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Introduction

Methods 

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

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 movies and single-timepoint images from fixed cells.

hiPSC Microglia Enhance Neuronal Health in Control Cultures

Effect of Microglia on HIV ART toxicity - Calcium
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Despite improvements in HIV treatment that reduce the severity of AIDS-defining illnesses, milder forms of HIV-
associated neurocognitive disorders (HAND) still affect half of HIV+ individuals. We have previously tested the 
toxicity of existing anti-retrovirals (ARVs) on iPSC-neurons alone. Microglia and astrocytes may also contribute to the 
development of HAND: HIV replicates in microglia, and microglia and astrocytes could be activated by ARVs leading to 
neuronal loss. In this study, we are working to develop a tri-culture model of IPSC-derived neurons, microglia, and 
astrocytes to improve pre-clinical testing of ARVs for neurotoxicity.  

To begin to establish co-culture systems, we cultured iPSC-derived microglia with iPSC-derived glutamatergic 
neurons (Fujifilm CDI).  We treated these co-cultures with the nucleoside/nucleotide reverse transcriptase inhibitors 
tenofovir disoproxil fumarate (TDF) or emtricitabine (FTC), or the integrase strand transfer inhibitors elvitegravir 
(EVG) and dolutegravir (DTG) for 7 days with 10µM of each drug. We also treated co-cultures with currently 
prescribed ARV combinations. Compared to cultures of neurons alone, the microglia protected the neurons from ARV-
induced toxicity. The presence of microglia increased neuron viability and reduced neuron cell death and neurite loss 
in the most toxic treatments (EVG, EVG-FTC-TDF, and DTG-FTC-TDF). Microglia also protected against a loss of pre-
synapses by EVG and EVG-FTC-TDF and a reduction in calcium transient activity after treatment with EVG, EVG-FTC-
TDF, and DTG, FTC-TDF. Our results demonstrate that microglia can protect neurons from ARV-induced toxicity. We 
are currently incorporating iPSC-derived astrocytes into our co-cultures to further improve the predictivity of our 
pre-clinical assays for HAND.
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(β-III tubulin) Figure 1. Presence of hiPSC-derived microglia in the hiPSC-derived neuronal 

cultures improved the health of the neurons. (A) CyteSeer® analysis of the calcium 
activity demonstrates that presence of microglia did not alter the percent of active 
neurons in the culture or the event frequency of calcium transients but did increase 
the mean amplitude of calcium transients. (B). CyteSeer® analysis of fixed plates 
demonstrates that microglia increase the number of viable neurons, the total neurite 
length, and pre-synapse number in neurons that are cultured with microglia. (C). 
Representative image of hiPSC-neurons (β III tubulin) with and without microglia 
(IBA1). Graphs show mean and SD for n=6 wells per condition (****p<0.0001; unpaired 
two-tailed t-test).
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Cell Culture
iCell GlutaNeurons (Fujifilm Cellular Dynamics Inc.) derived from hiPSC’s were 
plated at 90,000 cells/cm2.

hiPSC-derived microglia were made in house using a protocol modified from 
Muffat et al Nature Medicine (2016) and were plated at 9,000 cells/cm2 with 
neurons on d3.

Classes of HIV Antiretroviral Drugs for testing:

• Tenofovir disoproxil fumarate (TDF)
• Emtricitabine (FTC)

Nucleoside/nucleotide reverse transcriptase 
inhibitors

• Dolutegravir (DTG)
• Elvitegravir (EVG)

Integrase Strand Transfer Inhibitors

Non-nucleoside Transcriptase Inhibitors

Protease Inhibitors

Entry/Fusion Inhibitors

Drug concentrations and combinations:
Single drug treatments:
Dolutegravir (DTG): 10µM
Elvitegravir (EVG): 10µM
Tenofovir disoproxyl fumerate (TDF): 10µM
Emtricitabine (FTC): 10µM

Relevant Therapeutic combinations all at 10uM:
TDF + FTC
DTG + TDF + FTC
EVG + TDF + FTC

Effect of Microglia on HIV ART toxicity - Viability, Neurite Length 
and Synapse Number

Figure 2. Presence of microglia rescues the neuronal 
HIV ART toxicity seen in the calcium assay. ARTs, 
(such as EVG) are toxic to neurons and reduce the % of 
active neurons, as well as the event frequency and mean 
peak amplitude. Presence of microglia rescue the % of 
active neurons in culture, although their presence does 
not rescue the change in the calcium transient features.  
Data for monoculture or co-culture calcium readouts has 
been normalized to the proper negative control culture 
condition (DMSO = 1.0). Graphs show mean and SD for 
n=6 wells per condition test (*p<0.05, **p<0.01; one way 
ANOVA followed by Tukey’s multiple comparisons test).
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Plating and Compound Treatment: 
iCell GlutaNeurons were plated in 384-well dishes with and without microglia. At d7 after 
plating, the antiretroviral treatments were added. Drugs were incubated with the cultures for 7 
days. Every 3 days, a ½ media change was performed, and fresh compounds were included in 
the new media.  

Calcium Experiments:
At d14, the cultures were loaded with the calcium dye Rhod-4 (AAT Bioquest) and hoechst
nuclear dye in Brainphys phenol-free media (STEMCELL Technologies). Plate was loaded onto 
the Vala Sciences IC200-KIC® and1 field per well was imaged for calcium activity at 4 frames 
per second for 2 minutes. The calcium videos were analyzed using Vala Sciences CyteSeer® 
analysis software to obtain single cell calcium peak data. We compared the number of active 
neurons per condition and compared various peak measurements such as event frequency of 
calcium peaks and mean peak amplitude. N=6 wells per condition. DMSO wells contained ~200 
neurons.

Neurite Length and Synapse Experiments:
At d14, the plate of neurons +/- microglia was fixed in 2% PFA with 2.5% sucrose for 15min, 
permeabilized with PBS (+/+) with 0.3% Triton-X for 15 minutes. 5% Goat serum and 1% BSA 
blocking buffer was applied for 1 hour. Primary antibodies were applied overnight in blocking 
buffer at 4°C. We utilized β-III-tubulin (abcam) to visualize neurites, IBA1 (Wako) for microglia, 
and SV2 (DHSB) for pre-synapses. Secondary Alexa Fluor antibodies (ThermoFisher) were 
added for 1 hour in 1% BSA at room temperature along with hoechst (ThermoFisher) to identify 
the nuclei. Fixed cultures were scanned on the Vala Sciences IC200-KIC® for 9 wells per field. 
Fixed images were analyzed using Vala Sciences CyteSeer® analysis software to determine 
neuron viability, neurite length, and presynapse counts. N=6 wells per condition. 

HIV Antiretroviral Drugs

Figure 3. Presence of microglia rescues the 
deficit in presynpase count induced by HIV ARTs. 
ARTs, (such as EVG) are toxic to neurons and reduce 
the neuronal viability, total neurite length and 
presynapse count. Presence of microglia rescues the 
deficit in the presynpase count, although it does not 
rescue viability or neurite length. 
Data for monoculture or co-culture calcium readouts 
has been normalized to the proper negative control 
culture condition (DMSO = 1.0). Graphs show mean 
and SD for n=6 wells per condition test (*p<0.05, 
***p<0.001; one way ANOVA followed by Tukey’s 
multiple comparisons test).

Future goals for tri-culture model
• Create a tri-culture platform with hiPSC-derived neurons, astrocytes and microglia
• Perform calcium and neurite length and synapse experiments to determine neuronal toxicity on ARV’s in 

this more supporting cell rich CNS-like model
• Perform microglia engulfment experiments in tri-culture to investigate ARV toxicity on microglia function
• Infect the tri-culture with HIV to develop a model to test efficacy and toxicity of HIV drugs on the tri-

culture system
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