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WildDISCO: Visualizing whole bodies in
unprecedented detail

July 10 2023, by Luisa Hoffmann
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Comprehensive neuroanatomical and lymphatic mapping of the whole mouse
body using wildDISCO. a, Depth color coding shows the pan-neuronal marker
PGP 9.5" neuronal projections at different z levels in the 2.0 cm-thick whole
mouse body. Scale bar, 2,000 um. b,¢, Details of innervation throughout hard
(vertebrae) (b) and soft tissues (adipose tissue) (¢). Scale bars, 200 um. d,
Optical 2D section showed the PGP 9.5" nerve innervation into multiple organs.
Scale bar, 1,200 um. e, Segmented vagus nerves innervating the kidney
(magenta), adrenal gland (green), ureter (cyan), highlighted with specific pseudo-
colors. Scale bar, 800 um. f, Tracing of the TH" vagus nerve over several organs.
A single traced vagus nerve masked in magenta from the bottom of the spinal
cord to the neck, kidney masked in green and liver masked in cyan. Scale bar,
4,000 um. g, Higher magnification of the trajectories of the vagus nerve in the
mouse can be determined. Scale bar, 1,500 um. h, A whole mouse stained with a
lymphatic vessel marker LYVEI (yellow). Scale bar, 2,000 um. i, Lymphoid
elements (LYVEI) staining was detected in the brain parenchyma of the mouse.
Scale bar, 150 um. j, Mouse brains stained with two different lymphatic vessel
markers (LYVEI and podoplanin) to identify lymphatic endothelial cells found
in the brain regions. Scale bar, 100 um. b—j, n = 3.. Credit: Nature Biotechnology
(2023). https://doi.org/10.1038/s41587-023-01846-0

Researchers developed a new method called wildDISCO that uses
standard antibodies to map the entire body of an animal using
fluorescent markers. This revolutionary technique provides detailed 3D
maps of structures, shedding new light on complex biological systems
and diseases. WildDISCO has the potential to transform our
understanding of intricate processes in health and disease and paves the
way for exciting advancements in medical research. This technology was
now introduced in Nature Biotechnology.

In the past, scientists relied on genetically modified animals or
specialized labels to make specific structures and cells of interest visible
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in the entire body of an animal. But these approaches are expensive and
time-consuming to create, especially when it comes to body-wide
systems such as the nervous system.

A team of scientists from Helmholtz Munich, the LMU University
Hospital and the Ludwig-Maximilians Universitit Miinchen (LMU) now
introduced a new method called wildDISCO, which makes use of
standard antibodies to map whole bodies of mice. This ultimately
enables the creation of detailed three-dimensional maps of normal and
diseased structures in mammalian bodies in an easy-to-use and cost-
efficient way.

In detail, the workflow of wildDISCO includes the distribution of
antibodies coupled with a fluorescence tag in the whole body of a no
longer living animal by perfusion of the blood vasculature followed by
optical clearing of the animal and light-sheet fluorescence microscopy.
The scientists detect a fluorescence signal where a specific antibody is
bound to the structure, molecule, or cell of interest. Advanced
computational tools create body-wide maps of all the specific locations
where a molecule of interest is present throughout the body.

A crucial factor for the success of this project was finding a way to
uniformly distribute a fairly large antibody homogeneously throughout
every cell of an animal. Prof. Ali Ertiirk and his team identified a
specific compound, which enhances cell membrane permeability and
facilitates deep and even penetration of standard antibodies without
aggregation.

Ali Ertiirk explains the vision behind the project: "Knowing where each
protein is expressed in the body is essential for developing a
comprehensive understanding of how the body works and what goes
wrong in complex diseases."
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WildDISCO provides online body maps for the
scientific community

Using wildDISCO, the researchers were able to create detailed maps of
cellular structures leading to entire mouse body atlases, focusing on the
nervous system, lymphatic vessels, blood vessels, and immune cells.
With this approach, they already discovered that the gut microbiome
plays a significant role in the development of the enteric nervous system.
They also mapped tumor-associated lymphoid structures (TLS) in
relation to breast cancer spread which will provide insights into how
these structures affect the immune response to tumors.

Furthermore, these atlases are not just in use at Helmholtz Munich but
display a significant impact on the whole scientific community.
Therefore, the high-resolution images are available on their website as
online atlases. First authors Dr. Hongcheng Mai and Dr. Jie Luo from
the Ertiirk lab at Helmholtz Munich emphasize the benefits of whole-
body atlases: "Our online atlases have already generated data for
published papers. Other scientists have obtained critical data from our
atlases, saving time, resources, and reducing animal use."

Al integration: Predicting disease progression
without the use of animal models in research

The method can already facilitate modeling of complex biological
systems and diseases by for example outlining the path of cancer
metastasis and whether the designed treatments reach every single cancer
micrometastasis. Currently, the Helmholtz Munich team works on
further enhancing wildDISCO's capabilities. The scientists envision that
in the future the technology allows for instance the simultaneous use of
numerous antibodies to enable the modeling of multiple-complex
systems together.
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In addition to that, the high-quality, large-scale imaging data generated
by wildDISCO is what is needed for the training of artificial intelligence
(AI) algorithms, which thrive on large data sets. "Now imagine what we
can do with these maps when you combine them with the power of deep
learning," says Ertiirk. The team is committed to harnessing the power of
Al to simulate complex biological systems, with the ultimate goal of
understanding diseases and developing new treatments more efficiently
via computational predictions without the need for further animal
experiments.

More information: Mai, H. et al, Whole-body cellular mapping in
mouse using standard IgG antibodies, Nature Biotechnology (2023). DOI:
10.1038/s41587-023-01846-0
www.nature.com/articles/s41587-023-01846-0
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