
Do it yourself - Programming-free Spatial Proteomics 
Image Analysis for Biologists

Dr. Volker Bruns
Head of Medical Image Analysis Research Group
Fraunhofer IIS
Erlangen, Germany



• Fraunhofer Society: European largest Research Organization for Applied Sciences

• Fraunhofer IIS:  founded in 1985, ~1200 employees, ~€ 250m budget, largest Fraunhofer Institute, 14 sites in 11 cities

 home of mp3, AAC, 5G/6G, IoT, XXL CT, JPEG XS, digital cinema, MIKAIA…

• Focus on commercialization of research results: RnD contracting, IP licensing, joint research projects

Fraunhofer Institut for Integrated Circuits IIS
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Spatial Biology Instruments
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PhenoCycler Fusion 
by Akoya Biosciences

Comet 
by Lunaphore

Cell DIVE Imager 
by Leica Microsystems

MACSima
by Miltenyi Biotec

Cell Scape
by Canopy Biosciences

Orion
By RareCyte

Hyperion
By Standard BioTools

G4x 
by Singular Genomics

Xenium
by 10x Genomics

merscope
by vizgen

CosMx
by Nanostring

MALDI-TOF MS
by Shimadzu FLEX series

by Bruker



Spatial

Biology

Spatial
Proteomics

Cyclic 

Restaining (seqIF)

Multispectral 
Imaging (MSI)

Mass Cytometry 
Imaging (MCI)

Imaging Mass 
Cytometry by Time 

of Flight (CyToF)

Multiplexed Ion 
Beam Imaging 

(MIBI)

Mass 
Spectrometry 
Imaging (MSI)

Matrix Assisted 
Laser Desorption / 
Ionization (MALDI)

Spatial 
Transcriptomics

Imaging-based

In situ 
hybridization (ISH) 

in situ

sequencing (ISS)

Seguencing-based

Microdissection

Microarray

▪ Scanning time minutes days
▪ Resolution sub-cellular multiple cells
▪ Field of View mm cm 
▪ Analytes proteins, RNAs, metabolites, …
▪ Panel size <10 genes whole exome
▪ Costs instrument, consumables, 

maintenance

»Spatial Biology« is an umbrella term for many technologies

Technologies and instruments 

offer different trade-offs
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employed technologies 

▪ PhenoCycler by Akoya Biosciences
▪ Comet by Lunaphore
▪ MACSima by Miltenyi Biotec
▪ CellScape by Canopy Biosciences
▪ Cell Dive by Leica Microsystems

▪ PhenoImager by Akoya Biosciences
▪ Orion by RareCyte

▪ MIBIscope by Ionpath

▪ FLEX series by Bruker
▪ MALDI series by Shimadzu
▪ SYNAPT & Xevo by Waters

▪ Hyperion by Standard BioTools

▪ CosMx by Nanostring
▪ MERFISH by VizGen
▪ Tissue Cartography 

by Resolve Biosciences
▪ SeqFish by Spatial Genomics
▪ RNAscope by ACDbio

▪ Xenium by 10x Genomics
▪ G4x by Singular Genomics

▪ GeoMx by Nanostring

▪ Visium Spatial by 10x Genomics
▪ STOmics (stereo-seq) by BGI



Vendor lists
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Free download on our blog

www.smartsensing.blog 

http://www.smartsensing.blog/


MIKAIA® in Digital Pathology & Spatial Biology Research

FFPE or 
Fresh 
Frozen 
Sample

Clinical data

Prepare 
and stain 
sample, 
e.g. H&E, 
IHC or IF

Digitize glass slide(s). 
Most scanners are 
supported.

Alternatively capture 
one or multiple
field-of-views with a 
camera-equipped
microscope

Dataset of 
whole-slide 
images (WSI)

or „flat“ 
field-of-
views

Build analysis workflow by 
utilizing off-the-shelf analysis 
Apps or train AI. 
First analyze sub-cohort and 
gain confidence in quality. 
Then batch-analyze entire study 
cohort.

Export 
quantitative
results to CSV 
(spreadsheet)

Downstream statistical 
analysis; correlation with 
clinical data; creation of plots, 
e.g., with Excel, Python, 
Matlab or R

Draw
conclusions.
Publish Paper/ 
Write Study 
Report

WSI CSV

R

Excel

Matlab

Python

R

Scan

✓

✓

2340-223

3454-224

2348-432

2456-312

2342-094

Scanner
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Cell Segmentation
Cell Qualification
Cell Typing
Annotations

Density
Heatmaps

Cell-Cell 
Connections 

Analysis

Cellular 
Neighborhood 

Analysis

Density
Heatmaps

Image source: https://singulargenomics.com/g4x/

mIF WSI

Batch analysis of many WSIs
*.csv 
*.png 
*.ano

ROI creation

• manual
• thresholding

WSI analysis

ROI analysis

Differential 
ROI analysis

concentric 
margins

Proximity Analysis

mIF analysis workflow
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„A (CD3, CD4)“

„B (CD3, CD8)“

„neg“

„T helper cells“

„Cytotoxic T-Cells“
„neg“

Computer 
Vision

CellPose AI

or

Cell 
Segmentation

Cell
Qualification

CD3 CD4 CD8

0,8
0,2
0,6
0,1
0,0
0,0

Cell
Typing

> tuser

CD3+

CD4+

CD8-

Generate
Annotations

supervised

k-means

DBSCAN

or

unsupervised clustering

1
2

3

UMAP x

U
M

A
P

 y

or

per marker

co-expression

or

Annotation
Classes

„CD3“

„CD4“

„Cluster 1“

„Cluster 2“

„Cluster 3“

1:N

1:1

1:1

mIF WSI

2 contours:
nucleus +
cytoplasm

N  C  N  C  N  C
CD3 CD4 CD8

Cluster 1

Cluster 2

Cluster 3

Cluster Explorer

CD3+ CD4+ „T helper 
cells“

CD3+ „Cytotoxic
T-Cells“CD8+

user naming scheme

……

1:1

Image source: 
https://singulargenomics.com/g4x/
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mIF analysis workflow
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Spatial Biology in H&E, IHC
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1
•Tissue 

detection

2
• Tissue Layer 

Detection

3
•Cell 

Detection 

4

• Spatial 
Neighborhood 
Analysis

5
•Assign cells 

to ROIs
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1
• Tissue detection

2

• Division into
Scan Areas

3

• Subdivision into 
ROIs

4

• Concentric ROI 
distance margins

5
• Cell detection

6
• Cell qualification

7

• False positive
filtering 

8
• Hotspots search

9
• Spatial clustering

10

• Visualization / 
Heatmaps

11
• export to CSV

12

• export of extra 
files (doc & repeat)



Outlook
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▪ Combination of mIF + FISH
▪ Speed / performance
▪ Co-registration for „manual seqIF“: merge 

N low-plexes into 1 high-plex
▪ Epithelial Segmentation
▪ Save clustering models and apply on other ROIs / scans
▪ More clustering algorithms
▪ Expression levels on | off -> off | low | high
▪ Gating
▪ Generate report
▪ Object-to-Interface Proximity Analysis
▪ Spatial Transcriptomics analysis

▪ …



Thank you for your Attention

Questions?



Dr. Volker Bruns
Head of Medical Image Analysis (MIA) Group
volker.bruns@iis.fraunhofer.de 
www.iis.fraunhofer.de/digital-pathology
www.mikaia.ai

Contact
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