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Preface
Wound healing and fibrosis – State of play
The multi-step repair process of wound healing displays one of the
most complex biological events. In response to injury, the overlapping
phases of haemostasis, inflammation, proliferation, extracellular matrix
(ECM) formation, neovascularisation and tissue remodelling aim to re-
store tissue integrity and functionality. The highly dynamic healing pro-
cess is orchestrated by various temporal and spatial regulators, such as
growth factors, cytokines, matrix metalloproteinases, cellular receptors
and ECMcomponents [1,2]. However, pathological conditions can evoke
excessive scarring and fibrosis, resulting in the formation of mechani-
cally inferior scar tissue with disorganised ECM [3,4]. Chronic non-
healing wounds, including diabetic wounds, fail to progress through
the phases of wound healing in an orderly and timely manner, posing
a persistent medical problem worldwide. Conventional treatment op-
tions mainly aim at wound closure rather than addressing the underly-
ing pathophysiology, thus increasing healthcare costs and patient
morbidity [5–7].

During evolution, the regenerative capacity of species appears to
have gotten partially lost or diminished [8]. While still elevated at em-
bryonic and neonatal stages, the ability to regenerate tissues in more
evolved organisms, such as mammals, is restricted in adults, associated
with scar tissue formation and fibrosis [3]. Protected from environmen-
tal disturbances and due to a variety of unique mechanisms operating
during embryonic development, wound closure of embryos and foe-
tuses follows regenerative processes, enabling healing in a scarless
mode [9–11]. In order to recapitulate these events in the adult organism,
we need to understand the underlying mechanisms of scarless healing
down to the finest detail.

Another key aspect of efficient tissue growth and restoration is an-
giogenesis, the process of new blood vessel growth from pre-existing
blood vessels [12]. Vascular perfusion ismandatory to sustainmetabolic
function for tissue maintenance, growth and repair [13,14]. This applies
to highly vascularised tissues (e.g. skin, heart, liver, kidney), making in-
duction and promotion of angiogenesis a promising target for effective
treatment strategies. However, recent studies on avascular tissues (e.g.
tendon, ligament, cartilage, cornea) suggest that as opposed to promot-
ing angiogenesis during wound repair, limiting but not inhibiting
neovessel formation may be beneficial for restoring tissue integrity
and function [15–19]. As angiogenesis is a rate-limiting step for several
pathologic conditions, anti-angiogenic therapies are already used in
clinical practice to reduce cancer growth and, in ophthalmology, to pre-
vent ocular neovascularisation in retinal diseases [20,21]. However, for
attaining functional tissue regeneration by targeting angiogenic pro-
cesses, we need a deeper understanding of the molecular and cellular
mechanisms of physiological angiogenesis of the respective tissues.
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This special issue comprehensively covers topics predominating is-
sues and potential treatment strategies for wound healing and fibrosis
with a focus on key regulators and fibrotic pathways [22,23]. In particu-
lar, the causes and potential novel treatment modalities of skin [24],
muscle [25] and cardiac fibrosis [26] will be discussed. Approaches in-
clude tunable hyaluronan-based delivery systems [27], advanced thera-
peutic strategies targeting angiogenesis and tissue vascularisation in
wound healing [28], local pharmacological induction of angiogenesis
[29], matrix-assisted cell transplantation [30] and the potential benefits
of limiting angiogenesis to modulate scar formation [31]. The collected
work provides insight into the state-of-the-art and future perspectives
of advanced drug delivery approaches for skin wound healing [32,33],
bone tissue engineering [34] and intestinal inflammation [35]. Similarly,
complications in diabetic wound healing [36] and failed repair mecha-
nisms in articular cartilage [37] and intervertebral disc regeneration
[38] are discussed. Finally, scarless wound healing [39] and skin re-
epithelialisation [40] are highlighted as the ultimate goal in tissue re-
generation and regenerative medicine.

An insufficient insight into the exact molecular mechanisms under-
lying impaired tissue repair is mirrored/reflected by the current lack of
efficient therapies for functional tissue regeneration [41]. This under-
pins the need for the development of new therapeutic platforms that
will address multiple pathophysiologic conditions to mediate healing
in an active and physiologically relevant manner.
Acknowledgements

The authors would like to acknowledge the following entities for fi-
nancial support: H2020, Marie Skłodowska-Curie COFUND Career De-
velopment and Mobility Fellowships in Medical Device Research and
Development (Grant Number 713690), H2020, Marie Skłodowska-Cu-
rie Actions, Innovative Training Networks 2015 Tendon Therapy Train
project (Grant Number 676338), Science Foundation Ireland Career De-
velopment Award (Grant Number 15/CDA/3629) and Science Founda-
tion Ireland/European Regional Development Fund (Grant Number
13/RC/2073).

References

[1] P. Beldon, Basic science of wound healing, Surgery (Oxford) 28 (2010) 409–412.
[2] G. Broughton 2nd, J.E. Janis, C.E. Attinger, The basic science of wound healing, Plast.

Reconstr. Surg. 117 (2006) 12S–34S.
[3] G.C. Gurtner, S. Werner, Y. Barrandon, M.T. Longaker, Wound repair and regenera-

tion, Nature 453 (2008) 314.
[4] T. Wynn, Cellular and molecular mechanisms of fibrosis, J. Pathol. 214 (2008)

199–210.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.addr.2019.10.002&domain=pdf
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0005
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0010
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0010
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0015
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0015
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0020
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0020
https://doi.org/10.1016/j.addr.2019.10.002
https://doi.org/10.1016/j.addr.2019.10.002
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/addr


2 Preface
[5] A. Gaspar-Pintiliescu, A.M. Stanciuc, O. Craciunescu, Natural composite dressings
based on collagen, gelatin and plant bioactive compounds for wound healing: a re-
view, Int. J. Biol. Macromol. (2019).

[6] K. Harding, H. Morris, G. Patel, Healing chronic wounds, BMJ 324 (2002) 160–163.
[7] V. Falanga, Wound healing and its impairment in the diabetic foot, Lancet 366

(2005) 1736–1743.
[8] P. Murawala, E.M. Tanaka, J.D. Currie, Regeneration: the ultimate example of wound

healing, Semin. Cell Dev. Biol. 23 (2012) 954–962.
[9] J. Podolak-Popinigis, A. Ronowicz, M. Dmochowska, A. Jakubiak, P. Sachadyn, The

methylome and transcriptome of fetal skin: implications for scarless healing,
Epigenomics 8 (2016) 1331–1345.

[10] B.J. Larson, M.T. Longaker, H.P. Lorenz, Scarless fetal wound healing: a basic science
review, Plast. Reconstr. Surg. 126 (2010) 1172.

[11] A.D. Rodrigues, Scarless Wound Healing, CRC Press, 2016.
[12] W. Risau, Mechanisms of angiogenesis, Nature 386 (1997) 671–674.
[13] M. Potente, H. Gerhardt, P. Carmeliet, Basic and therapeutic aspects of angiogenesis,

Cell 146 (2011) 873–887.
[14] P. Carmeliet, Angiogenesis in life, disease and medicine, Nature 438 (2005)

932–936.
[15] H. Tempfer, A. Traweger, Tendon vasculature in health and disease, Front. Physiol. 6

(2015) 330, https://doi.org/10.3389/fphys.2015.00330.2015.
[16] H. Tempfer, A. Kaser-Eichberger, S. Korntner, C. Lehner, N. Kunkel, A. Traweger, A.

Trost, C. Strohmaier, B. Bogner, C. Runge, D. Bruckner, K. Krefft, L.M. Heindl, H.A.
Reitsamer, F. Schrodl, Presence of lymphatics in a rat tendon lesion model,
Histochem. Cell Biol. (2014).

[17] H. Tempfer, A. Kaser-Eichberger, C. Lehner, R. Gehwolf, S. Korntner, N. Kunkel, A.
Wagner, M. Gruetz, L.M. Heindl, F. Schroedl, A. Traweger, Bevacizumab improves
Achilles tendon repair in a rat model, Cell. Physiol. Biochem. 46 (2018) 1148–1158.

[18] A.M. Keating, D.S. Jacobs, Anti-VEGF treatment of corneal neovascularization, Ocul.
Surf. 9 (2011) 227–238.

[19] L. Semerano, E. Duvallet, N. Belmellat, N. Marival, N. Schall, M. Monteil, G. Grouard-
Vogel, E. Bernier, M. Lecouvey, H. Hlawaty, Targeting VEGF-A with a vaccine de-
creases inflammation and joint destruction in experimental arthritis, Angiogenesis
19 (2016) 39–52.

[20] P. Carmeliet, Angiogenesis in health and disease, Nat. Med. 9 (2003) 653–660.
[21] A. Stahl, Anti-Angiogenic Therapy in Ophthalmology, Springer, 2016.
[22] P. Zigrino, G. Sengle, Fibrillin microfibrils and proteases, key integrators of fibrotic

pathways, Adv. Drug Deliv. Rev. 146 (2019) 3–16.
[23] A. Fernandez-Colino, L. Iop, M.S. Ventura Ferreira, P. Mela, Fibrosis in tissue engi-

neering and regenerative medicine: treat or trigger? Adv. Drug Deliv. Rev. 146
(2019) 17–36.

[24] J.Q. Coentro, E. Pugliese, G. Hanley, M. Raghunath, D.I. Zeugolis, Current and upcom-
ing therapies to modulate skin scarring and fibrosis, Adv. Drug Deliv. Rev. 146
(2019) 37–59.

[25] J.W. Von den Hoff, P.L. Carvajal Monroy, E.M. Ongkosuwito, T.H. van Kuppevelt, W.F.
Daamen, Muscle fibrosis in the soft palate: delivery of cells, growth factors and anti-
fibrotics, Adv. Drug Deliv. Rev. 146 (2019) 60–76.

[26] S. Hinderer, K. Schenke-Layland, Cardiac fibrosis - a short review of causes and ther-
apeutic strategies, Adv. Drug Deliv. Rev. 146 (2019) 77–82.

[27] A. Passi, D. Vigetti, Hyaluronan as tunable drug delivery system, Adv. Drug Deliv.
Rev. 146 (2019) 83–96.

[28] A.P. Veith, K. Henderson, A. Spencer, A.D. Sligar, A.B. Baker, Therapeutic strategies for
enhancing angiogenesis in wound healing, Adv. Drug Deliv. Rev. 146 (2019)
97–125.

[29] D. Gaspar, R. Peixoto, A. De Pieri, B. Striegl, D.I. Zeugolis, M. Raghunath, Local phar-
macological induction of angiogenesis: drugs for cells and cells as drugs, Adv. Drug
Deliv. Rev. 146 (2019) 126–154.
[30] S. Browne, K.E. Healy, Matrix-assisted cell transplantation for tissue vascularization,
Adv. Drug Deliv. Rev. 146 (2019) 155–169.

[31] S. Korntner, C. Lehner, R. Gehwolf, A. Wagner, M. Grutz, N. Kunkel, H. Tempfer, A.
Traweger, Limiting angiogenesis to modulate scar formation, Adv. Drug Deliv. Rev.
146 (2019) 170–189.

[32] Y. Niu, Q. Li, Y. Ding, L. Dong, C. Wang, Engineered delivery strategies for enhanced
control of growth factor activities in wound healing, Adv. Drug Deliv. Rev. 146
(2019) 190–208.

[33] H.S. Kim, X. Sun, J.H. Lee, H.W. Kim, X. Fu, K.W. Leong, Advanced drug delivery sys-
tems and artificial skin grafts for skin wound healing, Adv. Drug Deliv. Rev. 146
(2019) 209–239.

[34] C.D. Lopez, J.M. Bekisz, C. Corciulo, A. Mediero, P.G. Coelho, L. Witek, R.L. Flores, B.N.
Cronstein, Local delivery of adenosine receptor agonists to promote bone regenera-
tion and defect healing, Adv. Drug Deliv. Rev. 146 (2019) 240–247.

[35] N.G. Kotla, S. Rana, G. Sivaraman, O. Sunnapu, P.K. Vemula, A. Pandit, Y. Rochev,
Bioresponsive drug delivery systems in intestinal inflammation: state-of-the-art
and future perspectives, Adv. Drug Deliv. Rev. 146 (2019) 248–266.

[36] H. Cho, M.R. Blatchley, E.J. Duh, S. Gerecht, Acellular and cellular approaches to im-
prove diabetic wound healing, Adv. Drug Deliv. Rev. 146 (2019) 267–288.

[37] A.R. Armiento, M. Alini, M.J. Stoddart, Articular fibrocartilage - why does hyaline car-
tilage fail to repair? Adv. Drug Deliv. Rev. 146 (2019) 289–305.

[38] J. Clouet, M. Fusellier, A. Camus, C. Le Visage, J. Guicheux, Intervertebral disc regen-
eration: from cell therapy to the development of novel bioinspired endogenous re-
pair strategies, Adv. Drug Deliv. Rev. 146 (2019) 306–324.

[39] H. Pratsinis, E. Mavrogonatou, D. Kletsas, Scarless wound healing: from develop-
ment to senescence, Adv. Drug Deliv. Rev. 146 (2019) 325–343.

[40] P. Rousselle, F. Braye, G. Dayan, Re-epithelialization of adult skin wounds: cellular
mechanisms and therapeutic strategies, Adv. Drug Deliv. Rev. 146 (2019) 344–365.

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

Stefanie Korntner
Regenerative, Modular & Developmental Engineering Laboratory

(REMODEL), Biomedical Sciences Building, National University of Ireland
Galway (NUIG), Galway, Ireland

Science Foundation Ireland (SFI) Centre for Research in Medical Devices
(CÚRAM), Biomedical Sciences Building, National University of Ireland

Galway (NUIG), Galway, Ireland

Dimitrios I. Zeugolis
Regenerative, Modular & Developmental Engineering Laboratory

(REMODEL), Biomedical Sciences Building, National University of Ireland
Galway (NUIG), Galway, Ireland

Science Foundation Ireland (SFI) Centre for Research in Medical Devices
(CÚRAM), Biomedical Sciences Building, National University of Ireland

Galway (NUIG), Galway, Ireland
Corresponding author.

E-mail address: dimitrios.zeugolis@nuigalway.ie

http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0025
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0025
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0025
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0030
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0035
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0035
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0040
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0040
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0045
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0045
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0045
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0050
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0050
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0055
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0060
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0065
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0065
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0070
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0070
https://doi.org/10.3389/fphys.2015.00330.2015
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0080
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0080
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0080
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0080
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0085
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0085
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0085
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0090
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0090
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0095
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0095
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0095
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0095
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0100
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0105
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0110
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0110
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0115
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0115
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0115
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0120
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0120
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0120
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0125
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0125
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0125
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0130
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0130
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0135
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0135
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0140
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0140
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0140
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0145
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0145
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0145
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0150
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0150
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0155
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0155
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0155
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0160
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0160
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0160
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0165
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0165
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0165
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0170
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0170
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0170
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0175
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0175
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0175
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0180
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0180
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0185
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0185
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0190
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0190
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0190
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0195
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0195
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0200
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0200
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0205
http://refhub.elsevier.com/S0169-409X(19)30176-0/rf0205
mailto:dimitrios.zeugolis@nuigalway.ie

	Wound healing and fibrosis�– State of play
	Acknowledgements
	References


