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INTRODUCTION: Over 24 million root canal therapies 
(RCT) are performed annually in the United States[1].  
During RCT, the diseased dental pulp is removed and 
replaced with gutta percha.  Limitations associated with 
RCT, such as risk of infection, tooth fracture, and 
complications due to prosthetic restorations, have 
prompted interest in pulpal regeneration.  Our approach to 
pulpal repair centers on promoting vascularization and 
pulp tissue engineering, harnessing the natural healing 
potential of native pulp and enabling dentin repair using 
Platelet-Rich Plasma (PRP) combined with pulp-derived 
cells in an alginate-based hydrogel scaffold.  
Concentrated from plasma, PRP serves as an autologous 
source of growth factors such as Platelet-Derived Growth 
Factor (PDGF), Vascular Endothelial Growth factor 
(VEGF), and Transforming Growth Factor β-1 (TGF-β1). 
Controlled release of these factors[2,3] are critical for 
vascularization and the repair of dental and craniofacial 
tissues[4]. The objective of this study is to evaluate the 
response of pulp cells in PRP-containing alginate and the 
hypothesis is that the PRP-derived factors released in the 
hydrogel will promote pulp cell growth and angiogenesis. 

METHODS: Cells/Cell Culture: Dental pulp cells were 
isolated via enzymatic digesion (explant culture) from 
extracted virgin human teeth. All cultures were 
maintained in fully supplemented media with 50µg/mL 
ascorbic acid. PRP/Pulp Alginate scaffold: PRP was 
prepared following Tsay et al[2]. Dental pulp cells 
(10,000 cell/scaffold) were first mixed with 2% alginate 
then combined with PRP (5:2 ratio). The suspension was 
then gelled in a 6% CaCl2 solution. The resulting seeding 
density of both groups was 10,000 pulp cells/bead.  Pulp 
cells in alginate without PRP as well as PRP in acellular 
alginate served as controls. End-Point Analyses: Cell 
growth (n=5) was quantified by Picogreen assay, while 
alkaline phosphatase (ALP) activity (n=5) was measured 
by enzymatic assay. Collagen deposition was evaluated 
by picosirius red staining (n=2). Vascularization was 
assessed by CD31 immunohistochemistry staining and 
ELISA quantification of VEGF (n=5) in the beads as well 
as released in vitro. 
RESULTS: Effects of PRP on 1) Cell Growth: Pulp 
cells mixed with PRP in alginate (Fig. 1A) exhibit 
increased proliferation, with the highest cell number 
found at day 14. In contrast, no significant change in cell 
number was observed in the pulp control without PRP.   
2) Mineralization Potential: The addition of PRP 
significantly decreased pulp ALP activity (Fig. 1B), while 
no significant change was noted in the pulp cell alginate 
control group (Fig. 1B). 3) Collagen Deposition: Positive 
staining for collagen was detected in pulp cells cultured in 
the PRP-alginate scaffold (Fig 2A), compared to the 
pulp+alginate control. 4) Angiogenesis: Positive CD31 
staining was found only in cells cultured with PRP (Fig. 

3B). Additionally, VEGF release from PRP-containing 
alginate matrix (Fig. 4B) increased significantly over time 
and reached a maximum at 21 days.  

DISCUSSION/CONCLUSIONS: Our results suggest 
that PRP enhances pulp cell proliferation and CD31 in 
alginate hydrogel while decreasing cell mineralization 
potential. These effects are likely mediated by PRP-
derived growth factors, with the retention of PDGF in the 
alginate matrix[3] promoting cell growth, while VEGF 
and PDGF are both responsible for CD31 deposition[5]. 
The apparent decrease in ALP activity is likely due to 
TGF-β1[6]. Overall these observations demonstrate that 
PRP combined with alginate is a promising approach for 
promoting pulp cell growth and angiogenesis.  Future 
studies will focus on evaluation of the potential of the 
multi-factor hydrogel system in promoting pulp repair in 
vivo. 
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 Fig 1: Effects of PRP on (A) cell proliferation and (B) 
ALP activity of pulps cells in alginate hydrogel.     

             
 
 
 
 
 

Fig 2: Collagen deposition of cells in alginate (A) with 
and (B) without PRP, (Picosirius Red, Day 12, 20x,).  

 
 
 
 
 
 

Fig 3: CD31 staining of pulp cells cultured in alginate  
(A) with and (B) without PRP (Day 12, 20x). 
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Fig 4: (A) Temporal Release of VEGF from alginate. (B) 
Percent VEGF Release from Alginate beads over time. 


