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WELCOME MESSAGE
Dear colleagues and friends,

It is with great pleasure that we are welcoming you all to Rouen for the ETRS 2026
Conference. We are delighted to host you in our historic city, in the heart of the
Normandy Region. Bringing together researchers, clinicians and private companies to
exchange and share ideas on the future of tissue repair.

The theme for the Conference is ‘research, repair, regenerate — new strategies for
improved wound healing’, which is centered around a focus on our current knowledge
and understanding of the mechanisms underlying normal, pathological and privileged
healing scenarios to develop new therapies to aid the management and treatment of
clinical situations associated with dysfunctional repair. Our renowned speakers will
cover a wide range of topics relevant to wound healing and regenerative medicine,
from basic sciences to therapy translation for clinical use.

Our Conference venue, on the campus of the University, is at a location easily
accessible from most local hotels, as is our Conference Dinner at the Beaux Arts
Museum. Many landmarks are at the heart of our city, and especially the Rouen’s
cathedral, made famous by the multiple impressionists painting by Monet. They
present a vibrant and diverse atmosphere for people to enjoy, which we highly
recommend you take time to explore.

So, please explore our Program and take advantage of the networking opportunities
available with experts in wound healing, regenerative medicine and therapy translation,
via the excellent conferences and social events we have arranged. We especially hope
that it will also be a wonderful experience for young researchers who attend the ETRS
annual meeting.

We hope you will have an enjoyable time and an enriching experience!

Best regards,

C. Egles, and the whole ETRS 2026 Organizing Committee.
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CONFERENCE VENUES

EARLY CAREER RESEACHER PRE-CONFERENCE
TUESDAY 1st SEPTEMBER 2026
VENUE: La Halle aux Toiles

ETRS ANNUAL MEETING
WEDNESDAY 2nd — FRIDAY 4th SEPTEMBER 2026
VENUE: CURIB Campus, University of Rouen




RESEARCH, REPAIR, REGENERATE — NEW STRATEGIES FOR IMPROVED WOUND HEALING

Map of the venue
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Here's how to get to CURIB by TEOR T1.:

Take the TEOR T1 towards Mont-aux-Malades (Mont-Saint-Aignan) from anywhere on
the central Rouen section (Hétel de Ville, Théatre des Arts, etc.).

Get off at the "Campus" stop (Arrét Campus), on the Mont-Saint-Aignan university
campus.

From there, it's just a short walk within the campus to reach the CURIB building
(building n°25, on rue Lucien Tesniere).

The trip takes about 15-20 minutes depending on traffic. Just double-check the

direction shown on the platform/bus ("Mont-aux-Malades") to make sure you're heading
the right way.
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WIFI ACCESS

1. The free wireless network, ‘Eduroam’, should be accessible across the Rouen
University Campus, for those delegates with access to it.

2. WIFI connection to mobile devices for delegates without Eduroam access:
Select ‘ETRS2026’ or ‘European Tissue Repair Society Annual meeting 2026’ from your
device’s list of wireless network services.

If not listed, find the network by selecting ‘Other’ and searching for ‘ETRS2026’ or ‘European
Tissue Repair Society Annual meeting 2026°.
Enter the Conference ID: ETRS2026, followed by the Password: emadEWMCKF.

Select ‘Log in’ to continue.

Your device should automatically log on to the university ETRS2026 network.
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SOCIAL PROGRAMME

WELCOME DRINKS RECEPTION
WEDNESDAY 2" SEPTEMBER 2025
VENUE : Place du Général de Gaulle, City Hall, Rouen

Here's how to get from CURIB to Ho6tel de Ville by TEOR T1:

From CURIB, walk to the "Campus" stop on the Mont-Saint-Aignan university campus.

Take the TEOR T1 towards CHU Charles Nicolle (i.e., towards Rouen, the opposite direction
from the one you'd take to get to campus).

Get off at the Hbtel de Ville stop, which is on the shared central Rouen section served by lines
T1, T2, and T3.

The trip takes about 15-20 minutes depending on traffic. Just double-check the direction shown
on the platform/bus ("CHU Charles Nicolle") to make sure you're heading the right way.
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CONFERENCE DINNER
THURSDAY 3rd SEPTEMBER 2026
VENUE: Musée des Beaux-Arts, Rouen

Map of the venue
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VISITING ROUEN AND NORMANDY

Things to do in Rouen and Normandy

Rouen is a gorgeous medieval old town. Make sure you spend walking through the half-timbered
streets around the Notre-Dame Cathedral, admiring its beautiful stained glass, and stepping
inside to see the play of light that inspired Monet.

Stroll under the Gros-Horloge, the astronomical clock, and continue to Place du Vieux-Marché to
see the church and memorial dedicated to Joan of Arc on the spot where she was executed. If
you like viewpoints, walk or drive up to Panorama Sainte-Catherine for sweeping views over the
Seine, the bridges, and the cathedral spire, especially beautiful at sunset. You can also explore
Rouen’s museums, from the Musée des Beaux-Arts with works by Monet and other
impressionists, to the Musée de la Céramique for fine Rouen faience.

Beyond the city, use Rouen as a base to explore Normandy’s vast countryside and coast: drive
the Route des Abbayes along the Seine to visit ruined Jumiéges Abbey and Saint-Georges-de-
Boscherville, which give a sense of the region’s monastic past in a quiet rural setting. Head north
to the Alabaster Coast to walk along the giant chalk cliffs at Etretat, where you can hike up to the
famous natural arches and enjoy sea views. Head to Fécamp for its fishing heritage and its
impressive Benedictine Palace. Further west, spend a day in Honfleur wandering the Vieux
Bassin harbour, browsing art galleries, and tasting seafood, then perhaps extend your trip to the
D-Day landing beaches, visiting Omaha Beach, the American Cemetery, and Arromanches to
understand the scale of the landings.

A Guide to Food in Rouen and Normandy

When you visit Normandy and Rouen, lean into the region’s cheeses, cream, apples, and seafood
for a very Norman food experience. Start with a cheese plate featuring our famous Camembert,
Pont-'Evéque, and Livarot, or order baked Camembert with delicious fresh bread. For dinner,
look out for escalope normande (turkey/veal in a mushroom and cream sauce), duck a la
rouennaise, or hearty slow-cooked dishes like beef braised with cider. If you enjoy offal, tripe a la
mode de Caen and andouille de Vire are local classics.

From the sea, try mussels in cream (moules a la Normande), scallops, sole meuniére, and other
tasty fish cooked with butter and cream and accompany with a glass of brut Norman cider.

For a Norman dessert, try the popular ‘tarte normande’, a special apple tart, sometimes flambéed
or scented with calvados or try some teurgoule (slow-cooked rice pudding with cinnamon),or
crépes with caramel or butter.

In Rouen sweets like chocolate “larmes de Jeanne d’Arc” or apple candies are very popular and
are ideally rounded off with pommeau or a small calvados brandy.
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LOCAL ORGANISING COMMITTEE

Christophe Egles, Conference Chair, PhD Naima Ahmed-Omar,
ETRS 2026, University of Rouen PhD, Rouen

Pascal Cosette, Alexis Desmouliére,
PhD, Rouen PharmD/PhD, Limoges

Anthony Duncan,
MD, Rouen PhD, Rouen

Sandra Franz, Louise Hespel,
PhD Leipzig PhD, Rouen
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Guy Ladam, Jean-Jacques Lataillade
PhD, Rouen MD/PhD, Paris

Stéphane Marais, Peter Moortgat,
PhD, Rouen Antwerp

Emmanuel Pauthe, Patricia Rousselle,
PhD, Cergy-Pontoise PharmD/PhD, Lyon

Andrew Leask, Luc Teot,
PhD, Saskatoon MD/PhD, Montpellier
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EARLY CAREER RESEACHER PRE-CONFERENCE
ORGANISING COMMITTEE

Christophe Egles Naima Ahmed Omar
Conference Chair PhD, University of Rouen

Louise Hespel Carole Armal
PhD, University of Rouen PhD student, CY Cergy Paris

Marie Crémillieu Maya Ezzo
PhD student, Technology University PhD, Institute Pasteur
Compiegne
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Adriana Panayi
PhD, Trauma Centre Ludwigshafen

Jordan Masurier
PhD student, University of Rouen
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Rosa Calderon-Jacinto
PhD, CY Cergy Paris
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SCIENTIFIC COMMITTEE

Shane Browne Bouke Boekema
Royal College of Surgeons Alliance of Dutch Burn Care,
Ireland The Netherlands

Willeke Daamen Christophe Egles
Radboud University Medical Centre, University of Rouen,
The Netherlands France

Maya Ezzo Sandra Franz
Pasteur Institute Leipzig University,
France Germany
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Andrew Leask Ryan Moseley
University of Saskatchewan, Cardiff University,
Canada UK

Adriana Panayi Eduardo Silva
Trauma Centre Ludwigshafen, University of georgia,
Germany us
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CONFERENCE SPONSORS
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SCIENTIFIC PROGRAM

DAY 1 Wednesday 2" September
08:00-09:45 | Delegate Registration and Poster Placement
08:45-9:45 | ETRS Board Meeting (CURIB), Université de Rouen Normandie
09:45-10:15 | Welcome Address

SESSION 1: 3D Bioprinting, Biomaterials and Bioengineering

10:15-12.20 Chairs | Christophe Egles, University of Rouen, France
Emmanuel Pauthe, CY Cergy Paris Université, France
Keynote | Fabien Guillemot, Poietis Biosystems, Bordeaux, France
Lecture Title : Development and Clinical Translation of a Bioprinted Skin
Substitute
10:15-11:05
11:05-11:30 | Miguel Angel Mateos Timoneda, Bioengineering Department,
Faculty of Medicine and Health Sciences, Universitat
Internacional de Catalunya, Barcelona, Spain
Title: Microfluidic Coaxial Bioprinting of Self-assembling peptides hydrogels
11:30-11:45 | O1. C. Marquette, ETRS-2026-0011
Towards gmp-compatible biofabrication and mri-based quality monitoring of
implantable adipose tissue constructs
11:45-12:00 | O2. F.A.Poujade, ETRS-2026-0015
The versatility of 3d bioprinting: from wound-healing patches to scaffolds
for tissue regeneration
12:00-12:15 | 03. W. Daamen, ETRS-2026-0046
Bioorthogonal click-to-release in collagen biomaterials for wound healing
12:15-12:20 | Company Pitch by Cutiss, personalized skin
12:20-13:30 | Lunch

17
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SESSION 2: Inflammation & wound healing

13:20-15:30 Chairs | Willeke Daamen, Radboud University Medical Centre, The
Netherlands
Sandra Franz, Leipzig University, Germany
Keynote | Andres Hidalgo, Yale University School of Medicine, New Haven,
Lecture |CT,US _

Title: Structural neutrophils

13:20-14:10

14:10-14:35 | Elodie Segura, Institut Necker Enfants Malades - INSERM U1151,
Paris, France
Title: Transcriptional control of the macrophage repair program

14:35-14:55 | Robert Scott Kirsner, Department of Dermatology and
Cutaneous Surgery, University of Miami, US
Title: Inflammation in Wound Healing: Paradigm Shift To Therapeutic
Options

14:55-15:10 | O4. M. Studennykova, ETRS-2026-0047
ELF-EMS as an innovative strategy to induce angiogenesis and WOUND
healing

15:10-15:25 | O5. P. Kotzbeck, ETRS-2026-0061
Age Influences Burn Wound Pathophysiology Through Distinct
Inflammatory and Metabolic Adaptations

15:25-15:40 | O6. O. Pefia, ETRS-2026-0067
A novel population health-based approach to screen for scarring genes
reveals a role for Igr4 in skin repair

15:40-16:10 | Coffee Break

16:10-17:10 Charles Lapiere Memorial Lecture

Chairs | Bouke Boekema, Alliance of Dutch Burn Care, The Netherlands

Christophe Egles, University of Rouen, France

Professor Luc Teot, Honorary Head, Plastic Reconstructive Burns Wound
Healing Department, Montpellier University Hospital, France

Title : Scars, Tissue engineering and Al

17:10-18:30

Poster Session 1

19:30

Welcome Drinks Reception at the city hall

18
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DAY 2

Thursday 3 September

SESSION 3: Wound healing therapy translation & new Al protocols

08:20-10:25 | Chairs | Luc Teot, Montpellier University Hospital, SFFPC, France
Ryan Moseley, Cardiff University, UK
Gérard Subsol, Montpellier University/CNRS, France
08:20-08:45 | Title : Al and Photographic Image Analysis of Chronic Wounds: The
Challenge of Annotation
08:45-09:10 | Yanis Berkane, Hospital University Rennes, France
Title: Evaluation of the Pixacare WT2 Semi-Automated Al Tool for
Quantitative Analysis of Open Wounds : A comparative study
09:10-09:35 | Sara Becchi, Instituto Politécnico Torino, Italy
Title: Potential and Limitations of Artificial Intelligence in Wound Care
09:35-09:50 | O7. N.Kriger, ETRS-2026-0014
Bacteriophage activity in the infected wound milieu: Evaluating antimicrobial
efficacy beyond conventional in vitro models
09:50-10:20 | Coffee Break
SESSION 4: Scarring / fibrosis & regeneration
10:20-12:20 | Chairs | Andrew Leask, University of Saskatchewan, Canada
Alexis Desmouliére, Limoges University, France
Keynote | Tanya Shaw, Kings College, London, UK
Lecture Title : Title: Mechanistic insights into keloid ~ unlocking novel therapeutic
approaches
10:20-11:10
11:10-11:35 | Laure Gibot, CNRS, Toulouse, France
Title: Oxidative stress as a tool for skin extracellular matrix remodeling:
lessons from electroporation and photodynamic therapy
11:35-11:50 | O8. A. Leask, ETRS-2026-0012
Ccn3-derived peptide bir-200 attenuates bleomycin-induced skin fibrosis
by blocking the generation of col8al-positive fibroblasts
11:50-12:05 | O9. M. Altomare, ETRS-2026-0019
Manual mechanomodulatory therapy: a mechanaobiological approach to
reversing fibrosis and restoring fascial sliding
12:05-12:20 | O10. N. Ueda, ETRS-2026-0034
Targeting crosstalk between senescent and ecm-producing fibroblasts as a
novel strategy for refractory keloids
12:20-13:20 | Lunch and Poster Session 2
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SESSION 5: Wound microbiology & biofilms

13:20-15:20 Chairs | Pascal Thebault, Rouen University, France
Bouke Boekema, Alliance of Dutch Burn Care, The Netherlands
Keynote | Thomas Bjarnsholt, Copenhagen University Hospital, Denmark
Lecture Title: Rediscovering the Drivers of Chronic Infections
13:20-14:10
Bas Zaat, University Medical Centre, Amsterdam, The
14:10-14:35 | Netherlands
Title : Biofilms in wound infection: Novel antimicrobial strategies not
depending on antibiotics
14:35-14:50 | O11. S.C. Liegenfeld, ETRS-2026-0025
Probiotic Modulation of Wound-Associated Biofilms: An Adjunctive Strategy
for Chronic Wound Infection Management
14:50-15:05 | O12. M. McGrath, ETRS-2026-0018
An anti-microbial hyaluronic acid dressing to prevent chronic wound
infection
and support healing
15:05-15:20 | O13. G. Sorvillo, ETRS-2026-0064
A bifunctional biomimetic coating to inhibit bacterial colonisation and biofilm
formation while supporting soft-tissue integration
15:20-15:45 | Coffee Break

SESSION 6: ETRS Young Investigator Award / WHS Session

15:45-18:15 Chairs | Bouke Boekema, Alliance of Dutch Burn Care, The Netherlands
Robert Scott Kirsner, University of Miami, US

15:45-16:00 | Y1. C. Armal, ETRS-2026-0060
Combining Bacteriophages and Curcumin in a Composite Skin Patch to
Address Infection and Oxidative Stress

16:00-16:15 | Y2. M. Vetter, ETRS-2026-0021
Aryl Hydrocarbon receptor in macrophages is required for dampening
inflammation and allowing lung repair after helminth infection

16:15-16:30 | Y3.D. Yalim, ETRS-2026-0071
3D-Bioprinted Antimicrobial Hybrid Hydrogel Microneedles for Sustained
Salicylic Acid Delivery

16:30-16:45 | Y4. N. Dinesh, ETRS-2026-0045
Energetic Uncoupling of Matrix Production and Contraction During
Fibroblast Activation

16:45-17:00 | Y5.V. Maksimoska, ETRS-2026-0070
Essential role of GEF-H1/RhoA/MRTF in keratinocyte differentiation and
epidermal barrier formation

17:00-17:15 | Y6. N. Vavilthota, ETRS-2026-0054

Oxidized hyaluronic acid-based chemical platform for the local delivery of
antimicrobial peptide SAAP-148 against wound infection

20
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17:15-17:30

Dr Suwelack Corporate Foundation Young Investigator Award
Winner: Frederique M. Kemme

Title: Advancing Skin Regeneration with Bio-Engineered Autologous Skin
Grafts

17:30-17:45

WHS YIA Winner, 2025: Mary Elizabeth Guerra
Title: Biomechanical Strain Alters Exosome Cargo and Fibrotic Signaling in
Human Dermal Fibroblasts

17:45-18:00

WHS Mid-Career Researcher 1: lvan Jozic
Title: Toward Precision Regenerative Medicine: Proteomic Biomarkers and
Mitochondria-Targeted Hydrogels for Chronic Wounds

18:00-18:15

WHS Mid-Career Researcher 2: Qing Lin
Title: DAMP Signaling in Tissue Repair and Remodeling

18:15-19:00

ETRS General Assembly

19:15-20:00

Guided tour of Rouen, meeting in front of the cathedral

20:00-23:00

Conference Dinner, Musée des Beaux Arts

21
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DAY 3 Friday 4" September
SESSION 7: Stem cells & regenerative medicine
08:30-10:30 Chairs | Willeke Daamen, Radboud University Medical Centre, The
Netherlands
Jean-Jacques Lataillade, SSA / CTSA, Paris, France
Keynote | Jo Huiqing Zhou, Nijmegen, The Netherlands
Lecture [Title : Mapping molecular landscape of hiPSC-derived stem cells for
regeneration
08:30-09:20
09:20-09:45 | Sébastien Banzet, Centre de Transfusion sanguine des Armées,
INSERM UMR 1193, Paris, France
Title: Extracellular vesicles in tissue repair: from research data to
pharmaceutical development
09:45-10:00 | O14. J. Peltzer, ETRS-2026-0048
Towards acellular biotherapies for the prevention of organ injury in
traumatic hemorrhagic shock
10:00-10:15 | O15. M. Vlig, ETRS-2026-0027
Towards a true human skin model: development of an fcs/bsa-free human
full skin equivalent.
10:15-10:30 | O16. S. Domingues, ETRS-2026-0013
Regenerative and immunocompatible HESC-derived skin substitute for
sickle cell leg ulcers
10:30-11:00 | Coffee Break
SESSION 8: Wound contacts materials and protocols
11:00-12:40 Chairs | Priscille Carvalho, University Hospital, Rouen, France
University, UK
Anthony Duncan, Rouen University, France
Keynote | Hester Colboc, APHP, Paris, France
Lecture Title: From patient to synchrotron: a multimodal approach to chronic wound
tissue characterization
11:00-11:50
11:50-12:15 | Isabelle Auquit-Auckbur, CHU Rouen, France
Title : Biological Interfaces in Reconstruction: Surgical Findings and
Questions
12:15-12:30 | O17. O. Gunduz, ETRS-2026-0024
PCL-Based Bilayer Nanofibrous Patches Incorporating Human Amniotic
Membrane for Ocular Surface Wound Healing
12:30-12:45 | O18. E. Hofmann, ETRS-2026-0065
Comparative Wound Healing Dynamics Using Intact and Particularized Fish
Skin Grafts
12:45-13:15 | Awards and Closing Remarks
13:15-14:30 | Lunch and to next year in Leipzig
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INVITED SPEAKERS

Charles Lapiere Memorial Lecture

Professor Andres Hidalgo Professor Luc Teot
Yale University School of Medicine, USA Limoges University, France

i |

Professor Gérard Subsol Professor Tanya Shaw
LIRMM - CNRS, France King’s College, UK

Professor Laure Gibot Professor Thomas Bjarnsholt
CNRS, France University of Copenhagen,
Denmark
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Dr. Sébastien Banzet Professeur Jo Huiging Zhou
French military blood transfusion Radboud University, NL
Center, France

Fabien Guillemot Elodie Segura
INSERM, France Institute Curie, France

Prof. Miguel Angel Mateos Timoneda Bas Zaat

Universitat International University Medical Centre
de Catalunya, Spain The Netherlands
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Dr. Hester Colboc Prof. Isabelle Auquit
APHP, France CHU Rouen, France

'-'!‘,_f :g“l\

Yanis Berkane Sara Becchi
Hospital University Rennes, Intituto Politécnico Torino,
France Italy

Robert Scott Kirsner
University Of Miami
us
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SELECTED ORAL PRESENTATION ABSTRACTS

Wednesday 2" September 2026
Session 1

Development and Clinical Translation of a Bioprinted Skin
Substitute

Fabien Guillemot
Poietis Biosystems, Pessac France

INTRODUCTION
Skin is the first line of defence from the external environment and thus its integrity is of the
utmost importance. We developed an autologous bioprinted dermo-epidermal skin substitute for
clinical use [1].

METHODS

Human dermal fibroblasts and epidermal keratinocytes were extracted from patients skin biospy
and expanded before being formulated into bio-inks and bioprinted with a bovine collagen ink
using multimodal technologies (extrusion for biomaterials and automated LAB for cell printing)
integrated in a Good Manufacturing Practices (GMP) compatible equipment. After bioprinting,
the 40 cm2 skin substitute is maturated at air liquid interface for final epidermal differentiation.
Throughout fabrication in process characterisations were performed namely cell counts and
viability, cell identity and purity were assessed with flow cytometry and cellular secretion with
multiplex analysis.

RESULTS

Extrusion and automated LAB successfully allowed reproducible bioprinting of collagen and cells
in specific patterns confirmed with optical microscopic images of bioprinted fibroblasts and
keratinocytes. Graft take efficacy shown no differences between bioprinted skin substitute and
human skin regarding histological sections 12 days post graft on athymic mice after Goldern
Trichrome staining. These preliminary results combined with data from GMP characterization
batches will allow completion of the Investigational Medicinal Product Dossier for clinical trial
submission.

CONCLUSION
Technical and biological development of multimodal bioprinting have permitted obtaining
functional dermo-epidermal skin substitute that were confirmed with in vivo graft models.

[1] J MAGALON ET AL., FRONT. BIOENG. BIOTECHNOL., 25 JULY 2023
https://doi.org/10.3389/fbioe.2023.1217655
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Microfluidic Coaxial Bioprinting of Self-assembling peptides
hydrogels.

Miguel A. MateosTimoneda®®

@ Department of Bioengineering, Faculty of Medicine and Health Sciences,
Universitat Internacional de Catalunya, ¢/ JosepTrueta s/n, 08195 Sant
Cugat del Valles (Barcelona), Spain

® Bioengineering Institute of Technology, Universitat Internacional de
Catalunya, ¢/ Josep Trueta s/n, 08195 Sant Cugat del Valles (Barcelona),
Spain

Printability in 3D extrusion bioprinting encompasses extrudability, flament formation, and shape
fidelity!.Rheological properties can predict the shape fidelity of printed hydrogels. In this talk, we
will explore the effect of different parameters on tan(d), and therefore the printability of
methylcellulose (MC) hydrogels?. After, | will show how these results will help in the further
development of more complex bioinks and structures, which can give rise to novel constructs for
uses as 3D models and scaffolds for Tissue Engineering and Regenerative Medicine, using
microfluidic coaxial bioprinting. | will explain the development of a Do-It-Yourself (DIY) coaxial
bioprinter and its validation using a well-known bioink 3. Furthermore, an example will be given of
self-assembled peptides as bioink*5.

M.A.M.T. thanks MICIU/ AEI 10.13039/501100011033 and FEDER, UE for funding project
PID2022-1379620B-100,  MICIU/AEI/10.13039/ 501100011033 and Union  Europea
NextGenerationEU/PRTR for funding project PLEC2022-009279.
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TOWARDS GMP-COMPATIBLE BIOFABRICATION AND MRI-BASED QUALITY
MONITORING OF IMPLANTABLE ADIPOSE TISSUE CONSTRUCTS

Christophe Marquette?, Simon Lambert, Yilbert Gimenez, Emma Petiot, Valernst Martial Gimlus,
Jérémy Magalon, Elliott Cowles, Chloe Dumoulin

13d.FAB, CNRS, INSA, CPE-Lyon, UMR5246, ICBMS, Université Claude Bernard Lyon 1,
Villeurbanne, France

Impact/Novelty: We introduce a closed and MRI-compatible bioreactor enabling large-scale,
sterile, and monitorable biofabrication of implantable microvascularized adipose tissue. A proof
of concept demonstrates the generation of functional adipose tissue directly from the stromal
vascular fraction (SVF) as the sole biological input.

Introduction: The clinical translation of 3D bioprinting requires production environments that
ensure sterility, scalability, and quality control compliant with Good Manufacturing Practice
(GMP). Simultaneously, the maturation of complex tissues calls for non-invasive tools to track
structure, perfusion, and differentiation. To address these dual constraints, we developed a
confined bioprinting and culture platform coupled with low-field (0.3 T) magnetic resonance
imaging (MRI), enabling longitudinal assessment of tissue formation within a sealed and sterile
environment.

Methods/Approach: The proposed soft, MRI-transparent bioreactor integrates microextrusion
bioprinting, controlled perfusion, and culture fluid management. Its flexible polymeric envelope
maintains sterility while minimizing magnetic susceptibility artifacts, allowing direct MRI
monitoring without removing the construct. Constructs of at least 25 mL were fabricated using
isolated human SVF or adipose derived mesenchymal stem cells, cultured under perfusion for
several weeks, and monitored with customized 0.3 T MRI sequences to evaluate flow distribution

and tissue organization.

Results: The closed bioreactor maintained sterility and tissue perfusion with culture media. MRI
specific sequences enabled the monitoring of perfusion path and tissue morphology changes.
Clear histological and biochemical evidences of adipogenesis and microvascular formation,
confirmed the generation of adipose tissue from SVF within the MRI-compatible bioreactor.

Conclusion: This approach establishes the feasibility of large-scale, GMP-compatible adipose
tissue production with integrated MRI-based quality monitoring, paving the way toward automated
and traceable manufacturing of implantable soft tissues.
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THE VERSATILITY OF 3D BIOPRINTING: FROM WOUND-HEALING PATCHES TO
SCAFFOLDS FOR TISSUE REGENERATION

Flore-Anne Poujade!

1CELLINK

Background including aim/purpose: 3D bioprinting is a highly flexible technology that can be made
advantage of in multiple ways. This presentation will highlight some use-cases based on
customers’ own publications to give an overview of what can be achieved.

Methods: The publications presented used a range of biomaterials from synthetic polymers to
decellularised extracellular matrix (dECM)-based hydrogels to create cell-free structures and cell-
laden constructs.

Results: The work that will be presented finds applications in tissue engineering and injury repair,
particularly for the articular and osteochondral tissues, as well as solutions for improved wound-
healing.

Discussion/conclusion: 3D printed constructs can provide highly customised solutions for
personalised approaches. While implanting cell-laden 3D printed constructs in patients is not yet
possible, such studies provide the necessary preliminary data that will be essential to move
forward and reach the operating theatre and patients in the future.
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BIOORTHOGONAL CLICK-TO-RELEASE IN COLLAGEN BIOMATERIALS FOR WOUND
HEALING

Willeke Daamen?, Merel Gansevoort!, Daan Sondag?, Steven Schoonderwoerd?, Thomas
Boltje?, Floris Rutjes?, Toin van Kuppevelt!

'Radboud university medical center, Research Institute for Medical Innovation, Dept. of Medical
BioSciences, Nijmegen, the Netherlands; ?Radboud University, Institute for Molecules and
Materials, Dept. of Synthetic Organic Chemistry

Background: Reproducing spatiotemporal signalling in biomaterials to direct wound healing
remains a major challenge. Bioorthogonal “click-to-release” chemistry offers a promising strategy
for the controlled, on-demand delivery of bioactive molecules in living systems. In particular, the
inverse electron-demand Diels-Alder (IEDDA) reaction between trans-cyclooctenes (TCOs) and
tetrazines is rapid, selective, and biocompatible, enabling precise triggering of payload release.

Methods: A strained trans-cyclooctene (sTCO) bearing a carboxylic acid and a releasable
compound was incorporated into porous type | collagen scaffolds to enable the delivery of an anti-
fibrotic small molecule targeting myofibroblast activity. The concept was validated using para-
nitroaniline (pNA) as a model payload. Release upon addition of dimethyl tetrazine (DMTZ) was
evaluated across buffer, serum, and cell culture conditions. STCO-pNA was conjugated to bovine
serum albumin and collagen via carbodiimide chemistry to assess stability and temporal control.
The system was subsequently tested in vitro using the ROCK inhibitor Y-27632 in HFL1 human

lung fibroblasts.

Results & Discussion: DMTZ-triggered release of pNA was achieved across multiple conditions,
although efficiency decreased in cell culture medium. Conjugation to protein and scaffold matrices
improved payload retention and enabled sustained release over several days. Release of Y-
27632 from sTCO-functionalised collagen scaffolds modulated a-smooth muscle actin stress
fibres and F-actin organisation in HFL1 cells, indicating reduced myofibroblast activation. These
findings confirm the feasibility of integrating click-to-release chemistry into collagen-based
biomaterials, while highlighting limitations in physiologically relevant environments.

Conclusion: IEDDA-based click-to-release chemistry enables spatiotemporal control over small-
molecule delivery in collagen scaffolds. Further optimisation is required to enhance release
efficiency under physiological conditions and advance translational potential for wound healing
applications.
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Session 2

Structural neutrophils

Andres Hidalgo
Yale University School of Medicine, New Haven, CT, US

Innate immune cells have long been known to defend from infections by hunting microbes and
producing toxic chemicals to kill them. This, however, poses a major biomedical problem because
the activity causes significant damage to host cells, which can lead to irreversible tissue damage
and even host death. While thinking about this paradox, we serendipitously found that neutrophils
in several barrier surfaces had an unusual transcriptional signature suggesting production of
extracellular matrix (ECM). We speculated that the innate immune system might have developed
an alternative strategy to bypass this problem by reinforcing barriers rather than confronting
microbes. In my talk, | will show how we solved this biological puzzle and discovered a surprising
structural role for neutrophils (and possibly other immune cells). | will discuss its implications
beyond the skin barriers and navigate into our current work in fibrotic disease and cancer.
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Transcriptional control of the macrophage repair program

S D
N ”

Elodie Segura
Institut Necker Enfants Malades - INSERM U1151, Paris, France

Macrophages are key players in the response to tissue damage and are involved in all stages of
the repair process. Dysregulation of the macrophage post-injury response results in chronic
inflammation, fibrosis, and ultimately organ failure. Despite its fundamental importance and its
conservation across repair contexts, how the macrophage repair program is coordinated at the
transcriptional level remains poorly understood. Here we identify an essential role for the
transcription factor Aryl Hydrocarbon Receptor (AhR) in controlling the macrophage repair
program. In a mouse model of skin wound healing, we find that AhR deficiency in macrophages
leads to delayed repair with defective formation of new tissue. Combining in vivo and in vitro repair
assays, we further demonstrate that AhR in macrophages is involved in the production of soluble
repair mediators and the cross-talk with fibroblasts and keratinocytes, in both mouse and human
macrophages. Finally, we show that AhR in macrophages is also involved in muscle regeneration
after sterile injury. Our results indicate that AhR is a key regulator of the macrophage repair
program across tissues and should have important implications for therapeutic targeting of
macrophages in chronic wounds and pathological fibrosis.
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Inflammation in Wound Healing: Paradigm Shift To
Therapeutic Options

Robert S. Kirsner, MD, PhD
Chair, Dr. Phillip Frost Department of Dermatology and Cutaneous Surgery
University of Miami Miller School of Medicine

Wound healing undergoes an orderly progression involving inflammation, proliferation and
remodeling. When inflammation goes awry, healing is altered. New insights into inflammation and
how it affects healing has caused a reassessment of the role of inflammation in chronic wound
healing may have implications in better understanding the pathogenesis and possible treatment
for diabetic foot ulcers, venous leg ulcers and pyoderma gangrenosum, among others.
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ELF-EMS AS AN INNOVATIVE STRATEGY TO INDUCE ANGIOGENESIS AND WOUND
HEALING

Monika STUDENNYKOVA!2, Annelies BRONCKAERS!?, Amanda Gomez?!
lUHasselt; 2BIOMED

Background: Chronic wounds represent a significant clinical challenge, as persistent tissue
hypoxia and impaired vascularization critically undermine the healing process. Strategies that
promote new vessel formation hold considerable therapeutic promise. Extremely low-frequency
electromagnetic stimulation (ELF-EMS; <20 mT, 1-300 Hz) is a non-invasive approach previously
shown by our group to increase blood flow and promote collateral vessel formation in rodent
stroke models, primarily through nitric oxide (NO)-dependent mechanisms. Since NO crucial
drives angiogenesis, this study is the first to explore how ELF-EMS enhances blood vessel
formation and wound healing, focusing on the underlying molecular mechanisms.

Methods: Endothelial cells were exposed to sinusoidal ELF-EMS (60 Hz, 4.64 mT, 20 min).
Migration, tube formation and NO production were assessed. Signaling pathways were further
characterized by immunohistochemistry and Western blotting with pharmacological focal
adhesion kinase (FAK) inhibition. Angiogenesis was also studied in the chicken chorioallantoic
membrane (CAM) assay. Keratinocyte migration was assessed via scratch and transwell assays,
with immunohistochemical analysis providing mechanistic insight. Wound closure and re-
epithelialization were evaluated using the ex vivo WoundSkin® model.

Results: In endothelial cells, ELF-EMS significantly enhanced migration, tube formation, and NO
production. FAK inhibition attenuated these responses and also affected HSP90 expression,
eNOS phosphorylation, and NO production. Significant increased vessel formation was confirmed
in the CAM assay. Similarly, in keratinocytes, ELF-EMS significantly increased migration,
accompanied by elevated FAK expression in the migrating area. Our pilot data suggest that ELF-
EMS treatment resulted in enhanced wound closure and re-epithelialization in the ex vivo
WoundSkin® model as evidenced by increased epithelial tongue thickness and length.

Conclusion: This study shows ELF-EMS promotes blood vessel formation, skin cell migration,
and re-epithelialization in human skin tissue, likely through a FAK-driven mechanism. Whether
these findings translate to clinical efficacy in chronic wound pathologies warrants further
investigation.

Key words: electromagnetic field, angiogenesis, wound healing, FAK signaling.
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AGE INFLUENCES BURN WOUND PATHOPHYSIOLOGY THROUGH DISTINCT
INFLAMMATORY AND METABOLIC ADAPTATIONS

Petra Kotzbeck!?, Anna-Lisa Pignet!, Fernanda Ferreira da Silva Souza Monedeiro®, Manuel
Prevedel!, David Hahn?, Johanna Einsiedler?, Tobias Madl*, Hansjorg Habisch?, Elisabeth
Hofmann?, Anna Schwarz?, Lena Tatschl?, Andrzej Hecker?, Lars-Peter Kamolz*

!Division of Plastic, Aesthetic and Reconstructive Surgery, Department of Surgery, Medical
University of Graz; 2COREMED — Center for Regenerative and Precision Medicine, JOANNEUM
RESEARCH Forschungsgesellschaft mbH; *HEALTH - Institute for Biomedical Research and
Technologies, JOANNEUM RESEARCH Forschungsgesellschaft mbH; “Research Unit
Integrative Structural Biology, Medical University of Graz

Background: Aging alters skin structure and wound healing, but age-related local and systemic
responses to burn injury are still under investigation. This study examined inflammatory, vascular,
structural, and metabolic responses to small full-thickness burn wounds in young (11 weeks),
middle-aged (27 weeks), and old (56 weeks) rats.

Methods: Full-thickness burn wounds or sham procedures were induced in rats of all three age
groups. Local and systemic responses were assessed up to 7 days post-burn using histology,
laser speckle imaging, gene expression analysis, serum cytokine measurements, and NMR-
based skin metabolomics. Food intake and body weight were monitored as systemic metabolic
readouts.

Results: Aging altered uninjured skin, with epidermal thinning in 56-week-old rats and transient
dermal thickening in 27-week-old rats. Burn wound closure was modestly delayed in young rats
(11 weeks), whereas necrotic tissue width was slightly increased in 27 week and 56 week old
rats. Burn injury induced strong local upregulation of Ccl2, Ccl3, Ccl4, and Tgfb1, while systemic
cytokine responses remained limited. Older (27 and 56 weeks) rats showed increased immune
cell infiltration but reduced burn-induced cytokine expression. Wound bed re-perfusion after burn
injury decreased progressively with age, whereas angiogenic marker expression was only mildly
affected. Structural remodeling was also age-dependent, including altered loricrin regulation and
blunted ACTA2/aSMA induction in older rats (27 and 56 weeks). Metabolomic analyses revealed
age-dependent baseline differences, with increased osmolytes and TCA-cycle intermediates in
aged skin. Burn injury induced broad metabolic remodeling, including reduced lactate, citrate,
succinate, fumarate, arginine-related metabolites, and osmolytes, alongside increased glycogen.

Conclusions: Age significantly influenced local burn wound responses, particularly inflammation,
re-perfusion, structural remodeling, and skin metabolism. Although aging alone did not impair
overall wound closure in this small-burn model, aged skin responded differently to injury,
highlighting age as an important biological variable in preclinical burn research.

35



RESEARCH, REPAIR, REGENERATE — NEW STRATEGIES FOR IMPROVED WOUND HEALING

ID: ETRS-2026-0067

A NOVEL POPULATION HEALTH-BASED APPROACH TO SCREEN FOR SCARRING
GENES REVEALS A ROLE FOR LGR4 IN SKIN REPAIR

Oscar Pefial, Marisa Cafiadas-Garre?, Leila Thuma®, Mark Naven?, Terrence Trinca?, Esther
Prada-Sanchez!, Vanessa Tan?, Nicholas Timpson?, Paul Martin®

School of Biochemistry, University of Bristol; “Bristol Medical School, MRC Integrative
Epidemiology Unit, University of Bristol; *School of Medicine, University of Nottingham

Background

Skin wound healing is a complex process that requires the orchestrated response of different cell
types to repair the damaged tissue and restore function. However, generally wounds heal leaving
collagenous scars, which can impact tissue function. Given the wide variation in scarring
phenotypes across the human population, we reasoned that a genetic association (GWAS)
approach might provide an alternative way to reveal novel genes associated with scarring.

Methods

We used Bacillus Calmette-Guérin (BCG) vaccination scars as a natural experiment in which
patients received standardised “wounds”. We measured BCG scars of 1011 participants from the
Bristol-based Avon Longitudinal Study of Parents and Children (ALSPAC) cohort and performed
GWAS on the size of their scars. Next, we used a zebrafish wound model to validate our results
by generating mutant zebrafish encoding a truncated Lgr4 variant and combining this line with in
vivo imaging of fluorescent transgenic reporters to characterise wound re-epithelialisation,
angiogenesis, inflammatory response, and collagen deposition.

Results

We identified an intronic SNP associated with decreased scar size in the human LGR4 gene.
LGR4 encodes a G protein-coupled receptor conserved across vertebrate species. Wounds of
mutant Igr4 zebrafish larvae exhibited an altered macrophage response, characterised by fewer
recruited cells and a skewed polarisation phenotype. Lgr4 mutants also exhibit increased cell
proliferation and wound neoangiogenesis, together with decreased collagen fibre alignment in the
wound.

Discussion

Our findings set a precedent for the unbiased identification of new loci involved in wound repair,
and in particular wound scarring using human population data and subsequent functional
validation on animal models of wounding. We have now begun applying this approach, combining
human genetic associations and experimental validation in animals, to other larger cohorts in the
UK and overseas where data of other skin wounding interventions and general fibrosis conditions
have been collected.
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Al and Photographic Image Analysis of Chronic
Wounds: The Challenge of Annotation

Gérard SUBSOL, Ph.D. - CNRS Researcher, ICAR Project-Team, LIRMM,
CNRS/Univ. Montpellier (France)

In this presentation, we will share recent computer science research findings on the Al-powered
analysis of photographic images of chronic wounds. Whether for wound detection, etiological
classification, wound contouring, or the identification of tissue types, standard Al algorithms
require large training databases of annotated images—images for which experts have manually
performed the considered task. However, the complexity and time involved in manual annotation,
along with its potentially significant inter-individual variability, make it impossible to establish
reliable reference datasets, especially in the context of uncontrolled image acquisition, without
any calibration marker, at the patient's bedside.

We will discuss several methodologies to address this issue: fine tuning, active learning, self-

supervised learning and weakly-supervised learning with results obtained from a database of
photographic images collected over 20 years by CICAT Occitanie.
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Evaluation of the Pixacare WT2 Semi-Automated Al Tool for
Quantitative Analysis of Open Wounds : A comparative study

Yanis Berkane

Department of Plastic, Reconstructive and Aesthetic Surgery, CHU de
Rennes, SITI Laboratory UMR1236, University of Rennes, Rennes,
France.

Backaground:
Accurate monitoring of wound healing is essential for guiding treatment and detecting delayed

healing. In routine clinical practice, wound surface area is often estimated using simple geometric
measurements, which may introduce substantial measurement errors. Digital planimetry
improves accuracy but requires manual contour tracing and may be time-consuming. Artificial
intelligence (Al)—assisted tools could improve the efficiency and standardization of wound

assessment.

Objective: To evaluate the accuracy and reproducibility of a semi-automated artificial intelligence
system for measuring wound surface areas and estimating optimal granulation tissue compared
with reference digital planimetry.

Methods: One hundred wound photographs obtained in routine clinical care were analyzed.
Total wound surface and granulation tissue areas were measured using ruler-based geometric
estimation, manual digital planimetry, automated artificial intelligence analysis, and a semi-
automated workflow combining Al detection with clinician correction. The reference measurement
was the mean wound surface obtained by three clinicians using precision digital planimetry

software.

Results: The semi-automated system demonstrated high accuracy, with a mean absolute error of
6.6% (SD 6.5%)and a median error of 4.7% [Q1-Q3; 2.6-9.0]compared with the reference method.
Agreement between methods was excellent, with an intraclass correlation coefficient of 0.993
(95CI; 0.989-0.995). Visual estimation of granulation tissue by clinicians showed good
interobserver reproducibility with an intraclass correlation coefficient of 0.776.

Conclusion: This semi-automated Al—assisted planimetry provides accurate and reproducible
wound measurements and may facilitate standardized wound monitoring in clinical practice.
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Potential and Limitations of Artificial Intelligence in
Wound Care

Sara Becchi
Intituto Politécnico Torino, Italy

This presentation explores how artificial intelligence can be integrated into medical devices to
support triage and clinical decision-making in wound care. Potential applications include
automated wound assessment, longitudinal monitoring, early identification of infection-related
patterns, and prioritisation of wounds with suspicious neoplastic features.

Al-supported triage systems may help healthcare professionals identify high-risk patients earlier,
standardise wound assessment, and allocate healthcare resources more efficiently. Their
adoption could also contribute to more timely interventions, improved continuity of care, and a
reduced organisational and economic burden for both healthcare professionals and patients.

The presentation will also touch on the main limitations of these technologies, such as
dependence on image quality and acquisition conditions, dataset representativeness, and the
need for external validation across centres and devices, while emphasising that explainability
supports, but does not replace, clinical judgement. Al should therefore be regarded as a support
tool integrated into clinical practice, with interpretation, validation, and final decision-making
remaining the responsibility of healthcare professionals.
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BACTERIOPHAGE ACTIVITY IN THE INFECTED WOUND MILIEU: EVALUATING
ANTIMICROBIAL EFFICACY BEYOND CONVENTIONAL IN VITRO MODELS

Nicolas Kriiger!, Sophie Charlotte Liegenfeld!, Mandy Dittmer?, Ewa Klara Stiirmer*
'University Hospital Medical Center Hamburg-Eppendorf

Background

Bacteriophages are gaining renewed interest as antimicrobial agents against multidrug-resistant
wound infections. However, phage efficacy is commonly assessed in simplified in vitro systems
that do not adequately reflect the complex milieu of infected, hard-to-heal wounds. Biofilm
architecture, plasma components, immune cells, extracellular matrix components, and tissue
barriers may substantially influence phage diffusion, bacterial accessibility, and antimicrobial
activity.

Objectives

This study aimed to evaluate the antimicrobial activity of wound-derived bacteriophages against
Pseudomonas aeruginosa under clinically relevant conditions and to assess their potential as
adjuncts to established wound care approaches.

Methods

A translational 3D human biofilm model containing plasma and buffy coat-derived leukocytes was
used to mimic key components of the infected wound bed. In parallel, an ex vivo human skin
model based on abdominoplasty resection specimens was established to assess phage-bacteria
interactions in a tissue-based setting. Both models were infected with P. aeruginosa DSM19882
and treated with different phage lysates alone or in combination with standard wound care
products. Antimicrobial effects were analysed over time using quantitative bacterial assays and
microscopic evaluation of biofilm structure and bacterial distribution.

Results

Phage treatment reduced bacterial burden and biofilm volume in both translational models,
demonstrating relevant antimicrobial activity under wound-like conditions. Combination
treatments with selected wound care products showed enhanced antimicrobial effects, but also
revealed challenges associated with combined therapeutic approaches, including potential
interactions between phages, bacteria, host-derived components, and topical antimicrobials.

Summary

Bacteriophages show antimicrobial activity against wound-associated P. aeruginosa in clinically
relevant translational wound models. The observed differences between conventional in vitro
assays, biofilm models, and ex vivo human skin models underline the need for complex test
systems before therapeutic application. These models may improve prediction of antimicrobial
therapies in infected, hard-to-heal wounds.
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Session 4

Mechanistic insights into keloid ~ unlocking
novel therapeutic approaches

Tanya Shaw
Kings College, UK

Keloids are difficult-to-manage and poorly understood pathological scars. There is rapidly growing
evidence supporting numerous and diverse mechanisms of disease, which will be introduced, but
clarity is needed to improve treatment strategies. Our own work focuses on two aspects of keloid
biology: 1) having characterized keloid extracellular matrix as qualitatively distinct and reminiscent
of cartilage, we are developing models and pursuing strategies to specifically manipulate this
unique feature; 2) public and patient involvement informed us that the itch and pain symptoms of
keloids are key features of the problem in need of addressing, therefore we are exploring
candidate mediators of the symptoms, with a particular focus on skin—nerve interactions. It is
proposed that harnessing the rich new information that is emerging and moving beyond traditional
biomarkers will allow advancement of understanding and in turn therapy development.
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Oxidative stress as a tool for skin extracellular
matrix remodeling: lessons from electroporation
and photodynamic therapy

Laure Gibot
CNRS Researcher, Softmat Lab (UMR 5623), Toulouse, France

Oxidative stress, traditionally seen as a damaging force, can be repurposed as a therapeutic tool
to enhance skin remodeling. This presentation explores two innovative approaches leveraging
controlled oxidative mechanisms: electroporation and sublethal photodynamic therapy (PDT).

Electroporation induces local, transient oxidative responses through electric pulses, promoting
cellular repair and ECM reorganization. Meanwhile, sublethal PDT, applied below the toxicity
threshold, locally triggers oxidative signaling in in vitro models of injured reconstructed skin,
accelerating wound closure and restoring barrier function without compromising cell viability.

These approaches demonstrate how oxidative stress, when finely tuned, can serve as a
therapeutic strategy for skin regeneration.

42



RESEARCH, REPAIR, REGENERATE — NEW STRATEGIES FOR IMPROVED WOUND HEALING

ID: ETRS-2026-0012

CCN3-DERIVED PEPTIDE BLR-200 ATTENUATES BLEOMYCIN-INDUCED SKIN FIBROSIS
BY BLOCKING THE GENERATION OF COL8A1-POSITIVE FIBROBLASTS

Andrew Leask®, John Nguyen?, Bruce Riser?, Jim Varani®
tUniversity of Saskatchewan; 2BLR Bio; *University of Michigan

Objectives

An autocrine pro-adhesive/pro-contractile signaling loop, through the mechanosensitive
transcriptional cofactor YAP, promotes fibrosis. Members of CCN family of matricellular proteins
modify adhesive signaling. Of these, CCN3 is antifibrotic. Herein, we assess if BLR-200, a CCN3-
derived peptide, has anti-fibrotic properties in the bleomycin-induced model of scleroderma
(systemic sclerosis, SSc) skin fibrosis, and elucidate the pathways involved.

Methods

In vitro, the effect of BLR-200 on spreading of human dermal fibroblasts on collagen coated dishes
was explored. In vivo, the effect of BLR-200 on the murine bleomycin-induced model of skin SSc
fibrosis was assessed, using histological, bulk RNA sequencing (RNAseq), real-time polymerase
chain reaction (RT-PCR), single cell RNAseq, spatial transcriptomic and proteomic analyses. The
identity/origin of profibrotic (myo)fibroblasts induced by bleomycin in the presence or absence of
BLR-200 was evaluated using lineage tracing and trajectory analysis.

Results

In vitro, BLR-200 treatment delayed, but did not abolish, fibroblast adhesion to a collagen
substrate and nuclear YAP localization. In vivo, BLR-200 prevents/treated bleomycin-induced
skin fibrosis in mice, and reduced bleomycin-induced expression of profibrotic genes including
alpha-smooth muscle actin, CCN1 and CCN2. Lineage tracing and scRNA-seq analyses revealed
that the myofibroblasts in bleomycin-induced skin fibrosis were gquantitatively derived from
collagen-lineage Pil6+/Coll5+ve (so-called ‘universal’) fibroblasts. BLR-200 prevented
myofibroblast differentiation of these cells in response to bleomycin, and, specifically, the
appearance of an Col8Al-positive subset of collagen-lineage fibroblasts, a pro-fibrotic cell type
previously shown to be specifically upregulated in fibrotic skin of SSc patients.

Conclusion

BLR-200, through impairing both YAP over-activation (in vitro) and the appearance of a
translationally-relevant fibroblast subtype (in vivo), is a novel anti-fibrotic agent for SSc
scleroderma skin fibrosis.
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MANUAL MECHANOMODULATORY THERAPY: A MECHANOBIOLOGICAL APPROACH
TO REVERSING FIBROSIS AND RESTORING FASCIAL SLIDING

Mariane Altomare?
1UERJ

Background including aim/purpose: Post-surgical complications frequently involve chronic pain,
fibrosis, and impaired fascial sliding due to the accumulation of excessive extracellular matrix
(ECM) and the dehydration of loose connective tissue layers. Traditional manual therapies often
inadvertently hinder the physiological repair process by failing to respect fundamental
mechanobiological parameters. The aim is to present Manual Mechanomodulatory Therapy
(MMT), a specialized approach designed to modulate myofibroblast differentiation and reverse
fibrosis by targeting the biomechanical properties of the ECM to restore functional tissue
movement.

Methods: The MMT methodology utilizes targeted manual mobilization, specifically applying
shear stress and compression to loose connective tissues. A critical requirement of the technique
is the total avoidance of tension on wound edges while balancing intrinsic and extrinsic forces.
The clinical reasoning incorporates a three-dimensional analysis of injury vectors—specifically
the relationship between the incision and undermining edges—to reduce ECM  excess and
facilitate the restoration of the fascial gliding system.

Results: Clinical applications of MMT demonstrate that fibrosis, traditionally viewed as an

irreversible state, can be reversed by altering ECM biomechanics. Observational data from clinical

cases indicate significant restoration of tissue functionality and a reduction in adherences as few

as 3 to 5 sessions. The results show superior quality in scar tissue formation, which effectively

prepares the entire body for optimal movement and resolves complications arising
from previously suboptimal treatments.

Discussion/conclusion: MMT represents a paradigm shift by bridging the gap between
experimental research and advanced physiotherapy clinical practice. By strictly respecting
physiological mechanobiologial parameters and injury vectors, it offers a more assertive and
effective recovery for surgical patients compared to traditional methods. While clinical results are
robust, the approach highlights the necessity of treating the body properly. In conclusion, manual
modulation of mechanical forces is a viable and potent tool for reversing pathological scarring and
restoring fascial integrity.
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TARGETING CROSSTALK BETWEEN SENESCENT AND ECM-PRODUCING
FIBROBLASTS AS A NOVEL STRATEGY FOR REFRACTORY KELOIDS

Naohiro Ueda'?, Yuki Saito®, Sena Yamamoto*, Karen Yamamoto*, Dain Kasseki*, Miyu
Yokouchi*, Tsukasa Sato®, Ayaka Nagao*, Katsunori Ota*, Arisa Kita®, Takatoshi Yotsuyanagi?,
Takako S. Chikeniji*

'Sapporo Medical University School of Medicine; 2Department of Plastic and Reconstructive
Surgery; 3Sapporo Medical University; “Hokkaido University

Backaground:

Recurrent and refractory keloids remain a major therapeutic challenge. Paradoxically, although
keloids are fibroproliferative disorders, senescent (non-dividing) fibroblasts have recently been
identified in keloid tissues. We focused on the novel concept that these senescent cells drive
refractory pathology by paracrinely stimulating surrounding fibroblasts via the senescence-
associated secretory phenotype (SASP). This study aimed to clarify the interaction between
senescent fibroblasts and proliferative ECM-producing fibroblasts and to establish a breakthrough
therapeutic strategy for refractory keloids.

Methods:

pl6INK4a-positive senescent cells in keloid tissues were quantified by immunostaining and
analyzed in relation to the Japan Scar Workshop (JSW) Scar Scale, a clinical scale for treatment
resistance. Fibroblast subclusters and intercellular crosstalk were analyzed using scRNA-seq
data. Finally, candidate signaling pathways and in silico-screened drugs were functionally
validated using a dual-growth-factor-induced in vitro keloid model.

Results:

A higher JSW score was associated with increased pl6INK4a-positive senescent cells,
suggesting that senescent cell accumulation contributes to treatment resistance. scRNA-seq
identified a keloid-dominant POSTN-high fibroblast population composed of distinct TGFB1-high
(ECM-producing) and CDKNZ2A-high (senescent) subclusters. Intercellular network analysis
revealed a pathogenic feed-forward loop where TGF-f3 signaling from proliferative fibroblasts and
PDGF signaling from senescent fibroblasts mutually amplified each other. Combined stimulation
with TGF-B1 and PDGF-DD, identified as key ligands, uniquely recapitulated this paradoxical co-
existence of proliferative (Ki67+) and senescent (SPIDER-B-Gal+) phenotypes in vitro. In silico
drug screening identified the PDE3 inhibitor anagrelide as a candidate to target both fibroblast
populations. Unlike conventional agents such as triamcinolone and 5-FU, anagrelide targeted
both pathogenic subclusters, selectively inducing apoptosis in pathogenic fibroblasts and
suppressing disease-associated genes.

Discussion/Conclusion:

Senescent and ECM-producing fibroblasts form a pathogenic network that amplifies fibrosis and
inflammation in keloids. Dual-targeting of this keloid-specific niche via anagrelide represents a
novel therapeutic strategy to overcome refractory keloids.
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Rediscovering the Drivers of Chronic Infections

Thomas Bjarnsholt, Professor

Department of Immunology and Microbiology, Costerton Biofilm Centre,
University of Copenhagen, Denmark and Department of Clinical
Microbiology, Copenhagen University Hospital, Denmark

A chronic infection is a complex medical problem. Biofilms have over the last four decades been
associated with chronic infections across the health field. It is believed that the bacterial
aggregation into biofilms is the cause of the recalcitrance to antibiotic and the host defense in
chronic infections. On the other hand, acute infections are supposedly caused by planktonic
bacteria. Biofilms are easy to grow in the laboratory and biofilm specific mechanisms have been
elucidated. Despite of this we still have difficulties both diagnosing and treating chronic infections,
the biofilm explanation does not seem to alleviate the complex problem. A century ago, H. L.
Mencken said “For every complex problem there is an answer that is clear, simple, and wrong.”.
Maybe the biofilm explanation for chronic infections was too simple and is somewhat wrong?
Based on recent publication both aggregated and single cell bacteria are observed in both chronic
and acute infections. The difference between acute and chronic infections on the other hand seem
to be the metabolic activity of the bacteria. This indicates that the biofilm dogma cannot explain it
all.

In this presentation, | discuss the biofilm dogma related to wounds, implant-related infections, and
airway infections, both in relation to treatment but also to the immune system. Furthermore, | will
discuss the problems and pitfalls regarding diagnosis of these infections. | will discuss, what is a
biofilm, do we all know what we talk about in vitro vs in vivo, and where did we might take the
wrong turn? Also, what is the infectious microenvironment of infections, and why do you need to
know about this?

Keywords: Biofilms, Microenvironment, aggregated bacteria, single cells
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Biofilms in wound infection: Novel antimicrobial strategles not
depending on antibiotics & SE
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Bacterial or fungal infection is one of the major complications in wound healing, particularly since
the pathogens are able to mount survival strategies that lead to failure in clearance by the local
immune system and antimicrobials. They are capable of actively compromising host immunity,
form biofilms, survive within host cells and develop into persister cells, not susceptible to
antibiotics. Moreover, in mixed biofilms different micro-organisms can increase each other’s
virulence potential. On top of that, there is the issue of increasing resistance to conventional
antibiotics and antifungals which makes treatment and prevention ever more complicated.

We have therefore focused on development of novel antimicrobial strategies not relying on
conventional antimicrobial agents, with low propensity of resistance development. Among these
are photo-activated graphene quantum dots, novel multi-bioactivity antimicrobial peptides and
bioactive glass formulations. Jointly these agents provide strong activity against bacteria and
yeasts like Candida albicans and Candidozyma auris, a “novel” antifungal species with high
intrinsic antifungal resistance.

As an example of mixed infections we studies the Staphylococcus aureus — Candida auris
combination and discovered their mutual increase in virulence when grown in mixed conditions.
Moreover, in the combined cultures S. aureus could not effectively be treated with the
antimicrobial peptide SAAP-148, which readily kills S. aureus in monocultures. This appeared to
be due to secreted protease activity of C. albicans, thus protecting S. aureus from these peptides.
In order to circumvent this problem we designed retro-inverso variants of the peptide which should
be less easily recognized by proteases. Indeed, these RI variants did kill S. aureus in mixed
cultures and mixed biofilms. Thus, we identified a treatment problem facing AMPs but were able
to solve this by the retro-inverso design.

A final element of high importance is the appropriate delivery of antimicrobial agents to the site of

infection. In order to achieve this, we developed novel delivery systems for AMPs for infected
wound treatment. These will be presented by Nikitha Vavilthota at the conference.
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PROBIOTIC MODULATION OF WOUND-ASSOCIATED BIOFILMS: AN ADJUNCTIVE
STRATEGY FOR CHRONIC WOUND INFECTION MANAGEMENT

Sophie Charlotte Liegenfeld!, Ewa Klara Stuermer?, Nicolas Krueger?, Mandy Dittmer?!, Julia
Frankenheim?!

'University Medical Center Hamburg-Eppendorf

Background:

Chronic wound infections are frequently associated with biofilm formation, contributing to
persistent inflammation, antimicrobial tolerance, and delayed healing. Novel adjunctive
approaches that can modulate wound-associated microbial communities are therefore of
considerable interest. This study investigated the antagonistic and anti-biofilm activity of selected
probiotic strains against common wound pathogens and evaluated their potential as adjunctive
strategies for the management of chronic wound infections.

Methods:

Four probiotic strains (Lactobacillus plantarum, L. paracasei, L. rhamnosus, and Bifidobacterium
longum) were tested against laboratory strains of Pseudomonas aeruginosa, Staphylococcus
aureus, and Escherichia coli. Antagonistic activity was assessed using agar well diffusion assays
with native, neutralized, and heat-treated cell-free supernatants, followed by live-cell agar spot
assays. Anti-biofilm activity was evaluated in a biofilm prevention model using colony-forming unit
(CFU) quantification. Experiments were performed with three biological and three technical
replicates.

Results:

All tested lactobacilli demonstrated antagonistic activity against the investigated pathogens,
whereas B. longum showed limited activity under the selected experimental conditions. L.
plantarum consistently exhibited the strongest inhibitory effects, followed by L. paracasei and L.
rhamnosus. Neutralization of cell-free supernatants markedly reduced inhibitory activity,
indicating that acidification substantially contributes to the observed effects, whereas heat
treatment had a lesser impact. P. aeruginosa appeared more susceptible than S. aureus, with

E. coli showing intermediate responsiveness. Biofilm prevention experiments largely mirrored the
screening results, with the most active probiotic strains producing the greatest reductions in
pathogen-associated biofilm CFUs.

Discussion:

These findings demonstrate strain-dependent probiotic activity against major wound pathogens
and early biofilm establishment. Current findings support the selection of candidate probiotic
strains for evaluation in a human plasma biofilm model, which will further assess their activity
against established biofilms under clinically relevant conditions. Probiotic-based approaches may
be a promising adjunct to established therapies for managing chronically infected, hard-to-heal
wounds.
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AN ANTI-MICROBIAL HYALURONIC ACID DRESSING TO PREVENT CHRONIC WOUND
INFECTION AND SUPPORT HEALING

Matthew McGrath?!, Martina Konecna?!, Shane Browne!
'Royal College of Surgeons in Ireland

Background

Chronic non-healing wounds require novel strategies to prevent infection and enhance wound
closure. Hyaluronic acid (HyA)-based hydrogels show promise for wound healing and tissue
regeneration but lack intrinsic antimicrobial activity. The polyphenol tannic acid (TA) exhibits
potent antimicrobial activity without compromising dermal cell viability, making it an effective
strategy for endowing hydrogels with antimicrobial functionality to prevent wound infection. This
study aims to develop a TA-functionalised HyA hydrogel to promote wound healing while
preventing infection.

Methods

HyA was modified with acrylate groups (AcHyA) (NMR confirmed ~22% modification). AcCHyA
hydrogels were formed using a PEG-dithiol crosslinker and functionalised with TA at 0.25%, 0.5%,
and 0.75% concentrations. Hydrogel properties including swelling ratio, enzymatic degradation,
and compressive modulus were evaluated. Antimicrobial activity was assessed by incubating
Staphylococcus aureus (SA) and Escherichia coli (EC) with hydrogels for 24 hours followed by
agar plating. Biocompatibility was evaluated over 7 days using keratinocytes (HaCaTs) and
dermal fibroblasts (HDFs), assessing metabolic activity and adhesion.

Results

0.25% TA hydrogels demonstrated greater compressive modulus compared with AcHyA
hydrogels with higher TA concentrations. Greater resistance to enzymatic degradation was seen
in both AcHyA controls and 0.25% TA gels compared to 0.5% and 0.75% TA hydrogels. Swelling
ratio of AcHyA hydrogels increased as TA concentration increased. TA-functionalised AcHyA
hydrogels demonstrated potent antimicrobial activity against SA and EC, with a significant
reduction in bacteria viability observed at all concentrations tested. Over 7 days, TA-functionalised
hydrogels had no impact of cell viability compared with AcHyA controls, with all hydrogels
supporting cell metabolic activity and adhesion.

Discussion/Conclusion

TA functionalised HyA-based hydrogels were successfully developed, with hydrogels becoming
softer and less stable as TA concentration increased. TA-functionalise AcHyA hydrogels
demonstrated antimicrobial activity and were biocompatible with dermal cells. These results show
promise for the TA-functionalised AcHyA hydrogels as an injectable antimicrobial wound dressing.
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A BIFUNCTIONAL BIOMIMETIC COATING TO INHIBIT BACTERIAL COLONISATION AND
BIOFILM FORMATION WHILE SUPPORTING SOFT-TISSUE INTEGRATION
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Background

Peri-implant infections remain a major challenge for long-term dental implant biointegration, often
resulting from inadequate soft-tissue sealing. In 20-45% of cases, these infections progress to
peri-implantitis, an inflammatory, biofilm-driven disease leading to implant failure. Given the high
incidence and medical costs, surface functionalisation strategies are explored to inhibit early
bacterial colonisation and biofilm formation, while enhancing soft-tissue regeneration and
adhesion around the implant.

Methods

We propose a bifunctional biomimetic coating engineered to simultaneously prevent bacterial
colonisation and support soft-tissue regeneration and to translate it from a proof of concept dip-
coating deposition to a clinically applicable spray-coating. The pro-adhesive coating consists of
Fibronectin (Fn) and low-molecular-weight Poly-L-Lysine (PLL30), designed to enhance human
gingival fibroblast (HGF) adhesion and matrix organization. The antibacterial coating, composed
of Poly-L-Arginine (PAR30) and Hyaluronic Acid (HA), aims to inhibit bacterial attachment and
biofilm formation.

Results

Coatings were developed on glass and titanium substrates using the Layer-by-Layer (LbL)
deposition via dip-coating or an innovative spray-coating approach developed by SPARTHA
Medical, that provides a faster and uniform deposition. Characterization through ATR-FTIR,
QCM-D, and confocal microscopy confirmed the formation of stable multilayer structures with high
Fn adsorption. Antibacterial tests on dip-coated interfaces demonstrated a complete inhibition of
Staphylococcus aureus adhesion after 2 hours. Onto titanium-sprayed interfaces, after 24 hours,
a strong eradication of Staphylococcus aureus and Aggregatibacter actinomycetemcomitans, the
key pathogen implicated in the development of peri-implantitis, is observed. Moreover, HGF focal
adhesion is evident, particularly when Fn was concentrated in the outer layers of the coating.

Conclusion

This single coating simultaneously inhibits bacterial colonisation and biofilm formation while
supporting soft-tissue cell adhesion. Its successful translation to a sprayable, chairside-applicable
format opens perspectives for use both as a preventive coating and as an in situ treatment, without
implant removal, with possible extensions to other metallic implants.
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COMBINING BACTERIOPHAGES AND CURCUMIN IN A COMPOSITE SKIN PATCHTO
ADDRESS INFECTION AND OXIDATIVE STRESS

Carole,ARMAleZ, Alexandra SOTO-PRADOZ, Rosa CALDERON-JACINTO?, José Carlos
RODRIGUEZ-HERNANDEZZL Ana VALLES-LLUCH?Z, Agnes MIHAJLOVSKI', Emmanuel
PAUTHE?, Guillermo VILARINO-FELTRER?

'ERRMECe, CY Cergy Paris Université; ?CBIT, Universitat Politécnica de Valéncia

Oxidative stress and bacterial infection are key factors in the impaired healing and progression of
several skin disorders. Addressing both issues simultaneously while preserving the native skin
microbiota remains a significant challenge. Conventional therapies (antibiotics and antiseptics),
often lack selectivity and may disrupt the native skin microbiome, which plays an essential role in
barrier function and immune homeostasis.

In this regard, we developed a dual-action therapeutic composed of an elastomeric poly(glycerol
sebacate) (PGS) scaffold, fabricated by polymer curing and salt leaching, filled with either an
alginate (Alg) or a PVA:HACC (polyvinyl alcohol and chitosan quaternary ammonium salt)
hydrogel. The patch incorporates bacteriophages, for their specificity toward S. aureus and their
antibacterial and antibiofilm activity, with curcumin-loaded nanostructured lipid carriers to provide
antioxidant properties.

Successful integration of the hydrogels within the porous structure of the PGS elastomeric
scaffold was confirmed by scanning electron microscopy. The PGS-Alginate composite platform
showed mechanical properties close to those of human skin, as well as a higher release of both
active bacteriophages and antioxidant curcumin compared to the alginate hydrogel alone.

Cytocompatibility was assessed in vitro using human primary cells and a reconstructed human
epidermis model (SkinEthic™ RHE), demonstrating that the composite platform loaded with
phages and curcumin is non-irritant in accordance with ISO guidelines, with no adverse effects
on skin metabolic activity or structural integrity.

Lastly, an infected reconstructed epidermis model was developed to assess bacterial
colonization, inflammatory response, and tissue viability and integrity, providing a physiologically
relevant environment to evaluate the antibiofilm and anti-inflammatory properties of the PGS-
Alginate platform.

Overall, this work demonstrates the feasibility of a dual-action PGS-Alginate therapeutic patch
combining targeted antibacterial activity and antioxidant properties while maintaining skin
compatibility. These findings highlight its potential as a promising strategy for the management of
skin conditions associated with oxidative stress and biofilm formation.
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ARYL HYDROCARBON RECEPTOR IN MACROPHAGES IS REQUIRED FOR DAMPENING
INFLAMMATION AND ALLOWING LUNG REPAIR AFTER HELMINTH INFECTION
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Macrophages are key immune cells involved in inflammation, resolution and tissue repair. After
tissue injury, macrophages are initially pro-inflammatory, and during the resolution of
inflammation, macrophages switch to an anti-inflammatory and pro-repair phenotype. However,
the molecular regulators that control this reprogramming remain poorly understood. We have
identified a critical role for the transcription factor Aryl hydrocarbon Receptor (AhR) in the tissue
repair program in the lungs of mice following parasitic infection.

To inactivate AhR in myeloid cells including macrophages, we used LysM-Cre*Ahr-Flox mice. We
addressed the impact of AhR deletion in a helminth infection model using Litomosoides
sigmodontis which induces tissue damage in the lungs during the early migratory phase of larvae.
We compared the lungs of infected wild-type and LysM*AhR KO mice during the resolution of
inflammation at day 4. We observed an increase in cell infiltration in the lungs and less collagen
fibre deposition, indicating delayed tissue repair. We also evidenced exacerbated chemokine
expression by pleural macrophages in LysM*AhR Ko mice, suggesting increased inflammation.
We also investigated the lungs during the tissue repair phase at day 10. We observed a diminution
of anti-inflammatory cytokines production in the pleural lavage of LysM*AhR KO mice, and KO
macrophages expressed less RELMa, a pro-repair mediator. Finally, we observed a reduction of
parasites count in the lungs of LysM*AhR KO mice, which is likely due to the enhanced
inflammatory response.

We conclude that AhR is required for the resolution of inflammation and tissue repair in the lungs
after helminth infection. Further research is needed to better understand the transcriptional
program regulated by AhR in macrophages in the context of parasitic inflammation.
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3D-BIOPRINTED ANTIMICROBIAL HYBRID HYDROGEL MICRONEEDLES FOR
SUSTAINED SALICYLIC ACID DELIVERY
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Background: 3D printing has emerged as a transformative technology in tissue engineering and
transdermal drug delivery, enabling precise fabrication of complex, customizable structures.
While microneedle-based systems are well-suited for 3D printing due to their ability to penetrate
the skin barrier and deliver therapeutic agents in a minimally invasive manner, conventional
hydrogels often suffer from poor mechanical stability, limiting their performance in demanding
applications such as skin penetration and structural integrity during insertion. This study aimed to
develop a novel hybrid hydrogel system with enhanced mechanical and chemical properties for
use as a 3D-printed antimicrobial microneedle patch loaded with salicylic acid.

Methods: A novel hybrid hydrogel was blended at various ratios to optimize printability and
fabricated into a microneedle array via 3D bioprinting. FTIR confirmed methacrylation and
crosslinking, while SEM characterized needle morphology. Compression testing assessed elastic
modulus. Salicylic acid was incorporated for sustained antimicrobial release, verified by UV-Vis
spectrophotometry. Antimicrobial efficacy and fibroblast cytotoxicity were also evaluated.

Results: The hybrid hydrogel exhibited successful crosslinking and methacrylation, confirmed by
FTIR analysis, alongside well-defined microneedle geometry observed via SEM. Mechanical
testing demonstrated improved elastic modulus. Salicylic acid loading and sustained release were
confirmed by UV-Vis spectrophotometry. The formulation showed effective antimicrobial activity
against tested bacterial strains while maintaining high biocompatibility, as evidenced by minimal
cytotoxic effects on fibroblast cultures.

Discussion/Conclusion: The developed hybrid hydrogel microneedle patch demonstrates a
promising combination of mechanical robustness, antimicrobial activity, and biocompatibility.
These findings support its potential as an advanced, 3D-printed transdermal antimicrobial delivery
system. Further studies involving in vivo skin insertion testing and long-term stability assessment
are warranted to confirm clinical applicability and translational potential.
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ENERGETIC UNCOUPLING OF MATRIX PRODUCTION AND CONTRACTION DURING
FIBROBLAST ACTIVATION
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Background: Skin fibrosis results from persistent activation of fibroblasts into a-smooth muscle
actin (a-SMA)-expressing myofibroblasts. Myofibroblasts drive scar formation through
extracellular matrix (ECM) deposition and contraction, traditionally considered simultaneous
processes. However, our data suggest these functions are coordinated in a negative feedback
loop through yet-unknown molecular mechanisms.

Hypothesis: ECM production and contraction are distinct fibroblast activation states coordinated
by mechanical cues and cellular energy limitations.

Objective: To define the feedback mechanisms governing ECM production and contraction.

Methods: Primary mouse, rat, and human dermal fibroblasts were cultured on soft (1 kPa) or stiff
(100 kPa) substrates + TGF-B1. Dual-reporter fibroblasts expressing GFP under the Colla
promoter and RFP under the a-SMA promoter were used to track state transitions. Cells were
analyzed by transcriptomics, imaging, biochemical and contractility assays. Metabolic signatures
were assessed through mitochondrial transfer, morphometry, dynamics, and Seahorse
bioenergetic profiling. Fibroblast transitions were probed using pharmacological modulators of
contraction, mechanotransduction, and TGF-B1 signaling and validated in mechanically
restrained wound-healing models.

Results: Across species and culture conditions, ECM production and contraction were inversely
correlated. Stiff substrates and TGF-B1 promoted contractility while suppressing ECM production,
whereas soft substrates produced opposite phenotype. Live-cell imaging revealed a transition
from ECM-producing (GFP+) to intermediate (GFP+/RFP+) and contractile (RFP+) fibroblast
states. Distinct mitochondrial morphologies and metabolic signatures associated with these states
suggest that cellular energy demands vary across activation stages and regulate fibroblast
transitions in response to biomechanical cues. Among pharmacological perturbations, inhibition
of FAK-mediated mechanosignaling enhanced ECM production in myofibroblasts, uncoupling it
from contraction; this switch was accompanied by changes in mitochondrial metabolism. In vivo,
mechanical restraint of wound healing shifted fibroblasts toward contractile states and increased
mitochondrial abundance.

Conclusion: Our findings challenge prevailing view of myofibroblast activation, revealing distinct
ECM-producing and contractile states that can be targeted to promote tissue repair and reverse
fibrosis.
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ESSENTIAL ROLE OF GEF-H1/RHOA/MRTF IN KERATINOCYTE DIFFERENTIATION AND
EPIDERMAL BARRIER FORMATION
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Backaground:

Epidermal keratinocytes are essential for skin barrier integrity, and re-epithelialize wounds
through coordinated proliferation, migration, and differentiation. Wound healing disorders and
chronic wounds remain a major clinical challenge, but the molecular mechanisms regulating
keratinocyte responses to injury remain incompletely understood. We previously showed that
inflammation-induced keratinocyte migration requires GEF-H1-mediated RhoA activation. RhoA
is also known to control differentiation, but details of differentiation-associated Rho regulation
remain poorly defined. Therefore, in this study we explored the potential role of the RhoA regulator
GEF-H1 in keratinocyte differentiation and barrier integrity.

Methods:

Differentiation in human immortalized (HaCaT) or primary adult (HEKa) keratinocytes was
induced by elevating extracellular calcium. Protein and mRNA changes were assessed by
Western blotting, PCR and immunofluorescence, and by immunohistochemistry in healing mouse
wounds. Affinity precipitation assays were used to detect activated RhoA and GEF-H1. Proteins
were silenced using siRNA or inhibited by pharmacological inhibitors. In vitro epidermal tissue
constructs were generated to assess epidermal stratification.

Results:

Elevated extracellular calcium induced cytoskeletal and junctional remodeling, including reduced
keratin 14 expression and increased desmoglein-1 protein and mRNA levels. Junctional
localization of claudin-1, desmoglein-1 and ZO-1 were also elevated. These changes were
prevented by GEF-H1 and RhoA silencing. Elevated calcium induced RhoA and GEF-H1
activation through the Calcium Sensing Receptor (CaSR). GEF-H1 was found to associate with
the junction protein plakoglobin. Inhibiting the Rho-dependent transcription factor MRTF
prevented key junctional changes. Finally, active RhoA (RhoA-GTP) and phospho-GEF-H1 were
markedly increased in epidermal cells adjacent to wounds in a mouse wound healing model.

Conclusions:

The GEF-H1/RhoA pathway controls both keratinocyte migration and differentiation. GEF-H1 and
its downstream effector MRTF are activated by the CaSR and are crucial for differentiation-
associated junctional remodeling. Thus, the GEF-H1/RhoA/MRTF axis is a critical new regulator
of epidermal barrier regeneration.
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OXIDIZED HYALURONIC ACID-BASED CHEMICAL PLATFORM FOR THE LOCAL
DELIVERY OF ANTIMICROBIAL PEPTIDE SAAP-148 AGAINST WOUND INFECTION
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Sebastian A.J. Zaat3, Viorica Patrulea?, Martijn Riool®
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Aim: Chronic ulcers and complex infected wounds are driven by persistent bacterial burden,
excessive inflammation, and impaired tissue repair. Anti-inflammatory therapy alone may be
insufficient when microbial persistence continues to sustain inflammation. We developed
biopolymer-based hydrogel wound dressings based on an oxidized hyaluronic
acid/carboxymethyl chitosan (OHA-CMC) matrix, in which the antimicrobial peptide SAAP-148
was covalently conjugated via Schiff-base chemistry. To combine local antibacterial activity with
attenuation of infection-associated inflammation, marketed anti-inflammatory drug celecoxib was
incorporated into OHA-SAAP-148-CMC to generate a dual-functional wound dressing.

Methods: OHA-SAAP-148-CMC and OHA-SAAP-148-CMC+celecoxib dressings were
characterized by NMR, morphological analysis, release testing, cytotoxicity and hemolysis
assays. Antibacterial activity was assessed against Staphylococcus aureus and Acinetobacter
baumannii in vitro and in a full-thickness S. aureus-infected murine excisional wound splinting
model after 24 h. Cytokine responses were quantified in wound tissue homogenates. Effects on
normal wound repair and local tolerability were assessed in a non-infected murine excisional
wound splinting model over 14 days.

Results: NMR confirmed celecoxib incorporation, and lyophilized dressings retained a porous
structure. Celecoxib loading did not increase cytotoxicity, reduced hemolytic activity, and retained
anti-inflammatory activity by decreasing endotoxin-induced TNFa production. SAAP-

148 release remained limited, reaching 17-22% after 72 h. Celecoxib alone showed no
bactericidal activity. Although SAAP-148-mediated potency was reduced after celecoxib loading,
activity against S. aureus remained above that of free SAAP-148. In vivo, both SAAP-148-
containing dressings significantly reduced S. aureus burden in the wound bed after 24 h, while
celecoxib incorporation broadened spatial bacterial clearance and attenuated inflammatory
mediators including TNFa, IL-13, CXCL1 and MIP-1a. In non-infected wounds, the dual-functional
dressing supported normal wound healing, with no local toxic effects, similar to the OHA-CMC
control dressing.

Conclusion: This dual-functional OHA/CMC dressing combines local antimicrobial therapy with
inflammation modulation without compromising wound healing, supporting its potential for topical
treatment of complex infected wounds.
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Advancing Skin Regeneration with Bio-Engineered Autologous
Skin Grafts

Dr Suwelack Corporate Foundation Young Investigator Award Winner: Frederique M. Kemme
Amsterdam UMC, The Netherlands

Background: Extensive full-thickness defects remain challenging to reconstruct, as various
techniques used, such as split-thickness skin grafts, often result in donor site morbidity and
functional and cosmetic scar sequelae. This study evaluated the safety and efficacy of
denovoSkin™—a bio-engineered autologous dermo-epidermal skin graft consisting of patient-
derived epidermal and dermal cells cultured within an extracellular matrix—compared to
autologous split thickness skin grafts (STSG).

Methods: In this prospective, randomized, intra-patient controlled, multicenter phase Il trial
(NCT03394612), patients underwert elective reconstructive surgery and received both
denovoSkin™ and STSG on comparable wound areas, randomly allocated 1:1. Outcomes were
assessed up to 12 months and included scar quality (POSAS), elasticity (Cutometer), color
(Colormeter), wound healing, and safety parameters.

Results: Twenty-three patients (mean age 37.4 years; 65% male; 70% post-burn scars) were
treated. At 3 months, scar quality was significantly better for denovoSkin™ than for STSG
(POSAS observer total score 23.4 vs 27.9; p=0.008), with benefits maintained at 12 months.
Elasticity parameters also consistently favored denovoSkin™, and the ratio of covered surface
area to donor site was markedly higher (8.5 vs 0.9; p<0.001).

Conclusion: DenovoSkin™ is a safe and effective treatment for full-thickness skin defects,
providing favorable long-term skin quality.
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Biomechanical Strain Alters EV Cargo and Fibrotic
Signaling in Human Dermal Fibroblasts

WHS YIA Winner, 2025: Mary Elizabeth Guerra

Mary Elizabeth Guerra, Casey Baxter, Hui Li, Ling Yu, Sundeep Keswani,
Swathi Balaji
Baylor College of Medicine, Houston, TX, USA

Background: Physiologic dermal scarring varies greatly among individuals. Although mechanical
tension modulates fibroblast behavior and worsens fibrosis, the mechanisms by which tension-
driven signals are communicated across cells within the wound environment remain poorly
understood. Emerging evidence suggests that extracellular vesicles serve as potent mediators of
intercellular communication and may influence fibrosis. We hypothesize that patient-specific
fibroblast responses to tension regulate EV production and cargo, shaping a fibrogenic phenotype
and contributing to heterogeneity in scar formation.

Methods: We used a biobank of skin from female abdominoplasty patients classified as high (HS)
or low scar (LS) based on Vancouver Scar Scoring of pre-existing cesarean scars. Fibroblasts
(Fb) were isolated from normal skin and were cultured with or without 24 hours of 10% static strain
(Flexcell) (n=3 biologic replicates/group). Fibrotic markers (ACTA2) and exosome synthesis
genes (Rab27a-b, Rab35, SMPD3, HSPB1) from Fb were analyzed by gRT-PCR. EVs from
supernatant were analyzed for size/quantity (Nanosight) and miRNA cargo (Next Gen
Sequencing). EV protein cargo was analyzed by LC-MS proteomics (n=2). To asses functional
transfer of tension-conditioned phenotypes, tension-derived EVs were applied to naive control
fibroblasts. Recipient cell gene expression was profiled using a fibrosis PCR array (Qiagen RT?
Profiler). Means were compared via unpaired t-tests.

Results: LS-Fb had more Rab27b than HS-Fb. Under strain, both LS-Fb and HS-Fb had
significant reductions in relative gene expression of Rab27a, which regulates particle size (LS
38% p<.01, HS 38% p=.07), Rab27b, which regulates particle secretion (LS 70% p<.001, HS 49%
p<.05), and ACTA2 (LS 59% p<.001, HS 56% p<.05). SMPD3, a precursor for EV
secretion, also decreased in HS-Fb (70% p<.01) but not significantly in LS-Fb (35% p=.22).
HSPB1 decreased in LS-Fb (29% p<.05); the decrease in HS-Fb was not significant (31% p=.07).
No changes were seen in Rab35. The EVs isolated from strain-induced Fb were larger in both
LS-Fb (strain mean 134.6+8.7 nm vs control 114.7+4.8 nm) and HS-Fb (strain 150.9+13.6 nm vs
control 95.4+30.2 nm) groups, and EV concentration increased under strain in both groups.
Decreased Rab27b under strain was not statistically significant but did correspond with
perinuclear redistribution of EVs on immunofluorescence. EV profiles showed several miRNA
changed in opposite directions in response to strain in LS vs HS. For example, miR-769-5p, which
is known to suppress keloid formation, increased in LS EVs and decreased in HS EVs, while miR-
125a-3p and miR-204-3p, associated with increased Fb activity and extracellular matrix
deposition, increased in HS EVs and decreased in LS EVs. KEGG pathway analysis on these
extreme changers suggested LS EVs are better at activation of pro-healing signaling pathways
than HS, linking EV profiles to Fb scarring phenotypes. Proteomic analysis of EV cargo revealed
that MMP3, haptoglobin, and PPIV were downregulated in tension-derived EVs, while AXL and
TMP4 were upregulated, consistent with a shift toward matrix preservation and cytoskeletal
remodeling over matrix degradation. GSEA on EV proteomics showed apoptosis and cellular
stress pathways enriched in strain EVs across both phenotypes. HS and LS EVs diverged
markedly: LS strain EVs were enriched for actin organization, ECM organization, and TGF-I
downregulation pathways, while HS strain EVs were enriched for
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keratinization and epidermal differentiation pathways. miRNA pathway enrichment further
distinguished HS from LS exosome cargo, with most pathways reflecting cellular metabolic
divergence.

When tension-derived EVs were transferred to naive fibroblasts, recipient cells showed gene
expression changes that mirrored those of tension-exposed cells.

Conclusion: Mechanical tension differentially alters EV biogenesis and cargo in fibroblasts from
high- and low-scarring patients. Distinct tension-induced miRNA signatures map to fibrotic
pathways, supporting a model in which EV-mediated signaling contributes to patient-specific
scarring, which may enable biomarker-based risk stratification and guide development of anti-
fibrotic therapies.

59



RESEARCH, REPAIR, REGENERATE — NEW STRATEGIES FOR IMPROVED WOUND HEALING

Toward Precision Regenerative Medicine: Proteomic Biomarkers
and Mitochondria-Targeted Hydrogels for Chronic Wounds.

WHS Mid-Career Researcher 1: Ivan Jozic

Chronic wounds, particularly venous leg ulcers (VLUSs), remain a major healthcare challenge for
civilian, military, and veteran populations because clinicians lack tools to objectively assess the
underlying biology that drives healing outcomes. To address this gap, we explored two
complementary approaches: identifying non-invasive biomarkers of healing and developing
therapies that target fundamental mechanisms of repair. We found that proteomic profiling of
discarded wound dressings, combined with machine learning, accurately predicted healing
trajectories and revealed biomarker signatures linked to inflammation, extracellular matrix
remodeling, and metabolism. At the same time, our studies uncovered mitochondrial dysfunction
as a key driver of age-associated impaired wound healing. Using mouse, human skin, and porcine
wound models, we demonstrated that mitochondrial-targeted therapies restored tissue repai,
enhanced re-epithelialization and granulation tissue formation, and reduced inflammation. In this
presentation, | will discuss how these findings support a precision wound care strategy that
combines biologically informed diagnostics with mechanism-based therapeutics to improve
outcomes for patients suffering from chronic wounds, particularly aging veterans and wounded
warfighters.
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DAMP Signaling in Tissue Repair and Remodeling
WHS Mid-Career Researcher 2: Qing Lin

Damage-associated molecular pattern (DAMP) signaling is a key regulator of innate immune
responses following tissue injury and plays an essential role in coordinating inflammation, tissue
repair, and remodeling. Dysregulation of these pathways contributes to pathological outcomes,
including fibrosis, aberrant angiogenesis, and vascular remodeling.

This presentation will highlight our studies investigating DAMP signaling across multiple organ
systems, including the skin, cornea, and lung. We will discuss how the DAMP molecule HMGB1
promotes pathological angiogenesis through TLR4-dependent signaling following ocular injury
and drives pulmonary vascular remodeling after lung injury. We will also present our work
demonstrating that TLR3 activation enhances skin wound repair in both experimental models and
humans. Finally, we will introduce our recent studies on regenerative immunotherapies using birth
tissue-derived extracellular matrix products to modulate inflammatory responses and reduce scar
formation through targeting DAMP and GPCR signaling pathways.

Together, these findings identify DAMP signaling as a common immunoregulatory mechanism
linking inflammation to tissue repair and remodeling and suggest that targeting innate immune
pathways may provide novel therapeutic strategies for promoting regenerative healing across
multiple tissues.
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Friday 4" September 2026
Session 7

Mapping molecular landscape of hiPSC-derived
stem cells for regeneration

Jo Huiging Zhou, PhD, Professor of Stem Cell Epigenomics

Department Head of Molecular Developmental Biology at Radboud
University / Department of Human Genetics at Radboud University Medical
Center, Nijmegen, The Netherlands

{

Understanding the molecular underpinnings of stem cell differentiation is pivotal for generating
appropriate cell types in cell-based therapies and regenerative medicine. For repairing the
damaged tissues, differentiation of human pluripotent stem cells (hiPSC) into relevant somatic
stem cells offers a promising avenue. However, current differentiation strategies often remain
inconsistent in efficiency and yield heterogeneous cell populations. Therefore, comprehensive
understanding of somatic stem cell states and the hiPSC differentiation processes, dissecting
underlying controlling mechanisms, is pivotal for gaining insights into differentiation optimization,
providing regeneration strategies.

In our lab, cornea regeneration is one of the research topics. We use systems biology approaches,
particularly single-cell technologies and computational modeling, to identify cell states of the
human cornea in development and disease. As such, we created a human corneal cell state meta-
atlas, by integrating publicly available single-cell RNA-seq datasets derived from human corneal
tissues, and subsequently developed a meta-atlas based machine learning pipeline cPredictor for
corneal cell state annotation. Additionally, we identified key transcription factors driving cell states
in the human cornea, through integrating the meta-atlas with single-cell chromatin accessibility
data using gene regulatory network analysis. To study controlling mechanisms behind cell state
determination during hiPSC differentiation processes, we examined human hiPSC derived
corneal models, utilizing established single-cell technologies, gene regulatory network analysis
and computational modeling. The molecular insights acquired in our studies are currently being
applied in developing strategies of cornea cell therapies.
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Extracellular vesicles in tissue repair : from
research data to pharmaceutical development

Sébastien Banzet
Centre de Transfusion sanguine des Armées, UMR 1193

For the past two decades, significant research efforts have focused on cell therapy as a treatment
or adjunct to surgery for tissue repair. However, few applications have actually entered routine
clinical practice. Among the many reasons for this are the cost and difficulty of obtaining cells
from a facility authorized to produce advanced therapy medicinal products, as well as the stability
of the products. While the ability of stem cells to differentiate into various cell types has raised
high hopes for tissue repair, this property is often not central, and the therapeutic effects of the
cells relie heavily—and sometimes exclusively—on their ability to secrete various molecules and
extracellular vesicles (EVs). These EVs account for a significant portion of the cells’ effects; they
can be isolated from cell culture media, concentrated, reformulated, and stored frozen or
lyophilized. Consequently, numerous studies are examining the feasibility of using these products
rather than the cells themselves. Particular interest is focused on EVs derived from mesenchymal
stromal cells, and the most extensively studied applications include skin healing, cartilage repair,
and myocardial repair. The goal is to develop products that are stable, storable, and easier to use
than cell therapy. The focus is particularly on EVs derived from mesenchymal stromal cells, and
the most extensively studied applications include skin healing, cartilage repair, and myocardial
repair. The goal is to develop products that are stable, storable, and easier to use than cell
therapy. While technical solutions for producing EVs in accordance with good manufacturing
practices have been well established, many questions remain, including regulatory issues.
Nevertheless, these approaches represent real opportunities and offer hope for conditions for
which current treatment options are suboptimal.
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ID: ETRS-2026-0048

TOWARDS ACELLULAR BIOTHERAPIES FOR THE PREVENTION OF ORGAN INJURY IN
TRAUMATIC HEMORRHAGIC SHOCK

Juliette Peltzer'?, Guillaume Valade®, Nathalie Baudry*, Antoine Persello®, Marine De Taddeo?,
Marion Grosbot®, Marie-Emmanuelle Goriot®, Sylvie Goulinet?, Sébastien Banzet®, Marina
Trouillas®

IRBA; 2INSERM UMR1193; 3IRBA. INSERM UMR1193; “UMRS942; SCTSA

Background

Traumatic hemorrhagic shock (THS) is a condition that frequently progresses to multiple organ
failure (MOF), a leading cause of mortality in trauma patients. MOF results from dysregulated
immune responses, endothelial dysfunction, and coagulopathy, yet no etiological therapy
prevents its progression. Although Interleukin-1B—primed mesenchymal stromal cells (MSCp)
mitigate renal and hepatic injury through immunomodulation and reduced vascular permeability,
their clinical applicability remains limited, especially in emergency settings. The MSC secretome,
comprising extracellular vesicles and soluble factors, represents a promising acellular alternative.

Methods

This study investigated the therapeutic efficacy of MSC-enriched secretome at escalating doses
(1% volume obtain from 1.10E6 MSC, 10x, or 20x) in preventing THS-induced organ damage.
Human bone marrow MSCs were cultured, primed with IL-1B, and conditioned media
concentrated by tangential flow filtration (10 kDa cutoff). The secretome was characterized by
particle size, concentration, phenotype, content, and in vitro immunomodulatory assays. In vivo,
a rat fixed-pressure hemorrhagic shock model combined with glycerol-induced rhabdomyolysis
was used. Animals received MSCp, secretome, or vehicle. Organ injury was assessed 6 hours
post-insult by histological analysis.

Results

Characterization confirmed consistent particle size distribution and phenotype. Proteomic
analysis revealed enrichment in proteins involved in immune regulation, hemostasis, extracellular
matrix organization, and cellular responses to stimuli, correlating with in vitro immunomodulatory
activity. In vivo, the highest secretome dose (20x) significantly reduced plasma ALT levels,
indicating hepatoprotection, but with fewer histological lesions. No significant changes was
observed in the kidney. Although THS induced marked intestinal damage, neither MSCp nor
secretome improved intestinal histology at 6 hours.

Discussion/Conclusion

These findings suggest a hepatoprotective effect of acellular biotherapy in a THS model. Further
studies, including higher-dose evaluations, are needed to confirm robustness. Acellular
therapeutic products offer advantages over cellular therapies, including scalability, simplified
logistics, and immediate availability, making them promising candidates for trauma care in
resource-limited environments.
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ID: ETRS-2026-0027

TOWARDS A TRUE HUMAN SKIN MODEL: DEVELOPMENT OF AN FCS/BSA-FREE
HUMAN FULL SKIN EQUIVALENT.

Marcel Vlig'?, Annabel Jansen?, Miranda Jekhmane?, Bouke Boekema?
1Burn Research Lab; 2Association of Dutch Burn Centres

Most current protocols for cell culture and the production of full skin equivalents (FSES) rely on
animal derived components such as FCS and BSA. Using these components in human in vitro
models is questionable, as these models do not accurately reflect the human condition. In
addition, the use of animal derived components in research is an increasing ethical dilemma.
Therefore, this study aimed to replace animal components for the culture of human keratinocytes
and fibroblasts for the production of FSEs using a clinical grade collagen-elastin scaffold.
Keratinocytes cultured in serum-free media showed acceptable growth rates both after isolation
and after recovery from liquid nitrogen. Fibroblasts cultured with human serum (HS) showed a
reduced growth rate compared to FCS, however this was still sufficient to reach the required
yields for FSE production using 0.1x10"6 keratinocytes and 0.2x10"6 fibroblast per FSE.
Detachment of both cell types was performed using TrypLE, an animal free alternative to Trypsin-
EDTA. H&E staining showed no differences in formation of the epidermis between FCS and HS.
CK15 staining indicated that keratinocytes infiltrated the porous scaffold in both conditions, with
stronger CK15 expression inside the scaffold than on the surface. In addition, COLIV expression
was limited, indicating that the basement membrane was not fully developed, while the suprabasal
layers showed high expression of the differential marker CK10. Vimentin staining showed an even
distribution of fibroblasts in the scaffold. These results show that it is possible to culture human
keratinocytes and fibroblasts using animal-free media and produce FSEs on a collagen-elastin
scaffold in a reproducible way. As no differences were observed in the expression of relevant
markers for epidermal differentiation, human serum is a suitable alternative for FCS in the culture
and production of human FSEs.
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ID: ETRS-2026-0013

REGENERATIVE AND IMMUNOCOMPATIBLE HESC-DERIVED SKIN SUBSTITUTE FOR
SICKLE CELL LEG ULCERS

Sophie Domingues?, Annabelle Darle?, Houda Abla?, Imene Guiliano!, Jean-Francois Bisson?,
Sara Abbas?, Patricia Senet®, Marc Peschanski', Christine Baldeschi*

1]-Stem/CECS; ?ETAP-Lab; 2AH-HP/Groupe hospitalier Sorbonne-Université; 4I-Stem/Université Paris-
Saclay

Sickle cell leg ulcers are chronic wounds that are difficult to heal and represent a major healthcare
challenge due to limited treatments and increasing patient numbers. Novel tissue-based therapies
are urgently needed. Advances in skin engineering have enabled substitutes manufactured under
Good Manufacturing Practices (GMP) using adult stem cells such as keratinocytes. Human
embryonic stem cells (hESC) also provide an unlimited source of differentiated cells for
regenerative medicine.

We developed an Innovative Medicinal Product (IMP) composed of hESC-derived keratinocytes
seeded on fibrin matrix to reconstruct a skin substitute produced in a dedicated medical device
for manufacturing, transport, and clinical application. The GMP protocol enabled robust large-
scale production of keratinocytes from GMP-grade hESC. The fibrin scaffold was generated from
viro-inactivated pooled human plasma free of anti-HLA antibodies. Quality controls ensured
identity, purity, potency, genomic stability, and safety of the IMP.

In vitro, the IMP formed a homogeneous epidermal-like layer expressing keratinocyte markers
without pluripotency markers. Conditioned medium from the IMP significantly accelerated wound
closure compared with fibrin alone. Cytokine profiling revealed enrichment in factors involved in
wound healing, angiogenesis, and tissue repair.

In vivo, in nude mice, the IMP showed efficient engraftment and formed an epidermis expressing
human markers, consistent with enhanced wound closure observed with conditioned medium
versus fibrin alone. In addition, the product remained stable up to 96 hours after release,
supporting its transport and clinical use.

In a humanized mouse model, the IMP showed no immune rejection and sustained graft survival,
whereas primary cell-based constructs showed rejection. Biodistribution and toxicology studies
showed no cell dissemination or toxicity six months after grafting.

Overall, these data demonstrate that a GMP-manufactured hESC-derived skin substitute is
functional, bioactive, safe, and immunologically compatible in vivo. A first clinical trial is planned
for early 2027.
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Session 8

From patient to synchrotron: a multimodal approach
to chronic wound tissue characterization

Hester Colboc, PhD
APHP, Paris, France

Chronic wounds remain a major public health challenge, but despite their

clinical burden, the pathophysiology of wound-related tissue alterations is still poorly understood.
Over the past decade, we have developed a multimodal physicochemical approach

— combining scanning electron microscopy, infrared spectroscopy, energy-dispersive X-ray
fluorescence, synchrotron-based techniques and multiphoton microscopy — to characterize
tissue alterations in the cases of chronic wounds far beyond the reach of conventional optical
microscopy.

Applied to slough extracted from chronic wounds, this approach revealed striking structural and
chemical differences between adherent and non-adherent slough, challenging current clinical
distinctions and opening new perspectives for targeted debridement strategies. In calcified leg
ulcers, chemical analysis of dystrophic calcifications identified calcium phosphate apatite and
suggested preventive therapeutic avenues. In calcific uremic arteriolopathy, the same toolkit
uncovered a distinct pathogenic mechanism — primary rapid calcium deposition with
circumferential intimal distribution — and demonstrated structural alterations of dermal elastic
fibers that may predispose certain patients to calcification regardless of systemic phosphocalcic
imbalance.

Together, these findings illustrate how physicochemical characterization can bridge clinical

observation and mechanistic understanding in wound pathology, and inform the design of more
targeted therapeutic strategies.
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Biological Interfaces in Reconstruction: Surgical
Findings and Questions

Isabelle Auquit-Auckbur
CHU Rouen, Rouen, France

Background:
Surgical reconstruction heavily relies on managing complex physiological interactions across

diverse biological and synthetic interfaces. A thorough understanding of host tissue responses at
these junctional zones is paramount to enhancing graft survival, optimizing tissue integration, and
preventing biomaterial failure.

Topics:
This presentation explores three main categories of surgical interfaces encountered in clinical

practice:

e Biological Interfaces: Adhesion, vascularization, and integration mechanisms in skin
grafts, autologous fat transfer (lipofilling), and distant pedicled or free flaps.

o Prosthetic Interfaces: Interactions and clinical challenges at the interface between breast
implants and surrounding soft tissue (e.g., capsular contracture, tissue integration).

o Functional & Engineered Interfaces: Constructive bio-interfaces designed to facilitate
repair, specifically silicone rods in two-stage flexor tendon reconstruction (promoting
smooth gliding mechanisms) and the induced membrane system (Masquelet technique)
in segmental bone defect reconstruction.

Systemic & Surgical Modulators:

Furthermore, the influence of key perioperative factors—notably nutritional status, active tobacco
smoking, and technical surgical precision—on tissue adhesion, graft take, and the successful
execution of two-stage procedures will be addressed.

Objective:
Translating years of bedside clinical observations into fundamental physiological questions, this

presentation aims to bridge the gap between reconstructive surgeons and translational
researchers. By raising unresolved clinical questions at each technical stage, it seeks to stimulate
collaborative research in biomaterials, tissue engineering, and regenerative medicine.

Keywords: Reconstructive Surgery, Tissue Interfaces, Skin Grafts, Flaps, Breast Implants,
Masquelet Technique, Flexor Tendon Reconstruction, Biomaterials, Wound Healing.
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ID: ETRS-2026-0024

PCL-BASED BILAYER NANOFIBROUS PATCHES INCORPORATING HUMAN AMNIOTIC
MEMBRANE FOR OCULAR SURFACE WOUND HEALING

Oguzhan Gunduz?!, Canan Dogan?, Huseyin Berkay Ozaricit, Zehra Kanli?, Semra Akkaya
Turhan®, Mohamed Bella Jagitay!, Gamze Ozkan!

IMarmara University; 2Istanbul Arel University; 2Acibadem University

Background: Ocular surface diseases (OSDs) cause chronic tissue damage and vision loss, yet
current treatments fail to support complete regeneration. The human amniotic membrane (AM) is
a bioactive scaffold rich in ECM proteins, collagen subtypes, growth factors, and anti-inflammatory
agents. A strong candidate for ocular surface reconstruction. However, AM alone lacks the
mechanical durability required for sustained scaffold function. This study aimed to develop PCL-
based bilayer nanofibrous patches with varying AM concentrations for a mechanically stable,
bioactive wound-healing platform.

Methods: Patches were fabricated via electrospinning. The primary layer consisted of PCL
blended with freeze-dried AM at four concentrations (3%, 5%, 7%, 10% w/v); the secondary layer
combined PCL with platelet-rich plasma (PRP), hyaluronic acid (HA), and collagen. Scaffolds
were characterised by SEM, FTIR, TGA, tensile testing, water contact angle, and
swelling/degradation assays. Biocompatibility was assessed via MTT viability and scratch
migration assays using human dermal fibroblasts.

Results: SEM confirmed bilayer integration and concentration-dependent fiber morphology. FTIR
verified ECM biocomponent retention. Tensile strength decreased with increasing AM content
(9.08 MPa at 3% to 3.31 MPa at 10%), while the 5% group showed the finest fiber diameter,
highest swelling ratio, and maximum elongation at break (29.5%). TGA revealed improved
thermal stability at higher AM loading. Wettability improved progressively to 87.44° contact angle
at 10% AM. In vitro, the 7% AM group showed the highest HDF viability (p<0.001) and most
accelerated wound closure.

Conclusion: AM concentration is a decisive parameter governing scaffold performance. The 7%
wi/v formulation provided an optimal balance between bioactive availability and structural integrity,
yielding superior proliferation and migration. The bilayer design incorporating PRP, HA, and
collagen alongside AM has not been previously reported. Limitations include absence of in vivo
validation. These findings position 7% AM-loaded bilayer nanofibers as a promising biomaterial
for ocular surface tissue engineering and wound care.
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COMPARATIVE WOUND HEALING DYNAMICS USING INTACT AND PARTICULARIZED
FISH SKIN GRAFTS

Elisabeth Hofmann'?, Anna-Lisa Pignet!, Ines Foessl', Manuel Prevedel®, Maximilian
Moshammer?!, Anna Schwarz!, Ana Villa-Garcia®, Anita Eberl®, Lars-Peter Kamolz?, Petra
Kotzbeck?!

1COREMED - JOANNEUM RESEARCH,; 2Division of Plastic, Aesthetic and Reconstructive Surgery,
Medical University of Graz; SHEALTH - JOANNEUM RESEARCH

Background and aim: Acellular fish skin grafts (FSG) have demonstrated clinical benefits in wound
healing, including accelerated epithelialization and reduced contraction. However, the cellular and
molecular mechanisms underlying these effects remain incompletely characterized. This study
evaluated the impact of FSG on wound healing in a porcine full-thickness skin defect model,
focusing on healing kinetics, tissue formation, and modulation of inflammatory signaling.

Methods: Full-thickness excisional wounds were created in male Landrace pigs (mean weight
28.8 + 2.8 kg; n = 7) and treated with either intact sheet FSG, particularized FSG, or left untreated.
Wounds were assessed over 21 days by clinical documentation, thermography, histology, and
molecular analysis of cytokines and contraction-associated markers (aSMA/ACTA2).

Results: FSG-treated wounds exhibited accelerated tissue formation, with a 1.7—2.0-fold increase
in granulation tissue thickness on days 5-9 compared to controls. Wound contraction was
reduced, particularly in wounds treated with intact FSG. aSMA/ACTA2 expression kinetics
supported reduced contractile activity in intact FSG-treated wounds. Cytokine profiling showed
early upregulation of IL-1j3, IL-6, and IL-8 at day 5, followed by decreased IL-6 and increased IL-
10 at day 9, indicating a transition from pro-inflammatory to regenerative signaling.

Conclusion: In this translational pig model, intact and particularized FSG accelerated wound
healing, enhanced tissue formation, modulated inflammatory dynamics, and reduced contraction.
These data support the regenerative value of FSG in complex wound management and provide
further insight into their mechanistic effects.

70



RESEARCH, REPAIR, REGENERATE — NEW STRATEGIES FOR IMPROVED WOUND HEALING
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ID: ETRS-2026-0006

CLOSED-INCISION NEGATIVE PRESSURE WOUND THERAPY (CINPWT) IN IMMEDIATE
BREAST RECONSTRUCTION: A SYSTEMATIC REVIEW AND META-ANALYSIS

mohamed Ehab?, Shehabeldin S. Anan, Mohamed Attia Elfadali, Mohamed Ahmed Serageldin,
Nada khalid Asar Youssef Nader, Mubarak |. Abdalla

IMansoura faculty of medicine,Mansoura universuty

The aim of this meta-analysis is to evaluate the efficacy of negative pressure wound therapy
(NPWT) compared to standard dressings in immediate implant-based breast reconstruction
(IBBR).

A systematic review was conducted in accordance with PRISMA guidelines across different
databases from database inception to December 2025. Studies comparing prophylactic NPWT to
standard care in immediate IBBR (implant or expander) were included. Risk of bias was assessed
using standard quality assessment tools tailored to study design. Data were pooled using the
DerSimonian and Laird random-effects model. Statistical heterogeneity was evaluated using
Cochran’s Q test and quantified using the |? statistic

Thirteen studies published between 2010 and 2024 were included, with an overall 1,817 patients
included across all study arms. Follow-up durations ranged from 14 days to 24 months

NPWT demonstrated a statistically significant reduction in surgical site infections (SSI) (OR: 0.31,
95% CI: 0.12 to 0.82, p = 0.02; 12 = 0%). This was more significant in the subanalysis of RCTs
(OR:0.18, 95% CI: 0.04 t0 0.82, p = 0.03, 12 = 0%). NPWT showed a strong trend toward reducing
skin necrosis (OR: 0.41, 95% CI: 0.16 to 1.11, p=0.08, 12=26%) and haematoma rates (OR: 0.31,
95% CI: 0.08 to 1.25, p=0.10; 12=0%), though neither reached statistical significance. No
statistically significant difference was found regarding seroma incidence (OR: 0.68, 95% CI: 0.22
to 2.07, p=0.50; 12=68%) or mean duration of surgical drains (MD: -0.03 days, 95% CI: - 1.33 to
1.27, p=0.97). Or the length of hospital stay (MD: -0.04 days, 95% CI: -0.52 to 0.44, p=0.88).

The application of prophylactic NPWT significantly reduces surgical site infections immediately
after IBBR. While NPWT shows favourable results in reducing flap necrosis and haematoma, it
does not significantly decrease seroma rate, drain removal or hospital stay. Additional RCTs are
needed to confirm these findings.
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DESIGNING SELF-ASSEMBLING PEPTIDE-CHITOSAN COMPOSITE HYDROGEL FOR
WOUND HEALING APPLICATIONS

Sara Ali Hosseinzadeh?, Alberto Saianit, Aline Miller*
1University of Manchester

Chronic wounds are associated with persistent infection, prolonged inflammation, and delayed
healing, highlighting the need for advanced wound-care materials that combine antimicrobial
activity with biocompatibility. Self-assembling peptides are promising due to their ability to form
nanofibrous hydrogels with antibacterial properties; however, their high cationic charge can lead
to cytotoxicity and rapid depletion. To address these limitations, this study explores a composite
system combining a self-assembling peptide, K(FEFK),K, with chitosan—a biocompatible,
antibacterial, and film-forming polymer known to support wound healing.

A composite hydrogel (2:1 ratio) was prepared using chitosan (5 mg/mL) and peptide (10 mg/mL).
Structural and physicochemical properties were characterized using FTIR, TEM, SAXS, rheology,
zeta potential, and HPLC for peptide release. Antibacterial activity was assessed via MIC testing
against Escherichia coli and Bacillus subtilis, while cytocompatibility and wound-healing potential
were evaluated using 3T3 fibroblasts and an in vitro scratch assay.

The composite hydrogel demonstrated improved mechanical properties compared to individual
components. FTIR confirmed preservation of the peptide’s B-sheet structure, while TEM and
SAXS showed retention of fibrillar nanostructures with slight fibre thickening, indicating successful
integration without disrupting self-assembly. The composite exhibited an intermediate positive
surface charge, suggesting partial charge screening by chitosan. Peptide release was minimal
(<2.5% over 150 hours), indicating sustained retention within the hydrogel matrix.

Biologically, the composite showed strong antibacterial activity (MICqo: 0.16 mg/mL for E. coli and
0.13 mg/mL for B. subtilis) and effectively inhibited bacterial colonization. Cytocompatibility was
significantly improved compared to peptide alone, with ~99% cell viability. In wound-healing
assays, the composite achieved the greatest reduction in wound gap, indicating enhanced healing
performance.

Overall, the peptide—chitosan composite hydrogel combines antimicrobial efficacy with high
cytocompatibility and shows strong potential as a wound-contact material.
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IMMORTALIZED MOUSE EMBRYONIC FIBROBLASTS AS A MODEL OF POST-NATAL
CHONDROGENIC PRECURSORS

Andrew Leask!, Amirhossein Safari', Blessing Ekwueme?
1University of Saskatchewan

Mesenchymal stromal/progenitor cells (MSCs) are a key constituent of tissue engineering
applications. Generating sufficient MSCs in vitro for practical use is essential. Recent studies
have shown that immortalized mouse embryonic fibroblasts (MEFs) show MSC-like properties,
and are pluripotent, including possessing the ability to differentiate into chondrocytes. In vivo,
chondrocyte precursors (CPs) can have different origins; for example, in embryogenesis, CPs do
not self-renew, whereas, postnatal CPs are long-lived (LLCPs). The CPs to which immortalized
MEFs correspond is unknown. Of the collagen binding integrins, a1131 is specifically expressed
in a subset of MSCs in injured, fibrotic or cancerous tissue. However, the specific role of the
integrin a11 subunit in MSC biology remains to be clarified. Herein, we use RNA-seq analysis to
compare the gene expression profile of wild-type and integrin a11-deficient MEFs. Immortalized
MEFs have an expression profile resembling LLCPs, which are active postnatally, and express
the marker Gli-1. Loss of integrin a11 resulted in reduced mRNA expression of genes in
extracellular matrix (ECM), transcription factor and cell adhesion clusters, including cadherin-11,
tenascin-C (Tnc), Sox9, type Il collagen alpha 1 (Col2al), aggrecan (Acan) and decorin (Dcn).
Integrin a11-deficient immortalized MEFs were relatively resistant to chondrogenic differentiation
in micromass culture, as visualized by assessing micromass diameter, ECM production (using
alcian blue) and protein/mRNA expression of chondrogenic markers. Our data are consistent with
an emerging hypothesis that the integrin alpha 11 subunit controls CP differentiation and bone
formation postnatally and that controlling its activity may be useful in tissue engineering
applications involving chondrogenesis.
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ENGINEERING OF A NOVEL SILKMA-BACTERIAL CELLULOSE HYDROGEL BIOINK FOR
DIGITAL LIGHT PROCESSING THREE-DIMENSIONAL BIOPRINTING

Dilruba Baykara!, Omer Yilmaz?, Tubanur Avci?, Elif Ilhan?, Ridvan Yildirim?, Christophe Egles?,
Oguzhan Gunduz!

1Department of Metallurgical and Materials Engineering, Faculty of Technology, Marmara University,
34722 Istanbul, Turkey; 2Department of Life Sciences, University of Toronto at Scarborough, M1C 1A4,
Toronto, ON, Canada); 2Université de Rouen Normandie, INSA Rouen Normandie, CNRS, Normandie
Univ, Polyméres Biopolyméres et Surfaces (PBS, UMR 6270), 27 000 Evreux, France

Background including aim/purpose: The increasing demand for sustainable and biocompatible
biomaterials has driven the development of eco-friendly alternatives for tissue engineering. This
study aimed to develop a sustainable methacrylated silk fibroin (SilkMA)/bacterial cellulose (BC)
composite bioink optimized for digital light processing (DLP) 3D bioprinting and to evaluate its
potential for wound healing and skin tissue engineering applications.

Methods: SilkMA was synthesized from Bombyx mori silk fibroin, while BC was produced by
microbial biosynthesis. Composite bioinks containing different BC ratios were prepared and
processed by DLP 3D bioprinting to fabricate high-resolution porous structures. Hydrogels were
characterized regarding chemical structure, morphology, mechanical properties, swelling
behaviour, and rheology. In vitro biocompatibility was evaluated using human dermal fibroblasts
to assess cell viability and adhesion.

Results: The developed SilkMA/BC bioinks exhibited excellent printability and enabled precise
fabrication of porous 3D constructs via DLP bioprinting. Fourier transform infrared spectroscopy
confirmed the incorporation of BC within SilkMA, while proton nuclear magnetic resonance
verified SilkMA formation and the degree of methacrylation. Incorporation of BC significantly
enhanced the mechanical properties, increasing compressive strength up to 45 MPa.
Morphological analysis revealed interconnected porous architectures, and rheological studies
demonstrated shear-thinning behaviour suitable for DLP printing. Swelling ratios decreased with
increasing BC content, indicating improved structural stability. Biocompatibility studies showed
high cell viability (>75%) and strong cell adhesion without cytotoxic effects.

Discussion and Conclusion: These findings highlight the potential of SilkMA/BC hydrogels as
sustainable DLP-printable bioinks for tissue engineering applications. The combination of
naturally derived biodegradable polymers provides a promising platform for regenerative
medicine and sustainable biofabrication.
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ORAL KERATINOCYTES ARE MORE RESISTANT TO OXIDATIVE STRESS-INDUCED
SENESCENCE THAN SKIN KERATINOCYTES

Lin Chen?, Yixuan Zhang, Shay Keiser, Chen Han, Heidi Yuan, Amy Chen, Anthony Yang, Luisa
DiPietro

IUniversity of lllinois Chicago

Oral mucosal wounds typically heal faster than skin wounds, suggesting distinct stress-
response programs in oral versus skin cells. Cellular senescence is part of the wound healing
process. However, whether oral and skin keratinocytes undergo senescence differently remains
unclear. Here, we used immortalized oral keratinocyte (TIGK) and skin keratinocyte (HaCaT) cell
lines to investigate whether they responded differently to oxidative stress-induced senescence
and to identify pathways involving antioxidant defense, DNA repair, senescence-associated
secretory phenotype (SASP) regulation, which might underlie any differential susceptibility to
senescence.

TIGK and HaCaT were treated with H,O, to induce oxidative stress-mediated senescence.

Senescence was evaluated using cell morphology and SA-B-gal staining. DNA damage was
assessed via immunofluorescence staining of H2A.X. To evaluate whether secretomes from
senescent TIGK could affect the response of HaCaT to senescence induction, conditioned
medium from senescent TIGK was added to HaCaT. Subsequent changes in senescence
markers were quantified.

The results showed that HaCaT cells exhibited more flattened, enlarged cells with a B-gal-

positive senescent phenotype than TIGK after H,O, induction. Quantitatively, about 70% of
HaCaT were B-gal-positive, which was significantly higher than TIGK (16%) under 200 uM H,0..
Immunofluorescence for yH2A.X revealed fewer DNA-damaged nuclei in TIGK than in HaCaT
(p<0.05). When HaCaT cells were cultured in TIGK-conditioned media (25-50%), DNA damage
(YH2A.X") was significantly reduced compared to control, suggesting that the TIGK secretome
may exert protective or antioxidant effects against senescence. Ongoing experiments include
RNA-seq profiling to identify transcriptional regulators of senescence resistance in TIGK, and the
examination of additional senescent markers, including SASP, DNA damage, and cell
proliferation arrest.

Oral keratinocytes demonstrate greater resistance to oxidative-induced senescence than skin
keratinocytes, and secretomes from senescent TIGK can protect skin keratinocytes from
senescence. These findings suggest that oral keratinocytes possess anti-senescence
mechanisms that may contribute to the superior wound healing properties of oral tissue.
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ACELLULAR SCAFFOLD REVASCULARIZATION CREATING AN IN VIVO BIOREACTOR:
A PROOF OF CONCEPT IN TRIDIMENSIONNAL NIPPLE SCAFFOLDS

Yanis BERKANE??, Alperen Abaci, Bradley Ellis, Loic van Dieren, Edvin Hendi, Haizam Oubari,
Ruben Oganesyan, Curtis Cetrulo, Michelle McCarthy, Mark Randolph, Frédéric Bodin,
Alexandre G Lellouch, Basak E Uygun

IUniversity of Rennes; ?Harvard Medical School

Acellular scaffold revascularization is the most significant challenge in tissue and organ
engineering. To achieve successful and durable cell growth within complex three-dimensional
scaffolds, a functional vascular network must ensure the supply of oxygen and nutrients within
the matrix structure. Several teams have studied in vitro and ex vivo re-endothelialization using
dynamic cell seeding and bioreactors, among other techniques. Still, to date, no approach has
demonstrated long-term successful and functional vascular tree growth within 3D scaffolds.
Herein, we propose a promising alternative using the in vivo implantation of decellularized nipple-
areolar complex (NAC) scaffolds on a prepared vascular pedicle, thereby achieving engineered
flap creation. We compared two implanted groups, one with and one without vascular
micropunctures. After 3 weeks, explanted scaffolds demonstrated successful in-depth capillary
growth, supported by contrast angiography, histology (including CD31 staining), and macroscopic
bleeding. Flow cytometry assays identified different cell contingents, including CD45 and CD31-
positive. No significant difference was found between the two implanted groups. This proof-of-
concept study offers valuable insights into the successful engineering of composite tissues and
organs.
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SYSTEMATIC EVALUATION OF ANTI-ADHESIVE BIOMATERIALS IN ANIMAL MODELS OF
POSTOPERATIVE ADHESION FORMATION: A SYSTEMATIC REVIEW AND META-
ANALYSIS OF 865 STUDIES

Evelyne Verhulst!?, Julie Mouthaan?, Chema Strik?, Kenan Hallon?, Albert Wolthuis?, Harry Van
Goor?, Bob Hermans?, Richard Ten Broek?

1KU / UZ Leuven; 2RadboudUMC

Objectives:

Postoperative adhesions are a major cause of long-term complications after abdominal surgery.
Numerous anti-adhesive biomaterials (films, gels, solutions and barriers) are evaluated in animal
models, yet clinical translation remains limited. This systematic review assessed model
characteristics, outcome measures and intervention in preclinical studies of anti-adhesive
biomaterials to identify factors affecting internal validity and translational value.

Methods:

A systematic search of PubMed and EMBASE (updated 13 October 2024) identified animal
studies using standardized peritoneal injury models and evaluating anti-adhesive agents (film,
gel, solution or other). Screening and data-extraction were performed by two reviewers. Reporting
guality, model characteristics, adhesion scoring systems and risk of bias were assessed using
predefined criteria. Random-effects meta-analyses evaluated intervention efficacy, and meta-
regression explored moderators of adhesion incidence in negative-control groups.

Results:

From 9201 records, 865 studies (899 experiments; 1960—2024) met criteria. Methodological
guality was generally low and heterogeneous with wide variation in species, injury models and
control designs. Non-validated adhesion scoring systems were used in 79% of studies. Sample
sizes were often underpowered: 73% of groups had <10 animals. Risk of bias was high or unclear,
due to incomplete reporting of randomization, allocation concealment and blinding.

In 559 negative-control groups, pooled adhesion incidence was 79% (95% CI 77.4—-80.5%) with
moderate heterogeneity (12 = 38.8%). Sample size was the only consistent moderator of baseline
adhesion incidence.

Among biomaterials, hyaluronic acid—carboxymethylcellulose membranes (HA-CMC) and other
hyaluronate-based barriers reduced adhesion formation (HA-CMC RR 0.67, 95% CI 0.61-0.74;
other hyaluronates RR 0.72, 95% CI 0.65-0.79). Oxidized regenerated cellulose and icodextrin
4% showed no significant effect.

Conclusions:

Adhesion research in preclinical models remains hampered by methodological weaknesses and
inconsistent reporting, contributing to research waste. We propose practical recommendations to
improve study design, reporting and ethical standards, thereby guiding reformation of the scientific
ecosystem in this field.
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REPAIR CONGENITAL DIAPHRAGMATIC HERNIA WITH ENGINEERED MUSCLE: AN
APPROACH USING 3D EXTRUSION BIOPRINTING

Iryna Lysoval?
1INSERM, University of Strasbourg; 2U1121 Biomaterials & Bioengineering

Congenital diaphragmatic hernia (CDH) is a congenital malformation characterized by a defect in
the diaphragm. In the neonatal period, this defect is surgically repaired, either by direct suture in
cases of small defects or more frequently with a prosthetic patch. The prosthetic repair with
expanded polytetrafluoroethylene (ePTFE) presents several limitations, including a lack of
elasticity and poor cellular colonization. Moreover, it is a non-resorbable material that cannot
adapt to the modifications of the thoracic architecture occurring during child growth.

Three-dimensional (3D) bioprinting is an emergent technology to elaborate complex biological
systems; it relies on the ability of bioprinting to attain complex constructs that are similar in
organization and functionality to native tissues. Particularly, the goal of bioprinting technology is
to better control the precise positioning of living cells within a biopolymer-based matrix and in a
layer-by-layer structuring, allowing for adjusting the geometry and maturation of the tissue over
time.

Extrusion 3D bioprinting is the most commonly used technology in the field of tissue engineering.
Unfortunately, extrusion may cause shear stress and lead to cell damage and death. In previous
studies, our team developed porous PLGA (poly-lactic-glycolic acid) microscaffolds to enhance
post-impression cell survival by providing cell support and protection.

We aim to develop a personalized prosthetic patch with pre-vascularized tissue. A previously
biodegradable diaphragmatic prosthesis was developed by printing microscaffolds and murine
cells onto an albumin membrane. Our next step is to create a patch with human primary cells,
such as Human dermal fibroblasts (hDF), Human skeletal muscle myoblasts (hSkM), and Human
Umbilical Vein Endothelial Cells (HUVEC).

78



RESEARCH, REPAIR, REGENERATE — NEW STRATEGIES FOR IMPROVED WOUND HEALING

ID: ETRS-2026-0023

3D VISUALIZATION OF A RECONSTRUCTED VASCULAR NETWORK IN SKIN MODELS
USING TISSUE CLEARING TECHNOLOGY

Perrine MPEMBA HENNEBERT?!?, Aurélie PAGNON?, Maguelone ROSAIN?3, Fabienne
THILLOUY, levgenii LIASHENKO?*, Paul DALTONS®, Maité RIELLAND®, Nathalie BOYERAL,
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France

BACKGROUND: While tissue-engineered skin substitutes have revolutionized in vitro testing by
providing ethical and scientifically relevant alternatives to animal testing, there is a need for more
sophisticated skin models realistically replicating the complex architecture and functionality of
native skin. A current key limitation is the absence of physiological vascularization, despite its
critical role in skin homeostasis, wound healing, pigmentation or inflammatory skin diseases.

This study aims to develop a vascularized full-thickness skin model in a porous synthetic scaffold.
Crucially, this study introduces the first application of a modified iDisco+ tissue clearing technique
to an in vitro skin model composed of a synthetic porous scaffold.

METHODS: A comparative study of various synthetic porous scaffolds, involving different
biomaterials and fabrication methods, was conducted using human fibroblasts and keratinocytes.
Promising scaffolds were then evaluated for their capacity to host a vascular network by
coseeding HUVEC cells with fibroblasts. For characterization, histological and immunostaining
analyses were coupled with 3D visualization of cleared tissues.

RESULTS: Histological analysis confirmed excellent skin reconstruction across all tested
scaffolds, showing homogeneously distributed fibroblasts synthesizing an accurate dermal
extracellular matrix (ECM) and a uniformly stratified and differentiated epidermis. The vascular
network proved to be highly scaffold-dependent, emphasizing the potential impact of scaffold
material, porosity and microarchitecture. A tailored bilayered electrospun/melt electrowritten
scaffold successfully fostered an interconnected and dense vascular network within an
endogenous neo-synthesized dermal ECM. Reconstructed capillaries displayed lumen and
expressed correct differentiation markers. Tissue clearing appears to be a breakthrough
technology, enabling the high-resolution detection, visualization, and characterization of diverse
spatial features without being restricted by tissue penetration limits.

CONCLUSION: This work exemplifies tissue clearing as a powerful tool for unprecedented 3D
visualization of the dermal vascular network, thus allowing a new comprehensive, tissue-scale
exploration of dermal architecture in in vitro reconstructed skin models.
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ISOLATION AND CHARACTERIZATION OF MATRIX-BOUND VESICLES FROM
WHARTON'’S JELLY-DERIVED COLLAGEN HYDROGELS

Diana ROGEL?, Anais Lavrand?, Saida Mebarek?, Claire Godier!, Flora Lemaire?, Halima
Kerdjoud;j!
IUniversité de Reims Champagne Ardenne; 2Université de Lyon

Backaground:

Wharton'’s jelly (WJ) is an extracellular matrix-rich tissue with great potential for regenerative
medicine. Besides the presence of stem cells, macromolecules and growth factors, recently it has
been reported that decellularized Wharton’s jelly (DWJ) retains matrix-bound vesicles (MBV), a
vesicle population associated with the extracellular matrix. These vesicles carry several
regulatory elements and mediators with clinical relevance. This study aimed to isolate MBV from
DWJ and explore their biological and therapeutic relevance.

Methods:

MBV were isolated from decellularized WJ and WJ-derived hydrogels by enzymatic digestion,
filtration and ultracentrifugation. Vesicle concentration was assessed by nanopatrticle tracking
analysis (NTA), yielding 8x10% particles/mL. Transmission electron microscopy (TEM) was used
to assess the morphology of the MBV. Protein content and vesicle-associated markers were
evaluated by BCA assay and Western blot, respectively. Cytocompatibility was assessed in
human dermal fibroblasts using WST-1 assay. Selected miRNAs were analysed to identify
regulatory molecules of clinical interest.

Results and discussion:

MBYV were isolated from decellularized WJ and WJ-derived hydrogels, indicating that vesicle-like
structures are preserved through collagen extraction and hydrogel formation. NTA and
microscopy confirmed the presence of vesicle-like particles. WB revealed the presence of
Annexin A6, supporting the presence of ECM-associated vesicles. No exosomal markers were
detected in the MBYV, suggesting a population distinct from classical exosomes. MBV exposure
showed no cytotoxicity in human dermal fibroblasts. hsa-miR-320a and hsa-miR-143 were
detected by TagMan assay, confirming that WJ-derived MBV carries microRNAs linked to
calcification-related pathways, a feature that strongly influences the therapeutic potential of these
materials.

Conclusion:

These findings highlight an underexplored dimension of WJ and its potential use in regenerative
medicine. By carrying hsa-miR-320a and hsa-miR-143, the hydrogels derived from WJ provide
endogenous molecular signals involved in tissue repair, vascular remodelling and osteogenic
regulation. This supports their development as regenerative biomaterials with both structural and
molecular functionality.
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PINCH GRAFTING: A VERSATILE STRATEGY FOR WOUND HEALING

Sofia Vanellal, Alejandro Vivero
1Santo Cuore Servicios Medicos

Introduction: Chronic, hard-to-heal wounds are a frequent therapeutic challenge particularly in
elderly patients with arterial and venous diseases. Pinch grafting is a simple and low-cost surgical
technique that accelerates epithelialization through the implantation of small autologous skin

grafts.

Objective: To describe a case series treated with pinch grafting and assess its clinical
effectiveness and safety in wounds of various etiologies.

Materials and Methods: Observational, descriptive, and retrospective study of seven patients with
skin ulcers of diverse causes, treated on an outpatient basis between 2023 and 2025. Partial-
thickness autologous skin grafts from the thigh were applied without sutures, heparin prophylaxis,
or negative pressure. Graft integration, time to epithelialization, and presence of complications

were evaluated.

Results: All patients achieved successful graft integration and complete wound closure, with a
mean healing time of 17.8 weeks. No infections or adverse events were recorded. The technique
was well tolerated and did not require anticoagulant prophylaxis or negative pressure devices

for exudate management.

Conclusions: Pinch grafting proved to be an effective, safe, and accessible strategy for the
treatment of wounds of different etiologies, particularly useful in resource-limited settings.
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DIFFERENTIAL EFFECTS OF CALCIUM ALGINATE AND CARBOXYMETHYLCELLULOSE
WOUND DRESSING EXTRACTS ON HUMAN SENSORY NEURON REGENERATION AND
SECRETOME
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Alexis Desmouliére?, Amandine Rovini?
lLaboratoires Brothier, Nanterre, France; 2University of Limoges, UR 20218 - NeurIT, Faculties of
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Background. Peripheral nervous system is critical in wound healing, as cutaneous sensory nerve
endings release neuropeptides that modulate key skin cell functions. Damage to these endings
can impair healing and predispose to chronic wounds. Thus, selecting dressings that foster nerve
repair offers a promising strategy for managing complex wounds. Calcium alginate dressings are
of particular interest as they release calcium ions, activating vital processes for neuronal function.

Aim. This study explores the in vitro effects of three wound dressings on sensory neurons: a pure
calcium alginate (Algostéril®), a calcium alginate combined with carboxymethylcellulose - CMC
(Biatain® Alginate), and a pure CMC (Aquacel Extra™).

Methods. Sensory neurons (iSN) from human neural progenitors were exposed to dressing
extracts for five days. Viability was tested using a calcein assay. Neurite outgrowth was quantified
in iSN neurospheres (NS) and their secreted factors were quantified on day 5 using proteome
profiler arrays. Neurite extension was evaluated in compartmentalized chips where extracts were
restricted to the neurite compartment.

Results. Only Algostéril was non-cytotoxic (>70% viability) at all concentrations. Algostéril
significantly promoted neurite outgrowth in neurospheres, increasing total length and neurite
count. In contrast, Biatain Alginate had a strong inhibitory effect, while Aquacel had no significant
influence. These outcomes were consistent with the upregulation of 39 factors secreted in
Algostéril-treated NS, including brain-derived neurotrophic factor and vascular endothelial growth
factor, whereas Biatain Alginate and Aquacel downregulated secreted factors. In
compartmentalized culture, observed trends suggested neurite elongation with Algostéril,
regression with Biatain Alginate, and no effect with Aquacel.

Discussion/Conclusion. This study, although limited to in vitro models, evaluates, for the first time,
the effects of advanced wound dressings on neurons. Results support the potential therapeutic
advantage of the pure calcium alginate dressing in promoting nerve repair and optimizing wound
healing, relevant for neuropathic conditions such as diabetic wounds.
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ISOLATION OF FIBROBLASTS AND KERATINOCYTES FROM SKIN AND HAIR GRAFTS
FOR SPHEROID GENERATION TO DEVELOP HAIR BEARING FULL SKIN EQUIVALENTS

Mitchell Fiet!, Marcel Vlig, Lotte Kok, Kim Schilders, Iris van 't Veer, Bouke Boekema
1Alliance of Dutch Burn Care (ADBC), Burn Research Lab, Beverwijk, The Netherlands.

Backaground:

Hair follicles (HFs) play a pivotal role in the skin and their loss following burn injury results in
impaired wound healing and reduced sensory perception. As current treatment options cannot
restore damaged HFs, our aim is to develop engineered skin capable of supporting hair growth
with cells derived from skin and hairs. Here we report on cell isolation and spheroid generation.

Methods:

Fibroblasts and keratinocytes were isolated from donor skin and hair grafts. Hair grafts were
treated with trypsin and placed in a hydrogel, from which cells could be harvested. Fibroblasts
and keratinocytes were isolated from skin and were used to generate hydrogel-based full skin
equivalents (FSESs).

Self-assembly of fibroblasts and keratinocytes (3000 cells, 1:1 ratio) in spheroids was tested in
cell-repelling plates with different types of FSE-media (high/low glucose levels and stem cell
components [scc]). Spheroids were embedded in paraffin after 48 hours. Viability and
differentiation to HF-like structures of spheroids was tested by spheroids to FSEs. Differentiation
and location of spheroids were determined by FACS and IHC: CK15 and vimentin for
keratinocytes and fibroblasts, respectively.

Results:

FSE+ssc medium, but not FSE medium, resulted in outgrowth of keratinocytes from hair grafts
embedded in hydrogel. Spheroids formed consistently in both FSE and FSE+ssc medium,
although spheroids grown in FSE medium were rounder and more uniformly shaped compared
to spheroids grown in FSE+ssc medium. Although viable spheroids were present in hydrogels in
culture, processing for H&E and IHC proved to be challenging in some samples.

Discussion:

Isolation of keratinocytes from hair grafts can be performed easily with a non-destructive method
(hydrogel) compared to labour intensive physical dissection. Spheroid generation is consistent in
different growth conditions, although current spheroids are non-compatible with our hydrogel-
based FSEs. More advanced spheroids (e.g. addition of dermal papilla cells) might form more
robust spheroids.
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BIOINTEGRATION OF A PARTIALLY DECELLULARIZED TRACHEA IN A PORCINE
MODEL.
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In the aim of a future tracheal replacement in pediatrics, our team has developed and patented a
clinical grade partially decellularized trachea (PDT) from porcine tracheas. With the aim of
evaluating PDT biointegration, vascularization and tolerance of these PDTs, they were implanted
in the cervical muscle of 11 female Large White/Landrace pigs, weighing between 50 and 70 kg,
with or without cyclosporin-A oral treatment. After 28 or 56 days, the animals were sacrificed,
implanted PDTs and native tracheas were retrieved and fixed for studying the local response. To
evaluate the systemic immune response, blood samples were taken at day 0 and at the end of
the protocol to quantify the cells and the proinflammatory cytokines.

Results: Macroscopically, the implanted PDTs preserved their integrity and attached to their
surrounding muscle. Microscopically, histological evaluation and scanning electron microscopy
showed a very satisfying PDT biointegration, characterized by neovascularization, fibroblast
colonization, and absence of a detectable infection. Additionally, tissue and blood analyses
showed no signs of graft rejection or toxicity and necrosis of the surrounding muscle.

The number of leukocytes, as well as proinflammatory cytokines did not increase between day 0
and at the end of the protocol. As for the local response, no massive infiltration of CD3
lymphocytes was observed in the PDT, with or without immunosuppression.

Conclusion: This study shows that the PDTs developed by our protocol can be implanted in-vivo
in a heterotopic site for neovascularization, without inducing infection, graft rejection, or toxicity.
Immunosuppression did not show any superiority in terms of biointegration after 28 days of
treatment and therefore, it is not necessary. Our results were published in Scientific Reports in
2026 (doi: 10.1038/s41598-026-37823-1).
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GINGIVAL AND DERMAL KERATINOCYTE-FIBROBLAST INTERACTIONS IN 3D CO-
CULTURE
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Compared to skin wounds, oral wounds heal more quickly, undergo faster re-epithelialization, and
generally do not result in scar formation. Fibroblasts (FBs), the main cellular component of scar
formation, and keratinocytes (KCs), the cells that constitute the epithelial barrier, demonstrate
tissue-specific phenotypes in skin and oral wounds. It remains unresolved, however, how KC
signaling through secreted products influences FB function, and if this KC-FB signaling differs
between skin and oral cells. Thus, the aim of this study was to investigate if oral and skin KCs
induce differential FB healing phenotypes in vitro. Four co-culture groups of human cells were
compared to determine if KCs from the oral mucosa influence FB function differently than KCs
from skin: 1) Oral KCs-Oral FBs, 2) Skin KCs-Skin FBs, 3) Oral KCs-Skin FBs, and 4) Skin KCs-
Oral FBs. To more accurately recapitulate the 3D wound environment while maintaining the ability
to study FBs in isolation, we used a 3D Transwell co-culture system that allows for paracrine
signaling from KCs, grown on a permeable membrane, to FBs, grown on the bottom plate. The
migration, proliferation, and contraction of the FBs after exposure to KCs were assessed by a
scratch wound, MTS assay, and collagen gel contraction assay, respectively. We then extracted
the total RNAs from the FBs and performed RT-gPCR on extracellular matrix, matrix
metalloproteinase, and contraction genes. Lastly, we used immunofluorescence microscopy to

guantify collagen |, collagen Ill, and fibronectin deposition in each co-culture. Our results
demonstrate that gingival KCs decrease FB-collagen gel contractility and gene expression and
protein deposition of collagens I, 1l, and fibronectin, while skin KCs increase FB proliferation and

migration. In conclusion, these studies suggest that KC activation of FBs is tissue-specific, multi-
factorial, and may contribute to the observed differences in oral vs skin scar formation after injury.
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ASCORBIC ACID AND HYPOXIA PROMOTE COLLAGEN DEPOSITION THROUGH
DISTINCT MECHANISMS

Catherine Moali', Méline Ricol?, Sandrine Vadon-Le Goff?, Jean-Baptiste Vincourt®, Violaine
Sée?

1Tissue Biology and Therapeutic Engineering Laboratory - LBTI (CNRS/University of Lyon); 2Tissue
Biology and Therapeutic Engineering Laboratory - LBTI (CNRS/UCBL); 3IMOPA (CNRS/INSERM/
University of Lorraine

Background including aim/purpose: Collagen remodeling is a critical process during skin wound
healing. It directly contributes to the progression of healing or, in pathological situations, leads to
chronic wounds or fibrosis. Collagen is synthesized through a complex multi-step pathway that
can be activated by various stimuli. Here, we analyzed the effect of two triggers found in the
wound microenvironment, ascorbic acid (AA) and hypoxia. We wondered if their effect on collagen
synthesis is only explained by their common ability to promote proline hydroxylation.

Methods: The mechanisms induced by AA and hypoxia (1% 02), alone or in combination, were
compared using human primary dermal fibroblasts. The successive steps of collagen biosynthesis
and the collagen levels in the various cellular compartments (intracellular compartment,
supernatants, extracellular matrix) were analyzed by RT-gPCR, hydroxyproline guantification,
western-blot and immuno-fluorescence. Collagen structure was analyzed by electron microscopy.
Quantitative proteomics was also used to obtain unbiased information and reveal new regulatory
pathways.

Results: We observed a higher staining for collagen | in 2D cell cultures supplemented with AA
compared to cultures in hypoxia. Combining both stimuli resulted in additive effects but neither
AA nor hypoxia significantly influenced the transcription of major collagen genes. In contrast, both
increased the hydroxylation of procollagens by prolyl hydroxylases, although through distinct
mechanisms, resulting in increased levels of secreted procollagens. Transmission electron
microscopy also revealed different properties of assembled collagen fibres and associated ECM
with AA or hypoxia. Finally, secretome analysis revealed that the CXCL12/CXCR4 axis plays a
major role in the differential regulation of collagen synthesis by the two triggers.

Discussion/conclusion: Our results show that distinct mechanisms are involved in collagen
deposition by fibroblasts depending on the microenvironmental factors and give new insights into
how they can be manipulated in therapeutic or tissue engineering applications.
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REDEFINE COMPLEX WOUND HEALING WITH PLASOMA COLD PLASMA TREATMENT

Maaike Bril', Paulien Smits?
1Plasmacure

Chronic wounds affect 2% of people worldwide, and standard wound care (SWC) fails in 20-40%
of cases. Cold atmospheric plasma (CAP) — ionized gas around body temperature containing
reactive species — has shown promise in promoting wound healing by stimulating cell growth and
blood flow, while also breaking down biofilms and killing bacteria.

We developed PLASOMA, a CAP device consisting of a power source and a flexible wound pad.
It creates plasma from air directly in the wound during a 2-minute treatment. CAP is created in a
closed system, ensuring all reactive species reach the wound site and will not be inhaled.
PLASOMA is a DualPlasma, i.e. also a mild electrical field and current are present. PLASOMA is
CE-certified and safe to use both in the clinic and at home.

First, we will present the journey of collecting biomedical data with PLASOMA over the years,
from in vitro experiments on bacteria, ex vivo dermis and a burn wound model, to a randomized
controlled trial (RCT) on venous leg ulcers. This RCT has shown that SWC+PLASOMA can heal
62% of the wounds within 12 weeks after twice-weekly use versus 25% in the control group (SWC)
— an improvement of ~2.5x,

Secondly, we will present future prospects:

(1) New preclinical research into modes of action, using also advanced measuring techniques
such as calorimetry and SEM imaging;

(2) New clinical research, including use cases other than chronic wounds and an ongoing RCT
of nearly 500 chronic wound patients; this RCT investigates sustained wound healing in the
clinically most relevant outcome measure ‘ulcer-free survival days’;

(3) Gain further insights by using bioinformatics on all clinical data combined.

To conclude, PLASOMA is a powerful tool for advanced wound care, with exciting opportunities
for product optimization to make the treatment even more effective and versatile.
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ENGINEERING A BIOSOURCED BIOMIMETIC PERIOSTEUM FOR BONE REPAIR

Erika Bullier-Marchandin?, Veronique Marquis, Béatrice Labat, Guy Ladam
1Université de Rouen

While bone tissue possesses an intrinsic capacity for self-repair, severe bone defects cannot
regenerate spontaneously and therefore require reconstructive surgery.

Bone regeneration is a complex process involving multiple cell types, including bone marrow cells,
osteocytes, and — critically — periosteal cells. Recent research has demonstrated that
periosteum, beyond its osteogenic role, also exhibits chondrogenic and fibrogenic capacity,
highlighting its potential to regenerate all mesenchymal skeletal tissues. Dysfunction of the
periosteum can impair healing, resulting in delayed recovery or permanent defects. Notably, it
contributes to more than 70% of bone and cartilage formation during autograft healing.

We are focusing on tissue engineering strategies, particularly the development of biomimetic
periosteal membranes that integrate structural support, cells, and bioactive factors. Based on our
expertise and previous work on biomimetic polyelectrolyte multilayers (PEMs), we propose an
innovative strategy: the design of a biosourced artificial periosteum tailored for bone regeneration.

Our approach leverages two abundant and biocompatible natural polysaccharides : chitosan and
carboxymethylcellulose. By optimizing their mechanical properties, we have engineered
cytocompatible membranes specifically suited for bone cells.
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ASSOCIATION OF INFLAMMATORY BIOMARKERS AND WOUND SIZE WITH HEALING
OUTCOMES IN CHRONIC WOUNDS
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Santa Creu de Vic, Barcelona, Spain.; 4 Faculty of Medicine, University of Vic-Central University of
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Central Catalonia (IRISCC), Barcelona, Spain.

Background: Chronic wounds are characterized by persistent inflammation. However, the role of
inflammatory biomarkers such as C-reactive protein (CRP), IL-6, and IL-8 in predicting healing
outcomes remains unclear.

Methods: A prospective observational study was conducted on 64 patients with chronic wounds,
recruited from an intermediate care hospital. Sociodemophrafic, morphological and clinical data
were collected. CRP, IL-6 and IL-8 in blood were determined per patient (baseline and one
month). Data were analysed using non parametric tests (Wilcoxon, Mann-Whitney, Fisher's
exact, Spearman). Survival analysis was performed using Cox regression and Kaplan—Meier
curves. Statistical significance was set at p < 0.05.

Results: A decrease in C-reactive protein (CRP) and IL-6 levels was observed between baseline
and one month (CRP: p = 0.016; IL-6: p = 0.011), whereas IL-8 showed no significant decrease
(p =0.221).

CRP value correlated with IL-6 (p = 0.78, p < 0.001) and IL-8 (p = 0.32, p = 0.032), while IL-6
value also correlated with IL-8 (p = 0.37, p = 0.011).

Baseline wound area was consistently associated with slower healing time (p = 0.060—0.038).
Larger wound area was also associated with CRP value above the reference range (p = 0.00079).

A reduction in CRP value during the first month was associated with healing time (p = 0.015). A
decrease in CRP concentration was sufficient to be associated with this outcome, even without
reaching the reference range.

Conclusion: A decrease in CRP over time, rather than baseline levels, emerged as a significant
indicator of wound healing. Baseline wound size remained an important predictor of delayed
healing.
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A PEPTIDE-IONIC LIQUID CONJUGATE RESTORES KEY TISSUE REPAIR MECHANISMS
IN DIABETIC WOUNDS
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The continuing aging of the population and the growth of unhealthy lifestyles is leading to an
increase of diabetes and related complications, being diabetic foot ulcers (DFU) amongst the
most troublesome. DFUs are chronic non-healing wounds characterized by persistent
inflammation, impaired angiogenesis, defective extracellular matrix remodeling, and high
susceptibility to infection. DFU are difficult to heal, but their association with other diabetes
complications, such as neuropathy and ischemia, underpin an exceedingly low healing rate and
high propensity for persistent infections. Current therapeutic options remain limited, highlighting
the need for multifunctional approaches that simultaneously target several pathological
mechanisms, further aggravated by antimicrobial resistance.

Our group has been focused on the development of peptide-based conjugates to apply topically
on complicated infected wounds like DFU. We thus advance peptide-ionic liquid conjugates
(PILC) as potential active pharmaceutical ingredients to tackle DFU. PILC combine a short
cosmeceutical peptide with collagen-boosting action, with an ionic liquid that has intrinsic
antimicrobial action.

The conjugate was assessed in a streptozotocin-induced diabetic mouse model. Full-thickness
wounds were treated topically. Wound closure was monitored, and tissue samples were analyzed
by histology and immunohistochemistry to evaluate inflammation, oxidative stress, collagen
deposition, angiogenesis, and microbial load.

PILCs represent a novel therapeutic strategy for DFU by simultaneously targeting key
pathological mechanisms of chronic wounds. Although further studies in infected wound models
are warranted, these findings support peptide-ionic liquid conjugates as a promising therapeutic
platform for the treatment of chronic diabetic wounds and other difficult-to-heal skin lesions.

Funding: This work received financial support from FCT/MCTES (UIDP/50006/2020 DOI
10.54499/UIDP/50006/2020) through national funds.

Acknowledgments: This work received support and help from FCT/MCTES (LA/P/0008/2020 DOI
10.54499/LA/P/0008/2020, UIDP/50006/2020 DOI 10.54499/UIDP/50006/2020 and
UIDB/50006/2020 DOI 10.54499/UIDB/50006/2020). AG also thanks FCT for contract
2022.08044.CEECIND/CP1724/CT0004. RF also Thanks to IPP for PAPRE 2025 and ESS for
FORMA 2025.
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DEVELOPMENT OF AN OSTEOGENIC AND ANTIMICROBIAL LAYER-BY-LAYER
COATING FOR THE FUNCTIONALISATION OF IMPLANT SURFACES
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1Université de Rouen; 2Laboratoire polymeres, biopolyméres, surfaces

Orthopaedic and dental implantology concerns millions of patients worldwide. Despite significant
advances in prosthesis design, implant failure rates remain substantial (~10% after 10 years),
mainly due to insufficient osseointegration resulting from an unstable implant—bone interface or
bacterial infection [1]. To better control this interface, polyelectrolyte multilayers fabricated by the
layer-by-layer (LbL) technique represent a promising strategy to promote bone formation and
exert antimicrobial effects. These coatings are constructed through the alternate deposition of
oppositely charged polyelectrolytes [2]. Our study aims at using LbL films as nanoreservoirs to
incorporate and release hydrophobic osteogenic or antimicrobial drugs.

To build the LbL coatings we used chondroitin sulfate A, an anionic polysaccharide naturally
present in bone tissue, and poly-L-lysine, a biomimetic cationic polypeptide. Drug vectorization
and incorporation were achieved using an anionic polymer of B-cyclodextrin (pCD), enabling the
encapsulation of hydrophobic molecules. Drug complexation was investigated using
spectroscopic techniques, and drug incorporation within the films was confirmed by
thermodesorption—gas chromatography—mass spectrometry (TD-GC-MS). The biological
performance of the coatings was evaluated using MC3T3-E1 pre-osteoblastic cells, focusing on
cell proliferation and differentiation.

In parallel, the same LbL strategy was applied for the incorporation of antimicrobial hydrophobic
compounds like carvacrol, citronellol, eugenol and farnesol. The antibacterial activity of the
functionalized coatings was showed against Staphylococcus aureus, a major pathogen involved
in implant-associated infections, in order to assess their potential to prevent bacterial colonization
of implant surfaces.

[1] Pan B, Zhang Z, Wu X, Xian G, Hu X, Gu M, et al. Macrophage-derived exosomes modulate
wear particle-induced osteolysis via miR-3470b targeting TAB3/NF-kB signaling. Bioact Mater. 3
mars 2023;26:181 93.

[2] Pédehontaa-Hiaa G, Gaudiére F, Khelif R, Morin-Grognet S, Labat B, Lutzweiler G, et al.
Polyvalent incorporation of anionic B-cyclodextrin polymers into layer-by-layer coatings. Colloids
Surf Physicochem Eng Asp. 5 mai 2023;664:131154.
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Background:

Hydrogels are soft materials made of crosslinked hydrophilic polymer chains, which can absorb
a large amount of water. Their properties, akin to biological tissues, and their biocompatibility
allow them to be used in a wide range of applications, including medical applications (wound
healing, contact lenses and three-dimensional cell culture substrates). With the emergence and
development of 3D printing, hydrogels are now being used as bioinks for tissue engineering. The
development of suitable bio-inks requires materials with rheological properties that allow them to
be extruded and to maintain a stable shape after printing. To this end, the use of a thermo-
responsive hydrogel, whose gelation is induced by a change in temperature is a possible solution
for the elaboration of bio-inks.

Methods:

Thermosensitive hydrogels have been developed by the PBS laboratory. These hydrogels are
made of hyaluronic acid (HA) chains grafted with LCST (Lower Critical Solution Temperature)
polyoxazoline (POx) copolymers, which become associative when the temperature is raised. The
agueous sol/gel transition of hyaluronic acid functionalized in this way (HA-g-POXx) can then be
tuned by adjusting the degree of polymerization of the POXx grafts. The obtained copolymers are
then 3D-printed to form a 3D matrix that will be used to incorporate L929 fibroblast-type cells.

Results:

The synthesized hydrogels were printed in simple shapes, such as two-layer grids, and in more
complex shapes with up to 25 layers. These hydrogels were also subjected to an AlamarBlue
assay with a 48-hour cell contact time and were found to be cytocompatible.

Conclusion:

The results obtained demonstrate strong potential for the use of thermosensitive hydrogels
grafted with polyoxazoline chains as a bio-ink for 3D printing and cell seeding. Their rheological
properties once gelated allow for the construction of stable structures that should enable the
printing of the bio-ink embedded with cells.
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HIERARCHICAL BILAYER PCL/SILK FIBROIN SCAFFOLD FUNCTIONALIZED WITH
EUGENOL FOR CHRONIC WOUND HEALING APPLICATIONS
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The development of bioactive wound dressings capable of mimicking the native extracellular
matrix (ECM) while providing therapeutic functions remains a major challenge in skin tissue
engineering. Hierarchically structured biomaterials have emerged as promising candidates for
wound healing applications because they combine mechanical support with biological activity.

In this work, a hierarchical bilayer wound dressing consists of a microfibrous polycaprolactone
(PCL) scaffold produced by 3D printing, which provides structural stability and mimics the
protective role of the epidermis, and an electrospun silk fibroin (SF) nanofibrous layer
functionalized with eugenol, a natural bioactive molecule with antimicrobial and anti-inflammatory
properties. The SF nanofibers were designed to reproduce the architecture of the ECM and serve
as a carrier for the controlled release of eugenol.

Morphological characterization confirmed the successful integration of the nanofibrous layer onto
the 3D-printed PCL framework, resulting in a well-defined hierarchical architecture. Incorporation
of silk fibroin significantly improved scaffold hydrophilicity compared with pure PCL structures.
Furthermore, eugenol-loaded nanofibers exhibited a sustained release profile, enabling
prolonged bioactive action. In vitro biological evaluation demonstrated excellent cytocompatibility
and enhanced cell viability, highlighting the favorable cellular interactions promoted by the
biomimetic nanofibrous environment and the therapeutic effect of eugenol.
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ADDITIVE MANUFACTURING OF HETEROGENEOUS BIOMATERIALS FOR THE REPAIR
OF COMPLEX TISSUES
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Background: Human tissues present various types of heterogeneity that can either be derived
from composition, structural or functional. Current biomaterials are mainly homogeneous and fail
to reproduce this natural heterogeneity. Additive manufacturing is a promising technique to
produce complex structures by combining different types of ink. In this study, we aim to design a
heterogeneous material derived from natural protein and bioinspired by tooth composition. This
material is composed of a soft foam core embodied in a hard-shell structure to mimic the native
tissues compostion.

Methods: Silk fibroin (SF) solution was extracted from Bombyx Mori worm cocoons that were
boiled, dissolved and dialyzed. Ceramic, water and, 20%(m/v) SF solution were mixed to create
an ink that was used to 3D print a shell structure with a homemade bioprinter. A foam solution
composed of water, glycerol and 4%(m/v) SF was added into the printed shell before freezing
and lyophilization. Compression tests, topographic observations, and biological assays were
performed.

Results: Structural analysis showed a clear separation of the two structures but also a good
adhesion of the foam to the hard shell. Mechanical studies demonstrated that the shell increased
the rigidity of the whole material. When on this scaffold, L929 murine fibroblasts cells presented
different interactions depending on the area of growth with a spreading of 100% on foam and
80% on ceramic at D7. Cytocompatibility was confirmed by measuring the viability, adhesion and
proliferation of L929 fibroblasts and dental pulp stem cells. Finally, tests to assess the possibility
of functionalization with an antibacterial molecule were conducted.

Conclusion: Heterogeneous biomaterials, in composition but also in structure, can be complex to
design and to fabricate and the technical evolution of manufacturing brought by multi-head 3D
printers opens up new approaches to a better adaption to the inherent complexity of the body.
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WOUND CLOSURE KINETICS IS DELAYED IN MICE SUBJECTED TO BLEOMYCIN-
INDUCED SKIN FIBROSIS
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Background: Scleroderma (Systemic Sclerosis, SSc) patients have progressive fibrosis of the skin
and internal organs. Approximately 40%—70% of SSc patients possess painful non-healing digital
ulcers (SSc-DUs) which can become gangrenous, necessitating amputation. Treatment options
for SSc-DUs are limited and the complex pathogenesis of SSc-DUs is poorly understood, primarily
due to the unavailability of a suitable animal model. To address this problem, we hypothesize that
mice subjected to the standard bleomycin-induced model of skin fibrosis, will display delayed
wound closure kinetics.

Methods: Six-week-old C57BL6/J mice were injected subcutaneously for 21 days with 0.1U
bleomycin or PBS (0.1 ml) for 21 days and subjected to a full thickness dermal biopsy punch (two
lateral 6 mm wounds/mouse). Wound closure was measured morphometrically (ImageJ), and
histologically using Mason’s trichrome staining and immunohistochemistry (IHC). RNAs were
extracted from wound tissue and gene alterations assessed.

Results: Bleomycin-exposed mice showed delayed wound closure defects, continuing to 12 days
post-wounding (96.31% vs 57.84% closure, PBS vs bleomycin, P<0.0001; N=12 wounds; Two-
way ANOVA, Tukey’s), concomitant with defects in granulation tissue formation (Day 4; N=5
wounds; One-way ANOVA, Tukey’s; P<0.0001), occluded small vessels (anti-CD31 Day 9; N=4;
80 vessels; P<0.0001), impaired re-epithelization (anti-Keratin16, Day 7; N=5; P<0.001), and
elevated expression of angiogenesis inhibitor endostatin (Day 7; N=5 wounds, P<0.0001; One-
way ANOVA, Tukey’s). Bulk RNA sequencing, KEGG pathway, and real time-PCR analyses
confirmed an increased expression of profibrotic genes belonging to integrin, ECM and
Hippo/Yes-associated protein (YAP) clusters (e.g. YAP1 and TEAD3) (Day 4; N=3 wounds;
Student’s t test; P<0.01 and P<0.001, respectively) in bleomycin-treated wounds.

Conclusion: Mice subjected to bleomycin-induced fibrosis show impaired wound closure,
consistent with the notion that this model might be used to study Ssc-Dus.

95



RESEARCH, REPAIR, REGENERATE — NEW STRATEGIES FOR IMPROVED WOUND HEALING

ID: ETRS-2026-0050

PROTEIN KINASE C ISOFORM ACTIVATION MODULATES THE ANTI-SCARRING
PROPERTIES OF INGENOL MEBUTATE IN REGULATING MYOFIBROBLAST BEHAVIOUR
AND SCAR TISSUE RESOLUTION
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Background: Ingenol mebutate (IngM) is a naturally-sourced, small molecule with known
anticancer properties, mediated by protein kinase C (PKC) activation, especially PKC-d. In
addition to its tumoricidal capabilities, topical IngM treatments also demonstrate exceptional scar
resolution properties. Our previous kinome activity analyses using the PamGene platform
suggested that IngM modulates the dermal fibroblasts (DFs)-myofibroblast phenotype and scar-
associated matrix composition, such as elevated MMP-1 and MMP-9 expression/activities and
hyaluronan (HA) levels, through concentration-dependent regulation of PKC-driven signalling
cascades. Therefore, this study aimed to investigate the specific contribution of PKC signalling to
these anti-scarring effects in TGF-B1 -induced DFs to myofibroblasts.

Methods: Primary human DFs were stimulated with TGF-B1 (10 ng/mL) and IngM (0.001-10
pg/mL) alone or in combination with pan-PKC inhibitor (BIM-1, 1 uM), classical PKC-a/-BI/-Bll/-y
inhibitor (GO6976, 1 uM) or novel PKC-3 inhibitor (rottlerin, 3 uM). To validate functional PKC
roles in modulating the myofibroblast matrix, collected culture medium were quantified for MMP-
1/MMP-9 activities and HA levels using SensoLyte520 Activity Assays, gelatin zymography and
ELISAs, respectively.

Results: IngM treatment significantly increased MMP-1 and MMP-9 activities in TGF-$1-
stimulated DFs, consistent with IngM effect on enhanced matrix remodelling. These effects were
significantly reduced by PKC inhibition with BIM-1, GO6976 and rottlerin, supporting the role for
several PKCs in mediating IngM-induced MMP responses. Similar finding were identified
following HA quantification by ELISA, as IngM significantly increased HA levels in culture medium,
whilst all PKC inhibitors attenuated these responses.

Conclusions: Findings confirm that IngM promotes a more anti-fibrotic scar matrix by increasing
MMP-1/-9 activities and HA synthesis in a PKC-dependent manner. Reductions in MMP-
1/MMP-9 activities and HA levels by BIM-1, GO6976 and rottlerin supports our previous data that
many classical and novel PKC isoforms mediate the anti-scarring properties of IngM, not just
PKC-9, to induce favourable changes in scar matrix composition and enhanced turnover.
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MULTI-HIERARCHICAL BIOFUNCTIONAL POLYMER BASED BIOMATERIAL TO
PROMOTE WOUND CLOSURE

Zacharie Deruyver!, Naima Ahmed Omar, Claire De Lartigue, Noémie Petit, Louise Hosty, Aline
Echalard, Chloé Eudier, Shane Brown, Christophe Egles, Anthony Duncan

1Univ Rouen Normandie, INSA Rouen Normandie, CNRS, Normandie Univ, Polyméres Biopolymeres
Surfaces (PBS) UMR 6270, 55 Rue Saint-Germain, 27000 Evreux, France

Chronic wounds constitute a major medical, societal and economic challenge due to the
significant delay in wound closure. These conditions impair patient’s well-beeing by extending
patients' time spent in hospital. Biofunctional materials have emerged as powerful tools to
promote tissue regeneration by mimicking extracellular matrix properties and delivering
therapeutic agents. Furthermore, wound closure is a complex and multi-stage process which
requires coordination of molecular and cellular factors, such as growth factor signaling and matrix
remodeling agents. To address this issue, Reactive Oxygen Species (ROS)-responsive hydrogels
are interesting models to specifically trigger a response (e.g. gel opening followed by drug
release) due to the presence in their near environment at high levels as a specific biomarker

of a chronic state.

Methods: In this study, we developed a hierarchical multi-layer hybrid biomaterial (HMHB) via the
sequential combination of melt electrowriting (MEW) and electrospinning techniques. This HMHB
contained two parts: (i) a macro/micro structured polycaprolactone (PCL) support printed via
MEW onto which (ii) a polyvinyl alcohol (PVA) electrospun (micro)fibrous film (EFF) was deposited
and treated with an ROS sensitive cross-linker resulting in a ROS-responsive bioactive
antibacterial hydrogel meshwork upper layer that allows for further biofunctionalization. Physico-
chemical and biological caracterisations were performed on the HMHB to investigate their

potential tissue regenerative properties.

Results: HMHB exhibited hierarchical architecture composed of a mechanically robust PCL
framework and a PVA nanotextured layer. This configuration ensured both structural integrity and
homogeneous fiber coverage and demonstrated cytocompatibility on L929 cell lines (Standard
ISO 10,993-5:2009 biocompatibility tests). Furthermore, incorporation of Nisin (an antibacterial
agent) directly into the EFF prior to the electrospinning step conferred effective antimicrobial
activity against Staphylococcus epidermidis, without the need for additional chemical

modification.

Conclusion: These results establish the HMHB as a promising proof-of-concept for modular and
multifunctional wound dressing elaboration
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FIBRIN GEL-BASED TOPICAL DELIVERY OF NATURAL COMPOUNDS FOR ORAL TISSUE
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In patients with orofacial cancers, radiotherapy induces long-term vascular damage, fibrosis,
hypoxia and impaired cellular turnover, leading to reduced healing and contributing to the
development of osteoradionecrosis (ORN). Current therapeutic strategies do not directly address
the underlying pathophysiological mechanisms of radiation-induced tissue damage; rather, they
aim to control infection and halt the progression of necrosis.

In France, fibrin glues are diverted from their intended use and are applied to fill bone defects.
They may be combined, with systemic therapies inspired by the PENTOCLO protocol, including
antioxidant, anti-inflammatory and antibacterial agents; however, clinical outcomes remain
variable.

This study explores a combined strategy based on a fibrin gel enriched with selected natural
active compounds, designed to provide simultaneous antioxidant, anti-inflammatory and
antibacterial effects in a single local application. First, the bioactive properties of the active
compounds were validated. Then, the enriched fibrin glues formulations were characterized.

Among the tested compounds, resveratrol and kaempferol showed higher antioxidant activity
compared to a-tocopherol, the main antioxidant used in the PENTOCLO protocol. Resveratrol
exhibited a minimum inhibitory concentration of 128 pug/mL against Staphylococcus aureus. Both
resveratrol and kaempferol demonstrated favorable cytocompatibility, with maximum non-
cytotoxic concentrations = 50 uM in human gingival fibroblasts and pre-osteoblasts, supporting
their potential use in oral tissue regeneration applications.

Incorporation studies showed that active compound loading could be modulated without altering
the viscoelastic properties of the fibrin glue. For instance, curcumin could be incorporated up to
250 pM while maintaining gel rheology. Release studies in simulated salivary fluid demonstrated
sustained delivery of natural compounds for at least 48 hours, while preserving their antioxidant
activity.

In conclusion, enriching fibrin glue with bioactive natural compounds combining strong antioxidant
and antibacterial properties, without compromising its physical characteristics, supports the
development of a novel therapeutic paradigm for the local management of radiation-induced
tissue damage and ORN.
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GROOVE RIDGE TOPOGRAPHIES DIRECT OSCILLATORY KERATINOCYTE MIGRATION
WHILE MAINTAINING A BASAL AND ACTIVATED PHENOTYPE
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Background: Chronic wounds fail to re-epithelialize impart due to impaired keratinocyte migration,
demonstrated by epithelial migration into the underlying tissue rather than across the wound bed.
Groove ridge topographies, known to stimulate directed migration of fibroblasts and osteoblasts,
offer a promising strategy to guide keratinocyte migration during wound repair. | hypothesized
that groove ridge topographies would promote directed keratinocyte migration while maintaining
an activated healing phenotype.

Methods: Groove ridge topographies with varying micrometer dimensions were fabricated in
epoxy using negative impressions of silicon wafer masters. Primary human epidermal
keratinocytes were cultured on the topographies and flat controls. Keratinocyte phenotype was
analyzed using antibodies specific to keratinocyte differentiation and activation, while migration
was quantified using time-lapse microscopy and trajectory analysis.

Results: Keratinocytes cultured on all topographies maintained a pro-healing phenotype
characterized by expression of basal cytokeratin 14 and activated cytokeratin 6 and 17. Individual
keratinocyte migration analysis demonstrated that 10 um-wide and deep grooves significantly
increased migration velocity and total distance travelled compared to flat surfaces. Despite
enhanced motility, keratinocytes exhibited oscillatory migration with limited net displacement
relative to total distance travelled on all surfaces. Significantly, 10 um-deep grooves transformed
this behaviour into directed oscillatory migration aligned with the groove long-axis. Mean-squared
displacement analysis revealed intrinsically active keratinocyte motility; however, sustained
migration remained sub-diffusive on all surfaces, consistent with spatial confinement.

Conclusions: Time-lapse analysis revealed that individual keratinocytes exhibit confined,
oscillatory migration rather than persistent exploratory behaviour required for efficient re-
epithelialization. Although groove ridge topographies increased migration velocity, stimulated
directed migration and promoted a pro-healing phenotype, meaningful net displacement was not
achieved at the single cell level. These findings suggest that successful re-epithelialization may
depend on population pressure forces generated from keratinocyte sheets. Therefore,
topographical guidance cues may serve to direct, rather than drive, epithelial outgrowth during
wound repair.
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SILK AND NANOPARTICLES-BASED FORMULATIONS FOR 3D-PRINTING HYDROGELS
AS STIMULI-RESPONSIVE NERVE REGENERATION SCAFFOLDS
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Each year, 250,000 surgical procedures are performed in Europe for peripheral nerve injuries.
The current gold standard treatment, autograft, requires additional surgery, leads to functional
loss, and may cause painful neuromas at the donor site. Formulating biocompatible biomaterials
for nerve grafts could overcome these limitations. In addition, scaffolds incorporating biopolymers,
nanopatrticles, or growth factors could significantly enhance nerve regeneration. Both synthetic
and natural materials, along with techniques like electrospinning, have been studied. However,
they do not fully address complex 3D reconstructive situations. Within the Smart2Graph European
project (FLAG-ERA), innovative alternatives are being developed, combining:

. 3D printing (to answer the complexity of nerve grafting) with a silk fibroin-based bio-ink.
This FDA-approved polymer was chosen for its biocompatibility, mechanical strength, and
suitability for biomedical applications, which are essential for effective nerve tissue engineering.

. The development of functionalized biomaterials (to promote faster neural cell integration
into existing tissues), such as hydrogels functionalized with nanoparticles in order to respond to
external stimuli, like electric or magnetic fields.

The printability of the bio-ink has been optimized by adjusting fibroin concentration, adding other
bio-based polymers like collagen, and incorporating iron oxide nanoparticles. Physicochemical
characterizations, with a focus on rheological behavior, indicated that the presence of IONPs did
not significantly affect polymerization kinetics or rheological properties. Hydrogel mechanical
properties were further tuned through post-printing processes, enabling the printing of scaffolds
with spatially varying stiffness. In particular, different bath conditions allowed the development of
complex architectures, such as core-shell hydrogels.

In summary, 3D printing represents a relevant technology for the development of personalized
hydrogel for tissue regeneration. Beyond the wide range of geometries, it enables precise control
over structures, properties, compositions and functionalities within a single scaffold, offering a
promising strategy for the fabrication of next-generation nerve grafts.
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ANTIOXIDANT AND ANTIBACTERIAL PHENOLIC-CONJUGATED HYDROGELS BASED
ON HYALURONIC ACID AND ALGINATE FOR WOUND HEALING APPLICATIONS
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Hydrogels are good materials for wound care applications but they are far from ideal wound
dressings. Indeed, to be ideal, a wound dressing should possess the following main
characteristics: (1) maintain a moist environment and facilitate the cell migration and proliferation
(2) absorb exudates (3) not adhere to the tissues and protect them (4) be antibacterial, antioxidant
and non-toxic (5) be breathable and thermally insulating (6) without secondary effects and (7) be
cheap [1] [2]. Polysaccharides are good candidates for hydrogel elaboration for wound healing
due to their abundant, renewability, biodegradability and biocompatibility and because they satisfy
many of the criteria for the ideal wound dressing mentioned previously.[3]. However, they need
to be functionalized with molecules of interest to present antioxidant and/or antibacterial
properties. In our previous studies, a phenolic compound, aminoguaiacol (NH2-GA), was
conjugated to alginate or carboxyméthylpullulane and the derivatives showed antioxidant and
antibacterial activities but without improvement in their rheological properties [4][5].

In this study, hyaluronic acid (HA) and alginate (ALG) were modified with NH2-GA to subsequently
synthesize hydrogels through an enzymatic pathway using laccase. Different grafting rates of
NH2-GA were obtained (16%, 24% and 29 % for HA and 26% and 29% for ALG) to evaluate their
influence on the hydrogels’ properties. Hydrogels were characterized by their swelling degree and
their rheological properties. The antioxidant character of the hydrogels was demonstrated and
their antibacterial activity was assessed against Staphylococcus aureus. The hydrogels’
cytotoxicity has also been checked with mouse fibroblasts.

1. Vowden K, et al. (2017) Surgery 35:489-494. https://doi.org/10.1016/j.mpsur.2017.06.005

2. Watson AL, et al. (2022) ACS Appl Bio Mater 5:5608-5616.
https://doi.org/10.1021/acsabm.2c00647

3. Abourehab M.A.S., et al. (2022) Int J Mol Sci 23, 9035. https://doi.org/10.3390/ijms23169035

4, Kouassi M-C., et al (2017) Biomacromolecules 18:3238-3251.
https://doi.org/10.1021/acs.biomac.7b00899

5. Dulong V, et al. (2020) Pure and Applied Chemistry 92:323—-333. https://doi.org/10.1515/pac-
2018-0914
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3D BIOPRINTED BIOMIMETIC CHRONIC WOUND MODEL USING PCL SCAFFOLD AND
HYDROGEL-BASED BIOINKS FOR SKIN TISSUE ENGINEERING
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Background/Aim:

Chronic wounds affect millions of patients worldwide and represent a major healthcare challenge,
largely due to persistent inflammation and bacterial biofilm formation. Existing in vitro wound
models fail to accurately reproduce the complex three-dimensional (3D) architecture and cellular
interactions of chronic wounds, limiting their translational value for therapeutic screening. This
study aims to fabricate and characterize a physiologically relevant 3D bioprinted chronic wound
model composed of a polycaprolactone (PCL) scaffold and cell-laden hydrogel bioinks as a
platform for future wound healing and drug evaluation studies.

Methods:

A PCL-based protective wall (15 x 15 x 6 mm) was fabricated by extrusion bioprinting at 60°C to
provide structural support and establish an air-liquid interface. Collagen (COL)-based bioinks
containing human dermal fibroblasts (hnHDF) and M2 macrophages (M®2) were printed to mimic
the dermal compartment, while human epidermal keratinocytes (nHEK) were deposited by inkjet
bioprinting to generate the epidermal layer. Collagen bioink formulations (1-3% wi/v) were
optimized and rheologically characterized. Constructs were cultured at an air—liquid interface for
three days to promote epidermal differentiation prior to characterization. Scaffold morphology,
chemical composition, swelling behavior, degradation profile, mechanical properties and
biological performance were evaluated using SEM, FTIR, swelling and degradation assays,
tensile testing, MTS assay and LIVE/DEAD staining.

Results:

Bioink viscosities are expected to range between 10 * and 102 Pa-s, with storage and loss moduli
within 10-102 Pa. Cell viability is anticipated to remain above 70% by Day 7, accompanied by at
least a two-fold increase in cell number by Day 4. Scaffold degradation is predicted to remain
below 20% over a 25-day period, while the elastic modulus is expected to exceed 80 kPa by Day
14.

Conclusion:

The proposed 3D bioprinted construct provides a reproducible and physiologically relevant in vitro
platform for investigating chronic wound biology while reducing reliance on animal models.
Incorporation of macrophages partially recapitulates the inflammatory microenvironment
characteristic of chronic wounds, whereas future studies will integrate bacterial biofilms to
establish a more representative chronic wound model. Successful fabrication of this platform will
provide the foundation for subsequent biofilm-based disease modeling and exosome-mediated
therapeutic delivery studies.
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TOPICAL TREATMENT WITH DIETARY PROTEINS IMPROVES THE HEALING OF SKIN
WOUNDS
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Background: Wound healing is a dynamic process involving inflammation, cell proliferation and
tissue remodeling. Resolving inflammation is essential for proper wound healing. Oral tolerance,
an immunological phenomenon that is triggered by dietary proteins, can inhibit immune responses
and reduce inflammation. Intraperitoneal or subcutaneous injection of dietary proteins, minutes
before skin lesions in mice, reduces wound inflammation and improves healing (DOI:
10.1590/1414-431X2025e14689; DOI: 10.1590/1414-431X2021e11735). We

aimed to evaluate whether topical application of dietary proteins improves cutaneous wound
healing.

Methods: We used zein, a protein present in the mice's usual diet, and ovalbumin (OVA), a protein
that was added to the mice's water and offered for 3 consecutive days prior to skin lesions. Two
excisional lesions were performed on the backs of 8-week-old male C57BL/6 mice using a 6mm
dermatological punch under anesthesia (CEUA/UFMG protocol 127/2016). The topical treatment
was applied to the wounds for seven consecutive days. Control groups not-tolerant to OVA
received treatments with OVA or vehicle. Wound healing was analyzed at 7 and 60 days after
lesions. Histological analyses were performed after staining with H&E, Alcian Blue-Safranin,
Masson's Trichrome, Picrosirus Red, and Weigert's Resorcinol-Fuchsin. The number and
distribution of leukocytes (CD45) and myofibroblasts (a-SMA) in the wound bed were

investigated by immunofluorescence.

Results: animals that received topical applications of previously ingested proteins had lower
numbers of leukocytes, mast cells, and myofibroblasts in the wound bed and improved
reorganization of the extracellular matrix, which became similar to that of intact skin.

Conclusion: the effects of topical application of dietary proteins were very positive and encourage
future studies aiming at their clinical application to promote the closure of skin lesions without the
formation of pathological scars. Financial support: Coordenagéo de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES) and Fundag&o de Amparo a Pesquisa de Minas Gerais (FAPEMIG).
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Backaground:

Acute liver failure (ALF) carries 40—-80% mortality while donor scarcity constrains transplantation.
To address this unmet need, we engineered alginate implants for the production of reproducible
homogeneous spheroids and to support hepatocyte function as a bridge-to-transplant strategy.

Methods:

The alginate implants were prepared from in situ crosslinked sodium alginate. Several
concentrations of crosslinking reagents (CaCOs/glucono-6-lactone) were evaluated to optimize
the gel rigidity, viscoelastic properties, and surface resolution. The final formulation was selected
based on a balance between suitable mechanical properties and micromolding resolution. The
degradability and stifness of the selected micromolded gels were then evaluated under
physiological conditions (37°C, 5% CO2; orbital agitation at 60 rpm) over a period of 14 days.
Following validation of the material's indirect cytotoxicity using HEPG2/C3A cells, HepaRG cells
were seeded onto the gels at different cell densities to evaluate spheroid formation, uniformity,
viability, and metabolic activity.

Results:

The [CaCOs]=60 mM and [GDL]=120 mM concentrations provided the best balance between
stiffness (2.6 kPa), viscoelastic properties (tan(5)<0), and resolution. The resulting gels lost half
their mass under physiological conditions and with agitation, while maintaining their physical
integrity and with a Young’s modulus that underwent only minor changes. In addition, the cells
seeded in the gel formed homogeneous spheroids whose size depended on the number of cells
seeded. Finally, Live/Dead imaging confirmed high viability of our liver spheroids coupled with
robust and physiologically relevant performance replicate the key functions involved in the four
phases of xenobiotic metabolism.

Conclusion/Discussion:

Collectively, these results demonstrate that our alginate implants sustain core hepatic functions
in vitro that motivates in vivo evaluation in ALF models. This work underscores the translational
potential of alginate implants to deliver on-demand cellular support as a bridge-to-transplant
approach.
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DEVELOPMENT OF AN IN VITRO MODEL TO EVALUATE SILK FIBROIN-BASED
BIOMATERIALS FOR PERIPHERAL NERVE REGENERATION
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Background: Peripheral nerve injuries remain a major clinical challenge despite advances in
regenerative medicine. Although autografts are the gold standard for nerve repair, they are limited
by the need for additional surgery and donor site morbidity. In this context, biomaterials have
emerged as a promising alternative to support axonal regeneration. Among them, silk fibroin has
attracted interest due to its biocompatibility, biodegradability, and mechanical properties. This
study aims to develop and optimize an in vitro model of primary cortical neurons derived from rat
pups to evaluate the ability of silk fibroin-based biomaterials, functionalized or not, to promote
neuronal growth.

Methods: Primary cortical neurons isolated from neonatal rats were cultured for 3 and 7 days on
glass coverslips or on silk fibroin-based hydrogels, loaded or not with iron oxide nanoparticles to
investigate their potential application in nerve regeneration. Neuronal development was assessed
using Blll-tubulin immunostaining. Morphometric analyses were performed to quantify neurite
outgrowth and branching, including the length of the main neurite and the number of primary and
secondary neurites.

Results: The optimization phase successfully established a reliable and reproducible protocol for
primary cortical neurons culture suitable for morphometric analyses. Morphometric quantification
on neurons cultured on glass coverslip demonstrated a mean growth of 47 um between day 3
and day 7, with an increase in the number of primary (3.5 vs. 4.1) and secondary (1.9 vs 4.2)
neurites. This baseline allowed for initial testing on silk fibroin-based biomaterials to assess the
impact of biomaterial functionalization on neuronal outgrowth.

Conclusion: This study provides an optimized in vitro protocol for assessing silk fibroin-based
biomaterials as substrates for neuronal growth. The findings will contribute to evaluate their
suitability for the development of nerve guidance conduits aimed at improving peripheral nerve
regeneration.
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Aims

Wound healing is a highly coordinated biological process, yet chronic wounds continue to pose a
significant clinical challenge due to poorly understood molecular drivers. Spatial transcriptomics
enables high-resolution localisation of gene expression within intact tissue architecture, offering
insights into cellular organisation and intercellular communication. The present study aims to
integrate spatial transcriptomics with hypergraph-based computational modelling and entropy
analysis to uncover the molecular signatures of acute and chronic human wounds.

Methods

Spatially resolved transcriptomics profiling was performed on 8 human acute, chronic and healthy
skin samples from Manchester Complex Wound Biobank using 10x Genomics Visium platform.
Data processing, clustering and spatial mapping were conducted using Python-based tools,
Scanpy and Squidy. Higher-order gene interaction networks were constructed using hypergraph
modelling in R. Transcriptomic entropy was calculated to define global and cluster-specific gene
expression heterogeneity. Validation and epithelial cell predictive models were developed using
publicly available Single-Cell RNA sequencing dataset of acute, chronic, and healthy human skin.

Results

Unsupervised Leiden clustering identified 29 major cellular populations, spatially defining
distinctive tissue architecture between acute and chronic wounds. Hypergraph analysis
demonstrated condition-specific differences in higher-order gene interactions. While control
healthy samples indicated highest entropy (p<0.001), this was significantly reduced in chronic
wounds (p<0.001), suggesting a more quiescent state with diminished regulatory flexibility and
marked heterogeneity across spatial clusters. Spatial cluster-level analysis illustrated more
dynamic region-specific entropy activity across wounds, both acute and chronic samples
indicating consistent lower entropy in epidermis.

Conclusions

Integration of spatial transcriptomics with hypergraph modelling and entropy-based metrics
provides a systems-level framework for interrogating wound biology. This approach reveals
distinct spatial and molecular architectures associated with impaired healing and identifies
potential regulatory features underlying chronicity. These findings offer mechanistic insights and
may inform development of targeted strategies for chronic wound management, bringing
significant improvements to patient care.
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Background and Aim. Age-associated decline in skin wound healing is a major clinical challenge.
Using the wound-induced hair neogenesis (WIHN) model, we previously found that aged mice
exhibit impaired regeneration with persistent expansion of senescence-associated fibroblasts
expressing CCN1 (Cyr6l1), a matricellular protein linked to fibrosis and defective repair. We
hypothesized that CCN1 drives age-related fibroblast dysfunction and tested whether fibroblast-
specific CCN1 deletion could restore regenerative competence.

Methods. Fibroblast-specific CCN1 conditional knockout (cKO) mice were generated and
analyzed by single-cell RNA sequencing of uninjured skin and wounds at 14 days post-injury
(dpi). Dermal regeneration was assessed by de novo hair follicle formation.

Results. CCN1 deletion profoundly remodeled the aged skin niche. In uninjured skin, cKO mice
displayed a unique keratinocyte population, reduced monocyte/macrophage and neutrophil
abundance, and loss of an age-expanded pro-fibrotic LRRC15" fibroblast subset enriched in
Postn, Adam12, Cthrcl, and Mest, preserving a fibroblast landscape more similar to young skin.
Although the abundance of senescent-like fibroblast clusters increased in cKO mice, CCN1
expression was selectively reduced in the fibroblast population that normally expresses it,
suggesting that CCN1 regulates the functional output rather than the emergence of senescent
programs. At 14 dpi, immune differences were no longer prominent; however, WT wound-
responsive fibroblasts exhibited enhanced neutrophil-recruitment signaling, whereas cKO
wounds showed expansion of reparative stress-response (Stcl, Sectmla, Aldh3al), homeostatic
immune-regulatory (Hmcn2, C7, Cfh), and signaling/patterning (Smpd3, Sema3e, Car8) fibroblast
populations. Functionally, aged cKO mice exhibited robust dermal regeneration absent in WT
controls and also improved functional recovery after peripheral nerve injury (measured by
compound muscle action potentials).

Conclusion. CCN1 is a key regulator of age-associated fibroblast dysfunction, fibrosis, and
regenerative decline. Targeting CCN1 may restore youthful fibroblast plasticity and enhance
tissue repair across aging tissues.

Funding: CIHR Project Grant to JB.
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PLA/BC/LARD NANOFIBER COMPOSITES AS NEXT-GENERATION BURN WOUND
DRESSINGS
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This study describes the development of electrospun nanofibers composed of polylactic acid
(PLA), bacterial cellulose (BC), and lard for wound dressing applications. PLA provided structural
stability, BC enhanced hydrophilicity and mechanical reinforcement, while lard contributed
elasticity and biofunctionality. Morphological analysis showed uniform, bead-free fibers; BC
incorporation reduced fiber diameter, while lard incorporation increased fiber thickness due to its
plasticizing effect on the polymer matrix. Mechanical tests revealed that PLA/BC composites
exhibited higher tensile strength, while PLA/BC/lard composites showed greater elongation at
break and elasticity, making them suitable for dynamic anatomical regions; numerical analyses
confirmed the high reliability of the structural modeling by showing a maximum deviation of 1.57%
between experimental and theoretical stress values. Biological evaluations with human dermal
fibroblasts confirmed high biocompatibility. PLA/BC/lard nanofibers promoted cell viability,
accelerated wound closure, and exhibited a reduction trend in pro-inflammatory cytokines (IL-6
and IL-17) compared to PLA/BC controls, suggesting a non-significant trend of lard incorporation.
In conclusion, the synergistic integration of PLA, BC, and lard produced multifunctional nanofibers
with balanced mechanical properties, biodegradability, and biological activity. To the best of our
knowledge, this is the first study reporting lard-containing PLA/BC nanofibers, highlighting their
novelty and potential as next-generation wound dressings with improved early healing-related
responses and a non-significant downward trend in pro-inflammatory cytokine levels.
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A FLUIDIC BANDAGE CONCEPT FOR BURN WOUNDS: REDUCING DRESSING
CHANGES THROUGH MICROFLUIDIC LIQUID HANDLING
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Background including aim/purpose: Complex burn wounds are difficult to treat, resulting in
delayed healing and scarring. Established care for infection prevention and wound monitoring is
mostly based on passive dressings, which require frequent, painful changes that disrupt new
granulation tissue, worsening scarring and causing patient distress. Furthermore, such changes
are labour intensive and costly for healthcare providers. In this study, we establish technical and
implementation parameters for fluidic bandages capable of maintaining optimal wound healing
conditions continuously.

Methods: The methodology involves developing and evaluating innovative, biocompatible porous
structures with embedded microfluidic architectures that enable liquid transport. In vitro technical
assessments focus on characterising the dressing’s liquid transport capabilities, in particular its
ability to continuously extract wound exudate and manage fluid flow in a controlled and stable
manner. Simultaneously, a health implementation feasibility framework is utilised to envision the
clinical workflow impact, comparing the labour and resource utilisation against established burn
wound care protocaols.

Results: This study evaluates a research design concept and its technical feasibility. In vitro
results focus on demonstrating stable liquid transport with clinically relevant liquid ranges. These
models show continuous exudate extraction without compromising the structural integrity of the
dressing. At the clinical side, workflow modelling looks to demonstrate a significant reduction in
direct nursing time and procedural costs associated with bandage changes.

Discussion/conclusion: A potential benefit of this concept is its dual clinical and economic impact.
While limitations currently include the need for thorough in vivo validation, the potential insight is
a future paradigm shift in burn care. By transitioning from passive observation to an active fluidic
management system, this platform will look to prevent mechanical tissue damage, reduce
scarring by reducing the number of bandage changes.
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Oguzhan Gunduz
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Epilepsy remains a challenging neurological disorder requiring sustained and localized
therapeutic interventions to enhance patient compliance and minimize systemic side effects.
Microfabrication technologies, particularly microneedles (MNs), offer a minimally invasive and
painless alternative for transdermal drug delivery. In this study, we developed and characterized
a novel implantable drug delivery system utilizing bismuth ferrite (BFO) nanoparticles (NPs)
loaded with the antiepileptic drug Levetiracetam (LEV), encapsulated within gelatin methacryloyl
(GelMA) microneedles. BFO NPs were synthesized and successfully loaded with LEV to exploit
their biocompatible and tunable release properties. GelMA, chosen for its excellent
biocompatibility and photo-crosslinkable nature, served as the base polymeric matrix. The LEV-
BFO NPs were homogeneously dispersed into the GelMA prepolymer solution and cast into
microneedle arrays via UV-induced photo-crosslinking. The fabricated MNs were
comprehensively characterized using Fourier-transform infrared spectroscopy (FTIR) to confirm
chemical structures, scanning electron microscopy (SEM) to evaluate morphology and needle
geometry, and differential scanning calorimetry (DSC) to determine thermal stability. Mechanical
strength testing was performed to ensure sufficient skin penetration capability. Furthermore, in
vitro drug release profiles were monitored to evaluate the sustained release kinetics of LEV. SEM
imaging demonstrated well-defined, sharp pyramidal microneedle structures with uniform
nanopatrticle distribution. FTIR and TGA analyses confirmed the successful incorporation of LEV-
BFO NPs without altering the structural integrity of the GelMA matrix. The MNs exhibited robust
mechanical properties capable of breaching the stratum corneum. In vitro release studies
demonstrated a controlled and sustained release of Levetiracetam, highlighting the synergistic
effect of the BFO nano-carrier and GelMA hydrogel.
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Background/Aim:

Organ donor shortages and ethical concerns regarding animal testing have increased demand
for functional in vitro tissue constructs. Although DLP-based 3D bioprinting provides high
resolution and structural fidelity, current bioinks often suffer from insufficient mechanical strength
and limited biocompatibility. This study aims to develop a photocrosslinkable hybrid bioink
composed of methacrylated silk fibroin (SilkMA) and methacrylated keratin (KerMA) to improve
printability and mechanical performance for tissue engineering applications.

Methods:

SilkMA synthesized by dissolving degummed Bombyx mori fibroin in lithium bromide followed by
methacrylation and dialysis purification. KerMA will be obtained from sheep wool using urea/L-
cysteine reduction and further modified with methacrylic anhydride. Degree of methacrylation will
be confirmed by 'H-NMR spectroscopy. Hybrid hydrogels with varying SilkMA/KerMA ratios will
be prepared using LAP photoinitiator. Printed constructs will be analyzed by SEM, FTIR, and
DSC. Mechanical properties will be assessed via compression testing. Swelling and degradation
behavior will be evaluated in aqueous buffer conditions. Cytocompatibility will be assessed by
indirect MTT assay using hFOB and HDF according to ISO 10993-5.

Results:

SilkMA methacrylation degree is expected to exceed 15% and KerMA 55%, confirming successful
functionalization. Optimized formulations are anticipated to demonstrate viscosity below 1 Pa:s,
storage modulus around 25.6 kPa, and compressive modulus =15 kPa. Swelling ratio is expected
to remain within 10-20%, indicating stable scaffold formation. Cell viability is projected to exceed
70%, suggesting satisfactory biocompatibility of the hybrid bioink.

Conclusion:

This study is expected to demonstrate that SilkMA/KerMA hybrid bioinks provide a balanced
combination of mechanical stability, printability, and cytocompatibility for DLP bioprinting. The use
of renewable biomaterials enhances sustainability while addressing key limitations of single-
component systems. Overall, this work aims to present a promising bioink platform with strong
potential for tissue engineering and in vitro model development.
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Background including aim/purpose:

Peripheral nerve injuries remain difficult to treat because autografts, although considered the
clinical gold standard, are limited by donor-site morbidity, restricted graft availability, and size
mismatch. Artificial nerve guidance conduits (NGCs) are a promising alternative, but current FDA
approved devices provide insufficient directional guidance, thereby supporting slower or
incomplete regeneration. This study aimed to develop an electrospun multilayer NGC and
directionally porous hydrogel lumen to enhance Schwann cell guidance and overall nerve
regeneration.

Methods:

Multilayer nerve guidance conduits were fabricated using electrospinning and directional freeze-
casting. The conduit design incorporated an inner layer of unidirectionally aligned nanofibers and
an outer layer of randomly oriented fibers, using a simple segmented mandrel. The lumen was
filled with a gelatin-based hydrogel containing interconnected unidirectional pores. Microstructural
and mechanical properties were evaluated to assess suitability for nerve repair, and
biocompatibility was assessed through in vitro studies and in vivo regeneration in rat sciatic injury
models.

Results:

Microstructural analysis (SEM, CLSM) confirmed optimal pore architecture and fiber alignment.
Mechanical testing showed favorable stiffness and structural integrity. In vitro cell studies
demonstrated good biocompatibility and preferential alignment of Schwann cells along the
hydrogel channels. A rat sciatic nerve injury model with NGCs, studied using histology,
immunofluorescence, and the sciatic function index, showed improved axonal regeneration and
functional recovery.

Discussion/conclusion

These findings suggest that the dual-layer conduit design and directionally porous hydrogel matrix
may overcome key limitations of current NGCs by improving both guidance and mechanical
support. Overall, this platform shows promise as a next-generation nerve guidance construct.
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ARCHITECTURE-DEPENDENT DEFORMATION PATHWAYS IN ELECTROSPUN
SCAFFOLDS: MECHANISTIC LINKS BETWEEN FIBER ORIENTATION, MECHANICAL
PROPERTIES THAT GOVERN CELLULAR RESPONSE

Lohitha Hegde?, Alaa Kobeissi, Rozenn Ceron, Timothée Baudequin, Fahmi Bedoui
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Background including aim/purpose

Multifunctional fibrous scaffolds that control architecture, mechanics, and biological function are
widely used in regenerative biomaterials to mimic native tissue organization. In electrospun
fibrous scaffolds, fiber orientation governs load-bearing pathways, deformation modes, and the
mechanical cues transmitted to adherent cells. However, mechanical characterization is often
restricted to stiffness and provides limited insight into architecture-dependent deformation under
load. This study aimed to systematically link fiber architecture to deformation pathways and
resulting cellular responses in electrospun scaffolds.

Methods

A modified electrospinning approach was developed to fabricate polycaprolactone (PCL)
scaffolds with three architectures: uniaxially aligned (E1), orthogonal (E100), and angularly
dispersed (E1000). Fiber orientation distributions and porosity were quantified using SEM.
Mechanical behavior was characterized through uniaxial tensile testing combined with full-field
digital image correlation, and the results were interpreted using finite element analysis. L929
fibroblasts were seeded on the scaffolds and subjected to identical cyclic tensile loading. Nuclear
morphology and orientation were quantified to assess architecture dependent cellular orientation.

Results

The three scaffold types showed a systematic transition from unimodal to orthogonal to dispersed
fiber distributions, and a progressive redistribution of directional stiffness and yield behavior.
Increasing fiber angular heterogeneity shifted scaffold deformation from a constraint-dominated
uniaxial stretching regime to a shear-assisted, rotation-dominated regime. Under identical cyclic
loading, these distinct deformation modes resulted in architecture dependent cellular responses,
with nuclear area and orientation correlating with local deformation mode.

Discussion/conclusion

These findings suggested that in fibrous scaffolds, cells primarily respond to architecture
mediated strain redistribution at the scaffold interface. The work establishes a quantitative
framework linking fiber architecture, deformation pathway, and cellular response, providing
design rules for fibrous scaffolds in mechanically regulated regenerative medicine and tissue
engineering applications.
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A MECHANICALLY ROBUST TRIANGULAR MESH PCL/GELMA COMPOSITE CARDIAC
PATCH FOR MYOCARDIAL REPAIR AFTER INFARCTION
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Christophe Egles

IMarmara University

Background including aim/purpose: Myocardial infarction causes the irreversible loss of
cardiomyocytes, which the adult heart cannot replace due to its very limited regenerative capacity.
As a result, the affected myocardium is permanently replaced by non-contractile scar tissue,
leaving the infarcted region mechanically weakened and functionally impaired. Since
spontaneous repair does not occur, engineered cardiac patches offer a promising strategy to
provide external mechanical support and a biocompatible environment that promotes tissue
repair. This study aimed to develop a mechanically strong and biologically compatible composite
patch tailored to the demands of the infarcted myocardium.

Methods: A scaffold containing 15% polycaprolactone (PCL) was fabricated in a Triangular Mesh
geometry using extrusion-based digital light processing (extrusion-DLP). The resulting pores were
filled with gelatin methacryloyl (GelMA) to obtain a composite structure. Chemical interactions
between components were analysed by Fourier-transform infrared spectroscopy (FTIR), thermal
behaviour by differential scanning calorimetry (DSC), and mechanical performance by tensile
(stress-strain) testing. Surface and pore morphology were examined by scanning electron
microscopy (SEM), and biocompatibility was evaluated through cell behaviour studies.

Results: FTIR confirmed successful interaction between the PCL and GelMA components. DSC
analyses indicated appropriate thermal stability of the composite. Mechanical testing showed that
the triangular mesh PCL backbone provided the patch with strength and flexibility suitable for
myocardial application. SEM images demonstrated effective filling of the pores with GelMA and
formation of a homogeneous composite. Cell studies revealed that the structure supported cell
attachment and viability.

Discussion/conclusion: The triangular mesh PCL/GelMA composite patch combines mechanical
robustness with biocompatibility, addressing key requirements for myocardial repair. The spiral
architecture is a notable strength, while further in vivo studies are needed to confirm functional
integration and long-term performance. Overall, these findings indicate that the developed patch
is a promising candidate for cardiac tissue repair following myocardial infarction.
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COUPLING BETWEEN A STATIC MAGNETIC FIELD AND A BIOLOGICAL MEDIUM : ROLE
OF MAGNETIC NANOPARTICLES IN BONE SCAFFOLD.

Alicia Amari2
1ENSTA Paris; 2IPP Paris

This PhD research project aims to promote bone remodeling in critical-sized bone defects through
the application of a static magnetic field.

Following a review of the optimal materials and architectures for bone tissue engineering, a

polycaprolactone—-magnetite composite (PCL-Fes;0,) was developed through mechanical
blending without the use of CMR agents and characterized by micro-CT analysis.

The material is processed using Melt Electrowriting to achieve a highly ordered microstructure
(20 um fiber diameter) and a porosity of 85%. These parameters play a key role in promoting cell
colonization, adhesion, and differentiation, which are essential for bone remodeling.

The composite exhibits magnetic responsiveness, with its magnetization behavior experimentally
characterized through an attraction force model relative to a magnet. Mechanical properties will
be evaluated through biaxial tensile and compression testing.

Future work will focus on the numerical simulation of the scaffold—magnet interaction in order to
design a scaffold optimized both mechanically and magnetically, thereby promoting bone
remodeling.
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LIMBAL NICHE MODEL ENGINEERED THROUGH SHAPE-MORPHING HYDROGELS VIA
DIGITAL LIGHT PROCESSING
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Purpose

The cornea serves as a transparent protective barrier for the eye, with epithelial homeostasis
critically dependent on limbal epithelial stem cells residing in a specialized niche. Elegant
advanced in vitro models of the limbal niche were described but most of them are technologically
demanding, requiring multi-step fabrication, that limit scalability. Our objective was to develop a
simple, rapid, and scalable strategy to fabricate 3D scaffolds that mimic key architectural features
of the limbal niche and to assess their capacity to support long-term organization and
maintenance of primary human limbal epithelial cells.

Methods

Photocrosslinkable bioink was patterned using grayscale UV projection based on Digital Light
Processing to achieve spatially controlled heterogenous crosslinking densities in a single-step
process. Undulating topographies were generated via differential swelling dynamics, leveraging
a shape-morphing hydrogel concept inspired by 4D bioprinting. Bioink composition was optimized
to ensure printability, shape morphing and growth of primary human limbal epithelial cells.

Results

The undulating scaffolds supported robust epithelial stratification and functional tissue
organization for at least three weeks in culture. Immunofluorescence revealed physiologically
relevant apicobasal organization, with P63-positive progenitor cells enriched in basal layers and
PAX6-positive differentiated cells in apical layer. Progressive epithelial maturation was indicated
by increased CK3 expression, establishment of tight junctions and the production of a basement
membrane.

Conclusions

These findings demonstrate that shape-morphing hydrogel scaffolds can provide critical
architectural and mechanical cues for long-term maintenance of a functional limbal epithelial
model. Beyond their application in disease modeling and preclinical testing, these biomimetic
matrices offer a technological foundation for 3D bioprinting of more complex stromal-epithelial
composites for clinical applications. Current work is focusing on allogenic cells bioprinting, to
produce GMP compliant multi-layered corneal substitute for surgical applications.
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PRGF, AUTOLOGOUS SERUM, AND MSC-DERIVED EXTRACELLULAR VESICLES:
CONVERGENT ANTI-FIBROTIC EFFICACY THROUGH DIVERGENT MECHANISMS IN THE
CORNEA

Iris Marangon'?, Catalina Tolosa-Leal, Laure Chauchat, Benoit Souquet, Eric Gabison
1Hopital Fondation A. de Rothschild; 2Institut de Recherche Saint Louis U1342 (UPCité, INSERM)

Autologous serum (AS) eye drops are widely used to treat severe ocular surface defects due to
their wound-healing properties; however, they do not prevent fibrosis or haze formation. Plasma
rich in growth factors (PRGF) has been proposed as a potential alternative, and mesenchymal
stromal cell (MSC)-derived extracellular vesicles (EVs) have emerged as a promising anti-fibrotic
candidate. In this study, we evaluated and compared the anti-fibrotic properties of PRGF, AS,
and EVs derived from two MSC sources, umbilical cord MSCs (UC-MSCs) and corneal stromal
stem cells (CSSCs), both in vitro and in vivo.

Primary human corneal fibroblasts were isolated and treated with PRGF, AS, or EVs prepared
from healthy donors. Anti-fibrotic effects were examined using models of myofibroblast
differentiation and reversion, scratch-wound healing, and collagen gel contraction. Gene
expression profiling was performed to characterize the resulting cell phenotype. The influence of
blood-derived products on corneal epithelial cell migration was also analyzed. Finally, the efficacy
of all treatments in preventing corneal scarring was assessed in a mouse model of corneal injury.

Our results show that PRGF more effectively inhibits myofibroblast differentiation as compare to
AS regardless of blood and target cell donors. Moreover, PRGF, AS, CSSC-EVs, and UC-MSC-
EVs all have the ability to inhibit myofibroblast differentiation. However, at the minimal doses
required for this inhibition, the treatments differed in their downstream mechanisms, with
differential effect on cell growth and expression of ECM genes suggesting a different route to
fibrosis prevention that may reflect complementary therapeutic strategies for ocular surface
disease.
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ASYMMETRIC DOUBLE-POROSITY MEMBRANE AS A MULTIFUNCTIONAL PLATFORM FOR
CHRONIC WOUND TREATMENT.
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Chronic wounds remain a major clinical challenge mainly due to bacterial colonization and
bacterial biofilms development leading to antibiotic resistance. To improve antibiotic treatment,
the control of their release is necessary. In that purpose, bioactive dressings able to
simultaneously protect the wound, manage exudate and support tissue repair represent promising
alternatives to conventional dressings. We developed here a stimuli-responsive dual
compartment membrane (DCM) exhibiting a hierarchical double-porosity architecture designed to
sequentially release two bioactive agents. The membrane was fabricated by combining
electrospinning and phase separation methods using biocompatible polymers to elaborate this
DCM. The electrospun layer made of poly(vinyl alkohol) (PVA) provides a biomimetic surface like
the extracellular matrix. To assure its moisture resistance and the adhesion with the second
compartment, hydroxyl groups of PVA fibers were complexed with phenyl boronic acid (PBA)
which mimic also a prodrug. The asymmetric porous layer, made of poly(butylene-succinate-co-
adipate) ensures mechanical support, bacterial barrier and controlled bioactive agents transport.
The resulting macro- /micro-/nano-porous structure was characterized in terms of morphology,
wettability and biocompatibility. The membrane was further evaluated as a multifunctional
platform for chronic wound management through the release profiles study of bovine serum
albumin and PBA.

An asymmetric membrane with a well-defined hierarchical porosity and good interfacial adhesion
between both compartments was obtained. The membrane exhibited good cytocompatibility,
supporting its suitability. Its structural organization also enables differential loading and a
sequential controlled release of molecules of interest, making it adaptable to the requirements of
chronic wound healing.
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A MSCA doctoral network to target extracellular matrix remodelling in cutaneous wounds
and promote better healing - REMOD-HEALING
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Wound healing is a physiological process leading to the restoration of the skin barrier integrity
after injury. A large number of factors (wound size and location, exogenous pathogenic agents,
aging, co-morbidities, genetic diseases) can affect wound healing and prevent its normal
resolution, leading to wounds that never heal (i.e. chronic wounds) or that heal in an aberrant
manner (e.g. with scarring or dermonecrosis). Wound healing disorders affect up to 6% of the
adult population in the world and this number is expected to continue to grow due to population
aging and increasing incidence of metabolic diseases. In addition, current therapeutic solutions
lack efficiency and there is an urgent need for better diagnostic tools to improve wound
management. In the REMOD-HEALING project, we propose to tackle the burden of pathological
wounds by exploiting the huge reservoir of therapeutic targets and biomarkers associated with
extracellular matrix (ECM) remodelling in cutaneous wounds. Our innovative approach will be to
analyse, model and target the aberrant ECM modifications induced by proteolytic enzymes in
various healing disorders (chronic ulcers, epidermolysis bullosa, snake bite-induced
dermonecrosis) with the hypothesis that the quality of the ECM shaped by proteases dictates the
guality of tissue regeneration. We have gathered a team of 14 European and Latin American
partners to provide excellent training to 12 doctoral candidates and generate breakthrough
research allowing us to (i) gain a deeper understanding of proteolytic networks in normal and
pathological wounds in order to identify novel potential biomarkers and protease targets
(Objective 1), (ii) obtain biochemical and structural information on specific protease targets, their
ECM substrates and their endogenous inhibitors to fuel the discovery of diagnostic tools and anti-
protease drugs (Objective 2), (iii) develop new diagnostic and therapeutic tools to improve wound
management (Objective 3).

Website: www.remod-healing.eu
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