
 

See-through organs and bodies will accelerate
biomedical discoveries
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This is a 3D visualization of intact kidney tissue, obtained through the whole-
body clearing and staining PARS method : Perfusion-assisted Agent Release in
Situ (Yang et al, 2014). Credit: Bin Yang and Viviana Gradinaru

The ability to see through organs and even the entire body to visualize
long-range connections between cells as well as fine-grained cellular
structures has been a long-time dream of biologists. A study published
by Cell Press July 31st in the journal Cell has now made that dream a
reality, revealing simple methods for making opaque organs, bodies, and
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human tissue biopsies transparent, while keeping the cellular structures
and connections intact. The protocols could pave the way for a better
understanding of brain-body interactions, more accurate clinical
diagnoses and disease monitoring, and a new generation of therapies for
conditions ranging from autism to chronic pain.

"Although the idea of tissue clearing has been around for a century, to
our knowledge, this is the first study to perform whole-body clearing, as
opposed to first extracting and then clearing organs outside the adult
body," says senior study author Viviana Gradinaru of the California
Institute of Technology. "Our methodology has the potential to
accelerate any scientific endeavor that would benefit from whole-
organism mapping, including the study of how peripheral nerves and
organs can profoundly affect cognition and mental processing, and vice
versa."

Three-dimensional maps of intact organs and bodies are crucial for
understanding complex, long-distance cellular interactions that play an
important role in a range of biological processes. But until now, methods
for making whole organs or bodies transparent and thus amenable to
imaging and generating 3D maps have been limited to the brain or
embryos. Gradinaru and her collaborators previously developed a brain-
clearing technique called CLARITY, which involves embedding tissue
into hydrogels to preserve its 3D structure and important molecular
features, and then using detergents to extract lipids that make the tissue
opaque.
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This is a 3D visualization of intact intestine tissue, obtained through the whole-
body clearing and staining PARS method : Perfusion-assisted Agent Release in
Situ (Yang et al, 2014). Credit: Bin Yang and Viviana Gradinaru

In the new study, the researchers set out to make CLARITY suitable for
whole organs and bodies, in part by making the process faster. First, they
identified the optimal hydrogel that allows detergents to quickly remove
lipids from tissue using an approach named passive CLARITY technique
(PACT). To markedly speed up the clearing process without causing
tissue damage, they introduced an innovative procedure called perfusion-
assisted agent release in situ (PARS), which involves directly delivering
the hydrogel and clearing reagents into the bloodstream of intact rodents.
The reagents diffused throughout the tissues and completely clarified
organs such as the kidney, heart, lung, and intestine within 2 to 3 days,
while the whole brain and entire body cleared within 2 weeks.
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(A and B) The (A) dorsal and (B) ventral view of whole Thy1-eYFP mouse after
PARS clearing with 8 percent SDS for one week showed good optical
transparency of whole body. Arrowhead in (B) points to cleared kidney. (C) The
image of the brain for the same mouse. Images were taken using bright field
camera. Credit: Cell, Yang et al.

The researchers also developed a recipe for refractive index matching
solution (RIMS), which enables the long-term storage of cleared tissue
and imaging thick, cleared tissue using a conventional confocal
microscope. The new methods allow for the analysis of intact
connections between cells as well as structures and molecules within
single cells using standard genetic and molecular biology techniques.
"Our easy-to-use tissue clearing protocols, which employ readily
available and cost-effective reagents and equipment, will make the
subcellular interrogation of large tissue samples an accessible
undertaking within the broader research and clinical communities,"
Gradinaru says.
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  More information: 
www.cell.com/cell/abstract/S0092-8674(14)00931-3
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