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i % % =| Analysis on detrimental interplay between pathogenic helper T cells
and disease-associated microglia in chronic neuroinflammation

Department of Immunology, National Institute of Neuroscience, NCNP, Kodaira, Japan

Research Fellow Chenyang Zhang

Introduction

Multiple Sclerosis (MS) is one of the most common inflammatory demyelinating diseases in the CNS.
Based on disease activity and progression of disability, the clinical subtypes of MS are generally divided
into relapsing-remitting (RRMS), secondary progressive (SPMS) and primary progressive (PPMS).
Although many disease-modifying therapies have been developed for RRMS, efficient therapies targeting
at progressive subtypes of MS (SPMS and PPMS) are still challenging mainly due to limited knowledge
about pathogenic mechanisms leading to progression of MS pathology. EAE (Experimental Autoimmune
Encephalomyelitis) is a useful animal model to study mechanisms of complex MS pathology. Recently,
we have identified a unique helper T cell subset expressing transcription factor Eomes (Eomes* Th
cells) as a major pathogenic component in late/chronic stage of EAE and SPMS [1]. Considering the
development of preventive intervention from RRMS to SPMS, it is essential to elucidate the mechanism
how pathogenic Eomes* Th cells are generated in the inflammatory CNS milieu of late/chronic diseases.
In this study, we focused on functional involvement of CNS-resident microglia for formation of chronic

CNS inflammation and subsequent generation of Eomes* Th cells.

Method

1. We isolated Antigen-presenting cells (APCs) including B cells and non-B subsets from the CNS of
EAE mice, we co-cultured these APCs with splenic CD4* T cells from naive mice and examined
Eomes expression by flow cytometry.

2. We analyzed the gene expression profiles of APCs obtained from the CNS at different time points
after EAE induction using GeneChip.

3. We estimated the ability of prolactin (PRL) to induce Eomes in Th cells in vitro culture and the role
of PRL in the pathogenesis of EAE by administrating PRL inhibitor (bromocriptine; BRC or siRNA
targeting the transcription factor Zbtb20).

4. We searched for inflammatory cytokines that induce extrapituitary PRL production and quantified a
panel of identified cytokines in the CSF of EAE mice.

5. We analyzed the pathogenic roles of type I interferons (IFN-I) by treatment with anti-IFN-I receptor
antibody (anti-IFNo/BR Ab) and its cellular source during late EAE. We used single-cell analysis to

show the heterogeneity of microglia under chronic inflammation.



Result

CNS APCs acquired the capacity to induce potentially cytotoxic Eomes* Th cells under chronic neuroin-
flammation via ectopic production of prolactin. The extrapituitary prolactin production by CNS APCs
depends on a transcription factor, Zbtb20. Blocking the Zbtb20-prolactin pathway significantly pre-
vented late EAE by inhibiting the generation of Eomes* Th cells. Several inflammatory cytokines, includ-
ing IFN-I that was detected only in parenchyma but not in CSF, induce the ectopic expression of PRL in
CNS APCs. Microglia were identified as a major source of IFN-I and injection of anti-IFNo/fR Ab
showed significant amelioration of chronic EAE with reduced accumulation of Eomes* Th cells in the
CNS. Single-cell analysis revealed that the functional status of microglia is heterogeneous and those
with an IFN-I signature form a substantial part of them during the course of chronic disease. Finally,
interfering with microglial activation in vivo led to a better recovery of chronic disease in association

with a significant reduction of Eomes* Th cells in vivo.

Discussion

Enhanced expression of PRL has been repeatedly described in the context of a various autoimmune dis-
eases with chronic pathogenesis and a wide variety of immune cells are shown to have a capacity to
produce PRL under certain conditions [2]. However, systemic increase in PRL in the circulation has
been attributed to a pituitary origin and the impact of extrapituitary PRL on local immune responses in
association of CNS autoimmunity did not attract public attention for a long while. Our current data for
the first time clearly demonstrate the pivotal roles of CNS APCs-derived extrapituitary PRL for the
development of disease-promoting Eomes* Th cells. As late EAE in association with cytotoxic proper-
ties of Eomes* Th cells has been shown to share pathogenicity with chronic neurodegeneration in SPMS
[3], blockade of continuous secretion of extrapituitary PRL might provide a novel therapeutic interven-
tion for SPMS. Furthermore, our data highlights the importance of a hidden path from microglia-derived
IFN-I to ectopic production of PRL by CNS APCs and the resultant induction of Eomes* Th cells.
Although IFN-B, a IFN-I family member, is clinically prescribed for the treatments of MS to prevent
relapses, dysregulated and persistent production of IFN-I under virus-free condition is commonly
observed in a series of monogenic diseases known as interferonopathies, rare Mendelian disorders asso-
ciated with constitutive and systemic overproduction of IFN-I [4]. Sporadic interferonopathy-like symp-
toms originating from prolonged activation of disease-associated microglia in the compartmentalized
CNS may underly general neuroinflammation. Taken together, our data strongly suggest that an interde-
pendent triad of Eomes* Th cells, PRL-producing APCs and disease-associated microglia may play a piv-

otal role for pathology of progressive neurodegeneration in SPMS.
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Future plan

We are currently planning to perform a spacio-temporal analysis of pathogenic triad cells in the CNS.
Firstly, we apply a cutting-edge technique of single cell analysis to analyze heterogeneity of microglia
and identify the disease-associated subpopulation that produce IFN-I and promote PRL production by
CNS APCs. Secondly, we will apply a multiview imaging of whole brain sample to reveal dynamic distri-
bution and functional activity of microglia during disease progression. Finally, we will evaluate the
Eomes* Th cell-promoting capacity of microglia-derived IFN-I by using gene-targeted mice that show

augmented or impaired expression of IFN-I in the CNS.

Summary
In this study, we revealed that CNS-infiltrated APCs acquired the capacity to induce the development of

Eomes* Th cells under chronic neuroinflammation via ectopic PRL production. Further study high-
lighted the pivotal role of microglia-derived IFN-I during chronic neuroinflammation, inspiring potential
clinical treatments against progressive CNS diseases. We demonstrated that a triad of Eomes* Th cells,
inflammatory APCs and disease-associated microglia may play a critical role in the pathology of progres-

sive neurodegeneration in SPMS.
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