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Agenda
• Using microBrain® neuronal microspheroids
• Introducing the FLIPR® Penta High-Throughput 

Cellular Screening System
• Peak analysis with ScreenWorks® Peak Pro 2 

software
• Calcium oscillations in neural spheroids
• Confocal imaging and 3D image analysis of 

compound treated neural spheroids
• Multi-parametric evaluation of neurotoxicity 

effects
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StemoniX microBrain® 3D activity can be monitored in high 
throughput format

• Neuronal activity is monitored as calcium oscillations detected by high throughput kinetic 
fluorescence (FLIPR® Tetra and FLIPR®  Penta Systems

Spontaneous neuronal activity

W
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FLIPR Tetra System
Ø Spontaneous activity on one well
Ø Detected oscillations correspond to 

synchronized calcium oscillation occurring 
on the sphere

From StemoniX presentation at ISSCR 2019

Neuronal microspheroids
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• Choice of camera
• High Speed EMCCD
• EMCCD

• Updated ScreenWorks 5.0

• Optional Peak Pro 2 Software Module

• 6,000 images per protocol

• iPSC derived Cardiomyocytes and Neuronal cell 
assays

• Same great original assays including GPCRs, 
MP, Potassium, and luminescence

The FLIPR Penta High Throughput Cellular 
Screening System



Benefits of FLIPR Penta system
• 100 Hz camera enables new biology

–Better understand iPSC cardiomyocyte and neuron calcium 
signaling biology with more signal detail provided by the HS 
EMCCD camera

• Greatly enhanced peak characterization of calcium 
oscillation assays with PeakPro 2.0 software

• All of the great technologies used for screening and 
target biology over the years. 



Protocol

• microBrain microspheroids received in wells from 
StemoniX and cultured a few days

• Cells are incubated for 2 hours with FLIPR® Calcium 6 
Assay Kit Dye

• Compounds are added and read on the FLIPR Penta 
System at intervals from 15 minutes to 24 hours
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Difference in temporal resolution

Acquisition @8Hz Acquisition @30Hz

EAD-like events easily visible and identified by 
Peak Pro 2 software

Not enough data to see and identify EAD-like 
events (green diamonds)
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ScreenWorks 5.0 Peak Pro 2 Software
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Characterization of oscillation patterns

Measurement Terminology Illustrated
Item Description

A Main peak amplitude
B Linear decay slope

C
Main peak interval used to calculate the peak rate, 
expressed in peaks per minute (PpM)

D

Early afterdepolarization-like event (EAD-like) 
intervals used to calculate the EAD-like event rate, 
expressed in peaks per minute (PpM)

E Rise slope
F EAD-like event amplitude
G Decay slope
H Calcium transient duration (CTD)

I
Calcium transient duration from peak position 
(CTDP90)

J Start of an event
K End of an event
L Main peak
M Early afterdepolarization-like event (EAD-like)
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Control

MK-801 3 µM

GABA 10 µM Baclofen 10 µM

Variable Amplitude

Decreased Frequency Decreased Frequency, Spacing Irregularity

Oscillation Patterns in neuronal spheroids

R
el

at
iv

e 
Fl

uo
re

sc
en

ce
 In

te
ns

ity

Time, seconds



For research use only. Not for use in diagnostic procedures.
© 2019 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners.  |  p12

4-Aminopiridine 30 µM

Kainic acid 1 µM

Valinomycin 0.3 µM

Tamoxifen 30 µM

Increased Frequency, secondary peaks Decreased Frequency, Secondary peaks

Increased Frequency, Secondary peaks Decreased Frequency, Variable Amplitude

Oscillation patterns in neuronal spheroids
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Concentration dependencies

Concentration-dependencies for changes in peak counts and amplitudes were calculated using 4-parametric curve fits and 
EC50 values were determined. Other readouts did not have monotonous changes, therefore minimal concentrations causing 
indicated phenotypes (secondary peaks, amplitude irregularities, spacing irregularities) were recorded. 4-paramentiric curves 
indicated for the following compounds: 
tamoxifen- light blue dopamine- green square Taxol- purple
amiodarone- pink cytarabine- yellow carbamazepine- black
pindolol- brown lipopiridine- orange tetraethyl thiuram- gray
stilbestrol- green cephalosporin- blue
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Viability studies using the ImageXpress® 
Micro Confocal system

• Confocal imaging and 3D image analysis
• Characterize compound effects on 

morphology and viability of 3D neural 
spheroids

• Spheroids treated with 30 µM drug for 24 
hours

• Cells stained with DAPI, Calcein AM, and 
Mitotracker Orange
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Assessment of spheroid morphology and viability by high-
content imaging

• Projection images analyzed using the Custom Module Editor and Cell Scoring Algorithms
• The images shows spheroid nuclei (blue), viable cells stained with Calcein AM (green), 

and viable mitochondria (orange)
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Calcium oscillation patterns
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Multi-parametric evaluation of 
neurotoxicity effects

EC50 values (1) or lowest concentrations (µM) that cause specific changes(*) are indicated for different read-
outs. No changes indicated with blank cells.
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Summary
• Multi-Parametric studies combining calcium oscillation peak 

analysis on the FLIPR Penta system and viability imaging analysis 
on the ImageXpress Micro Confocal system

• Data quickly shows the effects of neuro-mediators and neuro-
active drugs so that they can be readily detected and studied

• Inducers of seizure can be detected (predictive value)
• Sensitivity to neurotoxic drugs can be evaluated
• New Peak Pro 2 Software features enable better analysis and 

more read-outs useful for characterization of compound effects on 
neural activity also prediction of neurotoxicity and seizure-inducing 
effects
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Cell Development

Network Formation

Functional Neural Activity

Integrated Organ

Nervous System Function
The complex interplay of multiple developmental and operational processes

Developmental, operational, and mature 
integrated function have bi-directional influence

Functional activity of the integrated organ acts as a 
downstream biomarker for all the upstream processes

https://thebrain.mcgill.ca/flash/d/d_09/
d_09_cl/d_09_cl_dev/d_09_cl_dev.html

https://upload.wikimedia.org/wikipedia/com
mons/e/e6/R%C3%A9seau_de_neurones.jpg

http://www.humanagingcentral.com/brain_page.html
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Cell Development

Network Formation

Integrated Organoid / 
Spheroid

Organoid / Spheroid Function
The complex interplay of multiple developmental and operational processes

Organoids and spheroids generated from stem 
cells reflect native ontogeny and function.

https://thebrain.mcgill.ca/flash/d/d_09/
d_09_cl/d_09_cl_dev/d_09_cl_dev.html

https://upload.wikimedia.org/wikipedia/com
mons/e/e6/R%C3%A9seau_de_neurones.jpg

http://www.humanagingcentral.com/brain_page.html

Functional Neural Activity

Functional activity can be used to assess; 
1. Neurodevelopmental disorders (and treatment) 
2. Compound (drug) activity on neural function
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Accelerating the Discovery of New Medicines

• StemoniX Overview

• microBrain® 3D
hiPSC-derived neural spheroids

• Case Studies
Toxicity Testing
Screening
Disease modeling

Implementing 3D neural spheroids in drug discovery: Identifying new 
and safe compounds through phenotypic screening and compound 
profiling using functional and structural assays.



Accuracy

Speed

New 
Targets

Software
Analytics & Machine 

Learning (AI)

High-Throughput 
Drug Discovery

(plus Gene Editing)

Human Organoids
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Biology-Tuned Analytics
How:

Data science applied to functional 
biology matured to demonstrate 
key disease characteristics

Why?
More accurate, robust, and bias-
free data extraction lays a 
stronger foundation for higher-
order analytics such as 
hierarchical clustering, machine 
learning, and AI.

Novel Therapeutic Assets
How:

Identify, optimize and produce
new medicines discovered
through human microOrgan
technology and AI drug
discovery

Why?
Optimizes the Discovery
pipeline, saving front end time
and dollars and downstream
patent life.

How:
Leverage core competencies in iPSC biology,
high-tech manufacturing and engineering to
create scale, consistency and mature
functionality

Why?
Provides a richer and more relevant context
for better answers. Demonstrated utility in
both drug discovery and toxicity testing.

Leader in Industrialized Human microOrgans

StemoniX Key Differentiators
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microBrain® 3D

Main Features
• Single donor human iPSC line

• Co-culture of neurons and astrocytes

• Key neuronal and astrocytes markers

• Spontaneous synchronized activity

• Amenable to HTS (384-well format)

GFAP/MAP2
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Plate 3 spheroid size

384w microBrain 3D plate

Spheroid size

Features:
• 1 spheroid per well
• Consistent size across the plate
• Able to use within one week of receipt
• Amenable to acute and chronic (weeks) exposures

Pre-plated spheroids
Robust, easy to use, rapid workflow

Consistent, reproducible structure in ready-to-use format
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microBrain 3D - Gene Expression
Neurotransmitter receptor qPCR Array panel

receptor desensitization (P!erez-G!omez et al., 2018). Treatment
with CNQX, a glutamatergic inhibitor and AMPA/kainate recep-
tor antagonist, or MK-801, an antagonist of the NMDA receptor,
also led to a concentration-dependent decrease in peak counts
and an increase in the distance between peaks and peak regu-
larity (Figure 4B). As anticipated, GABA and the GABA receptor
agonist baclofen inhibited the frequency of calcium oscillations.
Pharmaceutical drugs lidocaine or haloperidol also led to modu-
lation of pattern and subsequent inhibition of calcium oscilla-
tions (Figs. 4A and 4B).

Tested neuroactive compounds demonstrated
concentration-dependent activity, from which their half maxi-
mal concentrations (EC50) were determined. Table 1 presents
the calculated EC50 values for compounds using the peak count

readout and includes reference EC50 values for the same com-
pounds previously determined in other in vitro assays (Arvanov
et al., 1997; Caeser et al., 1999; Chou et al., 2014; Coyne et al.,
2007; Crawford and Young, 1988; Galvez et al., 2000; Goldsmith
et al., 2003; Huettner and Bean, 1988; King et al., 1999; Larm et
al., 1996; Lee et al., 2010; Login et al., 1998; McCool et al., 2003;
Regan, 1996; Sheets and Hanck, 2003; Wong et al., 1986; Zhao et
al., 2016). The results indicated that the calcium oscillations of
iPSC-derived 3D neural cultures were sensitive to the known
modulators of neural activity, confirming a direct link between
the spontaneous calcium oscillations observed and neuronal
activity.

Next, we tested a set of 22 compounds, which were selected
based on results of our previous study (Ryan et al., 2016) using a

A

B

Figure 3. (A) Gene expression profiling for neurotransmitters receptors. (B) Gene expression profiling for ion channels. Data presented for 3D neural cultures samples
and adult brain samples. Both values were normalized to iPSC cells. KCNC1 and others represent Potassium Voltage-Gated Channels; SCN2A and other represent
Sodium Voltage-Gated Channels; CACNA1D represent L-type calcium channels.
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Neurotransmitter receptor profiling Ion channel profiling

Gene expression recapitulates native condition



Bar: 100µm

microBrain 3D  - Relevant mixture of astrocytes and neurons

DAPI GFAP MAP2

DAPI Synapsin I MAP2 Bar: 100µm

Co-culture enables interrogation of complex biology
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microBrain 3D demonstrates spontaneous synchronized neural activity

Synapsin driven Ca2+ indicator

Time (sec)

Plated microBrain 3D on MEA (Maestro)
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• Spheroid electrical activity is confirmed via MEA recordings
• Neuronal origin of activity is confirmed via synapsin-targeted Ca2+ measurements with high-

speed CFM



microBrain 3D – Functional Output

Spontaneous neuronal activity

W
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• Spontaneous Ca2+ oscillations
• Oscillations correspond to synchronized Ca2+

waves

Ca2+ oscillations provide a phenotypic readout of underlying functional neuronal activity

29



Tetrodoxin: sodium channel blocker 
4-Aminopyrydine: Non-selective KV channel 

blocker

CNQX: competitive AMPA/kainate receptor 
antagonist

NBQX: AMPA receptor antagonist

MK-801: NMDA receptor antagonist

Kainic Acid: Kainate receptor agonist

Muscimol: potent GABA agonist

microBrain 3D – Phenotypic Output Reflects Pathway Activity
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Complex Receptor Biology

microBrain 3D provides a human system for physiologically relevant interrogation of 
druggable pathways
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performed on different days using the same protocol, reagents,
and instruments but with different lots of 3D neural cultures as
well as different sets of compound dilutions. A subset of nor-
malized data for peak count and viability measurements is pre-
sented in Figure 8. The oscillatory behavior of the 3D neural
cultures exposed to compounds was segregated according to

the sub-categories for drugs, pesticides, flame retardants, poly-
aromatic hydrocarbons, and the group of compounds labeled as
industrial, which includes metals and additional chemicals.
The full data set for the different readouts, raw data and nor-
malized data, are included in Supplementary Table 2.
Importantly, peak counts and viabilities as well as other

Nuclei- Hoechst nuclear stain, blue
Viability- Calcein AM, green 
Mitochondria- MitoTracker Orange, red

Methyl MercuryDeltamethrinControl Hexaclorophene

Figure 6. Composite projection images of 3D neural cultures treated with 30 mM of indicated compounds for 24 h and then stained with a nuclear stain (Hoechst 33342),
viability stain (Calcein AM), and mitochondria potential dye MitoTracker Orange CMTMRos for 2 h (2 mM, 1 mM, and 0.5 mM, respectively). Spheroids were imaged with
the DAPI, FITC, and TRITC, 10! Plan Fluor objective, imaged using Z-stack of confocal images (30 images, 15 lm apart). Maximum projection images were analyzed us-
ing custom module editor for detection of spheroid size and shape, and also count of positive and negative cells in each tissue. The images show nuclei (blue), Calcein
AM stain (green), and mitochondria (red).
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4Isodecyl diphenyl phosphate 
52,2’,4,4’,5-Pentabromodiphenyl 
ether 
62,2’,4,4’-Tetrabromodiphenyl ether 
7Lead (II) acetate trihydratre 
8 1-Ethyl-3-methylimidazolium     
diethylphosphate
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Figure 7. Assay variability for calcium oscillation and viability readouts. (A) Intra-plate variability of different measurements for the vehicle control samples within a
representative plate, (DMSO) n ¼ 24 after 24 h of incubation, data not normalized. Mean (black squares) is shown for each phenotype overlaid on top of gray circles rep-
resenting individual well responses. Coefficients of variation (%CV) are shown for each phenotype. (B) Variabilities in vehicle controls for peak counts (per 10 min re-
cording) measured for 3 representative plates. Mean is shown (black squares) for each of three experiments overlaid on top of gray circles representing individual well
responses. %CVs are also shown for each experiment. (C) Comparison of compound responses (EC50 values) between 2 plates for 8 test compounds (24 h treatment).
Pearson correlation between experiments was r ¼ 0.987 p < .0001, Spearman correlation r ¼ 1.000, p < .0001.
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Figure 7. Assay variability for calcium oscillation and viability readouts. (A) Intra-plate variability of different measurements for the vehicle control samples within a
representative plate, (DMSO) n ¼ 24 after 24 h of incubation, data not normalized. Mean (black squares) is shown for each phenotype overlaid on top of gray circles rep-
resenting individual well responses. Coefficients of variation (%CV) are shown for each phenotype. (B) Variabilities in vehicle controls for peak counts (per 10 min re-
cording) measured for 3 representative plates. Mean is shown (black squares) for each of three experiments overlaid on top of gray circles representing individual well
responses. %CVs are also shown for each experiment. (C) Comparison of compound responses (EC50 values) between 2 plates for 8 test compounds (24 h treatment).
Pearson correlation between experiments was r ¼ 0.987 p < .0001, Spearman correlation r ¼ 1.000, p < .0001.
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microBrain 3D activity is reproducible

• Inter-plate reproducibility of spontaneous neuronal activity
• Each experiment number correspond to a different microBrain 3D plate

Reproducible baseline and drug response behavior
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Functional And Mechanistic Neurotoxicity Profiling
Using Human iPSC –Derived Neural Spheroid 3D Cultures 

Assessment of Spheroid Morphology and 
Viability by High Content Imaging
Confocal imaging and 3D image analysis methods were used to characterize compound
effects on the morphology and viability of 3D neural spheroids. To evaluate cytotoxicity
effects, cells were treated with various compounds for 24h, and then, live cells were stained
with Hoechst nuclear stain, Calcein AM, and MitoTracker Orange dyes. Images were acquired
using the ImageXpress Micro Confocal system, using confocal option and 3D imaging. Then
projection images were analyzed using the Custom Module Editor and Cell Scoring algorithms
for detection of cell numbers for all cells, live cells (Calcein AM positive cells), and cells with
intact mitochondria (MitoTracker positive cells). The analysis methods provide efficient tools
for characterization of cell and spheroid morphology.

Figure 4. Composite projection images of neural spheroids. Spheroids were treated with 30 µM of indicated compounds
for 24h, then stained with a nuclear stain (Hoechst 33342), viability stain (Calcein AM), and mitochondria potential dye
MitoTracker Orange CMTMRos for 2 hours (2 µM, 1 µM, and 0.5 µM, respectively). Spheroids were imaged with the DAPI,
FITC, and TRITC, 10X Plan Fluor objective, imaged using Z-stack of confocal images (30 images, 15 µm apart). Maximum
projection images were analyzed using custom module editor for detection of spheroid size and shape, and also, count of
positive and negative cells in a spheroid. The image shows nuclei (blue), Calcein AM stain (green), and mitochondria
(orange). The mask shows spheroids in blue, nuclei of Calcein AM positive cells in red, and negative cells in blue.

Evaluation of Neurotoxicity Effects Using 
Selected Set of Neurotoxic Compounds
The assay shows promise for high-throughput assessment of neurotoxicity effects of
chemicals in vitro which would help to evaluate and prioritize different substances for further
testing. We have tested 87 compounds that represent different classes of toxic chemicals,
including flame retardants, pesticides, poly-aromatic hydrocarbons, and demonstrated
sensitivity of the assay to the number of known neurotoxicants.

SUMMARY
• We developed the methods and demonstrated feasibility of the iPSC-derived StemoniX

microBrain 3D Assay Ready neural cultures for evaluation of compound effects on the
FLIPR Penta system.

• The expected functional responses were demonstrated using known neuromodulators and
neurotoxic substances.

• The assay can be used for testing compound effects and screening for neurotoxic
chemicals.

Oksana Sirenko1, Carole Crittenden1, Krithika Sridhar1, Sarah Vargas-Hurlston1, Kristen Ryan3, Cassiano Carromeu2, Ryan Gordon2
1Molecular Devices LLC, San Jose, California, US; 2StemoniX Inc., Maple Grove, MN, US, 3Division of the NTP, US

INTRODUCTION
To speed up the development of more effective and safer drugs, there is an increasing need
for more complex, biologically relevant, and predictive cell-based assays for drug discovery
and toxicology screening. Human iPSC-derived neural 3D co-cultures (microBrain 3D platform)
have been developed as a high throughput screening platform that more closely resembles
the constitution of native human cortical brain tissue. Neural spheroid 3D co-cultures are a
physiologically relevant co-culture of iPSC-derived functionally active cortical glutamatergic
and GABAergic neurons co-differentiated and matured with astrocytes from the same donor.
3D neural spheroids contain a neural network enriched in synapses, creating a highly
functional neuronal circuitry and display spontaneous synchronized, readily detectable
calcium oscillations.

A new method for the complex analysis of calcium oscillations allows detection and multi-
parametric characterization of oscillation peaks that include the oscillation rate, peak width
and amplitude, characterization of secondary peaks, waveform irregularities, and several
other important readouts. In addition, cellular and mitochondrial toxicity were assessed by
high-content imaging.

We also include data from a neurotoxic profile of a library of 87 compounds that included
pharmaceutical drugs, pesticides, flame retardants, and other chemicals. Our results show
that the iPSC-derived 3D neuro-spheroid assay platform is a promising biologically-relevant
tool to assess the neurotoxic potential of drugs and environmental toxicants.

iPSC-Derived microBrain® 3D
StemoniX® microBrain® 3D Assay Ready Platform is a high-throughput 3D culture platform
that more closely resembles the tissue development and constitution of native human brain
tissue. In this platform, human iPSC-derived neuronal spheroids, approx. 600 µm in diameter,
are composed of a physiologically relevant co-culture of functionally active cortical
glutamatergic and GABAergic neurons (identified by MAP2; green) and astrocytes (identified
by GFAP; red). This balanced cellular mix allows the development of a neural network
enriched in synapses, creating a highly functional neuronal circuitry. The neuronal cells in the
microBrain 3D spheroids are physiologically active, with spontaneous synchronized, readily
detectable calcium oscillations.

StemoniX microBrain 3D spheroids:

INSTRUMENT

We used the new high speed EMCCD camera on the FLIPR Penta system to measure the fast
kinetic patterns and frequencies of the Ca22+ oscillations of neuro-spheroids as monitored by
changes in intracellular Ca2+ levels with FLIPR® Calcium 6 Assay Kit (Molecular Devices). The
instrument equipped with the new ScreenWorks Peak Pro 2 peak analysis software module
allows analysis and characterization of the primary and secondary peaks and complex
oscillation patterns.

METHODS

3D neural cultures: microBrain 3D Assay Ready 384-Well plates were obtained from
StemoniX, Inc. Plates were shipped pre-plated under ambient conditions. Each well contained
a single, uniformly sized human iPSC-derived cortical neural spheroid matured 8-9 weeks. The
human spheroids were exposed to compounds for 24 hours, or as indicated in the figures.

Calcium Flux Assay: The intracellular Ca2+ oscillations were assessed using the FLIPR
Calcium 6 Assay Kit according to the regular protocol; spheroids were loaded with dye for 2
hours before measurements.

Cell Staining: To assess phenotypic changes, cells were stained live using a mixture of
three dyes: the viability dye Calcein AM (1 µM), the mitochondria potential dye MitoTracker
Orange (0.2 µ M), and the Hoechst nuclear dye (2 µ M) (all from Life Technologies).

3D neuro-spheroid 
stained with FLIPR 
Calcium 6 Assay Kit

Nuclei- Hoechst nuclear stain, shown in blue
Viability- Calcein AM, shown in green 
Mitochondria- MitoTracker Orange, shown in orange

Figure 5. Assessment of changes in oscillation rates upon
treatment with indicated neurotoxic compounds. Spheroids were
treated with compounds for 22h, and then loaded with Calcium 6
dye for 2h. Oscillation patterns were recorded and analyzed by
the FLIPR system. EC50 values or Benchmark Concentrations were
calculated from concentration-dependencies of the peak rates or
other measurements. The assay can be used for the functional
and viability screening for neurotoxic compounds.
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Caffeine 94 86 94 114 88 150

Phenobarbital sodium salt 90 124 125 103 125 125

Colchicine 86 106 106 99 104 122

Phenobarbital 107 108 86 86 115 114

Hydroxyurea 100 94 81 97 89 110

Valproic acid sodium salt 100 94 107 111 117 108

Fluorouracil 117 110 93 99 94 108

Thalidomide 88 89 82 88 83 104

Acetaminophen (4-hydroxyacetanilide) 85 88 86 90 103 103

Hydroxydopamine hydrochloride 89 90 96 90 88 99

Diazepam 110 104 110 113 132 67

Estradiol 86 94 92 100 117 18

Tetraethylthiuram disulfide 108 85 100 97 113 18

Diethylstilbestrol 88 88 93 103 82 0

Methyl-4-phenylpyridinium iodide (MPP+) 99 94 101 85 53 47

Berberine chloride 99 21 0 0 0 0

Valinomycin 0 0 0 0 0 0

tris(Chloropropyl) phosphate, TCPP 93 94 110 114 160 164
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Ethylhexyl diphenyl phosphate (EHDP) 101 122 176 0 0 0
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Acrylamide 86 89 93 108 96 106

Lead (II) acetate trihydrate 101 103 100 108 118 90

Di(2-ethylhexyl) phthalate 85 100 90 99 92 88

Manganese, tricarbonyl[(1,2,3,4,5-.eta.)-1-

methyl-2,4-cyclopentadien-1-yl]- 90 88 96 126 121 28

Bisphenol A 89 96 96 121 101 1

Bisphenol AF 101 135 113 110 78 0

Methyl mercuric (II) chloride 85 86 0 0 11 8

Methyl mercuric (II) chloride 81 75 0 0 6 8

Bis(tributyltin)oxide 79 69 69 0 3 19

Acetic acid, manganese (2+) salt 92 93 0 0 0 0

Auramine O 131 139 171 44 0 0

Hexachlorophene 0 0 0 0 0 0

Benzo(b)fluoranthene 79 90 108 167 147 169

Anthracene 114 106 97 114 122 156

Benz(a)anthracene 99 118 104 136 144 156
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Acenaphthene 86 93 104 113 101 149
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Benzo[g,h,i]perylene 78 81 97 110 103 126
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Isodecyl diphenyl phosphate 133 121 149 67 0 0

Dichlorodiphenyltrichloroethane (DDT) 83 90 97 15 0 0

Dieldrin 125 136 147 4 0 0

Permethrin 74 96 101 14 0 0

Deltamethrin 31 0 0 0 0 0

Rotenone 0 0 0 0 0 0

DMSO 106 78 114 79 103 114

DMSO 111 104 110 118 110 96

DMSO 114 85 113 85 99 86

PBS 121 88 108 76 118 96

PBS 88 93 108 103 101 103

Acetylsalicylic acid 94 100 88 93 85 113

Amoxicillin 89 96 89 93 114 118

D-Glucitol 85 82 90 97 122 119

L-Ascorbic acid 113 89 110 115 108 115

Saccharin Sodium Salt hydrate 90 94 99 94 115 126
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Figure 1. A. Human 
iPSC-derived neural 
spheroids composed of 
a co-culture of active 
cortical neurons 
(identified by MAP2; 
green) and astrocytes 
(identified by GFAP; 
red), approximately 600 
µm diameter, imaged 
with ImageXpress® 
Micro Confocal system, 
20X magnification.

Calcium oscillation traces recorded by the FLIPR Penta system:

Control GABA AMPA

RESULTS:
Calcium Oscillations Evaluated by the FLIPR System
The neuronal cells in the microBrain 3D spheroids generate spontaneous synchronized calcium
oscillations. We used fast kinetic fluorescence imaging on the FLIPR Penta system to measure the
patterns and frequencies of the Ca2+ oscillations of neuro-spheroids as monitored by changes in
intracellular Ca2+ levels with FLIPR Calcium 6 Assay Kit. A set of known neuromodulators was tested,
including agonists and antagonists of NMDA, GABA and AMPA receptors; kainic acid, analgesic, and
anti-epileptic drugs.

Analysis of Kinetic Patterns: 
Measurements and Variability
Advanced analysis methods implemented in the ScreenWorks Peak Pro 2 software module provide
multi-parametric characterization of the Ca2+ flux oscillation patterns. This phenotypic assay allows
for the characterization of readouts such as oscillation frequency, amplitude, peak width, peak raise
and decay times, and irregularity. The effects of modulators of neuronal activity were evaluated by
measuring changes in several measurements

Figure 2. New ScreenWorks Peak Pro 2 software equipped with additional tools for peak analysis using >20
descriptors for observed phenotypic changes. The intracellular Ca2+ oscillations were assessed using the FLIPR Calcium 6
Assay Kit.

Phenotypic  Effects of Neuromodulators 
A set of 20+ compounds, including a number of known modulators of neuronal activity, was
assayed at different time-points and the calculated EC50 values for compound effects. Changes were
observed as inhibitions or activations of the peak frequency, or other measurements,
corresponding to the expected effect of the correspondent neuromodulator.

Figure 3. Using high speed EMCCD fluorescence imaging (FLIPR system), we have tested the impact of various
compounds on the rates and patterns of intracellular Ca2+ oscillations using calcium-sensitive dye FLIPR Calcium 6 Assay
Kit. High throughput recording and analysis of the entire 384-well plate was simultaneously performed using the FLIPR
Penta system. Representative traces of calcium oscillations are shown for the control and compound treated spheroids.

Spheroids were loaded with dye for 2h and then treated with compounds for 30min (for the last row of indicated
compounds treatment was done for 24h). Concentration-dependent changes in the patterns were observed. Oscillation
traces were recorded by the FLIPR system for 10min. Patterns were characterized using ScreenWorks Peak Pro 2
software.
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Ø The FLIPR® Penta System is 
powered by a new high-speed 
camera and the new 
ScreenWorks®  Peak Pro™ 2 
software.

Ø The system allows measuring 
and analysis of complex patterns 
of calcium oscillations in human 
iPSC-derived cardiomyocytes and 
neurons.

For Research Use Only. Not for use in diagnostic procedures. ©2019 Molecular Devices, LLC  All Rights Reserved. The trademarks mentioned herein are the property of  Molecular Devices, LLC or  their respective owners.
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Case Study 1 Toxicity Testing with  with microBrain 3D
Toxic compounds interfere with microBrain 3D activity
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microBrain 3D in Toxicity Studies
Endpoint specific and terminal toxicity detection

• Mitochondrial function is assessed with MitoTracker Orange
• Viability is assessed with Calcein AM

• Control spheroids show extensive overlap of mitochondrial and viability markers (yellow-brown)
• Compound incubation shows loss of both mitochondrial function and loss of viability

Sirenko et al., 2019
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Functional endpoints are more sensitive 
than terminal assay endpoints

Case Study: Readout Sensitivity
Chemical library from NTP demonstrates the sensitivity of functional readouts

Sirenko et al., 2019

BMC concentrations for select compounds

• microBrain 3D spheroids were exposed 
to an NTP library of diverse chemicals

• Ca2+ oscillation endpoints were 
compared to endpoint viability assay

• Bench Mark Concentration (BMC) were 
calculated across endpoints



Case Study 2: Screening with microBrain 3D
SelleckChem and Lopac1280

microBrain 3D provides a robust, easy to use screenable platform for 
interrogating human biology

35

Example Screen
ü FDA Approved Compound library (SelleckChem), 10µM single dose, 384 well format
ü Bidirectional modulation; increased and decreased activity
ü Reproducible control responses with large assay window enables stringent hit criteria

+/-
3X SD

Plate 1 Plate 2 Plate 3 Plate 4
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Screening with microBrain 3D
Broad-based and granular interrogation

Identifying hits across classes

microBrain 3D enables drug discovery and interrogation across a
broad base of pathways and classes

LOPAC1280 Pathway Hit FrequencySelleckChem Pathway Hit Frequency

Synaptic Transmission
- Glutamatergic, GABAergic, Cholinergic, 

Serotonergic, Dopaminergic

Ion Channels and Transporters
- Na+, K+, Ca2+, ATPases

Adrenergic and Adenosine signaling

Neurological Disorders
- Convulsions, Anxiety, Depression, 

Addiction

Cell Biology
- Homeostasis, Cytoskeleton, Kinases, 2nd

messengers, etc.

Frequency

46

25

18

17

8

6

5

5

0 10 20 30 40 50

Neurotransmission

Intercellular signaling

Ion channels/pumps

Cell Biochemistry

Kinase signalling

Intracellular signalling

Gene regulation

Cytoskeleton and
ECM
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Screening with microBrain 3D
Examining intra-family specificity and practical implementation

Granular dissection of intra-family specificity

Opioid Receptor Hits from LOPAC1280 Screen

https://www.fiercebiotech.com/biotech/nih-taps-stemonix-s-organ-a-chip-for-opioid-addiction-research

StemoniX – NCATS CRA: NIH HEAL Initiative
Helping to End Addiction Long-term

Identify signature opioid response

• Identify potentially addictive compounds
• Prioritize library and med chem efforts
• Prescreen drug candidates prior to more 

expensive, low-throughput experiments

https://www.fiercebiotech.com/biotech/nih-taps-stemonix-s-organ-a-chip-for-opioid-addiction-research


Case Study 3: Disease Modeling 
Rett Syndrome using microBrain 3D

• Affect primarily females (X-linked disease). Males are severely affected;

• Early onset (6-12 months);

• Autism-like behaviors, seizures and loss-of-language;

• Mutations in the MECP2 gene present in >95% of the cases;

• MeCP2 is a transcription regulator, binding throughout the whole genome;

• Disease Line: Rett Syndrome (RTT) hiPSC

Ø Control line (WT): Parental control

Ø Disease line (RTT): male, nonsense MeCP2 mutation (Q83X)

www.stemonix.com 38



RTT microBrain spheroid Control microBrain spheroid

RTT spheroids CNT

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
0

100

200

300

400

500

600

700

800

Column

W
id

th
 (µ

m
)

Plate 3 Spheroid Size

CNT RTT
400

500

600

700

800

S
iz

e 
(µ

m
)

Distribution of Width Values

CoV: 3.16% 4.10%

Maximum and minimum distribution of spheroid size Distribution of Width Values

CoV:  3.16%.   4.10%

microBrain 3D and microBrain 3D-RTT show good reproducibility
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microBrain 3D and microBrain 3D-RTT have similar cellular composition

40

Control microBrain 3D microBrain 3D-RTT

MAP2

GFAP

MAP2

GFAP

• Neuronal and glial cell populations in 3D control and 3D RTT microBrain spheroids
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• microBrain 3D and microBrain 3D-RTT were plated on Matrigel coated plates
• Brightfield images were acquired 72hr after plating  

Neurite Outgrowth Assay
72hr after plating

microBrain 3D-RTT shows altered neurite outgrowth
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• Calcium tracings from spontaneous calcium activity recorded using FLIPR Tetra®

microBrain 3D-RTT displays altered electrophysiology phenotype
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Primary screening using the SMART Library

• SMART (Selected Molecular Agents for Rett Therapy) library of compounds 

• Vetted collection of compounds (using bioinformatics methods) tightly 
focused on Rett syndrome and its biological causes;

• Modulators for many key pathways misregulated in Rett Syndrome;

• Screening summary:
Ø 296 compounds at 1 µM;

Ø Four replicates on independent plates;

Ø Vehicle control: DMSO;

Ø Two weeks of chronic treatment.
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Peak Width at 10% Amplitude after chronic treatment with compounds
Spontaneous activity modulation shown for 148 compounds

• Single endpoint results from screening the SMART library

microBrain 3D-RTT identifies compounds that ‘rescue’ the iPSC-RTT phenotype
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• Many compounds rescue the measured RTT phenotype
• Many compounds do not rescue the phenotype
• Data are messy……



Multiparametric Analysis ‘Cleanly’ Identifies Rescue
Multiple parameters identify rescue while phenotypic screening identifies multiple target pathways
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Ø microBrain 3D - human-based tool for CNS modeling in vitro
ü HTP, relevant, complex neuronal culture system with a reduced workflow burden

ØFunctional and structural toxicity prioritization

ØCan be used to screen diverse neurobiology endpoints

ØDemonstrated ability for human disease modeling and target pathway 
identification

Summary
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