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Elucidation of inflammatory mechanism and development of new treatment by
immunological analysis of platelet-leukocyte contact
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It is known that extracellular histones, which is one of the acute phase
proteins in inflammation, causes aggravation of organ damage by attacking endothelial cells and
forming a thrombus. We demonstrated that extracellular histones activate neutrophils and platelets
via the adhesion factor Mac-1 and aggregate them, contributing to thromboinflammation. It was also
found that this condition is exacerbated in diabetes, in which the sensitivity of neutrophils to
extracellular histones is amplified and activated neutrophils mobilized to peripheral blood by
histone stimulation are significantly increased. These results suggest that extracellular histones
may contribute to the aggravation of acute organ damage by causing platelet-neutrophil aggregation
using Mac-1 as a key mediator in acute inflammation. In conclusion, extracellular histones transmit
signals through Mac-1-dependent pathway by directly stimulating both neutrophils and platelets and
promote blood coagulation and thrombosis.
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1. WFZERHAR 4P DY

PIEMER BB W TR I IR B O BEIE L 2 7R Ul 723 & 3 & 3 2 BRI B 2 /e 95
RETHhD, MRERICIEEE U CTlREEE KT & i/ MLOTEH LN 5325 Z EnmbiuTn
D3, Flr, “Immunothrombosis” & ™ 9 BE& 23RS X 7u7- (Massberg S et al. Nat Rev Immunol.
2013), Immunothrombosis & (F4FFHERRCHEK - v~ 7 v 7 7 —U7x Eo |\ iR, fMi7e £ o
H SR G0 02 I & i A R A0 F O EAERIC X 0 | 1N TIRIFIA A B CiADE S 25 2
% & L CORUNLENIARTER 21T O BARRERE CH D | 2 ORKIEA RIS FEOIRII IR %
Lo bTEWIMEETH D, —J7. 20044FE4FTHERDN 7 b~ F L #AE (DNA+Histone®E H) 75
% % 8 B R4S (Neutrophil Extracellular Traps ; NETs) & #aAMI S U, SS9 & e
+ DT R EARBGE A F = X 13 (Brinkmann Vet et al. Science 2004) S v, NETsHA# o il
AT H CAE R BCUNSE 4 & Do RIEM R B L O ZE, DZE, R ERIRIMARIE 72 &
DEBRBIEAN=ZALTHDHZE B> T&EZ, LML, ZOX) RIREICET S
Immunothrombosisil il F & o 1 TNETsH L OZ D T 7= 2Rk Ak 55 T & % Histone & 145 = &
WZEDIERIEITE LB STV,

HistonelIAZNIZH W CDNAZ H 7 B~ F v Oy & L CEEREEZ R LTWD
23, A OREIC X0 RSN S D & UMECAME 2 1% U D RIEIZ K D Zlifas i o
R - L 725 2 &35 UDAMPs  (Damage-associated molecular patterns) & #7 S 405 4> FREIC
BT %, fifr, Mgk Histone s i/ Mk gL ML & N R lafEE 25 X 2 = L, BEICBiT 5
SN B9 5 Z & AV & 472 (Xu Jetal. Nat Med 2009), Histonez #5- S vz~ o A%, il
RO EROWEA . WAL O MARIE 28 = U CHREREME I A NEERE (DIC) 2 %2 L. e
H DI X V5, BUESPDICE & L 72 B3 o ifiL il ' d Histone H3fE & _E5HF-L T
% (Nakahara et al. PLOS ONE 2013), Z#UE C, Histoneldifi/Mik EDZRARTLR-2,4 Z4 L
Tl/MREEEZEZ T Z LIV MREEZ 72T EBE 2 b TE 7 (XuJetal. Nat Med
2009) . L22L., FxldHistonefHEET /L~ U ADEFN, IFHEKEZRET L Z LIC K B
WCIERT 52 /R Lz, Lo Z Lav6, Histonell X 2 figasfa s & i drER- i/ Ml o AR BAE
HoORIIZTEERBERERH D LB LT,

T, COVID-19D FHIE(LIZEEMER R & L CORERFLHEIMEN B S-3 25 2 & 03E 7RI 6
MNETRY | ZOFRRE O BRI ERAT A D Il AR FEARIE O O AR FE /e & O EBERY 72 AR IE A3 BE
FELTWDZ EMNHEB L, ImmunothrombosisAACOVID-19IZ B W CEliges R % b 7= b9 EE
AN=ZALTHD I EPRBINT, Fo, BKREWZ LIZCOVID-19D HIEKIC K 2 fifashE
& KRS AR IaS Histone D L~ /L ORIZHBI N & 5 Z & it Sz, LavL, FERFEEICE
VT Immunothrombosis 23 TLHE T D HEFFIZ DWW TUEH o STy,

2. WHEORM

A MIE-LAME DIRREIC BN T, NlgsFEE 2 2 LB IC 28 IS HUi S L5 DAMPs & LT
fashz 7= Histone 3 aF Bk oifiE s, v MREESE, MENRMESE 25 kR L, EdTks
EATDHZ ENME SN TS, MifustHistone H 3k Zapoptosis % 7= 1&necrosis(Z i - 7= Hili
R0, JEMEAL U724 HRER D> & Bt S 40 2 i R RIS - 2~ 7 - Neutrophil Extracellular Traps
(NETs) &2 BN TEY, i ShzHistonel LMz £E L, X572 5 HistoneM it S,
positive feedback loop 3 EEL S 4L 5 . HFIC THERIF B Tl O ME RO L THES Th 5 |
ZEIEBLALNTZERIE R TH 503, Fx IEHistoneZs & ODAMPSIZ X % SO MEAHE R Ipi
TILHE L TWA HREME A2 E 2. FORJSHE & U TR AT ER- I M BRI S 2 & T TR
Hri. Fric G REN 2 RN+ 2 2R RE0 RN E LTz,

3. WrIED 5k
(1) Histone FHEIZ L D~ AZWENiREESE (ALD OJRERFRR P A0 8122

#MIRAL Histone (%, BFAEAY C57BL/ 6 ~ 7 A TR EMKAFAIICEIEAY 722 ks H fu i i85 % 5 |
T 2T, ZAUTIMAMRIRIENETH D Z EIILARTICH S ST b, ARAFZE T, BT Gr-1 £
J 7 a—F iR E B LT O ERZ R RIS ERE Lo~ 7 A Mac-1KO < 7 A (Z 100 mg
/ kg O MRk Histone Z @ ARNTESR L, Mo e HimtEfE 42 HERGICTHE Lz, S
51T Histone ZHE L7284 <7 2 L Mac-1KO < 7 A DI\ T, S5m0z
R E M/ MEE T 527010, ZhEnIoo~Ldx 42—+ (MPO) & CD42b Hi{AT
TERO LT,

(2) E bRAEim bR A ER(MPMN) & PEd MR (hPlY) O FE - BEAEE A B 22

b bR I B SR P ER(WPMN) & BEH /MR (hPIt) % AV T invitro C Histone #l#& L. &8
WEEBR T ICBIER LTz, £, ZOBENRH Mac-1 HUKDBTLEIZ L D Wi BB 2T 5
MEBEE LT,




(3) hPMN ¢ Platelet-rich plasma (PRP). I kB 7 —H% A h A U =24
M/ RFREPUR CD61 & 4FHERFEHUR CDI1Ib IZxT 2H1iK %2 H T, CD61 [Pt
CD11b BHtEMIfE & U TR S iz i/ Mi-aF RERE SR (PNC) BRkAE: 72—t A R A U —|Z
FVEEL], 22 ha—/L & LT Platelet-poor plasma (PPP)% i\ /=, F 7=, Histone D AR
LEZ 5 TW5 TLR-2 & TLR-4 DI Histone FIIZ & 0 W\ s/ D508 % 521+ 5 2% TLR-
2 & TLRA4 2T 2 hikEH\W =7 a—H A4 h A MU —2 X0 fighT L7z,

(4) ZA—E VAN —@BERENW LD 7 47V RO H
/R -HF Bk 28 212 351 D in vitro TOIMIEIMBIER 2 E &S 5720, BERD FiE%
WEL-Z—EU A N —GRERSEINEBH L, 747V U MBHE I k9 5 Histone 7%
FEME A ER- 1 MR AEAEH O 2 %2 BB LT 5 72 DIZ, CaCl2 ¥ PPP ¥ 7213 PRP, hPMN,
Histone, B L OV ED bu v 2H L Cifi 2305 L, 340nm TO®EWE A2 HIE L7~

(5) mllElifs (HFD) #E%PERP (DIO) ~ 7 AIZH1S % Histone £ 5-12 & 5 ALI D#BLEE

BRI B X HUMSE CHME . COVID-19 512 X 2 BMERIEICH L CMES CTh D 2 & IXERK
Wk <mbnsd, FHxlL, DIO (diet induced obesity)~ 7 A|Z Histone #5925 Z L2 & 0 BER
JREREIZRBIT 5 MR A BT 5T L AMEE L, Mac-1 27 L724FhEk - i/ ME BAEH
[COWTHEE L=, £72. AIMEROMES: Histone (%192 0 A SRR I L 0 (B8 252 1
DLWV E T Tl 2 ERGET 5 72 D& BRI AIERIUA 2 D TRIlaNS A o Z X
B 23 % CyTOF (cytometry by time-of flight) #ffiZ /ol L, U MRk e X o2 ixh
L7c~ U ZORM I A M ER A2 MR m~ — 0 — TRkl U, FRICHRRN Y Sk 7Lz B
—HlE = TR L,
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(1) HiAE4+ Histone 12 K 2 2 WEMiFESE (ALD 134 ERES L OB E R FMac-1 IKIFETH D,

#MAE4: Histone 1%, B4 C5TBL/ 6 ~ © A CH BMRAFAN EBSEH 72 if ke H i Ve85 % 5
ST, ZAUTIMRIREETH D 2 ST AN SN TW D, AFZETIE. ZOET L
BT DR E ZOHEDEEEZRAD =012, HHEkEGEFENICRELEZ Y AB LT
Mac-1 KO <~ 7 A|Z Histone ZFHRMNER L7 & 2 A, @& &b o mie HimMERIEN S R# S
. AEMENIER L7z, $£7-. Histone ZHAM~ o 2R CTEHEO M/ MUEAIEZFI&EZ L=
23, Mac-1KO ~ 7 A CIIA B/ Mk 23 [FE S 4172 Z & 226, Histone 1% Mac-1 {KA7 D
MARTERRIZ X A VEE MO M/ MO 255385 2 L BSRg Sz,

(2) Histone IZ X A Ifi/PR-4F P ER#E 51 (Platelet-Neutrophil Complex; PNC) JEAIZ. Mac-1 &
F#ETH D,

Histone HIPKIC L 2 /MR & iR ER DO #EA R (Platelet-Neutrophil Complex; PNC) Eakix, B4
Bl 7 2 DOfi CEEICHE S8, Mac-1KO =7 2D CiRigE A S Esnsiror-, =
D Z & H5 ., Histone (2 X 5D PNC IR Mac-1 IZIRTET A2 LB RBENT-, £Z T, ZOHS%
Z in vitro THGIET 27212, B MRS H R ER(MPMN) & & R EF il MR (WPl & W T
B IREEEIEE TICBIZE Lz, hPlt I TIE, B A b2 2RNTIZ PR 2 7R LTV B 728,
Histone FIPKIZ L 0 1 2LANICHEE L7, —J7, hPMN B CiI b X kU 2N 2 RNTERE T
AR T BT ) 72 BEAREE & I/ NER B O FED B IS RERE T X 53, Histone HIIPIZ LV
hPMN OFFE AN H X F1EL 1 53 THA LIZ U o, E5E L CTHEWIZEES L, N4 VT 32 71%
FILT% 5 4y TS L 10 43 CTHAEE L 7=, Histone % hPlt+hPMN {EAEWIZIN 2 % & EEEE L 7= hPlt
N7 a~F N30 5 TESYEEGOENTZWPMN IT LoD &5 L CEEARZTER L. hPMN
1% 60 53 Chgak L CTHAE Z R L7, Z OBLGIE HT Mac-1 FLIEORTALIE I L 0 B ICIHl S v,
To—H A A M) —GHEEHAL T, CD61+CDI1b+#lfn e L TR &7z PNC IERD &I
Histone FII CEAE (ZHINN L7228, 10pg/ ml DHL CD11b HLIR OB THERy A S iz,

(3) Histone [X#FHERD TLR-2 33 X O TLR-4 DR H A HME L T, Mac-1 DREHAZFET 5,
WEOHEIZL D &L I ERIE Toll-like receptor (TLR)-1,2,4,5,6,7,8,9 3L N 10 Z3H L
TUW5b, ZH % T Histone DZFIAEE 2 5 TW5 TLR-2 & TLR-4 O ¥ HLIT Histone FIPLIC &
O BEE NN L 7=, %72 Histone FIPHIC X 0 #5842 4Bk EOIEPER Mac-1 O8I, TLR-
2 BELUTLR-4 FLEANC X > THEKGFWICIHE S vz, 20 Z &)26, Histone | TLR-2 38 &
N TLR-4 Z 4 LU CHEHER Mac-1 Z15ME L35 Z & 234 L 7=,

(4) #FPER PSGL-1 1%, Histone #5310 PNC JERIC I\ CEE AR ZE| 2 /-4
Histone % Platelet-rich plasma (PRP){F(E N CAFHERICIRINT 2 & AFHERITHE B 2 /i
DOENBA LTI L 72, ZAUTHT PSGL-1 FUAIC L o TERICT Ry 7 S/ 2 b, PNC
DIERLH PSGL-1 IAFETH D Z L 2Rt L TW5, LA L., I/ IMIOFELET (PRP) 2 Histone
12 & D73 ER Mac-1 OFEMEALITHT PSGL-1 HUAIZ L » THEIITIHI SN o 72, 25 DG




FlZ. PSGL-1 232 PNC FERRICEEE L TW A28, Mac-1 DIEMHALITITIELS BE L Tninz &
ARLTWD, ZThbORERIZ, Histone FIFEH O HERTD Mac-1 DIEMEAGIZ, EiZ TLR-2/4 %
4 L 7= Histone DEZEHRICERNT L Z L A2 R L TWD,

(5) Mifast Histone (£, /MR KOHFEROGETFTT7 4 7 U B A RET S,
M-I A BRI 1238 A2 81T 5 in vitro TOIMIEMBHER Z ER®T D720, MO L%
WE L —EY A N —BERE)EMN 28 H L7, Histone 2 PRP+hPMN ([ZIRIIT 5 &,
FEASE & M HEER X, A ER- M/ MEFE FLVE A T Histone HIBIC X 2 i TRk MEE S s =
LR ENTZ, EBHIT Histone IC Xk 57 4 7V vifipfEsagh B, H1 Mac-1 FUR OFIALE TR
SN END, ZORICEBT DIMRTERDIEEDN Mac-1 IKGHETH D Z EDVRIBI T,

(6) DIO) ~ 7 ATl Histone $5:-12 X 5 ALI 2SEHE U A P EAL L7z,

WEEFEZERE Lz~ R L, DIO ¥ 7 ATl Histone % 512 £ ¥ BAZEIZ ALI 2N B HE L
FIERN LT LN L, £72. Mac-1KO 7 AIZHF D %5 L7 FERIFE T /LI
BT, BRI CSTBL/6) ~ U AT, AfEER, kAT RodcEN R i, f/Masid )3
YETLHMNA RN, ZOZ b, FERFIZEIT S Histone 758 M RAMEMFESE O HE T
Mac-1 (2 F T 2 " REME DS RIB X 172,

(7) DIO = 7 AT Histone %512 X W SKAYIMLIZ TkBa <° STAT1, 3,5 ® U kA3 JLitE L 72 4F
HHERHIIRAE S B B Sz,

Fox iz LR AW L 9 DA =R LD LT, HIMEROMIIA: Histone (253 5 50805
IEDVBEIRIBIC L 0 B2 D & W )G & T2 Tl ZNERREET 5 72 CyTOF Hiffi & s L.
vUMIRERE A R B EE Lo~ U AORMI A MERZ MR R i~ — 7 — TakB L, [RFEC
AR Y by 7T BT ISR LT, EORER, B R Mo EEHZ BRI
CD11b+Ly6G+ABAR AN L, HFDI12 #5412 & 0 1B L7=HERF~ 7 A T, TkBa BEL W
STATI, 3,5 OV ERLATUE L 72 PRI O R M A~OB BN L=, 2D Z & BEER
BV TAFHERICE T D — IR CORIERIZSZE N TUE LTV D AIREMED R S Tz,
VL EOFERNS . G ER Mac-1 IZH1F 9 5 Immunothrombosis O JLIEDNE RIFIZ I 1T 5 RIENVEE
BADWHED A H =X LD—D>ThHbHEEZ LN,
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