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ABSTRACT

An organoid is a three-dimensional multicellular structure that shows realistic micro-anatomy of an organ. This in vitro 
model mimics the in vivo environment, architecture and multi-lineage differentiation of the original organs and allows to 
answer many interesting biological questions. For these reasons, they are widely used in stem cell, regenerative medi-
cine, toxicology, pharmacology, and host-microbe interactions research. In order to study organoids, microscopy is very 
useful: It is possible to make three-dimensional reconstruction of serial sections but it is time consuming and error-prone. 
Here we propose an alternative solution: Tissue clearing reduces the dispersion of light because it homogenizes the 
refractive index of the tissue, allowing sample observation throughout its thickness. We have compared different clearing 
techniques on mouse intestinal organoids using different acquisition methods.
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INTRODUCTION

Today we know how to create in vitro a “mini-organ” called “or-
ganoid” [1]. Organoid models have been developed for a large number 
of organs including the intestine [2,3]. These biological tools tend to 
become essential and allow major advances in biology and medicine. 
Importantly, these in vitro 3D models can mimic what happens in the 
whole organ.

For example, recent studies have shown that organoids can be used 
as an alternative to animal models to study diseases [4]. Organoids can 
be combined with CRISPR/Cas9 technique to study the genetic basis of 
diseases [5]. Using organoids, it is also possible to study host-pathogens 
interactions [6,7], to understand physiological processes [4,8] and to 
analyze the mechanisms involved in development [9]. Finally, organoids 
can also provide an important source of cells and tissues for grafting 
and cell therapy techniques [5,10].

In this context, immunofluorescence microscopy is essential to visual-
ize biological structures and organisms in 3D. Usually the methodology 
implies previous sectioning of the tissue, followed by 3D reconstruction 
of serial sections. This procedure is time-consuming and is subject to 
errors, especially due to artifacts introduced by cutting and the difficulty 
to stitch the images.

Over the past few years, we have seen the emergence of many clear-
ing techniques, many developed by neuroscientists in order to study 
the brain in its entirety [11]. These techniques are now used to study 
various organs: kidney, spleen, liver, heart and even the whole mouse. 
Clearing can also be used on organoids of different origins [12]. In 
order to image a thick sample throughout its thickness, it is necessary 
to reduce the dispersion of light by homogenizing the refractive index 
of the tissue [13]. There are different approaches to achieve this goal: 
either by simple immersion of the sample in an aqueous medium, or 
by delipidation and dehydration in an organic or aqueous solvent [14]. 
Tissue clearing techniques have resulted in the observation of thick 
specimens and even whole organisms without the use of sectioning. Thus, 
3D imaging of a large sample with high resolution is now possible [15].

Here we first provide a comparison of four easy, quick and inexpen-
sive clearing methods for 3D imaging of murine intestinal organoids: 
(1) TDE: a clearing method based on the use of 2,2’-thiodiethanol, a 
glycol derivative previously reported as a mounting medium to adjust 
sample’s refractive index (RI) and used to clear thick samples [16], (2) 
Opticlear: a clearing method developed for human brain slice clearing 
[17], (3) CUBIC: a widely used clearing method given its simplicity, 
low cost and good preservation of fluorescent proteins [18] and (4) 
RapiClear 1.47: a technique based on a commercial clearing solution 
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effective for various samples [19].
In addition to sample processing, we also provide a comparison of 

four different methods of 3D image acquisition of cleared intestinal 
organoids: (1) laser scanning confocal microscopy, (2) spinning disk 
confocal microscopy allowing faster acquisitions, (3) two-photon 
microscopy allowing better penetration and minimal photo-bleaching, 
and (4) lightsheet microscopy for its fast acquisition, good penetration 
and reduced photo bleaching.

MATERIALS AND METHODS

Product references
Organoid culture

99 LWRN cells: ATCC® CRL3276™ (from Dr. T. Stapenbeck, 
Washington University School of Medicine, St Louis, MO, 
USA)

99 DMEM, High Glucose, GlutaMAXTMSupplement: Gib-
coTM-Thermo Fisher FR (Cat. # 61965240)

99 DMEM/F12: GibcoTM-Thermo Fisher FR (Cat. # 11320033)
99 Advanced DMEM/F12: GibcoTM-Thermo Fisher FR (Cat. # 

12634028)
99 Penicillin/Streptomycin: GibcoTM-Thermo Fisher FR (Cat. 

# 15140122)
99 Foetal Bovine Serum (FBS): GibcoTM-Thermo Fisher FR
99 Geneticin G418: GibcoTM-Thermo Fisher FR (Cat. # 10131035)
99 Hygromycin: Sigma-Aldrich FR (Cat. # H7772)
99 Glutamine: GibcoTM-Thermo Fisher FR (Cat. # A2916801)
99 TriplExpress: GibcoTM-Thermo Fisher FR (Cat. # 12605036)
99 Matrigel®: Corning (Cat. # 354230)
99 Phosphate-Buffered Saline without calcium or magnesium 

(DPBS): GibcoTM-Thermo Fisher FR (Cat. # 14190-144)
99 1.4Dithiotreiol (DTT): Roche FR (Cat. # 10708984001)
99 Ethylenediaminetetraacetic acid (EDTA): Sigma-Aldrich FR 

(Cat. # E6758)
Immunostaining

99 Paraformaldehyde 36%: Electron microscopy Sciences FR 
(Cat. # 15714)

99 BSA (Bovin Serum Albumin): Sigma-Aldrich FR (Cat. # 
A7906)

99 Triton X-100: Sigma-Aldrich FR (Cat. # 93443)
99 Antibody diluent: Life Technologies FR (Cat. # 003218)
99 Monoclonal mouse Anti-sucrase-isomaltase antibody: Sig-

ma-Aldrich FR (Cat. # WH0006476M1)
99 Goat Anti-Mouse-Alexa-Fluor 488: Abcam FR (Cat. # ab 

150113)
99 Phalloidin Alexa-Fluor 568: Invitrogen FR (Cat. # A12380)
99 NucBlueTM Fixed Cell Stain Ready Probes TM(DAPI): Invit-

rogen FR (Cat. # R37606)
Clearing

99 RapiClear 1.47: Nikon FR (Cat. # 2SUN0001)
99 N-Methyl-D-glucamine: Sigma-Aldrich FR (Cat. # U5378)
99 Iohexol (Nicodenz): Proteogenix FR (Cat. # 1002424)
99 2,2′-thiodiethanol: Sigma-Aldrich FR (Cat. # 88561)
99 Quadrol (N,N,N′,N′-Tetrakis ((2-Hydroxypropyl)ethylenedi-

amine): Sigma-Aldrich FR (Cat. # 122262)
99 Urea: Sigma-Aldrich FR (Cat. # U5378)

99 Triton X-100: Sigma-Aldrich FR (Cat. # 93443)
99 Sucrose: Sigma-Aldrich FR (Cat. # S7903)
99 Triethanolamine: Sigma-Aldrich FR (Cat. # 90279)

Mounting
99 IBIDI® µ-Slide 8 well: IBIDI cells in focus, 80821
99 BRAND® cavity slides (L × W76 mm × 26 mm, thickness 

1.2–1.5 mm, 1 concavity): Merck, BR475505-50EA
99 Ligthsheet Z.1 Capillary: Zeiss product sold with Ligthsheet 

Z.1 microscope
99 Twinsil® Speed picodent: Rotec (Cat. # 1 300 1002)
99 Low-melting agarose: Sigma-Aldrich FR (Cat. # 9045)

Intestinal organoids obtaining
All mice used in the following protocol were kept in specific patho-

gen-free conditions.
Culture medium preparation

Seeding L-WRN cells for L-WRN medium obtaining:
1.	 Day 0: L-WRN cells cultured in 25 ml of “L-Cell medium” 

(DMEM, High Glucose, GlutaMAXTM Supplement + 10% 
Foetal Bovine Serum (FBS) + Penicillin/Streptomycin) in 
150 cm2 flask.

2.	 Day 1: Addition of Geneticin G418 (500 µg/ml) and hygro-
mycin (500 µg/ml) to the “L-Cell medium”.

3.	 Day 5: When the confluence is reached, cells are washed 
with 20 ml of PBS1X and peeled off with 1 ml of TriplEx-
press. After detachment, cells are re-suspended in 12 ml of 
“L-Cell medium”.

Production of L-WRN50% conditioned medium (from Myoshi 
Nature protocol 2013):

1.	 Addition of 113 ml of “L-Cell Medium” to the 12 ml L-WRN cell 
suspension, and division into 5 flasks of 150 cm2 (25 ml/flask, at 
37°C and 5% CO2).

2.	 After 4 d, when the confluence is reached, cells are washed with 
10 ml of “Primary Culture medium” (Advanced DMEM/
F12 + 20%FBS + Penicillin/Streptomycin + Glutamine).
2.1.	Addition of 25 ml per vial of “Primary Culture medium” 

and incubation at 37°C and 5% CO2 during 24 h.
2.2.	Medium is collected in 50 ml tubes and 25 ml fresh 

“Primary Culture medium” is added to each flask.
2.3.	Centrifugation of the 50 ml tubes at 2000 g during 5 min 

and collection of the supernatant in a sterile 1 L bottle 
(approximately 125 ml). This medium is kept at 4°C.

2.4.	Each 24 h, medium from the same flask is collected 
during 4 d.

2.5.	After the fourth collection, addition of an equal volume 
(500 ml) of “Primary Culture medium” (final concen-
tration: 50%).

2.6.	The “L-WRN50% medium” is well mixed, split in several 
50 ml tubes and kept at −20°C until use.

Crypts isolation and organoid obtaining
Small intestine extraction: Mouse abdomen is washed with eth-

anol 70% and opened for small intestine extraction. Small intestine is 
flushed with pre-cooled Phosphate-Buffered Saline without calcium 
or magnesium (PBS0) and cut longitudinally with scissors into small 
pieces of 2 mm.

Small intestine digestion:
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1.	 Small pieces of SI are put in pre-cooled 10 mM dithiothreitol (DTT) 
in PBS1X during 10 s and in 8 mM ethylenediaminetetraacetic 
acid (EDTA) in PBS1X, on ice, during 1 h (stirring vigorously 
every 15 min).

2.	 The supernatant is removed and pre-cooled PBS1X is put 
on small pieces of small intestine and vigorously pipetted 
using 10 ml pipette to shake tissue fragments.

3.	 After sedimentation, the supernatant is collected in a clean 
50 ml tube and centrifuged at 70 g for 5 min.

4.	 The pellet is homogenized in 5 ml of DMEM/glutamax and 
crypts are counted in 20 µl DMEM by light microscopy.

5.	 Crypts are centrifuged at 200 g during 5 min and the pellet 
is taken in Matrigel®.

Organoid obtaining:
1.	 Re-suspension of the pellet of crypts in 400 µl Matrigel®, 

and seeding in a pre-warmed IBIDI® µ-Slide 8-well (50 µl 
per well).

2.	 Incubation at 37°C, 5% CO2 during 10 min to allow Matri-
gel® polymerization.

3.	 Addition of 300 µl conditioned LWRN-50% medium.
4.	 Fresh medium is changed every 3 d and organoids are passed 

every 7 d.

Immunostaining and clearing
Each immunostaining and clearing step was done directly in IBIDI® 

µ-Slide 8-wells used to cultivate organoids.
Immunostaining
Fixation: 4% Paraformaldehyde (PFA) in PBS1X, at 37°C during 

30 min.
Washing: PBS1X + 0.1% BSA, at room temperature, 3 × 5 min.
Permeabilisation: PBS1X + 0.1% Triton X-100 + 0.1% BSA, at 

room temperature during 10 min.
Blocking: PBS1X + 3% BSA, at room temperature during 30 min.
Immunostaining:
1.	 Enterocytes borders staining.

1.1.	Monoclonal mouse Anti-sucrase-isomaltase antibody 
(dilution 1/100) in antibody diluent at 37°C during 1 h.

1.2.	 Washing: PBS1X + 0.1% BSA, at room temperature, 2 × 5 min.
1.3.	GoatAnti-Mouse-AF488 secondary antibody (dilution 

1/100) in antibody diluent at 37°C during 30 min.
1.4.	 Washing: PBS1X + 0.1% BSA, at room temperature, 2 × 5 min.

2.	 Cytoskeleton staining.
2.1.	Phalloidin-AF568 (concentration 6 µM) in antibody 

diluent at 37°C during 30 min.
2.2.	 Washing: PBS1X + 0.1% BSA, at room temperature, 2 × 5 min.

3.	 Nucleus staining.
3.1.	DAPI: NucBlueTM (dilution 2 drops/ml) in PBS1X, at 

room temperature during 5 min.
3.2.	Washing: PBS1X at room temperature, 2 × 5 min.

Clearing
All clearing methods were done by adding 200 µl of solution in 

IBIDI® µ-Slide 8-wells used to grow organoids.
TDE (2,2′-thiodiethanol):
1.	 After immunostaining: 30%, 60%, 80% TDE in PBS1X, at 

room temperature during 1 d each.
2.	 Keep in 80% TDE until imaging.
CUBIC:
1.	 After fixation: Reagent-1 (Mixture of Urea (25 wt% final 

concentration), Quadrol (25 wt% final concentration), Triton 
X100 (15 wt% final concentration) and dH2O (from Susaki 
et al., 2015 [18], at 37°C during 4 h.

2.	 Washing: PBS1X, at room temperature under low agitation: 
2 h, overnight, 2 h.

3.	 Immunostaining.
4.	 Reagent-2 (Mixture of Urea (25 wt% final concentration), 

Sucrose (50 wt% final concentration), Triethanolamine (10 
wt% final concentration) and dH2O (from Susaki et al., 
2015 [18], at 37°C during 4 h and then at room temperature 
until imaging.

RapiClear: After immunostaining: RapiClear 1.47 at room tem-
perature at least for a few hours and until imaging.

Opticlear: After immunostaining: Opticlear (20% (wt/vol) N-meth-
yl-D-glucamine, 32% (wt/vol) Iohexol (Nicodenz) and 20.48% (vol/
vol) TDE, pH between 7 to 8 adjusted with hydrochloric acid (from Lai 
et al. [17]) at room temperature at least overnight and until imaging.

Mounting
Different mounting were used to image organoids.
IBIDI® µ-Slide 8-wells: The same IBIDI slide was used for the 

growth, clearing and imaging of organoids. 200 µl of clearing medium 
was added into the wells.

BRAND® cavity slide: The organoids were moved from the IBIDI® 
µ-Slide to the BRAND® cavity slide by gently pipetting them under 
excitation by an UV lamp to visualize the Dapi staining because it is 
very complicated to see the organoids after clearing. Fifty microlitres of 
clearing medium was added into the cavity and a coverslip was placed 
and sealed with Twinsil® Speed picodent.

Ligthsheet Z.1 capillary: the clearing medium in the IBIDI® µ-Slide 
used to grow and clear the organoids was removed. For uncleared organ-
oids, the organoid was collected and transferred into a tube containing 
4% low-melting agarose in PBS1X. The organoid was then aspirated 
into the capillary which contained approximately 50 µl of medium. 
We proceeded in the same way for the cleared organoid but the tube 
contained 4% low-melting agarose in TDE 60%. The capillary was 
stored at 4°C during few hours to let the mounting medium solidify.

Imaging
Laser scanning confocal microscope (LSM700 Zeiss): Images 

were acquired with a Plan Apochromat 20X/0.8 dry objective and with 
Zen Black software.

Spinning disk confocal microscope (Zeiss): The system is com-
posed of a Yokogawa CSU-X1 spinning disk scanner coupled to a Zeiss 
Observer Z1 inverted microscope and controlled by Zen Blue software. 
Images were acquired with a Plan Apochromat 20X/0.8 dry objective 
through a Hamamatsu Orca Flash 4.0 sCMOS Camera.

Two-Photon microscope (TriM Scope LaVision BioTec): equipped 
with a Mai Tai HP SpectraPhysics Ti:Sa laser. Images were acquired 
with a XLUMPlanFl 20X/0.95 objective and with Imspector software.

Lightsheet microscope (Lightsheet Z1 Zeiss):
1.	 For non-cleared samples, the microscope imaging chamber 

was filled with 20 ml of water and acquisitions were done 
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using 10X illumination objectives and Plan Aprochromat 
20X water immersion objective (NA 1.0).

2.	 For samples cleared with RapiClear and TDE, the micro-
scope imaging chamber was filled with 20 ml of 80% TDE 
(refractive index ≈ 1.47) and acquisitions were done using 
LSFM 10X illumination objectives and Clr PlanNEOFLUAR 
20X/1.0 corr nd = 1.45 objective. The correcting ring was 
adjusted at 1.47.

3.	 For samples cleared with CUBIC, the microscope imaging 
chamber was filled with 20mL of Reagent-2 (refractive index 
≈ 1.48) and acquisitions were done using LSFM 10X illumi-
nation objectives and Clr Plan–NEOFLUAR 20X/1.0 corr nd 
= 1.45 objective. The correcting ring was adjusted at 1.48.

Software
Fiji was used to evaluate the “clearing ratio” (Region of Interest 

drawing and average pixel intensity measurements) and Imaris was 
used for 3D reconstruction.

RESULTS

Comparison of intestinal organoids transparency after 
different clearing methods

We first obtained mouse intestinal organoids following the protocol 
from Sato et al. [1,20]. After 14 d of culture in matrigel, organoids showed 
a dark and dense lumen in their center and several crypts composed of 
enterocytes and lumen (Fig. 1A).

Figure 1. Comparison of intestinal organoids transparency after different clearing methods. A. Brightfield acquisitions of intestinal organoids at 
Day 1 (D1), Day 7 (D7) and Day 14 (D14) of culture in Matrigel and schematic representation of an organoid at D14 showing crypts, crypt lumen, en-
terocytes and organoid lumen. B. Brightfield acquisitions of approximately 800 µm thick intestinal organoids before and after different clearing methods 
(obj 5×, 0.16). Scale bar 200 µm for all images. C. Clearing ratio calculation: for each image, the average pixel intensity of the organoid (Organo) was 
reported to the average pixel intensity of the background (Bckgrd), then the clearing ratio was calculated by reporting the values of « After » on « Before 
» for each clearing methods. D. Analysis of clearing efficacy based on clearing ratios of brightfield acquisitions. The segmented line represents the 
calculated value for an uncleared sample. (n = 6 organoids per clearing method). Data are represented as mean ± SEM. ns: non-significant (Tukey’s 
multiple comparisons test).
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We acquired bright field images of organoids before and after clearing. 
We have shown that regardless of the method, the organoid became 
transparent after clearing, but the transparency appeared more homog-
enous following RapiClear clearing method (Fig. 1B). To quantify this 
observation and test the efficacy of each clearing method in terms of 
transparency, we calculated a clearing ratio. Clearing ratio was calculated 
on organoids of equivalent size. We chose only 800 µm thick organoids 
for all conditions so that the clearing efficiency is comparable from one 
sample to another independently of the thickness of the sample. For each 
image and clearing method, the average pixel intensity of the organoid 
was reported to the average pixel intensity of background before and 

after clearing (Fig. 1C). The results showed no significant difference 
of the clearing ratio between all methods (Fig. 1D). In summary, the 
four clearing methods tested seem equally effective.

Fluorescence preservation after different clearing 
methods on intestinal organoids

We then checked the fluorescence preservation after each clearing 
method by labeling intestinal organoids nuclei with DAPI, the enterocyte 
borders with sucrase-isomaltase immunofluorescence and the cytoskel-
eton with fluorochrome conjugated-phalloïdin (Fig. 2A).

Figure 2. Fluorescence preservation after different clearing methods on intestinal organoids. A. Spinning disk acquisitions (obj 20×, NA = 0.8) 
of uncleared and cleared intestinal organoids with different clearing methods. DAPI (blue, λex: 405 nm, λem: 450/50 nm), Sucrase Isomaltase (green, 
λex: 488 nm, λem: 520/35 nm) and Phalloidin (red, λex: 561 nm, λem: 630/98 nm). Scale bar 50 µm. B. A green fire blue color map was applied to show 
fluorescence intensity levels. Scale bar 50 µm.

We applied a false color to the images to better visualize the variations 
in intensity from one image to another. The nuclear staining was not 
impaired by any of the clearing methods. We found high fluorescence 
intensities for DAPI in all conditions. However, this was not the case 
for the sucrase-isomaltase labeling: the fluorescence of the enterocyte 
borders was lost with Opticlear and CUBIC. Concerning phalloïdin 
staining, it was only preserved by RapiClear and the loss was very 
pronounced with CUBIC and Opticlear (Fig. 2B). In light of these 
results, we conclude that the choice of the clearing technique must take 

into account the purpose of the experiment and the structures that are 
visualized by immunofluorescence.

Comparison of different acquisition modes
Finally, we compared different acquisition methods to image organoids 

stained with DAPI and cleared with RapiClear. Depending on the micro-
scope, we used different mounting strategies: IBIDI®µ-Slides or BRAND® 
cavity slides for confocal, spinning disk and two-photon microscopy. For 
lightsheet microscopy, capillaries were used, combined with low-melt-
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ing agarose and clearing medium to fill them in order to improve light 
penetration and avoid light scattering (Fig. 3A and 3B. See Methods).

We first showed that confocal and spinning disk microscopes enabled 
the same acquisition depth (200 µm) but the spinning disk microscope 
was 4 times faster. Two-photons and lightsheet microscopy allowed 
deeper acquisitions (800 µm), when compared to confocal and spinning 

disk microscopes. Lightsheet acquisition had the additional advantage 
of being 30 times faster than the two-photon microscope (Fig. 3B).

Importantly 3D reconstruction was possible using these four dif-
ferent acquisition methods. However, only two-photon and lightsheet 
microscopy allowed to visualize the entire organoid, and throughout 
its full thickness (Fig. 3C).

Figure 3. Comparison of different acquisition methods. A. Different mounting methods for acquisitions. IBIDI® µ-Slides or BRAND® cavity slides 
for confocal, spinning disk and two-photon microscopy. For lightsheet microscopy, capillaries were used in combination with low-melting agarose and 
clearing medium to fill them in order to improve the light penetration and avoid light scattering. B. Comparison of the mounting methods, the acquisition 
depth and acquisition time for different microscopy approaches. C. 3D reconstruction, slice and orthogonal view of representative acquisitions of intestinal 
organoids stained with DAPI (λex: 405 nm, λem: 450/50 nm, Zstep: 0.44 µm), cleared with RapiClear, and imaged in BRAND® cavity slides (for confocal, 
spinning disk and two-photon) or lightsheet Z.1 capillary. Vertical scale bar = 50 µm.

DISCUSSION

Biological tissues are composed of heterogeneous materials with 
different optical properties, limiting deep observation due to light 

scattering and absorption. The development of clearing methods to 
reduce light scattering by homogenization of refractive index allowed 
the observation and imaging of thick samples in their entirety.

Using whole mouse intestinal organoids as a model system, we 
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sought to compare four different clearing methods previously described 
in the literature, and investigated to which extent they allowed organ-
oid imaging without the need of challenging techniques of organoid 
sectioning. These clearing methods have first been developed for large 
organs such as the mouse brain but can be applied to small specimens, 
like organoids. There are, however, a wide variety of methods which 
can be classified into four families depending of the clearing agents 
used: organic solvents, high refractive index aqueous solutions, hype-
rhydrating solutions and hydrogel embedding. The choice of method 
is determined by the size of the sample and the need for subsequent 
immunofluorescent labelling.

In our study, we compared simple immersion methods in aqueous 
solutions with high refractive index (TDE, RapiClear and Opticlear) 
as well as a hyperhydration method (CUBIC) because they are easy to 
implement and inexpensive.

Intestinal organoids are composed of different parts, such as crypts, 
epithelial cells and a very dark and dense center, with different optical 
properties. We have shown that these four clearing methods offer the 
same transparency efficacy based on the calculation of a clearing ratio. 
However, RapiClear, a commercial product whose composition is un-
known, allows better homogenization of the clearing. We hypothesize 
that one of the components of this clearing agent allows better penetration 
and better diffusion of the solvent into the sample.

We have tested RapiClear on other types of organoids, such as cere-
bellar organoids, with good clearing efficiency (Data not shown). This 
commercial solution can therefore be used on other types of organoids.

Our next step was to label the organoid structures and assess the 
effect of the clearing medium on the fluorescence. We decided to test 
intercalating fluorescent dyes such as DAPI and phalloïdin and an 
immunofluorescence labelling, sucrase-isomaltase, which is found on 
the surface of cells. We have chosen these targets to avoid potential 
complications of antibody penetration.

According to our results, RapiClear preserves at best the fluorescent 
labelling, adding an extra advantage of this method to the extensive 
homogenisation of the clearing. TDE retains fluorescent labelling with 
the exception of phalloïdin. Given the high cost of RapiClear, TDE can 
offer an alternative and an inexpensive solution. Despite several reports 
on their ability to retain fluorescence [17,18], our results do not support 
the use of CUBIC and Opticlear for the study of intestinal organoids.

The last important step for 3D imaging of cleared sample is the 
choice of an adapted imaging technique. We compared four microscopy 
approaches. Our results showed that the Zeiss ligthsheet Z1 micro-
scope is the best solution for quick and deep acquisitions of intestinal 
organoids. Since ligthsheet microscopy is not widely available, other 
more common methods of image acquisition may be sufficient to study 
intestinal organoids.

In summary, using mouse intestinal organoids as a model system, 
we conclude that RapiClear-based clearing in association with lighsheet 
image acquisition yields the best results and allows rapid and deep 
visualization of the sample in its entirety.
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