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Tissue sectioning:
a powerful technique for studying tissue biology

that can miss details of three dimensional structures

?



Amazing biological insights have been discovered from 
organisms amenable to extensive whole organ imaging 

Huisken laboratory, https://vimeo.com/131417081Gopi Shah, https://vimeo.com/131417079

Zebrafish gastrulation Zebrafish cardiovascular system



These techniques were brought to developmental biology in 
other organisms where tissues were relatively small

Phng et al., 2009, Dev Cell; Chen, Sharma et al., 2014, Develop



What happens when you want to expand your 3D 
investigations into more complex or larger tissues?



Use smaller versions such as the neonatal organs

What happens when you want to expand your 3D 
investigations into more complex or larger tissues?



For adults, cut out tissue chunks and 
get crazy with the confocal and stitching . . . . . time intensive!

What happens when you want to expand your 3D 
investigations into more complex or larger tissues?



Attempting to visualize large organs by chemically clearing 
tissues has been around, but recently refined for the brain





Adoption of brain clearing and imaging methods for other 
organs solves experimental roadblocks

Quickly identify and quantify collateral arteries

Adult artery branch
Quanti cation of 

branchpoints (dots)

Dendrite tracing

function on images
Identi es number of

collaterals

A

B

Pam Rios



Adoption of brain clearing and imaging methods for other 
organs solves experimental roadblocks

Intact vasculature for computational flow modeling

Suhaas Anbazhakan



Adoption of brain clearing and imaging methods for other 
organs solves experimental roadblocks

Merlini et al. Neuron. 2019

Can quickly scan through large tissues for rare events



Adoption of brain clearing and imaging methods for other 
organs solves experimental roadblocks

Ke Yuan
De Jesus Perez Lab

Smooth muscle actin
Adult mouse lung



Outline of workshop (slides will be linked on our website) 

1. Overview of clearing methods     Andrew Chang
Ghosting tissues, not people 

2.   Successful use of iDISCO clearing Pam Rios
Trick or Treat

3.   Microscopy for large cleared tissues Suhaas Anbazhakan
Fright Sheet microscopy

4.   Image processing    Suhaas Anbazhakan
Terror bytes of data!!

5. Miltenyi presentation of LaVision Light Sheet Microscope David Castaneda

6.   Breakout DEMONstrations: 
1. LaVision Ultramicroscope II
2. Imaris processing software
3. Computational Fluid Modeling- SimVascular
4. Q&A for sample preparation and image analysis



Overview of clearing methods (Andrew)



Tissue clearing to visualize bone structure

Fernandez et al., 2011

Cumley, Crow, Griffen, 1939

- Fixation in 95% ethanol, 

treated with 1% KOH

- Stained with Alizarin Red 

and Alcian Blue

- Cleared in glycerin (weeks)

Spalteholz, 1914

McLeod, 1980



Revisiting clearing methods

Renewed interest in volume imaging with the

incorporation of fluorescent labeling

Dodt et al, 2007

Vascular labeling by 

fluorescent gel perfusate

Cleared in sucrose gradient

- Endogenous GFP

- Dehydrated with ethanol

- Cleared in 

Benzylalcohol-

Benzylbenylzoate (1:2 

BABB)

Tsai et al, 2009



As of 2019…
Improvements in clearing techniques and 

computational power pushed recent advances

Cai et al, 2019

vDISCO – Whole animal 

labeling 

Giovanna et al, 2018

CLARITY
Vascular and 

neuronal 

labeling



But which protocol to pick?



Why is tissue clearing needed?

● Refractive index: Descriptor of how much light bends while passing through a 

medium

Medium Refractive Index

Air 1.0003

Water 1.33

Glycerin 1.47

Organic tissue ~1.4-1.5

Diamond 2.42



● Lipids have a high RI (~1.44) and form granular structures, leading to strong 

light scattering

● Immersion of specimen in medium with the same RI as protein (~1.43)

• Note: Dehydrated proteins RI is ~1.5

Why is tissue clearing needed?
Immunofluorescence labeling



Considerations for clearing method

● Clearing capacity

● Changes to tissue size 

(expansion/shrinkage)

● Compatibility with fluorescence proteins 

and immunolabeling
● Ease of tissue and chemical handling

● Time of clearing process 

Qi et al, 2019
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Considerations for clearing method



● Clearing capacity

● Changes to tissue size 

(expansion/shrinkage)

● Compatibility with fluorescence proteins 

and immunolabeling
● Ease of tissue and chemical handling

● Time of clearing process 

Richardson & Litchman, 2015
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Considerations for clearing method



Qi et al, 2019
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● Clearing capacity

● Changes to tissue size 

(expansion/shrinkage)

● Compatibility with fluorescence proteins 

and immunolabeling
● Ease of tissue and chemical handling

● Time of clearing process 

Considerations for clearing method

Seo et al, 2016      Qi et al, 2019 



But which protocol to pick?



Different methods of clearing

Silvestri et al, 2016



Tissue-gel hybrid formation followed by delipidation

and RI matching

Time: Active: ~2 days-4 weeks; Passive: > month

Advantages: Min size change, preserves endo FP, min protein loss, allows 

for IHC

Disadvantages: Requires special equipment or very long immersion time

X-CLARITY

Chung et al, 2013

Seo et al, 2016



Delipidation and hyperhydration followed by RI 

matching (Aqueous)
Seo et al, 

2016

Time: 2 weeks

Advantages: Preserves endo FP, safe, cheap

Disadvantages: Tissue expansion, IHC only in small samples, 

protein denaturation

Susaki et al, 2015



Delipidation and dehydration followed by RI 

matching (organic solvent)

Time: 4 days, up to 3 weeks with IHC

Advantages: Easy, cheap, allows for robust IHC

Disadvantages: Tissue shrinkage, endo FP quenching, toxic solvent

Leibmann et al, 2016

Qi et al, 2019

Renier et al, 2016

Seo et al, 2016

Cortex



Successful use of iDISCO clearing (Pam)



Sample Preparation Clearing ImagingIF

Lipid extraction
& Organic Solvent

LSMFixation Dehydration > Bleaching > Rehydration

① ② ③ ④ ⑤ ⑥ ⑦

Clearing the heart with iDISCO



Perfuse with 
PBS and PFA

Incubate in 
PFA for 1 to 48 

hours
Rinse tissue 

with PBS



Gradual
methanol 

dehydration

DiChloro
Methane

(DCM)



Bleaching
H2O2

Gradual
methanol 

Rehydration

① ②



Immunolabeling:
• Permeabilization
• Blocking
• Primary antibody
• Secondary antibody

① ② ③ ④

4 day to 3 weeks



Gradual
methanol 

dehydration

DCM and 
DiBenzylEther

(DBE)

Jorryt Tichelaar (Nael Nadif Kasri Lab)



Ready to 
image!!

SMA



Expectation 
vs 

Reality



Sample Preparation Clearing ImagingIF

Lipid extraction
& Organic Solvent

LSMFixation Dehydration > Bleaching > Rehydration

① ② ③ ④ ⑤ ⑥ ⑦

What went wrong?



Max Projection Optical slide

Perfusion is key

SM-MHC



Smooth muscle heavy chain Smooth muscle Actin

Perfusion is key



Bleaching
H2O2

Max Projection Optical slide

SM-MHC



Short (1hr) Fixation O/N Fixation

CX40

Know your 
antibodies: 

Fixation times



Short (1hr) Fixation O/N Fixation

SM-MHC

Know your 
antibodies: 

Fixation times



Max Projection Precipitate Max Projection

CX40

Know your 
antibodies: 

Concentrations



CX40 + Secondary A CX40 + Secondary B

Know your 
antibodies: 
Secondaries



DCM 
Steps

Heart Brain

SMA



Equipment 
matters

Single laser LSM Miss-aligned dual  laser LSM

CD31

SMA

Merlini et al. Neuron. 2019



Post-processing can mend a broken heart

SMA
PH3

Masked channels Surface rendered



Post-processing can mend a broken heart

SMA
PH3



Ph3
Post-processing can mend a broken heart

PH3 PH3 (masked channel)



Lori O’Brien Lab and Evans blue-vasculature labeling



Evans blue for 
labeling vasculature

1mg Labeled tomato 
lectin: $145 (10 injections)

50g Evans blue=$202.00 
(13,888 injections)

Adult mouse retina Adult mouse brain Zebrafish embryo 3 dpf

P6 mouse lung

iDISCO+ 
Clearing

Circulation & 
Harvest

Evans Blue Dye 
Injection

Kidney vasculatule



Non-toxic alternative 
to organic solvents: 
Ethiethyl cinnamate 

(ECi)

SMAECi: Merz et al. 2019. Nat Comm. 

in vivo CD31 

immunolabeling



Bonus: Antibodies that work with iDISCO

GFP PECAM RFP

ERG
VEGFR2

JAGGED-1
PROXY1
PDGFR



Tips “Treats” and Tricks

● Fresh Solutions

● Troubleshoot antibodies
○ ALTERNATIVE Method

● ECi non-toxic 

● Plan ahead

● Be adventureous 

Brian Raftrey



Microscopy for large cleared tissues 
(Suhaas)



Many names, same concept

LSM, light-sheet microscopy

LSFM, light-sheet fluorescence microscopy
OPFOS, orthogonal-plane fluorescence optical 
sectioning

TLSM, thin-light sheet microscopy
SPIM, selective or single-plane illumination 

microscopy
mSPIM, multidirectional selective plane 
illumination microscopy

HROPFOS, high-resolution orthogonal-plane 
fluorescence optical sectioning

OPM, oblique plane microscopy
OCPI, objective-coupled planar illumination
DSLIM, digital scanned laser light sheet 

microscope
TSLIM, thin-sheet laser illuminating microscopy

Olarte O et al. Adv. Opt. Photon. 10, 

111-179 (2018)



Light-sheet microscopy then and now

1902

First “Light-sheet” 
microscope

Siedentopf H. and  

Zsigmondy R.

1993

Modern application

Voie et al. 1993; Voie and 
Spelman 1995; Voie 2002

2004

First to use for 
zebrafish embryos

SPIM/mSPIM - Huisken et 
al. 2004, Huisken and 
Stainier 2007

2007

Imaging large 
samples (Brains)

Dual-sided illumination 
Dodt et al. 2007

2009, 2012

First Commercial 
Light-sheets

LaVision, then Zeiss

2014

Lattice Light-sheet 

Chen, B; Legant, W; Wang, 
K. Science 2014

Santi, P. J Histochem Cytochem. 2011



https://luxendo.eu/technology-details/



Pros and Cons of Light-sheet imaging

Pros:

● Volumetric imaging (up to 1-2cm thick)

● Fast acquisition

● Low phototoxicity/photobleaching

Cons:

● Requires sample-specific mounting techniques

● Relies on good clearing for larger samples

● Huge file sizes and data analysis

Olarte, O. et al. Adv. in Opt. and Phot. (2018)



Current options for Lightsheet

Luxendo MuVi SPIM

Leica TCS Digital Lightsheet

Applied Scientific Instrumentation CT-DSPIM 3i Lattice Lightsheet

…and many more DIY 

and custom options!



Do-It-Yourself Light-sheet microscopes

MesoSPIM: open-source

K. McDole, L. et al. Dev. Cell (2018)

Custom built



Most Popular Commercial Options

Zeiss Z.1

● Great for live imaging of small samples

● Multiview reconstruction

● More complex mounting methods

LaVision Ultramicroscope II

● Large FOV great for whole organs

● Organic solvent dipping objective available

● No motorized rotation of sample



Mounting examples

Udan R et al. Development (2014) Silvestri L et al. J. Vis. Exp. (2013)

Zeiss Mounting

Provided by Miltenyi

LaVision Mounting



Mounting with Gels

Provided by Miltenyi



Lattice Lightsheet Imaging

Chen B, Legant W, Wang K et al. Science (2014)



Image Analysis (Suhaas)



Why is it an issue? - Raw file size is large

● The whole folder size can range from 10’s 

of Gb to 1-10’s Tb

First challenge is to 

open these images

~50 z-slices

~100MB
~1500 z-slices

~10GB

Confocal Lightsheet

>10000 z-slices

>500GB

Time-lapse 

Lightsheet



Handling the large image data sets

● Saving in big data formats dramatically 

improves loading time

● Does not decrease the file size/resolution

● Most computers may still not have the capacity 

to load in the entire dataset

Image stack

Hdf5 file

<30 seconds

>4 minutes



Want something more powerful

Imaris Arivis

Huygens Software Suite 

Volocity

http://www.youtube.com/watch?v=sKpL_UUUtX8
http://www.youtube.com/watch?v=BOl5D_tRIrY


Tips to reduce data size

● After imaging:
○ Lower the resolution of the dataset

○ Convert to 8-bit (usually 16-bit is the default)

○ Only save a subset of the stack

● Archiving/compressing:
○ Can compress the image in ImageJ



How can we get quantitative data?



Simple Neurite (Vessel) Tracer in ImageJ



Imaris features

Merz S. et al. Nature Comm. (2019)



Adult mouse modeling
Light-sheet image 3D Segmentation CFD Results

Simvascular



Using 4D lightsheet images for cardiac modeling

Vedula V, et al. PLOS Com. Bio. (2017)

Liebling M, et al. J. of Biomedical Optics (2005)



Deep Learning to Segment Brain Vasculature

Todorov, M and Paetzold, J et al. bioRxiv 2019



Miltenyi presentation of LaVision Light Sheet 
Microscope (David Castaneda)



Appendix



Using Imaris converter

● Easily convert many 

image stacks into .ims 

files for imaris to read

● Once converted .ims 

files are much faster 

to load into Imaris

● Free tool - good for 

pre-converting data 

before using Imaris at 

a core facility



Best Practices

● Secure your sample to prevent micro-vibrations that will distort your image

● Keep the microscope glove free to prevent organic solvents getting on the 

scope

● Make sure sample will fit within the working distance of the microscope



Saving data as Hdf5 file


