
t Figure 7. CyteSeer® calculated the 
mean spiking frequency (A), the mean 
peak amplitude (B), the mean FWHM 
time (C), and Ca2+ AUC (D) for each Ca2+ 

peak from co-cultured hiPSC-Gluts. Spike 
frequency (A) decreased in a dose-depen-
dent manner; note the frequency is about 
4-6x higher than similar measurements 
for hiPSC-Gluts in monoculture (Figure 
2A). Peak amplitudes showed maximum 
response to PM2.5 at 25-50 µg/mL (B), as 
does peak area (D). Meanwhile, FWHM 
time increased in a dose-dependent man-
ner, but results were not statistically sig-
nificant. Note, however, that FWHM times 
are an order of magnitude less than similar 
measurements for hiPSC-Gluts in mono-
culture (Figure 2C), indicating faster cal-
cium cycling. The shift in maximum re-
sponse towards lower concentrations of 

PM2.5 at the same assay timepoint (24 hr), combined with the increase in mean frequency and decrease in mean 
FWHM time, strongly implies that the presence of hiPSC-MGLs enhances the hyperactive response of hiPSC-Gluts 
to PM2.5. An inflammatory response by hiPSC-MGLs to PM2.5 may exacerbate neuronal hyperactivity.
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Recent epidemiology studies link air pollution, especially particulate matter 2.5 µm or 
less in diameter (PM2.5), to increased Alzheimer’s disease (AD) incidence. Air pollution 
particles have been found in brains of people from polluted areas. Particles may enter 
the brain along tracts of olfactory neurons from nasal cavities to the olfactory bulb. 
Consistent with this hypothesis, loss of olfactory function is a common early symptom 
of AD and AD-related pathologies, and is often found in post-mortem olfactory bulbs. 
To investigate potential dysregulation of CNS neuron function by pollution, we exposed 
excitatory glutamatergic neurons derived from human-induced pluripotent stem cells 
(hiPSC-Gluts) to PM2.5. We imaged calcium activity in these neurons using the IC200 
Kinetic Image Cytometer® (KIC®), Vala’s automated digital microscope workstation, 
and analyzed videos with CyteSeer®, Vala’s cell image analysis program. PM2.5 exposure 
increased calcium activity in a dose-dependent manner. Increased calcium transients 
in neurons may lead to hyperactivity, excitotoxicity, and increased cell death. Vala 
is currently developing a high-throughput co-culture assay system (neurons with 
microglia and/or astrocytes) to test air pollution components for neurotoxic effects 
in a more CNS-like cell environment. This assay will enable research into mechanisms 
linking pollution to Alzheimer’s and spur the search for agents that can protect against 
pollution’s neurodegenerative effects.  

Introduction

IC200-KIC® and CyteSeer®
Vala’s IC200-KIC® combines ultra-fast 
videography with high-throughput 
analytics. It is a benchtop (21” x 21” x 
22”) 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). The IC200-KIC® supports multiple 
well plates, objectives, and filter sets. 
It 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 kinetic time series.

Methods and Results

Together, the IC200-KIC® platform and CyteSeer® can measure 
compound effects on up to thousands of cells simultaneously to 

discern curative or detrimental effects with high sensitivity.

For these studies, the IC200-KIC® was equipped with a 20X/0.75 NA objective to acquire 
both live calcium movies and single-timepoint images from fixed cells.

For both mono- and co-culture experiments, we used iCell GlutaNeurons (FUJI-
FILM Cellular Dynamics International, Madison, WI). In co-culture experiments, 
we also added hiPSC-derived microglia-like cells (hiPSC-MGLs), made in house 
by adapting a protocol published by Muffat, et al. (Nat. Med. 2016; 22[11]:1358-
1367). Cultures were maintained with 50% media changes every 2-3 days.

PM2.5 particles were obtained from samples of urban air pollution in Beijing, 
China. PM2.5 particles were added to the cultures for 24 hr prior to assay, at con-
centrations of 0, 6.25, 12.5, 25, 50, and 100 µg/mL (in water).

Statistical Analysis: Bars represent mean±SEM for N=6 wells; *p<0.05, **p<0.01, 
***p<0.001 by ANOVA, followed by Dunnett’s post-hoc multiple comparisons test. All 
analyses were performed with Prism 8 (GraphPad Software, San Diego, CA).

PM2.5 Exposure Induces Calcium Hyper-
activity in a hiPSC-Glut Monoculture

After 24 hr of exposure to PM2.5, hiPSC-Gluts were stained with 5 µM Rhod-4 intracellular Ca2+ indicator 
(AAT Bioquest, Sunnyvale, CA) and 1 µg/mL Hoechst 33342. The cells were then imaged on the IC200-KIC® 
for 2 min at a 4 Hz framerate.
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p Figure 1. CyteSeer® was used to measure changes in Rhod-4 fluorescence over individually-segmented 
neuronal soma masks as a function of time. Ca2+ traces for individual active cells in representative wells of 
vehicle (A) and 100 µg/mL PM2.5 (B) treatments over 2 mins of recording are shown.

t Figure 2. From the raw Ca2+ data, Cy-
teSeer® calculated the mean spiking fre-
quency (A), the mean peak amplitude (B), 
and the mean full-width half-maximum 
(FWHM) time for each Ca2+ peak (C). The 
differences in the means for height and 
duration of the Ca2+ peaks individually (B 
and C) approach, but do not reach, signifi-
cance. However, the difference in relative 
mean Ca2+ AUC  (D)—a proxy for the to-
tal amount of Ca2+ in- and efflux based on 
both the strength and duration combined 
for each transient—is significant. 
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PM2.5 Reduces hiPSC-Glut Neurite Length, 
Affecting Synapse Density

For our fixed-endpoint neurite and synaptic density assay (NO2), cells were fixed anti-β-III tubulin (Ab-
cam, Cambridge, MA) to stain the neurites, anti-SV2 (DSHB, Iowa City, IA) and anti-PSD-95 (Thermo Fisher, 
Waltham, MA) for synapses, and Hoechst (Thermo Fisher) for the nuclei. 9 FOVs per well were obtained for 
each of the 6 wells per condition. Images were analyzed using CyteSeer® software for live nuclei, neurite 
length, and synapse count.

p Figure 3. Example images of presynaptic staining (SV2, A) and post-synaptic staining (PSD-95, B). The 
merged image (SV2 in green, PSD-95 in red) is shown in C. Neurites are marked  by β-III tubulin (D). Cyte-
Seer® neurite masking (red) is shown in E. In all images, nuclei are shown in blue.
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u Figure 4. hiPSC-Glut neurite 
length per cell was calculated using 
CyteSeer®’s NO2 algorithm. Exposure 
to PM2.5 for 24 hr decreased neurite 
outgrowth, suggesting a directly neu-
rotoxic effect (A). The NO2 algorithm 
also quantified synapse density. There 
was an apparent increase in synaptic 
density with PM2.5 treatment  (B). 
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Co-culture with hiPSC-MGLs Enhances 
hiPSC-Glut Hyperactivity

Analyzing Ca2+ images of co-cultures with hiPSC-Gluts and -MGLs requires the ability to discriminate be-
tween the two cell types. We took advantage of the precision-targeted stage of the IC200-KIC® by perform-
ing Ca2+ imaging, fixing and staining the cells for neuron and microglia markers, then imaging the same FOV 
by immunofluorescence.
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p Figure 5. A, Calcium imaging by the IC200-KIC (Rhod-4 in green). B, The same FOV scanned after fixa-
tion and staining with β-III tubulin for hiPSC-Gluts (white) and Iba-1 for hiPSC-MGLs (magenta). The super-
imposed images are shown in C. In all images, nuclei are shown in blue.
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p Figure 6. CyteSeer® discriminated between Iba-1+ hiPSC-MGLs and β-III tubulin+ hiPSC-Gluts. Ca2+ traces 
for individual active hiPSC-Gluts in representative wells of vehicle (A) and 25 µg/mL PM2.5 (B) treatments 
over 2 mins of recording are shown.
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Conclusions
• PM2.5 exposure induces Ca2+ hyperactivity in glutamatergic neurons, suggest-

ing a directly neurotoxic effect of these particles.
• Ca2+ hyperactivity is accompanied by morphological changes in glutamatergic 

neurons, including reductions in neurite length.
• PM2.5 insult to microglia may promote an inflammatory microenvironment 

which further exacerbates Ca2+ hyperactivity in glutamatergic neurons.

• Sequential live Ca2+ and fixed immunofluorescent imaging by the IC200-KIC® 
and subsequent analysis enabled by CyteSeer® allows for high-throughput func-
tional and structural studies of increasingly complex co-culture assay systems 
that are more reflective of biological realities.

• Further studies with tri-cultures (neurons+astrocytes+microglia) relevant to 
Alzheimer’s and Parkinson’s diseases inter alia are underway.

For more information about the IC200-KIC®, CyteSeer®, or collaborative/contract research opportunities,
please visit us at valasciences.com (or check out our Twitter for the latest news: @valasci)


