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Level and completeness of
injuries!’s]

Complete Incomplete

Splnal COrd InJury Tetraplegia 15.3% 34.1%

Muscle strengthl?]

Grade Muscle function

0 No muscle contraction

1 Muscle flickers

e Full range of motion,
gravity eliminated

. Full range of motion,
against gravity

- Full range of motion
against resistance

5 Normal strength

Grade
A

c

Paraplegia  23.0% 18.5%

ASIA Impairment Scale for classifying spinal cord injury! 11114l
Description
Complete injury. No motor or sensary function is preserved in the sacral segments 5S4 or S5.
Sensory incomplete. Sensory but not motor function is preserved below the level of injury, including the sacral segments.

Motor incomplete. Motor function is preserved below the level of injury, and more than half of muscles tested below the level of injury
have a muscle grade less than 3 (see muscle strength scores, left).

Motor incomplete. Motor function is preserved below the level of injury and at least half of the key muscles below the neurological
level have a muscle grade of 3 or more.

Normal. No motor or sensory deficits, but deficits existed in the past.

-Classified into 3 etiologies: mechanical forces, toxic, and ischemic
-Divided into primary and secondary injury: the immediate cell death, and

biochemical cascades initiated by the original insult causing further ischemia,
iInflammation, edema, apoptosis, & neurotransmitter imbalances which can occur

minutes or weeks post injury.


https://en.wikipedia.org/wiki/Ischemia
https://en.wikipedia.org/wiki/Primary_and_secondary_injury
https://en.wikipedia.org/wiki/Biochemical_cascade
https://en.wikipedia.org/wiki/Ischemic_cascade
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Neurotransmitter

Spinal Cord Injury

Incomplete cord injuries

Central Cord Syndrome

Worldwide incidence of 10.4 to 83 people per million per year.

Males under the age of 30 account for four out of five traumatic
spinal cord injuries.

The best predictor of prognosis is the level and completeness of
injury, as measured by the ASIA impairment scale

The neurological score at the initial evaluation done 72 hours
after injury is the best predictor of how much function will return.



Introduction

MOA: paracrine effect of hMSCs

Exogenous trophic factors modulate immune response

Limitations include unlikely cell migration across BBB after systemic administration
as well as risk of adverse reactions (e.g. PE). Intrathecal application could reduce
cell survival and increase cell damage. Intralesional injection may reduce MSC
viability due to local ischemia / post-injury environment.

Scaffolds maintain short term MSC in vitro although in vivo attempts have been
limited due to loss of MSC:scaffold adhesion in the absence of a biological niche

TUE*4
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Aim

Propose a new biomaterial coated with 3D extracellular matrix to create a more
optimized niche able to better sustain hMSCs viability and health.

Levels of C1 to C6 Injury
= (Quadriplegia or tetraplegia)
Spinal SR e , Cervical
C6 to C8 Injury
C?fd (complete paralysis of hand, _:f L~
Injury trunk & legs) 2 _
R Thoracic

T1 to T12 Injury (arm and hand
function ,paraplegia)

L1 to L5 Injury Lumbar
( paraplegia)
$1 to S5 Injury Sacral

( Most of the patients can walk with Some function) Coccygeal



Materials & Methods: Hydrogel synthesis & loading

Carbomer + agarose + PEG in PBS at 80C polymerized with 500 W irradiation
48 multiwell cell culture plate (0.25mL/well)

RGD (arginine-glycine-aspartic acid) functionalized

Umbilical blood derived hMSCs after Ficoll, culture flask adherence (P3)

Seeded homogenously below 40C (classic) OR 80 microliters pipetted onto
previously polymerized hydrogel, both at ~100,000 cells

Growth medium

TUlEA
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Vorführender
Präsentationsnotizen
Fig. 1. Schematic representation of different hydrogel compositions and loading protocols tested. (A) Hydrogel compositions tested were: RGD (arginine–glycine–aspartic acid) adhesive peptide incorporated into HG (HG RGD, a) or HG RGD with a 3D-ECM deposition (HG RGD + ECM, b). The latter was obtained by different steps such as represented in panel b. (B) Cartoons represent the different loading protocols tested: a classic loading way in which hMSCs were mixed with HG RGD during its polymerization (a, inset) or sponge like loading in which hMSCs were loaded with a soaked up effect into lyophilized HG RGD (b, inset).


Materials & Methods: Analyses

ECM quantification/deposition under Sirius Red at days 1, 7, 14, 21
Cellular density and viability: calcein under confocal counted with Bitplane
SEM at d1 comparing HG RGD and HG RGD+ECM

Cellular differentiation assess by rntPCR (adipo-, osteo-, chondro-) with RNA
isolation under RNeasy

ALP, RUNX2, osterix

ACAN, ColX

FABP4, adipsin m E:"::



TUE
Materials & Methods: cont’d

Previously described rat model: 30g compressive force for 60 s after T12
laminectomy

Tx group: 25,000 CFDA+ hMSCs 24hr post-seed (HG RGD + ECM) secured at
injury; routine closure in two layers. Day 9 FACS, PCR

Control groups: direct hnMSC injection (25K hMSCs/05.mcL 30G needle over 2
min); direct CM injection; CM(80mcL) & HG RGD + ECM

Cell viability tracking: day 0, 3, 9

Hydrogel positioning: secured v unsecured under Hoechst for histology at day9
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Results: Figure 2
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Fig. 2. HG RGD + ECM shows a high hMSC viability with a spindle-shape morphology in vitro. (a) Graph representing viability of hMSCs loaded in sponge-like HG RGD or sponge-like HG RGD + ECM scaffolds. Cell viability was evaluated over time by labeling live cells with CalceinAM. Already at the first day after seeding, HG RGD + ECM displays a significantly higher viability and density of hMSCs compared to HG RGD. This high cellular density is preserved over time. In the graph the cell density within the hydrogels is reported as number of calcein AM positive cells per mm2. Statistical analysis: Mann Whitney test for each time point. Mean ± SEM is reported. (*) p < 0.05. (**) p < 0.01. n = 8 per group. (b) Representative images showing hMSCs stained with Calcein AM in sponge-like HG RGD and sponge-like HG RGD + ECM scaffolds. Already at the first day after seeding here represented, the almost totality of hMSCs within HG RGD + ECM shows a healthy spindle shape morphology. Differently, only a very few hMSCs in HG RGD show a partial adhesion to the scaffold and a spindle shape morphology. Scale bar represents 200 μm.


Results: Figure 3
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Fig. 3. Morphological analysis of HG scaffolds by SEM. Representative SEM images of both sponge-like HG RGD (a) and sponge-like HG RGD + ECM (b) scaffolds. The ECM deposition is represented by irregular surface among the networks mesh in HG RGD + ECM (arrowhead). A higher cellular density and a higher cell attachment to the substrate can be observed in HG RGD + ECM. Scale bar represents 10 μm. 3000×.
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Fig. 4. mRNA analysis of hMSCs encapsulated within biomimetic scaffold. (A, B, C) Graphs representing the expression of specific genes related to three differentiation lineages: alkaline phosphatase (ALP), runt-related transcription factor 2 (RUNX2) and osterix for osteogenic differentiation; aggrecan (ACAN) and collagen type X (COLLX) for chondrogenic differentiation and adipsin and fatty acid binding-protein 4 (FABP4) for adipogenic differentiation. hMSCs encapsulated whithin HG RGD + ECM for 21 days are compared to the positive control represented by hMSCs loaded in HG RGD and treated with specific differentiating media for 21 days. Data are expressed as fold change compared to steady-state undifferentiated hMSCs (negative control). Statistical analysis: Mann Whitney test. Mean ± SEM is reported. (*) p < 0.05. n = 3 per group. (D) A representative cartoon of the three lineage commitments of hMSCs (osteocytes, chondrocytes and adipocytes) with respective principal pro-differentiating stimuli: ascorbic acid, β-glycerophosphate and dexamethasone to induce osteogenic differentiation; ascorbic acid, dexamethasone, pyruvate and TGF-β 3 to induce chondrogenic differentiation; insulin, 3-isobutyl-1-methylxanthine (IBMX), dexamethasone and indomethacin to induce adipogenic differentiation.
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Results: Figure 5
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Fig. 5. hMSCs viability within HG RGD + ECM is revealed up to 9 days in vivo. (A) (a–c) Representative images of intravital acquisition of CFDA-SE positive hMSCs within HG RGD + ECM positioned in the injury site in vivo. Analysis has been performed immediately after the positioning (day 0, a and d) and at 3 (b and e) or 9 days (c and f) after the positioning. (d–f) The isosurfaces represent CFDA-SE positive cells considered for quantification of respective hydrogels. Scale bar represents 0.2 mm. (B) (a) Cartoon represents intravital acquisition of CFDA-SE positive hMSCs within HG RGD + ECM in the injury site. (b) Quantitative evaluation of viable hMSCs within HG RGD + ECM over time. Mean ± SEM is reported. n = 8.
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Fig. 6. Hoechst delivery from HG RGD + ECM in vivo. Release profile study of a fluorescent solution (Hoechst 33258) delivered by HG RGD + ECM in the injured site of the spinal cord. In a and b, representative images of Hoechst staining are shown in a portion of the spinal cord encompassing 12 mm around the epicenter of the injury. Cartoons show HG RGD + ECM positioning in both not oriented (a) and oriented delivery (b). Spinal cord after an oriented delivery shows a higher Hoechst staining as both total signal (c) and distribution around the epicenter (d) compared to unsealed hydrogel. Statistical analysis: Mann Whitney test for total Hoechst delivery (c), Two-way ANOVA followed by Bonferroni's post hoc test for Hoechst staining distribution (d). Mean ± SEM is reported. (*) p < 0.05, (**) p < 0.01, ($) p < 0.0001. n = 4 per group.


Results: Figure 7

M2 pro-regeneration...

relative mRNA expression

lative mRNA expression

injury 9DPI

1"‘
1l"'iI
1l'£
u1'!:
'If-'i

hMSCs 9DPI

{1 T S
oW W W 1w

CD11b

Freq. of ToT (p)/
Freq. of ToT (macra)
e N & O o

pw/macro 9DPI
*

s 5

a TNFa SDPI
25. —
L L -
2.0
1.5 .
a
1.0 %
L]
0.5 -
0.0 u
injury hMSCs
c ¥YM1 9DPI
3.
a .
2] =
oP 1
[ *le
14 I .;
L
. ol -
-
u T T
injury hMSCs

b IL-1p 9DPI
S s,
H .
L ]
56
z
<4 -
€ b
o 2- _'Erl_
E sagl%an
5, $ 4
< injury hMSCs
d Arginase | 9DPI
§20 =
w -
15 -
o
° .
§10- .
o T L
& 5 = 'y
-E -
= [i] l'
E T
injury hMSCs

injury hMSCs



Vorführender
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Fig. 7. hMSCs loaded in HG RGD + ECM modulate inflammatory response increasing M2 macrophages in vivo. (A) Representative FACS dot plots of microglial cells (CD11bpos/CD45low) and macrophages (CD11bpos/CD45high) present in SCI epicenter of untreated injured (injury, a) or hMSCs loaded within HG RGD + ECM treated injured mice (hMSCs, b) evaluated at 9 DPI (days post injury). An increased macrophages recruitment in hMSCs treated mice was found (b) compared to untreated mice (a). (B) Quantification of the ratio between microglia (CD11bpos/CD45low) and recruited macrophages (CD11bpos/CD45high) evaluated in untreated injured (injury) or hMSCs loaded within HG RGD + ECM treated injured mice (hMSCs) at 9 DPI. Graph shows a lower microglia/macrophages ratio in hMSCs group, demonstrating an increase of macrophages recruitment. Mean ± SEM is reported. Statistical analysis: Mann Whitney test. (*) p < 0.05. n = 5–7 mice per group. (C) Quantitative evaluation of mRNA expression of both M1 (TNFα, a and IL-1β, b) and M2 (YM1, c and Arginase I, d) markers of microglia/macrophages polarization in untreated injured (injury) or hMSCs loaded HG RGD + ECM treated injured mice (hMSCs) at 9 DPI. A significant increase of TNFα (about 1.5 folds) and Arginase I (about 10 folds) can be observed in mice treated with hMSCs compared to untreated injured mice, suggesting a skew toward an M2 pro-regenerative environment in hMSCs group. Mean ± SEM is reported. Statistical analysis: Mann Whitney test. (**) p < 0.01. n = 10–14 mice per group.


Discussion

Improved hMSC survival with partial spindle-shaped morphology at 14 & 21d after
sponge loading v. classic

Intrascaffold preservation of stemness with ECM
No effect of direct injection based on PCR findings

Increase of IL-1beta with (CM)scaffold treatment, reversed with HG+RGD+ECM
hMSC?

Pro-regenerative M2 recruitment persists at d9

Ability to locally maintain paracrine effect based on Hoechst assay

TUlEA



E e dond AL =N

CHRISTOPHER & DANA Ask us Resources in Fundraise with Q
REEVE FOUNDATION anything your area Team Reeve

Living with Get Get Blog About

Paralysis Support Involved Ao Events & Forum Us

Research > Research Consortium on SCI

Research Consortium on
SCI

Funded by the Reeve Foundation, The International Research Consortium on Spinal Cord Injury is a
collection of laboratories working towards the identification of potential spinal repair treatments.

: w1y TOor cure made mim reai-iire nero :.-
rA\\-. CHRISTOPHER REEVE

s of early 2013, the Foundation has awarded more than $110 mlllloh“(USD)”lnr

Ko

research grants and more than $16 million in quallty -of-life grants
At for those wha can't! I E o




Organs on a Chip: a novel research
model for disease or tissue
regeneration

Julie Rosser, DVM, DACVS, DECVS
Cell Chip Group

Institute for Applied Synthetic Chemistry
Institute for Chemical Technologies and Analytics
Faculty of Technical Chemistry
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University of Veterinary Medicine, Vienna vienna
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Microfluidics Development

m PDMS bottom layer molded using soft lithography on
3D printed molds
m Glass slide as top layer
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Introduction: Organs-on-a-chip

-3D cell:hydrogel culture to enhance recreation of
in vivo-like cellular environment

-Specialized cell culture chambers to accurately
mimic physiological functions (i.e. nutrient diffusion
gradients, etc.)

-Possibility to expose cells to mechanical stimuli
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Ongoing Projects

Functional cartilage on a microchip designed for osteoarthritis research utilizing a
biochemical injury;

Electrochemically characterize midbrain organoids and neuronal networks
cultured in microfluidic hydrogel for future high- throughput personalized therapy
for Parkinson's patients.




TV

Gene expression control vs injury
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Disease vs Healthy: CRISPR

TV

Design and construction of sgRNAs targeting wild type and mutated FBXO7 and
SYNJ1 loci and introduction of sgRNAs into modified Cas9-harboring plasmids

pX330A: plasmid harboring Cas9, GFP and puromycin resistance gene

pX335B: plasmid harboring Cas9 D10A nickase, GFP and puromycin resistance gene

Constructs for gene
correction

Constructs for
introduction of
mutation

FBXO7

Cas9
Cas9 D10A

Cas9
Cas9 D10A

o REN

SYNI1

Cas9
Cas9 D10A

Cas9
Cas9 D10A
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Neuron differentiation protocol
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Dopaminergic neuron development
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3D Midbrain organoids

TR TH DA

Midbrain organoids exhibit neuronal, astroglial and oligodendrocyte
differentiation

Midbrain organoids exhibit spatial asymmetry of mDA neurons Monzel AS. et al. 2016

» Midbrain specific, due to mDA marker expression

» Midbrain organoids are functional

| Maintenance | Differentiation

HBOMF, BGOMNFE, hBOMF, hGDMNF,

CHIR-99021, PMA, Ak di-cAMPAA, | db-cAMP AA,
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Synaptic connections� Myelination� Electrophysiological activity�
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Microelectrodes with gold nanoparticles and self-assembled monolayers for
in vivo recording of striatal dopaminet
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3DPD Results A
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