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Search for new treatments for influenza associated encephalopathy targeting
innate immune mediators
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We investigated whether high mobility group box-1 (HMGB-1) monoclonal
antibody could suppress the increase in vascular permeability of human primary cerebral vascular
endothelial cells by tumor necrosis factor (TNF-a ). After TNF-a stimulation, vascular permeability

was significantly enhanced, and cell spindle-like deformation, increased intercellular space,
increased F-actin formation, and decreased amount of VE-cadherin protein, which is a tight junction
molecule, were observed. In the presence of anti-HMGB-1 antibody, vascular hyperpermeability was
significantly suppressed, and the increase in intercellular space and the decrease in VE-cadherin
protein were significantly suppressed. The concentrations of IL-6 and IP-10, which are inflammatory
cytokines in the supernatant, increased by TNF-a stimulation were significantly suppressed in the
presence of anti-HMGB-1 antibody.
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PIHLAT v A RV RFEOFIMEICL > T, F30% TH 2T ZRIT 10%H1H% F TEL
2o LU, BELRBRELHIRCEESRBIEICEL X —A0H D, & 512, 2009 Fl2flE -5
BN TN PFRT I 7 T/NRA TV P RIEBRE LN EZ D=, (7T
Y RRAE DFp REME I & AR R T 1 DEE A B T HT R EIR OB TR OMETH 5,

A TN YPRIEDFHREIL, Kl F 3l B~ A TN U EGRIC L > TIEED
WR R EIER SN E D 2 T @A A MSEN S| X = v, MK ik B Y o 2= ophiik
MfaEENEE D EEZL LN TND,

BHEETOWIERIZL > T, A 7 PRED BE MLTE TIL INF- o <2 IL-6, IL-18 &\ o
ToRIEMEY A DA OEREETH D Z ERHESIN TS (Ichiyama T, et al. Pediatr
Infect Dis J. 2007;26:542-4), F7=. @& INF o EF/VISE~ 7 A Tl ML B @ MEN TLHET 5
TENRINTWA (Tsuge M et al. Microbiol Immunol. 2010;54:417-424.), A > 7)Lx
PRGIE DIFREIZ 1F. R IR T O INF- o OHIMA KX G5 LTW5,

TEDERIRIIZE T A v 7 b o PIMIGEBRE O IfijE T High Mobility Group Box—1 (HMGB-1) &
ANEETHD Z L HME 7~ (Momonaka H, et al. Brain Dev. 2014;36:484-488.), HMGB-
LIZEITEPNICIEE L, RIERBSCMBZEIC > T, Mlash M E Tl SN 5, BRGIESZ AR
WK o TRk S v, RIEMY A M A U &FE L, TF, BRIMESSH CRBEREER EONRA 4~
— =L LB, RIFEISHOERN S LTHERSN TS,

JUFEZECINIME « CADAET L~ T AT, MR OREEIZ XY HMGB-1 238k &du,
7 a7 ) T BEMAL L fE R, INF- o 28 FEAE S UMM B EN TS 5 A B = X AHH &
W20 ooh 5, 6T, AUV PRIERET L~ T AZHNGB-1 ZH 1T 5E /7 a—
FAGUEZFET 5 & MIFTORIEMEY A B A 2 A3 URMIL A B oo U S < .
X ST E FBim it TLEIC F 595 Matrix metalloproteinase—9 (MMP-9) D& {mFFEIERHEM
DS E Z L ZHLMNTEN TS (Nosaka N et al, J Med Virol. 2018 90:1192-1198. ),

A2 TN W IE D= G ERIED—> & LT, HMGB-1 2% —4 > & L-1BENEE
SNTED ., IMGB-1 A v 7V PIIE O MM E R TS ED X S IS5 0 &5
MZTDHZENMBETHD EEZ LN,
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A TNV PRIEIZ BT D INF - o fUGE & NI EEMETTED A =X & HMGB-1 DB
HBAEPAOGMNMZITHZE2HBNE L, B MIMIMIMENLZMIEZ AW T AT 2 L AT
LEAEE L INF- o 12 K HHIEIC K 5 HMGB-1 D43 & & BN, BLOFZ A % v
7 a At ORBEELERONZT D, iz, BLINGB-1 &/ 7 a—F ViR & ez
X A& BRI TTE ORI O TH LT A L2 BE L,
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P bR S A N B (HBMEC) (Cell Systems fh) #ao—4F o 1 a—TF 47 &N
TN TTIERR L, S CHERE L 7-, HBMEC 13X, 4~9 K8 CTHERIZHEH L7=. HBMEC ~D
TMF- o FIIIZ. 10 ng/ml Db AL Z TNFa (PeproTech #) T 24 I#fE4T72 > 7=, #i HMGB-1 &
J 7 a—FVHURIE 50 ug/ml O T TNF- o I 1 FERTATICERN L 7=,

R ALESR  MIT Cell Proliferation Assay Kit (Trevigen #f) ZfHEfH L CHIE L7-,
MmN MEEEME HBMEC 2T v has—4F v 1 a—F 4 v T8N TV AT )b A
—hF (L2 0.4 mm DRV ZF LT LIHL—FT 4 H—) ONEIZ, £ > —H7D
50,000 MR CREME L., a7y MIETDHIETEERE L, EHBIOTFET v =0
B . PLHMGBL & / 7 v —F gk (LR FEBFHE L v it h) £72id= > b e — ik
ZETe 0. 5%BSA Z G oM IERH & 228 U 1 REE LB, 50w g/ml @ HMGB-1 & / 7 1 —F )L
HilkE7- 1Tz b — A HikEETe 10ng/ml O TNF- o 23ESIN S U7 B HNZ AZH U 24 PRSI L
T-e 7NV A LA A TFFATT 32—k (FITC) iE#%kT % 2 = > (MW, 40, 000; Molecular Probes
H) ZH LT oA RNy 77 —ICRKEE 1 ng/nl THRMLU., EEF v o N—OE5H & AZH L
77o 37°CT 2 RSB BICTET v o N — DA IVE L, = ellE Lz,

oA Yt c HBVEC 22T —47 v 1 a—T7 4 V7 SN R#E AT 4 K (AGC TECHNO GLASS
) E TR LU INF- o B . fiR A MRS T L. 4. 0% 3T RV AT LT 8 KT 15 4y
MEE L7, 0. 3%Triton X-100 C 10 43 ALER % | MR 2 BEid L, —IRPUA (7 3 FHT HMGB1
Pk, 79 XHIVE B KU UHUR) TBiAf o F 23—k L7z, W%, Alexa Fluor 488 f=
Y XL R E T H I U R DRPUATEIR 1 RIS S, 1%, DAPI TYfA L-, B
UL, BLEHGIENTY 7 b =T T A =g AR LT, BOBEESE (BZ-9000 ¥ = 1%



L—y g v L —o 0 ARRREH) CEHMl L 7=,

TEEAWHERE PCR : RNeasy Mini Kit (Qiagen #1) ZW T, h—% /L RNA Z4litH L 7=, cDNA
A %ix. Primescript cDNA Synthesis kit (& 4T /34 A #) % L7z, PowerUp SYBR Green
PCR Master Mix (Applied Biosystems fi) ZFEH L CTHIELE L7, V7 /VZA LAPCRV AT
2 7500 (Applied Biosystems) ZfEH L T. cDNA & 50° C T2 5B LN95° € T2 4HMENE
S/, 95° C T15 MR LUN60° C T 143fM% 40 %A 7 V88 L7-, GAPDH Z NIKIM: = >
fr—L e LTHERAL, MxXER 2-AACt) OMEEFEHA L CEBEFREELZHIE LT,

P2 6% I E (ELISA) : TNF- o CTHIRE% O L3 % [RIIX L, HMGB1, 1L-6, GM-CSF, IP-10, RANTES,
MCP-1. XN IL-8 ZHillxo ELISA 3~ F 2 L CTHlE L=,

HIBREEE 7 &1« v NHERVES MW MARE (THP-1) MIRRIE 10% ¥ MG Ve iiE 2 & ¢ RPMI
1640 B2H#T 5%C02, 37° C TIEEHMER L7z, THP-1 fifuz 2uM Bt A o —AM TYu L, TNF-
o THIFL% O HBMEC MIfEIZ 1 v A > —AM TYett L7z THP-1 M@ 2 #fE L, 37°C T 90 ZyffA >
FaX— | L7, FEBEENE THP-1 ML A& Bt 72 55 TP VI LISMEFE IR (1%Triton X-100)
A, wAHE LT,

WESME © GraphPad Prism Y 7 =7 3—2 5 8.0 (GraphPad Software ff) Z{FfH L
7o TN—TOME R RIX, —ICEUE BT (ANOVA) & ZRUCHE T 2 —F —DEEk
REIC L > THRE L.
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(1) HBMEC (2351} % HMGB-1 %2 254 TLR-2, TLR-4, 3 X TF RAGE D3I

HMGB-1 A Td % TLR-2. TLR-4 3 L TR RAGE 28 b MU NI N A TR+ H 2 L &
WARIE YA L > THER LTz, MENEHMR~— D —Th s PECAM-1 &7zt ML E N Z
AR DRI/ THRILL T,

(2) TNF- o Hil3#41Z X % HBMEC 7> 5 ¢ HMGB-1 43k

10ng/ml DEE D HBMEC T INF- o Z R4, i D HMGB-1 OIBENAEEICHM L, &5
(2, TNF-a (10 ng / mL) &K 28F0E, RREFAIIC _EIEF o HMGBT JRFE 2 A IS S w7z,
(3) TNF- o i1z & % HMGB1 OHIIE AT DA

TNF- o JIFE 23 72\ 545, HMGB-1 1 HBMEC HEfE@ DFZIZ RIFE L T iz, TINF-a (10 ng/mL) Hl¥4
3. 6. 12, 24 B OWT I E HMGB1 ORI EBITIZBIE SN > T,

(4) #paEfrE

HMGB-1 & / 7 o —F AR B0pg/ ml) £721L INF-o (10 ng / ml) T24 BB L TH,
HBMEC Ml DA FRICHE L 5 2 o T2,

(5)HMGB-1 & / 7 v —F L HURIC L 2 B & N RGE Y o TesE S| (1% 1)

TNF-a (10 ng / mL) ORI 24 FER#%IC, FITC T F A M ORI EIZEZICHEML -,
HMGB-1 & / 7 v —F APURDFFE T (50ug/ml) T, TNF- o JIRIC X 2 & @ MO INMBE &
WZHIl &7z, HMGB-1 B/ 7 v — VLR B CIE HBVEC O tEix (b Lie o7,

AT F v —sE % B 0 & 7R R B HMEB-1Hu iR L TNF-a 1= & % MRS O & M) L 7=
Mock + control Ab TNF-@ + control Ab  TNF-a@ + HMGB-1 Ab
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N R B B 2 AR
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(6) HMGB-1 & / 7 1 —F/LFURIZ & 5 HBMEC DF5$EEZEAL - MfaRIBRosmoms (X 2)

IS C HBMEC | XA RIBR 21T & A RO RS, INF- o FIBE (10 ng/mL. 24 B§fE) THh
SES AL AR L, MR IR ALK L=, HMGB-1 &/ 7 o —F UHIREM G, E%fia o
PRI L7y 7=, HMGB-1 E 7 7 u—F Uik (50 ug/ mL) OEET T, $HEEREZELO
il &, AR OB 2B T,

(7) HMGB-1 &/ Z o —FLHURIZ LA A N LA T 7 A4 A—EmodHE (K 2)

HERIPL CIE, HBMEC ILMIRE DOF VI F-7 7 F o Ot 2380 IMGB-1 & / 7 1 —F L Hik
B TIL F-7 7 F v OO ARIT B2 Dy o 12, TNF- o HIEIC K - T, FRI b e f8i < -7 2
F L DM AR T=, INF- o ilEH% D F-7 7 F o O5 AL, IMGB-1 & / 7 v —J /LHRIZ
Lo THEEIN 2T,



(8) HMGB-1 &/ 7 u—F LHUKRIZ KL D VE-H R~V U RBUS FoidH (42 - 3)

HERIBL Tl VE-7 R Y X FEISHIRERR IS AFTE L, INF- o IIBKIZ & > T HBMEC OffifiafiE o>
VE-H R~ OENIRE DK T AR VE-H KU U OEHBEOF BB 287, TNF-a
K. VE=h RV VB FREIIET LR A o 72, HMGB-1 £ / 7 v —F L HiR B T, VE-
B RNV UEADRSME L RBIIZBL Lo 72, HMGB-1 &/ 7 u—F LHURIEE T TIE, TNF-
a FIBRIZ KD VE-H RU VA EAL & D 23 BAZHH S iz,

HMGB- 14K IZTNF- 1= & BVEH KA Y L DR % % L 1= HMGB=1 5 i TNF— o BB £ 5 [L-G1g %4180 L =
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(9) HMGB-1 &/ 7 o —FIVHURIZ K %A N A VEAOEEIIE] (X 4)

s o IL-6, GM-CSF, IP-10, RANTES., MCP-1. IL-8 D21 TNF- o I 1T A BN L
72o HMGB-1 & / 7 B —F AHURDFAE T T EEH O 1L-6 B LV IP-10 IREOHEMEL, = br
—PUATFAE T L U CHEICHHI &7z, S 512, HBMEC (28125 IL-6 B LN IP-10 D
- FE B EIL INF- o B ICAE BN L, 206 OB ORBEHEIMIL IMGB-1 & / 7 o —F
NAURDLFLE T TP & el LA Bl S vz,

PLEOWFZERE L 0 . b NI P A~ TNF- o B2 %95 HMGB-1 & / 7 v —F L §T
RO N R FEIEYEOIEIN RO A NI A VEAMEINEEZH SN L, ATy
PHGIE DIFRED — > T DY A b I A MUAEIC K 2 I AE F @ Ui - By IR S BT
HMGB-1 MBS 5 ZH T B R TH Y, HMGB-1 2 X —7 > b & LIFUREIKIC L 218N A 7
IV W RNIE O FTRIB IR O 72 D ATREEDVURIB S Tz, 4% D S HIZHLHMGB-1 £/ 7 v —
FAHUROEHMEIC OV TEMBERZED THL MERH 5,
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