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Introduction
Microtia is a congenital outer ear, or auricle malformation that affects one in every 5,000 to 7,000 births worldwide. The malformation of the auricle can impact the physical and
mental well being of the child. The auricle is an identifying feature of a face, and an absence or deformity can have a strong impact on the child’s self-image and sense of self-worth. 1
Currently, the primary surgical solution to the malformation is to sculpt an auricle from cartilage removed from the patient’s rib cage. This procedure requires the surgeon to have
strong artistic talent and can result in lifelong pain or discomfort at the donor site. To alleviate these problems, an alternative procedure is being developed and improved by
researchers around the globe. By taking a CT scan of the patient's intact auricle, a reversed 3D model can be produced.2 Cells are seeded into a printed mold and allowed to grow,
producing cartilage in the shape of an auricle. This research aims to find the ideal ratio of mesenchymal stem cells (MSC) to chondrocytes in order to produce and maintain a robust
cartilage matrix.

1. Design and Print 3D Scaffold
Designed with
Slic3r and printed
on a PRUSA 3D
printer with
BVOH as seen in
Figure 1.
Figure 1: 3D Print Time-lapse QR Code

4. Seeding Cells with Fibrin

Seed PCL scaffolds with fibrin and a
ratio of MSCs and Chondrocytes. Cells
are left to culture in-vitro for six weeks.

3. BVOH Wash

2. Add PCL and Freeze Dry

Dissolve the BVOH in
H2O, resulting in a
leftover PCL structure
in Figure 3.

Pipette 700 microliters of 10% or 30%
PCL dissolved in Dioxane, shown in
Figure 2. Freeze dry in a -80 degree
freezer and vacuum to sublimate the
Dioxane.
Figure 2: Pipetting PCL

5a. In Vivo Mice Model

Figure 3: PCL structure

5b. Immunofluorescent Stains
Using immunofluorescence stains, the
nuclei, collagen 2, and Aggrecan are stained
and viewed in a confocal microscope. The
resulting images are used to analyze the
cartilage matrix.

The engineered auricle is implanted into
the back of a mouse in Figure 4, to
examine graft integration with the host’s
vascular network.
Figure 4: Implanted engineered auricle

Results
By analyzing the stained Aggrecan and collagen 2 in the engineered cartilage constructs
with confocal imaging techniques, correlations between the success of cartilage growth,
ratio of cell type, and density of PCL can be drawn. Our results, as shown in the graphs
Results
and images in Fig. 5, demonstrate that there is a significantly more substantial presence
Results
of cartilage when using 10% PCL, as opposed to 30% PCL. The most successful sample
with the most cartilage is the 50/50 ratio of chondrocytes to MSC’s while the most
unsuccessful is the 30% MSC and 70% Chondrocytes.

By studying the success of 10% PCL, an increase of MSCs are directly related to an
increase of Collagen 2. However, the Aggrecan formations do not show any correlation to
cell ratio between Chondrocytes and MSC cells. Overall, the trends shown in the graphs
indicate that 10% PCL at a ratio of 50/50 chondrocyte to MSCs is the most successful
combination for cartilage growth.
Fig. 5: Confocal analysis of Aggrecan and Collagan 2. Scale Bar = 200µm

Using a Scanning Electron Microscope (SEM), images were taken of empty
scaffolds at magnifications of 200x and 600x of 10% PCL and 30% PCL
structures. Figure 6 shows a significantly more porous structure in the 10%
samples, visible at both 200x and 600x magnification. This difference sufficiently
accounts for the more substantial growth in the 10% PCL samples in figure 6 as
calls are known to proliferate to a greater extent in more porous environment.
Figure 6: SEM images of 10/30% PCL

Conclusions
The results of this experiment, Figure 5 and Figure 6, have yielded valuable information. Primarily, it has been demonstrated that 10% PCL is significantly more conducive to cell
growth than 30% PCL. This is reflected in the data from the SEM images showing a significantly more porous matrix in the 10% PCL sample. Additionally, a 50/50 MSC to
chondrocyte ratio outperforms all other tested ratios is terms of cartilage growth.
Despite the promising results, 10% PCL may not be strong enough for certain applications due to a risk of deformation during implantation. As such it is recommended that further
testing be done to find an ideal mixture that does not sacrifice too much mechanical strength for optimal cell growth.
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