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Posing a problem

Strategy
bioMAT4EYE will address Matrigel substitution by joining several multidisciplinary research
teams with key expertise in biomaterial production (fermentation, extraction),
physicochemical modification and conformation in 2D, 2D+ and 3D structures by diverse
technologies, micro-bioreactor design, construction and physicochemical control, and
hiPSCs generation, culture and monitored differentiation to RGCs. RGCs can be the basis
for cell therapies for patients with optic neuropathies of low prevalence (e.g. LHON, DOA)
and age-related increasingly prevalent ones (e.g. glaucoma).

hiPSCs culture & 
differentiation

Growth on fibroblasts
(feeder-based)

Growth on MatrigelTM

(feeder-free)

A personalized biomedicine promise

MatrigelTM

(and similar ECM hydrogels)

Low production
(murine)

Diverse composition

Different structures

Ethical issues



X
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The general structure of the project

A Hierarchical Approach for hIPSCs differentiation to RGCs by combining

Biomaterials, Surface Chemistry and Microfluidics (bioMAT4EYE)

Retina: Optic neuropathies
(DOA, LHON, glaucoma)

Pululano
Quitosano
Alginato

hiPSCs
human induced

Pluripotent Stem Cells

RGCs
Retinal Ganglion Cells

MATRIGEL
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Project structure: the consortium

WP1&2
WP1&2

WP3&4

WP3&4
WP2&3

WP1&2
WP5

WP1&4

In bold: WP leader
WP1: KU Leuven WP1: PFI-RISE

WP3: Ljubljana University (LU) WP4: i+12
WP5: UCM
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T1.1. Hydrogel production and modification
 Exopolysaccharides: alginate, pullulan, chitosan, xanthan gum

T1.2. Hydrogel physicochemical characterization
 HPLC-SEC, viscosity, SEM, NMR, FTIR, Rheology…

T1.3. Cytocompatibility assessment 
 hiPSCs, RPCs adhesión & proliferation

KUL, UCM, 
RISE PFI, i+12

UCMBacterial alginate: Azotobacter vinelandii

KULeuvenPullulan: Aerobasidium pullulans

Molecular weight

Ratio G/M (alginate)

Acetylation grade

Melanin (pullulan)

1) BioProcess variables: carbon source, nitrogen source, %oxygen, temperature, time…

Protein content

Phenolics & 
antioxidants

RISE-PFI /ChitinorChitosan

Acid extraction& purification

(Example)

2) Crosslinking: STMP, Ca2+, Ba2+, Fe3+, chitosan, NaOH, UV…

Crosslinking control: G´, G”
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Bioprocess examples: bacterial alginate

Xanthan gum
Xanthomonas campestris (plant pathogen)

High MW /pure alginate
Azotobacter vinelandii ATCC 9046

X

Process variables

Stirring speed
(O2, N2 transfer)

Carbon source
(sac, glu, potato waste)

Nitrogen source
(yeast extract, N2)

Inoculum build-up
(1, 2, 3 inocula stages)

Property affected

Alginate (g/L) evolution
in bioreactor

Molecular weight
(MW, PDI, ma)

Acetylation
degree

Mannuronic / 
Guluronic ratio

Alginate
concentration

Guluronic acid

Mannuronic acid

Process time
(34 to 72 h)
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Bioprocess examples: pullulan (Aerobasidium pullulans)

Process variables

Carbon source
(sac, glu)

Nitrate concentration
(0.6, 1.0 g/L)

Aireation flow
(12 v.v.m.)

Pullulan:
A a-glucan

Process time
(48 to 120 h)

Melanin production (from day 3)
Pullulan production (4070 g/L)

Property affected
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3) Chemical modification

UCM and RISE-PFIHydrogels based on chitosan-alginate (or xanthan gum) 

KULeuvenchemical modifications of pullulan –metacrylated, carboxymethylated, amino-

4) RGD-peptide (from integrins) grafting: a) CarbodiimideR-NH2 b) MaleimideR-SH

UCMalginate UCM, KUL, RISE PFIalginate, pullulan, chitosan

DS=1

Pullulan methacrylate

DS=0.33
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hiPSCs + alginate

Example: hiPSC culture trial with alginate 300 rpm - bioreactor

It seems that there are holes in the surfaceCa2+ ion exchange?need for a 
more stable crosslinking or surface activation. Alginate citotoxicity? Structure
degradation? Surface degradation due to culture media?

hiPSCs clumps
only in Matrigel

Strange
structures on
the surface

Partners involved
UCM, i+12
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hRPCs+neat pullulan (STMP crosslinked) Correct adhesion and proliferation

Best
condition?

Partners involved
KUL, i+12
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RPCs + chitosan-RGD

A first joined scientific paper: to Macromolecular Bioscience

Correct adhesion and proliferation
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T2.1. Formulations of biomaterials for 3D printing
 Chitosan and its mixtures with alginate, pullulan…

T2.2. 2D+ constructs
 Thermal nanoimprint lithography, femtosecond

laser ablation…for physical guidance of axons (differentiation).

T2.3. 3D constructs
 RGM 3D printing unit basic & modifications, 3D scaffolds, 

microbioreactors…

RISE PFI, UCM, 
KUL, CHITINOR, 
RGM3D, RISE 
PFI, i+12

 

Ink  Chitosan Mw Number of samples Printing direction 

Chitosan S 340 5 Perpendicular 

Chitosan S 340 2 Parallel 

Chitosan XS 201 5 Perpendicular 

Chitosan XS 201 2 Parallel 

Chitosan XXS 99 4 Perpendicular 

Chitosan XXS 99 2 Parallel 

 

Chitinor Several chitosan samples Ink formulation & rheology
Scaffold characterisation

RISE-PFI
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UCMfemtosecond laser ablation of PS plates i+12Morphology of texturized wells
RPCs differentiation to RGCsControl runs: Laminin + Poly-D-lysine
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i+12RPCs differentiation to RGCs
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i+12RPCs differentiation to RGCs

2D flat surfaces
RGCs clumps & axons

Higher
texturization

Higher surface
cytotoxicity ?
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REGEMAT 3D printing unit basic & modifications

(A) GelMA printing process using a

0.41 mm nozzle on a Petri Dish at

22°C.

(B) Photopolymerization process of the

scaffold via irradiation with 405 nm UV

light.

(C) GelMA scaffolds with a pore size of

1.5 mm after printing and photocuring.

RGM3D 2023: Novel printing head with in-situ photopolymerization

RGM3D 2024: Novel printing head with in-situ Peltier-effect temperature precise control
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A first joined scientific paper: to Macromolecular Bioscience

Immunocytochemistry analysis to evaluate the presence of

hRPCs on the scaffolds at day 6 of cell culture.

Representative confocal images with 40x objective show the

nuclei counterstained with DAPI. (A) Chitosan XS scaffold. (B)

Chitosan XS scaffold modified with peptides that contain the

RGD sequence. Scale bars: 25 µm.

Under review in Macromolecular Bioscience
Partners involved: RISE-PFI, i+12, UCM

RPCs + chitosan-RGD

Apparent correct adhesion
and proliferation

FTIR
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UL, ULEI, UCM, 
RISE PFI, i+12, 
RGM3D

T3.1. Fluid-dynamic analysis in microreactors for cell culture and 
differentiation 
 Fluid-dynamic models for flow analysis…microreactor construction

& control testing with Matrigel
T3.2. Physical gradient monitoring and control 
 Sensors, gradients, pH, T, shear stress…

T3.3. Chemical gradient monitoring and control
 Chemical sensors for oxygen, CO2, validation of models…

LUmicroreactor design&construction
RPC store, thawing & expansion

i+12UL team training in Madrid
 RPC creation & delivery

Construct The set-up

Gas 
mix
ture

Medium 
supply
pumps Micro

bioreactor
+
Mini
incubator

Micro
bioreactor

Mini
incuba
tor
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LUmicroreactor design&construction
RPC store, thawing & expansion

i+12UL team training in Madrid
 RPC creation & delivery

Coloured water flow
Low Reynolds number (Re)
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LUmicroreactor design&construction
RPC store, thawing & expansion

i+12UL team training in Madrid
 RPC creation & delivery

On PS-plate/Matrigel
Day 10 (N2B27+BDNF)

On microbioreactor chamber
/Matrigel/ Day 10
(N2B27+BDNF)

Dead, dispersed, non-
adherent cells

Well-growth, adhered
cells with some axons
(Some RGCs)

Adhesive? Supporting PMMA? PS or glass substrates

microbioreactor chambers

Polystyrene (PS) plates
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UCMliquid composition analysis
 kinetic modelling LU

i+12RPC expansion (control & hydrogels)
 RPC differentiation (control & hydrogels)

Optical microscopy (Neubauer chamber) RPC counting during expansion

Glucose ion exclusion HPLC / glucose enzyme kit

ProteinsBradford test

Non-structured model for liquid
Non/Segregated model for cells
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i+12, ULEI, 
RGM3D, UL, 
RISE PFI, UCM, 
KUL

T4.1. Differentiation of hiPSCs to RGCs in 2D, 2D+ and 3D systems
 Lee-based protocol, immunofluorescence (off-line) …

T4.2. Development of opto-bioelectronic-based monitoring for RGC 
differentiation and maturation
 Microelectrode arrays, FEM, High Content Screening + photonic 7 

optic monitoring, integration of sensors in 3D devices…

T4.3. Differentiation of iPSCs to RGCs in successful sensor-equipped 
2D/3D and microfluidic devices
 Patient, OPA1 gene mutation, CRISPR/Cas9 correction…RGCs 

function monitoring (control in Matrigel).

Scientific paper: PMID: 39000346. García-López et al. 2024
PhD Thesis: Marta García López (UCM, April 2024)

The Protocol: from hiPSCs to RGCs

Partners involved
i+12
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 First multimodal opto-bioelectronic monitoring system with novel 

ultrathin HighDense-MEAs allows highly spatial resolved non-invasive, 

real-time monitoring of cellular processes and electrophysiological activity

Clean Room
MEAs

 first proof of electrophysiological activity of hiPSCs-derived RGCs 
 it is now possible to quantitative monitor differentiation and functionality of RGCs
 developed Matrigel alternatives can now be tested in RGC differentiation experiments

Action potentials detected in RGCs

Partners involved
i+12, ULEI
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Differentiation of iPSCs to RGCs in sensor-equipped 2D/3D and microfluidic devices

Bioelectronic

differentiation 

monitoring and 

functional analysis 

Isogenic control RGCs

Patient RGCs

DOA patient iPSCs

Isogenic control iPSCs

CRISPR/Cas9

?

Partners involved
i+12, ULEI
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Creation of an isogenic control hiPSC line (done & published) 

Line created by CRISPR/Cas9
Bona-fide hiPSC line 
(fully pluripotent – high quality line)

First i+12 scientific paper (published) 
partially supported by bioMAT4EYE

Partners involved
i+12
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&…>2 more from KUL (EPNOE conference Graz 2023…)
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i+12 1 more in progress (Ms. Femke de Ceulaer KULeuven+UCM)

i+12 i+12/UCM: 3 more / Professional training internships: i+12/UCM=8…)

1 more in progress (Ms. Natalia Robles-Anda i+12+UCM)
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It hasn't been all work and no play
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