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Ever fractured a bone before? Or know someone who did? Many of us overlook the 
amazing fact that our body is able to regenerate bone lost during a break. Depending on the 
severity of the fracture, our cells can create and send signals to increase the production of bone 
cells that will eventually heal our fractured bone! However, there are many things that can 
impact our bone’s regenerative capabilities, including diabetes, low vitamin D levels, poor 
nutrition, and smoking. Something inevitable like aging also causes bone regeneration to 
significantly slow down. If our body cannot regenerate simple fractures, it can cause a multitude 
of different problems, including decreased mobility. So how can we figure out a way to create a 
therapy where we can promote and speed up bone regeneration? To answer this question, it is 
important for us to first know some of the background information related to finding a solution.  
 

When talking about anything related to the bone, there’s a bit of terminology to first 
understand. An osteoblast is the name of one type of bone cell. Osteoblasts are derived from 
mesenchymal stem cells (MSCs)—basically, MSCs turn into osteoblasts. MSCs come from the 
bone marrow, and when they are made, they receive different signals from the cells around them 
that give that give them molecular instructions to turn into (i.e., differentiate) a specific cell type; 
in this case being an osteoblast. But as stated earlier, there are plenty of different reasons that 
could lead to osteoblast formation/regeneration being slowed down or even stopped. Because 
MSCs are constantly being made and, therefore, typically present in high amounts, one possible 
explanation for the lack of osteoblast production is that the signals needed to turn the MSCs into 
osteoblasts are the problem. Because if the signals are not present or strong enough, MSCs 
cannot turn into osteoblasts, which would cause bone regeneration to slow down. 
 

Given this information, the focus shifts to the specific signals that cause MSCs to 
differentiate into osteoblasts. Cells constantly create molecules called proteins. One of the many 
functions of proteins is to act as signals that can “tell” a cell to do something. Some of the most 
important signals that play a role in turning MSCs into osteoblasts comes from the Wnt family of 
proteins. Within this family, there are many different types of Wnt proteins that act as signaling 
molecules. Specifically, three important Wnt proteins— Wnt4, Wnt5a, and Wnt9a— have been 
found to be highly present in a disease called fibrous dysplasia, where patients have significantly 
increased bone mass. Due to the evidence that these Wnt proteins have a role in increasing bone 
volume, we are interested in creating a therapy involving cells that produce high levels of the 
Wnt proteins that could be injected into fibrous dysplasia patients. We hope that these injected 
cells will help differentiate naturally-occurring MSCs in the patients into osteoblasts in order to 
promote bone regeneration. 
 

To create this therapy, we first need to look at what overexpressing the Wnt proteins will 
do to the MSCs themselves. There are three different criteria to assess when researching the 
impact of over-expressing Wnt proteins in MSCs: proliferation, differentiation, and cell 
migration.  
 



Proliferation refers to how quickly cells divide to give rise to new cells. In this case, we 
will look at the impact that increasing these three specific Wnt proteins will individually have on 
MSC proliferation. Due to the role that these signaling proteins may have in fibrous dysplasia, 
we expect that proliferation will be increased compared to cells that do not have increased Wnt. 
In this context, differentiation refers the process of MSCs turning into other cell types after 
receiving the Wnt signals. MSCs can turn into a variety of different cell types; however, our 
hope is that the Wnts will cause MSCs to differentiate into osteoblasts. Other research has 
indicated that MSCs typically differentiate into osteoblasts in the presence of these Wnt signals, 
but we want to know whether or not having increased Wnt produces a different effect. Finally, 
cell migration refers to how well cells can migrate (move) from one place to another, which is 
important because we want the MSCs to be able to migrate to the site of a wound (i.e., bone 
fracture) in order to help heal the bone. We hope to not observe a decrease in cell migration. If 
results are as expected, we can continue with our line of experiments and hopefully come closer 
to creating a stem cell-based therapy for fibrous dysplasia.  
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