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M 4R P PR 4 B €6, 4 26 B3R 74 (methicillin-resis-
tant Staphylococcus aureus, MRSA ) Jg& — Ff 55 L ifif 24
FOR A, A TR GVH0 R i B A e R TR
MRSA 7] 5350 R e il % 45 Z R , UL R 2
R 63. 19, o fili R Bt R ik 16. 0% 4. Hil,
T3 b B FE IR YT MRSA B w254 (B GIEH
20T JEAEAE S T 25 RS R ok ik SRR
T A

140 1/ 2 (inteleukin, IL)-17A J& IL-17 it
A PR AN R S A Sk R ME R 7 e
] Rl LA AR AU ARHS 1 - A ] o {1 B T T 01 P B
FEEIT I b, TL-17A 3K 2y i 100 v MR 40 k= 1 L
T At 45 5 T 7 e FE D B MRS A Bz JHR SR g0
TL-17A X v P A6 200 9 1) 3 55 D) A 1) 9 ol JERe g
SR, IL-17A 7E MRSA 20H: il 98 1) HAARAE H 1 R BH
W, ZRFSEE A 11707/ INER, LA 5 B AR A
/N BRURRGS J 1) A A A T S T B et R s L 4
%5, LA 1E B TL-17A 76 MRSA 2P fili 46 b (% 4
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1.1 ##}

1.1.1 @4 4 5% {04 4 BR B USA300-R & #£

(ATCC BAA-1566) , J& T ST8 4 /i . MRSA I ¥k , %}
H AR DY AR DU A 2R 55 Z R P AR R 24, ol i 42 45 B
KA A HAZ 0

1.1.2 Z%3h4  LLSPFZ C57BL/6) /N L (6~8 4
W5, R ) A A B A /N R (wild type, WT) , I b
U DUAR SES S W BR A BR A W] o SPF & 1117a"
C57BL/6J/INER (6~8 Al , MEVE ) , W) [ VI IR A A5 24 B
YRR BRAE . ARSIE T ZE R AT
Bt G0 A 0 A A T A 0 i Bl ) S B AR I A R D 4y
LA 5 . TACUC-DWZX-2025-A013, Sh#i 35 M
TR B TE A R 2 AT B s vh O S8 i, i BRSES
YA 3R 257 NGB KR

L13 ZXMNAE N0 RE R R IR 5
(brain heart infusion broth, BHI, %% [E Oxoid 4= 4 2
A s R BE CR B W R B A BR A7) 5 1 B
A (b5t B R AR A R TEAE A R s IHg VI (58
[l Sigma-Aldrich 2E ¥\ w] ) ;3% i HALE (75% L1
(W ARZHESPHE R R A RA ) 5 w2 #5228 vl
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(phosphate buffered saline, PBS, X HE 3 A= 976l i
B AR T F]) 50. 9% FALGH G (11 4 1
GHIZARAE) ; S E R & ( BBR s RE
P B AR e AT IR ) 5 54 i 5% X % B (poly-
merase chain reaction, PCR) i 7l Ji ¥ (b 5% 1 7
BRI HARA BRAH) s PCR 514 (AL 50K — L A )
BHCARA R s IR EER G (FE U R YR
B4 AT BR 23 7] ) 5 50x TAE Lk 2% vy (VL5 JE i A
YIRHEATBRZS 7 ) s Mouse TL-17A ELISA KIT(Jt 5%
SEFERHEABRA D) s RNA P 4 BUR 5 & (1 iEZE
AR A PR 2 F)) s HiScript 1T One Step qRT-
PCR SYBR Green Kit (5 5t v MEBE A= W) BH By A
BRATED o A2 AR (3¢ [ Nauire 23 H], 45 NU-
440-44E ) ; TR 72 T W5 SR AR (R HERE R S0 e AT BR
2] VS HZQ-F160) 5 i 18 /K- i Vkor (1 128
YR RAR AT BR A 7], B : MiniPro™ EpBa-
sic) s BEAMP LB ( B T AR A IR A W], 2
7 1 UV-8000A ) ; VAR I il s 126 26 1 (b 5t 5%
TR A B ], 5 . MKC22524) 5 57 2 3L o ok
B0 HLCH A Hitachi Koki A7 FRZA 7], #145-: CR22N) ;
HL R AP (IR S5 RS2 56 3 AU R A BR A W], 2
Z: WTC 2000) ; 3 4 3 5t 56 3 (A5« Nano-
DropZOOO) PCR X ( #1 %= . ABIProFlex) . 1% & 4¢
(J45 1 iBright CL750) | SR 58 ' 12 H 0 s 55 3R A Tl
HE 2 W (quantitative real-time reverse transcription
polymerase chain reaction, RT-qPCR) &4t (A5 : Ap-
plied Biosystems 7300) (35 [E TR R KRB A o
1.2 Fik

1L.2.1 @m@ARHFAARMNE $-80 CLRAFW T
TP R 121000 B L 14280 T 20 mLL 89 BHI A%
Hi, B F 37 CHR % (220 v/min) B7 3% 14 h, TR 405
R EEE 1, 600 nm Ab W 5% B (absorbance, A)
Agon>2. 6, VE 25 AU . Bl O 1AL 1
200 (1 ko i3 F0F 20 mL BHI P % v, 4k 2248 37 °C
% (220 v/min) 1§37 3.5 b, BV A, = 1. 5 AE
RS 2R . HEE KA 2 1R B DL 12200 B L R
F BHI W 7, 4k 22 78 37 “CHR % (220 v/min) 5 37
3.5~4 h, L Z W Ag,, = (1. 8~2. 0)fH , M5 34K
P o WOEREE 3 AU E TR 1. 5 mLES L, 4 000 o/
min, &0 10 min, F % Y5, A& &5 0. 05% A
VDI 0. 9% AL AN T S R R, T RE TR M A =
1. 80 Tt Ago ™ 1. 8 YTV M A 2 348, LN TR
% B2 R 1x10° & 3 T8 185 AL (colony forming

unit, CFU) /EN RS2/ NR I

1.2.2 RNA-seq 2 #7IL-17 £k L B &k KF
T I KN F IR ZE A JE (https : //www. ncbi. nlm. nih. gov/
geol ) T iRy iR 245 HL /55 85 ) 4 ¥ (8 4 BR 1A USA300-R
JIN BRI A i A5 TR ) fili 41 2 RN A-seq B 4E
GSE220943'", SR FH JE X 3% 35 12 br o AL 48 B (frag-
ments per kilobase of transcript per million mapped
reads, FPKM {H ) PEARAR 7 Hh 1L-17 S5 & FL A 11
FIk K ili 4 457 iy USA300-R B #k LA 1x10°
CFU (V. 35 58 7] 55 ) 28 WA <738 I it 3df 326 3% 42 I
FEIWT /NS, YL 0~24 h ol 2 PE S AE , 24~
48 h i RIAEMK S 1, 48~96 h M fi1E 2 . RNA-
seq B AR AU IR YL IS 0,12 .24 .48 .96 h 3 5~
S T 2 BURE A P 25 5, B A ) 5505 3 45 il 41
BUHEA

1.2.3 RT-qPCR # @l I117a % B & ik &K F  USA
300-R & LA 1x10° CFU #ll # (50 pl) Z8 IR SIA G
it 326 26 AR T 29 I WT /B, 43 SR L 5 0.
12.24 h 503 /N Bt 20, 4 FH RN A P BU=
F & 3%/ N R 4 41 RNA , R 35 RT-gPCR 5
BB EAT A 58 RT-qPCR424E , 5 RN R 3
NE AL B 1117a 3L T H RT-qPCR 51410 « 1E
] 514, 5'-GTCCTTCCATTCTCTGATGCAC-3" ; X
1519 ,5 -GGATGCTTCCTCTACCAGCC-3" . B-ac-
tin W2 Bt H gl % R IE M54, 5-G6C
TGTATTCCCCTCCATCG-3" 5 & [6] 5] #) , 5'-CCAGT
TGGTAACAATGCCATGT-3" . RT-qPCRIK & Ky : 5
pL 2x One Step SYBR Green Mix, 0.5 pl. One Step
SYBR Green Enzyme Mix ,Primer F H1 Primer R 4% 0. 5
uL.0.2 uL Dye I .1 pL RNA template, fz J5 ddH,0
AT 10 pL, RT-qPCR [ W 454 : 50 “Cidit
180,95 CHUEYE 30 s, 40 IRAGHR S (95 “CAEME
105,60 CLEM 30 s) , Jer i Hh e ff by (95 "CA2PE 15 s,
60 ‘CiR K 60 s, K fft : N 60 CE M2 iELLTHE E
95 C, IR B R LR AR TNAF ) o

1.2.4 ELISA # il TL-17A & & & £ K F USA
300-R & LA 1X10° CFU Fll i (50 pl) £ AR S IA G
I 336 1 SR AR TEE 30 HOWT /NG, 23 BIHE L) 0.
12,24 h 4550 10 FUINER, %o /0N BRGEA 7 i o6 8 e 45 4
/N IL-17A ELISA 325 & A BALF H IL-17A
HARIRKF.

1.2.5 PCRYEZII7a" ) RARA X 117475
DAL il o /I BROE AT 68, 182 8 WT /N BRUVE Sl X iR
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R i B 2 A0 G vl I A T T I A, BT Y 2
mm BB IR IWAEH AL, (5 F PCRAY, B I AL AE
55 CT#E 15 min 95 'C FHFE 5 min J5 , AL 1
TR, WS 37 B A B B /N BRI 4 DNA L il 6L
HOPEIEEE TN E DNA MR J5 , xF m /N iR 42
HUHE P A RE AR AT PCR Y™, [R] B35 ' s 3 0] B
DLYESE 111 7a 55 2 B R BR LT o 1R R DR %
1170 XK BT 1% PCR B9 (FIR1) : IE [0 514,
5'-TGCTCTGCACTCGTATTCTCATG-3" 5 ) [ 514 ,
5'-ACATATCCAGCAGGATGCTTCC-3' . K Z Q@ N
YR 111 7a FE T IR 2 X3 PCR 519 (F2R2) - IE 15
1,5 -AGCTCAGCGTGTCCAAACAC-3" ; [ 514,
5'-CCCTGCTCTATCCAAGAACTCTG-3" . B-actin N
Z . IEm 519, 5 -GGCTGTATTCCCCTCCATCG-3 " ;
KL 5%, 5" -CCAGTTGGTAACAATGCCATGT-3"
PCR & & & : 15 uL 2x Taq pre-mix, Primer F
Primer R 4% 0.5 pL.0.2 uL Dye II .3 uL. DNA tem-
plate, ¢ J7 ddH,0 #b /& /A FH % 30 uL. PCR [ 5%
.94 ‘CHIAE % 180 s, 95 CAF 1 30 s, 72 CiEB &
30,72 ‘CHEMH130 5,72 ‘CHALE 10 min, PCR 44
FJe , % PCR =T 1% B b e el vk o, b
FEfRJg 5 ul, 110 V HL K 30 min.
1.2.6 DRAAREFZAN  USA300-R #
DL 1x10° CFU 714 (50 plL) 28 A /78 12 il 32 2% ik
B WT /NEUR 1L 70 /N A 12 2 LS 0.
12.24 h g1k st 4 26l 25 Bl 805038 B 10 pl i
JEE R B S )V TR I BB Pl L 37 “CREFRAE s IR
16~24 h J5 #E AT RVE TR
1.2.7 SRR EAER AT
b B )E 0.12.24 h BELHARAE 4 H BUE il 2 i 7E
4% HAUE E W 48 h )i, IR 4E /R AE YR A
BR 2\ W) 58 BORE AR 3 A U0 R B O AROKG - 2L
(hematoxylin—eosin staining, HE) 3, 75624 Wik
B WSt A 2 BRAS AL, AT R A PE . R
FH Smith 2435324 il K Mo i 76 D K% 8] 5t 9 96
it 94 K [ ot HH it il AS 5k R0 a7 B IR 1%, 43 Sl iR AT
0~4 4325 B 434 Tedid , 0 43 5 i A8 Y i <25%, 1
A3 R AR L 25%~50% , 2 4% 5 R 28 Y0 5 509%~
75% 353 s T AE>T5% EIET , 4 53 5 RGP 2
R I, B SIS 104> m A AL
B 41E
1.2.8 DR ABEWEN T EARRFT T AN
USA300-R i # L4 2x10° CFU 7 & (2F 50 34E 7

T, 50 W) 28 VBRI I 3ok 16 3 AR AU RE WT /N B
170 /NER A 10 H ISR FF 0 SRR E 7 d 9/
SRS A A7 B AR ST R AR TR R

1.3 ZitZF4&3E R GraphPad Prism 10. 1. 2 ¢
PR IR AT G50 0T . 117 SER FK K L
MR 2 07 22500, /N BALF H IL-17A 25
TR KT LR AU 287 2293 BT, /N BRAF- 106 Ak
11K H Kaplan-Meier 7% , Ho K H Log-rank #6556 , i
141 BEIE 4 F R IR R 5 22 081 LA P<
0.05 W ZEFAGI2HE L,

2 #R

2.1 USA300-R B f5 WT /NRBHES 11170 B E &
LR WIHZH S RNA-seq SRS 647 22 S AL )
Fak o, R EoR, 50 h M, IL-17A G S A
W 1117a F0 111 7F 7E USA300-R J& YL 5 12 h b (P<
0. 001, P<0.01) , B B e w4 7+ 29 10 15 (& 1A) o
B 5 38 2F RT-qPCR #F— 2 B0k 111 7a HE AR B YL fe
12 h & 25 1o, B gL i 4R T 29 50 4% (P<0. 01)
(K 1B).

2.2 USA300-R B /5 WT/NREHEBIL-17A & H
KEFT  HEWT /N E A APE Il A A, XF
JEYLJE 0.12.24 h 9/ B BALF #E47 ELISA K&, %
PRI 12 h /DN BRI 3B TL-17A 4 28 38 7K OF 203 T
o, BB GL T B T 24 6 £ (P<0. 001) 5 SR YL f5 24 h,
IL-17A B3R K45 12 h A AR, (EAT 45 R L Rif
BT 55 (P<0.01) (K 2) ., IL-17AEH 5 11170 %
PR e 1k K PRI 12 h RS T e, 48R TL-
1TATE 2P Il 28 1 2Pk 28 0 ) (R J5 0~24
h Z i) KR EAER .

2.3 M7a" MNBHHWESEE i CRISPR/
Cas9 5 [H g 5 2 AR | mil B C57BL/6J /I B 9 1)
N17a X A= 11707 /N R RO L EFI YR
FIRL (R RQ@% @59 F2R2(E 3A) , 11170 /N,
IAEAR RO RS R R QT IC 4 s WT /)
RAER R DY 1248 bp AR R 314 bp 431 H 2R
A . At PCR % /N BRI R A, 1~18 KGH L X
TEMR R D4 356 bp 2247 B SR IR R Q@ T 4%
W, N Al A 117a™ /N B 5 19~20 9k T8 75 1R R DAY
1248 bp MR Z @1 314 bp 43 B HBLAAT , 9 WT /)
BLOKI3B) s e A4l 4 11170 K DH B /N UM G20 -
[l if, Zh e FE A R B, 1170 /N A K & B fa
E L RBIEH BH G, W RS 22505 .
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Fig. 1 Changes in I117a gene level in the lungs of WT mice after USA300-R infection (n = 3)

A': Changes in the expression of /l17a family genes in WT mice lung tissue after USA300-R infection; B: Changes in relative 1//7a mRNA expres-

woh

sion levels in lung tissue of WT mice after USA300-R infection; ~“P<0. 01, P<0. 001 »s O h group.
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2 USA300-R BE/E WT /MR BALF 5
IL-17A RiZKFZEH (n = 10)
Fig.2 Changes in IL-17A expression level in BALF
of WT mice after USA300-R infection (n = 10)
“P<0.01,""P<0.001 vs 0 h group.
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2.4 USA300-R B /5 I17a” INR 5 WT /s R il
HAMABR=ETH R YLF0.12.24 h P4/
ST SUS AR TR VR 3G 5% A T WT /N ER,
117a™ /)N B2 TR T R R Uk 2% , 7 12,24 hINE, m B
/1N B 4 T A 4 T 24 10 /% (P<0. 001, P<0. 05) ,
T IL-17A BERSAEHE/ N U 40 & bR . DLIET 4.

2.5 USA300-R B )5 117a” /NR S WT /N R B
ALOFIEZN 011707 /N WT /N2 v
W A il 8 AR RO I 012,24 h B 2 /N B
Jili 24T HE Je i 50058 . 45 7R, 0 h i WT
NS 117 /N BRI AR WLBH B 55 512 h B WT /)
BUEE 101770 BRI 58 458 475 B 7 S il 76 B B JEL il
L IR PR 58, IR AR K MR Al IR I B4, (H
G HPE 2> T W 25 524 hBF, WT /N BB B L
1117a™ 7N B B 2207 40 B 153, /0N A 760 52 Jo

A Fl1 ® R1

F2 N R2
—> O <—

117a

F .
KO fragment —>» Primer (D@) PCR reaction number

1 2 3 4 5 6.7 8 91011121314 151617 18 19 20 Marker

1 2 3 4 5 6 7 8 9 1011121314 151617 18 19 20 Marker

B3 H17a NRERREREFERLEE
Fig.3 The knockout strategy and genotyping

identification of 1117a™" mice
A: Schematic diagram of the Il17a gene knockout protocol in
C57BL/6] mice; B: Genotyping results of /l17a” mice; The upper
panel shows the PCR product amplified in reaction (D ; the lower panel
shows the product amplified in reaction @ ; Lanes 1-18: I117a™ mice;

lanes 19, 20: WT mice.

b, 2 M an e i (B SA) R B4 Bos 11 7a™
/N BRI 2H 2% B OE 4 IR T WT /b B (P<0. 05)
(K5B).

2.6 USA300-R B FN7a" NRE WT INR &
FHESERETA WG HPA /DRI
I R WREE , K B0 117 /)N ERAH 3 WT 7N BUAE 15 R 4
T+ 25 50% (P<0. 05) (& 6A ) , 7E 2k RAEW] (0~2 d)
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4 USA300-RBEF/NFRAHHETWU(n=4)
Fig. 4 Changes in bacterial load in mice
infected with USA300-R (n=4)

"P<0. 05, P<0. 001 vs WT group.

IR T R A AR 12 i (K 6B) , FE 118 2 1
(2~7 &) MR BTR IR E W AETE R, IREE R
B TL-17A 7E USA300-R J& 3¢ 5 1 2Pk R i 31 (0~2
d) ZAEAERAE T, GBS T 20/ BUR LRI N .

3 itig

MRSA JIT B2 WA T it 5 A1 9 1 22 g 2L 3
TRTTMERE R, A G R @ R AR 2R
J7 AAAEAE RIAE L 38 5 Jn sk i 24 P 32F AeHe
I TR ARSE MRSA 515 3 G2 i 22 A BLAE %
TR TSI AN PR FH 245 B R S

AWFFE LA T 25 HL 258 7 MRSA T #& USA300-
ROMXF G, SR FH A s e il ik 326 12 AR /N R
P it AR AR gk Ty VR A RO Y R R R PR
TH T M AT A TR A R Y SR A SR
AW MRSA 854 S5 /N BRUB 2 28 ¢ BALF H1 1L-
17A R kAT BT, 3R T Re 2 5 1 E ok
YUty I, BT TL-17A 09 BARYE T, AR 5% 3
i CRISPR/Cas9 £ R T 11170 FE RGN, o
B WT /NP YA S5 8K, WEUEH|
T MRSA B S5, W5 20 /)N BB 4 20200 1A 2 25 B e
() BEEARG , AHL 711 7a™ /)N BRAN P 2800 0 35 8 T WT /N,
FEI TL-17A w42 18 Bl 3500 200 1 0 ok o il 4L 250 L 0E
FE— RS, 5 11707 M, WT /N BUBS 5 i
240 L IR S RGN 3X 5 TL-17 A S I HE S kL
Y S S HURE B R 2 AT RE—8C

SRINT, S5 R 2R 45 A B S, 111 7a7 /N U241
S HRAG 05 TR I 2 R R A v v L i i

A
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24h
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BEl5 USA300-R /MR IEHTZHR
REEW(AD)EFS(B) (n=4) x20
Fig.5 Histopathological changes in lung tissue of
mice after USA300-R infection (A) and
corresponding scoring (B) (n=4) x20

Black arrows indicate granulocyte infiltration; blue arrows indicate
irregular arrangement of bronchiolar epithelial cells; yellow arrows indi-
cate necrotic cellular debris; orange arrows indicate minimal peripheral
edema; green arrows indicate focal hemorrhage ; red arrows indicate peri-

vascular focal infiltration of granulocytes; “"P<0. 05 vs WT group.

TR 1 JEL A1 B AR ME FR AR AR B % % . Ellson et
al "IAFF Y S, H A 20 B 1o A B A R
JHL A1 B8 Bk L o A B (L R J80G 1) vh Pr 400
TR I 0% M SR R E TR, S IR I 254, ol
PR 07 , B 8 S 800 AT . FIRRAE AR 5T
LB B MRSA YL IS, 11 7a7 /1N BRAF TG 5 0
FE T WT /N, A BB TL-17A S o 48 55 vh ok
20 BT R A AT, A P 0 RS S R 46
iE PR RIS P AR T ) i 0 45 R B3R, S 0™ o il
Wli. Wil17a" /NI B2 TL-17A f#afk (55,
PR 20 L R D, RRE BRI A A2 R A L
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Role of IL-17A in acute inhalational pneumonia caused by

highly virulent and multidrug-resistant Staphylococcus aureus
Kuang Qi'?, Zhu Xiaoyu®, Li Lu’, Wang Xueyan'?, Yan Peijie’, Zhang Lili’,
Lii Meng’, Hu Lingfei’, Zhou Dongsheng®, Yang Wenhui'*
(" School of Basic Medical Sciences , Anhui Medical University, Hefei 230032 ; * Academy of

Military Medical Sciences , Academy of Military Sciences , Beijing ~ 100071)

Abstract Objective To investigate the role of interleukin (IL)-17A in acute inhalational pneumonia induced by
the highly drug-resistant and hypervirulent Staphylococcus aureus strain USA300-R in mice. Methods An acute in-
halational pneumonia model was established in mice using an aerosolized pulmonary delivery technique. RNA se-
quencing (RNA-seq) and enzyme-linked immunosorbent assay (ELISA) were employed to examine the expression
dynamics of [l/7a mRNA and IL-17A protein, respectively, in the lungs of infected mice. [l17a knockout
(Il17a™ ) mice were generated using CRISPR/Cas9 gene editing technology. The survival rate, body weight, bacte-
rial load in lung tissue, and histopathological changes were compared between Il17a”" and wild-type (WT) mice
following inhalational infection with USA300-R. Results 12 hours after USA300-R infection, compared to pre-
infection, the expression level of /1/7a mRNA in lung tissue and the level of IL.-17A protein in bronchoalveolar la-
vage fluid (BALF) increased by approximately 50-fold (P<0.01) and 6-fold (P<0.001), respectively. Compared
to WT mice, Il117a™ mice exhibited approximately 10-fold higher bacterial loads in lung tissue at both 12 and 24
hours post-infection (P<0. 001, P<0.05). However, they showed significantly attenuated lung histopathological
injury, reduced alveolar wall thickening, markedly decreased neutrophil infiltration, and an approximately 50%
improvement in survival rate (P<0.05). Conclusion In acute Staphylococcus aureus USA300-R inhalational
pneumonia, [L-17A contributes to bacterial clearance by recruiting neutrophils ; however, excessive neutrophil in-
filtration exacerbates pulmonary inflammation and injury, reduces survival rates, and represents a potential thera-
peutic target.
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