
“Osteosarcoma, I have a bone to pick with you!”
Small molecules for osteogenic differentiation of MSCs and 

the treatment of osteosarcoma.

Osteosarcoma is the most 
common type of bone cancer

Poor prognosis due to 
high tendency of 

metastasis

Francesca Kokkinos, Monica P. Tsimbouri, Matthew J. Dalby and David J. France
University of Glasgow, School of Chemistry, Joseph Black Building  
Centre for the Cellular Microenvironment, Advanced Research Centre  

Osteosarcoma

Osteogenic differentiation of MSCs

Mesenchymal Stem Cells (MSC)

Highest rate of incidence in 
children and young adults

Current treatments:

1. Lack specificity and targeted 
delivery to tumour

2. Damage healthy cells causing 
side effects

Hair loss

Current understanding of Osteosarcoma

1. Tumours occur sporadically with no familiar pattern 

2. Osteosarcoma tumours exhibit 
characteristics of undifferentiated osteoblasts

3. Interruption of osteogenic differentiation 
Promoting terminal 

differentiation of 
osteoblasts

Terminal differentiation of osteoblasts in vitro is induced through the addition of small molecule steroids

Small molecule steroids
o Lack specificity → differentiation to other cell 

types
o Lack potency → higher doses would be required 

for desired effect

Project Aim ! 
Design and synthesise small molecules that will then be tested 
biologically as either inducers of osteogenic differentiation of 

MSCs and/or for the treatment of osteosarcoma 

Our approach

Cholesterol sulfate is a natural 
steroid that has been identified as a 
highly specific inducer of osteogenic 

differentiation in MSCs

Compared to widely used steroids, potency is suboptimal

Synthesis of more stable analogues of the natural 
steroid as a means of improving potency
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Glycolysis – the way cells obtain energy by 
breaking down glucose 

Cells take in glucose through 
glucose transporters 

In osteosarcoma there is 
overexpression of glucose 

transporters

Targeted delivery of steroids like dexamethasone to 
osteosarcoma tumours using glucose conjugation 

Steroid sulfatase is an enzyme responsible for 
converting steroids to their active form

Steroid sulfatase inhibitors have shown promising 
effects as treatments for hormone-dependent cancers

Successful synthesis of a cholesterol-based steroid 
sulfatase inhibitor for the treatment of osteosarcoma

Assessment of its biological activity in both breast and 
bone cancer cell lines indicate to its controlled ability 

to decrease cell viability with improved potency 
compared to Irosustat

Irosustat – first to reach Phase II clinical trials for 
the treatment of breast cancer

What does this mean for patients ?

Targeted delivery of drug 
molecules to tumours  

Novel therapies which aim to 
drive bone cancer cells to 
death via the osteogenic 
differentiation pathway

→ Limit number of side effects
→ More effective and potent treatments 

will require lower dosage
→ Non-invasive approach 

Making new bone 
Synthesised analogues can be used to induce 

osteogenic differentiation of MSCs for use in the 
treatment of damaged bones and 

osteodegenerative conditions like osteoporosis

       
             
      

                                           

Our findings

Unprecedently, Irosustat is shown 
to be active in bone cancer cell 

lines

Can reduce drug development timelines 
→ faster access to treatments for 

patients

Drug repurposing –
a faster solution?
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