value in regenerative dentistry and precision

The above evidence shows that reduced PTEN level promotes adi-

medicine.

pogenic differentiation, but other molecules might contribute to the
role of PTEN in adipogenesis.
Here, the proband was found to be heterozygous for c.289C>T
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The mutated hADSCs should be further investigated.
To conclude, the present study demonstrates that PTEN mediates proliferation and induces osteogenic differentiation of hDPs,
and induces adipogenesis of hADSCs. In a Cowden patient, the
PTEN mutation enhances osteogenesis in hDPs. We also show that
the PTEN mutation is detected in the intraoral lipoma of a Cowden
patient and PTEN inhibition led to decreased adipogenesis in
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