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Calcium regulation is very important for neuronal health, and dysregulation of calcium 
is linked to multiple neurodegenerative disorders. For example, α-synuclein and 
amyloid β-peptide fragments, associated with Parkinson’s Disease and Alzheimer’s 
Disease, respectively, disrupt calcium homeostasis of neurons in vitro. Human 
induced pluripotent stem cell (hiPSC)-derived neurons are a powerful tool for high-
throughput screening of drugs that may modulate changes in calcium regulation 
or affect neurite outgrowth and synapse formation. We have developed the IC200 
Kinetic Image CytometerTM (KIC) and with it can perform high-throughput, cell-
by-cell analysis allowing us to investigate the effect of drugs on calcium regulation 
in living neurons cultured in 384-well dishes. Additionally, the IC200 can perform 
automated scans on fixed neurons that have been immunolabeled to visualize 
relevant biomarkers and structures to assess morphological changes. With our 
CyteSeer Analysis software, we developed algorithms that quantify βIII-tubulin 
expression and localization to assess neurite outgrowth, as well as algorithms to 
quantify puncta of pre- and post-synaptic markers to access synaptic density. In the 
current study, we teste the capability of our platform to detect changes in calcium 
activity, neurite morphology, or synapse number using compounds that have been 
demonstrated to induce changes in cultured neurons.

Introduction

The IC200-KICTM and
CyteSeer

Vala’s IC200-KICTM combines 
ultra-fast videography with high-
throughput analytics. It is an 
automated digital microscope with 
an environmental chamber, capable of 
acquiring digital movies from live cells 
at rates of up to 100 fps (at full-frame 
size). Additionally, the IC200-KICTM 
can acquire images in up to 5 optical 
channels for high-content analysis.

CyteSeer is Vala’s powerful high-content 
imaging analysis software. CyteSeer can 
analyze single cells from both static images 
and from kinetic time series.

Together, the IC200-KICTM platform and CyteSeer can measure the 
effects of compounds on up to thousands of cells simultaneously to 

discern curative or detrimental effects with high sensitivity.
For these studies, the IC200-KICTM was equipped with a 20X/0.75 NA objective to 
acquire both live calcium movies and single-timepoint images from fixed cells.

Synaptic Density and
Neurite Outgrowth Assay

Neurons were fixed with 2% PFA with 5% sucrose and permeabilized with 0.3% Triton-X in PBS. A solution of 5% goat serum 
and 1% BSA was used to block the cells and to make primary antibody solutions with anti-βIII tubulin (Abcam; Cambridge, UK), 
-SV2 (Developmental Studies Hybridoma Bank; Iowa City, IA, USA), and -Homer 1 (Synaptic Systems; Göttingen, Germany) for 
overnight incubation at 4°C. Secondary Alexa Fluor-conjugated antibodies (ThermoFisher Scientific; Waltham, MA, USA) were 
added in 2% BSA for 1 hr at room temperature, followed by imaging. For the synaptic density and neurite outgrowth assay, the 
instrument acquired 9 FOVs per well from all 4 channels using the IC200’s synthetic focus setting and collecting a z-stack at 1 
µm intervals for 5 µm.

Methods
iCell GlutaNeurons (Cellular Dynamics; Madison, WI, USA) were thawed and seeded 
in 384-well plates (Greiner Bio-One; Kremsmunster, Austria) at 60K or 90K cells per 
cm2, as needed per assay. Neurons were maintained in the suggested media and treated 
with compounds according to the following timelines:

Cell Culture

Test Articles
Compound Abbreviation Source Dose(s)

Para-nitro-blebbistatin PNB Optophama
(Budapest, Hungary)

1.25-50 µM dose-
response curve

4-aminopyridine 4-AP Cayman Chemical
(Ann Arbor, MI, USA) 50 µM

Forskolin Fsk Sigma-Aldrich
(St. Louis, MO, USA) 25 µM

Dimethylsulfoxide, 
vehicle control DMSO Sigma-Aldrich

(St. Louis, MO, USA) 0.1%

Calcium KIC Assay Neurons were loaded with a calcium indicator dye solution with 5 µM Rhod-4 AM (AAT Bioquest; Sunnyvale, CA, USA), 1X PowerLoad (Thermo Fisher Scientific; 
Waltham, MA, USA), 1 µg/mL Hoechst 33342, and 777 µg/mL probenecid for 40 min at 37°C/5% CO2. Following dye loading, compounds were re-applied to the wells 
in phenol red-free BrainPhys (Stemcell Technologies; Vancouver, BC, Canada)for imaging at 4 fps for 2 min in one field of view (FOV) per well.

Single-neuron calcium readouts from CyteSeer, Vala’s powerful analysis software. Calcium 
time series were analyzed by CyteSeer, using algorithms to identify live neuronal nuclei and 
to determine their associated soma. A, C, and E: Examples of Rhod-4 fluorescence in neurons 
(white) and Hoechst-stained nuclei (blue). Soma masks are shown in magenta. These pictures 
are a 640x640px ROI on the full-sized FOV (2560x2160px). B, D, and F: Rhod-4 fluorescence 
on each individual soma mask over time were measured to determine the average calcium 
peak amplitude and firing rate frequency. Each trace represents a single neuron in the ROI in 
the corresponding panels on the left.
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Calcium traces analysis reveal that 50 µM 4-AP treatment increases calcium signaling 
frequency and amplitude, while 25 µM Fsk treatment attenuates calcium signaling. For 
both 4-AP and Fsk, N=6 wells; for DMSO, N=10 wells. Data were pooled from two separate 
representative experiments. Bars and error lines represent mean±SD. Statistical analysis by 
ANOVA followed by Dunnett’s post-test; **p<0.01, ***p<0.001.
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Hoechst/βIII Tubulin SV2/Homer 1

Synapse MaskNeurite MaskNuclear Mask

CyteSeer algorithms identify the number of live neuronal 
nuclei (red, left panel), total neurite length (magenta, 
center panel), and overlapping pre- and post-synapse 
markers to determine a synapse (right panel) on each 
of the images.

Using these values, we calculated the following:
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Para-nitro-blebbistatin increases 
neurite outgrowth and synapse 
number. iCell GlutaNeuron 
cultures were treated with a range 
of concentrations of PNB or 0.1% 
DMSO control. Cultures were fixed 
and stained with anti-βIII tubulin, 
-SV2, and -Homer 1, and nuclei were 
stained with Hoechst. Images were 
analyzed for neuronal viability (A), 
neurite outgrowth per neuron (B), and 
synaptic density (D). Bars represent 
the average of an N=3 wells per dose 
or N=6 wells for DMSO, with error bars 
showing SD (*p<0.05, **p<0.01; one-
way ANOVA followed by Dunnett’s post-
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hoc test). C: Representative images 
of neurites stained with anti-beta III 
tubulin (white) after treatment with 
0.1% DMSO or 25 μM PNB.  E: ICC of SV2 and Homer 1. Co-localization 
demonstrates synapses after treatment with 0.1% DMSO or 25 μM 
PNB.

Conclusions
We have developed assays using commercially-available hiPSC-
derived cortical neurons to probe changes in calcium handling, 
neurite outgrowth, and synapse density:

• Fsk, a compound that increases cAMP, reduced calcium activity (contrary 
to our expectations1)

• 4-AP, a K+-channel blocker used to produce epileptic effects in the lab, 
increased calcium activity2

• PNB, a derivative of myosin inhibitor blebbistatin, increased both neurite 
outgrowth and synapse density3,4
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Currently, we are adapting these 
techniques for use on neuronal 
co-cultures with hiPSC-derived 
microglia, relevant to:

• Alzheimer’s Disease
• Parkinson’s Disease
• Neurodevelopmental disorders

For more information on the IC200-KICTM, CyteSeer, or
contract/collaborative research opportunities, please visit

www.valasciences.com, or come see us at Booth 3803!
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