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Age-related impairments in the immune system, referred to as immunosenescence, 
contribute to increased susceptibility to infection in the older population. It has been reported 
that aging in microglia and macrophages impacts on many processes including toll-like 
receptor signaling, polarization, phagocytosis, and wound repair (Rawji et al., 2016, Raj et 
al., 2017). An important factor that contributes to such age-related changes is the infection 
with Toxoplasma gondii (T. gondii), as the seropositivity of this infection increases 
significantly with age (Parlog et al., 2015). Using a well-established murine model, we have 
recently detected distinct alterations in neuronal morphology (by DT-MRI, MAP 2 
Immunofluorescence and Sholl analysis) and in the expression of synaptic proteins (e.g. 
PSD95, synaptophysin, EAAT2, Shank3, GluA2 by WB and mass spectrometry) upon 
chronic cerebral T. gondii infection. The underlying alterations in synaptic composition and 
plasticity as well as consequences for neuronal connectivity are likely to involve the parallel 
development of neuroinflammation (Parlog et. al., 2014, Lang et al. 2018). In fact, latent T. 
gondii infection is associated with basal neuroinfammation, where resident microglia become 
activated and produce specific cytokines and chemokines. We have recently reported, that 
myeloid derived innate immune cells enter the CNS and contribute to the development of 
neuroinflammation as well as host defense (Biswas et al., 2016, Möhle et al., 2014). While 
both microglia and macrophages display diminished phagocytic capacity and chemotaxis 
upon aging, the effects manifest differently with regards to cytokine production. 
Hypothesis: We propose that chronic T. gondii infection-induced immune cell activation and 
myeloid cell recruitment contribute to synaptic changes during aging. We define the Aims: 
1. To elucidate age-dependent microglia activation upon infection-induced 

neuroinflammation, and correlate these to the alterations in synapse composition and 
function during the course of infection.  

2. To unravel differences in innate immune cells recruitment and function in the aging mice 
brain, and their communication with neuronal synapses during chronic cerebral 
Toxoplasmosis. 



 
 
Infection-induced neuroinflammation alters synaptic proteins. 
 
Collaborations:  TP1/9 Dieterich and TP8 Gundelfinger/Seidenbecher (alterations in the 
synaptic proteins). TP11 Leßmann (LTP on hippocampal slices from young and old mice 
after adoptive transfer of immune cells) TP6 Dityatev (analyzing microglia and monocyte 
migration). TP12 Düzel (characterizing blood monocytes in patients with mild cognitive 
decline). 
References:  
Biswas, A., Brooder, D., Wolf, S. A., Jeron, A., Mack, M., Heimesaat, M. M., Dunay, I. R. 

(2015) Ly6Chi monocytes control cerebral toxoplasmosis.  J Immunol., 194(7), 3223-35. 
Lang, D., Schott, H.B., van Ham, M., Morton L., Kulikovskaja, L., Herrera-Molina, R.,       
 Pielot, R., Klawonn, F., Montag, D., Jänsch, L., Gundelfinger, E.D., Smalla, K.H., Dunay,    
 I.R. (2018) Chronic Toxoplasma infection is associated with distinct alterations in the   
 synaptic protein composition. J. Neuroinflamm, accepted 
Möhle, L., Mattei, D., Heimesaat, M. M., Bereswill, S., Fischer, A., French, T., 

Hambardzumyan, D., Matzinger, P., Dunay, I. R.*, Wolf, S. A.*  (2016)  Ly6Chi monocytes 
provide a link between antibiotic-induced changes in gut microbiota and adult hippocampal 
neurogenesis. Cell Reports, 15(9), 1945-56  * equally contributed 

Möhle, L., Israel, N., Paarmann, K., Krohn, M., Pietkiewicz, S., Müller, A., Lavrik, I. N., 
Buguliskis, J. S., Schott, B. H., Schlüter, D., Gundelfinger E.D., Montag, D., Seifert, U., 
Pahnke, J., Dunay, I. R. (2016) Chronic Toxoplasma gondii infection enhances β-amyloid 
phagocytosis and clearance by recruited monocytes. Acta Neuropathol Commun., 4(1), 25.  

Parlog, A., Harsan, L. A., Zagrebelsky, M., Weller, M., v Elverfeldt, D., Mawrin, C., Korte, M., 
Dunay, I. R. (2014) Chr murine toxoplasmosis is defined by subtle changes in neuronal 
connectivity. Dis Model Mech, 7(4), 459-69. 

Parlog, A., Schlüter, D., Dunay, I. R. (2015) Toxoplasma gondii-induced neuronal alterations. 
Parasite Immunol, 37(3), 159-70. 

Raj, D., Yin, Z., Breur, M., Doorduin, J., Holtman, I. R., Olah, M., Van Dam, D., den Dunnen, 
W., Eggen, B., Amor, S., Boddeke, E. (2017) Increased White Matter Inflammation in 
Aging- and Alzheimer's Disease Brain. Front Mol Neurosci, 10, 206. 

Rawji, K. S., Mishra, M. K., Michaels, J. N., Rivets, S., Stys, P. K., Yong (2016) 
Immunosenescense of microglia and macrophages: Impact on the ageing central nervous 
system. Brain, 139, 653-661. 

 

microglia monocyte

neuron

20µm

Cx3CR1

MHCI

MHCII

CCR2

Ly6Chi

GR1

PSD95
Synaptohysin
Parvalbumin
MAP2
EAAT2
Shank3
GluA2
GABAAα1

T. gondii infection - induced
neuroinflammation


