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Unlocking the secrets of the invisible world:
incredible deep optical imaging through in-silico

clearing
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Abstract

In-silico clearing enables deep optical imaging of biological samples by correcting image blur caused by scattering
and aberration. This breakthrough method offers researchers unprecedented insights into three-dimensional
biological systems, with enormous potential for advancing biology and medicine to better understand living

organisms and human health.

Optical imaging is a powerful and widely used tool for
studying biological and physiological phenomena in living
specimens, thanks to its non-invasiveness and high
resolving capability. However, its usefulness is limited
when it comes to visualizing thick biological samples due
to intrinsic limitations related to light-sample interaction
processes, namely multiple scattering (MS) and sample-
induced aberration (SIA)'™®. These processes generate
optical noise that accumulates with light propagation,
ultimately obscuring the effective optical signal for ima-
ging. Addressing both MS and SIA is crucial to achieve
high-resolution deep optical imaging.

Over the years, researchers have developed various
approaches to tackle MS and SIA'™®. One method is to
use gating operations, such as temporal or spatial gating,
to suppress MS. For example, optical coherence tomo-
graphy (OCT) utilizes the short temporal coherence time
of its light source as a narrow temporal gating, while
confocal microscopy utilizes the pinhole as a narrow
spatial gating to suppress the contribution of MS®’.
However, gating performance is often degraded by SIA as
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it induces the loss of spatial coherence. Another approach
is to use adaptive optics (AO) to correct SIA with dynamic
correction elements, such as deformable mirrors and
spatial light modulators®®, but this method can be inef-
fective when strong MS is present. Therefore, there is a
need for a method that can address both MS and SIA
simultaneously.

In a newly published paper in Light: Science & Appli-
cations'®, Osamu Yasuhiko and Kozo Takeuchi from
Hamamatsu Photonics have proposed a novel method for
achieving deep optical imaging, called in-silico clearing,
which simultaneously addresses MS and SIA'. By iden-
tifying that both types of distortion stem from the same
issue - heterogeneity in the distribution of refractive index
(RI) - the authors developed computational algorithms to
correct the image blur caused by MS and SIA, as shown in
Fig. 1. The computational algorithms are highly efficient
and enable efficient and high-resolution imaging over an
extended imaging depth.

The computational algorithms consist of two main
parts: partial reconstruction of the RI distribution and
wave-backpropagation through the partial RI map. These
parts are used to correct the image blur layer by layer.
Initially, the algorithms use the measured complex optical
field to reconstruct a clear RI distribution of the sample
layer closest to the object lens and within the depth range
where there is no image blur. Then, the algorithms

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction
BY in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if

changes were made. The images or other third party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit http://creativecormmons.org/licenses/by/4.0/.


www.nature.com/lsa
http://orcid.org/0000-0002-7339-152X
http://orcid.org/0000-0002-7339-152X
http://orcid.org/0000-0002-7339-152X
http://orcid.org/0000-0002-7339-152X
http://orcid.org/0000-0002-7339-152X
http://orcid.org/0000-0001-6302-6038
http://orcid.org/0000-0001-6302-6038
http://orcid.org/0000-0001-6302-6038
http://orcid.org/0000-0001-6302-6038
http://orcid.org/0000-0001-6302-6038
http://creativecommons.org/licenses/by/4.0/
mailto:goda@chem.s.u-tokyo.ac.jp

Xiao et al. Light: Science & Applications (2023)12:161

Page 2 of 2

Multicellular Spheroid

A\

"R RN R NN

28 285 8 H
‘R 1R R R R

Acquired image

Fig. 1 Schematic view of the in-silico clearing method
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numerically backpropagate the complex optical field, with
removal of optical noise caused by MS and SIA in the
current partial RI map, to reconstruct a clear RI dis-
tribution of the subsequent sample layer. This process is
repeated until all sample layers are reconstructed,
resulting in a clear RI tomography image of the thick
biological sample.

The authors demonstrated the practical utility of the
in-silico clearing method by using it to image a liver
multicellular spheroid with a diameter of 140 um. This
method enables sharp resolution that can discriminate
individual cells and resolve intracellular structures,
such as nuclei and nucleoli, which are inaccessible with
conventional methods. This resolving power enables
the estimation of subcellular morphological changes
inside the spheroid and the extraction of biologically
relevant information. The authors have shown that
lipid-droplet volume inside the liver multicellular
spheroid can be quantitatively estimated, and the
morphological changes inside the spheroid by treat-
ment with an apoptosis inducer can be assessed. Fur-
thermore, the method is general and applicable for
various cell-type spheroids, including human lung
cancer cell, human brain tumor cell, and mouse
embryonal carcinoma cell spheroids.

The in-silico clearing method presents a comprehensive
approach for deep optical imaging that can empower
various optical imaging techniques, including bright-field
imaging, quantitative phase imaging, and fluorescence
imaging, with deep imaging capabilities. This offers non-
invasive and high-resolution tools to study the archi-
tectures and functionalities of three-dimensional biologi-
cal samples, such as three-dimensional cell culture models
and native tissues''. The method holds potential for

future in vivo imaging and the emergence of novel
applications in the fields of biology and medicine'?.
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