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Research activities in our Lab

Biosensors Microfluidics
- Electrochemical - Capillary electrophoresis
- Optical - Microcounters
Micro&nano - Blood filters

systems for
biomedical

- Microcontact applications _
printing PP -Micro/ nanostructured
- Piezo_jet . Surfaces
- Dip-pen -Cell/biomolecule
characterisation
Surf. functionalisation Bio/non bio interactions
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Introduccidon Nanomedicina
Nanotecnologia para diagnostico

Nanotecnologia para medicina
regenerativa.
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Richard P. Feynman

There’s Plenty of Room at the
Bottom

29th december 1959

Annual meeting of the American
Physical Society

“The principles of physics, as far as | can
see, do not speak against the possibility of
maneuvering things atom by atom.

It is not an attempt to violate any laws; it is
something, in principle, that can be done; but
in practice, it has not been done because we

are too big”



Viegili con un retraio del
argués de la Ensenada
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Memoria sobre la necesidad de establecer la po-
licka de sanidad en wunas baszs sélidas y esta-
bles , capaces de contencr las epidemias y con-
tagios desoladores, gue en los pocos arnoas que
contamos de este siglo han sembrado en 1rues- ——

Antoni CIBAT i ARNAUTO tra Esparia el horror y el espanto, y ciusado
su despoblacion : escrita por D. Antonio Cidat,
(1770-1811) caballcro de la Orden Real de Espaiia, ins-

pector de sanidad de la guardia de S. M.,
wiembro de la administracion central de los—
pitales militares &c. Src.

Emi)czando por los estudios de los que se de-
dicaban al arte de curar, dos facuitades, que la pa~
turaleza y la razen han unido con.vinculos tan es~
trechos, que cada una de ellas ¢s manca € incom-
sleta sin el conocimicnte de la otra, se hallaban
separadas. Las ciencias naturales, que son la ba-
se del saber, se excluycron de los estudios de la
cirugia mdédica, & pesar de que su conocimiento es

tan indicpensable, que sin la fisica, la quimica!
la botinica ningun facultativo puede preciarse de
ser consumado ni en cirugia ni en medicina. Final-

Antoni Cibat Diari de Madrid Setembre 1810




Que és Nano?

Fullerenes C g,

S|
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| 12,756 Km 22.cm
A1.27 10'm 0.22 m 0.7 10-°m
10 milions de 1.000 milions de
vegades més petit vegades mes

petit
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2 Nanotecnologia

Nanotecnologia:: “Ciencia i tecnologia a nivell atomic, molecular o
macromolecular que permet I'obtencido d’estructures, dispositius i
sistemes amb una longitud caracteristica entre 1 i 100 nanometres.

Water Glucose Antibody Virus Bacteria Cancer Cell A Period Tennis Ball
1071 1 10 102 10° 104 10° 108 107 108

1 1 ] | | ] 1 | | 1
B Nanometers

Liposome Dendrimer Gold Nanoshell Quantum Dot Fullerene




“CONVERGENCIA DE
TECNOLOGIAS

Tecnologias
de la
informacio

Ciencia
cognitiva

tecnologia
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Forces Revolucionaries

Basic advancements in science and technology come about
twice a century and lead to massive wealth creation.

1853 | 19135:9 1
EWldes pread

ﬂ§ : 3
N 4
2
: adoption

191377 1969 2025/
C-/ O-'/ O-/ End of rapid

l Intruductmn
of technology

1771 1825 1886 1939 1997 growth phase

I . . I . - e e m : ''''''' *-
Industrial Revolution Information Revolution

SOURCE: Norman Poire, Merrill Lynch Red Herring, May 2002

Tecnologies transversals
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5 The nanotech tree of knowledge

PHYSICS, CHEMISTRY

HOW NATURE WORKS
T ENGINEERING
NANOSCIENCE HOW TO BUILD
HOW NATURE WORKS
AT MOLECULAR LEVEL BIOMEDICAL

SCIENCES
\ HOW LIFE WORKS

AGRO-FOOD

SAFETY

NANOMEDICINE




Nanobiotechnology areas

Nanobiotech based applications & industries

:-% s
e

Diagnostics

Drug delivery
-In vitro Nanocarriers
-In vivo
-Implantable
- < =
Theranostics
Nanomedicine

MEDICAL DEVICE
INDUSTRY

PHARMA & BIOTECH

From CSA-EuroNanoBio

. Regenerative

medicine

. -Tissue
. engineering

. -Prosthetics

" -Cell therapy

BiIoMATERIALS
& REGEMNERATIVE
THERAPIES
INDUSTRY

Life sciences

Environment
Nanobio- -Air
analytics

-Water

-Food

INSTRUMENTATION
INDUSTRY

PROCESS
CONTROL
INDUSTRY



European Technology
Platform on NanoMedicine

Nanolechr

and Basis fo Nanomedicine
for NanoMe( Nanotechnology for Health

European Technology Platform
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Nanomedicine

EUROPEAN TECHNOLOGY
PLATFORM ON NANOMEDICINE

Definition: NanoMedicine, for the
purpose of this vision document, is
defined as the application of
Nanotechnology to Health. It exploits
the improved and often novel
physical, chemical, and biological
properties of materials at the
nanometric scale. NanoMedicine has
potential impact on the prevention,
early and reliable diagnosis and
treatment of diseases.



‘ ETP Nanomedicine Roadmap Report 2009

« Discusion general de los aspectos criticos para la
implantacion clinica de la nanomedicina

nanomedicine

* Identificacion de aplicaciones relevantes a nivel
industrial y formulacion de hojas de ruta de
desarrollo en diagndstico, liberacion de farmacos y

medicina regenerativa

JOINT EUROPEAN COMMISSION | ETP NANOMEDICINE

* Integracion de las mismas en un marco conceptual EAERIG REVOG St
y estrategia de Iargo plazo ROADMAPS IN NANOMEDICINE TOWARDS 2020

* Incluyendo aspectos economicos y regulatorios

 Liderando desde el valor clinico y de negocio

« Definicion de los futuros programas de trabajo Tatle 3.2: Specifc Roadmaps { Aplications and RBD challenges - vivo imaging
Roadmaps 7 Hey - Tochnologies Challenges Targeted
PM?/PMS ;:@:‘::;ME . RED Pricrities Dissases
Disponible: www.etp-nanomedicine.eu \e. X
23/02/2010 SR

?«%‘“ oriidud
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PRESENTACION
DEL INFORME

E LANANOMEDICINA EN ESPANA

PLATAFORMA
ESPANOLA
DE NANOMEDICINA

www.nanomedspain.net



5
M Administracion de Farmacos y Nanotecnologia

» Liberacion controlada: efecto terapeutico prolongado

» Distribucion del farmaco selectivamente al organo, tejido o célula
diana.

» Proteccion ante degradacio n

» Mejora de solubilidad

» Mejora del transporte, paso a través de mucosas
» Reduccion de la toxicidad

» Mejora de la eficacia.Farmacocinética.

19



ﬂ Mecanisme per alliberar un farmac en un tumor

/i
f &
Tumour
EPR aflect
Kancparlicle - Blood
vesse|
Angiogenic i : _ Endotheial call
vessals J
‘_5-"’ Ineflectve
hmphatic dralnage

http://www.nature.com/nnano/journal/v2/n12/fig_tab/nnano.2007.387_F1.html 20



NAN®MED

PLATAFORMA ESPAMNOLA DE MMARORMESESIE

- -

http://www.gopubmed.com/web/gopubmed/

* 1,388 documents semantically analyzed nanomedicine

Top Countries Publications
USA 587
Spain 86
United Kingdom 82 . .
China 76 Top Cities Publications
India 62 Boston 50
Germany 43 Barcelona 44
Japan 35
Italy 33 Omaha 41
Canada 30 London 34
France 22 .
Australia 19 Baltimore 31
Taiwan 17 Los Angeles 28
Netherlands 17 Houston 27
Iran 14
Thailand 12 Beijing 17
South Korea 11
Switzerland 11
Turkey 10 . ,
Israel 10 Se consolidara?

Singapore



The Allilance: BioNanoMed Catalonia

18 organisations (companies, researchers, clinicians)
join forces in 2011 under BIOCAT and IBEC s leadership

to launch BioNanomed Catalonia alliance, in order to:

»Favour synergy among research centres, industry and hospitals
=Create new business opportunities in health/life sciences markets,

based upon nanotechnology applications. \
=*Increase the international presence A BioNanoMed
'r;_.in_omedin_: ine

=Act as a one-stop shop to defend common
interests of the participants and disseminate results

ETP Nanomedicine

Barcelona, Spain

19 October 2011 20-21 October 2011
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 Introduccidon Nanomedicina
* Nanotecnologia para diagndstico

 Bionanomateriales para medicina
regenerativa.
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Nanomedicine evolution

 From “late disease” to “early health”
e Sustainabllity of healthcare systems.

 From “hospital-based” to “patient-centred”

— Two main areas:

* Preventive medicine
— Chronic diseases management.
— Empowering the patient (monitoring)

* Predictive medicine
— Molecular medicine.



Nanodiagnostics across the care cycle

Monitoring therapy Qj
B Predisposition

Therapy — treatment

Screening

% Diagnosis — prognosis @

25
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Deep Vein Thrombosis Impedimetric Microanalysis
System

Project Goal

Development of a whole blood low cost D-dimer medical
diagnostic device that can be used at the primary point-of-

care
To provide quantitative and reliable measurement of D-
dimer concentration levels




DVT-IMP ... ontoa bright future




Blood Filter Chip
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ARAKNES overview

Truge Guadarce, Too! Sewction, Avgmeted Realy Vaualoaton

a Robotic endoscopic scarless surgery  into the stomach
for surgical treatment of morbid obesity and gastro-
esophageal reflux

"" - w _
v -
ARAKNES robotic unit

Patient Support System for esophageal access










‘“ alialaEed Sensor development

Integration of the optical and eleochemical sensors in the

array: ‘

0N selective

|B#ﬁ5€dance

detection
on selective

sensor (pH)

The ARAKNES Project has received funding from the
% European Community's Seventh Framework 36 month meeting - July, 2011

Programme (FP7/2007-2013) under grant
agreemen t num. 224565.






f’-‘\.:ﬁi-f’f‘:f,--*&-N»E-S' eSensor fabrication: Design

Micro-Array-112 £
electr

6.3 mm

N0 -Array-6 elexctrodes:

3.1 mm
ﬂ§24mm

0.25 mit

48 mm

|

—
3

Designed to be reusable,

mm

The ARAKNES Project has received funding from th e
z European Community's Seventh rrk ‘th e Emem Ju Iyawd e
T Programme (FP7/2007-2013) un| nt ety
agreement num. 224565. sipaar



ARARNES Tschemia sensing with bioimpedance

*Tissue differentiation with bioimpedance:

2200 -

2000 -

|

1800 -
TEDD:
1400 -
¥ 1200 -

E 1000 -

il

800 -
B00 -
400
200 4

T T T T T T T T T

Liver Chicken Chicken fat

- Different current resistance was observed between liver, breast and fat from chicken

The ARAKNES Project has received funding from the h | H

European Community's Seventh Framework 36 month meeting - Ju 2011 S
Programme (FP7/2007-2013) under grant 9 Yr bt
agreement num. 224565. *paae




ARAKIGES Tschemia sensing with bioimpedance

Preliminary ischemia detection with bioimpedance:

1000000 -
— [ ] » L] '] °
€ 800000 - ¢
=
(5] [ ]
®
£ 600000 -
g
0
w0
400000 - "
L ]
L ]
200000 T ! T T T E T I | ' T '
0 20 40 60 Nonischainl
Time (s) tissue

-Block of blood flow in a finger for measuring the
change of ischemic conditions

- The change on the blood flow was measured and
different resistance values was observed In
ischemic and non ischemic tissue.

The ARAKNES Project has received funding from the J:‘at
European Community's Seventh Framework 36 month meeting - July 2011
Programme (FP7/2007-2013) under grant r Mty -
agreement num. 224565. sipaas



Olfactory
bulb

Bone

Nasal
epithelium

107 receptor cells in
neuroepithelium

Olfactory
receptor
cells

103 different types

Natural biosensor

4. The signals are transmitted

Mitral- to higher regions of the brain

cell —
>$~ 4 — —_——
Glomerulus —
3. The signals
are ralayed
____ in glomeruli

}

A\ 8

bans\de

A

2. Olfactory receptor cells
are activated and
send electric signals

e * e 1 e :
Y N S "_’t“-' L ,‘f-:f S
s 28 M « 9 v'as @ . * "1
[ ]
Biological Nose detect very low N
. .anratnml:bundin
concentrations: 10 7 to 1011 M o
.:""": v _’ it “)- Ay “ From Science
" s A wftia_ri:muref:rf,-fﬁ) }
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Olfactory biosensors for in vitro
diagnostic devices

The nex step : Bioelectronic Olfactory Neuron

| !
eceptor : r”':"' . ‘
molecule il b
| : '| I . H
¥

Identification of genes An unexpected finding!

The genes encoding the receptor Every single olfactory receptor cell expresses one
molecules were isolated and and only one gene of all the genes that code for
identified olfactory receptor molecules




0lfactory Neuron Device
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Odorant-receptor genes on human
chromosomes

Humans 400 OR
Dogs & Rats
1000 OR
1 2 3 4 7

9 10 N1

13 14 15 16 17 1 19 20 21 22

Fig. 6 Odorant-receptor genes on human chromosomes. The bands
indicate gene clusters that contain groups of odorant-receptor genes.
Such clusters are present on almost all chromosomes



H 9 Primary process in olfactory sensory cilia
e

dendrite )

axon

soma — '
Y4 e
|"._

From S Frings J.Comp Physiol A (2009)



Nobel Prize 2004

COMBINATORIAL RECEPTOR CODES FOR ODORS

RECEPTORS

1 1]
T
|1

Richard Axel

Linda
Buck
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BOND CP-FP 228685-2

. -
Bioelectronic Olfactory Neuron Device (SMALL FP7)

Project objective: Specific challenges:
Development of an integrated e« Detection of low electric signals
bioelectronic analytical nanoplatform linked to the odorant-receptor
for odour detection based on interactions.

olfactory receptors and using micro-

nano, bio and information e Development of a olfactory neuron
technologies to mimic the mamalian array integrating protein receptors
nose. and nanoelectronic curcuits.

Expected impact:

A huge number of new diagnostics, security,
environmental protection and quality control (food, drink,
household products, cosmetics) devices, with an ability to
detect any odorant molecule in samples, even in very low
concentrations



McCulloch et al Integr Cancer Ther 2006; 5; 30

Diagnostic Accuracy of Canine Scent Detection in
Early- and Late-Stage Lung and Breast Cancers

Michael McCulloch, Tadeusz Jezlerski, Michael Brotfman, Alan Hubbard, Kirk Turner,
and Teresa Janecki

BMJ 2004,;329;712-

rapers

Olfactory detection of human bladder cancer by dogs:
proof of principle study

Carolyn M Willis, Susannah M Church, Claire M Guest, W Andrew Cook, Noel McCarthy,
Anthea | Bransbury, Martin R T Church, John C'T Church

Depawtnert of Abstract organc compounds are likely 1o have distinctive
Dermatoloee . . . . T
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Volatiles identification in cancer patients

b
o

PATIENTS
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Identification of specific OR

Recoptoos oitpetl | Récopieur aitaitl | Hicopheur aitactd

Fig. 3 Calcium imaging allows the diction of activated neurons (top right) in the ratmouse olfactory epithelium (sagittal
section, middle top) upon stimulation by odorants The cytoplasmic content of responsive neurons (down right) may be
aspirated and submitted to single-cell RT-PCR in order to identify the OR present in these responding neurons.



Review

Cell Mol. Life Sci. 65 (2008) 1729 - 1755
Large-scale production of functional membrane proteins 142062 X08/111729-27

F. Junge, B, Schneider, 5. Reckel, D, Schvware, Y. Datseh and F. Bernhard DOI 1" ‘1 (IH}SU{I] ] R_ ll]ﬂ-ﬂlb?-s

Centre for Biomolecular Magnetic Resonance, University of Frank furt/Main, Instifute for Biophysical @ Birkh&mr Vu-rlag_ BHSEI. E{ns
Chemstry, Max-von-Laue-5tr, 9, 60438 Frankfurt/Main (Germany ), Fax : 49 69 T98 29632,
e-mail: 1t
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Production of ORs

Functional expression of ORs optimized (galactose, 15 C) at the plasmic
membrane of yeast : ORI7, cmyc-OR1740

Confocal microscopy

Immunocytochemistry Electron Mi b
ectron Microscopy

Immunogold labeling

(c P

| i

ATk

ORI7 N

Ve P A £afd
T .:?" : “5: _D_:-'» #‘;‘ , ,4'"'.

R A e AN P4
e , o "r._' B o

b‘," o e ] g

RS P e o o=
) ,-?,;,-. e o . 1 ';';: |
Mo . a2t

. ol - —’&v

cmyc-OR1740

cmyc-OR1740
ELISA quantification of membrane ORs : 1.5x10% ORs/cell (ORI7)

[Minic et al. FEBS J. 2005] 0.9x10° ORs/cell (cmyc-OR1740)



Number (%)

200'nm

v

pulatioh suspe&le in PBS

30+
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20—.
15—.
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Size: 130.04 nm % 39.89 nm

Cryo-EM

10+

Nanosomes (Number)
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Size (40 nanosomes): 138 nm * 67.80 n




Characterization of nanosomes

Transmission_electron microscopy
Negative staining

Transmission electron microscopy
Cryo-fracture (200 x 200 nm)

X: 111.66m

AFM

Nanosomes adsorbed on golg [Casuso et al. Biosens. Bioelectron. 2007]



‘ ¥ SPR response of OR17-40 to
odorant stimulation

— ~—

Whole yeast Nanosomes
Bioluminescence Surface Plasmon Resonance
A B
- D\?’T: Helional 550 -
Q2
24 0= .,5) ~~  Cassione
8 _ U 200
S - ﬂ,?‘ﬂ"k Piperonyl acetate E:)
E*g = ' o 150
53 R S
28 . a 100
2 - Y Anhleder g
= @© o -
qc_;v + _~~ A, Octanal % S0
@ 0 n szrgﬁ
=0 L e v — %:\ } vanillin 0 A .ﬁz_‘
O -9 -8 -7 -6 -5 - 10 -9 8 7 B -5
Odorant concentration (log M) Odorant concentration (log M)

Same functional response, odorant-specific, and dose-dependent

--> results from the behavior of the receptor itself upon odorant

stimulation
[Minic et al. Lab on a Chip]



“ How to immobilize the nanosomes on the gold surface

Immobilization with the /v- i \ ’v "' \

mADb anti-c-myc or anti-HA: g G

Specific adsorption by the tag (§ )

\
- Unspecific adsorption againts the
nanosome membrane or BSA (2%)



@@ PLL-g-PEG-biotin: ucontact printing

Ab* <>

Nanosome *"" ‘ " \ O

o= E -~ ;
«»Ab-blotin < - by ﬂ(

Streptavidine

(SA™) Anti c-myc-FITC
Texas-red



Nanosomes- Electrode
functionalization:

AFM

Nanosomes solution: 30ug/ml, 2min

Functionalisation on ITO

Nanosome carrying OR 17-40
c-myc tagged

<—— PLL-g-PEG biotinylated
~— ITO orAu



2 “pMmMMA microcontact printing

stability
ot the transterred protein ?

(Aspect ratio 6. ©= 5 um) (Aspect ratio 3. @= 2 5 um)

—_ TS

Il
30 bar . e ‘ o<l
aum =
T =
R
7.5 bar '”;'IT':" T
CEr Coce
No disruption of the
protein at 7.5 bars during
the transferring <
M. Pla-Roca,J. Samitier et al, . procedure

Langmuir 23 (2007) o o



M 7 Nanosomes immobilization on gold
substrate

Structural characterization of nanosomes in liquid medium

- Nanosome sizes: most around 50 nm
- Surface coverage increases / larger nanosomes
* Functionalization tends to diminish coverage

)

=
-

Sonicated Nanosomes on thiol functionalized gold (coverage 10%) I .

0 30 100 130 200X[am)

Sonicated Nanosomes on bare gold (coverage 50 %)

Casuso, Samitier et al. Nanotechnology 2007]



ﬂg Electrochemical Biosensor
e

X:111.6nm




Biosensor devices

Sensors & Actuators B 116, 66-71 (2006)

silicon platinu

silicon




Biosensor Instrumentation

2nd stage Polimi amplifier
auxilary circuits
(current compensation,adder,...)

Electronic
| | front-end

DC A HEACHDC

¢

nanoelectrodes

S

Electrochemical
cell

. Lifiom
| Irput tange! £11.837108 | Curnor OV
| Input coupling: D

T

w EIS
[ L -~ Irput Channel: - T

~Acquisiion Selings ——————
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J. Samitier et al. Biosensors &
Bioelectronics 21 (2006) 1393-
1402

J. Samitier et al. Biosensors &
Bioelectronics 22 (2007) 1550-
1555

0.184

0.15+

0.12-

(RAm'Rou) / RMH‘I
2

Biosensor test

(1)  Octanal
(2) Heptanal

3) Helional X (1)

g )
4 §/~§ (3)
ié,;

1

-12

I

-10

)

-8
log C,
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But our device is near...!
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 Introduccion Nanomedicina
e Bionanomateriales para diagnostico

 Bionanomateriales para medicina
regenerativa.



q Cells — universal basic unit of
all organisms

|Nematodes (959 somatic cells + ca. 2000 germ cells)

Mice (~10*2 cells)

Humans (~10*4 cells)

& .
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Some Open Questions in Cell Biology

A "FQ o LA 1. Whatare the basic
. 1‘“: _:A‘;. = .._:- ".. : .._._._-_'_- e 4| ‘
e Y v 1 ~puinciples of l;ell
DEterlT"ﬂn'l'le‘_ e orga‘nlsatlon

, 2¢*"What |sacell state’*’ "

"3 How much and what type
~ of surface |nteractfon§ do

cellspeed? -t

y 4. Whatis “biocorrlpatibility”?

3 *
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- The Immune System Controls

Problem:

Each surface contact
Is a receptor-ligand
process and can
change the cell state

Solution:

Not to avoid but to intensify surface
contacts. Imprinting of cells!

===l UNIVERSITAT DE BARCELONA
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Billions of Cells per Day

Lymphatic system:

Memory cells
Cell activation

Thymus:
Cell controlling

Bone marrow:
Cell proliferation
- Differentiation
- Cell evolution_

Spleen:
Cell elimination

Cell modification



Cell-to-cell interaction

LECTIN HORMONE

Cell-to-cell interaction

CYTOSOL/CY TOPLASM

In vitro culture - always the same neighbours,
—> an ocean of uniform properties!

===l UNIVERSITAT DE BARCELONA i .
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Why nanostructured substrates?

= |Importance of cell — substrate interaction (cell guidance)

_ Nanoscale
= Adhesion biochemical

- Prolifﬁrelltion and tepological
= Morphology

= Migration

= Differentiation

* In their natural environment, cells are surrounded by a
nanoscale topography

| UNIVERSITAT DE BARCELONA
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Polymer Hot Embossing
NE

= Fabrication techniques:
= Nanoembossing (polymer replica)
= E-beam and Focused lon beam lithography

Pressure + heating

- G

200 nm lines 300 nm posts

Mills, Samitier et. al. Nanotechnology 16 (2005) 369-375
Mills, Samitier et. al. J Biomed Mater Res 76,781-787(2000) 0o 6.
Lemed uaversarpe sarceona. Mills,Samitier et al. Microelectronic Eng 85(2008) 1897-1901 ¢
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Cell-material interface
characterisation by FIB/SEM
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Structurisation alone is insufficient.
Artificial imitations of cell surfaces are required!

What has to be realised:
1000 up to 10000 macro

b [ [ w@hﬁ@l;@lﬁé
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‘ Introduction
Bio-MEMS/NEMS & functionalization

v’ Interactions occurs on » surface modification » functionalization
interfaces

biomole

. cule B biomole
hionidle” ® | e “cule
cule A cﬁ.

A
surface ™ biomole
cule D
v Surface functionalization introduces suitable ¢

S=@=l  UNIVERSITAT DE BARCELONA functional groups to a surface.



@ Patterning techniques
state-of-the-art

v A variety of techniqgues have been developed to site-specific ally immobilize
(bio)molecules onto surfaces.

ink-jet soft-lithography Dip-Pen ™

v large area LmLmLg v large area "" v nanoscale
% large spots x ink diffusion . ., v position/pressure
v x pressure control e 7‘! control
e —. ¥ time consuming

v" Biochemical patterning of surfaces has multiple
applications in biochemical sensing and biomolecular Y

il L:NW[—:RSI'B\%ARC.I—'.r.:m,x electronics. m
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Inverted microcontact printing

ailerns Oyl PRIMA stroctires (Moorescent antifils onectn stammg) and B854 Blockmng

1 atlen
AR: 20 AR:10 AR:5

Filsonect

F
& pum lines _

AR:10 AR:5 AR:2.5

G
10 um squares :
Inverted microcontact printing

E. Martinez,J. Samitier et al, Nanomedicine 2007



& PMMA microcontact printing

stabilny

(Aspect ratio 6. ©= 5 um) Aspectratio 3.@=2 5 ,.m)
F; AR of the transterred protein ?

)

30 bar . » .
=
ey~
7.5 bar s N
88 mlm
[ [ &

M. Pla-Roca,J. Samitier et al, Langmuir 23 (2007)

Manopattemning of proteins
{120 nm lines, stamp AR 1)

No disruption of the
protein at 7.5 bars during
the transferring
procedure

Bl UMIVERSIT:
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SEM pictures of MSC
cells cultured on
microstructured
PMMA

Confocal pictures of MSC
cells cultured on
microstructured PMMA with
irregular structures and 50
donut structures.

UNIVERSITAT DE BARCELONA 1
B e



I;Changes In contact angle and cell
morphology

110 e holes
o posts .}
105 +
3 100 $
2
z 95 {
g
g W fm———————— e e e
o
&5
80 -
75 : : .
pristine PMMA 100 25 4

Structure area / um?

C. Mills,J. Samitier et al,
Small 2007 O ..

E. Engel, J. Samitier et al, C
Annals of Anatomy, 2008 h
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In collaboration with Prof.
Gustavo Egea (UB-
Hospital Clinic)
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Changes in cell cytoskeleton

Flat PMMA  20um | Holes 10 um Posts 2 um
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Alteration in Golgi complex

Hnies 2 um Flat PM MA B % Collapsed 0% Normal

2um_ 5um 10pum. 2um_ 5uym 10um Flat Glass
Holes Posts

- Compact Golgi
complexes increase on
micropatterned samples

Posts 2 um Posts 5 ym , .
M. Estévez ,J.Samitier et al,

= INI\'F-.I-!?«'I'L-\'[!QL&R('J-.I DM A Sma“ 2010
(B




3D
Structures

(A) Human umbilical vein endothelial cells cultured on the inner
surface of a 1 mm diameter Chitosan tube structured with 17 ym
wide, 1uym deep channels positioned perpendicular to the long axis
of the tube [bar = 45 um]. The cells can be seen to align to the
direction of the channels.

(B) Cells positioned in separate channels extending their ECM
over the adjoining 1 pm tall wall to contact their neighbor [bar = 30

Mml.

(C) Cells cultured on the non-structured areas of the tube display
random alignment [bar = 120um].

(D) Confluent cells on the structured support after four days
culture [bar = 50 uym].

J.G.Fernandez, Mills, Samitier Small 5 (2009)
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cellular microarray applications

PMMA chemical activation

Santiago protocol and protein printing.

a) NaOH 12h
b) HCI washing

c) EDC HCIIEDIPMPFP

Activation

o
~-,rri*--,ir b F gl F '-.ni'-...l

|
rE .-'u!!--'u].--'u il

S e B D g A

. PMMA-PFP |
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d) Printing Fn
with NP

¥

-., .....

?:h:bn o e :-c n-c:

l e) Passivation

with 2% BSA

Agarose . PED-like AD Glass
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EthD-N signal

Cell viability comparison between substrates

0 & Viable cells
i I m Non-viable calls

S 30- [
S

= "

a 154

&

3

z u T T T = 1

AD-Agarose a-PMMA, AD-Glass PEO-like

Substrate
Fluorescence images of cell viability for cells growing on
spots with Fn360 1% A555 in PBS (10 drops spot size) for
the four substrates assayed (up) and plot for viable and
non-viable cells (down). Bars represent the mean values
from 10 spots, and the standard deviation associated.
Calcein signal, in green, stains viable cells EthD-IlI 5|gnal
,in red, indicates non-viable cells.
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‘ Test of the optimised parameters with MSCs

After 8 days of cell culture

Cell viability higher >99%

(green staining, calcein AM)

Successful
cellular
microarray
formation
500 pm
SSSS UNIVERSITAT DE BARCELONA - Rodriguez-Segui et al. “Influence of fabrication parameters on cellular microarrays

@ for stem cell studies”, J Mat Sci: Mat Med, 2009.
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C2C12: Differentiation pathway
@ C2C12 myoblast

Low serum Low serum +
BMP-2

4 days
Myocyte Alkaline phosphasg A,Lf_ -
AP 0.
Osteoblast Ny g;d‘ &
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Next challenges

Smart Biomaterials

Drive tissue regeneration and minimize immune
response and inflammation

Develop smart biomaterials, with desired properties and
precisely tuneable biological functionality

Cell based therapies

Use of nanotechnologies for developing appropriate
and stable cells and tissues

B/
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ﬂ Perspectiva 2020

En els propers 10 anys la
nanomedicina possibilitara
tractaments innovadors per
malalties cardiovasculars,
cancer, enfermetats neuro-
degeneratives | diabetis.
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Muchas Gracias!




Nanobioengineering Group
They are the protagonists!
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