
  

 
© 2019 Cale Forgues, Eric Mullins and Karl Kingsley. This open access article is distributed under a Creative Commons 

Attribution (CC-BY) 3.0 license. 

Current Research in Medicine 

 

 

 

Original Research Paper 

Effects of Vascular Endothelial Growth Factor (VEGF) on 

Dental Pulp Stem Cells (DPSC) 
 

1
Cale Forgues, 

2
Eric Mullins and 

2
Karl Kingsley 

 
1Department of Advanced Education in Orthodontics, University of Nevada, 

Las Vegas-School of Dental Medicine, 1700 West Charleston, Las Vegas, Nevada, 89106, USA 
2Department of Biomedical Sciences, University of Nevada, 

Las Vegas-School of Dental Medicine, 1001 Shadow Lane, Las Vegas, Nevada, 89106, USA 

 
Article history 

Received: 10-02-2019  

Revised: 12-02-2019  

Accepted: 28-05-2019  

 

Corresponding Author: 

Karl Kingsley 

Department of Advanced 

Education in Orthodontics, 

University of Nevada, Las 

Vegas-School of Dental 

Medicine, 1700 West 

Charleston, Las Vegas, Nevada, 

89106, USA 

Tel: (702)774-2623 
Email: Karl.Kingsley@unlv.edu 

Abstract: Dental Pulp Stem Cells (DPSCs) are non-embryonic, 

mesenchymal stem cells that may have significant potential for therapeutic 

and regenerative biomedical applications. Studies of DPSC differentiation 

have demonstrated the potential to form many tissue types, including 

neural, osteogenic and vascular precursors using cytokines and growth 

factors, such as Vascular Endothelial Growth Factor (VEGF). Eight 

previously isolated Dental Pulp Stem Cell (DPSC) isolates were grown in 

culture and treated with VEGF to evaluate any effects on growth, viability 

or biomarker expression. Administration of VEGF at 10 ng/mL significantly 

inhibited growth in two rapidly dividing or rDT DPSC isolates, with no other 

measurable effects noted among the intermediate (iDT) or slow (sDT) 

growing DPSC isolates. In addition, administration of VEGF had no 

significant effects on viability of the sDT or iDT DPSC isolates, however, all 

three of the rapidly dividing or rDT DPSC isolates exhibited significantly 

increased viability. Finally, mRNA expression of osteogenic biomarkers 

Alkaline Phosphatase (ALP) and Dentin Sialophosphoprotein (DSPP) was 

observed among the rDT isolates with specific combinations of DPSC 

biomarkers expressed (NANOG in combination with Sox-2 or Oct-4 but 

not both). The results of these data suggest that VEGF administration may 

be sufficient to induce partial differentiation of DPSC isolates, although 

this may be dependent upon the MSC biomarker expression of the DPSCs. 

These preliminary data may further research into the potential for tissue 

regeneration and bioengineering. 
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Introduction 

Dental Pulp Stem Cells (DPSCs) are non-embryonic, 

mesenchymal stem cells than can be obtained, isolated, 

cultured and cryopreserved with relative ease compared 

with other potential sources, which has driven recent 

scientific research into their potential for therapeutic 

applications (Ferro et al., 2014; Gronthos et al., 2011; 

Collart-Dutilleul et al., 2015). Harvested from the dental 

pulp of primary teeth, extracted teeth, or avulsed teeth, 

DPSCs are multi-potent stem cells that may be useful to 

facilitate advanced regenerative therapies (Kabir et al., 

2014; Aurrekoetxea et al., 2015). These studies have 

provided a better overall understanding of the capabilities 

of Mesenchymal Stem Cells (MSCs) and DPSCs, with 

recent evidence demonstrating that differentiation 

potential may depend, in part, on the tissue of origin used 

in MSC harvesting (Masthan et al., 2013; Isobe et al., 

2016; Hernández-Monjaraz et al., 2018).  

Studies etaldone on DPSC differentiation have 
demonstrated the potential to form many tissue types, 
including neural, osteogenic and vascular precursors 
(Gonmanee et al., 2018; Kim et al., 2012; Zhang et al., 

2016). Much progress has been made towards the in 
vitro and in vivo differentiation of DPSC towards 
specific cell lineages (Zhang et al., 2008; Kanafi et al., 
2013). In fact, some evidence now suggests that 
individual growth factors, such as Vascular Endothelial 
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Growth Factor (VEGF), may be sufficient to induce 
partial differentiation of DPSC-although this may be 

more dependent upon specific biomarkers or DPSC 
characteristics (D' Alimonte et al., 2011; Janebodin et al., 
2013; Silva et al., 2017). 

It has been demonstrated that DPSCs can be 

stimulated using VEGF through the canonical Wnt-β-

catenin pathway into differentiating into blood vessels 

that resembled embryonic vasculogenesis, revealing the 

importance of this growth factor (VEGF) in angiogenesis 

as well as its potential for regenerative vasculogenesis 

(Zhang et al., 2016; 2008; Silva et al., 2017). However, 

the majority of studies to date have examined how the 

family of VEGF ligands act on specific tyrosine kinase 

receptors to create intracellular responses in 

differentiated vascular endothelial cells, while the 

cellular responses to and intracellular effects of, VEGF 

on various lineages of multipotent DPSCs remain 

relatively unknown (Aksel and Huang, 2017).  

Differentiation potential and stem-ness may be linked 

with specific intracellular MSC biomarkers such as the 

expression of Sox-2, Oct-4 and NANOG, which have 

been found to be highly associated with the pluripotency 

of cells, including DPSC (Yang et al., 2017; Alraies et al., 

2017; Ferro et al., 2012). The presence or absence of 

these biomarkers in cultured DPSCs may determine the 

ability of the isolates to differentiate and self-replicate 

(Martens et al., 2012; Xiao et al., 2014; Bakkar et al., 

2017). Based upon this understanding, the primary 

objective of this study was to evaluate the effects of 

VEGF on several DPSC isolates and to further evaluate 

the expression of specific biomarkers that may indicate 

pluripotency, as well as differentiation.  

Methods 

Study Approval 

The protocol for this study was reviewed and 

approved by the Office for the Protection of Research 

Subjects (OPRS) and Institutional Review Board (IRB) 

OPRS#763012-1 “Retrospective analysis of Dental Pulp 

Stem Cells (DPSC) from the University of Nevada Las 

Vegas (UNLV) School of Dental Medicine (SDM) 

pediatric and adult clinical population”. The original 

protocol for the collection and isolation of DPSC was 

approved by the IRB and OPRS#0907-3148 “Isolation of 

Non-Embryonic Stem Cells from Dental Pulp”.  

Study Design  

This retrospective study involved the analysis of 

DPSCs previously isolated from clinical patients, 

recruited at random from the UNLV-SDM pediatric 

clinic.  Inclusion criteria included adult patients or 

pediatric patients aged seven (7) or older with their 

parents or guardian’s permission who agreed to 

participate and were scheduled for a tooth extraction of 

health (vital) intact teeth prior to the initiation of 

orthodontic treatment. Pediatric assent and Parental 

permission to consent for voluntary participation were 

obtained at the time of study enrollment. Exclusion 

criteria included any patient, parent or child that was not 

a patient of record at UNLV-SDM, any patient or 

guardian who declined to participate and any patients 

having teeth extracted due to injury (fracture), infection 

or other disease. 

DPSC Collection (Initial) 

In brief, the overwhelming majority of patients who 

agreed to participate were scheduled for tooth extractions 

of third molars. Once extracted, each tooth was sectioned 

at the Cemento-Enamel Junction (CEJ) to allow 

extraction of the dental pulp with an endodontic broach 

for transfer into a sterile microcentrifuge tube containing 

1X Phosphate-Buffered Saline (PBS). 

Samples were stored on ice until transfer to a 

biomedical laboratory for processing and screening. To 

prevent research bias and prevent any patient identifying 

information from being disclosed, a randomly generated, 

non-duplicated number was assigned to each sample and 

concurrent patient demographic information collected. 

No patient-specific identifying information was 

subsequently available to any research team member. 

Culture and Propagation 

Briefly, cells were cultured and propagated for ten 

passages to determine the rate of growth and Doubling 

Time (DT). Passage (or split) for each DPSC isolate 

was 1:2 and confluence determined with trypan blue 

and BioRad TC20 automated cell counter (Hercules, 

CA), using the manufacturer recommended protocol. 

Data collected included total and live cell number and 

the resulting percentage of viable cells for analysis. 

Doubling Time (DT) was categorized as rapid or rDT 

(~2 days), intermediate or iDT (4-6 days) and slow or 

sDT (10-12 days). 

Experimental Protocol 

To determine any effects on DPSCs, the cells were 

plated into 96-well tissue culture treated plates at a 

concentration of 1.2×10
4
 cells/mL. Negative (non-

treated) control cells were compared with cells treated 

with Vascular Endothelial Growth Factor (VEGF) from 

ThermoFisher Scientific (PCH9394) at a concentration 

of 10 ng/mL. Eight replicates were performed in each 

experiment for all DPSC isolates, which were repeated 

for a total of three experimental trials (n = 24).  

RNA Isolation 

To assess any changes to differentiation, total RNA 

was isolated from each isolate using the Total RNA 



Cale Forgues et al. / Current Research in Medicine  2019, Volume 9: 1.8 

DOI: 10.3844/amjsp.2019.1.8 

 

3 

Isolation Reagent (TRIR) from Molecular Research 

Center (Cincinnati, OH) using the protocol 

recommended by the manufacturer. RNA was 

subsequently screened for quality and quantity using 

ratio measurements of absorbance at 260 and 280 nm 

(A260/A280 ratio).  

Polymerase Chain Reaction (PCR) 

Screening for changes to mRNA expression in each 

DPSC isolated was accomplished using the ABgene 

Reverse-iT One-Step RT-PCR protocol and reagent kit 

with specifications that included an initial reverse 

transcription at 47C for 30 min, followed by 30 dpsc-

3882, annealing for 30 sec at the appropriate temperature 

for each primer set and final extension at 60C for one 

minute. Primers synthesize from Eurofins MWG Operon 

(Huntsville, AL) were: 
 

Glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH); Annealing temperature 67C 

Forward primer-GAPDH, 

ATCTTCCAGGAGCGAGATCC; 20 nt, 55% 

GC, Tm 66C 

Reverse primer-GAPDH, 

ACCACTGACACGTTGGCAGT; 20 nt, 55% 

GC, Tm 70C 

Optimal temperature T(opt): Lower 

temperature – 5C = 61C 

Alkaline phosphatase (ALP); Annealing 

temperature: 72C 

Forward primer-ALP, 

CACTGCGGACCATTCCCACGTCTT;24 

nt, 58% GC, Tm 74C 

Reverse primer- ALP, 

GCGCCTGGTAGTTGTTGTGAGCAT; 24 

nt, 54% GC, Tm 72C 

Optimal temperature T(opt): Lower 

temperature – 5C = 67C 

Dentin sialophosphoprotein (DSPP); 

Annealing temperature: 68C 

Forward primer-DSPP, 

CAACCATAGAGAAAGCAAACGCG;23 

nt, 48% GC, Tm 67C 

Reverse primer- DSPP, 

TTTCTGTTGCCACTGCTGGGAC; 22 nt, 

55% GC, Tm 70C 

Optimal temperature T(opt): Lower 

temperature – 5C = 62C 
 

Statistical Analysis 

Basic proliferation and viability information 
regarding the DPSC isolated were compiled and 
presented using simple descriptive statistics (counts and 
percentages). Comparisons of change to viability or 
proliferation were calculated and compared using two-

tailed t-tests, which are appropriate for parametric data 
analysis. Due to the potential for Type I error, all 
analyses were subsequently confirmed using analysis of 
variance or multiple (ANOVA).  

Results 

To determine any effects on DPSC phenotypes, 
vascular endothelial growth factor (VEGF) was 
administered in 96-well assays (Fig. 1). These results 
demonstrated that the majority of DPSC isolates were not 
significantly affected by VEGF administration, p>0.05. 
However, two DPSC isolates (dpsc-3882, dpsc-5653) had 
significant measurable decreases in proliferation under 
VEGF administration, p = 0.038 and p = 0.041 
respectively. In addition, dpsc-3882 and dpsc-5653 were 
both categorized as having rapid doubling times or rDT. 

To evaluate if the observed changes in proliferation 
and cellular growth correlated with any changes to other 
DPSC phenotypes, cellular viability was also measured 
under VEGF administration (Fig. 2). Although no 
significant changes to viability were noted among the 
iDT or sDT DPSC isolates under VEGF administration, 

all three of the rDT DPSC isolates demonstrated 
significant measurable increases to viability over the 72 
time course, p<0.05.  

To determine if any of the changes to cellular growth 

or viability induced by VEGF administration among the 

DPSC isolates were associated with changes to DPSC 

biomarkers for osteoblastic differentiation, RT-PCR 

screening of RNA was performed (Fig. 3). In brief, 

primers specific for Alkaline Phosphatase (ALP) and 

Dentin Sialophosphoprotein (DSPP) were used to screen 

for mRNA expression of these biomarkers. These results 

demonstrated that VEGF administration was sufficient to 

induce mRNA expression of ALP in two DPSC isolates 

(dpsc-3882, dpsc-5653). In addition, VEGF 

administration was also sufficient to induce DSPP mRNA 

expression in one DPSC isolate (dpsc-3882). 

Finally, an evaluation of the MSC biomarkers for 

each DPSC isolate was performed to determine if there 

were any associations with VEGF responsiveness (Fig. 4). 

This analysis revealed that MSC biomarkers Sox-2, Oct-

4 and NANOG were differentially expressed by the 

DPSC isolates (Fig. 4A). For example, the rDT DPSC 

isolates each had a distinct expression profile (dps-3882: 

Oct-4, NANOG; dpsc-5653: Sox-2, NANOG; dpsc-

7089: Sox-2, Oct-4, NANOG). In contrast, none of the 

iDT DPSC isolates expressed Oct-4, while none of the 

sDT expressed either Sox-2 or Oct-4. 
When combined with the results of VEGF assay, 

these data demonstrated that only the rDT DPSC isolates 
that expressed a combination of NANOG with either 
Oct-4 or Sox-2 (but not both) were responsive to VEGF 
administration (Fig. 4B). More specifically, the rDT 
DPSC isolate expressing a combination of Oct-4 and 
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NANOG exhibited the most robust VEGF response, 
producing both ALP and DSPP (dpsc-3882). The rDT 
DPSC isolate expressing the combination of Sox-2 and 
NANOG exhibited some response to VEGF, producing 
ALP but not DSPP (dpsc-5653). However, the rDT 

isolate that expressed all three MSC biomarkers (Sox-2, 
Oct-4, NANOG) did not exhibit an osteogenic response 
to VEGF administration-similar to the negative response 
of the iDT DPSC isolates (Sox-2, NANOG) and sDT 
DPSC isolates (NANOG only). 

 

 
 
Fig. 1: Effects of VEGF administration on DPSC growth. Administration of VEGF at 10 ng/mL had a significant effect on two rapidly 

dividing (rDT) DPSC isolates, dpsc-3882 and dpsc-5653-which were significantly lower than the negative controls (p = 0.038 

and p = 0.041, respectively). No other measurable effects were noted among the intermediate (iDT) or slow (sDT) DPSC isolates 

 

 
 
Fig. 2: Effects of VEGF administration on DPSC viability. Administration of VEGF at 10 ng/mL had no significant effects on the 

intermediate (iDT) or slow (sDT) DPSC isolates, p>0.05. However, all three of the rapidly dividing or rDT DPSC isolates, 

dpsc-3882, dpsc-5653, dpsc-7089 exhibited increased viability (p = 0.018, p = 0.011, p = 0.122, respectively) 
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Fig. 3: DPSC osteogenic mRNA biomarker induction following VEGF treatment. VEGF administration (10 ng/mL) was sufficient 

to induce mRNA expression of Alkaline Phosphatase (ALP) in two rDT DPSC isolates (dpsc-3882, dpsc-5653) and Dentin 

Sialophosphoprotein (DSPP) mRNA expression in dpsc3882. Expression of these mRNA biomarkers were not evident in any 

of the other DPSC isolates 

 

 
 

Fig. 4: MSC mRNA biomarker analysis of DPSC isolates. Osteogenic VEGF response was observed in DPSC isolates expressing 

NANOG in combination with either Oct-4 (dpsc-3882) or Sox-2 (dpsc-5653) but not both (dpsc-7089). No osteogenic VEGF 

response was noted among the iDT (Sox-2, NANOG) or sDT (NANOG) DPSC isolates 
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Discussion 

Research that has evaluated DPSC differentiation has 

demonstrated the potential to form many cell types, 

including neural, osteogenic and vascular precursors 

using cytokines and growth factors, such as vascular 

endothelial growth factor (Zhang et al., 2016; 2008). 

However, the phenotypic and cellular effects of VEGF 

on various lineages of multipotent DPSCs remains 

relatively unknown, therefore this study sought to 

evaluate these effects on several DPSC isolates with 

distinct markers of pluripotency (D' Alimonte et al., 

2011; Janebodin et al., 2013; Silva et al., 2017). The 

results of this study demonstrated that VEGF has distinct 

and specific effects on DPSC phenotypes, although these 

were not observed uniformly among all DPSC isolates. 

For example, cellular growth and viability were 

markedly affected by VEGF only among the rapidly 

growing (rDT) DPSC isolates, which mirrors similar 

findings of VEGF effects on rapidly dividing MSC from 

other tissues (Chen et al., 2018; Healy et al., 2015; 

Yuan et al., 2011). In addition, VEGF appears to induce 

osteogenic biomarker expression in a subset of rDT DPSC 

isolates, a finding that appears to support observations 

of VEGF osteogenic effects in other MSCs (Zavan et al., 

2017; Leegwater et al., 2017; Murakami et al., 2017). To 

understand these observations more thoroughly, an 

analysis of MSC biomarker expression and the 

associations with osteogenic marker induction may be 

necessary (Bakkar et al., 2017; Bakopoulou et al., 2017; 

Karamzadeh et al., 2012).  

New evidence has suggested that MSC biomarker 
expression in DPSCs may determine, in part, their 
differentiation potential and responsiveness to external 
stimuli (Xie et al., 2018; Zhang et al., 2017; Xie et al., 
2017). The results of this study support these findings, 
with observations that rapidly dividing DPSC isolates 
expressing NANOG in combination with either Sox-2 
or Oct-4 were responsive to VEGF administration. 
This research may also provide a potential explanation 
for the observation that DPSC expression of Oct-4, 
Sox-2 and NANOG were not responsive to VEGF 
administration, noting that “stemness” and pluripotency 
are correlated with MSC biomarker expression and that 
DPSC expression of more MSC biomarkers may 
indicate more than one stimulus or induction factor 
may be needed to facilitate differentiation (Pisal et al., 
2018; Lee et al., 2017).  

Conclusion 

The results of these data suggest that VEGF 
administration may be sufficient to induce partial 
differentiation of DPSC isolates, although this may be 
dependent upon the MSC biomarker expression of the 
DPSCs. In addition, the phenotypic changes to these 
DPSC isolates (decreased growth, increased viability) 

support these observations and may provide 
preliminary data to further research into the potential 
for osteogenic differential of DPSC. This may 
contribute to the overall, long-term goals of DPSC use 
for tissue regeneration and bioengineering. 
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