
Michael Springer

JC Current Topics in Applied Immunology WS 2020/21
1

by Michael Springer



Contents

2

• Human brain organoids 

- Spread and route of infection

- Cellular responses to infection

• Mouse model 

- DISCO and light sheets 

- Routes of infection

• Human brain autopsies

• Summary

• Discussion 



Brain organoid

3https://doi.org/10.1016/j.neulet.2018.01.040

Six-month cultured cerebral organoids from human ES cells contain matured neural cells



Infection and induced cell death

4doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain

• TUNEL: double-strand DNA breaks (apoptosis)

• MAP2: marker of dendrites and perikarya (neurons)



Infection and induced cell death

5doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain

→ SARS-CoV-2 infects human brain organoids

→ Infected cells induce cell death in its surroundings



Route of infection

6doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain

• MAP2: marker of dendrites and perikarya (neurons)

• CTIP2: indicates ‚immune regulation‘

• ACE2: ACE2, transmembrane protein

→ ACE2 is present



Route of infection – verification by blocking

7doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain

• MAP2: marker of dendrites and perikarya (neurons)

→ Infection depends on ACE2 

→ Infection can be blocked by CSF of COVID-19 patients



Up-regulation of metabolism 

8doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain

→ High metabolism induces hypoxia in surroundings



Up-regulation of metabolism

9doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain



Light sheet microscopy
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https://www.leica-microsystems.com/science-lab/
confocal-and-digital-light-sheet-imaging/#fancybox-15606



iDISCO

11doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brainhttps://www.protocols.io/private/
B7569F5C0050B3198C8BBC721EC210BC

3DISCO = 3D imaging of solvent-cleared organs

Solvent based matching of refractive index of tissue



Expressing hACE2 in mice

12doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain

→ Virus is cultivated in brain

→ Sham operation is missing



Expression of N viral protein

13doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain



Human brain autopsies

14doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain

→ Neuroinvasion

→ Positive staining focused around ischemic infarct



Schematic
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Schmematic

doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain



Summary
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→ SARS-CoV-2 can infect the brain and cause significant damage

→ Increased metabolism causes local ischaemia 

→ SARS-CoV-2 causes unique infection pattern in the brain

doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain



                   Discussion 

17doi: 10.1101/2020.06.25.169946

Neuroinvasion of SARS-CoV-2 in human and mouse brain
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Neuroinvasion of SARS-CoV-2 in human and mouse brain
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