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KEYWORDS Abstract Background/purpose: Dental pulp stem cells (DPSCs) contribute to the regeneration of
Dental pulp stem cell; various tissues and have superior proliferation, immune privilege, and anti-inflammation properties
2,3,5,4'-tetra to other mesenchymal stem cells. 2,3,5,4'-tetrahydroxystilbene-2-O-B-D-glucoside (THSG) not only
hydroxystilbene-2- enhances the aforementioned properties of DPSCs but also promotes self-renewal and
0-B-D-glucoside; reprogramming-like ability. However, whether THSG enhances the aforementioned properties
Conditioned medium; and abilities through direct or indirect interaction mechanisms remains unclear. To address this
Proliferation; knowledge gap, we examined the effects of THSG-stimulated DPSC-derived conditioned medium
Anti-inflammation; (THSG-CM) on the activity and anti-inflammation properties of cells.
Wound healing Materials and methods: DPSCs were treated with various concentrations of THSG to produce THSG-

CM, which was then collected, analyzed, and lyophilized. A cytokine profiling antibody assay was
used to compare protein components between THSG-treated and nontreated CM. Human skin
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fibroblasts (HSFs) and human gingival fibroblasts (HGFs) were used to investigate the effect of
THSG-CM on cell proliferation, anti-inflammation, and wound healing abilities; for this investiga-
tion, MTS assay, quantitative real-time PCR analysis, and 2-well silicone inserts wound model were
conducted.

Results: We observed that THSG enhanced the secretion of growth- and immune-associated pro-
teins in THSG-CM and increased the proliferation of HSFs and HGFs. Furthermore, THSG-CM signif-
icantly attenuated lipopolysaccharide-stimulated mRNA levels of cytokines in both cells and
improved wound healing abilities.

Conclusion: We conclude that THSG-CM had more beneficial effects on cell activity and anti-
inflammation in the HSFs and HGFs than DPSC-derived CM. DPSC-derived CM can be developed into
a cell-free regenerative strategy in the future, and its therapeutic efficacy may be improved by
THSG-CM.

© 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Adult stem cells are undifferentiated cells that can be
isolated from adult tissues. These cells have self-renewal
and multipotent differentiation capacities and exhibit less
teratogenic potential than do embryonic stem cells.” Bone
marrow currently constitutes the most accepted source of
adult stem cells for clinical treatment; however, the asso-
ciated harvesting and collecting procedures are painful and
invasive.? Investigations have thus shifted to adult stem cell
sources that can be obtained through less invasive pro-
cedures without ethical concerns. The oral cavity contains
numerous connective dental soft tissues that constitute an
attractive option for tissue regeneration through minimally
invasive procedures, thus eliminating ethical concerns.
Adult stem cells can be isolated from various tissues in oral
cavity, such as the pulp of exfoliated deciduous teeth® or
permanent teeth,* ° periodontal ligament,’ apical papilla,®
dental follicle,® human periapical cyst,'® and the gingiva."’
Dental pulp is a major source of adult stem cells; these cells
can be obtained easily, can be isolated and amplified from
deciduous or permanent teeth, and have immunomodula-
tory and anti-inflammatory capacities.'? Over the past two
decades, our group and numerous other groups have iso-
lated and established mesenchymal stem cells (MSCs)
derived from human dental pulp, namely dental pulp stem
cells (DPSCs), which are available in teeth extracted in
orthodontic treatment. DPSCs can contribute to the
regeneration of various tissues (bone, adipose, or neuronal
tissue)'*'* and have higher potential for proliferation and
mineralization induction than do bone marrow MSCs.'
Furthermore, DPSCs can be combined with various scaf-
folds to regenerate defective tissues and have immune
privilege and anti-inflammatory properties. Therefore,
DPSCs were considered prime candidates among MSCs for
in vivo allogeneic transplantations.” In addition, dental
pulp tissue is an excellent noninvasive source for regener-
ative therapies.'*'®

The therapeutic potential of adult stem cells depends
considerably on the release of molecules and factors in the
extracellular environment."”'®  Such molecules are
secreted through paracrine activity and are called the

secretome, which includes soluble factors (proteins, lipids,
and nucleic acids) and extracellular vesicles.'®"® Condi-
tioned medium (CM) from adult stem cells, particularly
MSCs, contains growth factors, cytokines, and other active
substances and has been revealed to mimic the regulatory
effects of stem cells on immunocompetent cells.?%?" CM
from adipose stem cells was reported to enhance the
secretion of the anti-inflammatory cytokine interleukin
(IL)-10 from T-helper cells in vitro.?? In addition, CM from
bone marrow stromal cells was confirmed to induce new
bone and cementum formation in intrabony defects with
minimal inflammatory cell infiltration.?> Research also
revealed that CM derived from MSCs exhibits angiogenesis-
promoting, cell growth—supporting, and regeneration-
enhancing properties in animal wound models.?*

2, 3, 5, 4-tetrahydroxystilbene-2-0-$-D-glucoside (THSG)
is a major bioactive components of Polygonum multiflorum
Thunb. (also called “He Shou Wu” in Chinese), which ex-
hibits anti-inflammatory activity and cell proliferation in
human gingival fibroblasts (HGFs),?" in addition to enhancing
self-renewal and reprogramming-like abilities in human
DPSCs.° However, whether these THSG-enhanced effects in
DPSCs are engendered through direct or indirect interaction
mechanisms remains unclear. In addition, increasing bodies
of evidence indicate that the therapeutic efficacy of stem
cell-based therapy is not reliant on the engraftment of stem
cells at the site of injury or the differentiation capability of
the transplanted stem cells; instead, such efficacy is based
on the cells’ paracrine signaling.??” In this study, we first
collected, analyzed, and lyophilized THSG-stimulated DPSC-
derived CM (THSG-CM). Subsequently, we treated HGFs and
human skin fibroblasts (HSFs) with lyophilized THSG-CM to
examine the augmentative effects of THSG-CM on cell ac-
tivity and anti-inflammation.

Materials and methods
Reagents

THSG (purity: 95%, dissolved in dimethyl sulfoxide for cell
treatment) was kindly provided by Dr. Ching-Chiung Wang,
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as previously described.®?° Lipopolysaccharides (LPS, Cat.
No.: L2630) (Sigma—Aldrich, Inc., St. Louis, Mo, USA) were
dissolved in water for cell treatment. Charcoal stripped
fetal bovine serum (stripped FBS; Thermo Fisher Scientific
Inc., Waltham, MA, USA) was used for THSG treatment at a
medium concentration of 0.25%.

Cell cultures

DPSCs were obtained from Axol Bioscience Ltd. (Cam-
bridge, UK). According to information provided by the
supplier, the DPSCs were >90% positive for the markers
CD29, CD44, CD90, CD105 and < 10% positive for the
markers CD34 and CD45. HSFs (BCRC08C0011) were ob-
tained from Bioresource Collection and Research Center
(Hsinchu, Taiwan). HGFs (AG09319) were purchased from
the Coriell Cell Repository (Camden, NJ, USA). In accor-
dance with protocols of passaging procedures for cell line
maintenance and expansion to obtain a sufficient number
of cells, we passaged the cells used in our experiments up
to five times. Among the cells, the DPSCs were maintained
in low-glucose Dulbecco’s modified Eagle’s medium
(DMEM), HSFs were maintained in high-glucose DMEM, and
HGFs were maintained in DMEM/F-12 supplied with 10% FBS
in an incubator with 5% CO, at 37°C. Before the experi-
ments, the cells were placed in the medium contained
0.25% stripped FBS for 2 days.

Preparation and lyophilization of THSG-CM

DPSCs were cultured in their growth media to reach 80%
confluence. The cells were washed once with phosphate-
buffered saline (PBS), and the medium was replaced with
the medium contained 0.25% stripped FBS for 2 days of
starvation. Subsequently, the cells were treated with THSG
(0, 0.1, 1, 10, 25, 50, 75, and 100 uM) in 0.25% stripped FBS
medium for 48h. CM of THSG-stimulated DPSCs was
collected after 48 h of culture and centrifuged at 1000xg
for 10min. The supernatants were re-centrifuged at
10,000xg for 10min, followed by the collection of the
second supernatants, namely THSG-CM. To prepare lyoph-
ilized THSG-CM, THSG-CM was filtered using a 0.22-pum sy-
ringe filter and then frozen and stored at —80°C. The
frozen THSG-CM was then freeze dried at —51 °C overnight
by using the FDU-1200 Freeze Dryer (Eyela, Tokyo, Japan).
The freeze-dried powders of lyophilized THSG-CM were
weighted and reconstituted in sterilized ultrapure water
(QH,0) for subsequent experiments.

Cytokine profiling antibody array assay

To investigate the effect of THSG, we analyzed 310 cyto-
kines and factors by performing the cytokine profiling
antibody array (Full Moon BioSystems, Sunnyvale, CA, USA)
in CM derived from DPSCs alone (1.0 x 107 cells) and DPSCs
(1.0 x 107 cells) treated with 10 uM THSG for 3 days. The CM
obtained from each culture was filtered and assessed using
the BCA protein assay kit (Pierce, Rockford, Ill, USA) using
VersaMax ELISA microplate reader (Molecular Devices,
Sunnyvale, CA, USA). For the antibody array assay, we used
the SCK100 antibody array assay kit (Full Moon BioSystems)

and sent medium samples to the agent of the manufacturer
(Rainbow Biotechnology co., LTD, Taipei, Taiwan) for
analysis according to the manufacturer’s protocol. After
the analysis, data on protein information were annotated
using UniProt DB (www.uniprot.org). The signal intensity
was proportional to the expression level of an individual
cytokine in each sample. The array data were then
normalized on the basis of the negative control signal
intensity of each array.

Cell proliferation assay (MTS assay)

To determine cell viability, the HSFs and HGFs were
cultured in their growth media until they reached 80%
confluence. The cells were seeded on 96 well plates at a
density of 5 x 103 cells per in a total volume of 100 ul in
each well. After seeding, the cells were incubated at 37°C
and in 5% CO, for 24h to allow for cell attachment. The
cells were then washed once with PBS, and the medium was
replaced with the medium contained 0.25% stripped FBS for
2 days of starvation. Media supplemented with 0.25%
stripped FBS and THSG-CM at different concentrations
(THSG-CM concentration [ul]:fresh medium concentration
[ul] = 0.5:1000, 1:1000, 2.5:1000, 5:1000) was replaced
and treated for 4 days. The THSG-CM—medium mixtures
were refreshed every other day. After 4 days of treatment,
media containing 20% MTS solution (CellTiter 96® AQueous
One Solution Cell Proliferation Assay Kit; Promega, Madi-
son, WI, USA) were replaced with growth media and incu-
bated for 2 h. The absorbance of each well at 490 nm was
measured using the VersaMax ELISA microplate reader
(Molecular Devices).

Wound healing assay and analysis

To examine the wound healing effects of the HSFs and
HGFs after THSG-CM treatment, wound healing experi-
ments were performed using silicone insert (culture-
insert, 2-wells plate, ibiTreat; Ibidi, Martinsried, Ger-
many), with the cells being placed in a 24-well plate.
Specifically, the cells were seeded at a density
2.5 x 10°cells/cm? in two compartments of a silicone
insert. The cells were grown for 24 h, after which the
medium was replaced with starvation medium containing
0.25% stripped FBS and cultured for another 24h. The
culture-inserts were removed using sterile tweezers,
resulting in a 500-pm-wide gap. Media supplemented with
0.25% stripped FBS and THSG-CM at different concentra-
tions (THSG-CM concentration [ul]:fresh medium concen-
tration [ul] = 0.5:1000, 1:1000, 2.5:1000, 5:1000) were
added and incubated for 24 h.

The subsequent healing process was recorded for one
well using the Olympus IX50 inverted microscope
(Olympus, Hamburg, Germany). In addition, images of the
starting conditions (500-um gaps) were captured for at
least two to three wells; all wells of the 24-well plate were
also assessed visually for any anomalies. After the
wounding process was executed for 24 h, cell growth was
stopped, and the cells were fixed in 75% ethanol. The fixed
cells were stained with 0.2% crystal violet (dissolved in 2%
ethanol), and micrographs of all wells were captured for
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wound size measurement. According to procedures
described in a previous study,’® wound sizes were deter-
mined and analyzed using ImageJ software with the MRI
wound-healing tool macro. Wound sizes were determined
for four replicates for each treatment, and the mean value
and standard deviation of healed wound areas were
calculated.

Quantitative real-time polymerase chain reaction
analysis

To examine the pro-inflammatory gene expression in the
HGFs and HSFs treated with THSG-CM, we conducted quan-
titative real-time polymerase chain reaction (QPCR) analysis.
The HSFs and HGFs were starved and then treated with 0, 0.1,
1, 10 ug/ml Escherichia coli (E. Coli) LPS for 6 h; alterna-
tively, they were cotreated with 1 ug/mL E. Coli LPS and
THSG-CM (THSG-CM concentration [ul]:fresh medium con-
centration [ul] =5:1000) for 6h. The cells were then
collected and subjected to QPCR analysis. According to pro-
cedures described in previous research,?® total RNA was
extracted using the GENEzol™ TriRNA Pure Kit (Geneaid
Biotech Ltd., New Taipei City, Taiwan), with eliminating
genomic DNA. cDNA was prepared using 1 pug of DNase I-
treated total RNA by employing the RevertAid H Minus First
Strand cDNA Synthesis Kit (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). The prepared cDNA was used as the
template for QPCR processes, which were conducted using
the QuantiNovaTM SYBR® Green PCR Kit (QIAGEN, Hilden,
Germany) on CFX Connect™ Real-Time PCR Detection System
(Bio-Rad Laboratories, Inc., Hercules, CA, U.S.A.). The QPCR
processes involved an initial denaturation at 95 °C for 5 min,
followed by 40 cycles of denaturation at 95°C for 5s and
combined annealing/extension at 60 °C for 10s, as detailed in
the manufacturer’s instructions. The Homo sapiens primer
sequences are presented in Table 1. Calculations of relative
gene expression (normalized to 18 S as reference gene) were
performed according to the 27227 method. QPCR fidelity
was determined through melting temperature analysis.

Statistical analysis

The collected data of cell viability (MTS) and genes
expression (QPCR) were analyzed using IBM®SPSS® Statis-
tics version 19.0 (SPSS Inc., Chicago, IL, USA). A two-tailed
Student’s t-test was conducted, and results were consid-
ered significant when p-values < 0.05 (%, or #), 0.005 (* * or
##) and 0.001 (* = = or ###).

Results

THSG enhanced the secretion of growth-associated
and immune-associated proteins in CM from DPSCs

To explore the differences in protein content between CM
derived from THSG-treated DPSCs and that derived from
non-THSG-treated DPSCs, we applied a cytokine profiling
antibody array to examine the protein composition and
expression fold changes (Fig. 1A). Treatment of the DPSCs
with 10 uM THSG for 48 h induced the secretion of growth-
associated proteins in CM, including AKT2, persephin,
nerve growth factor receptor (NGFR), and parathyroid
hormone-related protein (PTHrP) (left panel of Fig. 1B).
THSG treatment also reduced the secretion of several
growth-associated proteins, including EGF, HGH, vaspin, and
PDGF-AA, in CM (right panel of Fig. 1B). Furthermore, THSG
treatment enhanced the secretion of inflammation/
immune-associated proteins in CM, such as SDF-1B3, MDC,
and MCP-4 (left panel of Fig. 1C). THSG-treated DPSCs
exhibited reduced secretion of inflammation/immune-
associated proteins in CM, including MMP-2, TIMP-1, and
eotaxins (right panel of Fig. 1C).

THSG-CM enhanced cell proliferation

To examine the cell proliferative effect of THSG-CM, we
performed the MTS assay. Media supplemented with 0.25%
stripped FBS and THSG-CM at different concentrations
(THSG-CM concentration [ul]:fresh medium concentration
[ul] = 0.5:1000, 1:1000, 2.5:1000, 5:1000) were used to
treat the HSFs and HGFs for 4 days. When the HSFs were
treated with a low concentration of THSG-CM (0.5:1000),
only 10 and 75 pM THSG-CM significantly enhanced cell pro-
liferative activity relative to 0 uM THSG-CM (Fig. 2A). How-
ever, when the HSFs were treated with a high concentration
of THSG-CM (5:1000), 10—100 pM THSG-CM significantly
augmented cell proliferative activity relative to 0 uM THSG-
CM (Fig. 2D). We observed similar results for the HGFs
treated with various THSG-CM concentrations (Fig. 3).
Nevertheless, when the HGFs were treated with relatively
high concentrations of THSG-CM (2.5:1000 and 5:1000),
0.1—100 pM THSG-CM significantly augmented cell prolifer-
ative activity relative to 0 uM THSG-CM (Fig. 3C and D).

THSG-CM ameliorated LPS-induced inflammation

To evaluate the anti-inflammatory potential of THSG-CM,
we applied E. coli LPS to stimulate inflammation in HSFs

Table 1  The primer sequences used for QPCR analysis.

Gene name Forward Backward Accession No.
IL-1B GCAGCCATGGCAGAAGTACC AGTCATCCTCATTGCCACTGTAAT NM_000576.2
TNF-o. TAGCCCATGTTGTAGCAAACCC TTATCTCTCAGCTCCACGCCA NM_000594.3
IL-6 ACCCCCAGGAGAAGATTCCA GATGCCGTCGAGGATGTACC M54894.1

18s GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG NR_003286

IL-1B: interleukin 1 B; TNF-a: tumor necrosis factor a; IL-6: interleukin 6.
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4000019523
Control

4000019524
THSG (10uM)

B Growth-associated proteins Growth-associated proteins
. Fold change
Pidtakiname i Protein name (THSGlcontrol)
AKT2 1.30 TSH 0.72
Persephin 1.20 EGF 0.81
NGFR 1.18 CTGFL/WISP-2 0.85
PTHrP 1.18 HGH 0.87
Maspin 1.17 FSH 0.89
Leptin 1.16 Vaspin 0.90
STAT3 1.16 PDGF-AA 0.90
YES 1 55 GM-CSF 0.91
MMP-13 1.13 KGF 0.91
FGF-5 1.11 FGF-acidic 0.93
HER3 1.11 FAK 0.93
FGF-16 4Kl GDF-3 0.94
IGF-BP1 1.10 TGF g2 0.95
LH (Human Luteinizing Hormone) 1.10 IGF-I 0.95
Myostatin (GDF-8) 1.10
HDAC1 1.09
C Inflammation/immune-associated proteins | | Inflammation/immune-associated proteins
. Fold change " Fold change
ProtelTama (THSG/contgrol) Protein name (THSG/control)
SDF-1B 1.35 MMP-2 0.75
MDC 1.26 STAT1 0.78
MCP-4 1.25 TIMP-1 0.81
L-Selectin 1221 Eotaxin 0.88
TNF-a 1.15 MMP-23 0.90
STAT6 1.14 IL-12 0.90
Beta-2-Microglobulin 1.14 Galectin-1 0.91
APRIL 1.13 ENA-78 0.91
Eotaxin-3 1.12 IL-15 0.91
MCP-1/MCAF 1.10 IL-4 0.94
LIGHT 1.09 1L-22 0.94
Galectin-3 1.09 IL-6 0.94
LD78B 1.09 IL-13 0.95
MIP-18 1.09 IL-1 beta 0.97
Granzyme B 1.09
LEC 1.09

Figure 1  Screening of DPSC-secreted proteins in THSG-treated CM. (A) Differences in protein content between THSG-treated CM
and nontreated CM were assessed using a cytokine profiling antibody array. (B) Comparison list of THSG-stimulated DPSC-secreted
growth-associated proteins in CM. (C) Comparison list of THSG-stimulated DPSC-secreted immune-associated proteins in CM.
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Figure 2  Proliferative effect of THSG-CM on HSFs. HSFs were starved for 2 days and then transferred to media supplemented with

0.25% stripped FBS and THSG-CM with different concentrations and incubated for 4 days. Cell proliferation was evaluated using the
MTS assay. (A) THSG-CM concentration (ul):fresh medium concentration (ul) = 0.5:1000; (B) THSG-CM concentration (ul):fresh
medium concentration (ul) = 1:1000; (C) THSG-CM concentration (ul):fresh medium concentration (ul) = 2.5:1000; (D) THSG-CM
concentration (ul):fresh medium concentration (ul) = 5:1000. (N = 8, data are expressed as mean + standard deviation [SD];
*p < 0.05, **p < 0.01, ***p < 0.001, compared with control group; “p < 0.05, #p < 0.01, *#p < 0.001, compared with 0 uM group).

and HGFs. The HSFs were starved and treated with O,
0.1, 1, 10 ug/ml E. Coli LPS for 6 h. We observed that LPS
treatment induced significant gene expression levels of
the pro-inflammatory cytokines IL-1B, tumor necrosis
factor (TNF)-a, and IL-6 (Fig. 4A). Therefore, 1 ug/ml LPS
was selected as the ideal concentration for subsequent
experiments on the anti-inflammatory effects of THSG-
CM. CM derived from the untreated DPSCs significantly
reduced IL-18 and TNF-«, but not IL-6, expression in the
HSFs (Fig. 4B). THSG-CM significantly ameliorated IL-13
and TNF-«a expression in the HSFs (Fig. 4B). However, 10,
25, 50, and 100 uM THSG-CM significantly enhanced IL-6
expression in the HSFs relative to OuM THSG-CM
(Fig. 4B).

We observed similar results regarding the effects of
treatment on IL-18 and TNF-a expression in the HGFs
(Fig. 5). Nevertheless, the effects on IL-6 expression
differed in the HGFs (Fig. 5B). Specifically, in the HGFs, IL-6
expression was significantly reduced in CM derived from the
untreated DPSCs; THSG-CM also significantly ameliorated
IL-6 expression in the HGFs (Fig. 5B).

THSG-CM accelerated wound healing

The HSFs and HGFs were seeded in silicone inserts and
starved for 2 days. After removing the inserts, we trans-
ferred the cells to media supplemented with 0.25% stripped
FBS and THSG-CM at different concentrations and
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Figure 3

THSG-stimulated DPSC-secreted CM (THSG, uM)
(20X concentrated CM, 5:1000)

Proliferative effect of THSG-CM on HGFs. HGFs were starved for 2 days and then transferred to media supplemented

with 0.25% stripped FBS and THSG-CM with different concentrations and incubated for 4 days. Cell proliferation was evaluated
using the MTS assay. (A) THSG-CM concentration (ul):fresh medium concentration (ul) = 0.5:1000; (B) THSG-CM concentration
(nl):fresh medium concentration (ul) = 1:1000; (C) THSG-CM concentration (ul):fresh medium concentration (ul) = 2.5:1000; (D)
THSG-CM concentration (ul):fresh medium concentration (ul) = 5:1000. (N = 8, data are expressed as mean + SD; *p < 0.05,

**p < 0.01, **p < 0.001, compared with control group; *p <0.05,

incubated them for 24h. The wound healing effects
observed for the HSFs and HGFs are illustrated in Fig. 6A
and Fig. 7A. CM derived from the untreated DPSCs did not
improve wound healing in the HSFs. However, only 25 and
50 uM THSG-CM significantly enhanced wound healing in the
HSFs relative to O uM THSG-CM (Fig. 6B). We noted similar
results for the HGFs (Fig. 7). Nevertheless, CM derived from
the untreated DPSCs significantly improved wound healing
in the HGFs. Moreover, only 1 and 25 uM THSG-CM signifi-
cantly enhanced wound healing relative to 0 uM THSG-CM
(Fig. 7B).

Discussion

This study revealed that THSG-CM enhanced cell prolifer-
ation and wound healing in HSFs and HGFs and that it
ameliorated the expression of LPS-induced pro-inflamma-
tory cytokines (IL-18 and TNF-a). In our previous studies,
we have confirmed that THSG could stimulate cell prolif-
eration in HGFs and DPSCs and that it could ameliorate the
expression of pro-inflammatory genes (IL-18, TNF-a, and IL-
6) in HGFs.®%> A review article reported that CM can be
obtained through various methods: Specifically, CM can be
acquired from 24 to 72h or every 2 or 4 days after cell

##

'p < 0.01, ##p < 0.001, compared with 0 uM group).

conditioning at different cell confluences (from 50% to
80%)."® Cells can also be starved by maintaining them in
culture medium supplemented with serum or by changing
the medium to a serum-free or low-serum-concentration
medium (approximately 0.1%—0.5%). Subsequently, the
culture medium can be collected, centrifuged, or concen-
trated, and the supernatant constituting the CM can be
obtained and stored or frozen at —30 or —80°C."® In the
present study, the CM isolation and production protocol
entailed starving the DPSCs (at 80% confluence) for 2 days in
0.25% stripped FBS medium from which nonpolar material
(such as certain growth factors, hormones, and cytokines)
was removed. After the DPSCs in 0.25% stripped FBS me-
dium were treated with THSG for 48 h, we collected, iso-
lated, centrifuged, and lyophilized THSG-CM. Thus, we
concentrated and preserved a sufficient amount of active
ingredients.

To reveal the different components of CM derived from
the THSG-stimulated DPSCs and nonstimulated DPSCs, we
performed a cytokine profiling antibody array assay to
analyze 310 cytokines and factors. THSG (10 uM) induced the
DPSCs to secrete AKT2, persephin, NGFR, and PTHrP in CM
(Fig. 1B). AKT2 is a serine/threonine protein kinase (AKT
kinase) that regulates numerous processes, including
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group).

metabolism, proliferation, cell survival, growth, and angio-
genesis. Persephin is a neurotrophic factor in the glial cell
line—derived neurotrophic factor family and can influence
the survival and function of peripheral and central neu-
rons.?’ NGFR binds to nerve growth factor and other neu-
rotrophins that stimulate nerve growth and regulate
sympathetic neuron differentiation.*® PTHrP is a protein
member of the parathyroid hormone family secreted by
MSCs; this protein has normal functions in bone, tooth,

vascular, and other tissues.®' We also observed that THSG
reduced growth-associated proteins in CM (Fig. 1B), such as
thyroid-stimulating hormone, a pituitary hormone that
stimulates the thyroid gland to produce thyroid hormones
that stimulate the metabolism of almost every tissue in the
body.>?> Moreover, THSG treatment enhanced the cell
secretion of inflammation/immune-associated proteins in
CM (Fig. 1C), such as stromal cell-derived factor 1B (SDF-18
or CXCL12), which typically exhibits reduced chemotactic or
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with LPS group; Wp < 0.001, compared with control group; %%

inflammatory activity.>> THSG also reduced inflammation/
immune-associated proteins in CM (Fig. 1C), such as matrix
metalloproteinase-2 (MMP-2), which cleaves and activates
CCL7 and CXCL12. Therefore, MMP-2 may contribute to the
creation of a chemotactic gradient and subsequent immune
cell recruitment to sites of vascular injury.>* The limitation
of fold changes was decided according to the manufac-
turer’s protocol and suggestion. As a result, we chose the
fold change >1.09 as induced expression and that <0.97 as
reduced expression. Although the fold changes were rather
minimal, the samples were not concentrated and lyophilized
before performing this assay.

p < 0.001, compared with 0 uM group).

Our group and other research groups have reported that
THSG induces proliferation of rat cardiac stem cells,*’
HGFs?> and DPSCs.® In addition, numerous studies have
confirmed that CM derived from DPSCs can enhance cell
proliferation and migration activity,*® alter endothelial cell
behavior,>” direct osteo/odontogenic differentiation,>®
promote vascular-like structures formation and angiogenic
gene expression,’” impair cell death and induce tissue
formation inside the root canal.'? In the present study, we
prepared and concentrated confluent DPSC—derived CM in
culture with THSG to examine the effect of THSG-CM on
HSF and HGF proliferation. The DPSC-derived CM (without



THSG-CM enhances cell activity and anti-inflammation

595

THSG 1 pM_CM

THSG 10 yM_CM

Before

After

a—

THSG 50 uM_CM

THSG 75 yM_CM

HSF THSG 25 pM_CM

Before

After

25

20+ *

Healed wound area (%)

HSF

AN N
& ®

S e

ISR

THSG-stimulated DPSC-secreted CM (THSG, uM)

(20X concentrated CM, 5:1000)

Figure 6 Wound healing effect of THSG-CM on HSFs. HSFs were seeded and starved for 2 days in silicone inserts. After the
removal of inserts, the cells were transferred to media supplemented with 0.25% stripped FBS and THSG-CM at different con-
centrations and incubated for 24 h. (A) Wound healing effect of the treatment. (B) Wound closure area (%) determined in the wound
healing assays. (N = 4, data are expressed as mean + SD; *p < 0.05, **p < 0.01, compared with control group; #p < 0.05, compared

with O pM group).

THSG stimulation; 0 uM THSG-CM) enhanced the prolifera-
tion of the HSFs when THSG-CM was applied at several
concentrations (THSG-CM concentration [ul]:fresh medium
concentration [ul] = 1:1000 and 5:1000) (Fig. 2B and D) but
did not affect the proliferation of the HGFs. When THSG-CM
was applied at low concentrations (THSG-CM concentration
[ul]:fresh  medium  concentration  [ul] = 0.5:1000),
compared with O pM THSG-CM, only 10 and 75uM THSG
significantly enhanced the proliferation of both HSFs and
HGFs (Figs. 2A and 3A). However, when THSG-CM was

applied at high concentrations (THSG-CM concentration
[ul]:fresh medium concentration [ul] = 5:1000), most of
the THSG-CM treatments (concentrations) significantly
enhanced the proliferation of both HSFs and HGFs relative
to O uM THSG-CM (Figs. 2D and 3D). Furthermore, at some
concentrations of THSG-CM, not all THSG-CM treatments
increased cell proliferation, especially in the HSFs (Figs. 2
and 3). This may be because cell metabolic waste
increased in CM, thereby affecting its capability. However,
THSG-CM at a high concentration may contain sufficient
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Figure 7 Wound healing effect of THSG-CM on HGFs. HGFs were seeded and starved for 2 days in silicone inserts. After the
removal of the inserts, the cells were transferred to media supplemented with 0.25% stripped FBS and THSG-CM at different
concentrations and incubated for 24 h. (A) Wound healing effect of the treatment. (B) Wound closure area (%) determined in the
wound healing assays. (N = 4, data are expressed as mean + SD; *p < 0.05, **p < 0.01, compared with control group; ”p < 0.05,

#p < 0.01, compared with 0 M group).

factors to overcome the inhibitory effect of cell metabolic
waste.

A report revealed that mesenchymal stromal
cell-derived CM reduced inflammation or enhanced
epithelialization in the wounds of rats.>” We applied the
in vitro inflammatory cell model (E. coli LPS treatment) and
wound healing model of cells to evaluate the anti-
inflammatory and wound healing activity of THSG-CM.
Both HSFs and HGFs were treated with E. coli LPS for 6 h;
the treatment significantly induced the expression of IL-13,

TNF-«, and IL-6 (Figs. 4A and 5A). However, a high dose of
LPS (10 ug/ml) inhibited the mRNA expression of these pro-
inflammatory cytokines/mediators in the HGFs (Fig. 5A).
This finding is similar to that of a previous study.”® The
DPSC-derived CM (with or without THSG stimulation)
attenuated the LPS-induced expression of IL-18 and TNF-«
in the HSFs but enhanced the IL-6 expression (Fig. 4B). A
possible reason for this finding is that IL-6 is involved in the
regulation of wound healing as inflammation progresses in
skin;*' the factors in DPSC-derived CM may enhance the
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LPS-induced expression of IL-6, which is further enhanced
by THSG-CM. In the HGFs, all LPS-induced mRNA expression
levels of the pro-inflammatory cytokines/mediators were
attenuated by THSG-CM (Fig. 5B). We also applied two-well
silicone inserts to create defined cell-free gaps to evaluate
the wound healing activity of THSG-CM in the HSFs and
HGFs. After 24 h of treatment, only some of the THSG-CM
treatments (25 and 50 uM THSG-CM treatments in the
HSFs; 1 and 25puM THSG-CM treatments in the HGFs)
improved cell wound healing relative to OuM THSG-CM
(Figs. 6 and 7). This suggests that the HSFs and HGFs
exhibited different levels of sensitivity levels THSG-CM.

We demonstrated that THSG-CM had more beneficial
effects on cell activities (cell proliferation and wound
healing capability) and anti-inflammation in HSFs and HGFs
than did DPSC-derived CM. However, future studies should
be done to identify and isolate the stimulatory components
of THSG-CM, especially extracellular vesicles (EVs). EVs are
secreted membranous structures of various subtypes,
including exosomes (40—140 nm), microvesicles
(50—1000nm), and apoptotic bodies (1—5um).** Recent
studies have confirmed that MSC-derived EVs have benefi-
cial effects on skin wound healing, kidney injury, graft
versus host disease, stroke, and sepsis.42 Further investi-
gation is warranted to elucidate the beneficial effects of
EVs (especially exosomes) contained in THSG-CM that has
been filtered through a 0.22-um filter to sterilize and
remove EVs of other sizes. The isolation, purification,
characterization, and therapeutic evaluation of THSG-
stimulated DPSC-derived exosomes should be conducted
in the future.
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