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The challenges

of High Content
Screening

Nuclei - Number of Objects Nuclei
Cells - Number of Objects
Cells - Total Spot Area - Mean per Well
Cells - Relative Spot Intensity - Mean per
Well
Cells - Number of Spots - Mean per Well
Cell Alexa 488 SER Edge 2 px
Cell Alexa 488 SER Ridge 2 px

\| }13 —
Im a g e Spots - Relative Spot Intensity - Mean per Info rm atl O K I d
el nowiedge
Spots - Corrected Spot Intensity - Mean per n
Well
Spots - Uncorrected Spot Peak Intensity -
Mean per Well

Spots - Spot Contrast - Mean per Well
Spots - Spot Background Intensity - Mean
per Well
Spots - Spot Area [px?] - Mean per Well
Spots - Region Intensity - Mean per Well
Spots - Spot To Region Intensity - Mean per
Well
Spots - Spot Area [um?] - Mean per Well
Spots - Spot Ratio Width to Length - Mean
per Well

Cellular Images contain a lot of information!
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Fo‘urldifferent methods can be
applied for the Cell / Nuclei detection:

AB,Cand M

Input Image

Find Nuclei g = @B

General Low

Intensity Stuck Cells/ Calculation

robustness background variations Nuclei Speed
+ +
++ +
+ + + +
++ + ++

Channel HOECHST 3334/

Method A | a
Common I i ]
Threshold
Area > 30 pm?2
{a]
Split Factor LI |
Individual I i I

Threshold
Contrast > ]

Output Population Nuclei

Define Results

different methods and select the most appropriate one.

Tuning of parameter Method. Compare the detection results by the




Hoechst 33342

Mitotracker®
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' Mitochondrial texture
Nucleus area SER Hole 3
Control Compound Ol€ 5 px
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Different readouts provide robustness in toxicitv studies
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%ﬁﬁﬁ?ﬁﬂt (Apoptosis RMS Apoptosis-1)

Nuclear DRAQ5
Caspase-3 Alexa Fluor 488
20X

Nuclearfragmentation

Caspase-3 activation
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Layout

6 x 10° cells / well - 4 h compound treatment
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Apoptosis positive cells [%)]
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o%ﬂg&w}#‘ : DRAQS%%?@% E(]%Zd] ( CV) nuclear fragmentation index
'2&] Hﬂ&‘ ﬁf}{ 3 'LR%IJ D RAQ 5*/]'\‘7]'\' E‘] 2&] E@& ’ H"ﬁm%ﬂ Figure 3. The graphs display the staurosporine-generated dose-response curves

after 4 h.

=0 g&g Top | In order to quantify cells according their apoptotic state a threshold with

* CaS p aS e-3 gig : */;(‘ B:AI eX FI u O r 488{;; _5‘ rcsplsct to caspase-3-related fluorescence intensity was introduced to the data

N (the threshold was variable and was adapted to individual experimental intensity

%V{": 100%%/%% X 10/l\m§ X ( 8/l\m§ﬁ§+l/l\§<\l Hﬁ ) X 32E§§ results, here 980). In this way the subpopulation of apoptotic cells became
classified, and the resulting numerical readout was called “percentage of apoptosis

~270002EHE@! EC50=2.824’ Z=0'96 positive cc!lsT T;\king these percentages .J.sah;\sis, an EC, of 2.8 uM for

smurosﬁorm: was calculated using the Prism-software to fit the curve.

% Bottom | The graph shows the fluctuation of the nuclear intensity on one axis
g&] Bg E{ H H el ac el I (fragmentation index) and the nuclear area on an other axis. It clearly shows the
rapid decrease in nuclear area and the increase in fragmentation, upon treatment
with 3 uM staurosporine.




Dve Ex./ Em. Max. Channel Readouts

[nm] name in

. Harmony
I
E]RAQETM (nucleus/ 647 / 670 DRAQ5™ Loss of cells

ytﬂplasn'L sp}eclﬁc stain Nuclear shrinking

r nucleic acids)

Nuclear fragmentation

3
Cleaved-caspase-3 494 /520 AlexaFluor®  Apoptosis activation
dntibody (AlexaFluor® 488

488 conjugate)

Fluorescence characteristics of each dye used, and the corresponding readouts.
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Figure 3-10: FCCP, Tacrine and Acetaminophen dose-response curves, determined from the mitochondrial
4 x10% cells / well - 24 h cpd treatment - 45" staining mass (left) and live cell count (right). N = 4 wells.
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Figure 3-12: FCCP, Tacrine and Acetaminophen-generated dose-response curves deduced from membrane
permeability (left) and nu ize [right). N = 3 wells.
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Dye Ex./ Em. Max. Channel name  Readouts
[nm] in Harmony

fHoechst 33342 350 / 461 HOECHST Loss of cells

gﬂucleus / DNA) 33342 Nuclear shrinkage

bOBOTM-B iodide 570 / 602 BOBO-3™ Cell membrane

(nucleus / DNA) disruption

3

MitoTracker® 635 / 690 MitoTracker® Changes in

Beep Red FM Deep Red mitochondrial mass
— {mitochondria)

Fluorezcence chararteristice of each dve nsed and the corresnondine readonts



(RMS Cell Cycle-1)

S-phase Anti EdU antibody, labeled with Alexa Fluor® 488

DNA content HOECHST 33342, combined with CellMask Blue
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Dye Ex./ Em. Max. Channel name  Readouts

[nm] in Harmony
Hoechst 33342 350/ 461 HOECHST Loss of cells
gﬂucleus / DNA) 33342 Nuclear shrinkage
1
Alexa Fluor® 488 490 / 519 AlexaFlour® S-phase cells
(EdU) 488
3
Alexa Fluor® 647 653 / 669 AlexaFlour® M-phase cells
fpHH3) 633
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©
g §- 0.95+ [ Induces transcription ‘! “ B Free NF-kB
- \ of target genes |
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g degredation
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Figure 3. NF-kB translocation at the time point of maximum response
Pfﬁmega Hal@Tag (30 min post stimulation) (A) TNFa dose dependent nuclear translocation

of p65-HT in HEK293 cells. The ratio between nuclear and cytoplasmic
TMR fluorescence increases with increasing TNFa concentrations. N=3 wells,
. Z'=0.76. (B) Inhibition of NF-xB signaling by Ro106-9920. The fraction of
H EK293 CE" Ilﬂe nuclear p65-HT decreases dose-dependently with increasing Ro106-9920
concentrations. Concentrations of Ro106-9920 > 5 uM were cytotoxic in
these experiments. N=3 wells.
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Input Image
Channel 1:

Digital Phase Contrast
(DPC)

Find Cells
Finds celiular autiines

(Method P for DPC images)

Use as time window

Selects a subset of time
points as time window

Track Objects

Uses the overlap of cells
between adjacent time
points for tracking

Calculate Kinetic
Properties

Calculates Gurrent Speed
and Current Step Size

Calculate Properties

Calculates the Current
Squars Displacement

Calculate Track
Properties

Calculate accumulated
distance, displacement and
speed

Define Results

Salect meaningful names
for your readauts and save
single cell data

MNumber of Tracked Cells
Age [5]

Current Speed [umis]
Current Step [uns]

Mean Square
n

Untreated

Images from these fime points will be
e = s v [ loaded for tracking

Cell masks averlaysd with cbject fracks

Cell migration

100 ng/ml EGF

S A

Uses a formula fo calculate a derived proparty on a per objact basis:
{Gurent Displagement X fumF + (Curment Disptacement ¥ [uen]*

Number of cells per well

Passed time since the cell was first observed in seconds; averaged over all cells
per well

Distance (in pm) a cell traveled per second; averaged over all cells per wel
Distance (in pm) a cell traveled batween two ime points; averaged aver all cells
per wel

Saquared nom of a vector from the paint of the first to the point of the currant

Current Displacement X
[pm]

Current Displacement Y
[um]

Number of Tracks
Number of Timepoints
per Track
Accumulated Distance
[um] per Track

Displacement [um] per
Track

Average Speed [pmis] per
Track

; averaged over all calls per well

X component of a vector from the point of the first to the point of the current.
abservation; averaged over all cells per well

¥ component of a vector from the point of the first o the point of the current
absenation; averaged over all cells per well

Number of detected cell tracks per well

Number of time points that a call track was observed; averaged over all tracks
per wel

Total length of all segments of an object track in m; averaged aver all tracks per
wall

Distance from the first to last observation of a cell track in pm; averaged over all C l u St e |' 40
tracks per well

Accumulated distance in um divided by the track durafion in seconds; calculated
per track and then avaraged over all tracks per well




Tracidng,

T=48 hours

Tracking of Hela cells on digital phase image. The track of one cell starting at T=0 (red line) is shown
over 48 hours. Several cell devisions occur, each color represents a new generation of daughter cells.
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Figure 1-125: Analysis of three cell generations using TIBCO Spotfire® software. The vertical grey lines
indicate cell division. Plotted are the cell area (blue) and the cell intensity in a digital phase contrast image ’

(red). Note how the (:e!} area det:mﬂh(::s and the phase contrast signal increases prior to mitosis. The two —— R —_r] an - e e vl —
daughter cells of the 2™ generation divide synchronously. Object numbers are depicted in the grey RIS e e (Tt o L o I noG " )

) P . . " . e _ . e WA Al an e = - m owe i
rectangles to the right. The plot combine: jormation from the single object results table (area and intensity R yild ‘ean e Vit e opech e St il pren]

versus time) with information from the track results table (object number, generation, root ID).
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Channal 1: calls : L e

Muclear stained image [ - ”

Channal 2:
Meurite stained image

Find Nuclei
Finds nuclear cutlines using
the nuclear stain image

Muclear region Resulting
overlaid on the datection for
nuclear stain | treated cells
image

(untreated cells)

SelectRag!on . . Estimated cell
Estimate the cell bady Estimated cell , body position
position by enlarging the body position ot treated cells)
nuclear mask

Find Neurites ¥ Datected

Detect neurites starting from &+ -~ neurites (treated
the estimated cell body A g cells)

positions 3

The Find Neurites building
bleck automatically
calculates a set of neurite
properties.

A set of per-cell neurite properties is added to the "All Cells” population

Select Population To avoid artifacts, remove cells touching the image border as a large part of
their neurite tree is cut off

Define Results

Selected average values of
all the cells in the wall

jwrsber |Miean Hurmber | Blaan Bumiber

Number of Cells MNumber of analyzed cells (Border cells are excluded)

Mean Total Neurite Length Total lemgth of all neurites of the neurite tree for each cell; averaged over all
cells

:::::Itenglh ETicanast Length of the longest neurite for each cell; averaged over all cells
Mean Number of Segments Number of segments of each neurite tree; averaged over all neurite trees

Mean Number of _ . .
Extremitias Number of endpaints of each neurite tree; averaged over all neurite trees
Mean Number of Roots Mumber of root points of each neurite tree; averaged over all neurite trees

Mean Number of Nodes Number of branching points (type 1 and type 2) of each neurite tree;
averaged over all neurite rees



Input Image
Channel 1:

Muclear stain image
Channel 2:

Tubulin stain image

Find Muclei

Finds nuclear outlines using
the nuclear stain image

Find Cytoplasm

Finds cytoplasmic outlines
around each of the praviously
detected nuclai

Calculate Morphology
Properties

Calculate Intensity
Properties

Calculate Texture
Properties

Calculate a set of properties
for each individual cell
including texture features to
meaasure cytoskelatal re-
arangement

Select Population
Linear classifier

Classification using pre-
calculated object proparties

Requires a training phasa of
selecting cells

Define Results

Calculate the percentage of
cells of phenotype A and B

Number of Cells
Percentage of Phenotype A
Percentage of Phenotype B

Muclear region
owarlaid on the
nuclear stain
image [untreated
c=lls)

Datected
cyioplasmic
outlines

Hee 1o

Training made:
Selact cells for
FPhanotype A

{green)

Bumber of Cells Phsen: e A

i 373727

Mumber of analyzed cells in the well

Percemage of

Demecolcina
treated calls

Resulting
datection far
treated cells

Training mode:

Salect cells for
Phenotypa B
{red)

Pet corlage of
Phenstype B

Percaentage of “Phenaotype A™ classified cells in the well
Percantage of “Phenotype B™ classified cells in the well

Untreated cells

Train

Click on cells in the image
to select examples for
“Class A" (green) and
“Cass B" (red)

Apply Changes

The classifier is calculated
and applied to all cells in
the image

A vessus B

The best linear
combination of properties
for separation of
phenotypes A (green) and
B (red) is determined and
plotted on the x-axis. The
y-axis is selected to give
the best visualization
(spread of populations).

Phenotype A

Demecolcine 0 uM

Spread

1 yM Demecolcine

Phenotypes A and B
Demecolcine 0.03 uM

Phenotype B

Demecolcine 1.6 pM

d linear good: 365

Aversus B

Figure 2-48: lllustration of the process of training the building block. Top row: Example cells, selected
during the training, are marked red and green. Middle row: Classification results are added as red and green
rims to each cell. Bottom row: scatter plots of property pairs and classifiers. Red and green dots represent
the trained cells and black circles represent all other cells.



Input Image

Channel 1:

Combined nuclear and
cytoplasmic stain image

Channel 2:
Signal image

Find Nuclei

Finds nuclear outlines using
the nuclear stain image

Find Cytoplasm

Finds cytoplasmic outlines
around each of the previoushy
datected nuclai

Select Call Region

Select the region to measure
the cytoplasmic flucrescance
based on the detectad nuclsar
and cytoplasmic outlines.

Calculate Intensity
Properties

in the nuclear region

Calculate Intensity
Properties

in the cytoplasmic region

Calculate Properties

Determine the fraction of
fluorescance that is located in
the nucleus

Dafine Results

Select readout values to
report

Total Mumber of Cells

Mean Fraction of Nuclear
Flucrescenca

StdDev Fraction of Nuclear
Flucrescence

" FKHR-GFP

Untreated Treated cells

control:
MNuclel + cytosol

Labeled NFxB
antibody

MNuclear regions overlaid on nuclear stain image

Detected cytoplasmic outlines

Search the region overlaid on the signal stain

image {control)

Object No Inbensky hudews Mean
i He. 2
1n 405 &0
Object Mo Inkensity Cytoplasm Mean

Lo 46,409
11 547,204

Ptk - Nuiber of Objects

Wk - Fracion of Nuckes Futresoands - Mean

Phuches = Fraction of huckear Fluoresosnce « StdlDer

= Marker is mainly located in the

cytoplasm

For information and guality contral

et Mo Irkensity Nuckis Mean
2 850,949
23 720,187
Object No Irkensity Cytoplass Mesn
- DE0LOET
] 264,555

Pk - Nurvber of Gbgects.

Pk« Feaction of Mudear Fluesescence - Mean

Wasied - Fraction of Wukesr Puiresosnas - Sulbe
0103853

* Marker is mainly located in the

nucleus

Indicates the location of the marker: 0.0 = marker is only located in the
cytoplasm; 1.0 — marker is only located in the nuclaus

Homogeneity of the marker distribution in the cell population. A low value
indicates that all cells show a similar translocation

Standard choice: Membrane and nuclear
border excluded to avoid noise.

-l /
®
; El =
With Wortm@nnin (PISK

_

Special adjustment: Only the inner part of
the cytoplasm is covered since the intensity
fluctuations increase when getting closer to
the membrane.




Intensity Patterns i

Input Image
Channel 1:
Nuclear / Cytoplasmic stain v
(DRAQ5S™)
Spot Hole
Channel 2: / ‘
Stained Marker image (hera:
Akt3-GFP) u Ridge Valley
Untreated control Treated calls
Saddle ' Edge .
Find Nuclei

Findz nuclear outlines using
the nuclear stain image

Bright Da’

Find Cytoplasm

Eircdn o dembonmio aocdlinon

1.1x10% 4
= 3
C a . 3
- @ 9.0x10%
» R o
~ o
3 o
o X =
¥ ¥ . 3 -4
PPN e | , N 700104
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B Acllvated Protein Kinase Gy(R S
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A
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Figure 3. Dose dependent PKCa activation in HeLa cells stimulated with PMA.
The SER ‘ridge’ signal, normalized by cell number and width parameter set to
— 3 pixels, increases as the PMA concentration increases. This signal represents

PKCa association with cell membranes. N = 3 wells, z "= 0.55.




Input Image

Channel 1:

Combined nuclear and
cytoplasmic stain image

Channel 2:
Signal image

Find Nuclei

Finds nuclear outlines using
the nuclear stain image

Find Cytoplasm

Finds cytoplasmic outlines
around each of the previously
detected nudlei

Select Cell Region

Select the region to search for
the intemalized receptor. The
region is based on the
detected nudlear and
cytoplasmic outlines.

Calculate Intensity
Properties

‘Sum signal infensity in the
salecied reqgion and in the
whole cell

Calculate Properties

Calculate “Intemalized
Intensity” = ratio of intensity in
the selected region and in the
whole cell

Select Population

Only keep the cells that are
completely visible in the image

Total Number of Cells
Mean Internalized Intensity

StdDev of Internalized
Intensity

Unireated control:
Muclei and cviosol

Labeled ETaR
Receptor

MNuclear region is
overlaid on nuclear
stain image
{untreated cells)

Detected
cytoplasmic

outlines

Search region is
overlaid on the

signal stain
image (control)
Ot Mo ety Call S Inbaradty BOI Sum
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5 T i
Chyect B Inkemaized [nberalty

Control = low values of
“Internalized Intensity”

Untreated
cells

For information and quality control

Measure of the mean degree of receptor intemalization in the call

population

Treated cells

Internalized
ETaR Receptor

Results of
detection on
treated cells

50%.-100%

Search region is

Homogeneity of receptor internalization within the cell population

overlaid on the
posiive control
Intensity in Region of Interest
Internalized Intensity = 24 g /
Intensity in Whole Cell Region
Obthg Iy Coll Sum Ity FOL S0 Normalized
s ware Vs N
s srioe Intensity
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5 0271407
& 0,275
Activated cells = high values of
“Internalized Intensity™
Treated cells
with
intamalized
ETa Recapior ¥
T,
0,
0% Relative Location 50 % 100%
Cell Membrane Border of Center of
Nucleus Nucleus
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Input Image
Cytoplasmic stain image
(CMFDA)

Find Cells

Detects single cells, cell
clusters or colonies

Maodify Population

Merging of fragmented
colonies using the Cluster by
Distance method

Calculate Morphology and
Intensity Properties
Calculate area, roundness,
width, langth and intensity
properties of each colomy

The commaon filter Remowve
Border Objects excludes
objects crossing the image
border.

Define Results

Calculate averaged population
results per well.

Number of Colonies

Mean Area [pm®]
Sum Area [pm®)
Mean Contrast

Cells on day 1 Colonies on day 5

Distance sel ko 1 px: chjecls closer than 1 px are menged o one object

[ PR f— et ] R, ——

Complale colonies are shiwn in green and discarded border colonies in red

Frequency
Ir]
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IR
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Equivalent to the number of cells at the beginning of the time series and the
number of colonies as time procesds

Averane size of cells and ! or colonies par well
Total area covered by cells and [ or colonies per well
A measure of staining intensity against background

Time point 1 /day 1 (T0)

Time point 2 / day 4 (T1) Time point 3 / day 5 (T2)

Timepoint 0{1 day)
m Timepoint 1 {4 days)

B Timepoint 2 {5 days)
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S 2.28 Stem Cells Colonies)
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Colonies after 36 h incubation Colonies after 3 d incubation
Input Image
Channel 1:
Muclear stained
image (bluse)
Channel 2:
Oct-4 stained image
(green)
Channel3:

Cytokeratin stained
image (red)

38 h after cell seeding 3 d after cell seeding

Find Texture Use *Train...”
Regions mode to select
Allows you to example regions
separate regions of of two texture

an image with classes, A and B

different texiure
properties. Training results:

Click on different texture regions to set
training points for class A (stem cell
colonies, green) and class B (feeder layer,
red)

Select Population b
o ’ Marker Intensity Mean:

gtecied texiwre
regions on the “3 d”
image

Detected texture
regions on the
=35 h” image

Population: | All Cells b
Marker Intensity CW [%].
Method: Linear Classifier \

Cell Area [UmF]
F N

i i Cell Rouncness:
Modify Population

Split detected region

info objects, adjust

the minimum area alid colonies of
and splitting distance the “36 h™ image
for touching regions.

Mumber of Classes: 2 - Marker Texture SER Spot 2 px:

Valid colonies of the
“3 d” image

w

Marker Texture SER Hole 2 px:

Output Population & Phenotype A

Marker Texture SER Edge 2 px:

L IREIREIREINEIR YRR LS

Output Population B: Phenotype B :

Calculate . Marker Texture SER Ridge 2 px

Morpholog - o CRWAISS | Cae Sy CA oy g ge 2p
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Intensity Properties o e o i

Area and roundness, Lo R S

and marker : e e

intensities for Octd

and Cytokeratin in

each colony.

PhenoLOGIC machine learning

Do dmisssny  Coodmleeny  CpokaiEn CAsksEEn

e P X [ TTEr g S otk s
ey Mean v S s

tesady Bean  kferady S

Mumber of Colonies  Mumber of all analyzed valid colonies in the well
Mean Colony Area Arsa of the whole colony in pm®: averaged over all colonies in the well

Mean Octd Intensity Intensity of the Octd stem cell marker stain; first averaged over all pixels within each
per colony colony and then averaged over all colonies in the well

Mean Cytokeratin Intensity of the Cytokeratin marker stain; first averaged over all pixels within each
Intensity per colomy colony and then aweraged owver all colonies in the well
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