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INTRODUCTION

Fractures affect 6 million people in the United States each year. [1]

* 10 percent of these fractures are non-union fractures caused by
critical size defects. [1]

« Bone grafts are regarded as the standard treatment for critical size
bone defects.

* Problems with the treatment are graft versus host disease and
donor site morbidity. [2] These problems could potentially be solved
with a tissue-engineering approach.

* This work leverages the TGF-B superfamily to induce bone growth in
a critically sized defect. By transplanting a GAG gel seeded with
human MSCs engineered to overexpress BMP2 directly into the
defect, we hope to avoid challenges of bone graft procedures.
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Figure 1. BMP-2 is Expressed via the TGF=B Pathway

The signaling pathway above depicts how BMPs, including BMP-2 are expressed as a part of the TGF-
B pathway. The pathway is largely regulated by Smads. Smads are proteins that transduce signals
from the TGF-B ligands to the nucleus to regulate downstream gene transcription.

OBJECTIVE
« Aviral vector is currently used to transduce cells with the BMP-2
gene, but viral vectors have been known to interfere with the
levels of protein expression even without the intended gene being
inserted. We aimed to determine the effect of the vector itself on
BMP-2 production.

HYPOTHESIS
We hypothesized that the BMP-2 production of the control vector
and nontransduced huMSCs would be negligible compared to the
BMP-2 production of the BMP-2 vectors.

MATERIALS & METHO

* huMSCs were transduced at 10MOI with either pR-EF1a-BMP2- or
pR-EF1a-RFP- and then plated at 52,000 cells/cm? and maintained
for 4 days post-transduction, along with huMSCs that were not
transduced.

* Media was collected every 24 hours and frozen at -80°C.

* The concentration of BMP-2 in the media was quantified with a
DuoSet ELISA BMP-2 kit (R&D Diagnostics).

* T-tests were performed to determine the differences, if any, in
BMP2 concentration between the groups at each timepoint.

RESULTS

Fluorescence microscopy was used to verify transduction of the RFP group. An image of the RFP group
at 4 days post transduction is shown in Fig. 2.

A. Phase images were taken to abserve the growth of the RFP transduced MSCs.
B. Fluorescence images were taken of the RFP transduced group to verify the transduction. The image above shows the MSCs
fluorescing, which indicates they were successfully transduced.

The levels of BMP-2 produced in MSCs transduced with a BMP2 vector is significantly greater than
MSCs transduced with a RFP vector at each sampled time point (p<0.05). Additionally, the amount of
BMP produced by RFP transduced cells at 24 hours is not significantly different from that produced by
nontransduced cells (p>0.05). The BMP-2 produced by each of the groups at 24 hours is presented in
Fig. 3.
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Figure 3. BMP-2 production at 24 hours is higher in BMP-2 transduced MSCs

The levels of BMP-2 produced by the BMP-2 transduced MSCs is significantly greater than the
levels produced by both the RFP MSCs and the MSCs at 24 hours.
Additionally, there is no significant difference in the amount of BMP-2 produced by the
nontransduced and RFP transduced MSCs.

The levels of BMP-2 produced by the
BMP-2 transduced MSCs was
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Figure 4. BMP-2 production over 96 hours is significantly higher in
BMP+ MSCs

BMP-2 levels were measured every 24 hours over the course of 96
hours and compared between the BMP+ and RFP groups. For each
24 hour period, a T-test was used to determine the statistical
significance. For each 24 hour period, the amount of BMP-2
produced by the BMP+ group was significantly greater than the
BMP-2 produced by the RFP group with p< 0.05 for each group.
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IN VIVO PILOT STUDY

Critically sized (length of 8 mm) bilateral defects were created surgically in the femurs of four 13 week
old female rats.

* Ahydrogel injected into a nanofiber mesh was then added at the site of the defect, an example is
shown in Fig. 5

* One leg on each rat had hydrogels that had BMP-2 transduced huMSCs added to them and the other
leg of each rat had hydrogels that had nontransduced huMSCs added to them.

* Faxitron images were taken of the rats at 2 weeks and 4 weeks after the defect was introduced.

NFM mesh around defect

Figure 5. Fixation plate and mesh
used in defect creation

An external fixation plate is used to
keep the bone surrounding the
defect in place over the duration of
the healing period. A nanofiber mesh
is used to contain the hydrogel in the
area of the defect. [3]

Figure 6. Faxitron images at 2 and 4 weeks show greater mineralization in BMP+ group
A. Faxitron image of a femur with nontransduced MSCs at 2 weeks.

B. Faxitron image of a femur with nontransduced MSCs at 4 weeks.

C. Faxitron image of a femur with BMP-2 transduced MSCs at 2 weeks.

D. Faxitron image of a femur with BMP-2 transduced MSCs at 4 weeks.

Figure 6 compares the transduced and non-transduced legs of one rat to each other at two and four
week time intervals. The most significant difference between the two legs is seen at the four week
interval in Fig.6 B and Fig.6 D. In Fig.6 D mineralization around the bone is the greatest and is greater
than the mineralization around the bone in Fig.6 B.

CONCLUSIONS

The viral vector has no effect on the levels of production of BMP-2 as can be seen by the very small
difference in the levels of BMP-2 produced by the RFP transduced MSCs and nontransduced MSCs.

BMP-2 transduced MSCs produce significantly more BMP-2 than both the nontransduced MSCs. This
indicates that BMP-2 production is due to the transduction with BMP-2 and not any interference from
the viral vector.

An in vivo study in a rodent critical defect model is being conducted in parallel with this experiment,
and has shown promising results with regard to bone formation.
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