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Statement of Purpose: Many clinical treatments for cartilage 

damage are available including autologous chondrocyte 
implantation into the cartilage defect site. However, one of the 
limitations associated with cartilage grafting is the lack of 
bonding between the implanted materials and the natural tissue. 
Helical rosette nanotubes (HRNs) are novel biomimetic self-
assembled supramolecular structures whose basic building 
blocks are DNA base-pairs, which can solidify into a viscous gel 
at body temperatures in short periods of time. HRNs are similar 
in size to collagen in cartilage. Moreover, previous studies have 
shown that HRNs are biocompatible and can increase the 
functions of numerous cells compared to other commonly used 
cartilage implant materials (e.g. hydrogels). Additionally, a 
variety of drugs, including growth factors and peptides tailored 
to cartilage applications, can be functionalized onto HRN side 
chains. Thus, it is hoped that HRNs can serve as a novel in situ 
curable, drug delivery device to improve cartilage cell adhesion 
and functions.  
    In this study, the mechanical properties of select 
hydrogel/HRN composites were tested. In addition, 
electrospinning was used to generate three-dimensional, 
implantable, composite HRN fibers containing fibroblast-like 
type-B synoviocytes (SFB cells) or chondrocytes. Importantly, 
results showed that HRNs enhanced hydrogel adhesive strength 
to fractured collagen and created a scaffold with nanometer-
rough surface structures that promoted SFB cell and 
chondrocyte adhesion and viability. In this manner, this study 
provided an alternative cartilage regenerative material produced 
by nanotechnology techniques that can be injected as a liquid, 
solidify at body temperatures under short periods of time, have 
suitable mechanical properties to cartilage, and promote SFB 
cell viability and adhesion. 

Methods: For mechanical tests, a model hydrogel 
(Polyethylene glycol, PEG) was dissolved into double distilled 
water to a concentration of 0.02g/mL. Two pieces of collagen 
casings were adhered together by 2cm*2cm using HRNs alone, 
PEG alone, and PEG with HRNs, then heated to 60oC for 
10mins. After 24 hours, tension was applied to the collagen 
casing and the tensile strength measured. TEM and contact angle 
tests were also used to analyze the samples. 

For electrospinning experiments, three different hydrogel 
solution were prepared separately in DMEM medium: 10% 
polyvinyl acetate (PVA); 10% polyvinyl acetate (PVA) and 2% 
PEG; 5% PVA, 3% alginate and 1% PEG; and 5% PVA, 3% 
alginate, 1% PEG and 0.01 mg/mL of HRNs solution. The tip-
to-collector distance was 15 cm. The flow rate of the solution 
was 1 ml/h and was dispensed automatically. The voltage was 
kept at 20 kV. TEM and SEM were used to analyze the 
nano/sub-micron fibers of the composite. 

For cell viability and adhesion experiments, SFB cells and 
chondrocytes were isolated from the knees of 4-month old 
female pigs. The cells were separately mixed with the hydrogel 
solution at a concentration of 500,000 cells/mL. The hydrogel 
solution containing cells was electrospun onto glass slides (2 cm 
diameter). The glass slides were cultured in DMEM medium 
with 10% FBS in a sterile, 37 oC, humidified, 5% CO2 / 95% air 
environment for 1 day. Then, cells were stained and counted 
under a fluorescence microscope to exam cell viability and 
adhesion. 

Statistics were performed using a one-tail t-Test. 

    Results: For mechanical tests, results from this study showed 
that as the HRN concentration increased the adhesive strength of 
PEG on collagen casings increased. TEM pictures showed that 
in the PEG solution, 0.1mg/mL HRNs aggregated into longer 
ribbons, which may have increased the tensile strength of 
fractured collagen casing when HRNs were applied. Contact 
angle tests showed that with increasing HRN concentrations, the 
contact angle of the hydrogel solution on collagen casings 
decreased, which provided the evidence that HRNs promoted 
the surface contact of PEG to increase the adhesive strength.  

From the TEM pictures, as shown in Figure 1, the 
PVA/alginate hydrogel was electrospun into sub-micro fibers 
with diameters from 200~700 nm. Moreover, on these fibers, 
HRNs were clearly observed when added to created nanorough 
scaffolds as marked by arrows. 

After 1 day of cell culture, SFB and chondrocyte cell numbers 
for the PVA/PEG/alginate/HRN samples were the highest 
compared to any other scaffold created in this study, as shown in 
Figure 2. In addition, cell viability (live cell numbers/total cell 
numbers) was similar on all scaffolds except that PVA/PEG was 
slightly lower than PVA/PEG/alginate/HRN.     

 
Figure 1, Electrospinning hydrogel fibers with HRNs. 

 
Figure 2, Chondrocytes (left) and SFB Cell (right) Adhesion 

After 1 Day Culture.  Data are mean ± SEM. **p<0.05 
compared to PVA alone and PVA/PEG/Alginate, *p<0.1 
compared to PVA alone; PVA/PEG and PVA/PEG/Alginate. 
HRNs increased cell numbers. 

Conclusions: Results of this study demonstrated that HRNs 
increased the adhesion strength to collagen and can be directly 
electrospun with cells into a 3D fiber mesh on the surgery site to 
increase cell adhesion. HRNs may accomplish this by increasing 
surface energy of hydrogel composites and provide for 
nanostructured surface features known to promote cell functions. 
HRNs appear to provide a supportive matrix for cartilage 
precursor cells and they can be used to deliver drugs or growth 
factors useful in tissue engineering. Therefore, electrospun 
HRNs might be a useful scaffold for engineering a cartilage bio-
composite for grafting into cartilage defects.  
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