Rapid Maturation of iPSC-Derived Neurons with BrainFast

BACKGROUND

A major application of neurons derived from human iPSCs is to model neurological or psychiatric diseases for drug
discovery. Since most phenotypes of neurological and psychiatric diseases arise in mature neurons, one big
challenge of using in vitro derived neurons for drug discovery is the substantial time required for achieving
maturation. For example, human iPSC-derived neurons can take 1-3 months to reach full functional maturation,
and yet manipulating the neuronal cultures for even 2 weeks in 384-well plates is cumbersome. To overcome this
hurdle, we developed the BrainFast Neuronal Maturation Supplement that can accelerate neuronal maturation.
The supplement can be applied to multiple neuronal types, including spinal motor neurons (MNs), cortical
glutamatergic (GLUT) neurons, and cortical GABAergic (GABA) neurons. Here we demonstrate that neurons cultured
with BrainFast displayed extensive neurite outgrowth within 3 days, expressed pre- and post-synaptic mature
markers within 7 days, and exhibited electrophysiological activity within 2 weeks. Our BrainFast Neuronal
Maturation Supplement will enhance the ability to model CNS disease processes and screen new drugs.

RESULTS
BrainFast accelerates the maturation of spinal motor neurons (MNs) and cortical glutamatergic (GLUT) neurons and
improves cell viability

To test whether BrainFast will accelerate the maturation of iPSC-derived neurons, we applied the supplement to
both human iPSC-derived spinal MNs and cortical GLUT neurons on the seeding day (day 0) and used a no
supplement group as control. After 3 days of culture, MNs treated with BrainFast showed more mature morphology
as demonstrated by live/dead dyes Calcein AM and EthD-1 staining (Fig. 1A).
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marker (MAP2) and a neural pronator marker
(SOX1) revealed 98.3% of MNs treated with Brain Fast were MAP2+ neurons with limited SOX1 staining. While in
the control group, 89.1% of the cells were SOX1+ progenitors (Fig. 1B). Synapsin 1, a pre-synaptic marker, is a
commonly used marker for synaptic maturation. After 7 days of culture, the relative expression level of Synapsin 1
in MNs (normalized by Tul-1) was 6-fold higher in the BrainFast treated group than in the control group (Fig. 1C).
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All these data suggested BrainFast eliminated the progenitors by pushing them to differentiate into neurons,
accelerated the maturation of spinal MNs and improved cell viability. A similar effect was also observed in cortical
GLUT neurons (Fig. 2).
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W enos neurons. (A) Human cortical GLUT neurons staining with
Calcein and EthD-1 on day 7 showed 30.7% fewer live cells
and similar number of dead cells in BrainFast treated group.
(B) 95.7% of cells were MAP2+ mature neurons in BrainFast
treated group while 88.5% of cells were SOX1+ progenitors
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BrainFast promotes the functional maturation of
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In conventional culture, hPSC-derived neurons
need to be cultured for up to 200 days to show
electrical phenotypes. In BrainFast treated MNs,
extensive MAP2 and Synapsin 1 expression was
detected on Day 7. To examine if these MAP2+
MNs are mature enough to fire action potentials, they were loaded with calcium-sensitive fluorescent dye (Cal-520)
and calcium influx assays were conducted (Fig. 3). Beginning on Day 4, a calcium transient, which is known to
correlate with action potential firing, could be evoked by electrical stimulation. Over several days in culture, the
evoked calcium transients gradually increased and attained maximum amplitude on Day 10, suggesting the majority
of MNs fired action potentials.
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Functional activity of MNs was also measured with microelectrode array (MEA). Spikes started to appear from Day
7. MNs displayed robust spontaneous activity, including spikes, bursts, and synchronous network activity on day
12 (Fig. 4). The calcium assay and MEA results suggested that most (>50%) spinal MNs were functionally matured
onday 7.
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Fig. 3. Calcium assay showed that BrainFast supplement promoted the functional maturation of human MNs.
(A) Bright field picture of MNs. (B) Stimulated fluorescence of MNs that were loaded with Calcium indicator Cal-520 (C). Calcium signal

started to show from day4 and gradually increased until reached the peak in day 10.
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A Well-88 Fig 4. Spinal MNs treated with BrainFast supplement displayed
robust spontaneous activity, including spikes, bursts, and
synchronous network activity on day 12. (A) The raster plot
shows spike activity over five minutes for all sixteen electrodes
in representative well B8 (11/16 active). (B) The panels show

activity across all wells and electrodes for a single timepoint.
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METHODOLOGY

Neuron differentiation from human iPSCs
Differentiation was based on protocols described
previously. Briefly, human iPSCs were treated with
small molecules for 6 days to induce neuroepithelial progenitors (NEPs). The NEPs were split and treated with
retinoic acid (0.1 uM) and purmorphamine (0.5 uM) for another 6 days to generate subtype-specific neuron
progenitors. These progenitors were expanded with a combination of small molecules and frozen in cell freezing
medium for further use.

0 50 100 150 200 250 300
Time (sec)

Neuron seeding and BrainFast application

Frozen neurons were thawed and seeded on PDL-coated 96-well plate at a density of 10,000 cells/100uL/well for
spinal MNs and 20,000 cells/100uL/well for cortical GLUT neurons. On the seeding day (day 0), BrainFast was
added into the seeding medium at a 1:1000 dilution. On day 3, another 100uL/well seeding medium containing
BrainFast at a 1:1000 dilution was added to the plate. Thereafter, half medium was changed twice weekly using
the seeding medium without BrainFast.

Immunostaining

Cells were washed with PBS and then fixed with 4% PFA at room temperature for 10 min. After the fixation, cells
were washed with PBS and then blocked with 2.5% donkey serum and 0.1% Triton in PBS for 10 min at room
temperature. Primary antibodies were added and plates were incubated at 4°C overnight. On the second day,
cells were washed with PBS and then blocked with 2.5% donkey serum at room temperature for 10 min.
Secondary antibodies were added and plates were incubated at room temperature for 45 min. After the
incubation, plates were washed with PBS and images were taken with an EVOS FL Auto 2. The following primary
antibodies were used: SOX1 (glgG, 1:1000, R&D), MAP2 (mlgG, 1:1000, Sigma), FOXP1 (rblgG, 1:1000, Chemicon),
Synapsin (rblgG, 1:1000, Calbiochem).

Calcium assay

Cells were loaded with Ca?* dye Cal-520 (AAT BioQuest) at a concentration of 5 uM for 60 min. Dye loading and
subsequent recording were performed in artificial cerebrospinal fluid (ACSF) containing 126mM NacCl, 3mM KCl,
1.25mM NaH2P04, 1mM MgS04, 1.2mM CaCl2, 26mM NaHCO03, and 10mM glucose. Imaging was performed on
an (FDSS)/UCELL (Hamamatsu Photonics) at 480 nm excitation and 540 nm emission with electric field stimulation
(EFS).

Microelectrode Array (MEA)

Neurons were seeded at 40,000 cells per electrode area (center of each well) in 48-well MEA plates, which were
previously coated with ploy-D-lysine (PDL). From Day 7 to 12, activity was recorded for five minutes from all wells
using a Maestro MEA system (Axion BioSystems).

CONCLUSIONS

Consistent neuronal maturation is critical to successful drug discovery with iPSC-derived human neurons, and the
time required for maturation is a major constraint on the experimental design. BrainFast Neuronal Maturation
Supplement addresses these issues, promoting the maturation of human iPSC-derived spinal motor neurons and
cortical glutamatergic neurons in 7-14 days.
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