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D2.1 Deliverable Description

Wound-healing biomarkers and develop assay methods for group workshop discussion established (Aston,
CMU, NU).

An ongoing task throughout the project is the identification of biomarkers that can distinguish (e.g.) between
healthy and compromised tissue and the transition between a non-healing and a healing wound. At this
stage, preliminary shared expertise would prioritise biomarkers for analysis using available techniques.

Potential biomarkers:

1. Plasminogen activator inhibitor-1 (PAI-1)

Different enzymatic cascades cooperate to achieve extracellular matrix (ECM) degradation, Plasminogen
activator inhibitors (PAIs) are important modulators of the activity of plasminogen activators (PAS).
Plasminogen activators (PAs) and their inhibitors (PAIls) are thought to be key participants in the balance of
proteolytic and anti-proteolytic activities that regulate matrix turnover. The most significant plasminogen
activator inhibitor in cellular systems is plasminogen activator inhibitor-1 (PAI-1) which is known to bind to
vitronectin and has been suggested as being a key feature in serving to localise PAI-1 to the pericellular
compartment where active PA is generated. If vitronectin is localised on a surface adjacent to the cellular site
it removes PAI-1 from the reaction by fixing it, creating an imbalance in favour of the plasminogen activator
and a production of active plasmin. High plasminogen activator levels peripheral to injury sites are implicated
in the pathogenesis of persistent corneal defects.

2. Vitronectin (Vn)

Vitronectin is known to bind a wide range of ligands, through which it participates in a variety of regulatory
processes. Initially after injury vitronectin can interact with platelets where it may contribute to physiological,
and conversely, pathophysiological events associated with thrombosis and haemostasis. During
inflammation it serves to limit and control fibrinolysis through its interaction with, and stabilisation of, plasmin
activator inhibitor-1 (PAI-1). It also functions in cell migration and attachment via its RGD sequence whereby
it can limit bystander cell proteolysis through the inhibition of the membrane attack complex of complement.

3. Bradykinin (BK)

Another cascade of importance but largely ignored in the wound healing process is that of the kinin family of
immunoregulatory proteins. Bradykinin, the end product of the kinin cascade, is one of the most established
chemical nociceptive stimuli and most physiologically relevant to tissue injury and pain. Its importance in
relation to host-biomaterial studies is paramount due to the fact that the kinin cascade is generated on contact
with an activating surface and in particular it has a strong affinity for negatively charged and synthetic
surfaces.

4. Albumin (Alb)

Albumin is the most abundant protein in plasma and accounts for greater than 50% of all protein content.
Due to its high concentration in plasma and relatively small size (66 kDa), albumin readily crosses the blood
barrier, which has made it an effective biomarker of vascular leakage into the ocular environment. The
exploitation of albumin as an indicator of vascular permeability and inflammation is well established. The role
of albumin in plasma is varied; one of its prominent roles is as a transportation protein. It also stabilises the
osmotic potential and increases the blood viscosity. The basis of a good dressing ultimately lies in good
moisture balance since too much moisture slows epithelial cell migration and can cause wound margin
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maceration whereas too little moisture can result in dehydrated, dead tissue (a scab) which is a barrier to cell
movement and wound healing. Albumin as this relatively small yet abundant protein has the potential to be
used to ascertain plasma movement into the wound bed.

Assays

1. Biomarker measurements

a) ELISA: Commercially prepared ELISA kits would be used to monitor the key biomarkers in the early stages,
they would allow a fast and clear initial overview as to the potential use of certain moieties as biomarkers.
However, if a biomarker shows potential and/or can be used to estimate the wound response then the aim
would be move away from commercial ELISA kits (which can be expensive). The option would be to develop
in-house ELISA kits for routine use.

b) Protein profile fingerprinting: The protein profile of a variety of samples will be investigated using an Agilent
2100 Bioanalyzer in combination with the Protein 230 Plus LabChip kits which employs lab-on-a-chip
microfluidic technology. These kits allow protein in the range of 15 to 230 kDa to be detected with a sensitivity
threshold 0f0.005 mg/ml in NaCl.

¢) Immunodiffusion assay development: Immunodiffusion is based on immunoprecipitation techniques in fluid
media but with the advantage that the precipitate is fixed in the supporting gel and appears as a discrete
precipitin line. In general, in mixed antigen—antibody reactions, each antigen—antibody combination will
form a separate line of precipitation, distinct from those of other antigen—antibody interactions allowing
specific identification of individual species in a biological ‘soup’.

d) Chromatographic Techniques.

Instrumental technigues such as High Performance Liquid Chromatography (HPLC), Gas Chromatography-
mass spectrometry (GCMS), Matrix-Assisted Laser Desorption/lonization-Time Of Flight (MALDI-ToF) or
Capillary Electrophoresis offer possibilities, but problems of sensitivity and specificity and, in some cases,
the need for preliminary derivatisation mean that they cannot yet be considered to be standard
methodologies.

2. Wound fluid model development

In order to measure biomarkers and the biochemical response -having a wound fluid model available is
critical. Due to ethical issues and the impracticalities involved in dermal wound studies it is not feasible to
place a variety of dressing materials on the wound bed to investigate the host-biomaterial biochemical
interactions (this would cause more damage than good). However, in order to understand the effects a
dressing material can have on the response of a wound, the biochemical interaction between the wound and
the dressing must be determined. Biological fluid models provide a useful way to investigate and understand
the behaviour of biomaterials in the appropriate bodily environment. The design of an ‘ideal’ wound fluid, (via
a metadata analysis of the literature), which would enable predictions relating to the effect of a range of
materials on the state of healing using a standard wound fluid, is underway exploring. In addition, wound fluid
exudate analysis is an emerging discipline, made difficult by the aforementioned ethical demands. Tear film
collection and analysis is better established and does not fall under the same ethical constraints imposed in
dermal wound. We are using our understanding of the collection of tears and equally interfacial tears
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(biomaterial - body site interface) to address the difficulties concerning fluid analysis particularly in relation to
a biomaterial interaction.
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