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Abstract — Stem cell based tissue engineering offers a therapeutic 
alternative that promotes the regeneration—rather than the 
replacement—of dental tissue. Dental pulp stem cells (DPSCs) possess 
tremendous in vitro regenerative potential on graphene-polymer 
scaffolds. Whereas current studies focus on 2-dimensional substrates, 
our study presents graphene-loaded poly(4-vinylpyridine) as a cost-
effective, electrospun, and 3-dimensional (3D) fibrous scaffold that 
mimics the natural extracellular matrix and supports DPSC 
biomineralization and differentiation. Confocal microscopy, energy 
dispersive X-ray spectroscopy, scanning electron microscopy, and real-
time polymerase chain reaction indicate poly(4-vinylpyridine) as a 
viable 3D scaffold that promotes the osteogenic differentiation of 
DPSCs by templating mineralized collagen-rich structures. 

I. INTRODUCTION 

Bioengineers develop in vitro scaffolds for DPSCs, which 
extensively proliferate and differentiate through osteogenic pathways to 
form bone [1]. Traditional in vitro substrates are not representative of in 
vivo, 3D scaffolds. Therefore, new methods, such as electrospinning, are 
increasingly popular to synthesize biocompatible fiber scaffolds [2]. Poly 
(4-vinylpyridine) has polymer applications in drug delivery and may be 
a viable, antimicrobial scaffold [3]. P4VP can also be processed as fibers 
and thin films [3]. However, challenges remain in adding substances, 
such as graphene, that promote the viability of P4VP substrates that 
template DPSCs. Recent electrospinning studies have shown the ability 
to disperse graphene in polymer matrices. Hence, our study 
synthesized six 2D and 3D scaffolds with and without graphene via 
electrospinning and spincasting: two cost-effective, low-risk techniques. 
Consequently, we studied the effects of P4VP/graphene fiber 
morphology on DPSC osteogenesis. 

II. METHODOLOGY 

In a multi-step approach, scaffolds were synthesized and 
characterized. First, we spuncast and electrospun P4VP/graphene thin 
films and 3D fibrous scaffolds, optimized by surface intercalation. 
Secondly, atomic force microscopy (AFM) and scanning electron 
microscopy(SEM) showed defect-free fiber and thin film structures. 
DPSCs were cultured in α–MEM media (Invitrogen) for 28-day 
analysis. Lastly, confocal microscopy, SEM/Energy Dispersive X-ray 
Spectroscopy (EDX), and real-time polymerase chain reaction(RT-PCR) 
analyzed the morphology and biomineralization of DPSCs, and 
assessed the upregulation of osteocalcin, a marker of osteogenic 
differentiation [1]. 

 

III. RESULTS & DISCUSSION 
 

Confocal microscopy, SEM, EDX, and RT-PCR analyzed the 
morphology and osteogenesis of DPSCs (Figs 1-3). Figs. 1a-f show 
elongation of actin filaments, suggesting that cells respond to 
underlying surface curvature and form unique growth patterns along 
P4VP fibers. The addition of graphene maintained healthy DPSC 
morphology in Figs 1d, 1e, and f. 

As DPSCs differentiate into a mineralized matrix of bone, they 
calcify, producing calcium phosphate deposits and upregulated 
osteocalcin levels [1-2]. Through SEM and EDX, Fig. 2 confirmed this 
biomineralization, calculating that (Ca3(PO4)2) weight was greater than 
40% for all scaffolds except the P4VP thin film. Fig. 2 shows DPSCs  
seeded on the P4VP microfiber and secreting proteins, specifically 
structured collagen, that template (Ca3(PO4)2) deposits [4]. Periodicities of 
collagen fibrils in Fig 2 were 65±5 nm, confirming Type I collagen 

periodicities in a previous study [4]. Fig 3 shows significantly 
upregulated osteocalcin levels in P4VP/graphene nanofibers and thin 
films. (p<0.0001) All samples increased osteogenic differentiation 
between days 14 and 28, suggesting that DPSCs grew favorably on all 
six biocompatible scaffolds.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV. CONCLUSION & FUTURE WORKS 
 

Our study successfully demonstrated that cost-effective P4VP 
fibers can template a rich deposition of mineralized collagen matrices 
and support osteogenesis of DPSCs. We controlled DPSC 
differentiation through varying P4VP morphology and electrical cues. 
Without differentiation inducing factors such as dexamethasone, we 
stimulated osteogenesis in flat and 3D settings in vitro, mimicking an in 
vivo stem cell niche. In the future, electrospun polymer fibers may be 
implanted in mice, as the goal is to personalize scaffolds for tissue 
regeneration. Such studies would enhance the applications of novel 
electrospun fibers for therapeutic osseointegration and regenerative 
stem cell treatments. 
 

V. ACKNOLEDGEMENTS 
We thank our mentors Dr. Miriam Rafailovich and Dr. Marcia 

Simon for providing the necessary resources and support to conduct 
this study. Research supported by the NSF and Morin Foundation at 
Stonybrook Garcia. 

 

VI. REFERENCES 
 

[1] d’Aquino, Riccardo, et al. "Dental pulp stem cells: a promising tool for bone 
regeneration." Stem cell reviews 4.1 (2008): 21-26. 
[2] Baker, Simon C., et al. "Characterisation of electrospun polystyrene scaffolds 
for three-dimensional in vitro biological studies." Biomaterials 27.16 (2006): 3136-
3146. 
[3] Kavitha, Thangavelu, et al. "Poly (4-vinylpyridine) -grafted graphene oxide for 
drug delivery and antimicrobial applications."Polymer International 64.11 (2015): 
1660-1666. 
[4] Alexander, Benjamin, et al. "The nanometre-scale physiology of bone: steric 
modelling and scanning transmission electron microscopy of collagen–mineral 
structure." Journal of the Royal Society Interface 9.73 (2012): 1774-1786.  

Evaluating the Effects of Graphene-Loaded Poly(4-vinylpyridine) Electrospun Fibrous 
Scaffolds on the Biomineralization and Differentiation of Dental Pulp Stem Cells in vitro 

 Sahith Vadada, Rushikesh Patel, and Vedant Singh 
 

9 

Figure 1: Confocal microscopy 
of DPSCs on thin films (a/d) 
and electrospun fibers (b,c,e,f)	

Figure 2: SEM(30,000x)/EDAX analysis shows 
templated Type I collagen and (Ca3(PO4)2) deposits  
 

Figure 3: RT-PCR 
analysis of OCN 

expression 


