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Roles of neutrophil extracellular trap degradation products in Group A
Streptococcus pharyngitis
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Group A Streptococcus (GAS) secretes deoxyribonucleases gDNase) and evades
host defence by degrading neutrophil extracellular traps (NETs). However, limited information is
available on the roles of NET degradation products in GAS pharyngitis. In this study, we modified a
mouse model of GAS pharyngitis and revealed an essential role for DNase in this model. A significant
apoptosis of the nasal mucosa was induced by intranasal infection, however, in neutrophil-depleted
mice, GAS colonization and damage to the nasal mucosa were significantly decreased. Furthermore,
mice infected with DNase-knockout GAS mutants (spd(-), endA(-), and sdaD2(-)) survived significantly
better than those infected with wild-type GAS. In addition, the supernatants of digested NETs
enhanced GAS-induced cell death in vitro. These results indicate that NET degradation products may
contribute to the establishment of pharyngeal infection caused by GAS.
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1. WFZEBAR S 1D 5

Group A Streptococcus (GAS) 1%, & NIHFREES B G % 0 R AR ~EGL L CIHEE Rk R <
RYMENRIE 2 £ U, RRCERMEY 9 v ZiERE, SRS, BESE O TEE LR
PERYIE Z 3 % (Cole, Barnett, Nizet, & Walker, 2011; Cunningham, 2000), %£7-. =@z V
0~ TR BT B R R BRI B R F ORI B CAEREBZ A LD, TNETGASD
BT 28k% 2 RRF RGN SN TELDN, FIEEI SR L% bRER EEE L L
T GAS JEYHEIZ X » TEMATEER 50 7 ALLENFET L TV 5 (Carapetis, Steer, Mulholland,
& Weber, 2005),

GAS EYJED T Tl b 2V O RIHF RS (Pharyngitis) T V| FHBEZFEIIHATo
BN & B L D (Carapetis et al., 2005), PTEEYSE Td> 5 GAS pharyngitis [Z, HH ITHIEIE T
IR ATRE R IEEEMIE R CTh 203, KEICIK T H/NEOMHSETE O 20~30% & OV A O WFHEEFE O
5~15%DJRH & VbiL, £ ORFHHRK TR K TEM 5E4 TH R LS LoRrELH D
(Shulman et al., 2012),

GAS D R PTG T, BB o0 b R Bl & 15 32 B ARS8 D[RR R AT R T do
%o GASIE. &Y L7z EEMIIC T R b= AXITE ) 7 7 U= K 5 M2 5T 5
(Tsatsaronis, Walker, & Sanderson-Smith, 2014), Z U2k L Cfg 11X GAS ZHEBR L L H &35
23, GASIE., LT D & 95 288 01E 32 A RIS E DR T 2 A LT, (1) Streptolysin
OlZX-o»THHFERE N~ a7 7 —T% TR h—3 A ZH 5 (Timmer et al., 2009), (2) IL-8
protease |2 & - C, HIMEKEER 7 T 5 IL-8 % 53fiF 7 % (Edwards et al., 2005), (3)
Streptococcal inhibitor of complement (Z & > THIE < 7"F N DOIEH A2 BHFE 7 % (Fernie-King et al.,
2001), (4) b7 bnm UEEREIC L > TH T Y = Ak %A E T 5 (Dale, Washburn, Marques, &
Wessels, 1996; Wessels, Moses, Goldberg, & DiCesare, 1991), (5) Streptokinase (24> CT7'T A I
»EIEMEALT S (Sunet al., 2004), (6) =512, ITHTliX GAS O4yihd % DNase |2 L - T, 4F
H1ER D Neutrophil extracellular traps (NETs) A ¥#ffd %5 Z & 23457 Ty % (Buchanan et al.,
2006; Li et al., 2010; Sumby et al., 2005; Walker et al., 2007),

NETs 1%, 4FHERDS B & O DNA ORRHENE 2 IR M A U CHIEE 2 fli 42 L SEDR = B 5 R 1%
J¥C& % (Brinkmann et al., 2004), NETs |[Z{X, =T AZ —ERLb X Mo & falek o I78E
IIRBERCTUIAEMIEEZFF O 2 NG, BEMESCERE, AT L TaE
PUSAMIE M 279, L L7225, GAS pharyngitis (2317 5 GAS & NETs DEMRIZ L < fn 5
NTELT, GASIZE > THfSNIZENETs DEER L ARHATH D,

2. OB
ELHTE GAS Y~ 7 R T VA2 HHICHEEE L, B o B SR GEERE & B RGaEE o 2
B =X AMTEIT B NETs DEE| & GASIZ X > THME ST NETs DEHREZA LN T S,

3. WD HIk
1) GAS #kk

bt MHSAH K GAS Tdh % ATCC11434 ££ (Streptococcus pyogenes ATCC® 11434) A L
7oo MBS E LT, b MLIEH R GAS90226 ¥k CKE I % ¥V ¥ KM F205 Cleary P.
Patrick Zf% X 0 i 5.) Z{#H L7=, GASI%. THB-neo &% FV T, 37°C. 5% CO, 51
T CE:#E L7z, ATCCL1434 D25 7 Mg % F2ffi L C DNase - [AlE L, IRERKZMARY ¥ —%
AT DNase X8k (o7 v/ v o7 o h) Z{ER LT,

2) GAS pharyngitis &7 /L5

F72 5 FEERITIX, 6~7 Hfn, HEME CSTBL/6~ T A (HARZ AT )Ly —4h) &EH L7z, WEE
L7z~ AZANEME & U, s 0 GAS 5108 cfu/15 pL % 7.5 pL 32 /45 D e~ T
L. BAWAS T, BYRPTEEL. Ml Uz LSRR 2 e o4 XL TR ER
Bedh BICHEREL Cam=—%& LCERIL 7=,



3) ¥ U R SRR A ER b et
BRI X DEHFRICSRNEEZ YL €, 4% XT RV AT VT RCEEL, 10%

EDTA i C 5 HRILA EBRALERZ 1TV, 6 um JEOWAEEI & L7z, GAS, ek, ~r7a 7y
— VDO ZEFREGOIL, —RPUA L LT, Y HEH GAS FUA (ab9191, Abcam )., ¥
HSEHT MPO LR (ab45977. Abcam ), T NH3EHLF4/80 HLik (Bio-Rad 1) =MWz, —
WHUE L LT, m NHBRPLY ¥ 1gG-Cys HLil, ¥ X HKHL Y ¢ 1gG-TRITC HiLfk, ¥ kit
7Y IgG-FITC Hifk, KU DAPI # v /o, @BIE2121%, ER L — P —30RBMEE (Carl Zeiss
t, LSM510) % fv iz,

4) FRMIIRT AR = ADER

7R b — 2 A O HIZ DeadEnd Fluorometric TUNEL System® (Promega 1) % Fu>,
DAPI % U Wheat Germ Agglutinin (WGA) Alexa Fluor 555 Conjugate® (Life technologies 1) |2
TxP gt 2T o7, LRMRT A b= 20EElbid, HEL L —F—8OLBEMEEE VT
HALHE AR & 72 Y O TUNEL BRI A bt U7c, B RGIIaRE EatpH o E Befbi k. &g i
W PUREIE B 2R % WGA BB ERZR D TR 72,

5) U APLDOHFPERE O~ 07 7y =Y DFRE

HFHERBRZEIL, ~ 7 AI2HT Ly-6G HifA (1A8 clone®, Bio X cell £) 500 pg/body % PN
H U, ®BREEICIE IgG HUiE (2A3 clone®) 500 pg/body ¢ 5- L7z, ~Z7 17 7 —I,
clodronate liposome® (ClodronateLiposomes.com £1:) 10 uL/g * {KHE % §RINTER 325 2 12XV
bR L7z, RHRERICIZ, RO liposome FIRINE 52 165 L 7c, BERIMREOBREHIL,
BD FACS Aria # i e 7 m—Ho b A b U —fRHTIC L 0 fERd L7z,

6) NETs & & 73 fiF

Ficoll-Hypaque /& A& (DS Pharma Biomedical 1f:, €/ 7R U 3BAIE®) 2 HWT, /5 A
MEN 5 e MFHERE /3B L7z, I ER 1 X100 cells/mL (2% LT, phorbol 12-myristate 13-
acetate (PMA, Sigmaft) Z#&JREE250M & 725 K 91Tz, 4 RFE#ZICEOHBEL T, RiGH
@ NET-DNA f % Quant-iT PicoGreen dsDNA Assay® (Thermo Fisher Scientific £1:) % AV CHIE
L7, NET-DNA &IKIZ GAS Z Nz C 12 BEfEIREE U, 0508 L7 B35 12 NET-DNA )i
FEY) Z 157-, NET-DNA O gt & LT, Herring-sperm dsDNA (Sigma tt) % 7=,

7) NET 4 fEEM Ot 7 & A
THP-1 #a 1x10° cells 2 GAS L&, NET-DNA S fREY. XiI=3 5T dsDNA S fREY &
LI IR L, MIlEE N U X T — (Sigma f1) THE L CORFEAMEE THEER L 7=,

4. WFRERER
1) BB BWEFER 7 GAS pharyngitis &7 /L & FHLUCHEEE L7-, ATCC 11434 Bk % s S &
72 C5TBL/6 ¥ 7 A%, W &EITKAT LIcBFE=HE %2~ L7z (log-rank test; p<0.01) .
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2) JRPTEGLEIR O GAS WX, 4FHERBRE~ T A TR Lc, 51T, GASEYRIZ L D
fE~DOIEIL, HFPEREGRE L~ ATIHRETH -T2,
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3) ATCCl1434 ¥k D477 ) Wil % 3266 L C, 3 FidH D DNase (sdaD2, endA, spd) % [FIE L T,
DNase KiEfk (> 7N/ v 77w h) Z/ER LT,

4) GAS pharyngitis €7 /WZEW T, &Y~ 7 ADFEL R & RFTAIESIL,. DNase KL CHE
IR T L7722 &0 5. GAS OFJFEMEICI 1T 5 DNase D B EVEAHERE S iz,
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5) NET-DNA /it % A9 2 B AR R K OV NET-DNA 43 fEREA % L < X F L 7= DNase KK
(N7 R) ZHANWT, GASIZE > THMBENT- NET-DNA BN~ 1 77— F%
cell line CTd» % THP-1 Ml L CRlladE 2 A2 2 L2 AL, 202 &b, NET-
DNA 7 fREMIN~ 7 v 7 7 — VR EFET 5 Z LR S,
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Asdab2’ =i =R ke ke = Asdatly, = = s S b =S S
NendA: '— — — — — — e DendA; — '— = o +
ASpd’ = = = = ol + + ASDOIE R iR & ok
NEEDNA, — b — &8 — & — & v & NET-DNA; — & = i — i — £ — &

F L) GAS EYYE The b popular 72 GAS pharyngitis BI#T 7 /L 255 L. GAS Oy 51
D DNase 73, GAS RJFIEIC HE/RRE 2> T D Z E LI Lz, GASIX. NETs &
O3fR L CHFHRERIC X D R DIk D 721 T NETs 0z L C, ~/u 77—
ICHIRSE A FFE L, R AR S5 Z AR STz, )i, AFFRORR L LT, NETs %
in vivo TEHEBIZE L TV RWI & ARWFZE TR L 72 GAS pharyngitis 7 /L3t MZBIT S

GAS pharyngitis X W b HIETH D Z & MlaEMEEZ G T 5 NETs DR SIRED & 5751 L ~v
THRELTWRWZ ETHY, SOLRDIMENPLETH D,
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