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Abstract As biomedical research delves deeper into the intricacies of tissue structure and function, the demand for high-
resolution, high-signal-to-noise-ratio deep-tissue imaging technologies has become critical. Traditional microscopy, limited
to two-dimensional, transparent thin biological samples, falls short in satisfying the current requirements for three-
dimensional deep-tissue imaging in biomedical sciences. In contrast, light-sheet fluorescence microscopy distinguishes itself
through its attributes—low photodamage, rapid acquisition, extensive field of view, and volumetric imaging—establishing it
as a cornerstone among biologists. Despite these advantages, the intrinsic high-scattering characteristics of biological tissues
pose formidable challenges to achieving deep imaging. This review focuses on recent progress in light-sheet fluorescence
microscopy for deep tissue imaging, emphasizing strategies that overcome challenges associated with high-scattering
samples, so as to provide valuable insights to researchers in related fields, assisting them in developing a preliminary
comprehension of the latest innovations and future possibilities inherent in this cutting-edge technology. Firstly, the basic
principles of light-sheet fluorescence microscopy and the causes and effects of high-scattering absorption characteristics are
explained. Subsequently, recent progress in enhancing tissue penetration depth and addressing issues such as light scattering
and absorption is further examined. Finally, the development prospects and potential applications of light-sheet fluorescence
microscopy imaging technology with high penetration depth and anti-scattering ability are discussed.
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Fig. 1 Schematic of light sheet fluorescence microscopic imaging and scattering causes and effects. (a) Illumination and detection

structure™; (b) two modes of light sheet generation™”; (c) scattering of light incident to Z,""; (d) 3D PSF of fluorescent beads

after scattering™”
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beads"”; (e) comparison of penetration depths of excitation light of three wavelengths in the brain tissue of mice
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Fig. 3 Multi-view fused light sheet microscopy system design. (a) Schematic of sequential multi-view SPIM system’; (b) different

orientations of zebrafish fusion images™; (c) schematic of SPIM system with dual-view illumination™”; (d) images of zebrafish

brain at different depths and images of its magnified regions™; (e) schematic of synchronized multi-view SPIM system"”;

(f) reconstructed images of Drosophila melanogaster syncytiotrophoblast embryos™”
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Fig. 4 Nonlinear optical effects. (a) Three nonlinear effects™; (b) linear and nonlinear excitation properties’”’; (¢) Z-axis profiles of

Bessel beams under linear and nonlinear fluorescence excitation™; (d) comparison of linear and nonlinear excitation imaging of

fluorescent beads™; (e) comparison of one-photon and two-photon excitation imaging of whole-brain regions in zebrafish larvae
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Fig. 5 Wavefront correction. (a) Optical pathway diagram of an adaptive light-sheet microscopy system with deformable mirrors in the

detection optical pathway"™; (b) comparison of transgenic zebrafish images with and without adaptive optical correction™

5

(c) degrees of freedom and workflow diagram of an adaptive imaging system based on the AutoPilot framework"";

(d) comparison of adaptive-corrected and uncorrected images of zebrafish larval midbrain regions™; (e) adaptive lattice light-

sheet system optical pathway diagram"; (f) comparison of sections before and after adaptive correction of the spine of

zebrafish embryos™
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Fig. 6 Sample processing. (a) Comparison of tissue unclearing and clearing lung lobes™; (b) comparison of mouse brains before and after

tissue expansion™; (c) dual-view illumination light sheet imaging system™; (d) reconstruction of the mouse brain from 550 optical

slices™; (e) 3D reconstructed image of some hippocampal regions™; (f) 3D reconstructed image of nerve fiber and synaptic structures

of Drosophila melanogaster™; (g) 3D reconstructed image of the vascular network in mouse brain™
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Fig. 7 Applications of light-sheet microscopic imaging in developmental biology. (a) Imaging of cell and gene expression during
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" (b) (¢) multi-view imaging of gastrulation-fertilized embryos in Drosophila melanogaster™;

(e) imaging of zebrafish embryos expressing fluorescent

vascular markers"™”
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Fig. 8 Applications of light-sheet microscopic imaging in neuroscience. (a) Multi-view imaging of neurons in the whole brain of

zebrafish®’; (b) imaging of normal and abnormal expression patterns in the posterior ganglia and lateral line comparing

heterozygous versus homozygous zebrafish™’; (c) imaging of central nervous system in the adult mouse™; (d) real-time imaging

of individual neuronal cell bodies and axons in the brain of zebrafish”""
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Fig. 9 Applications of light-sheet microscopic imaging in histopathology.
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