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What's From Image to Analyris?

PC12 Neurite Growth

How many cell body ?
Um...pretty much ...

124 cell body are counted

How many branch?
Um...several | guess...

16 branch are found
How long they grow?
Um...Pretty long | guess...

48 pixel average of eacn cell




What's From Image to Analyris?

Effect of therapy on the density of
antigen expression in human skin

Normal skin before therapy Normal skin after therapy

Marker expression before therapy Marker expression after therapy
06% - 45%
34% | Before therapy the -

percentage of cells that
react with the marker
was 34% and the

mean intensity was 39.

_ After therapy the per-
I RS centage of cells that
. react with the marker
was 45 and the mean
intensity was 51.

'65%

DAP| ——————

Marker intensity —»

Marker intensity




Why From Image to Analysis?

REASON :
BECAUSE SEEING IS NOT REALLY BELIEVING!!

How many of the blue nuclei
are also stained in red (in %)?
(Blue:DAPI , Red:Ki67)

1.<5%
2.5~10%
3.10~15%
4.15~20%
5.520%




Why From Image to Analysis?

REASON :
BECAUSE SEEING IS NOT REALLY BELIEVING!!

How many of the blue nuclei
are also stained in red (in %)?
(Blue:DAPI , Red:Ki67)

Expert's estimations:
0,5% - 18% (n=20)

Observer independent
measurement:

21,11%




Why From Image to Analysis?

REASON :
BECAUSE SEEING IS NOT REALLY BELIEVING!!

I i _

Gv=0:BLACK N

GV = 255: WHITE

What is the difference in GV
between A and B?

1.A<20
2.A <50
3.A <100
4.A > 100




REASON :
BECAUSE SEEING IS NOT REALLY BELIEVING!!

How to judgement the different of
each cell ?

What if this judgement is cancer
marker ,prlifereation marker ?




Quantitative Tool from Cell to Organic

Suspension Adherence
Cell Sample g CellfSample

Slide Based

- e Cytometry
, ] 0.6% -
e |

P
w
8
— =
Flow Based Image Based £

Cytometry Cytometry = DAPI




Introducing Cellbio biotechnology Itd
From Cellular level to Animal Assay
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IMAGING SYSTEM




Goals of this Presentation...

e |[ntroduce Image based Cytometry
e Current state technologies of HTS/HCS

Image Cytometry

e Several Applications of HTS/HCS
Image Cytometry




Concept of Image Based
Cytometry
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The cell Is the ultimate functional endpoint

Cytomics is going to be important because it is the cell that is the ultimate
functional endpoint. The cell is the within our physiology
and thus the functional unit that can be manipulated.

Complexity of cell function is only part of why Cytomics will become a major field
of study. Every cell is different. By studying each cell's unique function, that cell
type can be further modeled for subsequent analysis using statistical techniques.

As the field of tissue engineering explodes, it will not be long before
will be a most important component of which an essential element

will be a full understanding of Cytomics.

Hey buddy...
Don’t you know you
genes, proteins and

organelles are in
my territory now!!
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2 Major systems for Cell Functional Assay...

Flow Based
Cytometry

Fluorescence

Suspension intensity

Cell Sample

Fluorescence
Redistribution
Cell motility
Morphology

Image Based
Cytometry
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Detach Cells and

Resuspend in Fluid

=
>
(@]
o
T
O

Fluorescence Intensity

Fluorescence I ntensity

Fluorescence I ntensity




Image Base Cytometry

ABCDEFGH

@

3
Cyclohaximide

]
I

._Rr ol

Fluorescence concentration
in each (YFP F.U.Al x 1079

[ AR SR SRR SRPU S NP
0 30 60 90 120 150 18O
Time (min)
Merged Image Red Green Blue

Regions of

Interest (ROI)




Why Image?

There something FACS limitation:
Limit morphological Information
Limit distribution information
Not very suit for adherence cell
Not very suit for kinetic assay
Not very suit for long time assay
REEEUEWSS)

Advantage of Image cytometry:
Rich Information (High Content)
Perfect for heterogeneous population
Very versatile technology
Very suit for adherence cell
Very suit for kinetic assay
Very suit for long time assay

Images data contain a let ofi Information ,
but it IS time consuming and difficult to extract




Current state technologies of Image based  Cytometry

HCS/HTS Analysis Process

BD 435/855 Bioimager
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Summary:
Imaging from a Flow Cytometry Perspective

Flow Cytometry

Automated Imaging

Fluorescence intensity

Fluorescence intensity
Redistribution

Cell motility
Morphology

Single cell resolution using PMT

Subcellular resolution using CCD

Thousands to hundreds of thousands of suspended cells

One to thousands of suspension or adherent cells

Multiplexible — 12+ colors

Multiplexible — 4+ colors

Cells can be damaged or lost after flow

Cells can be revisited and reanalyzed over time

Strengths:

e Cell preparation (sorting)

e Statistical population analysis
e Low abundance events

Strengths:

e Morphological measurements
e Spatial analysis

e Images can be reanalyzed

¢ Visual data

Low Medium

Jihreughput

Low Medium

Content

apoptosistw@gmail.com 02-27855860 0953062485




Current state technologies of
HTS/HCS Image Cytometry




& BD [
Current state technologies of Image
based Cytometry

New idea of Image based Cytometry :

|.Fast and Automatic
-==High Throughput (96 well/ 384 well format)

[I.Multi-information

-==High Content vulti-color image )
[1l.High Image quality and precise analysis

---Confocal Image (scm / Spinning Disk / OptiGrid
I\VV.Quantification / Qualification /Coordination

-==Powerful software (segmentation)
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|.Fast and Automatic---High Throughput

96 well / 384 well format , Eully Autemation data acquire system

%%605

.

C

/

[

R —

—————

Plate/Tip Catalyst BD
Hotels | | 5 Arm PathwayHT
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|.Fast and Automatic---High Throughput

96 well / 384 well format , Eully Autemation data acquire system
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New Idea of Image based Cytometry :

[I.Multi-Information---High Content

= P9 ik 4a B8, o Bl (High Content Screening, HCS) & 42 (R #F 4w 4 42 1%
oG5 T EMEATIRT > AR EAATNLZ T BRME > e 238
THRE » BEFST e AR EEZ B o B gk B 9% Bl A7 Hsr (HCS)

T e B R 0N B AN EAB S m I R R m BN B
AWML G RILEERN > A EHZIBREREA LR TR LE TR L
» Bl ho 1 Am ST AE KB~ Ga Al A BERE A L A R = K
ZAER ~ AL~ BB E R B X EE o IFAR M AR ZH

e Huge number of
Variable & Parameters
e Very High Speed

Rapid

S — Identification

Or Diagnostics
e Huge data sets U 4

e Opportunity for
Rapid classification Much of this can become
Real-Time decision making

apoptosistw@gmail.com 02-27855860 0953062485
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New idea of Image based C

[I.Multi-Information---High Content
Time Information With Kinetic Mode

Single-cell Kinetic Imaging Reveals Heterogeneous Calcium Response

« Maximal response from baseline * Rate of rise
* Rate of fall « Difference in 2 peaks
 Treatment zones
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New idea of Image based Cytometry :

[I.Multi-Information---High Content
Spatial Infermation with 3D Image

A

Single Plane

 Image peripheral events
 Improve resolution
 Image specific cell layer
* Remove background
fluorescence

Z Dimension

Each well can be Z-plane
Collapsed Z

e
g ==

g = » Collect all fluorescence
In sample

 Improve resolution
» Quantities fluorescence

A

Z Dimension

...can also capture over time in kinetic mode!
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[1I.High Image Quality and Precise Analysis---Confocal
Benefit of Confocal Image 1: Clear single plane of image

PHOTODETECTOR

SOURCE PINHOLE
(ILLUMINATING APERTURE)

b  DICHROIC MIRROR
LIGHT S8OURGE Wb, (BEAM SPLITTER)

(0.3, LASER) | \

\¥y OBJECTIVE LENS
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New idea of Image based Cytometry :

[1I.High Image Quality and Precise Analysis---Confocal
Benefit of Confocal Image 2: Better 3D Structure

*
|

Slide or plate bottom

Objective

Focal
Plane

Slide or plate bottom

Objective
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New idea of Image based C

[1I.High Image Quality and Precise Analysis---Confocal
Benefit of Confocal Image 3: accurate counting and analyze result

Non-Confocal Confocal

94 foci identified 118 foci identified
25% increase In foci count
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New idea of Image based Cytometry :
[1I.High Image Quality and Precise Analysis---Confocal

=== Confocal

» 3 ’ - - " B
. d e .
’ ¢
R

“t=0sec “t=100 sec

()
o
1

Time, sec. ~ Non- confocal

=
[72]
S
e
w‘ ¢ [
(@)
SE
S5
L&
[T
o
S

=== Non Confocal
T T T 1

60 80 100

o
o

t =100 sec
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New idea of Image based Cytometry :

IVV.Quantification / Qualification /Coordination
Powerfull Software: Image Process
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New Idea of Image based Cytometry :

IVV.Quantification / Qualification /Coordination
Enlarge event number : Moentage

EH -
- 7
"
v ﬁ
T

Singlé Image
Field ~ 20 Cells|

T
X&l l’

“2x2 Montage ~ 80 Cells _

it
-,

s 8

3x3 Montage ~ 180 cells




am, BD i \,6\0
l\2/4 live healthy lives Ce\ .

New idea of Image based C

IVV.Quantification / Qualification /Coordination

ldentification; : Celll Segmentation (Region Of Interest) and Quantification,
Qualification

w Aute-ROI: |c_l,lto-N uc

Dual output ROIs used in translocation assays
Masked dilation to secondary channel s 20
Many possibilities from common interface

& Cumrent Image

" Capture J

a8 @ & @ Image Pre-processin

Automatic thresholding _Giete Aefoece noge |

-

% Maral

Advanced Segmentation
W' ‘wiatershed Erosian Factor. |2 _%I

Scrap =
tdin Max

Object Pisels: (100 Jj 20000 JZI Keep Al

Optiong
Dilation: 0 4:
Output

gg ROz |Nuclues ﬂ ﬂ

Plasma Membrane Mask

Test ﬂ | Cloge
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IVV.Quantification / Qualification /Coordination
Data Coordination and Data Export

SCATTERGRAM

| O

0% Tumor marker positiv

5 .
5 27% Basal cellmarker positiv

L T —

SCATTERGRAM
1355

35% Tumor marker positiv

I
T ]
¥,
L
ly:

Whe ™

BASAL  TUMOR

E 1% Basal cell marker positiv
| Ba% ﬂ.».'.

(ISR e e —




A, 'B D Helping all people \,6\0
l\2/4 live healthy lives Oe\ .

New idea of Image based Cytometry :

IVV.Quantification / Qualification /Coordination

SORE e A RO

TR i -0 - BIUSEEE $%, 98 EE A
033 v fe 72.0950942942573

A B C D E F G H | J K|
1
2 WELL DA Report(Repart 1)
3 DATA SOIFluo 4 Plate Map Flua 4 RoiSummary ROIs
4 |CONSTRANONE
5
b Dose ROI Count ROI Count Verticies Delta Delta
7 Well D Label Dose Before Cor After Cons % of Total Average  B0% Lowe 80% Uppe Std Dev  Std Enr
8 | ADT ] AE-09 b i 100 1207237 B1.72368 1062763 96.33367 11.12385
9 | Ad0Z ] AE-09 112 112 100 146.3571 8235714 1236429 1320132 1253014
10 ADO3 ) 5E-09 77 77 100 5724675 3824675 4075325 46.20639 5300236
11 ADD4 ] AE-09 97 57 100 127.3314 BB.35144 1128186 9976279 10182
12 ADDS 10 1E-03 599 59 100 200101 133101 86.89899 517.60683 5250654
13| ADOB 10 1E-08 108 108 100 116.6574 5465741 1023426 7721268 7 464431
14| ADO7 10 1E-08 123 123 100 1154797 5347967 1055203 60.44363 5472309
15| ADO3 10 1E-03 131 131 100 1337328 7573252 9626710 842875 7392402
16| ADD9 A0 AE-05 106 106 100 1083019 4730189 67 69511 B5.0335 6346619
17 AD10 50 HE-05 140 140 100 118.2357 5623571 116.7643 B83.05607 7.044724
181 A1 A AF-NA 1401 140 100 1RA R4 9957144 135 18R 178 0457 15 101R
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Summary:
Current state technologies of Image based Cytometry

-==High Throughput

Fully automatic hardware system
Working with microtiter plate or multiwell plate
Strait forward assay protocol

-==High Content

Multicolor image
Spatial and time information
Cell-cell , well-well , sample-sample comparison

--=-Confocal Image ' /

Standard

Better image quality for precise data analysis Fluorescence
Spatial information

---Powerful software % 4

Artificial Intelligent




Applications of HTS/HCS Image
Cytometry




There are 4 Basic Assay Categories
of HCS Image analyzer

1. Fluorescence
Intensity change

 Calcium flux

* Phosphorylation

» Biomarker activation
* Protein degradation

* Image cytometry

2. Fluorescence
distribution

» Cytoplasm to nucleus (NF «B)

» Cytoplasm to plasma
membrane (PKC o)

* Plasma membrane to
organelle (Transfluor GPCR)

* Protein co-localization

3. Morphological 4. Cell Movement

change « Chemotaxis/migration

* Neurite outgrowth « Wound healing
* Angiogenesis » Metastasis/invasion

 Cell differentiation « Long-term tracking

» Apoptosis




AW, 'B D Helping all people
\\e/} live healthy lives

HCS Application

1. Fluorescence Intensity Changes

 Investigate heterogeneous cell populations:

|dentify percentage of cells responding in a population (image cytometry)
» Work with few cells:

Region of interest can be whole cell, structure, or whole field of view

2. Fluorescence Distribution

» Measure cell changes where total fluorescence intensity does not change
» Measure biomolecular colocalization

3. Morphometric Measurements
* Make measurements on cells using structural dyes/antibodies

4. Cell Movement
» Measure cellular mobility/motility and invasion
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1.Fluorescence Intensity Changes

Investigate heteregeneous cell pepulations :
Single-cell Kinetic Imaging Reveals Heterogeneous Calcium Response

Living Cell , Kinetic Assay
with Environment Control &
Liquid Handling System
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1.Fluorescence Intensity Changes

Boqglkatiolt Imaging

} Unresponsive

100 200 300 400

Time, sec.

apoptosistw@gmail.com 02-27855860 0953062485
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1.Fluorescence Intensity Changes

Working with few cells :
Image Based Cell Cycle Analysis

Control cells C;_olcemid'500_ng/mL

BrdU
(S phase)

Negative
(non cycling)
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1.Fluorescence Intensity Changes

Working with few cells :
Indicator of Apoptosis in Image-based Assays

HeLa cells
20x objective Cleaved caspase — green Nuclei - blue

0.5% DMS0 . 30nM Staurosporine ' "'I. 'i
| HRERARND

| | 1 I I
I ; |
Ml““l
100
90

C éUﬂnM Staurosporine
- p 90 -

- 80 4

704
60 4
50 4
40
30
204

10 . ] }

0 T T T T 1
1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05

Staurosporine [M]

% Cells > threshold intensity
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2.Fluorescence Distribution

sigral
irensdictog

oRPNWNUTON®

= . o |
no drug TNF-a no drug IL-1a no drug TNF-o. nodrug IL-1a
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2.Fluorescence Distribution
Measure cell changes where total fluorescence intensity does net change

Overlay (Hoechst/Alexa488)

10 ng/mi

Control

EC50 ~12nM = ~0.2ng/ml
I|I|| T T |||I||| L

-8 -7
10nM  100nM  1uM
og [IL-1], M

15

178 '

S arameter Value Error
.......... e
Chir2 23 #51.83789
eitial(Al)  @237.39175  40.15385
Final (A2)  #6.02983  32.19608
EC50 (x0) 4.57328E-10 1.00818E-10
Power (p)  1.75846 0.64479
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3.Mophometric Measurement
VMake measurements on cells using structural dyes/antibedies:
Angiogenesis
» Used to determine the +/- response of primary endothelial cells to compounds
Tumor formation

Wound healing

Retinopathy

Macular degeneration
» Model system

HUVEC-2 cells
Matrigel Matrix coated plates
Network of tubules formed — live cell stain & imaging

Suramin treatment — retards the formation of blood vessels
- e . N
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3.Mophometric Measurement
VMake measurements on cells using structural dyes/antibedies:

Angiogenesis

HUVEC angiogenesis on BD Matrigel ™ Matrix

o - Y \
o \ - Eg
PN — R~

A / /
4 y
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3.Mophometric Measurement
VMake measurements on cells using structural dyes/antibedies:

Angiogenesis: Quantitative Data

“Image Swells |

Tube Average Length

Tube Max Length
Tube Branch Count
Tube Segment Count
Tube Count

Tube Nodes Points

FEGEEE

EREERE

3
% . 4 L
; R b
¢ . | *
. Y A } R ; L
K 2 < o A % i e
9 N ! & > B e 7 20N
5 O
i o - Kl
LI f 5 i
- o
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L 7
!

.
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3.Mophometric Measurement
VMake measurements on cells using structural dyes/antibedies:

Angiogenesis: Neurte Outgrowth
25 ng{ml NGF

“\ o | PC-12 cells
| i ‘% 4 1 induced with NGF

*Nuclear Mask:
Cell Segment

*Nurite Mask:
Nurite Segment

*Merge:
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3.Mophometric Measurement

(.}3\\'?’\0 L R AR H www.cell-bio.com.tw

Maximum Neurite Length

ECy,: 2.23E-08

1.00E-08 1.00E-07
NGF (g/ml, on log =cale)

1.00E-06)

Mumber of Extremilies.

B
n

L

=1
o

—

o
o

MNeurite Extremities Count

EC:y: 2.62E-08

1.00E-08 1, 00E-07
MGF {g/ml, on log scale)

Meurite Root Count

ECg,: 2.32E-08

1.00E-08 1.00E-08 1.00E-07 1.00E-06
MGF {gfmi, on log scake) |

apoptosistw@gmail.com 02-27855860 0953062485

Total Meurite Length

ECyy: 2,93E-08

1.00E-08 1.00E-07
NGEF (giml, on log scala)
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3.Mophometric Measurement
VMake measurements on cells using structural dyes/antibedies:

Miotube Fusion

Primary MRFs secondary MRFs

myoganin
MRF4

Call in Somite

52.7 uM Nifedipine
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3.Mophometric Measurement
VMake measurements on cells using structural dyes/antibedies:

Miotube Fusion

This confocal image
is using BD 96-Well

I Optilux Microplates to
increase image
quality

O Tota #Nucle
m#Nucle in Myotubes

-
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4.Cell Movement
o Measure cellular mebility/metility: and invasion

Invasion
BD Falcon™ HTS FluoroBlok™
Cell Migration/Invasion Assays

Using a Fluorescence Blocking 96-Multiwell Insert SyStem
Membrane

Fluorophore
Fluorescence Blocking Labeled Cells
kM @mbrana

BSA Control - Migrated = Hoechst - Migrated

¥ ‘.' i'tu ..,-:__-...
]

DMEM + 5% FBS IR B
DS Red - Migrated : Sytoxg?ré‘ep = Migrated.

4 W e e e e B
A I I I e e
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4.Cell Movement

BS-C-1 monclayar

4500 cellshwall

Wound using & BE pin
floating arrey
Migration [ 7-24 hrs]

apoptosistw@gmail.com 02-27855860 0953062485
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4.Cell Movement

Image analysis and record by
V4 Software

Ed Microsoft Excel - Results Table.xls

T [
BE4 oL =@

[dLIR

apoptosistw@gmail.com 02-27855860 0953062485
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3D Reconstruction

Image Acquire by BD Pathway
855 with confocal module

*Fly embryo gastrulation
«Tubulin.

*PlanApo 60x 1.4 NA
*0.5um steps

Xz, yz (1-256)

*George von Dassow
*Friday Harbor, UW

o B i

e Sample Plate
Objective | :Jl

-

Excitation Filter . ME& ssus

Wheel 1 Confocal

p 4'\ Spinning
= /,-{;' Disk Unit
Tz

P dr
1

/ I
A P - .
7 7/ Dichroic A % Dichroic
Source 1 (o Beam T
\ Combiner /i~

Emission
Wheel 2 — Filter Wheel

y N ccp |
quns Camera
Arc Lamp
Source 2
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3D Reconstruction
Image Acquire by BD Pathway 855 with confocal module

P : - w ‘{bl'
v ¢ 'f', . > 4

.‘;#—'
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Time Lapse

Image Acquire by
BD Pathway 855
with environment control

Cell division
«Sand dollar embryos

*Injected with rhodamine-tubulin
& Alexa 488 phalloidin.

«Early- mid blastula
*PlanApo 60x water lens

*George von Dassow & Bill
Bement

 Friday Harbor, UW
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4D Image

Image Acquire by BD Pathway 855 with environment control

*Dictyostelium Feeding on Yeast

Dictyostelium — GFP- cell
membrane

«150ms, 13z steps, 30min ~

Cascade 512B

*David Knecht Department of
Molecular and Cell Biology
University of Connecticut
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Summary and Conclusions

High content analysis provides a unique
opportunity to investigate spatial and
temporal events in living cells

Kinetic measurements can provide useful
Information (rates of change)

Managing kinetic data requires real-time data

aco
Mu

bio

uisition and data reduction capabillities

tiplexed kinetic experimentation requires
ogical events to be co-occurring
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Thanks For Your Patient & Attention!!
Any Question
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Glenn Yang

apoptosistw@gmail.com
02-27855860 0953062485




