
• Recent advances in optical clearing and light sheet imaging have opened an exciting new avenue for
brain-wide, cellular resolution immunostaining at the forefront of a dimensional shift from 2D to 3D
histology.

• With our optimized iDISCO-based clearing methods and our Mesoscale Imaging System for the ZEISS
Lightsheet Z.1 microscope, we produce high-resolution terabyte scale whole-brain image sets.

• To stitch these images, we developed Stitchy, a standalone software tool that can process raw files from
common light sheet microscope systems (e.g. ZEISS Lightsheet Z.1 and 7 or LaVision Ultramicroscope II),
allowing for both automated and manual alignment and then stitching images to commonly used output
formats like ims, ome.tif, and ngff.

• Our machine learning-enabled 3TK software identifies individual cells throughout the brain and aligns
them to the Allen Reference Atlas to produce a regionalized read-out of cellular patterns across hundreds
of brain areas.

• Expression of cFos is driven by Ca2+-signaling downstream of neuronal activity and is commonly used to
mark active neurons. However, cFos expression is also driven by cAMP elevations and signaling
pathways engaged by neurotrophins or other paracrine factors. In contrast, Npas4 expression is neuron-
specific and tightly tuned to Ca2+-dependent signaling pathways. Using our Activity Signaling Npas4
recombinant rabbit monoclonal antibody and a commercial cFos antibody, we can measure brain-wide
responses to behavioral and pharmacological manipulations.

Our Mesoscale Imaging SystemTM adapts the ZEISS Lightsheet Z.1 and 7 microscopes for imaging large tissues in high
refractive index solutions with mesoscale optics. This Thy1-GFP brain was imaged in ~25 minutes.

• With our iDISCO-related tissue clearing methods, Stitchy software and machine learning-enabled
3TK quantification package, we generate automated cellular-resolution quantitative maps across
hundreds of anatomical regions.

• With dual labeling using a commercial anti-cFos antibody and our Activity Signaling anti-Npas4
recombinant rabbit monoclonal antibody (www.npas4.com), we identify individual neurons
throughout the mouse brain and measure the expression of both proteins providing rich snapshots
of activity throughout the brain.

• Importantly, the distinct signaling pathways that control the expression of cFos and Npas4 reveal
distinct, but overlapping, populations of neurons.

• Our simultaneous cellular-resolution measurement of both IEGs can provide rich data sets that can
allow one to distinguish pure neuronal activity responses from responses that involve GPCRs or
trophic factors.

cFos and Npas4 immunoreactivity reveals distinct but overlapping populations of neurons. The expression of cFos and Npas4
in response to manipulations can vary dramatically. In this example, mice were dosed with either of two close congener small
molecules. While Npas4 expression was similar between the mice, the mouse treated with congener B had a much larger
cFos response indicating the activation of pathways that do not engage Npas4 expression.

Light exposure after 24 h in the dark
drives strong Npas4 expression
within 30 min in various regions
throughout the brain, as seen in
signal density spatial heatmaps. We
identified many areas throughout the
brain with increased activity after
light exposure. Blue dots in the
volcano plot represent regions with
significantly up-regulated Npas4 as
identified with a modified
implementation of the DE-Seq2
statistical package typically used
with RNA-Seq data.
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Mice are experimentally manipulated, including treatment with small molecules, antibody therapeutics, cellular therapeutics
and gene therapy. Fixed and perfused brains are cleared and immunostained intact and then imaged on the ZEISS
Lightsheet Z.1 microscope. After tiling and stitching in our Stitchy software, our machine learning-enabled 3TK software
produces actionable anatomics data.
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Stitchy runs on a standard desktop computer and reads file formats from the ZEISS Lightsheet Z.1 and 7 or
LaVision/Miltenyi Ultramicroscope II and Blaze. A simple user interface allows for cropping of the stitch area, selection of
auto-alignment parameters and hand-curated tiling, instant previews and selection of the output resolution and orientation.
Stitchy avoids proprietary intermediate formats and provides significant stitching speed increases.

Neuronal activity, cAMP elevations
and other signaling pathways drive
the expression of traditionally-used
IEGs such as cFos. Npas4,
however, is unique among IEGs in
that expression is tuned to Ca2+-
mediated signaling pathways. In
primary-cultured neurons, Npas4 is
the only mRNA transcript up-
regulated by synaptic activity, but
not by cAMP elevation.

Optical slices through an intact mouse brain cleared and stained with antibodies against cFos and Npas4 using our
modified iDISCO+ procedure. Our 3TK software uses machine learning and a series of deterministic filters to label
immunoreactive neurons in 3D throughout the brain. The color labels are arbitrary to help distinguish individual neurons.

3TK identifies Npas4-expressing neurons, maps them to the Allen Reference Atlas and quantifies Npas4 expression across
100’s of brain regions. Output anatomics data plotting Npas4 expression in individual brains at various times after stimulation
are shown in the heatmap.
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