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Abstract

Background: One of the adverse effects of phenytoin (diphenylhydantoin, DPH) is enlargement of facial
features. Although there are some reports on anabolic action of phenytoin on bone cells, the osteogenic
potential of DPH on mesenchymal stem cells has not been studied. The purpose of this study was to evaluate
the osteogenic potential of DPH on dental pulp stem cells (DPSCs).

Methods: Human DPSCs were isolated and characterized by flow cytometry; presence of CD29 and CD44
and absence of CD34 and CD45 were performed to confirm the mesenchymal stem cells. Isolated DPSCs were
differentiated either in conventional osteogenic medium with Dexamethasone or medium containing different
concentration of phenytoin (12.5, 25, 100, and 200 puM). The osteogenic differentiation evaluated by
performing western blot test for Runt-related transcription factor 2 (RUNX2), osteopontin and alkaline
phosphatase (ALP) also alizarin red S staining to measure the mineralization of cells.

Results: Our results showed morphological changes and mineralization of DPSCs by using DPH were
comparable with dexamethasone. Moreover, western blot results of DPH group showed significant increase of
ALP, RUNX2 and osteopontin (OSP) in comparison with control.

Conclusions: The data of present study showed the osteogenic activity of phenytoin, considering as an
alternative of dexamethasone for inducing osteogenic differentiation of dental pulp stem cells.
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Introduction

The multi-potency of dental pulp stem cells
(DPSCs) of differentiation to adipocytes,
myoblasts, neuron-like cells, chondrocytes and
osteoblasts have made them a new tool for cell
therapy. The DPSCs are attractive source for
scientists being applied in tissue engineering and
regenerative medicine (1). Stem cells from human
dental pulp can effectively be differentiated to
osteogenic cells in the media containing
dexamethasone, ascorbic acid, and f-
glycerophosphate (2). Since the advantages of
using mesenchymal stem cell (MSCs) as
promising tool for reconstructive medicine,
replacing lost or damaged bone/dentin, there are

research interest to improve extracellular matrix
mineralization of MSCs (3-6).

Phenytoin (diphenylhydantoin, DPH) is an
anticonvulsant medicine with bone mineralization
side effects. The anabolic activity of DPH on
bone has been shown by decreasing in alveolar
bone loss in patients receiving DPH (7). Also
proliferation of gingival fibroblasts and collagen
synthesis as well as changes in homeostasis of
calcium and metabolism of bone are reported in
chronic use of phenytoin. The experimental
studies have shown osteoblastic differentiation in
culture of fetal rat calvaria cells (8), also bone
formation and increase in bone volume in rat by
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using DPH (9, 10).

Since there is not any comparative study on
osteogenesis capacity of DPH and conventional
media, in the present study the effect of DPH on
induction of osteogenic differentiation of human
dental pulp stem cells (hDPSCs) was examined in
compare with conventional media containing
dexamethasone.

For this purpose, the osteogenic potency of
DPH and dexamethasone have been compared in
induction of mineralized nodules as well as the
amount of alkaline phosphatase (ALP), Runt-
related transcription factor 2 (RUNX2) and
osteopontin.

Materials and methods'

Chemicals

The a-modified Eagle's medium (a-MEM) and
Fetal bovine serum (FBS) from Gibco;
antibodies against ALP, RUNX2 and
Osteopontin  from abcam (Cambridge, MA,
USA); B-actin and anti-rabbit 1gG from Cell
Signaling technology (Boston, USA); ECL
Western blotting detection reagent from Bio-
RaD (USA); protease inhibitor cocktail,
phosphatase inhibitor cocktail, Triton X-100,
phenylmethylsulfonyl fluoride and QuantiPro
BCA Assay Kit were purchased from Sigma
(Steinheim, Germany).

Subjects

The pulp samples of human third molar dentin
were obtained from three healthy subjects (18-
28 years of age) who were visited for
orthodontic or other dentistry purposes in
dentistry clinic of Academic Center for
Education, Culture and Research (ACECR),
Mashhad, Iran. The protocol was approved by
the Ethics Committee, Mashhad University of
Medical Sciences and performed in accordance
with the ethical standards of Declaration of
Helsinki. Informed consent was signed by all
donors.

Isolation of stem cells

Human DPSCs were isolated and characterized
in the Cell Culture lab, School of Pharmacy,
Mashhad University of Medical Sciences. Teeth
were collected from people who signed
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informed consent. Briefly, the pulp contents of
freshly  extracted molar teeth  were
enzymatically digested using 3 mg/mi
collagenase type | and 4 mg/ml dispase (Sigma-
Aldrich, St. Louis, MO, USA) at 37 °C for 45-
60 min. After centrifugation of the cell
suspension at 500 g for five min, the cells were
washed and maintained in o-MEM
supplemented with 20% fetal bovine serum
(FBS) (Gibco-Invitrogen, Carlsbad, CA, USA),
100 U/ml penicillin, 100 pg/ml streptomycin,
and 0.25 pg/ml amphotericin B (Sigma-
Aldrich) at 37 °C in a humidified atmosphere
with 5% CO for three weeks. The medium was
renewed every three days.

Flow cytometry analysis

Human DPSCs were subjected to flow
cytometry to confirm the phenotypic
characteristics of MSCs. After isolation and
culture, stem cells were harvested on passage
three and flow cytometry analysis was
performed using a FACSCalibur (BD
Biosciences, San Diego, USA). The data were
analyzed with WinMDI software. The FITC
labeled antibodies to human CD29, CD33,
CD44, and CD45 (abcam, USA) were used to
stain the DPSCs on passage 3-5.

Cell culture

Dental pulp stem cells (DPSCs) were cultured in
following media, separately.

1- C: Basal cell culture media as described
above and cells grown in this medium served as
the control group.

2- OBM: Osteogenic basal medium was o-
MEM supplemented with 10% FBS, 1% Pen-
Strep, 50 pg/ml L-ascorbic acid (Sigma,
Germany) and 10 mM glycerol phosphate
disodium salt (B-glycerophosphate).

3- ODM: The experimental groups consisted of
cells grown in OBM with the addition of
dexamethasone (0.1 uM).

4- DPH: The experimental groups consisted of
cells grown in OBM with the addition of DPH
(12.5, 50, 100, and 200 uM).

The DPSCs were incubated in C, OBM, DPH,
and ODM for 10 days, and the media were
refreshed twice a week.
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Osteogenic differentiation

Cells at the fourth passages were cultured on 12-
well plates and divided into four groups:

Group 1: Cells maintained in the regular culture
medium (C medium) served as controls.

Group 2: Osteogenic differentiation was induced
when cells reached 80-90% confluence, using
osteo-induction medium (OBM  medium)
according to the protocol of (2) and composed of
a-MEM supplemented with 10% FBS, 1% Pen-
Strep, 50 pg/ml L-ascorbic acid (Sigma,
Germany), 10 mM glycerol phosphate disodium
salt (B-glycerophosphate).

Group 3: cells incubated in osteogenic media
containing 0.1 uM Dexamethasone (ODM
medium).

Group 4. The effect of DPH (in o-MEM
supplemented with 10% FBS, 1% Pen-Strep, 50
pug/ml  L-ascorbic acid, 10 mM B-
glycerophosphate) on osteoblastic differentiation
of hDPSC cells in culture at concentrations of
12.5, 50, 100, and 200 uM was investigated.

All cells in four groups incubated for 10 days.
Media were replaced twice per week with
freshly-prepared regular or osteogenic media as
described above.

Alizarin red S (ARS) staining

To evaluate calcium deposit in cells, on day 10,
cultured cells were fixed with ice-cold 10%
formalin for 30 min. After washing with distilled
water, the cells on four groups were stained with
2% Alizarin Red S at room temperature in dark
for 45 min. The stained cells were washed twice
with distilled water. Intracellular calcium
deposition was monitored by light microscopy.

Western Blot

Cells were plated on 25 cm? at the density of 1 x
10° cells/25 cm? flask and allowed to attach and
grow to up to 80% confluence. After 10 days,
whole cell lysates were obtained using hypotonic
buffer (50 mM Tris-HCI, pH 7.4), 150 mM NaCl,
1% triton X-100, 1 mM EDTA, 0.2% SDS, 1%
protease inhibitor cocktail, 1% phosphatase
inhibitor cocktail and 1 mM
phenylmethylsulfonyl fluoride, 1 mM Na3SO4).
After centrifugation the clear lysates were
immediately boiled in SDS sample buffer. After

SDS and polyacrylamide gel electrophoresis the
protein extracts were transferred to PVDF
membranes and exposed to the rabbit Anti-
osteopontin antibody (ab91655); rabbit anti-ALP
(ab354), rabbit Anti-RUNX2 antibody (ab23981)
diluted 1:2000 (abcam®, Cambridge, MA, USA),
anti- rabbit 1gG, HRP linked antibody, as
secondary antibodies (Cell Signaling Technology,
MA, USA) diluted in TBS-T pH 7.6 (1:2000).
The membranes were read by enhanced
chemiluminescence using the ECL Western
blotting detection reagent. Images were quantified
using the Gel-Pro Analyzer v.6.0 Gel Analysis
Software. Anti B-actin antibody was used as
control of protein loading. Data were then
normalized to values of background and of
control actin band.

Statistical analysis

Data was analyzed using GraphPad Prism
(version 5.0; USA). Data are presented as
mean=SEM of three independent tests. One-way
analysis of variance (ANOVA) was used to
compare the mean values of outcome variables
across the categorical variables (groups),
followed by a post-hoc Dunnett's test for
pairwise comparisons. Values of p< 0.05 were
considered to indicate statistical significance.

Results

Cell morphology

After enzymatic digestion cells were grown in
12.5 cm? culture flasks. On day 21 they were
reached 70-80% confluence (Fig. 1A). To
confirm the minimal criteria of DPSCs as MSCs,
cells from passages 3-5 of DPSC cultures were
characterized with flow cytometry. While isolated
DPSC exhibited CD29 and CD44 but they were
negative for CD34 and CD45 which all
representative of MSC nature. Following culture
of DPSCs in osteogenic media, the deposition of
calcium was observed in most cells within the
culture (Fig. 1B).

Extracellular calcium deposition by ARS assay

After isolation, DPSCs are incubated in four
different media for 10 days. On day 10 calcium
deposition was examined using alizarin red S
staining, calcium deposition was observed in both
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DPSCs received dexamethasone and different
concentrations of DPH. However, no mineralized

A)
Day 7 10 14

nodules were seen in the control group cultured in
a-MEM (Fig. 2).
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Fig. 1. (A): Cultured isolated DPSCs in a-MEM medium on the day of 7, 10, 14, 21. (B): DPSCs cultured in conventional

osteogenic media and DPH (0-200 uM).
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Fig. 2. Alizarin red staining of hDPSCs cultured with conventional osteogenic media and DPH (0-200 pM). Data are expressed as

mean + SEM. *p<0.05, **p< 0.01 vs. control.

Western blot analysis
To confirm the osteogenic differentiation of
hDPSCs in presence of DPH, specific osteoblast
markers including osteopontin, RUNX2 and ALP
were analyzed by western blot in the cells lysate
of differentiated and control groups.

Once hydrolyzed by ALP, pyrophosphate
can be used for bone mineralization as a source
of phosphate (11). However, the generation
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pyrophosphate is under the influence of Runx2
transcription factor which is shown to promote the
osteoblast differentiation of MSCs (12, 13). Also
the formation and remodeling of bone is related to
some other factors such as osteopontin that has an
essential role in the tissue repair (14).

As our results, the expression levels of all
examined proteins increased in DPH treated cells
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compared with control cells significantly (p< 0.01
for OS/ RUNX2 and p< 0.001 for ALP), (Fig. 3).
There was no significant difference between
expression of OSP and RUNX2 in DPH and

dexamethasone groups, but the level of ALP was
significantly higher in DPH group than
dexamethasone especially in 100 and 200 puM of
DPH (p< 0.05).

DPH (uM)

C OBMODM 12,550 100200 0" 4000, AL - S00) RUNX2 i oBM
OSP (35 kD) [ ] e ’ B w = Boo
3000 | T -
00
ALP (90 kDa) e —— | . o 300+ .
= T T 2000: |
RUNX2 (57 kDa) N — g, 1 T 2001 “ L
‘ - & -
. 1000 | A 1 ;‘
B-Actin (42 KDa) | - s = ! ‘ ‘ ‘
L w |
Q O R R Cad a2 D HS

i |

n
T dop SSS
F ¥ TS

7

> 0\‘"\\\ R

Concentration {uM)

Fig. 3. Western blot analysis of Runt-related transcription factor 2 (RUNX2), osteopontin and alkaline phosphatase (ALP) DPH-
induced osteogenic differentiation in DPSCs culture. Four groups were analyzed. Cells treated with: In 4 groups: C, OBM, ODM,
DPH (12.5, 50, 100 and 200 puM) as described Methods and materials. The protein levels of alkaline phosphatase (ALP), Runt-
related transcription factor 2 (RUNX2) and osteopontin (OSP) were detected by western blot analysis at day 10. p-Actin was used as

the internal control. Data are expressed as mean = SEM. **p< 0.01, ***p< 0.001 vs. control.

Discussion

Recently dental pulp stem cells (DPSCs) are
introduced as a source of mesenchymal stem
cells which are widely used in basic and clinical
researches. Upon stimulation under specific
conditions, they have the potency of
differentiation to adipocytes, neurons, myoblasts,
chondrocytes and osteoblasts (1).

The anti-epileptic medicine; phenytoin
(diphenylhydantoin, DPH) has been shown
affecting the calcium homeostasis and/or bone
metabolism. Although there are some reports on
osteoblast formation in cell culture (8) but the
effect of DPH on DPSCs has not been
investigated yet. In spite of some studies on the
ability of DPH to promote fatal stem cells to
osteoblast there is not a comparative study
between DPH and conventional supplement
medium. Also the effect of DPH on osteogenic
differentiation of MSCs is not clear. Here we
tested the effect of DPH as an alternative of
osteogenesis on MSCs. We also compared the
DPH with conventional osteogenic medium
contain dexamethasone, ascorbic acid, and [-
glycerophosphate on DPSCs. This conventional
medium has been widely used for differentiation
of MSCs to osteoblasts (15, 16). It seems in this
Supplement media dexamethasone has been

implicated for transcriptional activation, ascorbic
acid for collagen synthesis, and f-
glycerophosphate for mineralization. There are
some evidences for inhibitory effect of
dexamethasone on growth of DPSCs (17),
human MSCs (18) and human BMSCs (19)
through cell-cycle arrest which has been
contributed to osteogenic  differentiation.
Therefore, one of the main deals of finding the
optimum environment for MSCs differentiation
is investigation of formula and materials with
osteogenic properties with minimal toxicity (20).

The results of our study showed DPH could
increase markers related to transformation of
DPSCs to osteoblasts including: ALP activity,
RUNX2 and osteopontin in comparison with
control.

DPH has been long used as an anti-
convulsion agent which then introduced as a
material that increases the osteoblast in tissues.
The increase of osteoblast by DPH was
considered when thickening of calvaria and
coarsening of the facial features were reported in
patients receiving DPH as the epilepsy treatment.
The anabolic activity of DPH was the subject of
some basic and clinical studies (9, 10, 21).
However, in clinical studies, it has been shown
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that patients receiving DPH show less alveolar
bone loss than untreated subjects (7). In an in
vitro study osteogenosis has been shown in
human-mandible-derived bone cells treated by
DPH (21, 22). Similarly, DPH could increases
the osteoblasts in human bone cells which
reported to partly mediated by TGF-b (21).
Also in other study in rats, DPH could
stimulate the bone formation and increase the
bone volume (9, 10).

Here we have shown that DPH could increase
all osteogenic markers including RUNX2, ALP
and osteopontin significantly compare with
control. Moreover, ALP level was significantly
higher in DPH treated cells in compare with
dexamethasone group. However, mineralization
in DPH treated group was comparable with
dexamethasone specially in concentration of 100
and 200 uM of DPH.
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