_IBEC’

Institute for Bioengineering of Catalonia (IBEC)



Who are we?

| The Institute for Bioengineering of Catalonia (IBEC) is a
multidisciplinary research centre i

bloenglneerlng and NANOMedicine




| smplma

e focused on
for

media"

appearanc

B - o4 .
| d*jc o

research professors

’¥xk

www.ibecbarcelona.eu




Basic and interdisciplinary research in
bioengineering and nanomedicine

Collaborations with international academia,
hospitals and industry

Training the next generation
of experts in healthcare
technology
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Engineering Solutions for Health

IBEC's diverse research interests can be divided into three targeted areas of knowledge —
Nanomedicine, Cell Engineering, and ICT for Health

Bioengineering
Future Medicine

Telehealth 3D bioprinting Precision medicine
Telecare Stem cell engineering Cross-disciplinary technologies
Non-invasive sensing Intelligent scaffolds Photopharmacology
systems _ . _

Cell/tissue interactions Organ on chip
Age-related disease with biomaterials

_ Mechanobiology
Antibiotic resistance Cell niches
Nanorobotics

These 3 ‘Bioengineering pillars’ promote interaction
between IBEC's multidisciplinary groups and help the
institute's research remain application-oriented.
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Integrative cell and
tissue dynamics
group, Prof. Xavier
Trepat
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Measurement of physical forces
Key protein has potential as driving wound healing

cancer repressor Brugués et al. Physical forces driving wound healing.
Wolfenson, H. et al. (2016). “Tropomyosin Nature Physics. 10, 683-690, 2014
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Generating a cardiac patch

Cardiomyocytes in
primary culture
Scaffold: collagen-
elastin matrix




Generating a cardiac patch
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Splenon on a chip

Fastfiow channel — 4

E 3
E )
C—=—=
Rigat Brugarolas, L et al (2014). Functional —
microengineered model of the human splenon-
on-a-chip. Lab Chip, 14, 1715-1724 O
pConstrictions (IES) Reticular mesh modeling Physiological flow

-> Filtering capacity

Fast- ﬂdvvt’}-"' \é
cannl.l ,
h Fa ."

¢ PR D ¢
1324 (Slqwff[,éw' o
\‘ 7 Y (Q‘han hs‘ (( ‘

| ;

dynamics: flow
division/velocities
observed in spleen

He=0aR0 " 5\ .
=1 20- 76Q Hm/s

0% =% 1.4%

.-___————___

F/

@) CxCILENCIA
SEVERO

natitute for Bicengineering of Catalonia b OCHOA



Splenon on a chip

Blood clot
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Technology Transfer activities
2016-2017



Patents filed in 2016 and 2017

Authors: Elisabeth Engel, Riccardo Levato, Xavier Pufiet, Josep A. Planell, Miguel
Angel Mateos, Margarita Calonge, Teresa Nieto, Marina Lopez, Sara Galindo De
La Rosa

Authors: Pere Roca-Cusachs, Alberto Elosegui-Artola
Authors: Eduard Torrents, Joan Gavalda, Victor Puntes

Authors: Eduard Torrents, Joan Gavalda, Victor Puntes

Authors: Elisabeth Engel, Joan Marti, Oscar Castafio, Josep A. Planell
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Technology transfer news

IBEC signed a collaboration agreement
with Bioibéerica S.A., a company specializing
in the R&D, production and sale of
biomolecules and new technologies for the
pharmaceutical, veterinary and agrochemical
industries. It was an important success story in
IBEC’s active pursuit of the establishment of
research projects with industry partners who
share its commitment to bringing high-quality
health research and technologies to market
and the patient.

BIOIBERICA

Together, IBEC — specifically its Nanomalaria joint unit with ISGlobal, led by Xavier
Fernandez-Busquets — and Bioibérica, which since its formation in 1975 has
focused on the investigation and production of biomolecules extracted from animal
tissue with significant biological and therapeutic properties, will explore ways of
combining their expertise to achieve advances in future medicine. The partnership
was officially announced at the BioSpain meeting in Bilbao.
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Technology transfer news - continued

for the development of 3D
bioprinted bone. Avinent Implant System is a company positioned at the
forefront of implantology, with a large portfolio of CAD/CAM implants and
prostheses. Combining the knowledge from the Group of Biomaterials for
Regenerative Therapies —led by Dr. Elisabet Engel-, IBEC and Avinent will
focus on the development of new products for bone regeneration.

AVINENT

\(ﬁlstar azbil The technology,
developed by the consortium composed
by Corporacio Sanitaria Parc Tauli, Azbil
Telstar Technologies, Grupo Luxiona and

, IBEC’s Robotics Group -led by Dr. Alicia

‘ Ei;famﬂgimﬁ Casals-, provides.an intelligent lighting

system for operating rooms.




Technology transfer news - continued

IBEC’s Technology Transfer Unit
attended MEDICA in Germany in
2016, where GENOMICA presented
a new in vitro diagnostics device for
Human Papillomavirus (HPV)
testing, a new product developed by
the IBEC-GENOMICA Joint Unit that
carries out analysis to detect HPV in
a cheap, quick and convenient
desktop device.

This is a milestone in the history of GENOMICA that

transcends for the first time from its well-established CLART GEH MICA
technology to present a revolutionary molecular diagnostics

device. IBEC and GENOMICA will continue this fruitful

collaboration to bring more new products in the market.



Technology transfer news - continued
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Alianza contra el cancer

IBECyM d the Ey 1 UN CONSOICIO gL el disel or
parared ostes y tien ELafal'maceuticasumalmadocona e proy

created
a consortium to study the development of new
therapeutic molecules against cancer metastasis.
The work will follow the research on cadherin
interaction and its role in cells that cause
metastasis conducted by Dr. Xavier Trepat.

Both Dr. Andrés G. Fernandez, director of Ferrer Advanced
Biotherapeutics, and Dr. Alfons Nonell- Canals, a specialist in computer-
aided drug design and CEO of the bioinformatics company Mind the Byte,
agree that this is a case of technology transfer between a public research
centre and two private companies “in which each will contribute with their

knowledge and expertise.”
"C‘\



Technology transfer news - continued

Dr. Santi Marco, gave a hands-on course on signal and

data processing for chemical sensors to BSH staff, and B/S/ H/
stablished a long-term relationship as an expert @ BOSCH SIEMENS ®===
consultant.

Clear-Cut company contracted Dr. Santi Marco’s group o
expertise to further advance on data and algorithm & CLEARCUT
exploration.

M3 Control sought Dr. Santi Marco advice to optimize @
their operations data management.

M3C Industrial Automation & Vision, S.L.

Gebro Pharma contracted Biomaterials for Regenerative
Therapies group expertise —led by Dr. Elisabeth Engel- ), 4

for deeper knowledge on Biomaterials.
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Technology transfer news - continued

3 3"%" HealthTech

¥ % & Cluster

The Technology Transfer Unit at IBEC is an active member of the Innovation
Committee of the HealthTech Cluster, an initiative promoted by the Government
of Catalonia to foster the competitiveness of the health technology sector. IBEC
presented its 3D bioprinting platform to the Health Tech Cluster community

during the annual general assembly.

Obra Social "la Caixa

. UANIMA DE “LA C

IBEC took part in 2016’s B-Debate conference

on “Fighting Blindness. Future Opportunities and
Challenges for Visual Restoration”, organized by
the Barcelona Macula Foundation in collaboration
with the Centre for Genomic Regulation (CRG) and LEITAT.

More than 250 companies and public organizations met at March’s Nit de
CataloniaBio 2016, the annual forum for the sector, which this year had a special
focus on the 10th anniversary of organiser CataloniaBio. ,‘ C\
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Technology transfer news - continued

T IN(3D)USTRY
| FROM NEEDS 10 50LUTO

Director Josep Samitier and the
Technology Transfer unit introduced
IBEC’s 3D bioprinting capabilities at
the first ever international meeting
devoted to 3D printing for industry.

“IN(BD)USTRY: From Needs to Solutions” saw leading companies and other
organizations showcase the innovations and opportunities that the new
technology can offer to countless projects and processes.

The meeting, which was founded by Fira de Barcelona and HP, attracted
professionals working in areas as diverse as autos and aeronautics,
architecture and habitat, retail and consumer goods and, of course,
healthcare. }/ IN(3D)USTRY

FROM NEEDS TO SOLUTIONS

Additive & Advanced
Manufacturing Global Hub -
) CXCLLENCIA
SEVERO
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Technology transfer news - continued

Ca Obra Social
dlXa 0 Fundacién "la Caixa”

Two IBEC projects were granted funding as part of the
2016 Caixalmpulse programme, which is organized by
"la Caixa” Foundation and Caixa Capital Risc. One of
the projects is led by Cellular and Molecular
Mechanobiology group leader Pere Roca-Cusachs
and is focused in the development of new compounds
indicated in solid tumor therapy.

The second project is led by Monica Mir, senior researcher in Josep Samitier’s
Nanobioengineering group, and is focused on the development of a new sensor
technology capable to detect ischemia situations after surgery interventions like
free-flap. The technology is under development and a definitive prototype and
potential license is expected at the end of 2017 or the beginning of 2018.

() CXCLLENCIA
~ SEVERO
netitute for Bioengineering of Catalonia OCHOA



Technology transfer news - continued

Market-minded PhD thesis:

PIONER award for IBEC student

Former IBEC PhD student Ariadna

Bartra was awarded a Premi PIONER

from CERCA. The Signal and Information
Processing for Sensing Systems group’s
student’s thesis, ‘Detecci6 d’estats
inadequats per la conduccio d’un vehicle a
partir de la degradaci6 del control dinamic’,
was selected for its “direct applicability and market-minded approach, as well
as its impact on improving road safety”, according to the judging panel.

Her research carried out in Santiago
Marco’s group was connected to the
driver drowsiness alerter developed by
IBEC and the company Ficosa.
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Technology transfer news - continued

@ Health

Two IBEC projects, previously granted by Caixalmpulse, were granted
additional funding by the EIT Health community to execute their valorization
projects. One of the projects is led by Dr. Elisabeth Engel, from the
Biomaterials for Regenerative Therapies group, and is focused on the
development of new strategies for chronic wound healing.

The second project is led by Dr. Eduard Torrents, group leader of the Bacterial
Infections: Antimicrobial Therapies group, and is focused on the valorization of
a library of compounds with antibacterial activity against several pathogens.

Both projects received awards at December’s EIT Health Spain event at the

PCB.
CXCLLENCIA
¢ SEVERO
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3D bioprinting (contact jetting)

Two printer heads

Different materials

Printing on microscope slide




Clinical and translational collaborations

Vall d'Hebron
Institut de Recerca

With the Infectious Disease department of the Vall d’Hebron Research Institute,
Eduard Torrents’ Bacterial Infections and Antimicrobial Therapies group published
a paper in the Journal of Antimicrobial Chemotherapy describing the efficacy of
anidulafungin in the treatment of experimental Candida parapsolosis catheter
infection, as well as filing two patents.

During 2016 Elena Martinez’s Biomimetic Systems for Cell Engineering group
signed a collaborative alliance with Barcelona’s Vall d'Hebron Research Institute to
evaluation and characterize the intestinal barrier in a 3D in vitro model of the
human intestine. The collaboration will validate the model as an in vitro
representation of functional intestinal disorders.
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Clinical and translational collaborations - continued

Fundacié Privada | i B @ CL | NIC Sant Jgar .
CELLEX iD ¢ de. D © Ol Soiin’
NATAL Hospital Universitari . undacio laCaixa

IBEC is part of a revolution in fetal surgery and research into prenatal diseases as
the Cellex Foundation and the "la Caixa” Banking Foundation become the main
promoters of Catalan research in fetal medicine. The two foundations are funding
two major projects coordinated by the Fetal Medicine Research Centre, Fetal i+D
(Hospital Clinic and Hospital Sant Joan de Déu), involving IBEC.




Clinical and translational collaborations - continued

CLINIC

BARCELONA

Hospital Universitari

IBEC signed a collaboration agreement with Hospital Clinic
during 2016 for Nuria Montserrat’s group to work with Dr.
Eduard Gratacos, Head of BCNatal (Hospital Clinic/Hospital
Sant Joan de Deu) with embryonal kidney samples to study
the molecular mechanisms of kidney diseases.

; Clinica CEMTRO

In 2016 Nuria Montserrat’s group started a collaboration within the framework of
the CIBER project “CHONDREG: Identification of the epigenetic mechanisms
preventing chondrocyte de-differentiation: generation of novel therapeutic
strategies for the treatment of cartilage chronic osteochondral lesions” with Clinica

. .
CEMTRO in Madrid.
CXCLLCENCIA
¢ SEVERO
natitute for Bicenginearing of Catalonia OCHOA



Clinical and translational collaborations - continued

Vall d'Hebron
Institut de Recerca

Towards the end of 2016, IBEC’s Molecular and Cellular Neurobiotechnology
group published findings on a possible new approach to fight multiple sclerosis.
Working with their collaborators at the Vall d'Hebron Institut de Recerca (VHIR),
the group examined the role of the immune semarphorin sema7A — a guidance
molecule with dual functions in both the immune system and the central nervous
system — in neuroinflammation.

Bellvitge

Hospital Universitari

Together with the Institute of Neuropathology of the Hospital Universitari de
Bellvitge and other collaborators, IBEC’s Molecular and Cellular
Neurobiotechnology group published a study during 2016 concerning sporadic
Creutzfeldt-Jakob disease (sCJD), an incurable neurodegenerative disease that is
often called the human form of mad cow disease

(@



Clinical and translational collaborations - continued

CLINIC

BARCELONA

Hospital Universitari

Daniel Navajas’ Cellular and Respiratory Biomechanics group published two
papers on sleep apnea during 2016, both in collaboration with the Sleep
Laboratory of the Pneumology Department of Hospital Clinic, Barcelona.

Radboudumc

As part of the H2020-funded GLAM project (Glass-Laser Multiplexed Biosensor),
which aims to develop an innovative device for personalized diagnosis and therapy
monitoring for genitourinary cancers, the Biomimetic Systems for Cell Engineering
group began working in collaboration with the Department of Urology at the
Radboud University Medical Center in Nijmegen, The Netherlands during 2016.

CCCCCCCCCCCC




Clinical and translational collaborations - continued

rO Fibrosi
Quistica

At the end of 2016 Eduard Torrent’s group’s project
with the Associacié Catalana de Fibrosi Quistica was g
awarded funding by the Obra Social “La Caixa”. :
Eduard’s work about developing new strategies to combat bacterial infections and
possible therapeutic targets is strongly linked to cystic fibrosis (CF) and has been
supported by the ACFQ since 2009.

CLINIC

BARCELONA

Hospital Universitari

IBEC’s Nanobioengineering group headed by director Josep Samitier is working
together with clinicians at Barcelona’s Hospital Clinic to develop a point-of-care
platform for respiratory diseases. Aimed at primary care providers, the diagnostic
and monitoring tool will help to detect and track the progress of diseases such as
chronic obstructive pulmonary disease (COPD).

|Cgec
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Strategic alliances: International: EBICS

Emergent
Behaviors of
% B c Integrated
Cellular
C’ Systems

The EBICS International exchange program allows US students to spend time
at IBEC while provide exceptional training and the opportunity to network with
students and faculty from diverse scientific and engineering backgrounds.

Participating Institutions are Massachusetts Institute of Technology, Georgia Institute of
Technology, University of lllinois at Urbana-Champaign, City College of New York,
Morehouse College, University of California-Merced, Boston University, Gladstone
Institutes, Princeton University, Tufts University and the University of Georgia.

In August 2016 IBEC took part in the EBICS-organized
in lllinois, which had the primary
goal of exploring the ethical and research implications that arise from EBICS’

. .
miIssion.
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Strategic alliances: International: Human Brain Project
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ICREA Professor Pau Gorostiza participates in the Systems and Cognitive
Neuroscience of the HBP, one of two Future and Emerging Technology (FET)
Flagships funded by the European Commission to address the big scientific and
technological challenges of the age through long-term, multidisciplinary efforts.

The HBP project involving Pau, Wave Scaling Experiments and Simulations
(WaveScalES), is coordinated by Pier Stanislao Paolucci at the Instituto
Nazionale di Fisica in Rome and will study the neuronal networks underling
sleep and wakefulness under normal conditions and in disease.

The HBP aims to put in place a cutting-edge, ICT-based scientific Research
Infrastructure for brain research, cognitive neuroscience and brain-inspired
computing. The project, which started a promotes collaboration across the globe,
and is committed to driving forward European industry.

(@



Strategic alliances: International: EIP on AHA

organisation

IBEC participates in two Action Groups (Functional decline and frailty;
Integrated care) and has actively contributed to place Catalonia as an EIP-AHA
reference site, which labels it as an inspirational ecosystem, delivering creative
and workable solutions that improve the lives and health of older people.
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Strategic alliances: National: The Global 3D Printing Hub

IBEC is to be part of a

multi-million euro 3D Presentacio6
printing infrastructure in Global 3D Printin,
Catalonia.

The Global 3D Printing Hub,
which will receive up to 28
million euros from the
Generalitat by 2020, will
aim to consolidate
Catalonia as a world leader
in 3D printing.

IBEC will contribute its expertise to the 3D bioprinting side of the platform. With its
development of the Biospace infrastructure, which includes an advanced 3D bioprinter
and 3D printer systems, the institute offers the level of precision, characteristics and
know-how required to revolutionize regenerative medicine and medical devices using this
emerging technology, and is already positioned as the 3D bioprinting provider to
researchers and companies throughout southern Europe.

(@



Strategic alliances: National: RIS3CAT / NEXTHEALTH

Comunitats RIS3

@ ADVANCE (

4 Accelerating Development of Advanced Therapies in Catalonia

Formed by 18 organizations in the field of health including two universities,
twelve biomedical research institutes — including IBEC — and four companies
and private foundations, ADVANCECAT, which is integrated in the NextHealth
community and coordinated by Biocat, will bring together public and private
sectors for better management of resources in order to get the most out of the
Catalan health system.
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Strategic alliances: National: ITEMAS

IBEC has become a partner in the Red o™* : .,2.
de Innovacion en Tecnologias Médicas y Jc2/010s 158)])
Sanitarias (ITEMAS), an innovation network

for medical and health technologies. l\/'\ ‘@
ITEMAS, promoted by the Instituto de \}

Salud Carlos Il (ISCIII), brings 95 companies
and organizations together with 66 medical
centres in Spain to collaborate on R+D projects. The partners will also work
together on outreach initiatives.

The aim of ITEMAS is to facilitate the transfer of scientific, medical and
healthcare knowledge in the field of innovation in health technology
generated within the network, with the ultimate objective of improving the
quality of the country’s health system and its impact on society.

Other Barcelona-area partners include the University Pompeu Fabra and
several biotech companies.
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Attracting talent

International
Programme

= |

* IBECppp

IBEC International PhD Programme fellowships
« 299 people registered on the mini-site

* 133 submitted

« 124 evaluated online

* 24 interviewed

+ 5 selected

Outcome of the call
Five candidates have been granted a fellowship. Three positions have not been filled.

I B E C [XCLLENCIA
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Attracting talent

IBEC participates in

f N P h I N! T “la Caixa” Fellowship Programme with

a set of stimulating PhD projects and
excellent research groups
to host the fellows

Discover here the opportunities to follow your PhD at IBEC ))
within the INPhINIT programme

INPhINIT is a new doctoral fellowship programme devoted to attracting
international Early-Stage Researchers to the top Spanish research centres
in the areas of Bio and Health Sciences, Physics, Technology, Engineering
and Mathematics.

INPhINIT is promoted by the “la Caixa” Foundation with the aim of supporting
the best scientific talent and fostering innovative and high-quality research in
Spain by recruiting outstanding international students and offering them an
attractive and competitive environment for conducting research of excellence.
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Attracting talent

By the deadline of
September 11th 2016,
IBEC had received a
total of 49 applications
for the BEST COFUND
postdoc programme
from 22 different
nationalities.

Twelve of these
candidates were
granted a BEST
COFUND postdoc
fellowship for a duration
of 24 months at IBEC

Next call opens in February 2018.

S entibe Taoing

ABOUT BEST RESEARCH GROUPS HOW TO APPLY TRAINING CONTACT

POSTDOC OPPORTUNITIES AT IBEC

Bioengineering Excellence Scientific Training (BEST)

//99 IBEC’s Programme in Bioengineering Excellence Scientific Training (BEST) aims to attract

« international experienced researchers in the areas of Nanomedicine, Cell Engineering and ICT
4
Boenainaenng Boallance ¢

for Health, the three research Flagships at the institute.

The BEST Postdoctoral Programme will provide exceptional training opportunities for up to 24 (in 2 calls

of 12 positions per call) high-potential fellows, with a 2-year contract at IBEC and funded
interdisciplinary and intersectoral placements at world-class research centres, hospitals and companies within IBECs global network of
collaborating institutions.

Fellows will receive a competitive salary and benefit from equal opportunities measures such as family allowance and extension of the
contract in case of maternity/paternity leave.
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Attracting group leaders: Tenure and non-tenure track

Junior Research Group Leader position
(Ref: JGL_NTT)

Postdoctoral and senior researchers with excellent scientific record in the following topics (but not
limited to): Synthetic Biology, C i i i L i i jes, Systems
Biology, ineering, 3D Bioprinting, and ive Medicine are invited to apply for a
Junior Group Leader position in IBEC's non-tenure-track open call for 2017.

Junior group leader call

Applicants are expected to develop an ambitious project for their future group and to contribute to one
or more IBEC’s core applications areas. Candidates will be evaluated by IBEC's International Scientific
Committee (ISC) based on scientific quality, feasibility of the proposed scientific approach, potential
impact of the research, added value fo the current IBEC research programme and structure, and their
ability to carry out efficient leadership and management.

53 submitted applications

Apart from cutstanding scientific output, the candidates must prove that they are active in the appiica-
tion of competitive proposals 3s principal investigators. Any mobility experience, .g. a stay in another
countryfregion, will be considered as a valuable contribution.

Currently under evaluation

Desirable competencies and skills: Leadership; critical judgment in identifying and executing re-
search activities; strategic vision for the future of the research field; proven record in securing research
" es; team bui ion; excelent communication and networking.

Junior Group Leaders at IBEC are offered a start-up package and provided with suitable laboratory
space, access fo the state-of-the-art core facilities at IBEC and access to outstanding predoc students
and posidoc researchers. They are assigned a project manager to support their participation in com-
petitive calls and the management of their projects, as well as their interaction with IBEC's friendly and
researcher-oriented administrative staff.

Up to 5 candidates will be
interviewed by ISC on 8-9
June for one position

The successful candidate will be appointed for an inifial 4-year period. At the end of the fourth year,
the Junior Group Leader will be evaluated by the ISC. A positive evaluation will allow the candidate to
extend their appointment for another 4 years.

IBEC aims for a representative gender balance at all levels of staff, so we sirongly encourage women
to apply. At least 40% of shortlisted applicants invited to interview will b2 women.

Full description: 3 o
Apply online: e e =

| Appucauons should be
| submitted

no later than
15th March 2017
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Awards in the past year

Pere Roca-Cusachs

» American Society for Cell Biology’s Gibco Xavier Trepat
Emerging Leader Prize « La Vanguardia
* Accepted into the EMBO Young Science Award
Investigator Programme (placed third),
alongside
associated
researcher

Marino Arroyo

Samuel
Sanchez AN
- Cataloni S nal =
Reseav@:h Award fo(r
N
YoungT aler\t |
. Clrculo\Ecue&tres(
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scopy for Nanomedicine
enzo Albertazzi

Using Super Resolution Microscopy (Nanoscopy) to visualize
and track in living cells and tissues self-assembled
nanomaterials with therapeutic potential (Nanomedicine).

The understanding of materials-cell interactions is the key towards
the development of novel nanotechnology-based therapies for
treatment of cancer and infectious diseases.
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. K 1 Left: Widefield (upper right corner) and
4 / STORM super resolution image of HeLa
' cell internalizing polymer nanoparticles
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ular dynamics at cell-biomate
ace Prof. George

$

Understanding cell-biomaterials interaction, specifically on
the dynamic formation of the provisional extracellular matrix
(ECM) —the thin protein layer that cells recognize, produce,
and remodel at the materials interface.

We aim to learn how this process affects the biocompatibility of
materials, and if it can be controlled by engineering the surface
properties of materials.

1. Electrospinning

Left: Schematic illustration of the
STRUCTGEL concept

Right: Hybrid PLA/fibrinogen nanofibers
deposited in random (A) and aligned (B)

configurations. Human mesenchymal » p e,
> e ——— stem ce_IIs adhere to Fhe fibers and -t 2 O e
T [ acquire a stellate-like (C & E) or E Az F \
REL T~ S — i elongated (D & F) morphology, B 7 P
-32-55-2" — depending on the fiber orientations. Ly S— s




Deciphering the physical mechanisms of development and
disease in biological organisms by studying how cell and
tissue mechanics determine structure and function in these
organisms.

We develop biophysical tools to compute cell and tissue forces in
arbitrary 3D environments with realistic geometries and material
properties, such as anisotropy, heterogeneity, poro-elasticity, and
non-linear viscoelasticity.

In vivo biomechanical
guantification of ventral furrow
invagination in the Drosophila
melanogaster embryo.
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The development and knowledge
transfer to industry of innovative
biomaterials and scaffolds for tissue
regeneration. |-
t‘ ".‘ L

We design, fabricate and characterize ’
bioactive and biodegradable materials i
and investigate their interactions with

biological entities, both in terms of their fundamental aspects and with specific applications for tissue engineering in mind.
The aim is the repair and functional restoration of tissues or organs by means of 3D scaffolds, cells and signals.

7.
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Endothelial precursor cells (red)
Jed on ormoglass/PLA blends

ight: Biomimetic hydrogel implanted in
use calvaria for 6 weeks. H/E staining
f an osteoclast resorbing the hydrogel




Nanomalaria (Joint group
IBEC/ISGlobal)
MMW

The development of nanomedicine-based systems for malaria 8 v ‘: ;
prophylaxis, diagnosis and therapy. o

The long sought-after magic bullet against malaria could take the

form of a nanovector for the targeted delivery of antimalarial drugs !
exclusively to infected cells. Nanotechnology can also be applied to
the discovery of new antimalarials through single-molecule
manipulation approaches for the identification of drugs targeting
molecular components of the parasite.

o L
..%;r’;',‘ Dier ‘s, Left: Cryo-transmission electron microscope image of liposomes being assayed for the
4 ::*ﬁ/\:f)bﬁ‘;o'%q encapsulation of drugs specifically targeted to red blood cells infected by the malaria
' 8"" e -_"‘ .Qi parasite. Below: Different outcomes expected when antimalarial drugs are targeted (A)
oS only to -infected erythrocytes, or (B) to all erythrocytes. In the latter case the parasite will
encounter the drug upon invasion

Drug-containing
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oriel Gomila

Developing new experimental setups based on atomic
force microscopy and theoretical frameworks enabling
the measurement of the electrical properties of biological
samples at the nanoscale (for example, biomembranes,
single viruses or single bacteria).

Our main objective is to contribute to develop new label-free
biological characterization methods and new electronic
biosensors.

Below: Topography and ¢ pacitance Below: Electrical potential distribution corresponding to the electric
gradient) of a bacteriorho patch, 5.3 nm interaction between a voltage biased sharp conducting tip of radius 250
thick on a mica substrate yrmation from the nm and a single bacterial cell. The bacterial cell is represented as a 3D
two images the dielectric ellipsoid structure with uniform electric polarization.

determined with sub-50

500 nm — maa




probes and nanoswitches

Developing nanoscale tools to study
biological systems, including
instrumentation based on proximity
probes, such as electrochemical
tunneling microscopy and spectro-
scopy, that we apply to investigate
electron transfer in metal oxides and
individual redox proteins.

One set of nanotools is based on molecular actuators that can be switched with light, which
can be chemically attached to biomolecules in order to optically control their activity.

Schematic representation of a light-
regulated drug bound to a 7-
transmembrane receptor. Under
violet illumination, the drug is

inactivated and the receptor
produces normal intracellular
signaling. In the dark or under
green light, the drug inhibits the
receptor and interferes with
signaling in a reversible way.




edical signal processing and
pretation Prof. R

¥

The design and development of advanced
signal processing techniques and the
interpretation of biomedical signals to
improve non-invasive monitoring,
diagnosis, disease prevention and
pathology treatment.

Our main objective is to improve diagnosis
capability through the characterization of physiological phenomena and to enhance early
detection of major cardiac and respiratory diseases and sleep disorders.

Novel method for differentiating normal from adventitious
respiratory sounds (RS) to improve the diagnosis of
pulmonary diseases. Particularly, continuous adventitious

bdagonnd ;"'pgis';;g'n S Al ! O sounds (CAS) are of clinical interest because they reflect
, \,_7 MAATY the severity of certain diseases. The new method is based
W i : s R 4l o on the multi-scale analysis of instantaneous frequency

(IF) and envelope (IE) calculated after ensemble empirical
mode decomposition (EEMD) of respiratory sounds.

Instantaneous frequency (Hz)

Time (s)
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Intelligent chemical instruments for the detection of
volatile compounds and smells.

These systems can be based on an array of nonspecific
chemical sensors with a pattern recognition system, taking
inspiration from the olfactory system. Our group develops
algorithmic solutions for the automatic processing of Gas
Sensor Array, lon Mobility Spectrometry (IMS) and Gas
Chromatography-Mass Spectrometry (GC-MS) data for
metabolomics and food samples.

System to test
chemical sensor

arrays for diversity
and redundancy




Imetic systems for cell enginee
1a Martinez

o

The development of biomimetic systems for cell-based \3/ '
assays that account for the structural, physiological and ) AN
biochemical features of the in vivo cellular microenvironment. &% % . *"

These biomimetic systems will provide the interface between
biological questions and engineering tools to (i) develop new
insights into environmental regulation of cells, (ii) investigate
diseases, and (iii) develop new therapies for regenerative
medicine.

P e s-section of a cardiac Hydrogel
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To generate and correct disease-specific hiPSCs for disease
modeling and drug screening.

We are particularly interested in generation of transgene-free and
disease free patient derived hiPSCs for disease modeling and the
discovery of novel therapeutic targets. We take advantage of
organ-isms that possess the ability to regenerate such as

zebrafish, in order to understand which molecular and cellular
pathways lead to organ regeneration.

SOFT RIGID Induced pluripotent stem cells (iPSCs) resemble human embryonic stem
gel‘:-assel?lmg t‘ﬂvdrﬁ?els s cells (hESCSs) in their ability to generate cells of the three germ layers of
ollagen, Alginate, chitosan rogeis - =
/ Bodfgradaae polymers e the embryo. This capacity can help us to understand the molecular and

\ cellular cues driving cell fate. Our aim is to generate reporter cell lines
... - from patient iPSCs in order to develop robust protocols for pluripotent
SRS stem cells differentiation. Moreover, the combination of patient
_~"Animal models differentiated populations together with functionalized biomaterials, ex
vivo approaches (i.e: organoids), and decellularized tissue matrices,
offers and unprecedented strategy for organ regeneration.

Kidney organoids

Undifferentiated human iPS and
ESCs
iPS/hESCs reporter cell lines

Differentiated populations
Decellularization

Recellularization



lar and respiratory biomechani
aniel Navajas

To gain a deeper understanding of cellular
and respiratory biomechanics in order to
improve the diagnosis and treatment of
respiratory diseases.

At the systemic level, we study the mechanical

properties of airways and lung tissues and the mechanical dysfunctions associated with these diseases. At the
cellular level, we have developed an AFM technique to probe micro/nanomechanical properties of the extracellular
matrix of decellularized tissue scaffolds.

s,y'f‘ G e - N Vessel section from a decellularized lung showing the
. e~ tunica intima, rich in elastin (red), and the tunica
8 adventitia, with high concentration of collagen fibers
'isf ) (green). The image was obtained by two-photon and

T second harmonic generation microscopy.




The Biosensors for Bioengineering group integrates
biosensor technology and nanotechnology with stem
cell research and with tissue engineering.

Engineered tissues are integrated with biosensing

technology to obtain microdevices for detecting cellular responses to external stimuli, monitoring the quality of the
microenvironment (e.g., metabolites, nutrients), and supporting diverse cellular requirements. Integration of fully
functional tissues with microscale biosensor technology allowed us to obtain “organs-on-a-chip”.

‘ Myotubes differentiated in a groove-ridge topography
w,/_::; . — GelMA-CNTs composite loaded with 0.3 mg/mL CNTs.
E ""TTT ' Immunostaining of cell nuclei/myosin heavy chain

showing the highly aligned C2C12 myotubes. Z-lines
were also observed for the myotubes indicating high
maturation of muscle myofibers. Scale bar 20 pm.

Z-lines




ular and cellular neurotechnolag
sé Antonio del Rio

We focus on four main aspects of
developmental neurobiology and
regeneration:

1) Analysis of cell migration and
functions of Cajal-Retzius cells during ‘
cortical development. 2) Cell therapy and pharmacological treatment to potentiate axon regeneration in lesioned central

nervous system. 3) Neurodegenerative diseases. 4) Development of new lab on a chip devices for neurobiological
research.

Corticospinal axon (red) nce cues of olfactory ensheathing cells (green).




lar and molecular mechanobioloc
2 Roca-Cusachs

Mechanical forces affect the links and conformation of a ( z b ’.ﬂ

network of molecules connecting cells to the extra-cellular N Y &/ ‘

matrix. " T A w2
, —

We unravel the mechanisms that these molecules use to detect

and respond to mechanical stimuli like forces or tissue rigidity,

triggering downstream cell responses. Ultimately, we want to

understand how forces determine development when things go

right, and tumor formation when they go wrong.

.&‘« Movement of the actin cytoskeleton of a breast myoepithelial cell, shown
[0 kv by superimposing images of the actin cytoskeleton in different
¢ timeframes.




bioengineering

)sep Samitier

Nanotechnology for the development of
biomedical systems and devices for
diagnostic purposes and integrated
microfluidic devices for organ-on-chip.

We carry out surface functionalization of
materials integrated with micro-fluidics systems for the study of biomolecule and cell interactions. The goal is to
fabricate micro-systems containing living cells that recapitulate tissue and organ-level functions in vitro and new
portable diagnosis devices as Point-of-Care systems.

; Axonal regrowth
Axotomy (24h)

..............

Nano-gap DNA sensors

Proximal segments of axons S
formation in compartmentalize



t nano-bio-devices

amuel Sanchez

The design of miniaturized devices that
bridge functional materials and bio-related
applications.

Our main research topics are self-propelled
micro-nanorobots, compact on-chip electrochemical (bio)sensors and biophysics of cells in confined spaces. Part of our
activities are based on the shrinkage of “Lab-on-a-chip” to “Lab-in-a-tube” micro-analytical systems which can delicately

control the positioning of single cells inside micro-tubular structures integrated on-chip.

nology with thin films of Pt as the top layer,
side the tube after rolling up. Then, since
production method, many of these tubes can

e substrate immerse in H202 solutions,

as a fuel. There, when the fuel contacts the

be where Pt is, it decomposes into H20 and

accumulated inside the cavity as visible

and migrate towards the larger opening of the
the opposite direction.

Their performance is not only limited to bulk solutions, since
they can swim into the flowing streams of microfluidic
channels. They have enough power to go upstream and to
move spherical particles



ard Torrents

We investigate new antimicrobial therapies to combat
bacterial infections.

We aim to 1. establish the molecular basis for the regulation of
RNR genes, their importance in virulence and biofilm formation; 2.
identify and screen new molecules for the highly selective
inhibition of bacterial RNR; 3. develop nanopatrticles to deliver
existing antibiotics or anti-microbial drugs; 4. use lab-on-a-chip
technology to study the electrical fields in bacterial cell physiology.
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arjal infections: antimicrobial

Surface plot analysis of Pseudomonas
aeruginosa wild-type PAO1 days. Biofilms
were grown in a continuous flow cell
system and visualized under confocal
microscopy.



rative cell and tissue dynami
avier Trepat

¥

Our research focuses on understanding
the fundamental biophysical mechanisms
underlying cell migration both at the
single cell level and at the tissue level.

When properly regulated, cell migration

enables morphogenesis, host defense and

tissue healing. When regulation fails, however, cell migration mediates devastating pathologles such as cancer,
vascular disease and chronic inflammation.

lab has developed
nigues to
ultaneously map cell
ycities, cytoskeletal
Icture, intercellular
asses, and cell-
pstrate tractions (from
to bottom).

Fracking in
epithelial layers:
the small fractures
between cells, in
blue, close within
minutes




oclated researchers

Prof. Alicia Casals, GRINS - Intelligent Robots and Systems, UPC

From 2008-2015, Alicia Casals led the Robotics group at IBEC, during which time she began a spin-
off company with the UPC, Rob Surgical Systems. She was recognized for her work as a research
scientist in the “16 Cientifiques Catalanes” exhibition organized by the ACCC in 2010, and received
a 2015 fem.talent Award at the fem.talent Forum in Barcelona.

Prof. Maria Pau Ginebra, Biomaterials, Biomechanics and Tissue Engineering, UPC
Winner of ICREA Academia Awards in 2008 and 2013 and the Narcis Monutriol Medal from the

Generalitat de Catalunya in 2012, and the Racquel LeGeros Award from the International Society
for Ceramics in Medicine for her contribution to calcium phosphate research in 2013. In the same
year she founded the spin-off company Subtilis Biomaterials.

_
T

Prof. Antonio Juéarez, Bacterial Molecular Biology, UB
D & From 2007-2015, he led the Microbial Biotechnology and Host-pathogen Interaction group at IBEC.

M - ‘ He and colleagues from the UB and IRB identified the strategy used by enterobacteria to acquire
resistance and and worked with IBEC’s Nanoscale Bioelectrical Characterization group to
demonstrate the potential of electrical studies of single bacterial cells.

Prof. Ralph Andrzejak, Department of Information and Communication Technologies, UPF
The development of advanced nonlinear signal analysis techniques and the study of recordings
from the brain. An early paper of his on the detection of deterministic structures in experimental
signals has become a seminal paper in the field and has received more than 430 citations.

Marino Arroyo is Associate Professor at the Universitat Politécnica de Catalunya (UPC),
where he is a member of the Laboratory of Computational Methods and Numerical Analysis (LaCaN)
group. His research goal is to develop theories and computational methods to understand the small-
scale mechanics of materials and biological systems.



