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Introduction and Applications
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Quantitative Image Analysis for 3D Microscopy

OXFO

8] | IMARIS

I TRUMENTS

Quantification

*Count of objects
*Area

*VVolume
*Intensity
*Position

*Volume

*Vesicles per Cell
*Distance to Membrane
*Vesicles per Nucleus
*Morphology

Filaments/Ne

A
urons
*Length, Straightness

*Mean Diameter

*Branching Angle

*Spine Density

*Spine Shape

\ {f s

Motion Analysis

*Speed

*Acceleration

*Cell division tracking
*Trajectory

*Event synchronization

Interactions

*Distances between structures
*VVolume overlap, contacts
*3D intensity profiling

*Spatial distribution
*Co-localization

Batch and Plots

*Image processing
*Measurements
*Interactions
*Group comparisons
«Statistical tests

© Oxford Instruments 2022
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IMARIS in Publications

[OPR) IMARIS
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Workflow of image analyzing and processing RRD I IMARIS

IMARIS
File Converter

- ﬂ
Multi-view ||V|AR|S
_\_ 1
Stitcher
Browse and
Organize

N
IMARIS y
. Present an
Data output
and Interpret

IMARIS
Workflow

Detect and
IMARIS — Analyze

Pre-process
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IMARIS Microscopy Imaging Software I IMARIS

IMARIS IMARIS IMARIS IMARIS
File Converter Stitcher Viewer

© Oxford Instruments 2022
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IMARIS Microscopy Imaging Software O Re] IMARIS

IMARIS
File Converter

IMARIS File Converter's redesigned GUI and batch conversion efficiently convert

multiple large datasets to save you time.

Conversion is multithreaded (number of cores selected by the user).

Files dropped to conversion queue and processed with one click.

Memory allocation increased to handle big data.

IMARIS Convert Bio-formats.

© Oxford Instruments 2022
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IMARIS Microscopy Imaging Software O Re] IMARIS

IMARIS
File Converter

IMARIS File Converter's redesigned GUI and batch conversion efficiently convert

multiple large datasets to save you time.

Conversion is multithreaded (number of cores selected by the user).

Files dropped to conversion queue and processed with one click.

Memory allocation increased to handle big data.

IMARIS Convert Bio-formats. w

© Oxford Instruments 2022
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Data Compatibility Versatile File Formats and Big Data Q%EQEQ I IMARIS

ANDOR

an Oxford Instruments company

OLYMPUS s
s PerkinElmer

IMARIS
. _’\ File Converter
ikon
. OME Bio-Formats
o A IMARIS 9.9
wi G Gl ( )
GATAN S—
DICOM etc...

' ' Developing Zebrafish Embryo: 1.05TB tiff => 291GB *.ims

Courtesy of K. McDole, HHMI Jamelia Farm research Campus,
Ref: Amat et al., 2014, Nature Methods
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Hardware Compatibility O | IMARIS

IMARIS
File Converter

A A Confggal
Wide Field .« inning Disk

/1 N

e FIB/SEM/X-Ray

FIB-Pt
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IMARIS Microscopy Imaging Software I IMARIS

IMARIS IMARIS IMARIS IMARIS
File Converter Stitcher Viewer
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What is IMARIS — An Overview

[OER0) IMARIS

IMARIS IMARIS
File Converter Stitcher

n IMARIS

Visualization

Modules

o ) a
e Stitcher e Spots
e Multi-Modalities & e Surfaces
Overlays e Cell
e Visualization Tools e Filament
e Track

Object Detection

~

IMARIS
Viewer

e Colocalization
e Classification
e Affinity

e XTension

© Oxford Instruments 2022
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StltCher Capable of Stitching Large 2D, 3D and 4D tiles IMARIS

IMARIS
Stitcher

© Oxford Instruments 2022



V|Sua I 1Z@ Multi-Modalities & Overlays

IMARIS

IMARIS

© Oxford Instruments 2022
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Visualize Visualization Tools IMARIS

+ Clipping Plane

IMARIS , R
« Ortho Slicer / Oblique Slicer

« Annotations

| \\/‘ IMARIS
-‘ Viewer

© Oxford Instruments 2022




Visualize Rendering Modes IMARIS

IMARIS

:N IMARIS —_ . Normal Shading
n I

Viewer

—Source

Kidney Glomerulus®R”San@loval, Dpt. of Med. & Indiana Center for Biglogic@bMicroscopy, Indiana University, USA
Rabbit embryo OPT, G. Martins, Instituto Gulbenkian de Ciéncia, Oeiras, Portugal
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Visualize Image Pre-processing ‘ IMARIS

n MARIS Deconvolution
amn N\

Supported Modalities: WideField, Confocal,
Confocal spinning disk, Brightfield, TIRF

Algorithms:
e Qualitative Subtractive : No Neighbour (Fastest)

 Quantitative: Iterative (Robust)

-

S %
e ® .
1
I

N /
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Vi Sud I ize Image Pre-processing

Raw

After

IMARIS

© Oxford Instruments 2022
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Detect

[OPR) IMARIS

IMARIS

Surface

Filament

© Oxford Instruments 2022
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Spot

IMARIS

IMARIS

—Source

Drosophila Embryo: Embryology course at Woods Hole, Marine Biological Lab, Mass, USA

Count
Position
Diameter
Intensity
Center

Angle

© Oxford Instruments 2022
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Spot

IMARIS

Count
Position
Diameter
Intensity
Center

Angle
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Surface IMARIS O GOINB] |MARIS

INSTRUMENTS

—Source

Wei. Dai, Montell's lab, Department of Molecular, Cellular and Developmental Biology, UCSB
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Surface

IMARIS

IMARIS

Count
Position
Intensity
Volume

Area

Morphology

© Oxford Instruments 2022
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Surface IMARIS

Merz, S.F. et al., Nat Commun. (2019)
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=ﬁachine Learning Pixel Classification — IMARIS 9.9

4 &
rrE
Visualize together with raw data and
other Imaris objects

n IMARIS

© Oxford Instruments 2022
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©SG*N8 IMARIS

INSTRUMENTS

Visualize together with raw data and Cell Number bf Vesicles VesicJéType:Vesicles Import
: ' ' 449 /0 IMARIS
other Imaris objects > o= v

© Oxford Instruments 2022



Surface

© Oxford Instruments 2022

3D/4D
Visualisation &
Analysis

Share

) (@ ECINBA IMARIS

INSTRUMENTS

Grineboom, et al.. Nat Metab (2019)
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Cell Cytoplasm Number of Vesicles VesicleTer= Vesicles Txpe A 26.000

Cell Cytoplasm Number of Vesicles VesicIeT¥2e= Vesicles Txpe A
0.000 76.000
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Cell

Analysis

Share

Support

INSTRUMENTS

| IMARIS

© Oxford Instruments 2022

38



Cell IMARIS

Count
Position
Areqd
Volume

Intensity
Morphology

—Source :
Ovary Cells: Violette Thermes, INRA-

e o 4

LPOPPRENNES France

IMARIS

© Oxford Instruments 2022 39



Cell

OGN | IMARIS

INSTRUMENTS
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Statistics and measurements for Neuroscience

Dendrites

* Length

* Mlean Diameter
* Branching Angle
* Spine Density

* Resistance

Filaments

* Dendrite Branch Points

* Dendrite Terminal
Points

* Sholl Intersections
* Spine Terminal Points
* Dendrite Branch Level

Spines

* Length

* Volume

* Mean Diameter
* Area

* Terminal Point
Diameter

o \/olume

* [ntensity
* Position (x, V, z)

* Number (counting

objects)

© Oxford Instruments 2022
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Filament

Spines Stats:
» Counts

» Volume, Areq, Diameters,

» Positions

=~

branching..

)

» Morphology: Neck, Head,

IMARIS

© Oxford Instruments 2022




Filament IMARIS

—Source
Retina: Dr. Steve DeVries, Northwestern University, Chicago, USA
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Filament & ol IMARIS

—Source

© Oxford Instruments 2022




Filament

I ‘
g ' — 2
— Source \

Shany Peled-Hajaj and Pablo Blmd(?TefAviv‘UnN@rsity. Srael
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Filament IMARIS

Stats organized into;
» Filaments

» Dendrites

» Points

> Spines

Length, Diameter, Volume,
Branching hierarchy, Sholl
Analysis, Spine density &
morphology, Fildment tracking..~-

— Sotirce

Dr Erich Giedzinski, University of California, USA

© Oxford Instruments 2022




Filament IMARIS

-Source

de Versailles-Grignon, |JPB, France
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Imaris 10

Al Powered

Filament Tracing




Imaris 10.0 — Al Powered Filament Tracer © ORI IMARIS

% BN | N
R PR X

Overlapped \olurite Ratig to Surfaces Surfaces=Surfaces 2
8 ¥ 0.333
"\ N
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Imaris 10.0 — Al Powered Filament Tracer

© Oxford Instruments 2022

ON3®INB] " IMARIS

INSTRUMENTS

Higher Throughput
« Blockwise Calculation
« Improved Rendering
« Al Powered Creation

« Usability tools

Flexibility in sample
« Multi-scale spots

« New network model

Easier to Learn

« Less training
« Less Support




New Features of Imaris 10.0

Filament Feature Benefit

1. Blockwise calculation ofimages 1. Trace images greater than

2. Faster Filament object rendering 2GB and faster

3. Machine Learning point 2. Smooth interaction (rotation,
classification selection, etc.)

4. Multiscale Seedpoints 3. Improves quality of results for

poor quality images

4. Improves quality of results and

throughput

© Oxford Instruments 2022

R Create L Settings ® coor

Seed Points for Segments
Seed Points

Thinnest Diameter
Multiscale Points

Largest Diameter 2.18621

Pro Tip: to adjust Thinnest Diameter, use Ctrl+Middle
Mouse Wheel. To adjust Largest Diameter, use

Ctrl+Alt+Middle Mouse Wheel.



New Features of Imaris 10.0

Filament Feature

1.
2.
3

o A

/.
8.
?

Blockwise calculation of images
Faster Flament object rendering
Machine Learning point
classification

Multiscale Seedpoints

Visual Aides for detection type
Dynamic 3D measurement of
somas and seed points linked to
wizard input boxes

Pro Tips for keyboard shortcuts

¢ Button for Reference Manual
Machine Learning point
classification

10.Swiping selection tool
11.**HDF5 “position” reader

Benefit

1. Trace images greater than
2GB and faster

2. Smooth interaction (rotation,
selection, etc.)

3. Improves quality of results for
poor quality images

4. Improves quality of results and
throughput

5. Users pick the correct path

every time

Stay in wizard for all steps

/. Potentially overlooked EoU
features are prominent

8. Easy Reference Manual Link

9. Training data can be reused

10.Faster and easier editing

11.Load Picasso localizations as
Spots

o

© Oxford Instruments 2022

RO) IMARIS

X Create 7 Settings ® Color

Seed Points Classification

Imaris will use the Seed Points to generate Segments and
then Filaments.

Teach Imaris which seed points to keep and which to
discard by adding them to the appropriate class.
Click "Train and Predict" to see the results of the
classification from your training set.

lterate these steps to achieve a good result.

Train Features Settings

Training Predicted Model

Clear All
Pro Tip: When in Circle Select Mode hold Ctrl+Left Mouse
Button while dragging to select many points in one swipe

Pro Tip : After selecting points click A to add them to the
Keep class or D to add them to the Discard class




IMARIS

Imaris 10.0 - Applications

Sub-cellular endoplasmic
reticulum network imaged with
DF600 super-resolution
microscopy and traced with
Imaris 10.0

Microglia traced in Imaris 10.0
with additional analysis via
Surfaces to determine
activation state

Neurons in a cleared mouse brain. Pre-10.0 analysis required
¥ day of work by an experienced Imaris user. The above result
was completed in 13 minutes.

Position 7~

© Oxford Instruments 2022 SGF Report Presentation Template V11 May 21




Imaris 10.0 — Neuroscience

=w Neuroscience

Intensity

Distance to Spots

o Colocalization

ML-based creation

« Batchability

EoU Improvements

© Oxford Instruments 2022 54



Imaris 10.0 — Neuroscience

=w Neuroscience

Tree Structure for Neurons

« Branching

o Diameter
Spine characterization
Microglia

« Alzheimer’s Disease

Astrocytes

Axons

© Oxford Instruments 2022 55



Imaris 10.0 — Al Powered Filament Tracer IMARIS

e Vasculature

Network

« Multi-scale diameter
Vast speed increase
Distance to Spots

« Colocalization

ML-based creation
« Batchable

EoU Improvements

© Oxford Instruments 2022 57



Imaris 10.0 — Al Powered Filament Tracer IMARIS

= Sub-cellular Organelles

In harmony with DF600

Vast speed increase
Distance to Spots
« Colocalization

ML-based creation

. Batchable

EoU Improvements

© Oxford Instruments 2022 59



Imaris 10.0 — Sub-cellular Organelles, etc.

Resolution, resolution,

resolution!

Requires acquisition with a
super-res technique

« DF600 with SMLM
« SIM

© Oxford Instruments 2022 60



Detect

IMARIS

Surface

Track

Filament

© Oxford Instruments 2022
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IMARIS
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—Source

*Spot properties over time:

Diameter, Intensity,
Volume, Position, Speed,
Acceleration ..

*Track poperties: Length,
Duration, Straightness

Dr Willy Supatto, Laboratory for Optics and Bigsciences, France

© Oxford Instruments 2022
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B)" IMARIS
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IMARIS

0:00:00.000
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Application

Visualisation & Share Support OX F@ [@

3D/4D
Analysis INSTRUMENTS

IMARIS
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Lu et al. Cell Reports. 2020
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Tracks
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Detect Summary

©S3®INB IMARIS

INSTRUMENTS

jJ))J
223 Spot

0 Surface

’ Cell

i Filament

Intensity V
Counts. Positions \4
Diameters \4

Volume, Area & Morphology X Est. Volume

Intercellular Component Analysis:
Num. Vesicles/Cell&Nucleus X
Num. Nuclei/Cell

Membrane Staining X

Network Complexity: Lengths,

Branches, Scholl, Straightness, X
Orientation, Spines...
Track V

\4

'
X
'

\4

\4
\4
\4

X
\
V

X Est. Volume

© Oxford Instruments 2022

68



Analyse

IMARIS

Colocalization

Object
Classification

Affinities

© Oxford Instruments 2022
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Colocalization IMARIS

V7
Objects Colocalisation ]

\f o £ 5, ‘

]

\

Josephine Larfipe and Marku§ Scﬁ%ominger, Institute for Experimental and Elinical W and

Toxicology, Uliversity of LUbekk, Gegmany

© Oxford Instruments 2022



Colocalization — ImarisColoc IMARIS

- ImarisColoc is the most powerful
colocalization analysis tool to quantify and

document codistribu-tion of multiple stained - R
biological components. o om— - | age oo

- Automatic Thresholding

o Co-localization available for 2D, 3D data and -
time series s

« Co-localized regions can be presented as new
3D or 4D color channel

1.3 % of data selected

Coloc Estimated Volume Statistics

« Users can expand or narrow the region from
which histograms for colocalize-tion are

computed
 Automatic calculations: Pearson’s coefficient, m e
Mander’s coefficient, co-localized voxels, co- soes (EIETTTE

localized percentages

© Oxford Instruments 2022 71



OGN | IMARIS

INSTRUMENTS

Object Classification

1 Parameter 2 Parameters Machine Learning

Ex: Cell migration Ex: Triplets colocalization Ex: Identification of regions

© Oxford Instruments 2022 72



Affinities IMARIS

9\_"’
>
=
)]
C
)
A
0
+
O
Q.
V)]
Y—
O
-
Q
0
i)
Z

Shortest Distance to Organoid (um)
—Source

Kunal Shama (McKinney Lab) and Biolmaging & Optics Platform, EPFL, Switzerland
5:41:51.197
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Customization

[OPR) IMARIS

Expand IMARIS power with Imaris XTension (plugins)

Write Your Own XTensions

Matlab

Python

Integrate Xtensions

AVAE e =

Add Similarity Statistics Value
Angles Statistics
Branch Hierarchy

Convex Hull
Create Channel
Filaments Points Track
Split Into Branches
Find Spots Close to Filaments

Filament Analysis

Classify Spines

© Oxford Instruments 2022
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Customization

[OPR) IMARIS

Connect to Fiji & Image)

File Edit View Image Processing 3D View Help

Image From Fiji ') N\
Image To Fiji 1r i
Section

iew | Slice

Ny File

Process

v M Scene
®: Light Source 1
& Frame 1 Help
Y Volume

=

Options...

=]

Registration

=1

Skeleton

=

=

* Multiple plugins
already incorporated

=l 2] 2 5 =

* Direct Bridging

=l &l

oy

Image Proc

He O

(TTTTT] faXi | o

. &

Coloc

A

Dilate (3D)
Distance Transform 3D

Annotate Animation Snapshot

Erode (3D)

Exact Euclidean Distance Transform (3D)

Exact Signed Euclidean Distance Transform (3D)
Gradient (3D)

IFT (3D)

Laplace (3D)

Maximum (3D)

Median (3D)

Minimum (3D)

Particle Analyzer (3D)

Smooth (3D)

© Oxford Instruments 2022
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Share

OXFORD

INSTRUMENTS

IMARIS

Animation

165.122

Distance from Origin Reference Frame

308.070

© Oxford Instruments 2022
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Share Result

OXFORD

INSTRUMENTS

| IMARIS

\ Imaris viewer
| N

& Microglia-vasculature_with_objects.ims - microglia-vasculature - Imaris Viewer x64 X

vasculature

TELL YOL T
EVEN BETTER

- S X ) S, {TryIMARIS Now|
0 um B . A 7] e — 69.535 2

© Oxford Instruments 2022
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OGN | IMARIS

INSTRUMENTS

SU p pO I't Online Learning Resources

Learning center

imaris.oxinst.com/learning/

*  Webinar recordings
Customer case Study
e  Tutorial videos

* |IMARIS Homeschools

Imatis 'Tuto/ri:_al
Insightful Surface Rendering

© Oxford Instruments 2022 81



Support siiii: #i#xeE - maris

Which method is right for you?

BRIEZGE

bl

Twee-Dimensionot shudy of Alzheimers
Diseave Hahmarks Using e 105CO Crearng. ISR MARIS
Dhvecee =R

2

OXFORD

INSTRUMENTS

| IMARIS

Various ways of solving the

colocalization problem

1521 2020-5-28
N 1
L

Imaris 9.8

| can see clearly now!

HTHRZAS A4

Sl W
Imaris 9.8 | | can see clearly
now!
1006 2 11-9
R maris
Imaris
for
Immunology

ImarisTERRF Tlel P AR S HTRIRLF

Imaris for Immunology
Research

- A

© Oxford Instruments 2022
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Imaris Plots as an added value
of your analysis

AQFE
089

41:22

Batch-make your workflows Analysis of Vasculature-

more efficient

Combining multiple Imaris
666 20 ) 1834 2020-5-21 1651
- ® S
M Losd ST
A )
Y/ c
Imaris 9.6 \ ’

)“f

’ o ) ot
‘e
L Coa

Imaris 9.7 Diving into Structure [&%] Imaris9.6 HThEEN A

and Dynamics

| s

3935 131 Mh

b O %

BFARIANER RINEENARERETE ] 1 .42

Imaris for Cancer Research

Bone Analysis with Surface
Tool~~

2°N01
I T4 [40 V4

1A 16 . - A
0 )
10-19

BRI o
2020-11-20

Filament Tracer manual

2020-5-19

3B\ E8-Imaris ==

4 2(ERIMARISHERASTISEIA
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IMARIS Resources

. Free Imaris File Converter:

https://imaris.oxinst.com/microscopy-imaging-software-free-trial

. Free Imaris Viewer:

https://imaris.oxinst.com/imaris-viewer

. Free 10 Days Trail:

https://imaris.oxinst.com/microscopy-imaging-software-free-trial

*  System Requirement for Windows and Mac: @ :'§~,j':' . @
https://imaris.oxinst.com/support/system-requirements , :“., i?‘.n
RO S
*  Imaris Home School e g R S -
S N S By e e o i
il § 8 o 2 8 i
https://imaris.oxinst.com/homeschool @ RSt ~ IS
*  Bilibili, Account: 4=2{Y2g-Imaris ) ;—, e
- | WK E
https://space.bilibili.com/512602011/video K3y BREET P =/ N L
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IMARIS in Publications

ON3®INB] " IMARIS

INSTRUMENTS

SCIENCE ADVANCES | RESEARCH ARTICLE

NEUROSCIENCE

Tracing brain genotoxic stress in Parkinson’s disease
with a novel single-cell genetic sensor

Madison Wynne El-Saadi’, Xinli Tian', Mychal Grames', Michael Ren, Kelsea Keys', Hanna Li’,
Erika Knott', Hong Yin?2, Shile Huang?, Xiao-Hong Lu'*

To develop an in vivo tool to probe brain genotoxic stress, we designed a viral proxy as a single-cell genetic sensor
termed PRISM that harnesses the instability of recombinant adeno-associated virus genome processing and a
hypermutable repeat sequence-dependent reporter. PRISM exploits the virus-host interaction to probe persistent
neuronal DNA damage and overactive DNA damage response. A Parkinson'’s disease (PD)-associated environmen-
tal toxicant, paraquat (PQ), inflicted neuronal genotoxic stress sensitively detected by PRISM. The most affected
cell type in PD, dopaminergic (DA) neurons in substantia nigra, was distinguished by a high level of genotoxic
stress following PQ exposure. Human alpha-synuclein proteotoxicity and propagation also triggered genotoxic
stress in nigral DA neurons in a transgenic mouse model. Genotoxic stress is a prominent feature in PD patient
brains. Our results reveal that PD-associated etiological factors precipitated brain genotoxic stress and detail a
useful tool for probing the pathogenic significance in aging and neurodegenerative disorders.

El-Saadi, M. W. et al. Tracing brain genotoxic stress in Parkinson’s disease with a
novel single-cell genetic sensor. Sci. Adv. 8, eabd1700 (2022).

B N,
IMARIS filament "\ %% |

H

Mushroom

y-H2AX/

© Oxford Instruments 2022

91



IMARIS in Publications ORERY] | IMARIS

Lol

ARTICLES nawrelmethods a b e %100

hitps://doL.org/10.1038/541592-020-0792-1 4 s Py
W) Check for updates L4 = E 104 b
i :
. . . . 3 i 8
Machine learning analysis of whole mouse brain 3 GE H ™
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Mihail lvilinov Todorov'23%, Johannes Christian Paetzold*5%%, Oliver Schoppe**, Giles Tetteh?, g B : 2
Suprosanna Shit**¢, Velizar Efremov*”’, Katalin Todorov-Vélgyi?, Marco Diiring?*, Martin Dichgans®®%, 0 5 0
Marie Piraud*, Bjoern Menze 454" = and Ali Ertiirk ©'25"= GU ' AD GU ' AD

Tissue clearing methods enable the of blological specimens without sectioning. However, rellable and scalable analysis Grand mean O CD1 ® Cz7BLS) BALBc

of large datasets In three dim a lenge. Here we developed a deep learning-based framework to
quantify and analyze brain vasculature, named Vessel Segmentation & Analysis Pipeline (VesSAP). Our pipeline uses a con-
volutional neural network (CNN) with a transfer learning approach for segmentation and achleves human-level accuracy. By
using VesSAP, we yzed the vascular feat: of whole C57BL/6J, CD1 and BALB/c mouse brains at the micrometer scale
after registering them to the Allen mouse brain atlas. We report evidence of secondary intracranial collateral vascularization
in CD1 mice and find reduced vascularization of the brainstem in comparison to the cerebrum. Thus, VesSAP enables unblased
and scalable quantifications of the angloarchitecture of cleared mouse brains and yilelds blological insights into the vascular
function of the brain.

Cs7BLS) BALBc

Todorov, M. 1. et al. Machine learning analysis of whole mouse brain
vasculature. Nat Methods 17, 442—449 (2020).
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A fast, aqueous, reversible three-day tissue clearing
method for adult and embryonic mouse brain and

whole body

Graphical abstract
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In brief

Tissue clearing enables the study of cells
as units and as components of a network
within intact organs. Kosmidis et al.
develop an easy and speedy method for
clearing large tissues and visualizing
individual cells and their connections
within the brain in 3D.

Kosmidis, S., Negrean, A., Dranovsky, A., Losonczy, A. & Kandel, E. R. A fast,
aqueous, reversible three-day tissue clearing method for adult and embryonic
mouse brain and whole body. Cell Reports Methods 1, 100090 (2021).
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PPIL4 is essential for brain angiogenesis and
implicated in intracranial aneurysms in humans

Tanyeri Barak'#34%, Emma Ristori ©25%, A, Gulhan Ercan-Sencicek'?3#, Danielle F. Miyagishima (1234,
Carol Nelson-Williams (2, Weilai Dong(©%¢, Sheng Chih Jin(©2%7, Andrew Prendergast®,

William Armero®*, Octavian Henegariu®'#34 E. Zeynep Erson-Omay'%*#, Akdes Serin Harmanci'*3#,
Mikhael Guys?, Batur Giiltekin', Deniz Kilic>?, Devendra K. Rai'*%34, Niikte Goc’,

Stephanie Marie Aguilera(®’, Burcu Giilez', Selin Altinok’, Kent Ozcan', Yanki Yarman(®',

Siileyman Coskun'#3*#, Emily Sempou?®, Engin Deniz®, Jared Hintzen®, Andrew Cox 2, Elena Fomchenko',
Su Woong Jung™, Ali Kemal Ozturk™, Angeliki Louvi®'4, Kaya Bilgiivar®#*, E. Sander Connolly Jr.,
Mustafa K. Khokha?®, Kristopher T. Kahle®'*#%% Katsuhito Yasuno'?34, Richard P. Lifton5,

Ketu Mishra-Gorur©'2*42, Stefania Nicoli®®%>7= and Murat Giinel 012342

Intracranial aneurysm (lA) rupture leads to subarachnold hemorrhage, a sudden-onset disease that often causes death or
severe disability. Although genome-wide association studies have identifled common genetic variants that increase IA risk
moderately, the contribution of variants with large effect remains poorly defined. Using whole-exome sequencing, we identi-
fied significant enrichment of rare, deleterious mutations in PPIL4, encoding peptidyl-prolyl cis-trans isomerase-like 4, in both
familial and index IA cases. Ppil4 depletion in vertebrate models causes intracerebral hemorrhage, defects in cerebrovascular
morphology and impaired Wnt signaling. Wild-type, but not IA-mutant, PPIL4 potentiates Wnt signaling by binding JMJD6, a
known angiogenesis regulator and Wnt activator. These findings identify a novel PPIL4-dependent Wnt signaling mechanism
involved in brain-specific angiogenesis and maintenance of cerebrovascular integrity and implicate PPIL4 gene mutations in the
pathogenesis of IA.

Barak, T. et al. PPIL4 is essential for brain angiogenesis and implicated in

intracranial aneurysms in humans. Nat Med 27, 2165-2175 (2021).
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microglia precursors 1 2 £f
@
Lauren A. Green'??, Michael R. 0'Dea®'?, Camden A. Hoover'?, Dana F. DeSantis*? and 'é
Cody J. Smith®?=2 é
Microglia are the resident macrophages of the CNS that serve critical roles in brain construction. Although human brains con- =B
tain microglia by 4 weeks gestation, an understanding of the earliest microglia that seed the brain during its development g 1 - A
remains unresolved. Using time-lapse imaging In zebrafish, we discovered a mrcla* microglia precursor population that seeds S mrcia*— put*® hieraction
the brain before traditionally described microglia. These early microglia precursors are dependent on lymphatic vasculature 2 § 3
that surrounds the brain and are independent of put* yolk sac-derived microglia. Single-cell RNA-sequencing datasets reveal 5 o
Mrc1* microglia in the embryonic brains of mice and humans. We then show in zebrafish that these early mrcla* microglia pre- " =
cursors preferentially expand during pathophysiological states in development. Taken together, our results identify a critical R §
role of lymphatics in the microglia precursors that seed the early embryonic brain. = @ -
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N g
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Green, L. A., O’Dea, M. R., Hoover, C. A., DeSantis, D. F. & Smith, C. J. The [3_ %
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Maternal diet disrupts the placenta-brain axis in a sex-
specific manner

mLFD mHFD

shin, Cynthia Kuhn, Susan K. Murphy, LeigF

bolism 4, 1732-1745 (2022) | Cite this article
1 Citations | 220 Altmetric | Metrics

Abstract

Control

High maternal weight is associated with detrimental outcomes in offspring, including
increased susceptibility to neurological disorders such as anxiety, depression and

communicative disorders. Despite widespread acknowledgement of sex biases in the

development of these disorders, few studies have investigated potential sex-biased

mechanisms underlying disorder susceptibility. Here, we show that a maternal high-fat diet
causes endotoxin accumulation in fetal tissue, and subsequent perinatal inflammation
contributes to sex-specific behavioural outcomes in offspring. In male offspring exposed toa
maternal high-fat diet, increased macrophage Toll-like receptor 4 signalling results in excess

microglial phagocytosis of serotonin (5-HT) neurons in the developing dorsal raphe nucleus,

cKO

decreasing 5-HT bioavailability in the fetal and adult brains. Bulk sequencing from a large
cohort of matched first-trimester human samples reveals sex-specific transcriptome-wide

changes in placental and brain tissue in response to maternal triglyceride accumulation (a

proxy for dietary fat content). Further, fetal brain 5-HT levels decrease as placental

triglycerides increase in male mice and male human samples. These findings uncover a Extended Fig 71, IMARIS reconstructions from female mLFD and mHFD control and cKO e14.5 DRN. Statistics ran
microglia-dependent mechanism through which maternal diet can impact offspring for animal averages (large circles), small circles are individual microglia. (n =7 mLFD control, 5 mLFD cKO, 5 mHFD
susceptibility for neuropsychiatric disorder development in a sex-specific manner. control, and 4 mHFD cKO from 7 mLFD and 5 mHFD Iitters)
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