IWITES:  4565% 4527 81H~8H, 20164

= - LEax— —NHESZEE-

81

<A 7u 70T BIOCTHIRHR= 2 —a YEEERFO
i FEARAF 1) A

AP T

HIEUR 2R S BE PR 27 R SR R A 272 00 B O TR A 272

TR 1 THL -1 (T755-8505)

Key words : ifi#ik, ~A4 7wV 7, THIR, =a—u BEERT, BEREFE

Mg

PRI 20, S A DA S I ot o <o o il
B B R AR R I S DR R IC = 2 —a ~ (%)
ERETHHBETH D, ZOBRFITIERZEAH
A%, HEGR, RINSEE s he< A 2
s Tk, A M A4 e —BLEE (NO) %
D= a—0 MGEERRTFZRON L, B EREICH
555, THIRIZERECHNIRBEL, 4 0
AR 7T T —¥E0 = 2 —u SEERRTEE
ZALT, i RIS S 5. ANE%E
TU&, MERIRAR T & 2 PR E bR 2 5 5
720, A4 7u 7Y 7 BLOTHIRHE= 2—a ~
B R 7R AR AR - RIS T T E R
7. FORER, <4 270ZYTHS5OTNF-q, IL-
103 X ONOFEA: % & O THIIE A & DIL-17& 75
V¥4 LB (GrB) X, %4, 37CITH~33T
T, 9C TRzl 72, ThH0
N7 ORNEENEHZ2 =2 —a YIE TG %
Y, TNF-a, IL-10, NO, IL-175 X O°GrBE &,
K, PRGN 2—0 VR FHEL. Db
#FL®5bE, TNF-q, IL-10, NO, IL-178 L O°
GrBOW R EABRLE CNOORFIC X 2
BEAKAFI = 2 — 0 VAEA EE I L BIBR E 2 D,
BCTOYA427arY) 7H5DTNF-a, IL-105 &
O'NODPEAALT 72 S N THIBE A & DIL-17 & GrBD
PEAK T IZ = 2 — v YEHHN, —7, 39C TR

FR284FE 2 10 H = B

FERIME = 2 — v VBRI B EE 2 Hh.

iU &I

PRAIR AR 1L, IR B R LN % 32~34°C iR
HWiRIZT 22 LT, R =a—a VEELZINZ 5,
DF), Za—urERETIHIRETHY, Hk
DB 2 36 o i ke e Re oo i 452 11 58 21 5 ool 26 12
HNTHDH. LPLEND, TOBRFEIZIEICES
LEZOLNTEY, REAWHLHIL W, L,
WA 225 & 0 AR A 2 H OF L ki L il
VEINTWL 72021, =2—u YFIZD LML
OIR - WSS Z /S L REEE E 2, WK
F - R AME R O RN b &, SN
A MHA R —BILEFE (NO) Fo=a—ua
EVE (ENE) W EALTH (=2—u )
RERMEICE S s~ 2a s ) TICEHL, W%
AT TERD. T2, EETIRMEEED TR
RN R THIIL O S0 B 5- 25 H S hTw
5. THIRLEEGE®E, ~4 7 a7y 7 iyl
EheE, ERVECHNICRBEL, ZKNIOE % &k
U CHEREI 22 IR BB B IR 55 580, 22T,
THIKE IR = 2 — v 55k 12 AR O KR - i
JBEIZDOWT HEF L7zw,

AR TS, Tollbkz&# 2 (TLR2) IGTEAL
XA 7 a7 7 O¥NIEE HFNF-« BififEfk & =
22— 0 IEENIAENE - USSR A SRR A
R EAR AL 2R L72fgE © &, Zofi%E%
BRI\ B B 720012, IR 0B & 7%



82 WIHEY:  5565%

S AR F B M, (hypoxia-ischemia : HI)
WAE D€ F VB 2 w2628, 2L T, IR
™ LwoliazEsE, THRICERL, £
D= 2 — 0 AGEE T AR AN B AR AR 2L & R
L7=0igew ZBESE L 72\,

TLR2;EM L~ 70T U 7DONF-k BiEM{EE =2
— O BENREN - REMETFEEOFRSIE
mEKFHEL

AT 31 X B i R GV T AR 2 I 9 5 7
®, TLR2GMAL~A 20270 75 50 %5EN: - Bt
FHEVER P64 E TLR2Y 7 ) v ik CHE L
el % 1 9 NF- i BIFVEAL AR - Bi2s K IT 5%
B2 X7z, TLRIZAE A RO 55185 —
AR, HARWEZIEH I/ EE LTHRA
SN, BOEOWFRICE Y, WREARIEFLE F Tl
IR R S5 2 © St BlE - O S WIRPER R X
S THIHMHAL S, PR BRI BV CTHE
B b o TELED, v, r
v 7)) 7 Tld, TLR2R TLR4iGPEAL 2 4 L 72 A
kR ER ARG I N TS, AT,
TLR4GEHAL~ A 2 0 27 ) 70 & D Fhietk - PRI
A b h A v ENOHEAAKH - M RIF$ %
BEARELTWENRY, TALOEEICHELLY Y
FIARER T2 - BT T2 2 BBEAmT
Hote. FTARMIETIE, TLR2EM LA 71
TV T EHCCOMEEZIT- 7. ZORE, TLR2
WAL~ A 2070 7Hh S OREESA S AL v
(TNF-a) PEAIZHGHE 3 — 6 BRI, HUsdEth¥ 4 b
H A4 v (IL-10) PEAE1F24 — A8KE, e EN T (NO)
PEAIZ48KE ], F 72, NF-« Bifi 1L 12050 <,
%%, 3TCITH33C TIRKAE, 39C Tkl
JEARGEEZ L Z R L7220, Wi, ZOTLR2GMEAL
<A 7u7) 7 ORRVIKTNF-a, IL-10B L
NOJEA:AINF- k BIGTEALITAKAE L TV B I EH S
ML, ChoofiReEewd e, vf 270
7 7 ORERY i EEARA 19I5 5 —33C D IR 72
T, TLR2iEYEAL~A 2 127 7 ONF- k BRHEIC
L ZOHO I THOTNF- a ¥l & % THIL-
10/NOBIH], —7J5, 39C oy <&, TLR2i%
Pk~ 4 2 a7 7 ONF-k BB 3oL 2ok
DWW TOTNF-a 80 & %8 T OIL-10/NOH hii—

2% (2016)

L% 5.

ZOTNF-a, IL-10B X O'NO®D il BEAKAF 1Y i 2B
DRBAAFHBROBH L LT, ZhHONT2S
EDEHIZ=a—a VREFET LONERRT .
ZOfER, TNF-a, IL-1035 X O'NO FF—®NOR3
((+/-) = (E) —4—ethyl—2—- [(E) — hydroxyimino]
—5—nitro— 3—hexenamide) &, &4, BEKRE
Miloa—a Yz FELY. 2F), TNF-a,
IL-108 X ONO D EEARAF W EA B E Zh b DR
Tk BIERAAN = 2 — O v FE B R 1 e B
‘reiY, 33CTORA 7Y T HHDTNF-a,
IL-1038 £ O'NOD FEAAL Fid = = — v Y 3EHie,
—77, 39C COREARNMME= 2 — 1 VBRI B
LLEZ LN,

VEXY, BCEARDEC & 2 SR o — e
2, TLR2IGEMEAL= A 7 1 2V 7 ONF- k BHE %2 4
L7zRBITo= 2 —u Y ERTNE- o #IHl & 51
TO= 2 —1 YEEWIL-103B X ONOWIH A3 53
B Z EAURMR S N7z, AR R 1 0 A o o o
W B NIRERI R E D 5T, BTOREICE
BICHEA SN b Tidewv. ok aBlmick
W, KR T T TLR2IEMA LA 2707 ) 7O
NF- k B A3 = 2 — v G EMER AT I8
BB E V) RKIFZERRIZ, 4270y 7TDTLR2
=NF-kB¥ 7)) ¥ 7 3 S d 9 I B i D 8
WRIEIEY — 7y MCRBIERZRBLTEY, &
%, BRLRVTZD L) BT Tu—F O %%
B WEEEDD 5.

T/, WiREz 2 —0 v OEBREICEELRRT
TdhY, WEGE, BIKEIZS 2 — o SR#E, K
il =2 —u YEENEICENTS. XoT,
TNF a, IL-103 X ONNOZEAE O R R5 19 i EE AR AE
A3, R T T ORMRERR % 5 ITER T TO
Joh B B B O JRIR IS, TNF-a 2V o, IL-10&
NOMBBIID, N4 A< —Hh—=IlhDHI B ELER
BLTWw5.

BEBRFHEmMYE (H) REEHRRXY707U7
DRIEM - MREMEFEEDOERLCE

BIRTR N C &S, Rk, o I B 57 o B Wy 92 B s
L OTIRMIZEIC BT, KIS & 2 B ZE AR R
AR P RYGE IR B CORSEEY A AL V5



WERIIR SR ok = 2 — 1 o B3 55 [N - o0 T BEARAT- 1 7 4 83

BT E2ES 2 LW R, BRECoOMREIT ARSI
FHRYGES, BUTORIERZ - 72 J0hE BOS 3 I
FHEARCHBRTAZ LY BR|ESh o),
T e S D PR R B T B U A T B X ONRE MRAT Y
B DOAAEZ in vivoTRTHDTH Y, FTADin
vitrof#e2 O & ZFEL 7.

ZFITEA D, ZOin vitrokd B % K (B E
1 % 728, BRAKIREEE O @IS & 7 2 804 T HIR
WEDEF N A (HUKREE) Hk<A 7a7)
TaRHWwASZ LT L HREE~ > 21X, 4k
2H#DOS Y ADLAKRHEIRZ /K%, 3TC T TR
FURPE 6 %1230 BT 52 LICK D ERL 7.
Zo%, STCOEFMBFRE T CTHIZ1T HRHE L
<Y A (3 H#EE) OKBCEER»S, BAE— e
PICD1IbditkZ W T4 27 aZ7 ) 72 kL,
TLR2B X O'TLRAFI I F CRIREE B 24T - 72,
WAFERA DY UM, RN T To
MM oOEBRRZHMIFELTBY, Zo8#% (ex vivo
Yi38) \Xin vivolRIEEZ B —2DF w0 TH D,
AW TH V. TofEE, HUREEHR< L~
0 27 7 OTLR#FETNF- a #EA IR 7 6 BER, IL-
108 X ONOE A 348 T, £ 4, 37TCITHAN
BCTREMER LY. 2F ), HIKFEEEF IV
ZHWMREIIBW TS, KIRIETLRIGE L~ A
raZ )7 ORYTOTINF-a B X OCHYTHIL-
10/NOFEA: 2 3l U 7=, 7 A HDBE B3 O i F
L PIZIET L DAL YRNODOBINAA SN, Z
DURFENTIBEE OFLRE LB $ 5 2 & 22 » &
NTHY, KL BET 2 ARFFeR R, FFICKRE
T X 2 3 A ) HDIE O i O 3 7E o — B )y
2, %A 7 a2z 7 ORYTO RN I &%
WIco gt - PUOEENFIRIASE S T5 2 L %
N2 R

THIRER = 1 — O SEERFOREKEFNEE

HIZEAE T, “WERAIN (RERMRAER)” Lw )
a2 E S, MEEOETBMICET ST
DIIEMMGITHEH L, MEZIT-72. THINLE,
R ERY T~ 4 7 a2 ) 7intEEd & R T
WIZREL, RIEWETHA bA L v Tur7—¥%
D= 2 —u FEERRT OB 24 LT IR EIE
AR L, RhRmeREENECHE 580 2

NS OBNNIEMEICDRD NG 0 72, K
—RETHN O = = — v G EME R 73R o
Wy —ry MChHW%RH L. 22T, Kk
THIR O RIEES AL bAH AL ¥ (IL-17) &V 7
ur7—¥nr 5 ¥4 LB (GrB) AN -
RS RAT TR B R T2, Z O, naive CD4,
CD4'B X Oy § THIRLDIL-17pE 2L 7 & I CD4Y,
CD8'B LUy 0 THIKLOGrBEA: 1L, ¥ 27205 [T,
%%, 3TCITH33IC TIREAE, 39C Tldmfiiz R
L7zw, F72, Th OO TORMNEERIERZ =
2—0 Y THMMT % &, IL-17& GrBix, % 4,
WERAFNIC =2 —a VREZFELY. ZORE
b, IL176 GrBOIR ARG EABGEE NSO
T2 & BB = 2 — 1 o JE B B e 1 He 1
MR L b, WMACERAEE L, B4 2 THIROIL-17
LGrBEAZKT S, BRI =2 —a VW
fRRED 2532 L, —F, WMERFTEILS
DRELEDBEML, Fpel 2 = 2 — 1 Ve
52k, BEZON HIC, RERFEELEZR
L7ZIL-17& GrBd, ik F COMMRER R S O
R T CORMBSER BB O DN A F 3 —
H—=ZYHBIEIRBEENT.

BbHUI

ARz lHsdE, BKERT T, REERINC
BYa~A7ur7) b0 a—u yHEERT
AR TICRS =2 —u VYR RO R TR
<, THIREAD S D= 2 —va SFEERNFEES KT
L, BREICD = 2—ua YRRz -6 3 h
bLEzoh7-. T, RKESREOEHET %,
L IRV BN ORBLZHOTH Y,
ARIED L O AR DI OF]  IHHE L S
NTW ZEIZEB b LR, Iz, 2o
£ 9 REERVIMBRERIS % ¥ —7 v MIL7zHiLw
B (PA) RIS TE 5.

51 A X #

1) Matsui T, Kakeda T. IL-10 production is
reduced by hypothermia but augmented by
hyperthermia in rat microglia. J Neurotrauma
2008 ; 25 : 709-715.



84

2)

10)

INEIEE2:  4565% 45 2%5 (2016)

Matsui T, Tasaki M, Yoshioka T, et al.
Temperature- and time-dependent changes in
TLR2-activated microglial NF-« B activity
and concentrations of inflammatory and anti-
inflammatory factors. Intensive Care Med
2012 ; 38 : 1392-1399.

Matsui T, Motoki Y, Inomoto T, et al.
Temperature-related effects of adenosine
triphosphate-activated microglia on pro-
inflammatory factors. Neurocrit Care 2012 ;
17 : 293-300.

Matsui T, Motoki Y, Yoshida Y. Hypothermia
toll-like
microglial interferon-f and nitric oxide
production. Mediators Inflamm 2013 ; 2013 :
436263. doi : 10.1155/2013/436263.

Matsui T, Kida H, Tha T, et al. Effects of

hypothermia on ex vivo microglial production

reduces receptor 3-activated

of pro- and anti-inflammatory cytokines and
nitric oxide in hypoxic-ischemic brain-injured
mice. Folia Neuropathol 2014 ; 52 : 151-158.
Matsui T, Yoshida Y, Yanagihara M, et al.
Hypothermia at 35° C reduces the time-
dependent microglial production of pro-
inflammatory and anti-inflammatory factors
that mediate neuronal cell death. Neurocrit
Care 2014 ; 20 : 301-310.

Matsui T, Miyazaki S, Motoki Y. Effects of
delayed hypothermia on time-dependent
microglial production of inflammatory and
anti-inflammatory factors. Clin Exp
Neuroimmunol 2014 ; 5 : 202-208.

Shichita T, Sugiyvama Y, Ooboshi H, et al.
Pivotal role of cerebral interleukin-17-
producing gammadeltaT cells in the delayed
phase of ischemic brain injury. Nat Med
2009 ; 15 : 946-950.

Chaitanya GV, Schwaninger M, Alexander ]S,
et al. Granzyme-b is involved in mediating
post-ischemic neuronal death during focal
cerebral ischemia in rat model. Neuroscience

2010 ; 165 : 1203-1216.
Gelderblom M, Weymar A, Bernreuther C, et

11)

12)

13)

14)

15)

16)

17)

18)

19)

al. Neutralization of the IL-17 axis diminishes
neutrophil invasion and protects from
ischemic stroke. Blood 2012 ; 120 : 3793-3802.
Matsui T, Kawahara N, Kimoto A, et al.
Hypothermia reduces but hyperthermia
augments T cell-derived release of
interleukin-17 and granzyme B that mediate
neuronal cell death. Neurocrit Care 2015 ;
23 1 116-126.

Cao CX, Yang QW, Lv FL, et al. Reduced
cerebral ischemia-reperfusion injury in Toll-
like receptor 4 deficient mice. Biochem
Biophys Res Commun 2007 ; 353 : 509-514.
Lehnardt S, Schott E, Trimbuch T, et al. A
vicious cycle involving release of heat shock
protein 60 from injured cells and activation of
toll-like receptor 4 mediates neurodegeneration
in the CNS. J Neurosci 2008 ; 28 : 2320-2331.
Lehnardt S, Lehmann S, Kaul D, et al. Toll-
like receptor 2 mediates CNS injury in focal
cerebral ischemia. J Neuroimmunol 2007 ;
190 : 28-33.

Ziegler G, Harhausen D, Schepers C, et al.
TLR2 has a detrimental role in mouse
transient focal cerebral ischemia. Biochem
Biophys Res Commun 2007 ; 359 : 574-579.
Hoffmann O, Braun JS, Becker D, et al. TLR2
mediates neuroinflammation and neuronal
damage. J Immunol 2007 ; 178 : 6476-6481.
Babcock AA, Wirenfeldt M, Holm T, et al.
Toll-like receptor 2 signaling in response to
brain injury : an innate bridge to
neuroinflammation. J Neurosci 2006 ; 26 :
12826-12837.

Ceulemans AG, Zgavce T, Kooijman R, et al.
Mild hypothermia causes differential, time-
dependent changes in cytokine expression
and gliosis following endothelin-1-induced
ischemia. J

60. doi :

transient focal cerebral
Neuroinflammation 2011 ; 8:
10.1186/1742-2094-8-60.

Blanco M, Campos F, Rodriguez-Yanez M, et

al. Neuroprotection or increased brain



WERIIR SR ok = 2 — 1 o B3 55 [N - o0 T BEARAT- 1 7 4 85

damage mediated by temperature in stroke is
time dependent. PLoS One 2012 ; 7 : e30700.
doi : 10.1371/journal.pone.0030700.

20) Frank MG, Wieseler-Frank JL, Watkins LR, et
al. Rapid isolation of highly enriched and
quiescent microglia from adult rat
hippocampus : immunophenotypic and
functional characteristics. J Neurosci Methods
2006 ; 151 : 121-130.

21) Yip PK, Kaan TK, Fenesan D, et al. Rapid
isolation and culture of primary microglia
from adult mouse spinal cord. J Neurosci
Methods 2009 ; 183 : 223-237.

22) Aly H, Khashaba MT, El-Ayouty M, et al. IL-
1beta, IL-6 and TNF-alpha and outcomes of
neonatal hypoxic ischemic encephalopathy.
Brain Dev 2006 ; 28 : 178-182.

23) Ergenekon E, Giiciiyener K, Erbas D, et al.
Cerebrospinal fluid and serum vascular
endothelial growth factor and nitric oxide
levels in newborns with hypoxic ischemic
encephalopathy. Brain Dev 2004 ; 26 : 283-
286.

Hypothermia Reduces but Hyperthermia
Augments Microglial- and T Cell-Derived
Release of Factors that Mediate Neuronal
Cell Death

Tomohiro MATSUI

Department of Clinical Laboratory Sciences
(Clinical Laboratory Sciences), Yamaguchi
University Graduate School of Medicine, 1-1-1
Minami Kogushi, Ube, Yamaguchi 755-8505, Japan

SUMMARY

Therapeutic hypothermia protects neurons after
severe brain damage; however, the underlying
mechanisms have yet to be fully elucidated.

Activated microglia, which appear soon after the

primary injury, release cytokines and nitric oxide
(NO), known to damage neurons. T cells
infiltrate the infarcted brain tissue within days of
cerebral ischemia and play essential roles in
exacerbating ischemic brain injury by producing
inflammatory factors. Then, we examined how
therapeutic hypothermia can prevent and brain
hyperthermia can exacerbate secondary brain
damage and demonstrated that the release of
tumor necrosis factor (TNF) -a, interleukin
(IL) -10, and NO from microglia, and that of IL-17
and granzyme B (GrB), a serine protease, from
several T cell lineages is reduced by hypothermia
but augmented by hyperthermia. The
pathophysiological significance of these
temperature-dependent changes in TNF-a, IL-10,
NO, IL-17, and GrB levels in relation to
hypothermic neuronal protection and
hyperthermic neuronal injury was demonstrated
by showing that all these molecules
independently induce neuronal cell death in a
concentration-dependent manner, in which the
kinetics of concentration dependence was found
to be proportional to that of the temperature-
dependent changes in their production. These
findings suggest that a decrease in TNF-a, IL-10,
NO, IL-17, and GrB levels during hypothermia
contributes to the direct protection of neurons,
whereas an increase in their levels during
hyperthermia contributes to direct injury of

neurons.






