2D and 3D iPSC-derived platforms for neurotoxicity screening demonstrate compound effects on calcium
activity, synapses, viability, and cell proliferation
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Neural Progenitor Cell Models: Cell Viability and Proliferation

Neurotoxicity is a leading cause of drug failures. Neurotoxicity testing in animal models is costly, labor intensive, Compound effects on human neural precusor cells BSOO Live Nuclei per Field of View (_‘,60 Percent Click-iT+ Live Nuclei
and low throughput. Human induced pluripotent stem cells (hiPSCs) are a promising avenue for developing cost- 1 i sokokok
. . . . . . . 7001
effective in vitro CNS models with higher throughput that better represent human disease. In this study, we 9 ad 50 e e
: .y : : : : 6001 & T~ apd KkKRK po g *kkk o
developed and validated three platforms for neurotoxicity screening using iPSC-derived models: neural 3. T 2 e ] g o !E }
. . . . . . e 4% ° -
progenitor cells (NPCs), two-dimensional (2D) neuron-astrocyte-microglia tri-culture models, and three- 5 400§3 3 . ° % %abcd 5 abc _, $ %
dimensional (3D) neural spheroid models. We used single cell analysis methods to test compounds such as A y Cligk-iT E_|% : E T el *Fkapcd) & P W abc e
. . . . . . “ ] : 0 — skakkk '
chemotherapy agents, effectors of channel activity, environmental toxicants, and anti-retroviral drugs on viability, o - " -
calcium flux, synapse numbers, or cell proliferation. We demonstrate decreased NPC viability and reduced cell Viability and proliteration 1001 “F
_ _ _ _ _ _ from nucleus staining o
proliferation after treatment with anti-retroviral compounds currently prescribed for HIV. 0 — 0 . .
C d effect /ast /microgli g & F gy g FF £ & & & ¥ oF & F
ompound effects on neurons/astrocytes/microglia 1 8 g & & g F & g
Treatment Q\P 0«0 Treatment €§9 0«0

For analysis of calcium activity in our 2D and 3D tri-culture models, we used fluorescent calcium dyes for calcium
imaging using Vala Sciences Kinetic Image Cytometer (KIC), followed by single cell analysis of the calcium
transients. We observed changes in calcium activity after treatment with a chemotherapy drug (carboplatin) and
channel modifying compounds (FPL64176). We routinely analyze synapse count with antibodies recognizing pre-
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Figure 1. NPC Viability and Proliferation Assay. Images
of NPC nuclei stained with Hoechst (greyscale — A,C,D) and

Figure 2. Exposure to EVG and DTG alone or in combination decreases neural progenitor cell count, while exposure to TDF alone or in combination increases the percent of
cells replicating DNA. NPCs were treated with 0.2% DMSO (vehicle control) and 10 uM of FTC, EVG, and DTG alone, or 10 uM of each ARV in clinically relevant combinations for 72
hours. A) Representative portions of a field of view of NPC nuclei stained with Hoechst (greyscale) and Click-iT EAU (magenta ). B) Mean number of live NPC nuclei identified by CyteSeer
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4nd pos -Synapsesl 0 100X at Changes 1N Syndpses aller tred me.n " € al?e 4 SO_ e\./e OpIhg me (_) > UsIng an \ / o green (D) and Click-iT puncta in live nuclei are masked in in each field of view (four fields of view per well). C) Percent of live NPC nuclei imaged per well identified as Click-iT positive (four fields of view per well). (B,C) Bars represent mean + SD.
construct expressing GFP-tagged PSD-95 to allow for longitudinal investigation of synaptic changes after Y Kinetic Image cyan. CyteSeer® quantifies the number of live nuclei and Each point represents one value per well. DMSO N=25 wells; FTC: n=8; EVG: n=7; DTG: n=8; TDF: n=8; TDF+FTC: n=8; EVG+TDF+FTC: n=9; DTG+TDF+FTC: n=9. Statistical comparisons by

treatment with compounds, such as the environmental toxin lead. Our platforms can also measure mitochondria

or ER toxicity and track neurodevelopment and neural network function.
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the percent of live nuclei with Click-iT puncta.

2D models: Co-culture and Tri-culture

one-way ANOVA followed by Tukey’s multiple comparison’s test. Asterisks denote statistically significant differences from cells treated with single ARVs: a:FTC, b:EVG, ¢:DTG, d:TDF.

Figure 3. Exposure of 2D co-culture (neuron + astrocyte) to Carboplatin and
FPL64176 decrease the activity by reducing neuron spikes and spike frequency.
NPC’s differentiated into neuron-astrocyte cultures were treated with DMSO (vehicle
control), CBPN, and FPL64176 with concentrations as shown on the graph for 1.5 or 26
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1€200-KIC® and CyteSeer® can measure compound effects on up to thousands of
cells simultaneously to discern curative or detrimental effects with high sensitivity.

synapse density and altered neuronal network synchrony. Hum Mol Genet 2016 Vol. 25
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