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TLR2 supports NPC differentiation into neurons 
TLR4 inhibits NPC proliferation and differentiation into neurons 



• TLRs can be expressed by neurons and their precursors
under physiological and pathological conditions.

• They may regulate NPC homeostasis and
differentiation, neuronal survival and brain function.

OPEN ISSUES
• The lack of conditional mice limits the analysis about the

role of PRR in specific CNS cell types and neuronal
phenotypes.

• Unidentified ligands for PRR activation under
physiological conditions

Summary- Neuronal TLR
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• MHCI are found in an isoform- and region-
specific manner throughout the CNS.

• Expressed in the visual and olfactory system,
cerebral cortex, striatum, hippocampus,
cerebellum and spinal cord.

• Present in the developing and adult mammalian
CNS, with the highest levels occurring during
early post-natal development.

• Expressed on the surface of axons and
dendrites, and at synapses (both at pre- and
post-synaptic level).



Activity-dependent neuronal refinement and plasticity

Axonal and dendritic growth

Synapse density

Synaptic transmission

Synaptic plasticity
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Fig. 1 Cocaine-seeking behavior in WT and functional MHCI knockout (KO) mice.



Fig. 3 Immunohistochemical analysis of MHCI localization in the VTA.

Gen Murakami et al. Sci Adv 2018;4:eaap7388

Published by AAAS



Fig. 5 Cocaine-seeking behavior in WT mice overexpressing H2D in VTA dopaminergic neurons.

Gen Murakami et al. Sci Adv 2018;4:eaap7388

Published by AAAS





• MHCI and its interaction partners can be expressed by
neurons under physiological and pathological
conditions.

• They may regulate activity-dependent refinement and
plasticity, axonal and dendritic outgrowth, synaptic
transmission and behavior.

• MHCI makes neurons susceptible to interaction with T
cells.

OPEN ISSUES
• The lack of inducible conditional mice limits the analysis

about the role of MHCI and its receptors in specific CNS
cell types and neuronal phenotypes.

• Binding partners for MHCI in specific functions.
• Role of antigen presentation by MHCI in CNS physiology.

Summary- Neuronal MHCI
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The Afferent neuronal circuit



The Efferent neuronal circuit



CRH, corticotropin-releasing hormone
ACTH, adrenocorticotropic hormone



Splenic atrophy and peripheral NK cell contraction after stroke

NK cells in the brain peak immediately 
after stroke and then decrease

Adrenergic and HPA axes act synergistically to induce 
splenic atrophy and NK cell deficiency in the periphery

Cholinergic signaling through B2-nAChR is
responsible for NK cell loss in the ischemic brain

B2 adrenergic
blocker

GR blocker



MCAO predisposes to LM infection and blockade of adrenergic and HPA signalling
gives some protection. 
Blockade of cholinergic signalling in NK cells protects also from infection. 
Blockade of systemic adrenergic+HPA axis plus cholinergic signalling in NK cells 
further increases survival.



• HPA axis and the circuitry between central and peripheral
nervous system may regulate local and systemic immunity.

• The expression of receptors for neurotransmitters, including
acetilcoline receptors and adrenergic receptors, has been
identified on macrophages, dendritic cells, T cells and other
immune cells, facilitating neural regulation of immune
responses. Immune cells synthetize and release substances
classically reputed as neurotransmitters and
neuromodulators, including acetylcholine.

OPEN ISSUES
• Definition of complex, integrated neuro-immune reflexes and

therapeutic applications.

Summary- Neuronal circuits and 
immunomodulation
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GFAP-TrkB mice develop milder EAE

Colombo et al. J.Exp Med. 2012
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Activation of VTA neurons with DREADDs stimulates 
reward circuitry and behavioural responses

Activation of VTA neurons improves 
innate and adaptive immune responses to E. Coli

The effects of VTA activation on the immune 
system are partially mediated
by catecholaminergic neurons 

of the sympathetic nervous system
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Multiple Sclerosis presents 
alterations in the expression 
of sexually dimorphic genes

In diseased subjects almost all natural sex-specific genes are not differentially expressed between
women and men any more, while a new (smaller) subset of genes performs as sex-specific.



Gender-based transcriptomics profiles in relapsing-remitting MS

Menon et al. J. Autoimmunity 2012



1) Identification of female and male specific
expression signatures for RRMS

2) Search for candidate master 
regulators of transcription in MS

Bioinformatics, 
Network Biology,
In silico

3) Identification of compounds
targeting the master regulator SP1.
Functional validation of a role for SP1
In human and mouse blood cells.

4) In vivo validation for SP1 
as a regulator of neuroinflammation.

Immunology,
In vitro

Animal model of disease
In vivo



Transcriptional profiling to dissect MS stages



Dysregulation of MS GWAS Genes at distinct stages of disease

Differential Expression Analysis 
T test (Pval <0.05)

Intensity & Age-related Probe Filter

Entrez & Gene 
symbol ID

182 MS and control 
Transcriptomes

GWAS Information: 
162 genes

146 GWAS GENES ;182 
Illumina Probes

Mapping to Illumina ID

David & BioMart Gene Conversion 
tool 

68 GWAS GENES
72 Probes 

GWAS DEG

Normalized 
Expression  Data

Pre-Processing
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Srinivasan et al. Neurol. Neuroimmunol. Neuroinflamm.2017

Alteration in the expression of MS risk genes is not a stable feature reproduced throughout 
the distinct phases and forms of disease, but is a selective event for each disease stage



• Dissection of MS through blood transcriptomics uncovers 
distinct changes in gene expression and pathways in MS 
subjects depending on sex and disease stage.

• It emphasizes epigenetic events as basis for MS, with SP1 as
key transcriptional master regulator of differential
expression in human and experimental MS.

• Machine learning approaches for biomarker selection may
allow the identification of transcriptional signatures
predictive of MS stages.

Summary- Immunity in MS


