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Abstract

The idea of extracorporeally simulating a wound microenvironment ex vivo in order to obtain growth factor proteins that
can then be delivered in vivo to aid wound healing is based on the premise that wound repair operates on a set of
complex, yet defined physiological rules. By recapitulating this language, in the form of deliverable growth factor
signaling packages, it is possible to effectively influence specific phases of the wound healing program, on demand. The
ability to distinctly capture growth factors that are released from cells upon coagulation (coagulation-induced signaling
phase) and growth factors that are produced by cells under hypoxia (hypoxia-induced signaling phase) is critical, and
represents the most basic segregation of the multi-factorial wound healing cascade. Hypoxia-induced blood-derived
secretomes, such as Hypoxia Preconditioned Plasma (HPP) and Hypoxia Preconditioned Serum (HPS), constitute such
phase-specific growth factor signaling mixtures that can be obtained through Extracorporeal Wound Simulation (EWS).
Novel compositions comprising adjustable concentrations of these secretomes can be added to suitable carriers, and be
topically applied or injected into tissue in order to provide angiogenic support and accelerate wound healing and tissue
repair. Here we present the research that has laid the foundation for this concept, and discuss how EWS can provide a

new platform for developing regenerative therapies.
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Abbreviations: EWS:  Extracorporeal = Wound
Simulation; WBC: white blood cell, PBC: Peripheral Blood
Cell; VEGF: Vascular Endothelial Growth Factor; MMPs:
Matrix Metalloproteinases; PF-4: Platelet Factor 4; TSP-1:
Thrombospondin 1; FGF: Fibroblast Growth Factor; IL-8:
Interleukin-8, HPS: Hypoxia Preconditioned Serum; HPP:
Hypoxia Preconditioned Serum; PRFM: Platelet-Rich
Fibrin Matrix; PBCs: Peripheral Blood Cells; PBMCs:
peripheral blood mononuclear cells; PBMNCs: Peripheral
Blood Mononuclear Cells; BMCs: Bone Morrow Cells;
HDFs: Human Dermal Fibroblasts; CBMSCs: Cord Blood
Mesenchymal Stem Cells.

Introduction

For considerable time, blood has been thought of as a
suitable source of growth factor proteins that can be used
to aid tissue repair and regeneration [1,2]. Among the
various blood-based products that have been tested,
platelet-enriched products such as platelet-rich plasma
(PRP) / PRP gel and platelet-rich fibrin matrix (PRFM),
have received by far the greatest interest [3,4].
Specifically, platelet activation and release of factors
stored in their granules has long been advocated as a
useful strategy for obtaining angiogenic wound healing
compositions based on platelet concentrates [4]. This
approach is built on the idea that concentrating the
number of platelets (e.g. through blood centrifugation)
concomitantly increases the concentration of platelet-
derived growth factors following platelet activation.
While this may hold true, it should not be dismissed, that
in addition to a whole host of pro-angiogenic mediators
(e.g. VEGF), certain factors released by platelets (e.g. PF-4,
TSP-1) are strongly anti-angiogenic [5]. Such factors,
especially when present in excess (i.e. supraphysiological
concentrations, such as those found in platelet
concentrates), might negatively impact the angiogenic
effectiveness of platelet-rich products, by competing with
or negating the effect of pro-angiogenic factors. This could
indeed explain the limited success of PRP therapies in
treating chronic wounds to date [6]. It is then not
unreasonable to argue that the logic behind the
development of this method has been based on an
incomplete understanding of the complexity, and the fine
balance, of physiological growth factor signaling cascades.
Anticipating a stronger wound healing response by
applying a higher platelet concentration is a simplistic
model, one that dismisses the fact that increasing total
factor concentration leads to higher concentrations of
inhibitors, as well as stimulators.

Hadjipanayi E, et al. Extracorporeal Wound Simulation as a Foundation for Tissue

In contrast to blood centrifugation, and mere
concentration of cells/growth factors, a novel alternative
approach has emerged, namely that of blood
preconditioning  through  Extracorporeal =~ Wound
Simulation (EWS). Conditioning peripheral blood cells
(PBCs) under the very same conditions encountered
within a wound, i.e. physiological temperature and
hypoxia, offers a means for optimizing the angiogenic
potential of blood-based products through hypoxia-
induced changes in PBC factor expression, without only
relying on the release of platelet-derived factors [2,7].
Such secretomes could constitute an improved alternative
to platelet-rich products, by specifically providing
compositions based on PBCs' natural responses to
hypoxic stress, i.e. conditions normally encountered
within a healing wound. This presents an opportunity for
a paradigm shift in the way blood-derived growth factor
mixtures are obtained, applied and function.

Coagulation-Induced Vs. Hypoxia-Induced
Wound Healing Signaling Phases

Blood coagulation is necessary directly after injury to
prevent excessive bleeding. At this stage, initiation of new
blood vessel formation (angiogenesis) would be logically
counterproductive, since newly formed vessels are fragile
and unstable. Hemostasis and angiogenesis are therefore
two tightly controlled processes, which ensures that
angiogenesis is only triggered once hemostasis has been
completed [8-10]. This is evident during wound healing,
where angiogenesis only begins three days after
wounding. This temporal regulation of the hemostatic and
angiogenic phases appears to be achieved through the
spatiotemporally-controlled release of protein growth
factors by cells into the wound microenvironment [10].

Following activation of coagulation, the fibrin clot
entraps platelets at the site of injury, forming a
hemostatic plug, that is gradually replaced by capillary-
rich granulation tissue, and eventually collagen, leading to
the restoration of the original extracellular matrix
architecture [9]. Platelet activation results in the release
of a plethora of growth factors stored in their alpha-
granules [5]. It is well known, that in addition to various
pro-angiogenic mediators, certain factors released by
platelets (e.g. PF-4, TSP-1, angiostatin, endostatin) inhibit
angiogenesis [5]. Such factors certainly play an important
role in the aforementioned natural regulation of the
hemostatic and angiogenic phases during wound healing.
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Nonetheless, the presence of both pro- and anti-
angiogenic factors in platelet releasates suggests that
coagulation-induced signaling might primarily play a
regulatory, rather than a directly stimulatory role in new
vessel formation.

Clot hypoxia potentiates the platelet-derived pro-
angiogenic signaling generated through coagulation [11].
Hypoxia is the primary angiogenic stimulus in
physiological as well as pathological processes [12-15].
Cell accumulation within a growing thrombus or in the
maturing wound bed exacerbates the already
compromised O supply, by increasing local aerobic
demand. Cell-mediated hypoxic conditioning of the
hemostastic microenvironment results in an upregulated
expression of a range of pro-angiogenic growth factors,
such as VEGF, ANG, IL8, that are secreted by cells. This
effect could be further potentiated though the
simultaneous hypoxia-induced downregulation in the
expression of anti-angiogenic factors, such as TSP1 [16].

In vitro cellular hypoxic preconditioning has been
proposed as a promising strategy for generating complex,
yet physiological, angiogenic factor protein mixtures
which can be delivered to ischaemic tissues (e.g. wounds,
ulcers, burns) to aid re-perfusion, repair and regeneration
[15]. Among the various cell types that are suitable for
hypoxic stress stimulation, PBCs represent an ideal
autologous cell type, since their easy harvest and ample
availability means that the need for lengthy cell
population expansion cycles, required for example when
using biopsy-harvested skin fibroblasts, is circumvented.
PBCs can therefore be cultured directly after being
obtained from the patient. Previous studies have shown
that peripheral blood mononuclear cells (PBMCs) respond
to stress (e.g. hypoxia/ischaemia, inflammation) by
upregulating a wide range of angiogenic growth factors
(e.g. VEGF, bFGF, IL-8, MMP-9) [17-19], and have the
ability to induce angiogenesis in vitro, as well as
improving central and peripheral vascular perfusion in
vivo upon transplantation [19-25]. These findings provide
strong evidence that peripheral blood preconditioning is a
powerful method for upregulating angiogenic growth
factor signaling.

Production of Hypoxia Preconditioned
Blood-Derived Secretomes through
Extracorporeal Wound Simulation

Conditioned culture media, containing protein growth
factors secreted by cells that are cultured in vitro under
normoxia or hypoxia, have previously been administered
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to promote therapeutic angiogenesis [15,26]. A range of
cells, including peripheral blood mononuclear cells
(PBMNCs) [15,17], bone morrow cells (BMCs) [15,27],
mesenchymal stem cells (15; 28), human dermal
fibroblasts (HDFs) [15,29], human adipose-derived
stromal cells (hADSCs) [15,30], cord blood mesenchymal
stem cells (CBMSCs) [15,18] and human umbilical vein
endothelial cells (HUVECs) [15,31] has been tested and
found to positively respond to hypoxic stress by
upregulating angiogenic factor signaling. However, as
mentioned above, peripheral blood cells offer the unique
advantage of easy harvest in numbers sufficiently high, so
as to overcome the need for prior cell population
expansion. Furthermore, autologous blood products are
safe and eliminate the risks associated with
inflammatory/immune reactions.

The feasibility of utilizing EWS is based on the simple
idea that peripheral blood provides a complete cell
culture medium, i.e. comprises the key ingredients
necessary for creating a cell culture microenvironment:
cells and nutrient medium (plasma). We previously
described the use of Hypoxia Preconditioned Plasma
(HPP), ie. plasma derived after extracorporeal
conditioning of anti-coagulated blood under physiological
temperature (37°C) and physiological hypoxia (1-10%
02), as a novel medium for tissue regeneration [7] (Figure
1A). Similarly, conditioning blood in a non-anticoagulated
state yields Hypoxia Preconditioned Serum (HPS) (Figure
1A). HPP and HPS represent a special form of conditioned
culture medium, in that their composition (concentrations
and ratios of factors) is stoichiometrically (i.e. precisely)
defined by the patient's peripheral blood cell phenotype
and number/count, in contrast to conditioned media
typically obtained by ex vivo / in vitro reconstituted
culture methods. This confers an important advantage
when considering the inter-individual variation present in
terms of gene expression and growth factor-induced
cellular responses, and forms the basis for their utilization
as an autologous therapy.

According to this development, two factors evidently
play a key role in carrying out the EWS process:
temperature and oxygen tension. First, It is well
established that cellular metabolic activity correlates with
protein synthetic activity [32]. Angiogenic factor
expression by cultured PBCs will also depend on the
ambient temperature, a direct controller of cellular
metabolism [33]. Culturing PBCs under physiological
temperature (37°C) is therefore preferable to the
application of room temperature, as this will promote
higher growth factor production [7].
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Figure 1: A) Methods for production of Hypoxia Preconditioned Plasma (HPP) and Hypoxia Preconditioned Serum
(HPS). BVUA=Dblood volume per unit (cross-sectional) area of the container. Pericellular hypoxia is generated in situ

through cellular O, consumption under specified BVUA (and
required. B) EWS device for one-step preparation of sterile

derived secretomes (e.g. HPS) (Device schematic adapted from (2)).

PBC seeding density), i.e. no O; controlled incubator is
carriers loaded with growth factors present in blood-

In terms of controlling O, tension, hypoxic conditioning
faces the common problem that generally hinders the
application of hypoxia-based therapies, namely the
limited availability of O,-controlled incubators/chambers
in clinical settings. A promising approach to overcome
this limitation is by allowing PBCs to self-regulate their O,
microenvironment, instead of exposing them to an
artificial one, i.e. hypoxia produced within an incubator. It
has been demonstrated that cell-mediated hypoxia can be
achieved in the core of 3D collagen matrix depots, seeded
at high density with dermal fibroblasts or vascular
smooth muscle cells, by adjusting the total cell number
and cell distribution within the depot [29]. A VEGF
response was elicited by cells exposed to low levels of O,
(~3% O03), primarily within the construct core. Also,
grafting cord blood mesenchymal stem cells as spheroids
in ischaemic hindlimbs of mice was shown to improve
therapeutic efficacy due to enhanced cell survival and
paracrine activity, effects mediated by hypoxic cell
preconditioning within spheroid cultures (in this study,
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culturing cells as monolayer, where cells were not
exposed to hypoxia, abrogated these effects) [18]. These
findings therefore indicate that cell-mediated hypoxia is
an appropriate alternative to externally-controlled (i.e.
incubator) hypoxia. PBC pericellular O, tension, being a
function of cellular O consumption, will predictably
dependent on the level of aerobic metabolism (and thus
ambient temperature [33]), as well as the population cell
number/viability. Both these parameters are directly
related to the PBC seeding density, which is initially
determined by the ratio of blood volume to cross sectional
surface area of the blood container. While lower ratios
(e.g. <0.25 ml/cm2?) would guarantee uniform cell
distribution/spread, and would therefore be more
suitable to external (i.e. incubator-controlled) hypoxia,
higher ratios (e.g. 0.5 - 1.5 ml/cm?) would produce a
higher cell density, therefore aiding the induction of
persisting cell-mediated hypoxia. Our findings indicate
that a cell seeding density of ~5x10¢ WBCs/cm?,
corresponding to a blood volume per unit area (BVUA) of
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1ml/cm?, is sufficient for maintenance of severe
pericellular hypoxia (<1% 02) over 7 days in cultures of
blood obtained from healthy young subjects [7,10].

Devices, such as the one shown in Figure 1B, that can
house all steps of the EWS process, including sterile
filtration of the blood-derived secretome and one-step
loading of growth factors onto a carrier, could enable the
rapid preparation of sterile wound dressings and should
therefore facilitate the clinical translation of this strategy

2].

Specific Targeting of Wound Healing and
Tissue Regeneration Processes

Any trauma to tissue results in a wound, regardless of
the form of insult applied. By definition, a wound
represents an interruption in tissue continuity, which can
only be repaired through the laying down of a new
biomaterial substance. The first biomaterial produced
into the wound is fibrin, following activation of the
coagulation cascade. Fibrin plays a binary role, acting
both as a scaffold for the anchoring, migration and
proliferation of cells, as well as a growth factor reservoir
[9,10]. Indeed, the ability of the fibrin matrix to act as a
factor carrier may even extend as far as it playing a key
regulatory role, orchestrating the binding and releasing of
pro- and anti-angiogenic growth factors, secreted into the
wound through coagulation and hypoxia. This would
place the fibrin matrix (and fibrinolysis) in the core of the
putative biochemical switch mechanism that is
responsible for triggering the progression of the
hemostatic phase to the angiogenic phase during wound
healing [10]. Thus, the ability to deliver a physiological
mixture of growth factor proteins within a fibrin-based
vehicle would offer the advantage that the factor carrier
could concurrently serve as a functional scaffold template
upon which tissue repair can materialize.

HPP and HPS differ in that the latter comprises no
fibrin(ogen), as this is consumed during blood
coagulation. However, their difference extends to their
growth factor composition; while HPP comprises
exclusively the hypoxia-induced signaling phase (note:
this is theoretical, in practice some degree of platelet
activation and release of platelet-derived factors does
occur during blood incubation), and is thus specifically
potent as a pro-angiogenic mixture, HPS represents a
more ‘complete’ secretome, since it provides both the
coagulation-induced phase, as well as the hypoxia-
induced phase of the wound healing cascade. For
example, HPP comprises a significantly greater amount
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(approx. 5-10 fold higher) of the pro-angiogenic factor
VEGF than normal plasma and serum, while containing
significantly lower amounts of the angiogenic inhibitors
TSP-1 and PF-4 than HPS and PRP (Figure 2). This
favorable balance of pro- to anti-angiogenic factors may
make HPP an ideal secretome for stimulating
angiogenesis on-demand. However, given that both the
coagulation-induced phase and the hypoxia-induced
phase play an integral role during wound repair, HPS may
prove to be more suitable for the treatment of chronic
wounds, i.e. wounds that lack the ability to progress to
complete healing due to underlying pathology (e.g.
diabetic ulcers). In this context, it should not be forgotten
that a chronic wound, for it to have a chance of healing,
should first be converted to an acute one (e.g. through
debridement). This process of ‘resetting the clock’ makes
the necessity for administrating a composition that
delivers the complete package of growth factor signals
more profound. Ongoing clinical trials by our group
appear to support this idea (unpublished data).

In contrast to wound repair following trauma or
pathology, the regeneration of (largely) intact tissue that
has been altered trough non-traumatic processes, such as
aging or photodamaging, as well as controlled
dermabrasion (e.g. laser, chemical or mechanical
dermabrasion) does not (at least from a macroscopic
standpoint) require the initial addition of an external
biomaterial scaffold. Yet, it is established that both aging
as well as photodamage of skin do result in structural
changes in the existing extracellular matrix (ECM)
architecture [34]. Any attempt at repairing the ECM must
then rely on supporting the innate cellular mechanisms
that naturally facilitate tissue repair. Controlled delivery
of growth factor signals that promote cell migration
towards, and proliferation within the target tissue could
be effective by promoting a cellular-driven type of ‘in vivo
tissue engineering’. To this extent, sufficient angiogenic
induction is the primary limiting step, as the survival of
newly built tissue ultimately relies on blood-derived
nutrient and oxygen support [35]. As postulated above,
the utilization of secretomes such as HPP, capable of
specifically delivering hypoxia-induced, i.e. angiogenesis-
targeting growth factors, may prove to be useful for
causally overcoming this hurdle.

Spatial growth factor gradients promote chemotactic
migration of cells, including endothelial cells towards a
target site, and are important for stimulation of
directional angiogenesis [36]. To achieve such gradients,
growth factors derived through EWS could be loaded onto
suitable polymeric carriers that can be topically applied
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or be locally injected intradermally/subcutaneously
through gel or sol-gel vehicles. In addition to using
exogenous vehicles, localized delivery could be achieved
through the fibrin matrix obtained via the activation of
fibrinogenesis in HPP [7]. On the other hand, since HPS is
devoid of fibrinogen, exogenous fibrinogen can be added
(extra fibrinogen can also be optionally added to HPP, to
augment fibrin matrix volume/density if desired).

quickly induces the formation of a fibrin gel-matrix,
similar to the one that naturally forms upon blood
coagulation. The in vivo-formed fibrin matrix then
sequesters the factors at the site of administration,
through specific binding (e.g. VEGF) and/or passive
trapping, and ensures their controlled release as it occurs
within a wound [9]. This also helps to avoid unwanted
side-effects such as vascular leakage/edema and ectopic
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Figure 2: Quantitative analysis of pro-angiogenic factor (VEGF) and anti-angiogenic factor (TSP1, PF-4) protein
concentration in different blood-derived secretomes, Hypoxia Preconditioned Plasma (HPP, 4 day incubation),
Hypoxia Preconditioned Serum (HPS, 4 day incubation), Platelet-Rich Plasma (PRP), as measured by ELISA. The
values were determined from the blood samples of four healthy subjects (n=4). Error bars represent standard

Novel Compositions with Adjustable
Concentrations of Phase-Specific Growth
Factors

As we have already discussed, during wound healing
the onset of hypoxia-induced angiogenesis is temporally
distinct from the early inflammatory phase, in which
platelets are primarily involved in hemostasis
(angiogenesis is typically induced 3-4 days after
wounding) [9]. While platelets might play a regulatory
role, rather than a directly stimulatory role in new vessel
formation, their contribution to the initiation, progression
and completion of the wound healing process is self-
evident. Conclusively, an optimal wound healing

composition should comprise both the coagulation-
induced, as well as the hypoxia-induced growth factor
signaling phases. In nature, these two phases occur
sequentially, ie. the coagulation-mediated phase is
induced immediately upon/soon after trauma, through
the release of growth factors by activated platelets,
followed by the induction of the hypoxia-mediated phase
which relies on growth factor production by blood cells
and other cells present within the wound. Conditioned
culture media, including compositions comprising
conditioned blood products (e.g. HPP and HPS), are
unable, however, to provide a method for segregating
these two phases, as all the factors are released into the
same culture medium (plasma or serum).

Copyright© Hadjipanayi E, et al.
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A cumulative mixture is therefore obtained that
contains all the required growth factors, but their
concentrations and  ratios can  neither  be
controlled/adjusted, nor do they correlate with the
concentrations/ratios at which these factors are
progressively encountered within a natural wound.

The solution to this problem is to develop a method for
first separating the two signaling phases, in order to then
be able to mix them at defined ratios, in order to obtain
tailor-made compositions that can eventually recapitulate
the natural sequential expression of the two wound
healing phases. Figure 3 describes such a method. After
obtaining a peripheral blood sample, the blood is allowed
to clot or centrifuged to induce clotting. The serum is then
removed completely or partially, without disturbing the
clot, and replaced with fresh medium. The fresh medium

used for clot incubation can be a suitable cell culture
medium (e.g. serum-containing or serum-free culture
medium) and/or a solution that is isotonic with blood.
Indeed, clinical-grade specialized media for culturing
blood cells and for use in ex-vivo tissue processing
applications currently do exist (e.g. GIBCO® CTST™AIM V®
SFM, Therapeutic Grade, Thermo Fisher Scientific Inc.).
The clot is incubated in fresh medium at physiological
temperature (37°C) under in situ (cell-mediated) hypoxia
(BVUA = 1ml/cm?) for a given time period (4 to 7 days),
before collecting the medium. The clot conditioned
medium is then mixed with serum at a defined ratio to
obtain a novel composition. As is the case for HPP and
HPS, the serum and clot conditioned medium can be
filtered to remove cells/cellular material, thus providing a
cell-free composition.

«—air «—— air

sedimentation

or centrifugation
+—RBCs

\

<+—— blood
(BVUA 1mlfcm?)

extraction, and the mixing ratio of the two phases.

4— Serum serum extraction

+—clot ﬁ

SErUM =—— E

novel composition

4— air +— air

7 «—— fresh medium | P clot
Y clot time conditoned
— :
37°C, hypoxia medium
< RBCs +—— RBCs

reset fresh medium

Day 1-7

+— time-specific clot conditioned medium

Figure 3: Method for preparing novel compositions comprising the coagulation-induced signaling phase (present in
serum) and the hypoxia-induced signaling phase (present in clot conditioned medium) of the wound healing growth
factor cascade. Factor concentration can be adjusted by controlling the volume of fresh medium added after serum

This method allows for precise control of the
concentration of protein growth factors in clot
conditioned medium by controlling the volume of fresh
medium added after serum extraction. Preferably, the
serum is replaced with fresh medium of a lower volume
than the volume of the serum removed, in order to
increase the concentration of the factors secreted by
blood cells into the conditioned medium above the
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concentration that would be achieved if the factors were
secreted directly into the original serum volume during
conditioning. In this way the factors can be concentrated
up to 10-fold, or more. For example, VEGF, which has an
average concentration in serum of 60-700 pg/ml could be
concentrated up to 5 ng/ml, and further doubled or
tripled through hypoxic conditioning [2,7]. This large
increase in factor concentration is significantly higher
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than the increase that could be ever achieved through
blood centrifugation (and platelet enrichment of plasma).
The concentration of factors released in the serum can
also be adjusted, indirectly, by mixing it with clot
conditioned medium. Serum will contain a significantly
higher concentration of platelet-derived factors (e.g. PF4)
than clot conditioned medium. The preferred mixing
volume ratio of clot conditioned medium to serum is such
that the concentration of factors in the clot conditioned
medium is never diluted, as a result of mixing, below their
natural serum concentration. Therefore, the priority is to
maintain a high concentration of hypoxia-induced pro-
angiogenic factors, while at the same time also delivering
platelet-derived  factors at naturally occurring
concentrations.

A further idea that derives from this approach is that of
temporally-specific growth factor signaling packages. As
depicted in figure 3, clot conditioned medium can be
collected at defined time points from the start of
incubation, e.g. at 1 to 7 days and replaced by new fresh
medium, thus allowing the incubation to continue.
Through this process, multiple new compositions can be
obtained at defined intervals, that comprise different
factor concentrations and ratios, since hypoxia-induced
factor expression by PBCs significantly varies over time
[2]. These compositions then effectively recapitulate the
natural sequential expression of the wound healing
cascade. In theory, this would make it possible to
selectively intervene at any given time point during
wound progression, by delivering compositions that
specifically match, from a temporal perspective, the exact
stage the wound is currently found (following
debridement). Whether this could provide an additional
benefit, such as a faster rate of repair, compared to the
administration of broader compositions, needs to be
examined.

Compositions obtained by these methods could be used
to prevent or treat tissue damage by being topically
applied onto a wound or injected
intradermally/subcutaneously. These modes of
administration may also find utility in repairing tissue
that has been altered through chronological aging or
photoaging. Blood-derived secretomes could also be co-
delivered with grafts, such as skin and fat grafts, in order
to improve their take by increasing early angiogenic
support to the graft. This could potentially facilitate the
application of grafts into damaged tissue (e.g. irradiated
tissue, chronic wounds with compromised blood supply),
but could also enable the transplantation/implantation of
larger graft volumes. The latter presents an exciting
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possibility, one that could pave the way for tissue
engineering applications.

Conclusion

The Extracorporeal Wound Simulation (EWS) approach
provides significant improvement over currently
available systems for preparation of autologous blood-
based compositions, such as platelet-rich products, as it
makes it possible to deliver hypoxia-induced (i.e.
angiogenesis-targeting) factor mixtures of higher protein
concentration and potency, rather than only the factors
already present within cells (platelets) at the time of
blood collection. By harnessing both the coagulation-
induced phase and the hypoxia-induced phase, EWS-
derived compositions can provide the complete growth
factor signalling that normally drives physiological wound
healing.

EWS-based therapies can be delivered in the form of
wound dressings and injectable preparations, which are
entirely cell-free. Importantly, since the protein factors
are derived from patient autologous blood, these
therapies are safe and patient-specific. By using a
personalised therapy, clinicians can better target the
wound healing process, as the growth factor
requirements for an adequate wound healing response
significantly vary between individuals. It will thus have
utility both at the bed-side, as an angiogenic therapy in
peripheral ischaemic tissue such as wounds, ulcers and
burns, as well as pre-, intra- and post-operatively as
angiogenic support for central ischaemic tissue, grafts,
and engineered implants.
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