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INTRODUCTION: 3D printing permits the 
effective layer-by-layer fabrication of tissue-
engineered scaffolds with precisely controlled 
architectures. However, the strand surface of 3D 
printed polymer scaffolds is relatively smooth and 
cannot resemble nanoscale fibrous morphology of 
ECM’s collagen fibrils. Surface topography of 
scaffolds has been reported to directly influence cell 
behaviour and tissue reconstruction1. Herein, we 
have demonstrated a novel method, the combination 
of extrusion-based 3D printing with thermally-
induced phase separation (TIPS), to create 3D 
porous scaffolds with nanofibrous strand surfaces. 
Responses of immortalised human mesenchymal 
stem cells (ihMSCs) on nanofibrous scaffolds, 
including chondrogenesis, were evaluated. 

METHODS:  

Manufacturing of 3D porous scaffold. PLLA gels 
were prepared by quenching of PLLA/THF 
solutions at -20oC, resulting in the formation and 
immobilization of polymer-rich domains within the 
solvent2. The gel was extruded through an 18G 
tapered tip using a commercial 3D printer 
(RegenHU). The printing speed was 18 mm/s and 
the dispensing rate was 1.0 ml/min. The scaffolds 
were then immersed in cold ethanol solution (70%) 
for 24 h, followed by freeze-drying. Smooth-surface 
scaffolds were created using a viscous PLLA/DCM 
solution. 

Scaffold characterisation. SEM was used to 
characterise the scaffold topography.  

Chondrogenesis. Four million cells were seeded per 
scaffold and then cultured in chondrogenic medium 
containing TGF-β1. Papain-digested cell-seeded 
scaffolds were quantitatively assayed for DNA and 
sulfated glycosaminoglycan (sGAG). Type II 
collagen production, as a marker of cartilage 
formation, was confirmed by immunostaining. 

RESULTS: 3D porous scaffolds with nanofibrous 
strand surfaces were successfully fabricated. A 
minimum strand diameter of about 800 μm was 
achieved. Adhesion, proliferation and chondrogenic 
differentiation of ihMSCs on the nanofibrous 
surfaces were considerably enhanced when 
compared to culture on smooth surfaces. Deposition 

of type II collagen on nanofibrous surfaces was 
confirmed by immunostaining. 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 1: A) A 3D printed porous scaffold showing 
morphologies spanning from macro- to nano-
scales; (B) SEM images of cell adhesion on 
nanofibrous and smooth surfaces; (C) sGAG 
content of cells on nanofibrous and smooth-surface 
scaffolds in expansion (-TGFβ) and chondrogenic 
media (+TGFβ); (D) Immunostaining of type II 
collagen on cell-seeded nanofibrous scaffolds 
cultured for 28 days in chondrogenic medium. 

DISCUSSION & CONCLUSIONS:  

The combination of 3D printing and TIPS allowed 
the direct fabrication of 3D porous nanofibrous 
scaffolds with defined architectures. Nanofibrous 
scaffolds promoted ihMSC adhesion, proliferation 
and chondrogenic differentiation.  

REFERENCES: 1 SW Crowder, et al (2016) Cell 
Stem cell 18:39-52. 2 PX Ma, et al (1999) J Biomed 
Mater Res 46:60-72. 
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INTRODUCTION: Parkinson’s disease (PD) is a 
debilitating and progressive neurological disease 
that still features many unknowns. With a lack of 
clinical progress towards PD treatments we turn to 
pre-clinical methods. Tissue slice cultures and 
animal models both have numerous shortcomings, 
whereas cell models involving neural cells cultured 
in an isolated single population isn’t sufficient to 
recreate brain architecture. As a solution, we have 
developed a five-port microfluidic to serve as an in 
vitro pre-clinical neural model, mimicking the 
basal ganglia, the causative area of PD in the brain. 
By growing primary cells from the cortex, 
striatum, globus pallidus and substantia nigra 
within the ports of the device, allowing them to 
connect via micro-scale channels, and recording 
the spontaneous electrophysiological activity, a 
functional neural circuit is formed. This device 
mimics the in vivo basal ganglia and allows the 
device to be a powerful platform for study, being 
accessible, accurate and reproducible. 

METHODS: The device itself was fabricated via 
two-stage soft lithography, resulting in a high 
resolution pattern: two input ports, one centre port, 
and two output ports, with tapered micro-channels 
between each set of ports to direct axonal growth 
in a single direction. Primary cells were dissected 
from rat embryos ranging from E12-16 depending 
on the experiment type, and were seeded in each 
separate port with neuronal culture media (1% 
FBS, 1% B27, 1% antibiotics, 0.5% L-glu and 
0.45% glucose). Cell morphology, connectivity 
and activity were assessed with a combination of 
fluorescent microscopy and a multi-electrode array 
(MEA). 

 

Figure 1: Cells cultured within a five-port device. 
The left image shows axons extending through the 

channels (green: β-tubulin, red: MAP2, blue: 
DAPI) and the right brightfield image shows cells 
and an electrode (the black square). 

RESULTS: Primary cultures (of both neural and 
glial cells) successfully extended processes 
through the micro-channels unidirectionally, 
creating a neural circuit similar to that found in the 
basal ganglia in vivo. Fluorescent imaging 
confirmed the connectivity, observing synapse 
formation between separate cell populations. These 
connections were further determined to be 
functional via MEA, with extracellular 
electrophysiological activity altering between 
isolated and connected cell populations, especially 
those connected to a population of dopaminergic 
neurons.  

DISCUSSION & CONCLUSIONS: We 
demonstrate functional activity between specific 
neural cell populations, by creating 
interconnections within a fabricated neural circuit. 
This device can currently be used as a 
physiologically relevant model of the basal ganglia 
and used for study towards both Parkinson’s and 
Huntington’s disease. By selectively removing 
dopaminergic neurons from the substantia nigra 
portion of the device, it can be used as a 
Parkinsonian pathological disease model, with its 
accessibility allowing for testing of 
neuroprotective factors, cell replacement therapies 
and different biochemical/physical treatments, all 
on an in vitro model representing a hard-to-access 
in vivo neural area. This device represents a 
powerful platform for experimentation and study. 

ACKNOWLEDGEMENTS: We acknowledge 
funding support from the EPSRC Doctoral 
Training Centre in Regenerative Medicine. This 
template was modified with kind permission from 
eCM Journal. 
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INTRODUCTION: The traditional in vitro large 
scale culture systems for human mesenchymal 
stem cells (hMSCs) typically require the use of 
substrates such as microcarriers. While cell 
attachment to such substrates is advantageous for 
large scale expansion, cell harvest from the same 
substrates is at the moment one of the most 
important challenges that is hindering the faster 
development of cell-based therapies. Here, we 
proposed and investigated a liquid/liquid two phase 
system for the expansion and non-enzymatic 
recovery of viable and functional hMSCs, with 
potential to be employed at large scales. The 
proposed system makes use of a non-toxic and 
biocompatible perfluorocarbon that can form two 
phase systems when mixed with cell culture 
medium, allowing for the formation of liquid 
droplets that act as ‘liquid microcarriers’ for cell 
expansion. The benefits of using perfluorocarbon 
(PFC) to cell culture systems include: easy 
sterilisation, recoverable and recyclable and 
scalability1. 

METHODS: Bone marrow derived hMSC were 
seeded at 5,000 cells/cm2 on the interfacial area 
formed between the two immiscible liquids. The 
cells were kept in culture for up to 10 days, then 
harvested. Cell harvesting was achieved non-
enzymatically from A) the 2D set-up by aspirating 
the interface, while from B) the 3D set-up in two 
steps, by firstly inducing droplet coalescence, 
followed by aspirating the interface. Droplet 
coalescence was induced by repeated washing with 
a D-PBS solution. The used perfluorocarbon was 
then recovered, recycled, re-sterilised and reused 
for cell expansion. Cell morphology was assessed 
by phase contrast and by Live/Dead staining. Cell 
counts were done with the Nucleocounter NC-
3000. Cell identity and multipotency were assessed 
post-harvest by flow cytometry and differentiation 
studies. 

RESULTS: The proposed liquid/liquid system can 
be used in either a 2D set-up or a 3D set-up as 
‘liquid microcarriers’. A schematic representation 
of the system is shown in Fig. 1. hMSCs 
successfully attached, proliferated and remained 
viable during culture. Additionally, they retained 

their multipotency post-expansion in both the 2D 
and 3D set-ups.  

 
Fig. 1: Schematic representation of the proposed 
system A) 2D set-up; B) 3D set-up.  

Systems prepared with either fresh or recycled 
perfluorocarbon were tested for cell growth. Three 
donor hMSC lines were tested and no significant 
difference in cell growth was found (Fig. 2).  

 
Fig. 2. Fold increase variation of three different 
hMSC donor lines when cultured in our system 
prepared with either fresh or recycled PFC.  

 

DISCUSSION & CONCLUSIONS: Cell 
harvesting from the proposed system was 
successfully achieved non-enzymatically and 
resulted in the recovery of cells with intact 
membrane proteins. Additionally, the harvested 
cells retained their multipotency. This system also 
has the potential to be cost-effective when used at 
larger scales as a result of the perfluorocarbon 
recoverability and recyclability. Moreover, no 
significant difference was found in cell growth in 
the systems made with either fresh or recycled 
perfluorocarbon.  

REFERENCES: 1Lowe K.C. et al. (1998) 
Perfluorochemicals: their applications and benefits 
to cell culture. Tibtech, 16:272-277.  
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INTRODUCTION: Chronic pressure sores are 
challenging wounds since they are stuck in one of 
the wound healing phases. Biomaterials designed 
for treating them, should be able to withstand shear 
forces when applied on these wounds. We have 
designed a novel fibrin/alginate scaffold called 
Smart Matrix® for full thickness wounds and has 
showed improved wound healing response in 
comparison to commercially available materials 
[1-2]. However, application of this material within 
a chronic environment requires a more robust 
approach due to weak rheological properties. 
Adding a temporary synthetic polymeric backing 
to the fibrin/alginate scaffold would improve its 
mechanical properties. To do so, it was important 
to understand the protein adsorption quantitatively 
and qualitatively on the polymeric surfaces. The 
aim was to design a novel two-component hybrid 
scaffold using the fibrin-alginate scaffold and 
plasma polymerised silicone (Sil) as a backing for 
the treatment of pressure sores. 

METHODS: A novel immuno-assay was designed 
to compare protein (fibrinogen) binding strength 
on native Sil and plasma polymerized Sil surfaces 
[acrylic acid (AcA) or allylamine (AlA) 
monomers] [3]. Based on the immuno-assay 
results, the hybrid scaffold were fabricated and 
characterised: peeling test, scanning electron 
microscopy (SEM), confocal microscopy, pore size 
range, visco-elastic measurements, cell viability, 
cell proliferation, and cell migration assays. 

RESULTS: Results from the novel-immunoassay 
showed that plasma polymerized silicone surfaces 
had increased protein binding affinity and avidity 
in comparison to native silicone (Fig. 1A, B) and 
were used to fabricate the hybrid scaffolds. SEM 
(Fig. 1C) and confocal microscopy confirmed a 
dense layer of Sil polymer interconnected with a 
porous fibrous layer. The hybrid scaffolds had 
significantly higher shear and viscous moduli than 
the original fibrin/alginate scaffold. Cell assays 
showed that cell viability and proliferation were 
not were not affected by addition of a backing 
layer. Cell infiltration into the hybrid scaffolds was 
identical to the fibrin/alginate scaffold, with cells  

populating the entire depth of the scaffolds after 4 
days (Fig. 1D). Post 7 days, SEM images showed 
good attachment of cells embedded within the 
hybrid scaffold.  

  
Figure 1: A) Immuno-based assay to characterise 
fibrinogen adsorption per mm2 onto Sil, Sil-AcA 
and Sil-AlA. Non-blocked polystyrene (PS) wells 
without any discs were used as reference. B) 
Immuno-based assay using Tween-20 (0.25%, 1% 
and 2% vol/vol) to compare the binding strength of 
fibrinogen to the different surfaces. Graphs show 
mean values ± standard error mean (*p<0.05). C) 
SEM of scaffolds. Arrows point at the Sil 
membrane. D) H&E staining of seeded scaffolds at 
days 4 and 7. Matrix appears pink while cells are 
stained in purple colour. Scale bar = 50 μm. 

CONCLUSIONS: A hybrid two-component 
dermal scaffold was designed, fabricated and 
characterised. Microscopy confirmed the 
attachment and integration of the two components 
while rheology showed that the hybrid scaffold 
was more robust in comparison to the original 
fibrin/alginate scaffold. In vitro cell studies 
showed that human dermal fibroblasts remained 
viable and were able to infiltrate the scaffolds. 

REFERENCES: 1E.Garcia-Gareta et al. (2013) J 
BioRes Open Access 2:412-20. 2V.Sharma et al. 
(2016) Biomed Mater 11:1-12. 3V.Sharma et al. 
(2015) Biochimie Open 1:40-50. 

ACKNOWLEDGEMENTS: Work supported by 
the Restoration of Appearance and Function Trust 
(RAFT, UK, registered charity No 299811). 
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A novel Mg2+-eluting polymer scaffold for bone proliferation and mineralization  
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INTRODUCTION: Magnesium, as the second 
most abundant intracellular element, plays an 
essential role in cellular functions. Also, 
magnesium-containing implants have shown 
enhanced bone formation in vivo1. Herein, we 
employ a novel in-situ polymerisation to produce 
various 3D ionomer scaffold structures with 
persistent eluting Mg2+ for the benefits of bone 
mineralization. This is the first use of Mg-
crosslinked polymer for tissue engineering rather 
than magnesium alloy implants, and this method 
uses leaching of magnesium ions from the scaffold. 

METHODS: The initial hybrid product is 
prepared by the reaction of 95% lactone co-
monomers by mass and 5% LDH by mass heating 
at 150 °C for 24 h. The ring structures of the L,D-
lactide, ε-caprolactone and γ-valerolactone 
monomers are opened by the carbonate-
intercalated LDH initiator to form a copolymer-
based ionomer complex. Then, methylene chloride 
(CH2Cl2) is used to extract the soluble phase from 
the polymer. Finally, the remaining insoluble 
component is dried, ground and filtered for further 
use. This technique is based on the previous 
polymerisation of neat L,D-lactide with stearate-
intercalated LDH2. 

The ground and filtered ionomer powder was 
placed in bio-insets (12-well plate) with culturing 
osteosarcoma Saos-2 cell line as the model. 
Different mass concentrations of ionomer powder 
were applied to explore the cells’ proliferation and 
mineralization related to the various magnesium 
ions concentrations leaching out.  

Pico Green Assay was used for measuring the cell 
proliferation based on the DNA concentration after 
7 days culturing Saos-2 with McCoy 5A growth 
medium.  

The same cell lysate from Pico Green Assay was 
also performed using Alkaline Phosphatase (ALP) 
Assay to determine cell mineralization levels. P-
nitrophenol (p-NP) was quantified due to the cell 
enzymatic activity using the spectrophotometric 
absorbance at 405 nm.  

RESULTS: Figure 1 (A) showed DNA 
quantitation of Saos-2 cells cultured in growth 
medium without the addition of osteogenic 

supplement for 7 days. Samples show a consistent 
proliferation rate compared with the TCP control 
group. A slightly higher DNA concentration was 
found in L:C 1:1, which was co-synthesised using 
L,D-lactide and ε-caprolactone at a mass ratio of 
1:1. 

In Figure 1 (B), examining ALP activity for 
samples at both 3.125 and 6.25 mg/ml, enhanced 
cell mineralization was found in the 6.25 mg/ml 
samples (an increase of around 51.3% compared to 
the tissue culture plastic). However, no significant 
difference was found for the samples at 12.5 
mg/ml concentration. 
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Fig. 1 (A) Pico Green and (B) ALP assay of 3 
different composition samples at 3.125 mg/ml, 6.25 
mg/ml and 25 mg/ml respectively after 7 days 
culturing using Saos-2 cells (N=4, *, p<0.05; **, p 
< 0.01. ***, p<0.005; ****, p<0.001). 

DISCUSSION & CONCLUSION: Various 
researchers have emphasised the use of magnesium 
ions for cell proliferation and differentiation. Mg2+ 
is a co-factor for many enzymes and can be 
beneficial for protein synthesis as a regulator too3. 
Nevertheless, since Mg is a calcium antagonist, 
once it is overly concentrated, intercellular calcium 
deposition would be inhibited4, which could result 
in reduced cell differentiation.  To sum up, for the 
Saos-2 cell lines, a controlled magnesium ion 
concentration range should be maintained for 
optimum cell proliferation and differentiation. 

REFERENCES: 1F. Wittle, V Kaese et al (2005) 
J Biomatter 26:3557-63. 2E. D. McCarthy, M. 
Zammarano et al. (2013) J Polymer 54: 90-103. 
3M.K. Monteilh-Zoller, M.C. Hermosura, et al 
(2003) J Gen Physiol 121:49-60. 4S. Maeno, 
Y.Niki, H. Matswumoto, et al (2005) J 
Biomaterials 26:4847-55.  
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Cellular regeneration of decellularised cardiovascular scaffolds; an ex vivo 
organ culture model 
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INTRODUCTION: Modulation of macrophage 
phenotype from inflammatory (M1) to  immuno-
regulatory (M2)  in responses to decellularised 
scaffolds has been suggested to be a determinant of  
regenerative outcomes [1]. Evidence that 
macrophages play a role in the in vivo regeneration 
of porcine decellularised cardiovascular scaffolds 
has been revealed [2]. Further, a human tissue organ 
culture model has indicated that M2 macrophages 
pioneer the repopulation of porcine decellularised 
bladder scaffold [3]. AIM: The aim was to develop a 
viable xenogeneic decellularised cardiovascular 
organ culture model and to characterise the innate 
and stromal cell responses. Wider aims include 
investigation of the mechanisms involved in 
regeneration at the decellularised cardiovascular 
scaffold interface. 

METHODS: Decellularised porcine pulmonary 
artery scaffolds were produced and the efficacy of 
decellularisation was assessed. Ovine pulmonary 
arteries were isolated and an interface was 
established between artery and decellularised 
scaffold. Organ culture constructs (n = 4) were 
cultured for 0, 2, 6, and 11 days and viability was 
monitored. Haematoxylin and eosin (H&E) staining 
and immuno-histochemistry (IHC), were used to 
characterise the cellular response at the interface. 
Primary antibodies for the following markers were 
used: MRP 14 (pan macrophage), CD 163 (M2), CD 
80 (M1), α smooth muscle actin  (smooth muscle 
cells), Ki 67 (proliferating cells), low-affinity nerve 
growth factor receptor expression (CD 271), 
connective tissue growth factor  expression 
(CTGF), von Willebrand Factor (endothelial cells) 
and CD 34 (haematopoietic progenitor cells). 

RESULTS: H&E staining revealed a time 
dependent infiltration of cells towards and across 
the interface. IHC demonstrated that the scaffold 
contained a heterogeneous population of cells, with 
multiple markers expressed. Some cells were pan-
macrophage positive, and a striking number of M2 
positive cells predominated at all time points. M1 
macrophage staining was not observed, indicative 
that an immuno-regulatory macrophage response 
was modelled ex vivo. Characterisation of the 
stromal cell infiltrate revealed that some cells were 
expressing the following markers: Ki67, CTGF, CD 
271, α smooth muscle actin, von Willebrand factor 

and CD 34, however co-expression was not 
confirmed. 

 
Fig. 1: Characterisation of macrophage phenotype 
at the scaffold: tissue interface. Sections stained 
with MRP 14, CD 163 and CD 80 primary 
antibodies. Images captured at 10 x objective. 

 
Fig. 2: Accumulation of CD 163 positive cells at 
scaffold interface at 11 days. Image captured at 2.5 
x objective. 

DISCUSSION & CONCLUSIONS: A viable ex 
vivo cardiovascular organ culture model suitable for 
investigating cellular events at the decellularised 
cardiovascular scaffold: tissue interface was 
developed. Characterisation of the cellular infiltrate 
at and across the interface revealed a heterogeneous 
population including tissue appropriate stromal 
cells, proliferating cells and M2 polarised 
macrophages. Further investigation of the cell 
infiltrate and mechanisms of recruitment and 
polarisation of macrophages at the scaffold interface 
is required. 

REFERENCES:  
1. Badylak, S.F., et al.,Tissue Eng Part A, 2008. 

14(11): p. 1835-42. 
2. Paniagua Gutierrez, J.R., et al.,Tissue 

Engineering Part A, 2015. 21(1-2): p. 332-
42. 

3. Bullers, S.J., et al.,. Tissue Engineering Part A, 
2014. 20(17-18): p. 2390-401. 
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Characterisation of an immunomodulatory CD317-expressing mesenchymal 
stromal cell subset 

James M. Fox, Andrew Stone & Paul Genever 
Department of Biology, University of York, York, YO10 5DD  

 
INTRODUCTION: Mesenchymal stromal cells 
(MSCs) have potential as cell based therapies to 
treat various conditions including osteoarthritis. 
However, work by ourselves and others has 
revealed considerable heterogeneity, with MSC 
subsets having variable growth traits and 
differentiation capacities [1]. We have established 
several immortalised human MSC clonal lines, 
including two (Y102 and Y202) that can be 
identified by selective expression of CD317. These 
particular MSC subpopulations express all 
common MSC surface markers but lack tri-lineage 
differentiation capacity and present a pro-
inflammatory gene expression profile. As CD317+ 
cells are present in mixed MSC cultures at a 
frequency of 9% on average (range, 0.01-28%), it 
is important to define the surfaceome and 
secretome of these cells to help guide selection of 
specific cell subsets for cell-based therapies and 
potentially improve future clinical efficacy. 

METHODS: Four human MSC clonal lines were 
used: Y101 & Y201 (differentiation-competent, 
CD317-), Y102 & Y202 (differentiation-
incompetent, CD317+). Transcriptomic 
comparisons were made using publicly available 
datasets, including our own. For surfaceome 
analyses, plasma membranes were isolated and 
subjected to LC-MS/MS to identify unique cell 
surface markers. Profiling of the cell secretome 
was performed by collection of 24hr conditioned 
serum-free media from 125,000 sub-confluent 
cells. A Proteome Profiler Human XL Cytokine 
Array (Bio-Techne) and cytokine specific qRT-
PCR and ELISAs were then used to validate and 
quantify levels of cytokine secretion across the 
four MSC lines.  

RESULTS: All four MSC lines (Y101, Y201, 
Y102, Y202) meet common MSC definition 
criteria; plastic adherence and CD marker profiling 
(CD73+/CD90+/CD105+/CD14-/CD34-/CD45-). In 
addition, we used a rigorous independent 
transcriptomic-based MSC classification tool [2]; 
the Rohart test, which again rated all four lines as 
MSCs; even though our previous work had shown 
that the CD317+ lines were incapable of tri-lineage 
in vitro differentiation. Cell surface proteomics 
revealed considerable overlap in surfaceome of our 
MSC subsets (with 584 commonly expressed 

proteins, 65%) but also confirmed CD317 (for 
Y102 & Y202 lines) and other potentially unique 
identifiers across all MSC lines (Fig 1). The 
cytokine array revealed increased expression of 
immunomodulatory cytokines by the Y102 & 
Y202 lines and subsequent validation by qRT-PCR 
and ELISAs highlighted a pro-inflammatory 
phenotype and defined CD317+ cells as IL-7Hi 

CCL2Hi CXCL10Hi CXCL11Hi IL-6Lo TGFβLo 

IL-10Lo. Considering these findings, we compared 
the global transcriptome of Y102 & Y202 MSC 
lines with publicly available datasets related to 
inflammatory conditions and autoimmune disease 
(AID). We found a common 52-gene Type I 
interferon transcriptional signature in Y102/Y202 
cells and identified significant overlap of 
differentially expressed genes with several AIDs 
including rheumatoid arthritis. 

Figure 1: Venn diagram showing high levels of 
similarity between the cell surface proteome of 
MSC subsets. 

DISCUSSION & CONCLUSIONs: We have 
identified a CD317+ subset of MSCs with a pro-
inflammatory phenotype that could hinder the 
effectiveness of cell-based therapies aimed at 
tissue regeneration. Our findings demonstrate that 
further characterisation of MSC subpopulations is 
required to optimise cell-based therapies. 

REFERENCES: [1] James et al (2015) 
Multiparameter analysis of human bone marrow 
stromal cells identifies distinct immunomodulatory 
and differentiation-competent subtypes Stem Cell 
Reports, 4, 1004-1015. [2] Rohart et al (2016) A 
molecular classification of human mesenchymal 
stromal cells. PeerJ. 2016 Mar 24;4:e1845. doi: 
10.7717/peerj.1845. eCollection 2016.  
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Engineer, University of Genoa, Genoa, Italy.
INTRODUCTION: Injuries associated with 
peripheral nerve damage are extremely debilitating 
resulting in end organ function loss, coupled with 
poor neuron regeneration capacity [1]. Currently no 
drug therapies are routinely used following PNI, 
even though such treatments could potentially 
maintain neuronal viability, encourage axonal 
growth, improve axonal specificity to end-organ 
targets and reduce neuropathic pain.  Some drugs 
and targets have been identified but there are 
challenges when moving therapies towards clinical 
translation. Recently there has been a growing 
interest in the use of biomaterials to deliver 
therapeutics including cells, proteins, gene therapies 
and drugs [2]. This approach could enable effective 
delivery of a multiaxial therapy for PNI, that doesn’t 
only improve the clinical outcome but also reduces 
off-site side effects. The aim of this study was to 
develop biomaterials to deliver drugs; locally to 
nerves in a controlled-release manner using 
ibuprofen, a drug that has shown some positive 
outcomes in animal models of nerve regeneration 
[3], as an example. 

METHODS: Ibuprofen was loaded into ethylene 
vinyl acetate (EVA) and polycaprolactone (PCL) by 
dissolving material pellets in solvent and drying for 
48 hrs forming sheets. The sheet was then cut into 
suitable sizes for release assays or modified into 
tubes for implantation. Samples for release assays 
were placed in water at 37 oC and drug release 
profiles were determined using UV-VIS 
spectrophotometry. EVA tubes were tested in vivo 
placing either control or ibuprofen loaded EVA 
tubes around a primary repair injury in a rat sciatic 
nerve. Axonal growth was determined 
histologically at 3 weeks.  

         
Fig. 1: A- EVA tubes loaded with different initial 
concentrations of ibuprofen. B – EVA tube implanted in vivo. 

RESULTS: Release of ibuprofen from EVA was 
more sustained than from PCL. An initial high burst 
of drug release was seen with EVA which subsided  

at ~100hrs, after which the release remained 
constant. In comparison 85% of the initial drug load 
was released from PCL in the first few hours. 

 

   

       
 

 

Fig. 2: Amount of ibuprofen released from biomaterial 
membranes over time. Initial drug load indicated by dotted line. 

Ibuprofen released from EVA in vivo increased the 
number of axons present in the distal nerve stump.  

        
Fig. 3: Transverse cryosections were immunostained to detect 
neurofilament and the number of axons were determined. 

DISCUSSION & CONCLUSIONS: In vitro drug 
release assays indicated that EVA was a more 
appropriate material than PCL for sustained release 
of ibuprofen. Tubes made from drug-loaded EVA 
were successfully implanted in an injury model and 
elicited an increase in axonal growth. Further work 
will determine the longer-term effects on axonal 
regeneration and functional recovery. 

REFERENCES: 1 Brushart, A. H. (2009). 
Introduction to special issue: Challenges and 
opportunities for regeneration in the peripheral 
nervous system. Experimental Neurology, 1-4. 2 
Kuffler, DP. (2014) An assessment of  current 
technique for inducing axon regeneration and 
neurological recovery following peripeheral nerve 
injury. Progress in neurobiology. 116, 1-12. 3 
Madura T., Tomita K., & Terenghi G. (2011) 
Ibuprofen improved functional outcome after 
axotomy and immediate repair in the peripheral 
nervous system, JPRAS. 
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models of aged wound healing: testing of new biomaterial-based therapies for 

chronic wounds  
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Regenerative Biomaterials Group, RAFT Institute of Plastic Surgery, Mount Vernon Hospital, 
Northwood, UK. 

INTRODUCTION: The geriatric population is 
prone to chronic wounds, which cost the UK 
National Health system £1 billion/year. Current 
treatments for chronic wounds are inefficient. In 
vitro models that mimic the in vivo scenario would 
be ideal to test biomaterial-based therapies for 
chronic wounds so their behaviour when used in 
vivo could be predicted. Aged dermal fibroblasts 
attach normally but show deficient migration due 
to a significant reduction in α2β1 integrin function, 
although α2 integrin expression is normal1. 
Synthetic RGD peptides bind to integrins and have 
been used to study cell migration or in biomaterials 
to promote cell attachment. To the best of our 
knowledge, no studies have used synthetic RGD 
peptides to impair the migration capacity of normal 
human dermal fibroblasts, thus mimicking the 
behaviour of aged dermal fibroblasts. Our aim was 
to engineer human dermal fibroblasts with 
impaired migration using synthetic RGD peptides 
for in vitro models of aged wound healing. These 
cells were further used to study attachment and 
migration in 3D dermal scaffolds. 

METHODS: The first part of our study was 
carried out on 3 different 2D surfaces 
representative of the materials used to develop 
dermal scaffolds: hydrophilic synthetic polymeric 
surface, and fibrinogen and gelatin surfaces which 
both contain RGD binding sites. Different 
variables and RGD peptide concentrations were 
tested. Cell attachment, migration, and integrin 
expression were studied. Next, RGD treated cells 
were seeded in commercially available, clinically 
used, collagen-based 3D dermal scaffolds 
(Integra® and Matriderm®) and their attachment 
and migration studied. The mechanism of action of 
both scaffolds is through integrin ligands. 

RESULTS: Results on 2D surfaces showed 
cellular attachment is reduced in a concentration 
dependent manner. However, the reduction in cell 
migration was only dependent on the concentration 
of RGD peptides for cells cultured on gelatin-
coated surfaces. The RGD peptides were not toxic 
to the cells. Cells cultured on gelatin-coated 
surfaces looked the most spread and obtained 
overall the least reduction in cell migration,  

suggesting that the number of RGD sites of the 
surface may modulate the effect of the peptides. 
Expression of integrins was not affected and the 
components of the migration pathway were not 
altered by the RGD peptides. 2.67mM was found 
promising in terms of mimicking the behaviour of 
aged dermal fibroblasts. Results in 3D scaffolds 
showed that the concentration of synthetic RGD 
peptides necessary to impair migration of dermal 
fibroblasts should be tailored to the number of 
RGD sites present in the 3D matrix (Figure 1). 

 
Fig. 1: A) SEM of 3D dermal scaffolds. B) Cell 
attachment by Alamar Blue assay. C) Cell 
migration.  
 

DISCUSSION & CONCLUSIONS: We 
engineered a population of cells that mimicked the 
behaviour of aged dermal fibroblasts usually found 
in the clinically challenging chronic wounds that 
could be used in in vitro models of aged wound 
healing to test new biomaterial-based therapies for 
the treatment of chronic wounds. Our work would 
ease ethical issues. Moreover, we believe that this 
technology could be translated to other cell types 
including established cells lines, thus eliminating 
the need for primary tissue harvest. 

REFERENCES: 1 M.J. Reed et al. (2001) Mech 
Ageing Dev 122(11):1203-20.  
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INTRODUCTION: Traditionally, storage of living 
articular cartilage allografts by tissue banks is 
performed at hypothermic temperature and is 
limited to a maximum of 28 days storage. This 
creates pressure on the tissue bank to obtain relevant 
donor information and bacterial/serological results 
before the graft can be released to a surgeon. We 
have developed a process by which living cartilage 
allografts harvested from knee joints can be stored 
at physiological temperature and maintain 
chondrocyte function for up to 3 months after 
retrieval. To validate this, a non-invasive assay was 
used to monitor the whole tissue during storage as 
published work has shown that biopsy sampling can 
influence viability data [1]. 
 
METHODS: Human femoral condyles were 
harvested from donors with full consent.  Each 
condyle was split into 2 hemicondyles. These were 
then rinsed before being immersed in 5% resazurin 
reagent that had been pre-warmed to 37oC. The 
tissue was then incubated for 2 hours at 37oC to 
obtain Day 0 values. The tissue was then submersed 
in culture medium and incubated at physiological 
temperature for 3 months, with weekly media 
changes. At monthly intervals the hemicondyles 
were immersed in resazurin as before. At each 
sample point the metabolised reagent was measured 
for fluorescence on a microplate reader against a 
concentration curve of the metabolite resorufin, to 
calculate the concentration of the metabolite 
produced by viable cells. After 3 months, biopsy 
samples were taken for live/dead staining and other 
histological examination. 
 
RESULTS: Metabolic activity was at least at, or 
above Day 0 values at all times (Fig. 1), and this 
trend was seen in all other donors so far tested.  

 
Fig. 1: Metabolic activity measured from 
hemicondyles of one donor. Data shows mean +/- 
95% confidence interval. 

Images from the live/dead assay showed that after 3 
months storage a high percentage of the 
chondrocytes were still viable (Fig. 2). 

 
Fig. 2: Live/dead stained section of stored 
cartilage after 3 months storage, x100 
magnification. 

DISCUSSION & CONCLUSIONS: The storage 
regimen supports chondrocyte survival/function 
over a 3-month period. Viable cells are paramount 
to the success of a cartilage allograft as these cells 
are required to maintain the cartilage matrix, both 
during storage and once transplanted into a patient. 
Metabolic activity measured in this non-invasive 
way, in conjunction with other techniques, can be 
used to monitor the cartilage during storage, and 
prior to the tissue being released by the tissue bank. 
Use of physiological temperature as opposed to 
hypothermic maintains the normal processes that 
occur in the cells, thereby increasing their shelf-life. 
We feel that extending the storage period will allow 
a more flexible approach to providing a service for 
surgeons and their patients.  

REFERENCES: 1SR. Tew, CW Archer, et al. 
(2000) The reactions of articular cartilage to 
experimental wounding. ARTHRITIS RHEUM. 
43(1): 215-25.  
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INTRODUCTION: Inflammation and a 
predominant proinflammatory macrophage 
phenotype are characteristics of spinal cord injury 
and contribute to progressing necrosis and cell 
death. Extracellular matrix derived hydrogels have 
been shown to influence inflammation and have 
also been used as cell delivery vehicle [1]. This 
study determined the potential of ECM hydrogels 
for local delivery of stem cells to spinal cord lesions 
as a strategy to modulate the microenvironment. 

METHODS: Spinal cord and bone extracellular 
matrix hydrogels (scECM and bECM) were formed 
as previously described [1]. Stem cells from the 
dental apical papilla (SCAP) viability in hydrogels 
(1x106 cells/mL of gel) was determined using a 
metabolic assay (PrestoBlue) (n=3, N=3). The 
ability of bECM/scECM to gel in vivo was tested in 
a rat brain biopsy model. Rheological properties 
were determined with a time sweep (1% oscillatory 
strain, 1rad/sec angular frequency) and a sequential 
frequency sweep test (1% strain, 0.01- 100rad/sec 
angular frequency) [2].  

RESULTS: SCAP viability decreased significantly 
(p<0.05) in bECM 10mg/mL compared to the other 
conditions tested (Fig. 1). 10mg/mL scECM 
hydrogels were heterogeneous, and therefore 
difficult to deliver reproducibly. A robust gel was 
formed from bECM 8mg/mL (bECM8) in vivo, 
whereas scECM 8mg/mL (scECM8) did not gel. 

Fig. 1: Viability of 1x106 SCAP/mL in spinal cord 
and bone ECM derived hydrogels. 

Combination of scECM and bECM allowed in vivo 
gelation (6mg/mL and 2.5mg/mL respectively) 
(scbECM). SCAP viability in scbECM and scECM8 
was similar at each time point (p<0.05). Gelation 
kinetics are shown in Fig. 2; storage moduli (G’) at 
the point of plateau were 137.233± 71.863, 

259.667± 22.502 and 257.333± 27.429 Pa for 
scECM8, bECM8 and scbECM respectively. 
Complex viscosity (ǀη*ǀ) decreased with increasing 
frequency and was the highest for scbECM (Fig. 3).
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Fig. 2: Representative time sweep curves of 
scECM8, bECM8 and scbECM hydrogels. 
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Fig. 3: Representative curves of G’ and ǀη*ǀ in 
gelled scECM8, bECM8 and scbECM plotted over 
the range of angular frequencies. 

DISCUSSION & CONCLUSIONS: High SCAP 
viability in scECM8 accompanied by poor gelation 
prompted the use of a combination of scECM and 
bECM (scbECM). The combination hydrogel 
facilitated gelation and enhanced gel properties 
whilst high SCAP viability was maintained (data 
not shown). Faster formation and higher storage 
moduli of bECM8 and scbECM, compared to 
scECM8 hydrogels, correlated with in vivo 
observations. These results indicate that bECM8 
and scbECM as stiff, fast gelling materials, 
overcome the flow of blood in vivo, do not dissolve 
in brain lesions and have potential for spinal cord 
application. 

REFERENCES: 1 L.T. Saldin, M.C. Cramer, S.S. 
Velankar, L.J. White, S.F. Badylak (2017) Acta 
Biomater 49:1-15. 2M.J. Sawkins, W. Bowen, P. 
Dhadda, H. Markides, L.E. Sidney, A.J. Taylor, et 
al (2013) Acta Biomater 9(8):7865–73.  
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INTRODUCTION: Translating protocols, 
developed in a research, setting into products for 
clinical application creates a unique set of 
challenges. The Tissue Development Laboratory  
(TDL) at NHSBT Tissue and Eye Services (TES) 
Liverpool was established in part to perform the 
work necessary to translate research  protocols to 
protocols compliant with the requirements of Good 
Manufacturing Practice (GMP), required to make 
tissue allografts for clinical application. TES has 
collaborated for many  years with the Institute for 
Mechanical and Biological Engineering (IMBE) at 
the University of Leeds to make the fruits of their 
research on decellularised  tissue allografts 
available to the NHS [1]. We are currently working 
on the translation of a method for the preparation  of  
decellularised heart valve allografts. This type of 
allograft is capable of being re-populated by the 
patient’s cells in vivo, effectively becoming native 
tissue that can grow and develop with the patient, 
without the risks of alloimmunisation.  

METHODS: The NHSBT/IMBE methodology for 
preparation of decellularised heart valve allografts  
was reviewed against the requirements of (GMP). 
This involved looking into the grade and source of 
all reagents used, the logistics of the process and the 
resource required to implement it in a facility 
working to GMP. This resulted in: 

1. Converting the original open preparation process 
into a closed process that could be performed in a 
non-clean room environment. 

2. Review and checking of reagents for compliance 
with GMP, and replacement with suitable 
alternatives where required.  

To confirm our amended process still produced the 
same results, basic analysis of the valve tissue, 
including histology and DNA analysis was carried 
out on processed valves. Pulmonary and aortic heart 
valves were used in the development work. 

RESULTS: A closed system was developed 
(Figure 1), consisting of a sealed tissue bag into 
which valves, mounted in a custom designed 3D 
printed scaffold were placed for processing. The 
solutions required for the decellularisation could be 
transferred to and removed from the bag via 3 way 
stopcocks and tubing, using a 100ml syringe. 
Additional bags containing pre-prepared and tested 
reagents were sterile docked to the system using a 

tube welder apparatus developed for the processing 
of blood components. The reagents were custom 
manufactured for TES by a specialised 
manufacturer of pharmaceutical grade reagents. The 
two types of heart valves presented different 
challenges. Pulmonary valves are less robust and 
required careful mounting to ensure they did not 
collapse, preventing effective decellularisation. 
Aortic valves are more robust, and due their denser 
elastic tissue required higher temperature 
incubations and more vigorous shaking (225rpm) to 
accomplish decellularisation. GMP compliant  
protocols that reliably accomplish the 
decellularisation of pulmonary valves have now 
been developed, while work on aortic valves is still 
progressing. Once efficacy of the process has been 
demonstrated, the biomechanical and biodynamic 
properties of the grafts will be investigated. 

 
Fig. 1: The closed system for decellularising heart 
valves. The valve is stitched into the cage in the 
tissue bag and fluids are added and removed via 
the syringe. Additional reagents can be added via 
the 10ml syringe and filter. 

DISCUSSION & CONCLUSIONS: Pulmonary 
heart valves were successfully decellularised using 
the closed system as it has been developed to date. 
Aortic valves decellularisation in the closed system 
is still in process. 

REFERENCES: 1 SA. Korossis, C. Booth, HE. 
Wilcox, E. Ingham et al (2002) Tissue engineering 
of cardiac valve prosthesis II: biomechanical 
characterization of decellularised porcine aortic 
heart valves. J Heart Valve Dis 11:463-71.  
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INTRODUCTION: As a result of insufficient 
treatment options for patients with liver disease [1]; 
a solution is sought in the form of liver ‘organoids’; 
lab grown devices which can support the survival 
and function of hepatocytes [2]. Part of the 
challenge of developing such an organoid lies in the 
creation of scaffolds; surfaces which can maintain 
cells as in vivo. The biofunctionalization of 
electrospun polymer scaffolds with cell-derived 
ECM has been shown to influence the survival and 
function of hepatocytes [3]. With this in mind we 
selected a single ECM protein; fibronectin, with 
which to selectively biofunctionalize an electrospun 
polylactic acid [PLA] fibrous scaffold.  

METHODS: A fibronectin vector [PSI:Biology 
Material Repository] was transfected into confluent 
5637 bladder epithelials seeded on the PLA 
electrospun scaffold. Transfected cells were 
cultured in selective media and allowed to lay down 
the vector derived fibronectin for 7 days. Scaffolds 
were then decellularized. The resulting hybrid 
synthetically derived ECM-PLA [SDECM-PLA] 
scaffolds were re-seeded with HepG2s, and cultured 
for 3/5 days before scanning electron microscopy 
[SEM], mechanical and biochemical quantification, 
histology, and gene expression analysis were 
performed.  

RESULTS: SEM and histology dually demonstrate 
retention of both native and synthetically derived 
ECM proteins [Fig1]. Gene expression was 
significantly altered between conditions [Fig 2], as 
was albumin production [data not shown]. 
Mechanical testing revealed significant changes in 
storage and loss modulus solely between PLA only 
and SDECM-PLA constructs [Fig 3], confirming 
the presence of an altered ECM on the vector treated 
constructs. 

DISCUSSION & CONCLUSIONS: Transfected 
cells can be harnessed to produce ECM proteins of 
interest to liver tissue engineering. Exposure to the 
synthetically derived decellularized ECM 
significantly alters the gene expression profile of the 
HepG2s, [data not shown; Collagens I & IV, 
Fibronectin]. These results demonstrate that 
synthetically derived ECMs represent a viable 
method of biofunctionalizing electrospun polymer 
scaffolds. 

 

 
Fig. 1: SEM/histology of decellularized constructs. 
[A,B] PLA only, [C,D] Normal ECM-PLA, [E,F] 
synthetically derived ECM-PLA. Phalloidin [green] 
anti-fibronectin [red] and DAPI [blue]. 

 
Fig. 2: HepG2 gene expression of liver associated 
genes. Normalised to GAPDH, relative to culture 
plastic HepG2s. N = 5, error bars = SD. *p<0.05, 
**p<0.01; one way ANOVA w/Games-Howell.  

REFERENCES: 1. Williams, R. et al. Lancet 384, 
1953–1997 [2014]. 2. Takebe, T. et al. Cell Stem 
Cell 16, 556–565 [2015]. 3. Grant, R., Hay, D. & 
Callanan, A. Tissue Eng. Part A [2017]. 
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INTRODUCTION: Graphene and its derivatives 
are a group of newly-discovered 2D nanomaterials 
[1] attracting extensive studies into their 
biomedical applications [2]. Their large surface 
areas with abundant functional groups enable these 
materials to adsorb a plethora of biological 
molecules [3, 4]. This study utilized this unique 
property to adsorb transforming growth factor β3 
(TGFβ3) onto graphene oxide (GO), and pre-
distribute the GO TGF-β3-loaded flakes in a 3D 
hydrogel suitable for cartilage tissue engineering. 
The efficacy was assessed by encapsulating hMSC 
cells into these functionalized gels and assessing 
chondrogenesis.  

METHODS: GO were fabricated by modified 
Hummer’s method. TGFβ3 adsorption on GO was 
evidenced by fluorescence spectroscopy and 
adsorption/release quantified by Elisa and 
mathematical modelling. Conformation of 
adsorbed TGFβ3 was assessed by circular 
dichroism. TGFβ3-functionalized gels were 
formed by premixing GO TGF-β3-loaded flakes 
and dispersing the mixture into a collagen 
hydrogel. hMSCs were further encapsulated and 
gels were formed at 37°C. Gel biocompatibility 
was assessed by Live-Dead assay and TEM.  
Response to TGFβ3 was analyzed by SMAD2 
phosphorylation and chondrogenic differentiation 
assessed by RT-PCR and histology. 

RESULTS:  
When mixing GO with TGFβ3, TGFβ3 self-
fluorescence was quenched indicating strong 
molecular adsorption. At 6:1(w/w) as GO: TGFβ3 
ratio, >99 % TGFβ3 was quantified as adsorbed 
and over 28 days <1.7 % was released. The 
adsorbed TGFβ3 had a similar conformation to its 
dissolved counterpart and showed better 
conformational stability. The collagen gels 
containing 0.006-0.6 mg/ml GO appeared 
homogenous with a uniform light-brown colour 

(Fig.1a). Encapsulated hMSC cells remained 
viable and rare GO uptake or cell apoptosis was 
observed. With GO TGF-β3-loaded flakes, Smad2 
phosphorylation was activated and e activation was 
greater compared to supplying TGFβ3 in culture 
media. Increased expression of chondrogenic genes 
and increased cartilage-specific GAG depositions 
were detected with GO TGF-β3-loaded flakes, and 
levels of gene expression were significantly higher 
than when TGFβ3 was supplied exogenously in 
culture media (Fig.1b-c). Chondrogenesis was 
sustained in long term culture (28 days). 

 
Fig. 1a Collagen gel containing 0.6 mg/ml appeared 
homogenous. b. Higher-intensity alcian blue staining 
for GAG deposition was detected with samples having 
TGFβ3 pre-distributed using GO compared to samples 
with TGFβ3 supplied in culture media. 

DISCUSSION & CONCLUSIONS: This study 
with TGFβ3 as a model growth factor, 
demonstrates a convenient and economical way of 
using GO as an efficient growth factor delivery 
system to supply a soluble growth factor 
effectively. Therefore pre-adsorbing growth factors 
on GO may be a superior way to replace 
exogenous supplying growth factors in cartilage 
regeneration/ tissue engineering strategies.  

REFERENCES: 1 K.S. Novoselov, et al (2004), 
Science 306: 666-69. 2D. Chimene, D.L. Alge, A.K. 
Gaharwar (2015), Adv Mater 27: 7261-84. 3H.H. Yoon, 
et al (2014), Adv Funct Mater 24: 6455-64.4S. Li, et al 
(2012) ACS Appl Mater Interfaces 4: 7069-75. 
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INTRODUCTION: Organ failure leads to 
decreased quality of life and morbidity. Current 
gold standards for organ transplantation have 
inherent weaknesses like donor site morbidity, 
donor shortage, and immuno-compatibility. A 
tissue engineering approach by using biomaterials 
fabricated from natural polymers and  seeded with 
autologous stem cells has potential to restore 
functional organs as they are bio- and immuno-
compatible, and stem cells have the capacity for 
self-renewal and differentiation into specific 
linages. However, to fabricate these functional 
tissue equivalents there is limited understanding 
about interaction between stem cells with natural 
polymers present in the extracellular matrix (ECM) 
like collagen, fibrin and elastin1,2,3.   Therefore, the 
aim of our study was to investigate how different 
3D environments made of proteins found in the 
natural 3D ECM affect cellular behavior of human 
adipose derived stem cells (hADSCs) as a 
preliminary step to design 3D constructs for tissue 
and organ regeneration. 

METHODS: Scaffolds from natural polymers 
(collagen, fibrin and elastin) were fabricated by 
custom designed processes and seeded with 
hADSCs. The structural and mechanical properties 
of the different scaffolds were characterised. In 
vitro cell studies were carried out where survival, 
proliferation, phenotype and angiogenesis were 
investigated. 

RESULTS:  All scaffolds were porous (Fig. 1). 
Collagen and fibrin scaffolds had fourfold higher 
swelling ratio than elastin, but elastin was the most 
stable polymer in culture conditions of all 
scaffolds. Collagen and fibrin scaffolds degraded 
considerably faster than elastin scaffolds. 

Fig1. Microscopic structure of scaffolds from 
natural polymers. 

After 28 days in culture hADSCs were viable and 
proliferative. hADSCs in the elastin scaffold 
maintained their non-aggregated behaviour and  

demonstrated spindle morphology while on fibrin 
and collagen they showed aggregated morphology 
(Fig 2).  

 
Fig. 2 showing cell morphology and a network of 
MSC on the 3D scaffold (for day 1,3 and 7). 

Results suggested a higher vascular network on 
collagen and fibrin scaffolds as compared to the 
elastin scaffold although these results were not 
significant. 

DISCUSSION & CONCLUSIONS: Elastin 
scaffold was mechanically stronger than the other 
scaffolds and hADSCs maintained its 
undifferentiated state on elastin. Fibrin had weaker 
cellular properties but structurally it was the most 
porous scaffold. hADSCs adhesion and 
proliferation on collagen was higher compared to 
the other scaffolds. These findings about how 
polymers present in the natural ECM affect 
hADSCs behaviour in vitro can help designing 3D 
constructs for in vivo tissue and organ 
regeneration. 

REFERENCES: 1Zhang and Kohn; Birth Defects 
Research (Part C) 96:63–81, 2012, 2Daamen E et 
al., Biomaterials;28(30):4378-98, 2007. 3Buttafoco 
L et al., Biomaterials; 27(5):724-34 2006 
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INTRODUCTION: We have previously reported 
the development of a synthetic Laponite® 
crosslinked pNIPAM-co-DMAc hydrogel (L-
pNIPAM-co-DMAc) loaded with hydroxyapatite 
nanoparticles (HAPna), which can be injected via 
26G needle into affected bone to deliver and 
induce osteogenic differentiation of human 
mesenchymal stem cells (hMSCs), without the 
need for additional osteogenic growth factors in 
vitro1. This study investigated the biocompatibility 
and efficacy of this hydrogel in vivo.  

METHODS: Sub-cut analysis was performed to 
investigate safety of the hydrogel in vivo. To 
evaluate the ability of L-pNIPAM-co-DMAc 
hydrogel systems to augment bone regeneration in 
vivo, a single bur hole was created in the mid-shaft 
of the femur. Four experimental groups were 
investigated: sham operated controls; acellular L-
pNIPAM-co-DMAc hydrogel; acellular L-
pNIPAM-co-DMAc hydrogel with HAPna; L-
pNIPAM-co-DMAc hydrogel with rat MSCs and 
HAPna. Following 4 weeks, the defect site and 
organs were histologically examined to determine 
biomaterial integration, wound repair and 
inflammatory response, as well as μCT to assess 
bone mineralisation. 

RESULTS: In vivo subcutaneous testing for 6 
weeks demonstrated no inflammatory reaction, 
organ toxicity or systemic toxicity. Efficacy testing 
in vivo demonstrated no signs of inflammatory 
reaction beyond the standard healing response seen 
in control tissues. Within the defect region 
integration of the hydrogel with surrounding bone 
tissue was observed without the need for delivered 
MSCs; native cell infiltration was also seen and 
bone formation was observed within all hydrogel 
systems investigated. Increased collagen 
deposition, an early bone marker, was observed 
where hydrogel with incorporated HAPna was 
injected, which was further enhanced by 
incorporation of rat MSCs (Fig 1). No significant 
difference in the bone volume, as determined by 
μCT, was observed between hydrogel injected 
defects and controls.  
Increased immunopositivity for the early bone 
matrix markers: runx2 and collagen type I were 
observed throughout the defect in hydrogel 
injected animals in comparison to sham operated  

 

controls. Low levels of cellular staining for the late 
bone markers: osteocalcin and osteopontin were 
observed in hydrogel injected animals and sham 
operated controls. 

Fig. 1: Defect site after 4 weeks repair time stained 
with masson trichrome for collagen (blue) 
staining. Representative images from 6 replicates 
to demonstrate the best, mid and worst bone repair 
observed from independent pathological 
assessment. Scale bar: 1000μm. 

DISCUSSION & CONCLUSIONS: The L-
pNIPAM-co-DMAc hydrogel was delivered 
directly into the target site and was shown to be 
biocompatible, facilitate migration of native cells, 
able to integrate with surrounding bone tissue and 
promote increased deposition of early markers of 
bone formation. This system could potentially 
provide safe and efficacious bone regeneration for 
the repair of small bone defects as well as clinical 
cases of osteoporosis. 

REFERENCES: 1A Thorpe et al., 2016 
Hydroxyapatite nanoparticle injectable hydrogel 
scaffold to support osteogenic differentiation of 
human mesenchymal stem cells. European Cells 
and Materials.32, 1-23. 
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INTRODUCTION: Studying cancer progression 
in a biomimetic model has moved towards a focus 
on studying tissue-engineered 3D models to 
demonstrate all aspects of the tumour 
microenvironment and therefore study disease 
pathways1. The aim of this study is to utilise a 3D 
biomimetic colorectal cancer model, which 
reproduces the solid tumour microenvironment 
including matrix composition, cell spatial 
configuration and a primitive vascular network to 
study invasion, matrix remodelling and 
vasculogenesis.  

METHODS: HT29 and HCT116 immortalised 
colorectal cancer cell lines were used to generate 
an artificial cancer mass (ACM) and CCD841 CoN 
normal colon cells used to generate an artificial 
normal colon cell mass utilising monomeric rat-tail 
type 1 collagen (FirstLink, UK) and plastic 
compression with RAFTTM absorbers (Lonza, 
Switzerland). These masses were then nested into 
either an acellular stromal compartment or a 
stromal co-culture containing HDF and HUVEC 
cell lines and mouse laminin (Corning, UK) at a 50 
μg/mL concentration. Various patient- specific 
primary cancer associated fibroblast (CAF) tissue 
samples were added to the cancerous model to 
study the effect on different aspects of cancer 
pathology. The resulting tumouroids were, 
formalin fixed, media samples were taken and 
extracted for RNA at different time points (n=3).  

RESULTS: The invasion of cancer cells into the 
stromal compartment was significantly different 
when compared to the non-cancerous colon normal 
cells. Phenotypically, the formation of spheroids 
within the ACM and the invasion as cell clusters 
into the stromal compartment is a cancer exclusive 
observation. CCD841 CoN colon normal cells 
migrated as single cells and did not form viable 
cell bodies detached from the original mass. In the 
presence of a cellular stroma containing HDF and 
HUVEC cells, CCD841 CoN normal cells were not 
able to proliferate within the tumouroid model. 
Quantitative PCR and protein analysis of invasive, 
matrix remodelling and angiogenic markers 
indicate that low invasive HT29 and highly 
invasive HCT116 cells express genes responsible  

for this behaviour. Previously, we described that 
the addition of CAFs into the stromal compartment 
increased invasion significantly (>10%), as seen in 
Figure 1 below, but decreased or diminished the 
development of endothelial networks within the 
HT29 and HCT116 tumouroids models. We now 
added patient-specific CAF samples to a day 21 
established tumouroid model and found the 
established endothelial networks to be affected on 
a phenotypical and molecular level.  

 

 
 Fig. 1: Left image showing invasion of HT29 cells 
into a biomimetic CAF containing stromal 
compartment (x2.5) as compared to the right 
image showing a HDF containing stromal 
compartment (x10). Invasiveness bodies increased 
by up to a 10-fold) red=CK20 and blue=DAPI              

 

DISCUSSION & CONCLUSIONS: The results 
indicate that this 3D tissue-engineered colorectal 
cancer model can be used to study cancer invasion 
patterns and vasculogenesis by comparing to 
healthy colon cells and looking at specific invasive 
angiogenic disease markers. Making the model 
more biomimetic by adding patient-specific CAFs 
to the stromal compartments, allows studying the 
exact molecular pathways involved in the effect on 
invasiveness and vasculogenesis.  

REFERENCES: 1T. Magdeldin et al. (2017) 
Engineering a Vascularised 3D in Vitro Model 
of Cancer Progression. Scientific Reports. (7) 
44045.  
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INTRODUCTION: Low back pain affects 80% of 
the population at some point in their lives with 
40% of cases attributed to intervertebral disc (IVD) 
degeneration. An attractive treatment strategy for 
IVD degeneration is with the use of mesenchymal 
stem cells (MSCs) in combination with a 
biomaterial scaffold, to regenerate the matrix and 
restore disc height. We have previously reported 
the development of a synthetic Laponite® cross-
linked pNIPAM-co-DMAc (NPgel) hydrogel, 
which was able to induce differentiation of human 
MSCs (hMSCs) towards the nucleus pulposus (NP) 
cell phenotype without the need for additional 
growth factors in vitro [1] and supports integration 
following injection into the disc [2]. However, 
translation of this treatment strategy into clinical 
application is dependent on the survival and 
differentiation of hMSC to the correct cell 
phenotype within the degenerate IVD. Here, we 
investigated the viability and differentiation of 
hMSCs within NP gel within a catabolic 
microenvironment.  

METHODS: Human MSCs were encapsulated in 
NPgel and cultured for 4 weeks under hypoxia 
(5%) with ± calcium (2.5mM and 5.0mM CaCl2), 
IL-1β and TNF  either individually or in 
combination to mimic the degenerate environment. 
Cell viability was assessed by Alamar blue assay 
and immunohistochemistry for apoptotic marker 
caspase 3. Histological and immunohistochemical 
analysis investigated altered matrix synthesis and 
matrix degrading enzyme expression, specifically 
MMP3 and MMP13. Differentiation capacity of 
the human MSCs was determined using 
immunohistochemical analysis for NP extracellular 
matrix markers: collagen type II (Col II), aggrecan 
(Agg) and NP phenotypic markers: HIF-1 , 
FOXF1 and PAX1, alongside the NP negative 
marker collagen type I (Col I). 

RESULTS: Stem cell viability was maintained 
within hydrogel systems for the 4 weeks 
investigated under all degenerate conditions. NP 
matrix markers Agg and Col II and NP phenotypic 
markers HIF-1a, FOXF1 and PAX1 were induced 
within the NPgel cultures and expression was not 
affected by culture within degenerate conditions 
(Fig 1). Alizarin red staining demonstrated 

increased calcium deposition under degenerate 
culture conditions indicating calcification of the 
matrix. Interestingly MMP and Col I expression by 
hMSCs was upregulated by calcium but not by 
pro-inflammatory cytokines IL-1  and TNF . 

 

 
Fig. 1: Immunohistochemical detection of Aggrecan and 
Col II, after 0hrs, 4wk non-degenerate (St media 
control) and 4wk degenerate (5.0mM CaCl2 + IL-1β + 
TNF ) culture conditions (top) with immunopositivity 
shown (below) for all conditions. Black arrows indicate 
positive staining and white arrows indicate negative 
staining. Scale bar 100μm. 

DISCUSSION & CONCLUSIONS: In agreement 
with our previous findings [1,2] NPgel was 
sufficient alone to induce NP cell differentiation of 
MSCs, with expression of both aggrecan and 
collagen type II, under both standard and 
degenerate culture conditions; thus could provide a 
therapeutic option for the repair of the NP during 
IVD degeneration. Despite this, increased calcium 
induced expression of MMP3, MMP13 and 
collagen type I could result in matrix breakdown. 
Interestingly IL-1  and TNF , regarded as key 
contributors to disc degeneration, were not shown 
to affect the NP cell differentiation of MSCs in the 
NPgel. 

REFERENCES: 1A. Thorpe et al., Acta 
biomaterialia. 2016, 36, 99-111. 2A. Thorpe et al., 
Acta biomaterialia. 2017, 8. pii: S1742-7061 (17) 
30172-1. 
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INTRODUCTION: Aggrecan, the most abundant 
proteoglycan in the intervertebral disc (IVD), plays 
a key role in maintaining osmotic potential and in 
providing resistance against compressive forces. It 
is now established that the ultrastructure of tissue-
derived aggrecan mediates the mechanical 
behavior of isolated molecules and hence 
potentially of native tissue and/or engineered tissue 
constructs1, 2. Given the predominant functional 
role which aggrecan has in the IVD, it is necessary 
to evaluate the quality of aggrecan produced by 
cells seeded in biomaterials and subjected to the 
different culture conditions used in generating an 
engineered disc. Thus, the aim of this study was to 
isolate and characterise the nanostructure of 
aggrecan synthesised by disc cells in the presence 
or absence of growth differentiation factor [GDF]-
6) in comparison to aggrecan isolated from healthy 
disc.  

METHODS: Caesium chloride dissociative 
density gradient centrifugation was used to isolate 
aggrecan from bovine NP tissue (n=3 biological 
replicates [<18 months old]) and primary bovine 
NP cells (passage 2 cultured for 28 days with 
(+GDF6) or without GDF6 (-GDF6) (n=2 
biological replicates [<18 months old]). Isolated 
aggrecan monomers adsorbed to APTES coated 
mica were visualised by atomic force microscopy 
and were categorised as either intact (globular 
domains visible at both the N and C termini) or 
non-intact. Subsequently the core protein contour 
length (LCP) was calculated for intact molecules. 
The proportion of non-intact/fragmented to intact 
aggrecan was assessed and the molecular area of 
all monomers was determined. Aggrecan 
elongation was measured in solution using size 
exclusion chromatography with multi-angle light 
scattering analysis (SEC-MALS) and was derived 
using a root-mean squared conformation plot. 

RESULTS: Aggrecan morphology was highly 
variable in both native NP and cultured NP cells 
with both intact and non-intact molecules 
observable. Interestingly, very few aggrecan 
molecules were intact (1.3% in NP compared to 
4.3% in +GDF6 and 0% in -GDF6). No significant 

difference in the mean intact aggrecan LCP was 
found between NP (389 ± 37 nm) compared to 
those derived from +GDF6 (379.2 ± 26 nm). 
Molecular area was not significantly different 
between NP (3560 ± 2179 nm2) and –GDF6 (3586 
± 2071 nm2). However, the molecular in both cases 
was significantly lower than +GDF6 (4774 ± 3715 
nm2) p≤0.0001. In solution, SEC-MALS analysis 
showed that aggrecan was less elongated and stiff 
in the NP (0.44 nm mol g-1) and –GDF6 (0.46 nm 
mol g-1) compared to +GDF6 (0.71 nm mol g-1). 

 
Fig. 1: Aggrecan structure can be altered by cell 
culture conditions – Topographical AFM height 
image of isolated aggrecan from (A) native NP. 
Scale bar is 100nm. (B) Schematic of aggrecan, 
indicating assessed morphological parameters. 
Size distributions are shown for (C) LCP and (D) 
molecular area. Values shown are the mean (±SD).  

DISCUSSION & CONCLUSIONS: In the 
absence of GDF6, there is no difference in 
aggrecan structure between tissue and cell culture. 
GDF6 treatment promoted the synthesis of more 
intact, larger monomers.  

REFERENCES: 1Lee, H. Y., Kopesky, P. W., 
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Grodzinsky, A. J. & Ortiz, C. 2010. Osteoarthritis 
Cartilage, 18, 1477-86. 2Lee, H. Y., Han, L., 
Roughley, P. J., Grodzinsky, A. J. & Ortiz, C. 
2013. J Struct Biol, 181, 264-73. 
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INTRODUCTION: Our population is ageing and 
new methods of generating high volumes of good 
quality bone are required if we are to meet 
growing patient demand. Osteoporosis-related 
fragility fractures currently cost the NHS over £1.5
billion every year and these numbers are expected 
to double by 2020 [1]. This will ultimately place
tremendous strain on our healthcare system. Over 
the last decade, considerable attention has been 
focused on cell-based approaches to solve this 
problem. Even though these methods have yielded 
promising results, their translation is frequently 
hindered by insurmountable regulatory and ethical 
hurdles. By harnessing the regenerative capacity of 
extracellular vesicles (EVs) we have developed an 
acellular yet biological therapy able to regenerate 
bone.

METHODS: EVs were isolated from mineralising 
osteoblasts using differential centrifugation.  
Atomic force microscopy (AFM), direct light 
scattering (DLS), transmission electron 
microscopy (TEM), nanoparticle tracking analysis
and ImageStream flow cytometry was used to 
profile the size and morphology of EVs. The
effects of EVs on MSC osteogenic differentiation 
was assessed against the clinical gold-standard, 
BMP-2 and an osteogenic medium control.
Differentiation was analysed using alizarin red 
calcium staining, alkaline phosphatase (ALP) 
quantification, and PCR. Mineral phase and 
quality was determined using X-ray fluorescence 
(XRF) and infrared spectroscopy (IR). The 
resulting data was arranged into hyperspectral 
datacubes, processed using MATLAB and 
normalized using the standard normal variate
(SNV) method to allow comparison between data 
using principal component analysis (PCA). The 
EV proteome was defined using LC-MS/MS and 
raw data files processed using MaxQuant. MS/MS 
spectra were searched against the mouse proteome 
and analysed using Gene Ontology Enrichment 
analysis. 

RESULTS: EVs (CD9+/CD63+/CD81+) of 
~160nm were able to significantly enhance ALP 

levels, mineralisation rate and mineral volume 
beyond the current gold-standard, BMP-2. XRF 
elemental mapping identified significantly 
enriched areas of calcium and phosphorus co-
localisation in EV treated MSC cultures. IR 
analysis of the mineral phase demonstrated the 
presence of octacalcium phosphate (OCP), a phase
only stable at more acidic pH conditions, such as 
those found in multi-vesicular bodies (MVBs). 
PCA indicated that the OCP mineral component 
was principally localized with EV phospholipid 
membrane, suggesting that this functions as a site 
of nucleation. Finally, proteomic analysis of EVs 
revealed the presence of bridging collagens 
involved in osteoblast communication, calcium 
chelating proteins and extracellular binding 
proteins associated with osteogenesis.

Fig. 1: X-ray fluorescence image demonstrating 
significantly increased calcium deposition within 
MSC cultures following the administration of EVs 
derived from mineralising osteoblasts

DISCUSSION & CONCLUSIONS: Our data 
show that EVs derived from mineralizing 
osteoblasts can enhance the osteogenic 
differentiation of human MSCs beyond that of the 
current clinical gold standard, BMP-2. As such, 
they hold considerable potential as an acellular yet 
biological approach to regenerative medicine.

REFERENCES: 
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INTRODUCTION: Epigenetics is the study of 
heritable changes in gene expression that are not 
caused by changes in the DNA sequence. DNA 
methylation is an important epigenetic mechanism 
that regulates gene expression in mammalian cells 
during development, cell differentiation and 
disease development [1]. Mesenchymal stem cells 
(MSCs) are diverse group of stem cells which are 
characterized by multipotency and their 
differentiation capacity [2]. However, the stem cell 
niche is involved in the regulation of stem cell 
behaviour through balanced mechanisms 
controlling production of stem cell and progenitor 
cells which act to maintain homeostasis [3]. Here 
we tested the hypothesis that epigenetic 
methylation marks (5mC and 5hmC) in human 
bone marrow-derived mesenchymal stem cells can 
be altered in response to a specific environmental 
change (physiological normoxia (2% O2)).  

METHODS: hMSCs were isolated and expanded 
from human bone marrow aspirates by plastic 
adherent culture technique. The cells were 
incubated in the following three conditions: 21% 
O2-Standard cell culture (21%ST); 2% O2-Pre-
gassed media (2%PG); 2% O2-Pre-gassed media, 
Workstation (2%WTS). Identity of hMSCs was 
confirmed by flow cytometry and trilineage 
differentiation. 

DNA, RNA, and Protein was extracted from 
hMSCs at three different oxygen concentrations. 
Global DNA methylation (5mC) and 
Hydroxymethylated DNA (5hmC) were 
determined using the MethylFlash Quantification 
Kit (Colorimetric) (Farmingdale, NY). RT-PCR 
analysis was carried out on samples using the 
Qiagen One step Fast qRT-PCR kit. For Western 
blots, cells were lysed in RIPA and 50 mg total 
cellular proteins were used for each blot.  

RESULTS: Routine culture of hMSCs in 
physiological normoxia resulted in a significant 
decrease in levels of 5mC and 5hmC, accompanied 
by transcriptional translational down-regulation of 
DNMT3B and TET1.In contract, HIF2A displayed 
upregulation at both transcript and protein level.  
 

 
Fig. 1: The global changes of 5mC and 5hmC 
contents in DNA in the hMSCs.  

Fig. 2: Changes in DNMTs, TETs, HIF1A and 
HIF2A expression in hMSCs, at the mRNA and 
proteins levels. The expression was normalized to 
the expression of GAPDH. 

DISCUSSION & CONCLUSIONS: Our results 
indicate decreased expression of de novo 
methylation DNA methyltransferase DNMT3B and 
5mC DNA hydroxylases TET1 in association with 
physiological normoxia. This is associated with 
decreased global 5mC, and 5hmC levels in hMSCs 
cells cultured in 2% O2. In summary we have 
demonstrated that 5mC and 5hmC levels in hMSCs 
are sensitive to modulation via subtle alterations in 
the biophysical environment. 

REFERENCES: 1 S. Sharma, T. K. Kelly, P. A. 
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hepatocyte-like cells, J. Clin. Invest. 109:1291–
1302. 3 R. Kanwal, S. Gupta (2012) Epigenetic 
modifications in cancer, Clin.  Genet Apr., 
81(4):303-311.  
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INTRODUCTION: Ex vivo models of the human 
hematopoietic niche are needed to bridge 
disparities between animal, laboratory, and clinical 
research. Red blood cell production, or 
erythropoiesis, represents a hematopoietic process 
rich in therapeutic potential1, but remains unmet 
and misunderstood due to the complex range of 
interactions provided in the human bone marrow 
during in vivo red cell genesis, which current 
reductionist culture platforms fail to capture2,3. 
 
METHODS: Here we describe the engineering of 
a hollow fibre reactor (HFR) as an ex vivo 
erythropoietic platform comprised of a collagen-
coated porous polymeric scaffold surrounding 
ceramic hollow fibres. The scaffold was densely 
inoculated with a general mononuclear cell (MNC) 
fraction of fresh human umbilical cord blood 
(hUCB) isolated by ficoll paque. Hollow fibres 
were then perfused for 28 days of culture with 
StemSpan SFEM (StemCell Technologies) 
supplemented only with physiological 
concentrations of hematopoietic growth factors: 
stem cell factor (SCF) and erythropoietin (EPO). 
 
RESULTS: This is the first serum-free platform 
which, when seeded with only unselected hUCB 
MNCs, spontaneously expanded stromal 
populations (Stro-1, osterix) which underwent 
osteogenesis (osteopontin), deposited extracellular 
matrix proteins (collagen, fibronectin, laminin), 
and secreted at least 23 unsupplemented stromal 
and hematopoietic factors (CSFs, ILs, angiogeneic 
factors) and was able to support hematopoietic 
progenitor self-renewal (CD34, C-KIT, CD45) and 
erythroid differentiation (EPO-receptor, CD71, 
CD235a).  

To investigate the formation of this niche-based 
erythroid inductive environment, we wrote novel 
quantitative analyses4 of confocal microscopy 
images taken from bioreactor cross-sections. We 
found our HFR influenced the spatial distribution 
of cells in two ways: cell distance away from 
perfused hollow fibres, and intercellular 
associations within the scaffold. Creating a library 
of 19 cellular and environmental markers at several 
time points throughout culture, we measured 
significant associations within unique HFR regions 

between stromal and hematopoietic sub-
populations. Using this quantitative imaging data, 
we generated a systemic spatio-temporal HFR 
model to map multi-lineal cellular distributions and 
associations. 

 
Fig. 1: Imaging cross-sections of the HFR by 
electron (A; 1 mm scale) and confocal microscopy 
highlighting hematopoietic (B) and stromal 
phenotypes (C; both 100 μm scale). Figure 
reproduced with permission4. 

Viable marrow-like cell densities more than 1,000-
fold greater than current 2D ex vivo methods could 
be reached  by day 28 (>2∙109 cells/mL) while 
supplementing 10-fold less cytokines. Throughout 
culture, small cells were found filtering through 
pores in hollow fibres into the perfused medium. 
This continuously filtered cell product was 
harvested across 28 days and comprised a 
successively more purified red cell phenotype. 
These results demonstrate the utility of our 
interactive multi-lineal model as a more 
physiologically-relevant erythroid inductive 
environment for translational cell therapy 
protocols.  
 
REFERENCES: 1M. Fuentes-Gari, et al. (2015) 
Computers and Chemical Engineering, 81: 80-93. 
2S.W. Lane, et al. (2014) Nature Biotechnology, 
32: 795-803. 3X. Yin, et al. (2016) Cell Stem Cell, 
18: 25-38. 4M.C. Allenby, et al. (2017) Tissue 
Engineering Part C Methods, 23:108-117. 
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INTRODUCTION: There is a need for artificial 
organs and tissue constructs that closely mimic 
biology eliciting a desired host-implant interaction, 
as well as for a novel route to manufacture these 
constructs. Bioprinting, a layer-by-layer 
manufacturing process, has the potential to 
produce biomaterials on demand, customised for 
individual patient’s needs.1,2 At present, hydrogels 
from natural biopolymers are used for 3D 
bioprinting. These have several limitations, such as 
batch-to-batch variation, low shape fidelity and 
limited post-printing strength.3 An alternative are 
advanced organic-inorganic hybrid materials 
developed using the sol-gel process.4,5 We present 
the development of novel sol-gel derived bioinks 
for the 3D printing of organs and tissues and their 
characterisation using advanced facilities at 
Diamond Light Source and Central Laser Facility. 
METHODS: Bioinks were produced using 
biocompatible polyol-modified-silane precursors 
synthesised from alkoxysilanes.6 Gel structural 
evolution and mechanical properties were studied 
using in situ time resolved SAXS with 
simultaneous rheological studies (Anton Parr 
rheometer). The chemistry of gel formation, which 
can be achieved in a range of water content values, 
in particular the hydrolysis and condensation of the 
silanes were studied with the aid of Raman 
spectroscopy using bespoke laser tweezers. 
RESULTS: Bioinks were successfully synthesised 
and their gelation was performed at conditions 
mimicking physiological environments. Their 
reactions under these conditions were studied using 
Raman (Fig.1a) while mimicking the process of 
inkjet printing using laser tweezers (Fig.1). 

 
Fig. 1: (a) Intensity map showing Raman spectra of the 
reaction of TEOS precursor over time; SEM images of 

(b) trapped precursor droplets following deposition and 
(c) of the cross-section showing neck formation. 
The mechanical properties of the bioinks could be 
tailored according to the precursor used and water 
ratio, thereby opening prospects regarding the 
regeneration of different tissues. The 
biocompatibility of the inks were found to be 
dependent on the stiffness of the gels and on the 
type of precursor used. Rheological studies (Fig. 2) 
show how the stiffness and printability of the 
bioinks changes with chemistry and water content, 
with a high degree of control. 

 
Fig. 2: Rheological behaviour of bioinks after addition 
of water (molar ratio 48) at different pH. 
DISCUSSION & CONCLUSIONS: Sol-gel 
derived bioinks are an excellent alternative to 
natural polymer derived hydrogels for 3D 
bioprinting of tissue constructs due to their 
versatility and viscoelastic properties. By varying 
pH, one can control the stiffness of the inks and 
therefore control their printability. Their inorganic 
backbone opens new prospects in terms of 
functionalisation. 
REFERENCES: 1Derby B, (2012) Science. 338: 921. 
2Ferris J, et al., (2013) Appl. Microbiol. Biotechnol. 97: 
424. 3Malda J, et al., (2013) Adv. Mater. 25: 5011. 
4Jones J, (2013) Acta Biomater. 9: 4457. 5Poolo. G, et 
al., (2014) Chem. Eur. J. 20: 8149. 6Hüsing N, et al., 
(2006) J. Sol-Gel Sci. Techn. 40:131 
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INTRODUCTION: Optimal delivery strategies for 
injectable cell-based therapeutics are required to 
enhance the efficacy and reproducibility of pre-
clinical and clinical studies of cell therapy. The 
mode of delivery of fragile cells can compromise 
treatment efficacy, which is dependent on cell 
viability and functionality post-injection. A 
comprehensive toolset was employed to assess the 
impact of various parameters of injectable cell 
delivery protocols (Fig. 1A) on cell dose recovery, 
cell health and fate. Biomaterial-assisted cell 
delivery was also investigated as a possible solution 
to low cell numbers delivered at low ejection rates. 

METHODS: Primary human mesenchymal stem 
cell (hMSC) suspensions were drawn up into 100 
μL Hamilton syringes with 30- and 34G needles, 
before being ejected at rates ranging from 10-300 
μL/min. Effects of ejection rate, needle size and 
injectable cell carrier were comprehensively 
evaluated, using various standard and multiplex 
assays, in terms of cell recovery, phenotype, 
parameters of cell health and influence on 
differentiation capacity.  

RESULTS: Ejections at slower flow rates resulted 
in a significantly lower percentage of dose being 
delivered as viable cells (Fig. 1B). Normalised 
caspase-3/7 activity measurements ejected at 10 
μL/min were also significantly higher than control. 
Quantification of the differentiation of ejected 
hMSCs revealed that both ejection rate and cell 
carrier employed exert an effect on hMSCs 
differentiation capacity, as exemplified by 
osteogenic differentiation in Fig. 2. The use of 
biomaterials as cell carriers significantly improved 
cell recovery, with gelatin carriers resulting in 
87.5±14% of the cell dose being delivered as viable 
cells, in comparison with 32.2±19% of the dose in 
phosphate buffered saline (PBS). Collagen and 
bone-derived extracellular matrix (bECM) cell 
carriers yielded significant increases in mineralised 
matrix deposited at day 21 relative to PBS, 
demonstrating the potential capability of 
biomaterial-based delivery to influence 
differentiation capacity of ejected hMSCs. 

 

 

A                                   B 

 

Fig. 1: (A) Parameters of injection protocol design. 
(B) Percentage of hMSCs delivered after ejection 
through a 30G 20-mm needle (3 donors, n=5 each; 
mean±SD, *p<0.01) 1. 

 
Fig. 2: Representative images displaying extent of 
mineralisation of hMSCs post-ejection, after 
culturing in bipotential media for 21 days. Cells 
exhibiting typical adipocyte morphology are 
showed by arrows (Scale=50 μm).  

DISCUSSION & CONCLUSIONS: This study 
shows that ejection rate, needle size and choice of 
cell carrier have a significant impact on the 
percentage of cell dose delivered, cell health, 
functionality and differentiation capacity post-
ejection. The combination of these factors, among 
others, may influence the fate of hMSCs injected, 
thereby affecting success of cell-based therapies. 

REFERENCES: 1MH Amer, FR Rose, LJ White & 
KM Shakesheff (2016) Stem Cell Transl Med. 

ACKNOWLEDGEMENTS: This study was 
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Schlumberger FFtF and Misr ElKheir foundations. 
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INTRODUCTION: Joint replacement to treat hip 
fracture and severe osteoarthritis has a limited 
lifespan and thus can require replacement during a
patients’ lifetime. To address this issue, extending 
the lifespan of prostheses through improvements in 
bone-implant integration could be achieved through 
modification of implant surface. Certain 
topographical features are known to enhance 
osteogenic differentiation of skeletal stem cells 
(SSCs) and could improve bone integration when 
modelled on the surface of prostheses. The 
aragonite-based mother-of-pearl mineralised 
material lining of bivalve mollusc shell Pinctada 
maxima, promotes bone growth [1, 2]. This surface 
in Pinctada maxima shells is termed nacre. The aim 
of this study was to separate nacre topography from 
chemistry and investigate the influence of nacre 
topography alone on osteogenic differentiation of 
SSC, through use of lithography to replicate 
topographical features onto polycaptolactone 
(PCL). 

METHODS: The topography of nacre surfaces was
replicated from Pinctada maxima shells onto PCL
surfaces, through the use of an intermediate
polydimethylsiloxane (PDMS) mould, to create a 
biomimetic cell culture surface (Figure 1). Plasma 
treatment ensured hydrophilicity of the surfaces. 
STRO-1 enriched SSCs were cultured on the nacre-
topography PCL replicas in the absence of 
osteogenic factors. Topographically-induced 
osteogenic differentiation of SSCs on nacre-
topography surfaces was studied using analysis of 
osteogenic marker gene expression, 
immunostaining and metabolism assays and 
compared to flat PCL surfaces. 

RESULTS: Initial findings show, following 14
days culture of STRO-1+ SSC, mRNA levels of 
osteogenic marker alkaline phosphatase (ALP) 
increased on nacre topographies compared to flat 
PCL on day 14 however was not recorded as 
statistically significant. Immunostaining of STRO-
1+ SSC 21 days in culture indicated the presence of 
the osteogenic marker osteopontin on nacre-
topography PCL replicates and flat control PCL 
topographies, with higher staining on nacre 

topographical surfaces. Initial studies of metabolic 
rate of STRO-1+ SSC on topographical surfaces 
show upregulation of metabolic rate on nacre 
topographies compared to flat topographies over 14 
days. 

DISCUSSION & CONCLUSIONS: 
Topographical features can alter cytoskeletal 
arrangements and integrin clustering resulting in
osteogenic differentiation. A similar mechanism 
could be at play following culture on the nacre
surface to direct osteogenesis. Further examination 
of osteogenesis of STRO-1+ SSC on nacre-
topographical surfaces will be examined through 
studying of osteogenic markers RUNX2 and OCN,
miRNA profile, and In-Cell Western™. Study of 
metabolic rate will be extended to 28 days to 
understand how this changes with differentiation.
The identification of topographies for directing 
osteogenic differentiation in the absence of 
chemical cues offers potential for the use of unique 
topographical features modelled into prostheses for 
the treatment of degenerative bone disease. 

REFERENCES: 1. Berland, S., et al., Nacre/bone 
interface changes in durable nacre endosseous 
implants in sheep. Biomaterials, 2005. 26(15): p. 
2767-73. 2. Green, D.W., H.J. Kwon, and H.S. Jung, 
Osteogenic potency of nacre on human 
mesenchymal stem cells. Mol Cells, 2015. 38(3): p. 
267-72

ACKNOWLEDGEMENTS: The authors would 
like to acknowledge Ms Carol-Anne Smith for 
preparation of topographical surfaces and Ms Julia 
Wells for technical support. 

Figure 1. STRO-1+ SSC cultured on nacre-
replicating PCL surfaces. STRO-1+ SSC cultured for 
7 days on nacre PCL topographical surfaces were 
sputter coated with 7 nm platinum and imaged using 
SEM (A+B).
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INTRODUCTION: 2.8% of all trauma patients 
will occur a Peripheral Nerve Injury. The current 
treatment for large gap injuries (+20mm) is still 
autografting, although there is limited donor nerve 
available and donor site morbidity. For a short gap 
injury (10-20mm), synthetic Nerve Guide Conduits 
are used. Current research focuses on improving 
NGCs for use in longer gap injuries. Coatings have 
been used to improve the biocompatibility of 
synthetic nerve guide conduits, as well as providing 
surface chemistry, and nanotopography guidance 
for the regenerating axon. Synthetic coatings, such 
as aminosilanes, are much cheaper to produce, than 
natural coatings, have the ability to control chemical 
group deposition at the sub-micron scale and avoids 
unwanted immune responses.  

METHODS: 13mm Glass coverslips were 
immersed in 3% aminosilanes (Short Chain: 3-
Aminopropyl triethoxysilane; Long Chain: 11-
Aminoundecyltriethoxysilane) isopropanol solution 
for 2 hours, washed, and dried overnight.  Surfaces 
were characterised using XPS and AFM. NG108-15 
neuronal cells, and rat primary Schwann cells were 
cultured onto coverslips for 6 days. Rat Dorsal Root 
Ganglion bodies were extracted from rat spinal 
cords, and dissociated into primary neuronal cell 
types, to culture for 6 days. Live/dead analysis was 
used to confirm the biocompatibility of the glass 
coverslips, for the NG108 neuronal cells and 
primary Schwann cells, as well as immunolabelling 
for β III tubulin, NG108-15 neuronal cell 
differentiation and neurite marker, and for S100, a 
Schwann cell marker. 
 
RESULTS: Live/Dead analysis confirmed that 
both coatings were biocompatible, but that there 
were higher numbers of live cells cultured on long 
chain coverslips using both cell types. Primary 
Schwann cells, cultured on the coverslips, stained 
positively for S100, GFAP and p75 confirming 
maintained Schwann cell phenotype. The highest 
average neurite lengths were found on primary 
neurons, and NG108-18 neuronal cells, cultured 
onto the long chain coverslips, in which higher 

numbers of primary neurons and Schwann cells 
were visualised.   
 

  

  
Figure 1. Confocal Images of Primary neuronal cells and 
Schwann cells, dissociated from Dorsal Root Ganglion bodies, 
on A) plain glass control, B) short chain aminosilane modified 
coverslips C) long chain aminosilane modified coverslips and 
D) TCP Control.   
                                                              
DISCUSSION & CONCLUSIONS: This study 
confirmed that long chain aminosilane coatings 
were the most efficient for NG108-15 neuronal cell, 
and primary neuron, maturation and neurite 
outgrowth. Both chain groups supported primary 
Schwann cell proliferation. Future work will 
involve applying this treatment to synthetic nerve 
guide conduits for investigations in vitro and in 
vivo. 
                                                         
REFERENCES: 1Juliet H.A. Bell, and John W. 
Haycock. Tissue Eng Part B Rev., 2012, 18, 116-
128.2 J.M. Curran, F. Pu, R. Chen, J.A. Hunt. 
Biomaterials, 2011, 32, 4753-4760. 3Muhammad 
F.B. Daud, Kiran C. Pawar, Frederik Claeyssens, 
Anthony J. Ryan, John W. Haycock. Biomaterials, 
2012, 33, 5901-5913.  
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INTRODUCTION: The increase ageing 
population suffers from bone damage caused by 
trauma, cancer or age-associated diseases. The key 
for bone tissue engineering strategies is to 
effectively control/divert mesenchymal stem cell 
osteogenic differentiation. Numerous studies 
showed that MSCs gene expression can be 
manipulated by epigenetic approaches via 
controlling DNA coiling/uncoiling around histones 
without altering the genome.  Histone deacetylases 
(HDAC) play a key role in epigenetics and the 
inhibition of HDAC3 has been linked to stem cell 
osteogenic differentiation. Therefore, this study 
aims to assess the effects of a novel HDAC3 
selective inhibitor, MI192 on the osteogenic 
differentiation of human dental pulp stem cells 
(HDPSC). 

METHODS: HDPSC cell viability was evaluated 
using AlamarBlue assay after cells were treated 
with MI192 (e.g. 1, 5, 10, 20, 50, 100 µM) over 24, 
48 and 72 hours. For further optimisation, HDPSCs 
were cultured in monolayer and treated with MI192 
at 1, 2, 5 µM for 48 hours prior to osteogenic culture 
for 14 days and alkaline phosphatase specific 
activity (ALPSA) was quantified using 
biochemistry. Osteogenic gene expressions for 
runx2, ALP, OCN and BMP2 were assessed using 
RT-PCR after the HDPSCs were cultured in 
osteogenic conditions for 28 days. The effect of 
MI192 on HDPSC osteogenic protein productions 
were evaluated using In-Cell Western (ICW) assay. 
Mineralisation and calcium accumulation were 
evaluated using Von Kossa & Alizarin Red staining.  

RESULTS: 1) Treatments with higher 
concentration of MI192 for longer period (≥ 20 µM 
after 24 hours, ≥ 5 µM after 48 hours, or ≥ 1 µM 
after 72 hours) significantly reduced the cellular 
viability compared to untreated control (P<0.05). 2) 
The effect of MI192 on HDPSCs ALPSA was 
significantly enhanced in cells pre-treated with 2 
µM MI192 for 48 hours compared to non-pre-
treated cells and 1µM group. (P<0.01) (Fig 1). 3) 
The gene expression of runx2, ALP, OCN and 
BMP2 were significantly enhanced in the MI192 
pre-treated cells compare to the untreated group 
(P<0.001). 4) ICW also showed a significant 
increase in ALP, OCN and Col1a protein production 
of MI192 pre-treated HDPSCs compared to 
untreated cells after 1 & 2 weeks osteogenic culture 

 
Figure 1. ALPSA of HDPSCs pre-treated with 
MI192 then cultured in osteogenic medium. 
HDPSCs were treated with 1, 2 and 5 μM MI192 for 
48 hours prior to culture in osteogenic medium for 
14 days. Results expressed as mean ± SD (n=3). * 
= P ≤ 0.05, ** = P ≤ 0.01 and *** = P ≤ 0.001. 

(Fig 2A). 5) Furthermore, calcium accumulation 
and mineralisation were extensively enhanced in 
MI192 pre-treated cells after 4 weeks osteogenic 
culture confirmed by Alizarin Red & Von Kossa 
staining (Fig 2B).  

 
Figure 2. Effect of MI192 on HDPSCs 
osteogenesis and mineralisation. a). ICW assay 
showing the effect of MI192 on osteogenic protein 
expression. b) Alizarin Red and Von Kossa staining 
of HDPSC pre-treated with/without MI192 prior to 
be cultured in osteogenic media for 4 weeks. 
Microscopic image magnification: ×100. 

DISCUSSION & CONCLUSIONS: Our results 
demonstrate that pre-treatment of HDPSCs with the 
optimized concentration of the novel HDACi - 
MI192 can enhance the HDPSCs osteogenic 
differentiation with minimal side effects to the cells, 
which indicated the potential of using this for bone 
tissue engineering strategies. 

ACKNOWLEDGEMENTS: The research was 
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INTRODUCTION:  

Three dimensional bioprinting is being applied to 
tissue engineering and regenerative medicine as a 
manufacturing tool to produce 3D tissues and 
organs suitable for transplantation. Difficulties 
with printing cell-laden natural materials such as 
collagen as well as concerns over immunogenic 
responses to these materials are well documented. 
In our present work we synthesised easily 
printable, stimuli responsive polymers specifically 
tailored for housing cells to serve as wound 
dressings for wound healing.        

METHODS: The copolymer was synthesized by 
the copolymerizing of PEGMEMA, MEO2MA and 
PEGDA via an in situ deactivation-enhanced atom 
transfer radical polymerization approach as 
previously described [1]. 1H NMR was carried out 
on a 300 MHz Bruker NMR with Mnova 
processing software. To make the polymer more 
semi-solid than viscous, 5% porcine gelatin 
(sigma, UK) was added to the polymer solution 
and stored at 4°C for 20 minutes until a clear gel 
of polymer was formed. Specialised pressure 
syringes were filled with this polymer combination 
and printed using the RegenHu 3DDiscovery 
printer at constant pressure, strand diameter and 
print-head speed. The PMP is crosslinked after 
printing using UV light (350nm) for 2 minutes.  

RESULTS: The polymer (termed PMP) molecular 
weight and polydispersity index were determined 
using Gel permeation chromatography 
(Mw=10,800 Da, PDI=1.32).  

Investigation into the effect of UV light on cell 
viability found that 2 minutes was ideal to 
maintain around 90% of cells viable without 
affecting the crosslinking efficiency of the 
polymer. This crosslinking efficiency created a 
strong rubbery like hydrogel that supports cell 
growth and proliferation. 

The polymer can also be easily printed when 
mixed with 5% gelatine and cells at 4°C. 
Preliminary data show high cell viability post 
printing too (results not shown here). 

 
Fig. 1: Cell viability of 3T3 Fibroblasts in the 
PMP hydrogel before printing. (15% 
polymer:PMP15, 25% polymer: PMP25)  

 
Fig. 2: 3D printed PMP hydrogel after 
photocuring and removing gelatine showing 
precise and accurate printing of 5 layers of the 
polymer.  

DISCUSSION & CONCLUSIONS: With the aid 
of 3D printing technology, the photocurable 
property of the synthesised polymer means that 
strong and flexible hydrogels, faithful to the 
precise shape of the injury, can be made to 
replicate many of the tissues including human 
skin. Moreover, cells can survive and proliferate 
within the gel (results not shown here) for more 
than seven days a testimony for the future 
application of such polymers in tissue engineering.  

REFERENCES: Dong, Y.X, et al. (2010) Polym 
Chem. 1:1702-1702. 

ACKNOWLEDGEMENTS: The research 
leading to these results has received funding from 
the People Programme (Marie Curie Actions) of 
the European Union’s Seventh Framework 
Programme (FP7/2007-2013) under REA grant 
agreement No PCOFUND-GA-2012-600181. 



European Cells and Materials Vol. NN. Suppl. N, 20xx (page htu)                                                         ISSN 1473-2262 
 

                                                http://www.ecmjournal.org 
 

3D in vitro evaluation of electrospun polycaprolactone microfibres as an 
internal scaffold in nerve guidance conduits  

M Behbehani1, A Glen1, CS Taylor1, A Schuhmacher2, F Claeyssens1, JW Haycock1 
1Materials Science and Engineering/Kroto Research Institute, The University of Sheffield, UK 

2Department of Applied Chemistry, Reutlingen University, Germany 

 
INTRODUCTION: Autografts are the current gold 
standard for treating peripheral nerve transection 
injuries. Downsides to autografting include donor 
site morbidity, sensory neuron loss at the donor site 
and the requirement of at least two surgical 
interventions. Hence, hollow nerve guidance 
conduits (NGC) have been developed as a clinical 
alternative to autografts. However, the success of 
such devices is limited to nerve gap lengths of ≤ 3 
cm1. Physical guidance inside conduits, like 
microfibres, could provide additional support 
through the entire tube lumen and prevent axon and 
Schwann cell (SC) misguidance during 
regeneration. In this study we investigated 
polycaprolactone (PCL) microfibres as a potential 
intraluminal guide for NGCs in vitro and their 
potential to support SC proliferation and neurite 
outgrowth.  

METHODS: PCL microfibres (Fig 1a) were 
fabricated by electrospinning. Fibres were 
characterised on diameter and alignment using 
scanning electron microscopy. In vitro cell culture 
on microfibres was performed with NG108-15 
neuronal cells and primary SCs, which were isolated 
from sciatic nerves of male 10-12 weeks old Wistar 
rats. Neurite length analysis was performed by 
revealing neuron-specific protein βIII-tubulin using 
immunohistochemistry and samples were imaged 
by confocal and 2-photon laser microscopy (Fig 1b). 
SC metabolic activity was evaluated in resazurin 
reduction assays. Finally, microfibres were 
evaluated inside poly(ethylene glycol) (PEG) NGCs 
ex vivo by using rat dorsal root ganglia (DRG) (male 
Wistar rats). PEG NGCs were fabricated by 
microstereolithography. 

RESULTS&DISCUSSION: Five different PCL 
fibre diameters were investigated, where precise 
diameters of 2, 6, 9, 11 and 15 µm were spun in an 
aligned manner with maximum deviations of 5°. In 
peripheral nerve injuries, SCs and fibroblast 
proliferate inside the nerve lesion and form a 
cellular band to guide neurites through the nerve 
gap2. Our in vitro evaluations show that from this 
fibre diameter range, 6 µm fibres and bigger 
performed best in supporting SC proliferation and 
in maintaining cell’s metabolic activity. Neurons 
formed more and longer neurites when grown on 

PCL fibre diameters greater than 9 µm, which may 
result in a faster reinnervation of the distal nerve 
stump in comparison to the use of smaller PCL 
fibres. DRGs, which were placed on top of fibre-
filled NGCs using a 3D ex vivo model, showed an 
aligned outgrowth of neurites and SCs along the 
fibres. Outgrowth distances of 2.20 mm were 
measured (Fig 1c).  

 

 
Figure 1: (a) Aligned PCL microfibres made by 
electrospinning. (b) NG108-15 neuronal cells grown on 
PCL microfibres. Neurites were visualised by βIII-
tubulin (green) and nuclei (blue) with DAPI. (c) Confocal 
microscopy z-projection of a rat DRG cultured on PCL 
microfibres in a 5 mm long PEG NGC. Cell outgrowth 
distance measured 2.20 mm from the proximal DRG (X) 
position into the NGC with incorporated microfibres 
(distal). Neurites are visualised in red (βIII-tubulin) and 
SCs in green (S100β). 

CONCLUSIONS: PCL microfibres were analysed 
in vitro and in an ex vivo 3D model, where data 
demonstrates that PCL microfibres are promising 
candidates for internal scaffolds within NGCs in 
order to give additional support for aligned 
regeneration inside the conduit lumen. Achieved 
data indicates that fibre diameters of greater than 6 
µm would perform best as an internal filling 
material for NGCs.

REFERENCES: 1 D. Grinsell, C.P. Keating, Biomed 
Research International, 2014. 2014: p. 698256, 2 J. Yu  
et al., Front Cell Neurosci, 2016. 10: p. 274. 
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INTRODUCTION: Osteoarthritis is a bone 
disease that affects cartilage and subchondral bone 
tissues. Osteochondral (OC) tissue engineering 
(TE) aims to provide better bone and cartilage 
regeneration simultaneously compared to 
traditional treatment such as microfracturing. An 
in-house co-culture perfusion bioreactor has been 
shown to facilitate bone and cartilage growth 
simultaneously [1]. Thus, in this study, it was used 
as a platform to assess OC tissue growth on a novel 
biphasic scaffold developed in University College 
London [2]. The bone section was made of 3D 
printed polylactic acid (PLA) dense mesh and the 
cartilage section was composed of coarse PLA 
mesh and bovine collagen. Cellular behaviour of 
osteoblast and chondrocyte including morphology, 
viability, proliferation, migration and 
differentiation during 7-day perfusion co-culture 
was assessed. Mechanical forces play a vital role in 
OC tissue formation [3]. Here, by combing micro-
computed tomography (μ-CT) and finite element 
modelling (FEM), fluid shear stress inside the 
scaffold generated by perfusion was studied. 

METHODS: Mouse osteoblast cell line MC3T3-
E1 and chondrocyte cell line ATDC5 were used in 
the study. 0.5 million MC3T3-E1 and 0.5 million 
ATDC5 cells were seeded on respective bone and 
cartilage section of the scaffold for 2 hours for 
each cell type. Cellular behaviour before (at day 0) 
and after perfusion at 0.2 ml/min flow rate (day 7) 
was characterised through resazurin assay 
(metabolic activity), Live/dead cell imaging kit 
(cell viability), Vybrant DiD and DiO (cell 
tracker), histology (differentiation) and scanning 
electron microscopy or SEM (cell morphology). 
Scaffold geometry was obtained through μ-CT 
scan with 225 kV Nikon XTEK bay and then 
imported into COMSOL Multiphysics to study 
fluid dynamics inside the scaffold. 

RESULTS: Scaffold geometry was obtained 
through μ-CT scan and then imported to COMSOL 
Multiphysics to study the fluid shear stress on the 
scaffold. Flow velocity was high in the scaffold 
peripheral and low inside the scaffold. Resazurin 
assay showed that 765K cells attached to the 
scaffold at day 0 and cell number increased to 
2161K at day 7. Live/dead assay confirmed that 
most cells were viable in the scaffold after 7 days. 

SEM images showed that cells were able to attach 
to various structural features of the scaffold. 
Vybrant DiD and DiO cell trackers showed that 
chondrocytes dominated the whole scaffold at day 
0 but those in the bottom section died at day 7. 
Bone cells were mostly found in the bottom 
section. 

 
Fig. 1 Top left: SEM image of scaffold at day 7. 
Top right: FEM of fluid flow inside the bioreactor. 
Bottom: Cell distribution in the scaffold. 

DISCUSSION & CONCLUSIONS: The co-
culture perfusion bioreactor set-up provides a 
simple platform to grow scaffolds in vitro for OC 
TE application. At day 0, around 200k cells lost 
during seeding and wide distribution of bone cells 
in the scaffold can be caused from porous structure 
of the PLA mesh. With computational simulation, 
the cellular behaviour and the local fluid shear 
stress generated during perfusion can be correlated, 
which helps the future design for osteochondral 
scaffolds. 

REFERENCES: 1 N. Kuiper, Q.G. Wang and S. 
H. Cartmell (2014) Journal of Biomaterials and 
Tissue Engineering 4:162-171. 2 M. Tamaddon, G. 
Blunn and C. Liu (2016) European Cells and 
Materials 32, S4: 113.3 A. Trumbull, G. 
Subramanian and E.Y. Ayan (2016) BioMedical 
Engineering Online 15:1-27. 
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INTRODUCTION: Skeletal muscle fibres are 
surrounded by an extracellular matrix which 
maintains their structure and function. Our 
research group has developed and tested 3D tissue 
engineered skeletal muscle, whereby skeletal 
muscle cells are seeded in a collagen hydrogel 
anchored between two fixed points (A-frames, 
Smith et al., 2012). The resulting mechanical cues 
generated from these points, results in aligned 
skeletal muscle myotubes morphologically akin to 
in vivo tissue. Historically, the A-frames have been 
handmade, introducing variability and limiting the 
degree to which the constructs can be miniaturised. 
The purpose of this investigation was to harness 
3D-printing technology, to generate suitable well-
inserts and anchors to facilitate tissue engineered 
skeletal muscle development. Investigating the 
degree to which the constructs can be miniaturised 
to reduce the required cell number and resource 
was also considered.

METHODS: Fused deposition modelling (FDM) 
and Stereolithography (SLA) 3D-printing 
technologies, were used to manufacture custom 
well-inserts that support the attachment of collagen 
hydrogels. C2C12 skeletal muscle myoblasts were 
seeded at 4x106 cells/ml and mixed with 
neutralised type-1 rat tail collagen. Gels were set in 
pre-sterilised 3D printed well inserts (100μL, 
250μL, 500μL, 1500μL) in culture dishes. 
Constructs were cultured in growth medium 
(DMEM, 20%, 1% Penicillin/streptomycin) for 
four days before being changed to differentiation 
media (DMEM, 2% Horse Serum, 1% 
Penicillin/streptomycin) for a further 10 days to 
induce differentiation. Macroscopic construct 
deformation and histological analyses were 
conducted to determine construct development and 
myotube formation.

RESULTS: 3D-printing allowed for the 
generation of custom inserts to support collagen 
hydrogel attachment. Formation of myotubes was 
observed in all sizes of the 3D printed inserts, 
suggesting that tissue engineered skeletal muscle 
can be “scaled” down to constructs as small as 
100μL (Fig. 1).

Fig. 1: Macrosocpic contraction of collagen constructs after 14 days
in culture. A) 1.5 ml, B) 500 μL, C) 250 μL. Scale bar = 10 mm

The presence of multinucleated aligned myotubes was 
evident in all construct sizes tested (Fig. 2), 
demonstrating the scalability of this platform. 

Fig. 2: Histochemical staining of constructs after 14 days in culture. 
Note the evidence of multinucleate myotubes in all images shown. Red 
= Phalloidin (Actin), Blue = DAPI

DISCUSSION & CONCLUSIONS: Here we 
have presented a custom scalable platform for the 
generation of tissue engineered skeletal muscle.
This has implications for future experiments where 
cell numbers are limited, particularly when seeking 
to use primary human skeletal muscle cells. Such a 
model will be useful as a pre-clinical test-bed for 
the investigation of novel therapeutics to target 
musculoskeletal disease.

REFERENCE: Smith AS, Passey S, Greensmith 
L, Mudera V, Lewis MP. (2012), Characterization and optimization of 
a simple, repeatable system for the long term in vitro culture of 
aligned myotubes in 3D. J Cell Biochem. Mar;113(3):1044-53. doi: 
10.1002/jcb.23437.
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INTRODUCTION: Seeded cells have become an 
important part of the development of viable tissue 
engineered constructs, offering benefits ranging 
from increased vascularisation to better assimilation 
with the native tissue. However, so far the impact of 
initial density and distribution of seeded cells upon 
the viable cell density across a construct over time 
has not been fully investigated. 

Here we present a mathematical model, 
parameterised using in vitro experimental data, that 
can be used to quickly simulate and investigate the 
changes in viable cell density distribution across a 
collagen-based tissue engineered construct with 
time. The model incorporates the effects of oxygen 
concentration upon processes such as cell 
proliferation. Initially developed to model changes 
in viable cell density within a peripheral nerve 
construct, this theoretical framework can be applied 
to any collagen-based tissue engineered construct, 
with the potential to inform which initial seeded cell 
densities should be used to attain the desired level 
of viable cell density after a period of time. 

METHODS: Differentiated adipose-derived stem 
cells (dASCs) were seeded in plastic compressed 
collagen gels at varying densities and maintained 
with different external oxygen levels. After 24h cell 
viability was measured using CellTiter-Glo 
(Promega).  

A pair of partial differential equations was devised 
to describe the changing distributions and 
interactions within collagen gel of the viable cell 
density and oxygen concentration. The equations 
incorporate oxygen diffusion and uptake by the 
cells, and oxygen-dependent cell proliferation and 
death. Parameter values from the literature were 
used where known [1-3]. Initial conditions 
representing the prescribed in vitro oxygen chamber 
partial pressures and initial seeded cell densities 
were applied. A geometry representative of the cell 
culture well was used within the Multiphysics 
software COMSOL to achieve a model fit to the 
experimental data, and to run subsequent 
simulations. 

RESULTS: The fitted model captures the broad 
behaviour of the experimental data with a 

reasonable margin of error (Fig. 1). Parameter 
values for the unknown cell proliferation and death 
rates were also derived.  

 
Fig. 1: Model simulations (dotted line) of the 
average viable cell density across the in vitro 
collagen gel after 24h, shown here for two initial 
cell densities n0, replicate the experimental data. 
Error bars denote 95% confidence intervals for the 
experimental data points. 

DISCUSSION & CONCLUSIONS: The 
parameterised theoretical model can now be applied 
to a range of geometries representative of collagen-
based engineered tissue, such as a cylinder 
resembling a nerve repair construct, to predict 
changes in viable cell density with time and aid 
future construct designs. These predictive 
simulations can be run using a wide range of initial 
seeded cell densities and probable oxygen 
concentrations. Additional variables important for 
clinical viability, such as growth factors, can also be 
incorporated into this framework. The results of 
future experimental work could be used to further 
improve the predictive power of the model. 

REFERENCES: 1 F. Mac Gabhann, J.W. Ji and 
A.S. Popel (2007), J Appl Physiol 102(2):722-734. 
2A. Ardakani, U. Cheema, R.A. Brown and R.J. 
Shipley (2014), J Roy Soc Int. 11(98):20140501. 3I. 
Streeter and U. Cheema (2011), Analyst 136, 4013-
4019. 
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INTRODUCTION: Back pain is a huge economic 
burden; one major cause is the degeneration of the 
intervertebral disc (IVD), due to the natural ageing 
process or trauma1.  Replacement of the degenerated 
disc with a natural decellularised scaffold may 
overcome some of the limitations of current surgical 
interventions. This study investigated the 
decellularisation of bovine bone-disc-bone (BDB) 
units for future translation to human IVDs for use in 
the replacement of degenerated human IVDs.   

METHODS: An initial decellularisation method 
(utilising hypotonic buffers and low concentration 
sodium dodecyl sulphate with proteinase inhibitors, 
freeze/thaw cycles and nuclease treatments) did not 
achieve full decellularisation of bovine tail BDB 
units.  This method was adapted to include either an 
acetone wash step, an acetone wash step along with 
sonication steps or sonication steps only.  Each of 
these methods (method 1, 2 and 3) was applied to 
three bovine tail BDB units.  A further protocol 
(method 4) was applied to bovine tail BDB units 
(n=6) which included sonication steps plus 
exposure and drilling of BDB unit growth plates 
(GP).  Native and decellularised tissue was 
compared histologically (H&E, Safranin O and 
DAPI) and biochemically (DNA and sulphated 
GAG assay) 2. 

RESULTS: Of the first three methods (1, 2 and 3) 
investigated, only method 3 resulted in 
decellularisation of all investigated regions of the 
tissue to within the target value of 50 ng of double 
stranded (ds) DNA per mg of dry weight tissue, 
recommended by Crapo et al 20113 (Table 1).  
Histology of the decellularised tissue, showed 
evidence of whole nuclei in the growth plate (GP) 
and endplate (EP) regions of the tissue.  Method 4  
resulted in a reduction of total DNA content of the 
nucleus pulposus (NP), inner annulus fibrosus (iAF) 
and outer annulus fibrosus (oAF) to within 50 ng of 
ds DNA per mg of dry weight tissue.  The DNA 
content of the decellularised GP/EP region was 
above this value.  DAPI and H&E stained sections 
showed the persistence of some whole nuclei in the 
GP/EP region, the interface between the EP and the 
IVD and in the notochord cells of the NP.   

A reduction in GAG content was observed in the NP 
(6.4 %), iAF (33.5 %) and oAF (28.9 %) as a result 
of decellularisation, which was significant only in 
the iAF region (p> 0.05; one-way ANOVA).  This 
was supported by a decreased intensity in the 
Safranin O staining of histological sections.   
 

Table 1. Total DNA content of decellularised bovine 
tail IVD regions for method 3 & 4. 

Total DNA content (ng.mg -1 dr.wt. ± 95%CL) 
 Method 3 Method 4 
NP 
iAF 
oAF 

36.4 (± 46.6) 
9.9 (± 6.6) 
50.9 (± 50.3) 

37.0 (±  10.4) 
21.7 (±  8.5) 
16.7 (±  5.5) 

Vertebral bone 28.4 (± 2.5) NA 
GP/EP NA 60.6 (±  17.6) 

 

DISCUSSION & CONCLUSIONS: A 
decellularisation protocol has been developed 
which reduced the total DNA content of the NP, iAF 
oAF, vertebral bone and GP/EP regions of the 
bovine tail IVD to less than 61 ng.mg-1. Some whole 
nuclei were observed in the GP/EP region and in the 
notochord cell clusters of the NP post 
decellularisation.  It should be noted that the neither 
the GP or notochord cells would be present in donor 
human IVDs. Encouragingly, a high GAG content 
was preserved in the NP and further work is now 
being undertaken to investigate the biomechanical 
performance of the decellularised construct. 

REFERENCES: 1J.P.G. Urban & S. Roberts 
(2003) Arthritis Research & Therapy 5(3): 120-130; 
2H.L. Fermor, S.L Russell, S. Williams, J. Fisher & 
E. Ingham (2014) Journal of Material Science 
Materials in Medicine 26(5): 186; 3 P.M.Crapo, 
T.W. Gilbert & S.F. Badylak (2011) Biomaterials 
32(12): 3233-43. 
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INTRODUCTION:  There is a growing interest 
in cell-based tissue engineering therapies, as they 
have great potential for the treatment of 
musculoskeletal injuries. In particular, MSCs have 
been found to be a promising cell source due to 
their multi-potentiality. So far, bioactive 
substances have been used to induce MSC 
differentiation in vitro, which can also act as a 
limiting factor when translating into the clinic [1]. 
Bearing these limitations in mind, material-induced 
control of cell responses, via control of initial cell 
adhesion is a promising alternative. This being so, 
chemical modifications are one of the most 
promising ways of altering surface parameters that 
will cause differences in protein adsorption, and 
eventually, in cell behavior. The aim of this project 
is to generate surfaces with defined chemical 
features (i.e. NH2) associated with nano-
topographical profiles by varying the chain length 
and the surface energy of the silane used in the 
production of self-assembled monolayers and, 
assess their effect on MSC self-renewal and 
differentiation.  

METHODS: High purity NH2 alkylsilanes were 
purchased from Sigma-Aldrich. In particular, 
APTES and AUDTOS were adsorpted onto Si 
coverslips. Coverslips were cleaned with dH2O and 
immersed in a 5% NaOH solution. Once the 
reaction was complete, cover slips were sonicated 
in 68% nitric acid and rinsed with dH2O. A 
solution was prepared for each of the alkysilanes. 
In particular, a 95% 2-propanol, 0.5% dH2O and 
2% alkylsilane was used so that samples were 
exposed to the specific solutions for 2.5 hours. 
After that, coverslips were cleaned with 2-propanol 
and ethanol.  
The hydrophilic nature of all surfaces was analysed 
by contact angle and the alkylsilane coverage and 
roughness was assessed by AFM. The success of 
the chemical modification was confirmed by XPS 
and FTIR.  Human BM-MSCs were cultured on 
surfaces and metabolic activity was 
assessed by Alamar Blue and PicoGreen on days 1 
and 7 on SAMs. Cell morphology 
was assessed by DAPI and phalloidin staining at 
day 3 and quantified using CellProlifer. The 

expression of chondrogenic, osteogenic and 
adipogenic markers was determined quantitatively 
by qPCR at day 14 and qualitatively by 
immunofluorescence and histology at day 21.  

RESULTS: NH2 SAM characterisation showed 
minimal differences both in roughness and 
hydrophobicity. SAMs were not detrimental for 
cell viability. Changes in morphology were 
minimal across surfaces. PCR results showed that 
higher contact angles resulted in increased 
osteogenic and adipogenic marker expression. Oil 
Red O confirmed lipid deposition on both 
chemistries under basal conditions. 

Fig. 1: Contact angle measurements performed on 
amine and hydroxyl SAMs. 

DISCUSSION & CONCLUSIONS: Based on 
results, APTES has been identified as a surface 
chemistry that induces osteogenic and adipogenic 
responses only due to surface properties. It is 
believed that this chemistry has preferentially 
altered protein adsorption from media, which has 
affected MSC fate. It is now necessary to study 
how NH2 modified surfaces affect ECM molecule 
secretion and preferential protein adhesion, and 
how this affects human MSC responses.   

REFERENCES: 1 Curran JM, Chen R, Hunt JA. 
Controlling the phenotype and function of 
mesenchymal stem cells in vitro by adhesion to 
silane-modified clean glass surfaces. Biomaterials. 
2005 Dec 31;26(34):7057-67.  
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INTRODUCTION: Kidney tissue engineering is 
an emerging field, with recent advances in directed 
differentiation of human pluripotent stem cells1 
going some way to answering key questions. Focus 
has predominantly been on the use of tissue culture 
plastic1,2 and decellularised tissue3, with little 
investigation into polymer based scaffolds such as 
polylactic acid (PLA).  

There is tremendous scope for the use of polymer 
scaffolds as a conveyor for tissue engineered tissue, 
providing both the mechanical stability and 3D 
structure necessary for clinical models and testing 
platforms4.   

METHODS: Three sets of parameters were used 
for electrospinning PLA in HFIP to yield ‘large’, 
‘medium’ and ‘small’ fibres. Large fibres 
(3.81±0.30μm), 22% w/v, 4ml/hr, +16kV, -4kV, 
23cm working distance and 0.8 mm needle bore. 
Medium fibres (2.64±0.38μm), 18% w/v, 4ml/hr, 
+15kV, -4kV, 20 cm working distance and 0.8 mm 
needle bore. Small fibres (1.22±0.13μm), 10% w/v, 
0.5ml/hr, +17kV, -2kV, 14cm working distance and 
a 0.4mm needle bore. Fibers were spun onto a 
mandrel rotating at 250rpm, with a cryogenic 
scaffold (3.97±0.3μm) also fabricated using a 
mandrel loaded with dry ice rotating at 250rpm. 
SEM was used to confirm fiber diameter and 
morphology.  

Primary kidney cells were isolated form a 4 week 
old Sprague Dawley rat (RPK), with 2 kidneys split 
into 5 T175 flasks3. Cells were assessed using a 
viability assay (CellTitre-Blue), DNA 
quantification assay (Pico Green), 
immunohistochemistry.  

RESULTS:   

RPK cells were viable after 3 and 7 days on PLA 
electrospun scaffolds (Fig. 1), with multiple cell 
types present (Fig. 2). Although, no significant 
differences in viability were seen due to fibre 
diameter or scaffold architecture, p=0.09.  

DISCUSSION & CONCLUSIONS: We have 
shown that polymer scaffold are capable of 
sustaining a multipopulation of primary kidney cells 
and should be considered for further investigation 
within kidney tissue engineering. Polymer scaffolds 
represent an ideal candidate due to their 
biocompatibility, good mechanical properties and 
3D structure.  

REFERENCES: 1 Takasato, M. et al. Nat. Cell 
Biol. 16, 118–26 (2014). 2 Davies, J. A. et al. Adv. 
Regen. Biol. 1, 1–4 (2014).3 He, M. et al. J. Biomed. 
Mater. Res. - Part B Appl. Biomater. 1–9 (2016). 4 

Moon, K. H. et al. Kidney diseases and tissue 
engineering. Methods 99, 112–119 (2016). 

ACKNOWLEDGEMENTS: This research is 
funded by an Engineering and Physical Sciences 
Research Council (EPSRC) Doctoral Training 
Partnership (DTP) Studentship, with equipment 
from the MRC computational and chemical biology 
of the stem cell niche grant MR/L012766/1. 

Figure 2- IHC images labelling the various kidney 
cells on small fibre scaffolds: (A) aquaporin 1 (AQP1, 
proximal tubules), (B) aquaporin 2 (AQP2, collecting 
ducts), (C) synaptopodin (SPOD, glomerular 
epithelial) and (D) Von Willebrand factor (Von W, 
glomerular endothelial) 
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Figure 1- CellTitre blue assay of RPK cells on electrospun 
scaffold at day 3 and 7. Circles denote individual data points, 
error bars show 95% confidence interval of the mean. 
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INTRODUCTION: Chronic wounds are generally 
unable to functionally and anatomically self-
recover from damage within 30 days.1 They remain 
in a pathological inflammatory stage, leading to 
delayed wound healing and complications.1 
Electrospun fibrous scaffolds have been widely 
developed for accelerating wound healing as their 
structures resemble the extracellular matrix. In this 
study, ibuprofen sodium (Ibu Na) and doxycycline 
hydrochloride (Dox HCl) were incorporated into 
electrospun scaffolds. These tissue engineering 
scaffolds acted as a drug delivery system for anti-
inflammation. 

METHODS: The electrospun scaffolds were 
fabricated from 40% w/v poly(DL-lactide-co-
glycolide, 85:15, 63 kDa) (PLGA) in 
hexafluoroisopropanol. For single drug loading, 
Ibu Na or Dox HCl was introduced to the polymer 
solution with the concentration of 5.0% w/w of 
dried weight polymer. While, 2.5% w/w Ibu Na 
and 2.5% w/w Dox HCl were loaded to the 
scaffolds for dual drug loading. The morphology, 
fibre diameter, degradation profile in DMEM, and 
drug release profile in phosphate buffer (PBS, pH 
7.4) using UV-Vis spectrophotometry of each 
scaffold were characterised. The scaffolds were 
also used to study cell proliferation with NIH 3T3 
cells over 10 days using PrestoBlue® assay.    

RESULTS: All scaffolds represent fibrous 
structure with the fibre diameter in the range of 
1.05 - 1.34 μm. Figure 1 shows that the scaffolds 
structurally remained intact after 7 days in DMEM. 
In addition, fusion of adjacent fibres could be 
observed (Figure 1 middle). Ibu Na and Dox HCl 
were cumulatively released up to 38.3% and 0.3% 
within 7 days from PLGA-Ibu Na and PLGA-Dox 
HCl scaffolds, respectively. Whilst, higher 
percentage of drug release was found in PLGA-Ibu 
Na-Dox HCl scaffold (46.9% for Ibu Na and 
11.0% for Dox HCl). Lower cell proliferation on 
drug-loaded scaffolds was observed when 
compared to pure PLGA scaffolds (Figure 2).  
DISCUSSION & CONCLUSIONS: In this study, 
drug loaded electrospun scaffolds were 
successfully fabricated. However, lower cell 
proliferation on drug-loaded scaffolds was 
observed when compared to PLGA scaffold. 

Therefore, the percentage of drug loading needs 
further investigation.  

 

 

Figure 1: SEM images of intact electrospun scaffolds 
(upper), scaffolds after 7 days in DMEM (middle) and 
histograms of fibre diameter (lower). The following 
scaffolds are shown: PLGA (a), PLGA-Ibu Na 5% (b), 
PLGA-Dox HCl 5% (c) and PLGA-Ibu Na 2.5%-Dox 
HCl 2.5% (d). The magnification and scale bar are 
1,000x and 10 μm, respectively. 

 

 

 

 

 

Figure 2: 3T3 cell proliferation on scaffolds determined 
by PrestoBlue® assay on day 3, 5, 7 and 10 of cell 
culture. Tissue culture plate was set as a control. 
Statistical significances are indicated with * (P<0.05).  

REFERENCES: 1 Garazi G., Silvia V., Jose L.P., 
Rosa M.H. & Manoli I. Advances in drug delivery 
systems (DDSs) to release growth factors for 
wound healing and skin regeneration. 
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Medicine 11, 1551–1573 (2015). 
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INTRODUCTION: Ischemia reperfusion injury 
(IRI) is the insurmountable secondary damage after 
surgery. Application of cardiac stem cells (CSCs) 
therapy and exploiting new drugs are promising 
treatments for IRI. CSC is the minority population 
in cardiac cells and is expected to differentiate 
along culture. In this study, the phenotypic change 
of cardiac cells during culture was analysed by 
Western blotting; and the cellular protection effect 
of a new drug, S-Propargyl-cysteine (SPRC, a 
hydrogen sulfide donor1) in an IRI cell model has 
been assessed for future CSCs therapy guidance.  

METHODS: Cardiac cells from 2 days old mice 
were extracted (Schedule 1 culling). The protein 
from lysed cells at passage 0, 1, 2 (P0, P1, P2) 
were collected. Western Blotting was used to study 
the expression of the key cell surface markers, c-
kit, smooth muscle actin and troponin-T. GPADH 
was used as the housekeeping protein. To construct 
the IRI cell model, 1x104 cardiac cells per well 
were incubated with ischemic preconditioning 
solution for 45 minutes1. After stimulation, the 
ischemic buffer was replaced by normal culture 
media or the media containing 3μM, 30μM and 
300μM SPRC for further culture. The cell death 
number at 24h, 48h and 72h after the ischemia 
treatment were detected by Lactate Dehydrogenase 
(LDH) assay kit. A gradient quantity of cells (up to 
20000 cells) was executed to create a standard 
correlation curve of LDH and dead cell number.  

RESULTS: Western blotting results (Fig 1) show 
that cell passage number affected the key protein 
expression level. c-kit expressed was higher in P0 
cells than in P0 and P2. Troponin-T expression 
increased along cell culture time. Smooth muscle 

actin expression showed obvious increasing trend 
from P0 to P2. All cells in the ischemic treated 
group died after 72h culture. The SPRC treatments 
show significant dose effect. 30μM SPRC was 
most effective in ischemic cell saving (Fig 2).  

 

 

 

Fig 1. Western Blotting result showing passage number effect.  

Fig 2. Cell death number from LDH assay demonstrating the 

effect of SPRC dose and reaction time 

DISCUSSION & CONCLUSIONS: The 
subpopulation ratio of cardiac cells changed as cell 
culture. Indicated by c-kit expression, CSC number 
decreased and myocyte number increased from P0 
to P2, which makes negative effect on CSC cell 
therapy if extraction CSC using late passage 
cardiac cells. This research also suggested that 
optimization of SPRC concentration for ischemic 
therapy is necessary. LDH assay is a feasible 
method to define the therapeutic effects by 
reduction of cell death number. 

REFERENCES: 1Xiaoming X, et al, 2014, Nitric 
Oxide, 39, 47-48.   
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INTRODUCTION: Glaucoma is a major cause of 
vision loss, leading to blindness in approximately 
4.5 million people worldwide [1]. Surgical 
techniques such as trabeculectomy and new medical 
devices such as the Xen Gel Stent aim to treat 
glaucoma by increasing aqueous fluid outflow from 
the anterior chamber into the sub-conjunctival 
space, causing a reduction in intraocular pressure 
(IOP). However, fibrosis and wound healing 
occurring after these procedures can significantly 
reduce their success rate [2]. Therefore, more 
efficient anti – inflammatory agents are required to 
reduce fibrosis and scar tissue formation around the 
surgical bleb and Xen Gel Stent after treatment. 
This study uses a 3D conjunctival model to 
investigate the factors influencing conjunctival 
fibrosis and test the efficacy of a popular new 
glaucoma medical device: the Xen Gel Stent. We 
aim to observe stent performance in our model and 
determine what mechanisms may lead to its failure. 
Possible methods to improve stent performance 
using fibrosis inhibitors are also explored. 

METHODS: Conjunctival tissue was obtained 
from porcine eyes via enzymatic digestion using 
dispase and collagenase. Obtained cells were then 
cultured in high glucose medium until confluent. 
The conjunctival tissue model was constructed by 
incorporating the cells from passage 2 into 3mg/ml 
concentrated collagen hydrogels at a density of 5 x 
105 cells/mL. After 24 hours, growth factors TGF-
β1, VEGF and inhibitor Decorin were administered 
to the model via addition to the culture medium. The 
effect of shear stress on conjunctival fibrosis was 
also tested on certain samples by placing the 
samples on a see-saw motion rocker at a speed of 
10rpm during culture. Cell proliferation and 
morphology was then recorded periodically for 
approximately 2 weeks via alamarBlue® assay and 
actin staining. For testing of the Xen Gel Stent 
device, stents were fluorescently labelled and 
inserted into the model (where cells were also 
labelled with CFSE cell tracker) using the 
accompanying Xen Injector. Fibroblast 
proliferation, morphology and migration 
surrounding the stent was then assessed using 
confocal microscopy and histological analysis. 

RESULTS: Conjunctival fibroblast proliferation 
increased significantly with doses of TGF-β1 
(100ng/ml) and VEGF (2μg/ml), in comparison to 
the control. In contrast, conjunctival fibroblast 
proliferation decreased significantly with increasing 
doses of Decorin inhibitor (0.05 - 2μg/ml), in 
comparison to the control. Shear stress also 
increased the proliferation further. Following 
optimisation of the technique, fluorescently labelled 
Xen Gel Stents could successfully be inserted into 
our conjunctival model (figure 1) using the 
accompanying Xen Injector device. 

 
Fig. 1: Image of Xen Gel Stent before insertion 
(left) and the fluorescently labelled one 5 days 
after insertion into the tissue model (right). 

DISCUSSION & CONCLUSIONS: Results 
confirm that a combination of growth factors and 
shear stress during conjunctival tissue culture 
provides a reliable and convenient 3D model to 
investigate techniques of glaucoma treatment and 
the associated risk of fibrosis formation. In future 
work, we plan to look more closely at the effect of 
shear stress, growth factors and inhibitors on 
fibrosis surrounding the Xen Gel Stent device. 

REFERENCES: 1 World Health Organisation 
(2016) WHO | Priority eye diseases in 
http://www.who.int/blindness/causes/priority/e
n/index6.html 2 C.H. Hong, A. Arosemena, D. 
Zurakowski, R.S. Ayyala (2005) Glaucoma 
drainage devices: a systematic literature review 
and current controversies in Surv Ophthalmol 
50:48-60. 
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INTRODUCTION: Metals such as titanium and 
its alloys or tantalum (Ta) are widespread materials 
used in orthopaedic and dental implants due to 
their excellent mechanical properties and 
biocompatibility. However, they present 
insufficient bioactivity. For this study, our aim was 
to functionalise the metal surfaces with calcium-
phosphate (CaP) apatite-like mineral deposits 
rather than creating uniform coatings, which can 
lead to flaking and delamination due to their 
relatively poor mechanical properties. Our goal 
was to obtain CaP deposits composed of nano-
crystals, as the crystals in bone mineral are nano-
sized. We used TiAl6V4 alloy and pure Ta metals, 
and a biomimetic soaking method using simulated 
body fluid (SBF) solutions without a pre-treatment 
of the metal surfaces to induce CaP deposition, 
thus offering an advantage in terms of simplicity 
and cost-effectiveness. Moreover, the method used 
could also be applied to 3D porous structures, 
which are preferred in clinical applications due to 
their bone ingrowth potential. 

METHODS: Ta and TiAl6V4 metal discs with 
smooth and rough (Ra=4.0μm) surfaces were used. 
A biomimetic rapid two-step soaking method using 
concentrated SBF solutions without a pre-
treatment of the metal surfaces was used. 
Immersion time in the second SBF solution (SBF-
2) was optimised. CaP deposits were characterised 
and a clinically relevant source of cells (ovine bone 
marrow derived mesenchymal stem cells) used to 
examine the biocompatibility and the osteogenic 
potential of the CaP deposits. Finally, the 
optimised method was used on 3D porous 
structures: TiAl6V4 cubes (70% porosity) 
fabricated by selective laser sintering. 

RESULTS: Immersion times in SBF-2 of 48 h and 
18 h for Ta and TiAl6V4 respectively produced 
CaP deposits composed of amorphous globular 
nano-sized particles that contained Ca, P, Mg, C 
and O. Longer immersion times in SBF-2 produced 
uniform coatings as well as an undesired calcite  

(CaCO3) mineral phase. Prediction of in vivo 
behaviour was carried out by immersion in regular 
SBF showing that the CaP deposits would act as a 
catalyst to rapidly form a Ca deficient CaP layer 
that also incorporates Mg demonstrating their 
bioactivity. In vitro cell work showed that the 
amorphous CaP apatite-like deposits promote 
initial cell attachment, proliferation and osteogenic 
differentiation. Finally, we used our method on 3D 
porous structures (Figure 1). 

 
Fig. 1: A) SEM of 3D porous TiAl6V4 with and 
without CaP deposits. B) Representative SEM 
image of the amorphous nano-sized CaP deposits. 
C) Cross-section showing CaP deposits inside the 
3D structure (SEM). D) Maximum thickness of 
CaP deposits as measured by SEM and summary 
of EDAX results. 

DISCUSSION & CONCLUSIONS: Our study 
uses a novel and cost-effective approach to 
functionalise clinically relevant metal surfaces in 
order to increase the bioactivity of these materials, 
which could improve their clinical performance.  
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INTRODUCTION: Collagen is the major 
structural protein in the body, occurring as 28 
different isoforms [1]. The different types of 
collagen are found in specific tissues, imbuing the 
extracellular matrix with appropriate properties. 
Examples include: Type-I in bone, Type-II in 
cartilage [2] and type-X [3] in endochondral 
mineralisation during development. The continuous 
mechanical loading applied by bone growth during 
both embryogenesis and neonatal development 
influences the production of the extracellular matrix 
of cartilage, tendon and ligament. In adulthood, 
collagen production is largely regulated by the 
dynamic mechanical stimuli that results from 
exercise, generating tissue that is optimised to 
specific loading conditions [4]. 
 
Our aim is to determine how specific mechanical 
forces result in a functional ECM by examining the 
synthesis of particular collagen isoforms. 
 
METHODS: Utilising the EBERS TC-3 bioreactor 
(Fig. 1) and 3D printing technology, physiological 
mechanical stimuli will be recreated under 
controlled in vitro conditions and applied to stem 
cells cultured in biomimetic 3D scaffolds. Specific 
loading forces (magnitude and frequency) will be 
applied to promote differentiation in response to 
stretch or compression. 
 

 
Fig.1.EBERS TC-3 Bioreactor with three chambers. 

RESULTS:  Initial trials focussed on human 
fibroblast-seeded fibril hydrogels, connected to the 
bioreactor via two anchor points. The fibrin 
hydrogel contracted forming a rod like 3D 
biomimetic structure with the cells encased 
(confirmed using fluorescence microscopy. The 
anchors were designed to act as the loading points 
for the fragile fibrin hydrogels – multiple designs of 
these anchor points were tested in the bioreactor and 
using the Linkam mechanical testing station, 

allowing the final anchor design to be optimised 
(fig. 2, a-c) ready for the loading phase of the 
experimental work (fig. 2, d).  

A                                      B 

 

 

                                          C 
 

 

D 

 

 

 

 

Fig. 2: 3D renders of the 3D printed anchor points 
used to secure contracting fibrin hydrogels. A shows 
one of two anchor points that are placed into wells 
of 6 well plate. A bridge placed across two anchor 
points holds anchor points in position during 
contraction and ensures a uniform length across 
samples (B). Pins (C) are placed into the bridge to 
secure the anchors in place once the bridge is 
removed and the anchor-hydrogel assembly is 
loaded inside the EBERS bioreactor. 

DISCUSSION & CONCLUSIONS: It is currently 
unknown how stem cells respond to specific types 
of stretch or compression in their environment by 
differentiating and producing appropriate 
extracellular matrix [5]. This investigation will 
focus on using the different tissue-specific collagen 
isoforms as markers of functional differentiation in 
mesenchymal stem cells. 
 
REFERENCES:  
[1] J. Myllyharju, K. Kivirikko (2004). Trends 
Genet. 33–43. 
[2] P. Fratzl (2008) Springer US. 16-17 
[3] A. White, G. Wallis (2001) Current Biology. 
589-591 
[4] B. Powell, B. Smiley, Mills, J. & H. 
Vandenburgh. (2002) American Journal of 
Physiology 1557-1565. 
[5] J. Buckwalter, et al. (2013). Cartilage, 286-294. 
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INTRODUCTION: A process has been developed 
to remove the cells from porcine peripheral nerves 
using low concentration sodium dodecyl sulphate. 
[1]. Whilst the resulting acellular scaffold may have 
clinical utility in the repair of peripheral nerve 
defects, such a device must be sterilised prior to 
surgical implantation. This project aims to 
determine the effect of sterilisation methods 
(Peracetic acid; γ-irradiation; E-beam; Ethylene 
oxide & Supercritical CO2) on the biological and 
mechanical properties of acellular peripheral 
nerves. 

METHODS: A decellularisation process was 
optimised to remove all native cells from porcine 
femoral nerves. Histological staining (H&E, Sirius 
Red & Millers Elastin), antibody labelling for 
collagen 4, laminin and fibronectin, tensile slow 
strain rate (10 mm.minute-1) to failure testing and 
contact cytotoxicity testing were carried out to 
establish baseline data. Acellular nerves (n = 
30/treatment) were sterilised using 0.1% (v/v) 
peracetic acid, γ-irradiation (25 kGy) or E-beam (33 
kGy). The effects of sterilisation were determined 
by histological staining, antibody labelling, and 
mechanical characterisation. 

RESULTS: Nerves sterilised using γ-irradiation 
and E-beam retained ultrastructural features well 
compared to nerves treated with peracetic acid, 
which showed some disruption histologically 
(particularly to the endoneurium). Ultimate tensile 
strength was significantly reduced (p<0.05, one-
way ANOVA) in acellular nerves treated with 
peracetic acid compared to native tissue (Fig.1).  

 

 

 

 
 

Fig. 1: Ultimate Tensile Strength of native 
peripheral nerve, acellular peripheral nerve and 
acellular peripheral nerve treated with peracetic 
acid, γ-radiation and E-beam. Data shown as 
mean +/- 95 % confidence intervals. 

Antibody labelling demonstrated the presence of 
collagen 4 in the endoneurium and perineurium of 
native and acellular nerves; however, it was not 
visible in acellular nerves treated with peracetic 
acid. Collagen 4 labelling was positive but reduced 
in intensity following both γ-irradiation and E-beam 
(Fig. 2).  

 
 

 

 

 

 

Fig. 2: Collagen 4 labelling of A) Native, B) 
Acellular, C) Peracetic acid treated acellular, D) 
γ-irradiated acellular and E) E-beam treated 
acellular peripheral nerve. 

DISCUSSION & CONCLUSIONS: The 
endoneurium provides mechanical support and 
chemotrophic guidance to neurons. Collagen 4, 
laminin and fibronectin are key components of the 
endoneurial basement membrane, facilitating 
Schwann cell attachment and neuronal 
regeneration. The loss of specific collagen 4 
staining may be due to removal/degradation, or 
changes in surface chemistry preventing antibody 
binding. The observed alterations following 
peracetic acid treatment may therefore negatively 
impact upon the ability of the graft to promote 
neuroregeneration. As γ-irradiation and E-beam 
appeared to cause only a slight reduction in collagen 
4 staining intensity, and no significant changes to 
the mechanical properties or ultrastructure were 
observed, they may be suitable sterilisation methods 
for use with acellular nerves. 

REFERENCES: 1L.Zilic et al. (2016) 
Decellularisation and histological characterisation 
of porcine peripheral nerves. BIOTECHNOL 
BIOENG. 113 (9): 2041-2053 
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INTRODUCTION: Magnetic nanoparticles 
(MNPs) are biocompatible with paramagnetic 
properties allowing for manipulation through a 
magnetic field. All these characteristics open a 
whole range of biomedical applications, including, 
targeted drug delivery, MRI tracking and remote 
cell activation. MNPs are a very promising 
technology for translation of cell based therapies. 
(1) 

GET (GAG-binding enhanced transduction) 
system is based on a novel fusion protein that 
couples a membrane docking peptide to heparan 
sulfate glycosaminoglycans (GAGs) with a Protein 
Transduction Domain (PTD) and has been 
reported to improve delivery of different cargoes 
into cells.(2) 

METHODS: Recombinant GET proteins were 
expressed and purified as previously described (2). 
The particles used were dextran coated 
Nanomag®-D MNPs (Fe3O4 core; 250nm; 
Micromod). MNP delivery to NIH 3t3s was 
evaluated by Prussian blue staining using a Nikon 
Eclipse TS1000 light microscope and by TEM 
analysis using a Tecnai G12 Biotwin run at 
100Kv. Iron content was analysed using ICP-MS. 

RESULTS: In this study we explore the use of 
GET to deliver MNPs. We have characterized and 
quantified delivery of GET-MNPs to cells in vitro. 
We have demonstrated targeted delivery potential. 
Finally, magnetically labelled MSCs using GET 
show significant hypointensity implying GET-
MNP enables efficient delivery of MNPs to 
facilitate MRI imaging. 

DISCUSSION & CONCLUSIONS: The 
combination of MNPs and GET system (GET-
MNP) will provide a multifunctional system 
capable of: a) efficiently delivering therapeutics to 
cells b) providing good contrast for imaging 
purposes in vivo c) targeting the therapeutic/cells 
to a specific area of the body by applying a 
magnetic field. Our current work focuses on 
optimizing this technology for targeted gene 
delivery in vivo aiming to overcome current gene 
delivery obstacles such as lack of efficiency in 

vivo, lack of specificity and safety issues 
associated to current gene delivery vectors. 

 

 

Fig. 1: A) Iron uptake in NIH3t3s cells at different 
GET/MNPs concentration ratios (μM GET/μg 
MNPs). B) TEM imaging of MNPs in NIH 3t3s. C) 
Targeted delivery of a red fluorescent GET with 
MNPs under a static magnetic field. D)  In vitro 
MRI of cell seeded collagen gels. 105 hMSCs were 
labelled with 25μg MNPs using a) no transfection 
agent b) GET and c) protamine sulphate and MR 
imaged using 2.3T animal scanner. Areas of 
hypointense (black regions) are indicative of 
MNPs labelled cells. E) Iron uptake in NIH3t3s 
after long term pre conjugation of GET-MNPs in 
the absence (left) and presence (right) of serum. 
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INTRODUCTION: Material properties including 
topography1, chemistry2 and stiffness3 are capable 
of modulating cell response. In tissue engineering, 
understanding biomaterial-cell interactions is 
crucial in order to improve the capacity for tissue 
repair. In this work, we aim at identifying new 
functionalities that could induce stem cell 
differentiation. Then, the surface of biodegradable 
microparticles have been modified to study the 
effect of surface chemistry of 3D materials on stem 
cell response as a preliminary step for further 
studies with more complex  chemical modifications. 
METHODS: Microparticles of poly(lactic acid) 
(PLA) (74 kDa) were prepared by dissolving PLA  
in dichloromethane (20% w/v). This organic phase 
was homogenised for 5 mins in a 1% w/v polyvinyl-
alcohol (98% hydrolysed, 13-23 kDa) aqueous 
solution. Agitation speed was varied from 1500 to 
2500 rpm to target different particle sizes. 
Microparticles were treated with ethylenediamine 
solution (0.5M in isopropanol) or sodium hydroxide 
solution (0.5M 70/30 isopropanol/water) at room 
temperature. HUES7 cells, a human embryonic 
stem cells line (hESC), were seeded as single cells 
at 60 k cells/well on microparticles (5 mg) placed in 
ultra-low attachment 24-well plates. E8 medium 
containing ROCKi and inter-alpha inhibitor to 
mediate attachment was used. Alamar blue assay 
was performed to assess cell viability. After 5 days 
of culture, cells were fixed and immunostained. 
RESULTS: PLA microparticles were prepared by 
using the emulsion technique. Particle size ranged 
from 50 to 300 μm and showed smooth surfaces as 
seen by SEM (see Fig. 1.a). In order to enhance 
surface functionality and reactivity, particles were 
exposed to aminolytic and hydrolytic agents for a 
limited period of time. Experiments performed on 
the influence of aminolysis showed longer exposure 
periods, damaged the particle surface and pores start 
to be formed (see Fig. 1.c). However, treatment 
periods of 15 mins showed good functionalisation 
of the surfaces without compromising particle 
integrity. Therefore, these conditions were chosen 
for further studies in stem cells. 
HUES7 cells were seeded on the particles and 
incubated for 5 days. From viability studies it was 
observed that cells grown in the presence of 
particles showed much higher metabolic activity 

than cells cultured under the same conditions as 
embryonic bodies. Also, these studies showed a 
clear influence of the surface treatments on cell 
metabolic activity. Cells seeded on hydrolysed 
particles showed the highest metabolic activity over 
the 5 days of culture, followed by the cells grown 
on aminolysed particles. Cells seeded on untreated 
particles showed the lowest metabolic activity. 
Most interestingly, cells seeded on 50-100 μm 
particles formed large 3D cell-particle aggregates 
(see Fig. 2.a). However, when cells were seeded on 
the largest particles, single particle-cells constructs 
were formed, and 2D colonies were observed on 
individual particles (see Fig. 2.b and 2.c). 

Fig. 1: SEM images of PLA microparticles 
aminolysed for a) 0 min, b) 30 mins and c) 120 mins. 

Fig. 2: Fluorescence microscopy images of a) 3D 
cell-particle aggregates and b) cells-single particle 
constructs. C) Magnification of a 2D cell layer on a 
single particle. Scale bar: 100 μm. Cell nucleus 
stained with DAPI (blue) and Oct4 (green). Cell 
cytoplasm stained with Phalloidin (red). 
DISCUSSION & CONCLUSIONS: In this work, 
PLA microparticles not only have been shown to 
support hESC adhesion and growth, but also it has 
been demonstrated that particle surface chemistry 
greatly impact cell behaviour. However, treatments 
must be carefully examined in order to preserve 
particle morphology. Also, particle size proved to 
be fundamental in prompting 2D or 3D cell growth. 
Next, chemistries which have previously 
demonstrated significant capabilities in modulating 
cell differentiation will be incorporated onto these 
surfaces to further extend this research. 
REFERENCES: 1H.V Unadkat et al (2011) PNAS 
108:16565-70 2A.K Patel et al (2015) Biomaterials 
61:257-65 3A.J Engler et al (2006) Cell 126:677-89. 
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INTRODUCTION: Regenerative medicine aims 
to restore damaged tissues and organs. Aside from 
chemical cues, cells can sense the mechanical 
properties of the extracellular matrix (ECM). An 
increase in stiffness is known to affect the growth 
and differentiation of individual cells, but the 
mechanics by which groups of cells respond to 
stiffness is poorly understood.1 Here we aim to test 
the hypothesis that groups of cells are able to sense 
ECM stiffness, which is proportional not only to the 
elastic modulus of the material, but also to its 
dimensions. 

METHODS: To develop ECMs that vary in 
stiffness and in thickness, we bound collagen (Col) 
or fibronectin (Fn) to polyacrylamide (PA) 
hydrogels. MDCK epithelial cells and MG63 
mesenchymal cells were seeded on soft PA gels 
(0.5kPa or 1kPa) with variable thickness (0 - 200 
µm) and allowed to form colonies for 5 days. 
Fluorescent microspheres embedded in PA gels 
were used for tracking cell displacements. Cells 
were imaged using an inverted time-lapse 
microscope and cell characteristics such as cell 
number, cell spreading area and displacement were 
obtained from image analysis. 

RESULTS: Single cells (MG63, MDCK) start to 
sense an underlying rigid surface at about 10-15 µm 
gel thickness (Fig, 1A). In contrast, colonies of 
cells, appear well-spread at greater thickness than 
single cells (20 µm, Fig. 1B). On thick (200 µm) Fn 
coated PA gels colonies spreading is significant 
reduced (p < 0.001) compare to thin gels. In 
contrast, on Col coated PA gels colonies behave in 
an opposite way (Fig. 1B). By image tracking 
analysis we observed that colonies cultured on thick 
gels generate larger local displacements (max 12; 
mean 2.7 ± 1.8 µm) than on thin gels (max 8; mean 
1.8 ± 1.1 µm). Also on thick gels colonies exhibit 
longer filopodia. 

 
Fig.1: (A) Single cells (MG63 and MDCK) spread 
more on thin (< 10 µm) Col coated PA gels 
(0.5kPa). (B) MG63 colonies spread more on thin 
gels coted with Fn or on thick gels coated with Col. 
****p<0.001 

DISCUSSION & CONCLUSIONS:  

This study demonstrates that ECM nature, elastic 
modulus and dimension induce a biomechanical 
response to cells phenotype. The differences in 
colony spreading may be correlated with the ability 
of a cell to deform a substrate. As the depth 
decreases gel deformation is constrained by the 
underlying substrate and displacement 
consequently reduced. A fibrous ECM protein (Col) 
may also affect the way cells sense the substrate 
stiffness due to the nonlinear response of the 
material to the force applied to it. ECM-cells 
interactions may have important consequences in 
the study of embryogenesis, skin repair and 
regenerative processes.                                 

REFERENCES: 1Evans, N.D., Gentleman, E. 
(2014) The role of material structure and 
mechanical properties in cell-matrix interaction. J. 
Mater. Chem. B 2 (17), 2345-2356. 
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Rosetrees Trust and Wessex Medical Research for 
funding this project. 
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INTRODUCTION: There is a clinical need for 
improved treatments for peripheral nerve injury for 
which the current ‘gold standard’ treatment is the 
use of an autograft. Nerve guidance conduits 
(NGCs) can be used as an alternative treatment, free 
from the disadvantages of donor site morbidity and 
multiple operation sites. Current commercial NGCs 
have simple designs and are only successful in the 
repair short nerve gaps, up to around 25 mm [1]. For 
this reason, NGCs with improved guidance 
properties are necessary. Composite scaffolds can 
be created which contain intraluminal electrospun 
microfibres which can provide guidance to 
regenerating cells [2]. The analysis of these 
scaffolds is of critical importance to understand how 
their design can affect their performance in vivo. 
Parameters such as fibre diameter and fibre density 
have been shown to affect nerve regeneration so 
these were investigated to allow optimisation of the 
conduit design. 

METHODS: Polycaprolactone (PCL) triol was 
methacrylated to add photocurable functionality and 
used to fabricate PCL tubes via 
microstereolithography with a 405 nm laser and a 
digital micromirror device. Highly aligned PCL 
microfibers were produced via electrospinning by 
depositing fibres on mandrel rotating at 2000 rpm.  

Fibre alignment and diameter were analysed via 
scanning electron microscopy (SEM) and fibre 
bundles were inserted into the PCL tubes. Helium 
pycnometry was used to analyse the volume of the 
fibre bundles and infer the packing density of the 
fibres within the tube. The resulting construct was 
also analysed using micro-computed tomography to 
visualise the fibres within the tube. 

RESULTS: Electrospun PCL microfibres were 
fabricated with a high degree of alignment as shown 
from SEM imaging (Fig 1A). The flow rate during 
the electrospinning process was varied allowing 
fibres to be produced with diameters: (2.2±1.0) μm, 
(9.4±2.9) μm and (15.7±3.1) μm (mean ± SD). 

The fibres of different diameters were inserted into 
the tubes (Fig 1B) to obtain a composite structure as 
shown in Fig 1C. Fibre packing density was 

quantified with helium pycnometry to give a 
percentage fill of the conduit lumen with values 
ranging between (11.1±4.4) % and (51.2±2.3) % 
(mean ± SD). Three conduit groups were also 
produced containing fibres of the different 
diameters but all filled to 11 % packing density. 

 
Fig 1: SEM (A-C) and micro-computed tomography 
(D) images of NGC and individual components. 

DISCUSSION & CONCLUSIONS: 
Microstereolithography and electrospinning can be 
combined to produce composite NGCs containing 
intraluminal guidance cues which have the potential 
to improve nerve regeneration. Important 
parameters such as fibre diameter and packing 
density can be measured and controlled allowing the 
NGCs to be properly characterised and the design to 
be optimised using results from in vivo evaluation. 
Quantitative assessment of fibre fill percentage will 
allow us to study the effect of this parameter on 
nerve regeneration or remove this variable to look 
solely at the effect of fibre diameter. It is important 
to investigate these parameters as fibre diameter can 
affect cell guidance whereas a high volume of 
material within the lumen may impede regeneration. 

REFERENCES: 1 J.H. Bell & J.W. Haycock 
(2012) Tissue Eng Part B Rev 18, 116–128. 2 M. 
Daud, et al. (2012) Biomaterials 33:5901-5913. 
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INTRODUCTION: Collagen is the predominant 
structural protein in extracellular matrix (ECM) 
and is commonly used in tissue engineering to 
make scaffolds. Collagen based biomaterials have 
major advantages in a wide range of medical 
applications focused on reconstruction, 
regeneration and healing1. Also, the mechanical 
properties of the substrate are emerging as an 
important cue that affects cell behavior2. However, 
due to the lack of standardisation of experimental 
protocols, the mechanical properties of stabilised 
type I collagen gels as presented in the literature 
are not easily comparable. For this reason, our 
study aims to develop a compressive mechanical 
analysis protocol to evaluate the properties of 
stabilised collagen gels.  
 
METHODS: Stabilised collagen gels were made 
as described previously3: 80% rat-tail collagen 
Type I (2.05mg/ml), 10% 10xMEM, 5% DMEM, 
neutralised using sodium hydroxide. Next, the 
collagen solution was put into 96-well plates and 
allowed to set in a humidified incubator (37oC, 5% 
CO2) for 10 min. Gels were stabilised for 15 min 
using RAFT absorbers (Lonza) and stabilised gels 
were stored in PBS. The height of each gel was 
measured using an optical contact angle meter 
based on image capture and collagen density 
calculated. The images were extracted and 
analysed using ImageJ. Compressive mechanical 
properties were determined through dynamic 
mechanical analysis (DMA) using a BOSE 
Electroforce 3200 instrument (TA Instruments) 
equipped with a 2500g load cell. For each test, the 
sample was precompressed by 15% of its height 
and then a sinusoidal compressive test was run for 
displacement amplitude of ±2% over the following 
range of frequencies [1; 2.5; 5; 10; 15; 20; 30; 40; 
50; 60; 70] Hz.  

RESULTS: Regardless of the initial volume, the 
mean final density of stabilised collagen across all 
samples was 60.78 ± 4.54 mg/ml. The complex 
modulus (E*) and its component storage and loss 
moduli for the stabilised collagen gels are shown in 
Figure 1 at eleven different frequencies, from 1 to 
70 Hz. As the frequency increased, complex 
modulus increases from 13 to 70 ± SD kPa (Figure 
1). From 1 Hz to 40 Hz the value of the loss 

modulus is 2.6 ± 0.9 kPa higher than the storage 
modulus. Then, for frequencies higher than 40 Hz, 
this difference tends to be closer to zero with a 
variation of 0.3 ± 0.4 kPa. 

 
Figure 1: The effect of a frequency sweep (1-70 
Hz) on moduli (kPa) of stabilised collagen gels. 
 
DISCUSSION & CONCLUSIONS: Rat tail type 
I collagen has a specific behavior under 
compressive mechanical analysis, leading to a 
dense (60.78 ± 4.54 mg/ml) stabilised matrix with 
consistent E*. The stabilised gels seem to display 
more viscous properties when subjected to 
compression at lower frequencies. This difference 
tends to cancel out for frequencies higher than 40 
Hz. For frequencies above 70 Hz this trend may 
reverse and therefore requires further research. To 
date, our protocol allows consistent compressive 
DMA measurements of the visco-elastic properties 
of this hydrogel.  In the future, tensile tests and 
rheometry will supplement the characterisation of 
viscous and elastic behaviors for type I collagen 
when undergoing deformation. This complete 
analysis will enable correlation of cell behaviors in 
response to these well defined mechanical cues, of 
benefit to the design of repair constructs. 

REFERENCES: 1Isobe,Y. et al, 2012, Materials, 
501-511. 2Lo, C.-M., et al (2000), Biophysical 
Journal, 144-152. 3JB   Phillips   et   al,   (2005), 
Tissue Engineering,11, 1611-1617.  
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INTRODUCTION: Controlled release systems for 
therapeutic molecules are vital to allow the 
sustained local delivery of their activities which 
direct cell behaviour and enable novel regenerative 
strategies. Direct programming of cells using 
exogenously delivered transcription factors can by-
pass growth factor signalling but there is still a 
requirement to deliver such activity spatio-
temporally. We have developed novel fusion 
proteins that couple a membrane-docking peptide 
which binds heparan sulfate glycosaminoglycans 
(GAGs) with a CPP [1]. This GET (GAG-binding 
enhanced transduction) system can be utilised to 
enhance delivery of different cargos, including 
proteins (i.e. transcription factors and enzymes), 
nucleic acids, nanoparticles and drugs. Herein we 
demonstrate that GET system can be used in PLGA 
based microparticles controlled release systems to 
mediate sustained intracellular transduction over 
one week. 
 
METHODS: Microparticles were formed from 
poly (DL-lactide-co-glycolide, 50:50, 52kDa), 
using solid in oil in water (S/O/W) solvent 
evaporation method. The generated microparticles 
were characterised for average size, morphology, 
encapsulation efficiency and protein release profile.  
The encapsulated and released GET - protein 
molecule transduction activity was tested using 
mammalian cells (NIH 3T3). Protein was delivered 
into cells by addition to culture media. Cells were 
imaged using fluorescence microscope, then 
harvested and analysed for fluorescence intensity by 
flow cytometry. Protein transduction activity was 
compared to the experiment control. 

RESULTS: We have investigated all the 
manufacturing process parameters which may affect 
GET – protein molecule activity during 
encapsulation and release processes. We assessed 
the stability and activity of GET peptides in 
poly(DL-lactic acid-co-glycolic acid) (PLGA) 
microparticles (MPs) prepared using S/O/W double 
emulsion method. Efficient encapsulation (~65%) 
and tailored protein release profiles could be 
achieved, however intracellular transduction was 
significantly inhibited post-release. To retain GET 
peptide activity we optimised a strategy of co-
encapsulation of L-Histidine, which may form a 

complex with the PLGA degradation products under 
acidic conditions. Simulations of the polymer 
microclimate showed that hydrolytic acidic PLGA 
degradation products directly inhibited GET peptide 
transduction activity, and use of L-Histidine 
significantly enhanced released protein delivery. 

 
Fig. 1: Schematic for hypothesis of GET peptides 
interaction with Carboxyl groups and L-Histidine. 
Interaction between GET peptides released from 
MPs and cells in presence of carboxyl groups 
resulted from PLGA degradation, with and without 
L-Histidine. (A) pH 7 without L-Histidine. (B) pH 7 
with L-Histidine. (C) pH 3 without L-Histidine. (D) 
pH 3 with L-Histidine. 

CONCLUSION: We have demonstrated a 
successful controlled delivery of a GET – Protein 
molecule, retaining the high transduction activity of 
GET system. The ability to control the intracellular 
transduction of functional proteins into cells will 
facilitate new localised delivery methods, with 
minimised risk of systemic dosing that may lead to 
non-targeted activity, and allow approaches to 
direct cellular behaviour for many regenerative 
medicine applications. 

 

REFERENCES: 1 Dixon, James E. et al. “Highly 
Efficient Delivery of Functional Cargoes by the 
Synergistic Effect of GAG Binding Motifs and Cell-
Penetrating Peptides.” Proceedings of the National 
Academy of Sciences of the United States of 
America 113.3 (2016): E291–E299. PMC. Web. 7 
Mar. 2016. 



Acknowledgements: 
EPSRC-MRC: EP/L014904/1 

Correlative imaging of vascularisation within hydrogels 
 Jekaterina Maksimcuka1, Gowsihan Poologasundarampillai1,2, Olga Tsigkou1, Philip J Withers1,3 

1 School of Materials, University of Manchester, Grosvenor Street, Manchester M13 9PL, UK; 2 Research Complex at Harwell, Didcot, OX11 0FA, UK;  
3 Manchester X-ray Imaging Facility and BP International Centre for Advanced Materials; 

 
 

Introduction 

Methods 

Results 

Discussion 

References 

•  Why bone? 
2000s - 2.2 million bone grafting procedures worldwide.  

•  Current limitations? 
The lack of vasculature leads to tissue necrosis in the core which 
can lead to loosening of the implant. 
•  Our approach: 
A viable vascular network can be achieved by coculture of HUVECs 
and MSCs. 
 

MSCs s

Blood vessel culture 

1×106 EC and 
2.5×105 MSCs 
11111111111×10 EC and

1
06

Culture 

1 week 

70S30Ca 

1O. Tsigkou, I. Pomerantseva, J.A. Spencer, et al. (2010). Proc. Natl. Acad. Sci.  107: 3311-3316.  
2G. Poologasundarampillai, D. Wang, S. Li, et al. (2014). Acta Biomater. 8: 3733-3746.  

•  The scaffold: 
Bioactive glass of the 70S30Ca (70 mol% SiO2, 30 mol% CaO) 
composition was electrospun into cotton-wool-like fibres4. 

•  For bone formation, MSCs will be cultured on 
fibre scaffold for a week.  HUVECs MSCs 

•  While for vascular network formation, RFP-
HUVECs and GFP-MSCs combined in a fibronectin 
containing  collagen gel1 and infused in the fibre 
scaffold. 

•  Cotton-wool like bioactive glass of the 70S30Ca (70 mol% SiO2, 30 
mol% CaO) composition were fabricated through electrospinning2.  

SEM images of 70S30C 
bioactive glass  

HUVECs and MSCs combined in a collagen hydrogel 
successfully formed a 3D vessel network. Moreover, 70S30Ca 
cotton wool like scaffolds can support the formation of 
vascularised 3D constructs. PTA stain has provided the 
greatest contrast as of yet. Further work optimizing different 
stains is required. 

Addition of ECs and MSCs in 
collagen gel enhance scaffold 
vascularization in vitro 

 
µCT can be used to visualise 
formation of  complex tissues 

So overall … 

Bone culture 

•  MSCs with HUVECs formed a 3D tube like network in the 
collagen gel 

•  EC to MSC ratio is crucial for network formation 

•  PTA, Iodine and iron oxide nanoparticles can be used to 
enhance cell contrast for CT imaging 

Formation of tube like structures 
in collagen gel 

HUVECs (RFP)/hMSCs (GFP) 

Tomography scan of 
70S30C bioactive glass at 

Diamond Light Source 

Iodine stain 

Segmented PTA 
stained cells 

Osteoblast 
interaction 
with fibres 

Stains are required to 
enhance contrast 

PTA stain 

Labelled MSCs 
Courtesy of  Dr Olga Tsigkou 

FeO nanoparticles Segmen
stainedPTA stain PTA t i

Segmented FeO 
nanoparticle 
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Courtesy of  Dr Olga 
Tsigkou 
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INTRODUCTION: Type 1 diabetes affects an 
estimated 320.000 persons in the United Kingdom, 
which results in a £1 billion (1,4 billion euro) 
expense for the NHS. In this autoimmune disease, 
insulin producing beta-cells, which are found in the 
pancreatic islets, are destroyed by the immune-
system of the patients. A novel treatment option is 
the transplantation of donated islets. There are two 
major problems with the current method of 
transplantation: A majority of islets are lost during 
transplantation due to immune reactions, and there 
are not enough donors for all patients in need of 
transplantation. By encapsulating islets in alginate 
to shield them from the immune system, islet 
survival post transplantation could be enhanced.  

 
METHODS: Primary human Islets (whole or 
dissociated) are encapsulated in an alginate 
hydrogel through electrospraying. Alginate has 
been chosen as the encapsulation hydrogel of choice 
since it is biocompatible, easy to handle, widely 
used and cheap. As most commercially available 
alginate is contaminated with foreign bodies which 
could set of the immune-system when transplanted, 
a purification process was developed based on the 
work of Klöck et al.[1]  
Islets are followed up to 3 months post 
encapsulation, looking at the morphology and 
viability in comparison to un-encapsulated islets. 
Furthermore, functionality is measured using a 
glucose dependent insulin secretion assay, in which 
secreted insulin is measured using an ELISA-assay, 
in buffers with different concentrations of glucose.  

RESULTS: We found that whole islets 
encapsulated in alginate are as functional as the 
control islets after 2 weeks. Dissociated islets 
however show a decrease in viability after 
encapsulation and are no longer functional for 
glucose dependent insulin secretion. 
On a longer time scale, we found it impossible to 
culture pancreatic islets without an encapsulation. 
On normal tissue culture plastic the islets attach and 
spread out over the bottom, loosing form and 
functionality. On Ultra-low adhesion plates the 
islets don’t adhere, but over time fall apart and die. 
Encapsulated islets on the other hand can both be 

cultured on normal tissue culture plastic and ultra 
low adhesion plates, without any additional 
treatment. They maintain their morphology and 
functionality for over 3 months.  

 

 

 

 
 
 
 

 

Fig. 1: (A,B)Life/dead staining of (A) an 
encapsulated pancreatic islet and (B) encapsulated 
islet cells, on day 14 after encapsulation (C,D) 
Insulin secreted after consecutively being 
subjected to a low (Low 1) concentration of 
glucose, a high concentration of glucose (High) 
and then again to a low concentration of glucose 
(Low 2), normalized to the first low; (C) on day 14 
after encapsulation and (D) on day 96 after 
encapsulation. Note that the control islets and the 
encapsulated islet cells did not survive until 96 
days. 

DISCUSSION & CONCLUSIONS: The 
encapsulation of primary human pancreatic islets 
allows for long-time culture of the islets in vitro. As 
alginate can easily be removed using EDTA, this 
method of culturing pancreatic islets might allow 
for a longer storage before clinical use. By allowing 
clinicians to store the islets, better patient/donor 
matches could be made. Whether the encapsulated 
islets will be shielded from the immune system, as 
was the original aim of this research, will be 
examined further in vivo 

REFERENCES:  
1Klöck, G., et al.. Applied Microbiology and 
Biotechnology, 1994. 40(5): p. 638-643.  
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INTRODUCTION: Osteoarthritis, resulting from 
cartilage damage and degradation, presents a huge 
financial burden to healthcare providers. Thus, there 
is a market for a cell-based therapy/tissue-
engineered alternative to current gold standard 
treatments. Native cartilage is subjected to 
mechanical forces in vivo, which are essential for 
normal development. Mimicking those forces in 
vitro with the application of hydrostatic pressure 
may enhance the quality of tissue-engineered 
constructs. 

METHODS: Chondroprogenitors were derived 
from human embryonic stem cells (hESC) using a 
14-day differentiation protocol developed by the 
Kimber lab in Manchester [1]. These cells were 
seeded into fibrin hydrogels and hydrostatic 
pressure was applied for 1 hour per day at a 
frequency of 1 Hz, at either 270 kPa or 170 kPa, 
using our custom-built bioreactor [2]. After 4 days, 
expression of ACAN, COL2 and SOX9 were 
determined using qPCR. Paraffin sections were 
stained with Safranin-O in order to determine extra-
cellular matrix (ECM) deposition. A technique was 
also developed in which chondroprogenitors were 
layered with ECM components such as fibronectin 
and hyaluronan and then cultured for a further three 
days. 

RESULTS: Stimulated constructs show greater 
ECM deposition and proteoglycan content (fig. 1A). 
In addition, there is significant upregulation of 
chondrogenic markers ACAN, COL2 and SOX9 
(fig. 1). Cells coated in hyaluronan show significant 
increases in ACAN and COL2 expression. 

A 

 

 

B 

 
Fig. 1: hESC-derived chondroprogenitors seeded 
into fibrin gels at 0.5 x 106/mL and cultured for 4 
days. Gels stimulated in the hydrostatic bioreactor 
1 hour/per day, 3 days, 1 Hz at either 270 kPa or 
170 kPa. Static controls received no stimulation. 
A) 5 μm paraffin sections stained with 
haematoxylin and Safranin-O. Scale = 500 μm B) 
Expression of chondrogenic makers significantly 
greater in stimulated constructs. Expression 
relative to GAPDH. N = 3. 

DISCUSSION & CONCLUSIONS: Hydrostatic 
stimulation of fibrin gels seeded with hESC-derived 
chondroprogenitors increases chondrogenic gene 
expression and ECM deposition. In addition, 
coating cells in ECM proteins, in order to mimic the 
native environment of the chondrocyte, can further 
enhance the maturation of hESC-derived 
chondroprogenitors. 

REFERENCES: 1 R. Oldershaw, M. Baxter, E. 
Lowe, et al (2010) Nat Biotechnol 28(11): 1187-
1196.  2Y. Reinwald, KHL Leonard et al. (2015), 
Tissue Engineer Part C; 21(1):1-14. 
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INTRODUCTION: 3D collagen based models of 
skeletal muscle have previously been created using 
mechanically induced tension1. This project now 
aims to take the first steps into combining these 
skeletal muscle constructs with a suitable model of 
tissue engineered bone and in doing so, to create 
an intermediate ‘tendon’ region as an interface 
between the two engineered tissue types. In order 
to achieve this aim, the first steps involved 
fabrication of a gel with separate segments while 
maintaining the integrity of a single collagen 
hydrogel. This could then be further developed to 
include different cell types to match the 
corresponding tissue that is being modelled. Such 
a model could have a variety of uses, including 
understanding cellular mechanisms following 
mechanical stimulus and injury, as well as the 
testing of drugs. 

METHODS: Previous constructs were cast using 
combinations of well plates and sylgard barriers to 
determine the dimensions of the gel2. Through 
multiple iterations, this project developed a 3D 
printed, bespoke Polylactic Acid (PLA) construct 
which addressed the difficulties in the speed of 
fabricating segmented gels (figure 1). Segmented 
gel combinations of C2C12 and acellular regions 
were then fabricated to take the first steps into 
creating a Muscle – Tendon – Bone model. 
Constructs were cultured for 14 days before being 
fixed and stained with phalloidin for the actin 
filaments and DAPI for the nuclei.  

RESULTS: 

 
Fig. 1: 3D printed PLA moulds with control gels 
(above) which were completely cellular and 
segmented gels (below) which had a cellular 
centre. 

 

 

Fig.2: Comparison of desmin staining between the 
the standard gel (left) and the cellular portion of 
the mixed gel (right) after 14 days. 

DISCUSSION & CONCLUSIONS: 
Macroscopically, interfaces between the different 
regions can be clearly seen from the cellular 
remodelling in the central region and the absence 
of it in the peripheral segments. Immunostained 
images at 14 days show how the regions differ in 
terms of cell density, alignment and morphology 
on a microscopic scale.  The tendency for cells to 
extend into the acellular region also suggests that 
cells migrate within the gel. This could allow for 
interdigitation between different tissue types, 
similar to in vivo at the myotendinous junction. 

Contraction data over the period followed the 
same pattern as unsegmented gels indicating that 
the cells in the modified model continue to 
remodel the matrix. This model has proven to be 
able to contain multiple regions within a single 
gel. Therefore, the next step is to ascertain the 
gene expression of the new model and then to test 
how it responds to stimulus, be it chemical or 
physical. This can be followed by the introduction 
of other cell types into the peripheral regions. 
Fibroblasts have been shown to respond similarly 
to myoblasts3 in these constructs as well as being 
analogous to tenocytes found in tendon tissue, 
thereby making them a strong candidate cell type. 

REFERENCES: 1 Smith, A. S. T., Passey, S., 
Greensmith, L., Mudera, V. & Lewis, M. P. (2012) 
J. Cell. Biochem 113:1044–53. 2Wragg NM, et al. 
(2014). ECM  28(4):41. 3 Eastwood, M., Mudera, 
V. C., Mcgrouther, D. A. & Brown, R. A. (1998) 
Cell Motility and the Cytoskeleton 40:16-21. 
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INTRODUCTION: Among the 2 million affected 
with sight loss in the UK, over 300,000 people are 
registered as blind or partially sighted1.  Glaucoma 
is the leading cause of blindness worldwide2; it is 
defined as a collection of diseases, characterised by 
progressive degeneration of the optic nerve and loss 
of specialised cells. Existing treatments for 
glaucoma are palliative or aimed at delaying the 
progression of the disease rather than curing it. 
Damaged neurons are not replaced, thus stimulating 
the development of cell-based therapies; spraying of 
cells directly to the back of the retina has been 
shown to encourage cell viability and proliferation3, 
although there is currently no consensus on key 
spraying parameters (flow rates, pressures etc) to 
ensure successful delivery in humans. Given the 
enormity of the task in defining these parameters 
using experiments in isolation, we use mathematical 
modelling to explore how the spraying volumetric 
flow rate and pressure can be used to control the 
spatial distribution of delivered cells. This approach 
could be expanded to other organs in the future. 

METHODS: We use the CFD solver STAR-
CCM+® to simulate spraying of cells plus hydrogel. 
The human eye is represented as shown in Fig 1. 
The cell suspension is injected at varying 
volumetric flow rates of 100, 200, 300 and 400 μL/s, 
with air pressures of 10, 50 and 100 kPa applied at 
the injector. A continuum mechanics approach was 
used with the cellular suspension drops described 
using a multiphase model, and the spatial 
distribution of drops tracked in time. 

  

  
Fig.1: Human eye, represented as a hemisphere with a 
diameter of 25 mm and an injector with a nozzle diameter 
of 0.6 mm, positioned using cylindrical coordinate 
system at (3,7,0) mm from the centre of the geometry; 
with relative anatomy showing direction of spraying and 
nozzle position. 

RESULTS: Fig 2 shows how the average thickness 
of the cellular suspension over the surface area of 
the inner retina, depends strongly upon the 
volumetric flow rate, as well as low/ high air 
pressure.  

 
Fig.2: Plot showing volume flow rates used at different 
pressure conditions, with the obtained average thickness 
of the cellular suspension sprayed onto the retina. 

DISCUSSION & CONCLUSIONS: The data 
provides strong evidence that the delivery of cells to 
the back of retina can be controlled using 
parameters of the spraying process. The 
mathematical models provide guidance on how 
these parameters should be chosen, and these will 
subsequently be tested experimentally. 

REFERENCES: 1RNIB (2014) Royal National 
Institute of Blind People. [Online] Available at 
https://help.rnib.org.uk/help/newly-diagnosed-
registration/registering-sight-loss/statistics  
Accessed on 27/03/17. 2K.S. Abhshek and P.K. 
Suresh (2017) Artificial Cells, Nanomedicine and 
Biotec. 45(3): 448-459. 3A Roberts, B.E. Wyslouzil 
and L. Bonassar (2005) Biotec. & Bioeng. 
91(7):801-807. 4 M.Nweze, T. Baker, G.A. Limb et 
al (2016) ECM J. 32(4) 126. 
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Defining the human foetal notochordal cell phenotype to inform intervertebral 
disc regeneration strategies 
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INTRODUCTION: While the embryonic, foetal 
and juvenile nucleus pulposus (NP) is composed of 
large vacuolated notochordal cells (NCs), these 
morphologically distinct cells are lost with skeletal 
maturity and are replaced by smaller NP cells. 
Notochordal cells are thought to be fundamental in 
maintaining IVD homeostasis and, hence, their loss 
in humans may be a key initiator of degeneration, 
leading ultimately to back pain. Therefore, it is 
essential to understand the phenotype of human 
notochordal cells to enable the development of 
novel biological/regenerative therapies. Thus the 
aim of this study was to isolate notochordal and 
sclerotomal (annulus fibrosus and vertebrae 
precursors) cells from foetal human spines and 
perform microarrays to elucidate the notochordal 
cell phenotype and regulatory pathways which can 
be used to direct appropriate stem cell 
differentiation towards a NC phenotype. 
 
METHODS: Human foetal spines (7.5-14 WPC, 
n=5) containing notochordal and sclerotomal cells 
were micro-dissected from adjacent tissues and cells 
were isolated enzymatically. Cells were labelled 
with a PE-conjugated anti-CD24 antibody and 
viable CD24+ notochordal cells and CD24- 
sclerotomal cells sorted using fluorescence 
activated cell sorting (FACS). RNA was extracted, 
globally amplified to cDNA and sorting accuracy 
validated using qPCR for previously identified 
notochordal markers including CD24 and brachury. 
Affymetrix cDNA microarrays were performed to 
analyze differential gene expression and differential 
expression was confirmed using qPCR Interactive 
pathway analysis (IPA) was used to identify 
networks, pathways and upstream master regulators 
of differentially expressed genes. Expression of 
differentially expressed genes identified by 
microarray analysis was also confirmed in adult 
human NP cells (n=17; 22-71 years). 
 
RESULTS: FACS allowed isolation of a small 
population of CD24+ve notochordal cells (mean 
10.4% CD24+) and a larger population of CD24-ve 
sclerotomal cells (mean 60.9% CD24-), with cells 
falling between the CD24+ and CD24- gates being 
discarded to ensure specificity. qPCR confirmed 
higher differential expression of the notochordal 
cell markers CD24 and T in the CD24+ve cells 

compared to CD24- cells. Hierarchical clustering 
and PCA mapping revealed distinct differences in 
the gene expression profile of CD24+ and CD24- 
cells. Top notochordal markers were CD24, 
STMN2. RTN1, PRPH and CXCL12 and top 
sclerotomal markers were WISP3, CHST11, 
SERPINA3 and CHAD. IPA identified connective 
tissue development as the top network; importantly 
IL-1 receptor antagonist (IL-1RN) and noggin were 
identified as master regulators of notochordal cell 
phenotype. Expression of top notochordal marker 
genes was identified in adult human NP cells, with 
expression retained irrespective of patient age or 
stage of degeneration. 
 
 
 
 
 
 
 
Fig 1: A: FACS sorting of CD24+ and CD24- 
human NC cells. B: Hierarchical clustering 
analysis of Affymetrix microarray data 
demonstrating clear differences between CD24+ 
NC cells and CD24- sclerotomal cells. 
 
DISCUSSION & CONCLUSIONS: The findings 
from this study describe, for the first time, the 
phenotype of human foetal notochordal cells and the 
regulatory networks which have important 
implications for the understanding tissue 
development, homeostasis and disease. 
Furthermore the knowledge gained regarding 
upstream regulators may be used to develop 
protocols to direct stem cells differentiation to 
notochordal cells, enabling future regenerative 
studies to be performed on these cells.  
 
REFERENCES:  1Cappello, R, et al. (2006) Spine 
31, 873-882. 2Rodrigues-Pinto R, et al. (2016) 
Spatiotemporal analysis of putative notochordal cell 
markers reveals CD24 and keratins 8, 18 and 19 as 
notochord-specific markers during early human 
intervertebral disc development. J Orthop Res. 
34(8):1327-40. 
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Developing an Oral Insulin delivery system using the GET system 
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INTRODUCTION: Development of an oral 
insulin formulation having adequate bioavailability 
will be revolutionary in the treatment of diabetes.  
Glycosaminoglycan-binding Enhanced 
Transduction (GET)1 peptides are being exploited 
for various drug delivery applications particularly 
nucleic acids (DNA, RNA) and protein/peptide 
delivery. In recent years, Cell Penetrating Peptides 
(CPPs) have emerged as potential transepithelial 
delivery vectors for therapeutic peptides and 
proteins including anti-diabetes agents e.g. 
insulin2, GLP-1, and exendin-43. Therefore, the 
GET system has potential for delivering insulin 
and enhancing transcytosis through intestinal 
membranes. This project aims to exploit GET 
peptides (named PLR) and derivatives to promote 
the intracellular transduction of insulin and 
subsequent release into the systemic circulation.  

METHODS: Insulin was labelled with 
Fluorescein (F-INS) and complexed with GET 
peptide (PLR) for delivery. We tested 
transepithelial delivery in Transwell Caco2 
monolayer transcytosis assays (human colorectal 
carcinoma cells). We assessed permeation and 
internalization by cell monolayers, transcytosis and 
release (during and post-delivery). 

RESULTS: Transcytosis efficiency of insulin/PLR 
complexes (F-INS-PLR nanoparticles) across the 
Caco-2 cell monolayer was >7 fold greater than the 
insulin (F-INS) alone. Additionally, insulin/PLR 
complexes continued to release from cell 

monolayers post-transfection, giving insight into 
insulin recycling with cells acting as an insulin 
depot for sustained release. 

DISCUSSION & CONCLUSIONS: This study 
demonstrates that insulin/PLR complexation 
greatly enhances the absorption of insulin in an 
intestinal model, thereby making this combination 
a potential system for oral insulin delivery. GET-
peptide based systems are promising and powerful 
tools for overcoming low permeability of cargoes; 
formulation of these particles aiding protection 
from the harsh gastrointestinal environment and 
ultimately enhancing insulin absorption and 
bioavailability are now under investigation.  

REFERENCES: 1Dixon et al (2016) Highly 
efficient delivery of functional proteins by the 
synergistic effect of GAG binding motifs and cell-
penetrating peptides. PNAS 113: E291-9. 2Zhang 
et al (2012) Improving intestinal insulin absorption 
efficiency through co-administration of cell-
penetrating peptide & hydroxypropyl-β-
cyclodextrin. Carbohydr Polym 87:1822-7. 
3Khafagy et al (2009) Efficiency of cell-
penetrating peptides on the nasal and intestinal 
absorption of therapeutic peptides and proteins. Int 
J Pharm 381: 49-55. 

ACKNOWLEDGEMENTS: Authors are highly 
thankful to Punjab Educational Endowment Fund, 
Pakistan for funding Ph.D. and University of 
Nottingham for the research grant. 
 
                                          Fig. 1: The GET-INsulin oral 

Insulin delivery system. A) 
Schematic of GET-INsulin 
mechanism of oral insulin delivery 
by loading intestinal epithelial cells 
with insulin with systemic release 
and function. B) GET-INsulin (P21-
LK15-8R) loads intestinal epithelial 
barriers with Insulin (this is beyond 
CPP (8R)- and simple GET (P21-
8R)-mediated delivery). 8R is a CPP 
that has been extensively published 
to mediate oral insulin delivery in 
milli-molar doses. C) GET-INsulin 
loaded cells release Insulin over 24 
hours. D) Intestinal barrier model 
integrity is maintained post-GET-
INsulin (using trans-epithelial 
electrical resistance; TEER 
measurements). 
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Development of a 3D in vitro co-culture cell model for studying inflammatory 
bowel disease. 

R Dosh1, 3, N Jordan-Mahy1, C Sammon2, C Le Maitre1 

1Biomolecular Science Research Centre, 2 Materials and Engineering Research Institute, Sheffield 
Hallam University, Sheffield, UK, 3 College of Medicine, University of Kufa, Iraq

INTRODUCTION: Human intestinal cells Caco-2 
and HT29-MTX have been widely used in in vitro 
culture systems to develop models of the small         
intestine. This study aimed to develop a 3D co         
culture model which mimics the natural epithelial 
layer of the native intestine using a novel pNIPAM-
Laponite  hydrogel.  

METHODS: Three groups of cells at ratios 90:10, 
75:25 (Caco-2:HT29-MTX cells) were layered on 
pNIPAM-Laponite  hydrogel at a cell density of 
2×10

6
cells/ml and cultured under dynamic                     

conditions. All cultures were maintained for an      
initial 6 weeks in standard culture. Following initial 
model development cultures were transferred to      
catabolic conditions (Control, 10ng/ml IL-1β, or 1% 
O2) for a further week in culture prior to harvest. 
Cell viability was measured using Alamar Blue       
viability assay. 3D models were embedded in            
paraffin wax and assessed histologically (H&E and 
Alcian Blue-Periodic Acid Schiff (PAS) and using 
immunohistochemistry (MUC2, MUC5AC, 
MMP2, ADAMTS1, Alkaline phosphatase and 
Caspase3). Furthermore, scanning electron             
microscopy (SEM) was performed to determine the 
morphology. 

RESULTS: Caco-2 and HT29-MTX co-cultured 
cells which were layered on the pNIPAM-Laponite 
hydrogel remained viable for the maximal culture 
period of 7 weeks under dynamic culture conditions. 
Villus like structures were produced and cells          
secreted both acidic and neutral mucins (Fig 1). In 
co cultures containing 90% Caco2 cells; 10%            
HT29-MTX cells, immunohistochemistry staining 
demonstrated expression of MUC2 and MUC5AC 
in all groups. ADAMTS1 was induced under            
hypoxia compared to control cultures. MMP2, and 
Alkaline phosphatase were expressed in control and 
hypoxia groups more than IL-1 treated cells. 
Caspase 3 was induced in IL-1 treated cells                   
compared to control and hypoxia cells. Whilst in co 
cultures containing 75% Caco2 cells and 25% 
HT29-MTX, cells showed higher expression of 
MUC2 in control cells than IL-1 treated and hypoxia 
cells. MUC5AC was positively expressed in all 
groups. ADAMTS1 was highest under hypoxia.       

Whilst MMP2 was increased in both IL-1 treated 
and hypoxia cultures. Alkaline phosphatase was not 
expressed in all groups. Caspase 3 was expressed in  

IL-1 treated and hypoxia cells more than control 
cells. 

 
 

 

 

 

DISCUSSION & CONCLUSIONS:  

This model has successfully combined Caco-2 cells 
and HT29-MTX cells in a long term culture model 
where catabolic conditions can be manipulated to 
investigate their effects on intestinal cells. Induction 
of a catabolic environment with IL-1β and hypoxia 
conditions was possible. We conclude that the 
pNIPAM-Laponite hydrogel could provide a novel 
3D in vitro model of co-cultured intestinal cells 
mimic the catabolic environment which can be used 
as a model for inflammatory bowel disease studies. 

REFERENCES: 1 Na. Li, D. Wang, Z. Sui, et al 
(2013) Tissue Engineering: Part C 9:708-719. 2 Y. 
Chen, Y. Lin, K. Davis, et al (2015) Sci. Rep 5:1-
11. 3 F. Araujo and B. Sarmento (2013) International 
Journal of Pharmaceutics 458:128-134  

ACKNOWLEDGEMENTS: Iraqi government for 
funding. Biomolecular Sciences Research Centre.  

Fig 1: Histological analysis of co-cultured 
Caco-2 and HT29-MTX cells layered on 
pNIPAM-Laponite hydrogel at density of 2×10

6
 

cells/ml under dynamic culture following 7 
week. (90:10, A&C; and 75:25, B&D). 
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INTRODUCTION: Three dimensional skin 
models for clinical use to replace burned skin 
(Deshpande 2013) or to study skin biology and 
treatment options for infection have been 
investigated (MacNeil 2007). However, these 
models have focused on primary skin cells which 
can be difficult to obtain and suffer from large 
patient variability. Thus, the aim of this study was 
to establish an in vitro tissue engineered skin 
model using the well characterised cell lines: 
HaCaT and fibroblast cell lines.  

METHODS: This study utilised commercially 
available de epimerized dermis (DED) from Euro 
skin tissue. Following removal of epidermal layer, 
HaCaT and fibroblasts were seeded onto the 
surface of the DED at a range of cell densities and 
different culture conditions in Dulbecco's Modified 
Eagle Medium (DMEM) 10% of FBS. Following 
culture, histological (H&E; Masson Trichrome) 
and immunohistochemical analysis (S100A4, 
collagen IV, pan cytokeratin, and Cytokeratin 10, 
14) was performed to determine cell behaviour and 
phenotype.  

 
Fig. 1: 3D skin models immunohistochemistry 
images of skin. The sections were stained for 
Masson Trichrome, collagen IV, S100A4, Pan 
Cytokeratin (PCK), and Cytokeratin 10, 14. 

 

RESULTS: Histology and immunohistochemical 
analysis demonstrated optimal growth conditions 
were seen in TE skin cultured in DMEM 
containing 10% of FBS media together with TGF 
α. Tissue engineered skin created by seeding DED 
skin with a combination of 2x105 fibroblasts with 
6x105 HaCaT cells generated the most 
differentiated skin layers. With strong staining for 
keratinocyte (Cytokeratin 10 &14) and fibroblast 
(S100A4) markers and strong underlying collagen 
type IV in the DED skin layer (Fig. 1). Further 
studies have determined that models can be injured 
either by burning or a scalpel blade injury, and 
models can be infected with S. aureus.  

The development of a well characterised skin 
model utilizing easily obtainable and highly 
characterized cell lines will aid in the development 
of new biocidal agents for the treatment of 
pathogenic skin infections 

DISCUSSION & CONCLUSIONS: Skin models 
formed using DED Euro skin scaffolds seeded with 
HaCaT and fibroblast cells were optimised in 
DMEM containing TGFα, demonstrating 
formation of a multilayer 3D skin model. We have 
characterized this model using a combination of 
light microscopy, and immunohistochemistry for 
Masson trichrome, S100A4, collagen IV, pan 
cytokeratin and cytokeratin 10 and 14. Further 
initial work has demonstrated S. aureus were able 
to colonize injured skin. Future work will focus on 
further optimisation of the skin model and 
combination with bacterial infection to enable 
investigation into potential treatment methods for 
skin infections. 

REFERENCES:  Deshpande, P., Ralston, D., & 
MacNeil, S. (2013). The use of allodermis 
prepared from euro skin bank to prepare 
autologous tissue engineered skin for clinical use. 
Burns, 39(6), 1170-1177. 

MacNeil, Sheila (2007). "Progress and 
opportunities for tissue-engineered skin." Nature  
874-880.  
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Libyan government for funding. 
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INTRODUCTION: Autologous mesenchymal 
stem cell (MSC) therapies in regenerative medicine 
offer potential solutions to complex clinical 
challenges, such as fracture non-union and repair of 
critical bone defects. Current techniques used to 
isolate MSCs rely on centrifugation or antibody 
labelling. These have limitations including high 
costs, lack of specificity and unknown cellular 
effects in solid tissue. This project aims to develop 
a device which is able to separate MSCs with 
osteogenic potential from a mixed population 
derived from bone marrow or surgical discard in 
intra-operative time. An end product of an enriched 
population of MSCs, produced label-free and with 
minimal cell manipulation will be delivered for 
autologous cell therapy in combination with a 
suitable scaffold that will promote bone healing. 

METHODS: A prototype label-free cell separator 
has been developed to deliver an enriched 
population of human dental pulp stromal cells 
(HDPSCs). Cells are captured utilising Leeds’ non-
antibody protein-binding protein technology [2]. 
Specific binders with affinity for TNAP (Tissue 
Specific Alkaline Phosphatase, a recognized cell 
surface marker for pro-mineralising HDPSCs [1]) 
have been identified which are extremely stable 
with high thermostability and melting temperatures 
when tethered to a surface. These binders were 
tethered to a substrate coated with a thin layer of 
gold to which a self-assembling monolayer is 
attached, within a prototype microfluidic device. 
Cells are injected into the microfluidic channel and 
incubated for 10 minutes allowing cells to be 
captured. Any non-bound cells are then eluted from 
the device by introducing a flow of cell culture 
medium (see Figure 1).  

 

 

 

 

 
Fig 1. Schematic showing the steps for cell capture 
and release in a microfluidic channel 

The binding protein is switchable, reducing the 
affinity for TNAP by a pH-induced change in 
conformation of the protein scaffold. This allows 
the release of the bound HDPSCs from the device’s 
surface. 

RESULTS: Specific cell capture was seen when 
TNAP+ HDPSCs were injected and incubated on the 
bio-functionalised surface for 10 minutes (Figure 2) 
and compared with TNAP- human bronchial 
epithelial cells. Reduced binding was also seen 
when HDPSCs were injected across a functionalised 
surface to which a non-TNAP protein binder was 
attached.  

  

 
 

 

 

 

 

 

 

 

Fig 2. Specific capture of TNAP+HDPSCs by TNAP 
binding proteins after injection into the label-free 
cell separator, compared with capture of HBE cells 
and HDPSCs capture with non-TNAP binding 
proteins.  

DISCUSSION & CONCLUSIONS: Specific 
TNAP+ HDPSCs capture has been demonstrated 
when using TNAP binding proteins. Future work 
will focus on the increase of cell numbers from cell 
release before further characterisation of the 
captured cell population.  

REFERENCES [1] Tiede et al. 20.14. Adhiron: a stable 
and versatile peptide display scaffold for molecular recognition 
applications Protein Engineering, Design & Selection. vol. 27 
no. 5 pp. 145–15 

[2] Cell Tissue Res. 2015; 361(2): 529–540 "Tissue non-
specific alkaline phosphatase production by HDPSCs is 
enhanced by high density cell culture 
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INTRODUCTION: Carrageenans are substances 
derived from red seaweeds, similar to alginates and 
agar. They are known to be both edible and 
cytocompatible, making them a strong candidate for 
development into scaffolds for skeletal muscle 
culture both for tissue engineering and  in vitro meat 
applications [1]. In our hands, carrageenan scaffolds 
have shown an instability that is not noted in 
literature - a gradual degradation in the presence of 
ionic salts. This work investigates the cause of this 
instability and potential methods of overcoming it.   

METHODS:  
Carrageenan powder was dissolved in water at 70˚C 
to a desired percentage concentration (w/v) and 
scaffolds then produced in three different 
morphologies: discs, formed by placing 
carrageenan solutions in well-plates, freeze-drying, 
and crosslinking with KCl solution; beads and 
fibres, formed by adding carrageenan solution 
directly to the crosslinker. Scaffolds were kept at 
37˚C in either PBS or DMEM (supplemented with 
10% serum & 1% antibiotic), and weighed over 
time to track the rate of degradation. A number of 
variables in the formation process were adjusted to 
ascertain the effect, if any, on stability. C2C12 
myoblasts were seeded on carrageenan discs and 
tissue culture plastic (TCP) wells at a density of 
5,000 cells/cm2 and kept at 37˚C and 5% CO2. At 
various time points, 10% v/v resazurin was added to 
the cell medium, incubated for 2 hours, and 
absorbance analysed in a FLUOstar Omega plate 
reader before addition of fresh medium. 

RESULTS:  

The data presented in Fig 1 show clear differences 
between scaffolds kept in DMEM versus PBS. The 
discs are not impervious to structural disruption, as 
they are shown to degrade in PBS. Investigations 
showed that crosslinking time and needle gauge had 
no effect on stability. However, increasing the 
concentration of carrageenan, and the concentration 
of KCl crosslinker, was shown to increase stability. 
Increasing crosslinker temperature was shown to 
marginally improve stability, while freeze-drying 
beads and fibres worsened stability. Cells were 
seeded on carrageenan at the same initial density as 
on TCP and, although metabolic activity increased 
with time, indicating proliferation, cell growth was 
superior on TCP (Fig 2). 

Fig. 1: Degradation of carrageenan scaffolds in 
PBS and DMEM over time. Data represent mean ± 
standard error (n=3).  

 
Fig. 2: Proliferation of C2C12 myoblasts on 
carrageenan discs measured by resazurin 
reduction. Data represent mean ± S.E.M. (n=3).    

DISCUSSION & CONCLUSIONS:  

Carrageenan discs show positive cytocompatability, 
with an increase in metabolic activity over time. 
However, the discs were quickly destabilised by the 
resazurin sodium salt solution. It may be that freeze-
drying before crosslinking causes shrinkage, 
drawing the polysaccharide fibres closer together 
and increasing crosslinking efficiency. This may 
account for the stability of discs versus the 
instability of freeze-dried beads and fibres. Further 
work will investigate this hypothesis. 

REFERENCES: 1 Schenck, Huizenga (2014); 
Proceedings of the 9th International Conference on 
Life Cycle Assessment in the Agri-Food Sector 
(LCA Food 2014), 8-10 October 2014, San 
Francisco, USA. ACLCA, Vashon, WA, USA.  
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INTRODUCTION: Low grade chronic 
inflammation is a characteristic of many cachexic 
disease states. The effect of an inflammatory state 
on skeletal muscle has been well documented in 
human studies, with a variety of nutritional 
interventions shown to have anti-inflammatory 
effects, notably omega 3 fatty acids (EPA & 
DHA). Furthremore, recently identified lipid 
derived mediators such as Resolvin E1 (RvE1) have 
been implicated as natural pro-resolving ligands. 
Human studies are not only costly and lengthy, but 
are unable to characterise specific mechanisms of 
action in individual cell types or determine how 
tissues, such as skeletal muscle, may act as 
‘secretory organs’ in the inflammatory process. 
With this in mind, the development of a sensitive 
in-vitro model of inflammatory signalling utilising 
‘3D’ tissue engineered skeletal muscle would be 
beneficial for future screening of novel nutritional 
therapeutic strategies.  

METHODS: Mouse derived C2C12 myoblasts 
were seeded in experimental 12 well plates at 
50,000 cells/well or 100,000 cells/well on fibrin 
hydrogels1. Once confluent, medium was switched 
to low serum differentiation medium (DM) to 
induce differentiation of C2C12 myoblasts into 
myotubes for 2 days. Cells seeded on fibrin 
hydrogels were cultured for a further 9 days in 
maintenance medium1. Once mature, C2C12 
myotubes were exposed to the chosen condition. 
All condition media were made up in standard DM 
with the addition of: EtOH to act as a vehicle 
control (VC), the lipopolysaccharide (LPS); the 
addition of both 100ng/ml of LPS and 100nM of 
RvE1 (≥99% purity) as the nutritional intervention 
condition (RvE1). At the designated time point, 
cells were harvested or fixed for further analysis, 
either mRNA expression, morphological 
immunocytochemistry analysis or electrically 
stimulated for contractile force measures. 

RESULTS: Endotoxin exposure significantly 
induced mRNA gene expression profiles related to 
a pro-inflammatory state, with mRNA levels of 
myokines IL-6, IL-1β, CcL-2 and TNF-α 
significantly increasing following exposure. The 
addition of RvE1 attenuated the induction of both 
IL-6 (37%) mRNA expression as well as CcL-2 
(39%). Exposure to LPS led to significant muscle 

atrophy 72 hours later, with reductions seen in 
myotube width (47% vs. VC). The addition of 
RvE1 partially prevented LPS induced atrophy 
(15% vs. VC) although myotube size still remained 
lower than in VC (Fig 1).  

Tissue engineered ‘3D’ skeletal muscle constructs 
were utilised for the measurement of contractile 
force in response to endotoxin and/or RvE1 
exposure. Contractile force was seen to be 
significantly reduced 72h post LPS exposure in 
comparison with the VC. Recovery of the 
functional force losses was noted to an extent when 
LPS exposure was incubated along with RvE1.  

DISCUSSION & CONCLUSIONS: Pro-
inflammatory signalling can be initiated through 
endotoxin exposure in skeletal muscle cells in 
vitro. Furthermore, signalling leads to significant 
downstream muscle atrophy and contractile force 
losses in ‘3D’ tissue engineered skeletal muscle. 
The current assay has been shown to be sensitive 
to nutritional intervention through the use of RvE1, 
implicating RvE1 as having a novel role in the 
prevention of muscle atrophy in inflammatory 
states. We next aim to develop a skeletal muscle 
inflammatory model in human derived skeletal 
muscle cells to provide a more translational model 
of in-vivo skeletal muscle inflammation. 

REFERENCES:  

Fig 1. C2C12 myotubes were treated with a treatment condition which was then removed and 
replaced with fresh DM for 72h. a. VC; b. LPS; c. RvE1 * significance between condition and VC 

(p<0.05); # significance between condition and all other conditions (p<0.05). 

Fig 2. C2C12 tissue engineered skeletal muscle 
constructs were treated with a treatment 

condition which was then removed and replaced 
with fresh DM for 72h. a. VC; b. LPS; c. 

RvE1.prior to electrical field stimulation * 
significance between condition and VC (p<0.05). 
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INTRODUCTION: Severe peripheral nerve 
injuries, characterised by nerve gap defects greater 
than 1 - 2 cm, are currently repaired by using 
autografts or synthetic nerve guides to bridge the 
gap [1]. However, such techniques have a limited 
efficacy and functional recovery is seldom 
achieved. There is often insufficient autograft 
material for major reconstruction, and synthetic 
nerve guides lack native ECM architecture and 
composition. We hypothesise that an acellular nerve 
graft will support axon regeneration across a defect 
within a native allogeneic microenvironment, 
through the provision of endoneurial tubes [2]. The 
aim of this research is to develop a physically 
compatible, non-immunogenic allogeneic nerve 
graft capable of supporting viable neuron and 
Schwann cell populations.  
 
METHODS: Human femoral nerves were 
decellularised using a combination of hypotonic 
buffers, low concentration sodium dodecyl sulphate 
(0.1 %; w/v), nuclease enzymes and protease 
inhibitors. DNA from native (n=9) and acellular 
(n=9) nerve was extracted and quantified. 
Biocompatibility of acellular nerve was assessed 
using a contact cytotoxicity assay (n=3) with L929 
and BHK cells. The architecture and collagen, fat 
and myelin content of acellular nerve were assessed 
histologically.  Specific ECM components 
including laminin, fibronectin and collagen type 4 
were located using monoclonal antibodies.  
 
RESULTS: The average DNA content of native 
and acellular human femoral nerves was 346.2 ± 
53.8 and 30.5 ± 7.4 ng.mg-1 respectively. 
Histological staining demonstrated acellular nerves 
to have retained a native architecture and 
distribution of collagen fibres (Figure 1). Important 
ECM components including fat, collagen type 4, 
laminin and fibronectin were still present following 
decellularisation.  The decellularisation process was 
shown to remove myelin (Figure 1). Acellular 
nerves were found to be biocompatible with both 
L929 and BHK cells.  
 
 
 

Figure. 1: Native (A & C) and acellular (B & D) 
nerve stained with Sirius Red and Luxol Fast Blue 
(A &B), and immunolabelled for laminin (C & D) 

DISCUSSION & CONCLUSIONS: An optimised 
process for the decellularisation of human femoral 
nerves has been developed to produce 
biocompatible, acellular grafts up to ~6 cm in 
length. Acellular nerves retained native 
histioarchitecture and important basal lamina 
components, including collagen type 4 and 
fibronectin, essential for regulating cellular 
adhesion and growth. The removal of myelin may 
also facilitate regeneration, as remaining axon and 
myelin debris are thought to inhibit axonal growth. 
Current results indicate acellular human nerves have 
clinical potential to promote axon regeneration 
across a defect. 

REFERENCES: 1 Bell JHA and Haycock JW 
(2012). Next generation nerve guides–
materials, fabrication, growth factors and cell 
delivery. Tissue Eng 18: 116-28. 2 Zilic L, 
Wilshaw SP and Haycock JW (2016) 
Decellularisation and histological 
characterisation of porcine peripheral nerves. 
Biotechnology and Bioengineering 113: 2041-
2053. 
ACKNOWLEDGEMENTS: This work was 
funded by the EPSRC (Grant number 
EP/L014823/1) and NHSBT (UK) 
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INTRODUCTION: The process of skeletal 
muscle wound healing is a complex, temporally 
regulated process which allows muscle to 
regenerate fully functional tissue following a 
wounding insult. However in some cases, such as 
wounds seen in military trauma, muscle wounds 
fail to fully regenerate, leading to fibrosis and/or 
heterotopic ossification [1]. Our understanding of 
the healing process to date has relied heavily upon 
animal models; however inter-species differences,
technical challenges and difficulties with 
reproducibility are holding back our understanding 
of the cellular and molecular mechanisms that 
regulate the healing process. The aim of this work 
is to characterise in monolayer the effect of BaCl2
insult on differentiated muscle cell cultures. This 
study will prepare the ground for future work 
developing a 3D tissue engineered model of 
skeletal muscle wound healing.

METHODS: Mouse derived C2C12 cell line 2D
cultures were grown to produce myotubes, 2 days
in growth media (GM) followed by 3 days in low 
serum differentiation medium (DM). These 
cultures were then treated with 12% BaCl2
solution. Treatment involved 6hr incubation in DM 
containing BaCl2 solution at 50ul/ml of media. 
Following treatment with BaCl2 cultures were
exposed to the same protocol used to produce 
differentiated 2D cultures, to allow recovery. At 
time points within this recovery phase cultures 
have been collected for RT-PCR analysis and 
morphological analysis of fluorescence microscopy 
images. All times quoted refer to time elapsed 
since the end of BaCl2 treatment. Fusion index is 
defined throughout as the number of nuclei in 
myotubes divided by total nuclei in the image 
frame.

RESULTS: Addition of BaCl2 to differentiated 
muscle cultures causes complete loss of myotubes 
(fig 1), without causing significant reduction in 
total nuclei number (data not shown). 5 days of 
recovery regenerates only 51% (SD=22%) of 
control fusion index, which was significantly lower 
than control cultures (fig 1). Myotubes which do 
recover following insult were not atrophic as these 
myotubes (22.6±3.4μm) had widths comparable to 
control myotubes (23.3±2.3μm) (fig 1).

Fig. 1: 20x fluorescence micrographs of C2C12 
cultures. Red – Rhodamine phalloidin, Blue –
DAPI, Scale bar 50μm

In an attempt to understand why C2C12 cultures 
do not fully regenerate following BaCl2 insult RT-
PCR of inflammatory markers was carried out. 
Elevation of the myokine IL-6 was seen at t0 (34-
fold increase above control levels), but was no 
longer elevated by by day 2. No elevation of MCP-
1 was seen at any time point during recovery.

Fig. 2: CT values of inflammatory markers (a) 
IL-6 mRNA expression (b)MCP-1 mRNA 
expression. *** p<0.001. Error bars denote SD.

DISCUSSION & CONCLUSIONS: We have 
shown that BaCl2 treatment of 2D cultures initiates 
a wounding response followed by a regenerative 
phase. The inflammatory response examined here 
is only a small number of possible genes, however 
the lack of MCP-1 upregulation following 
treatment suggests that BaCl2 initiates only a 
partial inflammatory response compared to that 
seen in vivo. This work will form the basis of a 
modular, 3D tissue engineered, wound healing 
model which should allow the study of wound 
healing in a biomimetic cell culture system. 

REFERENCES: 1Järvinen TA, Järvinen M & 
Kalimo H (2013) Muscles. Ligaments Tendons J. 
3: 337–45
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INTRODUCTION: Olfactory ensheathing cells 
(OECs) represent one of the most promising cell 
candidates for spinal cord repair, demonstrating 
convincing efficacy data and the opportunity for 
autologous harvest [1]. Yet, following injection into 
the spinal cord parenchyma, around only 1 % of 
OECs remain at the lesion site 10 days after 
transplantation [2]. Despite this, and with as few as 
500 cells remaining at the lesion site, significant 
functional improvements are still observed relative 
to control [2]. Nevertheless, through increasing the 
number of cells retained at the lesion site, and 
promoting a permissive extracellular environment, 
it may be possible to enhance the therapeutic 
potential of OECs. Accordingly, we have begun to 
explore the use of GMP-ready biomaterials as part 
of next-generation OEC delivery strategies. 

METHODS: Rodent olfactory mucosa and bulb 
cells were extracted in accordance with UK Home 
Office regulations. These were grown under 
selective culture conditions for 14 days, after which 
point they were seeded into either collagen or fibrin 
hydrogels of varying compositions. Cellular gels 
were then incubated for 16 hours in vitro, and a live-
dead assay was performed following visualization 
with propidium iodide and Hoechst stain.   

RESULTS: OECs demonstrated good survival 
across all the conditions tested. For collagen 
hydrogels, OEC survival was found to be optimal 
when gels were fully hydrated and of high protein 
density (6 mg/ml). In contrast, when cultured in 
fibrin hydrogels, OEC survival was highest when 
lower concentrations of fibrinogen were used. 
Specifically, OEC survival was observed to be 
highest overall when cultured in 10 % v / v 
fibrinogen-component fibrin gels. Relatively, bulb 
cultures survived better in collagen gels, whilst 
mucosal cultures survived better in fibrin gels.   

 

 
Fig. 1: OEC survival after 16 hours in vitro culture 
in (a) collagen and (b) fibrin hydrogels. Mean ± 
SEM (n = 3). 

DISCUSSION & CONCLUSIONS: Collagen and 
fibrin both represent promising biomaterials in the 
development of tissue-engineered OEC delivery 
constructs. Both materials promote favourable cell 
survival in the short-term in vitro, yet it will be 
important to explore how these materials modulate 
the cell response over more sustained culture 
periods in the future. Overall, optimised tissue-
engineered constructs represent a novel approach to 
enhance the delivery of OECs, and this may lead to 
improved efficacy following transplantation for 
spinal cord repair.  

REFERENCES: 1 R. Watzlawick et al. (2016) 
Olfactory ensheathing cell transplantation in 
experimental spinal cord injury: effect size and 
reporting bias of 62 experimental treatments: a 
systematic review and meta-analysis PLoS Biol 
14(5): e1002468. 2 Y. Li et al. (2010) Survival and 
number of olfactory ensheathing cells transplanted 
in contused spinal cord of rats Chin J Traumatol 
13(6): 356-361. 
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INTRODUCTION: Testing compounds in 
animals is still the gold standard for pre-clinical 
drug development and evaluation of potential 
toxicity. However, there is a rising demand for 
predictive in vitro models for drug discovery and  
here we compared the development and 
functionality of 3D culture models for human 
tumour spheroids. Tissue-engineering has enabled 
the development of 3D tumour spheroids. In this 
study various tumour spheroids were produced to 
form both isogenic single and multi-cell tumour 
spheroid cultures. 

METHODS: 3D tumour spheroids were generated 
from lung cancer cell lines (NCI-H1650, NCI-
H2170, NCI-H1975 and HCC-827) with known 
EGFR pathway mutations, and also primary 
isolated lung cancer epithelial cells, by 
encapsulation within an Alginate matrix to produce 
isogenic cell populations. It was also possible to 
produce multi cellular tumour spheroids (MCTS) 
in the same manner. Additionally, spheroids were 
co-cultured alongside primary Cancer-Associated 
Fibroblasts (CAFs). The OrganDOT™ culture 
system (Asterand Biosciences)1 was used to 
generate 3D cultures of the same lung cell lines 
and primary lung cells. Hanging drop cultures were 
generated within Perfecta3D® (Biomatrix) hanging 
drop plates for the same lung cell lines and primary 
lung cells. Following generation, spheroids (up to 
500μm diameter) were treated with EGFR 
cytotoxic agents. In all cases, cancer cells and 
CAFs were fluorescently labelled with 
PKH(26&67) cellular dyes to allow fluorescent 
detection of cellular location and proliferation.  
 
RESULTS: Consistent responses were observed 
between the OrganDOT™ cultures and 3D 
Alginate spheroids. Both systems allowed long-
term viability of cultures enabling sequential or 
chronic compound testing. These 3D culture 
systems produced responses to treatments 
consistent with known genotypes for those cell 
lines. The presence of CAFs attenuated the growth 
of smaller tumour spheroids although drug 
responses were not markedly changed in larger 
spheroids.   

 
Fig. 1: OrganDOTTM Time course treatment for 
H2170 cells against gefitinib over 10 days. 
Degeneration of colonies from day 3-4 onwards is 
observed. Clear growth inhibition from day 5 
onwards is observed. (Scale 1 mm) 

DISCUSSION & CONCLUSIONS:  

OrganDOT™ spheroids that were co-cultured with 
CAFs allowed in-depth investigation of how CAFs 
interact and affect the tumour microenvironment. 
Spheroids generated using Alginate produce single 
cell isogenic populations, whereas OrganDOT™ 
cultures allow aggregation to form multi-cellular 
tumour spheroids. 3D tumour spheroids generated 
using the hanging drop method were a further 
comparison between the two models. All systems 
maintained long-term viability of cultures allowing 
sequential or chronic compound testing; while the 
advancements in functionality, robustness, 
throughput, and study design enabled by the 
OrganDOT™ model provide relevant human data 
on the effects of test compounds in a rapid and 
reproducible manner. All systems produced 
responses consistent with known genotypes for 
those cell lines. On-going studies using these 
models are focused on assessing whether anti-
EGFR responses may predict the presence or 
absence of EGFR-pathway mutations in freshly 
isolated primary lung tumour cultures. 

REFERENCES: 1Sundstrom, Lars (2012) 
OrganDots – an organotypic 3D tissue culture 
platform for drug development, Expert Opinion On 
Drug Discovery Vol. 7, Iss. 6 
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INTRODUCTION: Free-floating fibroblast 
populated collagen gels (FPCG) are well 
established in vitro models of wound healing1,2. 
FPCGs, when seeded with fibroblasts, contract to a 
fraction of their original size2. Collagen is prepared 
in many academic laboratories as acid extracts, 
with and without pepsin treatment, from rat tails3, 
but medical grade collagen is from bovine skin and 
is pepsin treated to remove antigens. Speculation 
raised both in conference discussion and in the 
literature1,4 has suggested that pepsin treated 
FPCGs do not contract. The aim of this research 
was to find out whether the contraction of FPCGs 
was preparation and/or species dependent. 

METHODS: Collagen gels were formed at a 
concentration of 0.3% (w/v) from three different 
collagen preparations: acid and pepsin soluble rat 
tail collagen (both made in-house) and pepsin 
soluble bovine collagen (from Collagen Solutions 
Plc.). Gels were prepared in 60 mm diameter petri 
dishes; half were removed to 90 mm diameter 
dishes to create free-floating (FF) FPCG, and the 
others were left attached to the 60 mm dishes in 
tension. 3T3 fibroblast cells were seeded on the 
60mm gels at a density of 2x104cells/cm2. Both 
attached and FF gels were left without cells as 
controls. The gels were maintained in DMEM 
medium with 5% v/v foetal calf serum (Gibco). 
Medium was refreshed every 3 days, when gels 
were weighed and imaged. Separate gels were 
made with increasing collagen concentrations and 
maintained in DMEM at 37°C for 24 hours. These 
gels were mechanically tested (Bose 3200), in 
confined compression to 5% at 0.5%.s-1. Peak 
stress at the end of the compression ramp was used 
as a comparative measure of gel stiffness.  The 
results from mechanical testing were compared by 
analysis of variance (anova) followed by Tukey’s 
test using Minitab statistical analysis software. 
RESULTS: Results from the contraction studies 
show that FPCG seeded with fibroblasts made 
from the three different types of collagen 
contracted. All gels held in tension remained 
attached to the plates and therefore remained the 
same size. Free-floating gels without cells 
increased in area due to self compression, gels 
became thinner but stretched in area. All gels 

reduced in weight over time, with FF FPCG 
decreasing most as they contracted, and non cell 
populated attached gels decreasing the least. All 
the gels increased in stiffness with increasing 
concentrations of collagen. Pepsin soluble rat tail 
(PSRT) collagen formed the most compliant gels 
while acid soluble rat tail (ASRT) gels the stiffest. 
Each type of collagen, pepsin soluble bovine 
(PSB), ASRT and PSRT were significantly 
different to each other in stiffness. 

Fig. 1: Area of free floating collagen gels of 
different preparations against time. Results 
displayed + Standard Error. n=3. 

 
Fig. 2: Peak stress against collagen preparation  
for different concentrations. n=6, + Standard 
Error. * implies p<0.05, ** p<0.01, *** p<0.001. 
DISCUSSION & CONCLUSIONS: The method 
of preparation of collagen does not make a 
difference to the ability of fibroblasts to contract 
free-floating gels. The results are consistent with 
literature stating that compliant gels, or gels 
containing less collagen contract faster.  

REFERENCES: 1 Woodley et al (1991) J Invest 
Dematol 97:580-585 2 Bell et al (1979) Proc Natl 
Acad Sci 76:1274-1278 3 Zeugolis, Paul and 
Attenburrow (2007) J Biomed Mat Res A 4 Frey et 
al (1995) Biomaterials 16:139-143 
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INTRODUCTION: Dental pulp stem cells (DPSC) 
are recognised as easy to harvest, multipotent 
mesenchymal stem cells (MSC) with distinct 
populations and differentiation capabilities (1). 
Graphene Family of Nanomaterials (GFN) have 
been shown to support proliferation and 
differentiation in murine  MSCs and cancer cell 
lines  toward osteogenic lineage (2,3). However, 
few studies have looked at the effect of ranges of 
concentrations of GFNs Zinc Oxide/Graphene 
Oxide (ZnO/GO), Graphite (GT) and Graphene 
Oxide (GO) on Human DPSCs over 120 hours, and 
assessed this for bone tissue engineering. 
 

METHODS: GFN were prepared by a modified 
Hummers method, at concentrations 5ug/ml-
100ug/ml in media (α-MEM containing 20%FBS 
1% Antibiotic/antimycotic and 1% L-glut), and 
sonicated at 50-60hZ for 2 hours. DPSC (3x103) 
were seeded into 96-well plates containing media 
with GFN and allowed to incubate at 37 oC at 5% 
CO2, 90% humidity. Cell viability was measured 
using Cell Titre Glo3D assay at for 2, 48, 72 and 
120 hrs and analysed using ANOVA, with Post 
HOC Tukeys HSD for significance between groups. 

 

RESULTS: The effect of different concentrations 
of GFN on DPSCs was evident on cell viability, as 
results show a time and concentration dependent 
effect on cell metabolism (Figures 1-3), density and 
morphology (data not shown).  

 
Fig1: ZnO/GO effect on cell activity by 
concentration (p=0.03) and time point (p= <0.01).  
Cellular metabolism remains high up to 25ug/ml 
for up to 48 hours (n=9). 

 
Fig 2: GO effect on cell activity by concentration 
(p=0.01) and time point (n=9), with increased 
metabolism at 5ug/ml- 50ug/ml up to 72hours. 
 

 
Fig 3: GT effect on cell activity by concentration 
(p=0.01) activity only, across time points (n=9).  
 

DISCUSSION & CONCLUSIONS: We can 
conclude that ZnO/GO, GO, and GT are 
biocompatible up to certain concentrations. The 
most toxic effects are found in the ZnO/GO 
compounds from concentrations of 25ug/ml and 
higher after 48hours in-vitro. Cell morphology (data 
not shown) is only affected at concentrations of  50-
100ug/ml in GO and GT, but is physically altered at 
25ug/ml in ZnO/GO. Further genotoxic studies are 
required to support the use of graphene-based 
materials for bone tissue engineering. 

 

REFERENCES 1Alraies, A. et al. BMC Cell 
Biology 2017, 18 (1), 12.   2Russier, J. et al.  
Nanoscale 2013, 5 (22), 11234-11247.  3Elkhenany, 
H. et al. Journal of Applied Toxicology 2015, 35 (4), 
367-374. 
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INTRODUCTION: Mesenchymal stem cells 
are the focus of cell-based repair strategies. 
However, little is understood of how donor 
variability impacts the clinical outcome of 
cellular therapies. Due to similarities in size, 
weight, architecture and healing mechanism 
sheep animal models enable clinical translation 
of cell-based orthopedic treatments. As yet, 
ovine mesenchymal stem cells (oMSC) have not 
been fully characterized and their differentiation 
potential is not well understood. The present study 
aims to investigate donor variability and 
chondrogenic potential of oMSCs in vitro as an 
approach to overcome challenges faced cell-based 
therapies for osteoarthritis and cartilage defects. 
METHODS: Bone marrow oMSCs were isolated 
from 13 adult English mule ewes (age group 2-4 
years) to assess the donor variation. Cells were 
cultured for 20 days to assess the differentiation 
potential of oMSCs for both adipogenesis and 
osteogenesis in 2D and for chondrogenesis in 3D 
cell organoids, using Oil-o-Red, Alizarin red and 
Alcian blue staining respectively. Donor variation 
was also assessed semi-quantitatively for both 
adipogenesis and osteogenesis, while 
chondrogenesis potential, was assessed by DMMB 
assay for GAG production. Flow cytometry was 
used to evaluate CD marker expression. Five donors 
were selected for chondrogenic 3 D experiments. 
MNP labelled STRO-4 positive oMSCs were 
seeded in 3D collagen I gels, cultured over 20 days 
and subjected to mechanical stimulation in a 
magnetic bioreactor (MICA) to assess the 
chondrogenic potential. Simultaneously, native 
sheep cartilage (6 donors, 8mm diameter samples, 
n=4) was harvested from femoral distal condyle. 
Native and engineered cartilage’s tissue matrix 
composition (GAG, total Collagen, Aggrecan, COL 
II, DNA, total protein) were assessed by histology, 
and biochemical assays and mechanical assessment 
with Electroforce 3000.   
RESULTS: Results revealed donor variation in the 
tri-lineage differentiation and CD marker 
expression across the twelve donors. No clear 
correlation between donors was observed among the 
three lineages. For example, a donor that was highly 

responsive during osteogenic differentiation was 
not necessarily as responsive to chondrogenic or 
adipogenic differentiation. During 3 weeks, 
mechanical stimulation using MNPs of cellular 
collagen gels resulted in enhanced chondrogenesis 
compared with unstimulated controls indicated by 
increased GAG production (45.4 - 63.3μg GAG/μg 
DNA) but fell short of native cartilage (73.2-119.4 
μg GAG /μg DNA). Variations were observed 
across the group’s donor. Similarly, there is clear 
variation in characterisation of native cartilage 
between different donors.  

DISCUSSION & CONCLUSIONS: oMSCs 
appear to share some similarity in characteristics 
across individual donors, but at the same time, 
express differences regarding biological properties 
that may influence the number, phenotype and in 
vitro biological characteristics. This study 
investigated the use of 2D and 3D assays to predict 
outcomes in differentiation capacity between 
different donors before successfully transmitted to 
preclinical animal studies. 
REFERENCES: 1H Markides et al. (2015) Remote 
cell activation for bone regeneration - a preclinical 
animal study. European Cells and Materials Vol. 29, 
p 17, Suppl. 3,  
ACKNOWLEDGEMENTS: Al-Mutheffer was 
supported by Iraqi Ministry of Higher Education. 
Special thanks Dr J McLaren from the University of 
Nottingham for her assistance in collecting sheep 
bone marrow and cartilage and to Prof El Haj’s 
group in particular Dr Markides. 

Fig. 1(A) Histology of native and engineered cartilage. Paraffin sections 
(7μm thickness) of native sheep cartilage, high and low performing sheep 
donors were stained for matrix proteins including aggrecan and collagen 
II, scale bar =100 μm.  (B), GAG /DNA production ratio μg/μg for Native 
sheep cartilage, high and low performing sheep donor. 
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INTRODUCTION: The human eye is a unique 
sensory organ for drug delivery and the therapeutic 
effect of the administered drug is affected by many 
of its anatomical and physiological characteristics 
[1]. Controlled drug delivery systems such as 
microparticles (MPs) have the potentials to 
overcome the drawbacks associated with ocular 
drug administration due to their controlled and 
sustained release properties [2]. In this study, a well-
characterized polymer, poly (lactic-co-glycolic acid 
(PLGA) was used in the preparation of the 
biodegradable MPs. Several novel biological and 
biomimetic membranes (i.e. polydimethylsiloxane 
and eggshell membranes) were considered within 
this project due to their biocompatibility, 
biodegradability, thermal stability and non-toxic 
features [3, 4]. The ultimate aim of this study 
involves the characterization of the MPs and 
(biomimetic) membranes in order to develop a 
novel drug-incorporated “bandage”. This also 
includes assessment of the drug release mechanisms 
/characteristics of the biomaterial as a potential drug 
delivery system for ophthalmic applications.  

METHODS: PLGA MPs were synthesized using 
single emulsion technique. The protocol used was 
modelled by Taguich Design of Experiments 
(DOE). The MPs were then characterized 
accordingly; morphology (optical microscopy), size 
distribution (laser diffraction, SympaTec) and FT-
IR (chemical composition). Standard cell culture 
protocols and the chick chorioallantoic membrane 
(CAM) assay were used to evaluate the toxicity and 
the pro-angiogenic responses of the MPs. The four 
different biological/biomimetic membranes were 
characterized and employed in a novel in vitro Franz 
diffusion cell model with a vitreous humour 
substitute to assess the drug release and permeation 
profiles of the drug-incorporated MPs.  

RESULTS: The characterization protocols and in 
vitro testing of the generated drug–incorporated 
MPs demonstrated suitable entrapment efficiency 
and drug release profiles. The novel Franz cell 
model (figure 1) was found to be applicable for the 
studies of drug permeation of novel membranes 
with a suitable release profile applicable to 
regenerative medical applications. 

 
Fig. 1: Schematic diagram of a biological/biomimetic 
membrane mounted in the novel in vitro Franz- diffusion 
cell model. PBS: Phosphate buffer saline. 

DISCUSSION & CONCLUSIONS: Drug-loaded 
PLGA-MPs were successfully fabricated in house 
following optimization with the Taguchi DOE 
protocol. These were characterized and assessed 
using a range of in vitro tests and techniques which 
demonstrated the required profile(s). The developed 
in vitro Franz cell diffusion model was successful as 
a technique to demonstrate the potential drug 
delivery carrier of the membranes. Characterization 
of the membranes demonstrated biocompatibility, 
biodegradability and high levels of mechanical 
properties (i.e. tensile strength, extensibility and 
flexibility) suitable for a range of applications. In 
addition, the surface of the membranes can be 
modified for adhesion and the incorporation of MPs 
as a potential wound dressing for ophthalmic and 
other regenerative applications. 
 
REFERENCES: 1S. Das and P. K. Suresh (2010). 
Drug delivery to eye: Special reference to 
nanoparticles. Inter. Journal of Drug Delivery 2:1. 
2J.A. Ferreira et al. (2012). Controlled Drug 
Delivery and Ophthalmic Applications, Chem. 
Biochem. Eng. Q. 26 (4):331–343.3J.L. Arias et al, 
(2008) Eggshell membrane as a biodegradable bone 
regeneration inhibitor. Jour. of Tissue Engineering 
and Regenerative medicine 2(4)228-235.4F. Abbasi, 
H. Mirzadeh, A.A. Katbab (2001). Modification of 
polysiloxane polymers for biomedical applications: 
A review, Polym Int, 50, 1279-1287.  
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INTRODUCTION: Chorionic allantoic 
membranes (CAMs) of the chicken embryos have 
been used as a model to study angiogenesis in ovo 
for nearly 20 years1.  Whilst it is a very well 
established and useful procedure2, it has not been 
widely used as a pre-screening assay of biomaterial 
characterisation prior to in vivo animal testing. 
This may be due to the disadvantages associated 
with the traditional in ovo CAM assays which limit 
an easy access to the developing CAM and the 
problems associated with limited observation and 
recording of the results. We utilised the ex ovo 
method published before3 and herein report the 
accuracy and feasibility of this method to examine 
and compare the angiogenic potential of clinically 
utilized scaffolds as well as scaffolds under 
development for bone tissue regeneration.  

METHODS: Fertile chicken eggs were incubated 
at 37.5°C, 3% CO2 and humidity was maintained 
between 35%-45%. At day 3 post-incubation, the 
embryos were transferred to a shell-less culture 
system with 75-80% humidity and 37.5°C 
incubation temperature. At day 8-9 of shell-less 
culture time, various different scaffolds (DBM, 
PCL and novel biomaterials currently under 
development) were applied onto the developing 
CAMs (Figure 1) and compared with a control 
scaffold called Smart Matrix®, a proangiogenic 
scaffold developed in our laboratory. From day 9 
to day 12, angiogenesis was examined in all the 
scaffolds macroscopically by taking photos. At day 
12, angiogenesis in the different scaffolds was 
examined both macroscopically and histologically 
using haematoxylin and eosin staining. Blood 
vessel infiltration within the different scaffolds was 
quantified using an in-house scoring system by 
counting the number of blood vessels under a 
stereo microscope.  AngioQuant software was used 
to analyse the macroscopic photos.                                                                 

RESULTS: CAM blood vessels were observed to 
infiltrate different clinical scaffolds without 
altering the structure of the scaffolds. Histological 
evaluation confirmed these findings and proved 
that this ex ovo method is a safe and inexpensive 
way of assessing the angiogenic potential of 
scaffolds intended for bone tissue regeneration 

compared to the currently used methods such as 
Matrigel assays or ELISAs which are expensive 
and complex and are far from mimicking the in 
vivo situation. The method described herein 
attempts to address these issues by providing a 
direct comparison of scaffolds applied to the same 
CAM and closely mimicking the in vivo situation.  

 

 

 

 

DISCUSSION & CONCLUSIONS: The data 
obtained from the ex ovo CAM assay confirms the 
feasibility of this method to examine angiogenic 
potential of scaffolds used for bone tissue 
engineering. This model could potentially be 
applied routinely as a pre-screening assay to 
validate scaffolds for bone tissue engineering prior 
to in vivo animal studies.  

 
REFERENCES: 1 P Schlatter, M.F. König, L.M. 
Karlsson, P.H. Burri, (1997) Microvasc Res. 
54(1):65-73. 2D Ribatti (2008) Chick Embryo 
Chorioallantoic Membrane as a Useful Tool to 
Study Angiogenesis. Int Rev Cell Mol Biol. 
270:181-224. 3  D.S. Dohle, S.D. Pasa, S 
Gustmann, et al., (2009) J Vis Exp. (33). 
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Figure 1. Implantation of different scaffolds 
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INTRODUCTION: Articular cartilage is a thin 
hydrated tissue, which covers articulating surfaces. 
It has an anisotropic, zone-specific structure, 
extending from the articular surface to the 
subchondral bone (superficial, middle and deep 
zones). The main challenge associated with 
cartilage tissue engineering is to generate 
functional tissue with zonal organisation similarity 
to the native articular cartilage tissue. 
The aim of this project is to fabricate a hybrid 3D 
zonal scaffold by using nanofibrous scaffolds with 
different fiber organizations supported by 
hyaluronan hydrogel (HA) to mimic the native 
variations of ECM between zones, enabling a 
better cartilage tissue formation. 

METHODS: Electrospinning technique 
established in the lab has been used to produce 
nanofibrous zonal-specific scaffolds. 2% poly 
(lactic acid) solution has been use to obtain 
nanofibers. The scaffolds were seeded with bovine 
chondrocytes (passage 1). Microscale channels 
were formed by puncturing the HA with a 
microneedle. Characterisation included live 
images to assess cell morphology and micro-
channels, DNA content assay, DMMB assay to 
quantify glycosaminoglycans (GAG) production, 
live-dead staining for cell viability, 
immunochemistry and Western blotting analysis 
for the expression of cartilage markers. 
RESULTS: Nanofibrous scaffolds with aligned 
fiber (for superficial zone), random fibers (for 
middle zone) have been produced, whilst the deep 
zone has been mimicked by micro-channels in HA 
hydrogel. Figure 1 and Figure 2 showed on 
different zonal scaffolds different cell 
morphologies, orientation and protein expression. 
Chondrocytes in the superficial zone scaffold 
exhibited elongated morphology and low aggrecan 
and collagen II production with high collagen type 
I expression; whilst the cells in the middle zone 
scaffold produced random chondrocyte clusters 
with high aggrecan and collagen II production, but 
low collagen I production content in comparison to 

those in the deep zone scaffold and superficial 
zone scaffold.  

Figure 1: Illustration of immunostaining images of 
3D zonal scaffolds: nano-fabricated superficial 
and middle zones, and micro-channeled HA deep 
zone. Blue: nuclei; green: aggrecan, red: collagen 
type II or collagen type I. Scale bar is 100 μm.  

 
Figure 2: Detection of collagen I, II and aggrecan 
expression in 3D zonal scaffolds by the Western 
blotting. 

DISCUSSION & CONCLUSIONS: Nano-
fabricated zonal-specific 3D scaffolds demonstrate 
the success in replication of native cartilage zones 
and induction of the associated cells phenotype 
and ECM synthesis. Multiple assays revealed that 
the cell morphology was highly correlated to the 
cell proliferation and specific matrix production, 
e.g collagen type I and II, and GAG. Regulation of 
scaffold organization is an effective technique to 
produce native cartilage.   

Acknowledgement: The British Council, Newton 
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INTRODUCTION: Individual cell behaviour will 
be influenced by neighbouring cells and the 
collective function of the cellular societies in 
which they exist. The growth of a colony from a 
single cell is an interesting biological event in 
which to analyse individual and group behaviour. 
This is particularly relevant for mesenchymal 
stromal cells (MSCs), which form colonies (CFU-
fs) whilst displaying significant inter-colony 
heterogeneity. Here, we used two different 
immortalised clonal MSC lines, Y201 and Y2021, 
that express the commonly used MSC surface 
antigen profile2, however the Y201 line behaves as 
a typical stem cell, displaying tri-lineage 
differentiation potential while the Y202 line is 
nulli-potent and enriched for immunomodulatory 
transcriptional networks. We sought to characterise 
the single cell and collective behaviour of the 
clonal lines to further our understanding of MSC 
subsets in bone marrow and the interactions 
between them.     
 
METHODS: The MSC lines, Y201 and Y202 
were plated at low seeding density to enable the 
formation of single cell-derived colonies. Colony 
establishment and individual and collective cell 
behaviour were tracked in real-time over several 
days by ptychographic microscopy, which permits 
label-free high contrast imaging, followed by 
quantitative image analysis to characterise cellular 
morphologies, dynamic and temporal features. 
 
RESULTS: The colonies generated from Y201 
and Y202 lines were quite distinct. Y201 MSCs 
have a fibroblastic morphology and form dispersed 
colonies composed of distanced cells. In contrast, 
Y202 cells are flattened and spread, and form 
dense, compact colony collectives (Figure 1A). As 
suggested by the diffuse nature of the Y201 
colonies, cells within them were highly migratory 
and had significantly longer track lengths and 
mean speeds, with higher meandering indices and 
displacement from their point of origin than the 
Y202 cells (Figure 1B). In both MSC lines, after 
cell division, the two daughter cells initially 
migrated together and then, often on encountering 
another cell within the colony, separated and move 
apart from another. Y202 MSCs returned to the 
colony to maintain the close cell community, 

whereas the Y201 MSCs migrated freely. By 
tracking individual cells and constructing lineage 
trees over several cell divisions, we showed that 
even though the daughter cells migrated away from 
one another they underwent their next cell division 
in almost complete synchrony.    

Fig. 1: Y201 and Y202 clonal MSC lines form 
distinct colonies. (A), track lengths of migrating 
cells within colonies over 4 days of imaging (B) 
axis indicate distance from the point of origin of 
the cell.  
 
DISCUSSION & CONCLUSIONS: From these 
analyses we have been able to observe significant 
differences in the cellular behaviour of distinct 
MSC subtypes, and understand more about the 
biological processes associated with the 
development of cellular communities. We are 
using this analysis to determine how different 
MSC subtypes co-exist within a heterogeneous 
population and how it may be used to identify and 
predict MSC function.  
 
REFERENCES: 1S. James, J. Fox et al (2015) 
Stem Cell Reports 4:1004-15. 2M. Dominici et al 
(2006) Cytotherapy 8:315 - 7  
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INTRODUCTION: Intervertebral disc (IVD) 
degeneration is a leading cause of low back pain. 
During degeneration, cell driven imbalances result 
in significant alterations in extracellular matrix 
(ECM) composition, which functionally impairs the 
central nucleus pulposus (NP). Signalling by the 
growth differentiation factor (GDF) sub-family of 
the bone morphogenetic protein family is required 
for correct spine/IVD development and the 
maintenance of healthy NP cell phenotypes  [1, 2, 
3]. However, the effects and mechanism of GDF6 
signalling in NP cells are not fully understood. The 
aim of this study was to investigate GDF6 signalling 
in adult human NP cells critical to GFD6-mediated 
phenotypic and functional changes in order to 
develop more effective regenerative strategies 
utilising biologics. 
 
METHODS: Human NP cells were isolated from 
IVD tissue obtained with informed written consent 
and approvals from patients undergoing disc 
surgery. The BMP receptor expression profile of NP 
cells was determined at gene and protein level 
(N=3). Downstream GDF6 signal transduction in 
NP cells was investigated by analysis of the 
phosphorylation statuses and blocking of smad1/5/8 
and the non-smad pathways p38 MAPK and erk1/2 
(specific inhibitors- dorsomorphin, SB20358, 
U0126 respectively). NP cells were stimulated with 
100 ng ml-1 GDF6. In culture, the effects of GDF6 
stimulation and specific pathway inhibition on the 
expression NP marker genes and matrix 
remodelling enzymes, glycosaminoglycan (GAG) 
and total collagen production were assessed. 
 
RESULTS:  NP cells were found to express all 
known GDF6 receptor subunits, with highest 
expression of the type I and II receptor subunits 
BMPR-1A and BMPR2 at gene and protein level. 
NP cells responded to GDF6 stimulation by 
significantly upregulating the expression of NP 
marker genes (P<0.05). Significantly, ACAN 
expression was increased >10-fold in comparison to 
unstimulated controls. GDF6 stimulation had no 
significant effect on the expression of catabolic 
matrix remodelling enzymes. Blocking of 
smad1/5/8 and erk1/2 signalling significantly 

decreased expression of all NP marker genes 
(p<0.05). P38 blocking had decreased comparative 
effects, in particular on ACAN expression, which 
was not significantly affected. Total GAG and 
collagen production were significantly increased 
following GDF6 stimulation - DMMB assays 
(p<0.05), Alcian Blue staining (p<0.05) and 3[H]-
proline incorporation assays (p<0.05). Inhibition of 
smad1/5/8 signalling and Erk1/2 pathway 
significantly decreased GAG production (P<0.01) 
while inhibition of p38 MAPK did not abrogate 
GDF6-mediated GAG production. However, both 
p38 and ERK1/2 inhibition independently 
decreased total collagen production (p<0.05) to 
unstimulated control levels. 
 
DISCUSSION & CONCLUSIONS: GDF6 has a 
potential role in NP cell homeostasis through the 
upregulation of healthy matrix genes/protein 
expression that are downregulated during IVD 
degeneration, including aggrecan and type II 
collagen. For the first time, GDF6-mediated 
stimulation of GAG and collagen production in NP 
cells in culture was shown to involve smad-
independent signalling, with ERK1/2 essential for 
stimulation of GAG production and both ERK1/2 
and p38 MAPK required for collagen production. 
This knowledge is important for the effective use of 
GDF family members as therapeutic molecules and 
provides insight that facilitates the development of 
effective small-molecule and cell based therapies 
for the treatment of IVD degeneration 

  
REFERENCES:  1. Settle, S.H., et al. Dev 
biol2003. 254(1): 116. 2.Wei, A., et al. J Orthopaed 
Res, 2016. 34(2): 279. 3.Le Maitre et al. Arthrit Res 
Therap, 2009. 11(5): R137.  
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INTRODUCTION: Anterior cruciate ligament 
(ACL) tears can be debilitating and are frequently 
occurring injuries for athletes participating in high 
impact sports, especially women1. Currently, the 
use of artificial grafts/grafts using autologous 
tissue from either the patellar tendon or hamstring 
(the current ‘gold standard’ method of repair) can 
result in complications with repeated infection or 
loosening of the graft at the integration site, which 
requires surgical intervention2. As cells utilise cues 
on the micro and nano-scale to remodel their extra 
cellular matrix (ECM)3, we aim to guide ECM 
matrix deposition using novel, functionalised PCL 
scaffolds which utilise biological, topographical 
and mechanical cues to encourage the regeneration 
of ACL tissue. 

METHODS: Medical grade PCL (15% w/v) was 
used to electrospin aligned fibrous scaffolds, which 
were then sterilised in 70% ethanol. Scaffolds were 
plasma treated (air) and subsequently re-sterilised 
with UV light. They were then coated with 
Fibrillin-1 and refrigerated overnight. SEM was 
used to measure fibre diameter. Canine anterior 
cruciate ligamentocytes (cACL) were seeded onto 
the scaffolds and analysed for metabolic response 
(AlamarBlue®), viability (LIVE/DEAD assay) and 
deposition of extracellular matrix (ECM) proteins 
(Immunofluorescent staining) at increasing time 
points (up to 28 days). Statistical analysis was 
conducted using two-way ANOVA with Tukey 
post-hoc test for significances between groups.   

RESULTS: Electrospun fibres had a diameter of 
3.42μm (±1.11μm) and showed a high degree of 
anisotropy. High cell viability was observed at all 
time-points (up to 7 days) and for all constructs. 
Metabolic viability increased significantly on 
P+P+F construct compared to controls (p>0.05). 
Immunostaining showed increased alignment on 
plasma treated constructs, compared to non-plasma 
treated. Increased deposition of fibronectin 
(p>0.05) and fibrillin (non-significant) was 
observed on fibrillin plasma-treated constructs 
when compared to the PCL only controls.     

 
Fig. 1: ECM proteins deposited on the PCL 
scaffolds at various time points (up to 28 days). 
PCL = PCL only, P+F = PCL+Fibrillin1, P+P = 
plasma treated PCL, P+P+F = plasma treated 
PCL+Fibrillin-1. DAPI stain is shown as dark 
blue, fibronectin in green, collagen 1A1 in light 
blue and fibrillin in red. White arrows show the 
direction of the PCL fibres. Scale bar represents 
250μm. 

DISCUSSION & CONCLUSIONS: High cell 
viability and increased ECM alignment, along with 
early production of key ECM proteins, may 
indicate that plasma and fibrillin-1 treated PCL 
scaffolds may present an option for the guiding of 
ECM protein deposition. Though technology is 
capable of guiding cells in the production of 
primary ECM proteins, further development may 
facilitate the deposition of other ECM proteins 
integral for ligament development, ie. elastin. This 
may then enable the production of a platform for 
anterior cruciate ligament regeneration.  

REFERENCES: 1Hewett TE et al. (2005) 
American Journal of Sports Medicine. 33(4):492-
501. 2Rizer M et al. (2017) Skeletal Radiology. 
46(20):161-9. 3Sahoo S et al. (2006) Tissue 
Engineering. 12(1):91-9. 
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INTRODUCTION: Three dimensional (3D) 
printing of bespoke biologically receptive parts, 
curated within short time periods via computer 
aided designs (CAD), has driven the impending 
use of additive manufacture (AM) within 
biological systems. Such advantageous design 
freedom and ability to rapidly prototype 
multitudinal design iterations, is however currently 
offset via a resolution/biocompatibility 
relationship, in which increasing AM 
sophistication often coincides with non-
biologically compatible polymers of increasing 
chemical complexity1. The dearth of bio-receptive 
polymers documented amongst the scientific 
literature has driven the demand for the 
examination of cellular interaction with bio-
applicable polymers across advanced 3D printing 
processes. Pertinent to this are tissue and 
biochemical engineering applications, in which 
enhancements in efficiency of the methods 
required to construct in-vitro models that examine 
the cellular and molecular mechanisms regulating 
musculoskeletal and neuromuscular disorders are 
currently being documented. As such, defining the 
compatibility of mammalian cells frequently used 
within these models; C2C12 murine skeletal 
myoblast and SH-SY5Y neuroblastoma human 
derived cell lines are of particular relevance. In 
addition, human liver derived HEPG2 
hepatocellular carcinoma cell line also holds 
specific importance due to their use during toxicity 
assessments of drugs and other parameters on 
cellular function, outlining the necessity for their 
inclusion within biochemical pharmaceutical 
screening platforms.  

METHODS: Due to the diverse range of printed 
devices within biological systems, it is of 
paramount importance to comprehend both the in-
direct and direct effects of printable polymers. As 
such, this investigation sought to determine the 
direct (cells cultured directly on the material) and 
in-direct (cells cultured in chemically leached 
medium) effect of three commercially available 
and printable polymers across three high resolution 
AM processes; Stereolithography (SL): Clear 
FLGPCL02, Polyjet: VeroClear-RGD810 and 
Laser Sintering (LS): Nylon-12 (polyamide-12) on 
C2C12, SH-SY5Y and HEPG2 cellular viability, 

morphology, differentiation (C2C12 and SH-SY5Y) 
and cytochrome P450 enzymatic integrity 
(HEPG2). C2C12, SH-SY5Y and HEPG2 cells were 
seeded at densities of 1x105, 1x104 and 2x105 

cells/well respectively for each repeat (n=3). Each 
well was considered n=1 per condition, per 
analysis at each time-point totaling n=12 per 
analyses. This protocol was completed separately 
for each cell line. After alamarBlue® cellular 
viability analysis was conducted, cells were stained 
for the actin cytoskeleton (C2C12), tubulin (SH-
SY5Y), albumin (HEPG2) and nucleic DNA, in 
addition to RNA being harvested for PCR assays. 

RESULTS: Here we observed cell line specific 
polymer biocompatibility with C2C12, HEPG2 and 
SH-SY5Y cells displaying viable phenotypic 
responses in either Clear FLGPCL02 or 
VeroClear-RGD810 chemical leachate from SL 
and Polyjet processes respectively. All cell lines 
however demonstrated viable metabolic activity 
and morphology when cultured in Nylon-12 
leached medium. When cultured directly on 
printed scaffolds, C2C12 cells formed 
multinucleated myotubes on all polymers, however 
differing consistency across repeats was observed. 
In addition SH-SY5Y and HEPG2 cells only 
appeared viable when cultured directly on Nylon-
12 scaffolds printed via LS, with Clear FLGPCL02 
and VeroClear-RGD810 producing cytotoxic 
responses.  

DISCUSSION & CONCLUSIONS: In this work, 
we documented process/polymer specific cellular 
biocompatibility across a diverse range of 
mammalian cell lines. This outlines the potential 
for such technology to be integrated within the 
creation of musculoskeletal, neurological and 
pharmaceutical biological systems for the re-
creation of cellular physiological processes and 
analysis of cellular function. 

REFERENCES: 1N.P. Macdonald, F. Zhu, C.J. Hall, J. 
Reboud, P.S. Crosier, E.E. Patton, D. Wlodkowic, J.M. Cooper, 
Assessment of biocompatibility of 3D printed photopolymers using 
zebrafish embryo toxicity assays, Lab Chip. 16 (2016) 291–297. 
doi:10.1039/C5LC01374G. 
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INTRODUCTION: Osteochondral defects are set 
to be one of the world’s most common illnesses 
affecting variable groups of people due to different 
pathological or accidental damages [1]. Tissue 
engineering has emerged to provide a better 
solution for osteochondral defects using 
combinations of cells with biomaterials fabricated 
in a 3D scaffold construct in order to mimic the 
natural tissue environment [1-4]. The present work 
focuses on testing selected hydrogel polymers 
which are poly N-isopropylacrylamide (pNIPAM) 
and poly N-tert-butylacrylamide (pNTBAM) to 
identify the effects of specific features of the gels 
and their architecture on bone cell line behavior, 
activity, and osteogenic potential after specific 
time of culturing.  

METHODS: Gels were characterized to identify 
the specific IR spectral pattern and functional 
groups, the water contact angle have been 
measured as well to verify the 
hydrophilic/hydrophobic behavior. Scanning 
electron microscopy images of the gels were used 
to clarify internal gel architecture and pore size.  
Cell viability/cytotoxicity staining test has been 
performed to identify the percentage of viable 
MG63 cells after specific time of culturing. 
Cytoskeletal fibrin and cellular nucleus were 
examined using phalloidin and DAPI staining to 
identify specific MG63 cells behavior and 
morphology during interaction with these 
scaffolds. Tests, including alkaline phosphatase 
(ALP) and Alizarin red staining, support the 
findings for osteogenic activity and verification of 
calcium deposits produced by the cells. 

RESULTS: the IR spectral results together with 
the water contact angle, showed an obvious 
hydrophobic behaviour for pNTBAM compared to 
pNIPAM hydrogel. SEM imaging revealed a 
different internal architecture with a larger pore 
size measured for pNIPAM compared to 
pNTBAM. MG63 showed a good percentage of 
viable cells after 21 days of culturing. A proof of 
calcium deposition has been noticed on both of the 
gels with a higher deposition upon pNTBAM. 

 

Fig. 1: SEM images of 1. pNTBAM hydrogel and 2. 
pNIPAM hydrogel indicating the variable 
difference in shape and pore sizes of their internal 
architecture. 

 

Fig. 2: live/dead staining of pNTBAM hydrogel 
showing a high percentage of live MG63 cells after 
21 days of culturing. 

DISCUSSION & CONCLUSIONS: results 
demonstrate the impact of wettability, surface 
stiffness and internal architecture of pNIPAM and 
pNTBAM on MG63 bone like cells behaviour. The 
variable aspects of viability and mineralization 
profile, may suggest the validity of these hydrogels 
as a tissue replacement matrix to support variable 
tissue regeneration including bone and cartilage as 
in osteochondral tissue damage. 

REFERENCES: 1J.S. Temenoff and A.G. Mikos 
(2000), J Biomaterials 21:431-440, 2P. Roach, D. 
Eglin, K. Rohde,  et al (2007), J Mater Sci: Mater 
Med 18:1262-1277, 3C.M. Murphy, et al (2013), 
European cells & materials 26:120–132, 2013,4H.-
I. Chang, and Y. Wang (2011), Regenerative 
Medicine and Tissue Engineering - Cells and 
Biomaterials (eds Prof. Daniel Eberli),  pp.569–
588. 
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with novel geometries as ‘off the shelf’ models 
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INTRODUCTION: Hydrogels have been 
extensively utilised in tissue engineering due to 
their high water content, excellent permeability, and 
their ability to be manipulated for cellular and non-
cellular applications. Alginate beads and discs are 
easy to produce, however, bespoke geometries and 
thicker gels require the use of special moulds and a 
subsequent increase in the time or concentration of 
the cross-linking solution. This can have a negative 
effect on cells [1], creating heterogeneous models, 
and highly variable results. The aim of this research 
is to overcome these issues using 3D printing and 
vitrification to produce cell seeded hydrogels 
directly onto a cold surface [2-4]. 

METHODS: Cooling rates of alginate before and 
after cross-linking was investigated by dispensing 
1%, 2.5% and 5% alginate into aluminium moulds 
and measuring the temperature decline using the 
temperature platform. The alginate was then cross-
linked in 100μM calcium chloride and the 
measurement was repeated.  
The properties of 5% alginate were then 
investigated to determine whether freezing before 
cross-linking had an effect on the structural integrity 
of the hydrogels. Alginate discs were compressed to 
20% using the Instron mechanical tester.    
Cell seeded hydrogels were generated by 
incorporating THLE-3 liver cells into 2.5% alginate. 
Cells were suspended in cryoprotectant (ethylene 
glycol) and sucrose to generate the alginate solution. 
The hydrogels were printed using the 3D printer 
directly onto aluminium platforms on the cold plate. 
Hydrogels were then stored in liquid nitrogen before 
reviving using a stepwise process of decreasing 
concentrations of sucrose. Hydrogels were cultured 
for 48 hours and assessed for cell viability and 
metabolic activity using live/dead staining and the 
CellTitre Blue assay respectively.    

RESULTS: Cross-linking alginate decreased the 
cooling rate compared to non-cross-linked alginate 
at all concentrations tested (Fig 1). This is 
undesirable as vitrification requires fast cooling 
rates, and therefore gave premise to cross-linking 
alginate on thaw. The mechanical properties of 
alginate were unaffected by freezing before cross-
linking, demonstrated by similar Young’s Moduli at 
varying strain increments between conditions (Fig 
2). THLE-3 cells were able to be incorporated in 

2.5% alginate, printed, cryopreserved and 
subsequently thawed and cultured for 48 hours. 
Cells were shown to be live, but with reduced 
metabolic activity (Fig 3).          
 

Table 1. Relative 
allocation and amounof  

DISCUSSION & CONCLUSIONS: This research 
demonstrates the ability of 3D printing alginate onto 
a cold plate and cross linking on thaw to generate 
novel shapes demonstrate cell viability. This 
method of hydrogel production does not affect the 
mechanical properties of alginate and hydrogels 
retain their shape after printing and thawing. Future 
work will aim to improve vitrification methods for 
cryopreservation and retain cellular function to 
achieve the goal of a fully off the shelf product.    
 
REFERENCES: [1] N. Cao, X. B. Chen, and D. J. 
Schreyer, Int. Sch. Res. Not. 516461, (2012), [2] J. 
L. Drury and D. J. Mooney, Biomaterials 24, 4337–
4351 (2003), [3] R. Dou, R. E. Saunders, L. 
Mohamet, C. M. Ward, and B. Derby, Lab. Chip 15, 
17, 3503–3513 (2015), [4] B. E. Reubinoff, M. F. 
Pera, G. Vajta, and A. O. Trounson, Hum. Reprod. 
Oxf. Engl 16, 10, 2187–2194 (2001) 
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Fig 1: The cooling rate 
of different percentages 
of alginate solutions 
before and after cross-
linking (n=5 ± SEM) 

Fig 2: The compressive 
properties of 5% alginate 
cross-linked before and 
after freezing (n=4 ± 
SEM)  

Fig 3: Printed hydrogel 
(a) before and (b) after 
cross-linking, (c) 
brightfield and (d) 
fluorescence images 
(20x mag) of  live 
(green) and dead (red) 
THLE-3 cells in the 
hydrogel after 48hrs 
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Identifying the key influencers on the inductive potential of PRP on BM-MSC 
proliferation 

K Moisley 1, 2, E Jones 1, H Owston 1, 2, G Tronci 4, S Russell 4, P Giannoudis 1&3 

1 Leeds Institute of Rheumatic and Musculoskeletal Medicine, St James’s University Hospital, 
Leeds.  2 IMBE Faculty of Medical Engineering, Leeds University 3 Academic Department of 
Trauma and Orthopaedic Surgery, Leeds General Infirmary, Leeds. 4Textile Materials and 

Technology, School of Design, University of Leeds  
 

INTRODUCTION:  Platelet rich plasma (PRP) 
has been used clinically for over two decades 
alongside bone grafts and bone marrow (BM) 
concentrates in the treatment of fractures1. PRP is 
generated from patients’ whole blood and 
centrifuged to concentrate the platelets which can 
be administered to the site of injury. The goal of 
using PRP is to enrich growth factors released 
from the platelets α-granules, which collectively 
have been found to induce cell migration, 
proliferation2 and differentiation and angiogenesis. 
However, despite its long-term use there is still a 
lack of consensus in the literature of the ‘ideal’ 
composition of PRP for fracture repair3 and a 
demand to standardise PRP as a product. 

AIMS: The aim of this study was to investigate the 
impact different PRP configurations, with regards 
to absolute numbers and ratios of platelets, 
lymphocytes and neutrophils, have on the 
proliferative capacity of BM multipotential stromal 
cells (BM-MSCs). 

METHODS: BM-MSCs (n=4) cultured from BM 
aspirate were used for proliferation assays in the 
presence of leukocyte-rich PRP (LPRP) (n=11) and 
in-house ‘pure’ PRP (pPRP) (n=11) using a 
colorimetric XTT assay. Samples of LPRP were 
obtained from theatre using patient’s whole blood 
and processed using the Biomet device whilst 
pPRP was obtained from both healthy controls and 
patients and processed using a two-spin 
centrifugation protocol. 

RESULTS: LPRP had statistically lower total 
platelets/ml (P < 0.05) (4 fold less) and higher total 
white blood cells than in-house pPRP (P < 0.01) (9 
fold more), specifically, it had more lymphocytes 
and neutrophils (P < 0.01). The ratio of platelets to 
leukocytes for the two PRP products is also 
distinctly different; with an average of 30ː1in 
LPRP compared to 3715ː1 in pPRP (125 fold more 
plateletsːleukocytes). Following five day 
incubations with LPRP or pPRP, it was seen that 
LPRP induced significantly less proliferation in 
BM-MSCs than donor-matched pPRP (P < 0.05) 
and that it had the same impact as platelet poor 

plasma (PPP). It was also seen that 65% more BM-
MSCs were found in cultures exposed to 10% 
pPRP although it was not found to be significantly 
different to 10% FCS. 
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Fig. 1: Comparison of BM-MSC proliferation in the 
presence of 10% LPRP, pPRP, fetal calf serum (FCS), 
and PPP. Asterisk represents difference between groups 
by paired t test, P <0.05. 

DISCUSSION & CONCLUSIONS: These results 
suggest that the lower proliferation induction 
capacity of LPRP could be due to the presence of 
leukocytes, especially neutrophils4 , however, an 
excess of platelets could also have an inhibitory 
role. These findings support the importance of 
understanding the role of each cell population in 
PRP and their ideal dose in relation to PRP’s 
orthopaedic applications. The data points towards 
an ‘ideal’ ratio of platelets and leukocytes which is 
potentially more important than obtaining a pure, 
highly enriched, platelet product. 

 
REFERENCES:  
1) Roffi, A., et al. BMC Musculoskeletal 
Disorders, 2013. 14: p. 330-330.  
2) Cenni, E., et al. J Orthop Res, 2009. 27(11): p. 
1493-8. 
3) Lenza, M., et al. Einstein, 2013. 11(1): p. 122-
127. 
4) Sundman, E., B. Cole, and L. Fortier, Am J 
Sports, 2011. 39: p. 2135-2140. 
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INTRODUCTION: Immersion of polyesters, 
such as polycaprolactone (PCL), in Sodium 
Hydroxide (NaOH) solution causes random 
chemical scission of the ester linkages along the 
polymeric backbone, which leads to hydroxyl and 
carboxylic acid groups being exposed on the 
polymer surface that are free to hydrogen bind1.  
Submersion in NaOH is not a new wet chemical 
treatment, however, the protocol for the 
concentration and submersion time has never been 
optimised and varies within the literature.  Highly 
concentrated solutions or prolonged periods of 
submersion could significantly affect other 
material properties, such as tensile strength; or 
weak solutions and short submersion times may 
not sufficiently improve hydrophilicity.  This study 
investigated the ideal NaOH concentration and 
treatment time for electrospun PCL fibres, in terms 
of improved hydrophilicity without compromise of 
material properties. 
 

MATERIALS & METHODS: A 10 %w/v 
solution of PCL (Mn 80,000 g/mol) in 
hexafluoroisopropanol was electrospun as follows: 
applied voltage - 11 kV, collector voltage - 3 kV, 
distance to collector – 20 cm, flow rate – 1 ml/hr.  
Fibres were collected on a rotating mandrel: 50 
RPM for random orientation and 600 RPM for 
aligned.  Sheets of aligned and random fibres were 
subjected to four treatment times (0, 1, 4, 24 h) and 
four concentrations (0, 0.1, 1, 10 M).  Water 
contact angle (WCA) was determined for all test 
groups, by depositing a 10 µl droplet of deionised 
water onto the electrospun fibre surface and 
optically capturing by a camera and contact angle 
goniometer (Kruss DSA100).  Drop Shape 
Analysis Software measured and calculated the 
contact angle.  Tensile properties for all test groups 
(sample size 30 mm x 5 mm) were pulled to failure 
within a uniaxial testing machine (Instron 3344) 
with 10 N load cell and 5 mm/min crosshead speed 
(n=5 per group).  
  
RESULTS:  WCA decreased sharply for all 
NaOH concentrations investigated (Figure 1).  For 
1M4h, WCA decreased from 97±3° to 6±2° for 
aligned, and 105±4° to 15±7° for randomly 
orientated PCL fibres.  Tensile strength remained 
consistent for aligned (3.2 MPa, 9 % loss) and 

random (1.97 MPa, 6 % loss) nanofibres following 
treatment with 1M4h (Figure 2). 
  

 
Figure 1: Effects of NaOH treatment on water contact 
angle for electrospun PCL fibres with random (A) and 
aligned (B) orientations.  Representative images of water 
droplets on the scaffold surface: (C) random, untreated, 
(D) random, 0M0h, (E) random, 1M 4h, (F) aligned, 
untreated, (G) aligned, 0M0h, (H) aligned, 1M4h.   Data 
shown as mean ± stdev with two-way ANOVA and Tukey’s 
multiple comparisons test (*p<0.05, n=4). 
 

 
Figure 2 - Effects of NaOH treatment on Ultimate Tensile 
Strength for electrospun PCL fibres with random (A) and 
aligned (B) orientations.  Data shown as mean ± stdev with 
two-way ANOVA and Tukey’s multiple comparisons test 
(*p<0.05, n=5). 
 

DISCUSSION & CONCLUSION: Irrespective of 
orientation, nanofibre hydrophilicity was improved 
following submersion in NaOH for 1 hour or more 
for both fibre groups.  Assessment of tensile 
properties was more variable between the 16 
groups investigated.  
Overall, the data indicated a NaOH surface 
treatment of 1M4h resulted in a significant 
improvement in hydrophilicity whilst retaining 
sufficient tensile strength for aligned and random 
electrospun PCL nanofibres.  Further material 
characterisation and response of 3T3 fibroblasts to 
these surface treated fibres was subsequently 
performed. 
 

REFERENCES: 1Yoo H, et al. Adv Drug Deliv 
Rev. 2009;61(12):1033-1042. 
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INTRODUCTION: Surface nanostructured 
materials have the ability to enhance protein 
adsorption and cellular activities. Anodised titania 
nanotubes provide a nanoengineered biomimetic 
environment to promote osteogenesis and bone cell 
mineralisation [1]. Studies showed that nanotube 
diameter significantly affects cell adhesion, 
proliferation and differentiation; nanotube length, 
on the other hand, does not influence the cell 
behaviours [2]. It is hypothesised that 20 nm 
nanotube diameter would facilitate higher 
proliferation rate on human mesenchymal stem 
cells, 50 nm nanotube diameter would enhance cell 
activity of human osteoblast cells, while 100 nm 
nanotube diameter would cause cytoskeleton 
disruption on both cell lines. 

METHODS: Titanium foils (0.25 mm thick, 
99.5% purity, Alfa Aesar) were cut into a disc 
shape using a fibre laser cutting machine. The 
titanium disc was sonicated in degreasing solution 
(ethanol, propanol and deionized water) followed 
by air-dried. In the customised anodisation setup 
[3], titanium discs served as an anode, while an 
inert platinum foil (0.1 mm thick, 99.99% purity, 
Alfa Aesar) was used as a cathode. Saturated 
colomel electrode served as a reference electrode. 
1M H3PO4 with 0.3wt% HF was used as an 
electrolyte for the anodisation. Applied voltage 
was in the range of 2.5-20 V, the anodisation was 
set to run for 1 hour at room temperature. The 
anodised titanium discs were labelled Ti-20, Ti-50 
and Ti-100 according to the expected nanotube 
pore diameter, i.e. 20 nm, 50 nm and 100 nm 
respectively. Surface morphology of the specimens 
were characterised using Scanning Electron 
Microscope (SEM). The anodised and pure 
titanium specimens were then sonicated and finally 
sterilised before conducting biocompatibility tests. 

RESULTS: Surface characterisation via SEM 
shown in Figure 1 demonstrated titania nanotubes 
with uniform pore diameter across the anodised 
titanium disc. Larger pore diameter can be seen at 
an elevated voltage, as shown in Table 1.  

Cell proliferation rate on human mesenchymal 
stem cells (hMSCs) showed similar trend to Figure 
2 when cultured with growth medium and 
osteogenic medium for day 7 and 14. 

 
Fig. 1: Top view SEM image of the nanotubes. 
Self-organised nanotube structures with uniform 
pore diameters can be observed. Scale bar 100 nm. 

Table 1. Properties of anodised titanium specimens 

Specimen 
Label 

Applied 
Potential 

(V) 

Mean pore 
diameter 

(nm) 

Water 
contact 

angle (°) 
Ti-20 2.5 18.8 ± 2.6 61.0 ± 9.1 
Ti-50 10.0 46.0 ± 6.1 59.9 ± 12.7 

Ti-100 20.0 90.1 ± 13.9 36.9 ± 4.5 

 
Fig. 2: Relative cell proliferation measurement of 
hMSCs after 7 and 14 days of culture with growth 
medium analysed by Deep Blue Cell Viability™ . 

DISCUSSION & CONCLUSIONS: These results 
suggest that the size of titania nanotube diameter 
and water contact angle collectively influence the 
behaviour and proliferation rate of human 
mesenchymal stem cell. Future experiments will 
confirm the effect of nanotube diameters on stem 
cell osteogenesis and cytoskeletal disruption. 

REFERENCES: 1 K. S. Brammer, C. J. Frandsen, 
and S. Jin (2012) Trends in Biotechnology, 
30(6):315-22. 2 S. Bauer, J. Park, J. Faltenbacher, 
S. Berger, K. von der Mark, and P. Schmuki 
(2009) Integrative biology : quantitative 
biosciences from nano to macro, 1(8-9):525-32. 3 J. 
Khaw, A. Nĕmcová, M. Curioni, P. Skeldon, C. 
Bowen, and S. Cartmell (2016) European Cells 
and Materials, 32(4). 
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INTRODUCTION: Tissue engineered scaffolds 
provide a strategy for cartilage regeneration. 
Several techniques have been employed for scaffold 
fabrication including conventional and rapid 
prototype techniques [1]. However, achieving 
adequate mechanical properties, effective nano and 
sub-micrometer structures, zonal architecture 
organization and physiological levels of ECM 
formation has been challenging [2, 3]. Recent 
research is focusing on integrating scaffold 
fabrication techniques to mimic the complex 
nanoscale topology of articular cartilage [4]. We 
herein employed 3D printing, directionally freezing 
and electrospinning to develop multizone scaffolds 
which capture the zonal architecture of the articular 
cartilage.  

METHODS: The bottom layer of the multizone 
scaffold was fabricated via 3D low temperature 
deposition which involved the deposition of 8% 
wt/vol Polycaprolactone (PCL) and 1,4 dioxane 
solution, using a Z-Bot 3D printer, directly onto a 
cold plate set at -40oC. A helix shape was adopted 
for the bottom layer. Electrospinning was employed 
to fabricate the middle and top layers of the scaffold. 
8% wt/vol PCL and HFIP was used for 
electrospinning. The middle layer was electrospun 
directly onto the helix scaffold at a flow rate of 
2ml/hr, at 13kV, with a collector distance of 10cm 
and at 200 RPM to obtain randomly orientated 
fibres. The top layer was electrospun directly onto 
the middle layer using similar parameters but at a 
speed of 2400 RPM to obtain aligned fibres. PCL 
electrospun fibres and directionally frozen scaffolds 
were used as controls. Scaffold morphology was 
evaluated using scanning electron microscope 
(SEM). Mechanical properties evaluation and 
biochemical quantification was also performed on 
cell-seeded scaffolds.  

RESULTS: Figure 1 shows the bottom helix 
scaffold and the multizone scaffold. SEM images of 
multizone scaffolds reveal that the low temperature 
deposited helix displayed a channelled and porous 
architecture and the middle layer presented to have 
randomly orientated fibres and the top layer had 
aligned fibres (Figure 2). Multizone scaffolds 
presented altered mechanical properties and 
allowed for good cell attachment.  

 

 
 

 

Fig. 1: Images of (A) 3D low temperature deposited 
helix scaffold, (B) Multizone scaffold. 

 

 

 

 

 

 
 
Fig. 2: SEM images of (A) top electrospun layer, (B) 
middle electrospun layer, (C) bottom helix layer and 
(D) bottom helix and middle electrospun layers. 

 
DISCUSSION & CONCLUSIONS: Integrating 
3D printing, directional freezing and 
electrospinning is effective for combining micro 
and nano scale pores which influence cell viability 
and for mimicking the zonal architecture of articular 
cartilage. These results warrant further investigation 
on the long-term capabilities of these scaffolds to 
support cartilage extracellular matrix production 
and phenotypic responses.  

REFERENCES: 1 T. Lu, Y. Li, and T. Chen 
(2013). International Journal of Nanomedicine 8: 
337-350. 2 S. Reed, G. Lau, B. Delattre, et al (2016). 
Biofabrication 8: 1-16. 3 J. A. M. Steele, S. D. 
McCullen, A. Callanan et al (2013). Acta 
Biomaterialia 3: 1-13. 4 S. D. McCullen, H. 
Autefage, A. Callanan et al. (2012). Tissue 
Engineering Part A 18: 2073-2083.  
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INTRODUCTION: Although improvements in 
current treatments have seen a continuing decline in 
mortality for cardiovascular disease, without the 
design of preventative therapies the morbidity will 
continue to increase1. 

Current in vitro co-culture models primarily 
concentrate on the cellular interactions between the 
endothelial and smooth muscle cells. Yet, additional 
cell types can be found within the vessel, including 
the adventitial fibroblast. This cell has been 
demonstrated to gain smooth muscle cell-like 
properties and contribute to the development of 
vascular disease. 

Consequently, it is imperative to understand the 
fibroblast in vascular tissue homeostasis and 
pathology. The aim of this study is therefore the 
practical implication of improving the design of in 
vitro co-culture models, to understand the role of 
fibroblasts in vascular function. 

METHODS:  

Human umbilical vein endothelial cells (HUVEC) 
and normal human dermal fibroblasts (NHDF) were 
cultured as per standard protocols. Cells were 
seeded at 20-30,000 cells/mL and grown until ~60-
70% confluency.  

The cells were then incubated with TNF-α for 6 or 
24 hours (0-100 U/mL), before fixing. ICAM-1 was 
immunolabelled using 1:200 titre mouse anti-
human ICAM-1 at 4 °C overnight, followed by 
1:1000 goat anti-mouse Alexa Fluor 633 for 2 hrs at 
RT.  

The samples were imaged using a Zeiss LSM510 
Meta Upright Confocal microscope. The 
microscope settings were adjusted for a 100 U/mL 
TNF-α sample, and then remained constant for the 
remaining samples. 

RESULTS:  

A significant upregulation in the proportion of cells 
expressing ICAM-1 – both (Fig.1a) and HUVEC 
(Fig.1b) was observed at 25 U/mL of TNF-α. 

The relative intensity of ICAM-1 appeared to 
increase in a hyperbolic fashion after TNF-α 
addition to NHDF after 6 hours, with maximum 

levels of upregulation occurring after 24 hours. In 
contrast, the opposite trends are observed in 
HUVEC. 

(a) 

(b)  

Fig. 1 – The upregulation of ICAM-1 in NHDF (a) and 
HUVEC (b). The intensity of ICAM-1 was calculated 
relative to the highest level for each cell type. Error bars 
display SEM. 

DISCUSSION & CONCLUSIONS:  

ICAM-1 is a cell-adhesion protein up-regulated in 
an array of cell types upon inflammatory activation, 
allowing leukocyte translocation2. 

The differing trends could be the result of an 
increased ICAM-1 mRNA half-life in NHDF versus 
HUVEC. This would mean that although overall 
ICAM-1 synthesis increases, the maximal rate of 
synthesis would occur at an earlier time-point in 
HUVEC compared to NHDF. If determined to be 
the case, this could approve the inside-out theory of 
plaque progression. 

 
REFERENCES: 1BHF (2015) Cardiovascular 
Disease Statistics 2015. 2R. Rothlein, M. L. Dustin, 
S. D. Marlin and T. A. Springer. J Immunol August 
15, 1986, 137 (4) 1270-1274. 
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INTRODUCTION: Four point bending bioreactor 
systems have long been used to apply uniaxial 
tensile or compressive strains to cells [1,2]. The 
system has also been used to strain cells seeded on 
different material substrates [3]. However, there 
are limitations to the characteristics of material 
substrates (mounted material M) that can be used 
in the setup to ensure that the strain is transferred 
to the cells homogenously. In this study, we carried 
out a parametric study of mounted material’s (M) 
thickness and Young’s modulus (YM) to optimize 
the transfer of strain from the device substrate. 

METHODS: 

A model as shown in fig. 1 was created in Abaqus 
and mesh sensitivity analysis was carried out to 
optimise the number of elements in the mesh. A tie 
constraint (it produces the same effect as gluing M 
with device substrate) was used to attach M to the 
device substrate. The magnitude of strain and 
strain distribution on the surface of mounted 
material ‘M’ was studied by varying its thickness. 
An optimum thickness with near uniform strain 
distribution was chosen and the effect of varying 
the YM was analysed. A device was manufactured 
using polytetrafluoroethylene to perform practical 
experiments.  

 
Fig. 1 Schematic of the model built in Abaqus 
(dimensions are for illustration purpose only). 

RESULTS:  

 
Fig. 2 Strain distribution profile over the surface 
of M. (a. 10μm, b.25μm, c. 50μm, d. 100μm, e. 
200μm, f. 300μm, g. 400μm, h. 500μm) 

The variation in strain distribution profile and its 
magnitude with increasing thickness of M (A size 
of 15 X 10 mm was used as there are limitations to 
the size of M that can be used in the system) are 
shown in fig. 2 and fig. 3, respectively.  

  

 
Fig. 3 Variation in magnitude of strain with 
increasing thickness of the mounted material 

DISCUSSION & CONCLUSIONS: It was 
observed that the magnitude of strain in the central 
region of M varied by ±50microstrain (με) with 
respect to the substrate. The magnitude varied 
significantly when the thickness was increased 
beyond 500 micron. It was noted that strain 
distribution profile was non homogenous for 
materials with thickness greater than 100 micron, 
suggesting that cells seeded are not under similar 
mechanical environment. The homogeneity of the 
profile was affected by varying the YM of M 
beyond certain value. 

REFERENCES: 1Galea GL, Price JS (2015) 
Four-Point Bending Protocols to Study the Effects 
of Dynamic Strain in Osteoblastic Cells In Vitro. 
In Osteoporos. Osteoarthr., 117–130. 2Owan I, 
Burr DB, Turner CH, Qiu J, Tu Y, Onyia JE, 
Duncan RL (1997) Mechanotransduction in bone: 
osteoblasts are more responsive to fluid forces than 
mechanical strain. Am. J. Physiol. 273: C810–5. 
3Yang Y, Magnay J, Cooling L, Cooper JJ, Haj AJ 
El (2004) Effects of substrate characteristics on 
bone cell response to the mechanical environment. 
Med. Biol. Eng. Comput. 42: 22–29. 
doi:10.1007/BF02351007.  
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INTRODUCTION: Harnessing the potential of 
clay nanoparticles in biomaterial design and 
regenerative medicine is currently receiving a 
growing interest and suggests new unexplored 
strategies for an enhanced stem-cell driven tissue 
regeneration. Laponite clay gels are able to create 
in vivo microenvironments able to host and 
stimulate stem cell growth and differentiation at 
physiological doses of growth factors1. It has also 
been reported that Laponite nanoplatelets 
themselves can induce in vitro osteogenic 
differentiation of hMSCs in the absence of external 
osteoinductive agents such as BMP-2 or 
dexamethasone2. However, relatively little 
attention has been given to the role of clay 
structure/composition in influencing such 
interactions. Lithium, a Laponite degradation 
product, is known to modulate the canonical Wnt 
signalling pathway through the inhibition of 
GSK3β and stimulates osteogenic differentiation of 
responsive population3. In this work, various Li+-
modified clay formulations have been generated, 
and stem cell responses investigated to shed the 
light on the mechanism behind clay bioactivity. 
 
METHODS: A) Preparation and chemical 
characterization of Li+-modified Laponite 
nanoparticles: Laponite filtercake (BYK) with 
tailored structural Lithium contents were produced 
then allowed to react with Li2SO4 for Na+ - Li+ 
cation exchange on clay lattice. Crystal structure 
was determined by XRD. XRF was used to 
measure the elemental composition of Laponite, 
while Li+-content was analyzed by Atomic 
Absorption Spectroscopy. B) Stem cell responses 
to modified Laponite: Human Bone Marrow 
Stromal Cells (HBMSCs) were cultured in contact 
with Laponite dispersions, as media additives, at 
conc. 1 - 100 μg/ml and assessed for: 1) cell 
viability and proliferation using WST-1 assay; 2) 
osteogenic differentiation (in normal, osteogenic 
media), by measuring osteogenic-related markers 
(ALP activity, CaP mineralization by ARS, and 
ALP, RUNX2, Collagen I, Osteocalcin, 
Osteopontin and Osteonectin gene expression).  
 
RESULTS: XRF and AAS confirmed that high, 
standard, low and null structural/exchanged Li+ 
Laponite clays have been successfully synthesized, 
with Li+ content ranging from 0 to 9.9 g/kg. XRD 

diffractogram showed all the reflection peaks 
characteristic of pure Laponite crystal structure 
without phase transformation or impurities 
contamination. WST-1 data showed high cell 
viability at conc. of dispersed Laponite up to 1 
mg/ml. Li+-modified and standard Laponite 
formulations followed the same pattern in 
enhancing hMSCs osteogenic differentiation in a 
dose dependent manner but with no significant 
difference between the obtained modified 
structures. This was confirmed by upregulation of 
the osteogenic genes (ALP, RUNX2, Collagen I, 
Osteocalcin, Osteopontin and Osteonectin), a 
strong increase in ALP Activity and enhanced CaP 
deposition with addition of Laponite nanoparticles 
in the tissue culture media up to a concentration of 
100 μg/ml.  
 
DISCUSSION & CONCLUSION: Laponite 
nanoparticles demonstrated high cytocompatibility 
at physiological conc. (<1 mg/ml) without 
inhibiting cell proliferation, exhibiting cytotoxicity 
only at ten-fold higher concentration than 
previously observed with HA and silica 
nanoparticles. These clay nanoparticles shown a 
unique ability to induce osteogenic differentiation 
of MSCs even in the absence of external bone-
inducing factors such as dexamethasone, but the 
mechanism behind this clay bioactivity seems 
independent of Li+ content of clay mineral. 
Therefore, other clay chemistries such as surface 
charge, particle size and Cation Exchange Capacity 
may play a role in modulating the osteogenesis of 
hMCSs. . Such studies seeking to elucidate the 
mechanism behind clay-enhanced stem cell 
ostegenesis are ongoing.  
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INTRODUCTION: Tissue engineering is a 
promising bone trauma treatment when the self-
regeneration process is compromised due to 
diabetes or osteoporosis1. It offers the potential for 
unlimited, non-immunogenic cell therapy, without 
the drawbacks of allografting, but requires 
expanding the patient’s cell sample to clinically 
relevant size in vitro. Microcarriers are suitable 
expansion vehicles as they limit the need for 
passaging and preserve the cell phenotype by 
providing 3D cellular interaction.  The success of 
the strategy depends on the attachment affinity of 
the cells to the carriers, which is determined by the 
material topology and chemical composition2. We 
use mathematical modelling as a highly time and 
cost effective tool to better understand the different 
factors affecting cellular kinetics in a microcarrier 
culture, and compare results to experimental data. 

METHODS: The model is based on a set of 
coupled differential equations describing cell 
population dynamics and metabolism. Oxygen 
uptake follows Michaelis-Menten kinetics3, while a 
variation of the logistic growth law is used to model 
changes in cell number: 

 Nt =ϕNc(1-N/Nmax )-D; (1) 

N [cell/m2] is the cell density, c [mol/m3] is the 
oxygen concentration at the cell layer, ϕ [m3/mol.s] 
is the cell proliferation coefficient, Nmax [cell/m2] is 
the maximum cell density and D [cell/m2.s] is the 
cell death rate. D, ϕ and Nmax are assumed to be 
constant and were fitted to experimental data. 

The model (Fig.1) was solved in COMSOL 
Multiphysics using the geometry of a well from a 
96-well plate (Corning). Initial conditions reflected 
oxygen saturation of the media at 21% partial 
pressure, while oxygen was also allowed to diffuse 
through the top from the air for the duration of the 
simulation. The cells were modelled as an infinitely 
thin layer on the bottom of the well, with 
consumption of oxygen represented as flux loss 
boundary condition. 

RESULTS: For a predictive model, cell-type 
specific coefficients were found by data fitting. 

Even though changes in seeding numbers gave rise 
to different growth profiles, a common relationship 
with initial cell count was observed, which was well 
captured by the logistic growth model (Table 1). 

Table 1. Model fit to data, ϕ=8×10 -5 m3/mol.s, 
D=1.7×103 cell/m2.s and Nmax=2.4×109 cell/m2. 

Model fits for the same D, ϕ and 
Nmax 

R2  

15000 cells initially 
5000 cells initially 

0.93 
0.87 

 

Material-specific growth parameters, ϕ and D were 
found for the 4 chemical compositions used for the 
carriers, by fitting to data for the initial stages of the 
experiment (until day 5 of culture) in order to 
establish the attachment capacity of the carriers. 

DISCUSSION & CONCLUSIONS: Based on the 
results, the cell population model is an appropriate 
approximation, capturing sensitive interactions 
between available oxygen concentration, current 
and maximum cell density. This now predictive 
model will ultimately be used to study the effect of 
culture conditions on cellular expansion.   

        
Fig. 1: Model setup. 
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(1993) Am J Physiol. Cell Ph 265 (2), C497–C506. 
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INTRODUCTION: Mechanical function of the 
annulus fibrosus (AF) is controlled by the composition 
and architecture of the highly ordered aligned collagen 
fibrils that provide strength and stiffness to the 
intervertebral disc (IVD) when under load. Our previous 
work indicates that aligned electrospun scaffolds mimic 
the architecture nano-fibrous nature of the AF tissue1. 
Laminated scaffolds formed from biodegradable 
polymeric electrospun nanofibre materials indicates that 
the tensile mechanical properties, such as Young’s 
Modulus, of the chosen material play an important role 
in replicating AF tissue mechanical function2. 
Polycaprolactone (PCL) electrospun fibres are widely 
studied for IVD tissue engineering due to its 
biocompatibility, long-term biodegradability and 
mechanical properties that showed resemblances to 
native AF tissue3. However, PCL possesses low 
Young’s Modulus, and low elastic deformation against 
loads, which could consequently result in functional 
failure of the AF. This work describes a strategy to 
improve this limitation by blending PCL with poly L-
lactic acid (PLLA), a biocompatible material 
characterised by high mechanical Moduli3, in order to 
produce a stiffer construct with appropriate mechanical 
Modulus  equivalent to native tissue (28-78 MPa)4. 
 

MATERIALS & METHODS: PCL (IV=1.3dl/g) and 
PLLA (IV=3.8dl/g) prepared with corresponding 
solvent (Hexafluoroisopropanol) forming 10 %w/v and 
5 %w/v polymeric solutions respectively. Three 
PCL/PLLA blends were prepared at ratios: 4:1, 1:1, 1:4 
then submitted to electrospinning, with parameters 20 
kV voltage, 1 ml/h flowrate, 21 cm distance. The 
electrospun fibrous mats were cut to 2 cm x 0.5 cm 
scaffolds and prepared for mechanical examination. 
Mechanical properties were tested using an Instron 
(Model 1122) with 10 N load cell at 0.1 % strain rate. 
Tensile forces were applied along the main fibre 
direction. 
 

RESULTS: The addition of PLLA to PCL scaffolds 
significantly increased the mechanical Modulus of the 
constructs in relation to PCL alone (Figure 1). Although 
PLLA showed the highest value across all samples, 
there was no significant difference when compared with 
1:4 and 1:1 blends, whose values were the highest 
across the blends. The polymer blend that had the 
highest PCL to PLLA ratio (1:4) demonstrated greatest 
Modulus (34.9±9 MPa) compared to PCL and other 
blends. 

 
Figure 1: Young’s Modulus data for PCL, PLLA and blends. 
Data expressed as mean±SD. Statistical comparison 
performed with one-way ANOVA and Tukey’s test with 
comparison to PCL  (n=6, *p<0.05). 

DISCUSSION & CONCLUSION: The design of 
successful AF repair scaffold requires strong, flexible 
and stiff biomaterials that behave much like native 
tissue. Such repair has potential to inhibit progression of 
biomechanical alterations in the disc5. PLLA alone 
showed the highest Modulus, however, it is typically a 
rigid material that exhibits brittle behavior in nature. 
This suggests a low material toughness and rigidity that 
limits its use in applications requiring flexibility, such 
as for AF tissue regeneration. Blends of scaffold 
material resulted in higher elastic Moduli than PCL 
alone due to the effect of mixing with stiff material, 
PLLA. Although blend ratio 1:4 PCL/PLLA 
demonstrated the greatest Modulus compared to PCL 
and other blends, it showed no significant difference 
with blend ratio 1:1 (33.1±3.2 MPa); and both lie in the 
range for native AF tissue5. Further characterisation of 
1:1 and 1:4 blends is required to fully determine which 
scaffold is mostly suitable to stimulate AF tissue 
regeneration.  
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(2013). 4. Holzapfel, G. A., et al Single lamellar mechanics of 
the human lumbar anulus fibrosus. Biomech. Model. 
Mechanobiol. 3, 125–140 (2005). 5.Whatley, B. R. 
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INTRODUCTION:  Skeletal muscle has been 
well used in cell culture systems due to its great 
potential in regenerative medicine and cell based 
assays1. In vivo, this tissue links with neuromotor, 
vascular and myotendinous interfaces and thus, 
when in vitro cultures are based on a single cell 
type, the lack of cell-heterotypic communication 
can be translated as a limitation in cell 
functionality1,2. Regarding the nerve-muscle 
interface, there is an increasing need to develop 
neuromuscular models to aid the study of 
neuromuscular diseases and mechanisms 
underpinning the neuron- muscle interface1. 
Therefore, we aimed to co-culture neuronal muscle 
interfaces in 2D patterned surfaces and 3D 
environments. 
 
METHODS: A sample with a patterned and a 
non-patterned area prepared by photolithography 
was used for each cell type (neurons in the 
patterned area, muscle in the non-patterned area, 
Figure 1A). C2C12s myoblasts were the initial cell 
type seeded at a cell density of 10000 cells/cm2, 
grown till confluence and differentiated until 
myotubes were formed. SH-SY5Y were then 
seeded onto the patterned area, allowed to attach 
and kept in differentiation for three days. 
 

RESULTS: For the patterned co-cultures, 
myoblasts fused into myotubes after 3 days in DM 
and neurons were shown to grow on the channels, 
and being directed towards the C2C12s after 2 
days of cell seeding. SH-SY5Y showed a different 
morphology when compared to single neuronal 
cultures; when differentiated in monoculture, an 
elongate shape in the cell body with various 
neurites can be observed. When cultured with 
C2C12s, several neurite extensions were formed 
presenting a very neuron like morphology and with 
much longer neurite processes than in 
monocultures (Figure 1 A and B).  

 

 
Fig 1. C2C12 and SH-SY5Y cells in a patterned 
co-culture. Neurons were patterned so they could 
be directed towards C2C12s myoblasts. 

DISCUSSION & CONCLUSIONS: Co-cultures 
systems with separated environments allow for the 
control of the site of action at the muscle-neuron 
interface, facilitating a closer study of the 
heterotypic cell communication. The neurite 
outgrowth presented on SH-SY5Y cells when co-
cultured could perhaps represent an attempt to 
establish contact with C2C12s myoblasts, 
indicating a possibility of interaction between SH-
5Y5Y and C2C12s. The study of nerve-muscle 
cultures have been of great interest for decades as 
these could represent a functional model to analyse 
muscle innervation and maturation and therefore, 
this model could help underpinning parameters 
within a physiological context3.  
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(2)  Ostrovidov, S.; Ahadian, S.; Ramon-Azcon, 
J.; Hosseini, V.; Fujie, T.; Parthiban, S. P.; 
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Ramalingam, M.; Bae, H.; 
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INTRODUCTION: Recent studies have shown a 
high prevalence of S100 calcium-binding protein P 
(S100P) in pancreatic ductal adenocarcinoma 
(PDAC). S100P activates key cell signalling 
pathways including mitogen-activated protein 
(MAP) kinase and nuclear factor-B (NFκB) 
pathways through its extracellular interaction with 
the receptor for advanced glycation end products 
(RAGE) [1-2]. Interaction between the metastasis-
promoting protein S100P and RAGE has been 
shown to mediate pancreatic tumour proliferation, 
survival, invasion and metastasis progression [2]. 
This project aims to identify novel hit compounds 
that attach to and prevent S100P from binding to 
and activating RAGE to prevent cell proliferation 
and migration in human pancreatic cells. 

METHODS: Hit compounds predicted to bind 
S100P and inhibit its tumour-promoting effects 
were designed based on computational modelling of 
a small-molecule binding site in S100P in a virtual 
screen. An enzyme linked immunosorbent assay 
(ELISA), to detect S100P-RAGE binding, was 
developed based on a published protocol [2]; 18 of 
all 93 hit compounds (purchased or synthesised in-
house) which were screened for inhibition of 
S100P-RAGE interaction using this assay 
significantly inhibited S100P/RAGE interaction.  

The identified hit compounds were further 
investigated for their effects on a human pancreatic 
cancer cell model consisting of S100P-
overexpressing cells (BxPC-3) and/or cells 
expressing reduced amounts of S100P (Panc-1) 
using the MTS assay (CellTiter AQ, Promega, for 
metabolic activity), LDH release assay (CytoTox, 
Promega, for cell toxicity), and the Transwell cell 
invasion assay. 

RESULTS: BxPC-3 cells treated with hit 
compounds [3] for 48 hours, at 10μM, demonstrated 
a significant reduction (p<0.0001) in cell 
invasion; whereas no effect was observed for the 
Panc-1 cells suggesting a S100P-specific 
mechanism (Figure 1). MTS and LDH release 
assays revealed that the compounds did not exhibit 

general cytotoxicity over an extended period of 
time.  

 
Fig. 1: Transwell invasion assay of novel hit 
compounds. A) Invasion of BxPC-3 treated with 
lead compounds B) Data are mean ± SEM of two 
independent experiments. Statistical significance 
was assessed by one-way ANOVA and Dunnet’s 
posthoc test *p<0.0001 vs chemoattractant. 

DISCUSSION & CONCLUSIONS: Results from 
this project confirm that blocking the interaction 
between S100P and RAGE can suppress the 
migration, and invasion of carcinoma of the BxPC-
3 cell line which may provide a novel approach for 
treatment of pancreatic cancer. Further studies aim 
to investigate the effects of these lead compounds in 
angiogenesis and their effects on the expression of 
key cell signalling proteins in the development and 
progress of pancreatic cancer.  
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Hernández, J. (2014). Biochemical And Biophysical 
Research Communications, 446(1), 404-409. 3 
Ogbeni, D, et al., (2015). pA2 Online, Vol. 13, No. 
3, 256P. 

ACKNOWLEDGEMENTS: This research was 
partly funded by the Worldwide Cancer Research. 
Compounds used in this project are covered by 
patent. 



European Cells and Materials Vol. NN. Suppl. N, 20xx (page htu)                                                         ISSN 1473-2262 
 

                                                http://www.ecmjournal.org 
 

Novel silica-PEG based inks for 3D bio printing of breast tissue 
 

Chrisoula Chappell1, Gowsihan Poologasundarampillai 1,2, Olga Tsigkou 1,2, Christopher Blanford 
 

1 School of Materials, University of Manchester, Oxford Road, Manchester M13 9PL, UK. 
2 Research Complex at Harwell, Harwell Campus, Oxfordshire, OX11 0FA, UK. 

 

INTRODUCTION: Mesoporous nanoparticles 
(MSNPs) can be used as an additive in tissue 
engineering therapies. The addition of particles can 
affect physical properties of the bulk tissue 
scaffold as well as carrying biomolecules. This 
offers the possibility to make tissue scaffolds with 
tailored degradation as well as maintaining 
morphology in vivo [1]. By coating the MSNPs 
with Polyethylene glycol (PEG) these effects can 
be reduced. PEGylated MNSPs are biocompatible 
at concentrations of 500mg/ml without substantial 
cell death or cell damage [2]. Before the 
nanoparticles are coated with PEG, they can be 
loaded with drugs [3].  Such materials could 
potentially be used in tissue scaffolds to prevent 
the regrowth of cancer while promoting tissue 
regeneration. In this study PEGylated MSNPs were 
developed and loaded with suberanilohydroxamic 
acid (SAHA) a histone deacetylase inhibitor for 
treatment of HER2 positive breast cancers [3]. 

METHODS: The mesoporous nanoparticles were 
synthesised using the modified Stöber sol-gel 
method, resulting in mobile composition of matter 
number 41 (MCM-41) nanoparticles. PEGylation 
was performed by reacting with AAA silane. The 
nanoparticles were further characterised using 
TGA, FTIR, BET, TEM, XRD and zeta/size 
analysis. PEGylated nanoparticles were 
incorporated into gelatin methacrylate gels. The 
mechanical properties of the produced gels were 
investigated by performing oscillatory rheological 
measurements. The biocompatibility of both the 
particles and gel was analysed using mesenchymal 
stem cells. 

 RESULTS: Mesoporous nanoparticles derived 
from the Stöber sol-gel method were successfully 
synthesised and their shape was formed by the 
hydrolysis and condensation of Tetraethyl 
Orthosilicate (TEOS) and its interaction with 
cetyltrimethylammonium bromide (CTAB) a 
cationic surfactant. Figure 1 shows TEM images of 
highly porous silica nanoparticles with an 
approximate pore size of 3 nm. After completing 
the synthesis, the characterisation showed that 
appropriate nanoparticle dimensions were 

achieved. This then enabled us to complete the 
PEGylation, drug loading and combination with 
gelatin methacrylate. 

  
Figure 1: TEM images of mesoporous silica 
nanoparticles. 

DISCUSSION & CONCLUSIONS: Appropriate 
mesoporous nanoparticles have been synthesised 
and their characterisation shows that we could 
progress onto PEGylation. After the PEGylation 
the mesoporous nanoparticles were drug loaded 
and combined with gelatin methacrylate bioink. 
This then enabled us to test the biocompatibility of 
this bioink and its effect on cell growth, maturity 
and differentiation.  
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INTRODUCTION: In England and Wales, around 3750 
people are admitted to hospital annually with burn and scald 
injuries1. Current assessment and monitoring of wound 
healing is through visual inspection, necessitating the 
removal of dressing materials. The removal of dressing 
layers can cause medical problems, be uncomfortable or 
painful to the patient. Currently, there are no tools which 
could assess the state of the healing burn wound without 
removing the dressings. Because electromagnetic radiation 
at microwave and millimeter wave frequencies can 
propagate through typical dressing materials with little 
attenuation, these bands of the electromagnetic spectrum are 
promising for assessing bandaged wounds2. In this paper the 
concepts of Active Millimeter Wave Imaging (AMMWI) is 
developed for assessing the feasibility of active radiation to 
monitor the wound healing under dressing materials in non-
contact with the human body.  

METHODS: A standard Pyramid Ka-band horn antenna 
with 20dB gain was aligned in vertical polarisation. The 
antenna was connected with the vector network analyser 
(VNA) via high frequency cable. The VNA is used to 
illuminate the sample under test (SUT) and it is control via 
PC and Matlab program. The SUT was located between the 
horn antenna and the background.  Large metal plate was 
used as a background and it was utilised for calibration 
purposes. The lab was covered with absorbent foam 
material to minimise the reflection from other objects in the 
lab. The VNA sends a pulse of electromagnetic radiations 
to the SUT. When the radiations hitting the SUT, the 
radiations will be reflected from the front and the back 
surface of the sample and also there will be reflected 
radiations from the background. The complex reflected 
signal in frequency domain is transformed into time domain 
signal using the Inverse Fast Fourier Transform (IFFT) and 
from the distance between the front and the back surface of 
the reflected radiations; the optical path length of the SUT 
is calculated as follows: 
 
d = R2-R1=c (t2-t1)/2                                                (1) 

Where, c is the speed of the light, and t is the round trip time 
for the front and the back surface of the reflected radiations. 
 
RESULTS: Figure 1a shows three reflections peak 
associated with the hand cast sample that made of plaster of 
paris. The reflection peaks produce in the time domain 
resulting from reflections from the surfaces of the hand cast 
and discontinuities in dielectric properties. Using equation 
(1) the optical path length for the hand cast is ~8.55 cm. The 
difference between the actual (9.0 cm) and the measured 
optical path length is ~0.45 cm. 

  
Fig. 1a : Image display the reflected signal from 9.0 cm 
width hand cast located in free space between the horn  
antenna and the metal plate. Fig. 1b Image display reflected 
signal from ~1.0 cm thick gauze burn bandage with 
Flamazine cream, the bandage was attached directly with 
the metal plate. In both cases 512 data points are used and 
the VNA operates over the frequency band (15-40) GHz with 
6.0mm spatial resolution.   

Figure 1b shows two reflection peaks associated with gauze 
burn bandage with Flamazine cream layer. The back surface 
of the bandage was attached directly with the metal plate, 
and there was no separation between the cream and the front 
surface of the bandage, and therefore the reflection from the 
cream layer and the front surface of the bandage is 
combined in peak1, and the reflection from the back surface 
of the bandage and the metal plate is combined in peak 2. 
The measured reflection from the front surface of the 
bandage in dry state was ~10%, whereas when a layer of 
cream was attached to the bandage the reflection increases 
to ~30%, as illustrated in figure 2b. The measured optical 
path length of the bandage is 0.95 cm. The difference 
between the actual and the measured optical path length is 
~0.05 cm, the uncertainty in the measurements is likely to 
be from the sensitivity to the alignments and it is estimated 
to be ~0.6 cm.   
DISCUSSION & CONCLUSIONS: The results 
obtained from different samples and various types of cream 
that used in the treatments of the burn wound show that 
AMMWI can provide precise information about the 
structure of dressing materials and more importantly it can 
sense different surfaces attached to the dressing materials.  
As non-contact screening is often desirable in medical 
applications, AMMWI might be an efficient tool for 
monitoring the wound healing under dressing materials. 

REFERENCES: S.W. Harmer, S. Shylo, M. Shah, et al 
(2016) on the feasibility of assessing burn wound healing 
without removal of dressings using radiometric millimetre-
wave sensing. PIER 45:173-183. 2H. Essen, J. M. Essen, D. 
Nuessler, et al (2010) Monitoring of wound healing by 
millimetre wave imaging. 35th International Conference on 
Infrared, Millimeter, and Terahertz Waves. 
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INTRODUCTION: Serum is an undefined 
component of cell culture medium, which is 
commonly-used to support cell growth. As serum 
composition is unknown, but biologically-active it 
will inevitably interfere with in vitro 
experimentation and cell signaling events to an 
unknown degree. This is equally true when 
studying interactions between cells and substrates, 
including biomaterials, where surface adsorption of 
serum proteins may yield experimental artefacts. 
The clinical translation of cell-based therapies also 
demands cost-effective serum replacements that 
enable large scale cell expansion. Consequently 
there is an urgent requirement for serum-free, 
chemically-defined cell culture media. However, 
the development of an effective serum replacement 
has been extremely challenging in the past, often 
hampered by a “one-factor-at-a-time” (OFAT) 
approach, where candidate supplements are tested 
individually. Design of Experiments (DoE) is a 
statistics-based method that can simultaneously 
consider a number of different factors as well as 
the interaction between factors to maximize data 
extraction. Here we used DoE to design a 
chemically-defined medium (CDM) to support 
mesenchymal stromal cell (MSC) culture. The 
CDM is able to support cell viability to levels 
comparable to serum-supplemented media. 

 
METHODS: From a panel of candidate serum 
replacement factors (avoiding costly growth 
factors and cytokines), are attention focused on 5 
of these, designated A, B, C, D and E, which 
included mixtures of proteins, lipids, and salts. A 
DoE was used to design experiments testing the 
individual and combined effects of these 
components. MSCs were cultured in a variety of 
combinations of supplements A-E for 10 days and 
cell viability was tested using MTT and Alamar 
Blue assays. Cell numbers were also tested by 
DNA quantification over 3 days.This was 
iteratively repeated and optimised.  

 
RESULTS: Initial DoE results narrowed down a 
range of effective concentrations for the 
supplements. Further optimisation yielded a CDM 
where viability was sustained over a 10 day period 

at levels comparable to medium containing 10% 
serum (FBS) and which were significantly higher 
than 0% FBS negative controls (Fig. 1).  
 
Individual effects of the supplements, as well as 
interactions between supplements, were elucidated 
using the DoE approach. Supplement A was found 
to have the most profound effect on viability, and 
shown to have a combined effect with supplement 
E (Fig. 2). 

 
Fig. 1: 10-day viability measured by Alamar Blue 
fluorescence. Blue bars: Chemically defined 
medium candidates. Red: DMEM+0% FBS. 
Green: DMEM+10% FBS 

 

Fig. 2: Standardized effect of individual 
supplements and interactions between supplements 
on cell viability. 

DISCUSSION & CONCLUSIONS: Using DoE, 
a chemically defined, serum-free medium has been 
efficiently designed that is capable of sustaining 
MSC viability. This approach is a powerful tool in 
studying multifactorial systems and is very well-
suited to biological research. 

ACKNOWLEDGEMENTS: This work is funded 
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INTRODUCTION: Pharmaceutical treatments to 
aid bone fracture repair are not yet available in 
clinic, despite their potential advantage as a 
replacement or adjunct to invasive and costly 
surgery. Potential therapies may target signaling 
pathways involved in fracture repair, but are 
limited by off-target effects and poor 
bioavailability at the injury site1. Polymeric 
nanoparticles (polymersomes; PMs) may provide a 
solution by enabling controlled spatio-temporal 
drug delivery2. In this study we tested the 
hypothesis that PMs passively accumulate at bone 
fracture sites in a mouse model when injected at 
specific timepoints post-injury. 

METHODS: In a pilot experiment, 1mm drill-hole 
defects were created in the femurs of female MF1 
mice under general anesthesia. The mice were 
separated into two groups, and administered with a 
200 l IV injection of PMs loaded with fluorescent 
dye, DiR, either 1 hour or 7 days post-surgery. 
Controls at both time points received no injection. 
48hrs post-injection the whole body and extracted 
organs were imaged using the in vivo imaging 
system (IVIS, PerkinElmer) and fluorescence 
intensity was quantified.  

RESULTS: PM-payload fluorescence was 
observed at the site of injury in both treatment 
groups, with a 4-fold higher intensity when 
injected 1 hour compared to 7 days post-surgery. A 
strong signal observed in the liver decreased by a 
factor of 1.3 between the two groups. Further 
experiments are necessary to determine statistical 
significance.  

 
 

 
 

Fig. 1:  in vivo florescence images of MF1 mice 
following intravenous injection of 200ul of DiR 
loaded polymersomes at 1hr (A) and 7 days (B) 
post drill-hole defect to the left femur. Images were 
acquired with a 1 second exposure (f/stop=2) at 
48hrs post injection and normalised to Image A. 
Fluorescence expressed in radiant efficiency, min: 
3x108 (a.u.), max: 1.50x109 (a.u.).  

DISCUSSION & CONCLUSIONS: Our results 
show passive accumulation of PMs at fracture sites 
during different phases of healing; identifying that 
PMs may be a suitable method of spatio-
temporally controlling drug delivery during 
fracture healing. 

REFERENCES: 1T. Einhorn and L. Gerstenfeld 
(2014) Nature Reviews Rheumatology 11:45-54. 2E 
Scarpa, JL Bailey et al. (2016) Scientific Reports  
6:29460.  

ACKNOWLEDGEMENTS: The authors wish to 
gratefully acknowledge the financial support of 
Grundy Educational Trust and faculties of 
Engineering and Medicine at the University of 
Southampton.  



 
 

Osteogenic and antimicrobial nanotopographies on titanium nanowires 
Laila Damiati1, Virginia Llopis-Hernández1, Andres Alba-Perez2, Marcus Eales3, Bo Su3,  

Richard Oreffo4, Penelope Tsimbouri1, Manuel Salmeron-Sanchez2, Matthew J Dalby1 
1Centre for Cell Engineering, University of Glasgow, Glasgow, UK; 

 2Biomedical Engineering, University of Glasgow, Glasgow, UK, 
 3Biomaterials Engineering Group, University of Bristol, Bristol, UK, 4Centre for Human 

Development, Stem Cells and Regeneration, University of Southampton, Southampton, UK.

 

INTRODUCTION: Nanotopographically 
patterned titanium (Ti) could potentially play an 
important role in supporting mesenchymal stem cell 
(MSC) differentiation into osteoblasts thus 
enhancing osseointegration of implants. Further, 
high aspect ratio nanotopographies have been 
shown to be have bactericidal properties.1 However, 
the high-aspect ratio features tend to reduce 
eukaryotic cell adhesion and MSC differentiation.2 
Polyethyl acrylate (PEA) is interesting as it causes 
spontaneous unravelling of fibronectin (FN) upon 
contact, revealing FN-FN assembly sequences 
allowing network formation and revealing RGD cell 
adhesion ligands and growth factor binding regions 
to cells.3 We thus aim to investigate the effect of Ti 
surfaces coated with PEA/FN/BMP2 to see if the 
coating can improve MSCs growth and 
differentiation while maintaining bacterial kill. 

METHODS: Nanowires may be grown of Ti 
surfaces in dependence of thermal oxidation under 
alkaline condition. We thus produced polished Ti 
control and nanowires with 1h and 2h oxidation 
generating wires with average maximum heights of 
300 nm and 500 nm respectively. PEA coatings 
were deposited using plasma polymerisation for 3 
minutes at 100 Watts. The samples were coated with 
FN/BMP2 prior to Stro-1+ MSC culture (Fig 1).  

           Figure 1: MSCs on fabricated surface.  

RESULTS: SEM showed the PEA coating did not 
affect the nanowire topographies (Fig 2).  MSCs were 
stained for osteopontin (OPN), and osteoblast marker, 
actin and DAPI (Fig 3).  Increased cell spreading was 
observed on the PEA/FN/BMP2 coated samples and 
increased expression of OPN was also observed. 

 

Fig 2: Images of MSCs culture on Ti surfaces 
showing Ti morphology and cell interactions. 

 

 

 

 

 

 

 

Fig 3: Images of MSC culture on Ti surfaces with 
immunofluorescence staining (10x). Blue: nuclear 
staining with DAPI, Red: actin (microfilaments), 
Green: OPN. 

DISCUSSION & CONCLUSIONS: 
An ideal bone implant should enhance osteogenesis 
and reduce bacterial adhesion. Previous work 
showed that the high aspect ratio nanofeatures can 
be used to provide antimicrobial properties to 
orthopedically relevant materials such as titanium.2 
In the future work, we will be focusing on 
enhancing the MSCs differentiation to osteoblasts 
and reducing the biofilm formation on coated 
surfaces. 
 
REFERENCES: 
1Ivanova, et al. Nat Commun, 2013. 
2Tsimbouri, et al. Sci. Rep, 2016.  
3Llopis-Hernández et al. Science Advances, 2016. 
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INTRODUCTION: There are two challenges in 
directed differentiation of MSCs for therapeutic 
applications. Firstly, MSCs are difficult to transfect 
with existing approaches, either clinically 
unattractive (viral transfection systems) or have low 
efficacy (lipid-mediated transfection systems).  
Secondly, chemical strategies to direct osteogenesis 
in vivo lack specificity for targeted delivery with 
desired effects often having off-target side-effects. 
Here, we overcame these challenges by the use of 
transcription factors (TFs) as they play very distinct, 
stage specific roles in differentiation pathways and 
these TFs are delivered using a peptide based 
intracellular delivery system developed in house 
called GAG-binding enhanced transduction (GET) 
system (1). 

METHODS: We developed GET-fusion proteins 
using GET peptides (P21, 8R) and osteogenic 
transcription factors, (osteo-inductive RUNX2 and 
osteo-inhibitory RUNT) for better intracellular 
delivery. Primary MSCs from two different donors 
were used in this study. Transcriptional activity of 
P21-RUNX2-8R was assessed using a luciferase 
based OC promoter reporter gene (2). Osteogenic 
differentiation after protein delivery was assessed at 
different stages by the following assays – flow 
cytometric evaluation of stem cell markers; relative 
gene expression of early, intermediate and late 
markers; immunostaining for Osteocalcin and 
subsequent quantification; matrix mineralization 
quantification. The results were compared with 
conventional osteogenic differentiation methods 
such as use of Dexamethasone or BMP2. Apart 
from assessing the osteogenic initiation potential of 
GET-RUNX2, we assessed its influence on 
chondrogenic environment. 

RESULTS: After optimizing dosage, we observed 
significant upregulation and downregulation of 
osteogenesis related genes in hMSCs transduced 
with either P21-RUNX2-8R or P21-RUNT-8R. 
Expression of mesenchymal stem cell markers 
significantly reduced one week after the delivery of 
P21-RUNX2-8R, indicating commitment to 
differentiation. We noticed significant up-
regulation of osteogenic markers with GET-
RUNX2 in chondrogenic environment.  
 

 
DISCUSSION & CONCLUSIONS: The GET 
peptides significantly increased the delivery. The 
delivered transcription factor, RUNX2 retained 
their transcriptional activity and significantly 
increased the expression of osteogenesis related 
genes during the early and intermediate stages of 
differentiation. By assessing loss of stem cell 
surface markers, upregulation of osteogenic genes 
and matrix mineralization, herein we demonstrate 
that GET-RUNX2 successfully transduces MSCs 
and triggers osteogenesis directly by enhancing 
expression of target genes. Most importantly, GET-
RUNX2 can prevent the effect of competing cues 
and retain osteogenesis in chondrogenesis-
promoting conditions. This strategy can also be 
manipulated for controlled release in vivo. The high 
transduction efficiency of GET-systems holds great 
promise for stem cell therapies by allowing a higher 
degree of control over directing stem cell 
differentiation in vivo, bypassing problems 
observed with high-concentration growth-factor 
therapies. 
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K. M. Shakesheff (2016) Highly efficient delivery of 
functional cargoes by the synergistic effect of GAG 
binding motifs and cell-penetrating peptides, PNAS, 
E291-299.  
(2) H. Zang, Y. Pan, L. Zheng, C. Choe, B. Lindgren, E. 
D. Jensen, J. J. Westendorf, L. Cheng and H. Huang 
(2011) FOXO1 inhibits Runx2 transcriptional activity 
and prostate cancer cell migration and invasion, Cancer 
Research, 71(9); 3257-67.   
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INTRODUCTION: Due to the prevalence of 
chronic diseases such as asthma and COPD with 
no curative treatments, respiratory disorders 
represent a significant target for regenerative 
medicine therapies. However, due to the difficulty 
in isolating and culturing the numerous cell types 
in lung and airway progress in this area has so far 
been slow. The culture of cells at more 
physiologically relevant oxygen levels has 
improved cell yield across multiple cell types 
therefore we examined cell recovery at 2% and 
21% oxygen from both porcine airway and lung 
parenchymal tissue.   

METHODS: Whole porcine lungs were obtained 
within hours of animal death, tracheal tissue was 
discarded. Airways were separated from lung 
parenchymal tissue and both airway and lung 
parenchyma were washed in three changes of 10x 
gentamycin, penicillin, streptomycin and 
amphotericin B (GPSA) in PBS and 2x GPSA in 
HBSS. Parenchymal tissue was minced and both 
tissues digested overnight on a rocker at 4°C in 
1mg/mL protease XIV, 0.005% trypsin and 
10ng/mL DNAseI in F12:DMEM (1:1). Lung 
tissue was shaken vigorously to disrupt tissue and 
dislodge cells and filtered through sterile gauze 
and a 70μm cell sieve before pelleting cells at 400g 
for 20 minutes and lysing erythrocytes. Airway 
sections were opened along the lumen and cells 
scraped off with a sterile scalpel. The removed 
cells were transferred to HBSS. Both cell types 
were plated on tissue culture plastic at 21% O2 in 
standard CO2 incubators or 2% oxygen in tri-gas 
incubators in 4 different media formulations (A, 
serum free, B, 10% FBS, C, 10% FBS and D, 4% 
FBS). Colony and cell counts were performed to 
determine recovery yields; cell phenotype was 
determined by immunofluorescence to vimentin 
(fibroblast) and pan-cytokeratin (epithelial).       

RESULTS: Airway epithelial cells were recovered 
in all conditions; no colonies/cells were recovered 
in lung parenchyma cultures in medium A in either 
2% or 21% O2. Lung cell recovery was lowest in 
medium B, followed by C and highest in D. 2% 
oxygen culture improved lung cell recovery in all 
but medium A, significantly so in medium C (3.3 
fold higher, p<0.0001) and D (2.6 fold higher, 

p<0.0001) where yields were more than doubled. 
Airway epithelial cell recovery was similar in 
media types A, B and C but higher in medium D. 
In no case did the differing oxygen level result in a 
significant difference in airway cell recovery. 
Immunofluorescence staining of airway cultures 
showed relatively homogeneous pan-cytokeratin 
staining indicating the recovery of a relatively pure 
population of airway epithelial cells in all 
conditions. Lung cultures (Fig. 1) had larger pan-
cytokeratin positive colonies in 2% in accordance 
with cell counts. In both oxygen levels populations 
were less pure than airway cultures with more 
vimentin positive cells; these appeared more 
numerous in 2% cultures.  
 

 
Fig. 1: Primary lung cells recovered at 21% and 
2% oxygen levels. Cells are stained with vimentin 
(green, fibroblasts) and pan-cytokeratin (red, 
epithelial cells. Scale bar:100μm. 

DISCUSSION & CONCLUSIONS:  We have 
identified significant differences in the isolation 
and early culture of lung parenchymal and airway 
cells. Media formulation had a significant 
influence on cell recovery where medium A, serum 
free medium readily supported airway cultures but 
not lung parenchymal cultures. The medium D 
formulation (reduced serum) led to the highest cell 
numbers in any condition. Oxygen level was found 
to have a significant influence on the recovery of 
cells from lung parenchymal tissue where reducing 
the ambient oxygen to 2% more than doubled the 
cell recovery. Interestingly this was not the case 
for airway cultures where no significant difference 
was identified. 
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INTRODUCTION: Bronchopulmonary Dysplasia 
(BPD) is a neonatal disease affecting the lungs of 
premature infants. The disease interferes with 
alveolar maturation and vascularisation. There are 
currently no treatment options but only supportive 
measures such as ventilation and surfactant 
treatment. Mesenchymal stem cells (MSCs) have 
the potential to offer a promising therapeutic tool for 
the treatment of BPD. As shown in hyperoxia 
induced rodent and murine models. Placental 
derived MSCs (pMSCs) are associated with fewer 
ethical concerns, easy attainability and a high 
capacity for differentiation. The study currently 
focuses of developing an in vitro model (fig. 1) to 
assess the suitability of pMSCs for the treatment of 
BPD.  

Fig. 1: The development of an in vitro model to 
represent the BPD lung alveoli. A magnified 
representative image of the alveoli wall (A) which 
resides with the lung interstitium tissue (B). An in 
vitro model (C) will be developed to represent the 
lung alveoli wall and BPD disease pathology. 

METHODS: Collagen hydrogel constructs were 
made using type I rat-tail collagen (BD Bioscience) 
using a previously described protocol. The 
hydrogels were seeded with human lung fibroblasts 
35FL and human fetal lung fibroblasts IMR90 at a 
cell density of 1.0x105 and 2.5 x105 cells/gel prior to 
gelation. The constructs were incubated for 20 days 
at 37ºC, 5% CO2. The contractibility of the cells and 
the mechanical stability of the hydrogels were tested 
by measuring the gel size and depth using a ruler 
and optical coherence tomography (OCT) system 
respectively. DNA quantification was achieved on 

day 0 and day 20 using the PicoGreen dsDNA 
quantification assay (Invitrogen).  

RESULTS: Gel contraction was observed in all the 
collagen gels over 20 days. The rate of contraction 
correlates to cell number and collagen gel 
concentration. 

 

 

 

 

 

 
 

 

 

Fig. 2: Fetal (A, C and E) and adult lung fibroblasts 
(B, D and F) were seeded within collagen gels to 
examine gel contraction and dsDNA content after 
20 days in culture. 

DISCUSSION & CONCLUSIONS: 3.5mg/ml 
hydrogel constructs seeded with 1x105 cells/gel do 
not contract in the diameter and would provide a 
stable construct for epithelial cells to be seeded as a 
monolayer on the gel surface. Quantification of 
dsDNA suggests an optimum 35FL cell number is 
achieved after 20 days of culture. This study has 
begun to evaluate the possibility to produce a 
collagen gel construct to represent the lung alveoli 
in vitro. Collagen-elastin gel constructs are 
currently being evaluated  

REFERENCES: 1 Costeloe KL et al. (2012) BMJ. 
4;345. 2 Ahn SY et al. (2015) J Korean Med Sci. 
30(5):509–13.  3 Pasquinelli G et al. (2007) 
Ultrastruct Pathol. 31(1):23–31. 4 M. Ahearne et al. 
(2005) J R Soc Interface. 2:455-63 
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INTRODUCTION: The periosteum is a highly 
vascularised, collagen-rich tissue that plays a 
crucial role in directing bone regeneration in the 
early fracture callus, a contribution directed 
primarily by its resident stem cell population1. 
Indeed, preservation of periosteum integrity is 
critical for bone healing. We therefore 
hypothesized that the fracture healing process can 
be directed through the development of an 
optimised bioengineered periosteum. This study 
aims to investigate the bioactive cues involved in 
augmenting human periosteum derived stem cell 
(hPDSC) proliferative and multipotency 
characteristics, based on previous work showing 
that humanized culture of hPDSCs enhances their 
stem cell characteristics2. 

METHODS: Ingenuity Pathway Analysis (IPA) of 
RNA sequencing data from hPDSCs cultured in 
human allogeneic serum (hAS) compared to foetal 
bovine serum (FBS)2 was performed.  This allowed 
the creation of an optimised and defined growth 
factor cocktail (GFC). hPDSCs were cultured in 
DMEM containing either 10% FBS or 1% FBS 
supplemented with GFC. The effect of GFC on 
hPDSC population doubling was assessed over 
multiple cell passages (P7-P10) compared to 10% 
FBS.  hPDSCs were stimulated with osteogenic 
and chondrogenic factors for 21 days and 7 days, 
respectively.  Stem cell, osteogenic, chondrogenic 
and adipogenic markers were assessed by qPCR. 
Alizarin red and alcian blue were utilised for the 
analysis of matrix mineralisation and chondrogenic 
matrix formation, respectively. 

RESULTS: IPA analysis revealed significantly 
modulated gene networks and hub genes involved 
in tissue development and cellular movement. 
Growth factor mediated activation of these 
signalling pathways in vitro promoted hPDSC 
proliferation. An optimised combination of growth 
factors was termed GFC and demonstrated similar 
population doubling times compared to cells 
cultured with 10% FBS. Furthermore, hPDSCs 
cultured in GFC demonstrated similar growth 
characteristics compared to hAS over a period of 6 
days (Fig 1). 
hPDSCs cultured in 10% FBS and GFC showed no 
significant change in NESTIN and PRRX1 

expression over the set passages. Significant 
changes in RUNX2 and COL2A1 expression was 
observed between passages in cells cultured in 
GFC, conversely, the expression of these markers 
was unchanged in cells expanded in 10% FBS. 
GFC cultured cells exhibited dynamic expression 
of FABP4 (n=3; p<0.001) between the passages, 
with no change in 10% FBS cultured cells. The 
expression of the aforementioned genes was 
consistently significantly higher (n=3; p<0.001) in 
GFC expanded cells than 10% FBS at all passages. 
SOX9 expression was unchanged over passages or 
between culture conditions. 
Stimulation with osteogenic and chondrogenic 
factors illustrated significantly enhanced matrix 
mineralisation (n=3; p<0.001) and chondrogenic 
matrix formation (n=3; p<0.001) over all tested 
passages in GFC cultured cells compared to 10% 
FBS.  

Fig. 1: Images of hPDSC cultured in hAS and 
GFC; Images stained with DAPI and Phalloidin 
(Scale bar: 50um).  

DISCUSSION & CONCLUSIONS: These data 
underpin the potential key bioactive signals 
required to maintain and enhance the functionality 
of cells relative to conventional culturing 
methodologies. It is envisaged that the 
combination of these factors with a biomimetic 
scaffold that mimics the periosteal extracellular 
matrix may facilitate hPDSC activation and drive 
bone formation in vivo. This has implications for 
the development of implants with the capacity to 
heal complex bone defects.  

REFERENCES: (1) Colnot, C. J. Bone Miner. 
Res. 24, 274–82 (2009). (2) Roberts, S. J. et al. 
Stem Cells Transl. Med. 3, 218–28 (2014). 
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INTRODUCTION: New bone formation around 
cathode after direct electrical stimulation (ES) has 
already been found in vivo for a long time [1]. 
However, the mechanism behind this phenomenon 
still remains unclear. This study hypothesises that 
the reactive oxygen species (ROS) generated 
during cathodic ES, e.g. H2O2, may be involved in 
directing cellular activities as signalling molecules. 
Hence, it aims to design and assemble a device to 
facilitate the in vitro comparative studies between 
anodic and cathodic ES. We have measured the 
concentration of H2O2 generated by the device and 
evaluated its effect on mesenchymal stromal cells 
(MSCs) viability and proliferation. 

METHODS: To quantify H2O2 concentration, 
DMEM high glucose containing 10% foetal bovine 
serum and 1% antibiotic antimycotic solution were 
placed in 6-well plate (3 ml per well). ES was 
delivered through L-shaped Pt electrodes using the 
device that is modified from Mobini, et al [2]. 
Anodic and cathodic wells were connected by 2% 
agar in DPBS silicone salt bridges. The voltage 
was set constant at 2.2 VDC to achieve electric 
field strength of 100 mV/mm. The H2O2 
concentration was measured by fluorometric assay 
after 60, 90, and 120 min of ES. For cell viability 
evaluation, human bone marrow-derived MSCs 
were seeded into 6-well plates at 90,000 cells per 
well and treated with the medium mentioned 
above. ES has been applied daily for 15 minutes to 
avoid excessive H2O2 generation. Cell viability in 
each well was measured using alamarBlue® assay 
after 3 days of ES. 

RESULTS: A significant increase in H2O2 
concentration in the cell culture medium was 
observed after anodic and cathodic ES. However, 
cathodic ES generated over 13 times higher H2O2 
than anodic ES, as shown in Fig. 1. The cathodic 
H2O2 generation was linearly proportional to the 
ES time in contrast to anodic generation. Cell 
viability after 3 days was not negatively affected 
by anodic and cathodic ES, as shown in Fig. 2. 

DISCUSSION & CONCLUSIONS: We have 
shown that the majority of H2O2 was generated 
through cathodic ES in a controllable and 
predictable manner. Cell viability results indicate  

that the amount of H2O2 generated by the device 
can be controlled within a suitable range for 
cellular studies by tailoring the stimulation time. 
These results have led to the future plan to 
investigate whether or not H2O2 can be used for 
directing cellular activities, and whether or not it is 
associated with the early in vivo discovery.  

 

Fig. 1: H2O2 concentration of the media measured 
by fluorometric assay plotted in log scale. Error 
bars represent SD (n=3), and dash line represents 
linear trendline. 

 
Fig. 2: Cell viability measured by alamarBlue® 
assay. Error bars represent SD (n=3), and * 
represents p<0.01 when compared with control 
group. 

REFERENCES: 1 C.A. Bassett, R.J. Pawluk, and 
R.O. Becker (1964) Nature 204(495):652-54. 2 S. 
Mobini, L. Leppik, and J.H. Barker (2016) 
Biotechniques 60(2):95-98.  
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Real-time visualisation of actin filaments within compressed native cartilage and 
tissue engineered constructs using SiR-Actin 

C K Kwan 1, S Finlay2, D Wood2, BB Seedhom3, J Kirkham2 
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INTRODUCTION: We recently reported the use 
of incremental compressive loading to generate cell-
scaffold constructs with high modulus and cartilage-
like histology1. Our overall aim is to improve the 
efficacy of construct growth, accelerating clinical 
translation. We asked whether a specific range of 
cellular deformation promotes optimal deposition of 
“quality” cartilage-like ECM in maturing 
constructs. In addition, we would like to identify the 
gross construct deformation that is required in order 
to achieve a desired cellular deformation during 
construct culture. Our aim in the current study was 
to develop a staining method and a compression 
device for real-time visualisation of cellular 
deformation of living cells within constructs under 
compression. 

METHODS: Three experimental scenarios were 
used to test staining efficacy: i) bovine synoviocytes 
cultured in well plates for 7 days, ii) cartilage plugs 
from bovine knee joints and iii) tissue engineered 
constructs generated by seeding bovine 
synoviocytes on non-woven polyethylene 
terephthalate fibre scaffolds and cultured in 
chondrogenic medium for 12 weeks. Actin 
filaments were stained with 0.1μM SiR-actin2 for 
12h at 37°C and nuclei stained with 1μg/mL 
acridine orange for 30min at 37°C in DMEM/F12 
medium.  

A novel compression device was designed and built 
to apply a range of compressive strains to native 
cartilage in order to visualise cellular deformation 
under confocal microscopy (CSLM) (Fig 1).   

Fig. 1: Compression device developed for an 
inverted confocal microscope system to apply 
precise compressive strains on native cartilage. 

RESULTS: After staining, high magnification 
confocal images of bovine synoviocyte monolayers 
showed specific and highly resolved staining of  

cytoskeletal elements and cell nuclei (Fig 2). 3D 
images of native cartilage and tissue constructs 
showed similar staining (Fig 3).  

Fig. 2: Confocal images of  bovine synoviocytes 
stained with Acridine orange (blue) and SiR-actin 
(green) for nuclei and actin filaments, respectively. 
63x objective lens.  

 
Fig. 3: 3D confocal images of A) native bovine 
articular cartilage and B) tissue engineered 
cartilage construct. Both were stained with acridine 
orange (blue) and SiR-actin (green) for nuclei and 
actin filaments, respectively. 20x objective lens.  

DISCUSSION & CONCLUSIONS: A new 
staining methodology was optimised using a 
staining molecule that can penetrate 3D constructs 
and native cartilage, providing good resolution. 
Cells remained viable throughout. A compression 
device was designed and built for precise strain 
application on native cartilage while permitting 
viewing in the confocal microscope. Both the 
staining method and the compression device will be 
used in real-time experiments to determine cell 
deformation under compression in order to optimise 
construct maturation in the longer term.  

REFERENCES: 1 S Finlay et al (2016) Tissue Eng 
Part C. 22. 2 G. Lukinavičius et al (2014) Nature 
Methods.11:7  
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INTRODUCTION: Asthma and emphysema are 
chronic, incurable respiratory diseases, with severe 
morbidity and mortality. Inflammation is the 
underlining pathology of these diseases and 
inflammatory cells play an important role in lung 
degeneration in these patients. The current 
available medical interventions; such as, 
bronchodilator and corticosteroid therapy provide 
symptomatic relief; however, these medications 
have no positive impact on the disease prognosis1. 
The application of hMSCs in therapy of 
inflammatory diseases shows positive outcomes, 
namely in Crohn’s disease, Graft versus Host 
disease, and diabetic foot. In spite of this the 
mechanism is elusive but paracrine signalling is 
currently the proposed mechanism of action2. 
Therefore, this study is designed to characterize the 
role of MSCs secretome [Serum Free-Conditioned 
Media (SFCM)] in modulation of immune 
response using in vitro macrophage model 
(activated THP-1 cell line) and primary 
inflammatory cells isolated from bronchoalveolar 
lavage fluid (BALF) from pig lung. 

METHODS: hMSCs were isolated from bone 
marrow using an adherence-based methodology in 
either air oxygen (21% O2) or physioxia (2% O2)3. 
Multilineage differentiation (bone, cartilage, fat) 
and expression of appropriate CD markers was 
assessed. SFCM were collected and protein 
concentrations of SFCM determined. Constituent 
components of SFCM were then determined with 
cytokine arrays. To investigate the potential of 
hMSC secreted factors in inflammatory lung 
diseases, SFCM was evaluated in vitro on the 
monocyte cell line (THP-1) via 
immunophenotyping and characterisation of their 
secretory profile. The efficacy of SFCM was also 
tested on primary alveolar macrophages isolated 
from BALF. 

RESULTS: Cytokine analysis of SFCM indicated 
that hMSCs produced a range of cytokines in an 
oxygen-dependent manner. In the in vitro 
macrophage model the results show that SFCM 
induces terminal differentiation toward M1 or M2 
macrophage in air oxygen and physioxia, 
respectively. The efficacy of SFCM was confirmed 
by upregulated TNFa/CD197 and IL10/CD36 
expression by activated THP-1 in air oxygen and 
physioxia, respectively (fig. 1). Furthermore, these     

data were confirmed on primary alveolar 
macrophages isolated from BALF of pig lung. 

 
Fig. 1: Representative images for THP-1 cells 
cultured in air oxygen and physioxia, the cells 
differentiated into macrophage M1(air oxygen) 
and M2 (physioxia) in SFCM in comparison to 
SFNCM as indicated by their characteristic shape, 
immunophenotyping, and secretome profile. Scale 
bar 200μm. 

DISCUSSION & CONCLUSIONS: The outcome 
clarifies that SFCM induces monocyte-to-
macrophage terminal differentiation and physioxia 
modulates the active constituents of SFCM and 
directs the net balance toward a regulatory rather 
than a stimulatory immune response. Reduction of 
proinflammatory factors and upregulation of anti-
inflammatory factors induced by physioxic SFCM 
might have a positive impact on inflammatory lung 
events and disease prognosis. Generation of more 
M2 (regulatory) macrophage might provide a 
promised therapeutic tool for application of 
hMSCs-educated macrophage in treatment of 
inflammatory diseases and might lead to 
establishment of allogeneic M1 and M2 
macrophage bank using signals from SFCM 
collected from hMSCs of third party donors. 
REFERENCES: 1Miller et al (2014) Respir Crit 
Care Med 35(6):655-70. 2 Zhao et al (2015) J Cell 
Immunother 2(1):3-20.3Kay et al (2015) J Regen 
med 10(2): 109-125. 
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INTRODUCTION: Massive bone loss leading to 
defects greater than critical size cannot be repaired 
naturally and carry $10 billion financial burden on 
the U.S. healthcare system. Successful techniques 
to incite massive tissue regeneration can be 
however difficult and usually require the addition 
of functional materials. Bone repair mechanism is 
called remodeling and is orchestrated by 
osteocytes or bone stromal cells that derive from 
mesenchymal stem cells located in the bone 
marrow. Osteocyte in situ mechanical 
microenvironment is however very difficult to 
precisely quantify due to the cell dentritic complex 
shape and the ECM highly hierarchical structure. 
However the dentritic cell morphology is 
characteristic of their full differentiation and is key 
to enable their mechano-sensitivity. It is essential 
to quantify the relationship between in situ 
mechanical stimulation and the cell biological 
response to design successful engineered tissues. 

METHODS: Dual experiment and 3D multi-
cellular multi-scale modeling investigated stem 
cell derived osteocyte mechanobiology in bone-on-
chip composed of MSCs differentiating into 
osteocytes reseeded on donor human fresh bone 
[1]. Osteocytes that bear numerous cytoplasmic 
processes to sense mechanical stimulations in the 
mineralized extra cellular matrix (ECM) were 
explicitly modeled from confocal imaging and 
were attached to a pericellular matrix (PCM) rich 
in integrins in the numerical model. The ECM 
multi-scale local constitutive damage and 
heterogeneity was implemented around the cell 
[2]. The multi-scale image-based FEM model was 
subjected to the experimental boundary conditions. 
Close cooperation between mature osteocytes and 
their progenitors exists to detect defects and 
initiate remodeling. The study focused first on 
measuring in vitro the in situ calcium response of 
the cells at different differentiation stages to in situ 
mechanical loads. The released chemicals by the 
cells under mechanical load are measured by 
fluorescence variation under confocal microscopy. 
The differentiation stages were assessed by in situ 
immunohistochemistry of live systems and 
histochemistry of fixed samples and dot blotting. 

RESULTS: The live systems mechanically 
behaved as fresh human bone at the macro scale 
and the FEM model measured the local stress 
field. The cells reorganized in vitro as they would 
in vivo at the different stage of differentiation and 
produced a mineralizing collagen I fibrous ECM at 
109 days of which the strength was a quarter of 
native bone.  

 
 

 

 

 

 

 

 

Fig. 1: Stem cell derived osteocyte 
mechanobiology: Left- 3D explicit hierarchical 
multi-scale FEM model of a bone-on-chip where 
subjected to mechanical load, Right- in situ 
fluorescent immunohistochemistry and calcium 
monitoring in culture of 21-256 days. 

DISCUSSION & CONCLUSIONS: The calcium 
membrane transport seemed to adapt to the 
expected in situ mechanical load at successive 
stages of differentiation [1]. The cells morphology 
significantly changed through differentiation and 
the cells reorganized in network at 256 days.  

REFERENCES: 1E. Budyn, M. Bensidhoum, S. 
Sanders, E. Schmidt, P. Tauc, E. Deprez, H. Petite, 
Bone-on-chip to study osteocyte 
mechanotransduction and ECM formation, 
European Cell and Materials, (2016) v. 32, Suppl. 
4, p. 32. 2J. Jonvaux, T. Hoc, and E. Budyn. 
Analysis of micro fracture in human Haversian 
cortical bone under compression, (2012) Int. J. 
Num. Meth. Biomed. Eng., v. 28(9), p. 974-998. 
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INTRODUCTION: Peripheral nerve injury (PNI) 
is prevalent with young, economically active adults 
most widely affected. Despite advanced 
microsurgical techniques, outcomes for these 
patients remain poor and the majority with 
significant nerve injuries are not able to return to 
work1. We have developed a polymer conduit as an 
alternative solution to conventional PNI 
treatments. Polynerve incorporates specifically 
designed grooves on the inner lumen which 
attempts to address the biology of Schwann cells 
(SCs), the regenerative cells of the PN system, by 
guiding regeneration following PNI2. We have 
demonstrated this experimentally and have been 
granted MHRA approval for a phase 1 clinical trial 
starting in summer 2017. This study attempts to 
improve the regeneration potential of Polynerve by 
delivering adipose derived stem cells differentiated 
towards a SC-like phenotype (dASCs) to the site of 
injury. Surface modification is first required to 
enhance the biocompatibility of Polynerve. 

METHODS: Polycaprolactone and poly(lactic 
acid) (Durect, USA) blend films were produced by 
solvent casting in a temperature and humidity 
controlled environment. Air plasma treated 
samples were exposed to 20 watt plasma power at 
a pressure of 9.2x10-2 mBAR. Samples were 
characterised using the static sessile drop method, 
x-ray photoelectron spectroscopy (XPS) and 
tensile testing. Toluidine blue O (TBO) technique 
was used to quantify surface carboxylic group 
concentration3.  

Differentiated ASCs were cultured on untreated 
and plasma treated samples for up to 7 days. 
Cellular response was assessed using Western blot 
and gene expression analysis. Cell viability was 
determined using LIVE/DEAD assay (Thermo 
Fischer, USA). Cell attachment was evaluated 
using the adhesion test described in Alba et al, 
20134. 

RESULTS: Plasma treatment reduced the water 
contact angle from 71.95±6.69o for untreated 
samples to 58.15±5.89o after 1 minute of plasma 
treatment (figure 1). There was no significant 
difference in mechanical properties or groove 
dimensions between untreated and plasma treated 
samples. XPS data determined that the atomic 
composition of oxygen increased from 24.49% to 

26.10% after 1 minute of plasma treatment. At 2, 4 
and 6 hours, dASC attachment was significantly 
higher on plasma treated samples in comparison to 
untreated samples. Cell viability was high on both 
sample types with dASCs aligning to the grooves. 
Plasma treatment did not affect the expression of 
neurotrophic or SC markers. Western blot 
determined that expression of various focal 
adhesion proteins was increased following plasma 
treatment. 

  
Figure 1. Measurements of water contact angle 
using the static sessile drop method of [A] 
untreated samples and [B]samples that have 
undergone 1 minute of 20 watt air plasma 
treatment.  

DISCUSSION & CONCLUSIONS: Plasma 
treatment reduced the hydrophobicity of the 
scaffold by introducing carboxylic and hydroxyl 
groups to the surface which was confirmed by our 
XPS and TBO analysis. Importantly, the short 
plasma treatment time meant that neither the 
mechanical properties nor the grooved design of 
Polynerve were compromised which are crucial for 
clinical translation. The improved surface 
wettability encouraged cell attachment as seen in 
the literature5 and was supported by our adhesion 
tests and the increased expression of various focal 
adhesion proteins such as paxillin and β1 integrin. 
In conclusion, plasma treatment is a potential 
technique of interest for surface modification as it 
improved the biocompatibility of Polynerve. 

REFERENCES: 1D. Grisnell et al. (2014) BioMed 
Research International ID698256:1-13. 2A. 
Mobasseri et al. (2015) Tissue Engineering: Part A 
21:5 1152-1162. 3L. Can-Herrera et al. (2016) 
European Polymer Journal 84:502-513. 4A de 
Luca et al. (2013) Journal of Biomedical Materials 
Research 101:491-501. 5S Siri et al. (2010) 
Materials Science and Technology 26:11 1292-
1297 
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INTRODUCTION: Electrospun nanofibres and 
hydrogels are commonly researched as implantable 
therapeutics due to their potential to replicate and 
temporarily restore the extracellular matrix (ECM) 
of the tissue requiring repair1.  Despite a valid 
rationale and a significant volume of published 
research, few of these scaffolds actually translate 
into bedside solutions for clinical problems.  This 
is due to inherent disadvantages of fibres (poor cell 
infiltration) and gels (weak mechanical strength) 
when used alone.   
This study aimed to compare response of human 
mesenchymal stem cells (hMSC) when cultured at 
the interface between electrospun nanofibres and 
hydrogels and following cyclical tensile loading. 
 
MATERIALS & METHODS: Electrospun PCL 
nanofibres (2.5 cm2) were seeded with bone 
marrow derived-hMSC (60,000 per sample).  After 
24 hours, 300 μl collagen gel was deposited on top 
of half of all samples to create laminated 
structures.  Following static culture for a further 24 
hrs, nanofibre and nanofibre/gel samples were 
transferred to a Mechanoculture MCT6 loading 
system (n=3).  Composites were cyclically loaded 
under tension at 5% strain, 1Hz for 1 hour each 
day, for up to 7 days.  Comparison was made to 
unloaded and gel-free fibre scaffolds.  Samples 
were stained for cell nuclei, actin filaments and 
fibronectin and subsequently imaged using a 
multiphoton confocal microscope (Leica SP8). 
  
RESULTS:  Confocal microscopy images of the 
cross-section through the nanofibre/hydrogel 
sample demonstrated a clear difference in hMSC 
response depending on cell environment (2D/3D) 
and culture conditions (loaded/unloaded) (Figure 
1). 
For unloaded samples, there was clear evidence of 
hMSC migration into the collagen gel following 7 
days in culture from experimental start.  Whereas 
loaded nanofibre/gel samples, cells remained close 
to the basal fibre surface.     
  

 
Figure 1: Confocal images showing the cross section 
through gel/fibre composites and fibre only scaffolds, 
subjected to loading/unloading conditions for 1 and 7 days.  
Where blue = cell nuclei, red = actin filaments, green = 
fibronectin. 

 
DISCUSSION & CONCLUSION: Laminated 
nanofibre/hydrogel scaffolds affected response of 
hMSCs over the 7-day period investigated.  
Unloaded laminates demonstrated movement of 
cells from the fibre surface into the bulk layer of 
the collagen gel.  This was most apparent after 7 
days in culture.  Application of dynamic tensile 
loading appeared to provide a form of mechanical 
stimulus to the cells as they remained close to the 
surface of the fibres.  
Analysis of cell gene expression between these 
four groups will further demonstrate the effect of a 
laminated structure and/or cyclical loading on cell 
response.  
 
REFERENCES: 1Bosworth et al, Nanomedicine: 
NBM. 2013; 9(3):322-335.  
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INTRODUCTION: Nanoparticle (NP)-based gene 
therapy, combined with new genome editing 
technologies (such as CRISPR/Cas9), could 
potentially correct inherited diseases (such as CF 
and DMD), acquired genetic abnormalities (such as 
cancer) and infections (such as HIV). Presently, in 
vivo delivery of gene-loaded NPs has proven to be 
inefficient and cellular internalization must be 
enhanced for its full potential to be realized. Here, 
we have produced gene-loaded NPs with the aim to 
enhance their intracellular targeting and therapeutic 
potential. We have used a novel cell penetrating 
peptide system, termed Glycosaminoglycan (GAG) 
binding Enhanced Transduction (GET), to improve 
endocytosis and intracellular delivery of our NPs. 
GET functions by targeting cell membrane heparan 
sulfate and has been shown to significantly improve 
the delivery of NPs, nucleic acids and recombinant 
proteins [1]. 

METHODS: Initially we demonstrate the efficient 
fabrication of nucleic acid loaded Poly (DL-lactide-
co-glycolide) acid PLGA NPs with physical 
attributes tailored to increase tissue penetration and 
transfection efficiency such as small size (60-80        
nm) and high encapsulation efficiency. Due to its 
advantages (such as lack of shear stresses and 
simplicity), we use nanoprecipitation to rapidly 
generate NPs with 23% encapsulation efficiency of 
pDNA which remains stable and intact. 

RESULTS: We have tested pDNA-PLGA NP 
delivery and demonstrate low but significant 
internalization/transfection of luciferase reporter 
pDNA in vitro (NIH3t3 cells). By coating pDNA 
PLGA NPs with GET-peptides, we observe several 
orders-of-magnitude increase (~45000- fold in SFM 
conditions) in reporter transfection, dramatically 
improving the success of productive gene transfer. 

DISCUSSION & CONCLUSIONS: By 
combining nanotechnology with GET peptides we 
believe new regenerative medicine applications 
could be developed; including integrating gene 
editing, augmenting growth or transcription factor 
expression, and cellular reprogramming/ 
programming strategies. 
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Fig.1: Transfection efficiency of NP and GET-NP. (A) 
Fluorescence microscopy images of NIH3t3 cells after 
addition of Nile red loaded PLGA NP with and without 
GET system in GM or SFM. The GET system significantly 
enhances the internalization of loaded PLGA NPs 
especially in SFM, (Scale bar 100 μm). (B) Transfection 
efficiency of pDNA (Gaussia Luciferase) loaded PLGA 
NPs with and without GET system. The GET system 
significantly enhances the transfection efficiency of DNA 
loaded NPs in both media.GM=growth media, SFM= 
serum free media. 

REFERENCES: 1 Dixon, J. E., Osman, G., Morris, 
G. E., Markides, H., Rotherham, M., Bayoussef, Z., 
El haj, A. J., Denning, C. & Shakesheff, K. M. 2016. 
Highly efficient delivery of functional cargoes by 
the synergistic effect of GAG binding motifs and 
cell-penetrating peptides. Proc Natl Acad Sci U S A, 
113, E291-9. 
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INTRODUCTION: Bisphosphonate-related 
osteonecrosis of the jaw (BRONJ) is a disease found 
in patients taking bisphosphonates (BPs), a group of 
drugs widely used to treat osteoporosis and bone 
metastases. BRONJ presents as exposed, necrotic 
sections of the jaw where the overlying soft tissue 
fails to heal. This study aims to examine the effects 
of bisphosphonates on soft tissue wound healing in 
two and three dimensions. 

METHODS: Cell viability assays were used to 
assess the effects of pamidronic acid and zoledronic 
acid, two of the BPs most likely to cause BRONJ, 
on both human oral fibroblasts and keratinocytes, 
and an immortalised keratinocyte cell line 
(OKF6/TERT-2) in vitro. The effect of non-toxic 
levels of BPs on fibroblasts and OKF6/TERT-2s 
was examined through migration assays. 
Fibroblasts and OKF6/TERT-2s were cultured onto 
de-epidermised dermis (DED) to create an 
organotypic oral mucosa model1 for three days 
before models were lifted to air liquid interface 
(ALI) and placed in BP-containing medium. 

RESULTS: Physiologically relevant levels of both 
BPs significantly reduced the viability of all cell 
types after 72 hours in culture, with zoledronic acid 
more toxic in each case. A dose dependent reduction 
in viability (Fig. 1) was seen for all cell types. The 
IC50 values for each drug and cell type were 
calculated (Table 1). BPs below the toxic 
concentrations had no effect on cell migration over 
24 hours (keratinocytes) and 72 hours (fibroblasts). 
BPs significantly reduced the cell viability of 3D 
oral mucosa models over 10 days of culture. 

Table 1. Half-maximal inhibitory concentrations 
(IC50) for each drug and cell type 

 Pamidronic 
acid 

Zoledronic 
acid  

Fibroblasts 61 μM 7 μM 
Keratinocytes 
Keratinocytes 

(OKF6/TERT-2) 

50 μM 
77 μM 

30 μM 
30 μM 
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Fig. 1: Keratinocyte (OKF6/TERT-2) viability after 
72 hours culture in the presence of pamidronic acid. 

 

DISCUSSION & CONCLUSIONS: The results 
here support the hypothesis that BP toxicity on soft 
tissue contributes to BRONJ pathology, and suggest 
migration does not play a role in the development of 
the disease. Zoledronic acid is a more potent anti-
resorptive than pamidronic acid2, and it follows it 
would be more toxic, however the ratio of its 
toxicity is much smaller than that of its anti-
resorptive potency (approximately 100 to 1). The 
similarity of the IC50 values for the primary 
keratinocytes and immortalised line support the use 
of the line in the organotypic model. 

Future work will investigate the effect of BPs on 
wound healing in our 3D model of wounded oral 
mucosa to further understand the importance of soft 
tissue effects in BRONJ pathology and treatment.  

REFERENCES: 1MacNeil, S., Shepherd, J., & 
Smith, L. (2011). Production of tissue-engineered 
skin and oral mucosa for clinical and experimental 
use in Methods in molecular biology (ed J. W. 
Haycock), Humana Press, pp. 129–53. 2Paulo, S., 
Abrantes, A. M., Laranjo, M., Carvalho, et al 
(2014). Oncol Rev., 8(2):254 
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INTRODUCTION: Substrate material and 
stiffness have been shown to affect cellular 
paracrine production and gene expression in many 
types of cells, including mesenchymal stem cells 
[1]. Similarly, material and stiffness have shown 
impact on the fate of a cell, especially in stem cells, 
where they have been shown to alter lineage path 
[2]. In general, low stiffness substrates yield 
rounded and minimally adhesive cells. On the other 
hand, stiffer substrates yield higher proliferation 
and cellular elongation with cells usually migrating 
towards stiffer tissue [3]. 

Likewise, hydrostatic pressure has an effect on 
cellular activity and its paracrine production [4]. 
Certain cell types require stimulation under specific 
conditions to produce the desired factors. Varying 
the magnitude and the rate of pressure being 
administered to cells has shown to increase cell 
differentiation and proliferation, especially in 
mesenchymal stem cells where hydrostatic pressure 
has been shown to have a huge impact on the final 
lineage [4].  

METHODS: Silicone and polyacrylamide were 
cast into 48 well plates, following previously 
described methodologies. Briefly, silicone was 
prepared using a 10:1 ratio of monomer to curing 
agent. The silicone sheet was cast and disks were 
cut from the sheet and were placed into a 48 well 
plate, where they were coated in gelatin overnight. 
Briefly, polyacrylamide was prepared by firstly 
mixing the acrylamide (5mL), Tris-HCl (3.75mL), 
10% SDS (150μL) and H2O (6.025mL) together. 
The APS (100μL) and TEMED (20μL) were then 
added to the solution and mixed before transferring 
1mL samples into separate wells (12 well plate). 
5637 bladder epithelial cells were seeded at 25x103 

cells/well (48 well plate). Cell viability assessed 
after 48h. Hydrostatic pressure was administered 
constantly over a set period of time using a 
bioreactor. 

RESULTS:  Cell viability assays were performed 
to determine the number of cells attaching to each 
substrate. Cells were found to attach to silicone 
scaffolds, albeit, the total number of cells after 48h 
was lower than that of the controls. Furthermore, 
differences in cell viability were found between the 
silicone scaffold and the polyacrylamide scaffold.  

 
Fig. 1: Tensile stress strain curve of silicone 
samples. Young’s Modulus (E) = ~1MPa. E is 
calculated using the gradient of the tangent at            
0 - 40% strain. N=3. 

 
Fig. 2: Cell viability 48h after attachment for 
silicone coated in gelatin vs tissue culture plastic 
coated in gelatin. N=3; *p<0.001. Error bars 
indicate mean ± SD. 

Applying hydrostatic pressure to the cell seeded 
substrate affected the number of viable attached 
cells after 48h, as well as modifying the morphology 
of the cells. 

DISCUSSION & CONCLUSIONS: This work 
shows how environmental factors impact cellular 
performance and will contribute in the deeper 
understanding of how these conditions impact 
future regenerative strategies. 

REFERENCES: 1 S. Barreto, A. Gonzalez-
Vazquez, A. R. Cameron, et al (2017) Acta 
Biomaterialia. 2 J. D. Mih, A. S. Sharif, A. 
Marinkovic, et al (2011) PLoS ONE, 6(5), e19929. 
3 R. G. Wells (2008) Hepatology 47(4):1394-1400. 
4 K. Miyanishi, M.C. Trindade, D. P. Lindsey, et al 
(2006) Tissue Engineering 12(6):1419-1428. 
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INTRODUCTION: Engineering the cell-surface 
interface bestows the capability to control the 
cellular behaviour [1]. Polyether ether ketone 
(PEEK) is considered as a key alternative to metal 
orthopaedic implants due to the similarity of its 
elastic modulus to that of the human cortical bone 
(3-4GPa) and its biocompatibility. However, 
PEEK presents an inert surface, therefore, 
modifications; either chemical and/or physical are 
required so that PEEK integrates with the 
surrounding tissues upon implantation. The ability 
of glass to foster the bone cells growth has driven 
the reinforcement of PEEK with glass fibres 
(PEEK-GL). The aim of this study was to examine 
the effect of nanostructured PEEK-GL substrates 
on cellular behaviour, in comparison to that of flat 
ones. 

METHODS: PEEK VICTREX® 30% glass fibre 
reinforced 150GL30 (PEEK-GL) was micro-
injection moulded using a Wittman Battenfeld 
Micropower moulding system to create 2D 
grooved patterned and un-patterned (flat) 
substrates for the cell adhesion studies. Human 
HaCaT cells were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM) (Sigma, UK), 
supplemented with newborn calf serum (Sigma, 
UK), penicillin/streptomycin (Sigma, UK), L-
Glutamine (Sigma, UK) and fungi-zone (Sigma, 
UK), in a 37°C incubator. Subsequently, the 
ethanol-sterilised substrates were incubated with 
the HaCaT cells for 48 hours prior to 
glutaraldehyde fixation, serial dehydration and 
gold sputtering. The substrates were then examined 
using a Hitachi TM3000 Scanning Electron 
Microscope (SEM).  
RESULTS: The SEM images of HaCaT cells on 
PEEK-GL flat and PEEK-GL patterned substrates 
(Fig. 1) showed that the nanostructuring 
significantly enhanced cell adhesion, elongation 
and orientation parallel to the grooves with 
600nm±50 width, and perpendicular to the ones 
with 8μm±1.5 width.  Image J analysis was used to 
obtain the cellular lateral dimensions. The results 

showed that the cells on the PEEK-GL substrate 
displayed a length in the range of 22-69 m 
(45.76μm±13.82), whereas the ones on the PEEK-
GL patterned substrate presented significantly 
higher lateral dimensions ranging between 68-
159 m (104.49μm±43.222) (P<0.0007).  

. 

 
 

 

 

 

Figure 1. SEM Images of HaCaT cells cultured 
onto PEEK-GL flat (left) and PEEK-GL patterned 
(right) substrates. 

DISCUSSION and CONCLUSIONS: The cellular 
length of keratinocytes usually range from 35-55 m [2]. 
It is evident from the results of this study that the 
nanostructured PEEK-GL substrate significantly 
enhanced HaCaT cells elongation and alignment parallel 
to the grooves with 600nm width, suggesting sturdier 
adhesion, in comparison to that on the flat PEEK-GL. 
This shows that grooves with width at the nanoscale can 
act as a cue for cell migration.  
Previous studies presented fibroblast alignment along 
grooves with a minimum width of 70-80nm, above 
which random cell spreading was not possible anymore 
and contact guidance occurred [3].  
Fig. 1 shows that if the cells have to choose whether to 
align parallel to grooves with micro or nanoscale width, 
they will align parallel to the ones at the nanoscale. This 
study therefore suggests that it would be energetically 
unfavourable for the contact molecules to cross grooves 
that are too wide. 
Surface engineering at the nanoscale rather than the 
microscale provides a powerful tool to encourage and 
direct cell behaviour with a number of biomedical 
applications.   

REFERENCES: 
[1] E. Lamers, J. te Riet, M. Domanski, et al (2012) 
European Cells and Materials 23:182-194. 
[2] V. Lulevich, H. Yang, R. Rivkah Isseroff et al 
(2010) Ultramicroscopy 110(12):1435-42.  
[3] F.C.M.J.M. van Delft, F.C. van den Heuvel, W.A. 
Loesberg et al (2008) Microelectronic Engineering 
85:1362-66.  
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INTRODUCTION: The corneal stroma is one of 
three cellular sections that make up the cornea, 
constituting around 90% of the total corneal 
thickness [1]. It is composed of collagen lamellae 
which are oriented orthogonally throughout [1]. 
These lamellae are made up of aligned collagen 
fibrils with an average diameter of 30 nm, 
necessary to allow the tissue to be transparent [1]. 
In 2010, The World Health Organisation (WHO) 
estimated that corneal blindness is the 3rd leading 
cause of blindness and the 4th leading cause of 
visual impairment globally [2]. With a shortage of 
corneal donors worldwide, largely due to the lack 
of suitable donors, a tissue engineering solution is 
required. The aims of this study were to investigate 
the suitability of aligned PTFE nanofibres as a 
substrate for corneal cells and to analyse the 
organisation of the extracellular matrix deposited.  

METHODS: Aligned PTFE was friction-
transferred onto glass substrates using a 
standardised procedure [3]. Human corneal 
fibroblasts (hCFs), isolated from corneo-scleral 
rims, were cultured onto these coverslips. Using a 
collagen probe [4] and Cell Tracker Red the 
alignment of both the cells and their extracellular 
matrix could be analysed.  

RESULTS: The probe bound to the collagen 
secreted by cells and showed a disorganised 
orientation when the cells were cultured on a 
relatively smooth glass substrate. In comparison, 
when the cells had topographical cues to follow, 
the collagen they secreted appeared to be parallel 
to the cells and the nanofibres.  

DISCUSSION & CONCLUSIONS: It is well 
known that cells respond to topographical cues and 
by exploiting this fact it was possible to create a 
layer of cells that aligned parallel to the friction 
transferred PTFE. The direction of collagen 
deposition was also influenced by the nanofibres, 
suggesting that culturing cells on parallel 
grooves/fibres can result in an organised 
extracellular matrix, similar to that found in the 
native corneal stroma. By using this methodology 

it may be possible to create tissue sheets with 
multiple cell layers that can be manipulated to 
create an orthogonal arrangement of collagen. If 
the collagen fibrils are of a narrow diameter these 
sheets may provide an implantable tissue-
engineered graft thus providing an alternative to 
allogeneic donor grafts.  
 
REFERENCES: 1K.M. Meek and C. Knupp 
(2015) Prog. Retin. Eye Res. 49:1-16. 2D. Pascolini 
and S.P. Mariotti (2012) Br. J. Ophthalmol. 
96:614-8. 3V.R. Kearns, P.J. Doherty, G. Beamson 
et al (2010) J. Mater. Sci. 21:2213-26. 4K. Krahn, 
C. Bouten, S. Van Tuijl et al (2006) Anal. 
Biochem. 350:177-85. 
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INTRODUCTION: Recently updated NICE 
guidance suggests that up-to 40% of the adult UK 
population could be offered some form of statin, the 
most prescribed hypercholesterolemia-lowering 
drugs. However, statins are known to cause 
pleiotropic skeletal myopathic effects in some 
patients [1]. Progressive research has been conducted 
in developing relevant pre-clinical 3D in-vitro 
screening models, which may provide a biomimetic 
platform to investigate the effect of drugs. Such a 
drug is simvastatin, which is loaded into HA-DOPA 
nanoparticles; which retains structural stability as 
well as the drug activity, even at increased pH [2]. 
Simvastatin nanoparticles were tested on 3D muscle 
models to understand the cumulative impact of the 
drug in-vitro, and its influence on cell behaviour at 
tissue, cellular and subcellular levels. 

METHODS: 0.5ml collagen constructs were 
seeded in PEEK custom-manufactured moulds (at 4 
million/ml) that had two fixed posts either end the 
rectangular-well mould. 3D collagen hydrogel 
constructs: 85% Type I collagen, were seeded 
with C2C12s at 4 million cells/ml. High glucose 
DMEM of 20% & (after 4 days) 2% FCS media 
were used as growth and differentiation 
media, respectively. These created and maintained 
basic tethering for initiation of lines of longitudinal 
isometric tension. Muscle myotubes are normally 
developed by day 14 in culture, this is when the 
simvastatin is added (in liquid and nanoparticle 
forms; at dose range: after dilution 3.33mM- 
0.333µM concentrations. After 24-hours the drug was 
removed. Analysis was conducted at 21days post-gel 
seeding.  

RESULTS: Initial microscopic findings at day 21 
(Figure 1) showed a dose response effect for both 
liquid (Liq) and nanoparticle (NP) forms, of the drug. 
The highest concentration 3.33mM (after dilution) 
had the most detrimental effect by degradation of the 
myotubes; which is measured by the fusion index and 
nuclei size. The simvastatin concentration 33.3µM 
and lower showed similarities in myotubes structures 
which was comparable to the non-drug controls. 
Parameters assessed for the myotube index (length, 
width, number of myotubes, number of nuclei & 
genetic expression profiles for MYOG, MMP2 & 9. 
Measures of myotube fusion index at 10mM were 
significantly reduced compared to control day 21 
(1 way-AVOVA: p= 0.0168 and 0.0051) Sim-NP 

and Liq respectively. Metabolic viability for day-21 
give significance at p< 0.001 for all concentrations of 
the Sim-Liq data when compared to control, whereas 
only concentrations 3.33mM -to- 33.3µM give 
significant values for Sim-NP  with P < 0.05. 

 
DISCUSSION & CONCLUSIONS:  
The lack of myotubes in figure 1 for the high 
concentrations (3.33-0.333mM), also showed marked 
changes in nucleus size. Therefore, suggests that the 
damaging effect of the drug (in both forms) to the 
myotubes could be rapid apoptosis in high 
concentrations, as in some images myotube 
fragmentation and disintegration can be seen. 
Coinciding data with Alamar Blue® assay confirms 
depletion in cell viability to control. Simvastatin in 
liquid form has more detrimental effect on both cell 
viability and morphology, as well as reduced genetic 
markers for MYOG, MMPs 2& 9 for high 
concentrations than Simvastatin nanoparticles. 
Interpretation of the data is therefore likely to suggest 
that there maybe controlled release or counteractive 
effect of the drug, when delivered in nanoparticles. 
 

 
REFERENCES: 
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INTRODUCTION: Tissue engineering scaffolds 
for regenerative medicine have to withstand 
various loading conditions, as well as support and 
stimulate cell growth. Natural biological tissues 
display auxetic properties where upon stretching 
they become thicker. This coincides with a 
negative Poisson's ratio. A porous auxetic scaffold 
has the potential to mimic the properties of natural 
tissue which would enable a more natural 
environment to support cells for eventual use in 
tissue engineering. 

This study aimed to investigate the possibility of 
auxetic materials being used to support human 
mesenchymal stem cell (HMSC) adhesion and 
growth. 

METHODS: Auxetic scaffolds were 
manufactured from polyurethane foam (Custom 
Foams) using a previously developed thermo-
mechanical technique under tri-axial compression 
(1). The auxetic properties of the foams were 
assessed using an Instron 3367 and the Poisson's 
ratio was calculated. The foams were cut into 
10mm x 8mm x 2mm cubes and sterilised in 100% 
ethanol and washed in PBS. Cubes were coated 
with fibronectin (50μg/ml) and air dried before 
being seeded with 1x107 mesenchymal stem cells 
/cm3. Scaffolds were then cultured in low adhesion 
plates under standard conditions for analysis after 
2, 4 and 6 weeks. Scaffolds were viewed using an 
inverted microscope to evaluate cell attachment 
and proliferation before processing. Samples were 
sectioned at 30μm for H & E analysis. Replicate 
foams were fast frozen and freeze dried overnight 
before Scanning Electron Microscopy (SEM) was 
used for analysis of pore structure/size and cellular 
localisation within the auxetic foams. 

RESULTS: Polyurethane foams were successfully 
converted to gain auxetic properties demonstrated 
by the gaining of a negative Poisson’s ratio. SEM 
images show the change in the pore structure of 
foams before and after conversion (Fig1a-b) The 
fibronectin coated auxetic foam supported 
adherence and growth of human mesenchymal 
stem cells when viewed in culture using an 
inverted microscope (Fig 1c-d). Haematoxylin and 
eosin stained 30μm sections demonstrated the 

foams supported the growth of cellular clusters 
(Fig 1e-f). 

 
Fig.1 : SEM images demonstrating alteration of 
pore structure of  a) unconverted and b) converted 
foams. Inverted microscope brightfield images 
showing cell growth after c) 2 weeks and d) 4 
weeks. Haematoxylin and Eosin stained 30μm 
sections showing cellular clusters e) & f). (Scale 
bar a-d 500μm, e-f 200μm) 

DISCUSSION & CONCLUSIONS: 

It has been demonstrated that auxetic foam can be 
utilised as a scaffold to support the growth of 
HMSCs and thus has the potential for use in tissue 
engineering applications. 

REFERENCES: 1 A. Sanami, A. Alderson, S. 
Mcdonald, B. Mottershead and P. Withers, (2014), 
The production and characterization of 
topologically and mechanically gradient open-cell 
thermoplastic foams, Smart materials and 
Structures, (23), 1-13. 
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INTRODUCTION: We have developed a series 
of unique Apatite-Wollastonite Glass-Ceramics 
(AW-GC) containing different concentrations of 
strontium (Sr) to act as biomaterials for bone 
regeneration due to their compatible biomechanical 
and bioactive properties1. Sr is osteoinductive but 
requires controlled release as an excess of Sr is 
cytotoxic. We have shown that human 
mesenchymal stem/stromal cells (MSCs) readily 
attach, proliferate and undergo osteogenic 
differentiation on SrAW-GC, however it is not 
known exactly how the material (either through 
cell-substrate interactions, ion dissolution or both) 
affects MSC function with or without Sr addition. 
Here, we used RNA sequencing (RNAseq) and in-
depth bioinformatics interrogation to determine 
how different conformations of AW (AW glass 
powder, AW-GC discs, +/- Sr) affect the global 
transcriptome of MSCs. 

METHODS: Two AW glass compositions (AW 
glass powder and AW-GC discs) with 0 or 12.5 
Mol% Sr for calcium substitution were made using 
melt-quench, ground to <45μm particle size and, 
for some samples, fashioned into discs of AW-GC 
through heat treatment of a dried glass-slurry green 
body. The release of ions from the AW glass 
powder and AW-GC discs, after 24 hours exposure 
to cell culture medium, was measured using 
inductively coupled plasma optical emission 
spectroscopy. The human Y201 MSC line was 
exposed to AW glass powder (+/- Sr) conditioned 
medium for 24 hours or were seeded onto the AW-
GC (+/- Sr) discs, before RNA was extracted, 
sequenced and then analysed using self-organising 
heatmaps  (oposSOM2), followed by geneset 
enrichment using Broad Institute GSEA MSigDB3. 

RESULTS: The SrAW-GC discs showed 
increased Si release with Sr addition, whilst Sr 
release was relatively small (Fig. 1). AW-GC discs 
alone induced many transcriptomic changes (1407 
genes in spots C and J, Fig. 2) compared with the 
AW-glass powder conditioned media; independent 
of Sr content (Fig. 2), which were primarily 
associated with inflammatory pathways. Strontium 
addition produced different geneset enrichment in 
SrAW glass powder, and SrAW-GC, with one 
being pro- and the other being anti-inflammatory. 

 
Fig. 1: Ion concentrations released by the AW-GC 
discs and AW glass power conditioned medium 
after 24 hours, compared to control medium.  

Fig. 2: Heatmaps of genes expressed by MSCs 
grown on AW-GC discs, and exposed to AW glass 
powder conditioned media (+/- Sr). In the map, 
high expression is red, low expression is blue. 
Each pixel represents multiple genes. 

DISCUSSION & CONCLUSIONS: The increase 
in Si release from the SrAW-GC discs suggests 
that Sr addition causes the material to break down 
more rapidly (as Si content is the same between 
compositions), whereas the addition of Sr to the 
glass powder results in unchanged Si, and 
increased Sr release. The RNAseq indicated the 
AW-GC discs altered gene expression regardless 
of Sr content, which could suggest that the 
biological effects are due to increased material 
dissolution rather than the Sr ions themselves, 
which is also supported by the differences in gene 
enrichment for Sr-containing conditions. These 
findings indicate that Sr addition affects both the 
AW-GC scaffold and the MSCs grown on their 
surface, which impacts on our understanding and 
application of this material in bone tissue 
engineering. 

REFERENCES: 1T. Kokubo, in Bioceramics and 
their clinical applications (ed. Kokubo, T.) 284–
301 (Elsevier). 2Löffler-Wirth, H. et al. (2015), 
Bioinformatics 31, 3225–3227. 3 Subramanian, A. 
et al. (2005), Proc. Natl. Acad. Sci. 102, 15545–
15550. 
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INTRODUCTION: Advances in biomaterials and 
tissue engineering have led to the development of 
Engineered Neural Tissue (EngNT) for peripheral 
nerve repair [1]. Experiments using EngNT with 
embedded Schwann cells to repair rat sciatic nerve 
injuries indicated sub-optimal growth of neurites 
from the proximal nerve stump into the EngNT [1, 
2]. Phosphate glass fibres (PGfs) have been used in 
hard- and soft-tissue engineering applications [3, 
4]. They are biocompatible and biodegradable and 
have emerged as a potential material to resolve 
soft-tissue engineering interface issues [5]. The 
aim of this study was to investigate whether PGfs 
could improve the interface between the proximal 
stump of a damaged nerve and EngNT in 
supporting neurite outgrowth.  

METHODS: Bovine collagen gels (2 mg/ml) 
containing 4x106 SCL4.1/F7 cells per ml were 
made in purpose-built PEEK moulds. To 
create gels that were incorporated with PGfs, 
150 mg of PGfs (with a molecular composition 
of 50P2O5-40CaO-5Na2O-5Fe2O3) were placed 
into the mould prior to casting in the gel. The fully 
hydrated cellular gels with and without PGfs were 
stabilised using RAFT™ absorbers (TAP 
Biosystems) thereby creating EngNT and 
EngNT+PGfs. Dorsal root ganglia were extracted 
from genetically modified, green fluorescent 
protein positive Sprague Dawley rats (200-250 g), 
culled by CO2 asphyxiation. Excised DRGs were 
cut into 2 halves. The freshly cut surface was 
placed in direct contact with the surface of EngNT 
either with or without PGfs. EngNT or 
EngNT+PGf with DRGs attached were placed 
vertically into 1.5ml tubes and maintained in a 
tissue culture incubator  (37°C/5% CO2) for 72 h 
with DMEM medium supplemented with penicillin 
streptomycin and foetal bovine serum. 
Measurements of axonal growth into the construct 
(detected by immunostaining for β-III tubulin) and 
satellite glial migration was performed using 
ImageJ. 

RESULTS: Table 1. Average maximum and 
average mean distance of satellite glia cell 
migration into construct. Data are means ± SEM,  

 

n=6, t-test revealed ***p<0.001 and **p<0.05 for 
average maximum distance into construct and 
average mean distance into construct, respectively.  

 EngNT EngNT + PGfs 

Maximum distance into 
construct (μm) 

149 ± 33 874 ± 132 

Mean distance into 
construct (μm) 

281 ± 13 400 ± 26 

  

 

 

 

 

 

 

 

Fig. 1: Box plot showing the lengths of neurites 
measured in EngNT and EngNT + PGf, where 
n=3, t-test revealed *p<0.01 

DISCUSSION & CONCLUSIONS: This study 
demonstrates that PGfs can be successfully 
incorporated into EngNT to encourage satellite glia 
migration and neurite elongation. Table 1 shows 
that incorporating PGfs permits satellite glia cells 
to travel approximately one and half times further 
into the construct. Figure 1 shows that neurites are 
able to elongate approximately twice the distance 
into EngNT that was modified with PGfs. Further 
work involves testing the inclusion of PGfs into 
EngNT constructs tested in vivo to see whether 
ingrowth of neurites from the proximal nerve 
stump is improved. 
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INTRODUCTION: There is an acute clinical need 
for small-caliber (<6 mm) vascular grafts for 
surgery, but unlike their larger counterparts they fail 
in long-term clinical application, primarily due to 
early thrombus formation and intimal hyperplasia. 
The provision of scaffolds that closely mimic the 
physiological state of real vessels will help improve 
patency and graft survival. In particular, endothelial 
cells that line blood vessels respond to cues from 
surrounding extracellular matrix and other vascular 
cells including the underlying smooth muscle cells 
[1]. The aim of our study was to fabricate small 
diameter cylindrical scaffolds which enable the co-
seeding of endothelial cells and smooth muscle cells 
using the electrospinning technique.   

 

METHODS: Cylindrical nonwoven nanofibrous 
scaffolds (4 mm diameter) were fabricated using 
blends of polyvinyl alcohol (PVA) and Gelatin 
(Ge), with further in-house modification of the 
electrospinning technique to allow variation in 
porosity along the scaffold’s thickness, in order to 
facilitate compartmentalization of the seeded cells. 
Human/porcine coronary artery endothelial cells 
(H/ PCAECs) and human/porcine vascular smooth 
muscle cells (H/ PVSMCs) were cultured at 
different ratios and seeding densities within the 
fabricated porous scaffolds and cell viability 
assessed over a 3 day period. The contractile 
responsiveness of the VSMCs was assessed using 
Fluo-4, after stimulation using the agonist 
Phenylephrine (10μM).  

 

RESULTS: The porous scaffold showed good 
biocompatibility, promoting the uniform 
endothelialisation of both human and porcine 
endothelial cells along the inner scaffold surface 
and supporting VSMC growth within the scaffold 
layers (Figure 1). When seeded at an equal ratio, 
percent viability of the human cells was 79.43±4.8 
% and 120 ± 6.9%, in comparison to their viability 
in 2D culture, or within non-porous scaffolds,  

respectively.  The viability of the porcine cells was 
65±2.8 % and 71 ± 3.4 %, respectively. 
Furthermore, contractile responsiveness of the 
HVSMCs, in response to phenylephrine stimulation 
was maintained when co-cultured with HCAECs. 
The contractile responsiveness of the PVSMCs 
when co-cultured with PCAECs was minimal.  

 
 

 

 

 

 
 
 
Fig. 1: Growth of HCASMCs (live/dead assay) through 
the wall of the porous scaffold, after 1 and 3 days (left, 
outer edge; right, inner edge of scaffold). 
 

DISCUSSION & CONCLUSIONS:  
Cylindrical PVA/Ge electrospun porous scaffolds 
were able to support the co-culture of human 
vascular cells (endothelial cells and smooth muscle 
cells). Furthermore, the contractile responsiveness 
of the smooth muscle cells was maintained over the 
3 day incubation period.  These scaffolds offer a 
potential alternative to small autologous grafts for 
coronary bypass surgery. 
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