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Figure 1.3-1. Schematic view of the project workflow and of work package interdependences.
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S Bioassays

Task 4.1 Murine Bioassay
UT (Lead), Duration: M01 - M36

« Screening of neurotrophin-like compounds
« Testing of 3D nanomatrices
« Test electrode array surfaces

Task 3.1: Interface-dependent stimulation patterns
UNIBE (Lead), MED-EL M01 - M36

« MEA technology
« To develop coding and signal shaping strategies

Task 6.4: In vivo bioassay with guinea pigs

UT (Lead), MED-EL MO1 - M36

Delivery of 3D nanomatrix into the deafened cochlea
Chronical implantation

physiological measurements

Cochlear histology
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Methods
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Screening of neurotrophin-like compounds -—..,l

Screening of TrkB agonists

TrkB agonist Literature

Massa et al. 2010,

¥ The Journal of Clinical Investigation
M H
_n | LM22A-4 Massa et al. 2010,
A HO 0 = o S
| The Journal of Clinical Investigation
Deoxygedunin on N
o, . Deoxygedunin Jang et al. 2010
7,8-Dihydroxyflavone ‘
PLOS one

7,8-Dihydroxyflavone Jang et al. 2010,
PNAS
Yu et al. 2013,
The Journal of Neuroscience

TrkB 7,8,3‘_Trihydroxyf|avone 7,8,3'-Trihydroxyflavone Yu et al. 2012,

Biochemical and Biophysical

LM22A-1

Research Communications
Yu et al. 2013,
The Journal of Neuroscience
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Screening of BDNF mimetics

P

loop 3 loop 3

BDNF dimer by Fletcher & Hughes,
Journal of Peptide Science, 2006
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Testing of 3-D nanomatrices

ACELLENDES

Cell » Environment ¢ Design
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HyStem™ Stem Cell Culture

by Pascal Senn
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—3 Testing of 3-D nanomatrices -47;

Methods

Spiral
Drop of 3-D - Immuno- . 3-D
nanomatrix ganglion 96 h Culture staining Documentation reconstruction
explant
I | I >
Day 1 Day 2-5 Day 5

see also Poster Frick et al.



Testing of 3-D nanomatrices

Tolerability / Toxicity

9
nanomatrices were

3-D nanomatrices Handling Stability Tolerability
Pam-AAAAGGGEIKVAV
+ + +

(Silva et al. Science, 2004) Background
BD™ PuraMatrix™ Peptide Hydrogel + + +
HydroMatrix™ Peptide Hydrogel + + +
3-D Life Dextran-CD Hydrogel Kit + + +
3-D Life PVA-CD Hydrogel Kit + + +
3-D Life Dextran-CD + PVA-CD Hydrogel

- + + +
Kit
AuxiGel™ - N. D. N. D.
HyStem™-HP Cell Culture Scaffold Kit + - +
Corning® Matrigel® Matrix + - +

highly tolerable and
showed no toxicity
on growing spiral
ganglion neurites.



NF200

Testing of 3-D nanomatrices

Tolerability / Toxicity

+ 25 ng/ml BDNF + 25 ng/ml BDNF

NF200
1000 pm

HydroMatrix™ Peptide Hydrogel BD™ PuraMatrix™ Peptide Hydrogel

- The presence of 3-D nanomatrices does not influendce neurite growth
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0.5% PuraMatrix

‘ Medium
& 25 ng/ml| BDNF

K

0.5% IKVAV-GGG-(RADA),-NH,
/ N Y Medium
\4}(25 ng/mi
Y S A

Scale bars: 1000 ym

Testing of 3-D nanomatrices modified by different neurotrophic epitopes and/or

neurotrophin-mimetics for functionality, biocompatibility and biostability



Testing of 3-D nanomatrices

Nanomatrix attraction and penetration

+ 25 ng/ml BDNF

3-D Life Dextran-CD Hydrogel

- Neurites were shown to grow on the 3-D nanomatrix surface.



Testing of 3-D nanomatrices
Strategies to improve nanomatrix attraction
Decrease of concentration
0.25% 0.15%
BDTIVI BDTM

PuraMatrix™

PuraMatrix™
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Testing of 3-D nanomatrices

Strategies to improve nanomatrix attraction

Establishing a BDNF gradient

0.25% BD™
PuraMatrix™
+ 50 ng/ml BDNF

Medium

Nanomatrix

~—

e

BDNF release from BD™ PuraMatrix™:

BDNF release fram 3-D nanomatrix [ng]

0.25% BD™
PuraMatrix™
+ 100 ng/ml BDNF

Medium

Nanomatrix

K]

o

. I I o -
: 2 1 4 v *

4 X1 e

(results of BDNF-ELISA from 0.6% BD™ PuraMatrix™ + 150 ng BDNF)

- BDNF is continuously released over time;
the highest release was observed within the
first four days of incubation.



Assay to test electrode array surfaces

Development of MED-EL silicone rings

Direct application into culture chambers

MED®EL
e
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Assay to test electrode array surfaces

MED-EL silicone rings in the spiral ganglion explant culture

Side view from
3-D reconstruction:

100 pm



SGN culture on MEA

-perform extracellular recordings
-recordings form a population of SGN and not single neurons like in patch clamp
-customize electrode surface (material, size, coating)

Physiology department University of Bern



Spontaneous activity of SG auditory neurons
in vitro (d18) on MEA
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Data by Stefan Hahnewald, IEB on Tuesday



___ Stimulating Electrode
| Recording electrode

Response profile upon stimulation
from MEA electrode

Data by Roccio Marta and
Tscherter Anne.
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Patterning approaches to increase recoding efficiency

Glass

Parylene
|
Glass

laser beams
| ] | ] I P
Protein solution
drying step

removal parylen layer
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In vivo experiments

— Deafening procedure

— Histology

— Physiology

— Cochlea-Implant Surgery
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Compound Action

Potential (CAP)

-~ .

Ve

L

~ .

dB SPL

active J ¥ fitered display Frequency (kHz) W plot threshalds

dAWERSUCHENGPAGP132\GP132_271100.005

. ) v’*a'k._r'h

Al [ o~ A\i;b’»r

; A ,4*.: Py =
Ayl ey osbas

/.“;"P'*f;. » !'Ur/ T b {J\v ".'“““"lr '.'\_l s v

M A A A | rkf'J Y e

J,v&‘n\n s P s 'ﬂ’ﬂr-"'- o A

T Sl V]
B e
UM AR hoabanty vaagh A e 'mf Lf g ’J',[Lv-"'y '5»)!)“;J Rr "i“‘if'l»'““ gt sl 2
Pl A (e A T A g ¥ bl adlpagar sarnse dvavens
VDT Drgep N o prie e S B s I PP oy A g Apiniey
Fefors st M Al Ao MRS pionts Ay "1'!‘,”‘.‘ Sy Agfegn paeds
Wertans i Wipdins AN A AR v p e .m,n'w. s el ]"'-.-, PAPAR Lafin o’y ap M

L TLEU [P TRV I PRSP SO P

Sy e MYy Apatas ot Il g M A e A b PRI I 'r“ J"W e L L R kL3

B S YL (S [T RUERULTRT (PN ML NI UM P LRV P en K

5 T 10 14 20 28 40 56 80 11.3 16.0 226 320 452

SIVENTH FRAVEADAC
PRI RAVME



B 120 ;

100 -

CAP-threshold (dB SPL)

80 1
60 -
40

20 1

CAP-Threshold
measurement

Left ears

0.1

TTTT

1 10

Frequency (kHz)

100

(@)
—
)
o

CAP-threshold (dB SPL)

100

80

60

40

20

%
y/;J/'/
flt
- -
SIVIMTH 7 1A VENDA
P AV

0.1

Frequency (kHz)

Muller et al.,

100

unpublished



NONG

Surgical approach
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* Retroauricular approach
*  Opening the bulla
« CAP-Electrode

.

* 1 ml syringe + 30G needle to fill the bulla with
*  kanamycin/furosemide solution
+ After exposure time rinse with Ringer solution



0> Audiology BT

« Summary:

— Group 1 (full dose, full time):
79% deaf

— Group 2 (full dose, half time):

e 100 % deaf

— Group 3, 4 (half dose/half
time):

« 80%, 53%
but steady effect

— Group 5, 6:
* no hearing loss
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Histology
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Histology

see Poster Bako et al.



Histology

SIVENTH FRAVEADAC
PRI RAVME




NONG

TEECIS Histology
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(45/32645.45)*105=

500 pm
1378.44 cell/mm?



control

Histology
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o Cochlear Implant

content:

Model:

3 x GP electrode

with 2 contacts, 1 '%r
including “Form” like nnga 4
(Tiibingen, Dr. M. Miiller)

Side view:
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* Med-EL guinea pig
implant

» Four contacts
« Form®like ring at 4 mm
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""" #Cl Cochlear Implant

Retroauricular approach
Opening the bulla
CAP-Electrode
Cochleostomy

Cl implantation
Implant-embedding
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- Cochlear Implant - I
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=Cid Cochlear Implant - I

*Normal hearing guinea pig

CAP response eCAP response
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Cochlear Implant
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to be continued ...
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