OLLSCOILNAGAILLIMHE
UNIVERSITY OF GALWAY

Wound healing and scar wars

Title

Wound healing and scar wars

Author(s)

Pugliese, Eugenia;Coentro, Joao Q.;Raghunath, Michael;Zeugolis,
Dimitrios I.

Publication Date

2018-06-15

Publisher

Elsevier

Repository DOI

10.1016/j.addr.2018.05.010



http://dx.doi.org/10.1016/j.addr.2018.05.010

Editorial

Title

Wound healing and scar wars

Authors
Eugenia Pugliese” (1, 2), Jodo Q. Coentro” (1, 2), Michael Raghunath (3), Dimitrios I. Zeugolis® (1,

2)

Affiliations

(1) Regenerative, Modular & Developmental Engineering Laboratory (REMODEL), Biomedical
Sciences Building, National University of Ireland Galway (NUI Galway), Galway, Ireland

(2) Science Foundation Ireland (SFI) Centre for Research in Medical Devices (CURAM), Biomedical
Sciences Building, National University of Ireland Galway (NUI Galway), Galway, Ireland

(3) Competence Centre Tissue Engineering for Drug Development (TEDD), Centre for Cell Biology
& Tissue Engineering, Institute for Chemistry and Biotechnology, Zurich University of Applied

Sciences (ZHAW), Zurich, Switzerland.

“ EP and JQC share equally first authorship
 Corresponding author: Dimitrios I. Zeugolis. Telephone: +353 (0) 9149 3166; Fax: +353 (0) 9156

3991; Email: dimitrios.zeugolis@nuigalway.ie



Wound healing and scarring are highly conserved physiological responses to wounding in most
tissues in higher organisms, consisting of a sequence of well-characterised stages (coagulation,
inflammation, proliferation and remodelling [1-3]), with the aim to repair interrupted tissue structures
and to restore tissue function [4]. However, this sequence can come to a halt before completion
resulting in undesired outcomes, ranging from the formation of a large local scar to organ-
encompassing fibrosis. Whilst the former causes cosmetic annoyance, the latter might lead to grave
functional impairment or to chronic non-healing wounds.

Fibrosis is a pathological scarring phenomenon characterised by the formation of wide spread
excessive fibrous connective tissue, which alters the microarchitecture of a whole organ, driving it
eventually into failure. Fibrosis causes a huge global burden on healthcare, with millions of patients
suffering from cosmetic or even functional tissue / organ impairment, which considerably reduces
their quality of life [5]. Fibrosis can be fatal: chronic fibro-proliferative diseases have been associated
with 45 % of non-accident related casualties in the USA [6]. Besides being the common feature of
most chronic inflammatory diseases (e.g. skin, liver and kidney diseases; pulmonary and heart
fibrosis), fibrosis is also a major pathological feature of many chronic autoimmune diseases, including
scleroderma, rheumatoid arthritis, Crohn’s disease and systemic lupus erythematosus [7].

Chronic ulcers (diabetic, vascular, pressure and age-related ulcers) are the product of chronic wounds,
which fail to follow and complete the wound healing sequence [1, 3], usually due to a perpetuated
inflammatory response, leading to the formation of an ulcer that can last for years [5]. Ulcers are
embedded in a surrounding fibrotic wound microenvironment and do not spontaneously close. This
is opposed to the acute wound healing process (trauma, burns and surgical wounds), which results in
tissue regeneration / repair or circumscribed scar formation [6]. Whilst acute wound care accounts
for more than 16 million admitted patients per year [7], it is estimated that chronic wounds cost
approximately US$ 5-10 billion dollars annually in USA alone [6]. The population prevalence of foot
and leg diabetic ulcers in the EU is estimated to affect between 1.5-2.0 million of the 491 million

inhabitants of the 27 EU countries with an annual estimated cost of €10-12 billion [8].



Despite their enormous impact on human health, there are currently no approved treatments that
effectively treat and cure fibrosis or chronic wounds. Current limitations in developing therapies for
normal and pathological tissue repair are partially due to the broad range of imbalanced and
interconnected signalling pathways underlying such pathologies and the inherent difficulty in
pinpointing exactly the affected pathways in each case [9]. This further hinders the development of
new therapies, as it is difficult to determine which specific drugs to use and the most appropriate
vehicles of delivery. Another reason might be that single agent therapies, such as growth factors, due
to their rapid degradation at the wound site, or due to the redundancy and plasticity of the wound
healing mechanisms involved, have failed so far to make a significant impact in controlling these
pathologies [10]. In a similar manner, administration of corticosteroids, which has been used as the
method of choice for treating scarring diseases by decreasing exacerbated inflammation and matrix
deposition, has also been associated with considerable side-effects (e.g. osteoporosis, glaucoma,
atrophy and pain at the injection site) [15].

It is evidenced that there is an urgent need for the development of systems capable of delivering
multiple bioactive agents in a controlled manner, using s synergistic approach for yielding an
improved therapeutic potential [11]. Achieving closure of chronic wounds has also remained a
challenge. Split-thickness autografts, despite being considered the gold standard in wound healing
due to their capability to accelerate wound healing and prevent immune-rejection, have several
disadvantages, such as donor site morbidity and pain [12]. Recent tissue engineering approaches in
wound healing and fibrosis treatment have tried to circumvent these limitations by using autologous
cultured grafts, stem cells, wound dressings from natural and synthetic materials, negative pressure
therapy systems, gene / drug / growth factor / small molecule / cell delivery systems alone or in
combination with an appropriate carrier (Figure 1).

This special issue provides insights into some of the molecular mechanisms inherent to wound healing
and fibrosis [13-16] and highlighting the use of cell- and tissue- models for basic research and drug

discovery [17, 18]. The use of several approaches for treating or preventing such pathologies is also



discussed, including bioactive [19-21], electroactive [22] and stimuli-responsive [23] biomaterial-
based approaches; gene, drug, proteoglycan and growth factor based approaches [24-34]; cellular and
cellular-derived based therapies [35-37]; and matrix modulation strategies [38]. Considering the
significant strides made in understanding the molecular mechanisms operating in normal and
pathological wound healing and the promising therapeutic approaches described herein, it is expected
that in the near future, some of these technologies will satisfy clinical needs and enter

commercialisation.



Figure 1: Physiological and pathological wound healing sequences share three common phases after
wounding: inflammation, proliferation and remodelling phase. When failing to complete the wound
healing sequence, a pathological outcome (fibrosis or chronic wound) can occur. Different therapeutic
approaches that can be pursued in each phase (e.g. drugs, genes, proteins, growth factors, small
molecules and cells alone or in combination with an appropriate carrier) are at the forefront of

scientific research, technological innovation and clinical translation.




Acknowledgements

The authors would like to acknowledge for financial support the: Science Foundation Ireland, Career
Development Award (Grant Agreement Number: 15/CDA/3629); Science Foundation Ireland /
European Regional Development Fund (Grant Agreement Number: 13/RC/2073); H2020, Marie
Sktodowska-Curie Actions, Innovative Training Networks 2015 Tendon Therapy Train project
(Grant Agreement Number: 676338). The authors would also like to thank Mr Maciek Doczyk for

designing Figure 1.



References

[1] R. Zhao, H. Liang, E. Clarke, C. Jackson, M. Xue, Inflammation in chronic wounds, Int J Mol
Sci, 17 (2016).

[2] B.F. Seo, J.Y. Lee, S.N. Jung, Models of abnormal scarring, Biomed Res Int, 2013 (2013) 423147.
[3] Q. Zeng, L. Macri, A. Prasad, R. Clark, D. Zeugolis, C. Hanley, Y. Garcia, A. Pandit, D. Leavesley,
D. Stupar, M. Fernandez, C. Fan, Z. Upton, Skin tissue engineering, in: P. Ducheyne (Ed.)
Comprehensive Biomaterials Il, Elsevier, Oxford, 2017, pp. 334-382.

[4] P. Beldon, Basic science of wound healing, Surgery (Oxford), 28 (2010) 409-412.

[5] C.Z. Chen, Y.X. Peng, Z.B. Wang, P.V. Fish, J.L. Kaar, R.R. Koepsel, A.J. Russell, R.R. Lareu,
M. Raghunath, The Scar-in-a-Jar: Studying potential antifibrotic compounds from the epigenetic to
extracellular level in a single well, Br J Pharmacol, 158 (2009) 1196-1209.

[6] T.A. Wynn, Fibrotic disease and the T(H)1/T(H)2 paradigm, Nat Rev Immunol, 4 (2004) 583-
594,

[7] T.A. Wynn, T.R. Ramalingam, Mechanisms of fibrosis: Therapeutic translation for fibrotic
disease, Nat Med, 18 (2012) 1028-1040.

[8] J. Posnett, F. Gottrup, H. Lundgren, G. Saal, The resource impact of wounds on health-care
providers in Europe, J Wound Care, 18 (2009) 154-161.

[9] P. Martin, R. Nunan, Cellular and molecular mechanisms of repair in acute and chronic wound
healing, Br J Dermatol, 173 (2015) 370-378.

[10] G.C. Gurtner, S. Werner, Y. Barrandon, M.T. Longaker, Wound repair and regeneration, Nature,
453 (2008) 314-321.

[11] E. Pugliese, J.Q. Coentro, D.I. Zeugolis, Advancements and challenges in multidomain
multicargo delivery vehicles, Adv Mater, 30 (2018) e1704324.

[12] T.J. Phillips, O. Kehinde, H. Green, B.A. Gilchrest, Treatment of skin ulcers with cultured

epidermal allografts, J Am Acad Dermatol, 21 (1989) 191-199.



[13] N.A. Afratis, M. Klepfish, N.K. Karamanos, I. Sagi, The apparent competitive action of ECM
proteases and cross-linking enzymes during fibrosis: Applications to drug discovery, Adv Drug Deliv
Rev, (2018).

[14] Z. Piperigkou, M. Gotte, A.D. Theocharis, N.K. Karamanos, Insights into the key roles of
epigenetics in matrix macromolecules-associated wound healing, Adv Drug Deliv Rev, (2017).

[15] J. Schnittert, R. Bansal, G. Storm, J. Prakash, Integrins in wound healing, fibrosis and tumor
stroma: High potential targets for therapeutics and drug delivery, Adv Drug Deliv Rev, (2018).

[16] Q. Su, V. Kumar, N. Sud, R.l. Mahato, MicroRNAs in the pathogenesis and treatment of
progressive liver injury in NAFLD and liver fibrosis, Adv Drug Deliv Rev, (2018).

[17] S. Bersini, M. Gilardi, M. Mora, S. Krol, C. Arrigoni, C. Candrian, S. Zanotti, M. Moretti,
Tackling muscle fibrosis: From molecular mechanisms to next generation engineered models to
predict drug delivery, Adv Drug Deliv Rev, (2018).

[18] A. Sundarakrishnan, Y. Chen, L.D. Black, B.B. Aldridge, D.L. Kaplan, Engineered cell and
tissue models of pulmonary fibrosis, Adv Drug Deliv Rev, (2017).

[19] O. Castano, S. Perez-Amodio, C. Navarro, M.A. Mateos-Timoneda, E. Engel, Instructive
microenvironments in skin wound healing: Biomaterials as signal releasing platforms, Adv Drug
Deliv Rev, (2018).

[20] J.C. Rodriguez-Cabello, I. Gonzalez de Torre, A. Ibanez-Fonseca, M. Alonso, Bioactive
scaffolds based on elastin-like materials for wound healing, Adv Drug Deliv Rev, (2018).

[21] P. Heher, S. Muhleder, R. Mittermayr, H. Redl, P. Slezak, Fibrin-based delivery strategies for
acute and chronic wound healing, Adv Drug Deliv Rev, (2017).

[22] B. Tandon, A. Magaz, R. Balint, J.J. Blaker, S.H. Cartmell, Electroactive biomaterials: VVehicles
for controlled delivery of therapeutic agents for drug delivery and tissue regeneration, Adv Drug
Deliv Rev, (2017).

[23] M. Morey, A. Pandit, Responsive triggering systems for delivery in chronic wound healing, Adv

Drug Deliv Rev, (2018).



[24] M. Ashtikar, M.G. Wacker, Nanopharmaceuticals for wound healing - Lost in translation?, Adv
Drug Deliv Rev, (2018).

[25] M. Xue, R. Zhao, H. Lin, C. Jackson, Delivery systems of current biologicals for the treatment
of chronic cutaneous wounds and severe burns, Adv Drug Deliv Rev, (2018).

[26] K. Kaplani, S. Koutsi, V. Armenis, F.G. Skondra, N. Karantzelis, S. Champeris Tsaniras, S.
Taraviras, Wound healing related agents: Ongoing research and perspectives, Adv Drug Deliv Rev,
(2018).

[27] E. Heber-Katz, P. Messersmith, Drug delivery and epimorphic salamander-type mouse
regeneration: A full parts and labor plan, Adv Drug Deliv Rev, (2018).

[28] C.M. Desmet, V. Preat, B. Gallez, Nanomedicines and gene therapy for the delivery of growth
factors to improve perfusion and oxygenation in wound healing, Adv Drug Deliv Rev, (2018).

[29] A. Haumer, P.E. Bourgine, P. Occhetta, G. Born, R. Tasso, I. Martin, Delivery of cellular factors
to regulate bone healing, Adv Drug Deliv Rev, (2018).

[30] M.V. Nastase, J. Zeng-Brouwers, M. Wygrecka, L. Schaefer, Targeting renal fibrosis:
Mechanisms and drug delivery systems, Adv Drug Deliv Rev, (2017).

[31] Z. Meng, D. Zhou, Y. Gao, M. Zeng, W. Wang, miRNA delivery for skin wound healing, Adv
Drug Deliv Rev, (2017).

[32] A.M. Tatara, D.P. Kontoyiannis, A.G. Mikos, Drug delivery and tissue engineering to promote
wound healing in the immunocompromised host: Current challenges and future directions, Adv Drug
Deliv Rev, (2017).

[33] P. Peking, U. Koller, E.M. Murauer, Functional therapies for cutaneous wound repair in
epidermolysis bullosa, Adv Drug Deliv Rev, (2017).

[34] K. Karamanou, G. Perrot, F.X. Maquart, S. Brezillon, Lumican as a multivalent effector in
wound healing, Adv Drug Deliv Rev, (2018).

[35] M. Schneider, P. Angele, T.A.H. Jarvinen, D. Docheva, Rescue plan for Achilles: Therapeutics

steering the fate and functions of stem cells in tendon wound healing, Adv Drug Deliv Rev, (2017).



[36] B.B. Mendes, M. Gomez-Florit, P.S. Babo, R.M. Domingues, R.L. Reis, M.E. Gomes, Blood
derivatives awaken in regenerative medicine strategies to modulate wound healing, Adv Drug Deliv
Rev, (2017).

[37] J. Cabral, A.E. Ryan, M.D. Griffin, T. Ritter, Extracellular vesicles as modulators of wound
healing, Adv Drug Deliv Rev, (2018).

[38] T.J. Keane, C.M. Horejs, M.M. Stevens, Scarring vs. functional healing: Matrix-based strategies

to regulate tissue repair, Adv Drug Deliv Rev, (2018).



