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Quantitative Spatial Profiling of Epithelial Tissues



1. Microscopic Imaging

2. Image Processing

3. Quantitative Spatial 

Biomarker Profiling/QSP

4. Network Reconstruction

Grabe, Pommerencke, Steinberg, Dickhaus, Tomakidi, 

Reconstructing Protein Networks of Epithelial Homeostasis , Bioinformatics, 2007

Reconstructing Protein Networks of Epithelial Differentiation





Generation of a Quantitative Spatial Biomarker-Profile/QSP

Tissue contour (PC)
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Image Processing

Tissue contour (PC)

Collagen (Red)

Cell Nuclei (Blue) 

Epithelium mask E

Distance image of E

QSP1Biomarker 1 (Green)

Distance Method



Creating a Quantitative Spatial Multi-Biomarker-Profile/QSP 
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Reconstructed Networks of Epithelial Differentiation 



Quantitative Spatial Multi-Biomarker-Profiles (QSP) of Epithelia

QSPs Epidermis 1

QSPs Epidermis 2

QSPs Epidermis 3



Human Gingiva

Method works with very 

pronounced rete ridges !

Desmoplakin

approx. 10-40 cell layers



Correlation Analysis as Strategy for Reconstruction of 

a Protein Network

Correlation Analysis Indicates that Two Biomarkers are Truly Co-Regulated



Reconstruction of a Protein Network by Correlation Analysis



Validation by Temporal Confidence 
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1. Microscopic Imaging

2. Image Processing

3. Quantitative Spatial 

Biomarker Profiling/QSP

4. Network Reconstruction

Correlation Analysis

- Co-Regulation

-Time-Period of 

Co-Regulation

QSPs in Conjunction with 

the Protein Network 

Modelling and Simulation 

of Epithelial Tissues 

Physiology and Pathophysiology of

Epithelia in Systems Biological Terms

Summary



Keratin 1/10 Involucrin Filaggrin

Ki-67

Collagen Type-IV a6 ß4

25 µm

50 µm

EGF-Ra

M. Roesch-Ely, T. Steinberg, E. Müssig, T. Wiest, N. Whitaker, G .Komposch, P. 

Tomakidi. 

Organotypic co-cultures allow for immortalized human gingival keratinocytes to 

reconstitute 

a gingival epithelial phenotype in vitro. Differentiation. 2006, Dec; 74(9-10):622-637.

In Vitro Epithelial Equivalents of Human Oral Gingiva 
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Desmoplakin

Developmental Processes like Epithelial Regeneration after Wounding

Evaluation of Effects of Miscellaneous Drugs on Epithelial Homeostasis

Systems Biological

Understanding 
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