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Present the role of pathology in drug 

research conducted on: 

Laboratory animals 

Human tissue samples

Tissue/cell lines grown in vitro

Aim of the lecture



What has changed?
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Why 
pathology?



Pathology in biomedical research: From target to clinical trials
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Target /Pathway validation

In vivo, In vitro



Target validation: Human disease

Human, IBD

TargetCD-marker TargetCD-marker

Human, non-IBD
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Target validation: Translational pathology
Human vs. animal tissue
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SCIDC57Bl/6

Claudin-1 expression in colon

Homo sapiens



Target validation: Translational pathology 
Human vs. animal models
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Homo sapiens SCIDC57Bl/6

Claudin-2 expression in colon

IBD DSS Adoptive transfer



Target validation: Human vs. in vitro models 

Target expression in human colon; IHC/ISH

mRNA, ISH

Protein,IHC

Target expression in Caco2 cell line; IHC/ISH
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Target validation: in vitro vs. in vivo models 
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A549 cell-line grown on a slide, mRNA, ISH A549 xenograft, protein,IHC
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In vitro assays

Are results gained in 

in vitro assay affected 

by tissue alterations?

IBD, Colon biopsy at D1 in culture



Tissue in in vitro conditions: hPCLS in vitro

COPD, Precision cut human lung slices at D3 in culture

Ki67Propidium iodideSYTO9
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Bleomycin induced lung fibrosis; CO1A1 IHC

Animal studies



Animal model: Target(s) validation

IHC

Double

ISH
Mouse

Dorsal Root Ganglion



Animal model: Pathophysiology 
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Bleomycin induced pulmonary fibrosis, Pathological cell trans-differentiation

Animal model: Pathophysiology

Club cells and myofibroblasts

Uteroglobin/CC10 aSMA

Epithelial-mesenchymal transition (EMT)

Integrin aV aSMA
19



Animal model: Pathophysiology beyond “target” organ
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Structure/function alterations of one organ can result in structure/function alterations of other 

organ(s) and/or whole organism

Collagen induced arthritis, bone, MMP3 IHC Collagen induced arthritis, spleen, target IHC



Animal model: Pathophysiology
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Analysis: Quantitave Digital image analysis (DIA)



Animal model: Pathway validation

b-catenin; normal murine lungs

b-catenin; D7 pos-BLEO
22



Animal models: Efficacy

23ERS, Madrid 2019



Animal model: Data quality, integrity & reproducibility
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Ashcroft score
D21

Nintedanib
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Negative control

Vehicle control

Nintedanib

#p<0.05 vs Vehicle control; Wilcoxon Signed-Rank Test

*p<0.05 vs Vehicle control; Mann-Whitney Test

D0-D20/21
60mpk QD

D7-D20/21
60mpk QD

D7-D21
60mpk BID

**# # # #*# *# *# *# *# *# *# *# *# *# *# *# *# *# #*# *# *# # *# *## # *# *# *# *# *# #*# *# *# *# *# *# *# *# *# *# *##

Bleomycin induced lung fibrosis: Ashcroft score
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Animal model: Data integration
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Animal model: Integrated data interpretation

EUSTIM, Wien 2014
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Animal models: Mode of action

Analysis: Semi-quantitave; Score Analysis: Quantitave; DIA 27



Drug distribution: Organ/tissue/cell type

Bodipy-labelled substance
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Oligonucleotide distribution: Organ/tissue/cell type
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Intestinal lymphoid tissue M-cells



Animal models: Adverse effects
Vehicle & tested compounds
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Toxicologic pathology is a medical discipline that 

applies the professional practice of pathology—

the study of diseases—to toxicology—the study of 

the effects of chemicals and other agents on 

humans, animals, and the environment. 

Toxicologic pathology professionals work in 

academic institutions, government, the 

pharmaceutical and chemical industry, contract 

research organizations or as consultants, and 

utilize traditional clinical or anatomic pathology 

endpoints, as well as contemporary advances in 

molecular and cellular biology. They are dedicated 

to the integration of toxicologic pathology into 

hazard identification, risk assessment, and risk 

communication regarding human, animal, and 

environmental exposure to potentially toxic 

substances.

https://www.toxpath.org/index.asp

Toxicologic studies
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https://www.toxpath.org/index.asp


Clinical studies
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• Fasting prior sampling
• Liver

• Formalin perfusion/inflation
• Brain

• Lungs

• Sampling
• Time frame

• Be gentle!!

• Fixative : tissue ratio 
• Lowest acceptable ratio 20:1 

• Target ratio  50:1

• Duration of fixation 
• Guidelines 24-72h in formalin

Sampling & Fixation

• FormalFixx
• Two parts formalin + eight parts 

of water 

• pH<6

• Specimen dimensions 
• 3-4 mm thick
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Tissue 
staining 
methods 
used for 
patho-
histological 
evaluation



Brain, serial sections

Tissue processing: Tissue sectioning

Intestine, swiss-rolls
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Staining methods
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Staining methods: Immunofluorescence (IF) / Double IF

IBD, target/cell marker

Bleomycin induced lung fibrosis; target/CD206
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Staining methods: In situ hybridization
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Negative control; non-mammalian RNA

Positive control; PPIB-RNA



Staining methods: In situ hybridization

Positive control; PPIB-RNA Target mRNA 

Scoring system
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Special pathology methods
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Imaging Mass Spectrometry
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“Diagnostic”

• Toxicologic studies

Descriptive: Where, what?

• Experimental pathology

• Toxicology studies

Semi-quantitative

• Expression of results using          
predefined “categories”

o “None-minimal-moderate-severe” 
for each category 

• Median and range

• Non-parametric statistical methods



Analysis:  What, where, how much, how many
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Quantitative/Digital image analysis
• Numerical presentation of results

o Number of mitoses/apoptoses, “positive” 

cells/ power field, mm2, %

• Mean and standard deviation

• Parametric statistical methods
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Bigger picture

• Etiology, pathophysiology, diagnosis

• Translational pathology/medicine



THANK YOU FOR ATTENTION!



Literature
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Guidelines



Guidelines
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Database

https://www.jax.org/news-and-insights/jax-blog/2018/april/the-mouse-tumor-biology-database

https://www.ebi.ac.uk/gxa/home

http://www.pathbase.net/

https://www.proteinatlas.org

https://ntp.niehs.nih.gov/whoweare/about/index.html

https://embryology.med.unsw.edu.au/embryology/index.php/Main_Page

https://mouse.brain-map.org/experiment/thumbnails/100142144?image_type=atlas

http://www.drjastrow.de/EMAtlasE.html

https://reni.item.fraunhofer.de/reni/trimming/index.php

https://www.goreni.org/

https://reni.item.fraunhofer.de/reni/public/rita/index.php

https://www.jax.org/news-and-insights/jax-blog/2018/april/the-mouse-tumor-biology-database
https://www.ebi.ac.uk/gxa/home
http://www.pathbase.net/
https://www.proteinatlas.org/
https://ntp.niehs.nih.gov/whoweare/about/index.html
https://embryology.med.unsw.edu.au/embryology/index.php/Main_Page
https://mouse.brain-map.org/experiment/thumbnails/100142144?image_type=atlas
http://www.drjastrow.de/EMAtlasE.html
https://reni.item.fraunhofer.de/reni/trimming/index.php
https://www.goreni.org/
https://reni.item.fraunhofer.de/reni/public/rita/index.php

