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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 Application
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Light Microscope for Micro-world

microtubules

chromatin
nuclear envelope feus
nuclear pore s
nucleolus

Golgi complex

rough
endoplasmic
reticulum rnibosomes

endoplasmic
reticulum

Mitochondrion

\&' \',n"
A R Microtubule
.t Kinesin

Amino Acid

1A 1nm 10nm 100nm 1um 10pm 0.1mm

® Atomic Molecular

Light Microscopy

www.3dchem.com; wikipedia.org/wiki/Kinesin; cvoweb.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 Anthony Von Leeuwenhoek

Leeuwenhoek
Microscope
(circa late 1600s)

The First
Ssrasops
(circa 1595) >
Time late 16th mid 17th late 17th late 19th
Magnification 10X 100X 300X 1000X
Robert Hooke Zeiss
‘ N " Hocke Microscope
i . (circa 1670)
O ‘ v Pictures from :

By Chad Anderson, staff Ehotographer for SFO Museum - SFO Museum, CC BY-SA 2.0, https://commons.wikimedia.org/w/index.php?curid=45625745

@' MDL‘E,.C l'_'__’,.LAFL! For research use only. Not for use in diagnostic procedures
E) E '\f’ I Y E 2 Confidential _té%%hﬁxéeﬁ\ﬁ}ap?s/bFfeltLaCrerdemarks are the property of Molecular Devices, LLC or their respective owners. | p4




History of Microscope (after 20th)

Improve microscope variation

Phase Contrast DIC Confocal Microscope
Ernst Abbe 7 : 2 (oM
Diffraction Limit i e:‘d
A L ,
d =—57 ~200nm i i
(In late 19t) y Multiphoton

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.



https://commons.wikimedia.org/w/index.php?curid=68788569

Progress of Microscope in 21st Century




Progress of Microscope in 21st Century

Main tumor

450pum

Angiogenesis

1.0 mm




Live Cell Analysis for program death

Plating

HelLa cell

Hoechst (Nuclei )
NucView (Apoptotic Cells)
P1 (Necrotic Cells)
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Apoptotic Cell
Necrotic Cell F8



Multi-parametric Image Analysis

Royal blue = viable nuclei

Fansmitted Light, DAPL DAPL FITC, FITC, Texas Red, DAPI

Total identified

Purple = necrotic

agnostic procedures
marks al

For research use only. Not for use in di proce >
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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)

3 . At time point 86, Peroxide treated well shows most
| in late apoptosis (white mask) and some suffered
4 necrosis (purple mask)
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Multi-parametric Image Analysis

Early Apoptosis

Time
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What’s MD ImageXpress Imaging System?

Conventional Microscopy
Limited throughput, qualitative results

 Weeks, months
* More subjective
 More labor work

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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ImageXpress Micro Confocal
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

¢ JMOLECULAR )
N3 I C
D E\.’ IGE S‘ ‘ Confidential - Company Proprietary
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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*

UL
G

AR
ES
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Slide Screening

Mouse brain 40X air obj




Multi-well plate acquisition




Autofocus System

Laser and image hybrid autofocus system

7
Dedicated autofocus camera
‘ _
$ Objective ~  YEP>
3. 4. 5. 6. b

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

Qe

@' MDL‘E,.C l'_'__’,.LAR ; For research use only. Not for use in diagnostic procedures
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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 ym pinhole 42 uym pinhole 50 ym slit

35
1.6

|

1 color 2 colors 3 colors

m\Videfield ®™Slit ™ 60 puM ™42 pM

[© RN S S e 2 N o))

P: o only. Not for dia J I | edures
) ‘ Conﬂdentlal é%%hbéh\y P[%obFleLt%CrJ | t? e property of Molecular Devices, LLC or their respective owners. | p21



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

1

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

©e



Transmitted Light Module

/Transmitted Light Module

a2

a!  Bright field/ Phase contrast
B | » Kohler illumination

« Compatible with

Environmental control system

Confidential - Company Proprietary



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

Image Analysis
AcuityXpress Software

MetaXpress and
MetaXpress PowerCore
Software

*JMOLECULAR
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3-Stage Image Analysis Tools

g D

Custom
modules Macros

Flexible Powerful

Analysis continuum with increasing flexibility and complexity .

Application
modules

Turnkey

MetaXpress® Software

use in diagnostic procedures
m

For research use only. Not for ocedures.
Confidential _(é)é%hﬁoéﬁ%vap?eaﬁ?feltlacrgrade arks are the property of Molecular Devices, LLC or their respective owners. | p27

*JMOLECULAR o
®JDEVICES ()




Application Modules

M Applications

Neurite Outgrowth

M Application modules . ;
i Punctae in Neurite (custom module)

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
PSR L Protein Expression & Modification,

Transient Transfection
Cell Scoring

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

Cell Signalling by Translocation

DNA Damage/Genotoxicit
g¢/ y Translocation (Enhanced)

Cell Scoring, Micronuclei

Mitochondrial Localization
Translocation

Membrane Potential
Cell Health

a® MOLECULAR o
S JDEVICES ()

Tube Formation
Angiogenesis

Intracellular Trafficking <

Multi-Wavelength Translocation

For research use only. Not for use in diagnostic procedures.
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Application Module: Cell Cycle

DAPI Quantification Plot
DNA Content Classification |— co/61
60 S Phase
[ 62
sod |1
| |
L 40+ ||
3 |
o
O 304 | |
3
0d fI!
|
10 |
|
07 .\ T T T T
0 500 1000 1500 2000 2500 3000
Integrated Intensity %1000
DNA Content/Mitotic Classification| » coic1
3500 B 5 Phase
G2
‘ | Early M
3000 N * Late M
2 2500 ||
5
£ 2|
% 2000 —’q-l—
5 ° |
E: 1600 a |
1000 38 | :
SDD : ‘I I I I 1
J 0 500 1000 1500 2000 2500 3000

Integrated Intensity x1000

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

C e




Application Module: Angiogenesis

Locating and

Scanning
Best Focus
Recombination
A
Measurements:
7 screening Tube length, tube area, branch, segment, nodes......




Application Module: Multi-wavelength Cell Scoring

il Legend

Wavelengths:

w1
W
W3
W

Prafiles:

B 1 nuclei
. Positive
. Dead

. Compound

Cusztorn Profile Names:

]
12
1-3-
123-
1.4
12-4
1-34
1234

Megative
. Transfected

.Dead

|:| Transfected Dead

B Live

.H Transfected

[ 1% Dead
W custor name. [l

E]|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 o Quantification

&F Cellular Results for Neurite Outgrowth

Cobhusiped CebTod | Cob | CotMen CelMeden| CebMa | o | e oot corpony E‘jgm
Label#f  Outgowth | Processes Length Length Lerghh Straightness Area Baes

11 Bld 2 7 1A N |2 D90 9IM 546G
212 0 0 0 0 0 0 0 15388 0
ERE 055 1 0545 0645 0645 0 1 qET 0
T4 w2 198078 188IE U507 1 0RO} 1950 BO74
55 nEEE 2 646 16304 %R 0N 208 50259
B |6 0 0 0 0 0 0 0 UIE D
707 A W4T 18 208 0 0EERE AT T
58 oy 2 LOE5  4poE wuE 4 0WAE  MHE eI
ERE WD 2 FEA @EN 4w | DR ST 91T
1010 BUS 2 12745 12745 M8 0 091302 5745 7113
TR T T/ M3 12022 AEH 0MB W05 EITER
12 AL 3 14714 SEMM MW 3 0EME B8N BRM
13|13 0H 2 0IAE VA5 @50 0945 MM ERAY
114 7aE 2 BEIOTS  8G19TF  9TaR4 2 MUY R0m @7Ren
15 15 0w 3 nITE 1R MR 5 0931393 WM ETE
16 16 NEE 2 0223 1023 19Es |3 091505 400544 RAE2
T amr oA a4 o 0BG MEN 72167
T8 18 MUY 2 MWETW 86T N 5 08/ R4 £84.953
Measurements:

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




3-Stage Image Analysis Tools

8 D

Custom
modules Macros

Flexible Powerful

Application
modules

Turnkey

Analysis continuum with increasing flexibility and complexity .

MetaXpress® Software

use in diagnostic procedures
m

For research use only. Not for ocedures.
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X @ =0

Find Objects | Application Module Objects |

Custom Module

Customize

Modify Objects

4 Measure Mask

Measurement Inputs

Standard Area Value

Create Object Overlay

Objects to Measure
Mask of Objects:

Image to Measure: FITC = |

L+

Features within Each Object:

Mask of Features: Granules = |
Image to Measure: FITC = |

L+

Positive Cytoplasm |

Remaove Feature Group|

=

(]

Add Feature Group|

d Ana

Lww | Yo

Side by | Split
Side | View

lysis Workflow

Count
Minimum
Maxirmum
Tota
Average

Standard Deviation

¢

el Centroid ¥_Ave | Line Length_A

153,02 0,00
165,77 0,00
179,99 0,00
400,00 0,00
416,17 0,00
49947 0,00
603,95 0,00
81445 0,00
93140 0,00
955,69 0,00
946,23 0,00
11,00 11,00
153,03 0,00
955,65 0,00
6.068,19 0,00
551,65 0,00
305,29 0,00

Granules In Cytoplasm
54,00
10,00
52,00

1,00
16,00
48 00
41,00
60,00
78,00
82,00
35,00

12,00

0,00
82,00
478,00
3983
26,85 -

m | e

Measurement Name

| Custom Module

Setting Name

‘:SBve ‘

| Custom Module




Example: Toxicity Assay by Hepatocyte Co-Culture Model

Control Rotenone Treated

Hepatocyte
iIsland

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
iIsland

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

* Amiodarone ECS50=23uM

« Rapamycin EC50=48uM
I H « Tamoxifen ECE0= SuM
H ) . Staurosporine EC50 = 3 uM

Sy

10 100 1000

Live fibroblast number

Compound concentration




Versatile Analysis Applications

Proliferation with Neurite Outgrowth _
Transmitted Light and Puncta Wound Healing

7

MOLECUL
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3-Stage Image Analysis Tools

8 D

Custom
modules Macros

Flexible Powerful

Application
modules

Turnkey

Analysis continuum with increasing flexibility and complexity .

MetaXpress® Software

use in diagnostic procedures
m

For research use only. Not for ocedures.
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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 o5




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

o~

« 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

00000
00000
00000

Positive chronotrope

00000

00000

w ] -1 Verapamil .
WWMMWWM L egaive chronotope

00000

“ﬂ MMMMU\MMMM : J\WH\\% E-4031 hERG channel blocker

4000

h \ m \ L1 |doca|ne\ Na* channel blocker

Relative Light Units
8 & &

P—

P —

4000
60

40

Time (Seconds)

——

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

Concentration

- procedures.
re the property of Molecular Devices, LLC or their respective owners. | p44
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High Content System Overview

Image Analysis

MetaXpress and
MetaXpress PowerCore
Software

Image Acquisition

ImageXpress Systems

Third-party
imaging systems

MDCStore Solution

Data Mining

AcuityXpress Software
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Trend of High Content System Application



12-18 YEARS + $13B = 4] DRUG

90 percent of drug
DRUG DISCOVERY candidates fail during

« Target identification/validation

- Ainy dovelopmnt the first of three phases

’ LNd - . - .
in clinical trials
PRE-CLINICAL

« In vitro and In vivo taxicity
ey This alarming failure rate can be traced
in part to reliance on 2D cell cultures or
CLINICAL TRIALS animal models that don't closely mimic
S complex human biology. The results are
inaccurate predictions of a drug’s
REGULATORY potential and extended drug

APPROVAL development timelines.

& 1DRUG



L3
[ 2]

View in
fullscreen

+

Lond O

117re CONGEESS s w)a
2 Susnion
.
To aliow for aaraalives 1 wrienal Aunilog Su yurponns of drnag wed Mekegiea!
prevbact applwation

IN THR SENATE OF THE UNITED STATES
EFLY

e rond

A BILL
To allow for altermatives to anima) testing for parposes of
drag and Wological prodwct spplicatioss

| Buit enacted by the Senate and House of Represeato-
2 tvwes of O United States of Amersca in Congrass assembled,
T SEOTION 1. SINORT TITLE.

4 This Aet may be ated s the “FDA Modernization
S AV

6 SEC. 2 ALTERNATIVES TO ANTMAL TESTING.

7 (a) I¥ GrwmraL.—~ Settion 505 of the Pederal Pood,
$ Drug, and Cosmetic Act (21 US.C. 355) is amended—
9 1) i ssbvwetion (i)—

FDA Modernization Act 2.0

L O A B St B




The REVOLUTIONARY PROMISE | ’ |
of 3D BIOLOGY |

RS 3
3D biology is an emerging field revolutionizing the way Wy . o
scientists screen new drugs and understand disease Wag- &5 %
3D cell models like organoids have a unique makeup that offer a step-change in 4 ,/ @
predicting human responses to novel treatments. Their increased physiological ‘ 5
relevance leads to more accurate indications of a therapeutic’s efficacy in the , t‘-'ﬁ'
8 " pre-clinical phase. This allows for a weeding out of toxic, ineffective compounds to ’ '-;‘
- “- R make space for those with healing power earlier in the drug discovery process. > '@Z. @




Organoids in action

Physiologically o
relevant .

Resembie organ °
functionality

Multicellular
and3D ®

Models major
tissue types

Genetically ."
diverse



https://www.moleculardevices.com/lab-notes/cellular-imaging-systems/case-study-assay-ready-patient-derived-organoids-and-high-throughput-3d-imaging

Pan-Cancer Organoid Platform for Precision Medicine

Cell Reports

A pan-cancer organoid platform for precision

o In brief
medicine

Patient-derived tumor organoids offer

promise as tools for precision medicine
but require scalable and reproducible

methods for wide use. Larsen et al.
optimize a pan-cancer platform with
tumor organoids from over 1,000

TUMOR

r 5 S patients. Standards are established for

‘i‘ FUTURE: (@gg‘ E . m

| oReaNolo DRIVEN R culture conditions, molecular

| characterization, and therapeutic
CLINICAL VALIDATION e . . .
ARTIFIGIAL INTELLIGENGE profiling using deep learning coupled with
DRUG DISCOVERY &
light microscopy.

Cell Rep. 2021 Jul 27;36(4):109429.




Pan-Cancer Organoid Platform for PreC|S|on I\/Iedlcme

GENERATED

REAL FLUORESCENCE
FLUORESCENCE Pearson correlation = 0,858

BRIGHTFIELD

= 1.0
508
c >
o 0.6
S 3
O F04
@
g 0.2
0.0
0.2 0.4 06 0.8 1.0
TO-PRO-3 Viability
Pearson correlation = 0,814
210
SINGLE £ o8
§a582a88802 o >
P gesgeoanue ORGANOID S go06
& —  |EEEEE — — — — IMAGING = €4
= 2.
gonocoaooos 8 0.2
SINGLE CELL 384 WELL 72 HR COMPOUND 72 HR 0.2 04 06 0.8 1.0
SUSPENSION PLATE GROWTH ADDITION GROWTH TO-PRO-3 Viability
Pearson correlation = 0.908
2
8
8>
- . - . . " - e - - b 9
Prior to imaging, TOs were incubated with 4 M Hoechst 33342 (Fisher Scientific) and 300 nM TO-PRO-3 lodide (642/661) (Invi- g 2
trogen) for 1.5-2 hours. Assay plates were imaged using an ImageXpress Micro Confocal (Molecular Devices) at 10x magnification so §

that ~100-200 TOs were imaged per well. Images were acquired as 4 x 15 pm Z stacks and the 2D projections were analyzed to
assess cell viability. Confocal images were analyzed using the MetaXpress software (Molecular Devices) custom module editor
feature to design an analysis module that identified TOs by clusters of Hoechst 33342 staining, individual cells by Hoechst 33342
staining, and dead/dying cells by either TO-PRO-3 or Caspase-3/7 staining. The result of this analysis module is a spreadsheet de-
tailing the number of live and dead cells for every individual organoid.

0.2 0.4 0.6 0.8 1.0
TO-PRO-3 Viability

Pearson correlation = 0,743

0.8
0.6

o
~

Breast
Breast
Generated Viability

o
N

0.2 04 06 0.8
TO-PRO-3 Viability

Pearson correlation = 0,692

=3

154
©

Head & Neck
Generated Viability
o o
P

Head and Neck

o
[S)

TO-PRO-3 Viability

¢ Cell Rep. 2021 Jul 27:36(4):109429.




Fully Automation HCS Workstation

Developing Monitoring organoid
3D organoids growth & development
2D Pre-culture

el

Confocal imaging
& 3D analysis

1 V Organoid culture

(_ AUTOMATION )

AquaMax
Microplate Washer SpectraMax Microplate Reader, ImageXpress High-content
SoftMax Pro GxP Software Imaging System

Molecular Devices !
1
Labware Hotels | !

1 S~
e e e e e e e e e e e mm e — ( - ./Zl ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ;
= —
,,,,,,,,,,,,, ) Automation scheduling software
Barcodereader = ||| |7 "°°° (Biosero Green Button Go)

Robot L | -
(Precise Automation - ------- ~ _/!  —
PreciseFlex 400) ’

Automated centrifuge

~L o (Bionex Solutions HiG4)
Automated CO2 incubator [DiErETiE I autoizatmg Automated liquid handler
(LICONIC Wave STX44) your organoi

(Beckman Coulter Biomek i7)

screening workflow?
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Automated Cell Culture, Dispensing, and Reading

9 [ijanteas ORGANOI D § ,_’ * '3 I ‘ Barcode scanner

INNOVATION CENTER W& , : r — Aquamax Plate washer
1 | L
— -
= — b y 4 3
e ‘ » EXH
5 )
] A ! |
" - :
» 1
‘ i

e

PeciseFI x400 | 'LCONC
= ’ STX44
cubator

Sl

ImageXpress HT.ai

ImageXpress Pico Plate hotel
)

MDLECULAR p cedur
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C a pt U re High Content Imaging System
Deeper Insige

=20
, {.,b'h D 3
potat o Saek

MIM=TR=
the organ-on-a-chip company

Vascularized liver spheroid

. U

4! * in the OrganoPlate® Graft.
Blue: DNA, Green: Actin,
v Red: RFP-HUVEC,
Magenta: VE-Cadherin.

ImageXpress® Pico ImageXpress Nano ImageXpress Micro 4 ImageXpress Micro Confocal ImageXpress Confocal HT.ai
AutomatedCell Imaging System AutomatedCell Imaging System  High-Content Imaging System High-Content Imaging System High-Content Imaging System
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Tim Tsui

Field Application Scientist

MOLECULAR
DEVICES

Molecular Devices, LLC
114063 4F., No. 631, Ruiguang
Rd., Neihu Dist., Taipei City, ROC

(L) +886 2 2656 7584
@ support@moldev.com

moleculardevices.com
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