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AL G L E B Dual effects of microglia on blood brain barrier permeability

induced by systemic inflammation
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Microglia are the sole immune cells that reside in the central nervous system in
embryonic stage. Microglia are activated in neurological diseases such as multiple
sclerosis, Alzheimer’s disease, and epilepsy, and are involved in the pathology by
releasing neurotrophic factors and cytokines that act on neurons, glia and blood vessels.
Production of inflammatory cytokines from activated microglia increases blood-brain
barrier (BBB) permeability and may promote immune cell infiltration and brain
inflammation. On the other hand, in autoimmune diseases such as systemic lupus
erythematosus (SLE) and sevefe infections are known to increased BBB permeability,
activated microglia and associate with psychiatric symptoms such as cognitive
impairment, anxilety and depression. However, it is not clear how the activation of the
immune system in these diseases acts on microglia and causes abnormalities in the
ceniral nervous system. Therefore, the purpose of this study was clarifying how
microglia reacts to systemic inflammation separated by BBB and how it affects the
change in permeability of BBB.

I observed the response of microglia to systemic inflammation using Murphy
Roths Large-lymphoproliferation strain (MRL/lpr) mice, known as autoimmune model
mice, and lipopolysaccharide (LPS)-treated mice in which inflammation was induced
by intraperitoneal injection of LPS. /n vive imaging using a two-photon microscope
revealed that microglia migrated and accumulated around the cerebral blood vessels
with systemic inflammation. Chemokiné signal inhibition by chemokine receptor '
inhibitors revealed that C-C motif chemokine ligand 5 (CCL5)- C-C motif cheﬁlokine

receptor 5 (CCRS5) signal pathway plays a crucial role in the migration of microglia to



the vessels. Visualization of BBB permeability by intravenous administration of
fluorescent dextran tracer revealed that the contact between microglia agd vessels plays
an important role in BBB permeability changes. It was found that daily injection of LPS
promoted the leakage of the 10-kDa ﬂﬁorescein dextran into the brain parenchyma. It
was also found that microglial accumulation around the vessels occurred before
permeability changes. In addition, transgenic mice that can induce microglia-specific
expressiﬁn of diphtheria toxin by the withdrawal of doxycycline were used to evaluate
BBB permeability during microglia ablation. Microglia ablation increased leakage in
the early phases of systemic inflammation, and converselg} suppressed leakage during
prolonged inflammation. These results suggest that microglia protect leakage at the
early phase of inflammation and worsen leakage during chronic inflammation. To clarify
the details of microglia functions, microglia were isolated and collected from MRL/lpr
mice, and gene expression was comprehensively analyzed. As a result, 1 found increased
expression of phagocytosis-related genes and tight junction genes. The observation of
microglia and vessels in MRL/lpr mice with an electron microscope revealed that
microglial processes expressing tight junction molecule Claudin-5 (CLDNS) were in
direct contact with vascular endothelial cells. Furthermore, immunostaining the
formalin-fixed brain slices of mice with daily LPS injection showed that CLDN5 was
transiently expressed during early phases of inflammation and that the expression of
Cluster of Differentiation 68 (CD68), a phagocytic marker, increased during prolonged
inflarﬁmation. In addition, it was found that Aquaporin-4 (AQP4), which is a constituent
molecule of BBB, was included into the microglia phagocytic vesicles. This result
suggests that microglia are involved in the failure of the BBB structure by
phagocytosing astrocyte end-feet. Moreover, it was found that leakage during prolonged
inflammation was significantly sup_presged by administering minocycline that inhibits
microglia activation.

In conclusion, I found that microglia have two functions for BBB integrity.



One is the BBB protective effect of early systemic inflammation, and the other is the
BBB injury effect dﬁring chronic systemic inflammation. During the early phases of
systemic inflammation, microglia expréssed CLDNS5 and accumulated around the
vessels to suppress the increased BBB pe'rmeability. In contrast, microglia became a
phagocytic phenotype in prolonged inflammation, and they disrupt BBB structure by
phagocytosing the astrocyte end-feet. In addition, the CCL5-CCRS5 pathway was

identified as an important signal for migration of microglia to the vessels and BBB. |
protection during early phases of inflammation. From the results of this study, vessel-
associated microglia are expected as a therapeutic target for central nervous system

symptoms caused by systemic inflammation.
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KwmXiT, MANOREMETHZ2I /707 ) 7HMEKEMO#EEEZHHE T2 &, B
LVOZFDOANZALZANDTHENIILZMETH B,

MmEMBIF (BBB) &, MEREZAERRAOBRELRET IHET. MAANOHED
FFERZHBITZIETHNOBREZ —FXRODBEVHS., RPECHCRERBRE
DEFEREICL>T BBB BERETILILNHMENTVWD, Ll 2H5EDORKIE
MEDXDII BBBHEEZWEIETL2ON., FMAEAN A LEFRHTH- 2,

HEFHL, £EEEYTA0OMEEARTHIIENTELEK 2N THEMEZRANT, 25
HORENFBXNZETI (MRL/1pr) <7 A lipopolysaccharide (LPS)## 5 <™ X
KMOFM—FMLOI /077 2RHENICEEL, TOHZLOEOEFRBEEHRT L
ET,. 270 U70OBBBANDOERBEZRANL, TOHER, MBI 207U TNELE
ELTBD.RERITIZ0JUT7REICOBEICERETSIE,. TNIKHESTBBB O
BEMNEDBAIEZHLONI LR, 2707V T72RELETTATIE. REBRHIC
BBB Zi#tEai#mL . #H T3 BBBBBENAF SN T WA, BETOMENBRT ETT
olzRER, BRI CIdMEEESsFI O0—TFT 4> 5 (CLDN5) N7 U7 HHEL., #
HTHAAEESTFCDSNI /7O J U TIKRERIT LI ENbho/z. EFEMEEZR N
T 707 U7EMEOHMMBEEZBRL/AZEZA, CLDNS BHEIZ7 07 U 7R mERN
EMBICEELTRD, 27070 7P0EORNE S — I T 5aEENRI N/,

70U 7ImMENEMBENSBRHEINSTEHNA > CCLAIZEREZEL TMEICS EF
H53. CLDNs 2RI T L5 ENREINE., CCLE ZHETHE. 27077 0MmMEAN
DERBIIEZST, BENVCMKORBHNEEIHEELERINZ., — K. Bz 7 0)
U7 BBB k927 A MOV A hOREEZ—HFABL TWLZIEOHENIL L,
FA O bOREIEIX BBB OBIKEETHL2IEDNMENTHEO., ZOBBEOMKE
&L L TMHEORHAR I DA EENREINZ, 5. 270707 0OEHELEE
MHTI2REDEEIVAREELEZEZA, 707U T70MELEE YD BBB #
RICEEZRITI L, BEHO BBBHEZMH TES I bEHESIN.

AWFEREIZ. I 707077 BBB BEOHBICEELRAEEZES I LERLZAHE
K BERNCHDEREVWHETHD, BEEMICSIDLVWRREFMTE S,
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