ldentification de molécules « first In

class » : le High Content Screening
montre la vole

Julian Bursztyka, PhD
0770 140 087

julian.bursztyka@perkinelmer.com
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For the Better

Selected linear combination, goodness 3.1

1.0 +

0.8 +

0.6 +

Spread

0.4 +

0.2 +

0.0

Aversus B
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What |

v

Images contain information that
can be quantified!

i



From Images to Numbers

B v . Ca . B
Chloroquine 5“36

@‘

Rel spot intensity: 0.11
Number of spots: 29
Total spot area: 39 um?
Cyto area: 193 pum?

Spot area/Cyto area: 0.20




From Numbers to Knowledge

v
@
L&
w
o
=
o
=L

50 uM 0pM
Chloroquine conc [pM]

Chloroquine treatment leads to autophagosome accumulation _I>




Phenotypic Drug Discovery ldentifies New Drug Targets

HCS: Phenotypic drug discovery HTS: Target-based drug discovery

/A Hi .
>>ay 1S 10 Hits to Leads

development Leads development

Modified after Terslappen, Nat Rev Drug Disc, 2007

Target
» Hypothesis-free = Hypothesis-driven
= [dentification of compounds causing a desirable change In = |dentification of compounds modulating the activity of a
ohenotype In a disease relevant cell or animal model biological target

» Requires the identifcation of a druggable target

= Often starts with large biochemical screens against the
purified target

5  Hypothesis-free and Hypothesis-driven 1>
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Gain More Information From Your Cellular Samples

High-Content Screening

ing

h Throughput Screen

9

H

Perkint=lmer

1 well — many readouts,
phenotypic information

1 well — one readout

Complementary tools for drug discovery

6



The phenotypic approach

Phenotypic ,Phenotypic S”;eeﬂ%ﬁ« P
assay in a fingerprint” | Identify ,Hits
disease Multi-parametric Selecttfgaturgest_wnh ~ Compounds,
relevant cellular analysis of MOst BESCTIPLVe SsiRNAs, molecular
phenotypic power using targets
model changes machine learning

technology

. . Classification of ' ' '
. . Quantify as many features as possible! cells D|menS|o_naI|ty 101
,@-‘éontr off Treatedh 4’ ) - 3 ....... reduction = 2
_ “, & “ : 9 0.0-—§—| T T T T
c 0.0 0.5 1.0 1.5 2.0
log [UM]

* Hela ECso=7.4uM  Z =0.79

e HCT116 ECso = 6.8 pM Z =0.46

* PANC ECso=6.3uM  Z =0.82
7 Make new and unexpected discoveries 1>
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Exemple : Cambridge Biomedical Research Center

Microplaque
CellCarrier Ultra 96 puits

Bacterial genomics

FM4-64 DAPI SYTOX green Overlay

E:

High-content imaging

Klebsiella pneumoniae 50um

8 1>
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Exemple : Cambridge Biomedical Research Center

Input Image

Filter Image

Find Image Region

Calculate Intensity

Select Population

Select Region

I>
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Exemple : Cambridge Biomedical Research Center

Untreated Meropenem Gentamicin
38 .
)
‘ o
P
® & J
(9]
Tigecycline Ciprofloxacin Cefuroxime
. z 2
’ J
J

Klebsiella pneumoniae (x5 MIC)

) 2
10 Pe!kin- ner’



Exemple : Zoffmann et al. (Roche)

E. coll

11

Non-treated

Membrane
DNA
membrane permeability

Globomycin | evofloxacin Levofloxacin __ Ciprofloxacin_
Mecillinam Colistin Polymyxin B
Ceftriaxone Doxycycline  Chloramphenicol

(2019) 9:5013 | https://doi.org/10.1038/s41598-019-39387-9 .t



Exemple : Zoffmann et al. (Roche)

Doxy-  Levo- Mecilli- Mero-
Colistin  DMSO cyclin  floxacin  nam  penem

Cell morphology

DNA intensity

aviN Pio4

DNA morphology |

Membrane spots

Membr. Integrity

@ Colistin ke
®DMSO 2 Mecillinam

® Doxycyclin @ Meropenem
@® Levofloxacin @ 2a

Values at 8x LOED for individual dose response curves Values at 8x LOED

12 (2019) 9:5013 | https://doi.org/10.1038/s41598-019-39387-9 N



PerkinElmer Instruments for HCS

NS for a 5

IS ITETETITITES

Opera Phenix Plus Operetta CLS

| B
1
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Choice of Magnification

-

- -

NA 0.03 BN WD NA A6, s -~ 10X Lo N

- x e a0 o 4 " ) . ’

1.25x LWD

<

-

14  To fit different applications, plates and needs I
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1 Camera

4 or 8 high power LED

Spinning disc confocal

Accessible 8 position
emission filter wheel

Temperature and CO,
control

« 4. /MPx sCMOS camera

- Air and Water immersion objectives
»  Widefield and confocal imaging

»  Brightfield and digital phase imaging

Shared
features

Temperature, CO, and
humidity control

- Fast, high resolution x,y-table and single lens z-drive
* 6 position objective turret
- Sample based flatfield correction
- Easy to use Harmony software
- Automation ready
1>
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Add More Cameras for Increased Speed

———
P /

e— i
V

Operetta CLS
Sequential acquisition
(1 camera)

<=
\//
\/

Opera Phenix Plus
Simultaneous acquisition
(2 or 4 cameras)

16
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Intelligent Aquisition — Spheroids in Matrigel

! \

Pre-scan — Measurement Analysis to Find Re-scan — Measurement
(10x) Organoids (63X)

Pre-scan organoids with low ldentify Xy and z positions of organoids

magnification z-stack in matrigel Re-scan individual organoids with high magnification z-stack

17 I
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Image Analysis Workflow- Constructed From Building Blocks

Segment Refine Quantify Classify Calculate
Image to identify regions of relevant features define and select population
objects interest specific cellular measurements and
populations statistics

EC50 for Cells - Class A - Mean

10 107"
Concentration [uM)]

18 I
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Multiple Ways for 3D visualization

XYZ View | _ /i
sectional planes in x-, y- and z- direction " Rotate, zoom, shift o“b]\? ts

...... e o : \\\/
o0 pm 50 pm




3D Volumetric Analysis of Luminal Spaces

Input
Image stack

20

Find
Cysts and remove
border objects

Segmentation
of single cells

Inside Cysts or Organoids

Define
hollow space

Calculate
specific properties for

evaluation

Cyst Centroid X in

Cyst Centroid Y

Cyst Centroid Z in

Image [um] in Image [um] Image [um]
-117.0 13.1 47.0
86.5 -38.5 66.6
-1.7 -22.5 58.0
Cyst Volume Cyst Surface Area| Cyst Sphericity
[um?] [um?]
168879 17877 0.83
217712 21292 0.82
254947 23239 0.84
Lumen Volume Number of Cell Volume [um?] -
[um3] Nuclei- per Cyst Mean per Cyst
33415 139 813
63350 130 1080
59776 179 922

| B
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Integrated High Content Screening Solutions - from images to insights

Sample explorer™ G3 workstation
Handling Automate custom workflows and increase
productivity and reproducibility

CellCarrier™imaging plates
Optimal clarity and fast autofocusing from excellent
flatness of the plate bottom

Perkint=lmer



Integrated High Content Screening Solutions - from images to insights

Opera Phenix Plus
Maximal speed and sensitivity for 3D
assays

Operetta CLS
Sensitivity and flexibility for all your
biology

22 I
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Integrated High Content Screening Solutions - from images to insights

Image
Analysis

Harmony Software

for robust description of
cellular phenotypes with
texture and STAR

23

morphology and showing
results

Perkint=lmer ‘



Integrated High Content Screening Solutions - from images to insights

Image

Spotfire

Sample
Handling

" — - . -
s Help
P9 Ch vEmOMdet  EEEdr e P02ER
steloyout  Platevalues  Feature overview  Exploration of data structure Feature selection and classificy

I Value distribution in plates and wells for Parameter1

Column v + v

$1321 51321 5 1321 6 1321 6 1321 6 1321 6 1321 5 1321 6 1321 5 1321

10
¥pe tobe s

rameters| V|

ieature to be
on.

Parametert |V

Fitter to plate:

(All)

Row v + v

al value distribution for
etert

et =

74 75 76 7 78

b B SRR LT YRS
AT Tl -1‘:.5«%“‘& R0
PR e

85 86 88
&
|
2T

Lo

N

J \‘67 159 0 -
T REFET ARy ~ 123 Tl

RTINS A e
S T

88,866 of 88,866 rows | Omarked | )

EC50 for Number of Cells

. Eva

R A L
a :

REEl 070

Analysis Signals Screening powered by TIBCO

Screen QC, data normalization, feature
reduction, multiparametric hit selection

! 2

Coxe by
Clany

WredaTe
WHoETNE

T Semd'e o000 Neg
M Sondle, precaea Py,

;;
X
i3

*0o
3
» ® g‘:
s 5
. 0 ==
" g
00 g
Pyl
900 :
] ] g
) o
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Scalable Screening Solutions

Operetta CLS with
plate::handler™ Flex for Live explorer™G3 workstation with Operetta CLS
Cell Screening Package

Opera Phenix® with
plate::handler™ Flex for Fixed Cell

For irsreasing needs 1>
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HELPING LABS DO MORE with LESS

IMPROVE EFFICIENCY

INCREASE PRODUCTIVITY
- Enhanced walk-away time
« Continuously processing
- Easy set-up

REDUCE HANDS-ON TIME

COMPLIANCE

STANDARDIZATION

explorer™ G3 workstation iX20

(EXAMPLE CONFIGURATION with optional enclosure)

26 I
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W) SignalsScreening

Dimensionality reduction, feature selection and phenotypic profiling

verview Plate layout Plate values

Settings Workflow - Help=

Feature selection and
classification settings

Model training results based on
selected parameters

® PerkinElmer 2015

Cross validated (5-fold V) mis-classification

class mce
Positive 0.00
Megative 0.00

Classification metrics
Metric
Matthew's comelation coefficient
Sensitivity (recall)
Specificity

Online | Details (15) ...

Plate layout editor Feature overview

“ | Selected features

Feature

Exploration of data structure

Feature rank «

Feature imporiance scores

Class definition

Feature selection and classification =

Hit detection

Dose rasponse

Feature Ranking & Hit Selection

27
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hc_Muclei - Cytoplasm Tubulin SER Edg... 1.00
hc_Muclei - Intensity Cytoplasm Tubulin ... 200 5
hc_Muclei - Intensity Cytoplagm Tubulin ... 3.00
hc_Muclei - Nucleus Roundness_normal... 4,00 10
hc_Muclei - Intensity Cytoplagm Tubulin ... 5.00 o
+ -18
L -20
Spotfire Apps Columbus Navigator Iap and settings QC overview Flate layout Flate values Plate layout editor Feature overview Exploration of data structure = | Class definition Feature selection and classification Hit detection Dose response Page
Sefings  Workflow Help~ | Distribution of wells after PCA
R he_Comp3 = Data limiting:
Expression
’ Dwata table.
Explore the structure of the whole data set. Inspect the D welanaysis v
ity of reference and identify possible A Marker by:
outliers. he_Cormp 2 x| (Rowhum.. v + =
c. Color by:
Switch scatter plot 2D|3D hc_well_type
2 @ NEGATIVE
- Loadings plot View o o 2| @ rosmvE
o '. ot Y @ SAMPLE
IModel training resull  explained variance view a a .y e Shape by:
he_well_t... It-SN mes- implementation It rnes-Hut implementation
= Identify Batch effects using PCA on average control values SNE(Barnes-Hut implementation) Color -SNE(Barnes timplementation) Data table:
high cont... per plate View threeDmTsneZ ~ by Unique Compo... Concentration v a -
low contral Conrolta... w4 w SW1417-3_Posiive 1.00€+002 WellAnayehs .. -~
Grand total Color by: 2 @ liegatue SW1417.3_Positive 1.00E-002 Colors.
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the visualizations and then use "Tag for = \ w images Box Plot IMap and setiings QC cell density QC cell distribution Cell features overview Cell gating QC overview Flate layout Plate valuss Flate layout editor Feature overview Exploration of data structure Class definition = Featurs seleci
lusion/inclusion™ bel .
exclusion/inclusion” below SOM grouping
W Tag data poinis | ~ [ 1 2 3 4 Color by
S, 40.00 ¥ he_well_ty.. = + =
- 2000 Ay L © @ high control
40.00
o —-.,/'\-w—v-‘ﬁ—’\-«/“’\-/\. : )
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Settings  Workflow Help ~ | Selected wells Sammon connections network
he_WelllD 1 Galor by:
202211 s (None)
202311 5 > @ Allvaluss
Online } Details (13) ... _ Class exploration 20241 4 Size by:
)
20252 v 2 - -
20262 + o - Logi0{Count) =
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actin disruptor aurora kinase inhibitor DMSO microtubule destabilizer microtubule stabilizer unknown
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Online ! Details (15) ... €0 of 60 rows & marked 230 columns hc_Aggregated cells

Unsupervised
Machine Learning
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How to upscale / automate?

Liquid Handling Plate Handling Hi?rf:]ggoiﬂgent Image Analysis

Automate liquid Feed plates into HCS
handling system automatically

Run image analysis

Run your HCS system synchronized with
day and night Image acquisition

Detection

@ Quantification

Classification

28  Get yours hands free to focus on the science 1>
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Training users In proper use of the Opera Phenix system has been a simple
process. Users who have some HCS experience have been trained in-house and
quickly took to visualization and quantification with the new system. Less
experienced users have been able to collect their own data with less than an hour

of training, and with assistance can now process their data to achieve automated
guantification.

Steve Bagley

Head of Imaging & Cytometry, Cancer Research UK,
Manchester Institute, The University of Manchester

| Re
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PerkinElmer HCS In Europe
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* Instrument  Imaging Plates  Hardware R&D )
Manufacturing Manufacturing « Software R&D

« Service Support

* Application
Development

* Product
Management

* Robotic Integration

Lo

- N
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explorer G3™ workstation
Custom, Modular, Scalable Workflow Automation Solutions for HCS

Designed to Run24/7

Modular &
Scalable

Compact, Space Saving Design

Real-Time
Decision Making

>150 Instrument
Drivers Available

Expertise In Both
explorer™ G3 workstation iX15 Instruments & explorer™ G3 workstation iX40+

(EXAMPLE CONFIGURATION) I nteg ratl O n S (EXAMPLE CONFIGURATION with optional enclosure)

32
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Approaches in Drug Discovery >

@ Target based screening
@ Pathway screening

Phenotyplc screening

. Biochemical assays Cell based assays High Content assays

[E] univariate J multivariate

Kinetic live-cell assays

Q VICTOR Nivo

Opera Phenix Plus

EnVision

.

l\ ﬂ ‘ I Operetta CLS

Q EnSight MuviCyte




Detection & Imaging Systems to Analyze Models of Increasing Complexity

OO CTT0

DINLA/ RINA colls INVERCEl 3D organoids, Model
Proier) Maying ; Tissues organisms

PHYSIOLOGICAL RELEVANCE

Cell Based Assays

Small Animal Imaging

Biochemical Assays

MuviCyte Operetta CLS Opera Phenix Plus

Labchip GXII VICTOR Nivo
EnVision — EnSight

Lumina
Spectrum — Quantum

2

JE
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Informatics Solutions Automation Solutions
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Clinical

More relevant readouts
* Phenotypic information
 Dynamic behaviour
» Spatial information
» Network relations

Pre-Clinical

More relevant disease models
* (Co-cultures, 3D cultures & tissues

o Stem cell derived cell lines

* Primary Cells, personalized screens
* Toxicity testing

o




