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 Immune Reactions (hypersensitivity reactions, 

autoimmune diseases) 

 Infections (pathogens: bacteria, viral, fungal, 

parasitic) 

 Toxins, Chemical irritants, Ionizing radiation (CT!), 

Foreign bodies, Burns, Frostbite, Trauma….. 

What causes inflammation? 



What is Inflammation? 

A protective response to: 

 eliminate the initial cause of cell injury 

 remove necrotic cells and tissues 

 initiate the process of repair  

 

Normally self limited but can also be harmful 



• Vasodilation: increasing the oxygen supply 

• Accumulation of leukocytes (rolling, adhesion, 

transmigration)  

• Bradykinin, Histamine and Leukotrienes cause 

endothelial cell contraction  

• Increases vascular permeability (!!!) 

• Increase of the lymphatic flow 

 

Vascular Changes - Inflammation 



Vascular Changes - Inflammation 

Involved cells:  

•Granulocytes (Neutrophil, Eosinophil, Basophil)  

•Monocytes/Macrophages 

•Lymphocytes (T and B) 

•Platelets 

•Mast cells  

•Dendritic Cells 

•Fibroblasts 
 

Involved proteins:  

•Complement 

•Proteoglycans 

•Kinines/Cytokines/Chemokines…. 



Inflammation 

Classical signs of acute inflammation:  

•Dolor (pain),  

•Calor (heat),  

•Rubor (redness),  

•Tumor (swelling),  

•Functio laesa (loss of function)  



Inflammation  

Vasodilatation and causes an increased blood 

flow resulting in redness (rubor) and increased 

heat (calor). The increased permeability of the 

blood vessels causes exudation (leakage) of 

plasma proteins and fluid into the tissue 

(edema), which manifests itself as swelling 

(tumor). Some of the released mediators such 

as bradykinin increase the sensitivity to pain 

(hyperalgesia, dolor).  



Inflammation – Acute or Chronic 

Inflammation can be classified as either Acute or Chronic: 

    
   Acute   Chronic 

 

Onset:   fast (minutes - hours) slow (days) 

Cellular infiltrate: predominantly  

   neutrophils   monocytes/macrophages 

      and lymphocytes 

 

Tissue injury/damage: normally mild  often severe, 

   and self-limited  progressive 

      and irreversible destruction 
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Acute Inflammation 

Vascular:  
 

vasodilatation, vascular permeability (accumulation of 

fluid/plasma in the extra-vascular tissues;  

early transudate (low protein content;  

exudates (high protein content)),  

 

endothelial activation, increased expression of adhesion 

molecules, chemotaxis, increased rolling/adhesion/ 

transmigration of activated leukocytes emigration  

to the extravascular tissues  



C. Wall et al. Immunology 2012  

Inflammation 



Rolling – Adhesion - Transmigration 



Kneilling et al. Blood 2009  

intra-vital fluorescence 

microscopy  



Acute Inflammation 

Cellular:  recruitment and activation of neutrophils and 

  leukocytes 

Tissue: edema; normally no severe tissue injury and scar 

  formation 

Example: acute contact hypersensitivity reaction of the skin 

  toxic shock syndrome, 

  acute appendicitis; 

  bacterial broncho pneumonia 



Chronic Inflammation 

Vascular: endothelial activation, angiogenesis,  

  expression of adhesion molecules, chemotaxis; 

  increased rolling/adhesion/transmigration of  

  activated leukocytes; 

  leukocyte emigration 

 

Tissue: persistent tissue injury, tissue    

  destruction by inflammatory cells,  

  repair with fibrosis/scar formation  

  cancer induction possible 



Chronic Inflammation 

Cellular:  mononuclear cell infiltrate monocytes/  

  macrophages, T- and B- lymphocytes,  

  plasma cells). Thus, the prolonged inflammation,  

  leads to a shift in the type of cells present at the 

  site of inflammation 

     

Example: chronic contact hypersensitivity reaction of the skin 

  (Nickel) 

  Autoimmune diseases (rheumatoid arthritis,  

  systemic lupus erythemtodes, multiple  

  sclerosis) 

  pulmonary silicosis 

  skin ulcers 
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Day 1 

Sensitization 
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at the abdomen 
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Schwenck et al. Molecular Imaging 2014 
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Challenged Ear 

A-CHSR C-CHSR 

right right left left 

N = 2 N = 3 N = 2 

right left 

C-CHSR 
blocked with 

0.4 mg unlabeled 

c(RGDfV) 

Chronic Inflammation - Angiogenesis 

Angiogenesis: [18F]-Galacto-RGD-PET  



Chronic Inflammation - Angiogenesis 
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Angiogenesis: Cy5-Galacto-RGD Optical Imaging  

Chronic Inflammation - Angiogenesis 



Unknown origin of Inflammation 

The golden standard in 

nuclear medicine imaging of 

inflammation is the use of 

autologous radiolabeled 

leukocytes ([111In]-oxine-

SPECT) 



Immune Reactions 



Tumor Microenvironment 



Tumor Microenvironment 



Small Animal Imaging Modalities 
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Imaging Modalities 

Imaging modalities for non invasive in vivo imaging of 

inflammation: 

 

Positron emission tomography (PET)  

 – function, metabolism 

Single-Photon Emission Computed Tomography (SPECT)  

 – function, metabolism 

Optical Imaging (OI)  

 – function, metabolism 

Magnetic Resonance Imaging (MRI)  

 – anatomy, (function, perfusion) 

Computed Tomography (CT)  

 – anatomy, (perfusion) 



Positron Emission Tomography 
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Glucose metabolism (GLUT-1) 
[18F]FLT: 3'-Deoxy-3'-[18F]fluorothymidine: 

Proliferation (TK-1) 

[18F]FAZA 

Hypoxia 

Small Molecules – PET-Tracers 



Yersinia enterocolitica  bacteria infected mice 

unpublished data, Wiehr & Autenrieth 

Bacteria – 18F-FDG-PET 

Spleen 



Virus – 18F-FDG-PET 

Papilloma virus infected rabbits  

S. Probst & S. Wiehr et al. Molecular Imaging 2014 



Fungi – 18F-FDG-PET 

Fungi Aspergillus fumigatus infected mice 



Fungi – 18F-FDG-PET 



Cancer Therapy - PD-1/PDL-1 and LAG-3 

Gordon J Freeman & Arlene H Sharpe Nature Immunology 13, 113–115 (2012) 



18F-FDG-PET – “Responder Monitoring” 

? 

Leucocytes at  

the margins 

18F-FDG-uptake 



• During infections (virus, bacteria, helminthes) PET 

tracers such as [18F]FDG ([18F]FLT, [18F]FAZA) and 

Optical Imaging agents detected only the secondary 

induced inflammation (“Indirect Detection”)  

 

• The pathogens (virus, bacteria, helminthes) get not 

visualized. 

 

• Visualization of checkpoint antibody-induced T cell 

activation 

Conclusion I 



Radiolabeling strategies mAb 

• In vivo radiolabeling of cells (T cells, tumor cells…) or pathogens 

 



Radiolabeling strategies mAb 

modified from Holliger P, Nat Biotechnol. 2005 



Rolle, Hasenberg, Gunzer,  Wiehr & Pichler 

[64Cu]DOTA-JF5-labeling 

Aspergilus fumigatus 

? 



• During infections (virus, bacteria, helminthes) 

intracellular [64Cu]PTSM-labeling as well as 

extracellular [64Cu]DOTA-Ab-labeling enables 

visualization of the pathogens or of cells of interest. 

Conclusion II 
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In vivo optical imaging 
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OI – Bioluminescence – Reporter Mice  

NF-κB: NF-κB luciferase mice contain three  NF-κB sites from 

     the Ig light chain promoter coupled to the gene  

     encoding firefly luciferase 

Carlsen H et al.,J Immunol. 2002 

NF-κB Luc  



OI – Chemiluminescence - ROS 

Reactive Oxygen Species (ROS): 

 

 

 

 

 

 

 

 

 

 

L-012 (8-amino-5-chloro-7-phenylpyrido[3,4-d]-pyridazine- 

1,4(2H,3H)dione) reacts with hydroxyl radical (HO-) and 

hypochlorous acid (HOCl) = Chemiluminescence 
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In vivo optical imaging 
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I-TAC (CXCL11), SDF-1 (CXCL12)… TNF, IL-1β, IL-6… 
Johannes Schwenck 



Results -  Acute DTHR    1 x Challenge 
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OI - Activatable Fluorescence Probes 
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OI - Cutaneous DTHR - MMPs 

Control 

Acute DTHR 

MMPSense680 



OI - Cutaneous DTHR - MMPs 

MMPSense680 
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5x Challenge 

Chronic Cutaneous DTHR  

Right ear: Inflammation 

Left ear: Control 

OI – Cutaneous DTHR - Proteases 



• Direct labeling  

 [64Cu]PTSM, [18F]FDG  PET 

 

 

• Reportergene  

 Herpes Simplex Virus-Thymidin-Kinase (HSV-TK) 

  

 

• Transgenic animals  

 „mighty mouse“ (Sam Gambhir) 

 HSV-TK transgenic mouse 

  

 

• Labeling cells with antibodies (ex vivo)  

 via chelator with long living isotopes (64Cu, 89Zr, 111In) 
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Cell labeling strategies 



Cell labeling strategies 

Radioloabeled antibody Lipophilic 

[64Cu]PTSM 

T cell 

Reporter gene 

Triple fusion cassette  

T cell 

CMV luc tk RFP 

T cell 

Thy1.2 

Extracellular Intracellular 



T cell labeling strategies 

Radioloabeled antibody Lipophilic 

[64Cu]PTSM 

T cell 

T cell 

Thy1.2 

Extracellular Intracellular 

Lipophilic 

T cell 

Intracellular 

Cyanin Vybrant Solution 
Dye (Cy5)  

Optical Imaging Positron Emission Tomography 



OVA-TCR 

[64Cu]DOTA-KJ1-26 
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TCR-labelling: Ab against the TCR 

Good or Bad Idea? 
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TCR-[64Cu]DOTA-KJ1-26-mAb-complex-labeled  

cOVA-TCRtg-Th1 cells 

CD3 anti-mouse-IgG merged 
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bright field 

TCR-labelling: Ab against the TCR 



Th1-cell 

Fc-Receptor OVA-TCR 

Th1-cell 

Fc-Receptor 

OVA-F(ab)/F(ab)2-Fragments 

Th1-cell 

Fc-Receptor 

OVA-TCR 

TCR-labelling: Ab against the TCR 



F(ab)-Fragment-labeled cOVA-TCRtg-Th1 cells 
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Prof. H.G. Rammensee 

Shimonkevitz R et al, J Exp Med. 1983 
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Reproducible? 

OVA-Th1 cells Specific Homing? 
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TCR-labeling: Ab against the TCR 

January 2015 

Is this method applicable to other TCRs / cell types? 



Other TCRtg Tcells and cell types 

Griessinger et al., PNAS 2015 
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Conclusion I 

mAb-labeling allows to follow the homing dynamics 

of cells of interest  

-limited impairments of the labeled cells 

-Low background 

 

Our mAb labeling strategy can be easily transfered 

to other T cells as well as other immune cell types: 

  T-cells (OVAtg-TCR, Tag2tg-TCR, Thy1.2) 

  B cells (Thy1.2) 

  Macrophages/Granulocytes (CD11b) 

  

Ab-induced effects on the cell type of interest has to be 

analyzed prior to the imaging studies 



• [64Cu]DOTA-Ab-labeling enables visualization of specific  

Th1 cell homing patterns. 

Conclusion III 
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CD4+ specific Cre silenced HSV1-sr39tk  
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Introduction: HSV1-sr39TK 

CD4+ T cell 

CD4+/sr39tk 

Phosphorylation of radiolabeled 

nucleoside analog PET reporter 

probe (18F-FHBG/124I-FIAU)  by 

sr39tk (reporter gene) 

 →  18F-FHBG trapping in the T cell 

18F-FHBG  

Tracer affinity: 

HSV1-sr39tk > HSV1-tk 



Results I: CD4+/sr39tk Mice with CHS  

PET (Ears) 

coronal 

transversal 

18F-FHBG-Uptake: 

•Left inflamed ear with     

chronic CHS 
 

→ Specific homing of    

     endogenous CD4+ T cells 

 

L R 

L R 

PET/MR of endogenous sr39tk-expressing CD4+ mouse with CHS at the 

ear 

CD4+ 



• CD4+/sr39TK Mice enables longitudinal visualization of 

endogeneus  CD4+ T cell homing patterns. 

Conclusion I 
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