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The role of microglia in hemorrhagic brain injury

Masatoshi Ohnishi

ABSTRACT

Intracerebral hemorrhage (ICH) represents stroke characterized
by formation and expansion of hematoma within brain parenchyma.
Blood-derived factors released from hematoma are considered to be
involved in poor prognosis of this disorder. We previously reported
that thrombin, a blood derived serine protease, induced cytotoxicity
in the cerebral cortex and the striatum in organotypic slice cultures,
which depended on activation of mitogen-activated protein (MAP)
kinase pathways and recruitment of microglia. Here we investigated
the mechanisms of tissue injury associated with ICH involved multiple
actions of thrombin on cells within the brain parenchyma, including
activation of microglia as well as direct cytotoxicity on neurons.
Today I will review the following 3 findings that (1) thrombin and the
activation of MAP kinases are involved in ICH-induced neuronal injury,
and that neuroprotective effects of MAP kinases are in part mediated
by arrestment of microglial activities, (2) p38 MAPK-dependent
induction of heme oxygenase (HO)-1 supports survival of striatal
microglia during thrombin insults, (3) nicotinic acetylcholine receptor

stimulation exerts neuroprotective functions after long-term treatment.
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1. 885 — Introduction —

P I SIS AN L 72T H D RITHGRSCHIRTH AT 2. mlLERED R
W &7 @M EMERNEmAAEE A EZ 5D D0, TOMITH, MEFEIRETIEO X S 78R
RSB O Bs, AR AR REE M/ Ef4 O HimtERE. BROIEEETRE (&
FEILAE) o8 RIE 78 SN HE S B IR R B IRTE(LIE 7S ENE DERE T & L THIT 5N 2, &
MEIER DEAT K D MBI MEEFE N R & 780 IR ICBWT, N OZE L E R
WAMEMIZH Z D DD, R E2GDOE TERS N2 MM ERBORNE BT 2T
FEO, BEHEY, DEBICROTERABIMTHD, BEMELBDEREE L TEBED
IRBHIME DD, MEOHMPRESITE > TIERREICHS Z &2 <, Bakr
AR 7R MIERR BN O IE £ 722 2 &b H 20, RAIE U TEY 2 A W2 NBHTEED
P& b, LNLARNRSHEEDE IS, MFEZERT 27200701 w72 h—
VDX D s SRR LM B IRE IS D & 2 BYHRIESIZEEFETH D, Lehi> T, ik
PR WK T 2 72 IR B YR HGE DB T, NI FE R O PREGE,. DRD, BEOD
QOL (Quality of Life) DEGEICEN D, @itttz A DBLITBNWTEREA 2N b2

o,

1-(1) BABIMEICETS bOaY E DO &F& — Thrombin Dilemma —

R A HE I S8 PRI I, AE L 72 I v 5 ik & 3% 1T
2 OIMEANIKFSREERICRE L, Zhsidndng
MHAEEDERICEFS T2 I ENRBENTNWS ", 1M
WEER &L ThHS N5 b2 E L, /MR O
[ 1T L Ty % protease-activated receptor (PAR) 241 L
TH/MROTBEZLB LV RHEZGISEZ L. 25 OfE
AICE > TIEMBNRZEFIET 5 & 0D BEREE ZH-> T
W5—T, ZTOPARIL, HRHHERICBVTHIE< i
LTWB ZEMOFERESINTBD, bOEITLDHKE
HREEICESHEEL TWS T EARBINTNS 7, b
0> B 2z & 0 gL X 1172 PAR 12, protein kinase C (PKC),
Src 7 7 2 U —F O > FF—E B XU mitogen-activated protein (MAP) 7 — & IE DIE AL
I2E, BRSNS 7P I RERE ZBRENT S 'Y, 2D B MAPFF—tE 773 —
IZIE K & < 7903 T extracellular signal-regulated kinase (ERK). p38 MAPK 35 & O c-Jun N-terminal
kinase (JNK) @ 3 FEQ EEZ A 2 N—NEEN, TNSIEFHIILDIHME - HGEDH D WIET R b—
PABERHEELTWS, BEKMEE - LRIl Tho>E2 20k in vitro &
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FIIZBNWT, FAYEICKDMARMEBOZEREN O > U ER, &2 N7 EA M
EEBIUMAP FF—VHFRICIOMEFISNAE I ENHASNER>THBD, hOorEY
IZ K D MGIRHRRE I3RS > NV EEEN LT R b —2 2O E > MAP
Fr—t77 IV —-0EH O G REBINS Y,

1-(2) ~ArEYICKBZo04 Y 7iE4%1E — Double Trouble for Neurons —

PARIZ. Za2—0O2ZTTRSZUTZHIICBHEBFLTHD, hoEREIZ0syY
R LI EZ ZENAENTVWSE DY, 2707 7R~ 7077 —Y &bIRINS %
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AT A 2L IC kD a0 EEBUEIMMRICEEE 5 A5, EIRO in vitro BTV
BWT, 27070 70BREFNES E-. bO2E K DML D 2= 2 B 1 I H
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o070y QRERER M EN UZBBEA D £, Za—0 RHOFRITESEEG LT
W Z EmREgEsng Y,
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T ZTARTIE, HMERMEEIZDOWT O > EBEEZHLITS 5785 T &2 D 72§
R BoniMAEMHT 5.
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2. HMINERKEEICS TS S OYEYBLUYMAP +F—EREOMEES

— Functions of MAP Kinases Thrombin Activates —

Ty MREFAENIC O EC2MERGT 5L, HEERICIE 7 O—2 X1, B
7R =20 a—n ENEEINZ, o, O ECEERE LU BEAERNTIX
2077 QUEEREED X OEHENARD SN, 27070 7 OIEEENRIT S
A7V &> ThaYE HERIAEREIHH SN, 512, NOCECESEIEI
707 UTIZBVWTMAP FF—Y 77 2V —DIFHENBRIN, £ MAP FF—tF 773
—HEEOFEHICL > T O E HEITRE SN, ZNSOHIRIE. in vitro KINEE
-REARUI A ERITBWTHREI I N5 & O ERBEOHEFD in vivo TO ~O > E > ikt
KBWTHEEREEZREZLTNWSZEEZRLTNS DY,

WMEEAND T S —EMERG TR EE L 2N IICB 0TI, BREAO A2 6H
BICBWTHEERZ 2 — O ORENERIN/Z, POCEVHEHTH D 7IVH b
BT ORI EGRHEETHZ L7 O0ANF T ROFLLHICE> THMICEZ2Z2a—0 2%
OREDBHH SN2 EMSE, PO E S OME-EAORENZ2—0> D7 R b—
S AMMIASEICEE G L TWd 2 EAVURENTZ, E/2 ERK, p38 MAPK B L TN INK DFH#EHE
(PD98059, SB203580, SP600125) ZZNZHHETH L, WINOHEBHIMICEIS =2 —
0> OREN G E N7z, £D 5B ERKIGHEL DO EN R ® BE SR REEREz b5 L
7ZDT, ERK OIFHELITDWTEEICHREA Lz & 25, HBOMERTIEIZ2a—n> &2
raz )7 ONTHRIZBNWTS ERK OIEM(LABIZR I N7z (data not shown), 7R h— &
DIED—DTH% TUNELBHKGIE =2 — 0 BN TOABRD SN, I 7077 T
g E N2> 7205 ERK. p38 MAPK & % W i3 INK OHER 25 L /2 ERI2 B WL T,
2/ 0Z7 )7 TH TUNEL BRSO HBINRD 5N, 20®%I 707 ) TEMEAD T 2H
mbiEREINE Fig. Do LLEOREIZ. MAPFF—Y¥ 7 73U —0iEMiks, —a—0o>
L THRERICEH 27070 7 OEFEZER T 2@ 2 L THMEORRAEZ 2 —1
COBEICFEEL TWAuREN 2R L TH O, IHMEMSER O MAP +F—E D Hi//x
B 2RI HEERHMATH S ',
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Fig.1 Involvement of thrombin and MAP kinase pathways in hemorrhagic injury. (A-D)
Representative images of NeuN-immunostained coronal sections obtained 3 days after sham treatment
(A and C) or 0.25 U collagenase injections (ICH; B and D). At low magnification (A and B), a decrease
in NeuN immunoreactivity was evident at hematoma region in ICH group. Magnified views (C and
D) reveal a substantial decrease in the number of NeuN-positive cells in the center of hematoma. (E,
F, H-J) Shown are representative images of NeuN-immunostained coronal sections obtained 3 days
after intrastriatal injection of collagenase (Col). The animals also received intracerebroventricular
injections of vehicles, 2.5 ng argatroban (ARG; E), 10 nmol cycloheximide (CHX; F) or 5 nmol MAP
kinase inhibitors (PD, SB, SP; H-J). Scale bar = 50 um. (G, K) The number of neurons at center of
hematoma. n=5-8 for each condition. P < 0.001 vs. sham group; “P < 0.05 vs. Col group. (L-O) OX42
immunohistochemistry was done on brain sections obtained 3 day after collagenase injection. Animals
also received intracerebroventricular injection of vehicle (DMSO; L) or MAP kinase inhibitors (PD,
SB, SP; M-0). Scale bar = 50 um. (P) The number of microglia in the periphery region of hematoma at

3 days after collagenase injection. n=7-8 for each condition.
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3. FAOYEVEREHELISIOS Y TIZEITFS HO-1 DOEE

— Microglial Survival and HO-1 —

OS5 F—EMERGICE > TER L7z in vivo IRINIEIME T )L B K ORI Ic ho >
Y2 U7 in vitro BEF )V E R WEMBITICBWT, MAP - —t 77 31 —[HEHKIZ,
BRI 707 ) 7B T 57 R b= AEMBEEEZFEL, THICL->T, Z2—0>0
BT H5T I 707 ) VRSS2 2 EnRME i 0,

—J5. Vil {bE23E Td 5 heme oxygenase (HO)-1 DiFEREF & L T Nrf2-ARE I DI
MAP FF —EiEHEAB S L TnWa 2 EAMESINTHBD, 27071 7% BV-2 fildic
HO-1 #3Hx8TH< & .BV2 fllaH &34 OFMER T (B 213, staurosporine, NO R —
2E) TR U TEIUMEZ RS X DIT/AD 2 &, D~ D AT 3 0 T ifil il & 32 FE I
/707 Y 7IZHO-1 OFRENERINDZ & £z, HO-1 RIEX T ZAITBW TN %
OO Y TENFARI T ZOZNEHRTARLS, HMIGERT 2 HMEECEES
INEWZ ENWEINTNS 9, ZNSOAAMN S, MAP FF—EOiEH(LA 707
TIZHO-1 ORBZFET L2 LTI/ 07U 7HEOAEFEEEEL., TNHSHLIERE
EDOILELRIZFHFG T DD TR, DR DD,

In vitro KIWRE - BAFUFEERIIBWT, bOYEICED HO-1 OFHFEII = 1 —
02 Tld7a< 7 ) 7HICB W TRD 5. T ORI p38 MAPK [HESHICX > THEICH
HENF, F- PO EITES p38 MAPK OIEME(LIE. LA 21— BIUI Y
07 7IZBWTOHED 5Nz, 51T, HO-1 AERTH S ZnPPXIZI 707U 7IC7
Rh—AZHEL, O ECHEEZRBEKRFNICEELZ, DED, MAPFF—E7 7
2 U—DS5 5 p38 MAPK I, fMGARI 707 Y REMIZ HO-1 ORI EFLET L LITE-H
TEOEGFEEEL TWS Z Epurans (Fig.2) ™,
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Fig.2 HO-1 contributes to pathology associated with thrombin-induced striatal and cortical injury
in organotypic slice cultures. (A) Western blot analysis was performed on slice cultures that received
100 U/ml thrombin treatment with or without 100 uM MAP kinase inhibitors (PD, SB, SP) for 24 h. (B)
Summary of the effects of MAP kinase inhibitors on HO-1 expression. “P < 0.05 vs. thrombin alone.
n=4. (C-E) Representative images of OX42-immunostained slices after 72 h of treatment with 100 U/ml
thrombin. Where indicated, 0.3 M ZnPP IX was concomitantly applied for 72 h. Scale bar = 100 um. (F)
Summary of the effect of ZnPP IX combined with thrombin on appearance of apoptotic nuclei in striatal
microglia. The number of slices examined for each condition ranged between 9 and 12. **P < 0.001 vs.
thrombin alone. (G) Summary of the effect of ZnPP IX on thrombin-induced increase in the number
of OX42-positive cells in the striatal region. The number of slices examined for each condition ranged
between 12 and 18. “"P < 0.001 vs. control; “P < 0.01 vs. thrombin alone. (H-M) Representative images
of propidium iodide fluorescence of whole slice cultures after 72 h of treatment with 100 U/ml thrombin
in the absence and the presence of 0.3-3 uM ZnPP IX. Broken lines indicate areas of the cerebral cortex
(Cx) and the striatum (St). Scale bar = 1 mm. (N) Summary of the effect of ZnPP IX on thrombin-
induced shrinkage of the striatal tissue. The number of slices examined for each condition ranged
between 36 and 48. P < 0.001 vs. control; “P < 0.01, P < 0.001vs. thrombin alone.
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4. ZAFUUTEFNIV O ZRERBFIHICLS O Y ECSEOFHIE

— Suppression via Nicotinic Systems —

WJEE VI PN I T E D fE BRI T Tdd 2 T EMN K DMDEFAFFRICE > TRINTH O,
ZHUZIEBZ 5 < IKIME T OO FEER R ERIC KT IO EELENE G5 5 b D L #E%
SND, ZAF ZEREA T2 F v FINBZEETH O, PIRARERITIIET 07 ZERS
ad (a4p2) ZEEDILS pMHLTWS 2, ZaF M7 F)La Y 2 RRTRAEES IO
EEERE DT Z Z O INHEREICBI 55—, ORI IV S 2 Uiy 2 04 R
BH NI DEDIREMOFEENS Z 12— O 2FET DI ENFHEINTNS P, 35
WGEH, 270707 OMEREEOEENZIF 7 F IV 2B ERORRIZEL -
THIflEN S LoWmEDREINTHO, HiEKEEOFEIEKRZHETL222F %71
FI A > ROF s EE U THIRINS 7,

TIT invitro BBERKWMEE -BEKUFICBWTZaF > BRUET Tk
(a7;methyllycaconitine, a4; dihydro-B-erythroidine, non-selective; mecamylamine) 7% F U\ 7= fighT 2
T, ZaF H7EF)Lay > ol BERU ad ZHEET T H A TOERMBIHS MO > EIC
K23 70707 OIEHLZHIE L. $SRHBEE 26 T2 Z &2 s hic Lz (Fig 3)
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Fig.3 Long-term treatment with nicotine suppresses neurotoxicity of, and microglial activation
by, thrombin in cortico-striatal slice cultures. (A-D) Represent images of OX42-immunostained
slices after 72 h treatment with 100 U/ml thrombin. Where indicated, nicotine was applied for the entire
period of culture of 15 days. Scale bar = 50 um. (E) Summary of the effects of nicotine on thrombin-
induced increase in the number of OX42-positive cells in the cortical region. Number of slices examined
for each condition is 24-42. ""P < 0.001 vs. control; “*P < 0.001 vs. thrombin alone. (F, G) Images at
a high magnification of the region indicated by the solid line in panel B and C, respectively. Scale bar
=10 um. (H-M) Representative images of propidium iodide fluorescence of whole cultured slices after
72 h treatment with 100 U/ml thrombin. The slices also received treatment with nicotine at indicated
concentrations (3-30 uM) for the entire period of culture of 15 days. Broken lines denote area of the
cerebral cortex and the striatum. Scale bar = 1 mm. (N) Summary of the effect of nicotine on thrombin-
induced cortical cell injury as assessed by the intensity of propidium iodide fluorescence. Number of
slices examined for each condition is 24-42. ~"P < 0.001 vs. control; P < 0.001 vs. thrombin alone.
(0-Q) Effects of 10 uM mecamylamine (O), 10 nM methyllycaconitine (MLA; P) and 10 nM dihydro-f3-
erythroidine (DHBE; Q) on the effect of 10 uM nicotine against the increase of microglia in the cortical
region induced by 72 h treatment with 100 U/ml thrombin. (R-T) Effects of 10 pM mecamylamine (R),
MLA (S) and DHBE (T) on the protective effect of 10 uM nicotine against shrinkage of striatal tissue
induced by 72 h treatment with 100 U/ml thrombin. Nicotine and nicotinic receptor antagonists were
applied during the entire period of cultivation for 15 days. Number of slices examined for each condition
is 24-41.""P < 0.001 vs. control; “P <0.01, P < 0.001 vs. thrombin alone; "P < 0.05, "'P <0.01
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