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The PNCOL scaffold was successfully integrated into the AF fibers to plug the defect
track and prevent any NP herniation. MRI data shows a track of the biopsy punch in
the control group which is not seen in the PNCOL group. Additionally, H&E staining

and optical pictures from dissection support our hypothesis that the PNCOL group
was able to integrate into the AF fibers. Finally, PCR data shows that PNCOL was
able to increase the gene expression of genes related to healthy discs indicating a
regenerative effect.

Future Work
There are two future projects that are currently planned. First, the lab plans on
incorporating Interluekin-4 (IL-4) with a delayed release in conjunction with PNCOL.
This project will investigate if additional inflammatory protection will increase
PNCOL’s healing effect. A second project includes using the EQuicycler bioreactor
which will dynamically load the intervertebral disc. This project will investigate if
the PNCOL can withstand additional mechanical stress and continue to incorporate
seamlessly into the AF fibers. Both projects will continue to investigate PNCOL’s
healing properties on the intervertebral disc.
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Each experiment begins by isolating the spine from a
freshly euthanized pig. Then, a band saw is used to isolate
individual Intervertebral Discs (IVDs) and then the discs are
placed into labeled containers to be transported to the
laboratory. In the laboratory, a biopsy punch is made on both
anterolateral sides of the IVD. Then, each disc is culture with
DMEM media supplemented with 10% fetal bovine serum (FBS),
1% penicillin/streptomycin, 0.5 µg/ml fungizone, and 1:500
PRIMOCIN.

The IVD is then promptly placed into the incubator at 37
°C and 5% CO2 for 24 hours. After the incubation period, the
PNCOL scaffold is inserted into the defect tracks left from the
biopsy punch and then sutured using a Modified Purse String
Suture. The PNCOL scaffold is synthesized by culturing COLO829
fibroblast cells in EMEM media. These cells are combined with
3% Polycaprolactone (PCL) (v/v) and 3 mg/mL of collagen. The
cells are mixed to a final concentration of 1x106 cells/mL. This, in
total, creates the PNCOL scaffold that is used in this experiment.

The scaffold is injectable however it polymerizes within
the disc. Finally, the IVD’s are placed into our loading device and
each disc receives a static load of 10 pounds for 14 days. DMEM
media is changed every 2 days.

Figure 5. Optical Images from IVDs of the Control and PNCOL group (side-side comparison)

In Figure 5, the left side of the disc shows clear signs of degeneration. The figure shows that on the left side, the NP is beginning to
extend toward the defect tract left by the biopsy punch, whereas the NP has a defined boundary with the surrounding AF tissue.
Additionally, the control group has a clear defect tract while on the right the PNCOL filled and sealed the defect tract. If there is a
defect track, it is more likely for a disc to be able to herniate, so the lack of the defect shows a healthier disc in the PNCOL treated
group.

The uniqueness of this study stems for the inherent properties of the
polycaprolactone nanofiber-collagen scaffold (PNCOL). PNCOL incorporates
biomimicry of collagen and is uniquely injectable (Baylan et al., 2013). In a
previous study, PNCOL was able to induce cell proliferation and allowed
mineralized matrix accumulation in bone (Bialorucki et al., 2014). For this study,
PNCOL incorporates fibroblasts with the goal of inducing healing within the
Annulus Fibrosus (AF). Throughout the experiment, the lab has found that PNCOL
can penetrate deep within the injured site and polymerize within the defect site.
The administration of PNCOL is minimally invasive, requiring no extra incision to
be made. This allows the scaffold to mimic native tissue and incorporate itself
into the AF lamellae, without initiating any additional damage.

To initiate degeneration in a disc there are many different methods.
Needle gauges, drills and biopsy punches are all very present in literature.
However, there is a key problem in needle gauge and drill bit punctures:
unpredictability. The depth and volume of the puncture may be different from
one trial to the next. However, the biopsy punch is controlled and repeatable
because of its fixed depth (Long et al., 2018).

After the PNCOL is injected into the defect left by the biopsy punch, it
needs to be sealed for it to polymerize correctly. Therefore, the lab found a
modified purse string suture made by “2 horizontal mattress suture pattern
placed in both end of the annular incision forming 2 loop structures.”(Chiang et
al., 2011). This suture allowed Chiang to increase failure force, intradiscal
pressure and complemented the biopsy punch’s circular nature (Chiang et al.,
2011).

Figure 2. The relative gene expression of Annulus Fibrosus Markers COL III, COL I, Tenascin, 
Sclerosis, Aggrecan, and SOX9.  All data were expressed as the mean standard deviation. 

Differences between groups were analyzed using the Student's t-test, with p < 0.05 
(indicated as *).
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In Figure 2, PCR data shows that the PNCOL scaffold had a statistically significant
increase in the genes COL I, Tenascin, Scleraxis, and Aggrecan. Interestingly, the
PNCOL scaffold also showed a statistically significant decrease in SOX-9. The PCR
data indicates that the PNCOL group is trending towards regeneration.

Figure 4. MRI pictures post experiment. (A) Transverse plane of control disc (B) Coronal plane of control disc (C) Transverse plane of  
experimental PNCOL disc (D) Coronal plane of experimental PNCOL disc
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MRI images show a clear contrast between control groups (A,B) and the experimental group (C,D). In the control group, there is an
uneven border between the nucleus pulposus (NP) and the surrounding tissue, which is signified by the white circle, which is a start
contrast of the even border on the experimental group. Also, the control IVD shows signs of biopsy punch. These marks are consistent
with the 6-mm depth of the biopsy punch used; whereas the experimental IVD (D) shows no defect track left from the biopsy punch.
These defect tracks are consistent degeneration in an IVD.
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Figure 3. H&E staining images from Puncture Site
Histological images demonstrate the effectiveness of the PNCOL scaffold in the
defect area of the IVDs. In the control groups, it was very easy to see where the
defect was created because there was a hole (as shown on the left) or loose tissue.
However, with PNCOL, it was sometimes difficult to see where the defect was
located. Also, when we did find the defect, there was only a small trace of the once
large defect. The histological data supports the hypothesis that the PNCOL scaffold
can plug a defect track and enhance regeneration.

Figure 1. Schematic of the Porcine IVD Organ Culture procedure and PNCOL synthesis.
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