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Abstract

Platelet Rich Plasma (PRP) has the potential to regenerate pulp in immature pulpless teeth. Mineral trioxide is commonly used to
seal the PRP into the pulp canal space. We investigated the effect of PRP and MTA individually and combined on osteo/odontogenic
differentiation potential and the phenotype of tissue formed. MSCs were cultured in vitro with MTA, 5% PRP, 10% PRP, MTA
with 5% PRP and MTA with 10% PRP. Osteo/odontogenic differentiation was assessed and quantified with alizarin red staining.
Relative expression of Alkaline Phosphatase (ALP) activity, type 1 collagen (COL1A1), Dental Sialo-Phospho Protein (DSPP),
Dentin Matrix Protein (DMP-1), Bone Gamma-carboxyglutamate Protein (BGLAP), Runt-related transcription factor 2 (Runx2),
Osterix (Osx) and TGF-f1 was identified by RT-q PCR. 10% PRP with MTA displayed significantly higher calcium deposition
during differentiation and high ALP levels. Significantly enhanced levels of DSPP, DMP1, COL1A1, BGLAP, Runx2, and Osx and
TGF-f1 transcripts were observed. Within limitations of the in vitro environment, results imply enhanced osteodentin formation,
on combining PRP with MTA.
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1. Background times. The colonization of pulp space can occur
— by mesenchymal stem cells from various sources in
Revascularization of the pulp in immature pulpless the pulp-periodontal complex that allows a vascular
teeth has garnered considerable attention in recent supply to be re-established'. The procedure requires
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introducing a disinfectant into the root canal followed
by inducing bleeding to form a clot. This procedure
of blood clot formation suffers from the drawback
of having an unpredictable number and population
of cells. Histological evaluation of the tissue formed
with a blood clot has been described as an extension
of the periodontal ligament®>. Animal studies have
reported that the hard tissue formed to increase root
length and internal diameter thickness, resembles
cementum® or bone (bony islands)*. These reports
have prompted some researchers to believe that pulp
regeneration is different from revascularization.
While pulp revascularization indicates the presence
of angiogenesis into the root canal system, a true
regenerative procedure would involve establishment
of a blood supply and restoration of functional cells®.

Post natal stem cell therapy has the potential
to overcome some of the disadvantages of
revascularization by blood clotting. The ability
to differentiate into the cell population found
in adult pulp, namely odontoblasts,is a critical
prerequisite for the success of therapy with post
natal stem cells.The growth factors required for
proliferation and differentiation of these cells without
contamination,that may occur during processing
in the lab, may be provided by Platelet Rich Plasma
(PRP)®.Mineral Trioxide Aggregate (MTA) is a
biocompatible material used in several clinical
applications in dentistry, including sealing the orifice
during revacularization’. A study has demonstrated
that the combination of PRP and MTA is capable of
enhancing the differentiation of cells towards an osteo/
odontogenic lineage®. Nevertheless, the phenotype
of the cells and mineralized deposits formed during
the differentiation process has not been analyzed.
Hence the present study was undertaken to assess the
expression of several markers associated with osteo/
odontogenic differentiation of MSC’s by combination
of PRP with MTA.

2. Materials and Methods

Approval from institutional review board was taken for
the study. Signed informed consent forms were collected
from each volunteer enrolled in the study.

A double centrifugation method was used for PRP
preparation modified from a previous study’. The
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concentration of the platelets within the PRP was assessed,
and standardized to 1200 X 10° platelets/ ml. The process
of isolating MSCs from human bone marrow blood has
been described elsewhere'®. MSC’s were cultured at 37°C
temperature and 5% CO, in sterile tissue culture plates
(Corning, USA). MTA was mixed as per manufacturer’s
instructions (DENTSPLY, Endodontics) and coated onto
the cell culture plates.

3 Osteo/Odontogenic
Differentiation Potential of
MSCs Cultured in Different
Conditions

Dulbeccos Modified Eagles Medium (DMEM,
Cat#: AT068, Himedia, India) was supplemented with 5%
PRP, 10% PRP, 5% PRP with MTA and 10% PRP with MTA
to prepare 5 experimental groups. DMEM with 10% Fetal
Calf Serum (FCS) was used as control. MSC’s thus derived
were induced to osteo/odentogenic differentiation using
osteogenic differentiation supplements (MesenCult™ XF
osteogenic stimulatory kit, human, Cat#: 05434, Stem Cell
Technologies, Canada). Cells were allowed to differentiate
for 14 days and characterized for their differentiation
potential.

4. Alizarin red Staining

Staining with 10% alizarin red solution (Cat#: 40-1009-
5-500ML-]J, Sigma, USA) was carried out at 14 days
after washing differentiated cells from each group thrice
with 1X PBS. Alizarin red staining was used to assess the
mineralization and presence of calcium deposits. Calcium
content was quantified using the calcium colorimetric
assay (Sigma Aldrich, USA).

5. Biochemical Evaluation of
Alkaline Phosphatase (ALP)
Activity

Alkaline phosphatase colorimetric assay kit (Cat#:
ab83369, Abcam, Cambridge, UK) was used to measure
intracellular ALP activity in differentiating MSCs at day 3,
7 and 14. A micro-plate reader measured the absorbance
at 405nm.
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6. Quantitative Gene Expression
Analysis

Isolation of total Ribo-Nucleic Acid (RNA) was
performed as described elsewhere'! at day 3, 7 and 14
from cells differentiated in the presence of MTA, 5%
PRP, 10% PRP, MTA with 5% PRP, and MTA with 10%
PRP and 10% FCS (control). 1 microgram RNA was
converted into complementary Deoxyribo - Nucleic Acid
(cDNA) as per the manufacturer’ instructions, using the
first strand cDNA synthesis kit (Amersham Bioscience
Europe; Freiburg, Germany). 5 nanograms of cDNA were
used for RT - qPCR analysis using SYBR green chemistry
in StepOne Real-Time PCR (Applied Biosystems,
Carlsbad, CA, USA). Fold changes in gene expression
of associated markers; type 1 Collagen (COL 1Al),
Dental Sialo - Phospho Protein (DSPP), Dentin Matrix
Protein (DMP-1), Bone Gamma-carboxyglutamate
Protein (BGLAP), Runt-related transcription factor
2 (Runx2), Osterix (Osx) and TGF-p1 was identified
by RT-qPCR at day 3, 7 and 14. Glyceraldehydes
3 - Phosphate De-Hydrogenase (GAPDH) gene was used
for normalization. Primer sequences are listed in (Table
1). The 222°T method was used to calculate the fold
difference using StepOne software (ver. 2.2).

7. Statistical Analysis

Mean and standard deviation was calculated for all
samples. Statistical tests were performed in GraphPad
Prism software (Version 5). Two way Analysis Of
Variance (ANOVA) was applied to compare means. p

value < 0.01 was considered to be statistically significant.
RT-qPCR efficiency was calculated using StepOne
(ver. 2.2) software.

8. Results

8.1 Induced Mineralization during Osteo/
Odontogenic Differentiation

MSC's demonstrated alizarin red positive staining at
14 days in all 5 experimental and control groups. The
amount of staining was highest in MTA with 10% PRP
(**p < 0.001). Calcium deposition was quantified and
similarly, the highest calcium deposition was observed in
MTA with 10% PRP group (**p < 0.001).

8.2 Measurement of Intracellular ALP
Activity

Differentiating cells showed enhanced ALP activity
compared to control at day 14(**p < 0.001) for MTA, at
day 7 and 14 (***p < 0.0001) for MTA with 5% PRP and
at day 3, 7 and 14(***p < 0.0001) for MTA with 10% PRP.
Moreover, MTA with 10% PRP was found to have the
highest ALP level as compared to control and other test
groups (***p < 0.0001) (Figure 1).

8.3 Relative Gene Expression of
Odontogenic/Osteogenic Markers

The relative expression of all the tested genes exhibited
significantly higher levels (p < 0.01) in MTA with 5%

Table 1. Primer sequences used in the study for relative quantification of gene expression

Gene name Forward primer (5-3’) Reverse primer (5’-3’)

COL1A1 AAGTCTTCTGCAACATGGAG TACTCGAACTGGAATCCATC
DSPP GAAGATGCTGGCCTGGATAA TCTTCTTTCCCATGGTCCTG
DMP-1 CCCTTGGAGAGCAGTGAGTC CTCCTTTTCCTGTGCTCCTG
OCN/BGLAP GTGCAGAGTCCAGCAAAGGT TCAGCCAACTCGTCACAGTC

TGF-f1 TCCTGCTTCTCATGGCCA CCTCAGCTGCACTTGTAG
Runx2 CCGCACGACAACCGCACCAT CGCTCCGGCCCACAAATCTC
GAPDH ACATCAAGAAGGTGGTGAAG AAATGAGCTTGACAAAGTGG
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PRP and MTA with 10% PRP groups as compared to
control at day 14 (Figure 2). The fold change for all genes
except Runx2 were significantly higher for MTA at day 14

8.4 TGF-B1 Expression during Osteo/
Odontogenic Differentiation

The relative expression analysis of TGF-f1 in this study

(p < 0.01).
showed significantly higher levels in 10%PRP, MTA with

5% PRP and MTA with 10% PRP groups during osteo/
odontogenic differentiation (***p<0.0001) (Figure 3).
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Figure 1. Intracellular ALP activity normalized to DNA
content in differentiating MSCs cultured in

different induction medium showed significant Figure 3. Fold difference for mRNA expression of
up regulation in MTA, MTA with 5% PRP and TGF-f1 at day 3, 7 and 14 of osteo/odontogenic
MTA with 10% PRP at day 14. The highest ALP differentiation in different combinations of
activity was observed in MTA with 10% PRP medium supplements showed highly significant
group at all time points. up regulation in MTA with 10% PRP at all time
points.
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Relative fold difference for mRNA transcripts of genes: collagen type I (COL1A1), Dentin Sialo-Phospho-
Protein (DSPP), Dentin Matrix Protein 1 (DMPI), Bone Gamma-carboxyglutamate Protein (BGLAP), Runt-
related transcription factor 2 (Runx2) and Osterix (Osx). Graphs showing differentially expressed gene
levels normalized to GAPDH and compared to control at day 3, 7 and 14 during MSCs osteo/odontogenic
differentiation in medium supplemented with MTA, 5% PRP, 10% PRP, MTA with 5% PRP and MTA with

10% PRP and control.

Figure 2.
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9. Discussion

Several methods are currently available for the preparation
of PRP. We used the double centrifugation method
since it has been reported to enhance platelet recovery,
enhance platelet activity and prevent loss of growth
factors'>. The process utilized for preparation of PRP in
the current study allowed leukocytes to be retained and
can therefore be classified as a PRP (L)". Standardization
of the concentration of platelets in PRP is an essential
prerequisite for activity and could be achieved in the
current study. Results indicated that all the groups of
PRP and MTA were capable of differentiating MSC’s
into osteo/odontogenic lineage. Positive staining of the
cells with alizarin red indicates the presence of calcium
deposition, and the quantity of mineralization was much
higher in the PRP and MTA combined group. These
results were similar to findings from a previous study®.
MTA is a biocompatible material which has been shown to
increase the release of angiogenic factors such as vascular
endothelial growth factor'’. Additionally MTA has been
investigated and reported to affect several signaling
pathways that may help induce mesenchymal stem cell
proliferation and differentiation’>. PRP is also known
to have high concentrations of growth factors stored in
‘alpha granules’ the release of which has a modulatory
effect on MSC’s™®.

The phenotype of the differentiating MSCs was
further investigated in terms of gene expression of
mineralization associated genes. Both bone and dentin
have an extracellular organic matrix. Several proteins
present in this extracellular matrix, termed as the Non
Collagenous Proteins (NCP) play an important role
during the process of minerlization and hence the overall
process of regeneration'’. Due to the structural similarity
of dentin and bone, NCPs found in dentin are also
expressed in bone, albeit in concentrations different than
those in dentin.

The most frequently used markers of the osteogenic/
odontogenic differentiation process are alkaline
phosphatase (ALP) and type I collagen (COL1A1)'. ALP
has been known to be associated with different calcifying
tissues, including odontoblasts and enamel”. Typel
collagen is the most abundant protein in connective tissue
to be expressed during mineralization®. An increased
ALP activity, as observed with PRP and MTA together,
coupled with increased expression of COLIA1 was
observed in our study. These results suggest that when
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combined, PRP and MTA promote a higher degree of
active minerlization.

Runx2 and Osx are both known to be play a role in
the differentiation of MSC’s to osteoblasts. Runx2 is
considered to be critical for regulating the differentiation
of progenitor cells into preostoeblasts. Additionally,
Runx2 is also responsible for the expression of other
non-collagenous proteins*'. Osx gene has been reported
to act downstream of Runx2 and may be considered a
marker for osteoblast differentiation®’. Similarly, BGLAP
is a component of bone extracellular matrix, produced
exclusively by osteoblasts and is considered as a specific
indicator of latter stages of osteoblastic differentiation®"*.
In the current study, Runx2, Osx and BGLAP were all
highly upregulated at 14 days when 10% PRP and MTA
were combined. The enhanced expression was more than
PRP or MTA individually. These observations indicate
that the combination enhances the differentiation of
MSC’s towards osteogenic lineage with the formation of
bone- like structure.

DSPP is believed to be a specific marker for the
odontogenic differentiation process. Although DSPP has
alsobeen found in bone, but thelevels of DSPPin dentin are
significantly higher than those detected in bone*". Dentin
matrix protein 1 (DMPI) is another Non-Collagenous
Protein (NCP) reported to play a role in the process of
mineralization by facilitating the expression of the osteo/
odontogenic differentiation marker genes®. In the current
study, highly upregulated levels of DSPP and DMPI were
observed at 14 days of culture. These levels were again
highest when 10% PRP and MTA were combined. Thus
elevated levels of DSPP and DMP1 indicate enhanced
odontogenic differentiation by the combination with
formation of dentin matrix®. Thus, progressively up
regulated expression of genes in culture collectively is an
indicator of enhanced osteo/odontogenic differentiation.
Together with increased expression of osteo/odontogenic
genes, the mineralization nodules indicate the presence of
osteodentin?. Nevertheless, further research is needed to
determine the histological structure of the tissue formed.

In our study, significantly enhanced gene expression
for TGF-f1 was observed during differentiation, in
presence of MTA with 10% PRP. TGF-fI plays an
important role in cell differentiation and reportedly
facilitates osteoblastic differentiation, while inhibiting
myogenesis and adipogenesis*. The expression of NCP’s
such as DSPP and DMP-1 is up-regulated by TGF-1 and
by extension it is involved in the synthesis of extracellular
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matrix synthesis*. These findings reaffirmed our belief
that combining these two materials led to an enhanced
effect of pushing MSCs towards osteo/odontogenic
lineage.

10. Conclusion

Overall, this study shows that, differentiation of cells
into osteo/odontogenic lineage with highly up regulated
differentiation markers was observed with 10% PRP
and MTA together. Within the limitations of the invitro
environment results suggest an increased osteodentin
deposition by the combination rather than a passive effect
on PRP by MTA. Future studies may be required but the
combination appears to provide a dual advantage of both
expanding the existing cell population simultaneously
producing tissue such as osteodentin in the canals which
may be more desirable than cementum or bony islands.
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