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Fibrin and Its Key Role in Skin Wound 
Healing
Formation of the fibrin network
When the skin barrier is compromised, with the fibrin network 
as an essential component, a temporary physiological process 
rapidly occurs to close the wound, to stop a potential infection 
and to activate the restoration of the damaged skin [1]. Thrombin, 
a serine protease, is activated during the coagulation cascade 
at the beginning of the wound healing process and converts a 
soluble plasmatic hexameric glycoprotein of 340 kDa, fibrinogen, 
into insoluble fibrin monomers by cleaving two small peptides, 
the fibrinopeptides A and B [2-5]. The removal of fibrinopeptides 
exhibits “knobs” complementary to “holes” exposed at the end 
of the fibrinogen glycoprotein and their interactions result in the 
formation of protofibrils which aggregate to form fibrin fibers 
[2,4]. The fibrin meshwork constitutes a physiological hydrogel 
further cross-linked by Factor FXIIIa, a transglutaminase, in 
order to be stabilized and avoid early enzymatic degradation via 
a serine protease, plasmin [2,3,5] (Figure 1). This cross-linked 
fibrin embedding platelets, erythrocytes as well as other proteins 
(e.g. fibronectin) form the blood clot that reinforces the initial 
platelet plug at the vascular breach [1] (Figure 2). The fibrillar 

network also serves as a provisional template for promoting cell 
migration and proliferation. It is filled with cytokines and growth 
factors released in the first instance by platelets which attract 
at the wound bed inflammatory cells (neutrophils and then 
macrophages) but also activate re-epithelialization, angiogenesis, 
connective tissue formation and contraction [1,5,6].

Interactions of the fibrin network with skin cells
Various cell types including the main cell types in skin [5], 
keratinocytes and fibroblasts, are able to interact with the 
fibrin clot. Following injury, fibroblasts from the dermis healthy 
tissue are stimulated by both growth factors and fibrin itself [5] 
prior to migrating toward the fibrin matrix. Fibroblasts express 
new integrin receptors, begin to proliferate and produce newly 
extracellular matrix components to replace the fibrin temporary 
construct [1,5]. Simultaneously, keratinocytes from the margins 
of the wound detach themselves from each other and from the 
basal lamina in order to migrate toward the fibrin clot in a process 
called re-epithelialization [1]. Even if keratinocytes are not 
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Abstract
The ultimate goal in skin tissue regeneration is to develop artificial skin 
replacements for the restoration of damaged or missing skins in patients as well 
as to enhance wound healing processes. Fibrin, a naturally-occurring biopolymer 
involved in wound healing has seen widespread use in tissue engineering due to its 
bioactivity, biocompatibility, biodegradability, and facile processability. However, 
the versatile biopolymer should be further explored and more specifically for 
skin tissue engineering strategies due to its remarkable skin repair capacity: 
intrinsic healing properties, adaptable to biomaterial design from its fibrinogen 
and thrombin precursors and tunable physico-chemical features. Fibrin’s poor 
mechanical properties can be efficiently improved by combining the biopolymer 
with synthetic polymers such as polyethylene glycol. The aim of this commentary 
is to provide a concise insight on the key properties of fibrin for skin healing and 
regeneration, particularly highlighting the emerging role of fibrin-based hydrogels 
as skin substitutes.
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expressing fibrin-binding receptors, they are able to move across 
the fibrin mesh by up-regulating some activators of plasmin 
including tissue-type plasminogen activator (tPA) and urokinase-
type plasminogen activator (uPA) [1]. They also secrete various 
metalloproteinases (MMPs) such as MMP-9, MMP-1 and MMP-
10 [1]. In combination with growth factors, fibrin stimulates the 
proliferation of keratinocytes which recreate a new stratified 
epidermis at the wound bed [7].

Fibrin Based Scaffolds and Their Uses in 
Skin Tissue Engineering
Advantages of using fibrin compared to other 
natural polymers
Displaying a set of unique features, fibrin offers several practical 
advantages over other biopolymers including chitosan, hyaluronic 
acid, collagen or gelatin [8-10]. First, its precursors, fibrinogen 
and thrombin, can be easily isolated from patient’s blood 
making autologous scaffolds possible [2]; therefore, limiting 
immunogenicity unlike collagen type I, the most widespread 

protein used in skin tissue engineering [8]. Second, the fibrin 
network displays versatile properties useful for customizable skin 
substitute development. Polymerization rate, fiber thickness, 
scaffold pore size and architecture can be fine-tuned by optimizing 
several factors including pH and precursor concentrations [2,10]. 
Third, several articles reported the cost effectiveness of isolating 
fibrin compared to other natural polymers [2,3]. Last, fibrin has 
been associated with well-established native wound healing 
properties [1,5]. Fibrin scaffolds stimulate and provide sufficient 
time for neo-matrix formation while gradually resorbing under 
the action of proteases. These healing properties are beneficial 
in promoting wound healing and reducing scar formation for 
more natural functional and aesthetic characteristics. For 
instance, collagen-based skin substitutes have been associated 
with wound contraction and poor scarring suggesting the need 
to develop improved skin equivalents [8,11].

Fibrin scaffolds and their limits
Fibrin is already used in several forms for skin-related biomedical 
applications [2,3,6,9,10]. Fibrin glues, which were initially meant 
to promote hemostasis in surgical procedures were extended to 
other clinical applications such as skin graft adhesion and wound 
healing [12]. Keratinocytes seeded into fibrin glues have been 
shown to improve the healing of refractive leg ulcers [2,3,13] 
and the treatment of extensive burn wounds [14]. However, 
the use of fibrin glues as scaffolds in skin tissue engineering 
remains a challenge due to their highly dense structure unfit 
for cell survival [15]. Fibrin hydrogels have also been used as 
biological matrix for skin tissue engineering. Hydrogels represent 
a class of high water content polymers with physical or chemical 
crosslinks. Their physical properties are similar to soft tissues 
[16]. Fibrin hydrogels formed in vitro exhibit similar structure 
and mechanical properties to those of the fibrin clot in vivo [2]. 
Different co-culture skin models (keratinocytes/fibroblasts) using 
fibrin hydrogels as scaffolds were reported to promote vascular 
growth and epidermis regeneration [2], biointegration after 
in vivo implantation on nude mice [17] and wound coverage 
of severe burned areas [18]. Co-culture models were also 
successfully used to study the interactions and interdependence 
of the two cell types [19]. Fibrin was combined with fibronectin 
to enhance its biologic properties and the results highlighted the 
increase of cellular migration into the wound site [9]. However, 
applications of fibrin-based scaffolds in skin tissue engineering 
have been limited due to their poor mechanical properties and 
fast biodegrability [3].

Overcoming the main limitations of fibrin 
scaffolds and their potential applications in skin 
regeneration
A number of strategies could improve the degradation rate of 
fibrin networks including optimizing fibrinogen precursor and 
calcium ion concentrations, conjugating fibrin with synthetic 
polymers such as polyethylene glycol (pegylation), reducing 
cell density or using protease inhibitors such as aprotinin [2,3]. 
A vascularized pegylated fibrin-collagen hydrogel incorporating 
stem cells was successfully developed as a dermis equivalent and 

Figure 1 Predominant steps of fibrin network formation in 
the coagulation of blood. After stimulation by the 
coagulation cascade, thrombin generated from 
prothrombin initiate the conversion of water-
soluble fibrinogen into an insoluble form of fibrin. 
Concurrently, Factor FXIII is converted into Factor 
XIIIa transglutaminase, a fibrin stabilizing factor that 
enzymatically crosslinks insoluble fibrin into a stable 
fibrin based interlacing fibrous network.

Figure 2  Colored scanning electron micrograph (SEM) depicting 
a characteristic fibrous blood clot. Red blood cells 
(erythrocytes, pink) clumped together with fibrin 
(grey) to form a blood clot. Magnification: x6500.
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showed promising results to treat large surface injured areas [20]. 
One approach use to reinforce the mechanical stiffness of fibrin 
matrix is to combine this glycoprotein with a synthetic polymer. 
Fibrin has been conjugated to several synthetic polymers such 
as polyethylene glycol, polyurethane and polycaprolactone [3]. 
The biopolymer has also been used for coating polycaprolactone 
films in order to develop an epidermal equivalent [21]. Another 
approach is to use an interpenetrating polymer network (IPN) 
system [22]. IPN is defined as a combination of polymers in a 
network form, where at least one polymer is synthesized and/or 
cross-linked in the presence of the other, either simultaneously 
or sequentially. The resulting networks are in part entangled on 
the molecular scale without covalent bonds between them. Their 
separations from each other are not possible unless chemical 
bonds are broken [22]. Different methods have been investigated 
to develop IPN hydrogels and combine the excellent mechanical 
properties of synthetic polymers with the biologic features of 
fibrin for skin wound dressing applications. For instance, IPN 
incorporating fibrin with polyethylene glycol exhibited improved 
mechanical properties compared to fibrin alone [23]. Fibrin was 
also associated to polyvinyl alcohol to develop IPN biomaterials 

for wound healing [24]. Recently, fibrin was combined to a 
biodegradable co-network of polyvinyl alcohol and serum 
albumin in IPN architecture. The results showed that the 
composite biomaterials not only prevented any shrinkage but 
also exhibited improved mechanical properties [25].

Conclusion and Future Perspectives
Due to its physiological role in wound healing, fibrin is one of the 
most attractive polymers for skin tissue engineering. Different 
strategies have been adopted to overcome its lack of mechanical 
stiffness showing that self-supported fibrin based materials 
could be designed for skin restoration. Although future studies 
are necessary to improve the physico-chemical properties of 
fibrin-based hydrogels, strategies to make improved biomimetic 
scaffolds hold promise for accelerating the bench-to-bedside 
translational research in skin regeneration.
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