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Bk IE. NOTEERIMI T Db % EIMEKTH b | i AR GRS R SOG T 5
LT H 5, A PERIIANE - EEECH L CliEEEERL, B8 - R EfTO L
THEEZHEIL T b, 7z, IPERIZIL-1 R EDRIEED A b A4 vEFEET L LT
RIEIGZG ER S, T oI, HFHIRFZERL ME 2RI 72O, NADPH 4 F > X —
YNOX)C L o TARA— ¥—FF o Vil LkFEZEET 2 L RIFFICT X—AJHRLICE F
N5 ITuLAdF v X —EMPONTRIIEREA 4 v % EAT 5(1), FhERIZ, BHEN
THEFEA SN TE Y 2 B /e U CIEBRIME it S 3, fEERIMEH o
TR ER X, AERN TR RIES R T 1 HCMlEEicE 2 2 e Ao TE Y, fFd
HRIERPE O 7D i iE R 2 U L. MBS R 2GR L 2RICET A -2 2550
A7 —v R HilasEER T EEZOLNTE /A, Lo L, 2004 4£1C, Brinkmann
V I X o THFHRERMIIAA b 7 v 7 LRI 2§72 aflil@ZE R MG S nFEH S 2 X5 I
o TE7ZQ2),

MR 1 2T

PERAMANAIE X, KEL 221 HE L, M2 LODHTICL o THIFISNE T H =
2(7'a 77 LA & 2 AT A 7 v — o R LRI Tz, B, TR b=
AL IR 0TI X o THIEH X h 2 ML MERER S S K S ice o T& 7,
Necroptosis, Pyroptosis, Ferroptosis, A — F 7 7 ¥ —#lill5€ > NETosis2Q)7%x &' TH %, 7+
P = RDGFREMICOWTIE, TZ30EMTEHL DI EBHL2ICIN, Zr~vTFV
DEE L HIE oW L Z B e L, AR —F 3,67 2 ERETRFE LTHEINT
% (3)o Necroptosis l&. 7 b — 2 2D FFEEEDSHH & 2212 75 %3882 T H D > o 7= i ld 5k
TH Y, Necroptosis Z[HET 2/LEY & L T Nec-1 28375 X 41, Receptor interacting protein
kinase (RIPK) 1/3 % Mixed lineage kinase domain-like (MLKL) & \» > 72 & ¥ X 25y T3 &
FREPHIBISERITICBI S L. MO AMER & o IEFE 2R e L Twv 54),
Pyroptosis (9 V&4 7 OMIFINERIC X o THEBEIN D H ZAAA—F LIKFFED A 7 1 —
T ARRDMNIIE & L CTHE I NG), DA RA—F 1 OEMLICIEA v 7 5y — LS
LThY, ML ERICA v 2 —ufFvAL)-1 DA A LN S, IL-1 B8 13 KEL:
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FA M4V THY, BRIEXEMWICERLT 2 L 2RE & LTwb, Ferroptosis (3, 18
Fl7EBLIEE 2 Z OFFEICEETH 2 LHEINT VB, ZORITHTIRIZLALD
2o TWie\n(6), A — b7 7 ¥ —HllEsiL. WU DNA BERICEMA X, Hile e
KOLEZMFET27-00 i EZO0NTVWE (), A— 7 7Y —DHERC OHIEIE %
Mzt —F 77y V—Mlaste LiZnhcws,

NETosis & i

U ER DT 72 72 MIIESE & L T NETosis 235 i & #1172, NETosis & [34F R4 N D DNA
L. 7 m~=F v 56k R ERIEAL B v 7 (neutrophil extacellular
traps :NETs) CAll {7z & D BV i L . i S L7 MR I3 < 7z DNA ICfi& L 7=
MPO CAFHHERT 7 2 X — ¥ (NE) 72 EDBERELTIHE <7 F Fic X - TRET % & HLIcHifgse
ZETHRTH 5(8).

NETs ® DNA [z v X7 P 272 En T Wwd T, NETs 229 % DNA L &
AP VRO MEEET 2 LIV BB ZREL CHIECR Y% L b x5 L
E TN T3, NETosis ld. ¥ &4 7 CHRHIE L EOMECH VI XPLT AV F R
COBRREELDLZ DL ETHMEINAZQ), il T NETs 28 HIV-1 £ Myxoma virus 72
EOUANRGEE SRS 2 2 ERME TN T B(9), LR TIE NETs iZ4FHER S EE
ICHEET B HRER CH B HFIR. M. BE R EORERERHIO A T2 L 2A8RHLRTY
3, 2z oNnMERFTRe~ 7077 —VICEBINP T R B 7T TR L. NETs
ICIZIFPERDEFETH 5 NE. MPO, T4 7 = v Vi EOPUREEREEDH 5 2 v 57
HAKREZRFF Lz ERINs0T, MBI L Z2iiox 2720 Th{, Rifd€s 2
EDHIE I NT WL B(10),

NETosis D FHE

NETosis 13664 HRIBPIEIC L > CFEEIN D, b OREMYHE IZ, NOX Ziftf &
#2ZEICX > T, NETosis #3FE T3 2 L3 4P X W& I TE72(11), IFhERics T
% NOX DIEMACIZIER ISR TH 2 -0 R —oX—F F o P2 WHIWE &+ 2 G EE
(ROSYBKRICELEIND, T1b D ROS IFHIIEN/NEE TH 5 7 X — AV JHRL % REE & %
fLRIGIC X Wi L, 2 oBERNICHEL Tw/z NE SHIIRENICHRBLT, S$X %A
2N EERIFFRNICHFET 5, D NE RIEF IS CIFFER AR 0MIERZ S - T
B, »DOROSICL > TilEELENG, L7285 T, NETosis 23kl & N7z BRI T HIAEN
TONREBEBILE 522 —RIC X B X V23R ERICE ) R MR s Bl X
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N3 LHEINTH D2, ZOFEM AT D2 > TV (12), ¥ 72, NETosis 2575E X
NEFRICZ I ZAZ —FEIBNICHOBE L T XA Py Xy N7 H 2R L TEEf T
DNA #fREMOZ L BME I N TV BE(13), 2D X I RHERMPEZ 5 2 LI X - THIESE
~LDNA LR UYDBHRHTEEEZLNRT WS, ZTHICBD 3501 ifill 7 bR 13
FEHLPIC R o TR, EIEHEIC O W Tld, NETs A IcEE A E s i I nc
WERTFUALTAFZVT A IF—F 4PADYICL e R v TAF=vEED L P L
VLD BEHETH 2 Z L2V L T 5 (14). & 5T, DNA JHRE o A5 A SRS 133
PR BIES 2 2 &L FHEEI N TV 225, Z DO FHEIEIZTERICIED Do TTwany,

NETosis DJRE~ DB 5

NETosis I DNA Z 32 C L ic ko CHZE - BT 5 2 &L CHAREZICHEG T2
23, DNA D@ F 7 it 3B e 2 51 & FJRK & b 72 O k4 7 RAER B IC B L <
%, NETosis IC X o THUH & #1172 DNA IZIVMRICH & L. 7 7 1 — LE{LEE -° MARAE %
FHRITD5(15) PABEBICEEAKE A R-T b MONTNE6), 2, &MY b
~ =¥ X(SLE)REfT V v~ T 7 &0 KAEHH O RE K B OB IC NETosis 2385 L Tw
22 EHRMEINTVS(17,18)s F 7z, MBERE IR L TV 2 I ER R O RAEFHAEIC D
BG LTk b, Mlivaitdic NE  DNA 2 v, 2 5 OfFEEREL 1 DNase %
NETosis % FHE 3 2 AT X - THET 3 2 L AWE I LT Ww 3(13), BIMAEICBWTHIE
BRIMIEHIC NETs 23 S 41, 25 DJFAET D DNase ¥ NETosis % fAE 3~ 2 $EA1IC X -
THETLZEPHEINTWS(9), L7244 > T, NETosis DFHEMME %I+ 2 2 &
L DRIEIREE TR T 5 2 L icohBh, mELX—r vy bo 12 LTEHIATY
%,

AFFETIE, F1TEICBEWTNOX D/ v 7T v MKO)wY 2% T, NOX MM
® NETosis DRI E ZFE L7z, . F2ETIE, b M AMEHOEEMIE TS 5
HL-60 #fig % F v T NOX (KA1 & JEKFEE D NETosis ICB13 % I bay F I 7oB5Ic
DWTC, H7mHFETI P F )7 DNA REMAEE R URET L7z, $72. B3 ®ET
. KEEMAET® % HL-60 Mg % F v T NETosis I 35 F 2 R 1< 0 W TRET L 72,
THICE4ETIE, IRE~DESICOWT, TR F8u% v NETosis Z #5453 2 & %
LT L, Z DB IC O W»TRET L 72,
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W3, PMA. 2 ¥ AF Y v A, BUEY. 2L 271 — 7k 83 NOX K NETosis %
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B T XD NETosis ZfHET 2 L AWHE STV 5(21), X 5T, NOX DiEFHAS
R L 3 2 1B ERNIFIEE(CGD)EH T, PMA, I v A+ N) v AL WADIC X 5 ROS
DFEEX 7 . [FIRFIC NETosis d 2 S 720 C & 8 RE S 72 (22), E /2. frhEkTid
NOX IC X D R—o¥—F F v FELE TN, 2D, IFHERO T X -k 2 o T 3
MPO iC X o T CIOICfR#H a1 2, NOX K771 D NETosis % #5883 2 #HELIE T, X
—N—FF T FHAMPO ICL>TCIOICRHIEI NS 2, COEREDRIEH LIS % 3
RN HE L 72 BRI & NOX K T7EME D NETosis SHE SN S 2 & 23 WM& I n7-(1,23), T D
X 5 I NOX R @ NETosis IC DWW Tk, Z OREME. > 7 F MR CBE S 5
IEERBRSFHICHE I N T, LT AP, ®LICR > T, CGD HE T b FEE ORI
B %9 % & NETosis 255 E I N2 & L AT S (24). 2o ofilYE cifE s h
% NETosis % NOX JEMKAPED NETosis & EFET 2 L IChkoTE R, L2LAEMRDL, %
DM B IC OV TIRBTEE To L 2ANRHERDR S, £ 2 TRETIX, NETosis #%
EEEREIC B 1) 5 NOX K1 NETosis 35 X O NOX FEMK 1% NETosis DiEWEZH S 2103 %
72®IZ, NOX RiE~ v R % H\ T L 72,



KBTI

1-1 EREY

10 % 0 B4 B (WT) C57BL/6 = 7 Z(SLC. HA) & gp91”"* KO =7 & (Jackson
Laboratories. Bar Harbor, US.A.) # WK Z1To 72, ~v R t, #HE R (Lab Diete.
US.A) ZHEHL 7, 7 ZADFF IE, WA 23°C. HIEEE 12 KFE i, K- i
FHICIBI S &7, 72, AWEOBYFERRIT. WIS I 3B 2 BI85 o FEhti i
B3 2 HATEE ) B XU [BYMEBROBIEREMICH T 7274 FF4 ] 2Tl
ERRIERFBIEBRTZESOEKREE T, BYHEORIED T T o 7z,

1-2 =7 REFHERD B

~ v ZJEEIC2.98% thioglycollate (Becton, Dickinson and Company. Franklin Lakes, NJ,
USA) %2 mL#%5 L 724l %, BERENEE L 2 47 hERIZPBS % Fl v T L 72, HipfE L 7=
TF R ER A2 PBST3EIVES L. MINEECE BIE L 28, SFEBRICH W,

1-3 #ifEs DNA O EE

<~ 7 2RI ER % 96 well-plate 1 1x10%/mL DEEECHERE L. 10 uM A23187 £ 7213 1
UM PMA T 3 BELEE L 7z, RIZ, 20U/mL D 27w a3y 7 AX 27 L7 —+% (New England
Biolabs Japan, HA) T 2027, 37°CCULEE L 72, 5mM EDTA (pH 8.0) TKIGZ% ko 7=
. VIKr L 72 DNA %Z & 0o (200xg, 843, 4°C) IC X o TREIUNL 7z, FEIX L 7z DNA %
5 uM SYTOX green TH:th L 7274, 96 well-black plate I L. SpectraMax” (JiI#ZiE : 485
nm, HEHEE 525nm) REEHAL CHEHNXAEZHEEL 72, BILL 72 DNA OS¢ E i, Hj
Way b= 32U EERE LTRL -,

1-4 NETosis O E &

< 7 2RI ER % 96 well-plate I 5x10°/mL D #EEECHERE L. 5 uM SYTOX green T4
L7, 10 M A23187 %721 25 nM PMA %# LR L 7=, SpectraMax” (JiliZili & : 485
nm, HOEHE 1525 0m) ZEH LT 1 KR Z & i DNA #¢E Z 5T L 72, NETosis ® |
HEFHET 57012, 1% (v/v) Tritone X-100 JLHE L 7= Mg 0 # L8 % 100% DNA & H 7%
L. %K T NETosis % % T/ L 72,

1-5 NETosis DIZHEBZE



254 K275 & FIC flexiPERMYF v v S — 4 v H—F (fL% 4 X, 1.8cm’) ZMEE L.
~ 7 ZHRAFHER % 2x10%well THERE L. 10 uM A23187 £ 721 10 nM PMA C 3 [ LHE
L7z, RIT, 5uM SYTOX green CTHetr L, HEMBAMBE AL <, BI%L 72,

1-6 SREHAEWT
T—Z1%, FHEEESD & L TR L7z, #alf@hrid. Student's @ ¢ WE TIT7 o 72,
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gp91”"** KO ~= 7 X DIFHFERIC I 1F 5 NETosis K

NOX ¥ 72=v F RIB~=Y 2 TH 3 gp9l”"™ KO =7 ZZfliHl LT, PMA ¥ X
A23187 1T X o TaFE X 1L 5 NETosis 23 % 112 1L NOX K Fr ¥ & UF NOX FE{KFE NETosis 2°
Y35 uON LTze WT =7 ZAHAFHER & i LT, gp91”"” KO ~ 7 2 Hlfr s ER I3
PMA Hll3 CHifEs DNA Ot 2 Lad o7 (K 1A BXTC) o WIEAIC, A23187 HI¥
I X B~ DNA i 2. gp91”" KO = v ZAdskir Bk & WT < 7 2 fiskfrhEk o
MicEidmro72 (MIABXUB) . ThoDFEREIZ, gp9l”" KO =7 ZicE T,
A23187 28 NOX FEMKAEIYIC NETosis % 5B X 4722 L AR LT 5,

E5

gp91P" KO = 7 2 %\ 7= FEBRIC BT, PMA 12 NOX IKIFHITH 5 2 & DR X h,
A23187 13 NOX FEIRTF M R R A ER CH 2 C L SH S 2 & 7o o 72, PMA kT3, IE
H~ 7 ATl ROS 28 KEICFEAL X 115 (date not shown) & & D IC NETosis b ifE X {17223,
gp91P" KO = 7 2 Tl3 ROS 134 X 113 NETosis bibE I Nadr o7z, LA LA b,
A23187 HIEL <3, IEH~7 2T gp9l™ KO =7 2 T¥H ., ROS IZE4: X 19 (date not
shown)NETosis 235E X N7z, D Z & 13 NOX DIEMEARL % R & 3 3 180 N EE
(CGD)EBRE TORER L L7z, L7255 T, PMA I NOX K7 DRIl E . A23187 (X
NOX JEK AR E & L <. UBOEBRICH W7,
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| | | ....
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o
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60
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40

20

0o 1 2 3 4 5¢(h) ct A23187

@)

15

I:l wild type

. gp91phox KO

05

NETosis (% total DNA)
- N w
o o o o
Extracellular DNA(fold)
=) N
¥
e

0 1 2 3 4 5 (h) Ct PMA

1. Neutrophil extracellular trap (NET) formation in neutrophils from gp91p hox knockout (KO)

mice and wild-type (WT) mice. The gp91p hox

KO and WT mouse neutrophil were stimulated with
10 uM A23187 (calcium ionophore) or 25 nM phorbol myristate acetate (PMA) for 3 h, and stained
with SYTOX green (5 uM), the cell- impermeable nucleic acid dye. (A) Representative conforcal
microscopy images showing NET formation; top panels: SYTOX green (DNA); bottom panels:
differential interference contrast (DIC) images. (B) NETosis and extracellular DNA levels for

12



A23187-stimulated neutrophils. (C) NETosis and extracellular DNA levels for PMA-stimulated

neutrophil. (0): stimulated WT mice, (0): unstimulated WT mice, (®): stimulated gp91p hox KO

mice, (m): unstimulated gp91p hox KO mice were no stimulated. Studen’t ¢ test analysis was

performed. Date represent mean = SD (n = 3). **p < 0.01 vs. WT mice (no stimuli), #p < 0.05 vs.

gp91” hoX ¥ 0 mice (no stimuli), $$p < 0.01 vs. WT mice (PMA stimuli).
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NETosis icBF 2 I ba v F Y 7o%dE

s

Irav YT, A F AR~ ARG, IRERE R EoYERES L r 7S
MeiEde & &) EEARMAINEE TH %, NETosis [T T AL F—ITIKIFL CiFE S5
TEDRMEINTWE24), IFhERcoz A F—EEIL, BIERICIKTET 2 & 2A08K
ZWV, IPaVFYTICBENTH ATPEARTOATWSE2DIFa vy FYTH
NETosis i 8 ICH 2% 52 2[REM B EZ L NDE025), 72, Iba v FYITrLEASR
% ROS I NOX 2> HEAE I NS ROSIFEDRE TR VA, BEFRERD LD ROS #EA
BRDOLND, LzdoT, I ha v Y T7h6EEXS ROS 25 NETosis 558 ICBfR L
TWAHREDZEZOLNDE, IHIC, I FaV FITHLDY 7 FVRED NETosis ifsE
CBER L T2 ATRETE D F 2 b 2 25, % DFfll 2R 13 b 2> o> Tz, RIS, NOX
K17 & NOX JERTFED NETosis iICH 1T 2 I Fa v FY 7o&#Eb X<broTni
VW, ZZTARETIH., I bav FUT7oROS 2T 2 & TNOX KN L NOX FEK
FEED NETosis B0 I N 0 E) MG L7z, Z2D%, I Fa v FY 7THEEFR
B (%) ZMERLT, I Fa vy FYTZ20d0%KESETNOX KFEHE L NOX FEHK
FPED NETosis ICED XS ICHET 20 %M L7z, TNETEHLDEBRTIF T LT
o= A FEBHIC & o T p HIIESTER T N TW24326), 2OHFEIR1252 7 HoREM
BIEENLETH 2 2 L. 1% DNA ITHEN D 2 WREED H 2 -0 REBR T Tk %
e L 72,
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KBTI

2-1 MR
b b ETE SR A IE A AR HL-60 (RCB3683. RIKEN BioResource Center, HA) I3,
Roswell Park Memorial Institute (RPMI)1640 55#11C 10% (v/v) FEENL Fetal calf serum (FCS)3
X ¥ 100 TU/mL Penicillin-100 mg/mL Streptomycin Solution % il 2 CF# L 7= & % v
T, 37°C. 5% CO ST TRIE L7z, 2~3 HZ Lo a2, MR L 72, AFrpERARA
fa~d73{ti. 1.25% dimethyl sulfoxide (DMSO) Z 721 1 uM all-trans retinoic acid
(ATRA) T3 HREMBES 3 2 & TfT o 72,

22 3+ =¥ F Y7 DNA KM (' Mle) ofFsd

p! MR BIEE 2 & LT, RPMIL640 531 10% (viv) FEBNL FCS. 100 TU/mL
Penicillin-100 mg/mL Streptomycin Solution, 200 uM YUY ¥, ImM A EVEEE L1
UM dideoxycytidine (ddC) %M. FELL 72, KingMPetal. b DFiE QNS L, p il
% 8L L 72, HL-60 % FH8L L 725581 < 37°C. 5% CO, &M T 7 HiER#E T 2
LT Ml & ERLL 72,

2-3 MifEst DNA O EE

F1E OEEUTE 1-3 Ml DNA O ERICHEL /2, 72720, PMA 1 100M F 72 1%,
250M DRECHMAL, I b2 FY 7 ROS AARYY ¥ —Th 3 MitoTEMPO 1x, 200
uM DIEFE T, A23187 ¥ 721X PMA T4 2 30 S0RTICHM L 72,

2-4 NETosis DEE
13 EEE 1-4 NETosis DEBRICHE L 72, 7272 L. PMA 12 10 nM DR G
L. 3IFa Y FUTROSAHRY Y ¥ —TH% MitoTEMPO (E, 200 uM DRE T,

A23187 % 7213 PMA Z LB 2 30 SrHiicdsii L 72,

2-5 NETosis DZREBIER
13 EERSE 1-5 NETosis JEREBIZL ICHE L 7=,

2-6 E 2 + I
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% ity 7 7 — (0.15 M NaCl, 1.5 mM MgCl,, 0.65% NP-40, X705
7 —¥HER A 2 FrikET 0.1 M Tris-HCL, pH7.5) CTiaf#EL 7=, 13,200 ng\\lo i
MO L 7288, <L v F% 0.2 MHSO4 &AL, Hi\>T 13,200 X g T 20 4z
ITHEL 7o RiT, RiE% 100% K U 7w o gL IRE L. 13,200 Xg TX 51T 20 oyt
ODRBEL72, =Ly FET XV THE L, 13,200 Xg T5 RIHERELDHL, 2%
SDS, 6%2-AV AT bxR /)=, 0.01%78E7 /) =V T7A—%EE 045 M Tris-
HCl, pH 8.8 ICIREL 7=,

2-7 YVZREAv7ay b

AT IXPBS THEH L 72#%. RIPA buffer CIAMEL . BEHEY v V2R L 7=, EHEY
v 7V, 12.5-15% sodium dodecyl sulfate-polyacrylamide (SDS-PAGE) 7 v % fl\v» TEA
kB % L 7214, polyvinylidene difluoride (PVDF) F7zii=tmtro— 2L I F 7
ABEBEICX VEEE L, 5% AF LIV CIRB 7oy v 7 2fTo72%. v b7 oL
C (6H2.B4 556432; BD Bioscience USA) . $tI b 2 v F U 7THEARI-V (Total OXPHOS
Rodent WB Antibody Cocktail ab110413; Abcam UK) |, i 7 F VAT AF=v T4 IF—
¥ x4 74 (PAD4) (ab214810; Abcam UK) . #1-TFAM (18G102B2E11; Novus biologicals,
Centennial, CO USA) . ft> PV vfbke X b YH3 (ab5103; Abcam UK) . ¥ X MHTMPO
Pk (ab9535; Abcam UK) # I RFifA & L TZ N Z 11000f574 R T, 4°CT—H &G X
72, Peroxidaselik L 7251V ¥ F1gGHiiA £ 72 13¥1~ v R1gGHik (Kirkegaard & Perry
Laboratories, Inc., Gaithersburg, MD USA) % 2X$ifk & L CTZ N Z N2000f5 AR TRV, =
HCIRFM G X 2 72, ImmunoStar” Zeta (FUJIFILM, HZA) THREZ1T- 7,

2-8 /7 & PCR. RT-PCR
1x10°f > HL-60 ff 35 X O p® Ml % F > C. NucleoSpin®Tissue kit (TaKaRa Bio. H
AK) ZFEHAL, ¥/ LADNABXWI bav N7 DNA ZH#EL -, £7-. ISOGENII
(NIPPON GENE, HA) % L. total RNA %ZHfiH L 72#%. ReverTraAce® kit
(TOYOBO. HA) %ML T cDNA ZFHH L 7z, Tablel D774 v—%HTr / 4
PCR ¥ 7z 1% RT-PCR %17 > 72,
Table 1

Atp-6 S'-atacacaacactaaaggacgaact-3', 5'-gaggcttactagaagtgaaaacg-3’

16



p4 7phox 5'-agtagcctgtgacgtcgtet-3', 5'-acccagccageactatgtgt-3'
gp9 Iphox 5'-tctcctcatcatggtgcaca- 3', 5'-getgttcaatgettgtggcet-3'
p2 thox 5'-gtttgttttgtgcctgetggagt-3', 5'- tgggcggctgcttgatggt-3'
p67ph0x 5'-cgagggaaccagctgataga-3', 5'-catggaacactgagcttca- 3’

cytochrome C oxidase 1 S'-tccttattcgagecgagetg-3', 5'-gggctgtgacgataacgttg-3'

actin 5'-agagctacgagctgectgac-3’, 5'-agcactgtgttggcgtacag-3’

gapdh 5'-gagtccttccacgataccaaag-3', 5'-ccccttcattgacctcaactac-3'

2-9FACS SHTIC & % & v o5 7 it
1310 D HL-60fll i 3 X Up Ml % . HTCD11bdifk (BD Biosciences USA) % —XHifk &

L CL00fE A R L 72 R & 3007 i), 0°CO St I CRIG & ¢ 72, PBSTHEHH R, FITCER AT
~ v R1gGHifk (BD Biosciences USA) % —X¥ifk e L T30, 0°COFMET TG &
7o 2% formaldehyde T/ L 721%. BD FACSCaliber ( BD Biosciences. USA) % F\»T

FACSHMT %17 - 7=,
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MR

NETosis ic#13 3% I b2 F Y 7 ROS ORE

ROS I NOX 2Tk, IFa v FUTICLkoTHERKING, LE>T,
NETosis DFfiICH T 5 I b2y F U7 ROS O&KEIZ5Hlis 2 72oic, I+tavFY 7T
ROS DA /1 v ¥ ¥ —{EH % b 2 mitoTEMPO % F\» THFHhERER HL-60 AlliE © NETosis ~
DB R FRNT L 72, MitoTEMPO ALELIC X b . A23187 ¥ X U PMA I X % #ffifldsl DNA &%
NETosis 28D T2 i@ L7z (K2) . L2L7%&2 5, MitoTEMPO (3215 % 5E4sici]l
FlLdorz, LEDoT, IPavYFITOROSHETTHRL, IPavFITov s
FUGED & D 723 DFEEE A3 NETosis ICBIS5 LT3 A[REME R H 2 L E 2 b,

p’ MRV BT ik D RESL

R, I rav P I TOY T FNREED NETosis 1K G T 2085 2% HERSE 29
ICIFa Y FY T DNA2RIBI 72 p" Ml 2B L=, 2 g <, p"MlEE (RS 5 72
B ITIE, EtBr (45 ng/mL)DHEE T CoMigo BREE (1~2 »H) BHETH 5 72(26).
AWFFECiE, I a2y P 7 DNABERZHAE S 2 ddC #EHA L. &HE (1EM) <o
P ML 2 2 A 7, HL-60 #ifE% 1yM ddC #7E F T 7 HRESG® 328, I hay
FITDNAICZ—FINTWEY 7B LCAF X —KERTPY 7L COREHR
P L7 (M3ABXUB) . F/2, I bPav FITHAEKRELEVDOZ VX7 ERBLE
LA L7 (B3C) » 2o ofiRs 5, HL-60 Mtz 1uM ddC /77 T < 7 HREE &
T32LT, pMlEnEohE CEBbhoTe,

p’ MRL D 47 R ERBR~ D S L DFERR

FEEDHETERL 72 " M2 HL-60 AT & FRG i hEREAIIIc b+ 2 0 & 5 2 %
AT 27201, pb~v— =R EOFREREHTz, 70 —F A4 P A—X—%fHHL T,
TR EREL PR & % CD11b O FI %3l L 7z,  CD11b iZ, HL-60 #lifidds X O p’ g c
YH 5% 1.25% DMSO i3 HIZICRIL Tz (K4A) o 72, fFhERIcREL Tw
% NOX Ak (gp91”, p227"", pa77" B X U p67”"™) ® mRNA L ~ A ZEt L7z &
A, EbLoffifdicsvTd 1.25% DMSO i 3 HE CHRESHER TE 2 (K4B) .
IO DfERL . p  MIHLIX HL-60 MiHE & kD ik Cchrp kBRI I /b3 2 C & b
Dotz KT, T p" MlE I REREMIIRIC b Lz %, T Fa v F Y7 DNA 28K%k
L72IREEZMEFFL T2 20 2R L 72 ZOFER, IPa vy FIUTDNAICa—FINT
VW5 oamp6 DFEEL I b3V FY T OEERTCTH L TFAM ORI L bic, b L 7 p’
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flic B W THET LT (M4C B L UD) , MU Eo#EED? S, p Mg HL-60 HIED
[t C DMSO IZ & 2 #FHERERAIAE ~ D ML IC i3 = W T & B3 b b o 7z,

p" MHREIC 35 1F 5 NETosis D Z4fi

v T, fERLL 72 p I/l % V> C NETosis 253538 & h 2 2 ET L 72, A23187 filikic &
VT, BFHEREE HL-60 A IZ NETosis 253538 X d17= 23, #FrhBkER " MIEClFE T hn p
o7 (K 5A) . £7. PMA HIHICH T, NETosis (&5 b offifdic s wThiFE I
72 (K5B) o TNOLDFERLS, I P2 v F ) 73 NOX FEMKTPE NETosis iICB 595 &
EZ bz,

p'MificB B e X vy bl vk

A b vy b ) v{id, NETosis ICBEWTCEEREE 2R3, Lzt T, iFPER
BB Ic oMb L 7= p* Ml © HL-60 Ml & AIfE, e X b vy b ) VALBFEEI NS Y
IDEMERTZ-0IC, AP VYHIDY A VLt s vl VALEERTH B
PAD4 ORI % Miat L 7z, HL-60 #fifi & p° M1 354> T PAD4 (2. 1.25% DMSO THLHE L
723 HRICZOFHMBITTHEL 72 (K 6A) . T/, A2187THIBIC K 5> P ) ke X b
YH3OXHIE, b L offiffdicsunCcd Lz (K6B) . 51T, PAD4 FEH & & b
Ay vfbe 2 b v H3 R L bic, HL-60 Mg p" Mg & oI TIN5z, 20b
DFEEA 5. A23187 HEIE p° MMl 351F % NETosis % 358 L 722> » 7225, Z O, PAD4
DFEBLeAr vy L) ALRIIGIE N0z, 2FEH, TIP3V FY T DNAK
fBIC B 1T 2 NOX JEK A1 NETosis DFHEICIZ, PAD4 & e X+ v o b ) v LIZEIfR 7 W
EEz bz,

E5

ARETIH, I v FY 7 ROSOHEL " Mifldz FvT, NOX &tk E X IR A
D NETosis ~D It a v F I 7 OEG 2T L7, I3 F U7 ROSDAFICLY,
NOX k-1 X UIEMKAE M D iti /7 D NETosis 2358 ICHE S NS Z L 3L 72, & 5
i 7 HiEl 0B < p" Ml 2 ER T 2 ik 2 RF L. 2o p Mgz v 725 X 0. p M
Jlil T ld NOX #KF7 1% NETosis (X538 & 17223, NOX FEKA-E NETosis 28#1fi| 7z 2 & 2
5. NOX JEMKTFYE NETosis ICHBWT I bay V) 7AEEAKE 2R EAREIH
726
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LLfT D Douda DM & DFffZETiZ, I b FYUTZDROS % 3 Fa v F I 7oAl
T % dinitrophenol(DNP)% Fi > THIfl 4 2 & & T, NOX FE(KTFM: D NETosis % #1342
TEHRRINEZQRS), LALAAL, I hav ) 7olkEAIzE T EERZIHEST
72 I bayv FY)ToROSEALT TR ATP EA DG 2, AEBRTHWEZ
mitoTEMPO (¥ ATP FEAEZHIHIE 3, T ba F V7 ROSDAEMFIFT 2720, IbavF
U7 25HDROS DHEDOAERKET 2L TES, Ld->T, KifFEoERIZ, I b=
YFUT7ROS DEEE L VAIEIC L 2bDE b, TR Z I ba vy FY 7250 R0S
IZ NOX FEMR 71 NETosis 72 I &3 2 Z L i3F 210 v,

IhFEC, p’MIfEIE, EBr 2T Fa v F Y7 DNA DRIEZIT>T\72(26), EtBr
. DNA DA Y X —=HL =2 —=ThH37-®HIbav FIJ T DNAZTARL, %D DNA IC
bWER G2 EHIL TS, T, LHEBIEDS 1202 7 ARV, I
2 F )7 DNAUAN~DEE R RESTES, £ 2 TRIIETIE, ddC 2728 LW
I X Y HL-60 MME > & p° I ZERL L 72, ddC . DNA KU X 5 —% y ZHIH T 2 =
EHRNTEY, D DNA ~OFEIIKEECTHECI LBHL2 Lo TW05(29), ¥
7o, FHABOMBICI P2 FY 7 DNAIRIBET 5720, flildx X —v 2o L, 23
2 F 2 F Y 7 DNA 2R%ETE 2, ddC RN X v ERR L 7= p* AT IX. HL-60 #Hf
&R I o LERER] P h BRI I b L 7223, s0fb~—71—TH % CD11b D FHLIZ,
HL-60 i & v & p e cHE T IR FET 2 2 L p b, p #llid HL-60 AL X v 3 73k
LT WHBEESE Z bz, S, W@E oMb T b irhEREMiRic b2 & I b a
VEVTRED R RDZZEPHREINT WS B0), ddCIiIck b I b=~ FY 7 DNA %K
HIETEL L, XIS T 2 2 AR T L 2RRL T2,

o’ #lIFE 1k NOX #7714 NETosis I 12588 L & 178 2> 5 7228, NOX JERA7M: NETosis
DHEBEICHH S 722 L5 NOX FFKAFE NETosis ICBWT I b2 v FY 7HAREET 2
T L AURR I N7z, Douda DM & (3 NOX JEMKTF 1 NETosis 75, DNPALHCIHE T 5
&5, NOX JEMT7IE NETosis iC i3 2 b 2 F U 7@ ROS 2353 % L= T\ 3 23,
& D EERTH 72 DNP 3B &FIcH 2 D¢, Ao X HicI bav FY 7D ROS 7
JFCil, BFLERPLDATP EEZDHEINTHE28), Lo T, IbavF
V7 OREERIEMICA L -0IiE, REFEO LS bay Py 7RIEMEEZFIAL I
IBInEEZLND,

IPa Y FUT 250 R0S Y 7 FMRIENHEK L T NOX FEKAFEM: NETosis 231 X
N7-BS. KENLEHEICBI D 3 PAD4, B A F vy Y AL D G X T B ATREE S E 2
bz, LA LABSLM6ICRT X9 ic, HL-60 Mifid & p’ Mifilic 35T PAD4 DFHI L &
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A b vy bl vAidHiflE T oz, T OFEEIE. NETosis SiFE I N h o 72
P M. BiEEATEE I, MIRE~L Zu=F v ORI N T WS 2 L 2SRIE
I3, fEoT, p MIZICI VT NETosis 2555E X NL7ndr > 7= D 13, MO FRiE A3 5] %
EZantwizo, fMildshic DNA 2 I e b o 7zD Tl kv tEZbNT,
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[X]2. Effect of MitoTEMPO on NET formation in neutrophil-like HL-60 cells. (A) NETosis and
extracellular DNA levels for A23187-treated cells. HL-60 cells were treated with 1.25% DMSO for
72 h for neutrophil differentiation. The resulting neutrophil-like cells were pretreated with 200 pM
MitoTEMPO for 30 min and then treated with 10 uM A23187. (B) NETosis and extracellular DNA
levels for phorbol myristate acetate (PMA)-treated cells. HL-60 cells were treated with 1 uM ATRA
for 72 h for neutrophil differentiation. The resulting neutrophil-like cells were pretreated with 200
pM MitoTEMPO for 30 min and then treated with 25 nM PMA. (e): stimulated cells, (A):
stimulated and MitoTEMPO-treated cells, (0): unstimulated and untreated (control). Studen’t ¢ test
analysis was performed. Date represent mean + SD (n = 3). *p < 0.05, **p < 0.01 vs. control (—),

##p < 0.01 vs. A23187-stimulated cells.
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ddC (uM) O 0.1 1 ddC (uM) 0 0.1 1
cytochrome C Complex V 3 - : E -
oxidase I Complex II - - -_—
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Complex T =spp|e— | e— [
B
ddC (uM) 0 0.1 : Complex I 9

Cytochrome C | -’ |

[X|3. Establishment of mitochondrial DNA deficient cells (p0 cells) from HL-60 cells. HL-60 cells
were treated with or without 0.1 or 1 uM ddC for 7 days. (A) Genomic PCR analysis showing the
gene expression of cytochrome c oxidase I and actin. (B) Western blot showing the protein
expression of Cytochrome C. (C) Western blots showing the protein expression of mitochondrial

complexes.

23



p22phox

p47phox

p67phox

gp91pho

gapdh

A
1 = HL-60
0 day £7
35’ __________ PO
=| 10! |l]2 |l)3 |U4
FL1-H
1 day 5=
3 7R T T R
fa} FL1H
£
o g
o i1
B | L]
- gg_LAA
i 10! 102 103 104
FL1H
3 day %fdf\xg
61 0 - 10! H‘_?il ~‘03 109
CD11b
Cc D
undifferentiated differentiation
HL-60 p° HL-60 po
atpé Tfam

undifferentiated

differentiation

HL-60 po

undifferentiated

HL-60  pO

differentiation

p®  HL-60 p°

 —

[X|4. Characterization of neutrophil-like p0 cells. HL-60 and p0 cells were treated with 1.25% DMSO

for 3 days. (A) Flow cytometry results showing CD11b expression from 0 day to 3 days after DMSO

treatment. (B) RT-PCR results showing the expression of NADPH oxidase complex components

(p22p hox’ p4 Vi hox} po v hox’ gp91p hox) before (0 day) and after (3 day) DMSO treatment. (C)
Genomic PCR analysis showing A#p6 expression (0 day) and after (3 day) DMSO treatment. (D)

Western blot showing TFAM expression before (0 day) and after (3 day) DMSO treatment.
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[X]5. Analysis of NETosis of p0 cells in neutrophil-like HL-60 and pocells. HL-60 and p0 cells were
treated with 1.25% DMSO for 72 h, and then treated with (A) 10 uM A23187 or (B) 10 nM PMA
for 4 h. Representative confocal microscopy images showing NETosis have been provided; top left
panels:SYTOX green (DNA); top right panels: differential interference contrast (DIC) images. The
middele and bottom panels show NETosis and extracellular DNA levels. Studen’t ¢ test analysis was

performed. Date represent mean = SD (n = 3). *p < 0.05 vs. control (—).

A B differentiation

undifferentiated differentiation

- HL-60  p% HL-60 pO°
HL-60  p® HL-60  pO A23187 — -+ +

-
PAD4 | AR e inated H3 N v e

[X|6. Peptydilarginine deiminase type 4 (PAD4) expression and histone H3 citrullinated in
neutrophil-like HL-60 and p0 cells. Neutrophil-like HL-60 and p0 cells were treated with 10 uM
A23187 nuclear protein extraction was performed. Western blotting was performed to analyze the

expression of (A) PAD4 and (B) citrullinated H3.
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NETosis I 3 J 2 #fl ia B A SRS o it dir

s

Ibav FY 7 RIEMIETOERS S, NETosis BICEHEE & XN 5 & IUEHREIC I b =
VEITRBEE LAV EBHL A E R0, £, I b a v F Y 7 KIEMIE T NOX JE
A7 1% NETosis 23401l & v 2 o 3O AES IR S L Cw b Z e B PRI N, L7z2d
2T, NOX &tk & NOX JEMK A NETosis D 258 C 1AM KL o i BERE R 3 B 70 2 W BETE
BHE Z HNT, NOX KFEM: NETosis D#FE 2, MPO RIEHEH L MPOKO ¥V A ICHEWT
Ml x 2 2 &2 5(23). HIEBIEERA2 D 2 CIO2 S L Cw» 2 RS E 2 b
5, 22T, RETIE, 73 MPO OFFERNAFEAZHVCTEBELITH o7, 72, HllE
eIt 5 MR AR R 121X, Necroptosis Tld. MLKL 2AMIAERICLZ B T2 2 &Ik - T
f A % 5 2 L CHIUERE 2 E 2 2 E Ao N T w3 DT3B, AETIT NOX %K
1 & NOX FEMR A1 NETosis I 35> T Necroptosis Bk DI AAEZ K & 2 221D W T H R
L7z,

H
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KB
3-1 MipaREE
B2 EEGE 2-1 MEEEICHEL -,

3-2 M4 DNA O ER

B OEETE 13 Mg DNA o ERICHE L 72, 72721, PMA I3 25nM O EET
i L. MPO [H#EH|TH % 4-aminobenzoic acid hydrazide (ABAH) . 500 uM DS
T. A23187 £ 7z PMA THLEL T 2 3 IF[EIRTICHAIN L 72, % 7z, mixed-lineage kinase
domain-like psuedokinase (MLKL) BHZEHIT® 2 necrosulfonamide (NSA) (. 50 uM D
FECfEA L. A23187 721 PMA TS % 30 4rATICHIL 72,

3-3 NETosis DE&

13 EETE 1-4NETosis DEBICHE L 7z, 7277 L. ABAH . 500 uM D&
T, A23187 ¥ 7213 PMA TS 2 3 IRIATICHRII L 72, £ 72, NSA IX. 50 uM DIRE T
L. A23187 721X PMA THLIES % 30 4RSI L 72,

3-4 NETosis HR DL REBI 52

1% FEBRJTIE 1-5NETosis OTEREBIEICHEL 7z, 7272 L. PMA 1X 25 nM DRE T
A L. ABAH (¥, 500 uM DR T, A23187 ¥ 721k PMA CTHLEES 2 3 KEREATICASIN L
720 F72. NSA X, 50 uM OEE T L. A23187 % 721% PMA ZULEES % 30 43 HiIICHS
7.
3-5 Aminophenyl fluorescein (APF)iC & 3 ClO" Ok

1x10°ffl > HL-60 ffZ 5 X O° p* #HMEIZ. PBS TP, 10 uM APF TULEIL 72, Z O

#%. 10 uM A23187 £ 721X 10 nM PMA THLHL, 7o —% 4 F X —%— (2K : 488
nm, HEHE :575nm) ML T, APF Pz b L 72,
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NETosis 1B 53 5 g5 5 SEHHE o $R R

NETosis 1351 2 HIIEAE D FAEICII MPO IC X > CTEA I NS CIOPEELEZLNT
W5 7z%, MPO [HEAITH 2 ABAH DB 2 G L7z, ABAH DHILHIC X o T,
PMA 7% % NETosis % BHZE Il L 7223, A23187 &% NETosis 131 & 7222 o 72 (X 7A
BIXUB) . 20L&, EEICCIOVEAINTVE22Z2HLICT 272010, MWkt
%2 ROS (ClO 78 &) IC KBS % APF ZHWwC ClIO ##H L 72, CIO 1. PMA Hli#
BT ERER HL-60 MR 3 X O4FhEREE p° I o0 il /5 CHIEE & 7z 25, A23187 Ml Tl
Bl nro7=(070), X 51T, A23187 B X U PMA I X - TEHE X L5 NETosis IC ¥
2 EMIE DM OBERI 72 A /1 = X L Z PR 5 720 iC, FFHERER HL-60 M 51 5
NETosis IZXf3 % MLKL OR5 Z 5 L 7z, MLKL FHEAITH 2 NSA ORFIULEIC X -
T, A23187 i ¥ 72 12 PMA 757 NETosis (Z#IH 2 72 (X 71D 3 L U E), 1D DFERD
5. NOX k7l 3 & UVIEMAE NETosis I 13, Necroptosis D %5 12 B % 7 MLKL 28—
BEdse&Ezxzohb,

Z5

TP BRI PMA 72 & ORIIBIC X > C MPO 23 ClIO % EEAE T %, ClOTI. 581 B b 1% 3
272 ROS TH Y, BAPEIFEMZRT, ZOFRNIE, BEPT I /et Lic
Lo THREINDF T Th, EREOEEZHIFET 2 2 L AME I N TV 5(32), AHE
BTt NOX IKTFHRIMYIE ©H 3 PMA o413, MPO ORLER#FNT 2 2 & T
NETosis 288l T 7z, L 72235 T, NOX K NETosis 58 Tlt, ClOIC & o TRfEE
EHIEL CHileNo 7 a~F v aiitsd2 L Bbh s, —H. NOX IR o Rl e
TH 5 A23187 Tk, ZOEPED b h o720 T, NI ORI RS % %
TrEEZLNEZ, EBRIC, CIODELEZ 70 —% 4 b XA —2—CHRIET % &, PMA Tl
RIBERRIC ClO % EEA 3 2 A3, A23187 TIXHIKEZIC CIOZEA L v, Lo T,
NOX FFKFF 1 D NETosis i (2t DM A EERE 2 B T3 EFE 26N 5, £ 2T,
Necroptosis £ D MR IIE 23 & CTus 2 AIREMEIC D W THRET L 72, Necroptosis Bk @ il e i
fi 3% < 13 MLKL 2SR 0 FATR 7 & LT o T, % ORpEMBLEHR % v < I8
BITo7z, ZDORER, T TIED 2 28 NOX kit F L OFERTEE NETosis & b i #Il
ENTz, L7245 - T, NOX K17 NETosis Tld. MPO Hi3KE D ClO™ & Necroptosis £ D fi
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ARIEIC 222 B MLKL BNETERTF & LT T w323, NOX FEMKENE NETosis D Jl5 A 2
21 ClIO IR 523, MLKL 253 I TR & LT wsdpeE 2 b,

30



+ + +
++ 1
4+ 1
© <
N Conr
(Pioy)VNQ-EInjIeoex3 S
DMA
<
<
1™
4 «~
o
(=3 o o o
0 o Te)
(VNQ 1210} %) sisoL 3N

n < m N = O

(ploy) YNQ 1BIN|j80BAXT

o o o o
w o o)
-~ ~

(VNQ 1210} %) SIsoL 3N

+++

10 min

0 min

HL-60
pO

102 10} 104

FL2H

10!

102 10° 104
FL2H

10!

00z 094 021 03 Ob
Sunoy

100

102 10} 104

FL2H

10!

00Z 09} 020 03 OF
Swnoy

A23187

109

00Z 094 02k 08 O O
Snod

T
102 108 04
FLzH

T
10!

)

00z 091 0ZL 08 Ob 0
Swned

#H#

*k

(p10}) YN Q@ JEIN||90EAXT

O 0O 0O O O o o
© O < O N

(VNQ [810} %) sisoL 3N

DMSO
NSA

A23187

(h)

n « m N + O

(p1o}) vNQ@ Je|njj@oesx3

o o o O
0 S )
-~ ~—

(VNQ [e10} %) SisoLIN

+++

3 (h)

2

31



[X]7. Analysis of plasma membrane disruption during NET formation in neutrophil- like HL-60 cells.
(A) NETosis and extraxellular DNA levels in A23187-stimulated HL- 60 cells with or without
ABAH treatment. HL-60 cells were treated with 1.25% DMSO for 72 h for neutrophil
differentiation. The resulting neutrophil-like cells were treated with 500 uM ABAH for 3 h and then
with 10 uM A23187. (B) NETosis and extracellular DNA levels for phorbol myristate acetate
(PMA)-treated HL-60 cells with or without ABAH treatment. HL-60 cells were treated with 1 pM
ATRA for 72 h for neutrophil differentiation. The resulting neutrophil-like cells were treated with
500 uM ABAH for 3 h and then with 25 nM PMA. (C) Aminophenyl Fluorescein (APF)-based flow
cytometry analysis of CIO™ generation before (0 min) and at 10 min after A23187 or PMA
stimulation. (D) NETosis and extraxellular DNA levels in A23187-stimulated HL-60 cells with or
without necrosulfonamide (NSA) treatment. HL-60 cells were treated with 1.25% DMSO for 72 h
for neutrophil differentiation. The resulting neutrophil-like cells were treated with 50 uM NSA for
30 min and then with 10 uM A23187. (E) NETosis and extracellular DNA levels for phorbol
myristate acetate (PMA)-treated HL-60 cells with or without NSA treatment. HL-60 cells were
treated with 1 puM ATRA for 72 h for neutrophil differentiation. The resulting neutrophil-like cells
were treated with 50 uM NSA for 30 min and then with 25 nM PMA. (e): stimulated cells, (A):
stimulated and inhibitor-treated cells, (0): unstimulated and untreated (control). Studen’t ¢ test
analysis was performed. Date represent mean + SD (n = 3). *p < 0.05, **p < 0.01 vs. control (—), #p

<0.01 vs. PMA-stimulated cells, ##p < 0.01 vs. A23187 -stimulated cells.
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NETosis |Z HAGZEDOEE R FIRTH 2 25, #Fl 7% NETosis 13 AR ICHIL D BERER 20
i E 7 EORELHEL G2 5 2 LyiE I N T 5(33), FEFX. NETosis DR 755
X, IMARAE & M N HIAEIEE % 5] 2 3°(34), 7z, NETosis IX SLE &2 O H %
EREBOWEBICEE L TWw3b 2 & dMEINTWB(3S), SLE Y v~ F R K 0 RR
KOBRIIIE 109 L EFEICKEICE WIRETHE Z epBHbons Y, KiEFLrEVIC
Lo THEINDG I LAHEINTVE3B6), TORMEFRNLVE Y OB IRERZ T T
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EBH 5
4-1 WipaAREE
B2 EEGE 2-1 MEEEICHEL -,

4-2 HifESt DNA OER

H1E FEEE 13 Mg/ DNA o FEBICHE L 72, 7272 L. 17 -estradiol (E2) %72
I¥ G-protein receptor 30 (GPR30) agonist T& % G-1 ¥ Z L Z 4 5uM, 1 uM DR CHEH
L. 1.25% DMSO T T % 0 & FIKFIC 2 72, %72, GPR30 antagonist T» % G-15 1%,
1 uM OEECHER L, E2 £7213 G-1 2% % 1 KfEaTcEmL 7z,

4-3 NETosis D E&

1 FEERE 1-4NETosis DERICHEL 72, 72770, E2 %7213 G132 hZENns
UM, 1 pM OEE G L. 1.25% DMSO TS 2 0 L [FKFICh 272, £72. G-15 13,
1uM OEECHER L, E2 £7213 G-1 2% % 1 KEEETcEmL 7z,

4-4 NETosis D HEBI
13 KB 1-5NETosis DIEREBIEICHE L /-, 72770, B2 7213 G-1 32 n®
NSuM, 1uM OREE T L. 1.25% DMSO TS 2 @ & [[RFICH 2 72,

4-5 B RERE
AV VY va—bInA7 A LIz L. 10 uM A23187 T 4 IRFREIALEE L 7%,

4% paraformaldehyde CTHEE L 7z, #Ei{£. 1% Triton-X 100 T 15 /3[EAFR L, 5% v >
BT T LV CER 1 RELEE L 72, T CD1Ib ik (500 575 . $T GPR30 ik (250
RN £ by vfbe 2 v H3 R (500 (5D % —X$ifke LT, 4CD%
P C—MMIG & ¥ 72, Wik, TV ¥ F 1gG Pk (Alexa Fluor 488 £ 7213 647 ; 500 {575
PO % Xkifk e LT, =i - BOSAET © 1 REIGE €72, Z D%, DNA % DAPI
¥ 7213 SYTOX green THeta L, I S BAMEE CBIZ L 72,

4-6 WEHEMFE (ROS) DHIE
HL-60 fifcix. 1.25% DMSO %273 % D L [EFFIC SuME2 £7213 1 pM G-1 A, 4
fbE 27, 4x10° A OHMfE & ROS MHIEAITH 5 500 uM L-012 ZiRA L. 10 uM A23187
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LR L 72%%. 96 well-white plate 125 L. 37°CDZ&{F T T Microplate Luminometer (Orion
II'; Roche Diagnostics K.K., HA) % v T{LEFLEZHIE L 72,

47 YT REZ 7Y |
BoE EESGE 26 vIRZvTuy NCHEL T, 7275 L. P PAD4 Bifk, P b
Y AL H3 PUR F 72 13 R PTAR I 3000 5 AR CER L 7=,

4-8 Y 7% 4 L RT-PCR

HL-60 iz, 1.25% DMSO ZZI$ 2 ® & FFFIC 5 yME2 £ 7213 1 yM G-1 Z il 2 7=,
Total RNA 13 ISOGEN II (NIPPON GENE) % {#ffl L THhiHfi L. ReverTraAce® gPCR RT
Master Mix with gDNA Remover (TOYOBO) % F\»C ¢cDNA #fF#l L7z, V7 A% 4 L
RT-PCR %, GeneAce SYBR qPCR Mixa (NIPPON GENE) & Table2 ® 7' 7 4 = — % i
L CTiTo 7z,
Table 2

GPR30 5'-cgtcattccagacagcaccgag-3’, 5'-cgaggagccagaagccacatc-3’
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RS
TP R ERER HL-60 MIAZIC 351 3 A23187 O NETosis ~ D E
1.25% DMSO IC & o THMLEEE L 72 47 ERER HL-60 Al 1Z, A23187 I & - T NETosis
FmEIN (M8AFBXUB) . 2oL E, HLICX > T PAD4 DRI ITHEL |
A187THIIC X o Ce AP Yo P Y VB ITHEL 7 (M8CHXUD) o ZT4HDFRD
5. DMSO iC X o Torfb e 7= 4rhERERMI I IZ A23187 iIck e Xt v v b vAliC
X > T NETosis 03558 I N5 EFE 2 b LT,

IR} T IF =D GPR30 2T 5 NOX FEHKFEEYE NETosis ~ D&

IR YO—TH 2 E2IIAZREARTS 5 ERa/B Z 4 L T NETosis Z JLE X ¢
52 LBHLNTWS((3T), % 2T, DMSO IC X » TH{LiFE & 7= 47 ERER HL-60 AT
25 E2 1T X - T NETosis 28T 22089, TX b us vOEZAEKRTH 5 GPR30 IC
MEY T L7, E2 71X GPR30DT IT=X FTH 5 G-1 1% A23187 5% NETosis %
JUE 27z (MIABLUB) . F/. TO%EIT GPRIO DK TH S G-151CX > T
sl nzz 25 (K9B) . E2 DEIHEIL GPR30 #1T 2 WREER H 2 L HE 2 bz,
RIT, E2 % G-1 DXIRH ROS EAZN L CHEINLZ L) 2R T 272010, E2°
G-1 ML 7= & & D A23187 i%%E ROS EEA ZFHl L 72, Z OFEF. E2 % G-1 1% A23187

FEFROS ZITETE T, LAWY I ER (KIC) , TNHLDHRLL, B2 G-1ICH
I} % A23187 #%% NETosis DJTiEIZ ROS FEAEZ NI e FEZ b/,

FFehEREE HL-60 MIfiEic 331 3 GPR30 DFH
FREofER 2 5. E2 28 GPR30 %41 L C NETosis IS5 32 C L ARB I iz

ICHF R EREE HL-60 AAZIC GPR30O 2RI T3 2083 A2 HL 2 ICT 2720, ZOH

Bl % g et X o TREMT L 72. DMSO IC X o THHEBRER HL-60 Miflic o fb d 27z & & |

CD11b D FEBATUE L 7225, GPR30 (F70LHT D IREE 2> & Ml LI FEHL L T 5 Z & 28

bhro7z (M10ABLUB) ., /2, ZORIIIHIC X YV AMEAITSH H, mRNA L~
CEWTOMEFEEIC L > TP T2 enbroz (KIBHLUC) , AFERRICE

J % E2 % G-1 HlE DMSO LHE & [HIciT-> TH Y, b DERAIZRSLIREED HL-

60 MALIC B W CTIER L 2 ATREME 2SR S 72,

E2 ¥ 72 1% G-1 &M NETosis JLEIC BT 2 PAD4 2 e X F v b Y VikoBE
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FREOMERS» S E2 £ 721 G-1 1€ X % NETosis ST IC (X NETosis D#FEREFD—2TH
2 ROS2BAG LW L RAL 2 ICr o 727c®, b 5 —DDRFTH 5 PAD4 D5 ICD
WCEHE L 72, B2 ¥ 7213 G-1 LB PAD4 FeBl 2 A REICHIIN E ¥, G-15 TORTLEIL G-
1 LBRIC X % PAD4 FBIO BN A BIHI L, B2 QUBLIC X 289255 <HIfl L 72 (K 11A) &
THIC, eAPYOY ALY MELICOWTHE Lz & 2 A, MilaN, Mifgste dicy b v
YUuvfbe 2 v HIENELZ (MIIBBLUCO) , ThbDffRA, 6, B2 1351
GPR30 # /"L T PAD4 HHB L e 2+ v bl LB ¢, NETosis # /1 & &
mEEZLNS,

E5

ERo & ERB 1D K KHAIOLN TS R2ZAKRTHY, 2EF 729708 F T 7z
v 7n & OERIRETIER X, PMA B8 (NOX {KF-1E) NETosis Z R X ¢ % & & B X
NTWwiz 39), ZoWfgtid. =& Fad vHIERRIC NETosis ICBAG L Twb 2 & %/RL
7228, NOX FEMKFFIE NETosis ICH 3§ 25 ZIC O W TG L Cnedo/z, I HIC, TR
b a7V RZ AR GPR30 ICD W T H AT I e d o7z, ERa 3 X U ERP (F, & bAFHER
B X OhF P ERER HL-60 Milg CHIIT 2 23, GPR30O FKH D ch o offifi cHRIAL Tnwb, &
7z BFHERER HL-60 AT & bk L <. HL-60 M <1k GPR30 B3 @ v, L7235 T,
NETosis ICXf3 % GPR30 7 == & b O RITAFHERERMAE~D b hic il T 2 L E 2 5
Ni=7=®. HL-60 g% E2 T L, GPR30 7 Z =R I G-1 % 1.25%DMSO & [RIFFICTE
ML7. Z DR, E2 Td G-1 T, PAD4 HH L filuN s L #fiflast e 2 b v H3 &~ b
VY AL EBEN L, NETosis % & S ICM&E¥72, e A b vy bl Loz, PAD4
FB7Z 13T <, E2 & GPR30 DHHANEHIC X o THINT 2 Z L 23HI b T 2 iiaN #
NI BIAFVOHIICE > THH R SRS H % 25, LD E2 & 5\ i
G-1 DGR ELEE Tl PAD4 OFHb e X b v oy b L) vLd E{L L2 - 7= (date no
shown) ., L722%- T, 4+ BRER HL-60 MifZIC 351 % E2 1€ X % NETosis JLiE X, (L RET2
5D GPR30 ~D E2 DEAVNEHETH 2 L Ex bz,
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[X8. A23187-induced neutrophil extracellular trap formation (NETosis) is increased during
neutrophil differentiation stimulated by DMSO. (A) After treating HL-60 cells with 1.25% DMSO
for 72 h, 10 uM A23187 (calcium ionophore) or 25 nM phorbol myristate acetate (PMA) was added
for 4 h. Images of NETosis were shown based on confocal microscopy (SYTOX green (DNA): top
panels; differential interference contrast (DIC) images: lower panels). (B) NETosis levels were
analyzed by performing a SYTOX green assay for indicated times. (C) After treating HL-60 cells
with 1.25% DMSO for indicated times, nuclear protein extraction was carried out. PAD4 expression
(normalized to H3 levels) was determined by western blotting. (D) Neutrophil-like HL-60 (nHL-60)
cells were treated with 10 uM A23187 for the indicated times. Following histone extraction,
citrullinated histone H3 (citH3) protein levels were analyzed by western blotting. The loading of
histones was monitored by Coomassie Brilliant Blue staining (CBB). Studen’t ¢ test analysis was

performed. Date represent mean + SD (n = 3). *p < 0.05,**p < 0.01vs.0 h.
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[X]9. 17B-estradiol (E2) or a GPR30 agonist (G-1) increases A23187-induced NETosis (NOX-
independent NETosis). (A) After treatment with or without 5 uM E2 or 1 uM G-1 during
differentiation, images of NETosis were obtained by confocal microscopy (SYTOX green (DNA):
top panels; and DIC images: lower panels) using nHL-60 cells treated with (+) or without (—) 10 pM
A23187 for 2 h. (B) After treatment with or without 5 uM E2 or 1 uM G-1 during differentiation,
NETosis levels were analyzed by performing a SYTOX green assay using the nHL- 60 cells treated
with (+) or without (—) 10 uM A23187 for 2 or 4 h. Treatment with 1 pM G-15 was performed for 1
h before treatment with E2 or G-1. (C) Quantitative chemiluminescence analysis of superoxide
concentration in the culture media of these nHL-60 cells incubated with or without 10 uM A23187
for 1 h was performed. Date represent mean + SD (n = 3). Studen’t # test analysis was performed. *p
<0.05, **p<0.01 vs. control (—), and #p < 0.05, ##p < 0.01 vs. A23187-treated cells, $ p < 0.05 vs.
A23187 plus E2 or G-1-treated cells.
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10. GPR30 is expressed at the HL-60 and nHL-60 cell membrane. (A, B) After treating HL-60
cells with or without (control) 1.25% DMSO for 72h, microscopic analysis was performed to
visualize cell nuclei (DAPI), CD11b (A), or GPR30 (B) staining. (C) GPR30 mRNA expression was
analyzed by real-time RT-PCR. The data were normalized based on GAPDH levels. Studen’t ¢ test

analysis was performed. Date represent mean + SD (n = 3). **p < 0.01 vs. control (—).
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11. 17B-estradiol (E2) and G-1 enhance PAD4 expression and histone citrullination. (A) nHL- 60
cells were incubated with or without 1 pM G-1 or 5 uM E2. Treatment with 1 pM G-15 was
performed for 1 h before treatment with E2 or G-1. After nuclear extraction, PAD4 expression
(normalized to H3 protein levels) was determined by western blotting. (B, C) nHL-60 cells (also
treated with or without 1 pM G- 1 or 5 uM E2) were treated with or without 10 uM A23187 for 1 h
(B) or 4 h (C). Following histone extraction, citrullinated histone H3 (citH3) protein levels were
analyzed by western blotting. The loading of histones was monitored by Coomassie Brilliant Blue
staining (CBB) (B). (C) Microscopic analysis of DNA (SYTOX green) or citH3 staining. Studen’t ¢
test analysis was performed. Date represent mean = SD (n = 3). *p < 0.05, **p < 0.01 vs. vehicle

(—), #p < 0.05 vs. A23187-treated cells.

43



MR

PMA I NOX K771, A23187 12 NOX FEK 71 NETosis # 58T %,
NOX {KF7E NETosis 13 I b 2 v F U 7B I T NOX FFKA-IE NETosis 1%

I b a v P TRAFRIC NETosis % %553 %,
NOX K7 NETosis DA IX, FIC ClIOWC L 2B DTH Y, —f Necroptosis
OB L 20 TH 5,
NOX FEM 714 NETosis D AR X, Necroptosis kD BEARE 2 — BB 5 L T\ %
2, ERREEEICOWTIRMAL IR b R o7,
I X LT VF AN X i ERIZ. PAD4 O FEEINENN % A L C NETosis 758 %
BN & 7z,

FFHER X NETosis Z #5853 2 Z & CHIE 2 i - KE 35, £72. NETosis IC X >
THUH & 72 DNA R RIERIGZ & HIcinE 2, HRGEMNGE SO 5, ZD7-
%, NETosis [ZEERPHIICE W CEELREEH %S0, Lo LAaBb, @Fk
NETosis #5813 H Q@R B E R 2 BT TL £ 5, RiffFE Tk

NETosis %55 O —Uii © 9 H NADPH oxidase (K14 D NETosis iIC 351 % I b
2V FPY TOBREEEZHO2IC L2, £, KEICHFRET 5 SLE PRI Y v~F
SRS 5 & I 5 NETosis ICB T 2tk vy o2 B2 HO 2T Lz, AT
JCCIE. SLE BT Y v~ F OMEICH I 2 BERICE W T, AP ERD IEAREE S 2
P2 FU 7 ROS, PAD4 % X =7 v b &2 2 & THi7z xRN & 72 2 ATRE
Wik s & ZIAEHL 72,

44



10

11

12

51 F >CHR

Kathleen D. Metzler, Tobias A. Fuchs, William M. Nauseef, ef al. Myeloperoxidase is required
for neutrophil extracellular trap formation: implications for innate immunity. Blood. 2011; 117:
953-959.

Brinkmann V, Reichard U, Goosmann C, Fauler B, et al. Neutrophil extracellular traps kill
bacteria. Science. 2004; 303:1532-1535.

Anna Lutz, Julia Sanwald, Maria Thomas, et al. Interleukin-18 Enhances FasL-Induced Caspase-
3/-7 Activity without Increasing Apoptosis in Primary Mouse Hepatocytes PLoS One. 2014; 9
Ying Wang, Li Guo, Jueqiong Wang, et al. Necrostatin-1 ameliorates the pathogenesis of
experimental autoimmune encephalomyelitis by suppressing apoptosis and necroptosis of
oligodendrocyte precursor cells. Exp Ther Med. 2019; 18: 4113-4119.

Ine Jorgensen Yue Zhang, Bryan A. Krantz, Edward A. Miao Pyroptosis triggers pore-induced
intracellular traps (PITs) that capture bacteria and lead to their clearance by efferocytosis. J Exp
Med. 2016; 213: 2113-2128.

Yiqun Jiang, Yuchen He, Shuang Liu, Yongguang Tao. Chromatin remodeling factor lymphoid-
specific helicase inhibits ferroptosis through lipid metabolic genes in lung cancer progression.
Chin J Cancer. 2017; 36: 82.

Yan Cheng, Xingcong Ren, William N. Hait, Jin-Ming Yang Therapeutic Targeting of
Autophagy in Disease: Biology and Pharmacology. Pharmacol Rev. 2013; 65: 1162—-1197.
Porto BN, Stein RT. Neutrophil extracellular traps in pulmonary diseases: too much of a good
thing? Front Immunol 2016; 7: 311.

Craig N. Jenne, Paul Kubes. Virus-Induced NETs — Critical Component of Host Defense or
Pathogenic Mediator? PLoS Pathog. 2015; 11

Parker H, Albrett AM, Kettle AJ, Winterbourn CC. Myeloperoxidase associated with neutrophil
extracellular traps is active and mediates bacterial killing in the presence of hydrogen peroxide.
J Leukoc Biol. 2012; 3: 369-376.

Fuchs TA, Abed U, Goosmann C, et al. Novel cell death program leads to neutrophil
extracellular traps. J Cell Biol 2007; 176: 231-241.

Papayannopoulos V, Metzler KD, Hakkim A, Zychlinsky A. Neutrophil elastase and
myeloperoxidase regulate the formation of neutrophil extracellular traps. J Cell Biol. 2010; 191:

677-791.

45



13 Papayannopoulos V, Staab D, Zychlinsky A. Neutrophil elastase enhances sputum solubilization

14

15

16

17

18

19

20

21

22

23

24

25

in cystic fibrosis patients receiving DNase therapy. PLoS One. 2011;6

Piu Saha, Beng San Yeoh, Xia Xiao, et al. PAD4-dependent NETSs generation are indispensable
for intestinal clearance of Citrobacter rodentium. Mucosal Immunol. 2019; 12: 761-771.
Fuchs TA, Brill A, Wagner DD. Neutrophil extracellular trap (NET) impact on deep

vein thrombosis. Aeterioscler Thromb Vasc Biol 2012; 32: 1777-1783.

Jonathan Cools-Lartigue, Jonathan Spicer, ef al. Neutrophil extracellular traps sequester
circulating tumor cells and promote metastasis. J Clin Invest. 2013; 8: 3446-3458.

Bicker KL, Thompson PR. The protein arginine deiminases: structure, function, inhibition, and
disease. Biopolymers, 2013; 99: 155-163.

Hakkim A, Fiirnrohr BG, Amann K, ef al. Impairment of neutrophil extracellular

trap degradation is associated with lupus nephritis. Proc Natl Acad Sci USA 2010; 107: 9813—
9818.

Shuai Liu, Xiaoli Su, Pinhua Pan, et al. Neutrophil extracellular traps are indirectly triggered by
lipopolysaccharide and contribute to acute lung injury. Sci Rep. 2016; 6

Behnen M, Leschczyk C, Moller S, et al. Immobilized immune complexes induce neutrophil
extracellular trap release by human neutrophil granulocytes via FcyRIIIB and Mac-1. J
Immunol. 2014;193:1954-1965.

Ahmed B Al-Khafaji, Samer Tohme, Hamza Obaid Yazdani, et al. Superoxide Induces
Neutrophil Extracellular Trap Formation in a TLR-4 and NOX-Dependent Mechanism. Mol
Med. 2016; 22: 621-631.

Bianchi M, Hakkim A, Brinkmann V, et al. Restoration of NET formation by gene therapy

in CGD controls aspergillosis. Blood 2009; 114: 2619-2622.

Parker H, Dragunow M, Hampton MB, ef al. Requirements for NADPH oxidase and
myeloperoxidase in neutrophil extracellular trap formation differ depending on the stimulus. J
Leukoc Biol. 2012; 92: 841-849.

Gouri P. Hule, Umair Ahmed Bargir, Manasi Kulkarni, ef al. Does Pioglitazone Lead to
Neutrophil Extracellular Traps Formation in Chronic Granulomatous Disease Patients? Front
Immunol. 2019; 10: 1739.

Amini P, Stojkov D, Felser A, et al. Neutrophil extracellular trap formation requires OPA1-
dependent glycolytic ATP production. Nat Commun. 2018; 9: 2958.

46



26

27

28

29

30

31

32

33

34

35

36

Emma C. Vaux, Eric Metzen, Kay M. Yeates, et al. Regulation of hypoxia-inducible factor is
preserved in the absence of a functioning mitochondrial respiratory chain. Blood. 2001; 2:296-
302.

King MP, Attardi G. Human cells lacking mtDNA: repopulation with exogenous mitochondria
by complementation. Science. 1989; 246:500-503.

Douda DN, Khan MA, Grasemann H, Palaniyar N. SK3 channel and mitochondrial ROS
mediate NADPH oxidase-independent NETosis induced by calcium influx. Proc Natl Acad Sci
USA. 2015;112: 2817-2822.

Jiang Y, Kelly R, Peters A, et al. Interspecies somatic cell nuclear transfer is dependent on

compatible mitochondrial DNA and reprogramming factors. PLoS One. 2011; 6

Maianski NA, Geissler J, Srinivasula SM, Alnemri ES, Roos D, Kuijpers TW.: Functional

characterization of mitochondria in neutrophils: a role restricted to apoptosis. Cell Death Differ.

2004;11(2):143-153.

Dara L, Liu ZX, Kaplowitz N. Questions and controversies:

the role of necroptosis in liver disease. Cell Death Discov. 2016; 2:16089.

Panasenko OM, Chekanov AV, Arnhold J, et al. Generation of free radicals during
decomposition of hydroperoxide in the presence of myeloperoxidase or activated neutrophils.

Biochemistry (Mosc). 2005; 70:998-1004.

Sakurai K, Miyashita T, Okazaki M, et al. Role for Neutrophil Extracellular Traps (NETs) and
Platelet Aggregation in Early Sepsis-induced Hepatic Dysfunction. In Vivo. 2017; 31: 1051-
1058.

Fuchs TA, Brill A, Wagner DD. Neutrophil extracellular trap (NET) impact on deep vein
thrombosis. Aeterioscler Thromb Vasc Biol 2012; 32: 1777-1783.

Hakkim A, Fiirnrohr BG, Amann K, ef al. Impairment of neutrophil extracellular trap

degradation is associated with lupus nephritis. Proc Natl Acad Sci USA 2010; 107: 9813-9818.

Moulton VR. Sex Hormones in Acquired Immunity and Autoimmune Disease. Front

Immunol. 2018;9: 2279.

47



37 S. Giaglis, M. Stoikou, C. Sur. Chowdhury, et al. Multimodal regulation of NET formation in
pregnancy: progesterone antagonizes the pro-NETotic effect of estrogen and G- CSF, Front

Immunol. 2016; 7; 565.

38 Szwejser E, Maciuszek M, Casanova-Nakayama A, et al. A role for multiple estrogen receptors

in immune regulation of common carp. Dev Comp Immunol. 2017; 66: 61-72.

39 Ross Corriden, Andrew Hollands, Joshua Olson, ef al. Tamoxifen Augments the Innate Immune
Function of Neutrophils Through Modulation of Intracellular Ceramide. Nat Commun. 2016; 6:

8369.

48



B
AW zED 2ICH 72, FEABEOEBENBEE» SIS K EYE %
BovEl, EXEH#HZBALEFE S, FAMEOZXRITICH L CHL
HBEERMNYEREEEZLROZHAEZN T2 o FICEAETEE0H I
FICHEHOEZRL £,

49



RXEE

Neutrophil extracellular trap (NET) formation plays an important role in inflammatory diseases.
Although it is known that NET formation occurs via NADPH oxidase (NOX)-dependent and NOX-
independent pathways, the detailed mechanism remains unknown. Therefore, in this study, we aimed
to elucidate the role of mitochondria in NOX-dependent and NOX-independent NET formation. We
generated mitochondrial DNA-deficient cells (p0 cells) by treating HL-60 cells with dideoxycytidine
and differentiated them to neutrophil-like cells. These neutrophil-like pocells showed markedly
reduced NOX-independent NET formation but not NOX-dependent NET formation. However, NET-
associated intracellular histone citrullination was not decreased in p0 cells. These results highlight
the importance of mitochondria in NOX-independent NET formation. Furthermore, cell membrane
disruption in NOX-dependent NET formation occurred in a Myeloperoxidase (MPO) and mixed
lineage kinase domain like pseudokinase (MLKL)-dependent manner; however, cell membrane
disruption in NOX-independent NET formation partially occurred in an MLKL-dependent manner.

Cell death-associated neutrophil extracellular trap formation (NETosis) occurs during

various autoimmune diseases including systemic lupus erythematosus and rheumatoid arthritis, as
well as during gestation. Although increasing estrogen concentrations associated with pregnancy
might induce NETosis via nuclear estrogen receptor (ERa/ERp), little is known about the
mechanisms associated with estrogen-induced NETosis. Here, we investigated the effects of
estrogen (17-B-estradiol; E2) on NETosis, focusing on mechanisms associated with estrogen
membrane receptor (GPR30) in neutrophil-like HL-60 cells. Our results show that E2 and the
GPR30 agonist G-1 increases level of NETosis and NET formation. Moreover, NETosis-associated
intracellular and extracellular histone citrullination and peptidyl arginine deiminase 4 (PAD4)
expression were also increased by E2 or G-1 treatment. Furthermore, GPR30 antagonist pre-
treatment inhibited increases in NETosis and PAD4 expression mediated by G-1 and partially
inhibited these effects mediated by E2. These results demonstrate that E2 treatment enhanced
NETosis via not only ERa/ER but also GPR30 in neutrophil-like HL-60 cells.
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