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➢Bone has the ability to regenerate completely after injury. Diseases such as

osteoporosis and diabetes impair this healing cascade, sometimes causing

non-union of bone post-injury. Stem-cells, specifically mesenchymal stem

cells (MSCs), based therapies have been proposed to improve the

regenerative capacity of bone in such instances. These therapies have not

yet been proven successful owing to quiescence of these stem cells once

injected in vivo. Consequently, endogenous stem cell therapies have been

garnering interest where resident stem cells are activated to enhance

regeneration. Chemokines and growth factors have been used, with some

success, to improve bone healing. Previous research demonstrated

systemic activation of the cell cycle, by inhibition of p21, enhances bone

regeneration. While MSCs were shown to play a role in regeneration, the

exact mechanism remains unknown.

➢This project aimed to examine the specific role of MSCs in regeneration

through constitutively activating cell cycle in the MSCs by inhibiting p21.

p21 is a cyclin-dependent kinase inhibitor which binds to and inhibits the

activity of several cyclin dependent kinases and functions as a regulator of

cell cycle progression at the G1/S cell cycle phase. Since p21 is involved in

several signaling pathways, E2F1 is chosen to activate cell cycle as E2F1

acts directly on transcription of genes. The project was halted due to

mandatory pandemic response.

➢ In its place, an analysis and review of previously conducted research in the

lab, concerning the cartilaginous callous, was performed. The study aimed

to enhance cartilaginous callus formation and resultant bone regeneration

through overexpression of E2F1 in chondrocytes. E2F1, a transcriptional

activator, functions in the progression of cells through the G1/S cell cycle

checkpoint.

Post-injury, during bone healing, the callus is

predominantly occupied by skeletal progenitor

cells from the periosteum1. These cells

differentiate into chondrocytes and experience

hypertrophy to ultimately be replaced by bone.

It was hypothesized that overexpression of

E2F1 in chondrocytes would increase callus

size and bone regeneration. The methodology

(Figure 1) encompasses the steps for both

research projects and would have been utilized

to determine MSC role in bone regeneration.

Burr-hole fracture surgeries were conducted

on Col2aCRE:ROSACAG-E2F1-EGFP (’Col2a’, n=7)

and ROSACAG-E2f1-EGFP (‘Control’, n=5) mice.

Burr-hole (0.7mm in diameter) was to injure

the bone in order to examine the response of

MSCs (proposed research) and chondrocytes

(previously performed research)
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FIGURE 1

Experimental methodology and process flow of proposed 

and previous research. 

A) Tibiae were dissected out of the mice and were

embedded in paraffin wax and were sent to the

Premnath microscopy lab to be sliced into samples at

10μm thickness via an American Optical Microtome.

B) Samples were mounted on slides, labeled, and

placed inside an incubator. Slides were removed after 12

hours and prepared for histology and

immunofluorescence staining. Every 5th slide was

selected for histology staining to determine the correct

location of trabeculae. Once trabeculae location was

found through histology, the slides not stained (between

the slides found to contain trabeculae) were then used

for immunofluorescence staining.

C) Burr-hole injured tibiae were dissected out of mice

and imaged via X-ray microscopy or Xradia (Zeiss)

along with hydroxyapatite phantoms. The callus of the

bone was segmented out and then divided into the

following groups corresponding to soft tissue types2:

1) Soft Tissue: <900 mgHA/ccm

2) Partially Mineralized Tissue: 900-2000 mgHA/ccm

3) Mineralized Bone: >2000 mgHA/ccm

D) Samples then fixed in formalin and decalcified.

Samples processed, embedded in paraffin and cut at

10μm thickness. Histology and immunofluorescence

staining then performed.

➢The defect (burr-hole) is repaired faster in Col2a mice

compared to the control. Further, quantitative analysis

demonstrates, however, that the bone matrix which repairs the

injury site does not consist of a mineralized matrix.

➢One possible explanation of low tissue mineral density in this

newly formed bone matrix could be attributed to the role of

E2F1 in its distribution of chondrocyte maturation/differentiation

and reducing hypertrophic zones3. This would delay bone

formation and cause the bone to be presented as less mature

or less mineralized. It has been proven that overexpression of

E2F1 delays endochondral ossification, however, the exact

mechanism remains to be determined.

➢ It has been shown, recently, that differentiated hypertrophic

chondrocytes will differentiate into osteoblasts to form bone

during endochondral ossification4. It may be that

overexpression of E2F1 prevents the trans-differentiation which

is desired5. In order to determine the role of E2F1 in the trans-

differentiation process, it is necessary to conduct further

research to test the hypothesis.

➢There exists studies which have undertaken the goal of

overexpression of E2F1 in PRX1+ cells of the periosteum.

PRX1+ cells are primarily seen in the soft callus of bone6. The

overexpression of E2F1 in these cells aims to aid in cell

proliferation before differentiation in order to create an

abundance of multi-potent cells which are capable of being

differentiated into chondrocytes and osteoblasts alike.
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FIGURE 2

Tibiae callus formation post injury in 

control (A).  Zoomed in image of tibiae 

callus formation post injury in control 

(B). Tibiae callus formation post injury in 

experimental group (C). Zoomed in 

image of tibiae callus formation post 

injury in experimental group (D).

FIGURE 3

Callus formation in tibiae of control 

after 3 (A) and 7 days (B). Callus 

formation in tibiae of experimental 

group after 3 (C) and 7 days (D). 

➢ After injury, tibiae were dissected from mice and examined under Xradia 

(Ziess) x-ray microscopy. Immunofluorescence was performed and results 

are shown below in Figure 2 and 3. Cartilaginous callus formation was 

seen at an expedited rate in the experimental group whereas the control 

group exhibited much slower callus formation rate. The injury was repaired 

in Col2a mice as seen in Figure 3, where defect was covered in a greater 

callus formation which extended to a larger area than the control.
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