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Recent advancements have made
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possible!

SCIENCE/TECH

3D Transparent Organs Will Help Doctors Make Better
Diagnoses, Biomedical Discoveries




Recent advancements have made
rendering entire animal transparent
possible!

SCIENCE/TECH

3D Transparent Organs Will Help Doctors Make Better
Diagnoses, Biomedical Discoveries




Recent advancements have made
rendering entire animal transparent
possible!

3D Transparent Organs Will Help Doctors Make Better g;}fojgaf":'ble Mouse
Diagnoses, Biomedical Discoveries
it R Rachael Moeller Gorman

A new method quickly and gently turns a whole mouse

transparent. Could this change biological imaging forever? Find
out...




Recent advancements have made
rendering entire animal transparent
possible!

3D Transparent Organs Will Help Doctors Make Better gg;}fo’g(nflble Mouse
Diagnoses, Biomedical Discoveries
b B i R e Rachael Moeller Gorman

A new method quickly and gently turns a whole mouse

transparent. Could this change biological imaging forever? Find
out...

Scientists create see-through mouse and rat
bodies



Recent advancements have made
rendering entire animal transparent
possible!

3D Transparent Organs Will Help Doctors Make Better gg;}fo’g(nflble Mouse
Diagnoses, Biomedical Discoveries
b e o R NG Rachael Moeller Gorman

A new method quickly and gently turns a whole mouse
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Speaking of Science

Why a see-through mouse is a big deal for
scientists



This could revolutionize how we measure
pathology samples and understand
structural/developmental biology

While scientists have attempted to create see-through organ and tissue samples since the
1800s, researchers have relied primarily on the sectioning of samples - slicing organs into
extremely thin cross sections and examining these pieces in succession.

"That's been useful but it's also been slow and tedious," said senior study author Viviana
Gradinaru, an assistant professor of biology and biological engineering at Caltech.

Recent advancements in tissue clearing have enabled researchers to study nerve
connections and organ structures without having to slice them up, providing scientists
with new insights into previously hidden anatomical structures.
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_earning Objectives

. Explain why tissue scatters light and how one can alter
the light scattering properties of tissue.
. Describe laser-induced fluorescence and light-sheet

fluorescence microscopy.
. Summarize how combining these two methods allows

one to measure structures within intact tissue and
organs.

neorize how these advancements may help with
pressing public health issues.
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Natural curiosity about our
(and animal) insides

"About the transparentizing of human and animal preparations”
Published in 1914 by Werner Spalteholz
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Natural curiosity about our

Spalteholz 1914

and animal

notiert hat, so mufl man diese durch Rechnung bestimmen.
Man geht dabei am besten von der durch Landolt?) auf-
gesteliten Formel aus:

Aol gl p el
PR T

in der p das Gewicht, n den Brechungsindex, d die Dichte

des Gemisches, pi, p., ... die Gewichte, ny, n,, ... die

Brechungsindices, d,, d., ... die Dichten seiner Kompo-

nenten bezeichnen. Da wir nur das Verhiiltnis der beiden

Bestandteile kennen lernen wollen, verwenden wir die
Formel in der Form:

ng—1 n—1

p__ds 4

p: n—1 n—1

d dy

.

Leider gibt auch diese Formel, die als die zuverlissigste
gilt, nicht immer ganz genaue Resultate.

Fiir die von mir hauptsiichlich benutzten Fliissigkeiten
habe ich nach wiederholten eigenen Messungen folgende
Zahlen zugrunde gelegt:

Wintergriindl, kiinstlich np=1,538, spez. Gew.=1,188

Safrol np=1,542, » =1,102
Benzylbenzoat np=1,570, » =1,121
Isosafrol, farblos np=1,577, » =1,115,

Die Neuheit des Problems und der Wunsch, iiber ver-
schiedene scheinbare Unstimmigkeiten Klarheit zu erhalten,
1) Poggendorfs Annal. d. Phys. u. Chemie 1864, Bd. 123, S. 595,

Weiteres s. dariiber Ostwald, Lehrbuch d. aligem. Chemie, 2. Aufl,
1891, 1. Bd., S. 416 ff.

55

Go glc
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SO many techniques!!
What is different about all of them?

_ storage, IHC/F

b
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The search for the magic
method...

Four general categories:

1. Solvent-based

A

Solvent-based clearing

Dehydrating

Water
lipid

(

Clearing

solvent solvent
]+ +
—_——— —

-

<>

Lipid

Richardson and Lichtman Cell 2015

o~ o~ OO 00 A

Methyl salicilate  Benzyl alcohol
RI - 1.54 RI - 1.54

Benzyl benzoate Dibenzylether Dichloromethane
Rl - 1.57 Rl-1.56 Rl -1.42
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The search for the magic

method...

Four general categories:
1. Solvent-based

2. Simple immersion

B Simple immersion

Aqueous
clearing
solution -+ o
OH
@ ;
H H

in water)

—

J\ﬁ I P

Diatrizoic Acid 2,2’ -thiodiethanol
RI - 1.40 (0.74M) Rl - 1.51

Sucrose Glycerol Formamide
Rl - 1.44 RI - 1.44 Rl - 1.44 (95%)
(60% w/v in water) (80% w/v

(130% w/v in
water @ 37C)

(97% v/v in water)
Rl - 1.45
(60% v/v in water)

Richardson and Lichtman Cell 2015
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The search for the magic
method...

Four general categories:
1. Solvent-based

2. Simple immersion
3. Hyper hydration

C Hyperhydration

Lipid
University of Colorado

Richardson and Lichtman Cell 2015 Denver | Anschutz Medical Campus
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The search for the magic
method...

Four general categories:
1. Solvent-based

2. Simple immersion
3. Hyper hydration
4. Hydrogel embedding

D Hydrogel embedding

Detergent
solution

: 0 " : r
2. Hydrogel monomer
3. Temperature sensitive
crosslinker

ver: (0](0)
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Hydrogel embeading

Step 1: hydrogel monomer infusion (days 1-3)

-4 " = Proteins - -
Tl oy [/ DNA f X + 1 +

S er i S

NH, X, “YONH

Plasma

membrana l

b

University of Colorado
Denver | Anschutz Medical Campus

Chung et al Nature 2013



Hydrogel embedding

Step 1: hydrogel monomer infusion (days 1-3)
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Step 2: hydrogel-tissue hybridization (day 3)
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drogel embedding

Step 1: hydrogel monomer infusion (days 1-3)
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Hydrogel embeading
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Hydrogel embeading
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Hydrogel embeading

University of Colorado
Denver | Anschutz Medical Campus



Hydrogel embedding

Before

b After CLARITY
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of unknown
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Hydrogel embedding

Before

b After CLARITY

great stretches
of unknown

territory. 7,
ra

* Can't see anything in the brain either! o
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Hydrogel embeading

b After CLARITY g After CLARITY

continents a
great stretches
of unknown

. terntory. 7,
. -

*Need another way to “see” inside the tissue@
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_earning Objectives

. Explain why tissue scatters light and how one can alter

the light scattering properties of tissue.
. Describe laser-induced fluorescence and light-sheet

fluorescence microscopy.
. Summarize how combining these two methods allows

one to measure structures within intact tissue and
organs.

neorize how these advancements may help with
pressing public health issues.
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What is a laser?
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What Is a laser?

THE LASER

All the animations and explanations on
www.toutestquantique.fr
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What Is laser-inauceo
fluorescence?

Summary

molecular
probes
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How can we attach flourophores

to a biological target”
1. Antibody labels
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How can we attach flourophores

to a biological target”
1. Antibody labels
2. Fluorescent proteins

Cell division; cells marked by GFP

b
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Multiples types of
fluorescent microscopy




Multiples types of
Jorescent microscopy
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Multiples types of
fluorescent microscopy

Energy load

per plane

Photobleaching High Low
Imaging speed Slow Slow Fast (100-1,000x)

University of Colorado
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Multiples types of
fluorescent microscopy

Imaging speed Slow Slow Fast (100-1,000x)
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Microscope restrictions
mean back to the guillotine!




Multiples types of
fluorescent microscopy

Contocal microscopy

Excitation

per plane
Photobleaching Low
Imaging speed Fast (100-1,000x)

University of Colorado

Tomer et al Nature Protocols 2014 Denver | Anschutz Medical Campus



How does LSFM work"?
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| SFM has mainly been used
to Image small model animals

Lateral view

Ventral view
4831 milion voxels

b
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| SFM has mainly been used
to Image small model animals

Lateral view

270 min » - s Ventral view
4831 million voxels
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You can build an LSFM
almost like LEGOs now!

OpenSPIM

Water-filled Gold-plated

Sample Chamber \(:)bjle_d-rve ,

B Light Sheet

Glass Panel
5 Hiumination
——ate |/

OpenSPIN

Connectors for
Peltier Cooling

b
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We have cleared tissue, fluorescent
labels, and an appropriate tluorescent
MICroscope

Light-sheet microscopy
e
AAA

4 .‘\.‘

¥

)
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a Before b After CLARITY

continents a
great stretches
of unknown

Truong et al Nature Methods 2011 @T
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_earning Objectives

. Explain why tissue scatters light and how one can alter

the light scattering properties of tissue.
. Describe laser-induced fluorescence and light-sheet

fluorescence microscopy.
. Summarize how combining these two methods allows

one to measure structures within intact tissue and
organs.
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Combining LSFM and
optically cleared tissue

University of Colorado
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't you are really patient, you can
reconstruct a whole mouse brain

0.0000 mm

University of Colorado

Tomer et al Nature Protocols 2014 Denver | Anschutz Medical Campus



We can also measure lung
structure

b
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We can also measure lung
structure

CT of rat lung
blood vessels
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Application to animal
models of disease

heart intestine

integrin
40um 0um
e —m

100;1}”
re—

integrin integrin acridine orange

Yang et al Cell 2015



Application to animal and
human models of disease

heart intestine

integrin
40um 0um
e —m

100;1}”

integrn

integrin acridine orange

tumor biopsy

SRR,

Yang et al Cell 2015 pan-cytokeratin ;..




Application to analyzing structural

changes in the brair
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Basomedial amygdala mediates
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top-down control of anxiety and fear
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Application to analyzing structural
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Intact-Brain Analyses Reveal Distinct Information
Carried by SNc Dopamine Subcircuits
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In Brief

Exploring the mammalian brain with an
array of intact-brain circuit interrogation
tools—including CLARITY, COLM,
optogenetics, viral tracing, and fiber
photometry—reveals that neurons in the
SNc region present different biophysical
properties, wiring of inputs and outputs,
and activity during behavior, despite
signaling through the same
neurotransmitter.



Application to the dynamics
of development

0.000 sec

Trivedi et al Biomedical Optics Express 2015



Application to the dynamics of
development - we can measure even
faster!
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