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Abstract The technological development in modern optical imaging and fluorescent labeling has provided important
tools for obtaining high-resolution three-dimensional (3D) structural information about biological tissues. However,
the opaque nature of most biological tissues limits the light penetration depth, which limits their applications for
large tissue specimens or organs. In recent years, optical clearing methods that employ various physical and
chemical means have been proposed for reducing light attenuation and improving the imaging depth, thereby
providing novel perspectives for 3D imaging of large samples or whole organs. This paper reviews the tissue optical

clearing methods for imaging whole organs from three aspects: in vitro optical clearing methods for tissues, whole-

mount labeling methods, and 3D imaging techniques.
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Fig. 1 Overview of tissue optical clearing and imaging methods
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Fig. 2 Two strategies for tissue optical clearing methods: reduction of light scattering and light absorption®”
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Fig. 3 Overview of the main steps of tissue optical clearing methods
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Table 1 Comparison of several typical optical clearing methods

Method Transparency FP signal® Time” Precessing Size change
3DISCO Very high Severe loss Days Immersion Shrinkage
FluoClearBABB High Partial loss Days Immersion Shrinkage
uDISCO Very high Partial loss Days Immersion Shrinkage
FDISCO Very high Preserved Days Immersion Shrinkage
Immersion and
vDISCO Very high Enhanced Days ) Shrinkage
perfusion
Immersion and
PEGASOS Very high Preserved Days ) Shrinkage
perfusion
CUBIC Medium Partial loss Weeks Immersion Transient expansion

Immersion and

CUBIC-cancer High Partial loss Weeks ) Transient expansion
perfusion
CUBIC-X High Partial loss Weeks Immersion Expansion
Transient
ScaleS Low Preserved Days Immersion
shrinkage/expansion
CLARITY Very high Preserved Weeks Electrophoresis ~ Transient expansion
PACT High Partial loss Weeks Immersion Slight expansion
PARS High Partial loss Weeks Perfusion No
SWITCH High Loss Days Immersion Slight expansion

# Fluorescence protein signal: FP signal. * For clearing a whole mouse brain or hemisphere
3.3 BB BRIRFI RS Olympus Y ScaleView-A2, FUJIFILM Wako HJ
Hag, i H o & Bl R 5 0 4E A ScaleView-S, CUBIC % & %1 i 7 , CelExplorer Ay
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Fig. 6 Strategies for whole-mount immunolabeling of large tissues
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Fig. 8 3D reconstruction of whole organs by combining tissue clearing and optical imaging techniques
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