
 

 

 

 

 

Future Leaders Joint CDT-

UKSB Virtual Conference 

24-25th June 2020 
 

  



 

Organising Committee: 

Michelle Carmichael 

Aimee Soare 

Maria McGloin 

Bethany Minors 

Claire Perry  

Rachel Williams 

Karen Coopman 

Paul Roach 

Jordan Roe 

Susan Kimber 

Curran, Jude 

Matthew Kibble 

Lydia-Styliani Marinou 

John Haycock 

Susan Hogan 

 

 

 

 

Welcome Note 

 

On behalf of the UK Society for Biomaterials and our expanding network of CDT 

researchers, we would like to thank you for registering for this event in these times of 

virtual connectivity. This year we have seen many conferences and meetings cancelled, 

yet there has been a growth in the number of small activities bringing research groups 

across the world together. We hope that this conference provides a supportive 

environment for our scientific community and each and every one of you can help maintain 

the enthusiasm for research, particularly for those members who are missing the 

laboratory greatly during these past few months. 

Over the past years the Centres for Doctoral Training within the areas of Regenerative 

Medicine and related fields, have come together to join and share their excellent research 

developments. It is a pleasure to be part of this virtual conference where we see students 

and staff from many CDTs, alongside the wider UKSB community. 

We hope that you enjoy the meeting and wish that there are no technical glitches. 

Best Wishes, 

 

Paul Roach and Karen Coopman  

 

Our conference is sponsored by Biopharma 

Group. For your chance to win a lyphilisation 

training course worth ~£1500 click here. 

 

https://www.uksb.org.uk/future-leaders-virtual-conference-2020/freeze-drying-intensive-training-course/


 

Conference Programme 

Future Leaders in Regenerative Medicine: Joint Conference CDTs and UKSB 

Virtual Meeting 24-25th June 2020 

DAY 1 
9:45 Arrival online and admittance to conference – Direct Link 

10.00 Welcome: Dr Karen Coopman (Director, EPSRC-MRC CDT in Regenerative Medicine, 
Loughborough University) and Paul Roach (President, UKSB) 

10.15 – 
11.00 

Keynote speaker: Prof Liam Grover, Birmingham University,  
Director of the Healthcare Technologies Institute (HTI) 
Title: Materials technologies to enhance tissue formation 

11:00-
11:05 

Move to sessions 

 
 
11.05- 
12:20 
 

Materials: Nanopatterning and properties 
 
Chaired by:  Tasmin Nahar and Periklis 
Petropoulos  
 
Ryan Dimmock: 
Smart Materials Fabrication for Limbal Stem 
Cell Study  
Danilo Villanueva: 
The effects of mechanically tailored 3D 
nanofibrous scaffolds for corneal 
regeneration 
Laurissa Havins:  
Bioengineering Dual Gradient Platforms for 
the Control of Cell Behaviour and 
Differentiation 
Nicola Negrini: 
3D Gelatin Hydrogels for Tooth 
Developmental Tissue Engineering 
 
Poster flashes: 
Catherine Taylor (Nottingham) 
Lydia Marinou 
Jonathan Taylor 

Clinical Applications 1 
  
Chaired by: Dominic Williams and Eduardo 
Ribes Martinez 
 
Angela Imere: 
Tissue engineering the tendon synovial 
sheath for prevention of post-operative 
adhesions 
Patrick Lawson-Statham: 
Development of A Composite Decellularised 
Osteochondral Scaffold for the Treatment of 
Articular Cartilage Lesions 
Lisa Duff 
Automated Diagnosis in Large Vessel 
Vasculitis Using FDG PET-CT 
Serkan Dikici: 
2-deoxy-D-ribose: A sweet alternative to 
VEGF to stimulate angiogenesis and wound 
healing 
 
Poster flashes: 
James Watson 
Matthew Kibble 
Simon Williams 
Caroline Taylor (Sheffield) 

 BREAK and poster viewing online 

2:30-
3:30 

Poster Discussions via Zoom – in themes  

 

 

 

 

 

https://uofglasgow.zoom.us/webinar/register/WN_dOb2UCIpQbS5lwNlKIHKEA
https://uofglasgow.zoom.us/webinar/register/WN_EoNje-ExTVevhNH9RsH5tw
https://uofglasgow.zoom.us/webinar/register/WN_KvtqI17RT22EFtDG5Gew4Q


 

DAY 2 

9:30-10:45 
 
 
 

Enabling Technologies 
Chaired by: Hannah Lamont  
and Dominic Mosses 
 

Paul Humphreys: 
Synthetic photoreceptor engineering for 
optogenetic control of TGFβ signalling to 
drive chondrogenesis 
James Hopwood: 
A Comparison of Electromechanical Versus 
Pneumatic-Controlled Knee Simulators For 
The Wear Performance Of A Total Ankle 
Replacement 
Andie Robinson (Nee Shaw): 
Development of Nano-Bioelectronic Systems, 
using Bipolar Electrochemistry 
Prof Aline Miller:  
Engineered Peptide Hydrogels; application in 
tissue regeneration, 3D bioprinting and drug 
discovery 
 

Poster flashes:  
Richard McDowell 
Liam Johnson 
Melissa Cheung 

Clinical Applications 2 
Chaired by: Robert Bagley and James 
Watson 
 

Valeria Filippou 
Novel Person-Specific Step Count Algorithm 
For Different Types Of Gaits 
Jessica Wiseman 
Neurosurgical grade biomaterial Duragen 
PlusTM is a promising pro-regenerative 
matrix for repair of traumatic spinal cord 
injury. 
Faye Bolan 
The regenerative potential of injectable 
peptide hydrogels for intracerebal 
haemorrahage therapy 
Simon C. Kellaway 
Engineered neural tissue from decellularised 
biomaterials for peripheral nerve repair 
 

Poster flashes: 
Naomi Northage 
Jacqueline Solis 
Davide Verdolino 
Tasmin Nahar 

10:45-11 BREAK 

 
11 – 12:15 
 

Cell and Gene Therapy 
Chaired by: Josephine Thomas and Laura 
Hubbard  
 

Angharad Evans: 
Optimising Culture of Viral Production Cell 
Lines for Improved Lentiviral Manufacture 
William Jones: 
Bone and Mesenchymal Stem Cell Changes in 
Ankle Osteoarthritis 
Miguel Ferreira: 
Novel Strategies to Promote Human 
Embryonic Stem Cell Chondrogenesis in 3D 
Microenvironments 
David H. Ramos: 
Introducing microfabricated electrospun 
membranes to mimic the stem cell 
microenviroment in the dermal-epidermal 
junction 
 

Poster flashes: 
Mark Naven 
 

Bioengineered Models 
Chaired by: Ryan Dimmock and Elaine Ma 
 

Elisa Tarsitano: 
Assessing the elastic properties and 
cytocompatibility of porcine liver 
decellularized ECM gels for a 3D in vitro 
model 
Cosimo Ligorio: 
Engineering the nucleus pulposus tissue by 
exploiting a growth factor-loaded 
peptide/graphene oxide hydrogel 
nanocomposite 
Marlene Polleres: 
Neurovascular 3D cell model to investigate 
the role of pericytes in dementia 
 

Poster flashes: 
Leona Ogene  
Lauren Hope 
Kirsten Liggat 
Narina Bileckaja 
Caitlin Jackson 

12:15 Closing remarks and Award of prizes by Karen Coopman and Paul Roach  

 
 
  

https://uofglasgow.zoom.us/webinar/register/WN_7YYZxmZXTXiObalUQRlBsg
https://uofglasgow.zoom.us/webinar/register/WN_7i9N4zH7RY2S64LdPsr6LA
https://uofglasgow.zoom.us/webinar/register/WN_Y-gEH3dKR1O5-ttN0lfeww
https://uofglasgow.zoom.us/webinar/register/WN_lwt8MzmpQeC_jE05moqLRg
https://uofglasgow.zoom.us/webinar/register/WN_GCUDio5SRbShHrnr3DkUlQ
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SMART MATERIAL FABRICATION FOR LIMBAL STEM CELL STUDY 
 

Ryan Dimmock*1  
1Keele University, School of Pharmacy and Bioengineering,  

Corresponding author: r.l.dimmock@keele.ac.uk – PhD student (1st year)  

 
Introduction 
Biomaterials are frequently used throughout the fields of medicine and regenerative medicine. Conventional 
materials and fabrication techniques have previously demonstrated good biocompatibility and cross 
translatability through a variety of stem cell and tissue engineering applications. In particular polymeric 
substrates feature heavily in biomimetic systems for tissue replication in both modelling and regenerative 
applications [1]. Focusing on limbal stem cell research, material surface manipulation facilitates the replication 
of biological structures by using material mechanical phenomena [2]. The limbal stem cell niche presents with 
a crypt-within-a-crypt morphology therefore the wrinkling, which was observed in polymer substrates through 
smart fabrication and manipulation [2], holds much promise in the prospect to replicate the limbal epithelial 
stem cell topographic niche.   
Materials and Methods  
Polydimethylsiloxane (PDMS) coated with a membrane of poly(lactic-co-glycolic acid) (PLGA) which 
wasadhered by a fine layer of adhesive, was compressed in a novel compression rig, forming the wrinkled 
topography based compression bioreactor. Additionally PDMS was treated with Oxygen plasma at 10mbar O2, 
for 10 minutes for each treatment. Primary Porcine limbal cells dissected from commercially obtained porcine 
eyes and mouse neonatal cardiomyoblasts were utilised in monolayer culture over each of the substrates. All 
culture runs using substrates were within a single passage. Visualisation of samples was conducted using 
bright field microscopy. To begin the construction of a model for material properties, compression testing of 
the PDMS bulk at different concentrations of curing agent was conducted with a Bose Electroforce 2300 series 
machine at a rate of 0.1mms-1.   
Results  
For the membrane coated samples wrinkling was achieved, whilst for plasma treatment a crack topography 
was observed. Preliminary imaging of monolayer cell culture on substrates demonstrated cell alignment on 
both of these substrates. Alignment patterns differ in both systems, the wrinkled systems showed a more 3-
Dimensional effect with induced localisation of cells at the base of the ‘crypts’ whilst alignment along the cracks 
followed a more 2-Dimensionally collimated appearance. Adhesion of cells was observed in both systems. In 
compression testing the Young’s modulus of the PDMS was determined, for a range of curing agent 
concentrations, from 2.5% to 10% v.v, to be 0.317 ± 0.01 KPa to 6.78 ± 1.07 KPa.    
Discussion  
The alignment of cells over the wrinkled topography followed concurrently with existing studies which use a 
different cell types [3,4]. However, in this system the wrinkles used were wider (average, allowing for multiple 
cells to organise along the different regions of the wrinkles’ curvature. The aggregation of the cells along the 
basal apex of the wrinkles aligned with current work where stem cells have been shown to favour basal regions 
of crypts. The generation of crack topography with plasma treated PDMS demonstrated the ability to further 
align cells at the singular level and with further development holds promise for incorporation into the generation 
of the limbus replicating bioreactor due to the ability for O2 plasma treated PDMS to facilitate wrinkling [2] and 
enhanced cell adhesion [5]. The compression test follows as expected with less curing agent causing a lesser 
Young’s Modulus and Vice Versa. This data feeds into future work that will allow the predictive modelling of 
the effect of dynamically altering the wrinkles morphology on limbal cell migration and differentiation.        
Conclusions 
To conclude, the use of a smart material construct has definitive value in the creation of a biomimetic limbal 
stem cell niche. These approaches prospectively have potential to be implemented as part of a tissue 
engineering model for limbal in vitro organogenesis and in the clinic similarly for disease modelling for ocular 
surface diseases. The development of these approaches facilitates with the future dynamization is to follow 
from this preliminary data and will advance these objectives. 
References 
1. Kim et al. J. Tiss Eng and Regen Med. 11; 9: 2471-2478, 2017 
2. Dimmock et al. Rec Prog in Mat. 2; 1: Online, 2020 
3. Wang et al. Carbon 97: 14-24, 2016  
4. Seonwoo et al. IEEE Trans on Nanobiosci. 15; 8: 835-842   
5. Hemmilä et al. App Surf Sci 258; 24: 9864-9875 
  



 

THE EFFECTS OF MECHANICALLY TAILORED 3D NANOFIBROUS SCAFFOLDS FOR CORNEAL 
REGENERATION 

D. Villanuevaa, T. Patersona, S. MacNeilb, F. Claeyssensb, I. Ortegaa. 
a Bioengineering and Health Technologies Group, The School of Clinical Dentistry, University of Sheffield, S10 2TA, 

Sheffield , UK. 
b Biomaterials and Tissue Engineering Group, Department of Materials Science and Engineering, Kroto Research 

Institute, University of Sheffield, S3 7HQ, Sheffield, UK. 
Danilo Villanueva: dvillanueva1@sheffield.ac.uk – PhD student (4th year) 

 
Introduction 
Corneal disease is the third leading cause of blindness in the world (after cataract and glaucoma) with 
approximately 10 million people suffering from bilateral corneal blindness (Pascolini and Mariotti, 2012). Simple 
limbal epithelial transplantation (SLET) is a new surgical technique for corneal repair that is now routinely used 
in many countries including India where it was firstly developed. Although SLET has been successful indeed, 
it unfortunately relies on the use of human amniotic membrane (AM) as a cell carrier. It is well known that AM 
has associated risks of disease transmission and high associated costs for its safe delivery (Basu et al., 2016). 
Our group has previously reported the use of electrospun Polylactide-co-glycolide (PLGA) as a potential AM 
substitute however the mechanical properties of this membrane were not comparable to AM and therefore the 
formerly developed scaffolds were difficult to handle by surgeons. The aim of this project it to develop a PLGA-
based membrane via the incorporation of other polyesters (Poycaprolactone, PCL) for the manufacture of a 
new mechanically controlled scaffold to aid in corneal healing. 
Materials and methods 
PLGA 50:50 and PCL were mixed and used in different PLGA:PCL weight ratios (99:1, 95:5, 90:10, 85:15, 
80:20, 70:30 respectively). To dissolve the polymers, a solvent solution of 25% Dimethylformamide (DMF) and 
75% dichloromethane (DCM) was used. Electrospun membranes were stored at -180C in sealable bags with 
desiccant. Membranes were characterised in dry and after wet condition (370C and submerged in PBS). 
Characterisation was done using scanning electron microscopy (SEM) to analyse fibre diameter and 
microstructure. Gas chromatography was used to measure the remnant solvents in the membranes. 
Differential scanning calorimetry was used to analyse thermal properties. Uniaxial tensile test was done to 
obtain stiffness, ultimate tensile strength, and strain at UTS. Biological testing was perfomed using porcine 
limbal explants into membranes and growing them for 2 and 3 weeks. Cell growth was analysed using confocal 
microscopy, Light sheet microscopy, and Scanning electron microscopy (SEM). 
Results and Discussion 
Gas chromatography showed that the electrospun membranes had lower levels of DCM and DMF than the 
maximum permitted by regulations. Fibre diameter between the membranes shows no statistical difference 
when they are dry. In wet conditions, PCL helps keeping the fibre morphology in the membranes, and thus, 
keeping the porosity of the membranes. DSC showed that PLGA-PCL membranes act as polymer blends 
preserving their Tg and Tm even when electrospun together from the same solvent solution. PCL helps 
improving the elasticity in the membranes. Although adding PCL does not change significantly the stiffness of 
the scaffold, the UTS and strain at the UTS is modified considerably. The fact that UTS and strain at UTS have 
a considerably increase when adding PCL means our scaffolds have a better resistance to stress and are 
better fit to be handled by surgeons.  Porcine limbal explants were growth in our membranes with no 
complications presenting considerable cell outgrowth after 2 and 3 weeks. 

 
Figure 1. Comparison of cell outgrowth in a 10%PCL-90%PLGA electrospun scaffold using S.E.M. at 2 and 3 weeks of cell culture.  

Conclusion 
We have demonstrated that the inclusion of PCL within our PLGA scaffolds produces membranes with 
improved mechanical properties as well as with better fibre integrity. These membranes support 
corneal epithelial cell outgrowth being potential new carriers to be used in SLET surgery. 
References 
Basu, S. et al. (2016) ‘Simple Limbal Epithelial Transplantation: Long-Term Clinical Outcomes in 125 Cases of Unilateral Chronic Ocular 
Surface Burns’, Ophthalmology. American Academy of Ophthalmology, 123(5), pp. 1000–1010. doi: 10.1016/j.ophtha.2015.12.042. 
Pascolini, D. and Mariotti, S. P. (2012) ‘Global estimates of visual impairment : 2010’, pp. 614–618. doi: 10.1136/bjophthalmol-2011-
300539. 
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Introduction 
 
The development of neurons in vivo is dependent on the dynamic local environment, whereby tightly controlled 
signalling cues, specific morphogen gradients and the composition of the extracellular matrix enable precise 
control over cell fate. In particular, morphogen gradients such as that provided by Wnt, and proteins such as 
nerve growth factor (NGF) play key roles in the movement towards certain lineages, neurite extension and 
cellular migration. Harnessing these vital characteristics in vitro could provide an improved culture environment 
by mimicking the cues presented in vivo. Here, we report the development and use of dual gradient polymer 
surfaces, using surface initiated atom transfer radical polymerisation (SI-ATRP) of poly(potassium 
3-sulfopropyl methacrylate) (pKSPMA). The gradient is provided by continuous and orthogonal changes in 
polymer chain length and density across the surface. Further functionalisation through the tethering of NGF is 
also reported. We demonstrate the differences in attachment, neurite outgrowth and differentiation, dependant 
upon regional interaction with the dual gradient surface. Development of a platform that enables a stable, 
consistent and cost-effective way to define cell characteristics is important for the potential use within a clinical 
setting, where specific neuron subsets could be developed for use as a therapy for disease.  
 
Materials and methods 
 
A duel gradient was synthesised by firstly applying a changing density of surface-bound SI-ATRP initiator 
2-bromoisobutylryl bromide (BIBB), followed by sequential attachment and growth of polymer. BIBB density 
was reproducibly prepared by the backfilling of an inert silane with the pKSPMA then grown by dynamic filling 
of a chamber with the ATRP monomer solution. Chain density and length gradients were produced orthogonal 
to each other. NGF functionalisation was subsequently achieved via NHS/EDC covalent immobilisation to the 
ends of the pKSPMA polymer brush. Surface characterisation via XPS, WCA and fluorescence microscopy 
confirmed the surface chemistry at each stage. SH-SY5Y neuroblastoma cell line was used to assess cellular 
response to the surfaces.  
 
Results and Discussion 
 
pKSPMA surfaces were used as an anti-fouling surface to prevent non-specific cell attachment, with results 
clearly demonstrating that this was the case in regions of both high polymer density and chain length; some 
cell attachment was observed in areas of low density and low chain length but data was used as a background 
for comparison with NGF-tethered surfaces. The covalent tethering of NGF provides a specific protein gradient 
environment. On NGF bound gradients, the level of cell attachment was improved in areas of higher density, 
where NGF concentration is higher. Further, neurite extensions were longer on NGF bound surfaces compared 
to pKSPMA alone, and this was found to be dependent upon NGF concentration with some interaction also 
with polymer density. Time lapse imaging enabled the dynamic nature of attachment, migration and neurite 
growth of SH-SY5Ys to be determined, with mid-ranging density generally giving rise to longer neurites.  
 
Conclusions 
 
Biomaterials surfaces are well known to play a major role in determining cell fate, with cells often mediating 
their environment by deposition of growth factors and proteins to better support cellular characteristics. Here 
we demonstrated a biomimetic surface presenting dual gradient in polymer density and chain length, with 
additional binding of NGF presented as a gradient. We found that cell attachment was highly impaired by the 
underlying polymer at high density and longer chain length, with cells attaching readily to NGF surfaces. A 
general trend towards longer neurites was observed on mid-ranging NGF concentrations, indicating some 
control over cell parameters through the underlying surface conditions. This work could lead to a significant 
step-change in cell culture materials development for, e.g. the controlled differentiation of stem cells. 
 
References 
1) Chen, L et al. Mater. Today. 21: 38-59, 2018. 2) Tang, S et al. Biomaterials. 34: 7086-7096, 2013. 
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Introduction 
Limited clinical success currently achieved by classic tissue engineering (TE) approaches is given by the 
difficulties in regenerating tissues/organs with correct bio-morphology and bio-functionality. As an example, 
tooth is a complex organ and, currently, classic TE strategies mainly aim only at the regeneration of single 
tooth components (e.g., enamel, dentin-pulp complex), while TE methods targeting whole tooth regeneration 
are still limitedly investigated [1]. Developmental TE represents a promising alternative to regenerate whole 
tooth by artificially mimicking the developmental processes occurring in embryos leading to tooth development 
[2]. Requirements for potentially successful tooth regeneration by developmental TE include (i) the selection 
of appropriate cell sources (e.g. co-culture of mesenchymal and epithelial cells) that opportunely crosstalk to 
give raise to the tooth morphogenetic process and (ii) the design of biomaterials that mimic the 3D 
microenvironment where the organ morphogenetic process takes place. Here, we investigate a bioorthogonal 
crosslinking reaction to prepare gelatin hydrogels that can support the 3D culture of selected cell populations 
to potentially recapitulate the tooth developmental process, aiming at whole tooth regeneration. 
Materials and Methods 
Gelatin hydrogels were prepared by a bioorthogonal crosslinking chemistry based on the click crosslinking 
reaction between tetrazine (Tz) and norbornene (Nb) chemical groups attached to the gelatin polymer chains 
[3]. First, gelatin (type B, 225 g Bloom) was functionalized either by Tz or Nb by EDC/NHS coupling reaction. 
Functionalized gelatin powders (Gel_Tz and Gel_Nb) were obtained after dialysis and freeze-drying. The 
percentage of gelatin carboxylic groups functionalized by Tz or Nb was measured by 1H-NMR. Then, 10% w/v 
Gel_Tz and Gel_Nb solutions were prepared, mixed at different ratios (i.e. 1:1, 1:0.5 and 0.5:1), poured in 
Teflon moulds and allowed to crosslink for 1 h at 37 °C. The swelling of the hydrogels in water at 37 °C was 
measured up to 1 week. Human Dental Pulp Stem Cells (hDPSC) were embedded (1x106 cells mL-1) in the 
gelatin solutions, mixed and the solutions were allowed to crosslink to obtain cell-laden gelatin hydrogels. At 
complete crosslinking, cell viability was checked by live/dead staining and cell morphology qualitatively 
investigated up to 2 weeks of culture by optical microscopy. 
Results and Discussion 
The overall efficiency of the gelatin functionalization in terms of collected gelatin mass at the end of the reaction 
process was 80%. 1H-HNM spectra confirmed the attachment of Tz and Nb to the gelatin polymer. In particular, 
the calculated degree of functionalization was 7 and 14% for Gel_Tz and Gel_Nb, respectively. Immediately 
after Gel_Tz and Gel_Nb mixing, the gelatin solution was characterized by a pink colour (given by the presence 
of Tz). After 1 h at 37 °C, the hydrogels colour turned transparent, qualitative evidence of effective crosslinking. 
Hydrogels swelled in water and were characterized by different weight variations, depending on the 
Gel_Tz:Gel_Nb ratio. All hydrogels were stable in aqueous environment at 37 °C, thus confirming the effective 
crosslinking reaction and obtainment of gelatin hydrogels. After embedding of hDPSC in the hydrogels, 
live/dead staining confirmed the presence of majority of viable (green) cells. Moreover, after 2 weeks of culture, 
cells appeared distributed in the 3D gelatin hydrogels and with elongated morphology. 
Conclusions 
Gelatin hydrogels were successfully prepared by a bioorthogonal crosslinking reaction based on Tz-Nb click 
chemistry. Viable hDPSC were embedded in the hydrogels and showed an elongated morphology, thus 
proving the ability of the developed hydrogels in supporting 3D culture of cells and, preliminarily, their potential 
in supporting whole tooth regeneration by developmental TE approach. 
References 
1. Angelova Volponi et al., J Dent Res 92: 329-34, 2013  
2. Ono et al., Sci Rep 7: 1-11, 2017 
3. Koshy et al., Adv Healthcare Mater 5: 541-47, 2016 
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Introduction 

Increasingly bioreactors in 3D cell culture are being used to improve cell growth and differentiation due to 
enhanced mass transfer and the mechanical forces they impart on the cells [1, 2]. Optimisation of tissue 
regeneration would benefit from methods to measure the homogeneity of flow through scaffolds, the 
localised forces cells experience and how these parameters change over time with the ingrowth of tissue into 
the scaffold. Currently outside of theoretical computed models, understanding of flow patterns in porous 
scaffolds and the associated mechanical stresses is limited. Optical methods often are not suitable for the 
opaque scaffold materials commonly used, or require the addition of tracer particles [3, 4]. Furthermore, 
analysis of cells post dynamic culture often involve destroying the scaffold, and do not allow for any real time 
measurements to be taken.  

 

Materials and Methods 

Therefore, presented here is a non-invasive NMR and MRI technique to encode velocities of flow through 
porous 3D printed scaffolds for tissue engineering. In this study, scaffolds were printed using Fused 
Deposition Modelling (FDM) with distinct pore architecture. Between scaffolds the geometry and size of 
pores were varied, and subjected to the same flow conditions.  

Results and Discussion 

This method was successful in displaying how far fluid velocity variability occurred as a result to changes in 
the porous architecture, mainly the pore size and the pore geometry. This level of variability could potentially 
be a source of heterogeneous cell distributions and mechanical environment affecting the subsequent tissue 
formation, and in turn the viability of the scaffold for the purposes of tissue regeneration. 

Conclusions 

As a result, it is intended the flow patterns induced by particular internal porous architecture could well 
influence scaffold design rationale in attempts to optimise dynamic culture methods.   

References  
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Introduction 
Synthetic grafts are most commonly implemented for therapeutic intervention of vascular disease, such as 
atherosclerosis and aneurysm.  However, serious complications are continuously reported; thrombogenicity, 
intimal hyperplasia and graft infection are the known culprits for vascular graft failure. Healthy endothelisation 
in the graft lumen has been proposed to reduce such complications1,2. To achieve this, bioactive coatings have 
been designed in an attempt to improve endothelial cell adhesion to the graft walls, the formation of a stable 
endothelial cell monolayer as well as the reduction of intimal hyperplasia at the suture sites. Poly (ethyl 
acrylate) (PEA) has been extensively investigated as a bioactive substrate for various biomedical applications 
in recent years. Particularly, plasma polymerised PEA (pPEA) has been shown to allow the formation of 
nanonetworks of fibronectin (FN) fibrils. Such networks offer high availability of specific binding sites, such as 
integrin binding sites and heparin II binding domain. Previously, this system has been successfully 
implemented in animal models to induce osteogenesis3. In the same way, the graft lumen will be coated with 
pPEA and FN to achieve local presentation of growth factors; these angiogenic growth factors will potentially 
promote cell migration and adhesion.  
 
The present project primarily aims to develop a bioactive coating composed of an elastomer coating 
functionalised sequentially with extracellular matrix protein, fibronectin, and growth factors, acting as the 
driving force for cell recruitment, adhesion and migration. In parallel, to ensure its suitability, the bioactive 
coating will be implemented the inner surface of woven PET synthetic grafts. 
 
Materials and Methods 
An initial characterisation of the coating was conducted; this included water contact angle (WCA) 
measurements and quantification of FN adsorption. Cells were seeded in the PEA- and FN-coated glass 
coverslips. Cell viability was assessed with a live-dead staining (Calcein AM & Ethidium homodimer-1). 
Additionally, cell morphology and focal adhesions were visualised by immunofluorescent staining of actin, 
vinculin and cell nuclei.  
 
Results & Discussion 
PEA- and FN-coated surfaces exhibited hydrophilic behaviour (WCA<90o), which is important as hydrophilic 
coatings are characteristically blood-compatible4. Fibronectin adsorption was higher in the PEA-coated glass 
coverslips compared to the control – uncoated glass coverslips – however, further investigations are needed 
in order to establish statistical significance. Cell viability was evaluated at two timepoints, day 1 and day 7. A 
greater cell number decrease was observed in the glass coated surfaces compared to the PEA-coated ones. 
Finally, cells appeared to be more spread with numerous focal adhesions in the PEA- and FN-coated surfaces. 
On the contrary, cells in FN-coated surfaces appeared to be smaller in size.  
 
Conclusions 
This initial characterisation yielded interesting results that can be interpreted and used in the development of 
further studies. Hence, next steps will include blood compatibility testing as well as a more comprehensive 
study of the PEA coating, especially when applied on the PET grafts. Finally, further investigation of cell 
proliferation, morphology and migration will be conducted.  
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Introduction 
Synthetic calcium phosphates (CaPs) are successfully used as bone graft substitutes. There is, however, an 
unmet clinical need for a biomaterial that stimulates more consistent bone tissue regeneration in elderly or 
compromised patients. One potential solution is the addition of covalently attached biologically active peptides 
that imitate the function of proteins involved in natural bone healing. Published methodologies report the need 
to plasma polymerise acrylic acid onto the surface of a material prior to peptide binding, but it is unknown 
whether this pre-treatment is required for CaPs. 
 
Materials and Methods 
Carboxylic acid functional groups were grafted onto clinically used CaP granules via plasma deposition of 
acrylic acid at 100 W for 30 minutes. Plasma treated granules were then coated with the osteogenic 
hexapeptide GFOGER or a fluorescently labelled KRSR-FITC peptide using carbodiimide chemistry. Mercury 
intrusion porosimetry was used to evaluate changes in surface area and porosity after the acrylic acid polymer 
coating. The grafting density of carboxylic acid groups was determined using a Toluidine Blue titration assay. 
Changes in the surface chemistry of the granules were analysed using attenuated total reflection Fourier 
transform infrared (ATR-FTIR) and X-ray photoelectron spectroscopy (XPS). The quantity of peptide bound 
and its retention over two weeks in phosphate buffered saline (PBS) was evaluated using high performance 
liquid chromatography and spectrophotometric analysis of the fluorescent peptide. 
 
Results and Discussion 
Porosimetry data showed that the acrylic acid film blocked smaller pores within the granules, decreasing 
surface area available for peptide to binding. Toluidine Blue titration showed that the acrylic acid plasma 
coating had been successfully applied. Presence of peptides was confirmed with ATR-FITR, XPS and 
fluorescence microscopy. XPS data suggested that granules subjected to both acrylic acid plasma 
polymerisation and carbodiimide treatments (fully treated) had more peptide attached to the granule surface 
compared to other treatment groups. ATR-FTIR spectra suggested that the peptide anchored in this way was 
covalently bound. A retention study using high performance liquid chromatography (Figure 1.) showed that the 
fully treated granules had both the greatest initial loading and retention of peptide over 14 days. 

 
Figure 1. GFOGER peptide loading and retention on CaP granules over 21 days in PBS 

Conclusions 
The data suggested that the GFOGER peptide is covalently anchored to a CaP biomaterial, with some 
evidence that plasma polymerisation may not be required to covalently attach the peptide. 
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INTRODUCTION: Clinical treatments for tendon lacerations can be compromised by adhesion formation [1] 

due to tendon synovial sheath disruption and aberrant healing. Hence, there is the need to develop novel anti-
adhesion systems capable of allowing tendons to glide. One of the most promising approaches relies on the 
introduction of a biomembrane that acts as a physical barrier for adhesion-forming cells whilst regenerating 
the tendon synovial sheath [2]. Here, we propose a novel hybrid approach that combines electrospinning and 
3D bioprinting techniques to produce a bilayer biomembrane for restoration of tendon synovial sheath integrity 
and prevention of post-operative adhesions. 

MATERIALS AND METHODS: Polymeric meshes were prepared by electrospinning, using a 10% w/v solution 
of poly(ε-caprolactone) (PCL) (Mn=50,000) dissolved in 1,1,1,3,3,3,-hexafluoro-2-propanol with 1 ml/h flow 
rate, 20 kV voltage and 20 cm needle-collector distance. Samples were imaged using scanning electron 
microscopy and mechanically tested under tension. Migration studies were performed by allowing 3T3 cells 
(mouse fibroblasts) to migrate for 24 h through the PCL mesh in a double chamber system. Morphological and 
rheological characterisation of Alpha4 SAPH was performed using atomic force microscopy,  attenuated 
total reflectance Fourier-transform infrared spectroscopy and oscillatory rheometry. HIG-82s (synoviocytes) 
were encapsulated in Alpha4 self-assembling peptide hydrogel (SAPH) and cell-laden constructs were printed 
using a 3D Discovery bioprinter. Cell viability and metabolic activity were evaluated over 4 weeks via 
LIVE/DEAD and AlamarBlue assays, respectively. Production of specific matrix proteins by encapsulated cells, 
in particular collagens and hyaluronic acid (HA), was assessed using immunocytochemistry and Alcian Blue 
staining according to Scott method. Rheological tests in stress ramp mode were performed using a porcine 
tendon model to investigate the membrane’s frictional properties. 

RESULTS AND DISCUSSION: In order to prevent post-operative tendon adhesion, a bilayer biomembrane to 
be wrapped around the tendon is proposed. Results show that a nanofibrous mesh (Mean=0.254µm) is 
produced with mechanical properties (Young’s modulus=18.77±3.90 MPa, ultimate tensile stress=9.59±1.74 
MPa, failure load=0.48±0.09 N) that can withstand the forces generated in the tendon during motion (~0.3 N). 
The mesh creates a physical barrier that prevents the infiltration of fibroblasts in vitro due to its small pores 
(<3µm) and has the potential to prevent adhesion formation in vivo.  Alpha4 SAPH is a β-sheet forming 
hydrogel that creates an interconnected nanofibrous network. Rheological tests reveal the shear-thinning and 
recovery properties of Alpha4 hydrogel, indicating that the hydrogel can be 3D printed. 3D bioprinting of 
synoviocyte-laden hydrogel allows accurate spatial distribution the hydrogel phase without affecting 
synoviocyte viability and proliferation. Moreover, Alpha4 SAPH provides a substrate that, mimicking the 
extracellular matrix of the native tissue, stimulates cells to produce collagen-III and HA. No detection of 
collagen-I suggests that synoviocytes do not contribute to the process of scarring and adhesion formation. 
Rheological tests reveal that the final product possesses anti-friction properties comparable to those of the 
native synovial sheath. This indicates that the bilayer biomembrane could potentially aid the tendon to recover 
its gliding ability. 

CONCLUSIONS: To prevent post-operative tendon adhesions, a bilayer biomembrane to be wrapped around 
the tendon was proposed. The biomembrane acts as physical barrier and has the potential to restore the native 
content of HA for long-term lubrication. Future steps will include animal work to evaluate the product’s 
effectiveness in vivo. 

ACKNOWLEDGEMENTS: The authors thank EPSRC & MRC (EP/L014904/1) and the Henry Royce Institute 
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Introduction: Autologous chondrocyte implantation has emerged as a promising regenerative approach to 
cartilage repair and has recently been recommended by NICE for lesions >2 cm2 1. However, prior to 
regeneration the cell/matrix graft has limited mechanical strength or function and has complications such as 
cell leakage 2. We propose the use of cell seeded decellularised grafts as a novel treatment for cartilage 
defects. This work details development and assessment of a decellularised scaffold of dimensions appropriate 
for large shallow lesions, initial viability results of C20A4 chondrocyte cells encapsulated in a self-assembling 
peptide (SAP) cell delivery system and attempts at delivering cells to the decellularised scaffolds.  
 
Methods: Porcine femoral condyles were shaped to dimensions of 2cm2 with a depth of 5mm and subject to 
the University of Leeds decellularisation process 4. These scaffolds were assessed for DNA and 
glycosaminoglycan (GAG) content, as well as cytocompatibility. These scaffolds were subsequently seeded 
with C20A4 cells, via static, vacuum and injection seeding, and assessed for cell viability, distribution and 
penetration. Methods of cartilage permeabilisation (lyophilisation and collagenase digestion) were also 
investigated to improve cell penetration. Biocompatibility of a SAP-GAG hydrogel was assessed with L929 
cells over a 14-day period with alamarBlue and LIVE/DEAD viability measures.  
 
Results: Scaffolds were successfully decellularised and biocompatibility. For the attempts at recellularisation 
static seeding showed the most homogenous seeding pattern from LIVE/DEAD staining, however, cells barely 
penetrated the superficial layer. In order to improve the biomechanical properties of the decellularised 
scaffolds, cell delivery in a SAP-GAG hydrogel was investigated. Initial experiments with fibroblast cell lines 
indicate an ability to support cell proliferation over a 14-day period.  
 
Conclusion: This work provides promising indications for the production of a biomechanically relevant matrix 
for cell implantation and cartilage repair. Future work will investigate methods of improving cell penetration into 
the cartilage matrix, as well as long-term culture experiments to study the remodelling response in terms of 
ECM deposition and restoration of mechanical properties.  
 
1. National Institute for Care and Excellence. Technology appraisal guidance (TA477), 2017 
2. Lee WY & Wang B. (2017). Journal of Orthopaedic Translation, 9: 76-88. 
3. Dugard N et al. Cartilage; 8(2): 119-130, 2017 
4. Kheir E et al. J Biomed Mater Res A; 99(2):283-94, 2011 
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Introduction 
Large Vessel Vasculitis (LVV) occurs in a variety of syndromes that inflame the aorta and its major branches. 
Due to variation in symptoms, in treatments administered prior to the scans, and rarity of the syndromes there 
is difficulty in distinguishing LVV from atherosclerosis, accurately diagnose the underlying syndromes and 
determine long-term prognosis. Imaging for diagnosis and monitoring LVV has been successful and may be 
able to solve some of the current issues. Imaging is mostly evaluated qualitatively, but quantitative methods, 
such as Radiomics may provide vital information that leads to improved patient management. The aim of this 
study was to explore the diagnostic utility of [18F]FDG PET-CT (Fluorine-18 Fluorodeoxyglucose Positron 
Emission Tomography – Computed Tomography) in LVV by discovering radiomic imaging biomarkers [1-2]. 
 
Materials and Methods 
The aorta was manually segmented using open-source software (3D Slicer) on the baseline [18F]FDG PETCT 
scans of 50 patients with confirmed LVV and 25 normal controls [3]. The PET scans and segmented masks 
were then resampled to a voxel size of 4x4x4mm. Pyradiomics was used to extract 102 radiomic features [4-
5]. The only modification added to the parameter input file for Pyradiomics was to set the intensity bin width to 
0.4. No additional filters were used. The Mann Whitney U test was used to find radiomic features that were 
significantly different between patients with active LVV and normal controls. The p value was adjusted from 
p=0.05 to p= 0.00049 using the Bonferroni correction to prevent Type 1 errors due to multiple testing. Random 
Forest and Logistic Regression Machine Learning classification were used to build a diagnostic model. The 
data was split 70:30 for training: testing. 
 
Results and Discussion 
The manual segmentation method was shown to be reproducible and accurate when compared to a ground 
truth segmentation (Dice Similarity Coefficient >0.8). The Mann Whitney U test found 74 of the 102 features to 
be significantly different between the LVV group and control group (p<0.00049 when adjusted by the Bonferroni 
correction). Three of the four features selected as the most important by Random Forest were also selected 
in the top five, by Mann Whitney U test, making them good candidates for diagnostic indicators. These were 
GLDM (Grey Level Dependence Matrix) Dependence Entropy, First Order Variance and GLRLM (Grey Level 
Run Length Matrix) Grey Level Variance. Random Forest Classification had an accuracy of 73.91% 
outperforming Logistic Regression (65%).  
 
Conclusions  
Several radiomic features show potential as imaging biomarkers for active LVV in this pilot study. In 
particular GLDM Dependence Entropy, First Order Variance and GLRLM Grey Level Variance performed well 
in both the Mann Whitney U test and Random Forest Classification. These initial findings will be tested in a 
larger sample size and externally validated in a multicentre study. 
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Introduction 
Failure of tissue engineered (TE) constructs following implantation is one of the most challenging problems of 
tissue engineering. Thus, ensuring rapid vascularisation is crucial for translation of TE constructs to the clinic. 
Use of proangiogenic factors is a promising approach to overcome slow neovascularisation. VEGF is 
recognised as the gold standard for promoting angiogenesis but it is also unstable, expensive and can result 
in leaky immature vessels in vivo. The aim of this study is to explore the angiogenic potential of 2-deoxy-D-
ribose (2dDR), a small sugar molecule associated with VEGF production as an effective alternative to using 
exogenous VEGF. 
 
Experimental 
We first assessed the angiogenic potency of 2dDR versus vascular endothelial growth factor (VEGF) in vitro 
in a range of cell-based assays and in the chick chorioallantoic membrane (CAM) assay. We then explored 
whether 2dDR could be delivered from a range of dressings. It was electrospun into PHBV fibres, incorporated 
into commercially available alginate gels and cotton-based wound dressings. Pro-angiogenic properties of the 
2dDR releasing biomaterials were evaluated using CAM assay, and a diabetic rat model was used to 
demonstrate whether 2dDR accelerates wound healing when released from commercially available alginate 
dressings. 
 
Results 
2dDR was found to be almost 90% as effective as VEGF in terms of stimulating endothelial cell proliferation, 
migration and tube formation in vitro1,2. The incorporation of 2dDR into several types of biomaterials and 
commercially available wound dressings showed a release behaviour over 3-5 days and promoted 
angiogenesis in ex-ovo3 and in-ovo CAM assay4. In addition, loading of 2dDR into alginate dressings not only 
induced angiogenesis but also stimulated wound healing in diabetic rats5. 

 
Conclusions 
We conclude that 2dDR is not only an in vitro and in vivo stimulator of angiogenesis, it also promotes wound 
healing even in diabetic wounds. 2dDR offers an inexpensive and effective alternative to the use of exogenous 
VEGF to promote angiogenesis. Incorporation of this small sugar into commercially available wound dressings, 
such as alginate-based or cotton-based dressings, enables the development of affordable pro-active wound 
dressings.  
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Background 

With the number of people with dementia continuing to rise globally, there appears to be a dearth in appropriate 

and timely service provision. Specifically, people with dementia can face inequalities in accessing the right 

care. This systematic review aimed to explore existing evidence from routine and cohort data to understand 

inequalities in dementia care pathways. 

Methods 

This review was registered with PROSPERO (CRD42020162934). Electronic databases and grey literature 

were searched; impertinent literature from these searches was discarded based on abstract; remaining papers 

were read in full and retained if meeting the inclusion criteria. 

Results 

46 studies met the inclusion criteria, mostly conducted in Europe, the UK and the USA. Most studies included 

socio-economic factors as descriptive characteristics of the study population.  However, 27 analysed such 

variables as predictors of service interaction and risk factors for health outcomes in people with dementia. 

Many factors - including gender, age, ethnicity, deprivation, education, marital status, residential setting - 

impacted the type, extent and quality of health and social care services used, medications used, likelihood of 

institutional care transition, disease progression and survival rates. 

Conclusions 

This novel systematic review is the first to highlight inequalities in dementia care pathways globally, citing 

strong evidence from routine and cohort data sets. However, evidence is finite and this review highlights 

various gaps which need addressing by future analyses of existing data sets. 
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Introduction 
Back pain costs the UK economy an estimated £12bn per year, and is driven largely by degeneration of the 
intervertebral discs (IVDs). The lack of effective clinical interventions regarding back pain, coupled with an 
ageing population, means that novel regenerative therapies are becoming essential. 3D Bioprinting can be 
used to accurately model and control the composition, structure and stiffness of the IVD and disc cell 
microenvironment, including the nucleus pulposus (NP) and annulus fibrosus (AF) regions. This has enabled 
research into the processes driving IVD development and degeneration, the results of which will help inform 
novel regenerative therapies. 
 
Methodology 
Fresh samples of human IVD tissue were mechanically tested to determine their compressive and tensile 
stiffness (ElectroForce 3310, TA Instruments). Two immortalised NP cell lines of different ontogenies were 
subsequently cultured on laminin-521 functionalised polyacrylamide gel-coated dishes of physiologically 
relevant stiffnesses (1kPa, 12kPa) for seventy two hours. qPCR analysis was conducted to assess the effect 
of stiffness on expression of phenotypic markers. Nuclear (DAPI) and F-actin (phalloidin) stains were 
additionally performed and image analysis software (CellProfiler, v3.1.8) used to assess stiffness-induced 
morphological changes (cell/nuclear area and shape) following 2D fluorescence microscopy. NP cells were 
additionally encapsulated and cultured in 3D printable alginate-collagen and alginate-collagen-laminin 
blended hydrogels for fourteen days in 3D; cell viability was assessed using a live/dead assay on days three 
and fourteen (Leica, SP8 Inverted Confocal Laser Scanning Microscope). 
 
Results 
Increased substrate stiffness in 2D resulted in both NP cell lines occupying a greater area and forming actin 
protrusions. Interestingly these effects were more marked when using NP cells that were CD24-negative, a 
known notochordal cell marker. In contrast, the nuclei of the putative notochordally-derived NP cell 
subpopulation displayed greater sensitivity to changes in stiffness. NP cells demonstrated good survivability 
in the 3D alginate-collagen and alginate-collagen-laminin hydrogels, however extensive cell-cell clustering 
was observed in the alginate-collagen-laminin samples when cultured with notochordally-derived NP cells in 
both 2D and 3D. 
 
Discussion & Conclusions 
Morphological analysis of the two NP cell subpopulations has indicated their response to stiffness differs, 
and further phenotypic analysis must now be conducted to elucidate this difference. Similar experiments will 
also be employed using AF cell lines. The clustering behaviour observed in the laminin blended hydrogel 
strengthens the body of evidence that clustering behaviour in immature NP cells is both a function of matrix 
stiffness and ECM composition; further experiments using a wider range of gel stiffnesses and a variety of 
matrix coatings will now be employed to examine this phenomenon and address important questions with 
regards to notochordal and immature NP tissue development. The high viability of NP cells in both blended 
hydrogels allows future research to begin replicating the highly aligned fibrous cellular structures of the AF 
region using 3D bioprinting and melt electrospinning, and integrate this with a gelatinous NP, however the 
mechanical and structural properties of these novel hydrogels must first be determined. 
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INTRODUCTION: Peripheral nerve injuries (PNIs) are a global challenge, affecting 7 million people every year.  
Although autografts are the current gold standard for repair, nerve guide conduits are a favourable repair 
strategy as they avoid issues such as lack of donor nerve available and donor site morbidity. However, as a 
hollow tube, they lack natural guidance cues associated with autograft use.  Therefore, the addition of guidance 
scaffolds, such as electrospun fibres, is a popular research approach and has been shown to increase nerve 
regeneration distances1. Polyhydroxyalkanoates (PHAs) are a favourable synthetic material used for tissue 
engineering scaffolds due their   biocompatibility, they are biodegradable and mechanical properties can be 
tailored to a specific application. 
 
METHODS: P(3HB) and P(3HO) were produced by bacterial fermentation and characterised as previously 
described2. 5 and 8µm aligned fibres of P(3HB):P(3HO) (50:50), and PCL, were fabricated by electrospinning, 
and quantified by SEM and microCT for fibre alignment and diameter. NG108-15 neuronal cells, and rat 
primary Schwann cells, were seeded onto scaffolds for 6 days. NG108-15 neuronal cells were labelled for β 
III tubulin (neurite marker) and primary Schwann cells labelled using S100β (to confirm Schwann cell 
phenotype). Cell viability was determined using live/dead assay. Rat Dorsal Root Ganglion (DRG) bodies were 
extracted, from spinal columns, nerve roots trimmed and explanted whole on to the ends of a 3D in vitro fibre 
testing method3. After 21 days in culture, fibres containing DRGs were labelled for β III tubulin, and S100β, 
and imaged with confocal microscopy to determine average neurite outgrowth length and average Schwann 
cell migration distance.  
 
RESULTS: Aligned PHA fibres supported NG108-15 neuronal and primary Schwann cell adhesion and growth.   
The longest average neurite lengths were detected on 8µm P(3HB):P(3HO) 50:50 fibres (137.94 ± 17.35µm) 
which was significantly higher than the average neurite lengths of neuronal cells cultured on 5µm 
P(3HB):P(3HO) 50:50 fibres and PCL fibres. Primary Schwann cell phenotype was maintained on all materials. 
When investigated using a novel 3D ex vivo model, highest average neurite outgrowth length was measured 
at 1502.69 ±110.63µm on 5µm P(3HB):P(3HO) 50:50 fibres, significantly higher than average neurite 
outgrowth of DRGs cultured on 5µm PCL fibres. Average Schwann cell migration distance was also 
significantly higher on 5µm P(3HB):P(3HO) 50:50 fibres compared to 5µm PCL fibres.  
 
DISCUSSION & CONCLUSIONS: Blends of PHAs can be fabricated into aligned fibre scaffolds using 
electrospinning, with known fibre diameters, for peripheral nerve applications. Though FDA approved, issues 
arise with the use of PCL in nerve repair, due to its stiffness and acidic degradation properties. The use of 
PHAs eliminates these concerns and has excellent physical and biological properties to to aid and improve 
nerve regeneration.  
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Programme (FP7–NMP–2013–SME–7) for NEURIMP under grant agreement no 604450.  
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Introduction: The Transforming Growth Factor β (TGFβ) superfamily (including Bone Morphogenetic Proteins 

(BMPs)) are a family of signalling molecules crucial in chondrogenic development. TGFβ molecules transduce 

signals through Type I and II receptors that phosphorylate members of the SMAD family in canonical signalling. 

These then translocate to and accumulate within the nucleus to initiate transcription. Chondrogenic 

differentiation of human pluripotent stem cells (hPSCs) relies upon supplementation of recombinant growth 

factors to active TGFβ/BMP signals, but this may lead to poor differentiation reproducibility and quality because 

of batch-to-batch variation and growth factor degradation. An alternative and more precise means of receptor 

activation may enable refinement of differentiation. A novel approach is to utilise optogenetics: the control of 

cells or cellular process with light. Optogenetics offers advantages over traditional chemical means, as it 

provides an on/off reversible signalling system that can be finely tuned through modulation of light wavelength, 

intensity and frequency. 

Methods: Optogenetic BMP-like receptors were generated through NeB Hifi Assembly; consisting of the 

intracellular regions of BMPR1B or BMPR2 chimerised to a myristoylation signal at the N-terminus for 

membrane anchorage and the light sensitive Light Oxygen Voltage (LOV) domain at the C-terminus for light-

induced dimerisation. Optogenetic constructs were inserted into a lentiviral doxycycline inducible vector for 

transgenic integration and expression. Optogenetic activation of canonical BMP signalling was analysed 

through detection of nuclear P-SMAD1/5, activation of a SMAD1/5/8 transcriptional reporter (BRE) and 

upregulation of relevant BMP-target gene expression.  

Results: Optogenetic receptor transgenes were successfully generated and integrated into HEK293T, TC28a2 

and MAN13 hES cells. Receptor expression was controlled by the addition of doxycycline. Blue light 

illumination of optogenetic cell lines induced phosphorylation and nuclear accumulation of SMAD1/5, indicating 

optogenetic activation of the canonical BMP pathway. SMAD1/5/8 transcriptional activity was activated by light 

stimulation, demonstrated through BRE activation and upregulation of BMP-like gene expression. 

Transcriptional activity could additionally be fine-tuned with variable light stimulations. Light illumination was 

then used to replace recombinant BMP protein in a chondrogenic differentiation protocol and demonstrated to 

modulate relevant gene expression.  

Discussion and Conclusion: Our findings demonstrate that optogenetics can be used to control BMP 

signalling, which can now be applied across a variety of cellular applications. Furthermore, manipulation of 

crucial TGFβ-family signalling in hPSCs through modulation of light stimulation should allow for enhanced 

chondrogenesis and improve cartilage formation for tissue engineering.  
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Introduction 

 
Implant loosening remains a common cause of total ankle replacement (TAR) revision, and has been 

associated with wear-mediated osteolysis. Relatively few pre-clinical testing studies for TARs have been 

reported and the variety of experiment settings used make it difficult to directly compare wear rates. Factors 

such as simulator control mechanism; whether pneumatic or electromechanical, may influence the integrity of 

the simulator outputs with respect to input profiles. This study compares the wear of a TAR tested in 

electromechanical and pneumatic experimental simulators under identical input conditions. 

 

Materials and Methods 

 

Twelve medium BOX® (MatOrtho Ltd) TARs (n=6 for each simulator) were tested in an electromechanical and 

pneumatic knee simulator (Simulation Solutions, UK) for 3 million cycles (Mc). Standard displacement-

controlled motion and loading profiles were used [1]. Kinematic performance was investigated by comparing 

the output profiles against the maximum demanded input values. The lubricant used was 25% new-born calf 

serum and wear was determined gravimetrically. 

 

Results and Discussion 

 

There was no significant difference (P = 0.66) in wear rate between simulators (electromechanical = 15.96 ± 

6.37mm3/Mc; pneumatic = 14.51 ± 5.27mm3/Mc). The electromechanical simulator (3157.06 ± 1.52N) achieved 

the maximum axial load (3150N), but the pneumatic simulator was unable to attain the demand (2542.34 ± 

86.52N). The maximum delivered AP displacement from the electromechanical simulator was 3.27 ± 0.07 mm 

(3.1 mm input) compared to 3.62 ± 0.95mm from the pneumatic simulator. The internal/external rotation angle 

was 7.97° ± 0.00 (8° input) and 7.24° ± 0.12 from the electromechanical and pneumatic simulators respectively. 

Both simulators achieved the demanded flexion angles (±15°). The outputs from the electromechanical 

simulator followed the input profiles more closely than the pneumatic simulator. Despite these differences, 

there was no significant influence on wear rate. The variation in kinematics between simulators was not 

sufficient to significantly change the tribological conditions of the TAR.  

 

Conclusions 

 

The authors recommend the use of electromechanical simulators for future studies where more demanding 

and adverse conditions may be applied. 
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‘Wireless’ or ‘bipolar’ electrochemistry involves the polarization of a conducting object 
when exposed to an external electric field. There is a growing interest in the discipline in areas of 
micro and nano science, with current literature at this scale mainly falling under electrotaxis and 
surface modification. However, as seen in Figure 1, this phenomenon could be used in a wide range 
of biological and therapeutic applications: such as biosensing, controlled drug release, and 
modulating cellular functions. In order to realise these applications and merge wireless 
electrochemical systems with biology, it is key to optimise and further understand wireless 
electrochemical reactions at the nanoscale.  

Thus, herein we present the development of a method, using electrical impedance 
spectroscopy (EIS), to be able to sense when wireless electrochemical reactions have taken place. 
Biocompatible, conductive nanoparticle systems, which are able to wirelessly actuate chemical 
reactions using electric fields, are a related development. This has been applied to an in vitro proof 
of concept with cells, whereby we can grow conductive structures around cells by driving REDOX 
reactions. 

We are now establishing an in vivo proof of concept in which we modulate chemical reactions 
inside organisms. This involves driving the reduction of a metal salt, causing metal deposition at the 
nanoparticle surface, in Caernorhabditis elegans. 

 
Figure 2 Possible nanoparticle applications in wireless bioelectronics including: electric field therapy, controlled drug 

release, wireless electrochemical therapies and biosensing. 
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The increased use of physiologically-relevant 3D cell cultures is rapidly advancing pre-clinical 
studies, owing to their ability to mimic the in vivo environment to produce clinically relevant data. The 
robust use of 3D cultures makes them complaint with the 3R’s - replacement, reduction and 
refinement, ultimately reducing animal use in research. To enable this, synthetic biomaterials need 
to be developed that not only replicate the in vivo environment of a range of tissue types, but are 
also reproducible, ethical, scalable and commercially attractive.  Here, we discuss recent 
developments in the design and development of synthetic self-assembling peptide hydrogels 
(PeptiGels®) that faithfully recapitulate the in vivo microarchitecture to generate 3D models such as 
3D organoids and 3D bioprinting. Their potential applications within regenerative medicine and drug 
discovery are discussed whilst current challenges and future perspectives are highlighted. 
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Introduction 
Optogenetics is a powerful technique allowing temporally and spatially precise control over cellular function. 
Human opsins (including rhodopsin and melanopsin) are potentially important optogenetic actuators for 
regenerative medicine. As native human proteins, they have lower immunogenic risk than alternatives from 
other species. Moreover, they are light-activated G-protein coupled receptors allowing them to provide control 
over this influential aspect of cell physiology. G-protein signalling cascades are targeted by 35% of approved 
pharmaceuticals, and provide functions of significant importance in regenerative medicine (e.g cardiac 
pacemaker function and visual transduction). We set out to establish human opsins as a method of achieving 
optogenetic control over G-protein signalling in human iPSC-derived cells.  
 
Methods 
Expression cassettes containing either human rhodopsin (genbank: NM_0.0059.3) or melanopsin (genbank: 
NM_033282) were stably integrated into the human dermal fibroblast-derived induced pluripotent stem cell 
(iPSC) line SW171A using CRISPR-mediated HDR into the AAVS1 safe harbour site. Alternatively, Floxed-
AAV2 vectors containing CMV-driven opsin were co-transfected with AAV6-Cre into iPSCs-derived progenitors 
and terminally differentiated cells. iPSCs were differentiated to neuronal fates using modified defined 
differentiation protocols[1]. Optogenetic control of G-protein activity was assayed using luminescent second 
messenger assays, including GloSensor and Aequorin. 
 
Results 
Gene transfer of human opsins (rhodopsin and melanopsin) as optogenetic actuators was achieved in both 
iPSCs and progenitors. Suitable AAV vectors transduced human iPSC-derived progenitor populations with 
good efficiency to drive strong expression of human opsins in terminally differentiated cells. In addition, 
transgenes driving expression of human rhodopsin and melanopsin under the CAG promoter were successfully 
introduced to the AAVS1 safe harbour site of human iPSCs using CRISPR-mediated gene transfer. The 
resultant lines showed stable expression of the two human opsins.  Both human rhodopsin and melanopsin 
drove time-delimited activation of G-protein signalling at relatively low light intensities in live cells.  
 
Discussion & Conclusions 
We provide the first application of human opsins to iPSCs and their differentiated derivatives. Good expression 
is possible both by CRISPR-mediated transfer to iPSC and by transduction of progenitor cells with recombinant 
AAV and subsequent terminal differentiation. The ability of these human opsins to allow-light dependent control 
over cell physiology at low light levels and with good temporal resolution has great potential for numerous 
applications in regenerative medicine.  
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Introduction  
Monitoring vital signs in mice plays a crucial role within pre-clinical research and discovery biology. However, 
currently signal collection in conscious, free moving animals requires the surgical implantation of burdensome 
recording devices. This work aims to explore materials for a non-invasive, on-skin system for 
electrocardiogram acquisition; which can be applied to create devices which drive refinement in the use of 
animals (a major NC3R commitment) and provide a system applicable to numerous pre-clinical test situations. 
To do this, we will build on previous EPSRC funded projects investigating flexible printed electronics for human 
on-skin use. These operate similar to rub-on tattoos, but contain electronic systems and possess mechanical 
properties mimetic to the epidermis. Our aim is to adapt a similar design to mouse physiology and explore 
materials solutions to the challenges of fur growth, grooming behaviours, and mouse skin mechanics; which 
is more flexible, elastic, and thin than in humans. 
 

 
Materials and Methods  
To fabricate a device which conforms to mouse skin, various stretchable and flexible substrates will be tested 
for their compliance, flexibility and robustness; such as, flexible plastic (e.g. 25μm thick PET) and stretchable 
plastic (e.g. polyurethane). Tests will be carried out by layering adhesive, substrate and encapsulating 
materials onto ex vivo mouse skin samples, then evaluating their resistance to deformation and skin 
debonding. Regards electronic materials, we will investigate Ag, Ag/AgCl and reduced graphene oxide inks for 
manufacturability; particularly, their potential for small feature printing in order to miniaturise our devices. We 
will determine how small our electrical interface can be using a ballistic gel phantom testing platform, on which 
we will assess the sensitivity of a range of electrode sizes (Ø < 9 mm) to a signal under 1mV (the ECG signal 
strength detected at mouse skin). Materials deemed most suitable will progress into systems administered in 
vivo to unconscious rodents, for which measures of heart rate and heart rate variability will be taken to assess 
performance. Then subsequently, the most appropriate device designs will be tested on conscious animals, 
and evaluated for reduced animal burden via increased movement and interaction with other mice. 
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Introduction  
Flow cytometry is a widely used technique for the detection and quantification of low frequency or rare cell 
populations at limits of detection (LOD) of 0.1% or lower, such as circulating tumour cells and haematopoietic 
stem cells. An increasing number of computational tools are available for automated gating of flow cytometry 
data. These tools have the capability to eliminate operator variation from traditional manual gating. 
Nevertheless, the potential for variation in data outputs arising from analysis of the same dataset using different 
algorithms means that research is needed to define the confidence in the use of automated data analysis 
software platforms for identifying rare cell populations.  
 
Materials and Methods  
Automated data analysis platforms using different mathematical principles have been investigated; hierarchical 
clustering, k-means clustering, self-organising map, density-based clustering, and model-based clustering 
methods. Two cluster and three cluster synthetic flow cytometry datasets have been developed with uniquely 
controlled rare cell events down to 0.0001%, among total events of up to 107 cells.  The data analysis platform 
performances have been assessed based on a range of metrics including; accuracy, repeatability, and output 
pass/fail rates. 
 
Results and Discussion 
Whilst, for some data analysis platforms, the LOD of automated gating typically improve in percentage terms 
as the magnitude of total events increases, such improvement was often at the expense of prohibitive runtimes. 
Different LODs as a function of total cell events were observed. The k-means clustering method, when tested 
on default parameters, gave rare cell outputs with the least variation, but inadequate performance in terms of 
accuracy. In contrast the density-based clustering method was found to perform accurate rare cell count, but 
its repeatability and pass/fail performances did not rank as highly. 
 
Conclusions  
Careful consideration therefore needs to be given to derive a suitable range of metrics for judging the strengths 
and limitations of automated data analysis platforms. 
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Introduction  
Physical activity (PA) is an important factor for our health and it contributes for preventing several chronic 
diseases [1]. Step count is one of the popular methods used to measure PA [2]. Wearable devices offer a 
possible solution for acquiring objective measurements of physical activity, such as the number of steps. Most 
current step count algorithms are derived using data from healthy population. It is unclear whether such 
algorithms are suitable in specific clinical scenarios, such as when an individual has altered gait [3]. We 
hypothesized that algorithms developed for the healthy population will result in less accurate results when 
tested in individuals with altered gait. We further hypothesized that the development of person-specific step 
count algorithms would prove better at counting the number of steps while walking with abnormal gait. 
Materials and Methods 
We studied healthy volunteers to assess whether step count accuracy differed for those with healthy and 
simulated-pathological conditions. Healthy participants (n=30) were recruited from the University of Leeds to 
perform five pre-defined walking activities under healthy and simulated-pathological conditions. The activities 
were: slow walk, normal walk, fast walk, climbing up- and down-stairs. Activities were captured using a wrist-
worn MOX accelerometer (Maastricht Instruments, NL). A person-specific step count algorithm was proposed 
for the automated detection of number of steps undertaken from wrist acceleration signals for people with and 
without walking impairments. The main idea of the algorithm was to create a template for a single step using 
the acceleration, and then use the template-matching technique to identify the number of steps undertaken. 
The proposed algorithm was compared with four step count algorithms derived from literature [4]–[7].   
Results and Discussion 
Our step count algorithm was tested for slow, normal, fast walking activities, as well as for climbing upstairs 
and downstairs, using data from healthy and the simulated-pathological populations. Our results agreed with 
literature that algorithms achieve higher accuracies for the healthy population in comparison to the pathological 
population. The average RMSE from the proposed algorithm for the healthy and the simulated-pathological 
error was 2.04 and 12.32 respectively. For both populations, the proposed algorithm achieved the smallest 
average RMSE in comparison to the four literature algorithms. This might be due to the fact that some of the 
literature algorithms were developed for different device location, and they were targeted different population. 
Additionally, in terms of activities, only a few papers tested the step count algorithms for climbing stairs. 
Regarding the results from the healthy population, the proposed algorithm showed small RMSE (1.31-2.69) in 
all the tested activities, including slow walk, climbing upstairs and downstairs. On the other hand, considering 
the results from the simulated-pathological population, the proposed algorithm demonstrated better results for 
activities such as: fast walk (9.75), climbing upstairs (8.89) and downstairs (7.87). For the slow and normal 
walk activities, 17.63 and 17.47 RMSE scores were achieved respectively. The difference of the results 
between the two groups might be due to the nature of the acceleration signal. The signal recorded from the 
healthy population is periodic since walking process is a rhythmic movement. On the other hand, the 
acceleration signal recorded from the simulated-pathological population is irregular and with greater noise. 
Therefore, it becomes harder to calculate the number of steps using an irregular signal rather than a periodic 
signal.  
Also, the variability of walking activity plays an important role for the RMSE results. The difference in RMSE is 
likely due to the fact that volunteers were asked to make significant changes to their gaits under simulated-
pathological conditions. Although we attempted to train participants to replicate compromised motion, we could 
not be certain that their movements accurately reflected real pathological motion. Indeed, participants may 
have interpreted the instructions on how to mimic the pathological activities slightly differently. 
Conclusions 
For this study, a proposed step count algorithm was compared with four algorithms derived from literature. In 
terms of the results of the healthy group, the proposed algorithm and most of the literature algorithms showed 
exceptional results. Under the pathological conditions though, the results from literature and the proposed 
algorithm were not as remarkable as the results from the healthy population. Even though this was the case, 
the results of the proposed algorithm demonstrated better performance than the other four literature algorithms 
in all the walking activities. 
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The central nervous system has a limited intrinsic regenerative capacity, due to the non-permissive 
microenvironment that persists post traumatic injury, and currently no pro-regenerative therapies exist. Neural 
injuries lead to inflammation, cavity formation, reactive gliosis and neuronal cell loss. Implantable “structural 
bridges” have shown great promise to aid spinal cord regeneration, as these biomaterials can bridge the lesion 
cavity, offer contact guidance for regenerating neurons and blood vessels and can serve as a vehicle to support 
encapsulated cell delivery to the injury site. To date, the biomaterials tested for spinal cord injury (SCI) repair 
have usually been laboratory grade and are not approved for clinical use. DuraGen PlusTM is an established 
FDA-approved neurosurgical material comprising a porous collagen matrix that is widely used in neurosurgical 
procedures as a dural graft. This material could offer a potential pro-regenerative matrix for neural repair, but 
this application has never been tested for SCI. Using a mouse organotypic SCI slice model, the DuraGen 
PlusTM matrix was evaluated for three parameters affecting neural regeneration namely microglial infiltration, 
glial scar formation and axonal outgrowth. Our results suggest the potential regenerative benefits of implanted 
DuraGen PlusTM viz: (i) apparent morphological disruption of the astroglial scar, and (ii) support of axonal 
outgrowth. Extensive microglial infiltration of the material was observed with some evidence that these cells 
assume a quiescent-like state within the DuraGen PlusTM matrix. 
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Introduction 
Intracerebral haemorrhage (ICH) is a subtype of stroke that makes up approximately 10-15% of cases. 
Although ICH is the deadliest form of stroke, current interventions are limited to best medical management and 
surgical intervention. ICH survivors often suffer life-changing motor and cognitive impairments. The significant 
unmet clinical need and socioeconomic burden of stroke means innovative tissue engineering approaches are 
gaining interest. To facilitate regeneration of the stroke cavity, injectable hydrogels are proposed, as they can 
be designed to mimic properties of healthy neural tissue, act as delivery platforms for therapeutics, and provide 
a scaffold for regeneration. 
 
 
Materials and Methods 
In a rat model of ICH, self-assembling peptide hydrogels (SAPH) from Manchester BIOGEL® were injected 
intracerebrally, during the chronic phase of the disease (day 7). The aim was to determine the safety and 
feasibility of SAPH injection in the context of ICH, and to determine whether the material alone would exert 
effects. To compare functional outcomes of the hydrogel injected group (n=8) with the ICH only (n=7) and 
sham-injected (n=6) groups, various measures of sensorimotor function were assessed over 28 days, including 
neurological scoring and cylinder tasks. To determine the effect of SAPH injection on the adjacent injured and 
healthy brain tissue, immunohistochemical markers were chosen to study inflammation at the injection site, as 
well as regenerative markers of neurogenesis and angiogenesis. 
 
 
Results and Discussion  
Initial results suggest that intracerebral SAPH injection after ICH is well tolerated. Functionally, there was no 
benefit of SAPH injection compared to the ICH only group. Hydrogel injection appeared to worsen post-stroke 
asymmetry in the cylinder task, yet on average this group had larger initial haemorrhage volumes compared 
to the ICH only group. Host cells were able to infiltrate the hydrogel, and there was no marked exacerbation 
of inflammatory response or glial scarring at the injection site. There was an increase in collagen-IV labelled 
vessel-like structures within the lesion of hydrogel injected group compared to ICH only group, indicative of an 
angiogenic response. However, expression of the vessel basement membrane protein laminin was unaffected 
by hydrogel injection. 
 
The lack of a beneficial effect of hydrogel injection alone, without encapsulation of a therapeutic entity such as 
stem cells, was expected. The current work demonstrates that SAPH injection does not cause a significant 
exacerbation of ICH outcomes in rats. The infiltration of host cells and collagen-IV labelled vessels into the 
hydrogel is promising. Future work will use the SAPHs to deliver mesenchymal stem cell secretome, to 
encourage repair of the surrounding tissue. 
 
 
Conclusions 
SAPHs administered intracerebrally at a chronic timepoint after ICH have a neutral effect on functional 
outcomes. Histological changes observed after hydrogel injection are encouraging and thus, the potential use 
of peptide hydrogels for therapeutic delivery after ICH warrants further study. 
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Introduction 
Engineered neural tissue (EngNT) comprised of aligned Schwann cells (SC) in a purified rat tail collagen I 
hydrogel promotes neurite extension in vitro and axonal regeneration in vivo [1]. Decellularised extracellular 
matrices (dECM) can create a pro-regenerative environment [2], and therefore we hypothesise that hydrogels 
derived from dECM will be beneficial for peripheral nerve repair when implemented into EngNT. Here we 
present three different dECM, derived from bone (B-ECM), liver (LIV-ECM) and small intestinal submucosa 
(SIS-ECM) that can form EngNT which can subsequently act as a substrate for in vitro neurite extension 
 
Materials and Methods 
Decellularisation protocols were adapted [2,3] Alongside 
histology, the PicoGreen ad 1,9-Dimethyl-Methylene 
Blue assays quantified dsDNA and glycosaminoglycan 
(GAG) respectively. Hydrogels were formed and their 
mechanical properties were characterised using a 
rheometer (Anton Paar, Hertford, UK). F7 SC alignment 
was visualised via confocal microscopy and quantified 
using Volocity. Rat dorsal root ganglia (DRG) were 
harvested and seeded onto either coated coverslips or 
plastic compressed EngNT sheets. Neurite extension 
was visualised at 72 hours using fluorescence 
microscopy and quantified in ImageJ. 
 
Results and Discussion 
Decellularisation was confirmed through lack of visible 
nuclei in histological staining and a 95% reduction in 
dsDNA content. GAG content was highest for SIS-ECM 
and lowest for B-ECM, possibly due to the use of harsher 
decellularisation agents for the B-ECM. SC alignment 
was observed in B-ECM and SIS-ECM EngNT, however, 
was not observed in LIV-ECM EngNT (Figure 1A). In 
vitro DRG neurite extension was observed on all plastic 
compressed dECM EngNT sheets although due to their 
high SC alignment, directional outgrowth was exclusive 
to B-ECM and collagen I based EngNT (Figure 1B) 
 
Conclusions 
Materials varied in their mechanical properties and 
biochemical composition, likely affecting cell behaviour. 
DRG neurite outgrowth on B-ECM was similar to that of 
collagen based EngNT and so may be appropriate for 
further investigation in in vivo nerve injury models. 
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Figure 3. Quantification of SC alignment [A]. Neurite 
extension on B-ECM [B], SIS-ECM [C] and LIV-ECM [D] 
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The use of flexible endoscopic devices has become a major feature of modern clinical practice, both for 

diagnostic applications and surgical interventions. Endoscopic procedures are conducted with reusable 

devices, the nature of which are an ideal environment for biofilm development inside the narrow lumen of the 

endoscope channels. The fact that current reprocessing methods are ill suited to eliminate biofilm formation 

increasing the potential for cross-patient contamination highlights the need for a new approach to disinfection. 

In this study, the use of Plasma Activated Water (PAW) was examined for the decontamination of narrow 

lumens, mimicking those found in modern endoscopic devices. When cold gas plasma interacts with water an 

abundance of highly reactive chemical species are created directly in the liquid medium, resulting in a solution 

known as PAW. Several past studies have shown that PAW is able to penetrate and eliminate biofilm 

contamination, making it an extremely effective and convenient antimicrobial agent. This work explores the 

possibility to utilise PAW as a new endoscope decontamination technology. 

In this study a flow system was created to contaminate endoscope surrogate test pieces prepared from 

translucent Teflon tubing (Masterflex tubing, 2 mm and 6 mm ID, Fisher Bioblock Scientific, Illirch, France) with 

a build-up biofilm produced from repeated rounds of cultivation and rinsing. Test pieces were first filled with 

lysogeny broth (LB) and kept at 37oC for 24 h so that medium components could attach to the surface of the 

channels, increasing bacterial adherence potential. The media was drained from the test pieces and the 

system rinsed with sterile water. Fresh medium was then inoculated with 106 colony forming units (CFU)/ml of 

Escherichia coli Bw25113 and circulated through the system at a rate of 100ml/min for 45 min. Following 

draining of the media, the system was rinsed with sterile water and cultivated with discharged bacterial liquid 

from a previous stage and fresh LB. The contaminated test pieces were left to incubate for 12 h at 37oC. The 

system was rinsed, and half of the test pieces removed for plate counting and crystal violet analysis as a 

control. A 3D printed plasma device set over a petri dish of distilled water was used to produce the plasma 

activated water (PAW). The whole system was placed over a hotplate stirrer to mix the water enhancing the 

concentration of long-life reactive species inside the water. High power and low power PAW were tested. PAW 

was circulated through the contaminated test pieces at a flow rate of 100ml/min for 20 min. The system was 

then rinsed, and the test pieces used for biofilm analysis.  

Treatment with high power PAW resulted in a 4-log reduction of E. coli biofilm in the surrogate test pieces with 
a 2 mm diameter. Lumens with a 6 mm diameter showed a 3-log reduction in biofilm following high power PAW 
treatment. Similar reductions in E. coli biofilm were also seen when treated with low power PAW. Crystal violet 
staining revealed the presence of organic matter in both the control and treated test pieces, suggesting the 
need for an additional rinsing step during PAW treatment. These results have shown that PAW is a very 
promising method for disinfection of contaminated endoscopes, however there is a need for refinement of the 
PAW treatment (treatment time, flow rate, rinsing steps, etc) to optimise disinfection. Further work will focus 
on optimisation of PAW treatment, production of a new plasma system to treat larger quantities of water, and 
comparison to current disinfectant used in endoscope reprocessing. 
  



 

POSTER FLASH: THE INFLUENCE OF SWELLING DURING DECELLULARISATION AND ITS IMPACT 
ON THE BIOMECHANICS OF PORCINE TENDON 

 
Jacqueline Solis*,1 Anthony Herbert2  

1,2Institute of Medical and Biological Engineering 
Corresponding author: bsbjsc@leeds.ac.uk – PhD student (2nd year) 

 
Decellularised porcine superflexor tendon (pSFT) provides an off-the-shelf, low cost solution for anterior 
cruciate ligament reconstruction (ACLR). Decellularisation removes the cellular content of the tissue, 
eliminating antigenicity and immune rejection, while retaining the composition, biological and mechanical 
properties of the 3D extracellular matrix of the tendon. If deemed suitable as a graft for ACLR, it could reduce 
the disadvantages of currently used autografts and allografts. The pSFT lacks a hierarchical approach in 
researching its suitability as a biological graft. The hierarchical architecture of tendons and ligaments play an 
essential role in the mechanical properties and behaviour of the tissue. This can only be analysed with an 
integrated approach of mechanical, biological and imaging-based techniques. Therefore, this project will focus 
on a highly relevant and novel hierarchical analysis of the decellularisation bioprocess on pSFT, analysing 
which constituents of the ECM have suffered modifications on whole tendon and sub-tendon units. This will 
entail a step-change in understanding the engineering structure-function relationship of decellularised porcine 
biological scaffolds. 
 
The first stage of this project focuses on whole tendon analysis while attempting to optimise the 
decellularisation process, determining if it can be altered to control tissue swelling without affecting its 
biomechanics, while achieving the same degree of cellular removal. Phosphate buffered saline (PBS) is 
commonly used buffer solution for maintaining tissue hydration, helpful during decellularisation for ridding of 
other solutes and reagents which could be cytotoxic if not washed adequately. However, PBS increases water 
content of tendons, swelling the tissue. Ringer’s solution is an alternative to PBS, based on its ion content, 
which proves physiologically relevant. Decellularisation and mechanical testing, namely strength and stress 
relaxation tests, were conducted using both solutions. Tissue swelling was compared based on width and 
thickness measurements conducted at three time points during decellularisation. Mechanical tests were 
conducted with controlled tissue hydration using the respective solutions, comparing gross structure. 
Histological evaluation of decellularised and native tissue were imaged to compare cellular removal and 
histoarchitecture.   
 
The Ringer’s solution led to a dense tissue post-decellularisation, with a reduction in width and thickness of 
13.98±5.31% and 34.45±6.82%, respectively. Using PBS increased 6.99±4.41% and 18.47±10.25% in width 
and thickness. This indicates tissue swelling caused by imbibition of PBS, and tissue condensing as a 
consequence of using Ringer’s solution. Furthermore, gross analysis and sample preparation for mechanical 
tests showed decreased rigidness and an overall more native-like appearance of tendons decellularised using 
Ringer’s solution, compared to those decellularised using PBS, which could prove advantageous for facilitating 
graft preparation for ACLR in a clinical setting. Furthermore, the mechanical properties of the standard process 
(PBS) showed a significant reduction in linear modulus and ultimate tensile strength (UTS), such that tissue 
swelling could in fact influence the reduction of mechanical properties of tendinous tissue. On the other hand, 
the modified process (Ringer’s) showed a reduction of 9% in the linear modulus, not significantly different to 
native pSFT, and a similar reduction in UTS, proving its properties to be native-like. This could suggest that 
the decellularisation process itself has less impact on the biomechanics of pSFT than the influence of the 
solution used for most washes during said process (PBS vs Ringer’s) and its subsequent swelling or 
condensing of the tissue. However, the concentration of Ringer’s used (0.2%) differs from the physiological 
concentration of sodium, and thus a solution less complex and more clinically relevant, such as normal saline 
0.9% should be used in subsequent analyses, while an incorporation of gravimetric analysis is suggested. 
 
While histological evaluation of both decellularised samples showed a removal of cellular content, and no 
apparent differences in tissue architecture, the viscosity obtained during stress relaxation testing was 
significantly reduced in the modified specimens, whereby there was no difference between the native and 
standard groups. This is attributed to the removal of cellular material which creates a more open and porous 
matrix, with less viscous resistance, thus facilitating fluid flow through the tissue. This could prove an 
advantage as porous scaffolds have been shown to improve recellularization when implanted, potentially 
beneficial in the early stages of cell-matrix interactions, which are intended to be analysed further ahead within 
the project. Despite the difference between mechanical properties and viscoelastic behaviour of both 
decellularised pSFTs, they greatly surpass the mean values of human ACL, proving clinically relevant and 
proving the suitability of this tendon as a biological scaffold for ACLR. 



 

POSTER FLASH: UNDERSTANDING THE MECHANISMS OF ACTION OF COLLAGEN-BASED WOUND 
DRESSINGS TO PROMOTE HEALING 

Davide Verdolino 
 
Chronic wounds are a significant global problem, causing patient morbidity and a substantial financial burden 
on health services worldwide. The incidence of chronic wounds is currently rising because those populations 
most susceptible, the elderly and diabetic, are rapidly expanding. In 2017, the annual NHS spend on wound 
care was estimated at £5.3 billion, with British wound care incurred by average Clinical Commissioning Group 
(CCG) currently reaching £36.6 million annual expenditure and expected to reach £55.7 million by the end of 
2020.  
 
A chronic wound is defined as a wound that does not heal with standard of care, therefore more advanced 
wound therapies are required. Chronic wound healing is hampered by elevated and prolonged inflammation 
which damages the collagen-rich extracellular matrix (ECM) which is essential for effective repair. A variety of 
topical therapies which supplement or mimic the ECM have been developed to promote healing. Collagen is 
the main component of the ECM, providing a scaffold for cell migration, binding and inactivating proteinases, 
and simulating cell signalling through integrin binding. Collagen dressings are becoming increasingly popular; 
however, their composition and efficacy vary.  
 
KCI (Systagenix Wound Management) produce PromoganTM, a dressing composed of collagen and oxidised 
regenerated cellulose. PromogranTM acts as a sacrificial substrate to protect native collagen and elastin fibres 
from the destructive enzymes produced in wounds with elevated inflammation. When KCI developed 
PromogranTM there were limited collagen products available which were designed to promote healing. In 
today’s market, many collage-based products are available. These products differ in their claims; however, 
they are all aimed at promoting wound repair.  
This project will investigate the mechanism of action of PromogranTM and competitor collagen-based products 
by utilising sophisticated in vitro and in vivo methods to determine how these collagen-based products promote 
healing. In particular, the main aims of this project will be to:  
 
1. Determine how dressings structural composition affects cell interactions, functions and healing.  
2. Determine what cells are stimulated by dressings.  
3. Study dressings properties in vivo. 
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Introduction:  

The remote control of neuronal migration and their processes is a challenge for novel therapies for neuro-

regenerative medicine. One novel therapy proposed, is the use of magnetic nanoparticles (MNPs) and 

magnetic fields to induce biochemical reactions. As well as this, MNPs have shown to exert forces. The 

combined effort of magnetic force and induction of biochemical pathways for cell differentiation and maturation 

can have enhanced control of cell processes.  

Research has shown some MNPs can exert cellular effects within cell endosomes and freely in the cytosol.  

However, based on their physical and chemical properties, MNPs can have varying effects within cells. Some 

may be not be retained within cells long enough for a therapeutic outcome. To explore their retention, 

localisation of MNPs at a subcellular level must be explored. 

Previous research has shown that neurotrophic receptors use the endosomal pathways for signalling effects 

in neurons, and can even induce dendrite branching.  

Protocols for SH-SY5Y differentiation require the addition of a growth factor called BDNF (brain derived 

neurotrophic factor) to give rise to a neuronal like phenotype. The differentiation of SH cells with BDNF 

conjugated MNPS instead of free BDNF, is yet to be explored. 

The current study sets out to explore the subcellular localisation of MNPs, and conjugation of BDNF on MNPs.  

Materials and Methods: SH-SY5Y cells were expanded in basal media, and underwent differentiation with 

retinoic acid (RA) and brain derived neurotrophic growth factor (BDNF). Cells were incubated with MNPs and 

imaged using fluorescence and transmission electron microscopy. Particles were also conjugated to BDNF 

using carbodiimide activation method. BDNF conjugation was subsequently confirmed using a dot blot. 

Results and Discussion.  

The current study finds that after 24hrs of co localisation, MNPs were retained within the cell lysosomes. 

Similarly, TEM images show that after 3hrs, MNPs are internalised within the cell. It also observes that after 

24hrs, majority of MNPs are within endo-compartments. The diameter of MNPs are 10nm and based on TEM 

images the endo-compartments are between 400-600nm in diameter. Therefore, it is possible for the MNPs 

filled within the endosomes, to exert a large superparamagnetic force contained within the endo-compartments 

themselves. This suggests that it may be possible for MNPs to spatially direct the migration and processes of 

differentiated SH-SY5Y cells in a spatial manner.   

The current study has also confirmed the conjugation of BDNF on MNPs. Therefore, addressing the need for 

a combined biochemical and physical tool in directing cellular processes.   

Conclusion 

The current study addresses the subcellular localisation of MNPs. It has also confirmed that BDNF can be 

conjugated onto MNPs and is stable. Future work will address whether MNPs can induce a physical and 

mechanical effect within cells and direct their processes in response to a magnet. It will also investigate 

whether BDNF-conjugated MNPs can induce differentiation of SH-SY5Y cells.  
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Substantial growth in recent years has brought increasing demand for efficient and cost-effective solutions to 
manufacturing cell and gene therapies. With over 127 clinical trials underway in the UK last year, successful 
outcomes followed by therapeutic product approval drive the rising popularity of gene therapies to become an 
effective tool in molecular medicine. Despite this, there are still many challenges to product development, 
including the scalability of the bioprocess and translating laboratory research into viable clinical applications. 
Current cell expansion requires skilled personnel to perform labour and time intensive processes. For most 
potential therapeutic applications, these processes lack the required reproducibility and standardisation for 
scalable regulatory and commercial compliant production. 
 
 
This research aims to improve current lentiviral manufacturing processes by developing a standardised 
methodology on units of manufacture relevant for scalable clinical translation. One avenue to achieve this is 
by increasing the reproducible achievable scale of production host cell yield and lentivirus titre. Investigating 
set seeding densities for two of the most commonly used viral production cell lines in gene therapy 
manufacture, HEK293 and HEK293T, led to stable growth, routine passages and reproducible cell yield and 
cell health outputs. This included set culture periods, consistent harvest densities, fold expansions and 
population doublings that were maintained over long culture periods. Thereby creating a more predictable and 
reliable process for the unit of manufacturing production cells for viral infection which could be applied to vector 
production for gene therapy, CAR-T cell therapy and COVID-19 vaccine development. 
 
 
Further avenues being explored included standardising the transfection process itself, with the aim of reducing 
the variability between available processes and increasing overall Lentiviral transfection outputs. 

  



 

BONE AND MESENCHYMAL STEM CELL CHANGES IN ANKLE OSTEOARTHRITIS 
 

William Jones, Institute of Medical and Biological Engineering, University of Leeds, Leeds 
 
INTRODUCTION 

Osteoarthritis (OA) is a significant economic burden to healthcare worldwide[1]. Whilst ankle OA is less 

common, the age of onset is much younger, due to the majority being post-traumatic[2-4]. Surgical treatments 

are less effective than in other joints, with only 55% of patients finding treatment satisfactory[5-7]. This indicates 

a clear need to better understand the nature of osteoarthritic changes to the talocrural joint, and how the 

disease pathogenesis is related to the activity of resident cells and bone microstructural changes. The aim of 

this study was to compare the bone structure between talus and distal tibia in both health and ankle OA, and 

to explore the role of bone-resident mesenchymal stem cells (MSCs) in ankle OA pathogenesis. 

METHODS 

Following ankle fusion surgery, osteochondral specimens of tibia and talus were either used for micro-

Computed Tomography (mCT, n=3) or histology (n=3). Three- dimensional (3D) subchondral bone structure 

was compared to healthy cadaveric samples (n=3), and to 2-dimensional (2D) bone and relevant cell behaviour 

was analysed using histology and immunohistochemistry[8-12]. 

RESULTS   

This study showed a 40% higher bone density measured by bone volume to total volume (bv/tv) in healthy 

talus than the healthy distal tibia (3mm depth). There was no clear BV/TV evidence for the global OA bone 

changes in both talus and tibia in OA. However, bone density increased in both the talus (12% increase) and 

tibia (16%) within the first 800um under the subchondral bone plate. Curiously there was loss of density 

beneath this, with 15% loss in both the talus and tibia from 800um-1600um, increasing with depth. Comparing 

to protein synthesis, Picrosirius red staining under polarised light showed 80% increases in red staining in 

regions of bone with worse cartilage damage. CD271 marker staining for MSCs revealed MSCs in the areas 

of bone thickening, suggesting strong links in these processes. The highest density of MSCs was within the 

first millimetre beneath the subchondral bone plate in both talus and tibia, with around 13% coverage of 

trabecular space, reducing by half in the first to second millimetre. 

CONCLUSION 

This study reveals an inverse association of subchondral bone density with depth from subchondral bone plate 

in both talus and tibia, suggesting drastic changes in bone biomechanics in the talus. The MSC role in this 

process was shown to be closely correlated, suggesting that MSCs have a crucial role in new tissue formation. 

The changes in biomechanics and function of MSCs should be considered in development of new prothesis. 
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Introduction 
Recently, protocols to differentiate human embryonic stem cells (hESCs) into the chondrogenic lineage have 
been established [1]. However, generating three-dimensional (3D) articular cartilage tissue from hESCs for 
regenerative therapies or in vitro tissue modelling is still challenging. This work aims to use a biomimetic cell-
laden hydrogel to provide a suitable microenvironment for hESC differentiation, in combination with a 
thermoplastic 3D scaffold with adequate mechanical properties to withstand physiological loading. This study 
reports the evaluation of alginate-based hydrogels for hESC chondrogenic differentiation, and L-Leucine based 
Poly(ester urea) (PEU) scaffolds for human chondrocyte culture. 
 
Methods 
hESCs were differentiated into the chondrogenic lineage using a 2D multi-step protocol. Then, hESC-derived 
chondroprogenitors were encapsulated in alginate or alginate/type-I collagen hydrogels for up to 14 days. Cell 
viability was evaluated using a live/dead assay and phenotype was characterised by qRT-PCR. 
Then, the ability of PEU scaffolds to support chondrogenesis was evaluated. Scaffolds were fabricated using 
a screw-assisted extrusion system (3D Discovery bioprinter, RegenHU) and characterized using scanning 
electron microscopy, nanoindentation, compression tests, and water contact angle. Chondrocyte (TC28A2) 

response was evaluated by metabolic activity and gene expression after 7, 14, and 21 days. Poly(-
caprolactone) (PCL) scaffolds with similar pore size and geometry were used as controls.  
 
Results and Discussion 
Loss of hESC pluripotency with differentiation into the chondrogenic lineage was verified by changes in cell 
morphology, loss of expression of pluripotency marker OCT4, and increased expression of chondrogenic 
markers SOX9, SOX5, and COL2A1 during 2D differentiation. Further culture in 3D alginate-based hydrogels 
for 14 days resulted in high levels of cell viability and increased expression of chondrogenic makers. 
PEU scaffolds had lower nanoindentation hardness, compressive modulus and were more hydrophilic than 
PCL counterparts. Human chondrocytes cultured on PEU exhibited increased metabolic activity, expression 
of chondrogenic markers ACAN and COL2A1 and lower expression of COL1A1, suggesting a more 
chondrogenic phenotype. 
 
Conclusions 
These findings suggest that alginate-based hydrogels are suitable 3D systems to promote chondrogenesis 
from hESCs. Similarly, PEUs were able to support the phenotype of human chondrocytes in culture and 
identified as promising new materials for articular cartilage tissue engineering. The combination of these two 
components could be applied to generate a 3D bioprinted hybrid construct for articular cartilage tissue 
engineering. 
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Introduction: Adult stem cells play a key role in the homeostatic regulation of the skin and the wound healing 
process. These adult stem cells reside on highly complex microenvironments where physical and biochemical 
cues control stem cell behaviour. Losing this microenviroment often compromises the regenerative capability 
of the tissue throughout its life cycle [1]. Recently, a novel technique that introduces complexity into electrospun 
membranes has been proved to be successful in replicating to a degree certain physical aspects of the stem 
cell microenviroment in soft tissues [2], [3]. In this work, we present the use of topographically control 
electrospun scaffolds (TCES) as novel skin dressings that are able to recreate the morphology of the stem cell 
microenvironments present in the dermal-epidermal junction which are known as rete ridges. 
   
Materials and Methods: TCESs were fabricated using 12% Polycaprolactone (PCL, w/w) polymer solutions. 
Electrospinning was performed using patterned collectors fabricated with microstereolithography (µSLA). 
Three types of ridged patterned collectors were tested to study the reliability of the scaffolds to replicate and 
preserve the ridges of the patterns. SEM micrographs were used to analyse the morphology of the TCES. The 
effectivity of the TCESs was evaluated using tissue engineered skin models. Before implantation, scaffolds 
were plasma treated to enhance tissue integration. Skin samples were made available through the Sheffield 
hospital directorate of Plastic, Reconstructive Hand, and Burns surgery research ethics number 15/YH/0177. 
 
Results and Discussion: We have shown that it is possible to reproducibly produce electrospun membranes 
with micro topographical cues (Figure 1-A); the fibrous nature of these membranes (fibre diameter about 1-
2µm) resembles the 3D environment of the ECM while the pattern of the scaffolds mimics the rete ridges of 
the skin. Histological analysis of skin models showed the formation of ridge-like structures on the dermal-
epidermal layer when implanted with TCES. (Figure 1-B). In comparison with the control group, pattern B was 
more effective at inducing the formation of conventional rete ridges. 
 

            
Figure 4. SEM micrographs showing the micro topographical cues of patterns A, B, and C. The effects on 
plasma polymerization on pattern B can be observed on D) (Figure 1-A). Histology sections of skin models 
showed that TCES can introduce ridge-like structures about 200 µm W – 350µm (Figure 1-B). 

Conclusions: Using TCESs is possible to create specific stem cell environments that can be used to improve 
tissue integration and cell proliferation. Moreover, the dimensions of these microenvironments have a 
significant impact on the cell distribution of the newly formed epidermal layer. These are promising results that 
demonstrate that electrospun membranes are potential platforms to introduce microfeatures to mimic the Rete 
ridges of the skin. 
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Background and objectives  

The cell-autonomous circadian clock matches our physiology to the solar day and is a fundamental pathway 

for tissue homeostasis. Loss of the circadian clock in murine cartilage is associated with accelerated aging 

phenotypes, specifically, degradation of articular cartilage. It is currently unknown when and how the circadian 

clock is first activated during development. Differentiation of human embryonic stem cells (he SC’s) toward a 

chondrogenic lineage provides an in vitro model as a proxy for development to investigate the initiation and 

function of the circadian clock. The aim of this study is to identify when and how the circadian clock is activated 

during differentiation of hESCs to a chondrogenic lineage. In addition, can thermal modulation of the circadian 

clock improve chondrogenic marker gene expression and improve the extracellular matrix produced by 3D 

chondrogenic cultures. The data from these experiments may provide the theoretical basis for future clinical 

trials of chronotherapies in the treatment of arthritis.    

Methods 

hESC lines were differentiated towards a chondrogenic lineage for 11 days in 2D and 10 days in 3D pellet 

culture. Cells were transduced with BMAL1::luc transcriptional reporter before bioluminescence imaging using 

Alligator and LV200 systems. Cells were also analysed for expression of clock genes, loss of pluripotency, 

markers of developmental stage and chondrogenic lineage by RT-QPCR.  The 3D chondrogenic pellets were 

assessed histologically for matrix composition and circadian clock protein expression.  

Results 

We find that hESCs lack 24-hour transcriptional rhythms of core clock genes. We also report that after 21 days 

of chondrogenic differentiation key chondrogenic genes are upregulated and the circadian clock is activated. 

Additionally, both BMAL1 and CLOCK proteins are expressed in hESC’s. 3D pellet cultures display architecture 

consistent with cartilage.   

Conclusions  

These data suggest that this chondrogenic model displays transcriptional rhythm after 21 days of 
differentiation.  Key circadian clock genes are expressed in hESCs and throughout differentiation. Future work 
will investigate mechanisms of activation through RNA-seq and assess the impact of chemical and thermal 
modulation of circadian rhythm on pellet composition and structure. 
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The extracellular matrix (ECM) comprises of families of large macromolecules responsible for different cells activities such 

as cell motility, differentiation, and adhesion. Therefore, reproducing a scaffold with comparable composition from the ECM 

is very desirable. One of the main challenges of producing such a scaffold is to find a suitable replacement biomaterial that 

best mimics, not only the extracellular matrix but also the biological organization of the tissue. Such that the cells can 

organize themselves in a 3D manner to reproduce the desired tissue. Hydrogels have been explored due to their 

biocompatibility, degradability, and similar mechanical properties to some tissues’ ECM. Hydrogels are used in 3D 

bioprinting as they can easily encapsulate cells as they can resemble the natural ECM. In this study, porcine liver was 

decellularized using an enzymatic and detergent washing process. Gel scaffolds were fabricated at different concentration 

from the decellularized liver and their mechanical properties were tested. The Young’s modulus for the 6 mg/ml ECM 

derived gel was found to be comparable with the stiffness of a healthy liver (5.78 kPa) while the Young’s modulus of the 8 

mg/ml ECM-derived gel was found to be representative of a fibrotic liver (7.8 kPa).Cytotoxicity of the gels were tested by 

culturing HepG2 on top of two different concentration 4 and 6 mg/ml confirming approximately 94%of viable cells after 3 

days. Furthermore, human progenitor liver cells were embedded in 4, 6 and 8 mg/ml ECM-derived gel and cytotoxicity as 

well as metabolic activity was tested. Progenitor liver cells formed organoids in all ECM concentration with greater viability 

and metabolic activity observed in the softer gel at 4mg/ml concentration. This approach could produce 3D environment 

that closely resemble the liver physiology to culture progenitor live cell and differentiate them into hepatocyte-like cells. 
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Introduction: 

Significant efforts have been made in the past decade to design injectable biomaterials capable of hosting and 
delivering cells at injury sites. A recent strategy for hydrogel design is the incorporation of nanofillers to either 
modify hydrogels’ performance or add functionality [1, 2]. Intervertebral disc degeneration (IVDD), caused by 
a catabolic cell-driven cascade of events initiated in the nucleus pulposus (NP), represents a relevant example 
where a minimally-invasive cell-based tissue engineered therapy could bring significant benefits. Here we 
explored the use of graphene oxide (GO) as a nano-filler for a FEFKFEFK (F8)-based hydrogel in conjunction 
with transforming growth factor beta-3 (TGF-β3) to create a 3D injectable cell delivery vehicle for NP tissue 
regeneration applications. 
 
Materials and Methods: 

Nanocomposites were prepared by incorporating GO (size<5µm) within F8 hydrogels in a 40:1 ratio. Hydrogel 
nanostructure was assessed via infrared, atomic force and transmission electron microscopy (FTIR, AFM and 
TEM), while gel stiffness and injectability were studied via oscillatory rheometry. Bovine NP cells (BNPCs) 
were encapsulated in peptide/GO hydrogels and cultured in 3D with chondrogenic media (+10ng/ml TGF-β3) 
by supplying TGF-β3 exogenously, endogenously or by decorating GO. Cell viability and metabolic activity 
were assessed with LIVE/DEAD and AlamarBlue assays, while gene and protein expression of BNPCs were 
assessed via qPCR analysis and histological staining. 
 
Results and Discussion: 

GO was successfully incorporated in F8 hydrogels, showing different levels of peptide-GO molecular 
interactions. GO reinforced the peptide hydrogels, achieving storage moduli (~12.8 kPa) comparable with the 
human NP (~10 kPa), with ease of injectability both in dry (on glass) and wet (in PBS) conditions. 
Nanocomposites showed excellent biocompatibility and preserved cell morphology and metabolic activity 
when compared with peptide counterparts. An increased deposition of characteristic NP matrix components 
was observed at gene and protein levels over 21 days in hybrid gels compared with peptide only gels, 
particularly when TGF-β3 was delivered endogenously and by complexation on GO flakes. These results 
suggest that the co-presence of GO and TGF-β3 offered the appropriate cocktail of mechanical and 
biochemical cues to promote cell survival and extracellular matrix deposition over 3 weeks of culture.  
 
Conclusions: 

Collectively, the results show that GO can be incorporated within F8 to create a mechanically-reinforced, 
bioactive scaffold for 3D culture and delivery of NP cells. Moreover, this work represents a proof-of-concept to 
explore future minimally-invasive cell therapies based on hydrogel/biologics complexes for IVD repair. 
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Introduction: Pericytes, together with brain microvascular endothelial cells (BMECs), astrocytes, and 
neurons, form the neurovascular unit (NVU). All these cell types influence the barrier function in the brain 
capillaries and breakdown of the NVU is a common early symptom of vascular dementia and Alzheimer’s 
disease1. Pericytes have previously been shown to contract capillaries and thus reduce cerebral blood flow in 
a downstream response to the addition of amyloid-β, a hallmark protein of Alzheimer’s disease2. However, the 
full role of pericytes in health and disease remain poorly understood, partially due to a lack of adequate models 
that can recapitulate the complexity of the multi-cellular NVU. The aim of this study is to incorporate pericytes 
into a 3D in vitro model to study the role of pericytes in the dysfunction of the NVU in dementia.  
 
Material & Methods: Brain pericyte-like cells3 and BMECs4 were differentiated from human induced 
pluripotent stem cells (iPSCs) and co-cultured in a 3D transwell-type NVU model. Integrity of the endothelial 
barrier function was evaluated by transendothelial electrical resistance measurements. Fluorescent Fluo4-AM 
was used as a calcium efflux indicator. 
 
Results & Discussion: Brain pericyte-like cells stained positively for pericyte markers NG2, PDGFR-β, CD13, 
CD146, α-SMA, and Desmin. Co-culture of pericytes with BMECs resulted in an increased transmembrane 
resistance compared with mono-cultured BMECs indicating an increased barrier function. Furthermore, iPSC-
derived brain pericyte-like cells released calcium after carbachol stimulation showing their potential ability to 
contract.  
 
Conclusion: These results suggest that functional brain pericyte-like cells can be derived from iPSCs and 
incorporated into a NVU model. We will build on these findings to develop a robust model for studying pericytes 
within the NVU to investigate their function and dysfunction in dementia. 
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CARTILAGE IMPLANTS 

Leona Ogene 

 

Articular cartilage (AC) has a poor capacity for self-repair, consequently defects are one of the major causes 

of immobility and poor quality of life for millions of individuals worldwide. The properties of self-renewal and 

pluripotency make pluripotent stem cells (PSCs) a promising cell source for cartilage regeneration. Whilst there 

has been substantial development of tissue engineered scaffolds capable of mimicking the zonal organization 

of AC tissues, less attention has been dedicated to the spatially controlled functionalisation of such constructs. 

We seek to use the nanotopography of graphene oxide (GO) to achieve spatio-temporal controlled delivery of 

chondrogenic growth factors, to PSC derived chondroprogenitors. 

GO is a 2D carbon nanomaterial which has gained attraction worldwide due to its extraordinary physiochemical 

properties. Biocompatibility, high surface area and excellent surface functionalisation makes GO an attractive 

choice for a drug delivery platform. Kimber and Domingos groups have previously shown the feasibility of PSC 

loaded hydrogels for the in vitro differentiation of pluripotent stem cells towards chondrogenic lineages, and 

robust methods for the 3D bioprinting of these gels. In this project we aim to use established protocols to 

introduce a multifunction variable into our biomaterials, capable of guiding PSC differentiation towards articular 

chondrocytes.  We will first study and characterise the interaction between functionalised GO and PSC derived 

chondroprogenitors in 2D, followed by in vitro validation of the interaction between the chondroprogenitors and 

alginate-based hydrogels fucntionalised with GO for enhanced chondrogenic differentiation. The final phase 

will consist of investigating the printability of the chondroinductive nanocomposite using valve-assisted 

extrusion bioprinting techniques. 
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Introduction 
Acute Myeloid Leukaemia (AML) is the most common myeloid malignancy in adults, with approximately 3,000 
new cases recorded per annum in the UK (Cancer Research UK, 2019). AML is caused by the acquisition of 
mutations in hematopoietic stem and progenitor cells (HSPCs), leading to development of leukaemic stem 
cells (LSCs). These differentiate into leukaemic blast cells, which are released into the bloodstream and 
outcompete the healthy blood cells, leading to bone marrow failure. The bone marrow niche microenvironment 
is remodeled by the LSCs to provide optimal conditions for LSC survival. In the hypoxic endosteal niche, the 
bone marrow stromal cells interact with LSCs through cell-cell interactions and by emission of signaling 
molecules, which induce LSC quiescence. This reduces the efficacy of anticancer drugs as these target rapidly 
proliferating cells, meaning quiescent LSCs are unaffected. This can cause AML relapse. Current research 
methods include 2D culture models, which fail to accurately simulate in vivo cell morphology and behaviour; 
and small animal models, which are physiologically and genetically different compared to humans. Therefore, 
3D biomimetic models must be considered as a potential research method. In this project, I aim to develop a 
3D model of the bone marrow endosteal niche, as a method of screening drugs against MLL-rearranged AML, 
an aggressive form of AML with poor prognosis. I will use the novel highly potent cyclin dependent kinase 
(CDK) inhibitor CYC065 (fadraciclib) to investigate the protective effect of the bone marrow stroma on AML 
cells in 2D and 3D co-culture models. Hydrogels and spheroid models will be explored, as well as modifying 
aspects of the gel environment such as oxygen and nutrient levels.  
 
Materials and Methods 
HS5 bone marrow stromal cells were co-cultured with MOLM-13 AML cells in 50:50 RPMI:DMEM and 20% 
HS5 conditional media. CYC065 was added at IC50 concentration. There were four experimental conditions: 
MOLM-13 single culture, HS5 single culture, co-culture (all cells), and co-culture (supernatant). After 72 hours, 
the viability of HS5 and MOLM-13 cells were assessed through Trypan blue staining, and apoptosis examined 
through Annexin/DAPI staining followed by flow cytometry. Anti-CD33 antibodies and anti-CD90 antibodies 
were used to distinguish between MOLM-13 and HS5 cells, respectively.  
 
Results and Discussion 
CYC065 induced a higher level of apoptosis in the MOLM-13 single culture and co-culture (supernatant) 
conditions compared to the co-culture (all), indicating that the bone marrow stromal cells confer a protective 
effect on the MOLM-13 cells). Additionally, some AML cells may not only adhere to, but also burrow 
underneath the HS5 cells, providing them with a physical protective barrier from the drug, resulting in 
reduced apoptosis in the co-culture (all) condition compared to co-culture (supernatant). This information will 
be highly useful for developing the 3D model as it provides a deeper understanding of the interactions 
between AML cells and the bone marrow stroma. Following on from these experiments, the aim is to develop 
models using spheroids, consisting of HS5 cells, in hydrogel to compare these results in 2D and 3D 
environments.  
 
Conclusions 
The results of these experiments confirm that bone marrow stromal cells confer a protective effect on AML 
cells. However, in order to further investigate the nature of these interactions and how to circumvent the 
protective effect, further research is required.  
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Introduction 
 
Traumatic injuries of the hand are a common clinical problem, with high morbidity. Loss of function in the hand 
through tissue fibrosis severely impacts a patient’s quality of life; therefore, stimulating regeneration of hand 
tissues is a critical objective. Achieving this is difficult, because the hand comprises of multiple distinct tissue 
types designed to move freely, making the healing process complex. A particularly extreme example of this is 
degloving injuries resulting from ring avulsion, where one or more tissues are stripped from the digit. Animal 
models of hand injuries are scarce, and previous literature has yielded no animal models of composite tissue 
injuries. We describe a new mouse model of this injury, which we hope to assess in comparisons of wildtype 
and regenerative mouse healing phenotypes. 
 
 
Methods 

An observational study of a microsurgical murine composite tissue injury of the digit in MRL/MpJ (regenerative) 
mice was performed and assessed for healing over 20 days. The injury was designed to resemble a ring 
avulsion injury involving excision of the neurovascular bundle, tendon and skin between the distal 
interphalangeal joint and the proximal digital crease. Concordant ear punches were made to confirm the 
regenerative capacity of the mice during their healing. Digit and ear issue was harvested at day 0, 6, 13, and 
20. Ear holes were measured at each timepoint. Digits were decalcified in EDTA. Digits and ears were 
processed in wax before cutting into 7 micron sections. Tissues were stained with H&E to assess gross 
morphology, and optimisation of immunohistological stains for tissue -specific markers (αSMA, Hsp47, 
laminin), immune cell markers (CD45, Ly6G, F4/80), and a proliferation marker (BrdU) was initiated. Ear 
tissues were stained for immune cell markers. 

 

Results  

MRL mice show external healing of the digit within 3 weeks, similar to the timeframe shown in a previous study 
of the same injury in non-regenerative C57Bl/6 mice (unpublished). Staining for tissue-specific markers is 
currently under optimisation to determine whether there is regeneration of internal tissues within this time. 
Preliminary evidence based on gross tissue morphology suggests that MRL mice may heal skin better than 
C57Bl/6 mice, as some digits show re-assembly of ventral skin folds. MRL mice show almost complete closure 
of ear punch wounds over time, which is associated with massive influx of immune cells into the wound region.  

 

Conclusion  

We have developed a model for severe traumatic injury to the mouse digit involving a number of different tissue 
types. MRL mice do show regenerative capacity in the ears in our hands. Further work is required to determine 
the full healing profile of the digits, including assessment of a long -term (6 week) timepoint, at which point a 
more prominent regenerative response may be apparent. Additionally, the full study will be repeated with 
C57Bl/6 mice as a negative control. Lastly, future investigation of the molecular differences between the two 
mouse strains may identify cues for better healing of such injuries in other non-regenerative mammals, such 
as humans.  
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Introduction 

When designing a pharmaceutical study, it is essential to choose an appropriate in vitro model to test 

therapeutic compound’s efficacy and toxicity before moving on to the animal testing stage. One of the most 

important organs in relation to orally administered drugs is the small intestine, as it is the major site of small 

molecule absorption.1 Human colon adenocarcinoma Caco-2 cells are the most widely used intestinal cell line. 

Even though they originally came from a cancer patient, they can regain the functions of enterocytes that line 

the small intestine when grown under specific cell culture conditions. These cells form a tight cell layer and 

express finger-like structures called microvilli, which increase surface area and thus promote efficient 

absorption.1 Currently, there is an urgent need for a physiologically representative intestine model applicable 

to pharmaceutical studies on drug efficacy and cell toxicity.  Such a system would need to resemble the 3D 

tissue structure and microenvironment found in vivo. It also needs to take into account biological, chemical 

and physical features of the healthy small intestine. The current PhD project focuses on designing a biomimetic 

3D intestine-on-a-chip platform. We aim to utilise this system to study the effects of Traditional Chinese 

Medicine compounds on human intestinal cells, and to determine compound efficacy and toxicity.  

Materials and Methods 

Caco-2 cells were seeded into permeable inserts and cultured in this 3D system for at least 21 days. Samples 

were imaged using Scanning Electron Microscopy (SEM). Permeability assay was also performed on Caco-2 

cells grown in 3D, whereby a fluorescent dye Lucifer Yellow was used for permeability quantification. This 

assay allowed us to test whether the intestinal epithelial cells form a tight monolayer in vitro and control the 

passage of molecules through the cell monolayer. 

Results and Discussion 

SEM images showed that when grown in permeable inserts, Caco-2 cells express microvilli and form a tight 

monolayer, but do not form physiologically relevant mucosal folds. This implies that while those cells perform 

some of the intestinal epithelium functions, like forming a barrier and absorbing molecules, they do not form a 

biomimetic tissue. Meanwhile, the permeability assay showed that while the barrier function was present, the 

monolayer was less tight than mentioned in current literature. Now this method can be further optimised to 

look into the reasons for insufficient tightness of the cell monolayer. 

Conclusions 

Intestinal cells form a tight monolayer when grown in permeable inserts, however growing Caco-2 in a simple 

3D model is not sufficient to build a biomimetic intestinal tissue in vitro. Biological, chemical and physical 

aspects of the intestinal physiology need to be taken into account to design a more representative system. To 

achieve that, 3D structure and the physiologically relevant flow of fluids need to be recreated in vitro. In 

addition, cells need to be subjected to mechanical stimulation akin to the peristaltic movement of the intestinal 

tissue. This will induce intestinal cell polarisation and differentiation into different cells present in the intestinal 

epithelium, thus fully reconstructing a functional tissue in vitro. 
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Lab-on-a-chip devices are developing to closely mimic the structural and biological complexity of human tissue. 
Thus, becoming increasingly popular as an alternative to animal testing for pharmaceuticals. However, the 
lack of perfusion through vasculature within current models remains to be a challenge, reducing the 
physiological development capacity for tissue-on-a-chip models. This project will utilise high internal phase 
emulsions templating techniques to create an in vitro vascularised tissue via fabrication of a porous PCL 
PolyHIPE scaffold. The porous network will allow for vascular outgrowth to occur in a hydrogel-based well in 
which cell, cell spheroids and small biopsies can be placed. This will be developed to overcome the short 
comings in current models and provide an in vitro alternative to in vivo testing platforms. Furthermore, this in 
vitro model will be used to explore healthy and diseased tissue models with the main aim focussing on cancer 
models. Cancer is a becoming a huge social and economic burden on society, being the most significant 
barrier to life expectancy in the 21st century. In particular, the model will be able to explore metastasis of cancer 
which is responsible for 90% of cancer related deaths.  
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The active surface of silicate-based bioactive glasses (BG) has been widely used for different medical 

applications due to its strong active response in contact with a physiological medium [1]. The present project 

focuses on copper-containing silicate-based glasses (Cu-BG) for use in soft tissue engineering. Previously, 

the addition of copper ions into the basic BG composition have been only studied experimentally to investigate 

their effect on biological tissue [2] [3] [4]. To the best of our knowledge, this is the first time the effect of copper 

on bioactive behaviour of BG is studied via molecular dynamics (MD) simulation using DL_POLY package [5]. 

The aim of the project is to describe the effect of copper incorporation into the BGs to establish a better 

understanding of the relationship between the microscopic structure and the bioactive behaviour of the glass. 

The simulations are carried out on a series of SiO2-Na2O-CaO-Cu2O or CuO-P2O5 compositions. The amount 

of Cu2O or CuO is increased at the expense of Na2O. An empirical fitting of classical interatomic force fields 

suitable for Cu+-O and Cu2+-O was performed using GULP [6] to reproduce the AlCuO2, Cu2O, CuSiO3, and 

Na2Si3O8 crystal structures. The polarization is included via the shell model.  Classical MD simulations of the 

above compositions were performed, and the partial pair-distribution functions, coordination numbers and their 

distribution are used to study the effects of copper integration on the local environment of cations and network 

connectivity. Open Visualization Tool (OVITO) [7] is used to localise the modifiers around glass former cations 

and the structure of the glass.  In the next step of this project, we will focus on the fabrication and 

characterization of the Cu-BG for the development of dermal scaffolds.  

 
Keywords:bioactive glass; bioactivity; molecular dynamics; simulation; copper; structure properties; tissue 
engineering; scaffolds  
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Introduction 
Neurological models are currently lacking specificity due to our limited understanding of the brain, due to its 
complexity in terms of cell types and their interconnectivity. These issues combined with the rise in age related 
neurological disorders, such as Parkinson’s disease, has promoted further research designed to improve our 
understanding of the brain. Brain-on-a-chip platforms are a revolution technology that can be used to simulate 
complex neural networks, isolate and monitor small neural networks, even down to the scale of a small number 
of living cells. Recent advances have connected these systems to interface with external mechanical bodies 
to form a ‘embodied’ network [1–3]. Here we focus on the design and specific connection of neurons through 
the use of surface chemical patterning, controlling cell attachment, neurite directional extension, and guided 
connectivity.[4]  We report the use of multielectrode arrays (MEAs) to analyse neuronal activity across the 
network. Once developed, the platform could be used in a number of ways including biocomputing and in vitro 
discovery/ testing of pharmaceuticals and stem cell therapies for neurological disorders.  
 
Methods  
Oxygen plasma-cleaned coverslips and MEAs were prepared with a cell-phobic polymer brush structure 
presented in patterns to control the quantity, location and direction of neuron growth. The location of polymer 
brushes was controlled through the use of photolithography, utilizing S1813 positive photoresist as a sacrificial 
template around which chemical brushes were generated via a surface-bound ATRP reaction. S1813 was 
deposited onto each surface then spun on at 500 rpm (30 seconds) then 3000 rpm (60 seconds), prebaked at 
110o C for 75 secs and exposed to i-line UV. Patterns were post-baked at 110o C for 10 minutes.  
 
The lithography treated coverslips or MEA were then used in the chemical brush process. Polymer brushes 
were generated via three stages: 3-aminopropyl triethoxysilane (ATPES) was first applied, onto which 
α-bromoisobutyryl bromide (BIBB) was then bound, followed by the 3-sulfopropyl methacrylate potassium salt 
(pKSPMA) being used as a monomer to grow the polymer brush. Chemical patterning was adapted from 
Pardo-Figuerez, et al [4]. Surface chemistry and patterning were analysed by x-ray photoelectron spectroscopy 
(XPS), drop shape analysis (DSA) and fluorescent staining (conjugation of FITC). A neuroblastoma cell line, 
SH-SY5Y, were cultured onto treated coverslips/ MEA surfaces and analysed via brightfield and fluorescent 
microscopy. 
 
Results/Discussion 
Chemical patterning onto lithography patterned glass coverslips and MEAs was confirmed by multiple 
methods, with cells demonstrating preferential attachment and direction growth control following these patterns 
down to a few microns in feature size. Cell seeding densities showed some control over pattern conformity, 
with organization of neural networks being demonstrated towards the single cell-cell level. MEAs have shown 
cellular activity with more research required to generate more consistent signalling data.  
 
Conclusion 
Chemical patterning is an effective method for controlling the location and number of SH-SY5Ys within a given 
location. Chemical patterning works on MEAs which provide a platform to detect and monitor the electrical 
activity of SH-SY5Ys but further experimentation is required to improve the detection of single neurons. The 
use of back filling non-chemically patterned areas with PDL and PEI is currently being explored as the literature 
shows improved electrophysiological recording with enhanced cell-surface attachment. 
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Regenerative medicine, and translation from bench to bedside, is hamstrung by a lack of reproducible 
therapeutic tools and defined experimental models. Each are hampered by the inability of researchers to 
manufacture artificial human tissue environments in vitro which mirror those seen under normal physiological 
or pathological conditions. Novel computer aided additive manufacturing techniques (CAAM) and high 
throughput material assays continue to provide the capability to reproduce tissue and cell culture environments 
with highly definable mechanical, chemical and surface features (1). There are currently many instances where 
bio-scaffolds are used for approved therapeutic and experimental purposes. However, there are a lack of 
described materials for use as tissue engineering (TE) tools using stem cell technologies. Similarly, the 
performance of novel materials when subject to manufacture in producing highly defined non-toxic structures 
is poorly defined. 
 
Bio-scaffold-cell crosstalk is vital in cell development during TE and the effects of nano-topographical, 
mechanical, electrical and chemical cues on cell maturity well described (2). In this project, we subject new 
generation acrylate-based resins to stereolithographic CAAM. These monomers are commercially available, 
photocurable and have been shown able to improve adhesion and maturity of cardiomyocytes in vitro in serum 
free conditions (3). We experiment with monomer blends, assessing the ability of the manufacturer to produce 
macro-scale structures with nano-scale surface features. We also assess ability to control mechanical 
performance and manipulate the electrical profile of the scaffold. HPSCs, which have undergone previously 
described differentiation into a cardiomyocyte (CM) progenitor cell, will be seeded onto such structures and 
cells subject to epigenetic developmental stimuli.  
 
While their efficacy as TE tools are well described, little literature exists describing how such stimuli might 
interact when applied in sequence or parallel during the process. Literature has shown that some stimuli may 
positively reinforce each other, while some might negate the need for further behavioral input (2, 4). The 
individual and combined effects of scaffold surface chemistry, nanotopography, elasticity and electrical profile 
on final CM maturity will be assessed. It is hypothesized that statistical modelling will identify temporal 
developmental stimuli capable of driving final cell maturity largely independently of others. Future TE research, 
using a variety of starting cell types, will benefit from the model shown here alongside the characterization of 
new materials, their manufacture into well-defined free-standing bio-scaffolds and their performance as such. 
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Introduction 
With an aging population, bone defects are becoming more prevalent and the need for effectual medical 
intervention is increasing. Implanted biomaterials are utilised regularly as key elements in therapeutic 
strategies to combat these. Unfortunately, the implantation of a biomaterial induces an inflammatory response, 
whereby immune cells ultimately dictate its fate in the body and consequently its efficacy as a therapeutic.  
Macrophages are key regulatory immune cells, where their timely differentiation into pro-inflammatory (M1) 
and pro-regenerative (M2) phenotypic populations directs the resolution of the body’s inflammation. This same 
phenotypic switching of macrophages is also crucial in bone repair processes, whereby impaired or chronic 
macrophage signalling has been shown to impair bone regeneration1.  
Advances in understanding how immune cells interact with biomaterial surfaces has facilitated the 
development of immune-instructive biomaterials. Upon implantation, these play an active role in directing the 
body’s immune response to the biomaterial. Unique surface chemistries have been discovered to induce 
discrete M1 and M2-like macrophage polarisation states by employing high-throughput screening 
methodologies of large polymer libraries2. Considering the essential role macrophages play in both bone 
metabolism and the immune system, these polymers could be ideal candidates for studying the biomaterial-
osteoimmune environment and developing new therapeutic strategies for bone defects 
 
Materials and Methods 
Previous work identified 5 immunomodulatory (meth)acrylate copolymers. These were synthesised and 
scaled-up using thermally-initiated free radical chain polymerisation, then used to coat chamber slides. Human 
monocyte-derived macrophages were isolated from donated blood and cultured on polymer surfaces for 6 
days to assess macrophage polarisation response. Exogenous cytokines were added to achieve polarisation 
controls on TCP. Viability and cytotoxicity were measured using Live/Dead staining and toxilight assays. 
Polarisation was then characterised by cytokine profiling (ELISA), surface marker staining (Mannose receptor 
and Calprotectin), and morphological observations.  
 
Results 
Polymer surfaces were non-cytotoxic and facilitated the continued viable cell culture of macrophages. Surface 
marker staining, morphology, and cytokine quantification showed no distinct phenotypic variation between 
macrophage populations on the 5 polymer surfaces.  
 
Discussion 
Differences in polymer synthesis techniques, when compared to the initial screening, may have led to the 
obstruction of important chemical groups, which will impact how proteins adsorb to the surface, and 
subsequently the macrophage polarisation response. Macrophages’ inherent plasticity might be a factor to 
consider as phenotypic switching during a 6-day culture period may have occurred. Assessing macrophage 
response over time could reveal potential limitations in the experimental design. Further work needs to be 
done to elucidate this before beginning to assess the indirect effects of the polymer on osteoblasts and 
osteoregeneration. 
 
Conclusions 
Although polymer surfaces did not induce discrete macrophage polarisation phenotypes, a system for scaling 
up polymers and studying cellular response was developed successfully. These can easily be translated to co-
culture systems later for evaluating indirect effects of immunomodulatory polymers on osteogenesis. Similarly, 
high-throughput screening strategies will be used to assess the direct effects of polymer chemistries on 
osteoblasts and osteoregeneration. 
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Health Care Associated Infections (HCAI’s) place an increasing amount of stress on the NHS each year, with 
over 1 million cases reported annually1, which includes post-operative surgical site infections, respiratory tract 
infections and urinary tract infections (UTIs). In particular, UTIs make up 17.2% of reported HCAI cases2. 
Treating HCAIs is a significant cause of risk for patients and also costs the NHS approximately £1 billion a 
year.3 HCAIs can be acquired is via implanting a medical device,  such as pacemakers, joint replacements, 
replacement valves and catheters.4 Catheter Associated Urinary Tract Infections (CAUTIs) are the most 
common HCAI, 23% of those who have the device implanted for short periods (2-4 days) develop an infection, 
rising to 100% of patients over longer periods.5 

Though treatable with antibiotics, the ever increasing battle against antimicrobial resistance is pushing 
research into alternative treatment pathways and preventative measures against CAUTI’s.6 Nitric oxide (NO) 
has been identified as ‘broad spectrum’ antimicrobial agent, due its multi-action approach, binding to DNA, 
proteins and lipids, which also adds difficulty for bacteria to develop resistance.7 This is achieved via generating 
reactive nitrogen species such as peroxynitrite (OONO−), S-nitrosothiols (RSNO), nitrogen dioxide (NO2) and 
dinitrogen trioxide (N2O3) via reaction of NO with reactive oxygen species such as hydrogen peroxide (H2O2) 
and super oxide (O2

-).8  

Two methods were investigated to tether the antimicrobial layer onto the surface. Preliminary experiments 
were targeted at optimising the silanisation of a pristine polydimethylsiloxane (PDMS) surface, looking initially 
at plasma treatment of the surface to impart oxygen functionalities onto the surface. This will allow for the 
tethering of mercaptopropyl trimethoxysilane (MPTMS) to the PDSMS surface. A second method of imparting 
oxygen functionalisation to the surface was to use ammonia and hydrogen peroxide treatment.9,10 Silanisation 
was carried out in an identical manner for both surface treatments, and contact angle data recorded, the two 
methods resulting in similar values post silanisation. Although this was would suggest the ammonia/peroxide 
method is as viable as plasma treatment, the lack of hydrophobic/phillic property switching after silanisation 
does not confirm that MPTMS has been successfully bound to the surface. Elemental analysis has been 
planned via SEM/EDX to confirm the presence of MPTMS via the characteristic sulphur group at the end of 
the chain. To aid in the next phase of experiments, an in vitro flow model is being developed to study the 
coatings under dynamic conditions. 

1 S. L. Percival, L. Suleman, C. Vuotto and G. Donelli, J. Med. Microbiol., 2015, 64, 323–334. 
2 S. Hopkins, S. Karen and S. Lisa, Healthc. Assoc. Infect. Guid. data Anal., 2012, 1–140. 
3 S. Mantle, NHS Engl., 2015, 23. 
4 A. Gristina, Clin. Orthop. Relat. Res., 2004, 7, 4–12. 
5 K. Yu, J. C. Y. Lo, M. Yan, X. Yang, D. E. Brooks, R. E. W. Hancock, D. Lange and J. N. Kizhakkedathu, 

Biomaterials, 2017, 116, 69–81. 
6 P. Singha, J. Locklin and H. Handa, Acta Biomater., 2017, 50, 20–40. 
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Introduction 

The trabecular meshwork (TM) is located around the base of the cornea and can be described as a biological 

sieve.[1] It is essential for maintaining the eye’s intraocular pressure (IOP), but age and disease reduces TM 

cellularity, which can lead to blockages of the porous tissue, resulting in an increase in IOP and permanent 

loss of peripheral vision.[2] This type of vision loss is widely known as glaucoma. This study investigated the 

infiltration of human TM cells cultured on biomaterial sieves with varying thickness as a potential new substrate 

for TM regeneration. 

 

Methods 

Poly(ε-caprolactone) (PCL; 12%w/v) was dissolved in 1,1,1,3,3,3,-hexafluoroisopropanol and stirred 

continuously for 48 hours. 0.001% w/v rhodamine was added prior to electrospinning. Spinning parameters 

applied: needle voltage +15kV, collector voltage -4kV, flow rate 1 ml/h, distance 17cm and rotating mandrel 

100RPM. On separate runs, the mandrel was packed with dry ice to initiate ice crystal formation on its surface 

during fibre collection and quickly vacuum-dried for water removal without structural collapse. 

Scaffolds were mounted in 24-well CellCrowns, disinfected in 70% ethanol, washed in sterile phosphate 

buffered saline and pre-soaked in culture medium overnight. NTM5 cells (2x104) were seeded and cultured for 

7 days. Scaffolds were fixed in 10% neutral buffered formalin, stained with FITC-Phalloidin (1:40) and DAPI 

(1:1000) and imaged by confocal microscopy. Images were analysed using Fiji ImageJ software (v2.0.0). 

 

Results  

Solutions electrospun onto a dry ice-containing mandrel resulted in thicker scaffolds compared to those 

collected on a standard mandrel (64.89±11.47µm cryo-PCL; 42.43±4.41µm PCL) and there was no change in 

fibre diameter (0.60±0.12µm cryo-PCL; 0.64±0.14µm PCL). Confocal imaging demonstrated adhesion of NTM5 

cells on both scaffolds, with cells infiltrating to a depth of 32.12µm on the cryo-PCL, but no observed migration 

on PCL after 7 days. 

 

Discussion & Conclusion 

Cryo-spinning yielded thicker scaffolds compared to standard electrospinning with no effect on fibre diameter. 

Furthermore, unlike the regular scaffolds, cells penetrated the cryo-scaffolds, as a greater pore size had been 

achieved, which allowed their infiltration. Future studies will focus on optimising the thickness and porosity of 

cryo-scaffolds to better mimic the natural tissue, where healthy human tissue ranges between 110-130µm in 

thickness.[3] 

 

Acknowledgements 

Special thanks to the Crossley-Barnes bequest and the Healthcare DTN for supporting this research. 

 

References 

[1] Dautriche, et al, Biotechnol. Adv. 2014, 32, 971. 

[2] Jonas, et al, Lancet (London, England) 2017, 390, 2183. 

[3] Gasiorowski, et al, Exp. Eye Res. 2009, 88, 671. 

  

https://www.uksb.org.uk/future-leaders-virtual-conference-2020/devon-crouch/
https://www.uksb.org.uk/future-leaders-virtual-conference-2020/devon-crouch/


 

 

EFFECT OF POLYMER COMPOSITION ON THE PHYSIOCHEMICAL PROPERTIES OF DISSOLVING 
MICRONEEDLE ARRAYS 

Elliot Croft1, Alexander Suero1, Vito Romano2, Tom McDonald1, Steve Rannard1 and Helen Cauldbeck1 

1Department of Chemistry, University of Liverpool, Oxford Street, L69 7ZD,  
2St Paul’s Eye Unit, The Royal Liverpool University Hospital, Prescot Street, L7 8XP 

Corresponding author: sgecroft@student.liverpool.ac.uk – PhD student (1st year) 

Introduction 
Dissolving microneedle arrays (DMNs) for ophthalmic drug delivery require mechanical strength for application 
and fast dissolution for drug release.1 DMNs are formulated from water soluble, biodegradable polymers such 
as poly (vinyl pyrrolidone) (PVP).2 Plasticisers can be added to DMNs to alter their mechanical properties; the 
additive disrupts interchain interactions and introduces flexibility and chain mobility between polymeric chains 
within a rigid structure.3 The aim of this investigation was to determine the effect of increasing concentrations 
of plasticiser, poly (ethylene glycol) (PEG), within PVP:PEG blends on structure rigidity and dissolution rates.   

Methods 
PVP (K30, 40 000 g mol-1) and PEG (1000 g mol-1, 5 - 40 wt. %) DMN baseplates were fabricated via the 
solvent casting method. Differential scanning calorimetry (DSC) analysis was conducted to determine glass 
transition temperature (Tg). Dissolution rates of baseplates in aqueous solutions were monitored by 
measurement of refractive index (RI).   

Results 
DSC analysis confirmed increasing PEG concentration resulted in lower Tg, and therefore less rigid PVP:PEG 
blends (Figure 1A). Increasing ratios of PEG led to faster dissolution rates (Figure 1B).  

 
Discussion and Conclusions 

PVP:PEG DMN baseplates of varying PEG concentration were successfully fabricated, and the  plasticising 
effects of PEG on Tg and dissolution rates investigated. Increased PEG compositions led to a decreased Tg, 
indicating PEG disrupts the intermolecular forces acting between the PVP chains. A less rigid PVP:PEG 
structure was therefore generated. Faster dissolution rates of DMN baseplates composed of increased PEG 
confirmed the plasticiser effect. Overall this study demonstrated physiochemical properties of DMNs can be 
tailored, via the addition of a plasticising agent, to generate bespoke properties such as those required for 
minimally invasive ophthalmic drug delivery.  
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Introduction 

As the global population ages, the proportion of people worldwide that require treatment for the effects of 
ageing and trauma is ever-increasing. According to the NHS, more years are lived with one of over 200 
musculoskeletal conditions than any other type of long-term ailment. These conditions affect a quarter of the 
adult population (equating to 9.6 million people in the UK), account for 30% of UK GP consultations, 25% of 
all NHS surgeries, and account for £4.76 billion spent by the NHS annually.  

Endeavouring to reduce the burden on health services, tissue engineers need to develop a cost-effective, 
ethically acceptable solution which reduces the necessity of orthopaedic revision surgery. To achieve this goal, 
this project investigates the ability to surface engineer biopolymer scaffolds which promote osteogenic stem 
cell differentiation without the use of external biological stimuli. 

Human mesenchymal stem cells (hMSCs) sense and respond to both nanotopographical and chemical cues 
from their substrate materials. One technique of controlling the cellular response via these properties is silane 
modification; amine (-NH2) silanes have been shown to trigger osteogenic differentiation in basal growth 
medium 1. However, in order to be useful in a clinical setting, the cellular response must be homogeneous 
across the entire surface, made difficult by the non-ideal flatness of biopolymer surfaces. This issue is 
compounded by the necessity to apply surface modifications to 3D scaffolds which can be used in vivo.  

This poster presents the initial results of investigations performed to compare the cellular response of hMSCs 
to 2D spin coated, and 3D electrospun, biopolymer surfaces. 

Materials and Methods 

PLGA surfaces were spin coated onto coated glass cover slips. Chain length 3 and 11 silanes were then 
introduced onto the PLGA surfaces. 3D scaffolds were produced from five blends containing different ratios of 
poly(caprolactone) (PCL) and gelatin (G), electrospun into a fine mesh. Primary hMSCs were cultured on these 
samples in basal medium for up to 14 days, at 37°C, 5% CO2. Cells were then fixed using paraformaldehyde, 
stained with conjugated phalloidin for actin, and DAPI for nuclei imaging. Stained samples were imaged using 
laser scanning confocal microscopy to visualise the morphological response to the underlying surfaces. 

Results and Discussion 

Cell morphology at day 1 shows that the cells had already responded to the sub-micron topography presented 
by the silane chains on the 2D surfaces. By 14 days, cells on all 2D surfaces demonstrated actin stress fibre 
alignment with those in surrounding cells. Results agreed visually with previous studies which found that CL11 
amine silanes produced a much more homogeneous cellular response across the entire surface 2, compared 
to CL3 amine silanes which tend to exhibit heterogeneous “clumping” across surfaces 3. 

3D scaffolds with more than 50% gelatin content were too unstable in cell medium to give viable results, and 
14-day cell data were not collected for any 3D samples. After 1 day’s incubation, cells had adhered to the three 
viable scaffold materials. After 7 days’ incubation, the cell morphology indicated that the hMSCs had grown 
and aligned to the underlying electrospun fibres. 

The results presented in this poster are from early stage investigations and as such are limited. The cellular 
response to the unmodified 3D scaffolds needs significant optimisation. Cells were not seen to adhere or 
proliferate comparably to the 2D surfaces; and although the cells were able to infiltrate the 3D scaffolds, the 
experimental setup did not facilitate imaging these internalised cells. Further imaging and a refined 
experimental setup will allow the two datasets to be more comparable, and to better investigate the osteogenic 
capabilities of the scaffolds. 
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Introduction 
Biomaterials are frequently used throughout the fields of medicine and regenerative medicine. Conventional 
materials and fabrication techniques have previously demonstrated good biocompatibility and cross 
translatability through a variety of stem cell and tissue engineering applications. In particular polymeric 
substrates feature heavily in biomimetic systems for tissue replication in both modelling and regenerative 
applications [1]. Focusing on limbal stem cell research, material surface manipulation facilitates the replication 
of biological structures by using material mechanical phenomena [2]. The limbal stem cell niche presents with 
a crypt-within-a-crypt morphology therefore the wrinkling, which was observed in polymer substrates through 
smart fabrication and manipulation [2], holds much promise in the prospect to replicate the limbal epithelial 
stem cell topographic niche.   
 
Materials and Methods  
Polydimethylsiloxane (PDMS) coated with a membrane of poly(lactic-co-glycolic acid) (PLGA) which 
wasadhered by a fine layer of adhesive, was compressed in a novel compression rig, forming the wrinkled 
topography based compression bioreactor.  Additionally PDMS was treated with Oxygen plasma at 10mbar 
O2, for 10 minutes for each treatment. Primary Porcine limbal cells dissected from commercially obtained 
porcine eyes and mouse neonatal cardiomyoblasts were utilised in monolayer culture over each of the 
substrates. All culture runs using substrates were within a single passage. Visualisation of samples was 
conducted using bright field microscopy. To begin the construction of a model for material properties, 
compression testing of the PDMS bulk at different concentrations of curing agent was conducted with a Bose 
Electroforce 2300 series machine at a rate of 0.1mms-1.   
 
Results  
For the membrane coated samples wrinkling was achieved, whilst for plasma treatment a crack topography 
was observed. Preliminary imaging of monolayer cell culture on substrates demonstrated cell alignment on 
both of these substrates. Alignment patterns differ in both systems, the wrinkled systems showed a more 3-
Dimensional effect with induced localisation of cells at the base of the ‘crypts’ whilst alignment along the cracks 
followed a more 2-Dimensionally collimated appearance. Adhesion of cells was observed in both systems. In 
compression testing the Young’s modulus of the PDMS was determined, for a range of curing agent 
concentrations, from 2.5% to 10% v.v, to be 0.317 ± 0.01 KPa to 6.78 ± 1.07 KPa.    
Discussion  
 
The alignment of cells over the wrinkled topography followed concurrently with existing studies which use a 
different cell types [3,4]. However in this system the wrinkles used were wider (average , allowing for multiple 
cells to organise along the different regions of the wrinkles’ curvature. The aggregation of the cells along the 
basal apex of the wrinkles aligned with current work where stem cells have been shown to favour basal regions 
of crypts. The generation of crack topography with plasma treated PDMS demonstrated the ability to further 
align cells at the singular level and with further development holds promise for incorporation into the generation 
of the limbus replicating bioreactor due to the ability for O2 plasma treated PDMS to facilitate wrinkling [2] and 
enhanced cell adhesion [5]. The compression test follows as expected with less curing agent causing a lesser 
Young’s Modulus and Vice Versa. This data feeds into future work that will allow the predictive modelling of 
the effect of dynamically altering the wrinkles morphology on limbal cell migration and differentiation. 
        
Conclusions 
To conclude, the use of a smart material construct has definitive value in the creation of a biomimetic limbal 
stem cell niche. These approaches prospectively have potential to be implemented as part of a tissue 
engineering model for limbal in vitro organogenesis and in the clinic similarly for disease modelling for ocular 
surface diseases. The development of these approaches facilitates with the future dynamization is to follow 
from this preliminary data and will advance these objectives. 
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Introduction 
 
The development of neurons in vivo is dependent on the dynamic local environment, whereby tightly controlled 
signalling cues, specific morphogen gradients and the composition of the extracellular matrix enable precise 
control over cell fate. In particular, morphogen gradients such as that provided by Wnt, and proteins such as 
nerve growth factor (NGF) play key roles in the movement towards certain lineages, neurite extension and 
cellular migration. Harnessing these vital characteristics in vitro could provide an improved culture environment 
by mimicking the cues presented in vivo. Here, we report the development and use of dual gradient polymer 
surfaces, using surface initiated atom transfer radical polymerisation (SI-ATRP) of poly(potassium 
3-sulfopropyl methacrylate) (pKSPMA). The gradient is provided by continuous and orthogonal changes in 
polymer chain length and density across the surface. Further functionalisation through the tethering of NGF is 
also reported. We demonstrate the differences in attachment, neurite outgrowth and differentiation, dependant 
upon regional interaction with the dual gradient surface. Development of a platform that enables a stable, 
consistent and cost-effective way to define cell characteristics is important for the potential use within a clinical 
setting, where specific neuron subsets could be developed for use as a therapy for disease.  
 
Materials and methods 
 
A duel gradient was synthesised by firstly applying a changing density of surface-bound SI-ATRP initiator 
2-bromoisobutylryl bromide (BIBB), followed by sequential attachment and growth of polymer. BIBB density 
was reproducibly prepared by the backfilling of an inert silane with the pKSPMA then grown by dynamic filling 
of a chamber with the ATRP monomer solution. Chain density and length gradients were produced orthogonal 
to each other. NGF functionalisation was subsequently achieved via NHS/EDC covalent immobilisation to the 
ends of the pKSPMA polymer brush. Surface characterisation via XPS, WCA and fluorescence microscopy 
confirmed the surface chemistry at each stage. SH-SY5Y neuroblastoma cell line was used to assess cellular 
response to the surfaces.  
 
Results and Discussion 
 
pKSPMA surfaces were used as an anti-fouling surface to prevent non-specific cell attachment, with results 
clearly demonstrating that this was the case in regions of both high polymer density and chain length; some 
cell attachment was observed in areas of low density and low chain length but data was used as a background 
for comparison with NGF-tethered surfaces. The covalent tethering of NGF provides a specific protein gradient 
environment. On NGF bound gradients, the level of cell attachment was improved in areas of higher density, 
where NGF concentration is higher. Further, neurite extensions were longer on NGF bound surfaces compared 
to pKSPMA alone, and this was found to be dependent upon NGF concentration with some interaction also 
with polymer density. Time lapse imaging enabled the dynamic nature of attachment, migration and neurite 
growth of SH-SY5Ys to be determined, with mid-ranging density generally giving rise to longer neurites.  
 
Conclusions 
 
Biomaterials surfaces are well known to play a major role in determining cell fate, with cells often mediating 
their environment by deposition of growth factors and proteins to better support cellular characteristics. Here 
we demonstrated a biomimetic surface presenting dual gradient in polymer density and chain length, with 
additional binding of NGF presented as a gradient. We found that cell attachment was highly impaired by the 
underlying polymer at high density and longer chain length, with cells attaching readily to NGF surfaces. A 
general trend towards longer neurites was observed on mid-ranging NGF concentrations, indicating some 
control over cell parameters through the underlying surface conditions. This work could lead to a significant 
step-change in cell culture materials development for, e.g. the controlled differentiation of stem cells. 
 
References 
1) Chen, L et al. Mater. Today. 21: 38-59, 2018. 2) Tang, S et al. Biomaterials. 34: 7086-7096, 2013. 
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Introduction: 
Multiple factors dictate the design process of potential biomaterials. Materials with tuneable and reversible 
properties offer a desirable advantage over conventional biomaterials, which can be difficult to manipulate in 
a clinical setting. Typically, the application of stimuli to ‘switch’ such materials can also require invasive 
procedures. Here we explore the integration of hybridised magnetic nanoparticles (HMPs) into synthetic 
hydrogels, with the intention to utilise these scaffolds as a cell-seeded regenerative medicine strategy, that 
has switchable mechanical properties that are non-invasive.  
 
Materials and Methods: 
Hybridised magnetic nanoparticles (HMPs) were synthesised according to previous work [1,2]. Briefly, gold 
coated iron oxide nanoparticles containing a poly(ethylenimine) (PEI) intermediate layer (0.5 mL) were stirred 
with a 1:1 blend of ally methyl sulphide (AMS) and β-Mercapthoethanol (BME) (0.5 mL). Coated particles were 
sonicated with a pre-polymer solution (1 mL) containing one of three potential monomers. Particle-loaded pre-
polymer solutions were degassed under nitrogen prior to UV curing (40 minutes). Subsequent hydrogels were 
swollen and dialysed in dH2O over three days, for further assessment. 
 
Results and Discussion: 
Nanoparticle characterisation via DLS (dynamic light scattering), FTIR-ATR and TGA (thermogravimetric 
analysis) indicates the triple-layer coating of nanoparticles was successful. Rheological and strain-tracking 
tension tests of particle-loaded and unloaded hydrogels reveals tuneable storage moduli dependent upon the 
attraction of HMP’s to a magnetic source and concentration of crosslinker in the pre-polymer solution. 
Preliminary cell culture experiments indicate the presence of live cells on the surface of the hydrogels and 
within the surrounding area. Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy 
(EDS) reveals a highly porous polymer matrix that incorporates HMP aggregates within. 
 
Conclusions: 
This work presents the possibility of creating new, smart biocompatible materials that respond to the influence 
of magnetic fields. The mechanical properties of the hydrogels themselves can be tailored to suit the target 
tissue and have been shown to be biocompatible over a 7-day period. Future work will focus on exploring the 
rheology of such gels under the influence of magnetic fields, as well as further investigations into cell behaviour 
on seeded hydrogels under the influence of a magnet for prolonged periods of time.   
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Introduction 
Peripheral nerve injury (PNI) affects 13.9 per 100,000 people annually.[1] PNI can cause temporary loss of 
motor function and sensation, with the more severe cases developing permanent loss of function and chronic 
pain due to the formation of neuromas. Autologous grafting, which utilises healthy sensory nerves, has long 
been considered as the gold standard treatment for severe PNIs. Current research is being directed towards 
finding alternatives to this procedure, with a significant effort being put towards fabricating artificial nerve 
guidance conduits (NGC) that facilitate repair.[2] This project aims to develop a material which combines the 
stimulatory effects derived from the topography of aligned fibres with chemotactic guidance cues from 
localised chemical functionalisation of the fibres via photo-click chemistry, for PNI. 
 
Materials and Methods 

1. Synthesis and characterisation of norbornene-modified chitosan. 
Norbornene-modified chitosan (ChiNb) was synthesised according to a protocol modified from literature[3] by 
reacting chitosan dissolved in acetic acid with carbic anhydride in dimethylformamide (DMF). The degree of 
modification was determined utilising 1H NMR. 

2. Solution blow spinning of norbornene-modified chitosan and fibre characterisation. 
ChiNb in dH2O/acetic acid solution, with poly(ethylene oxide) as a spinning aid, was spun into sub-
micrometric fibres utilising a coaxial solution blow-spinning (SBS) setup. Fibre diameters and orientations 
were measured utilising scanning electron microscopy(SEM). 

3. Photopatterning of fibre mats with fluorescent markers and functional moieties. 
ChiNb mats were photo-patterned with the fluorescent molecule dansyl-cysteine via thiol-ene click chemistry. 
Fibre mats were soaked in a mixture containing fluorescently labelled cysteine and LAP, and subsequently 
exposed to a UV (~420 nm) pattern from a Digital Light Projector (DLP). Photopatterned mats were washed 
in ethanol for 48h to remove unreacted compounds. Additionally, the photopatterning was also carried out 
utilising a trifunctional peptide containing a fluorescent moiety (Rhodamine B), a biotin moiety (which opens 
doors to further functionalisation), and a thiol moiety. 
 
Results and Discussion 
The modification degree of norbornene-modified chitosan was determined to be equal to 16 ± 3%. Varying 
the length of the reaction steps allows fine tuning of the modification degree. Aligned fibre mats with fibre 
diameters down to 428 ± 149 nm were produced utilising SBS. Photopatterning experiments produced 
gradients and features with a resolution of ~70 μm on the surface of the fibre mats. Further modification of 
the DLP system and potential use of guided laser systems could improve pattern resolution. 
 
Conclusions 
Norbornene-modified chitosan combined with photo-initiated click functionalisation presents itself as a 
versatile system with potential biomedical applications, as well as a platform for studying cell-matrix 
interactions. Future steps will involve patterning with bioactive molecules and investigating cell response. 
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Introduction 

Increasingly bioreactors in 3D cell culture are being used to improve cell growth and differentiation due to 
enhanced mass transfer and the mechanical forces they impart on the cells [1, 2]. Optimisation of tissue 
regeneration would benefit from methods to measure the homogeneity of flow through scaffolds, the 
localised forces cells experience and how these parameters change over time with the ingrowth of tissue into 
the scaffold. Currently outside of theoretical computed models, understanding of flow patterns in porous 
scaffolds and the associated mechanical stresses is limited. Optical methods often are not suitable for the 
opaque scaffold materials commonly used, or require the addition of tracer particles [3, 4]. Furthermore, 
analysis of cells post dynamic culture often involve destroying the scaffold, and do not allow for any real time 
measurements to be taken.  

 

Materials and Methods 

Therefore presented here is a non-invasive NMR and MRI technique to encode velocities of flow through 
porous 3D printed scaffolds for tissue engineering. In this study, scaffolds were printed using Fused 
Deposition Modelling (FDM) with distinct pore architecture. Between scaffolds the geometry and size of 
pores were varied, and subjected to the same flow conditions.  

Results and Discussion 

This method was successful in displaying how far fluid velocity variability occurred as a result to changes in 
the porous architecture, mainly the pore size and the pore geometry. This level of variability could potentially 
be a source of heterogeneous cell distributions and mechanical environment affecting the subsequent tissue 
formation, and in turn the viability of the scaffold for the purposes of tissue regeneration. 

Conclusions 

As a result, it is intended the flow patterns induced by particular internal porous architecture could well 
influence scaffold design rationale in attempts to optimise dynamic culture methods.   
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Introduction 
Synthetic grafts are most commonly implemented for therapeutic intervention of vascular disease, such as 
atherosclerosis and aneurysm.  However, serious complications are continuously reported; thrombogenicity, 
intimal hyperplasia and graft infection are the known culprits for vascular graft failure. Healthy endothelisation 
in the graft lumen has been proposed to reduce such complications1,2. To achieve this, bioactive coatings have 
been designed in an attempt to improve endothelial cell adhesion to the graft walls, the formation of a stable 
endothelial cell monolayer as well as the reduction of intimal hyperplasia at the suture sites. Poly (ethyl 
acrylate) (PEA) has been extensively investigated as a bioactive substrate for various biomedical applications 
in recent years. Particularly, plasma polymerised PEA (pPEA) has been shown to allow the formation of 
nanonetworks of fibronectin (FN) fibrils. Such networks offer high availability of specific binding sites, such as 
integrin binding sites and heparin II binding domain. Previously, this system has been successfully 
implemented in animal models to induce osteogenesis3. In the same way, the graft lumen will be coated with 
pPEA and FN to achieve local presentation of growth factors; these angiogenic growth factors will potentially 
promote cell migration and adhesion.  
 
The present project primarily aims to develop a bioactive coating composed of an elastomer coating 
functionalised sequentially with extracellular matrix protein, fibronectin, and growth factors, acting as the 
driving force for cell recruitment, adhesion and migration. In parallel, to ensure its suitability, the bioactive 
coating will be implemented the inner surface of woven PET synthetic grafts. 
 
Materials and Methods 
An initial characterisation of the coating was conducted; this included water contact angle (WCA) 
measurements and quantification of FN adsorption. Cells were seeded in the PEA- and FN-coated glass 
coverslips. Cell viability was assessed with a live-dead staining (Calcein AM & Ethidium homodimer-1). 
Additionally, cell morphology and focal adhesions were visualised by immunofluorescent staining of actin, 
vinculin and cell nuclei.  
 
Results & Discussion 
PEA- and FN-coated surfaces exhibited hydrophilic behaviour (WCA<90o), which is important as hydrophilic 
coatings are characteristically blood-compatible4. Fibronectin adsorption was higher in the PEA-coated glass 
coverslips compared to the control – uncoated glass coverslips – however, further investigations are needed 
in order to establish statistical significance. Cell viability was evaluated at two timepoints, day 1 and day 7. A 
greater cell number decrease was observed in the glass coated surfaces compared to the PEA-coated ones. 
Finally, cells appeared to be more spread with numerous focal adhesions in the PEA- and FN-coated surfaces. 
On the contrary, cells in FN-coated surfaces appeared to be smaller in size.  
 
Conclusions 
This initial characterisation yielded interesting results that can be interpreted and used in the development of 
further studies. Hence, next steps will include blood compatibility testing as well as a more comprehensive 
study of the PEA coating, especially when applied on the PET grafts. Finally, further investigation of cell 
proliferation, morphology and migration will be conducted.  
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Introduction 
Synthetic calcium phosphates (CaPs) are successfully used as bone graft substitutes. There is, however, an 
unmet clinical need for a biomaterial that stimulates more consistent bone tissue regeneration in elderly or 
compromised patients. One potential solution is the addition of covalently attached biologically active peptides 
that imitate the function of proteins involved in natural bone healing. Published methodologies report the need 
to plasma polymerise acrylic acid onto the surface of a material prior to peptide binding, but it is unknown 
whether this pre-treatment is required for CaPs. 
 
Materials and Methods 
Carboxylic acid functional groups were grafted onto clinically used CaP granules via plasma deposition of 
acrylic acid at 100 W for 30 minutes. Plasma treated granules were then coated with the osteogenic 
hexapeptide GFOGER or a fluorescently labelled KRSR-FITC peptide using carbodiimide chemistry. Mercury 
intrusion porosimetry was used to evaluate changes in surface area and porosity after the acrylic acid polymer 
coating. The grafting density of carboxylic acid groups was determined using a Toluidine Blue titration assay. 
Changes in the surface chemistry of the granules were analysed using attenuated total reflection Fourier 
transform infrared (ATR-FTIR) and X-ray photoelectron spectroscopy (XPS). The quantity of peptide bound 
and its retention over two weeks in phosphate buffered saline (PBS) was evaluated using high performance 
liquid chromatography and spectrophotometric analysis of the fluorescent peptide. 
 
Results and Discussion 
Porosimetry data showed that the acrylic acid film blocked smaller pores within the granules, decreasing 
surface area available for peptide to binding. Toluidine Blue titration showed that the acrylic acid plasma 
coating had been successfully applied. Presence of peptides was confirmed with ATR-FITR, XPS and 
fluorescence microscopy. XPS data suggested that granules subjected to both acrylic acid plasma 
polymerisation and carbodiimide treatments (fully treated) had more peptide attached to the granule surface 
compared to other treatment groups. ATR-FTIR spectra suggested that the peptide anchored in this way was 
covalently bound. A retention study using high performance liquid chromatography (Figure 1.) showed that the 
fully treated granules had both the greatest initial loading and retention of peptide over 14 days. 

 
Figure 5. GFOGER peptide loading and retention on CaP granules over 21 days in PBS 

Conclusions 
The data suggested that the GFOGER peptide is covalently anchored to a CaP biomaterial, with some 
evidence that plasma polymerisation may not be required to covalently attach the peptide. 
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Abstract Body: 
 
Introduction: 
 
Chitinase-like proteins (CLPs) are up regulated following helminth-mediated acute lung injury and have been 
implicated in the type 2 immune response associated with the subsequent rapid tissue repair1 (Sutherland et 
al., 2014). The molecular mechanisms involved in this CLP response are not fully understood. We have 
hypothesised that this response occurs through interactions between CLPs and glycosaminoglycans (GAGs), 
polysaccharides that are diverse components of the extracellular matrix; therefore, may play an important role 
in regulating CLP function during repair.  
 
Materials and Methods: 
 
Production of recombinant protein follows a previously developed purification method used in the Day/Milner 
laboratory. The CLPs are expressed using BL21 E. coli cells, these are cultured for 4 hours before harvesting. 
Inclusion bodies are formed, purified and solubilised. The protein is re-folded and chromatography methods 
were implemented to remove contaminants, purifying the protein.  
 
Results: 
 
The recombinant CLPs produced so far are the murine proteins Ym1 and Ym2. SDS PAGE analysis and 
electrospray ionisation mass spectrometry has shown that the protein collected following ion exchange 
chromatography and size exclusion have the same apparent molecular weight as the theoretical oxidised 
molecular weight of the protein. Heparin affinity chromatography has indicated that both Ym1 and Ym2 bind 
to heparin, with Ym1 binding to heparin in a pH dependent manner.  
 
Discussion: 
 
Protein purification still needs to be optimised for both Ym1 and Ym2, first steps will be altering the refold 
conditions. The initial signs of CLP-GAG interactions have been shown through the heparin binding of Ym1 
and Ym2. Further analysis of this interaction and interactions with other GAGs will be investigated using 
biolayer interferometry and microscale thermophoresis.   
 
Conclusion: 
 
Recombinant Ym1 and Ym2 protein purification has taken place, steps are planned to refine this purification 
and test the purification of the human CLP YKL40. As well as continuing CLP-GAG interaction analysis. 
 
References: 
 

1Sutherland et al. Nature Immunology. 15(12), pp.1116-1125; 2014 
  

https://www.uksb.org.uk/future-leaders-virtual-conference-2020/kathryn-malpas-2/


 

 

DO HYPOXIC CONDITIONS AFFECT THE GENERATION OF KIDNEY ORGANOIDS DERIVED FROM 
HUMAN PLURIPOTENT STEM CELLS? 

 
Kirsty Rooney1*, Faris Tengku1, Ioannis Bantounas1, Philip J. Withers2, Adrian S. Woolf1 and Susan J. Kimber1 
1 Division of Cell Matrix Biology & Regenerative Medicine, Michael Smith Building, Dover Street, University of 

Manchester, M13 9PT 
2Material Sciences Centre, The Mill, Sackville Street, University of Manchester, M13 9PL 

 
*kirsty.rooney@postgrad.manchester.ac.uk (PhD student 2nd Year) 

 
 
Introduction: Kidneys are highly vascularised organs that receive 20% of the cardiac output and proper 
vascularisation is required for them to be able to perform their filtering function. Human pluripotent stem cells 
(hPSCs) have the potential to provide unprecedented insight into kidney development and disease. Kidney 
organoids derived from hPSCs contain immature glomeruli, tubules and collecting duct units as well as stromal 
and endothelial cell populations. In hPSC-derived kidney organoids, endothelial cells form a basic vascular 
network that lacks the organisation typical of the adult human kidney. This presents one of the major challenges 
limiting the maturation of kidney organoids and their use for disease modelling. Research shows that hypoxic 
conditions support blood vessel growth in early kidney development through the upregulation of pro-angiogenic 
signalling pathways. We therefore hypothesize that hypoxic conditions will enhance the vasculature that forms 
in hPSC-derived kidney organoids.  
 
Materials and Methods: hPSC-derived kidney organoids were generated by culturing with sequential 
CHIR99021 then FGF9 and heparin, giving a CHIR pulse at d7. Organoids were placed on suspended 
membranes of Millicel culture well inserts at the air liquid interface and transferred to hypoxic (5% O2) 
conditions for the final 13 days of our previously described 25 day long differentiation protocol1,2.   
 
Results and Discussion: Preliminary data showed that organoids generated in hypoxic conditions were smaller 
and exhibit larger areas of cell death compared to those cultured in parallel in conventional 21% O2 throughout. 
Hypoxic conditions misregulated a number of critical kidney development genes and fewer endothelial cells 
were present in the mature kidney organoids. Differentiating hPSC-derived kidney organoids in partially 
hypoxic conditions leads to aberrant kidney organoid development. Contrary to our hypothesis, early results 
suggest that hypoxic conditions reduce the extent of vasculature that forms within kidney organoids however 
repeat experiments are required for confirmation.  
 
Conclusion: While exposing hPSC-derived kidney organoids to hypoxic conditions did not meet our initial aim 
of enhancing the renal vasculature, this methodology may offer insight into how prenatal hypoxic conditions 
affect renal development. 
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Introduction 

 
Electrical stimulation, ES, has been shown to accelerate the differentiation of stem cells, and this holds promise 
for the future clinical application of tissue engineering. The protocols followed by research groups vary widely 
and cells are particularly sensitive to ES, with a difference in response seen with an increase in pulse duration 
of 2 milliseconds in one instance (Lee et al., 2019). An optimised regime for stimulating differentiation with ES 
is currently lacking as is a full understanding of the cellular mechanism that mediate the differentiation response 
to ES. By identifying key pathways to target, or equally avoid, the full potential of ES could be unleashed.  
One of these pathways may involve hydrogen peroxide, H2O2, which is classed as a reactive oxygen species, 
ROS, and is known to be produced at the cathode from the reduction of oxygen during direct current ES. While 
it can be harmful in excessive quantities, it is also crucial in the normal functioning of differentiation pathways 
(Steinbeck et al., 1998). What is poorly understood is whether the extracellular H2O2 produced during ES plays 
a role in the cellular response in stem cells to ES.  
 
Materials and Methods  
 
Human bone marrow mesenchymal stem cells (Lonza) cultured for 7 days were subjected to an electric field 
of approximately 100mV/mm of direct current supplied through platinum electrodes. 1 microlitre of catalase, 
an enzyme that consumes H2O2 was added into the growth media prior to the application of electrical 
stimulation. Metabolic activity was determined via an Alamar Blue assay (BioLegend). qRT-PCR using Fast 
Sybr Green Master Mix (ThermoFisher) gave results showing the expression levels of heme oxygenase-1, with 
PPIA as the housekeeping gene.  
 
Results and Discussion  
 
When the cells were in culture for a period of 7 days prior to electrical stimulation, the metabolic activity was 
not affected by the presence or lack thereof of H2O2 , indicating that the extracellular H2O2 did not affect cell 
viability or metabolism. There was no difference observed in cell morphology either. However, the expression 
of heme oxygenase-1 did increase significantly at both 30 mins of ES and 60 mins of ES, and this was mitigated 
also significantly by the introduction of catalase to the media. The upregulation of heme oxygenase-1 would 
indicate that the cell has experienced a transcriptional response to the extracellular H2O2.  
 
Conclusions 
 
Extracellular H2O2 plays an important role in the transcriptional response of hMSCs to direct current ES, but 
not with respect to metabolism or cell morphology.  
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Each human kidney contains around 1 million tiny filters that enable the excretion of waste products from the 
body. Diseases that cause scarring of the filters are affecting a growing number of people, leading to kidney 
failure with no curative treatments. The filters contain specialised cells that create and are supported by a 
scaffold known as the glomerular basement membrane. This study we have combined stem cell and matrix 
biology to construct a more representative culture system that could be used to understand more about the 
biology of the kidney filters and could also be used as a screening tool for testing new drugs for patients with 
kidney disease. We hypothesised that incorporation of fluid flow would enhance both cell and matrix 
differentiation for disease modelling. 
 
Kidney organoids are millimetre scale, 3-D structures derived from induced pluripotent stem cells (iPS cells) 
in a differentiation protocol using small molecules and growth factors. These organoids morphologically 
resemble first trimester human fetal kidney structures and display authentic molecular characteristics as 
determined by transcriptomic analyses. Kidney organoids have distinct glomerular structures and evidence of 
glomerular basement membrane (GBM) assembly. Type IV collagen is a key component of the GBM and 
during development undergoes isoform transition from the 𝛼1𝛼1𝛼2 to the 𝛼3𝛼4𝛼5 network. Failure to assemble 

the 𝛼3𝛼4𝛼5 network results in Alport syndrome, which is caused by pathogenic variants in COL4A3, COL4A4 
or COL4A5. Generation of kidney organoids using patient-derived iPS cell lines present the opportunity to 
study the developmental assembly of the GBM and its implications in Alport syndrome. Our kidney organoids 
display localisation of key matrix proteins consistent with formation of the glomeruli and the maturing GBM 
in vitro. 
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Introduction 
With an increasing incidence, compounded by the heart’s inherent lack of regenerative capacity, heart 
disease is an increasing burden on health care and a significant cause of death. Human pluripotent stem cell 
(hPSC)-derived cardiac progenitor cells (CPCs) have therapeutic promise for myocardial regeneration, but 
their molecular identity remains ill-defined and the conditions required for CPC self-renewal and 
differentiation are poorly understood.  
The drug regulatable transgene system and fluorescent reporter in the Tet-On-MYC NKX2-5eGFP hPSC line 
enables expansion of CPCs which can then be specified to express the cardiac marker NKX2-5, as 
visualised by GFP. These CPCs can be further differentiated to cardiomyocytes and endothelial cells. The 
differentiation potential of progenitor cells depends on their earlier lineage specification, however in heart 
development this relationship is poorly understood.  
 
Methods 
To explore how developmental patterning impacts progenitor (including CPC) fate, I varied the signaling 
gradients of BMP4 and Activin A, mimicking gastrulation-like events that occur during development, to direct 
differentiation of hPSCs towards CPC, anterior mesoderm-like and posterior mesoderm-like populations. 
From this range of populations, clonal spheres were isolated, tested for NKX2-5 induction capacity and 
terminally differentiated.  
 
Results 
My data so far confirm that clonal fate can be quantified and varies by patterning with BMP4 and Activin A, 
showing intriguing differences in differentiation potential. However, analysis of gene expression of 
developmental markers at day 3 of differentiation indicated the anticipated diversity of mesoderm populations 
had not been generated.  
 
Conclusions 
Despite these experiments not generating the desired mesoderm populations, they have been crucial in 
establishing methods for quantifying progenitor clonal fate and provide a robust method for future experiments. 
Further work will aim to establish improved signaling gradients to generate the desired mesoderm populations. 
Using RNA-seq analysis, I will be examining gene expression differences in progenitor populations produced 
using the improved signaling gradients. By identifying the genes which functionally determine their fate 
potential, these data will greatly improve our understanding of the molecular identity of CPCs. These advances 
are an important step towards using CPCs in a therapeutic context. 
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Introduction: Stroke is a leading cause of death and disability worldwide. No treatments that target brain 
regeneration to promote functional recovery exist. The stroke cavity resulted after dead tissue clearance does 
not structurally support regeneration, although evidence of neuronal and vascular progenitor cells migrating 
towards the lesion site exists. Soft, injectable biomaterials might support brain tissue regeneration and can 
also deliver therapeutic agents such as cells or growth factors. Self-assembling peptide hydrogels (SAPHs) 
are promising candidates for brain tissue engineering and regeneration due to their controlled synthesis, 
biodegradability, and tuneable stiffness. For their future use in stroke therapy, peptide monomer 
immunogenicity and neurotoxicity need to be evaluated, as well as their potential to release therapeutic agents. 
 
Materials and methods: Microglial and endothelial activation, as well as the neurotoxic potential of 
commercially available SAPHs were examined after incubating brain cells with hydrogel degradation products. 
Cell viability, lactate dehydrogenase (LDH) activity and secretion of inflammatory molecules such as 
interleukin-6 (IL-6) were measured. To assess the biocompatibility with brain tissue in vivo, healthy mice were 
injected in the brain with SAPHs. Microglial activation, apoptosis and phagocytosis were investigated through 
immunohistochemistry. Protein release from hydrogels was assessed following SAPHs incubation with 
therapeutic proteins. 
 
Results: PeptiGel Alpha2 and PuraMatrix, did not significantly affect neuronal, endothelial or microglial cell 
viability in vitro, did not activate microglial cells or induce cell apoptosis in vivo, after intracerebral injection in 
healthy mice. In contrast, PeptiGel Alpha4 induced microglial activation in vivo. All SAPHs induced microglial 
phagocytosis. PeptiGel Alpha4 released VEGF (vascular endothelial growth factor) in a sustained manner. 
 
Discussion and conclusion: SAPHs are promising therapeutic biomaterials for use in brain regeneration. 
Two of the investigated hydrogels, PeptiGel Alpha2 and PuraMatrix could be used for cell delivery into the 
brain and need to be further investigated. PeptiGel Alpha 4 could be explored as a VEGF release system. 
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THE BIO-INDUCTIVE ROLE OF DECELLULARISED ECM PROTEINS IN A POLYMER-ALLOGENIC ECM 

HYBRID SCAFFOLD FOR ACL REGENERATION 

CDT in Advanced Biomedical Materials 

Dominic Williams – 1st Year Phd 

Rupture of the anterior cruciate ligament (ACL) dominates as the leading sports-related injury with 

approximately 200,000 injuries sustained each year and more than 100,000 ligamentoplasties carried out in 

the United States alone. Previous attempts for primary reconstruction have included carbon fibre, polyester 

and polytetrafluoroethylene among others, however, these were subsequently phased due to mechanical 

failure, chronic effusion and synovitis and a lack of tissue integration. The current gold standard utilises 

autologous hamstring tendon (semitendinosus and gracilis) or patella tendon to re-establish the function of the 

ACL, although donor morbidity, reduced hamstring strength and anterior knee pain currently limit post-

operative rehabilitation. More recently, bio-degradable electrospun polymers such as poly (lactic acid) and 

poly-ε-caprolactone (PCL) have shown promise for regenerative treatments following primary reconstruction 

with aligned-fibre scaffolds. The aim of this thesis is to identify biochemical cues within native allogenic donor 

ACL tissue and optimise their incorporative composition within an electrospun PCL aligned fibre scaffold to 

generate a polymer-allogenic tissue hybrid scaffold. Ligament fibroblasts native to the ACL will provide insight 

into the biocompatibility of the hybrid design and whether the use of allogenic tissue is of benefit to accelerated 

ACL regeneration. 

  

https://www.uksb.org.uk/future-leaders-virtual-conference-2020/dominic-williams/
https://www.uksb.org.uk/future-leaders-virtual-conference-2020/dominic-williams/


 

 

PROTEOMICS ANALYSIS OF BLOODS FROM SCI PATIENTS 
 

Gabriel Mateus Bernardo Harrington,1 Charlotte Hulme1 , Paul Cool2 , Karina Wright1  
1Keele University, 2Robert Jones and Agnes Hunt Orthopaedic Hospital 

 
Corresponding author: g.m.bernardo.harrington@keele.ac.uk  – PhD student (2nd year)  

 
 
 
Introduction 
Neurological outcomes following spinal cord injury (SCI) are currently difficult to predict. 
Whilst the initial American Spinal Injury Association (ASIA) Impairment Scale (AIS) grade can give an estimate 
of outcome, the high remaining degree of uncertainty has stoked recent interest in biomarkers for SCI. This 
study compared the proteomes from the plasma of AIS grade C patients who experience an AIS grade 
conversion (“improvers”, n=10) and those who did not (“non-improvers”, n=7). 
 
Materials and Methods 

This study used iTRAQ labelling MALDI TOF/TOF mass spectrometry to investigate potential biomarkers from 
blood with an unbiased methodology. Plasma was collected within 2 weeks of injury and at approximately 3 
months post-injury. Data analysis was initially conducted with the ProteinPilot software, but is currently being 
re-examined via open-source packages in the R programming language.  
 
Results 
Data analysis is ongoing. Initial examination indicates several proteins with large fold changes between 
improvers and non-improvers at both time points. The proteins retinol-binding protein (RPB-4), serum amyloid 
A-1 protein (SAA1), apolipoprotein A-IV precursor (APOA4) and alpha-2-macroglobulin precursor (A2M) were 
selected for enzyme-linked immunosorbent assay (ELISA) validation based on the fold change and biological 
relevance. 
 
Discussion 
This data observed thus far demonstrates a clear and substantial difference in the proteomes of SCI patients 
who experience a positive AIS grade conversion and those who do not. Whilst data analysis is ongoing, 
preliminary examination suggests that some of the proteins may be implicated with liver function, which 
corroborates the results found in our previous studies.1,2 More research is needed to establish whether or not 
the relationship between SCI recovery and liver function is causal. 
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3D PRINTING OF ANTHROPOMORPHIC PHANTOMS FOR MRI GUIDED RADIOTHERAPY 
Yasmine Osmani 

 
Magnetic resonance imaging (MRI) is a non-invasive, non-ionising radiation free imaging technique that 
provides information regarding in vivo structure and function. During MRI, the atoms in human tissue are placed 
in an external magnetic field (𝐵0) causing a fraction of the protons within the nuclei of these atoms to align 
with it. A radiofrequency (RF) pulse is the introduced to the protons to tip them out of alignment with  𝐵0, 
resulting in a new radiofrequency signal that, using Fourier transformation, is converted to an image.  
Anthropomorphic phantoms are useful for calibrating MRI scanners, assessing new guided treatment 
procedures and validating new pulse sequences. In order for phantoms to be effective they must respond 
similarly to human tissue during imaging so that they are comparable to experimental or clinical results. 
Currently, commercially available MRI phantoms are simple geometric structures that do not capture motions 
associated with physiological actions such as breathing. More faithful phantoms should produce 𝑇1 and 𝑇2 
relaxation times similar to those of the tissues or structures being simulated.  
This project aims to use the mutli-material 3D printing technique that is Direct Ink Writing (DIW) to produce 
high fidelity Phantoms. This project also aims to explore the formulation of soft silicone elastomers materials 
that present correct rheological and curing properties with tunable 𝑇1and 𝑇2 relaxation decay properties that 
match human tissues.  
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Viral infections reduce quality of life and place an unprecedented economic burden upon the world. In 2016, 
the Commission on a Global Health Risk Framework for the Future estimated that viral epidemics have an 
annual global cost of $60bn. Human Cytomegalovirus (HCMV, but often referred to simply as CMV), is the 
most common congenital viral infection. Perinatal infection occurs through intrauterine transmission from 
infected mothers. Around 10% of infected new-borns are asymptomatic and are only diagnosed after 
developing sequelae such as sensorineural hearing loss and organ failure. A virus detection technique that 
diagnoses all cases with minimal risk to new-borns is necessary. 

 

This project combines the disciplines of antiviral polymers, DNA dyes and paper-based analytical devices to 
develop a CMV-detecting test strip. Firstly, virus destruction and detection will be optimised. Antiviral polymers 
containing negatively charged sulfonate groups will be synthesised via reversible addition-fragmentation chain 
transfer (RAFT) polymerisation. These will be characterised by nuclear magnetic resonance (NMR) and gel 
permeation chromatography (GPC). Next, a fluorescent dye, thiazole orange (TO) will be attached to a polymer 
chain of poly (ethyleneglycol) and characterised in a similar manner. After this, the two compounds will be 
added to the same polymer backbone and introduced to blotting paper. The paper will be exposed to CMV 
viral colonies and fluorescence readings taken. Once the mechanism is robust and reliable, a prototype will be 
incorporated into a nappy for clinical trial. If successful, virus-sensitive nappies have the potential to reduce 
the spread of CMV and save thousands of babies from developing lifelong diseases. 
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With a growing older population comes the question of how to promote healthy ageing effectively, whilst 

ensuring scalability with the use of less human resources. Specifically, the project targets the physical strength 

and functionality aspects of healthy ageing. Frailty is a state of vulnerability of a person’s health stability due 

to stressor events. An important characteristic of frailty is that it is dynamic, there is a risk that recovered frail 

older people can relapse. Hence, independent and non-specialised long-term rehabilitation methods are key 

in ensuring stable health in recovered frail older people. However, in the scope of the United Kingdom’s health 

sector, there are not many packages of care for recovered frailty patients once they leave the short-term 

specialised rehabilitation environments in the hospitals. This gap in long-term outpatient care is what the project 

aims to fill: creating a platform to help monitor health and promote active lifestyles and healthy ageing, following 

the frail older person’s rehabilitation journey, from hospital to home. 

The project aims to create a virtual assistant platform to allow semi-independent rehabilitation and to promote 

active lifestyles in older people. The virtual assistant can detect body movement and assess the quality of 

movement using low-cost hardware and software. Being portable and environment-invariant will allow the 

platform to be used both in hospitals and in patient’s homes. It will give professionals more insight into patient 

performance and a wider set of data, to promote professional set exercises and assessment tools for 

independent use within the patient’s home environment. The user’s (patient’s) side of the platform will use 3D 

depth data, captured using a 3D depth camera, to track the user’s skeleton. This is achieved us ing external 

skeletal tracking libraries integrated with the depth data feed. Then, the tracked skeletal data is used to interact 

with the assessment tools and exercises activities created for the platform, which will be visible and interactive 

through a display to the user. Virtual avatars will be used to visualise both the user movements and the set 

exercise movements. The professional side of the platform will be a web-based interface giving access to user 

data and enabling communication to users’. User profiles can hold performance data, play back exercise 

sessions, and other data that would be useful to professionals. 

Currently, the user-side of the platform is in the prototype development phase. The prototype application 
provides an interactive user interface, through hand movement and gestures, and a virtual avatar mirroring 
mode, where the user movements are applied to a human avatar. Also, a calibration tool has been developed 
to ensure correct user positioning and to record user bone lengths. These two procedures make sure that the 
user is in the ideal position for skeletal tracking and scales the avatars to the user’s proportions. The user’s 
skeleton can be reliably tracked in different environment settings, without any markers or environmental setup 
involved (such as a single colour background). Also, the use of human like avatars offer a more intuitive way 
of communicating exercises. This gives a platform that is portable, environment invariant, and able to conduct 
professional rehabilitation and monitoring remotely. The core feature of being remotely and independently 
used has a large range of implications on current systems of care. Firstly, there is less strain on staff resources 
as non-specialised treatment becomes independently driven by the user. Also, more data about the users can 
be captured compared to human data capture methods, this would create a better insight into the user’s state 
of health. Finally, and most importantly, this solution is scalable, allowing more older people to communicate 
with professionals and get help in ensuring they stay healthy, active, and not relapse to frailty. 
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Objective  

In normal times the double-ageing effect is a challenge for whole society. The unprecedented situation with 

COVID-19 comes in addition to these daily challenges. Older people are at higher risk of serious 

consequences and mortality. They may be denied medical treatment and they may face a greater level of 

loneliness, physical and social isolation.  The public discourse of dispensability of older people and public 

acceptance of “losing beloved ones before their time” is important to explore from the perspective of older 

people. 

Method  

The study aims to interview 32 people 65+ living in the UK, comprising 8 men and 8 women living with 

someone, and 8 men, 8 women living alone. To date, interviews have been conducted with 2 men and 7 

women living alone and 2 men and 5 women living with someone. The data will be analysed using “Reflexive 

Thematic Analysis”.  

Results 

The following themes have been discovered from the preliminary analysis: intergenerational concerns; 

missing travelling; feeling isolated; people in care homes are forgotten; missing physical contact, 

experiencing age discrimination, media catching attention. 

Discussion 

The participants experienced restrictions in their daily activities and were looking forward to go back to normal. 
They were emotionally touched by the care home death toll and hoped for a better future. The technical 
challenges were striking. Age discrimination was discussed by participants, often indirectly. This has 
implications for policy makers and practitioners. 
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Introduction 
 

The improved success rate of orthopaedic surgery treatments and the rise of the elderly population act as 
drivers in the growth of the implants market. The total knee replacement (TKR) is considered to be one of the 
most successful treatments for advanced osteoarthritis. However, performance issues such as reduced 
movement still remain unresolved preventing patients from returning to their daily activities.  
 
This research project will explore the loading impact of demanding daily activities on the knee joint in patients 
who have undergone total knee replacement. 
 
Materials and Methods 
 

Computational modeling approaches have been proven to be a powerful tool in the medical field as they 
provide mathematical solutions in biological problems. Current computational models can be used to simulate 
simple loading scenarios representing the walking activity with great success. However, this is not the case for 
more demanding daily activities.  
 
The following methodology will be applied in order to refine the current computational models. 
 

1. Definition of the adverse loading scenarios on the knee joint 
 

2. Development of computational models and conduction of inverse dynamics and finite element analysis 
by utilizing software packages such as Anybody Technology and Abaqus. 

 
3. Creation of adverse loading conditions on the knee by setting up demanding activity procedures 

 
4. Exploration of real world impact and hypothetical inputs. 

 
Results  
 

A musculoskeletal model is being developed on the Anybody Technology software which will be able to perform 
kinematics and inverse body dynamic simulations during walking. Then, more demanding daily activities such 
as standing up or sitting down will be investigated. 
 
Next steps and Conclusion 
 

The data produced from the simulations of the Anybody software model will be used as inputs and boundary 
conditions when developing the finite element model on Abaqus to compute the effect of stress/strain 
relationship on the knee.    
 
Combining both software packages a better insight into the morphological (knee contact pressures, shear 
forces and kinematics) and tissue (stress-strain) behavior under adverse loading conditions will be obtained. 
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Dual mobility total hip replacements (DM-THRs) have been introduced in order to combat the complex 
challenge of hip dislocation which remains the most common cause of early (< 2 years) THR revision (1).   
DM-THRs are characterised by a femoral head is constrained within a mobilised polyethylene liner thus 
creating two articulating surfaces. The inner articulation between the femoral head and mobile liner acts as 
the predominant bearing surface. A secondary, outer articulation exists between the mobile liner and 
acetabular shell. At extreme ranges of motion, the femoral neck abuts against the liner therefore activating 
the outer articulation and allowing for an additional 10° to 15° of motion.   
  
Complications unique to DM-THRs such as accelerated polyethylene wear and intraprosthetic 
dislocation (IPD) remain a concern. IPD is the dislocation of the femoral head from the mobile liner due to 
degradation of the retentive rim, a feature at the opening of DM liners which is responsible for the constraint 
of the femoral head. This is a serious complication which can result in metal-on-metal articulation between 
the femoral head and acetabular shell. One of the causes of IPD is thought to be soft tissue fibrosis, which 
causes a seizing of the bearing and thus acceleration wear of the retentive rim.  
  
Although DM-THRs are being used more frequently (2), the function and failure mechanisms of this type of 
bearing are yet to be fully understood. This is, in part, due to a lack of sufficient characterisation and in 
vitro testing methodologies suitable for the novel geometry and function of DM-THRs. Therefore, the aim of 
this project is to develop an experimental wear simulator methodology which appropriately replicates clinical 
conditions such as soft tissue fibrosis and component malalignment, alongside appropriate characterisation 
methodologies to assess for signs of damage and wear/deformation.   
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Introduction 
 
Knee osteoarthritis (OA) is a degenerative disease that causes pain and stiffness in the knee joint. End stage 

OA is treated with Total Knee Replacement (TKR) surgery, in which the damaged chondral surfaces of the 

knee are replaced with metal and polymer components. 

 

Although TKR is an effective intervention, implant failure remains a problem. Annually over 1.3 million TKR 

surgeries are performed worldwide [1], which is expected to increase by 69% by 2050 [2]. In the UK alone 

every year approximately 6% of TKRs require revision, and revision surgeries have poorer outcomes [3]. 

Therefore, there is a clinical need to improve existing implants to reduce the risk of primary TKR implant 

revision. Implant instrumentation with sensors is one of the solutions to increase implant`s lifetime [4], thus 

postponing unwanted revision. 

 

In early 2000s two independent research groups successfully performed clinical studies with instrumented 

metal tibial trays, but the increased implant thickness required excessive bone removal [5]. Since 2009 

instrumented UHMWPE tibial insert prototypes have been developed [6-8], which allow to retain original 

implant dimensions. However, no studies have been done to test the structural integrity of instrumented 

UHMWPE inserts under in vitro or in vivo loading. 

 
 
Materials and Methods 
 
All UHMWPE instrumented tibial inserts require a cavity to enclose sensors and electronic components. The 

aim of this research is to investigate the optimal location and shape of such cavity, which would not reduce 

the structural strength of the tibial insert. The design process will be conducted with parametric FEA 

modelling. Then conventional tibial inserts will be modified to accommodate the optimized design. 

Mechanical in vitro tests will be conducted to test if modified inserts provide the same structural strength as 

conventional tibial inserts. 
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IMMUNOMODULATORY EFFECT OF TENDON CONDITIONED MEDIA 

(Amy Byrne 1st year PhD student; supervisor Professor Nicholas Forsythe) 

Achilles tendon ruptures are diagnosed in 84,000 Europeans annually, with 30% of these being surgically 

treated. Rotator cuff tears occur in 85 people per 100,000 of the general population, along with a lifetime risk 

of ;52% in former elite male runners,5.9% among sedentary people, 24% among competitive athletes and 18% 

among athletes younger than 45 years (Steinmann et al., 2020). The main function of tendons is to support 

the musculoskeletal system by facilitating the transmission of loads from muscle to bone. They are dynamic 

responsive structures that can respond to; force, frequency, direction, duration of mechanical loads by complex 

cellular signalling and the highly specialized extracellular matrix. The dynamic way that tendons interact with 

their microenvironment is achieved via various complex pathways between the cell surface including; ion 

channels, integrins, cilia, cytoskeleton and focal adhesions. These all interact with the nucleus to trigger a 

biological response (Lavagnino et al., 2015). Physiologic loads are needed to achieve tendon homeostasis, 

hypo or hyper loading states can lead to injury resulting from an altered cell matrix response or the 

accumulation of micro damage. An understanding of the complex signalling of tendon cells (tenocytes) is vital, 

not only for its direct clinical applications in rehabilitation or to treat pathologies, but also to translate into 

improving tendon disease models. Inflammation plays a vital role within the development and progressions of 

tendon pathologies, however specific underlying mechanisms are poorly understood. 

Regenerative medicine and tissue engineering involve the use of cells, biomaterials, growth factors, enzymatic 

antagonists, exosomes, or combinations of these with the aim of producing a superior healing response to 

ensure adequate tissue repair. Exosomes are membrane bound extracellular vesicles (EVs) that are nano-

sized and secreted from most cell types. Exosomes are surrounded by a lipid bi-layer membrane, are secreted 

via exocytosis, and enable cell-cell communication via surface protein signalling, lipids, nucleic acids and a 

range of other biomolecules. The macromolecular make up of exosomes has a significant role in many 

pathological states such as inflammation, immune responses, cell death, cancer and neurodegenerative 

diseases (Song et al., 2019). This project will specifically focus on identifying and characterising 

immunomodulatory exosomes secreted by tenocytes. 

Preliminary research demonstrates that tenocytes secrete a variety of biologically active molecules with both 

paracrine and autocrine functions; referred to as the secretome, that potentially have a multitude of therapeutic 

potential in the treatment of tendon pathologies and in diagnostics. My research is focused on understanding 

the effect of tenocyte conditioned media by testing its effect on the immune cell line THP-1 to see if it has a 

pro or anti-inflammatory effect on these cells. Conditioned media will then be purified and characterised by 

various separation and quantification methods such as ELISA and dynamic light scattering. The understanding 

of the complex secretome of tendon cells is vital not only for its direct clinical applications but it also translates 

to the improve outcomes of tendon disease models (Stolk et al., 2017) 

Lavagnino, M. et al. (2015) ‘Tendon mechanobiology: Current knowledge and future research opportunities.’, 
Journal of orthopaedic research : official publication of the Orthopaedic Research Society. NIH Public Access, 
33(6), pp. 813–22. doi: 10.1002/jor.22871. 

Song, P. et al. (2019) ‘Secretomics to discover regulators in diseases’, International Journal of Molecular 
Sciences, 20(16), pp. 1–20. doi: 10.3390/ijms20163893. 

Steinmann, S. et al. (2020) ‘Spectrum of Tendon Pathologies: Triggers, Trails and End-State’, International 
Journal of Molecular Sciences. MDPI AG, 21(3), p. 844. doi: 10.3390/ijms21030844. 

Stolk, M. et al. (2017) ‘New insights into tenocyte-immune cell interplay in an in vitro model of inflammation’, 
Scientific Reports. Nature Publishing Group, 7(1), p. 9801. doi: 10.1038/s41598-017-09875-x. 
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Introduction: Hypertrophic cardiomyopathy (HCM) is the most common monogenic cardiovascular disease, 
estimated to affect 1 in 500 people, and is the most prevalent member of the group of cardiomyopathies. It is 
often characterised by left ventricular (LV) hypertrophy and is incredibly diverse in disease course, age of 
onset, severity of symptoms and LV outflow obstruction. The result of such a broad disease spectrum is due 
to the vast genetic heterogeneity and variable penetrance – over 1400 mutations have been identified in 11 
sarcomeric genes. One of the most frequently mutated sarcomeric genes leading to some of the most severe 
cases of HCM is the MYH7 gene.  
Long non-coding RNAs (lncRNA) are a novel group of RNA (ribonuclease) molecules greater than 200 
nucleotides in length, with little ability to code for proteins. lncRNAs have been implicated in HCM disease 
progression and although their functions and mechanisms are still relatively unknown. Previous work has 
identified four lncRNAs possibly involved in HCM disease progression or disease protection. These were 
validated using qPCR and this project continues to investigate their roles in HCM.  
Materials and Methods: In order to investigate the role of lncRNAs in HCM progression, their expression has 
been modulated by overexpression and assays such as brain naturetic protein (BNP) to assess their effects 
on hypertrophy. These experiments were conducted in induced pluripotent stem cell derived cardiomyocytes 
(iPSC-CM).  
Results and Discussion: The BNP assay was performed to assess the levels of the hypertrophic marker 
BNP in our lncRNA-overexpressing cells. Expression of BNP was maximised with treatment of ET1 and the 
phenotype rescued with the antagonist BOS. As expected, in the healthy line there is not a significant effect of 
the lncRNAs on BNP expression levels. However, in the heterozygous and homozygote lines, the lncRNAs 
are causing significant changes in expression levels. Pos2 stands out the most as having a potential 
cardioprotective role.  
Conclusions: The lncRNAs we are studying may have cardioprotective and disease-causing roles through 
unknown mechanisms. Further experiments may shed some light on these mechanisms which can allow for 
specific pharmaceutical targeting.  
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INTRODUCTION: Clinical treatments for tendon lacerations can be compromised by adhesion formation [1] 

due to tendon synovial sheath disruption and aberrant healing. Hence, there is the need to develop novel anti-
adhesion systems capable of allowing tendons to glide. One of the most promising approaches relies on the 
introduction of a biomembrane that acts as a physical barrier for adhesion-forming cells whilst regenerating 
the tendon synovial sheath [2]. Here, we propose a novel hybrid approach that combines electrospinning and 
3D bioprinting techniques to produce a bilayer biomembrane for restoration of tendon synovial sheath integrity 
and prevention of post-operative adhesions. 

MATERIALS AND METHODS: Polymeric meshes were prepared by electrospinning, using a 10% w/v solution 
of poly(ε-caprolactone) (PCL) (Mn=50,000) dissolved in 1,1,1,3,3,3,-hexafluoro-2-propanol with 1 ml/h flow 
rate, 20 kV voltage and 20 cm needle-collector distance. Samples were imaged using scanning electron 
microscopy and mechanically tested under tension. Migration studies were performed by allowing 3T3 cells 
(mouse fibroblasts) to migrate for 24 h through the PCL mesh in a double chamber system. Morphological and 
rheological characterisation of Alpha4 SAPH was performed using atomic force microscopy,  attenuated 
total reflectance Fourier-transform infrared spectroscopy and oscillatory rheometry. HIG-82s (synoviocytes) 
were encapsulated in Alpha4 self-assembling peptide hydrogel (SAPH) and cell-laden constructs were printed 
using a 3D Discovery bioprinter. Cell viability and metabolic activity were evaluated over 4 weeks via 
LIVE/DEAD and AlamarBlue assays, respectively. Production of specific matrix proteins by encapsulated cells, 
in particular collagens and hyaluronic acid (HA), was assessed using immunocytochemistry and Alcian Blue 
staining according to Scott method. Rheological tests in stress ramp mode were performed using a porcine 
tendon model to investigate the membrane’s frictional properties. 

RESULTS AND DISCUSSION: In order to prevent post-operative tendon adhesion, a bilayer biomembrane to 
be wrapped around the tendon is proposed. Results show that a nanofibrous mesh (Mean=0.254µm) is 
produced with mechanical properties (Young’s modulus=18.77±3.90 MPa, ultimate tensile stress=9.59±1.74 
MPa, failure load=0.48±0.09 N) that can withstand the forces generated in the tendon during motion (~0.3 N). 
The mesh creates a physical barrier that prevents the infiltration of fibroblasts in vitro due to its small pores 
(<3µm) and has the potential to prevent adhesion formation in vivo.  Alpha4 SAPH is a β-sheet forming 
hydrogel that creates an interconnected nanofibrous network. Rheological tests reveal the shear-thinning and 
recovery properties of Alpha4 hydrogel, indicating that the hydrogel can be 3D printed. 3D bioprinting of 
synoviocyte-laden hydrogel allows accurate spatial distribution the hydrogel phase without affecting 
synoviocyte viability and proliferation. Moreover, Alpha4 SAPH provides a substrate that, mimicking the 
extracellular matrix of the native tissue, stimulates cells to produce collagen-III and HA. No detection of 
collagen-I suggests that synoviocytes do not contribute to the process of scarring and adhesion formation. 
Rheological tests reveal that the final product possesses anti-friction properties comparable to those of the 
native synovial sheath. This indicates that the bilayer biomembrane could potentially aid the tendon to recover 
its gliding ability. 

CONCLUSIONS: To prevent post-operative tendon adhesions, a bilayer biomembrane to be wrapped around 
the tendon was proposed. The biomembrane acts as physical barrier and has the potential to restore the native 
content of HA for long-term lubrication. Future steps will include animal work to evaluate the product’s 
effectiveness in vivo. 

ACKNOWLEDGEMENTS: The authors thank EPSRC & MRC (EP/L014904/1) and the Henry Royce Institute 
for Advanced Materials (EP/R00661X/1, EP/P025021/1 and EP/P025498/1) for funding. 
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The central nervous system has a limited intrinsic regenerative capacity, due to the non-permissive 
microenvironment that persists post traumatic injury, and currently no pro-regenerative therapies exist. Neural 
injuries lead to inflammation, cavity formation, reactive gliosis and neuronal cell loss. Implantable “structural 
bridges” have shown great promise to aid spinal cord regeneration, as these biomaterials can bridge the lesion 
cavity, offer contact guidance for regenerating neurons and blood vessels and can serve as a vehicle to support 
encapsulated cell delivery to the injury site. To date, the biomaterials tested for spinal cord injury (SCI) repair 
have usually been laboratory grade and are not approved for clinical use. DuraGen PlusTM is an established 
FDA-approved neurosurgical material comprising a porous collagen matrix that is widely used in neurosurgical 
procedures as a dural graft. This material could offer a potential pro-regenerative matrix for neural repair, but 
this application has never been tested for SCI. Using a mouse organotypic SCI slice model, the DuraGen 
PlusTM matrix was evaluated for three parameters affecting neural regeneration namely microglial infiltration, 
glial scar formation and axonal outgrowth. Our results suggest the potential regenerative benefits of implanted 
DuraGen PlusTM viz: (i) apparent morphological disruption of the astroglial scar, and (ii) support of axonal 
outgrowth. Extensive microglial infiltration of the material was observed with some evidence that these cells 
assume a quiescent-like state within the DuraGen PlusTM matrix. 
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Introduction 
Intracerebral haemorrhage (ICH) is a subtype of stroke that makes up approximately 10-15% of cases. 
Although ICH is the deadliest form of stroke, current interventions are limited to best medical management and 
surgical intervention. ICH survivors often suffer life-changing motor and cognitive impairments. The significant 
unmet clinical need and socioeconomic burden of stroke means innovative tissue engineering approaches are 
gaining interest. To facilitate regeneration of the stroke cavity, injectable hydrogels are proposed, as they can 
be designed to mimic properties of healthy neural tissue, act as delivery platforms for therapeutics, and provide 
a scaffold for regeneration. 
 
 
Materials and Methods 
In a rat model of ICH, self-assembling peptide hydrogels (SAPH) from Manchester BIOGEL® were injected 
intracerebrally, during the chronic phase of the disease (day 7). The aim was to determine the safety and 
feasibility of SAPH injection in the context of ICH, and to determine whether the material alone would exert 
effects. To compare functional outcomes of the hydrogel injected group (n=8) with the ICH only (n=7) and 
sham-injected (n=6) groups, various measures of sensorimotor function were assessed over 28 days, including 
neurological scoring and cylinder tasks. To determine the effect of SAPH injection on the adjacent injured and 
healthy brain tissue, immunohistochemical markers were chosen to study inflammation at the injection site, as 
well as regenerative markers of neurogenesis and angiogenesis. 
 
 
Results and Discussion  
Initial results suggest that intracerebral SAPH injection after ICH is well tolerated. Functionally, there was no 
benefit of SAPH injection compared to the ICH only group. Hydrogel injection appeared to worsen post-stroke 
asymmetry in the cylinder task, yet on average this group had larger initial haemorrhage volumes compared 
to the ICH only group. Host cells were able to infiltrate the hydrogel, and there was no marked exacerbation 
of inflammatory response or glial scarring at the injection site. There was an increase in collagen-IV labelled 
vessel-like structures within the lesion of hydrogel injected group compared to ICH only group, indicative of an 
angiogenic response. However, expression of the vessel basement membrane protein laminin was unaffected 
by hydrogel injection. 
 
The lack of a beneficial effect of hydrogel injection alone, without encapsulation of a therapeutic entity such as 
stem cells, was expected. The current work demonstrates that SAPH injection does not cause a significant 
exacerbation of ICH outcomes in rats. The infiltration of host cells and collagen-IV labelled vessels into the 
hydrogel is promising. Future work will use the SAPHs to deliver mesenchymal stem cell secretome, to 
encourage repair of the surrounding tissue. 
 
 
Conclusions 
SAPHs administered intracerebrally at a chronic timepoint after ICH have a neutral effect on functional 

outcomes. Histological changes observed after hydrogel injection are encouraging and thus, the potential 

use of peptide hydrogels for therapeutic delivery after ICH warrants further study. 
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Background 

With the number of people with dementia continuing to rise globally, there appears to be a dearth in appropriate 

and timely service provision. Specifically, people with dementia can face inequalities in accessing the right 

care. This systematic review aimed to explore existing evidence from routine and cohort data to understand 

inequalities in dementia care pathways. 

Methods 

This review was registered with PROSPERO (CRD42020162934). Electronic databases and grey literature 

were searched; impertinent literature from these searches was discarded based on abstract; remaining papers 

were read in full and retained if meeting the inclusion criteria. 

Results 

46 studies met the inclusion criteria, mostly conducted in Europe, the UK and the USA. Most studies included 

socio-economic factors as descriptive characteristics of the study population.  However, 27 analysed such 

variables as predictors of service interaction and risk factors for health outcomes in people with dementia. 

Many factors - including gender, age, ethnicity, deprivation, education, marital status, residential setting - 

impacted the type, extent and quality of health and social care services used, medications used, likelihood of 

institutional care transition, disease progression and survival rates. 

Conclusions 

This novel systematic review is the first to highlight inequalities in dementia care pathways globally, citing 
strong evidence from routine and cohort data sets. However, evidence is finite and this review highlights 
various gaps which need addressing by future analyses of existing data sets 
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Introduction 
Back pain costs the UK economy an estimated £12bn per year, and is driven largely by degeneration of the 
intervertebral discs (IVDs). The lack of effective clinical interventions regarding back pain, coupled with an 
ageing population, means that novel regenerative therapies are becoming essential. 3D Bioprinting can be 
used to accurately model and control the composition, structure and stiffness of the IVD and disc cell 
microenvironment, including the nucleus pulposus (NP) and annulus fibrosus (AF) regions. This has enabled 
research into the processes driving IVD development and degeneration, the results of which will help inform 
novel regenerative therapies. 
 
Methodology 
Fresh samples of human IVD tissue were mechanically tested to determine their compressive and tensile 
stiffness (ElectroForce 3310, TA Instruments). Two immortalised NP cell lines of different ontogenies were 
subsequently cultured on laminin-521 functionalised polyacrylamide gel-coated dishes of physiologically 
relevant stiffnesses (1kPa, 12kPa) for seventy two hours. qPCR analysis was conducted to assess the effect 
of stiffness on expression of phenotypic markers. Nuclear (DAPI) and F-actin (phalloidin) stains were 
additionally performed and image analysis software (CellProfiler, v3.1.8) used to assess stiffness-induced 
morphological changes (cell/nuclear area and shape) following 2D fluorescence microscopy. NP cells were 
additionally encapsulated and cultured in 3D printable alginate-collagen and alginate-collagen-laminin 
blended hydrogels for fourteen days in 3D; cell viability was assessed using a live/dead assay on days three 
and fourteen (Leica, SP8 Inverted Confocal Laser Scanning Microscope). 
 
Results 
Increased substrate stiffness in 2D resulted in both NP cell lines occupying a greater area and forming actin 
protrusions. Interestingly these effects were more marked when using NP cells that were CD24-negative, a 
known notochordal cell marker. In contrast, the nuclei of the putative notochordally-derived NP cell 
subpopulation displayed greater sensitivity to changes in stiffness. NP cells demonstrated good survivability 
in the 3D alginate-collagen and alginate-collagen-laminin hydrogels, however extensive cell-cell clustering 
was observed in the alginate-collagen-laminin samples when cultured with notochordally-derived NP cells in 
both 2D and 3D. 
 
Discussion & Conclusions 
Morphological analysis of the two NP cell subpopulations has indicated their response to stiffness differs, 
and further phenotypic analysis must now be conducted to elucidate this difference. Similar experiments will 
also be employed using AF cell lines. The clustering behaviour observed in the laminin blended hydrogel 
strengthens the body of evidence that clustering behaviour in immature NP cells is both a function of matrix 
stiffness and ECM composition; further experiments using a wider range of gel stiffnesses and a variety of 
matrix coatings will now be employed to examine this phenomenon and address important questions with 
regards to notochordal and immature NP tissue development. The high viability of NP cells in both blended 
hydrogels allows future research to begin replicating the highly aligned fibrous cellular structures of the AF 
region using 3D bioprinting and melt electrospinning, and integrate this with a gelatinous NP, however the 
mechanical and structural properties of these novel hydrogels must first be determined. 
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INTRODUCTION: Peripheral nerve injuries (PNIs) are a global challenge, affecting 7 million people every year.  
Although autografts are the current gold standard for repair, nerve guide conduits are a favourable repair 
strategy as they avoid issues such as lack of donor nerve available and donor site morbidity. However, as a 
hollow tube, they lack natural guidance cues associated with autograft use.  Therefore, the addition of guidance 
scaffolds, such as electrospun fibres, is a popular research approach and has been shown to increase nerve 
regeneration distances1. Polyhydroxyalkanoates (PHAs) are a favourable synthetic material used for tissue 
engineering scaffolds due their   biocompatibility, they are biodegradable and mechanical properties can be 
tailored to a specific application. 
 
METHODS: P(3HB) and P(3HO) were produced by bacterial fermentation and characterised as previously 
described2. 5 and 8µm aligned fibres of P(3HB):P(3HO) (50:50), and PCL, were fabricated by electrospinning, 
and quantified by SEM and microCT for fibre alignment and diameter. NG108-15 neuronal cells, and rat 
primary Schwann cells, were seeded onto scaffolds for 6 days. NG108-15 neuronal cells were labelled for β 
III tubulin (neurite marker) and primary Schwann cells labelled using S100β (to confirm Schwann cell 
phenotype). Cell viability was determined using live/dead assay. Rat Dorsal Root Ganglion (DRG) bodies were 
extracted, from spinal columns, nerve roots trimmed and explanted whole on to the ends of a 3D in vitro fibre 
testing method3. After 21 days in culture, fibres containing DRGs were labelled for β III tubulin, and S100β, 
and imaged with confocal microscopy to determine average neurite outgrowth length and average Schwann 
cell migration distance.  
 
RESULTS: Aligned PHA fibres supported NG108-15 neuronal and primary Schwann cell adhesion and growth.   
The longest average neurite lengths were detected on 8µm P(3HB):P(3HO) 50:50 fibres (137.94 ± 17.35µm) 
which was significantly higher than the average neurite lengths of neuronal cells cultured on 5µm 
P(3HB):P(3HO) 50:50 fibres and PCL fibres. Primary Schwann cell phenotype was maintained on all materials. 
When investigated using a novel 3D ex vivo model, highest average neurite outgrowth length was measured 
at 1502.69 ±110.63µm on 5µm P(3HB):P(3HO) 50:50 fibres, significantly higher than average neurite 
outgrowth of DRGs cultured on 5µm PCL fibres. Average Schwann cell migration distance was also 
significantly higher on 5µm P(3HB):P(3HO) 50:50 fibres compared to 5µm PCL fibres.  
 
DISCUSSION & CONCLUSIONS: Blends of PHAs can be fabricated into aligned fibre scaffolds using 
electrospinning, with known fibre diameters, for peripheral nerve applications. Though FDA approved, issues 
arise with the use of PCL in nerve repair, due to its stiffness and acidic degradation properties. The use of 
PHAs eliminates these concerns and has excellent physical and biological properties to to aid and improve 
nerve regeneration.  
 
ACKNOWLEDGEMENTS: This work was funded by the European Community’s Seventh Framework 
Programme (FP7–NMP–2013–SME–7) for NEURIMP under grant agreement no 604450.  
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The use of flexible endoscopic devices has become a major feature of modern clinical practice, both for 

diagnostic applications and surgical interventions. Endoscopic procedures are conducted with reusable 

devices, the nature of which are an ideal environment for biofilm development inside the narrow lumen of the 

endoscope channels. The fact that current reprocessing methods are ill suited to eliminate biofilm formation 

increasing the potential for cross-patient contamination highlights the need for a new approach to disinfection. 

In this study, the use of Plasma Activated Water (PAW) was examined for the decontamination of narrow 

lumens, mimicking those found in modern endoscopic devices. When cold gas plasma interacts with water an 

abundance of highly reactive chemical species are created directly in the liquid medium, resulting in a solution 

known as PAW. Several past studies have shown that PAW is able to penetrate and eliminate biofilm 

contamination, making it an extremely effective and convenient antimicrobial agent. This work explores the 

possibility to utilise PAW as a new endoscope decontamination technology. 

In this study a flow system was created to contaminate endoscope surrogate test pieces prepared from 

translucent Teflon tubing (Masterflex tubing, 2 mm and 6 mm ID, Fisher Bioblock Scientific, Illirch, France) with 

a build-up biofilm produced from repeated rounds of cultivation and rinsing. Test pieces were first filled with 

lysogeny broth (LB) and kept at 37oC for 24 h so that medium components could attach to the surface of the 

channels, increasing bacterial adherence potential. The media was drained from the test pieces and the 

system rinsed with sterile water. Fresh medium was then inoculated with 106 colony forming units (CFU)/ml of 

Escherichia coli Bw25113 and circulated through the system at a rate of 100ml/min for 45 min. Following 

draining of the media, the system was rinsed with sterile water and cultivated with discharged bacterial liquid 

from a previous stage and fresh LB. The contaminated test pieces were left to incubate for 12 h at 37oC. The 

system was rinsed, and half of the test pieces removed for plate counting and crystal violet analysis as a 

control. A 3D printed plasma device set over a petri dish of distilled water was used to produce the plasma 

activated water (PAW). The whole system was placed over a hotplate stirrer to mix the water enhancing the 

concentration of long-life reactive species inside the water. High power and low power PAW were tested. PAW 

was circulated through the contaminated test pieces at a flow rate of 100ml/min for 20 min. The system was 

then rinsed, and the test pieces used for biofilm analysis.  

Treatment with high power PAW resulted in a 4-log reduction of E. coli biofilm in the surrogate test pieces with 

a 2 mm diameter. Lumens with a 6 mm diameter showed a 3-log reduction in biofilm following high power PAW 

treatment. Similar reductions in E. coli biofilm were also seen when treated with low power PAW. Crystal violet 

staining revealed the presence of organic matter in both the control and treated test pieces, suggesting the 

need for an additional rinsing step during PAW treatment. These results have shown that PAW is a very 

promising method for disinfection of contaminated endoscopes, however there is a need for refinement of the 

PAW treatment (treatment time, flow rate, rinsing steps, etc) to optimise disinfection. Further work will focus 

on optimisation of PAW treatment, production of a new plasma system to treat larger quantities of water, and 

comparison to current disinfectant used in endoscope reprocessing.  
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Decellularised porcine superflexor tendon (pSFT) provides an off-the-shelf, low cost solution for anterior 
cruciate ligament reconstruction (ACLR). Decellularisation removes the cellular content of the tissue, 
eliminating antigenicity and immune rejection, while retaining the composition, biological and mechanical 
properties of the 3D extracellular matrix of the tendon. If deemed suitable as a graft for ACLR, it could reduce 
the disadvantages of currently used autografts and allografts. The pSFT lacks a hierarchical approach in 
researching its suitability as a biological graft. The hierarchical architecture of tendons and ligaments play an 
essential role in the mechanical properties and behaviour of the tissue. This can only be analysed with an 
integrated approach of mechanical, biological and imaging-based techniques. Therefore, this project will focus 
on a highly relevant and novel hierarchical analysis of the decellularisation bioprocess on pSFT, analysing 
which constituents of the ECM have suffered modifications on whole tendon and sub-tendon units. This will 
entail a step-change in understanding the engineering structure-function relationship of decellularised porcine 
biological scaffolds. 
 
The first stage of this project focuses on whole tendon analysis while attempting to optimise the 
decellularisation process, determining if it can be altered to control tissue swelling without affecting its 
biomechanics, while achieving the same degree of cellular removal. Phosphate buffered saline (PBS) is 
commonly used buffer solution for maintaining tissue hydration, helpful during decellularisation for ridding of 
other solutes and reagents which could be cytotoxic if not washed adequately. However, PBS increases water 
content of tendons, swelling the tissue. Ringer’s solution is an alternative to PBS, based on its ion content, 
which proves physiologically relevant. Decellularisation and mechanical testing, namely strength and stress 
relaxation tests, were conducted using both solutions. Tissue swelling was compared based on width and 
thickness measurements conducted at three time points during decellularisation. Mechanical tests were 
conducted with controlled tissue hydration using the respective solutions, comparing gross structure. 
Histological evaluation of decellularised and native tissue were imaged to compare cellular removal and 
histoarchitecture.   
 
The Ringer’s solution led to a dense tissue post-decellularisation, with a reduction in width and thickness of 
13.98±5.31% and 34.45±6.82%, respectively. Using PBS increased 6.99±4.41% and 18.47±10.25% in width 
and thickness. This indicates tissue swelling caused by imbibition of PBS, and tissue condensing as a 
consequence of using Ringer’s solution. Furthermore, gross analysis and sample preparation for mechanical 
tests showed decreased rigidness and an overall more native-like appearance of tendons decellularised using 
Ringer’s solution, compared to those decellularised using PBS, which could prove advantageous for facilitating 
graft preparation for ACLR in a clinical setting. Furthermore, the mechanical properties of the standard process 
(PBS) showed a significant reduction in linear modulus and ultimate tensile strength (UTS), such that tissue 
swelling could in fact influence the reduction of mechanical properties of tendinous tissue. On the other hand, 
the modified process (Ringer’s) showed a reduction of 9% in the linear modulus, not significantly different to 
native pSFT, and a similar reduction in UTS, proving its properties to be native-like. This could suggest that 
the decellularisation process itself has less impact on the biomechanics of pSFT than the influence of the 
solution used for most washes during said process (PBS vs Ringer’s) and its subsequent swelling or 
condensing of the tissue. However, the concentration of Ringer’s used (0.2%) differs from the physiological 
concentration of sodium, and thus a solution less complex and more clinically relevant, such as normal saline 
0.9% should be used in subsequent analyses, while an incorporation of gravimetric analysis is suggested. 
 
While histological evaluation of both decellularised samples showed a removal of cellular content, and no 
apparent differences in tissue architecture, the viscosity obtained during stress relaxation testing was 
significantly reduced in the modified specimens, whereby there was no difference between the native and 
standard groups. This is attributed to the removal of cellular material which creates a more open and porous 
matrix, with less viscous resistance, thus facilitating fluid flow through the tissue. This could prove an 
advantage as porous scaffolds have been shown to improve recellularization when implanted, potentially 
beneficial in the early stages of cell-matrix interactions, which are intended to be analysed further ahead within 
the project. Despite the difference between mechanical properties and viscoelastic behaviour of both 
decellularised pSFTs, they greatly surpass the mean values of human ACL, proving clinically relevant and 
proving the suitability of this tendon as a biological scaffold for ACLR. 
  

https://www.uksb.org.uk/future-leaders-virtual-conference-2020/naomi-northage/
https://www.uksb.org.uk/future-leaders-virtual-conference-2020/naomi-northage/


 

 

POSTER FLASH: UNDERSTANDING THE MECHANISMS OF ACTION OF COLLAGEN-BASED WOUND 
DRESSINGS TO PROMOTE HEALING 

Davide Verdolino 
 
Chronic wounds are a significant global problem, causing patient morbidity and a substantial financial burden 
on health services worldwide. The incidence of chronic wounds is currently rising because those populations 
most susceptible, the elderly and diabetic, are rapidly expanding. In 2017, the annual NHS spend on wound 
care was estimated at £5.3 billion, with British wound care incurred by average Clinical Commissioning Group 
(CCG) currently reaching £36.6 million annual expenditure and expected to reach £55.7 million by the end of 
2020.  
 
A chronic wound is defined as a wound that does not heal with standard of care, therefore more advanced 
wound therapies are required. Chronic wound healing is hampered by elevated and prolonged inflammation 
which damages the collagen-rich extracellular matrix (ECM) which is essential for effective repair. A variety of 
topical therapies which supplement or mimic the ECM have been developed to promote healing. Collagen is 
the main component of the ECM, providing a scaffold for cell migration, binding and inactivating proteinases, 
and simulating cell signalling through integrin binding. Collagen dressings are becoming increasingly popular; 
however, their composition and efficacy vary.  
 
KCI (Systagenix Wound Management) produce PromoganTM, a dressing composed of collagen and oxidised 
regenerated cellulose. PromogranTM acts as a sacrificial substrate to protect native collagen and elastin fibres 
from the destructive enzymes produced in wounds with elevated inflammation. When KCI developed 
PromogranTM there were limited collagen products available which were designed to promote healing. In 
today’s market, many collage-based products are available. These products differ in their claims; however, 
they are all aimed at promoting wound repair.  
This project will investigate the mechanism of action of PromogranTM and competitor collagen-based products 
by utilising sophisticated in vitro and in vivo methods to determine how these collagen-based products promote 
healing. In particular, the main aims of this project will be to:  
 
1. Determine how dressings structural composition affects cell interactions, functions and healing.  
2. Determine what cells are stimulated by dressings.  
3. Study dressings properties in vivo. 
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Introduction:  

The remote control of neuronal migration and their processes is a challenge for novel therapies for neuro-

regenerative medicine. One novel therapy proposed, is the use of magnetic nanoparticles (MNPs) and 

magnetic fields to induce biochemical reactions. As well as this, MNPs have shown to exert forces. The 

combined effort of magnetic force and induction of biochemical pathways for cell differentiation and maturation 

can have enhanced control of cell processes.  

Research has shown some MNPs can exert cellular effects within cell endosomes and freely in the cytosol.  

However, based on their physical and chemical properties, MNPs can have varying effects within cells. Some 

may be not be retained within cells long enough for a therapeutic outcome. To explore their retention, 

localisation of MNPs at a subcellular level must be explored. 

Previous research has shown that neurotrophic receptors use the endosomal pathways for signalling effects 

in neurons, and can even induce dendrite branching.  

Protocols for SH-SY5Y differentiation require the addition of a growth factor called BDNF (brain derived 

neurotrophic factor) to give rise to a neuronal like phenotype. The differentiation of SH cells with BDNF 

conjugated MNPS instead of free BDNF, is yet to be explored. 

The current study sets out to explore the subcellular localisation of MNPs, and conjugation of BDNF on MNPs.  

Materials and Methods: SH-SY5Y cells were expanded in basal media, and underwent differentiation with 

retinoic acid (RA) and brain derived neurotrophic growth factor (BDNF). Cells were incubated with MNPs and 

imaged using fluorescence and transmission electron microscopy. Particles were also conjugated to BDNF 

using carbodiimide activation method. BDNF conjugation was subsequently confirmed using a dot blot. 

Results and Discussion.  

The current study finds that after 24hrs of co localisation, MNPs were retained within the cell lysosomes. 

Similarly, TEM images show that after 3hrs, MNPs are internalised within the cell. It also observes that after 

24hrs, majority of MNPs are within endo-compartments. The diameter of MNPs are 10nm and based on TEM 

images the endo-compartments are between 400-600nm in diameter. Therefore, it is possible for the MNPs 

filled within the endosomes, to exert a large superparamagnetic force contained within the endo-compartments 

themselves. This suggests that it may be possible for MNPs to spatially direct the migration and processes of 

differentiated SH-SY5Y cells in a spatial manner.   

The current study has also confirmed the conjugation of BDNF on MNPs. Therefore, addressing the need for 

a combined biochemical and physical tool in directing cellular processes.   

Conclusion 

The current study addresses the subcellular localisation of MNPs. It has also confirmed that BDNF can be 

conjugated onto MNPs and is stable. Future work will address whether MNPs can induce a physical and 

mechanical effect within cells and direct their processes in response to a magnet. It will also investigate 

whether BDNF-conjugated MNPs can induce differentiation of SH-SY5Y cells.  
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Introduction: 
Degeneration of the intervertebral disc (IVD) is a leading cause of lower back pain, and a significant clinical 
problem. Inflammation mediated by Interleukin-1 beta (IL-1β) and tumour-necrosis factor alpha (TNF-α) 
drives IVD degeneration through promoting a phenotypic switch in the resident nucleus pulposus (NP) cells 
towards a more catabolic state, resulting in extracellular matrix degradation. Bone marrow mesenchymal 
stem cells (MSCs) produce bioactive factors that modulate local tissue microenvironments and their anti-
inflammatory potential has been shown in numerous disease models, offering a potential therapy for IVD 
degeneration. In a clinical setting, adipose-derived stem cells (ASCs) might represent an alternative and 
perhaps more appealing cell source due to their faster proliferation rate and reported differentiation to NP-
like cells [1]. However, their anti-inflammatory properties remain poorly understood. 
 
Methods: 
Donor-matched human ASCs and MSCs were cultured in monolayer and exposed to an inflammatory 
stimulus of 10ng/ml IL-1β and/or 50ng/ml TNF-α, or indirectly co-cultured with degenerate human NP cells. 
The anti-inflammatory properties of ASCs/MSCs were assessed by qPCR and western blotting of whole cell 
lysates. 
 
Results: 
We demonstrate that stimulating ASCs or MSCs with IL-1β and/or TNF-α elicits a strong anti-inflammatory 
response with increased expression of IL-1 receptor antagonist (IL-1Ra), cyclooxygenase-2 (COX-2) and the 
tissue protective protein tumour-necrosis factor stimulated gene-6 (TSG-6). ASCs produced significantly 
higher levels of IL-1Ra and TSG-6 than their matched MSCs at both gene and protein levels, indicating that 
ASCs are potentially a more potent anti-inflammatory cell type. This anti-inflammatory response was also 
observed upon co-culture with degenerate NP cells without exogenous cytokine. Signalling analyses 
suggested this difference between cell types could be mediated through differences in the activation of the 
inflammation-associated transcription factor nuclear factor-κB (NF-κB). 
 
Discussion & Conclusions: 
To our knowledge, this study is the first direct comparison of the anti-inflammatory properties of donor-
matched human adipose and bone marrow-derived mesenchymal stem cells. These data indicate that ASCs 
may possess more potent anti-inflammatory properties than matched MSCs, and so may be the more useful 
cell source in the development of future therapies for IVD degeneration. 
 
References: 
[1]. Clarke LE et al., (2014), “Growth differentiation factor 6 and transforming growth factor-beta differentially 
mediate mesenchymal stem cell differentiation, composition, and micromechanical properties of nucleus 
pulposus constructs”, Arthritis Research and Therapy 16, R67 
 
  

https://www.uksb.org.uk/future-leaders-virtual-conference-2020/kieran-davies-2/
https://www.uksb.org.uk/future-leaders-virtual-conference-2020/kieran-davies-2/
https://www.uksb.org.uk/future-leaders-virtual-conference-2020/kieran-davies-2/


 

 

STUDY OF STEM CELLS-ENDOTHELIUM INTERACTIONS TO UNDERSTAND AND IMPLEMENT CELL 
TRANSPLANTATION FOR MUSCULAR DYSTROPHY (MD) 

 
 

Meggiolaro Linda (1) * (3rd Year PhD), Borghini Amélie (2), Roostalu Urmas (3), Galli Francesco (1), Tirelli Nicola (4), 
Cossu Giulio (1) 

 
(1) Division of Cell Matrix Biology & Regenerative Medicine, FBMH, – University of Manchester, UK. 

(2) Covance – Meyrin, Switzerland. 
(3) Gubra – Hørsholm, Denmark. 

(4) Central Research Labs – IIT, Genova, Italy. 
 

linda.meggiolaro@postgrad.manchester.ac.uk 

 
Introduction: Many new therapies are being tested for MD but none has yet reached clinical efficacy. Our lab 

pioneered stem cell transplantation that led to a first in man trial in DMD patients. The first trial was safe but 

not efficacious1. This project aims to implement critical steps of MABs transplantation. We want to study and 

positively modulate their diapedesis and extravasation.  

 

Materials and Methods: An in vitro IBIDI microfluidic assay, mimicking blood stream dynamic, allows the track 

in real time MABs adhesion to the endothelium. Through this system TNF∝ inflammatory activity, and 

deflazacort (DFZ) or prednisone (PRED) anti-inflammatory effects at the single cell level have been 

demonstrated.  

 

Results: When activated via TNF∝, HUVECs over-express VCAM-1, I-CAM, and E-SEL adhesion molecules 

at both mRNA and protein level. Unexpectedly, expression was not inhibited by the anti-inflammatory effect of 

DFZ and PRED which rather enhanced expression. MABs-adhesion ability increases about 93% after pre-

activation of HUVECs with TNF∝ for 3 or 6 hours. Adhesion events were reduced following different 

endothelium treatment conditions, with both TNF∝ and DFZ or TNF∝ and PRED, despite continuous strong 

expression of adhesion proteins. Therefore, MABs ability to interact with HUVECs is specifically dependent on 

the endothelium status, resulting in a decrease of MABs attachments in the presence of steroids.  

 

Conclusions: These results will be confirmed in vivo, through experiments conducted on dystrophic mice 
under steroid administration. Perivascular ECM reconstruction will elucidate the migration mechanism adopted 
by these cells to reach the dystrophic muscles. The results may have important implications for future protocols 
based upon intra-vascular cell delivery for DMD.  
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Introduction: 

Diabetes mellitus (DM) represents a significant global health and economic burden, and its incidence is 
increasing. Currently 463 million people have diabetes worldwide; this number is estimated to increase 
to 700 million by 20451. Although injectable insulin is the gold standard for Type 1 DM management, it confers 
life-long dependence and hypoglycaemia may instead occur. Therefore, restoration or regeneration of 
damaged insulin-producing β-cells could provide a cure. Despite their immense potential, human pluripotent 
stem cell (PSC)-derived β-cells currently do not have the appropriate functionality or maturation capability 
compared to bona fide β-cells. A greater understanding of β-cell specification during early human development 
is required for safe transplantation of PSC-derived β-cells. Organoid systems refer to clusters of multiple cell 
types in 3-dimensions (3D) that can self-organise, allowing mimicry of the cell-cell contacts and signalling 
events of the native tissue environment. Human foetal pancreatic organoids are emerging as exciting models 
for pancreas development, enhancing our understanding of hPSC-derived β-cell differentiation protocols, and 
providing opportunities for disease modelling.  

Aims and Objectives: 

This project aims to establish a 3D organoid model of human pancreas development and regeneration from 
human embryonic and foetal pancreatic progenitor cells (PPCs). Human embryonic stem cell (hESC) and 
induced pluripotent stem cell (iPSC) β-cell differentiation protocols will be used as a comparison. 

Materials and Methods: 

Human embryonic and foetal pancreata were dissected and dissociated into single-cell suspension before 
incubation with Matrigel. Organoids were cultured for up to 30 days before analysis. Following incubation, 
organoids were assessed by immunofluorescence. For comparison, immunohistochemistry and light sheet 
fluorescence microscopy (LSFM) were performed on native embryonic and foetal pancreata.   

Results and Discussion: 

Immunohistochemistry reveals the spatial and temporal expression profiles of key pancreatic transcription 
factors (TFs) in embryonic and foetal pancreata. Distinct 3D ductal and islet structures are observed in foetal 
samples using LSFM. The expression of these TFs characterises our human foetal pancreatic organoids. 
Ductal, PPC, and endocrine markers are detected in the organoid system, as represented by CK19, SOX9 
and NKX2.2 expression, respectively. 

Pancreas forms when foregut endoderm is specified to pancreatic endoderm, followed by PPCs and then 
acinar or bi-potent ductal and endocrine populations, including β-cells. 3D organoid culture of foetal pancreas 
permits expansion of multipotent PPCs, which can be used as a platform for modelling downstream endocrine 
differentiation.  

Conclusions: 

Future work will include the knock-down of a potential PPC regulator initially in the stem cell systems before 
translation to the organoid model. The surrounding niche and growth factor environment will also be 
manipulated, enabling study of their effects on endocrine (and β-cell) differentiation in both foetal pancreas 
organoids and PSC-derived pancreatic organoids. In summary, the establishment of this pancreas organoid 
system is a valuable asset for furthering our knowledge of pancreas development and endocrine commitment. 
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Introduction: Tumour-Infiltrating Lymphocyte (TIL) therapy is an adoptive cell immunotherapy which utilises 
the body’s immune system to target the cancer, and has been most effective in the treatment of metastatic 
melanoma. In this clinical setting, heavily pre-treated patients can still achieve objective response rates of 
greater than 50%. However, there are several patients who fail to respond to the immunotherapy and there 
needs to be more work done to dissect the tumour-reactivity of different TIL.  
 
Materials and Methods: 
A model workflow was created combining co-culturing autologous TIL and tumour samples with flow sorting to 
isolate the tumour-reactive T-cells. Using novel paired single cell sequencing from 10X Genomics, the tumour-
reactive TCRs could be identified.  
 
Results:  
Over the course of this PhD, it has been shown that the variation in reactivity to matched tumour between 
different patients is high, as is the breadth of the tumour-reactive repertoire. Through optimisation, it was shown 
that CD137 is an optimal marker for identifying tumour-reactive cells. It was shown to be highly expressed by 
T-cells when a range of different affinity antigens are encountered, and the surface expression allows for live 
cell sorting. Combined with novel single-cell paired T-cell receptor sequencing methods, we have identified T-
cell receptors that are likely to be dominant in the anti-tumour response for several patients. 
 
Discussion 
CD137 is an optimal marker for identification and isolation of tumour-reactive cells. With further work, we can 
reconstruct the T-cell receptors and validate their tumour-reactivity in vitro, to demonstrate the validity of this 
approach. 
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Introduction 
Age related hearing loss (ARHL) affects the majority of those over 65 years old as the third most prevalent 
condition affecting the elderly worldwide, with treatments (restricted to hearing aids and cochlear implants) 
unable to offer continued improvement as the illness progresses. However, research suggests that where 
degradation of cochlear fibrocytes is the leading pathology (i.e. metabolic ARHL), biological interventions may 
be possible. In order to facilitate this, an early detection strategy for fibrocyte damage is required to enable 
timely intervention. 
 
Materials and Methods 
In preliminary steps towards development of an early detection method, this research used MG63 
osteosarcoma cells to investigate the ability of selected ion flow tube mass spectrometry (SIFT-MS) to 
distinguish small cell numbers similar to those found in vivo. Levels (parts per billion) of volatile organic 
compounds (VOCs) in the headspace of MG63 samples of different sizes were measured to verify visible 
distinction between small cell numbers and media controls. Additionally, murine cochlear fibrocyte cultures 
were isolated from tissue explants, with several cochleae kept aside for decellularisation and future fibrocyte 
re-implantation. 
 
Results and Discussion 
SIFT-MS measurement of MG63s found small differences in compounds such as acetone and several 
aldehydes, and suggests capacity to distinguish small cell numbers, though a large level of deviation is seen. 
This may be due to variations in cell health (indicated by varying DMSO levels), sample temperatures, media 
age, and dilution of samples via air purge. These factors will be thoroughly investigated and refined in the next 
stage of study to minimise deviation and provide greater experimental control. With a view to SIFT-MS 
measurement going forward, murine cochlear fibrocytes were successfully established from explants. 
Fibrocytes appear to senesce within weeks of establishment, meaning that timely preservation for future study 
is vital. In future research, media used to culture fibrocytes will be refined in aims to establish the largest 
window of proliferation for study. Cochleae have successfully begun decellularisation to a point where re-
implantation of cells may be possible. 
 
Conclusions 
The suggested method for SIFT-MS based measurement of small cell numbers, alongside noted necessary 
refinements, shows promise in distinguishing a VOC profile of fibrocytes as a next step. Progress will then be 
targeted towards distinction of healthy and unhealthy fibrocytes, using cultures established from murine tissue 
explants. This research lays the ground work for future steps towards the development of such a model, 
including the use of decellularised cochleae as a matrix for 3D cultures. 
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Introduction 

Cadherins are a family of intercellular adhesion proteins shown to assist in cell-cell adhesion processes and 
cell signaling functions of multiple cell types. E-cadherin is one member of this superfamily expressed by 
epithelial cells and embryonic stem cells, with previous studies demonstrating key involvement of this protein 
in the regulation of naive pluripotency in mouse embryonic stem cells (mESCs). Recently developed peptide 
sequences targeting E-cadherin affect both physical and biological cadherin functions, however, the 
relationship between the physical and biological effects actioned by these peptides is not yet understood. Our 
research aims to bridge this gap and further our understanding of E-cadherin mechanisms in mESCs. 
 
Materials & Methods 

Silicon wafers and silicon nitride cantilevers were prepared via vapour silanisation, followed by functionalisation 
with extracellular E-cadherin protein fragment for use with atomic force microscopy (AFM). Cadherin targeting 
peptides were applied to either the AFM system or to mES cell cultures (E14 and Ecad-/- cell lines) to obtain 
force-distance data and protein expression data respectively. 
 
Results 

E-cadherin functionalised Si wafers showed success as a precursor for testing the effect of peptides on E-
cadherin binding, with both peptide sequences demonstrating a reduction in homotypic E-cadherin binding 
frequency. Analysis of the recorded forces indicate a modal binding force of 30 pN for all conditions tested, 
and show that any inhibitory effects on E-cadherin binding can be reversed. ICC staining of cell monolayers 
demonstrated expression of E- and N-cadherin as expected, with current work investigating peptide treated 
mESC monolayers in place of Si wafers for AFM studies. 
 
Conclusions 

Treatment of E-cadherin functionalised Si wafers with Epep and EpepW2R peptides demonstrates a reduction 
in binding frequency during AFM testing. This inhibitory effect is shown to be reversible, and analysis of the 
binding forces indicate the mechanism of inhibition does not alter the biological binding regime of the E-
cadherin proteins. Biological analysis of E14 and Ecad-/- cell lines confirms the inhibition of cell-cell contact by 
the Epep peptide sequence when compared to previous publications and suggests a less prominent inhibitory 
characteristic of the EpepW2R sequence may be present1.  
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Introduction 
There is currently need for development of advanced genetic therapies to treat genetic diseases; present 
animal-based models, whilst useful in many ways, still do not provide accurate translation for human treatment. 
Expensive large and small in vivo pre-clinical trials usually require thousands of animals and can produce 
much wastage. PCLS (precision cut lung slices) offer an effective alternative, as they maintain the lung 
structure and cell distribution found in vivo, are easy to generate, and can employ potentially any host tissue. 
In terms of developing a model for testing gene therapies, they present a novel route for enabling assessment 
of infiltration, longevity, & cell-type distribution of the desired therapy in a tissue of interest. Previously, our 
group has utilised the novel non-viral gene delivery GET peptide based system (Glycosaminoglycan-enhanced 
transduction) which can bind Plasmid (p)DNA and form nanoparticles (NPs), to demonstrate stability in lung 
secretions, ability to reach airways, and generate high gene expression without toxicity issues. This project 
aims to demonstrate non-viral delivery utilising the GET system in both animal ex vivo tissue (PCLS) and in 
human lung cells adapted to air liquid interface (ALI) with a final aim of potentially delivering a delta f508 
mutation correction for Cystic Fibrosis to either PCLS, or a human airway ALI model. 
 
 Materials and Methods 
 
The main methods involved Precision cut lung slice (PCLS) generation from murine lung tissue, transfection 
of PCLS, and establishing immortalised human bronchial epithelial cells (iHBECS) at Air Liquid Interface (ALI), 
to provide an airway layer model for non-viral delivery testing. 
 
 Results and Discussion 
 
Thus far, we have investigated transfection efficiency and viability of PCLS over time, serum free (SFM) vs. 
serum (GM) conditions, effects of selective presence of serum on transfection and viability, and investigation 
of enhanced vectors for single delivery. Outcomes are demonstration of PCLS transfection with a non-viral 
delivery system, unaffected viability post transfection, necessity for serum based media, and potentially, 
extended expression profiles when delivering enhanced vectors. 
 
 
Acknowledgements  
 

• The EPSRC & MRC, as the funders of this research 

• the Regenerative Medicine CDT  

• the RMCT Division at the University of Nottingham 

• Prof. Felicity Rose, Dr. James Dixon, Dr. Amanda Tatler, and the Intracellular Delivery Research 
Group 

  

https://www.uksb.org.uk/future-leaders-virtual-conference-2020/smith/


 

 

EFFECT OF CRYOPRESERVATION ON CELL SURVIVAL POST-THAW FOR MESENCHYMAL STEM 
CELLS (MSCS) 

 
Nishant Joglekar – PhD student (1st year) 

Chemical Engineering, Loughborough University 

 
 
There is currently a growing interest in the use of mesenchymal stem cells (MSCs) in the development of cell 
therapies for the treatment of many common conditions. In the large-scale manufacturing of cell therapies, 
cryopreservation is a logistical necessity throughout the manufacturing process to initially preserve cells during 
cell-banking, and to preserve the final product during transportation and quality control. A challenge that the 
industry is currently facing is the loss of cell viability post-thaw with a particular issue being the delayed onset 
of apoptosis (a form of programmed cell death) in which cells appear viable straight after thaw but undergo 
apoptosis and lose viability around 24hrs post-thaw.  
 
This work will use gas chromatography-mass spectrometry (GC-MS) for the early detection of the delayed 
onset of apoptosis, post-thaw, by identifying possible biomarkers that might indicate the onset of apoptosis. 
Initially, established apoptosis assays including caspase and annexin v assays, and a mitochondrial potential 
assay will also be used to identify the extent of apoptosis at 24hrs post-thaw. The method by which the cells 
are frozen during cryopreservation can also influence the loss of viability post-thaw. Hence this will also be 
considered by initially freezing the MSCs using numerous different methods. 
 
It is expected that, for cells frozen using the different freezing procedures, the assays will show varying 
amounts of apoptosis at 24hrs post-thaw, with GC-MS analysis identifying differing numbers of apoptotic 
biomarkers post-thaw for each freezing procedure.  
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Background  
The prognosis of relapsed acute myeloid leukaemia (AML) is poor, with available treatments unable to fully 
eradicate the heterogeneous AML cell types. Leukaemic stem cells (LSCs) evade treatment by hiding within 
the bone marrow niche, a property current 2D in-vitro models fail to recapitulate. The bone marrow niche is a 
3D microenvironment consisting of cells, extracellular matrix (ECM), and soluble bio-molecules that together 
provide the mechanical, bio-chemical, and bio-physical signals that regulate haematopoietic stem cell (HSC) 
behaviour. Upon initiation of AML, LSCs reprogram the bone marrow microenvironment which has been 
shown to significantly contribute to the continuation of leukaemogeneis. We therefore postulate that there is 
a bio-physical influence between HSC and LSCs, and their corresponding niches.  
 
Aims  
Here we develop and utilise an optimised 3D peptide hydrogel model of modifiable composition and viscosity 
for screening of repurposed FDA-approved drugs. We demonstrate the ability to alter the bio-physical and 
bio-chemical properties of the hydrogel model in order to promote mouse leukaemic cell growth for direct 
comparative analysis. In addition, we directly compare the efficacy of the re-purposed drugs in 2D liquid 
culture to 3D hydrogel models.  
 
Materials and Methods  
Peptide hydrogels (FEFEFKFK) were used to culture human leukaemic cell lines, primary mouse MLL-AF9 
cells (mAF9), and haematopoietic stem and progenitor cells (HSPCs) within a 3D environment of defined and 
tuneable matrix composition. The effect of FDA-approved drugs on the viability of encapsulated cells was 
quantified in 2D and 3D using luminescence assays.  
 
Results  
Unmodified peptide gels contain no inherent matrix proteins or growth factors, and as such offer the ability to 
directly observe influence of 3 dimensions on cell properties, behaviours, and interactions. Microrheological 
analysis performed by optical tweezers determined the 6 mg/ml gel to be approaching physiological stiffness 
of the bone marrow microenvironment we wish to recapitulate[1]. Adaptation of matrix stiffness to 
physiological viscosity and addition of relevant matrix proteins showed enhanced survival and proliferation of 
mAF9 cells in peptide gels in comparison to currently accepted 2D culture. Drug screening of re-purposed 
statins and antibiotics demonstrated dose-dependent effects on human leukaemic cell lines and mAF9s, in 
both 2D liquid culture and 3D peptide hydrogels, with THP1 leukaemic cell line results showing the 3D 
environment influences drug efficacy.  
 
Summary/conclusion  
LSCs have been known and analysed for over 50 years. However, their bio-physical properties and the 
potential relationship to cell function remain to be elucidated. Here we have produced a 3D model allowing 
independent control of biological, chemical, and physical stimuli. This model has been optimised and used to 
demonstrate the ability to culture relevant cell types within the peptide gels for optimised survival and 
quantified the impact of FDA-approved drugs in 2D and 3D. Future work continuing from these results will be 
aimed at obtaining an improved mechanistic understanding of 3D models in drug repurposing and 
resistance, with aims to develop the 3D peptide gel for patient-derived tissue.  
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Introduction 
Finite element methods have been used for years for studying the spine and predicting its native behavior. 
Evidence show that the geometry of the spinal structures greatly influences the outcomes of finite element 
models [1], which leads to the need for highly accurate geometrical models. Such models are usually subject-
specific, used in computational studies that are limited to small sample sizes. Therefore, this study is aimed at 
creating a large cohort of finite element models of subject specific L4/5 segments using lumbar spine meshes 
from the MySpine database [2].    
    
Materials and Methods 
Geometries: 200 subject-specific meshes of the L4/L5 spinal segment are sourced from the MySpine database 
and imported into Abaqus® for analysis using bespoke Python and MATLAB® codes. The meshes are made 
up of hexahedral elements and divided into vertebral bodies, endplates, facet joints, annulus fibrosus and 
nucleus pulposus. All the structures are completely bonded, with frictionless contact between facets. Materials: 
the models use CT-based elastic modulus for the vertebral bodies, the nucleus is modelled as an 
incompressible hyperelastic material [3], the nucleus pulposus is modelled as multiple concentric layers of 
anisotropic hyperelastic material [4], and the endplates and the facet joints cartilage are modelled as an nearly 
incompressible linearly elastic materials [1]. Loads and boundary conditions: the spinal segments will be 
subjected to 500N of uniformly distributed pressure applied to the superior surface of the L4, and a complete 
fixation is be applied at the inferior surface of the L5. 
 
Interim Results 

• Python® scripts for automatically extracting the structures of interest from full lumbar spines meshes 
was developed. 

• MATLAB® code for generating Abaqus® compatible meshes was developed. 

• Methods for subdividing vertebral bodies and annulus fibrosus meshes into substructures that will 
permit assigning more realistic material properties were developed.  

 
Next steps 

• Complete building the first finite element model. 

• Solving the issue of verification (mesh independence). 

• Indirect validation of the results. 

• Processing and postprocessing the full set of samples. 
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Abstract 
 
Introduction 
Lower back pain affects 80% of adults1 and costs the UK £12 billion per annum.2 Degeneration of the 
intervertebral disc is one of the main causes of lower back pain and starts during the teen years. Current 
treatment options include physiotherapy and cognitive exercises followed by spinal fusion which are expensive 
and have a limited efficacy. Self-assembling peptides have been evidenced as effective nucleus augmentation 
devices because they can be injected via a minimally invasive technique, gel in situ and restore biomechanical 
properties to the disc. Controlling and altering the primary structure of the peptides determines the chemical 
and mechanical properties of the hydrogel. This project looks at developing a new primary structure (P11-34) 
to combine the advantageous properties of previously investigated hydrogels. Each peptide is injected 
simultaneously with a glycosaminoglycan, chondroitin sulphate which reduces the critical concentration for 
self-assembly. Chondroitin sulphate is present in the healthy intervertebral disc and increases the osmotic 
pressure of the nucleus pulposus allowing the disc to swell with water and resist load. 
 
Materials and Methods 
Three peptides, all 11 amino acids in length, are being investigated for there use as nucleus augmentation 
devices. Current testing is looking at the cytotoxicity, rheology profile and self-assembling properties of the 
new peptide. Cytotoxicity testing has included a direct contact test with 2 cells lines and an extract test with 
one cell line. Rheology testing has looked at the effect of needle length and diameter on the mechanical 
properties of the hydrogel. 
 
Results and Discussion 
Comparison between the different cytotoxicity tests shows different levels of cytotoxicity for different peptides. 
Images from the direct contact cytotoxicity assay show that cells are able to grow up to and into all of the 
hydrogels except the stiffest (P11-8) hydrogel. The ATP assay as part of the extract cytotoxicity assay showed 
that the least stiff (P11-12) hydrogel was cytotoxic. Further cytotoxicity testing will help identify the causes of 
the toxicity. The shear moduli of the hydrogels were measured with a rheometer frequency sweep at a constant 
shear strain. The shear moduli were significantly lower when the components were passed through a needle 
compared to using no needle. There was no significant difference between a 100 mm 25G needle and a 100 
mm 29G needle.   
 
Conclusions 
Current testing shows preliminary evidence that the new P11-34 peptide combines the advantages of P11-8 and 
P11-12 to produce a hydrogel that has the most optimal mechanical properties whilst remaining biocompatible. 
Further cytotoxicity and rheology testing will further the understanding of how the changes in primary structure 
alter the properties of the hydrogel.   
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Introduction: The Transforming Growth Factor β (TGFβ) superfamily (including Bone Morphogenetic Proteins 
(BMPs)) are a family of signalling molecules crucial in chondrogenic development. TGFβ molecules transduce 
signals through Type I and II receptors that phosphorylate members of the SMAD family in canonical signalling. 
These then translocate to and accumulate within the nucleus to initiate transcription. Chondrogenic 
differentiation of human pluripotent stem cells (hPSCs) relies upon supplementation of recombinant growth 
factors to active TGFβ/BMP signals, but this may lead to poor differentiation reproducibility and quality because 
of batch-to-batch variation and growth factor degradation. An alternative and more precise means of receptor 
activation may enable refinement of differentiation. A novel approach is to utilise optogenetics: the control of 
cells or cellular process with light. Optogenetics offers advantages over traditional chemical means, as it 
provides an on/off reversible signalling system that can be finely tuned through modulation of light wavelength, 
intensity and frequency. 
 
Methods: Optogenetic BMP-like receptors were generated through NeB Hifi Assembly; consisting of the 
intracellular regions of BMPR1B or BMPR2 chimerised to a myristoylation signal at the N-terminus for 
membrane anchorage and the light sensitive Light Oxygen Voltage (LOV) domain at the C-terminus for light-
induced dimerisation. Optogenetic constructs were inserted into a lentiviral doxycycline inducible vector for 
transgenic integration and expression. Optogenetic activation of canonical BMP signalling was analysed 
through detection of nuclear P-SMAD1/5, activation of a SMAD1/5/8 transcriptional reporter (BRE) and 
upregulation of relevant BMP-target gene expression.  
 
Results: Optogenetic receptor transgenes were successfully generated and integrated into HEK293T, TC28a2 
and MAN13 hES cells. Receptor expression was controlled by the addition of doxycycline. Blue light 
illumination of optogenetic cell lines induced phosphorylation and nuclear accumulation of SMAD1/5, indicating 
optogenetic activation of the canonical BMP pathway. SMAD1/5/8 transcriptional activity was activated by light 
stimulation, demonstrated through BRE activation and upregulation of BMP-like gene expression. 
Transcriptional activity could additionally be fine-tuned with variable light stimulations. Light illumination was 
then used to replace recombinant BMP protein in a chondrogenic differentiation protocol and demonstrated to 
modulate relevant gene expression.  
 
Discussion and Conclusion: Our findings demonstrate that optogenetics can be used to control BMP 
signalling, which can now be applied across a variety of cellular applications. Furthermore, manipulation of 
crucial TGFβ-family signalling in hPSCs through modulation of light stimulation should allow for enhanced 
chondrogenesis and improve cartilage formation for tissue engineering. 
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‘Wireless’ or ‘bipolar’ electrochemistry involves the polarization of a conducting object 
when exposed to an external electric field. There is a growing interest in the discipline in areas of 
micro and nano science, with current literature at this scale mainly falling under electrotaxis and 
surface modification. However, as seen in Figure 1, this phenomenon could be used in a wide range 
of biological and therapeutic applications: such as biosensing, controlled drug release, and 
modulating cellular functions. In order to realise these applications and merge wireless 
electrochemical systems with biology, it is key to optimise and further understand wireless 
electrochemical reactions at the nanoscale.  

Thus, herein we present the development of a method, using electrical impedance 
spectroscopy (EIS), to be able to sense when wireless electrochemical reactions have taken place. 
Biocompatible, conductive nanoparticle systems, which are able to wirelessly actuate chemical 
reactions using electric fields, are a related development. This has been applied to an in vitro proof 
of concept with cells, whereby we can grow conductive structures around cells by driving REDOX 
reactions. 

We are now establishing an in vivo proof of concept in which we modulate chemical reactions 
inside organisms. This involves driving the reduction of a metal salt, causing metal deposition at the 
nanoparticle surface, in Caernorhabditis elegans. 

 
Figure 6 Possible nanoparticle applications in wireless bioelectronics including: electric field therapy, controlled drug 

release, wireless electrochemical therapies and biosensing. 
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Introduction 
Optogenetics is a powerful technique allowing temporally and spatially precise control over cellular function. 
Human opsins (including rhodopsin and melanopsin) are potentially important optogenetic actuators for 
regenerative medicine. As native human proteins, they have lower immunogenic risk than alternatives from 
other species. Moreover, they are light-activated G-protein coupled receptors allowing them to provide control 
over this influential aspect of cell physiology. G-protein signalling cascades are targeted by 35% of approved 
pharmaceuticals, and provide functions of significant importance in regenerative medicine (e.g cardiac 
pacemaker function and visual transduction). We set out to establish human opsins as a method of achieving 
optogenetic control over G-protein signalling in human iPSC-derived cells.  
 
Methods 
Expression cassettes containing either human rhodopsin (genbank: NM_0.0059.3) or melanopsin (genbank: 
NM_033282) were stably integrated into the human dermal fibroblast-derived induced pluripotent stem cell 
(iPSC) line SW171A using CRISPR-mediated HDR into the AAVS1 safe harbour site. Alternatively, Floxed-
AAV2 vectors containing CMV-driven opsin were co-transfected with AAV6-Cre into iPSCs-derived progenitors 
and terminally differentiated cells. iPSCs were differentiated to neuronal fates using modified defined 
differentiation protocols[1]. Optogenetic control of G-protein activity was assayed using luminescent second 
messenger assays, including GloSensor and Aequorin. 
 
Results 
Gene transfer of human opsins (rhodopsin and melanopsin) as optogenetic actuators was achieved in both 
iPSCs and progenitors. Suitable AAV vectors transduced human iPSC-derived progenitor populations with 
good efficiency to drive strong expression of human opsins in terminally differentiated cells. In addition, 
transgenes driving expression of human rhodopsin and melanopsin under the CAG promoter were successfully 
introduced to the AAVS1 safe harbour site of human iPSCs using CRISPR-mediated gene transfer. The 
resultant lines showed stable expression of the two human opsins.  Both human rhodopsin and melanopsin 
drove time-delimited activation of G-protein signalling at relatively low light intensities in live cells.  
 
Discussion & Conclusions 
We provide the first application of human opsins to iPSCs and their differentiated derivatives. Good expression 
is possible both by CRISPR-mediated transfer to iPSC and by transduction of progenitor cells with recombinant 
AAV and subsequent terminal differentiation. The ability of these human opsins to allow-light dependent control 
over cell physiology at low light levels and with good temporal resolution has great potential for numerous 
applications in regenerative medicine.  
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Introduction  
Monitoring vital signs in mice plays a crucial role within pre-clinical research and discovery biology. However, 
currently signal collection in conscious, free moving animals requires the surgical implantation of burdensome 
recording devices. This work aims to explore materials for a non-invasive, on-skin system for 
electrocardiogram acquisition; which can be applied to create devices which drive refinement in the use of 
animals (a major NC3R commitment) and provide a system applicable to numerous pre-clinical test situations. 
To do this, we will build on previous EPSRC funded projects investigating flexible printed electronics for human 
on-skin use. These operate similar to rub-on tattoos, but contain electronic systems and possess mechanical 
properties mimetic to the epidermis. Our aim is to adapt a similar design to mouse physiology and explore 
materials solutions to the challenges of fur growth, grooming behaviours, and mouse skin mechanics; which 
is more flexible, elastic, and thin than in humans. 
 

 
Materials and Methods  
To fabricate a device which conforms to mouse skin, various stretchable and flexible substrates will be tested 
for their compliance, flexibility and robustness; such as, flexible plastic (e.g. 25μm thick PET) and stretchable 
plastic (e.g. polyurethane). Tests will be carried out by layering adhesive, substrate and encapsulating 
materials onto ex vivo mouse skin samples, then evaluating their resistance to deformation and skin 
debonding. Regards electronic materials, we will investigate Ag, Ag/AgCl and reduced graphene oxide inks for 
manufacturability; particularly, their potential for small feature printing in order to miniaturise our devices. We 
will determine how small our electrical interface can be using a ballistic gel phantom testing platform, on which 
we will assess the sensitivity of a range of electrode sizes (Ø < 9 mm) to a signal under 1mV (the ECG signal 
strength detected at mouse skin). Materials deemed most suitable will progress into systems administered in 
vivo to unconscious rodents, for which measures of heart rate and heart rate variability will be taken to assess 
performance. Then subsequently, the most appropriate device designs will be tested on conscious animals, 
and evaluated for reduced animal burden via increased movement and interaction with other mice. 
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Introduction  
Flow cytometry is a widely used technique for the detection and quantification of low frequency or rare cell 
populations at limits of detection (LOD) of 0.1% or lower, such as circulating tumour cells and haematopoietic 
stem cells. An increasing number of computational tools are available for automated gating of flow cytometry 
data. These tools have the capability to eliminate operator variation from traditional manual gating. 
Nevertheless, the potential for variation in data outputs arising from analysis of the same dataset using different 
algorithms means that research is needed to define the confidence in the use of automated data analysis 
software platforms for identifying rare cell populations.  
 
Materials and Methods  
Automated data analysis platforms using different mathematical principles have been investigated; hierarchical 
clustering, k-means clustering, self-organising map, density-based clustering, and model-based clustering 
methods. Two cluster and three cluster synthetic flow cytometry datasets have been developed with uniquely 
controlled rare cell events down to 0.0001%, among total events of up to 107 cells.  The data analysis platform 
performances have been assessed based on a range of metrics including; accuracy, repeatability, and output 
pass/fail rates. 
 
Results and Discussion 
Whilst, for some data analysis platforms, the LOD of automated gating typically improve in percentage terms 
as the magnitude of total events increases, such improvement was often at the expense of prohibitive runtimes. 
Different LODs as a function of total cell events were observed. The k-means clustering method, when tested 
on default parameters, gave rare cell outputs with the least variation, but inadequate performance in terms of 
accuracy. In contrast the density-based clustering method was found to perform accurate rare cell count, but 
its repeatability and pass/fail performances did not rank as highly. 
 
Conclusions  
Careful consideration therefore needs to be given to derive a suitable range of metrics for judging the strengths 
and limitations of automated data analysis platforms. 
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Introduction 
Stroke is a global health problem, responsible for 6.7 million deaths annually, and resulting in disabilities in a 
third of survivors. Currently there is a paucity of clinically available regenerative therapies for stroke. 
Extracellular vesicles (EVs) are nanoscale membrane-bound vesicles which carry cargoes including DNA, 
RNA and proteins that are involved in intercellular signalling. EVs have recently been investigated for their 
potential as modulators of regeneration in the post-stroke brain; this systematic review and meta-analysis aims 
to provide a summary of the efficacy of therapeutic EVs in preclinical stroke models, to inform future research 
in this emerging field. 
 
Materials and Methods 
Studies were identified by a comprehensive literature search of two online sources and subsequent screening. 
Studies utilising lesion volume or neurological score as outcome measures were included. Standardised mean 
difference (SMD) and 95% confidence intervals were calculated using a restricted maximum-likelihood random 
effects model. Publication bias was assessed with Egger’s regression and presented as funnel plots with trim 
and fill analysis. Subgroup analysis was performed to assess effects of different study variables. Study quality 
and risk of bias were assessed using the CAMARADES (Collaborative Approach to Meta-Analysis and Review 
of Animal Data in Experimental Studies) checklist. 
 
Results and Discussion 
A total of 20 publications were included in the systematic review, of which 19 were assessed in the meta-
analysis (43 comparisons). Overall, EV interventions improved lesion volume (SMD: -1.95, 95% CI: -2.72, -
1.18) and neurological scores (SMD:-1.26, 95% CI: -1.64, -0.87) compared to control groups. Funnel plots 
were asymmetrical suggesting publication bias, and trim and fill analysis predicted 7 missing studies for lesion 
volume. Subgroup analysis suggested administration at 0-23 hours post-stroke was the most effective 
timepoint for EV treatment. The median score on the CAMARADES checklist was 7 (IQR: 5-8). Subgroup 
analyses may have been confounded by considerable heterogeneity in study design and the low number of 
included studies. However, given their efficacy across studies with notably different treatment regimens, the 
positive effects of EVs may be wide ranging in the contexts of neuroprotection, repair and regeneration. 
 
Conclusions 
EVs may offer a promising new avenue for stroke therapies, as EV-based interventions had positive impacts 
on lesion volume and neurological score in preclinical stroke models. Interest in therapeutic EVs is expanding, 
with study numbers increasing yearly, therefore we expect that a clearer understanding of the most effective 
EVs and treatment regimens may soon come to light. 
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Introduction: Poly(2-hydroxyethyl methacrylate) (PHEMA) hydrogels are well-studied materials for tissue 
engineering due to their biocompatibility, controlled synthesis and their ability to tailor their physicochemical 
properties [1]. Gelatin methacrylate (GelMA) is a semisynthetic material that retains cell-recognition sites, 
undergoes enzymatic degradation, and has good mechanical properties [2]. Adipose-derived stem cell (ASCs) 
have shown potential in aiding the regeneration of peripheral nerves as their secretome influence axonal 
regeneration [3]. This work shows the synthesis and characterization of PHEMA-based hydrogels as platforms 
to study the influence of ASCs in nerve regeneration.  
 
Methods: Hydrogels based on HEMA, glycerol monomethacrylate (GMA) and GelMA were synthetized via 
redox-initiated free-radical polymerization and their mechanical properties were assessed using oscillatory 
rheology and swelling studies. The ability of ASCs to attach and proliferate was assessed, as well as their 
overall regenerative performance. 
 
Results: Homogeneous hydrogels with storage moduli in the range 8-12 MPa were prepared using initial water 
concentrations between 30-40 % w/w, with respect to monomer. Liquid uptakes up to 200 % were observed 
whilst bulk dimensionalities were maintained. The incorporation of GelMA resulted in stiffer hydrogels, when 
compared to those containing only HEMA and GMA. GelMA containing gels displayed sustained losses in 
mechanical properties after incubation in collagenase solution, showing a 5 MPa decrease in storage moduli 
and increases in their liquid uptake profile after 10 days. LIVE/DEAD and morphological assessments have 
shown potential for ASC maintenance. 
 
Discussion & Conclusions: These PHEMA-based hydrogels are ideal platforms for tissue engineering 
applications due to their ease of preparation and tailorable properties. In this work, hydrogels with mechanical 
properties in the range of 8-12 MPa have been shown to enhance the neurotrophic potential of ASCs [4]. The 
introduction of GelMA appears to be beneficial for nerve regeneration, as degradation of hydrogels is key for 
tissue regeneration applications [5]. The aforementioned hydrogels are envisioned to be used as synthetic 
platforms to investigate the role of ASCs in peripheral nerve regeneration and their suitability as artificial nerve 
conduits.  
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Introduction 
Emery-Dreifuss muscular dystrophy (EDMD) is a rare genetic disorder characterised by the early development 
of muscle contractures, progressive muscle weakness and heart abnormalities. Genetic mutations affecting 
nuclear envelope (NE) proteins, lamin A/C, emerin, nesprin-1/2, FHL1 and SUN1/SUN2, have each been 
identified in the development and causation of EDMD. Some extremely rare forms of congenital muscular 
dystrophy (CMD) have also been linked to mutations in lamin A/C and nesprin-1. Despite knowledge of which 
genes cause these diseases, it is not yet known why these proteins are so important for growing and 
maintaining healthy muscle. The aim of this study, therefore, was to characterise the expression patterns of 
EDMD-associated NE proteins during differentiation in myoblasts cells from healthy donors. 
 
Materials and Methods 
A 7-day time-course experiment was established in which immortalized myoblast cells from six healthy 
subjects (ranging from 5 days to 83 years old) were cultured in skeletal muscle cell growth medium 
supplemented with fetal bovine serum for three days. Differentiation was induced at 80-90% confluency by 
culturing in serum-free growth medium, and after a further four days of culture, the majority of cells had formed 
myotubes. 
 
Results and Discussion 
Quantitative western blot analysis of the cell extracts showed that emerin is consistently expressed in 
myoblasts but decreases in myotubes from all donors. In contrast, lamin A/C expression varied considerably 
between cell lines, with little consistency over the period of differentiation. Whilst emerin expression does not 
appear to be affected by the age of the donor, lamin A/C expression was dramatically reduced in the older cell 
lines. 
 
Emerin is known to be involved in activities that precede myogenic differentiation, having key roles in the 
regulation of myogenic signaling pathways that initiate myogenesis or that are important for proper 
differentiation.  This may be why the expression of the protein is elevated in myoblasts, and then reduced in 
myotubes when it may no longer be required. The decrease in lamin A/C expression in older cell lines suggests 
that lamin A/C expression is affected by age. In EDMD patients with already reduced levels of functional lamin 
A/C, this could cause symptoms to be exacerbated as the patient ages.   

 
Conclusions 
The data generated from this study has provided a valuable insight into the expression of lamin A/C and emerin 
in healthy muscle cells, and this will provide a baseline for future comparisons with muscle cells harboring 
lamin A/C or nesprin mutations. 
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Introduction 
Extracellular vesicles (EVs) are small, membrane bound particles that carry biological cargo, such as RNA, 
miRNAs and proteins, to act as communicators between cells in vivo (1). They can recapitulate the biological 
effects of their cell source, meaning EVs derived from mesenchymal stem cells (MSCs) can govern 
immunomodulation and exert anti-inflammatory properties. This removes concerns associated with cell 
therapy, such as cell clumping, proliferation, and senescent-induced genetic instabilities (2). The field of EV 
research is currently limited by an inability to generate enough EVs for therapies in a quick and reproducible 
manner. To overcome this problem, we propose a method in which we adapt a large-scale cell expansion 
system, Quantum® (Terumo BCT) to upscale the harvest of EV-concentrated media. This will be done under 
hypoxic conditions to replicate the natural environment of the bone marrow stem cell niche and enhance the 
immunomodulatory properties of the harvest (3). 
 
Materials and Methods 
1x107 MSCs derived from commercially sourced human bone marrow aspirates (Lonza) and previously seeded 
in complete hypoxia (5% O2) will be seeded onto the fibronectin-coated hollow fibers of the hypoxic-
preconditioned Quantum system. Once cells have undergone an expansion phase, indicated by lactate 
readings, extensive washing will take place to exchange the complete culture media containing 10% foetal 
bovine serum (FBS) with FBS-free media. This is to ensure the removal of FBS-derived EVs, which are a 
common source of contamination in EV research (4). MSCs will then be left for two 24-hour periods to generate 
two ~200ml batches of MSC-preconditioned media. For comparison, this will occur alongside a similar protocol 
which has been adapted for tissue culture. 
 
EV isolation will occur by two methods: differential ultracentrifugation (UC) and size exclusion chromatography 
(SEC). UC will occur by subsequent centrifugation of the media to remove dead cells, cell debris and larger 
particles to purify EVs, whilst SEC will occur by size-based sorting to generate an EV-rich fraction. This will 
allow the comparison of two isolation procedures, since EV research has yet to claim a ‘gold standard’ for EV 
isolation (4). Following isolation, EVs will be analysed using Tunable Resistive Pulse Sensing (IZON) to 
determine concentration and size distribution, NanoFCM (NanoFCM Co) to characterize EV-specific protein 
markers and visualized using transmission electron microscopy. 
  
Results and Discussion 
As well as achieving the large-scale expansion of MSC-derived EVs, the purpose of this work is two-fold; first 
we aim to determine the effect of bioreactor expansion of EV characteristics, such as yield, concentration, size 
distribution and representative EV populations, due to the knowledge that bioreactor expansion can impact 
cell characteristics. Second, we aim to utilise the knowledge that hypoxic conditions encourages the packaging 
of biological cargo to encourage immunomodulation. This will allow us to identify miRNA targets associated 
with immunomodulation for future research. We will also explore how isolation method has similarly impacted 
these factors. 
 
Conclusions 
We aim to achieve the large-scale expansion of hypoxic-preconditioned MSC-derived EVs for research and 
therapeutic use. Furthermore, we will determine how our methods are impacting the characteristics of the 
resulting EV population, in relation to cellular impacts. 
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Introduction: 
 
Exosomes are a subpopulation of extracellular vesicles measuring between 30-120nm in size. They 
encapsulate genetic material and protein cargo within a lipid bilayer, and play an important role in cell-cell 
communication. They are also considered as nanoscale fingerprints of their derivative parent cells. In this 
project exosome production from mesenchymal stem cells (MSCs) will be produced and tested. Their size and 
composition make them ideal candidates as versatile cell free therapeutics. They are able to evade 
immunorecognition, maintain stability and potency in vivo, home to target sites and can pass through the blood-
brain barrier. Nonetheless, there are manufacturing challenges. Primarily, due to their distinctively small size, 
they are challenging to isolate, extract, purify and characterise with current available technology. Therefore, 
the aim of this project will be to address manufacturing of therapeutic exosomes at clinically relevant scales, 
adhering to manufacturing guidelines.  
 
Materials and Methods: 
 
In order to scale up the production of MSCs and consequently their secreted exosomes, we are advancing 
towards expansion of cells on high surface area-volume ratio microcarriers in agitated conditions. Thus, initial 
microcarrier screening studies have been undertaken to decipher which microcarriers support MSC expansion. 
MSC expansion on monolayers of microcarriers in 96 well plates was examined as a function of microcarrier 
aggregation; and was analysed using an Incucyte plate reader over 7 days. On day 7 a CCK-8 assay was 
performed to determine cell viability.  
 
Results and Discussion: 
 
Generally, there was a positive cellular response when expanding 3 lines of MSCs on microcarriers with greater 
cell viability than MSCs grown on a flat plastic surface over three seeding densities. HILLEX-2 and STAR-
PLUS microcarriers depicted the lowest cell viability.  
 
Conclusions: 
 
MSCs appear to be well supported on all microcarriers, but with reduced viability from HILLEX-2 and STAR-
PLUS, thus these would not be the best option for use in spinner flasks. In terms of attachment to and 
bridging between microcarriers, MSCs appear to have an affinity towards Plastic and Plastic Plus 
microcarriers. The next step will involve promoting selected microcarriers to spinner flask experiments as a 
means to examine whether high cell viability is conserved in agitated conditions. 
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Introduction  
The development of small-diameter vasculature remains a key challenge in Tissue Engineering. Over the last 
two decades, strides have been made on the biofabrication of vessel mimics with similar biophysical 
characteristics to those of mammalian vasculature. However, with only modest success, these vessels lack 
remodelling/regenerative capacity. This study aims to use induced pluripotent stem cells (iPSCs) and 
functionalised biomaterials to produce patient-specific bioengineered vessels.  
 
Materials and Methods 
Human iPSCs were maintained in Essential 8 medium. SB431542, a TGF-β1 inhibitor, was used for 
mesenchymal stem cell (MSC) differentiation from iPSCs. Human bone marrow MSCs (hBM-MSCs) were 
differentiated into vascular smooth muscle cells (VSMCs) via platelet-derived growth factor (PDGF)-BB and 
transforming growth factor beta 1 (TGF-β1) supplementation. Vascular scaffold was produced using 
electrospinning of poly-L-lactide (PLLA) and coated with silk fibroin. MSCs were grown on the scaffold to 
evaluate the biocompatibility of the materials. Gene expression was determined using qRT-PCR, and cell-
specific marker proteins were detected using immunofluorescent staining and flow cytometry.  
 
Results  
During the 30 days differentiation, the human iPSCs gradually gained a fibroblast-like morphology, had 
increased expressions of MSC marker genes CD73, CD90 and CD105. The decrease of pluripotent markers 
OCT4, SOX2 and TRA-1-81 was also observed. Further characterisations of the iPSC-MSCs are underway. 
Meanwhile, hBM-MSCs were successfully differentiating into VSMCs during a 9-day culture in PGDF-BB and 
TGF-β1 supplemented medium. The MSC-VSMCs express SMC marker genes of -SMA and CNN1. The 
PLLA-silk fibroin scaffold produced via electrospinning was compatible for MSCs adhesion and supports cell 
proliferation during the 7 day culture period. The MSCs growing on the scaffold maintained MSC specific 
marker gene expression. Ongoing work is to functionalise the scaffold with the specific growth factors to 
support in-situ vascular cell differentiation.  
 
Discussion/Conclusion  
An optimized protocol for MSC to SMC differentiation was established using PDGF-BB and TGF-β1 as 
stimulants. Also, the SB431542 supplementation protocol demonstrated to be efficient at deriving MSCs from 
hiPSCs. While only preliminary work has been conducted on electrospun scaffold strategies, promising results 
have shown their biocompatibility after 7 days in culture. Future work will concentrate on the coating and 
release of growth factors from these scaffolds to promote SMC differentiation in situ on the human iPSC 
derived MSCs. 
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Introduction   
Following severe mechanical or microbial insult to the cornea, the destructive acute inflammatory phase can 
activate the transformation of keratocytes to scar-forming fibroblasts, causing significant corneal opacity. 
Although blindness can be reversed with corneal transplant, excessive inflammation can lead to surgery 
waiting times of up to 18 months. Corneal stromal mesenchymal stem cells (C-MSCs) 
have previously been identified to possess potent anti-inflammatory properties [1], and their incorporation 
into a regenerative medicine therapy could provide an effective treatment to combat acute inflammation and 
reduce the wait for surgery. The exterior anatomical location of the cornea is also 
ideal for topical cell delivery. To ensure success in terms of clinical translation, a thorough understanding of 
any phenotypic or genotypic changes over cell passages is required, in addition to assessment of their 
survival, behaviour and anti-inflammatory response when placed in a microenvironment as toxic as an injured 
ocular surface.  
  
Methods   
C-MSCs were isolated from human corneoscleral rims. To identify changes in C-MSCs over passages, flow 
cytometry and immunocytochemistry were utilised for phenotypic analysis, PrestoBlue assays for cell 
viability, RT-PCR for genotypic assessment and growth behaviour was calculated. An in vitro inflammatory 
environment was created by incorporating inflammatory factors into the medium. Cell response was analysed 
through flow cytometry, immunocytochemistry, ELISAs, and Live/Dead, PrestoBlue and cytotoxicity assays.  
  
Results & Discussion   
C-MSCs maintained an MSC phenotype from passage 4 to 10, with no significant difference in MSC marker or 
gene expression, viability or growth rates, indicating a freedom for use in a 
therapy. Inflammatory cocktail addition reduced cell survival, however remaining C-MSCs demonstrated 
increased anti-inflammatory potency and eluded to a more homologous population. These results provide 
insight into C-MSC response following topical application to an injured ocular surface, and the potential benefits 
of pre-treating the cells to augment therapeutic capacity with increased regulation.      
  
Conclusion   
Here we present initial steps into the use of C-MSCs in a topical cell therapy for ocular surface disorders, 
demonstrating the maintenance of C-MSC phenotype and genotype over time, the increased anti-
inflammatory potency of C-MSCs when treated with inflammatory factors, and the potential formation of a 
more homologous population. These results provide an insight into the development of a C-MSC therapy with 
increased potency and greater scope for regulation.   
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Substantial growth in recent years has brought increasing demand for efficient and cost-effective solutions to 
manufacturing cell and gene therapies. With over 127 clinical trials underway in the UK last year, successful 
outcomes followed by therapeutic product approval drive the rising popularity of gene therapies to become 
an effective tool in molecular medicine. Despite this, there are still many challenges to product development, 
including the scalability of the bioprocess and translating laboratory research into viable clinical applications. 
Current cell expansion requires skilled personnel to perform labour and time intensive processes. For most 
potential therapeutic applications, these processes lack the required reproducibility and standardisation for 
scalable regulatory and commercial compliant production. 
 
 
This research aims to improve current lentiviral manufacturing processes by developing a standardised 
methodology on units of manufacture relevant for scalable clinical translation. One avenue to achieve this is 
by increasing the reproducible achievable scale of production host cell yield and lentivirus titre. Investigating 
set seeding densities for two of the most commonly used viral production cell lines in gene therapy 
manufacture, HEK293 and HEK293T, led to stable growth, routine passages and reproducible cell yield and 
cell health outputs. This included set culture periods, consistent harvest densities, fold expansions and 
population doublings that were maintained over long culture periods. Thereby creating a more predictable 
and reliable process for the unit of manufacturing production cells for viral infection which could be applied to 
vector production for gene therapy, CAR-T cell therapy and COVID-19 vaccine development. 
 
 
Further avenues being explored included standardising the transfection process itself, with the aim of reducing 
the variability between available processes and increasing overall Lentiviral transfection outputs. 
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Introduction 
Recently, protocols to differentiate human embryonic stem cells (hESCs) into the chondrogenic lineage have 
been established [1]. However, generating three-dimensional (3D) articular cartilage tissue from hESCs for 
regenerative therapies or in vitro tissue modelling is still challenging. This work aims to use a biomimetic cell-
laden hydrogel to provide a suitable microenvironment for hESC differentiation, in combination with a 
thermoplastic 3D scaffold with adequate mechanical properties to withstand physiological loading. This study 
reports the evaluation of alginate-based hydrogels for hESC chondrogenic differentiation, and L-Leucine based 
Poly(ester urea) (PEU) scaffolds for human chondrocyte culture. 
 
Methods 
hESCs were differentiated into the chondrogenic lineage using a 2D multi-step protocol. Then, hESC-derived 
chondroprogenitors were encapsulated in alginate or alginate/type-I collagen hydrogels for up to 14 days. Cell 
viability was evaluated using a live/dead assay and phenotype was characterised by qRT-PCR. 
Then, the ability of PEU scaffolds to support chondrogenesis was evaluated. Scaffolds were fabricated using 
a screw-assisted extrusion system (3D Discovery bioprinter, RegenHU) and characterized using scanning 
electron microscopy, nanoindentation, compression tests, and water contact angle. Chondrocyte (TC28A2) 

response was evaluated by metabolic activity and gene expression after 7, 14, and 21 days. Poly(-
caprolactone) (PCL) scaffolds with similar pore size and geometry were used as controls.  
 
Results and Discussion 
Loss of hESC pluripotency with differentiation into the chondrogenic lineage was verified by changes in cell 
morphology, loss of expression of pluripotency marker OCT4, and increased expression of chondrogenic 
markers SOX9, SOX5, and COL2A1 during 2D differentiation. Further culture in 3D alginate-based hydrogels 
for 14 days resulted in high levels of cell viability and increased expression of chondrogenic makers. 
PEU scaffolds had lower nanoindentation hardness, compressive modulus and were more hydrophilic than 
PCL counterparts. Human chondrocytes cultured on PEU exhibited increased metabolic activity, expression 
of chondrogenic markers ACAN and COL2A1 and lower expression of COL1A1, suggesting a more 
chondrogenic phenotype. 
 
Conclusions 
These findings suggest that alginate-based hydrogels are suitable 3D systems to promote chondrogenesis 
from hESCs. Similarly, PEUs were able to support the phenotype of human chondrocytes in culture and 
identified as promising new materials for articular cartilage tissue engineering. The combination of these two 
components could be applied to generate a 3D bioprinted hybrid construct for articular cartilage tissue 
engineering. 
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Background and objectives  

The cell-autonomous circadian clock matches our physiology to the solar day and is a fundamental pathway 

for tissue homeostasis. Loss of the circadian clock in murine cartilage is associated with accelerated aging 

phenotypes, specifically, degradation of articular cartilage. It is currently unknown when and how the circadian 

clock is first activated during development. Differentiation of human embryonic stem cells (he SC’s) toward a 

chondrogenic lineage provides an in vitro model as a proxy for development to investigate the initiation and 

function of the circadian clock. The aim of this study is to identify when and how the circadian clock is activated 

during differentiation of hESCs to a chondrogenic lineage. In addition, can thermal modulation of the circadian 

clock improve chondrogenic marker gene expression and improve the extracellular matrix produced by 3D 

chondrogenic cultures. The data from these experiments may provide the theoretical basis for future clinical 

trials of chronotherapies in the treatment of arthritis.    

Methods 

hESC lines were differentiated towards a chondrogenic lineage for 11 days in 2D and 10 days in 3D pellet 

culture. Cells were transduced with BMAL1::luc transcriptional reporter before bioluminescence imaging using 

Alligator and LV200 systems. Cells were also analysed for expression of clock genes, loss of pluripotency, 

markers of developmental stage and chondrogenic lineage by RT-QPCR.  The 3D chondrogenic pellets were 

assessed histologically for matrix composition and circadian clock protein expression.  

Results 

We find that hESCs lack 24-hour transcriptional rhythms of core clock genes. We also report that after 21 days 

of chondrogenic differentiation key chondrogenic genes are upregulated and the circadian clock is activated. 

Additionally, both BMAL1 and CLOCK proteins are expressed in hESC’s. 3D pellet cultures display architecture 

consistent with cartilage.   

Conclusions  

These data suggest that this chondrogenic model displays transcriptional rhythm after 21 days of 
differentiation.  Key circadian clock genes are expressed in hESCs and throughout differentiation. Future work 
will investigate mechanisms of activation through RNA-seq and assess the impact of chemical and thermal 
modulation of circadian rhythm on pellet composition and structure. 
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Introduction  
Osteoarthritis is the most widespread degenerative condition of joint cartilage that can ultimately lead to joint 
failure. Drug therapies are incapable of providing tissue restoration, and joint replacements are required in 
the most severe cases. Our group established protocols for the differentiation of human embryonic 
pluripotent stem cells (hESCs) to chondrocytes and osteoblasts[1]. However, efficiency of our protocol is 
affected by heterogeneous sub populations formed during the differentiation of hESCs. The identification of 
progenitor skeletal stem cells and the use of cell sorting techniques may lead to the isolation of a purified 
homogeneous intermediate cell population capable of better differentiation to osteochondral tissue. 
Expression of Podoplanin (PDPN), Sialomucin (CD164) and lack of expression of CD73 and CD146 have 
been reported to identify a unipotent human skeletal stem cell population capable to undergo 
chondrogenesis[2]. We want to combine this with a commercial cell surface array, Miltenyi MACS® Marker-
Screen (MACS), to evaluate cell surface epitopes useful for chondrogenic and osteogenic selection.  
 
Methods  
hESCs were differentiated into chondroprogenitors following the embryonic developmental pathway: from the 
primitive-streak across the lateral mesoderm and then through the limb bud lineage. Chondrogenic quality-
output was assessed by qRT-PCR. The presence of the markers of interest was evaluated by flow cytometry 
and immunostaining at different stages of the differentiation protocol.  
 
Results  
In our protocol, all the cells expressed PDPN in the undifferentiated hESCs and at all stages of the 
differentiating protocol. CD164 was expressed with lower intensity in undifferentiated hESCs and its 
expression intensified in all cells during the differentiation. Expression of CD146 intensified during the 
differentiation. CD73 expressions was absent at all stages.  
 
Discussion & Conclusions  
The expression of published skeletal stem cell markers does not allow discrimination of chondroprogenitors 
from hESCs or other off-target cell types to implement a cell sorting strategy. Therefore, additional surface 
markers are needed. We will screen our cells at different stages of differentiation for 371 different surface 
markers in order to identify alternative makers which will allow identification of a skeletal progenitor stem cell 
population. Undifferentiated and differentiating cells will be labelled with different tracing dyes allowing 
simultaneous measurement of multiple populations by flow cytometry. Once the progenitor population has 
been identified, differentiation in sorted versus unsorted cell populations will be tested.  
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Introduction 
To investigate underlying mechanisms of blood-brain barrier (BBB) and vascular dysfunction there is a need 
to replicate the BBB-3D architecture in vitro; replicating biophysical and biochemical interactions between cells 
types and the extracellular matrix (ECM). In this study collagen hydrogel and Matrigel matrices are used as a 
platform for modelling a functional 3D-BBB, with interactions between a brain microvascular endothelial cell 
(BMEC) monolayer and a neuron-rich 3D component, using cell types derived from human induced pluripotent 
stem cells (iPSCs), to produce a clinically relevant 3D-BBB model.  
 
Materials and Methods 
Neurons were encapsulated into collagen hydrogels at day-40 of differentiation and BMECs were seeded on 
top of the neuron-laden hydrogel at day-8 of differentiation (neuron D-60). BBB-BMEC monolayer functionality, 
with and without neurons encapsulated in the collagen hydrogel, was determined using trans-endothelial 
electrical resistance (TEER) and sodium fluorescein permeability assays, along with immunostaining for tight 
junction (TJ) protein expression. ECM based protein coating of tissue culture surfaces was optimised for BBB 
phenotype using collagen IV and fibronectin (Col-Fn) and Matrigel.  
 
Results 
Comparison of BMECs grown on Col-Fn or Matrigel showed no significant difference in permeability, or TJ 
protein localisation and expression. Co-culture of neurons with BMECs significantly decreased the permeability 
of the BBB-BMEC monolayer.  
 
Conclusions 
The developed human 3D-BBB model allows for biophysical and biochemical interactions between neurons 
and BMECs, whilst replicating the physical properties of the brain with highly functional BBB phenotype. 
Further work will utilise the reverse engineering capability of this model to investigate disease mechanisms in 
dementia. 
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Introduction 
 
Treatment of solid cancers is limited by ineffective penetration of chemotherapeutic drugs, as well as low 
efficacy observed in the clinic1. The tumour microenvironment (TME) is responsible for this, as it provides 
physical and chemical barriers preventing drugs entering the tumour mass. The TME is a diverse and 
complex interplay between many different cell types and networks, such as extracellular matrix (ECM), 
vasculature and immune cells. However, the majority of in vitro models used in cancer research fail to 
recapitulate the TME and as such, do not accurately represent the disease in question. Self-assembling 
peptide hydrogels (SAPH) are a class of biomaterials gaining popularity in tissue engineering, due to their 
synthetic design, biocompatibility and ability to host a variety of different cell types2, 3. The work presented 
herein aims to validate SAPH as a platform for in vitro modelling of cancer, replicating important features of 
the TME.  
 
Materials & Methods 
 
MCF-7 and MDA-MB-231 cancer cells were encapsulated within PeptiGelAlpha1 (Manchester BioGEL, UK) 
for up to 14 days in culture. Cell viability and proliferation were assessed at days 1, 4, 7 and 14 using 
LIVE/DEAD staining, Ki67 staining and PicoGreen analysis. Histological sectioning and staining was used to 
observe cell growth and distribution within the hydrogel as well as detect markers of epithelial to 
mesenchymal transition (EMT) and hypoxia. Transmission electron microscopy (TEM) was used to observe 
cell-material interactions. Confocal imaging and 3D rendering were used to observe distribution and 
penetration of 5, 10, 50 and 100 µM doxorubicin into the hydrogel after 24 hours.  
 
Results and Discussion 
 
We show that PeptiGelAlpha1 is able to support the viability and proliferation of cancer cell lines MCF-7 and 
MDA-MB-231, representing early stage and metastatic breast cancer respectively. MCF-7 cells tend to form 
tightly formed spheroids within the hydrogel over time, resembling solid tumour masses. On the other hand, 
MDA-MB-231 cells prefer to remain dispersed. Key features of solid tumours, such as ECM remodeling and 
hypoxia are present within the SAPH system. TEM imaging shows that MCF-7 cell are internalizing the 
hydrogel, highlighting a novel method of introducing drugs intracellularly in vitro. Diffusion of doxorubicin into 
SAPH is reduced when compared with tissue culture plastic, confirming that SAPH can act as a physical 
barrier to anti-cancer drugs.  
 
Conclusions 
 
In conclusion, these data support the use of SAPH for in vitro modelling of solid tumours and potentially to 
test anti-cancer drugs.  
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BIOPRINTING THE MULTISCALE EXTRACELLULAR MATRIX ENVIRONMENT FOR ARTICULAR 

CARTILAGE REPAIR 

Sophia Reed 
 
 
Articular cartilage (AC) defects are one of the major causes of immobility and poor quality of life for millions of 

individuals worldwide. Current medical therapies have proven to be insufficient for the long-term regeneration 

of AC defects. Alternatively, the integration of 3D bioprinting in the field of tissue engineering (TE) opens the 

possibility of generating complex 3D AC implants via the precise spatial deposition of multiple cells and 

biomaterials. Despite providing an adequate mechanical support for adhering cells, these constructs have 

largely failed in mimicking the native extracellular matrix (ECM) microenvironment. The ECM, dominated by 

collagen proteins, is a complex 3D microenvironment with specific biophysical and chemical properties 

responsible for coordinating intracellular signalling and triggering downstream biological responses that 

regulate cell function. Whilst significant advances have been made in the development of scaffolds capable of 

mimicking the zonal macro-organisation of AC tissues, little attention has been dedicated to replicating the 

nano-structure organisation of collagen fibrils in vitro.  

Cellulose, the plant analogue of collagen, has shown promise when integrated into hydrogel constructs in 

improving the mechanical properties of the structure. Interestingly, when broken down into its crystalline 

building blocks to generate nanocellulose (NC), the cellulose nanocrystals can self-assemble in much similar 

ways to plant architecture. 

By applying pre-existing 2D protocols for NC fibre self-assembly and alignment, we aim to further explore the 

use of NC as a structural directing agent for collagen fibres in 3D polymeric hydrogels loaded with pluripotent 

stem cells (PSCs). The influence of the nanoscale physical template on the cellular responses and 

differentiation of PSCs to chondrogenic lineages will be investigated, as well as its effect on the biomechanical 

performance of the implant. By mimicking the multi-scale organization of native AC, we expect to engineer 

tissue constructs with enhanced chondrogenic activity and biomechanical performance for both regeneration 

and disease modelling purposes. 
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Introduction  
Prolonged air leaks (PAL) as a consequence to underlying lung pathology and surgical interventions (lung 
resection and lung volume reduction) are a source of patient morbidity and mortality, with a clinical incidence 
of 8%-26%. PALs, characterised by unresolved air leaks for more than 5 days, are associated with prolonged 
chest tube duration, secondary pulmonary and pleural complications, and extended length of stay (LOS) in 
hospitals. Current clinical management for PALs vary in efficiency and rely on conservative approaches 
through chest tube drainage and pleurodesis. Intra-operative measures include surgical procedures such as 
pneumoperitoneum, pleural tenting and buttressing suture lines or the use of biological and synthetic sealants. 
Tissue engineered pleural patches could be a regenerative medicine based therapeutic alternative, obliterating 
the compromised pleural space resolving air leaks, and restoring normal pleural structure and function by 
harnessing the inherent regenerative potential of the host.  
 
Pleural membrane (PM) decellularisation offers a novel approach to scaffold fabrication with the biologically 
derived scaffold retaining the native microarchitecture, extracellular matrix composition, mechanical properties, 
and bioactivity of the pleural membrane. The added advantage to the process is the reduced risk of immune 
intolerance in the host with the removal of nuclear and cellular (antigenic) material. Decellularisation protocols 
involve a combination of physical, enzymatic, and chemical methods to initiate membrane disruption and 
removal of cellular material, with minimum alterations to the native ECM composition and ultrastructure. The 
objective of the study was to develop a reliable decellularisation and characterisation regime for porcine 
sourced pleural membranes.  
 
Materials and methods 
PM excised from freshly sourced pig lungs were subjected to a decellularisation process initiated by repeated 
freeze-thaw cycles (-800C/ room temperature) followed by treatment with a decellularisation buffer (1% Triton 
X-100 and 0.5% sodium deoxycholate) for 48hours. The derived decellularised PM were characterised against 
native PM as control, through histology staining and quantification, nuclear DNA integrity evaluation (DAPI), 
PM thickness estimation and mechanical testing.  
 
Results  
H&E staining confirmed the absence of nuclei in the decellularized PM, suggesting removal of cellular and 
nuclear material. Structural organization and alignment of the treated membranes were comparable to the 
native PM. Alcian blue staining (for sulphated glycosaminoglycans) and Picosirius red staining (for collagen) 
indicated retention of the native membrane composition and structure with no obvious alterations following on 
from decellularisation. Quantification of DAPI stained nuclei indicated a significant absence of nuclei in the 
decellularized PM in comparison to the native PM (p<0.0001). Average membrane thickness of the 
decellularized PM was 218 ± 67µm as opposed to native PM measured at 145 ± 33µm (p=0.00004). 
Mechanical characterisation determined the average Young’s modulus of native and decellularized PM with 
no significant difference, at values of 828.44 ± 177 kPa and 804.08 ± 670.49 kPa, respectively.  
 
Conclusion  
Histological and mechanical evaluation of decellularized PM indicates the development of a potential strategy 
to decellularize PM with minimal disruption to native structure, composition, alignment, and mechanical 
characteristics. This represents a step forward towards providing a clinical alternative to current sub-optimal 
therapeutic approaches to resolving PALs. 
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Introduction 
This project will establish a novel in vitro model of the human airway. Such a model would provide valuable 
insight into both the native biology and pathophysiology of the human airway and, as such, this project will 
focus on asthma. 
Human airway smooth muscle cells (hASMCs) and human airway epithelial cells (hAECs) will be co-cultured 
on either side of a gelatin-methacrylate (Gel-MA) scaffold. This scaffold will be formed into an airway-like tube 
exposing the hAECs to an air-liquid interface (ALI) at the lumen whilst maintaining contact with the hASMCs. 
A bespoke bioreactor will be utilized to culture the ‘engineered airway’ for several weeks until it reaches a few 
centimeters in size. This system will provide a tool to study drug delivery across the membrane and altered air 
composition within the lumen.  
 
Results and Discussion 
Initially this project will focus on hASMCs and hAECs interactions with the Gel-MA scaffold. Previous work 
within this group has generated Gel-MA hydrogels with stiffnesses closely resembling that of non-asthmatic 
and asthmatic airways. Further to this, the stiffer (asthmatic-like) gels can cause primary non-asthmatic 
hASMCs to exhibit an asthma-like phenotype. Building on this work hASMC and hAEC interactions with 
different scaffold preparation methods (including hydrogel formation, electrospinning and 3D printing) will be 
assessed for native-like histology. This work is helped by our ability to produce Gel-MA cheaper and in greater 
quantities than is commercially available. 
Next a bi-layer co-culture of the hASMCs and hAECs upon the selected scaffold (or composite scaffold) in ALI 
conditions will be optimized for both ‘asthmatic’ and ‘non-asthmatic’ conditions. Key features of these 
‘engineered airway tissues’ will be tuned to resemble the native tissue. Cell morphology and orientation as well 
as expression of markers such as epithelial cell adhesion molecules, smooth muscle alpha actin and MUC5AC 
will be taken into consideration.  
Later stages of this project will develop a robust protocol to roll the ‘engineered airway tissue’ on an automated 
mandrel to produce a 3D tubular engineered airway. Finally, this engineered airway will be mounted within a 
bespoke bioreactor. The bioreactor, designed by Dr Ramis, will be optimized using pig bronchial collected from 
abattoirs. Protocols will be developed to maintain the engineered airway housed within the bioreactor for up to 
two weeks. 
 
Conclusions 
This project will develop a novel, clinically relevant model of the human airway housed within a bespoke 
bioreactor able to be maintained in culture for up to two weeks. The scaffolds within this model may be ‘tuned’ 
for non-/asthmatic-like phenotypes. A key feature of this model is the exposure of hAECs to an ALI at the 
lumen. This allows for the investigation of both drug uptake across the membrane and effects of altered air 
composition at the lumen. 
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Introduction 
In a society with a rapidly increasing aging population the direct link between age and neurological diseases 
predicts a significant burden economically and societally in the near future. Microfabricated devices have 
facilitated the development of highly controlled neuronal models using primary rodent tissue sources for 
investigating both disease and pharmaceutical approaches. Concerns regarding the validity and reliability of 
animal sources drives the need for an effective model using human cells. We have previously presented a 
designer in vitro model of the basal ganglia, connecting many rodent neuronal sub-types to recreate a regional 
specific artificial brain-on-a-chip.[1] Here we present data exploring the media impact on SH-SY5Y neuronal 
phenotype morphology and functional activity. These will be cultured within microfluidic devices to connect into 
designer circuits, with integrated multielectrode arrays (MEA) for in situ and long-term activity monitoring. 
These devices will provide a means to assess neural function, dysfunction and act as a testbed for rapid 
screening of, e.g. future stem cell and pharmaceutical treatments.  
 
Materials and Methods 

SH‑SY5Ys neuroblastoma cells (ATCC) were expanded and maintained in growth media (GM) consisting of 

Dulbecco's Modified Eagle's Medium (DMEM) Glutamax (Glibco) supplemented with penicillin/streptomycin 
(PS) and fetal bovine serum (FBS). SH-SY5Ys were differentiated in GM with 10 ng/ml nerve growth factor 
(NGF), 10 ng/ml brain-derived neurotrophic factor (BDNF), 10 uM retinoic acid (RA), BDNF, NGF, or BDNF, 
NGF in the absence or presence of RA. Serum was removed on day 8 and replaced on day 15. Cells were 
seeded at 1300 cells/cm2 in 6 well plates or multielectrode array (MEA) and 200-400k cells in devices. All 
surfaces were coated with poly-D-lysine (PDL) prior to seeding. MEA recordings were taken before cell media 
changes every other day with a Multichannel Systems 2100, with analysis performed in Multisystem Analyser. 
Electrical signals considered spikes in activity were those who exceeded a threshold of 300% of the root-mean 
square of all signals generated. Microfabricated devices were created by photolithographic patterning of SU8 
onto a silicon wafer and treated in HDMS, being inversely replicated in PDMS. 
 
Results 
A combination of 10 ng/ml of NGF and 10 ng/ml of BDNF manipulated the phenotype of SH-SY5Y into a more 
appropriate circuit morphology of longer neurites with limited branching neurons when compared to other 
differentiation protocols. Despite this SH-SY5Ys cultured in this differentiation media failed to extend neurites 
through 5 mm wide channels. MEA recordings of the differentiated SH-SY5Y cells have suggested promising 
synchronicity after only 2 days in culture. A maximum in electrophysiological activity was observed at day 9 for 
control samples whereas this was observed at day 5 in differentiation media. This corresponds to the observed 
changes in morphology of these cells suggesting control over differentiation steering functional activity. 
Changes in spike shapes were also observed across the culture time. 
 
Discussion 
Differentiation media changes were found to impart control over SH-SY5Y morphology and 
electrophysiological activity. Early establishment of differentiation into active neurons was observed, whilst 
also promoting prolonged elongation and unbranched phase of differentiation. Both BDNF and NGF are 
frequently used in the literature to drive neuronal differentiation but naive SH-SY5Y do not express the BDNF 
receptor Trk-B suggesting an alternative pathway [2]. Data obtained from MEA demonstrated not only early 
established activity, but a synchronicity across the neuronal network, which again supports protocol 
development for human specific in vitro neuronal models. By speeding up the development of active neurons, 
these will be critical in establishing brain-on-a-chip models. 
 
Conclusions 
Data suggests growth factor supplementation can be used to support early development of neuronal networks, 
with these connecting well via prolonged extension and branching of neurites. Although currently the neurite 
length is not currently allowing connectivity via microchannel designs, this work lays the foundation for the 
creation of a human specific in vitro neuronal model which is active earlier than other neuronal cell sources. 
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Introduction: Retinal degenerative diseases are a leading cause of vision impairment worldwide. Regardless 
of the initial cause of degeneration, the majority of diseases result in a loss of photoreceptor cells, often 
resulting in vision loss. Due to the inherent lack of regenerative capacity of the mammalian retina, diverse 
therapeutic concepts are currently being investigated. Cell transplantation approaches for the replacement of 
lost photoreceptors is a major goal in the research community and has been investigated for the last 3 decades. 
Recent advantages in 3D culture technology have enabled the generation of in vitro stratified retinal organoids 
(RO) in an endogenous manner that mimics the native tissue spatiotemporal development. RO technology has 
revolutionized the field, not only in providing advanced in vitro research models but also, enabling the 
generation of clinically relevant numbers of retinal cells for transplant therapies for the first time. Here, we 
report optimised culture of RO. 
 
Materials and Methods: Murine ESC E14TG2a cells were maintained as previously described (Homma et 
al., 2013) and differentiated into 3D RO based in Eiraku and Sasai’s (2012) protocol with minor modifications. 
Briefly ESC E14TG2a growing colonies were dissociated with 0.25% trypsin-EDTA and resuspended  in retinal 
differentiation medium (GMEM, 1.5% KSR, 0.1mM nonessential amino acids, 1 mM pyruvate, and 0.1 mM 
2-mercaptoethanol) supplemented with 0.1 μM AGN193109 in Sigmacote® coated 24-well plates incubated 
at 37oC under 5% CO2, 20% O2. Matrigel, 2% (vol/vol) was added at day 5. On day 10, the aggregates were 
transferred into retinal maturation medium 1 (DMEM/F12 medium supplemented with 1% N2 and 1% 
penicillin/streptomycin). On day 14, media was changed to retinal maturation medium 2 (DMEM/F12 
medium,1% N2, 10% FBS and 1%penicillin/streptomycin), supplemented with 1 mM L-taurine and 0.5 μM all-
trans retinoic acid (media changed on day 16). From day 18 media is supplemented with 1 mM L-taurine only. 
Phase contrast images were taken throughout culture period and analysed using ImageJ and OriginLab.  
 
Results: Growth from individual isolated cells was observed after seeding, producing hundreds of small cell 
clusters during the first 5 days of the process (~ 0.005 mm2), which resulted in 1-2 organoids of sizes up to 
2 mm2 by day 17. In the absence of Matrigel, the cells were not able to fuse and grow into developed organoids. 
 
Discussion: The preliminary results indicate that the customised protocol was successful in generating RO 
from murine ESC by day 17. Furthermore, we have demonstrated how the addition of Matrigel into the culture 
is crucial for the optimal development of the organoids, as equivalent protocols without Matrigel fail to generate 
the desired large, clearly defined cell aggregates. Despite the revolutionary role that 3D RO technologies have 
in the field of ocular sciences, they still present some limitations. These include the lack of a vascular system 
or incomplete cell maturation. It is foreseen that these can be addressed using lab-on-a-chip emerging 
technologies to create an in vitro retina. Such systems have the potential of quantifying biological processes 
at a single cell level and with high temporal resolution (Neto et al. 2016). Future work will require 
immunohistochemical analysis, to determine the degree of development of the organoids and the retinal 
lineage of the cells; we will also investigate the spatio-temporal development and organisation of these cells. 
After design and construction of a microfluidic chip, RO-derived cells will be sorted by MACS and cultured in 
the device. 
 
Conclusions: In this study we demonstrate that our customised protocol has worked successfully for the 
generation of 3D RO. The study has also highlighted the crucial role that Matrigel plays in the success of 
organoid development. Importantly, retina-on-a-chip platforms could address if RO-derived cells have the 
capacity to connect with each other and form functional networks, which has not been yet irrefutably proven 
with other methods. Retina-on-a-chip devices will serve as a reliable, controllable, reproducible and 
inexpensive research model. From the best of our knowledge, this is the first time the combination of RO and 
microfluidics technologies have been researched into the generation of a functional retina-on-a-chip device 
which would serve as the next generation diagnosis and research platform.  
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Introduction  
Osteoarthritis (OA) is a painful and debilitating condition and is one of the leading causes of pain in Western 
society. OA is characterised by the degradation of articular cartilage, inflammation of the joint synovium and 
remodelling of the subchondral bone. OA patients are frequently prescribed pain medication which casts a 
significant financial burden on healthcare services1 and traditional surgical interventions (microfracture, ACI, 
MACI, corticosteroid injection) offer positive effects in the short term, but often require repeat surgeries and 
have considerably long recovery times (MACI)2. OA is a whole joint disease affecting multiple tissue types 
(articular cartilage, subchondral bone, joint synovium) which offers multiple therapeutic targets but makes 
treatment complex. Engineering immunomodulatory biomaterials to target macrophage polarisation may be 
able to re-shape the tissue environment in the osteoarthritic knee3, reducing inflammation and providing a 
supply of chondrogenic, osteogenic and angiogenic factors. M2 macrophage polarisation has been induced 
previously using IL-4, silicate ions, lithium ions and microtopography4–6. Three-dimensional (3D) printing 
enables the fabrication of tissue engineering scaffolds with precise control over architecture and porosity7. 3D 
printing may therefore be used to generate scaffolds which closely resemble the complicated architecture of 
mature osteochondral tissue and if combined with a formidable controlled release mechanism to influence the 
immune response, the treatment and wellbeing of osteoarthritis patients may be significantly improved and 
offer an alternative to total joint replacement and should only require a single surgery. 
 
Materials and Methods 
Extrusion 3D printing (thermal, solvent, gas), Scanning electron microscopy, Mechanical characterisation, UV 
photocrosslinking, Hydrogel swelling, Protein detection, Mammalian cell culture, ELISA, HPLC  
  
Results and Discussion 
Protein release strategies must use innovative ideas to avoid burst release and incomplete release of biological 
factors to allow predictable and efficacious controlled release. In addition to the macrophage, other cell types 
may also be targeted directly such as mesenchymal stromal cells if scaffold implantation is combined with 
microfracture. The stability and biological activity of the released protein must be considered when deciding 
the method of encapsulation, attachment and release of biological factors. Other types of biological factor may 
also be released such as inhibitors of TNF to reduce inflammation in the osteoarthritic knee. 
The layers of the osteochondral unit may be recapitulated using multiple materials combined into a composite 
scaffold as well as 3D printed zonal architecture to match the compressive modulus and cell alignment at each 
layer to that of the natural tissue. When choosing candidate materials, the bioactivity, cytotoxicity and 
biodegradability must also be considered so that scaffolds are not just mechanically robust but integrate into 
native tissue and do not have problematic effects on cell attachment and cell viability. 
 
Conclusions 
There is a clear clinical need for improvement in the treatment of osteoarthritis. 3D printing and the controlled 
release of biological factors may be combined to generate smart materials which reduce inflammation and 
stimulate regeneration of osteochondral tissue. If successful, OA patients will not longer frequent in hospital 
visits and may no longer rely on pain medication so heavily.   
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Introduction: Disease modelling using cardiomyocytes derived from hiPSCs (hiPSC-CMs) has been moving 
at a fast pace with advances in technology related to improved differentiation of hiPSCs to hiPSC-CMs, genetic 
engineering and tissue engineering of these cells. However, modelling of adult-onset heart muscle diseases, 
like arrhythmogenic right ventricular cardiomyopathy (ARVC), in vitro, is an example where such technologies 
have not been appreciated yet owing to the inherent limitations of hiPSC-CMs in terms of cellular immaturity, 
heterogeneity and technical challenges associated with genetic and cellular engineering. This project aims to 
explore these technologies for ultimately modelling ARVC. Preliminary studies here focused only on 
acquainting with basic cellular techniques. 
 
Materials and Methods: hiPSC line NCRM5 (NIH Centre for Regenerative Medicine line 5) was characterised 
using standard techniques to assess pluripotency, such as morphology analysis, growth kinetics and cell 
surface marker expression using TRA-1-60. hiPSCs were also differentiated into cardiomyocytes (hiPSC-CMs) 
using an in-house monolayer protocol. hiPSC-CMs were characterised for protein expression using 
immunofluorescence against the cardiac-specific sarcomeric proteins cardiac Troponin T (cTnT) and α-actinin. 
Their electrophysiological properties were also assessed using a multielectrode array (MEA) platform, called 
MED64. 
 
Results and Discussion: NCRM5 hiPSCs displayed characteristic features of pluripotency and were 
successfully differentiated into cardiomyocytes with high efficiency. In addition, the resulted hiPSC-CMs were 
positive for sarcomeric proteins, cTnT and α-actinin. hiPSC-CMs displayed spontaneous field potentials. These 
contributed to developing robust methods for characterising hiPSC models. 
 
Conclusions: With established protocols, we will aim to explore next the genetic amenity of hiPSC line to 
create ARVC mutations in isogenic background and recapitulate ARVC phenotype with optogenetic CRISPR 
stimulation. 
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Meniscal injuries are the most commonly recorded knee injury by orthopaedic clinicians, affecting over 1.5 

million people across Europe and the USA. Injury can greatly hinder knee joint articulation, reducing mobility 

and quality of life. Clinical intervention is required to alleviate associated pain and dysfunction, the current gold 

standard treatment is the removal of damaged tissue, meniscectomy. This procedure has short-term benefits 

in restoring temporary knee function, however, the removal of tissue leads to biomechanical instability. An 

increase in contact pressure induces degeneration and frequently results in the development of osteoarthritis. 

Tissue engineering (TE) strategies have emerged in response to a lack of viable treatments for meniscal 

pathologies. This promising avenue involves the combination of an engineered supporting scaffold with the 

incorporation of cells and growth factors to stimulate repair and regeneration of damaged meniscal tissue. To 

date, TE constructs fail to mimic both the structural and functional organisation of the native healthy meniscus 

whilst promoting the deposition of new extracellular matrix for regeneration.   

This project aims to develop a truly biomimetic meniscal substitute through 3D Bioprinting using advanced 

biomaterials and stem cell technology. Operating in a layer-by-layer fashion, 3D Bioprinting allows for precision 

deposition and patterning of biological materials with high spatial resolution. By exploiting various 

design/process parameters in combination with the right biomaterials, cell lines and bioactive molecules, 3D 

bioprinting can eventually be used to create biomimetic human tissue equivalents.  

In this project, initial experimentation will involve characterising human meniscal tissue to effectively inform the 

design of biomaterials for bioprinting meniscal implants with adequate structural and functional properties. 3D 

laser scanning techniques will be employed to acquire meniscal external geometrical information with the 

potential to print patient-customised implants. The selection and synthesis of novel polymeric formulations with 

tuneable physical and chemical properties will be optimised for enhanced printability. The incorporation of stem 

cells and fibre orientation will be investigated to develop a construct with zonal organisation. Mesenchymal 

stem cells (MSCs) are of great interest to both clinicians and researchers due to ease of isolation, 

manipulability and differentiation potential. Encapsulation and controlled release growth factors will be 

explored to further enhance the zonal functionality of the meniscus by promoting MSC differentiation. 

Bioprinted constructs will be subjected to dynamic mechanical physiological conditions to assess clinical 

efficacy.  
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A common after-effect of stroke is hemiparesis: the weakness, and in some cases paralysis, of one side of 

the body, with the arm and hand particularly affected. Rehabilitation requires intensive therapy and attention; 

even with treatment many do not ever recover the full use they had before. Additionally, many patients who 

do undergo treatment will have limited time with therapists, typically far less than would be ideal. 

Soft rehabilitative orthotics, i.e. devices embedding compliant parts, have already been considered as a 

promising solution as they can be used when a therapist is not present, and also have potential to assist with 

daily tasks by providing strength to a weakened limb. The compliance of soft technology means designs can 

be safer and more suitable for human use. However, there are some practical challenges that limit their 

effectiveness.  

Firstly, compliance can make it difficult to achieve an equivalent level of controlled precision compared to 

traditional hard robotics, which limits the ability of soft glove orthotics to perform complex movements. 

Secondly, the majority of existing designs only consider joints on the hand, and not the wrist, meaning 

actuation is typically only applied to the fingers.  

This project therefore aims to address these issues, by designing a primarily soft glove that a) incorporates a 

level of rigid structure to perform more precise actuation than possible using standard soft actuators and b) 

incorporates wrist movement to provide a more realistic and effective rehabilitation movement.  
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Background. Diabetes represents a big burden for society and among many complications, diabetic 

retinopathy (DR) is a big challenge, being one of the major leading causes of sight loss, significantly reducing 

the quality of life of those affected. Nowadays, the gold standard treatment for DR consists of intravitreal drug 

injections. However, this treatment costs to the NHS and relies on recurrence. Nanomedicine could renovate 

the management of diabetic eye diseases through gradually-release-drug nanoparticles. Nanomedicine could 

serve to both improve the action of already used drugs and also to deliver those characterized by poor solubility 

in standard formulations. 

To better understand physio-pathological changes at the outer blood-retinal barrier (OBRB) level, the 

development of an in vitro model is fundamental. Even though OBRB is not as well studied as the inner BRB, 

a growing number of works have recently come up outlining its importance in DR pathogenesis. Relatively few 

in vitro co-culture models of the OBRB have been reported and, as far as we know, none mimic choroidal flow 

or have been used to study diabetic conditions or to test nanomedicines, which behaviour is still not well 

understood.  

Aim. My project aims to establish an in vitro co-culture model of the OBRB in diabetic and standard conditions 

to test nanomedicines for DR treatment.  

Material and methods. ARPE-19, an RPE-like cell line, and primary human endothelial cells (hRECs) will be 

cultured individually and co-cultured on porous inserts in standard and non-standard (diabetic) conditions. 

Diabetic conditions will be mimicked by increasing the level of glucose and lowering the percentage of oxygen. 

Additionally, cells will be subjected to choroidal flow through a pump system. Preliminary experiments were 

carried out to select the proper material of the porous insert to use and to optimise cell culture conditions. 

Results. Preliminary results showed different behaviours of ARPE-19 and hREC in terms of growth rate and 

cell morphology while in long-term cultures (up to 21 days). ARPE-19 cultured on plastic remained compact 

and with a more rounded shape up to 21 days, while hREC enlarge both their nuclei and their cell shape. 

Additionally, ARPE-19 cultured for up to 3 months exhibited different morphologies within the same culture. 

Furthermore, cell metabolic activity was higher on ePTFE for ARPE-19 at both 1 and 21 days, while hREC 

showed higher activity on PET material.  

Discussion and conclusion. Considering the scarce availability of human eye samples, both ARPE-19 and 

hREC could be considered valid substitutes for primary RPE and choroidal endothelial cells, respectively. The 

assessed differential cell behaviour in long-term cultures, suggests paying attention to culture conditions and 

length. Porous membranes are available in different materials, thus, considering metabolic activity results, 

inserts material needs to be chosen carefully, as well as other characteristics, like pore size. In conclusion, 

obtaining an in vitro model capable of well-represent a physio-pathologic condition may help to assess changes 

at the cellular level and to test nanomedicine efficacy in rescue cells phenotype in DR. 

Future steps. The next steps will include ARPE-19 and hREC characterisation using immunofluorescence 

staining. Additionally, stating the importance of melanin pigment in RPE cells, efforts will be addressed towards 

the isolation of melanosomes from freshly isolated porcine RPEs to re-pigment ARPE-19, and to compare 

them with non-pigmented ARPE-19. Since the model will be used to test nanoparticles, permeability properties 

and barrier integrity will be evaluated.  
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A drug-drug interaction (DDI) can be defined as the modulation of the pharmacologic activity of one drug by 

the prior or concomitant administration of another drug. DDIs can reduce the efficacy or increase the toxicity 

of a treatment and lead to adverse events. The challenges related to the management of DDIs are particularly 

exacerbated in sub-populations of vulnerable patients, such as the elderly. Elderly patients are characterised 

by specific molecular, anatomical and physiological factors that complicate the management of drug dosing, 

toxicity and efficacy. Multimorbidity and polypharmacy are more frequent in the elderly, increasing the 

likelihood of adverse reaction and treatment failure. DDIs can be influenced by complex mechanisms, 

complicating the experimental characterisation and quantitative prediction of downstream associated risks. 

Due to the high number of possible drug combinations comparatively, only a limited few DDI studies are 

conducted. Many DDIs are not investigated, cannot be ethically studied, and DDIs studies are not run during 

the different phases of drug development. In many cases the prescription of complex polypharmacy can be 

supported only by individual judgment of the prescriber or expert opinions instead of a comprehensive 

evaluation of pharmacological and clinical data. In silico models for DDIs can represent a very effective strategy 

for the prediction of DDIs magnitude and the rationalise of future studies in vulnerable patients. 

The aim of this research is to utilise advanced experimental and mathematical tools to predict the magnitude 

of potential DDIs. The current approach will be based on the incorporation of drug metabolism parameters 

such as intrinsic clearance, enzyme metabolism fraction, constant of inhibition, maximum induced effect, etc. 

along with physicochemical (molecular weight and logP) and pharmacokinetic parameters (fraction unbound, 

clearance, volume of distribution and half-life) as input to generate a predictive algorithm for DDIs. 

Physicochemical, drug metabolism, pharmacokinetic and therapeutic classification data for more than 300 

drugs have been integrated into a novel dataset, including DDI magnitude for characterised drug combinations. 

The algorithm will utilise drug metabolism and pharmacokinetic parameters to provide a quantitative prediction 

of relevant DDIs. We aim to use the described in silico and in vitro workflow to rationalise the management of 

patient treatment in special populations as well as to identify relevant research priorities. The generated data 

will potentially be implemented in the existing web-based resources to support the management of complex 

therapies. 
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The extracellular matrix (ECM) comprises of families of large macromolecules responsible for different cells 
activities such as cell motility, differentiation, and adhesion. Therefore, reproducing a scaffold with comparable 
composition from the ECM is very desirable. One of the main challenges of producing such a scaffold is to find 
a suitable replacement biomaterial that best mimics, not only the extracellular matrix but also the biological 
organization of the tissue. Such that the cells can organize themselves in a 3D manner to reproduce the desired 
tissue. Hydrogels have been explored due to their biocompatibility, degradability, and similar mechanical 
properties to some tissues’ ECM. Hydrogels are used in 3D bioprinting as they can easily encapsulate cells as 
they can resemble the natural ECM. In this study, porcine liver was decellularized using an enzymatic and 
detergent washing process. Gel scaffolds were fabricated at different concentration from the decellularized 
liver and their mechanical properties were tested. The Young’s modulus for the 6 mg/ml ECM derived gel was 
found to be comparable with the stiffness of a healthy liver (5.78 kPa) while the Young’s modulus of the 8 
mg/ml ECM-derived gel was found to be representative of a fibrotic liver (7.8 kPa).Cytotoxicity of the gels were 
tested by culturing HepG2 on top of two different concentration 4 and 6 mg/ml confirming approximately 94%of 
viable cells after 3 days. Furthermore, human progenitor liver cells were embedded in 4, 6 and 8 mg/ml ECM-
derived gel and cytotoxicity as well as metabolic activity was tested. Progenitor liver cells formed organoids in 
all ECM concentration with greater viability and metabolic activity observed in the softer gel at 4mg/ml 
concentration. This approach could produce 3D environment that closely resemble the liver physiology to 
culture progenitor live cell and differentiate them into hepatocyte-like cells. 
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Introduction: 

Significant efforts have been made in the past decade to design injectable biomaterials capable of hosting and 
delivering cells at injury sites. A recent strategy for hydrogel design is the incorporation of nanofillers to either 
modify hydrogels’ performance or add functionality [1, 2]. Intervertebral disc degeneration (IVDD), caused by 
a catabolic cell-driven cascade of events initiated in the nucleus pulposus (NP), represents a relevant example 
where a minimally-invasive cell-based tissue engineered therapy could bring significant benefits. Here we 
explored the use of graphene oxide (GO) as a nano-filler for a FEFKFEFK (F8)-based hydrogel in conjunction 
with transforming growth factor beta-3 (TGF-β3) to create a 3D injectable cell delivery vehicle for NP tissue 
regeneration applications. 
 
Materials and Methods: 

Nanocomposites were prepared by incorporating GO (size<5µm) within F8 hydrogels in a 40:1 ratio. Hydrogel 
nanostructure was assessed via infrared, atomic force and transmission electron microscopy (FTIR, AFM and 
TEM), while gel stiffness and injectability were studied via oscillatory rheometry. Bovine NP cells (BNPCs) 
were encapsulated in peptide/GO hydrogels and cultured in 3D with chondrogenic media (+10ng/ml TGF-β3) 
by supplying TGF-β3 exogenously, endogenously or by decorating GO. Cell viability and metabolic activity 
were assessed with LIVE/DEAD and AlamarBlue assays, while gene and protein expression of BNPCs were 
assessed via qPCR analysis and histological staining. 
 
Results and Discussion: 

GO was successfully incorporated in F8 hydrogels, showing different levels of peptide-GO molecular 
interactions. GO reinforced the peptide hydrogels, achieving storage moduli (~12.8 kPa) comparable with the 
human NP (~10 kPa), with ease of injectability both in dry (on glass) and wet (in PBS) conditions. 
Nanocomposites showed excellent biocompatibility and preserved cell morphology and metabolic activity 
when compared with peptide counterparts. An increased deposition of characteristic NP matrix components 
was observed at gene and protein levels over 21 days in hybrid gels compared with peptide only gels, 
particularly when TGF-β3 was delivered endogenously and by complexation on GO flakes. These results 
suggest that the co-presence of GO and TGF-β3 offered the appropriate cocktail of mechanical and 
biochemical cues to promote cell survival and extracellular matrix deposition over 3 weeks of culture.  
 
Conclusions: 

Collectively, the results show that GO can be incorporated within F8 to create a mechanically-reinforced, 
bioactive scaffold for 3D culture and delivery of NP cells. Moreover, this work represents a proof-of-concept to 
explore future minimally-invasive cell therapies based on hydrogel/biologics complexes for IVD repair. 
 
References: 

[1] Wychowaniec J et al., Biomacromolecules (2018), 19, 2731−2741 
[2] Ligorio C et al., Acta Biomaterialia (2019), 92, 92–103 
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Introduction: Pericytes, together with brain microvascular endothelial cells (BMECs), astrocytes, and 
neurons, form the neurovascular unit (NVU). All these cell types influence the barrier function in the brain 
capillaries and breakdown of the NVU is a common early symptom of vascular dementia and Alzheimer’s 
disease1. Pericytes have previously been shown to contract capillaries and thus reduce cerebral blood flow in 
a downstream response to the addition of amyloid-β, a hallmark protein of Alzheimer’s disease2. However, the 
full role of pericytes in health and disease remain poorly understood, partially due to a lack of adequate models 
that can recapitulate the complexity of the multi-cellular NVU. The aim of this study is to incorporate pericytes 
into a 3D in vitro model to study the role of pericytes in the dysfunction of the NVU in dementia.  
 
Material & Methods: Brain pericyte-like cells3 and BMECs4 were differentiated from human induced 
pluripotent stem cells (iPSCs) and co-cultured in a 3D transwell-type NVU model. Integrity of the endothelial 
barrier function was evaluated by transendothelial electrical resistance measurements. Fluorescent Fluo4-AM 
was used as a calcium efflux indicator. 
 
Results & Discussion: Brain pericyte-like cells stained positively for pericyte markers NG2, PDGFR-β, CD13, 
CD146, α-SMA, and Desmin. Co-culture of pericytes with BMECs resulted in an increased transmembrane 
resistance compared with mono-cultured BMECs indicating an increased barrier function. Furthermore, iPSC-
derived brain pericyte-like cells released calcium after carbachol stimulation showing their potential ability to 
contract.  
 
Conclusion: These results suggest that functional brain pericyte-like cells can be derived from iPSCs and 
incorporated into a NVU model. We will build on these findings to develop a robust model for studying pericytes 
within the NVU to investigate their function and dysfunction in dementia. 
 
References: 
1. Kisler K et al. Nat Rev Neurosci. 2017;18(7):419-434 
2. Nortley R et al. Science. 2019;365(6450):eaav9518 
3. Faal T et al. Stem Cell Reports. 2019;12(3):451-460 
4. Stebbins MJ et al. Methods. 2016;101:93-102 
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POSTER FLASH: GRAPHENE BASED BIOINKS FOR 3D PRINTING BIOACTIVE ARTICULAR 
CARTILAGE IMPLANTS 
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Articular cartilage (AC) has a poor capacity for self-repair, consequently defects are one of the major causes 

of immobility and poor quality of life for millions of individuals worldwide. The properties of self-renewal and 

pluripotency make pluripotent stem cells (PSCs) a promising cell source for cartilage regeneration. Whilst there 

has been substantial development of tissue engineered scaffolds capable of mimicking the zonal organization 

of AC tissues, less attention has been dedicated to the spatially controlled functionalisation of such constructs. 

We seek to use the nanotopography of graphene oxide (GO) to achieve spatio-temporal controlled delivery of 

chondrogenic growth factors, to PSC derived chondroprogenitors. 

GO is a 2D carbon nanomaterial which has gained attraction worldwide due to its extraordinary physiochemical 

properties. Biocompatibility, high surface area and excellent surface functionalisation makes GO an attractive 

choice for a drug delivery platform. Kimber and Domingos groups have previously shown the feasibility of PSC 

loaded hydrogels for the in vitro differentiation of pluripotent stem cells towards chondrogenic lineages, and 

robust methods for the 3D bioprinting of these gels. In this project we aim to use established protocols to 

introduce a multifunction variable into our biomaterials, capable of guiding PSC differentiation towards articular 

chondrocytes.  We will first study and characterise the interaction between functionalised GO and PSC derived 

chondroprogenitors in 2D, followed by in vitro validation of the interaction between the chondroprogenitors and 

alginate-based hydrogels fucntionalised with GO for enhanced chondrogenic differentiation. The final phase 

will consist of investigating the printability of the chondroinductive nanocomposite using valve-assisted 

extrusion bioprinting techniques. 
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Introduction 
Acute Myeloid Leukaemia (AML) is the most common myeloid malignancy in adults, with approximately 3,000 
new cases recorded per annum in the UK (Cancer Research UK, 2019). AML is caused by the acquisition of 
mutations in hematopoietic stem and progenitor cells (HSPCs), leading to development of leukaemic stem 
cells (LSCs). These differentiate into leukaemic blast cells, which are released into the bloodstream and 
outcompete the healthy blood cells, leading to bone marrow failure. The bone marrow niche microenvironment 
is remodeled by the LSCs to provide optimal conditions for LSC survival. In the hypoxic endosteal niche, the 
bone marrow stromal cells interact with LSCs through cell-cell interactions and by emission of signaling 
molecules, which induce LSC quiescence. This reduces the efficacy of anticancer drugs as these target rapidly 
proliferating cells, meaning quiescent LSCs are unaffected. This can cause AML relapse. Current research 
methods include 2D culture models, which fail to accurately simulate in vivo cell morphology and behaviour; 
and small animal models, which are physiologically and genetically different compared to humans. Therefore, 
3D biomimetic models must be considered as a potential research method. In this project, I aim to develop a 
3D model of the bone marrow endosteal niche, as a method of screening drugs against MLL-rearranged AML, 
an aggressive form of AML with poor prognosis. I will use the novel highly potent cyclin dependent kinase 
(CDK) inhibitor CYC065 (fadraciclib) to investigate the protective effect of the bone marrow stroma on AML 
cells in 2D and 3D co-culture models. Hydrogels and spheroid models will be explored, as well as modifying 
aspects of the gel environment such as oxygen and nutrient levels.  
 
Materials and Methods 
HS5 bone marrow stromal cells were co-cultured with MOLM-13 AML cells in 50:50 RPMI:DMEM and 20% 
HS5 conditional media. CYC065 was added at IC50 concentration. There were four experimental conditions: 
MOLM-13 single culture, HS5 single culture, co-culture (all cells), and co-culture (supernatant). After 72 hours, 
the viability of HS5 and MOLM-13 cells were assessed through Trypan blue staining, and apoptosis examined 
through Annexin/DAPI staining followed by flow cytometry. Anti-CD33 antibodies and anti-CD90 antibodies 
were used to distinguish between MOLM-13 and HS5 cells, respectively.  
 
Results and Discussion 
CYC065 induced a higher level of apoptosis in the MOLM-13 single culture and co-culture (supernatant) 
conditions compared to the co-culture (all), indicating that the bone marrow stromal cells confer a protective 
effect on the MOLM-13 cells). Additionally, some AML cells may not only adhere to, but also burrow 
underneath the HS5 cells, providing them with a physical protective barrier from the drug, resulting in 
reduced apoptosis in the co-culture (all) condition compared to co-culture (supernatant). This information will 
be highly useful for developing the 3D model as it provides a deeper understanding of the interactions 
between AML cells and the bone marrow stroma. Following on from these experiments, the aim is to develop 
models using spheroids, consisting of HS5 cells, in hydrogel to compare these results in 2D and 3D 
environments.  
 
Conclusions 
The results of these experiments confirm that bone marrow stromal cells confer a protective effect on AML 
cells. However, in order to further investigate the nature of these interactions and how to circumvent the 
protective effect, further research is required.  
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Introduction 
 
Traumatic injuries of the hand are a common clinical problem, with high morbidity. Loss of function in the hand 
through tissue fibrosis severely impacts a patient’s quality of life; therefore, stimulating regeneration of hand 
tissues is a critical objective. Achieving this is difficult, because the hand comprises of multiple distinct tissue 
types designed to move freely, making the healing process complex. A particularly extreme example of this is 
degloving injuries resulting from ring avulsion, where one or more tissues are stripped from the digit. Animal 
models of hand injuries are scarce, and previous literature has yielded no animal models of composite tissue 
injuries. We describe a new mouse model of this injury, which we hope to assess in comparisons of wildtype 
and regenerative mouse healing phenotypes. 
 
 
Methods 

An observational study of a microsurgical murine composite tissue injury of the digit in MRL/MpJ (regenerative) 
mice was performed and assessed for healing over 20 days. The injury was designed to resemble a ring 
avulsion injury involving excision of the neurovascular bundle, tendon and skin between the distal 
interphalangeal joint and the proximal digital crease. Concordant ear punches were made to confirm the 
regenerative capacity of the mice during their healing. Digit and ear issue was harvested at day 0, 6, 13, and 
20. Ear holes were measured at each timepoint. Digits were decalcified in EDTA. Digits and ears were 
processed in wax before cutting into 7 micron sections. Tissues were stained with H&E to assess gross 
morphology, and optimisation of immunohistological stains for tissue -specific markers (αSMA, Hsp47, 
laminin), immune cell markers (CD45, Ly6G, F4/80), and a proliferation marker (BrdU) was initiated. Ear 
tissues were stained for immune cell markers. 

 

Results  

MRL mice show external healing of the digit within 3 weeks, similar to the timeframe shown in a previous study 
of the same injury in non-regenerative C57Bl/6 mice (unpublished). Staining for tissue-specific markers is 
currently under optimisation to determine whether there is regeneration of internal tissues within this time. 
Preliminary evidence based on gross tissue morphology suggests that MRL mice may heal skin better than 
C57Bl/6 mice, as some digits show re-assembly of ventral skin folds. MRL mice show almost complete closure 
of ear punch wounds over time, which is associated with massive influx of immune cells into the wound region.  

 

Conclusion  

We have developed a model for severe traumatic injury to the mouse digit involving a number of different 
tissue types. MRL mice do show regenerative capacity in the ears in our hands. Further work is required to 
determine the full healing profile of the digits, including assessment of a long -term (6 week) timepoint, at which 
point a more prominent regenerative response may be apparent. Additionally, the full study will be repeated 
with C57Bl/6 mice as a negative control. Lastly, future investigation of the molecular differences between the 
two mouse strains may identify cues for better healing of such injuries in other non-regenerative mammals, 
such as humans. 
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Introduction 

When designing a pharmaceutical study, it is essential to choose an appropriate in vitro model to test 

therapeutic compound’s efficacy and toxicity before moving on to the animal testing stage. One of the most 

important organs in relation to orally administered drugs is the small intestine, as it is the major site of small 

molecule absorption.1 Human colon adenocarcinoma Caco-2 cells are the most widely used intestinal cell line. 

Even though they originally came from a cancer patient, they can regain the functions of enterocytes that line 

the small intestine when grown under specific cell culture conditions. These cells form a tight cell layer and 

express finger-like structures called microvilli, which increase surface area and thus promote efficient 

absorption.1 Currently, there is an urgent need for a physiologically representative intestine model applicable 

to pharmaceutical studies on drug efficacy and cell toxicity.  Such a system would need to resemble the 3D 

tissue structure and microenvironment found in vivo. It also needs to take into account biological, chemical 

and physical features of the healthy small intestine. The current PhD project focuses on designing a biomimetic 

3D intestine-on-a-chip platform. We aim to utilise this system to study the effects of Traditional Chinese 

Medicine compounds on human intestinal cells, and to determine compound efficacy and toxicity.  

Materials and Methods 

Caco-2 cells were seeded into permeable inserts and cultured in this 3D system for at least 21 days. Samples 

were imaged using Scanning Electron Microscopy (SEM). Permeability assay was also performed on Caco-2 

cells grown in 3D, whereby a fluorescent dye Lucifer Yellow was used for permeability quantification. This 

assay allowed us to test whether the intestinal epithelial cells form a tight monolayer in vitro and control the 

passage of molecules through the cell monolayer. 

Results and Discussion 

SEM images showed that when grown in permeable inserts, Caco-2 cells express microvilli and form a tight 

monolayer, but do not form physiologically relevant mucosal folds. This implies that while those cells perform 

some of the intestinal epithelium functions, like forming a barrier and absorbing molecules, they do not form a 

biomimetic tissue. Meanwhile, the permeability assay showed that while the barrier function was present, the 

monolayer was less tight than mentioned in current literature. Now this method can be further optimised to 

look into the reasons for insufficient tightness of the cell monolayer. 

Conclusions 

Intestinal cells form a tight monolayer when grown in permeable inserts, however growing Caco-2 in a simple 

3D model is not sufficient to build a biomimetic intestinal tissue in vitro. Biological, chemical and physical 

aspects of the intestinal physiology need to be taken into account to design a more representative system. To 

achieve that, 3D structure and the physiologically relevant flow of fluids need to be recreated in vitro. In 

addition, cells need to be subjected to mechanical stimulation akin to the peristaltic movement of the intestinal 

tissue. This will induce intestinal cell polarisation and differentiation into different cells present in the intestinal 

epithelium, thus fully reconstructing a functional tissue in vitro. 
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POSTER FLASH: LAB-BASED PRODUCED VASCULARISED TISSUE FOR IN VITRO LAB ON A CHIP 
MODELS OF HEALTHY AND DISEASED TISSUE 
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Lab-on-a-chip devices are developing to closely mimic the structural and biological complexity of human tissue. 
Thus, becoming increasingly popular as an alternative to animal testing for pharmaceuticals. However, the 
lack of perfusion through vasculature within current models remains to be a challenge, reducing the 
physiological development capacity for tissue-on-a-chip models. This project will utilise high internal phase 
emulsions templating techniques to create an in vitro vascularised tissue via fabrication of a porous PCL 
PolyHIPE scaffold. The porous network will allow for vascular outgrowth to occur in a hydrogel-based well in 
which cell, cell spheroids and small biopsies can be placed. This will be developed to overcome the short 
comings in current models and provide an in vitro alternative to in vivo testing platforms. Furthermore, this in 
vitro model will be used to explore healthy and diseased tissue models with the main aim focussing on cancer 
models. Cancer is a becoming a huge social and economic burden on society, being the most significant 
barrier to life expectancy in the 21st century. In particular, the model will be able to explore metastasis of cancer 
which is responsible for 90% of cancer related deaths.  
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