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ABSTRACT 

 
Stem cells are the source of all differentiated cells in the 

body. However, the stimuli that control stem cell 
differentiation into other cell types are still not well 
understood. In this research, nano-structured carbon 
materials were prepared by using several methods: 
chemical vapor deposition, template mediated assembly of 
discotic mesophase pitch and spin coating methods. Stem 
cells adhesion was investigated on these nano-structured 
surfaces. Due to the ability of carbon nanostructures to 
conduct electricity, the differentiation of stem cells 
adherent onto the nanostructure carbon surfaces was also 
investigated upon application of an electrical current. 
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1 INTRODUCTION 
 
Stem cells have the ability to differentiate into any cell 

type. This property makes them excellent candidates to 
restore damaged tissues and organs. Currently, the 
mechanisms triggering and controlling the differentiation of 
these cells are unknown. However, it is clear that novel 
biomaterials are needed to deliver stem cells to specific 
tissue locations and enhance their differentiation into 
desirable cells. It is for these reasons that advances in 
nanotechnology can be used in coordination with stem cell 
technology to heal damaged tissue (such as in the creation 
of scaffolds upon which stem cells differentiate in vitro).  

There is significant evidence that properties of surfaces 
can affect cell functions, especially for anchorage 
dependent cells. The first reports showing superior cell 
function on nanofeatured surfaces dates back to the late 
90’s [1]. Nano-structured alumina and titania also enhanced 
osteoblast adhesion with respect to their conventional grain 
sized counterparts [2].  

One of the important nanophase materials investigated 
for biomedical applications is carbon nanofibers (CNFs). 
Elias et al. [3] and Price et al. [4] determined significantly 
greater in vitro osteoblast functions leading to mineral 
deposition on carbon fibers with nanometer compared to 
conventional dimensions. When CNFs were incorporated 

into PLGA (poly-lactic-co-glycolic acid) at 5 wt%, it 
doubled osteoblast adhesion [5]. For the PCU 
(polycarbonate urethane) / CNF composites [6], the weight 
fraction of CNF in CNF/PCU composites correlated with 
increased in vitro osteoblast adhesion and decreased 
fibroblast adhesion. One of the main reasons for enhanced 
cell adhesion and activity is that nano-featured surfaces 
have similar properties to natural tissues (such as 
mimicking the nano-topography) [7].  

In this research, in order to control and demonstrate 
stem cell differentiation in vitro, nano-structured carbon 
surfaces were chosen as a potential scaffold material due to 
their unique surface and electrical properties. Differences in 
the adhesion and differentiation behavior of these stem cells 
on various carbon substrates were characterized.  

 
 
 
2 EXPERIMENTAL PROCEDURES 

 
In this research, three different methods were used to 

prepare nano-structured carbon substrates for stem cell 
attachment and differentiation. Two of these methods, 
chemical vapor deposition and template mediated assembly 
of discotic mesophase pitch, were used to grow carbon 
nanofibers on anodized titania and commercial alumina 
templates, respectively. Bulk carbon nanofiber compacts 
were prepared by uniaxially pressing these individual 
carbon nanofibers under 6GPa of stress inside a stainless 
steel die into compacts. Figure 1 shows the SEM image of 
such CNF scaffolds used for stem cell adhesion. The third 
method, spin coating, was used to make semi-amorphous 
carbon thin film substrates. The CNFs prepared by template 
mediated assembly of discotic mesophase pitch were 
annealed at either 700oC or 2500oC. 

  Stem cells were then seeded onto these three different 
substrates and the differences between their adhesion and 
differentiation behavior was monitored. The influence of 
various growth factors on stem cell differentiation was also 
determined.  
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Figure 1: SEM image of CNF scaffold used for stem 

cell attachment and differentiation. (Scale bar: 1 micron) 
 
 
 

3 RESULTS 
 
The electron microscopy investigations provided 

evidence that the diameter of the CNF prepared by CVD 
process depends on the pore size of the alumina and titania 
template, as expected. The aspect ratios of these CNFs were 
controlled with the deposition time and temperature in the 
CVD chamber. SEM investigations showed that nanofiber 
compacts produced by uniaxial pressing were fully dense 
and non-porous. There was no difference in the roughness 
of the prepared scaffolds depending on the CNF diameter. 

The CNFs prepared by template mediated assembly of 
discotic mesophase pitch showed different hydrophobicity 
depending on the annealing temperature. The CNFs 
annealed at high temperatures (such as 2500oC) showed 
strong hydrophobic properties and the CNFs annealed at 
low temperatures (700oC) showed hydrophilic behavior. 
This was explained with healing of active edge sites at 
higher temperatures by Hurt et al. [8]. Hydrophilicity of a 
surface is important in protein and cell attachment to that 
surface. Preferential adhesion of vitronectin on hydrophilic 
surfaces, which subsequently affects osteoblast adhesion, is 
an example to this behavior. In the given research, stem cell 
adhesion was also characterized depending on the 
hydrophilicity of the CNF surfaces.   

Results of this study also demonstrated the ability to 
fabricate nano-structured carbon-based scaffolds that can 
support and direct stem cell differentiation. In this manner, 
the coordinated use of stem cells and carbon nano-
structured surfaces is a promising technique in orthopedic 
and tissue engineering applications.   

 
ACKNOWLEDGEMENTS 

 
The authors would like to thank Prof. Hurt, Aihui Yan 

and Lin Guo for their help in template mediated assembly 
of discotic mesophase pitch process; Prof. Sheldon and 
Xingcheng Xiao for their support in CVD process.  

 
 

 
REFERENCES 

 
[1]  T.J Webster, C. Ergun, R.H. Doremus, R.W. Siegel, 

R. Bizios, “Nanocrystalline hydroxyapatite 
enhances osteoblast function,” Proceedings of the 
First BMES/EMBS Conference, Atlanta, GA, 
(1999)  

 
[2] T.J Webster, R.W. Siegel, R. Bizios, “Osteoblast 

adhesion on nanophase ceramics,” Biomaterials, 20, 
1221-1227, (1999) 

 
[3] K.L. Elias, R.L. Price and T.J. Webster, “Enhanced 

functions of osteoblasts on carbon nanofiber 
compacts,” Biomaterials, 23,3279-3287,  (2002) 

 
[4] R.L. Price, M.C. Waid, K.M. Haberstroh and T.J. 

Webster, “Select bone cell adhesion on 
formulations containing carbon nanofibers,” 
Biomaterials, 24, 11, 1877-1887, (2003) 

 
[5] R.L. Price, K.M Haberstroh, T.J. Webster, 

“Increased adhesion on carbon nanofiber/polymer 
composite materials,” Proceedings of the Second 
Joint EMBS/BMES Conference, Houston, TX, 
USA, October 23-26, (2002) 

  
[6] T.J. Webster, M.C. Waid, J.L. McKenzie, R.L. 

Price, J.U. Ejiofor, “Nano-biotechnology: carbon 
nanofibers as improved neural and orthopedic 
implants,” Nanotechnology, 15, (8), pp 48-54, 
(2004) 

 
[7]  J.B. Thomas, N.A. Peppas, M. Sato, T.J. Webster,  

“Nanotechnology and biomaterials”, Nanomaterials 
Handbook, CRC Taylor and Francis, Boca Raton, 
FL, 605-636, (2006) 

 
[8]   K. Jian, R. Hurt, unpublished work. 

NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-7-3 Vol. 2, 2006128


	280.pdf
	2. МATERIALS AND METHODS
	3.1. Principle of CPM
	REFERENCES



	373.pdf
	CONCLUSION
	REFERENCES

	771.pdf
	Preliminary cytotoxic effects of application of an AC magnetic field were obtained in CaCo-2 cell media in contact with 0.15 mg/ml of magnetite/crosslinked dextran nanoparticles.  A decrease in cell culture viability of about 60 % was found upon the application of an AC magnetic field at 3.0 kA/m and 1.0 kHz for about 45 minutes. 

	546.pdf
	3. CONCLUSIONS

	825.pdf
	 
	Each step of the bioactive functionalization was confirmed by a novel CBQCA (3-4-carboxybenzoyl quinoline-2-carboxaldehyde) fluorescence method (3). CBQCA is inherently a non-fluorescent molecule but fluoresces well when attached to amine groups that arise from the aminated surfaces and the amines from bioactive group moieties.   

	1030.pdf
	ABSTRACT
	Acknowledgements
	References


	342.pdf
	ABSTRACT
	4  CONCLUSIONS
	 
	 
	Figure 4: UV-VIS spectra of silver colloidal solution mixed with bacteria.
	 
	Figure 5: Time evolution of the major SERS peak.
	 
	Figure 7A: Tapping mode AFM image of a roughened silver surface after the landing of crystal violet molecules and subsequent thorough washing. 
	 
	Figure 7B: Flattened view of the tapping mode AFM image of the same surface shown above.
	 
	5  REFERENCES
	[
	[
	[
	[
	[
	[
	[


	228.pdf
	A
	ABSTRACT
	INTRODUCTION
	RULE BASED MODELING
	CELLULAR COMMUNICATION
	CHEMICAL  SIGNALING
	CONCLUSION
	REFERENCE

	658.pdf
	INTRODUCTION
	MATERIAL AND METHODS
	The phytoplankton
	The nutrients
	The system

	RESULTS AND DISCUTION
	CONCLUSIONS AND PRESPECTIVES
	REFERENCES

	215.pdf
	Self-Assembled Soft Nanomaterials from Renewable Resources 
	 
	 
	ABSTRACT 
	 
	Keywords: organic soft materials, amphiphiles, self-assembly, lipid nanotube, renewable resources. 
	3   RESULTS AND DISCUSSION 





	281.pdf
	Introduction
	Figure 2: Fig 1(a) shows a TEM image of lath-like single cry

	705.pdf
	Demonstrative Applications of the Infusion Process
	3.1 Anti-Fouling and Release Applications
	3.2 Enhanced Interfacial Bonding and Adhesion
	3.6 Flexible Broad band Radiation Absorbing materials

	633.pdf
	1. INTRODUCTION
	2. TECHNOLOGY & PRODUCTS
	3. APPLICATIONS
	4.  CONCLUSIONS

	995.pdf
	Electrochemical Synthesis of Polyaniline




