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4ea*™"  Nanomedicine at IMDEXanociencia

Magneticanoparticles for hyperthermia treatment to cancer Sensors and Drug delivery based on oligonucleotides /A
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dea ™" spinal Corthjury (SCI)

Spinal Cord Injury -
] ] _ ] () Paralysis »
After aSpinal Cord InjurySCI), communications D / Gamgi Sk Cond LY |
njuries 7 .
Patient will develop complete motor and i ,

sensory loss below the level of the lesion ‘ﬂ
with the return of bulbocavernosus reflex.

between the brain and the neural circuits that dictate
movement are interrupted.

Spinal Cord

Inju
Fractured — Ny

Brain, muscles and receptors are working, the el A
connection is lost |

paralysis: paraplegia / tetraplegia
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Between 250 000 and 500 000 people suffer a SCI every year
(WHO)

In European countries 1020 per millioninhabitantsyear
Estimated lifetime cost iUSfor complete tetraplegia

occurring at 25 years old is over 5 million dollars
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Spinal Cord Injury (SCI)
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Qo .
= Spine: 7m long
N Spinal cord: 4@5 cm long
o 1 cm diameter
=
2 Caivieal | C4 injury
= sivica #Zi .~ (tetraplegia)
- Spinal cord ;,'
o Thoracic
o e
2 Nerve roots q 3 &6 injury
© (tetraplegia)
; M ) Lumbar sy . 4
= eninges sacral —AZJiNRS T6 injury
= Gt | (paraplegia)
= Coccygeal
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(paraplegia)
_ European SCI Federation webpage
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R.PBungueet al., Advances itNeurology 1997, 72805313
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Spinal cord anatomy

Dendrites
Nucleus
Axon hillock

Gray matter Dorsal  Visceral sensory nuclei
horn

Somatic sensory nuclei Synaptic terminals

Firing of

Dorsal root action potential
ganglion \ ‘

(<) ' Synapses

et : Upper motor neuron

e [ Afferent sensory .

i Lateral / information | : Myelin sheath

(&) horn Signal conduction \. 1

w through axon /

= \ Efferent signals to AVa" Nodes of Ranvier

muscles and glands I
z Ventral — via the Ventragl root Neurotransmission ¢ 0 T
— root at synapses 2 furiction
V:ntral Somatic motor nuclei
o] \
i Autonomic efferent nuclei Lower motor neuron ’ \— \
] Muscle action potential
A white matter: bundles of axons initiates muscle contraciton g
) e A gray matter: neuron cell bodies A Motor information Muscle
B Tt A Sensonynformation
2 © A A Automatic nervous system

y

H. Katohet al. Front.Cell Neurosci 2019, 13, 248
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Autonomic nervoussystem(ANS regulates
AHeartrate

> ADigestion
& ARespiratoryate - L
s AUrination sttt
= A Sexuabrousd - 7 e
It acts mostly unconsciously | — —
It is not only motion that is losh S@ =
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AX ¢ 19 century: An ailment not to be treated
A19h ¢ early 20" century: Desperate treatments

AThirties of the 20th centurystabilizationwith
pharmacological treatment

Essentiathe discoveryof penicillin1928 Alexander
Fleming ¢ Antibiotics

AThirtiesc seventies How tosurvive?Stabilization
andrehabillitation

AEighties: :
How tocureSCI?

W. H. Donovan, Bpinal Cord Med007,30,85100

Donald Munro(1898;1978)
Father of paraplegia
First SCI unit in 1936

JohnYoung (19181990)
establishmenbf global
rehabilitation
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A Inaugurated in 1974

A Extended in 2013

A Global rehabilitation

A Leading research

A Awards received each year

https://hnparaplejicos.sanidad.castillalamancha.e
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Two strategies:

1. Biological regenerationtake advantage of theegenerative capability
of central nervous system neurons in the proper environment
A cellbasedtherapies
A Scaffolds
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2. Neuroprosthetics use of devices that interface with the nervous
system with aim to restore lost functions
A Stimulationtherapies
A BrainComputer Interfaces

(X Training rehabilitationis always essential



m i stiuio (N Excitotoxicity, Hemorrhage, Oxidative stress, etc
( SEVERO - - - Severed axons : :
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= cell), demyelination and axonal degeneration
& 2. Intensivelocal inflammatory response leatts
- A activationof residentmicroglia: scaforming S—. T N —
D Activated microglia
y :, aSt rO Cyte S pg::ggﬁ;::;;’ggt:@ (Neutlrrggﬂrlr:g‘/altzg: r%?)"tfages)
“ A infiltration of macrophages
z 3' Formatlon Ofgllal and flbrOtIC Sca’rs Axonal dieback Demyelinated axons  Myelin debris
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A Prevent the spread of injury —
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)0 00
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' . . Oligodendrocytes Resting astrocytes Cavity Glialscar  Resting microglia

H. Katohet al. Front.Cell Neurosci 2019, 13, 248



Biological regeneration

1. Cellbasedherapies

Transplantation of neuratem/progenitor cells (NSPYJato the lesion
site to make it a hospitable environment.

A replace damaged cells

A provide local neurotrophic factors

A promote axonal sprouting, regeneration, and remyelination

A promote neural plasticity

Fibrin matrix
rhesusmonkeys NPCs plus

2. Biomaterial scaffolds rightside Chemisection g g

LYLE Fyadlrdazy 2F | wadl 772 & 2o
axons with a substrate on which to grow and to restore
tissue continuity.
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A Support for axonal sprouting and growth

) e A Deliver growth/vascularization factors and drugs

host white mattercaudal 6 mm
Rosenzweig adl., Nature Medicine2018 24,484¢490 to the lesion site
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Biological regeneration

- 1.Celtbasedherapies
2. Biomaterial scaffolds

= Not an easy taskpoor translation of successful
e strategies in animal models of SCI to human patients . .
& ) : - Fibrin matrix
o Need to determine the&egeneration of specific rhehstus_gnor(lzl;ﬁys secti NPCs plus
= (chemical neural tracers) ’
) CN )
o0
) O 00
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host white mattercaudal 6 mm
Rosenzweig adl., Nature Medicine2018 24,484¢490 to the lesion site
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Two strategies:

1. Biological regenerationtake advantage of theegenerative capability
of central nervous system neurons in the proper environment
A cellbasedtherapies
A Scaffolds
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2. Neuroprosthetics use of devices that interface with the nervous
system with aim to restore lost functions
A Stimulationtherapies
A BrainComputer Interfaces

(X Training rehabilitationis always essential



Neuroprostheses

Neuroprosthesesre devices that use electrodes to stimulate and sense the
nervous system including muscles, nerves, spinal cord, or the brain.

More invasivethan biologicalregenerationbut presentlymore advanced in
humanapplication.
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2quent 0.6% Since 2015

M Incomplete Tetraplegia

: . M Incomplete P legi
ncomplete Paraplegia

) . .. - o E
: . 7% B Complete Tetraplegia

Normal
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Stimulation therapies

Parastep |™

System

A FES: Bihctional BectricalSimulation. Electricaherve stimulation

A TENS: Transcutaneous Electrical Nerve Stimulation, with electrodes
are positioned on the surface of the skin

A Sensorimotormprovement using FES for generating
movement in paralyzed limbs (better than passive
action alone)

The Parastep |™ is a
microcomputer controlled
functional neuromuscular
stimulation (FNS) system that
enables independent, unbraced

7 ambulation (i.e., standing and
.‘ - o i o walking) by people with a spinal
cord injun

https://www.sigmedics.com/

M. vanBloemendaaeét al., Trials 2016L7,477

D. RGateret al.,NeuroRehabilitatior?011, 28, 234248
J. LCollingeret al., J. Spinal Cord Med. 2013, 36,52
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Neuroprostheses Nerve cuff smmcemen? o

=
- - - Wrappedaround R R R e =
Stimulation therapies
A FES: inctionalBectricalimulation. Electricaherve stimulation Epimysial mgfﬁé\)
A TENS: Transcutaneous Electrical Nerve Stimulation, with electrodes e ,,;
are positioned on the surface of the skin Flg e
A Sensorimotormprovement using FES for generating Sem—— s £
movement in paralyzed limbs (better than passive Percutaneous
action alone) intramuscular =~
A Bladdercontrol (FES at thpudentalnerve)
A Cardiac and diaphragmatic pacing
A Pain management -
A Truncal stability

D. RGateret al.,NeuroRehabilitatior2011, 28, 234248



Stimulation therapies —

A EES: epidural electrical stimulatid@ectrodes placed on
the dura mater of the spinal cord

A ISMS: intraspinal micrestimulation.

Central pattern generators (CPGs) produce rhythmic activity
of the limbs without requiring any sensory feedback

A Chronic paralysis patients regairoluntary control of
paralysedmuscles
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A Use of spared circuit: connections silent due to damage of
myelin or ionic channels

. 0 i C. AAngeliet al., Brain 2014, 137, 1384409

o O University of Louisville / University of Californi
®

) @ @

J. LCollingeret al., J. Spinal Cord Med. 2013, 36,52
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voltage measurement
——  electrodes
for bioimpedance

Usinginformation of muscles motion or organ state as input for FES/E

| stimulation
electrodes

EMG:Electromyographyelectricalactivityin muscles

3 current insertion
o —-4——@—— clectrodes

s % for bioimpedance
= iiea
"5 T. Schauer, Annual Reviews in Control 2017, 44,335b
st skin electrode  epimysialattached directly tahe muscle)
- Finetech /\edical
ENGElectroneurographyelectricalactivity in nerves
b ©
o0
)& O _ )
e flat interface nerve Utah Slanted Electrode Array

) @ ® electrode (FINE) (USEA)
E H.Rijnbeeket al.,Neuroprosthetics Front.Neurosci 2018, 12, 350
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Restoration of walking with spatiotemporal selective EES

i s 0 Motor intention
Multidirectional 7 .

EES activates motor neurons by recruitpngprioceptive

gravity-assist g Propulsion ™ e Decoding of
residual kinematics

4 camerse - ) B circuitswithin the posterior roots of the spinal cord
K. i@@\ \, \ & Spatiot [ f Extracti
ey c ; » Spatiotemporal map o xtraction
: - b Linsion pﬂﬂg'ggﬁﬁﬁof (3] EMOaolvh:uigiwe Sleps motor neuron activation of hotspots
& i | core : e
f : & sCI PN 4 i r ’ L N | acg *lf‘ﬁl ce !k/' /)
z Wirg'asé | i. Lumbosacr?li . 7 sra)?er:d \ ) //
o ° \ spinal col J EES ) )
_ o < R
z H‘— = Spinal—y ,—Electrode & Propieon | e
— Ground reaction ) cord Overlay amay & '
forces 3 ﬂ |
\ |
__/\’\’\__ ‘. Stance  Swing Stance 'Swing
© T e poe_ank fine-tuned the timing of each spatially selective
. - stimulation train using aclosedloop controller
‘ Inclusion Surgery conﬁE;E?ation Rehab:(lét%ug:t;vs:§h s duringusst?:g)fl Estsension H H H
] ). ooy @ % @00 ¢ & @ that triggered EE8n the basis ofoot trajector
9y —O—XW
' »-.. .. Timepoints sggee.ry rehagi:liet:ation e\’:{al?l?z:{}gns reha?b%&tion
) @ @ Targets: posterior roots associated with muscles that F. Wagner et alNature 2018563,65¢71
mobilize hip, knee and ankle joins E.Formentoet al., NatureNeuroscience 201&1,1728;1741

EPFL (Lausanne), Grégdbaurtineteam
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Restoration of walking with spatiotemporal selective EES

Instructions ‘relax’i ‘PUSH" | ‘relax’ 1 1. Voluntary motion: Without any voluntary contribution, EES
i 1 induced minimal muscle contraction
| | . . . .
e i i 2. Restoration of walkingvithout stimulusafter 5 months
L T . .
© : i (initial spare connections must exist)
b Targeted EES OIFF OlN OFF
o Phases i @2 @E @ Initial leg motor score, P3: 0/50
z Right Left Left Rigpt Fu‘oed age
= .
=

) l‘ ' ’

Foot vertical
position
10 cml

LeftTA, L
0.2 mV | e

L Lo
| 1 T 11 l
Right TA T ) 1 ‘
wmxrr“w
Left IESIETE I
G W Canotwak B W W
—1s




BrainComputernterfaces (BCI)

EEG Signal acquisition Signal processing Device
E

W}W ] etnion = st —\ 1. Acquirebrainsignals

Raw signal

Communication Environmental control

2. analyze thenand translate
them intocommands
3. output to devices or FES/EE

N Bt ey

= ". o ~——
‘:\ \ e
'4 =

The act othinking about performing
a movementstransformed into a
commandandareal action
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Artificial intelligence algorithms are
essential

Shih J.J. et al. Mayo ClRroc 2012 87, 26&279
C.Pizzolatcet al.,Exper Neurology 2021, 339, 11361
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Signal acquisition

o by - A EEGelectroencephalography
K Single unit ,*,,L',_“"m‘ A ECoGelectrocorticography :
© E - . : Brain-Computer Interface
Raw signa A IntracorticalMicroelectrode o — -
,__: Bandpower Linear K Detection
=~ Extraction [| Classification Refractory Time)
® 7 l
s ..
= cce £
a Acquisition
PR
% ) v
o B -
= - FES Device
© ' Grasp-Pattern
o
- . 3 channel
& Stimulation
[ L ® E
intendiX
USER-READY BCI APPLICATIONS
) o0 http://www.intelimed.es
® @
) ® 00
o0 ©
) @ @

G.Pfurtschelleret al., NeurosciLett 2003, 351,3836
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Signal acquisition

Ay o

EEG
ECoG

Single unit

mwwn-  |ntracortical
Raw signal .
Microelectrode

e E 8

NeuroPortintracortical
microelectrodearray
(Blackrock Microsystems)

approved by the FDA

96 microelectrodes in the motor
cortex of a human

control of the arm and hand over a
broad space without explicit training

BrainComputernterfaces (BCI)

L. R. Hochberg @tl., Nature 2006442,164¢171
L. RHochberget al., Nature 2012, 485, 3¢375
Rhode Island

J.Collingeret al., Lancet.2013, 381, 55q¢564
University of Pittsburgh
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ECoG

EEG Signal acquisition

Single unit

RN — |ntrac0rtiCal
Raw signal .
Microelectrode

A(_' Arm movement leae =4
& - Mo
. C.E. Bouton «dl., Nature2016, 533,247-250
& Ohio StateUniversity

NeuroPortintracortical
microelectrodearray A
(Blackrock Microsystems)

Patient Cable

Recording array

& Pcnuu::':y I
S 09090 e
4 . __— Implanted lead
m Exemal C T e
\ </ /)] \\ , {Stimulator |
= . 0 N Percutaneous
on ﬁﬁﬁé—/ = m:l‘:":‘ lead c'unnector
Cross Section of Body 'gncfn'?gﬁﬁgfd
. / e 4'
. . > - e [ —
percutaneous muscle stimulating electrodes - ‘ L — -
. . . Mobile Arm .
(Synapse Biomedical, Oberlin, OH) A.Ajiboyeet al., Lancet2017, 389, 1824183

Cleveland / Rhode Island / Boston
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Bidirectional brain-computerinterface with two :
Intracortical microelectrode arrays:

A Records neuradctivity from the motorcortex

A Generategactile sensationdy stimulationof the
somatosensoryortex

I
Medial Array

Stimulation driven in real time by sensors in a
robotic hand
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Stimulation Amplitude (uA)
2888838338

01 02 03 04 05 06
Finger Joint Torque (Nm)

A Patients improve performance on functional tasks

At GASyda wisStdQ | syaluxz
) @ own hand

ANt UOAY

@ .
S. N. Flesher et.aBcience 2021, 37831-836
University of Pittsburgh
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Ideal Electrode Biological Failures Material Failures Mechanical Failures
Limitation: Thin rachnod e
. capsule Thick arachnoid capsule Cerebrospinal nsulation damage $\ I / Sukive

BCI requireglectrodes _% S — N
permanently implanted sikd w v 7 - Mechncn lT’QQD

2 sp:ce-d /\fd] ’ 2 : ' Meningiti remom\
— Arachnoi Bleeding eningitis o -
’ i) . . . . Subarachnoid / O c::::ks
o Applicationof intracortical -
= microelectrodes igurrentlylimited srondope ) necion rarsiing
— ilicon liosis delamination
<~ because they araot able to ) | e - TR /
= - . Parylene C X Broken

reliably recordneuronal signals Ap R ' e ﬁ .

I A Neurona % .
chronically LAAB oo T e A

Platinum A A A \A {

electrode tip A
A A A VN A
@ AA o A Aa © APA Sp
A Neurons " Macrophages O Blood Vessels {( Astrocytes @  Red Blood Cells .{‘ Bacteria

Microglia (green) form
a compact scar

J.Barreseet al., J. Neural Eng013, 10, 066014
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Glial response to implanted electrodes

| Traditional Devices Next-Generation Devices Seamless Integration
@ ~10° GPa
== 3 Softer material
o 3 §
= i | ] )1 e |
= ~10% GPa - @ @ Kal>
© ] == —) —F e
2 2 " Smaller features Immuno- o N N
= engineering
(ge}
g \@/'
Surface modifications
L s - Preserved architecture of native tissue
- Large, invasive - Improvements in tissue response L ihalardianding Kooy anablass
- Rigid, non-compliant - New challenges in: S ONar st ngs ce?:r rationa.l
- Poor surface chemistry and topography » Fabrication, insertion, coating stability a:proach':s t:l:iointegfation
) @
LX)
)& O
@
) @ ®

J. WSalatincet al., Nat Biomed Eng. 2017, 1, 8827



‘ nanociencia Ultra-fine polymerprobes

A total of 3072 electrodes in 96 thread

Together with a neurosurgical robot for
Implantation

(]

No longterm implantation
performance provided

/.nanoscience.im

¥ CN )

) @ 00

: .) @ ‘%3 E. MuskNeuralink J Med Internet Re2019, 21, 16194

https://neuralink.com/approach/
https://www.youtube.com/watch?v=DVvmgjBL74w
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@l dea®™" Nanotechnology for SCI repair

Nanometric motifsaare of similar length scale to that of the biological entities

Intimate interaction with the cellular features
A Mimic more precisely the structure of human tissues (better mechanical matching)

I MAdea
T>

- A Reduce inflammatory gliaklls /foreign-body response
= A Improved charge transfer / reduced impedandavor stimulation or sensing of cellular activities
(e b)
P A Promote preferential stem cell differentiation into specific lineage
=
How big i ?
2 OW DIg Is nano _l
c Tl e [Relative to cellular scale
' human S Qﬁ i
g mesenchymal | 5:«5@
= stem cell vévé
2 NN
E, 6 %@ Mgb
.;Ei; 4 X 'é':’v:- ‘!'
) ( 2
00 I ‘ y
] ( e ]
. @f’ ) . 0 /\ ﬂ ” ’I | icrogli { 0; Activated microglia - Electrode
- A B c D E F G H | J K L ] ) ,
) @ @

S. G. Higgins et al., AdWater. 2020, 32, 1903862  D. Scainiand L Ballerinj CurrentOpinion in Neurobiology 20180,50;55



@l dea®™" Nanotechnology for SCI repair

Nanometric motifsaare of similar length scale to that of the biological entities

d

= 1. Neuroprostheses
- 2. Scaffolds
s:o How big is nano?—l
c Tl e Relative to cellular scale
human ' BN |
6 mesenchymal %‘gé‘@
£ stem cell D;D}:é
z@ggf
'g 4 Qfé" y
) ( &
o0 I
ghis s Ll
@ 0 1

A B C D E F G H | J K L

) @ @
S. G. Higgins et al., AdWater. 2020, 32, 1903862  D. Scainiand L Ballerinj CurrentOpinion in Neurobiology 20180,50;55
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2pm M — 10um~

hMSCafter 7 days

V. Cirillo et al., Mater Sci: Mater Me@014 25,
23232332

Cell settling depends on:
A dimensionsof the individualnanowire
A densityof the nanowirenetwork

N. BuchMansonet al., AdvFunct Mater. 2015, 25, 3243255
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Nanotechnology for regeneration

Carbonbased nanomaterials: Carbon Nanotubes and graphene

/
/

INJURY + SCAFFOLD|

gf‘*'\\}\s\ < 2

D
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A reduced graphene oxide scaffold

A 3D carbomanotube mesh
promotes the growth of new blood vessels

) ) @ promotes the spontaneous regrowth 4 I
: o 0. | of neurite bundles and neural axons
20 S. Usmani, IBalleriniet al. Sci. Ad\2016, 2, e1600087 E. LopedDolado,M. C. Serrano et al. Biomateri@816, 99, 7281



@l dea®™" Nanostructured electrodes

H 0.2
o Carbon nanotube coated electrode
i Improved neural recordings from the monkey visual cortex
o 100 ms. larger amplitude responses
i ' lower 60Hz linenoise peak
: :gg}trol
5
o B E. W. Keefer et al., NaeiNanotech 2008, 3, 434439
z (Hz)
Platinumsilicone composite electrode
elastomeric
SUb;"ate drug delivery drug delivery electrode
! [ Y interconnect AR 1um —
' . = ‘l? j == 7 ’7, p'a‘;‘)‘r’n”;";:;;o"e interconnect /5 : #
. . (@ e s - elastomeric substrate
LV, / .} ------------------------------ \
D © /] p dura mater spinal tislue
(& 3 mm electrode . 1um
) @ @

. RMinevet al., Scienc2015,347,6218 159163
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nanociencia Nanostructured electrodes
Metallic electrodes for sensing and stimulation at a single cell level
- A i ii
T m_ .
@ ! stimulus
: Jm L_JLMM’_ pipette
- A. Hai et al., Bleurophysiol 2010, 104, 5568
- M. E.Spiraand A. HaiNatureNanotechnology2013, 8, 118124
i3 b Nanowire voltage measurement Nanowire current injection
Capacitive Faradaic
o 00 Fa\SMAN
® @ Vw Viaw -
' Q ‘ Q 50 ms
©® © Many steps - expensive
) @ @

J. T. Robinson, H. Park et al. NatNenotechnology7, 18@184
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wards a pypass
T?or neuraP.yp
reconnections

Aim:use NANOTECHNOLOGY to impkitv& RAL INTERFACES
A Minimize the risk ofnfectionsandforeign-body rejection
A Enhanceefficiencyandresolution

To be able to address directly tis°INAL CORD

We tackleboth directions of interfacing
A Stimulating flexible nanostructure€ELECTRODES
A Sensingroomtemperature ultrasensitive MAGNETIC SENSOR!
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Stimulating electrodes

We take inspiration from previous works:

b Nanowire voltage measurement Nanowire current injection
Capacitive Faradaic
i E| ..//w\i E
(<b} = n =
;’ . Amm ; Vw Vw
i M " e SO
any steps - expensive . ]
e y step P J. T. Robinson, H. Park et al. Négaeechnolqgy 180184
o
= We want electrodes: & High efficiency
A Low tissue disturbance: flexible electrodes
A Fast mass production
1. Polymeric 2. Metallic nanowires
nanopillars : grown by template-
fabricated by assisted
) PPN nanoimprinting electrochemical
ition
o0 depositio
) ® 060
@
) @ @
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1. PolymeridPS, PDMS) electrodes with nanopillars

Vil

L=2um, D=500nm, p=1pum

Nanoimprinting

Carbon Nanotubes

PSSWCNT

(diameter 500 nm)
Isabel Rodriguez team

Stimulating electrodes

2. Metallic (Au, Ni, Pt) electrodes nanostructured by nanowir
Templateassisted electrochemical deposition

AT
> WL

s LLLLELLELLELET
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Polymeric nanostructured surfaces

Polymericnanopillarsfabricated by nanoimprinting

Biocompatibility study:

Y S,

» ’
&

postnatal rat hippocampus neurons

Cc

Neurons/mm?

500

400 -

300 -

200 -

100 -

=

—

Control

PS-NP

PS-CNT-NP

D

Neuroglial nuclei/mm?

1500

1000 -

500 4

=

Control

PS-NP

PS-CNT-NP

with LauraBalleriniteam

Spontaneous activity
100~

80 ~
60

40

20 -

Correlated pairs (%)

Control PS-NP  PS-CNT-NP

|. Calarestet al., Adv. Mater.

Two patents:
PCTEP2020/078301
EP20382637.5

Interfaceg021, 8, 2002121



Metallicnanostructured electrodes

Metallic nanowires grown by templaiassisted electrochemical deposition
Biocompatibility study:

A Cells properly adhered in all cases (Celinplingfor Fe)

A Intimate contact of the cell somas and neurites with the NWs

with M. C. Serranteam

3 A Satisfactory viability/proliferation results
= A ENPCs differentiation: neuron networks with negligible glial cells presence
3 Ni NWSs Au NWs Fe NWs
o
< 2 f) 35
(ge} g B Live M Dead Fedek
— o 30 = I |
T £ 25 : . 500, —
E g 20 I é 4004
- :12: 15 .8‘ 300 - e —I—
W B 10 S 200
£ < s I 2 100 - =
>
] = = ol (] . 5 R 2 ' 1
® @ E 0  Glass AuFlat Au-NWs Ni-Flat Ni-NWs e Au-plivs
)@ @3
) @ @ENPC: embryonic neural progenitor cells

A. DomingueBajoet al. AdvBiosys2020 2000117
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Onbench electrode performance

Nanostructuredelectrodes (NWs) vé&latelectrodes

Electrochemical effective area: Electrical Impedance Spectroscopy :  Nanostructured (NWs)
<
S
=
£ Au Flat
— u .
o 0 Au NWe — effe_ctlve area
4 T —— Ni@Au NWs ~6 times largey
_03 1 | 1 | 1 ] 1 | 1 | 1 -| R T ":'Hlll Cin
00 03 06 09 12 1.5 10" 10° 10" 10> 10° 10° 10°
: . Potential vs. Ag/AgClI (V) Frequency (Hz)
o0 _ :
) & © Nanostructure increases the Nanostructure reduces the impedance and
e ® ° effective area Increases the electrode stability



dea ™" Neural stimulation demonstration

Stimulation tests on primary neural cultures
by graded waveforms of increasing duration

Reference S:;‘i;'gi‘;’l':t'gn APV/BIC/CNQX Stimulation (0.1 Hz)
b} electrode
= CaZ* live imaging
<) Neuronal
FRE h - S8.08 .06 culture %
w L—ﬂ Working O
o  Stimulator electrode = ’ \\J ’
= (@) \
© q.) PN A pedenar g, AN DUPED RPN o R J\MJ \‘J\\.\
= Stimulation (0.1 Hz) O
e S Evidence of enhanced
l 1 Al LL efficient stimulation for
1 / / / / - nanostructured
h L L ‘ D o electrodes
-500 mV E ©
) 50 100 200 500 1000 S S W, P\M |
L X Us Ws  ps us us *3’; O TP e A T e A S
q) —J5%AF/Fa
7 © o — 105
@ c o
) - @ S

with LauraBalleriniteam
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wards a pypass
Tj?orneuraﬁyp

Aim:use NANOTECHNOLOGY to impkitv& RAL INTERFACES
A Minimize the risk ofnfectionsandforeign-body rejection
A Enhanceefficiencyandresolution

To be able to address directly tis°INAL CORD

econnectiomns

We tackleboth directions of interfacing

A Stimulating flexible nanostructure€ELECTRODES

A Sensingroomtemperature ultrasensitive MAGNETIC SENSOR!
neuronal activity (10@T¢ 1 nT)




e | | dea 906 Magnetoencephalograph - need for cryogenics

Magneticsensors

Commercial system - need for screening

SQUIDs
(fTeslaresolution)

Sensors based ianisotropicMagnetoResistancéspintronic)
Non-contact sense the magnetic field produced by neuronal
activity (100pT¢ 1 nT)
Scalablearrays of hundreds of detectors

= Portable work at room temperature / body temperature
= Remove external contribution&Vheatstone o with Laurence
< config/differential meas. On-bench characterization Mechinteam
= Easy axis L B L L AL
© mm——) i 1
K & 100 £ _
efemmit e[ 1 G m “ll é
] S 10F :
2  ELSMO body Temp. :
b= L J
~ ' 8 1 — SUD InTresolution
) @ L3 7St MnO; (LSMO) thin films TG a achieved!
® ® -Pulsed Laser Deposition Yo w
) © @ ©-0On substrates witmanometric '
®  @races N | 1 10 100 1k
) @ ) Detectivity. noise floor, ~ Frequency (Hz)

error bar in the measured H
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In-vitro detection demonstration

In-vitro detection test with commercial sensors

Mouse-embryo spinal cord slice
ON
[eb)
Z Activity in axon
@ bundles
P pharmacologically
%) induced
o
Z 10____H;I TEX(inagtiveZ””o:::: .
_~perfusion 5 B b . e OFF
Activity
‘ sensor 1 104, pharmacologically
Sy, 85 90 95 100 105 110 115 120 125 130 blocked
= t(s)
reference
, ® sensor 2 Neural activity detected
P perfusion - Inreal-time measurements!
) o O (No average performed)
) @ . ® - Without magneticshields

with LauraBalleriniteam
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A Grade AThe impairment is complete. There is no motor or sensory function left below the
level of injury.
Grade BThe impairment is incomplete. Sensory function, but not motor function, is
preserved below the neurologic level (the first normal level above the level of injury) and
some sensation is preserved in the sacral segments S4 and Sb.
Grade CThe impairment is incomplete. Motor function is preserved below the neurologic
level, but more than half of the key muscles below the neurologic level have a muscle grade
less than 3 (i.e., they are not strong enough to move against gravity).
Grade DThe impairment is incomplete. Motor function is preserved below the neurologic
level, and at least half of the key muscles below the neurologic level have a muscle grade of
or more (i.e., the joints can be moved against gravity).
Grade EThe patient's functions are normal. All motor and sensory functions are unhindered.
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