SEMBEABEMRBRMREES BRI

\
:\ﬂ

= P 8 15 73 AT Za 4

ImageXpress Micro Confocal High Content Imaging System




Outline

* Principle of High Content System
* Introduction of ImageXpress Micro Confocal System
- Hardware features
- Software features
* Trend of High Content System
e Case Study: 3D collagen high-throughput screen identifies
drugs that induce epithelial polarity and enhance

chemotherapy response in colorectal cancer
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Light Microscope for Micro-world
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nuclear pore nucleus
nucleolus
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Light Microscopy

www.3dchem.com; wikipedia.org/wiki/Kinesin; cveweb.ices.utexas. edu; Fotin et al., Nature 2004; hrsbstaff.ednet.ns.ca; www.ebi.ac.uk
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History of Microscope (before 20th)

Improve Image Resolution
Zacharias Janssen

The First
Compound
Microscope
(circa 1595)

Time late 16th

Magnification 10X

Pictures from :

‘-

By Chad Anderson, st

Anthony Von Leeuwenhoek

mid 17th late 17th

Leeuwenhoek
Microscope
{circa late 1600s)

late 19th

100X

300X

Robert Hooke

*  Hooke Microscope

{circa 1670)

1000X

Zeiss

aff fhotographerfor SFO Museum - SFO Museum, CC BY-SA 2.0, https://commons.wikimedia.org/w/index.php?curid=45625745
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History of Microscope (after 20th)

Improve microscope variation

Confocal Microscope
(CLSM)

>

Phase Contrast DIC J
Ernst Abbe 2

Diffraction Limit

A
d —m ~ 200nm

(In late 19t) P Multiphoton

Differential Interference Contrast

Other microscopy: polarization, TIRF, FRAP, FLIM......

Pictures from :
‘ By Spencer Diamond at the Biological Imaging Facility in Koshland Hall on the campus of UC Berkeley
https://commons.wikimedia.org/w/index.php?curid=7903392
By Universitatsbibliothek Heidelberg, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=68788569
BioMedical Engineering OnLine, 2006, 5:36.D0I:10.1186/1475-925X-5-36.




Progress of Microscope in 21st Century




Progress of Microscope in 21st Century

Main tumor

450pm

Angiogenesis

. For research use only. Not for use in diagnostic procedures.
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Live Cell Analysis for program death

Plating Acquisition Analyze Statistics

/(000000000000

HeLa cell 5% CO,, 37°C, 48hr
Hoechst (Nuclei )

NucView (Apoptotic Cells)

PI (Necrotic Cells)

o . For research use only. Not for use in diagnostic procedures.
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Multi-parametric Image Analysis

Royal bluej viable nuclei

nnnn

Total identified

Purple = necrotic

Not for use in diagnostic proce

or research use only. i 0 T dures.
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Multi-parametric Image Analysis

Early timepoint control shows mostly viable
nuclei (royal blue mask)

At time point 50, Etoposide treated cells show
many cells in early apoptosis (pink mask) and
late apoptosis (white mask)

: 4 At time point 86, Peroxide treated well shows most
84 in late apoptosis (white mask) and some suffered
& necrosis (purple mask)




Multi-parametric Image Analysis

Viable Cells ———| ——— Early Apoptosis
Pediisphy e !h.. .
u.\!lig‘t‘ %
Time
Necrosis
: I
|
Time T
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What’s MD ImageXpress Imaging System?

Conventional Microscopy
Limited throughput, qualitative results

 Weeks, months
* More subjective
* More labor work

4

ImageXpress Automated Imaging System
High throughput, qualitative + quantitative results

 Hours, days
* More objective
* More automation

0.001 0.01 0.1 1 10 100
Compound (uM)
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High Content Imaging System




High Content System Overview

Image Acquisition

ImageXpress Systems

Third-party
imaging systems

MDCStore Solution

Data Mining

AcuityXpress Software

Image Analysis
MetaXpress and

MetaXpress PowerCore
Software
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Features of Hardware

High reading speed High quality Image
Automated stage Digital confocal module
Autofocus system Spinning disk confocal module
l! Automated water immersion objective module

Various modules : Server system

Offline PC
Network server system*
Cloud (VM) system*

Transmitted light module

Environmental controller

Liquid handling module*
Robotic system*

Vessel applicability

Slide/ chamber slide
Multi-well plate
Dish*

Confidential - Company Proprietary



Slide Screening

Mouse brain 40X air obj




Multi-well plate acquisition




Autofocus System

Laser and image hybrid autofocus system

Dedicated autofocus camera

l , Objective
3 4 5 6

Find Post Image- Image
I wWell Laser based Sample
Bottom Offset Focus
1. 2.
Find Plate
Plate Bottom
Bottom Thickness
Offset
® Laser Autofocus Image Autofocus

o . For research use only. Not for use in diagnostic procedures.
. H : © 2021 Molecular Devices, LLC. Trademarks are the property of Molecular Devices, LLC or their respective owners 19
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Digital Confocal Module

Without Digital Confocal

With Digital Confocal




Spinning Disk Confocal

» Multi-type configuration

« Compatible with live cell assay

« Widefield switchable

« High-resolution and high-throughput

1Z plane
96 Wells 60 um pinhole 42 um pinhole 50 um slit
6
5
4
3
2 ¢ l28
3 14 21 31
.

1 color 2 colors 3 colors

B Widefield ®Slit = 60puM ®42 M

o

‘ For research use only. Not f diagnostic procedures
o H : © 2021 Molecular De LLC. Trademarks are the erty of Molecular Devices, LLC or tt pecti wne p21
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Environmental Control Module

IXM can monitor and
control:

« Temperature

* Humidity

 Gas

Continuous time course
from millisecond to multi-
days




Example: Single Cell Migration Assay

Cell migration assay

Nonautonomous contact guidance signaling during collective cell migration
Proc Natl Acad Sci U SA. 2014 Feb

N e



Transmitted Light Module

Transmitted Light Module
i
a! /  Bright field/ Phase contrast
_— » Kéhler illumination

‘ | « Compatible with

Environmental control system
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Liquid Handling & Robotic System (Optional)

Liquid Handling Module Robotic System

‘ Confidential - Company Proprietary



High Content System Overview

Image Acquisition

ImageXpress Systems

Third-party
imaging systems

MDCStore Solution

Data Mining

AcuityXpress Software

Image Analysis
MetaXpress and

MetaXpress PowerCore
Software
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3-Stage Image Analysis Tools

Application Custom Journal
modules modules Macros

Turnkey Flexible Powerful

Analysis continuum with increasing flexibility and complexity I

MetaXpress® Software

‘5',. MOLEC ULAB : For research use only. Not for use in diagnostic procedures.
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Application Modules

W Applications

Neurite Qutgrowth
Punctae in Neurite (custom module)

M Application modules

Fatty Acid Uptake

Cell Sgoring Receptor Internalization and

Punctate Patterns

Cell Proliferation Granularity, Transfluor Assay

Count Nuclei

Cell Cycle
Mitotic Index, Cell Cycle,
Pathway Analysis Monopole Detection
and Multiplexing

Multi-Wavelength Cell Scori
uii-aveiength Lefl Scoring Protein Expression & Modification,

Transient Transfection
Cell Scoring

Cell Viability/Toxicity
Live/Dead, 7
Multi-Wavelength Cell Scoring

Cell Signalling by Translocation

DNA Damage/Genotoxicit
: 4 Translocation (Enhanced)

Cell Scoring, Micronuclei

Mitochondrial Localization
Translocation

Membrane Potential
Cell Health

&® MOLECULAB o For research use only. Not for use in diagnostic procedures.
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Tube Formation
Angiogenesis

Intracellular Trafficking -

Multi-Wavelength Translocation




Application Module: Cell Cycle

DAPI Quantification Plot
DNA Content Classification | — 6061
B0 S Phase
[ 62
50 [ |
[
L 404 | ]
E [
o
Q 30+ N
T
© |
20
[
104 \
l’l
0 n T T T T
0 500 1000 1500 2000 2500 3000
Integrated Intensity x1000
DNA ContentMitotic Classification| ¢ coie
3500 B S Phase
* G2
|| EarlyM
3000+ | | e LateM
‘% 2500 | |
2 I
z zuuu———.;ﬂ—f—__z_ —_,————————
5 [ |
> 1500 ;
e L) i
LUERS | :
SDD = ‘I T T T T
J 0 500 1000 1500 2000 2500 3000

Integrated Intensity %1000

Q e Measurements:
e Count and perceat‘age of GO/G1, S, G2, early M, late M and apoptotic cells, area and intensity of DNA......

) e




Application Module: Angiogenesis

Locating and
Scanning

Best Focus
Recombination

Measurements:
Tube length, tube area, branch, segment, nodes......

Z screening




Application Module: Multi-wavelength Cell Scoring

Wavelengths:

w1 Bl nuclei
W2 .F’u:rsitive
w3 [DJDead

Wi .Eumpoundb{

Frafiles: Custom Profile Mames:

] |:| MNegative

[ . Transfected

13  [llDead

13- |:| Transfected Dead
1-4 [l Live

12-4 .}fi Transfected
134 []xDead

1234 [ [CNETNETTN |

i Legend [‘;]|E| Measurements:

Cell count

Percentage of each cell type
Wavelength intensity of each
channel in cell

Wavelength intensity of each
channel in nucleus

Nucleus area

Cell area



Application Module: Granularity

Image masked by analysis result

Mito Tracker

Measurements:
Granule count per cell, total granule area per cell, granule integrated intensity per
cell, nuclear count/ intensity/ area.




Application Module: Neurite Outgrowth

Nuclear B-tubulin - | | Quantification

s

8 Cellular Results for Neurite Outgrowth

i catod | oa R ORI G G 0t G0
Length Length Length ‘ o | Intensity

10 B4 2 WE2 W 7%R 2 0NEE  WIBE 5495
212 0 0 0 0 0 0 0 15303 0
ENE 085 1 085 085 088 0 1 2ET 0
4 WIE 2 1878 1888 a0 1 0270 9% 74
5] nEme 2 604 6IM %R 1 0G5 208 52
166 0 0 0 0 i 0 0 218 0
i B 4 |E 19 2uy 0 0NERE AET B
8 e 799 2 BEH BB 7HP 4 0NABE M5 B9
ENE B2 2 zsm usn A®T 0 s U7 7187
1010 x4y 2 2745 1275 484 0 091802 FAE 713
ETiE £ 4 B 2R 6B 1 0B @75 iR
ERE w0 3 AT GEMM T 3 (ARG AL
EHIE W 2 WA WIAE 556 0 (E R ]
A s 2 BRI 8K 9T 2 0% ROD3 e78EN
15 15 mw 3 nE O 0R eMeR 5 09133 0B caeTe
16 [16 N5 2 nZE 0@s 1eE 3 09156 0BM IR
i a1 "I @y 4w o 0B M50 7eR1E
1818 BuY 2 BETH 96N NWEI 5 09EE RE
Measurements:

Outgrowth, Processes, Process length, Branches, Cell body area......




3-Stage Image Analysis Tools

Application Custom Journal
modules modules Macros

Turnkey Flexible Powerful

Analysis continuum with increasing flexibility and complexity I

MetaXpress® Software

‘5',. MOLEC ULAB : For research use only. Not for use in diagnostic procedures.
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Customized Analysis Workflow

T : . _ S el g
#' (% ‘. : H = O .‘i '_ H G " E-: ) 2 Export S?:by L‘gl.-

§
=
o
a
.

| Segment | Measure i
Measure Mask 4 ’ 153,03 0,00 54,00
16577 000 1000
179,98 000 52,00

el Centroid ¥_Ave | Line Length_& = Granules In Cytoplasm

Measurement Inputs

Standard Area Valus ‘71

Create Object Overlay (]

400,00 000 100
416,17 0,00 16,00
459947 000 4900
605,95 0,00 41,00
81445 0,00 60,00
931,40 000 78,00
955,69 000 8200
Q46,23 000 3500

Objects to Measure

Mask of Chjects: ‘ Positive Cytoplasm = |

Wom el 3w s W R e

Image to Measure: ‘ HIC = | |7|

(+]

~
(= -

Features within Each Chbject:

Maszk of Features; ‘Granules - ‘ : : Count 1100 1100 12,00
E] : . Minimum 15303 000 0,00

: 3 Maximum 955,69 000 BZ,DGl 4
_ = i 5 g al 1 7.
|Remove Feature Group % ; Tet GloeL3 b 80

; ; ; - 1 Average 551,65 000 3983
lAdd Feature GmupJ Standard Deviation 305,29 Q.00 26,85

_Aeely | ‘ [ama] »

Image to Measure:! ‘ FIIC = |

(+]

Measurement Name

‘ Custom Module

‘ Save ‘ Run

Setting Name

‘ Custom Module |




Example: Toxicity Assay by Hepatocyte Co-Culture Model

Control Rotenone Treated

Hepatocyte
island

Fibroblast

Nuclei
Actin
Mitochondria




Example: Toxicity Assay by Hepatocyte Co-Culture Model

Islands Mask

Fibroblast Mask

Identify well margin and
hepatocyte islands

» Island number/ area
» Fibroblast area

Determine parameters of hepatocyte

islands

» DAPI/ Mitochondria intensity of
island

Determine parameters of cells

» Live cell number of hepatocytes
and fibroblast

» Mitochondria intensity of each cell



Example: Toxicity Assay by Hepatocyte Co-Culture Model

Live hepatocyte number

EEN . %[ -Gl : -.

Compound concentration f%




Versatile Analysis Applications

Proliferation with Neurite Outgrowth
Transmitted Light and Puncta

Confidential - Company Proprietary

Wound Healing
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3-Stage Image Analysis Tools

Application Custom Journal
modules modules Macros

Turnkey Flexible Powerful

Analysis continuum with increasing flexibility and complexity I

MetaXpress® Software
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Analyzing Circulating Cells in Zebrafish

GATA1-dsRed CD41-GFP

* Remove static signal from the image to
be able to measure the cells that are
® actually circulating 92 25




In vitro Cardiomyocyte Toxicity Assay

e iPSC derived cardiomyocytes

e Stained with FLIPR Calcium 6

assay kit
* 10X Plan Apo objective

* Image acquired with 100 FPS




Spontaneous Contracting Cardiomyocytes Monitoring

Control Epinephrine Verapamil

» Cell contractions visualized with Ca2+ sensitive dye
« Caz2+ levels fluctuate with contraction events

* Provide surrogate assessment of beat rate and sarcolemmal activity

Oksana Sirenko et al. J Biomol Screen 2013 Jan;18(1):39-53.




Spontaneous Contracting Cardiomyocytes Monitoring

4 Epinephrine

Positive chronotrope
500 =1 500 = 500 Vera am" H
w0 | o ] P Negative chronotrope
q@ 300 o 300 - 300 - W A - oablehrmpr
=
) ] 20 ] 50 0 100 0 2 P 0 0 100 ) 20 20 50 80 100
b=
D
| 6000 4 6000 6000
O
T) 4000 L 4000 ] 4000 MMMWNWWWWW
e
] 6000 Li in
MUUUUUUK‘ docaine Na* channel blocker

v

Time (Seconds)

—

Oksana Sirenko et al. J Biomol Screen 2013 Jan;18(1):39-53.

Concentration

or research use only. Not for use in diagnostic procedures
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High Content System Overview

Image Acquisition

ImageXpress Systems

Third-party
imaging systems

MDCStore Solution

Data Mining

AcuityXpress Software

Image Analysis
MetaXpress and

MetaXpress PowerCore
Software

‘ ', ‘ Confidential - Company Proprietary
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Trend of High Content System




Progress of High Content System in 21st Century

LR




Al-associated Breakthrough on HCS

Al-based object identification Al-embedded data analysis

Al-assisted target acquisition




N
L

SUMMARY
Prate
s FA
=
Configure
Required Space: 1215 MB Avallable Space: 2213GB  [©)]
e 4x Quick ID demo preview v2

Channels 4x dapi 384w Quick ID demo

Run
Barcode
Descriptior
CONFIGURATION @ A
Acquisition Mode: Confocall
Objective: 4X Plan Apo Lambds D
Binning: xi

Plats Selected: Greiner MicroClear

781091
Wells Selected: 2
Sites Selected: 1
CHANNELS ~
1 DAPI 100 10 o
Estimated time to completion: 12.7 seconds

Run: 4x dapi 384w Quick ID demo @ 32

| assisted Target Acquisition

NAVIGATION ~

IMAGE CAPTURE

1. Preview

B DAPI ~

EXPOSURE 10 ms

Objective: 4X Plan Apo Lambda D
Current Z Position: 24.8 pm

At Sample Focus Unknown

2024-12-02 11:17:02




SINAP ( & Neurons_b3tub_1FOV_1

e Sedacti 1 L
Al-based object idglptification :

- “
Well:A-1] Field:1 }. . -

Channel:2| Z:1 |T:1

Labels ’
.

Target "4

Labeling Teols /
| {&A] |7 . -8

-
- . :

New field of view has been loaded x
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Al-associated Breakthrough on HCS

communications biology Article

A Nature Portfolio journal a
3D collagen high-throughput screen

identifies drugs that induce epithelial
polarity and enhance chemotherapy
response in colorectal cancer
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Al-associated Breakthrough on HCS
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Al-associated Breakthrough on HCS
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