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Overview | Program of the next 2.5 hours

Goal: Segment raw IMC files to generate cell masks

* Why image segmentation ?
* Why using a pixel classification-based approach ?

* Hands-on session: IMC image segmentation pipeline
- Concepts
- File format and metadata requirements

- A practical walk through the pipeline
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Introduction | Why image segmentation ?

Why and when does image segmentation make sense

for multiplexed tissue image analysis?

Biologically relevant entities:

e Organism
* Tissue —> A 1x1x5pum pixel
o Cell does not represent any of these !

* Cell compartments

* Molecules
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Introduction | Why image segmentation ?

Issue: Pixel data is noisy and pixel size arbitrary

— Partitioning the images into relevant regions (= segmentation) is a solution

Segmentation:
» Averages pixel over “relevant” regions
* Decreases noise

* Summarizes data in a relevant way

“Relevant” is question dependent: cells or tissue structures can be relevant, e.g.:
* Intensity levels within structure
* Intensity distribution within structure

» Distribution of these structures in the images
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Introduction | Why image segmentation ?

Major caveats

IMC resolution: 1 x 1 um resolution, 5 um thickness
* Subcellular compartments can physically overlap in a pixel

* Cells can physcially overlap in a pixel
* 5 um only captures a slice of a cell (not always representative of overall cell marker profile)

= IMC-based cell phenotyping is more noisy than e.g. Flow Mass Cytometry,

even with 'optimal' segmentation

But,
— Still good enough for cell phenotyping

— Spatial context and subcellular information
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Example | Her2 mRNA vs protein in breast cancer
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Example | CK19 mRNA vs protein in breast cancer
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Introduction | Why using a pixel classification-based approach ?

Classical cell-segmentation pipeline:

Cells

Cytoplasm marker DNA-damage marker

*

Foci _

DNA marker

Microscopy
image

Measurements

(Introduction to the Quantitative Analysis of Two-Dimensional Fluorescence
Microscopy Images for Cell-Based Screening, Ljosa & Carpenter, 2009)

1. Find cell nuclei by using a nuclear marker — nuclear mask

2. Expand nuclear mask within cytoplasm until the membrane using

a cytoplasmic or a membranous marker — cell mask

But: only uses information of 1-2 markers, dependent on actual channel intensities
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Introduction | Why using a pixel classification-based approach ?

Caveats of intensity-based approches

- Cytoplasmic/Membranous markers are strongly cell
type-specific

— Intensity varies from cell to cell

- Even Histone / DNA intercalator (iridium) show strong
cell type-dependent intensity

— Purely intensity based segmentation challenging
- Staining variability across an image / across images

Multiple markers contain information about the

nature of a pixel: nuclear/cytoplasmic/membranous

s Cel|_Cytoker 6512035Pr141Pr141Di_Pr141l
Cell_pS6Yb171Di_Yb171
s Cell_193IrIr193Di_Ir193

Marker distribution, textures, gradients matter to

visually identify subcellular structures



IMC segmentation pipeline | Concepts of pixel classification

1. Tell the computer if you think a pixel is nuclear or cytoplasmic/membranous

2. Let the computer learn what you actually mean

* Developed for low-dimensional images — but works even better for high dimensional
images in our hands

* Based on manual input of human export knowledge

* Automatically integrates all channels as well as gradient and texture information of these
channels

* Generates a highly normalized, easy segmentable “probability map” images

* Once well trained, works nicely even with heterogeneous tumor tissue
— more than 800 images classified with one classifier

— the classifier can be easily transferred to new images
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IMC segmentation pipeline | Pixel classification in ilastik

Channel-based painting: nucleus, cytoplasm/membrane, background

_ Train
Classify uncertain
regions
——— S e
Export s
- uncertainty r
Check probability maps maps

additional training
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IMC segmentation pipeline | Segmentation using CellProfiler

* Segmentation of well trained probability maps using CellProfiler is robust

— check uncertainty!

* One pipeline is applicable to the probability maps of very large datasets

* The pipeline generates single cell masks
— Can be used for HistoCAT

— Can be used to extract single-cell data from IMC images
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IMC segmentation pipeline | Overview of the pipeline

IMCtools data conversion and preparation

A ................................................................................................................................................................................................................
v ¥,
W 4,
' o s,
Y . ',
o
O
o
<
-
=
=

s
‘e,

IMC formats |
mcd \ |
txt — > | Highly
multiplexed
ome tlﬂ: i images

A
\

.ome.tiff

llastik stack preparation

- Noise reduction
- 2x scaling
- Random cropping

................................................................
"""""
.

Configuration

Analysis Stacks

Manual
Pixelclassification \
¢ Uncertainty Map|

Probability Map

.,
v, .
...............................................................

©

Ty

il

o
o
\“‘
v
(o
T
.‘ii"'. .,

D/

- Nuclear and cell segmentation

based on probability maps

- Export 1x scaled cell mask

Cell quantification

- Measure intensity and intensity
distributions in cells

- Export singlecell data

- Export neightbourhood graph
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IMC segmentation pipeline | Data requirements

* IMC data
One zipped folder should contain one .mcd file
- .mcd file(s)
+ (optional) the associated txt files
- associated .txt files

Example in .../2019 IMCWorkshop/data/zipfiles Do not unzip!

* Antibody panel, csv file containing the following column:
- “Metal tag”: metal isotope, format: In113.
- “Full”: boolean (0,1): which channels to use for single cell measurements.
- “ilastik”: boolean (0,1): which channels to use for ilastik training.

Do not modify!
Examplein.../2019 IMCWorkshop/ImcSegmentationPipeline/config/example_panel.csv
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Hands-on session | Software requirements

L5 cellProfiler3.1.8
File Edit Test DataTools Window Help

Open Project. ctrl+0

CellProfiler 3.1.8

- Try to open it Wl

Revert to Saved

- Go to File (1) —> Preferences (2)

Analyze Images ctrl+ M

- CellProfiler plugins directory: Browse (3)

Run Multiple Pipelines

Resume Pipeline

Preferences...

# CellProfiler plugins directory ‘ C:\Users\NicolasD\D0cuments\E{J‘IQ_IMCWDrkshop'\IchIL‘ Browse 7
Imagel plugins directory ‘ C:\Program Files (x86)\CellProfiler\plugins ‘ Browse \ 3
Display welcome text on startup [] 7

- Select this folder: .../2019 IMCWorkshop/ImcPluginsCP/plugins

- Click OK (4) and close CellProfiler
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Hands-on session | Software requirements

T
I.A‘A‘\

Anaconda (Python 3) {2 ANACONDA NAVIGATOR

Channels

<

A Home Applications on | imctools
- Start the Anaconda Navigator

v imckools

. Environments
- In Applications on, select imctools (1) g ﬂvhd [[h]

ﬁ Learning Motebook Glueviz
6.0.1 2.13.3
- La u nCh a J u pyter nOtEbOOk (2) web-based, interactive computing Multidimensional data wisu
notebook environment. Edit and run files. Explore relationshi
human-readable docs while describing the among related da

.o :
an Community data analysis.

- Chose your favorite browser if prompted =

- Navigate to this file and open it: 2 /
.../2019 IMCWorkshop/ImcSegmentationPipeline/scripts/ imc_preprocessing.ipynb

- Run the two first cells (click on “Run” or hit shift + enter)

File Edit View Insert Cell Kernel Widgeis Help

+ (% @ B s ¥ MExécuter M C | W | Markdown v

Entrée [1]: from imctools.scripts import cmetifflanalysis
from imctools.scripts import imc2tiff
from imctools.scripts import ocmeZmicat
from imctools.scripts import probablityZuncertainty
from imctools.scripts import convertfolder2imcfolder
from imctools.scripts import exportacquisitioncsv

Entrée [2]: import os
import logging
import re

import zipfile Bodenmiller Lab, 2019



Hands-on session | Extract images from .mcd files

{0 ANACONDA NAVIGATOR

A Home Applications on imctools I Channels
base (root)
. ~ imctools
. Environments
Up spheroid_snv
1 N
ﬁ Learning Notebook Gluewviz
6.0.1 313.3
Web-based, interactive computing Multidimensional data wisu
notebook environment. Edit and run files. Explore relationshi
human-readable docs while deszcribing the among related da

e :
an Community data analysis.

2

).

3 Navigate to this file and open it: Jupyter
../2019 IMCWorkshop/ImcSegmentationPipeline/scripts/ imc_preprocessing.ipynb ®

£ZU1YU¥ly ¢ 11uiginp d o S

w = --Run all cells (shift + enter)

o “down to “Next steps”

indicates that the panel.csv contains a metal channel that was not actually measured in all or one of the acquisitions! F

File Edit View Insert Cell Kernel Widgeis Help

+ < @ B 4 ¥ MExécuter W C W | markdown [+
'Ruloo!

Entrée [1]: from imctools.scripts import ometiffZanalysis panel.csv to make sure that only channels are in the panel.csv that were actually measured

from imctools.scripts import imc2tiff

from imctools.scripts import cmeZmicat

from imctools.scripts import probablityZuncertainty # Next steps

from imctools.scripts import convertfolderZimcfolder

from imctools.scripts import exportacquisitioncsv This concludes the conversion of the IMC rawdata into usable TIFFs.

Fritrée [91: [Gmport o8 The pipelines can be found inthe cp2_pipeline folder in this repository. They were tested in cellprofiler 3.1.8

imp! oz: ice)gglng The next steps are
import zipfile
A) Cellprofiler: 1_prepare_ilastik

Make sure that the correct plugins folder /ImcPluginsCP/plugins” is Brgg @rﬁ m"u@rl;rlfeab&; o?eQr;L 95(



Hands-on session | Prepare images for ilastik

“ W THE LT L
File Edit Test DataTools Window Help

Mew Project This inodute will prée
SRR This module will preg

Open Project. c+0 4 Select: 2019 IMCWorkshop/data/

Open Recent 3
1 Save Project ctrl+5
e — ImcSegmentationPipeline/cp3_pipelines/
2 gt > Pipeline from File,., <mmm— 3 ) ] ]
Fxpont > Pipeine from URL.. 1 prepare_ilastik.cppipe
Clear Pipeline File List...
View output settings \
o Adjust modules: | + -
B Start Test Mode B Analyze Images r—
? |Default Input Fl:rlder".| chusersinicolasd\docurmnents\2019_imcoworkshophdata v | P2 7 Se I ect:

7 | Default Cutput Fold er.| ChUsers\MicolasD\ Documents\ 201 9_IMCWorkshop' data' tiffs o
7 Output file format! pg nat write MATLAB or HDFS files .../2019 IMCWorkshop/data/tiffs

File Edit Test DataTools Window Help

Images h
Metadata This module will prepare ilastik stacks for the ilastik cell classification pipeline.

NemesAriTiAs 10 select all the files in
Smooth itichannel g .../2019 IMCWorkshop/data/tiffs

Resize

Crop bb
Savelmages HY
Savelmages H3

ARARRRARAQA

Drop files and folders here

View output settings
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Hands-on session | ilastik training

# Cell Density Counting

®F Data Conversion
pen Project ... 2 SE|€CtZ

= Browse Files N 1

pen Recent Project

.../2019 IMCWorkshop/data/ilastik/pretrained_classifier.ilp

Feature Selection

Training
Prediction Expart 3

Batch Processing

Currently

ispl
[ Probability [ seamentation d Sp ayed
Training A Image

@ |abels

[ Muclei . @ Uncertainty Al
labels eee—
. Sulaplasin . > @  Segmentation (Nuclei} 0=100.0%
. Background '.'

' Enabl
erSh BrlghtneSS/ ab e to @ Sggmentation (Background)

l eraser contrast check your Display/hide ————————
/ / progress’ |ayerS @ Prediction for Muclei

Current View: -20]_909]S_Fh.ljdjgnﬂrCa_SE_sﬂ_pﬂ_rl_al_ Y\
Group Visibility:

L £/

@ Segmentation (Cytoplasm)

-.- f dLabJ | / dlsable to @  Prediction for Cytoplasm u=25'u%l
L% _ 2| || Size: 1 save @ Prediction for Background T2 Channels
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Hands-on session | Export probability maps

L1 L I bomn PV ot . .
Feature Selecti 2
salure SEecton 1 !ImageExportOptlons ? x
Training
Source Image Description
Prediction Export
Shape: , 500, 7 Axis Order: yxc Data Type: float32
Export Settings
ut gion
Source: | Probabiliies /v )
tart, sty
Choose Export Image Settings... ranoe:| [ate stop)
v an- Sl |2
Actions = 7
o o A an- - 5
¥ Export Al = Delete Al
i i Sl ol an [
Transformations /
Convert to Data Type: |unsigned 16-hit =
Batch Processing Regarmalize [min max] from: |0,00 |1,00 |bo: |0 |65535 |

= T
@ Nuclei- Preview a=2ndte L iretreess
E T ] Output Image Description
2 =25.0%
@ Cytoplasm- Preview a Shape: (500, 500, 7) Axis Order: yxc Data Type: uint1s
[ I 1
= Output File Info
@ Background- Preview &2 6
B T 1 Format: | &ff # i
@ Raw Data SR File: |{damset_dir}f{nickname}_{result_type}.tif'ﬂ | Select...
0 A |
: o1 ana
Project Settings  Help
Input Data Raw Data Prediction Mask
Foatine Soaction Select Raw Data Files...

Training \
Prediction Export 8 9
Batch Processing /

Select the input files for batch processing

v th comcs an the it 11 Select all “_s2.h5” files

The results will be exported according
to the same settings you chose in the

nteractive export page above, 1 2
Process all files /

10 Go to: .../2019 IMCWorkshop/data/tiffs
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Hands-on session | Generate cell masks

“ AWTHE LTS S 1l
File Edit Test DataTools Window Help

Mew Project This inodute will prée
SRR This module will preg

Open Project. c+0 4 Select: 2019 IMCWorkshop/data/

Open Recent 3
Save Project ctrl+5

s — ImcSegmentationPipeline/cp3_pipelines/

Revert to Saved

Import > Pipeline from File.., h . . .
Export > Pipelinefrom URL.. 3 2_segment_1/ast1k. cppipe

Clear Pipeline File List...

r
View output settings \
o Adjust modules: | + -

B Start Test Mode B Analyze Images r—

? |Default Input Fol der".| chusersinicolasd\docurmnents\2019_imcoworkshophdata v | P2 7 S e I e Ct :

? | Default Qutput Fold er.| ChUsers\MicolasD\ Documents\ 201 9_IMCWorkshop' data' tiffs o
7 Output file format! pg nat write MATLAB or HDFS files .../2019 IMCWorkshop/data/tiffs

6

File Edit Test DataTools Window Help

@ Images o |
& Metadata _ Fctaganathefesnthe‘tf‘f‘foder

& NamesAndTypes
& Groups
7 & ColorToGray
@ & ImageMath
@ © Smooth
@ & |dentifyPrimanyObjects
T B MeasureObjectSizeShape

S s Drop files and folders here

@ & RescaleObjects
T B ConvertObjectsTolmage
& Savelmages

9\ 10 select all the files in

.../2019 IMCWorkshop/data/tiffs

View output settings
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Hands-on session | Generate histoCAT folders

In Jupyter, this file should still be open:

.../2019 IMCWorkshop/ImcSegmentationPipeline/scripts/ imc_preprocessing.ipynb

Run this cell (at the very bottom of the script):

Generate histoCAT folders with masks

Entrée [ 1: %%time
for fol in os.listdir(folder ome):
ome2micat.omefolder2mica¥folder{os.path.join(folder_ome,fol), folder histocat,
fol masks=folder analysis, mask suffix=suffix mask, dtype='uintlg')

The folders in .../2019 IMCWorkshop/data/histocat h is to C AT ‘

can directly be loaded into histoCAT

Histology Topography Cytometry Analysis Toolbox
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Hands-on session | Extract single cell data

Bl STHRIULICE S0 s

File | Edit Test Data Tools

Window Help

Mew Project This inodute will prée
SRR This module will preg

Open Project... ctri+ 0

S , 4 select: 2019 IMCWorkshop/data/

Revert to Saved

ImcSegmentationPipeline/cp3_pipelines/
Pipeline from File,., <mmm— 3

Pipeline from URL...
File List...

Import >
Export ¥

3 _measure_mask _basic.cppipe

Clear Pipeline

\5

B Analyze Images

View output settings
o Adjust modules: | +

B Start Test Mode

—

9l o [ Select:

7 | Default Qutput Fulder:| ChUsers'\MicolasD\Documentsy 2019 IMCWorkshophdatah\cpout wr

6

3 In Images, select all the files in .../2019 _IMCWorkshop/data/tiffs

7 | Default Input Fu:llder.| chusersinicolasd\documents\2019_imoworkshophdata

../2019 IMCWorkshop/data/cpout

7 Qutput file format: pg not write MATLAB or HDFS files

File Edit Test DataTools Window Help =
| Match Al  of the follow
oGS CSV Metadata Ire Select the rule criteria I. 3
1 " oEes

Metadata Match file and image metadata| AcSession wa !
NamesAndTypes P o |a  MNameto assign these images| ProbabStack
Groups :

: Select the image type| Colorimage w
Resize Use case insensitive matching? (3 ves @ No

FEARARARARRARA®

ConvertlmageToObjects

Smooth Multichannel
MeasureObjectMeighbors
MeasureObjectintensity Multichannel
Measurelmagelntensity Multichannel

Remove this extraction method

10

Add another extraction method

ConvertObjectsTolmage Metadata data type | Text -

Savelmages

ExportToSpreadsheet - -

ExportTQ Spreadsheet Update Path / URL Series | Frame | AblationDistanceBet

Set intensity range from | Image bit-depth -~

Duplicate this image

1 2 Remove this image

Match | All  ~  of the follow
ct the rule criteria '
File ~ | Does

Update FullStack

13

View cutput s gs

= Adjust modules: | +
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