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42 MSK FOCUS: BONE REPAIR

Written by: Dr Caroline Curtin, PhD, 
Department of Anatomy, Royal 
College of Surgeons in Ireland.

Dr Caroline Curtin is a Principal 
Investigator within the Tissue 
Engineering Research Group (TERG) 
at the Royal College of Surgeons in 
Ireland (RCSI) University of Medicine 
and Health Sciences whose 
research focus is the development 
of three dimensional (3D) advanced 
gene delivery scaffold systems  
for tissue regeneration and  
cancer applications.

Typically, tissue engineering 
involves the use of advanced 
scaffolds, a cellular source and 
bioactive materials in the form of 
drugs, growth factors or nucleic 
acids to regenerate or restore 
cells, tissues or organs that may 
be destroyed or impaired due 
trauma, disease or ageing. We 
focus on the use of 3D natural 
collagen-based porous scaffolds 
to recapitulate the native extra-
cellular matrix (ECM) of the 
body as this helps to produce 
an environment that promotes 
the restoration of cells, and the 
normal structure and function 
of damaged tissues. In terms of 
the cellular source, much of our 
lab work focusses on the use of 
mesenchymal stem cells (MSCs), 
which have the potential to easily 
differentiate into cells of the 
osteogenic (bone), chondrogenic 
(cartilage) and adipogenic (fat) 
lineages in the presence of the 
appropriate differentiation media 
containing lineage-specified 
components. To refine this 
process of tissue engineering 
even further, the focus of my 
research has concentrated on 
gene therapy techniques to 
precisely control therapeutic 
release from our scaffolds.

I joined RCSI in 2010 to work as 
a post-doctoral researcher within 
Prof Fergal O’Brien’s TERG and 
focussed on the development 
of ‘smart scaffolds’ that were 
capable of plasmid (p)DNA 
delivery to enhance bone repair. 
Collagen-nanohydroxyapatite 
scaffolds, which recapitulate 
the native bone environment as 

both collagen and hydroxyapatite 
are the primary components of 
bone, were used as the platform 
scaffold. This work described the 
delivery of bone morphogenetic 
protein 2 (BMP2), a potent factor 
involved in the development of 
bone, via nanohydroxyapatite 
gene delivery particles to 
MSCs growing on the collagen-
nanohydroxyapatite scaffolds. 
The work culminated in a 
seminal paper being published in 
Advanced Materials, one of the 
leading high impact journals in the 
materials field worldwide. Next, 
we added further complexity to 
the system by co-delivering BMP2 
and vascular endothelial growth 
factor (VEGF), a potent angiogenic 
protein that promotes the 
formation of blood vessels and a 
necessary protein involved in the 
bone repair/regeneration process 
to yield even more beneficial bone 
repair. Importantly, we were able 
to deliver these pDNAs using 
various non-viral gene delivery 
particles that have differing 
release profiles, a method that 
can be further exploited if the 
timing of protein release is 
important for healing. 

Following these studies, we went 
on to assess whether we could 
utilise the scaffold platforms for 
delivery of RNA interference, 
which was emerging as an up-
and-coming field with immense 
potential for tissue engineering 
applications. My previous 
PhD student, Dr Irene Mencia 
Castano, co-supervised with Prof 
O’Brien, focussed on utilising 

microRNA, which are small 
single-stranded RNA molecules 
that function in RNA silencing 
and have the capacity to regulate 
gene expression, as a means to 
significantly enhance bone repair. 
We were able to successfully 
demonstrate the potential of this 
approach for both microRNA 
mimics & inhibitors, two ways of 
implementing microRNA delivery, 
and showed for the first time 
that scaffold-based delivery of 
an inhibitor to miR133a, and in 
a separate study, an inhibitor 
to miR16, could significantly 
enhance bone repair. 

Excitingly, we have also been 
able to develop these pDNA 
and microRNA gene-activated 
scaffolds for enhanced cartilage 
repair showing the diversity of 
these gene-activated platforms. 
By utilising scaffold platforms 
that are more conducive to the 

native cartilage environment in 
the form of collagen-hyaluronic 
scaffolds, we have shown 
significant enhancement of 
cartilage deposition, which is 
typically a more difficult tissue 
to engineer due to its inherent 
nature. Delivery of chondrogenic-
related pDNA such as SOX9 and 
the SOX5, 6 and 9 trio (work by Dr 
Rosanne Raftery), in addition to 
miR140 and miR455 has proven 
very fruitful and highlighted the 
potential of these approaches. 

More recently, my group has 
started to utilise these gene 
delivery scaffold platforms for 
cancer applications in the areas of 
prostate cancer (in collaboration 
with Prof Caitriona O’Driscoll, 
University College Cork) and 
neuroblastoma (in collaboration 
with Dr Olga Piskareva, RCSI). 
We have successfully assessed 
the potential of the scaffolds 
to recapitulate the native 
tissue, in addition to using the 
collagen-nanohydroxyapatite 
scaffolds as models for bone 
metastasis resulting in numerous 
publications in the last six years. 
We are currently focussing on 
an exciting project in the area 
of breast cancer, funded by the 
Health Research Board (HRB), on 
which PhD student, Ms Elizabeth 
Sainsbury and post-doctoral 
researcher, Dr Lara Costard, 
are developing platforms for 
the inhibition of primary breast 
cancer cell growth in addition to 
targeting cancer cells within the 
bone metastatic environment. We 
look forward to producing top-
class outputs within this new and 
exciting avenue of research in the 
coming years.
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