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HSK+AL B . % MO E W4 a4 Cul 41 HSV-1 4 .
HSV-1+o0e—-cGAS 20 HSV-1+4R 3 H2H . HSV -1 +o0e -
cGASHRFHH AL, Y54 4l MO B I 40 it 2% 7 3% 9% 5
(CM) it HCE-T Z8 i Jf H 43~ Cul-CM 41 HSV-1-CM
ZH HSV-1+0e—-cGAS—CM 1 HSV -1 +43 ¥ -CM 4.,
MTT 246 I 40 B 1% 7, TUNEL 32546 0 20 Bt 8 7, ELISA 3
K = 2H 1035 Arg—1 iNOS /K-, 2 14 o B 30 32546 0 £
4121 cGAS STING IRF3 0% 2 35, B Balb/c /N
b H o Jy i RE L BRI 25 e, BT A 2 W 4R
FA BRI HSV -1 380 T Balb/c /N BUAR I D)) 2
HSK /INEUBETR | 24 1) 4H Aol PR ST B3R )Y, X =4
RIS 1.3.5.7.14 d 4 RRIERFIFET- %,
LR 5% R4 A L, HSK 4 HCE-T a5 S B A% P8 1
B AR T O T L 25 R, S5 Cul AU H,
HSV-1 2200 5 Arg—1 HRIE AR (INOS ¥ B 14 |
Yifd cGAS ,STING IRF3 HIXf 8 &5 T ;5 HSV-1 41
AL, HSV—1+0e—cGAS 4] HSV -1 +43 5 HL4 Arg—1 e
I INOS #e BE F& 15, cGAS (STING | IRF3 %K [ 8 ik 10 |
HSV-1+o0e—cGAS+R LA F 2IA R &5 2R . 5 Cul-CM
ZHAA L, HSV-1-CM 2H HCE-T 40 0 7% J7 B4 T8 i,
T e 2205 WA P Y cGAS B P R T i
BT X —5 R RN S PR S T TR A8 ok A IR
’)ifpﬁfii.
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Abstract

¢ AIM. To investigate the specific molecular mechanism
of Yingiao Powder in affecting macrophage polarization in
herpes simplex keratitis (HSK) through the cyclic GMP-
AMP synthetase ( cGAS) - stimulator of interferon genes
(STING) -interferon regulatory factor 3 (IRF3) molecular
pathway.

e METHODS: Human corneal epithelial cells ( HCE - T)
were divided into control, HSK, and HSK + Yingiao
Powder groups. M0 macrophages were grouped as Ctrl,
HSV-1, HSV-1+0e-cGAS, HSV-1+Yingiao Powder, and
HSV- 1+ 0e-cGAS+Yingiao Powder. Conditional medium
(CM) from each group of M0 macrophages was collected
to intervene in HCE-T cells and divided into Ctrl-CM,
HSV-1-CM, HSV-1+0e-cGAS-CM, and HSV-1+Yingiao
Powder- CM groups. Cell viability was detected by MTT
assay, and apoptosis was detected by TUNEL assay.
ELISA was used to detect the concentrations of Arg-1 and
iNOS in cell supernatants, and Western blotting was used
to detect the relative protein expressions of cGAS,
STING, and IRF3. Balb/c mice were divided into control,
model, and drug groups. The model and drug groups
were inoculated with HSV-1 on the cornea of Balb/c mice
using the corneal scratch method to construct an HSK
mouse model, and the drug group was treated with
Yingiao Powder. The incidence and mortality of the three
groups were compared on days 1, 3, 5, 7, and 14 after
modeling.
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¢ RESULTS . Compared with the control group, the HCE-T
cell viability in the HSK group was decreased but
apoptosis was increased, which was reversed by Yingiao
Powder intervention. Compared with the Ctrl group, the
Arg-1 concentration in the cell supernatant of the HSV-1
group was decreased, the iNOS concentration was
increased, and the protein expressions of cGAS, STING,
and IRF3 were decreased. Compared with the HSV - 1
group, the Arg-1 concentration was increased, the iNOS
concentration was decreased, and the protein expressions
of cGAS, STING, and IRF3 were enhanced in the HSV-1+
oe-cGAS group and the HSV-1+Yinqgiao Powder group,
and the same results were obtained in the HSV-1+oe-
cGAS+Yingiao Powder group. Compared with the Ctrl-CM
group, the HCE - T cell viability was decreased and
apoptosis was increased in the HSV-1-CM group, which
was reversed by overexpressing cGAS in macrophages or
intervening with Yingiao Powder. In vivo experiments
found that Yingiao Powder intervention could improve the
pathological progression of keratitis.

e CONCLUSION : Yingiao Powder inhibits M1 polarization
of macrophages through the cGAS-STING-IRF3 molecular
pathway, thereby delaying the progression of HSK.

e KEYWORDS.: Yingiao Powder; cyclic GMP - AMP
synthetase - stimulator of interferon genes - interferon
regulatory factor 3 (cGAS - STING - IRF3); macrophage;
herpes simplex keratitis
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Al 95 W 7 M A I R (herpes simplex keratitis,
HSK) & H 4l 29 1% (HSV) 515 YR FBPG , R &
TR AT R T RE T 180 7 AT, #E HSV -1 )
Jepd # v B mEAH A A e AT, B M1 A M2 A S A A L
B, 7T RE B AE RRSE s 5% e s E AR v
2T RS FHEIE R IR, T AR R 4
BUAR g 7 FEIR YT A R A 04[] ]| e 8 28 8 A £ B AR
B, MARZAS 3SR B I RE 1. Blan, TR MER T
I BT, REAE WY 0 2 i 0 TR 175 1 /) B T 1 A
AR AR —Fh h 2 Ty, BT B R |
U EEE T, O UE 520 I g | B 4l L 4 45 B IR 9T AL
FUST T T A B AR AR LAY, FTRE AR IR T N O TH
AT EHRRR . ERBEONC b S A B B
T EFRAR GMP — AMP & il ( cyclic GMP = AMP synthetase,
cGAS) — T i & & K H #% K 7 ( stimulator of interferon
genes, STING) T T T AR PERR BT R BT HE
I 4 MR PR AR ZS X HSV =1 SRS T | & 14 SRE S 5 & e
SN E R, H cGAS—STING il B 7E S ] v o4y ¥t 25 OC
e A A AURBUT A T PUR B R DL HOR
GrH X cGAS—STING 8 B A9/ HT, ABIETE 4 I - 445
SFRENS 1 B % cGAS-STING 1l & i35, K 4] iIFHSV -1
SRR L I 240 B T 1 2R IR A | e 2% HSV - 1 Jk e
AR, cGAS T HSV -1 I8y s %0 (0, HREAS 38
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UM EE DNA I fil & R (5 5 1% 5, 3 i MUK 1 BT
BERPERN T MM RS R 3 i o 3 e 4 i
f) GPR43 15556 5 REAE IS cGAS—STING %, M1 7E BT
R REEERERY, THERY R F 3
(interferon regulatory factor 3, IRF3) YE-& ¢GAS—STING i
BT RN R 22—, HE AR K T 5 R AE I 2 A
10 BRI, BRT cGAS—-STING-IRF3 3 i 75 HSK 3k & 5
RS 506 B0 L) B BLARAE FIALE 540 TR HPIRAS | iR
FRRAMIF . L, AR B ER AR R BUE 75 fe 1%
33 % cGAS-STING—TRF3 43 -3 4, 5 0 [ 5% 200 Jifa A
b, # 1M = 5 HSK Wi g, 35 54 < 4R 50 1 nT 6E 38 4o
cGAS—STING# #% i 45 B g 20 Bl Ak, T 52 ) HSV -1 Jgk
Yo X — R ST IRAIE

1 #EF T %

1.1 %8 Balb/c /NR5 SD KB A #BMN K 2= [ FFH
SIS Eh L, VEATIE S SCXK (1) 2022-0001 ] 5 A ff i
- Ez 40 HCE-T . DMEM/F12 ¥5 32 35 THP -1 A P A% 40
Jitl RPMI-1640 35 5% 2 5 D08 14 38 4 an B A PR A
H (55 CL-0743 . PM150312 ,CL-0233 ,PM150110) ; %
BRAE S RS EE AT AR Areh RT3
SRR F AT R B 28 B AR A R R (M-
CSF) g B 3£ MedChemExpress 72y ¥l (% 5. HY -
P7050A) ; HSV-1 Wi#E 2k H i E R 22 Be ol 500 35 001 58 T
Lipofectamine ® 3000 % 44X 71| | BCA & H & &t il 7l £ .
PVDF il [ 35 B FE 8RR B A 7] (1845 . 1L3000015
23225 88518) ; MTT A7) & ,— 20k TUNEL A 1
KR & (L010565%) (cGAS Hifk STING Hifk . IRF3 4t
P A A E ORI R A R A R (15 YT122 ,YT136
713238 727624 . 718963) ; N5/ Arg—1.iNOS 1) ELISA
RAGEWH LS EAEYRHEAGRAE (55 Z2C -
33553 . ZC-38342 . ZC~-35593 . ZC~38979) ; HRP #Rric Ay 1L
PRI A YEE Abcam 23 F] (5845 :ab6721) ;B8 ECL 1k
2R RN 5] B B = A R A B A (R
5. PK10003) ; Alliance #E I G 43 7 {0 3 T8 3¢ 36 &
AW S AR A RS W] (B . Alliance Q9)

1.2 A%k

121 4% HUHEIEEh &ML 15 ¢ 458 15 ¢ 540
9 g M6 g EHES g M6 g IRET 6. 435T6g,
TSR 6 o 2R . K 2 bE MU e 4 A & A 25 A ) A7
FETE 4 CRYZRMFET . 2 BB 2Z A OB 93 26 56 1 4 B S i &
GG ZJEEEH 36 HSD KB4 R % B ZH s 7 R
YLl (HSK 2H) HSK+ERE AL (BRAR I s 32 ) 4, 4
6 H, Hrh HSK 411 HSV -1 5 75 i &1, HSK + 45 3 i
(FRAR A P R ) 23 ) 45 T g R AR S ( 0.25
0.5.1.1.5 ¢/mL) E T S ; % LA HSK 4145 T %54k
PERK ,FRER 2 R, HFXK 2 mL, L5 d, KKHEH 1 h
S T s e 2R U LU 22 ARR I K B, JE TR 45 F T 2218 3 ik
B ,4 °C###1 h,3 000 r/min 250> 15 min 4355 & 25 1ML
T, R4 METR AT )G 56 °C /K 30 min K36, L 8 it
TEBRTE , U T 3% 5 -20 CHAF4 L

1.2.2 HRAIEFR 5408 A MM L 4 HCE-T 5= 78
I 15% FBS+5 wg/mL Insulin+10 ng/mL A EGF+1%
P/SH) DMEM/F12 #5556 . THP -1 A BAZ AN i 35 5= 7
™I 10% FBS+0.05 mmol/L B-mercaptoethanol+1% P/S
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) RPMI- 1640 35 33, B35 % Fh 5% CO,,37 C.
M-CSF (20 ng/mL) fF 224l THP-1 4080 7 d, 5 S 42 h
MO g4 ¥ HCE-T gnffd s 2 12 fLikh B K
BILAREE BRI, I IMASA HSV-1 5 (MOI
1 0.1) BRI FREL 37 CIEE 1 h, ERSE RN
Re R B IF08 ] PBS Yk 40, 1) 200 i Hh 78 AN [m) v 3 4R
FH(0.25.0.50.1.00,1.50 g/mL) il £ 15 3 () 5 24 1y 7 4k
SEEEFE 24 h,

1.2.3 @RaFEE Kb T XHEUE R IR THP -1 40 225
224 fLMHb B AL 3x10° N4, 15 40 A R ik 70%
A, f# ] Lipofectamine ® 3000 ¥4 4% iAF] , H-AR $if il i py
VA ZR Kot 3K cGAS 118 9k 75 48 AR 175 Ye 9k THP -1
Yiifia

1.2.4 @R INRSE ¥ HCE-T 4005320 . % 40 (1
W RN HCE-T 4H) (HSK 20 (MOI 4 0.1 ) HSV-1 %5
BRI HCE-T 408 1 h) (HSK+HL A (HSV -1 5 2K
Yo FRZadHRE A 1 g/mL ARG ECAL FE 24 h ) HCE-T 4
) o B MO W 41 Jfl 43 2H . Crl 2H (1F % 3535 14 MO B
Yffe) HSV -1 41 (HSV -1 %k 8 B YL 1) MO F W 40 it ) |
HSV-1+0e—cGASZ ( HSV-1 R R T e ad F 3K ¢GAS
TIE TR AR MO EL W4 M) (HSV - 1 +4R R HL 4 (HSV -1
P B R Y I 28 e ARG H AL A MO EL WA AR ) (HSV -1+
oe—cGAS+HHHEIAL (HSV -1 9% B I Y 5% e id 323K cGAS
IR AR AR I A AL B MO AR ), Y 4R
£-4H MO B W5 40 it 444 1% 57 3 ( conditional medium,CM)
i HCE-T 403 H /> & Curl-CM 4 [ Cul 41 CM 5 HCE-
T 4R 9% ] HSV-1-CM 4 (HSV-1 41 CM 5 HCE-T
A% ) HSV-1+0e—cGAS—CM £ ( HSV-1+0e—cGAS
20 CM 5 HCE-T 4 ffi 4% 57 ) \HSV -1 +4R 5 1 -CM 4
(HSV-1+4 84 CM 5 HCE-T 41 3L 55 5% ) , %
Balb/c/NFRAT2H - 0 AL (42252 R I | A IR AE e T
QPR ARBESZ HSV -1 Gy ) BERYA (4232 BRI A IR |
THIEN 5 HSV-1 JRY AL HR ) | 259 4 (4232 R, F 55
IR JHIE 5 HSV-1 Ry ab 3 | Rl i sZ 45IB0ATT ) |
1.2.5 MTT #i4AREE A ARYE MTT 257 & F 2k,
# 25 mg MTT %% T 5 mL MTT %504, Be il % 5 mg/mL
B MTT W, WS AMM, IFH B MM EE RN
2x10* cells/mL, #R J5 ¥ 40 id B2 Fh = 96 fL AL, & L
100 WL, 12 h J5 EEFLIIA 10 WL MTT 3%, 4k SefE 1 57
FPIEE 4 h, A 100 wL Formazan V&t IR GG EH
Z A s VSV . 1E 570 nm P TN @ WOG EE TF
il 40 TS 1

1.2.6 TUNEL ¥ ZBA AT 1 TUNEL —25 534050 &
Yo 45 ZEL 20 O T 0 A5 R N, 4% 4L 40 if R o O PBS
VR 4% 22 B W RE [ 2 40 30 min, % 0.3% Triton X—100
A PBS B2 AN, S IRIFE 5 min, % FEEEES B TAT
fifi . DEOCHRCIE N 5 pl 245 pL B9 4B Hil TUNEL 46 0
T, PBS PREANML 2 K, A TUNEL A% , 37 °C eI
B 60 min, PBS V& 40 i - B 7, 940 1 fc i < 40 i O
T2IEM . Cy3 MY % P K R 550 nm, & S K 4 570 nm
(Lrast)

1.2.7 ELISA ISt AL AR MO BE i, LA 1 000x g 55 5 2 .0
20 min, ZRAS 40 M b5 W, ] sk UAC 4 4% 2 /N BRIV AR AR
2 18 ELISA 3200 & i 1 i 2R A I _E R A iy Arg—1,
iNOS ¥ |

1.2.8 BARENE 5 FH A E 1 B0 i Frmi i il 41 il 591
B RIPA 24 00 DA 45 2H 40 B RE i 0 /0 BRUAR 20 40 v 4 B
B ERESY , IR 5L BCA B A 2 il 50 & I 2 2R vk
B, H 10% SDS-PAGE 43 & & 5T, 43 5 )5 W 85 A i 5%
%2 PVDF I I, 3 HE MW E A 5% Wilg 4 U35 TBST
o AR B — 3T cGAS FiL4R (1:1 000) |, STING i fA&
(1:1000) .IRF3 Hi& (1:1000),7E 4 °C T H &%,
TBST ViS5 HRP Anic i L Edi e 1eG EIRMEF 2 h,
TBST FEYR PR, SR 5 1l FH AL ECL Ak 27 & OGAS IR 7] &
A, Alliance BB EE 20 BT A%, 48 Tmage) K&
SIMT AT R AR B 434 A0 LR A 5 A B2 20 H AR
EHFIREN

1.29 MR AL EH 120 H 6-8 Jil#y A &
TF 18-22 g 4 SPF %% Balb/c /N, TR /1N BRULE IR JEE 4k 45
TE 18-22 °C AHXHEFE 50% 1) SPF 2 IREE rh i 5% | 3 2545
12 h B IEHRA A , W3E 1 wk e, DERBEBENLY =
21 N HRAL MEAVAL 254l Hdl 40 R, ey AR,
FUE Je 57 2R EI5E (6.6 mg/kg) FIAIE TR (100 mg/kg)
HRRERAL R BT 25 54T Sk a8 Rl 0/ BURY A
AL, LA A - W B, BEE K 2 L 1
HSV- U2 (A T J0 1 PBS ) LLAE HERES 1x10° pfufd
FIF R R A I - M 28 HSK /)N BRBE 2  VH WA 2 v )
WA R I BRI T, DRSS 1 d JFLR, B /D
FUHEAZ 400 ng/mL A EL S FOK BISIE B 36T, B R 2 1K,
HLRYT 14 d, BRI S 259 41 (%) Ab B R AR R) , (HL7E )
TRIGIT I AR R AR XK, X BB 1)/ BLUTR R %
2RI | A IR FE B+ B AL B {H AN 5 32 HSV - 1%
e, SRR T Al SR K AR R, A A /N R
AR 1.3.5.7.14 d W R ST &0 I R FRAE
BB IS 14 d, 0 I o 5 244 (100 me/kg) JFR
ALFE/INER, 38 1k K R 4 L TR RE AR [) s 43 225 ) B4 40
HATIR SRS

1.210 EEREZERMBIES A HSV-1 f i IR
1x10° pfufy BB /N, UG ER 1 d JF 4R, 4l 45
BETAYY . ARG 2 d i e B D7200 AHHLNE /IS BUIR 3
PEATHARE PEAY A IS S A AR Ik A BAR Ak A IR A8 43
FRUE .0 J : TR 5 1 59 AR D, (H — S0 40 75 m UL
2 5% ML EEAN T AR 53 0. A58 e N E B 54 4% F I 2
AL B R VE AT AR UE O 4 TCERE 5 1 43 BRI TR B
2 43 MR HG: V7 I O P Bl — 6 25 90 5 3 43« AR IS e Bk - £ 5 7™
TGS ;4 50 HRAG 58 Mk A &,

G201 38 3 Graphpad Prism 9.5 B2 X} SC 56 %k
WIHATEIT 0, RA Shapiro—Wilk AT IER A 5
FFA IR 4370 B BUE R FH Y5 B e o 25 383K, A1 [H) b3
SR HAMSTAEAS ¢ K50 5 PR 2 Ty 2290 1 2 4L (1 ECHE 1
VR A 22 R B G E SO — 2 fd ] LSD— #6
WA T PR HedsE 5 221 e ] 5 = 21 ) JIBE 48 RIS 2% R PE43 Eb
AR A I B 1y 22 0 M, A AE AR AL R) 25 5, 45
TF1) 156 %) 2L 1) 79 79 LA SR LSD—t K B, P<0.05 Kon 22 5+

AgitwE L,
2HR

2.1 RAEHH HSV-1 fFFE 3t HCE-T AR5 1EH

Ze3d MTT K0 % B, % iR 2 HSK 4 HSK+0.25 g/mL

FRFHHEZH HSK+0.50 ¢/mL £R 8 H4H . HSK+1.00 g/mL 4R

FHL 2L HSK + 1.50 g/mL 4% 58 #5041 40 i 3% 71 53 5 4
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(100.00+£11.93)% . (36.27+4.35)% . (68.25+8.19)% .
(76.71£9.21) % . (90.02+10.80) % . (87.86+10.54) % ; 5
Xt FRZHAH F , HSK 2H v % HCE —T 20 3% 7 & 35 WA, i
UM TN 23 T A MTE T (4 P<0.05) ; LI A5 R B
AR EGEBAE 1.00 g/mL 3R FEHE, X HCE-T MBS SUR fie
i, DR S S A 2 A T I vk B . TUNEL A6 & 3, % i
20 HSK 41, HSK + 4R 38 5 40 40 M 7 TR 43 31 4 (15.88 +
1.81)% (24.77+£2.82) % .(18.27+2.08) % , 2 3 H G i2#
B (F=12.254,P<0.01) ; 5% BZHAH L, HSK 20 2 Jfd
TGN, M5 HSK 2H A L, HSK + 48 3 B 20 4 7= i 35 PR IT
(¥ P<0.05) , WA 1,

2.2 SRAECHN & E 4B M1 BUAR 4K 3£ Xt HCE-T 4Rt /=
ERPER LR AT WA 7R AR R Ak 3% HSK
S VR AL, 45 5 23S MO EL W4 i 52 1] HSV -1
Wi TR , 40 E B Arvg—1 3% F % INOS #R &
W3 BT BRI, A 2 HOE B PR S X SRR AR B T
WO Arg—1 YR EE T} INOS ¥ BE T (13 P<0.05) , UL

Xof HE 4

Ctrl-CMZi

F1 ZEME Arg—1 1 iINOS iR E# T

HSKZH

TUNEL I & HAMEATER,
HSV-1-CMZ

(XS ng/L)
Sl Arg-1 iNOS
Cul 21 39.36+4.49 1.9420.22
HSV-1 41 11.78+1.34" 5.75+0.66"
HSV-1+48 4l 32.73+3.73° 3.57+0.41°
F 52.003 50.431
P <0.01 <0.01
¥ :*P<0.05 vs Cirl 41 ;°P<0.05 vs HSV-1 £,

x2 BAMMBEHSEATHEREN (X£5,%)
i YIS 5 TR
Cul-CM 21 100.00+11.84 14.23+1.62
HSV-1-CM 4 38.85+4.66" 26.16+2.98"
HSV-1+£ I H-CM 20 89.27+10.71° 16.98+1.94°
F 34.693 23.004
P <0.01 <0.01

7 . P<0.05 vs Ctrl—CM 41 ;°P<0.05 vs HSV—1-CM 41,
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1, /rAE Cul 40 HSV-1 4451 HSV - 1 +4R S L 4H i
CM JFH T4 3 HCE-T 20 S, 45 2R /s AHAL T Cul-CM
2, HSV—-1-CM 41 HCE-T 41 g 7% J1 FEAR 8 T3 s A4
F HSV-1-CM 41, HSV -1+ 38 -CM 41 HCE-T 40 %
JRTE TR (3 P<0.05) , Lk 2,/ 2,

2.3 iERiE cGAS ¥ HSV-1 3 B I ZA i 4R 4k & HCE-
T HEEYFEIT AN Rk EREA R cGAS If
o 5 5 240 LA A b 5 4 & B, A EE T Cel 4, HSV -1 41
AIMIARRT cGAS 2B AR (E 3) , IEWT Arg—1 ¥
JE TR INOS ¥ B B S8 38 i A/ LT HSV -1 41, HSV -1+
oe—cGAS 215 HSV-1+H AL cGAS & I RIL G
M F T WP Arg— 1 R BERE hN L INOS ¥R R (1 P<
0.05) , L3 3, Weskas AL 40 CM 4b 3 HCE-T % 3K, Al
FF Cirl-CM 2H , HSV—-1-CM 21 HCE-T 40}l 1% 77 (A% .
PRI 5 4 223k cGAS i 3 i 4R 38 1l T 700 0] i 3%
T YNGR T A T (¥ P<0.05) , WK 4,
4,

HS K+l i 41

100 pym

HSV-1+4E i - CMZL

100 pm

B2 TUNEL #&ll&AMBATER,

cGAS
R W W
X B
N
&Y
S

B 3 Western blot #:illl & 40k cGAS EHRIX,

* 3 FBAMAETN cGAS EHKRIL Arg—1.,INOS K E#&

x=xS

Sre ixlil ;gib Arg—1(ng/L) iNOS(ng/L)
Curl 24 0.71+0.09  42.50+4.85  2.07+0.24
HSV-1 4 0.27+£0.03*  7.45+£0.85"  5.99+0.68"
HSV-1+0e—cGAS 4  0.59+0.07° 29.34+3.34° 3.69+0.42°
HSV - 1+4 382 0.55+0.06° 30.11+3.43° 2.38+0.27°
F 46.124 54.033 49.561

P <0.01 <0.01 <0.01

#:"P<0.05 vs Ctrl 4 ;°P<0.05 vs HSV-1 41,
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Ctrl-CMZH HSV-1-CMZH

HSV-1+0e-cGAS-CM4L HSV- 1+ iii-CM41L

B4 ZHEMAMIERT cGAS EERIEGATKHMESR A: Western blot K il 25 21 4 fIAHXT cGAS #5 3834 ; B TUNEL 5 £ 21 24 it

A
cGAS
GAPDH
R B R R
S 9 S8
<t & o \@é
RS o &
'\)(0 A’\
QA S
P N
AT,
R4 HEAMMTFTHEATAHEN (Xx5,%)
il AL H1 TR
Ctrl-CM 41 100.00+11.06 15.69+1.79
HSV-1-CM 41 36.04+4.32" 26.83+3.06"
HSV-1+0e-cGAS-CM i 79.60+9.55° 16.80+1.92°
HSV-1+4#H-CM 4 83.40+10.01° 17.13+1.95¢
F 26.894 16.058
P <0.01 <0.01

7 :*P<0.05 vs Ctrl-CM 21 ;°P<0.05 vs HSV-1-CM 4 ,

2.4 $RMEHE T E E R A A cGAS #1E STING -
IRF3 &> FEBFHEN HHILT Cul H,HSV-1 4 E K40
o1 cGAS STING | IRF3 & 1 ik ¥R AK; A L T HSV -1
2 JHSV-1+0e—cGAS £ HSV-1+4R B4 ¢GAS STING .
IRF3 25 [ £ 353 L H; 1 b T HSV - 1 +0e - cGAS 4,
HSV-1+0e-cGAS+4E3HI4H ¢GAS STING ,IRF3 & H ik
HE— L5 (1) P<0.05) , L 5,18 5,

2.5 SREMEGBLE /MR HSK X BAZH /N B, WL 3 i) 3
A 10 H/NSIERRE 1 d W BRI 7S iR, i s
BTG, LR A A /N RBE T AR 78 41 i A /)N
FUZEIERYE HSV-1 J5 55 1 d i B0 T iR, E 4 £
Fe L K B (B3 R RE AR N, 55 S d S B A A
M W7 IHSFEAERER, 5 7 d A 5 BRI Ei st
T2, BELRLEHIE 12 H/NRIET M H TR AL, 259
/B HSK 15 i R AL 2218 N aE e R, i /N BUTE
B d AR KRB, 7 dER L, A
4 HUNRRBETS, 205 LA /0N B IEEAS 38 i R s 2, B
ZIRAE R IAT 10 HU/NRIET:, LI ES R AR 2 5 2
ISR I 26 3 R 100% , FET= 343 51 30% il 25% ,
ZERIGIFEE L (P>0.05)

FEARAR [R] o [A] =21 A R RIS % R VP00 LR, 2 7 A
Giit B S (A RERVE 3 Fyyy = 15.23, Py, = 0.0003
Fipyy =20, 15, Py = 0.00005 5 Fgpppy = 8- 67, Pogpagiy =
0.002; 1 Z% R W43 Fluy = 13.56, Py, = 0.0005; F ) =
18.32, P,y =0.00008 5 F oy iy =7-23 , Py = 0-003) . 15
X BEZE AR LE B2 AR5 5,10 ,15,20,25 .30 d Y FA R T
SRS SR RVESr W T e (1 P<0.05) . SHERZH A1 H
M AES 10,15 .20 .25 .30 d Y £ IR 48 D53 FIG 2 A8 VE
I3 B F AR (14 P<0.05) , W55 6, ELISA 60 1fi 7 410 iy
Pk 45 5 R, 5 0k BR A AR HE 455 8 4 /)N R 35

R5 RAMIEMEX cGAS,.STING.IRF3 & B FRiL#
x+s
il cGAS STING IRF3
Cul 41 0.82+0.10 0.71x0.09 0.73+0.09
HSV-1 41 0.18+0.02* 0.12+0.02* 0.22+0.03"
HSV-1+0e—cGAS 2 0.48+0.05° 0.38+0.05° 0.4920.06°
HSV -1+ Hi 2 0.55+0.07° 0.53x0.06° 0.48+0.06°
HSV-1+oe—cGAS+RFHAT  0.62+0.07° 0.65£0.08° 0.68+0.08°
F 35.948  39.975 26911
P <0.01 <0.01 <0.01
7 :*P<0.05 vs Ctrl 2H;°P<0.05 vs HSV-1 2 ;°P<0.05 vs HSV-1+
oe—cGAS 41

| A —

O 3 i R R
N N ) y
s %4 0@ @f& ,%\%x
NS © & ol
OQ) \X %)(
N N \g
N o )
S RS o
RS &
'\X
¥
NS

5 Western blot #&& H4AE cGAS #1 STING X IRF3 Ri%,

Arg—1 VR BEFEAR INOS Wk BE T+ 57 , 20k 4R EIA Y7 I BTG
T iNOS MM TR T Arg—1 (M (1) P<0.05) , &
FA 5 B 328 92 460 /)N B AR B2 21 FP ¢GAS (STING 5 IRF3 &
P16 0k 45 6 B, AH L 1 Xk BB 4, 55 80 4 £ i 2 21
cGAS STING \IRF3 & [ & ik 7K - W 3 T 9, 1) 28 4o 48 5
BOATTTHES T ¢GAS (STING | IRF3 2K F #3i57KF (¥ P<
0.05), W3k 7, 6,
3itit

H i, HSK A 7T 40038 1 S B0 22 ik A e 4, 1o 25
T RIFHLE] 3G TT T BRI 5w AE 2 A2, SR, B
T HSV FERBRYEE N T2 o0 A, Hr AR e 1k 5 P BT AR
FHPPR ZS A 755 55 P PR ARG T 5 AR 3 B T R ¥ I e A ufe
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*6 BEEARANESANRAEXRFREKITSLE (X£s,51)
- RIS W 2 RVT4)
X R4 BRI ESLY X HE 4 BRI Bty
$1d 1.33£0.52 1.50+0.55 1.33+0.82 0.83+0.75 1.33+0.52 1.170.75
%sd 1.1720.41 2.00+0.89" 1.50+0.55 1.00+0.63 2.00+0.89" 1.67+0.82
%510 d 0.83+0.75 2.67+1.03" 2.00£0.89° 0.83+0.98 2.33+1.03" 2.17+0.98°
#15d 0.67+0.52 3.17£0.75° 2.33+0.52° 1.00+0.89 2.50+1.05" 2.33+1.03¢
%5 20d 0.50+0.55 3.50+0.84" 2.17£0.41° 0.83+0.75 3.17+0.75" 2.00+0.89°
#525d 0.33+0.52 3.00+0.89" 1.83+0.41° 0.67+0.52 3.33+0.82° 1.83+0.75°¢
%530 d 0.17£0.41 2.50+1.05° 1.25+0.55° 0.83+0.41 3.000.63" 1.83+0.98°
T :*P<0.05 vs ¥R ;P<0.05 vs BRI
R7 VA Arg-1.iINOS iR B R X cGAS.STING.IRF3 EHFiEHN xS
IyEH Arg-1(ng/L) iNOS(ng/L) cGAS STING IRF3
X B ZH 32.91+3.75 9.92+1.13 0.54+0.05 0.69+0.07 0.86+0.09
FETI 20 11.58+1.32° 18.79+2.14" 0.18+0.03" 0.11+0.01° 0.38+0.05°
2 24.62+2.81° 15.21£1.73¢ 0.39+0.07° 0.42+0.05¢ 0.61+0.07¢
F 87.810 40.502 70.922 202.211 66.933
P <0.01 <0.01 <0.01 <0.01 <0.01

HH:*P<0.05 vs XFHRZ] ;°P<0.05 vs FAIL

- -——
B

S O
N & #°
6 Western blot # iUl & H f fE 4H £} cGAS 1 STING &

IRF3 EAXRIE,

S DA ST S PR 20 B s 7 1 A S % v oy v o
Ao RERS TR B IR R B R IRl 2 MM E R S
L5995 B 1 A AR AR A S A 1 1 i | LA v e 1Ol B i2
Wi BRI i AR R S L G 25 5 AR
A RILA A8 s 05 200 AR A 7 0 75 1 A % P BT VR
FHUA K Rid oy A JE I 55 7y T 380 38 L HE s s R 1k
WIS LA RIS R N 25, K BUAR L AT BE 2 IR YT HSK
BRI 22—, R AR HAE LS, &
P ) £ R 1 TT RE A o R 5 cGAS—STING —IRF3 43 il

LR I A B A AR 2, AT X HSK & #5396 97
fEH,

AWFSEIE i+ MTT F1 TUNEL #6590 25 5 % 3%, HSK 41
HCE-T 21 L35 7 A 8 T 1, AR SR T 900 AT 33 e 3k —
g X R AR ELRE DS HSV -1 Xt HCE-T 41 j /) 45
1, DA A RS R 200 B, %o 2 o JBE P I R A PR T e LA
W, IR IE H, © Ak SUER O A s ok LA
825 BIIRYT AR (R BE T 9T B R AR T P 259 A
V5 BRI O LR S b 24 R A
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K, BRI ITR A, BR300 i A2 1% 5 0 4
B E T AO, RS R LB, HSV - 1 I8y f w5 40
i 3SR Arg— 1 ¥RBE R B INOS YR EE T, AR5 Ak B
Ja W RN R B AR CM AL B HCE-T 40 0 &
PR O RE AR 40 B S Ty BRI T 1 PR SR O
EL WG M1 AU Ak, 2ho3t 40 i R 7 31 5, 08 % % HCE-T
Y A0, VR G R E S, WF ST I, SRk A
M M1 B[] M2 T B Ak 2 725 A Bl T B AR A RE i g I
WU S AR T il AR o B ERAE | AR S rh AR S
il B R A M1 BRI AL, 5 22 FHAF , TE 52 T R I 40
WAl 55 7 SR v s v R B A O e Ak, B g A
HOTE HSV -1 425 10 £ BT AR 145 T8 RN 9 i 3 A bt
VR AR, T RE M i B ORI Al R T R S 5 s
VAT SR A £ B A 5 B AR AN, A IR A R
B4 I I 200 o R AP 7R vy RS A ek 8 g 4 e e R
TRERPOREERY , AR & BRI HSV -1
JEATIRIT AR | BB HICLE AN [ i SR e B A2 v ] i
LA R T VA0 B A B TR AL

AMWFFH  HSV - 1 Y F AN 5, cGAS 2R3k B i
A, ML R I cGAS B35 (i FH 4R B Bk 25, B e 240 i
cGAS R IA R, HAg ek 354 HSV -1 #4519 HCE-T
AN IE 7 IE A I TS, X UL cGAS F ik By 3 i mT AE
HBYFXTHT HSV-1 &Y, BB MR 7w, 2400 R e 4
MR, cGAS i 33 5 beclin—1 WAHEAEH 15 SR A W
T THRRE E DNA, DA T B i 995 2 7 48 L P 19 52 i A
B, cGAS-STING i #%5 IRF3 AUBEmR 1L 2 1E T 40 bt
IS TE O B VL Y DG B PR YT, 2 cGAS Y il I 1 I IR,
STING .\ TBK1 L) J¢ TRF3 Wy IR L K2 i, 8T
RILHTEALZ 2 0], XA A5 HSV eS8 76 1s AN &=
B HRSEAAAE™ , AR RS HSV - 1 2 5 W40 i b
¢GAS |STING IRF3 & 1R EHIFEAL, 17 HSV - 1+0e—cGAS
ZH HSV-1+H# B4 cGAS STING . IRF3 FEH F£ ik I
W, X F WL IR cGAS Bl FH AR AL B FT I4 TG cGAS-
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STING & i, i ik IRF3 (B Rk , i iG AL T Z L
B AN AP BE S SN, ] HSV -1 7E 41
M, AN, 0SB AN Y STING/IRF3 {5 53 %
REAT 00 55 £ B0 T 46 5 75 1 e I H. STING/IRF3
T AR HSK Hh 478 4 U 1 RN 15 S RE S 1) H
FA 00, 1208 A IOE REAS R B T T3 ARk, T
il T B, B Mg JORE B, R AR B R A L AR
FEE— A8 B 2 9 52 96 S, AR LT A 25 9 41/ R
HSK & HE R 18 e REHE , B R R GG T 3R 5 4 A
TG #2255 [ REI ] Ff1 52 R HG: 2% % R B, 119 1l
W Arg—1 F1iINOS Wk $2 7+ M R ZH 41 ¢GAS (| STING |
IRF3 & R R KT, R R AL 05, 456 ARTRM
SEEOHHE , i 3K cGAS S AR EAL B, R T
cGAS—STING i & (30 , L8 T IRF3 85 kX
— b R T T AT A Ak, DT 5 AE S, U
82T HSK XTHRTFH LU0, AECT A B B
e, B bl & PR 42 STING/IRF3 {5 53 i 11) fig
3R BRI 2 AR R Y %8 B AT VAR AN, T AR
YRAF5 AR S R RE T 4% cGAS—-STING %, 3% Ry 24
TRYT HSK $24E T8 M HLS K3l FF 5 Il 25 B RF,
cGAS—STING i #7F HSK Had it 30 il 25 2 1 3% b
BEGOSE SN LA B SAE BN ML, X e 1) A A K e
A F A E A,

RUE ARG BT T — 52 AR, (B A7 4 — 28 S5 FR
PR (1) B AR ASBIF 53 30 33 4 P A0 52 56 % S0 A R BT BB X
HSK HA IR AR, E i = X6 52 B I R 5% 1k 98 1 59 437
I ELAR SRR B R e M e e Rk — 0,
(2) ARWFFE 2R AL FHB BT cGAS-STING-IRF3 i %
A I R I 200 R Ak P B2, {HL HSK 19 2% 96 ML 7T R
W T A5 R M TR | R AR Sk iR F 5 T —
AP HRIT R IO At T 5 R A0 i 0 B I, AR Oy
IR, kG H AT BEVE ] T ¢GAS—STING —-IRF3 il % i) Z 4~
B AE AT T TR 2 43 B 0 AN B, ROk 1Y
AFF9E AT DA E— 250 1 R 6 S R P A R0, I v
o AL A TR AT

ZE LR AR ST B 4518 5 Z A T 250, A
ATEEELAIAYTY HSK M 1o SR ARG 78 5T AT 5% 1) 3
Bili L, 25400 T Ho b BT BEAE 7R 1 43 FHILa, RIAR L
AERS Y cGAS—STING—TRF3 433l i (1) 1% M | 20 [ v
YL IRALAR TS, T 2 5 HSK iE R, AR R T
HUMACA YT HSK BB LT, AT 58 HSK W67 $e 4t 18T Y
i 35 25 ) RN SR W

FFE PSR B AR SORFETE R 25 W58

YEE STRK A B . Ik 7710 SRR S B, WIRR RS 5 SR T |
WSt XIEIA T AESE SCERAS R, Bl 0 B 5 B0ME %6 i 45
S LRSCEBCUH B, A B B[R] SR A R SO
S0k

[1] McCormick I, James C, Welton NJ, et al. Incidence of herpes
simplex virus keratitis and other ocular disease: global review and
estimates. Ophthalmic Epidemiol, 2022,29(4) .353-362.

(2] TREE, 5Kk52. EC MR MR AL 7E R aifg 2 i i 1 BUR YL iR
FHRFSEHE R, JRRE4R , 2023,39(6) :1757-1767.

[3] T, BIGR, M, % THBHEN PI3K/AKT {55 18 H s
BERIIETE TR M IAE. ERRIREI R, 2024,24(8) :1194-1199.
[4] Guo R, Zhao MF, Liu H, et al. Uncovering the pharmacological

mechanisms of Xijiao Dihuang decoction combined with Yinqiao powder
in treating influenza viral pneumonia by an integrative pharmacology
strategy. Biomedecine Pharmacother, 2021,141:111676.

[5] Fan YH, Liu W, Wan RH, et al. Efficacy and safety of Yingiao
powder combined with western medicine in the treatment of pneumonia: a
systematic review and meta — analysis. Complement Ther Clin Pract,
2021,42.101297.

[6] Luo W, Xu G, Song Z, et al. Licorice extract inhibits the cGAS—
STING pathway and protects against non—alcoholic steatohepatitis. Front
Pharmacol, 2023 ,14.1160445.

[7] Chen MX, Meng QC, Qin YF, et al. TRIMI4 inhibits cGAS
degradation mediated by selective autophagy receptor p62 to promote
innate immune responses. Mol Cell, 2016,64(1) :105-119.

[8] Wang G, Liu J, Zhang YN, et al. Ginsenoside Rg3 enriches SCFA—
producing commensal bacteria to confer protection against enteric viral
infection via the cGAS=STING—type I IFN axis. ISME J, 2023,17(12) .
2426-2440.

[9] Sakai C, Ueda K, Goda K, et al. A possible role for
proinflammatory activation via ¢GAS—STING pathway in atherosclerosis
induced by accumulation of DNA double-strand breaks. Sci Rep, 2023,
13(1) :16470.

[10] Fu YJ, Yan YQ, Qin HQ, et al. Effects of different principles of
Traditional Chinese Medicine treatment on TLR7/NF - kB signaling
pathway in influenza virus infected mice. Chin Med, 2018,13.42.

[11] BEIAAS, HL, X0H, 45, HUBBCZEAS 6] BT (] (A S
TR RE BO0h /N U AN Toll 4532 R BOH T 155 S B ) 3
W, AR EEZE AT, 2016,34(7) :1581-1584.

[12] Dhanushkodi NR, Srivastava R, Coulon PA, et al. Healing of
ocular herpetic disease following treatment with an engineered FGF-1 is
associated with increased corneal anti - inflammatory M2 macrophages.
Front Immunol, 2021,12.673763.

[13] /R, 228, JESCHe. SRZSHIN a] B 4 0] SC o 42 7 91 S HLAH
KEH 9 ARG T HAEBIRTRRT MPT S HERE. PIRR R R 2
&, 2023,46(5) :524-528.

[14] 246, KA. RPN 2 T P W) BU7E 00 38 1 A IR 58 o i BF ik
S, EBFRIRFLAeE, 2023,23(6) :908-912.

[15] SKFS, /N, PUHIR. TH2VRIRIT MR A 43 HUR. Bk
PR, 2006,27(5) :533-534.

[16] Song XW, Cao WY, Wang ZX, et al. Nicotinamide n - oxide
attenuates HSV — 1 -induced microglial inflammation through sirtuin-1/
NF-kB signaling. Int J Mol Sci, 2022,23(24) :16085.

[17] Filiberti A, Gmyrek GB, Berube AN, et al. An intact complement
system dampens Cornea inflammation during acute primary HSV -1
infection. Sci Rep, 2021,11(1) :10247.

[18] BAK, LBRE, XIRAG, . B AT 1% 4 R moE o e 3 i
TR T Y /N RS WA AR B T R IR A ROS 7K. v [ 1
LEFRZRE | 2022,38(4) . 704-711.

[19] Liang QM, Seo GJ, Choi YJ, et al. Crosstalk between the cGAS
DNA sensor and Beclin—1 autophagy protein shapes innate antimicrobial
immune responses. Cell Host Microbe, 2014,15(2) :228-238.

[20] Jin XM, Wang W], Zhao XW, et al. The battle between the innate
immune cGAS - STING signaling pathway and human herpesvirus
infection. Front Immunol, 2023, 14;1235590.

[21] Wu ZX, Zhao XM, Li RS, et al. The combination of Schisandrin C
and Luteolin synergistically attenuates hepatitis B virus infection via
repressing HBV  replication and promoting ¢GAS — STING pathway
activation in macrophages. Chin Med, 2024,19(1) .48.

[22] Liu Z, Xia LK. E3 ligase RNF; inhibits type I interferon response
in herpes simplex virus keratitis through the STING/IRF3 signaling
pathway. Front Microbiol, 2022,13.944101.

[23] Wen JC, Mu WQ, Li H, et al. Glabridin improves autoimmune
disease in Trex1—deficient mice by reducing type I interferon production.

Mol Med, 2023,29(1) - 167.
1233



