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Abstract

High Content Screening (HCS) enables the evaluation of multiple
parameters in cellular systems by combining the automated imaging of
cells with high-quality detection reagents and powerful image analysis
algorithms, representing a powerful new analysis tool for drug discovery.
We have developed a multi-parameter approach for profiling of
compound neurotoxicity using HCS technology. We have utilized a variety
of cellular models, including primary rat neurons and astrocytes, PC12
cells, neuroblastoma cells and human embryonic stem cell-derived
neuronal cells, to examine a panel of antibodies specific for a variety of
putative neurotoxicity biomarkers including neuronal damage, astrocyte
hypertrophy and gliosis. Each antibody was evaluated for antibody-
antigen specificity, signal-to-background ratio, and their ability to detect
compound neurotoxicity. For image acquisition and analysis, the GE IN
Cell Analyzer 1000 high-content imaging system was used. We
demonstrate that appropriate choice of antibodies and reagents is
Important for clear identification of neurons and glia amongst a mixed cell
population. Using an optimal combination of detection reagents we were
able to perform robust screening assays for quantification of neurotoxic
responses to known toxicants, including the microtubule depolymerization
agent nocodazole and the protein kinase inhibitor K252a. Additionally, by
calculating signal-to-background ratios, we were able to demonstrate that
the assay reagents are stable for at least 24 hr at room temperature,
enabling large-scale screening applications. In conclusion, we have
developed assays that provide the opportunity to perform large-scale,
non-subjective, quantitative assays for neurotoxicity biomarkers, and
enable morphological screening of multiple parameters in individual cells.
These assays offer the opportunity of better detection of neurotoxicity and
greatly improved productivity in neuroscience research and drug
discovery.

Introduction

Major efforts in CNS drug discovery research are focused on the
identification of compounds that affect neurite outgrowth and screening of
compounds for neurotoxicity potential. The development of High-Content
Screening (HCS) technology represents a major step towards improving
the drug discovery process. HCS enables the evaluation of multiple
biochemical and morphological parameters in cellular systems, and has
been demonstrated to be an effective tool for determination of inducers
and inhibitors of neurite outgrowth. Traditional assays for neurotoxic
endpoints are slow, labor-intensive and often subjective. HCS provides
the opportunity to perform high-throughput, non-subjective, quantitative
neurobiology assays, and enables screening of multiple parameters in
Individual cells, such as neurite count and neurite length. Successful HCS
assays rely on high-gquality detection reagents. We are developing assays
to detect neurotoxicity endpoints using immunodetection in a variety of
cellular models. Our current focus is on neuronal damage, and on gliosis,
the glial reaction to nervous system damage. The assays can be used for
screening neurotoxic agents and modulation of neurite outgrowth.

Methods

1. Cells were plated on ECM protein-coated clear-bottom plates suitable
for HCS imaging, at a concentration of 2,000-4,000 cells/well.

2. After 24 hr, growth media was replaced with differentiation media
appropriate to cell type of interest.

3. Cells were cultured for under differentiation conditions appropriate for
the cell type, replacing with fresh differentiation media every 2-3
days.

4. During this period, putative neurotoxins were introduced at time
point(s) appropriate for treatment of interest.

5. Following culture period, cells were fixed using HCS Fixation Solution
warmed to 37°C, then rinsed with HCS Immunofluorescence Bulffer.

6. Post-fixation, 50 uL of primary antibody was added to each well,
followed by incubation for 1 hr at room temperature. Wells were
rinsed with HCS Immunofluorescence Buffer.

7. 50 uL of secondary antibody/nuclear stain solution was added to
each well, followed by incubation for 1 hr at room temperature.

8. Wells were rinsed with HCS Immunofluorescence Buffer and Wash
Buffer. Plates were sealed prior to HCS analysis.

9. Plates were imaged on the GE IN Cell Analyzer 1000 (3.3) at 20X (5
fields/well) and analyzed using the GE IN Cell Analyzer 1000
Workstation (3.4) Neurite Outgrowth and Multi Target Analysis
algorithms.

Results

Figure 1. Specificity of primary antibodies for neu rotoxicity biomarkers. A. N1E-115 neuroblastoma
cells co-cultured with rat hippocampal astrocytes, simultaneously immunolabeled for beta Il tubulin [green]
and glial fibrillary acidic protein (GFAP) [red]. B. PC12 cells co-cultured with rat hippocampal astrocytes,
labeled for beta Il tubulin [green] and with rhodamine-phalloidin [red] C. Rat hippocampal astrocytes
simultaneously immunolabeled for alpha-tubulin [red] and GFAP [green]. D. PC12 cells co-cultured with rat
hippocampal astrocytes, simultaneously immunolabeled for beta Il tubulin [red], GFAP [green] and
vimentin [blue].

Figure 2. Immunofluorescence of PC12 cells treated  with neurite outgrowth inducers and/or
neurotoxins. A, B. Cells cultured in low serum medium, containing no NGF for 6 days, then fixed and
stained with nuclear dye [blue] and beta Il tubulin/ FITC-conjugated primary/secondary antibodies
[green]. C, D. Cells cultured in low serum medium, containing 100 ng/mL NGF for 6 days, then fixed
and stained with nuclear dye [blue] and beta Il tubulin/ FITC-conjugated primary/secondary antibodies
[green]. B & D show segmentation of nuclei (red outline), cell bodies (white) and neurite extensions
(red). E, F. Effect of neurotoxins. Cells received treatment with either the protein kinase inhibitor,
K252a, for the final 3 days of culture (E), or the microtubule depolymerization agent, nocodazole, for
the final 4 hours of culture (F).

Figure 3. Multiplexed immunolabeling and analysis o f co-cultures. Rat hippocampal astrocytes were co-cultured with rat
PC12 pheochromocytoma cells. Samples were fixed in Millipore’s HCS Fixation Medium before being simultaneously
immunolabeled for vimentin [FITC/green], GFAP [Cy3/red] and beta Il tubulin [Cy5/far red]. Nuclei were counterstained with
Millipore’s Hoechst HCS Nuclear Stain [blue]. Upper panels show monochromatic images, lower panels show

monochromatic images with segmentation.

Figure 8. Neurotoxic effects of K252a on beta Il t  ubulin and synaptophysin expression

in PC12 cells. A. Differentiated PC12 cells treated with DMSO (negative control). B.
Differentiated PC12 cells treated with the protein kinase inhibitor, K252a (0.3 uM). Cells were
simultaneously immunolabeled for beta Il tubulin [FITC/green] and synaptophysin [Cy3/red].
Nuclei were counterstained with Millipore’s Hoechst HCS Nuclear Stain [blue].

Figure 4. PC12 dose response to NGF-induced
neurite outgrowth stimulation.  PC12 cells
cultured in low serum medium containing serial
dilutions of NGF (max. concentration = 1000 ng/mL)
for 6 days, replacing media/NGF ~every 3 days,
then fixed and stained. Cells were imaged on the
GE IN Cell Analyzer 1000 (3.3) at 20X (5 fields/well)
and analyzed using the GE IN Cell Analyzer 1000
Workstation (3.4) Neurite Outgrowth algorithm. (n =
4, mean =+ SEM).

Figure 5. PC12 dose response to neurotoxic drugs. PC12 cells cultured in low serum
medium, containing 100 ng/mL NGF for 6 days, replacing media/NGF ~every 3 days.
Cells received treatment with either serial dilutions of the protein kinase inhibitor, K252a,
for the final 3 days of culture (max. concentration = 1000 nM), or the microtubule
depolymerization agent, nocodazole, for the final 4 hours of culture (max. concentration
= 35097 nM). Cells were imaged on the GE IN Cell Analyzer 1000 (3.3) at 10X (10
fields/well) and analyzed using the GE IN Cell Analyzer 1000 Workstation (3.4) Neurite
Outgrowth algorithm. (n =4, mean + SEM).

Figure 6. Quantitation of GFAP intensity

levels in glial cells. A. Merged image of rat
hippocampal astrocyte staining with nuclear
dye (blue) and GFAP primary/ FITC secondary
antibodies (red). B, C. Nuclear and cellular
segmentation. D. Histogram analysis of
average GFAP intensity per cell.

Figure 7. Reagent stability at room temperature.
Samples were fixed and stained using either fresh
buffers and antibody/nuclear stain solutions (beta Il
tubulin primary Ab/FITC secondary Ab/Hoechst), or
buffers and antibody/nuclear stain solutions that were
allowed to sit at room temperature for 24 hours prior to
staining. No statistical significance was observed
between freshly prepared and 24 hr room temperature
reagents.

Summary

Data show validation of primary antibodies against neurotoxicity biomarkers,
Including beta Il tubulin, glial fibrillary acidic protein (GFAP), synaptophysin
and vimentin.

High quality immunodetection reagents allow for highly sensitive and specific
detection of neurite outgrowth and neurotoxicity.

Primary antibodies are highly specific for neurites, neuronal cell bodies and
glia within a mixed brain cell population.

High Content platform software enables segmentation and analysis of cellular
changes as a result of neurotoxicity.

Assays can be used to screen for promoters of neurite outgrowth, as indicated
by data demonstrating effects of NGF on neurite outgrowth in PC12 cells.

Assays can be used to screen for compounds which inhibit neurite outgrowth
or cause neuronal cell injury, as indicated by data demonstrating effects of
K252a and nocodazole on neurite outgrowth in PC12 cells, and by data
showing quantitation of GFAP intensity in primary astrocytes.

Reagents are stable for at least 24 hr at room temperature, facilitating large
scale screening experiments.

These assays offer the possibility of higher-throughput, non-subjective,
guantitative analysis compared with traditional in vitro assays.

High Content Analysis assays hold significant potential for increased
productivity in neurobiology research, neurotoxicity screening and drug
discovery.

Related Products

HCS220 HCS Assay for Neurite Outgrowth and Neurotoxicity
HCS100 CellCiphr™ — Cytotoxicity assay, human HepG2 cells
HCS214 HCS Toolkit for use with mouse primary antibodies
HCS215 HCS Toolkit for use with rabbit primary antibodies
HCS201-213 Proliferation / Cell cycle HCS kits

GF028 Nerve Growth Factor (NGF) -beta
NS220 Neurite Outgrowth Assay Kit (3 um)
NS225 Neurite Outgrowth Assay Kit (1 um)

Millipore, Upstate, Chemicon, and Linco are registered trademarks of Millipore Corporation.
The M mark and Advancing Life Science Together are trademarks of Millipore Corporation.
CellCiphr is a trademark of Cellumen, Inc.

Lit. No. PS1017ENOO Printed in U.S.A. 03/08

© 2008 Millipore Corporation, Billerica, MA 01821 U.S.A. All rights reserved



