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Neural circuit is the basis for brain fucntions
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Early functional studies of the brain

(1) Selective surgical ablation of parts of the brain of animals;

(2) Faradic and galvanic (i.e., steady or pulsed electrical) stimulation
of the brain of animals and humans;



Cell-type specific ablation and functional

manipulations
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Neuronal ensembles in brian activities

Environmental stimuli
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Mesocorticolimbic dopamine reward system

Neuronal Ensembles
A group of neurons that show spatiotemporal co-activation.

Fabio C. Cruz and Bruce T. Hope et al., 2013, Nature Reviews Neuroscience



Immediate early genes (IEGs) as faithful surrogates of

neuronal activation

Table 1
Summary of activity-regulated, neuronal immediate-early genes.
Category Gene
Transcription factors cfos
fosB a
c-fun — c-fos mMRNA — c-fos protein
junB
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Hiroyuki Okuno, 2011, Neuroscience Research
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Mapping of Brain Activity by Automated
Volume Analysis of Immediate Early Genes
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Whole-mount tissue staining Whole-mount tissue clearing

Method' | Year

ScaleA2 | 2011
ClearT2 2012

.:E:. IDISCO 2012
CLARITY 2013
SeeDB 2013

CUBIC 2014




dehydration and lipid extraction
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Method' | Year | Main clearing & Cost” Clearing Ease of Time Compatibility
refractive index capability | implementation | to clear with
matching agents immunostaining

ScaleA2 2011 Urea Inexpensive Good Very easy Months  May be limited”®

ClearT2 2012 Formamide Inexpensive  Moderate Very easy | day Compatible

3IDISCO 2012 Benzyl Ether Inexpensive  Very good Very easy | day Compatible

CLARITY 2013 SDS & Focusclear More Good More difficul’  Weeks'  May be limited®
expensive’
SeeDB 2013 Fructose Inexpensive  Moderate Moderaie’ Several Compatible
days
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iDISCO: A Simple, Rapid Method to Immunolabel Large
Tissue Samples for Volume Imaging
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Highlights
¢iDISCO is a method for immunolabeling and
volume imaging of large biological samples

eCould be used in large mouse embryos and
adult organs

eEasy to implement, inexpensive, fast, and
reliable



A cryosection optical section projection
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Nicolas Renier, Zhuhao Wu and Marc Tessier-Lavigne et al., 2014, Cell
Chenchen Pan, Ruiyao Cai, Francesca Paola Quacquarelli & Ali Ertlirk
et al., 2016, Nature Methods



Shrinkage-mediated imaging of entire organs and
organisms using uDISCO

Chenchen Pan, Ruiyao Cai, Francesca Paola Quacquarelli & Ali
Ertlirk et al., 2016, Nature Methods



IDISCO+ and ClearMap: A Pipeline for Cell Detection,
Registration, and Mapping in Intact Samples Using Light
Sheet Microscopy
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¢ iDISCO+

Improved version of the iDISCO protocol to reduce sample
shrinkage and better preserve brain morphology, thereby
enabling automated registration of the LSFM-imaged
sample onto a reference brain atlas for automated
comparisons

eClearMap

A computer program based solely on open-source
components and compatible with a desktop workstation
that is applied to the imaging data to count cells in 3D,
registers them onto a reference atlas, and generates
distribution maps and statistical analysis of intact mouse
brains in <1 hr per sample.
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Whole-brain map of activated neuronal populations
after Haloperidol treatment
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Volume Survey of Brain Activity Applied to Parental
Behavior in the Mouse
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1. Behavioral or experimental 2. Intact brain IEG immunolabeling,
induction of brain activity clearing and imaging with iDISCO+
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4, Mapping of axon projections
A pipeline for
automated analysis
of neuronal activity in
intact brains.

Potential applications

Highlights
1. ClearMap, a pipeline for automated activity
mapping in intact samples

2. iDISCO+ preserves morphology and size of cleared
samples for automated registration

3. ClearMap to study brain regions involved in various
behaviors

Limitations
1. IEG expression in the brain is not limited to

neurons.

2. The ability to assess real-time neural activity

How medications that are administered acutely or chronically alter brain activity.
Another use will be to study changes in brain activity as a result of such processes as
exercise, sleep, aging, or neurodegeneration.



Cell Reports

Three-Dimensional Study of Alzheimer’s Disease
Hallmarks Using the iDISCO Clearing Method
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Daun02 system for the selective ablation of activated
neuronal assembles in vivo

A DTR......

Neuronal activity

% ‘ Fos promoter lacZ coding sequence
| — Activated cells express
B-galactosidase

lacZ mRNA @@ © G &
/ @ @
B-galactosidase ) @
o :
»}j%; 9. : 1
: P Inject .
;:@»j_}é: "{ Daun02 D M .. Previously activated
A gy aun02 === Daunorubicin cells now inactive
56 l € o0
R
Neuronal @ @ % @
Daun02 inactivation & <}

Fabio C. Cruz and Bruce T. Hope et al., 2013, Nature Reviews Neuroscience



Strategies for selective manipulation of activated
neuronal assembles in vivo

Mouse transgene
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Fabio C. Cruz and Bruce T. Hope et al., 2013, Nature Reviews Neuroscience



FACS sorting of activated neurons for further analysis
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