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IL-1p5%F A B 3 B R0 E B AL IR 3R

e

2019 SEHAUEYN BRI A 2 AR R T BRI, PR TR A
DERAATE A A o X2 ERIES A8 N T AT FURE A 75 H BERAR AN 5E 5 98
A Hr, MNEpE: (WMPV) VENIFIGER TR R R — 5, HAT R E
BRI B IXFPREER RO BHRSE NEH IR RS, JoHAE L.
EFENM RN A, HER I EANRE ., iTHERERE . &
JUERIR I, hMPVAEEREMS R NP IHIRAGHE, 450 3t TR ey SR AE B -
100% JLEAE 5 FRTHRIESOE MR EE, BRON—FhEZRY BRI AR K1
H BT 1 JCHR E B PR B 29 W0 1R ThMP VIR o T4 SR 4 i R 7 0 H R IL-1 B4R
BRI AZ 2] 1M KRR RE, A IR KRBT A TRhMPV IS & LIL-1B7K - 2
TN, HIL-1B/KFR T &S — i R IGE R TERSVE N 2% . 230
W R WIIL- 1B SR S BRI . WFFE A BLhMPV G IL-18-/-REE A/ N R AL
TR TG ETAERD NS, SAMTIL- 1872 S5 NHhMPVAZ il i AR o AT

H, BATRT TIL-1BXShMP VISR S0, FRRTT T H BRI 1 LA -

KGR NMWfikes, IL-1B, JRaEEide
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INTERACTION OF IL-1p WITH hMPV INFECTION

AND ITS MECHANISM STUDY

ABSTRACT

Background: The outbreak of the novel coronavirus in 2019 has had a
significant impact on human health, as well as the economy and daily life.
This global event highlighted the inadequacy of our understanding and
research on respiratory viruses. As a member of the respiratory virus family,
hMPV has become increasingly important to study. hMPV is a virus that
attacks the respiratory system, especially in children, the elderly, and
immunocompromised people. Since all children are infected by the age of
five, hMPV has become a significant global pathogen. Due to its diverse
transmission routes and subtle infection symptoms, hMPV can silently
spread in the population, posing a potential threat to public health security.
However, there are currently no specific antiviral drugs to treat hMPV
infection. In recent years, IL-1P has received considerable attention in the
field of viral infection. Clinical studies have found that the level of IL-1p in
children infected with hMPV is significantly higher than that in healthy
children. The increase in IL-1 level is more significant than that of RSV.
Multiple studies have shown that IL-1f is associated with viral replication.
The study found that hMPV-infected IL-1B-/- knockout mice had lower
mortality than infected wild-type mice. However, whether IL-1p affected
hMPYV replication was unclear. In this study, we investigated the effect of IL-

1B on hMPV infection and explored its specific mechanism of action.
Keywords: human metapneumovirus, IL-1p, virus infection
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IL-1p%F A B3 B0 E B AR 3R

el

Al

it

MR (WMPV) 2 —Fh LI 51 B ERNART R, 2 PRt
MRS —, AR LR TR, AMPVERIIG AR ,
U R WIS RS AR AR, L. EEA
FIS T RENT F 25 S AR, hMPVITECE R AT A S5 e, 275
S E i F HEBRIZ0 SO R BRI, B 4 BRI ) S L 1 R T 55,
EERAAGE2E 4 A, BB A, EILEK, IMPVAEER
UTLT IRAORE, 3R T IR0 2K . (£, hMPVERIN
BREEE RS %, 5T, H TSR 25 s 0 T T S
hMPV &4,

W, BRI ILRERIL- \BRFSTIITEN, RS ORI I %
PELL- LB V00 e O PR L o 1L B P e 1 7 0
R A EL AR, W 2 B SRAL R R EL AR, B T
BUHR IR RS . DA S R R FU L3 3. cGAS-STINGR 58
e RO I A €, I 1B JRAE R B B A T, 5¢GAS-
STING/35 5 2 71 0 SRR B0 T o TL- 1B ISR 195 20 (GMP)
AMPATHS (cGAS) FIFHEMN (STING) EAMRINY, 155 %R

G SN, PRI Ao X — i A2 R Rk TN 5 1 1 e B AL AR < TR
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FAEA O, BRI RIER R, 20 B TERNAY 75 Hh k44 0 B A 12,
SRINT, TL-1BTEN TR BV E R AE i o AN [ 7 AR R A0 ff 25
I TR, R T RA T BIRANITE MR R BT Z MR BTISC R« SR,
H A1 5% TIL-1B5cGAS-STINGAE i i < [A] Y A4 FH AL AT 2 5% AR AR E

FEAWETEH, AT S AR ITIL-1B-5hMPVIEREL B AH ELAE F I HAE I BLH -
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F—85 IL-1plREN Rt FH AR

NI iR EE 2 2001 SEHT A BLA) — FRIFIRGE R AR . X R 2R A BRI E
Qe , EEGEIMOE IR, RIERE EER N EPGE, —Barss 1
e, WA S IE. W SE; ERERE TR N TGE, KEASCTUVER.
i REE, RRERIN AR AL WS PR EXESER!Y . ©R —Rhaeas
SIS WE B R IR B 3, 228N B BRI, (BAE SRR TRE
NN, R TRES UER N EAENIR . ZAvE R, HE2S80tT
W), (B —RE02, B 2019 FERTERERIUMRA , AMTX hMPV SEFIEE 5 25
HIVGRAE R gt — 4R, E WA hMPV BT A W5 A 2

IL-1B, TENRAEANEIR T2 R — 5, FERUAR RN SRR AT ey 473 5 B
ZRIFA A R ERANER, TL-1B FZREFIR RS 22 M B, LAY
XS IL-1B BRSO Je— RANE 2R, Aoy PR R4 BTAARY
AR LARTEAC R B IR IR 0 i o AR BRI AR Y, AR TR
(PAMPs) FIHTAEIRHY 731150 (DAMPs) ZRIBOX —d i XLt
RIS AR ERY Toll #£324K (TLR) AIEA Nod #5324k (NLR), M IL-
1B AORER s IL-1B fEp e I E L2 2 7T Y . BISUREL, HELEmEEI L
BRI 475 (HBV) A LAEIE RS IL-1B FIZRIEFI MR 5 £ 19 52 Hil A&

e FEUS, gRIMT, IL-1B K HERIMEFIAE hMPV Jger iR TE AL .



HRBER R LR AL AW

1 MRS 5E®

1.1 #8

1.1.1 ¥R 5i8&

WA

-80°C AR VAR
-20°C/4°C UkAf

TR 7R 5
et

CO2 #5744

R B
TCAZ IR EE AL
Real-time PCR{Y
e B
Countstar il 114X
BEARAN
ZLINEO G UGN
HOEH IR0 AR
HlvkAL

LK R G
AR TRR ST
/NS AR AL
/NG A E B OHL

B JE

1.1.2 FEKHA

A7)

£ [ Thermo Fisher Scientific
&g /R N

YL [E GRANT

2% [E Thermo Fisher Scientific
2% [E Thermo Fisher Scientific
= [ Bio-Rad

Z£ [E Thermo Fisher Scientific
Z [EBio-Rad

H Z&Nikon
BEHRAEMREAR A E]

ZE E Bio-Tek

ZEELI COR

H ZA<Nikon
LIRS R A IR A E]

{3 ¥ Merek Millipore
TEETKA

{4 [F Eppendorf

{4 [F Eppendorf

I BB A AT PR 22 ]
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=R ey
DMEM{ (455 773
BHERIER
il

FBS

PBS(WIR T 2% AR
MR

RNAZ BT &
WG S &

SYBR Green Dye
PAGEBEI PR il 78 177 &
#H Fimaker
Quickblock™Western:} 4]
Western—i iR i
HEECLAL 2 AL
Glycine

Tris

SDS

TBSH &

Tween 20
Lipofectamine 8000
Recombinant IL-13
GAPDH¥ K
IL-1BfifA

hMPV {4k

G Y/l

= [E Gibio

TN AR R A A
TN R R A A
EENTC

e B R A B BR A ]
IMNFEE LR B PR ]
TN AR A IR A F]
I Mz e AR TR F
P& 2R s AR B BR A A
EHFHERG A R AR PR A
AT B R AT BR 2 ]
TN AR R A A
R A RAEMEAGRAF
I PSR R SCE IR A
% [#H Genview

% [#H Genview

ZE[F Genview

PG IRAEMREA PR 207
ElEE A RAEVEARE IR A H
R R RAEVEARA IR AT
EFEAEMARATE

PN L LB IR 22 F]
PN L LB IR 22 F]

ZE[H Abcam
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B/ NilIgG H&L(HRP) ¥ [ Abcam

HRPHRICH] L 41 %R1gG FEHCST

4%2% B W FEARAYEARAIRAE
Quickblock ™ f1 s e 1 £ 17| FEARRAYEARAIRAE
Quickblock™ 628 Je i —Hi A B VK R R KAV BRAIRAE
Quickblock™ 2 Je o, — i FR BRI IR R R AEHEAR AR AE]
I G XA E IR R RAEEAR AR AE]
1L %£4Hi/N flIgG H&L Alexa Fluor 488 [ Abcam

DMSO = [ Sigma-Aldrich

CCK8 AR RAEEAA IR E]

1.1.3 EERXFIECH

(1) 10%5E 455555 10%FBS+1% 54 Z 1142 Z+90% DMEM B 74,

(2) 3YRERAERFIE: 3%FBS 0. 1%l (I N 2.5%) +1% Frhkmly =i 2
+97%DMEMEZ 72 5L

(3) Fgeigidk: Lipo8000 4y T JHIES), 100ul DMEME; 7R EEH
JI 5ul Lipo8000.

(4) 1 X Hykik: Firht 18.88g Glycine, 3.03g Tris, 1g SDSHIA ddHOE 2
IL, AR IdiEds i EE I 2 o

(5) 1 X H#: FrEt 14.4g Glycine, 2.9g Tris, 100mlIFC/K 2B, J5hA
ddH0:EZ5 %) 1L, WA I HirEas iP5

(6) TBST: Hl—f2XTBS¥ K, MMAAAH0EZRF 2L, AW S HHE s

PRI
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12 5%
1.2.1 gpEIES. EREMRFEE

16HBEF]Vero-E6 4f il 2 3k I T H [5] 7 5% 57 9 £ Ji 700 (China Center for
Type Culture Collection, CCTCC), {RAF/EE KRR I8 LR be e 5
A
(1) 4iffnE 5 M-80CHMIRIKF B 4, £ 37 CAGRImH I ERL L,
% e 1SmIEULE, A 2ml 10% FBS5E 245 7E4E 1000rpm 250 3mine 2505 7
3, A 1ml10% FBSSE 24577 Hd TH &, BB R, fE37C. & 5%
CO: A 3SR o
(2) HAEfA: WA PSR, fR4IMIAE1Z 70-80% I, PBSH
TWPE=1x, M 0.25% FREGHATIHA, HH 16HBEJHAL 7min, Vero-E6 {1 3min,
HASERUE, A 2ml 10% FBSSE ARG I (RHAL, 1000rpm 0y 3min 5 H AL,
i 1:3 Y EL A T 4L A o
(3) YHfRZRAT: PBSZZMMIIH VAN 3 1K, MIA 0.25% BREGIHEATIHM, L
SERUE A 2ml 10% FBSIEARGFRELZ LI, 1000rpmZLy 3minf5 i ATCIIE
MRAFIR, WATHS G NAMRAFE TR, B S5 A -80 C IR VAR R A7 o
1.2.2 REIESF
TR ZH FT e s 1) 8 R B A EEhMPY, i B AR R U AT (hMPV
NL/1/00) . % Vero-E6 4t gEA T 554 1Y, 124G 22 70-80% , PBSIRIFH AN

g 3k, UM Iml h(MPVIR RG], Al et 2h)s, B4 15ml

11
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3%FBSYEEFAERHRIA T T o MGFPIOGERIAR] 80% N, W EEARMIAT EIH I,
T-80C UKL R IRAT . FEAMZIS R VR 3 1k, SRJEAE4CF 5000rpmEf.0» 30min.
SRIE M 0.22umid 8 4 UEAS B A 3BT
1.2.3 BEREREN

(1) WeBEARRI AL R 1 AR AR . FLARAIAEA <2 X 10°ells, A 350 ul
RTL Lysis Buffer; >2x 10%ells, Jjji A\ 700ul RTL Lysis Buffer. /]NCMCHT {40 M
BE RIS IOR, #E A 1LSmIE0OE

(2) ISR HYRNA Binding Buffer % ISR, T 5-10 1. #%
T < 700ul Y4 Wi 2| HiPure RNA Mini Columnff: 7-7, 12000xg/0> 60 F).

(3) BECEEIFIEW, A 350ul Buffer RW1 Z4EFH1, 12000xg 250> Imin.
BIFUEWE, A 500ul Buffer RW2 £EAEFH, BP0 Imin, FE IHAE—IX.

(4) BAEFEEAN LsmIBROVEH, M 50ul RNA Free Water 2211l HH L

IRFRE 2min, 12000xg Z0> Imin. )5, FEAMET, MHERNANKE G,

(5) & JilicDNA: R #5ABclonaliffi #% 5% 50 1) £ 150 B A5 44 RNAW 4% 5% JilicDNA,,

WA T-20CH .
BN
i I 1F]
37°C 2min
55C 15min
85C Smin
4C 30s

1.2.4 SERRHEEEPCR

12
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(1) SYBR Green Dye¥4u}yk: X HSYBR Green Dye# iMIL-1B3E A Y AH X 36

ki, LAGAPDH NN Z .

SARZRN :
SYBR Sul
F 0.5ul
R 0.5ul
H>O 2ul
cDNA 2ul

RV HERLFE A 95°C 3 min, 95°C 5's, 63°C 30's, 40 PMEFR.
TE LI 6 8 RIPCRAVHIFEAT S, {8 FICFX Manager® - % A4l 47 4347 o
FA 27 R AT R R AR A A A b e LIRS [ 51 I3 1
= 15105 K

HEA s191Fe51 (5-3") KEE (bp)
GAPDH  GGAGCGAGATCCCTCCAAAAT 21
GGCTGTTGTCATACTTCTCATGG 23
IL-1B ATCAGCACCTCTCAAGCAG 19
AGTCCACATTCAGCACAGG 19
1.2.5 EARENE

(1) FECH-& A & B ] R R BER BG4 ) (PMSF)  (URTPAZLM# 22 1h iR
(PMSF:RIPA=1:100) , PBSYE =1k, FEfLAIA 2000l , JH 20 ) 2405 4 fiE
BT UK 2N 30 230, EE R 10mindigfig—ik.

(2) 4C, 12000rpm (> 10min, WH EFE, SRIIBCAYENIE & HIKIT .

LA 96 FLAUIIAARHE b KAEAS, $EATECIFBCAT AR (A : Bl

13
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=1:50), EEFLAIA 200ul TAE, 37CHEE 30min, SRABEHRAUIEAIK T .

(3) KHEiL S 5 X SDS-PAGEHE [ _EAFZZ Mm% L4 L HRR G195 . /@
100C 3 10 9. R T-80 CHlHIIR v 78 H o

(4) g : WA HHE 10%R R EE PR RS —A 30-
50ug, 7&[qmaker FFE4 Sul,

(5) HPk: RHISDS-PAGEREIK IR/ BIEE H it SBlRE 8OVIIRARIL,
P 120V B

(6) BeIh: WSCLHEBT G ENPVDEIEL, M4 H AR50 B I T80, 1%
IR BB R = AT, R N 230mA, TR . 1 E R
[ A], 1kDa lmin,

(7) B BEEEE RS, S HTBST RPN Smin, 11545 BT bR 5 5t
W, S N B 15min. F5 45 R E PR E Smin.

(8) —HilFaE : MR —PUSIRAE 4°ClR M E IR, TR BN
1:1000, fif FHE U440 ~:hMPV. IL-1B FIGAPDH .

(9) —HiigE: MTBSTHER =X, ik 10min, FIHRPHRICHZFHIHREL
W FHT/ NIgGrE= L P 1he BlfS, FITBSTHUEVEL =X, X 10min,

(10) Bt i HECLA CHGHA TGRS, Il Image JER{53-4 B
IKJEAE
1.2.6 BT

(1) JUAEHPBSHLIR—ik, 4% R AL FEE 15min,

14
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(2) PBSHME=IK, FfiJaHIOCEPRAEZER THE The

(3) —HiFE: ECHhMPY NI —HUMRR (FRELL B 1:500), EE£Ln
A 250ul—47%, fE4°CTFIEFER.

(4) ZHiiaE: PBSWER=1)J5, HLLFEHi/NillgG H&L Alexa Fluor 488 (ffi
BELLBIN 1:2 000) Z0FE, 37°CHE R The TEEHE F RIS ERERELROLALFE,

(5) DAPIFEH : PBSYLyE =ik, i N HIDAPIEE 1h (FELLHh 1:5
000) , HFATARMEAZ G (0.

(6) Fh: PBSYER=IX, SAENIA 10ulE 4,6 - — ZUHE-2- K MR L9
WEOCEENRW, TERTHE Fr bl A 2 F o

(7) Fotm: HIREHRE, BEABAEET CEGRAE, Bk,
FEWOC IR AR WA N RO I BRI AT o
1.2.7 /MFHRNA

i FHIL-1B/NTHERNA K H A PEXT I (sIRNA-NC)  HEAT IR 225500 o % Qe st
i, PRI 2x10° JHAEHERN 2] 24 ALBRAF, & 8x10° ZRfEHEEFNE] 6 LB+ .
FLARA RS IR 88 BEIR 2] 70-80%l AT e Rtme i o AR AN T R R, %
1.6ul Lipo8000 F1 40pmol si-IL-1B%E4e%] 24 FLH 24 /NET, F&IIIL-1p mRNAZK
o [AH, 5 Sul Lipo 8000 1 100pmol si-IL-1BH4LE] 6 fLAR M. et 48h)5Ha Il

IL-1BHE H/KFo NCHSIGHNN 2 X Bk T . BARS [P a L 2.

2510 H R

15
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HH 51174 (5'-3") K (bp)
GGCUCUAGAAAAGCCUAUGC 20
NC (BHPEXTIR)
CCGAGAUCUUUUCGGAUACG 20
CCUUCAUCUUUGAAGAAGA 19
T#sIRNA UCUUCUUCAAAGAUGAAGG 19
GAGAAGAAAGUAAUGACAA 19
2#siRNA
UUGUCAUUACUUUCUUCUC 19
CAAUAACAAGCUGGAAUUU 19
3#SIRNA AAAUUCCAGCUUGUUAUUG 19

1.2.8 SMEMAPFEELH AIL-1p

TSEEFE 8 X 10° cells®] 6 L. 4HAIAZE] 70-80%%E I, H 30ng/ml
rthIL-1B4L 78 24h)5 K HthMPV (MOI=10) , 2h/Ji5 B 3% 955 75 48 55 i 4k 42 3% 75
48h. BRI B, TR I ERIA A
1.2.9 ELISA%

(1) Y8z 16HBEZN B hMPVR[R] IR [A] fUFY 6 FLARAINEE 7= B3, A4
N IL- 1By FIE

(2) M EERPAT 10min 5 A ERFEL IR AT datiss, RIATEIR] 4°C vkA .

(3) ke 23 B RE S EORRIVR AR A% 100ul gL AR R LA, 25 E AL
FRAA 100ulidE HAEER . & B 37 CHFE 1he

(4) IAEMRETUR: BRI, FRRE, B AEWRLHUER
100ul, & EMESIRE The

(5) Peb: FEEWAR, FI0M 300ul | X Pl EE Pk =k, MIHAT.

16
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(6) MBGEs & TARR: FEFLIMARESS & TR 100ul, & EARIE)S 37CiRF
30min.

(7) vt [FHERAE (5).

(8) MR : FFALMAJEY (TMB) 90ul, 25 EEFHR I, 37C LR FE
15min.

(9) LIk BALINA SOulZE by, SZRIAE 450nmi A0 E % FLODE.

(10) F/azefilbriEdh dat Eah R
1.2.10 it o th

SR FH GraphPad prism8.0 $H T4t 04T PHZHIEULBOR A RIS o
LRI BRI R 5 225904 BE— 2B P LU R HILSD-th 5. LAP < 0.05*,
P<0.001 **, 0.05<P<0.001 *** /@b, FIBEGASRIT T8 L. XLEHTT

36 H T E AR A5 A7 A o 22 o

2R

2.1 hMPVEE:E: 16HBE USR58

17
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HAEIRA TR ThMPVAE 16HBEZRMIHE HIHTRE ST, LAPFAGHE AT LME R
hMPV IR . AR 10MOIFThMPVRILTF RS 7 24, 48, 72h, X JRGEAIA
JELhMPVI I T B b, WE 1A-BFR, 4558 B/RhMPV NE 1
F iR BB [ BT T 5t Western Blotf 4 ™ Fisf i) y R0 200 i Frg o 25 2%
5, ERSIEER I RhMPY NI FRIERE g, i 1C-DifiR. DLk,

ZFBHhMPVEE ik Dy /s 16HBE4H fifl .

Mock 24hi1 48hpi 72h|1 B
300 *okok ok

>

DAPI

" =
Z f “ P § £ 200
> o . >z
a8 & . ; Hokokok
E A v ) I
=38
= F > £ 100
’ P =32 *
. ] il
g
> + ; . T od
VR P p Mock 24h  48h  72h
QO)I) A o
St
s
C D40, Kok kk
Mock 24h 48h 72h g 307
= z 35
Z 2 20 o
hMPV N -_— Z E
— £10
g -
carpt | D S S WD o =
Mock 24h  48h  72h

& 1 hMPV i Zh ek 16HBEZ i
(A-B) G2 eAeMhMPY NEE [ (13835 M P44 58 Y6 3R 40 (C-D) WBAG

hMPV RGN ] [R] SN ER 2608 M AR ek AR A 1]

Figure 1 hMPV successfully infects 16HBE cells
18
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(A-B) The expression and average fluorescence intensity of hMPV N protein were
detected by IF (C-D) The expression of N protein and its relative expression at different

time points of hMPV infection were detected by WB

2.2 hMPVEL: 16HBEZRRASIL-1pRYTRIA

AT ThMPVJEZe 16HBEZHffl 24. 48. 72hj5IL-1B[H 35451k . 10MOI
hMPVg&Z 16HBEZANL)S , FEAIR] I (A e e i A = B3d e anl&l 2A. 2CHR,
hMPVIERZL 5, TL-1BEE 13255 LA Mg gtk 77 =0 8 B2 R B A ge it 22 5 o
SRIGTATAA 0.1, 1, 10MOIfYhMPV/EH 16HBEZHfL 72h/5 e840, il
2Bfi7N, IL-1B2E [ 3R05 5% 23 B 2 A i A f vk 3 i H 2 = A it 228
DA EEHESEHT, hMPVIERGLIEE T 16HBEAHH HIL-1BH R IA o

A Mock 24h  48h  72h B 0 0.1 1 10 MOI

L-1p | == = g ILoIp | ———
GAPDH | M M W D | GArDH | DD S

IL-1p/GAPDH IL-1p/GAPDH

kkkk

IL-1p
protein relative expression
*
IL-1p

protein relative expression

Mock 24h  48h  72h 0 0.1 1 10 MOI
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IL-1p

00
<
|

k%
* %

s @)
[==} =)
| |

*

protein concentration ( pg/ml) e
(§e]
T

<o
|

Mock 24h 48h 72h

& 2 hMPV & 16HBEZHA S IL-1B5815 T s

(A) 16HBEZIffl/EZhMPV 5 0. 24, 48, 72h IL-1B[Y3E5% M H AN 2Rk
AT (B) AEMOIFhMPVEEYL 16HBEZHf 72hJ51L- 1P ik M HAR G FikAs
Wt (C) ELISATEAGMhMPVERE 0. 24, 48, 72hJ5 2085 F _EifIL-1P
HIER ERE

Figure 2 IL-1f expression was increased after hMPV infection with 16HBE cells

(A) Expression of IL-1p in 16HBE cells at 0, 24, 48, 72 hours after infection with
hMPV and its histogram analysis of relative expression (B) Expression of IL-1p in
16HBE cells after 72h infection with hMPV with different MOI and its histogram analysis

of relative expression (C) ELISA was used to detect the concentration of IL-1f secreted

by cell culture supernatant after 0, 24, 48 and 72h of hMPV infection

2.3 INFHRNA (siRNA)RSBS 16HBEZHPEPAYIL-1p

N T BT SEIL- 1B hMP VIS YR AT, FATTR /N T HERNASHE ] i A1
IL-1BHyERIL. Wl 3A-Bffr, i qRT-PCRAGIN A K Western Blotfd I/ IL-1BH

AR, 4 RIEoR 3# siRNAFP IR e (i, SR8t iz v 41l
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IL-1PB
TL-1 [ —
1.5
g
2 GAPDH |ems e G S
[}
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o IL-1B /GAPDH
g 1.59
= * 5
2 0.5 7
< 2
Z 5 10-
E T2
0.0- - %
NC 1% 2% 3# 2 054 x
3
g.
0.0-

4 3 et IL-1BYLERHY e e 41
(A) qRT-PCR¥MsiRNAs#HL 42l 16HBEZI il 24hJ51L-18 mRNA A /K - (B)
WBHE MIsiRNAs#:4es] 16HBEANEH 48h/F1L-1BH HFA /P M A FIAFER
T
Figure 3 Selecting the optimal sequence for IL-1 knockdown
(A) The expression level of IL-1p mRNA was detected by qRT-PCR after
transfection of siRNAs into 16HBE cells for 24h (B) The expression of [L-1f protein was

detected by WB after transfection of siRNAs into 16HBE cells for 48h and its histogram

analysis of relative expression

2.4 INFRRNAYER FIL-1BEYHR N

9T BRI 1B 5 AE R I hMPV ke BRI, F1A115) B3 i ELISA
FoW T 40 _EFEIL-1BI 40, f1E] 4AFTR, EHIQRT-PCREGIIIL-1B mRNAZ A

JKF, nfE 4BfrR, Western Blotha IMIL-18)5 G 1A/, Anl 4CHR. LA
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NEERAIESE, EhMPVIRGERT, IL-1BRZEZ 20 .

A IL-1p B IL-1p mRNA C
—~ 40 1.54
£ k= NC 3
=304 g - 1
e i 5 107 hMPV N
£ 20+ é ok L--
3 =
< D -
- GAPDH -_—
‘B 2
E £
a (- 0.0

NC 34 NC 3#

& 4 3# siRNAKLTE 16HBEZH A SIL-1B1Y 3515k
(A) ELISAK 3#siRNALE I 5 20 i _E 35 7 il IL-1B3RIA /KT (B) gqRT-PCR
¥l 3# siRNAZLFE R pro-IL- 1B mRNAZKE: (C) WBHGI 3#siRNAALL I JFIL-1P4E
BIESS
Figure 4 Expression levels of IL-1f in 16HBE cells treated with 3# siRNA
(A) The expression level of mature IL-1p in cell supernatant treated with 3#siRNA
was detected by ELISA (B) The mRNA level of pro-IL-1p was detected by qRT-PCR

after 3# siRNA treatment (C) The expression of IL-1f protein after 3#siRNA treatment

was detected by WB
2.5 INFHRNAXThMPV £ 5 B

IR T I IL-1 A siRNASE Y 16HBEANE, F&y: 10MOI hMPV48h, it
I AfF FEIL-1BXThMPV A i B 52 Wi o 183 % 3 5 51 FTWestern Bloths JIITL- 1B AIG fe
hMPV N RGOl W& SA-Dffz, 1E 3# siRNAZLETS, hMPV NZEH %
eI MR RIL N, ZRARIEE L. LR RIEIL-1BRYRUIGRE

N hMPV A2 il o
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4 5 IL-1BHY IRRERN HHIhMPV A2 i
(A-B) Se 2 EH N 3# sIRNALLHE NhMPV N H kKPS AP 5O i
ZEiT A& (C-D) WBARIIAE A IL- 18R 3# siRNAKLHE FhMPV NE&E (9 ) 604 A AR
X FIBAEAR I
Figure 5 IL-1B knockdown inhibits hMPV replication
(A-D) The expression level of hMPV N protein was detected by IF and its average

fluorescence intensity after treatment with 3# siRNA (C-D) WB detected the expression

of hMPV N protein and its relative expression histogram after treatment with 3# siRNA

2.6 SMEMERANrhIL-1p3hMPV E$I 8952
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ATIMEMEGR D 30ng/ml rhIL-1B513 16HBEZHAE 24h, $KJ5 F&: 10MOI
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No ZERFEH, SR EhMPVYR I AH L, rhIL-1B5I3 40 A 41 -HhMPV &
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5] 6 SMEHEAR IrhIL-1 B EhMPY & 1
(A-B) S0 5K 30ng/ml TL-1B2E [ 4L B FhMPV NZE 14 4547k K K44
SR G5 (C-D) WBHRIIREFIrhIL- 1B /FhMPY NZB 1156k K H AT
WSS HEIRIE (B-F) WBH T 3# siRNAALEE F SMHE#h 7 30ng/ml rhiL-1BJ ()

hMPV N 2655 S A SRR AR ]

Figure 6 IL-1pB promotes hMPV replication in 16HBE cells
(A-B) The expression level of hMPV N protein was detected by IF and its average
fluorescence intensity after treatment with 30ng/ml IL-1B protein (C-D) WB detected the
expression of hMPV N protein and its relative expression histogram after treatment with
rhIL-1B (E-F) WB detected the expression of hMPV N protein and its relative expression

histogram after exogenous supplement of 30ng/ml rhIL-1f under 3# siRNA treatment

2.7 IL-1p{R#EhMPV B R R E

AR S — AR OB 2 R RIIL-1BAERMP VIR PR T 7R, sl 7 e

7, hMPVERE S FIL-1870 3, IL-1BSGd R it ThMPVIEEL.

" hMPV infection =)U f
I
A i

vs

S

l exogenous supplementary rhiL-18

Si-IL-1pm—f =
|

% ~

7 N
i : ™~
+ hMPV
‘replication,
N

.

i 7 IL-1B{E FEhMPV jak

Figure 7 IL-1P promote hMPYV infection
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31t

hMPV 2 —Ff B S BERNATHE , 76 RBRIEHEN 25 H%. % TRNAR ARG
BRI BE T, hMPVESSA I L AT B A2 S e, IL-1B/
FXMILE T, LS SHMER, B s L R 45 % X
fF o BFSEFEBIIL-1BE K - S hMPV ke P R B DA 0 21, I PR 2
R, AEPERMPVERREI R, IL-1BHK T B THi, IRl e R A L i

EHRTE (RSV) BEFHRE 2, R, B H7 M A TEEIL- 1 B7E T3 ]

e B AR PR R R B R, IL-1BEA R R R P I A R Y
Fitho IL-1PF 2 AN AR~ 42, 2 EARPUR BRI — P I
P S P2, RUEIL-1BFER B2 R A E LRI E 2R H 2R, (AHAE R A
HSRE P R AR UE. BN, HFFEER AN A IL- 1 BAE e R A 2
JRENSIENEIE SRS, IR ER e de A ) SoBeWam A AL it
A, TL-1BRT EARE /N SRS B 40X A6 S Bk i 7 (human immunodeficiency
virus, HIV) GG, FRIEZENEEECDA T LA IR FRAZ 40/ 24
HEGE R, SR, AR, SR BUR AN IEIL-1B3R Y7 vl 3 7L Y
HepaRG (dHepaRG) elJACAAT40IE (PHH) 4B WHBV XHDVE ], B IKIE
AT B S FIL-18%F B 8958 (HBV) FIT BUF8% 8 (HDV) 551
ST PR I BOR B E P BRZIL-1BZARI S A PY e B s (WNV) 195

PRI, X R WIIL- 1B/ R A 245 ek o AMIRE ¥R INIL- 1B ] LA
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cGAS-STING{ 5@ V5 T A Y 56 R G I 2, M 85 2 A 2 1 2 ) B
2B P ERIL- 1B 2 73 Hi Sindbisyi 2 AL 1 & 9 (LI RN E S8 3 e 9477,
IL-1B7ERMPV kG B AR I F R ANTE AL
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FRATEIN IL-1B (9758 2 0 H I TRUR R A7) SR R o 214 200 e e L ) TL-
1B LA siRNA Ji5, hMPV [ §3/0, SME#bF thIL-1B 5, hMPV ({4 Hi#5
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ik, BE—AESE T IL-1B 5 hMPV SRR EAE R R WFRERN] IL-1 Kk S
hMPV I 2 IEAHG, B IL-1B REMERE hMPV &), SRTRIEAE ) RN A 7
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ABEFE I I /NTHERNA K SN AR hichIL- 183 T IL- 1B/ 358 AT 7R 1 IL-
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B =24y 1L-1piEIE cGAS-STINGHE A fh i 28 %
FHIHEIFZR

FEAERIGEIN, FPUGE R T b b T IPGE R (G RN L B R)
FIRER RN —2F 3 — 2 (Y PRI T 3 e B LA I 2 PP R 5. (R %
FFIGERR R, hMPV 2 (U T RSV BYSE KL 5 P RGE I B L3R PR
WFEEEH], hWMPV fEABRVEREIN 1200, I B LR AR i R A T AERe s
X EE, 25 B, K&y 70%09 )LE4: hMPV FifkPo, 208 E7E ARFrffE
D T04F R, AT ERY THEMBIAA R AT PIFFZE X hMPV (Y
WFFT, AR TP RIEIT HRHEsE A IS+

AR MRS Ee, FRATELIUESL T IL-1B REEE hMPV B IEHT,
SR B K A F AL O AT T o AFSE T, (o SR bIa], IL-1B fERS
SRR LA A3 (ROS), 85, ¢cGAS 1 STING &Rl LAVE 3
THE (IFN) 45 BRI ARG 5 K g )P cGAS-STING {5
SIRERAE 2 AR ARG P R R A, T IL-1B EAEENRIEN N, 5
cGAS-STING {551 % [A] Y R BB 52 21 KT

cGAS Z— 5K DNA fLJkgs, (R AR B AR s R, 4
IR EWE EEXT R S R G e S JvRE Seu e AL b AR 3¢
2o FEZHNE TR, DNA 5, RNA: DNA 2452 K )5, cGAS fi Y GTP Al

ATP, DI IABER S H — BRI (cGAMP) , 2L EFFHEE N M (ER)
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FHIR A STING FYSE A5, B FeFeW] TL-1B AT RE LA )RR bt gt 7y =Cfi %

DNA $i{Ji#1 STING L NCY . BORIZ ) RNA 2GS R i a2 T

&
pii

CGAS-STING i H- BN, BRI LR cGAS-STING {5
FERURARIGUE S N PRI . (R T FST0E hMPY et IL-1B S

L% cGAS-STING i A 1% B EAE I

1 R ER*E

1.1 ¥

LL1 #R5&&

[F) 55— 5
1.1.2 FERH
B FR &Y/
cGASHLIR BN ARG Y EAR A R H]
STINGHt {4 BN ARG Y EAR AR H]
Phospho-STINGH {4 £ [# Abmart
RU.521 Selleck
G150 Selleck
H-151 Selleck

HAbsFI A 55— 0

1.1.3 EERFIECH]

il

5

1.2 773
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=

o

1.2.1 piEs. HRS5EREE

RIS 5

1.2.2 wEIEF

=

Cai
1.2.3 BZBRIREN
EE i
1.2.4 KRS ERPCR

(1) SYBR Green Dye%ufli%: ZHSYBR Green DyefsilllcGAS. STING. 17
THE (IFN-Is, QITFN-a. IFN-B) ELRRHIXT£LE, LIGAPDHNNZ . fE 3#
aIL-1BEE [ 40 FE T 2 HUhMPV A il i 2 o f 200 i 5 2 bz RDNA- (mtDNA) - F1
DNA. ¥ HIqRT-PCRIE fi i Ml &5 5 E Zobif&  (MT-ATP6) FIf% (RPLI3A) JE:[A
[IDNAZKF-, DARPLIZA NP Z,

SN AR 28 B OB 1 B e [R) S —EB97

TE S 526 8 RIPCRAVHIFEAT S, {8 FICFX Manager® 4% A4 4T 4347 o
F 200k AT R R R A B A

(2) TaqMan{® %1 35 M T 4 & @ B W &€ - % 4 )y 50 o 5-

TTGCCAACACACGAACTCCATTCCC - 3';

AR 2R -
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Taq qPCR Pemix Sul
F 0.5ul
R 0.5ul
P 0.5ul
H>O 1.5ul
cDNA 2ul

RV FRF B A 95°C 30s. 95°C 5s. 65°C 30 5. 40 PMEHR.
BIRG| Y5 W 3.

351 A K

A 5195751 (5-3") KA (bp)

hMPV GAGCAATAGCACTCGGTGTTG 21
TCACAAAATCTTTCAGCTCTCTCAC 25

cGAS TAACCCTGGCTTTGGAATC 19
TGGGTACAAGGTAAAATGGCTTT 23

STING CCAGAGCACACTCTCCGGTA 20
CGCATTTGGGAGGGAGTAGTA 21

RPL13A GCCCTACGACAAGAAAAAGCG 21
TACTTCCAGCCAACCTCGTGA 21

MT-ATP6 AATCCAAGCCTACGTTTTCACA 22
AGTATGAGGAGCGTTATGGAGT 22

IFN-a GCCTCGCCCTTTGCTTTACT 20
CTGTGGGTCTCAGGGAGATCA 21

IFN-B GCTTCTCCACTACAGCTCTTTC 22
CAGTATTCAAGCCTCCCATTCA 22

1.2.5 EBRENE

[l 25—

1.2.6 REFERK
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RU.521. G150 s¢H-151 F1—HE K (DMSO) ALFEANAE 24h. 4AfE/EG: 10MOI
hMPV 2hJ5, it 3%FBSHHHAERTR, (ERGTRMrhaksiise 48he o, UCERA
Hi B hMPY NZR [

1.2.9 4t
[F) 26— &R
245R
2.1 cGAS-STINGi& 8 5hMPV R

WFFEAROEIL-1B AT LA cGAS-STING 5 51 i A8 78 R e h A 4% B 2 E ] o

SRMTZIAE 252 ShMPVIERIIRIIL- 1B T M A EE. (£0. 24, 48f172hH]

Il

10MOI hMPV &3t 16HBEZifi, i qRT-PCRAGIIcGAS. STING mRNAZKE, 41

K 1A-B, i#idWestern BlotfilcGAS. STINGIEEEE HFIE, WK 2C-Efff~. 45

RIEINEGMPV 5, cGASHISTINGHmRNANIE /K1) B (B EERZ,
Z:Western BlotiiE 5%, STING K H MR (E 48h i F 1w, IG5 2258803k

T 48N T3R5 o
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pSTrNG---‘ 22, s
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3 = o]
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STING | quuy @ @D GNED £ o] 72 0s
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Mock 24h  48h  72h Mock 24h  48h  72h

1 hMPV YL cGAS-STING i i
(A-B) qRT-PCRAGiMcGASHISTING mRNAZA/K K- (C-E) WBHEG N E G hMPV

ANTAJIS TR 5L cGASAIp-STING/STING 5 H 1A /K1 K HA R kAR 7047

Figure 1 cGAS-STING pathway activated by hMPV infection
(A-B) The mRNA levels of cGAS and STING were detected by qRT-PCR (C-E) The
expression levels of cGAS and p-STING/STING proteins and their relative expression

histogram at different time points of infected hMPV were detected by WB
2.21L-1 BSFJ' cGAS-STINGE BRI

FBNCH] 3# siRNAFLGL%| 16HBE4HAIH, s/ H 10MOI hMPV &4 48h, if
i+ Western Blotf& JllcGASFIp-STING/STINGHE /K F It 3474+ 59 #r . VT ERIL-1B
JEcGASHIp-STING/STINGH H AR, WM&l 2A-Co FHIAMEMEAArhIL-1BFT]

N0 24h, FKJFIGhMPYV 48h 51T {4cGASAHIp-STING/STINGH H /K- 1Y AL 1
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freae it o tr, W 2D-FRr 78 o SM IR R N 30ng/ml rhIL-1BJ5cGASHIp-
STING/STINGZE HRYFRIBHE M. LA EZERZEY], fEhMPVEGedfEdr, TL-1B7] 3

TicGAS-STINGF 51l FH G 8 H AL

A NC 3¢ B C
cGAS (D e

n

p-STING |l -~
sTNG |(D -

GAPDH -- 0o

°

cGAS
protein relative expression

e
»

D Mock 0 30 ng/ml E

CGAS varasesdh

p-STING | e el S
STING ‘ o =
GAPDH | (S D S Mok 0 30 nemlIl-1p

cGAS

protein relative expression

0 30 ngmlIL-1p

& 2 IL-1B ] 75 cGAS-STING H %
(A-C) WBGllsiRNALLHE T 16HBE4H il HHcGASap-STING/STING# | 1 5
kK HARXS SR B A IRGE 17047 18 (D-F) WBHllirhIL-134L BT ) 16HBEZH iy

cGASH{p-STING/STING# [ {935 S HARS AR GE T 0 AT 14

Figure 2 IL-1p activation of cGAS-STING pathway affects hMPV replication
(A-C) The expression of cGAS or p-STING/STING protein and its relative
expression in 16HBE cells treated with siRNA were detected by WB (D-F) The
expression of cGAS or p-STING/STING protein and its relative expression in 16HBE

cells treated with rhIL-1p were detected by WB

2.3 ZARA R mtDN A&
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W50, HfimtDNATE 7 S:cGAS-STINGIE WS 9 /E LA H] b A
I, 7E 3# siRNABGrhIL-1BAbFE T, FATRN ThMPVE I 2 A 40 SimtDNA
HIRIE . ANAE PCRIn A% 0 5 QRT-PCREAL & R Lhi iRk (MT-ATP6) A1
#% (RPLI3A) BEERHDNAK, W& 3A-B. 255N, (£ 3# siRNALEAE T,
MT-ATP6 (15635 Fifo A1, SR aiab B AnAaAH bL, rhIL- 1B 240 i A 40 it
B ER 43 B0 2 FYmtDNA 8 o R ATTHIE 52 T IL-1B7) @ j mtDNAJ] 1 cGAS-
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Figure 3 IL-1B induces mtDNA release
(A-B) DNA levels containing specific mitochondria (MT-ATP6) were detected by

qRT-PCR, and cytoplasmic mtDNA genes were normalized to their respective nuclear

RPL13A

2.4 AT B FEFK E B ER TR
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N T it 58cGAS-STINGIH S AENMPVE HIFPEIMEA , A TR T AR
RGN ancGASHIHIFHRU.521. G150 K STINGHIHGH-151 PE{T550s. 440
i A2 70-80% ], HIASRIVR L AYHIGH AIDMSO AL EEAAAE 24h, XIS
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Figure 4 Expression of hMPV N protein under different inhibitor treatments

(A-C) The expression of hMPV N protein was detected by WB after treatment with
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three inhibitors RU.521, G150, H-151, and their relative expression histogram
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Figure 5 RU.521 inhibits hMPV replication
(A-B) The expression level of hMPV N protein and its average fluorescence intensity
were detected by IF (C-D) The expression of hMPV N protein and its relative expression

after treatment with RU.521 were detected by WB

2.6 AEIHIHIFIACIEIL-1 Y RIE
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Figure 6 Inhibitors of cGAS-STING pathway can reduce the expression of IL-1f3

(A-C) WB detected the expression of IL-1P under different inhibitors (D-F) The

mRNA levels of pro-IL-1f were detected by qRT-PCR at optimal inhibitor concentrations

2.7 RU.521 RrhIL-1pBE&{EA FThMPVIHEEEE RIL-1pEARE
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N T PR UEIL-1BXhMPVIERGAE R AL, FATRE I T RU.S21 Ji5 FH AN
rhIL-1BIThMP VR £ & M2 IL-1BHI k. & TAFTR, RU.521 4B 24hf5rhiL-
1BFEHI 16HBEZHJE 24h, FEZ: 10MOI hMPV48h, jifijqRT-PCRAG IIhMPV
TR, JEi Western BlothllIL-1BEE 3615, FRATA M 2 cGAS-STINGIH %7 2|
IR, AMArhIL-1B i hMP VYR 2R B M IL-1B5E FHSRIABIAZ . 45 kb

FEHIIL-1BA] i it cGAS-STINGHE f& i HrhMPV & il .

A hMPV titers B
. 2.0
8x107 =
g *k 2
2 6x1074 B 1.5+
& ="
% ns 5
o E— o
% 4x107 ™ ; 1.04
° ==
= 5}
2 2101 ; 0.5
z 2
0- g
IL-1p - + - + 0.0-
RUS21 - - +  + IL-1p
GAPDH
hMPV + o+ + +
IL-1B + +
RU.521 + +

& 7 RU.521 4b3 5 4P irhIL-1 AN 52 IRhMPV & il
(A) >k HqRT-PCREGMRU.521 HIrhIL-1B4LF 5 77 IFhMPV 5 5T 2 (B) WB

KrlRU.521 HIrhIL-1B4LFE 5 A TL-1BHY 5 1 kK
(A) The expression level of hMPV titers was detected by qRT-PCR in the presence

or absence of RU.521 or rhIL-1P (B) The expression level of IL-1 protein was detected

by WB in the presence or absence of RU.521 or rhIL-13

2.8 IR FIEE (IFN-Is) HITRIA

39



HRBER R LR AL AW

Rk, FATIERIIL-18 AT 3l 5 cGAS-STING I fi% M 1M1 {2 EhMPV & il o
BTSN, cGAS-STINGIE B L Al 75 FIFN-Isfiy 7, MIFN-TIs/2 S5 R &
G EEGURTED o N T HFFSIFN-IsEERMP VIR ERIAE T, FAT TR qRT-
PCREGIN IFN-ISfE 0+ 24. 48 1 72hfyskik. W& 8A-BFR, H5EAHLIFN-afY

£ T2h & TS, IFN-BAE 48h)5 T+ -

A IFN-a B IFN-B

151 sk ok
= 154 * %k
Re =
& 10 g
5 2 10| *
) [*]
= L
2 5 5
< z
z z
E E

0- 0-

Mock 24h  48h 72h Mock 24h  48h  72h

& 8 hMPV gk J5 T T4 25 (IFN-Is) Y 5K 5%
(A-B) qRT-PCRA&MhMPVI&KZE 0. 24, 48, 72h/5UH T4 2 (IFN-ofJIFN-B)

mRNA 7K -

Figure 8 The expression of type I interferon with hMPV infection
(A-B) The lever of IFN-a and IFN-f mRNA at 0, 24, 48, and 72 hours after h(MPV

infection was measured by qRT-PCR

2.9 IL-1pi&i3 cGAS-STINGFIZEnMPV B HH B R~ B E

IR BB SLG 2h RZ HIIL- 1 BAEhNMP VIG5 A 454 E B BLHI BT 7S et i, an

A 9 Fr, IL-1B{EEhMPV NEE G, 14747 cGAS-STINGHli %2 5

40



HRBER R LR AL AW

@

" hMPV infection m
G exogenous supplementary IL-18
1 CGAS  |rus21iG150
" / l 9
Si-IL-18 = IL-1B .u = o STING o 151

. 'l— ~
rl ’ /‘L‘;; \\
*I hMPV ‘*

\ replication /
3 .

] 9 IL-1BiHi i cGAS-STING I #hMPV B I LI 52

Figure 9 The mechanism of IL-1p regulation of hMPV infection via cGAS-STING

3itie

HHT, <hMPV B 58 5 B e FAT R A KR T, Tk He A
IR, T S e e PR L I BRI R ELVE T, WESE M BN . ST
hMPV g — i LA VR SRR, X2 A (e A Bl P E M R 220, TR
TR DA R E . T AhMPVR RS, T LA B IR T A
PRI EEVE AU, AT S A RO W Rl ko RTS8 B IESEIL- 1 BAE(E
BERMPVA ], H AR FHLE S AR AR ST o

TERE S ARSI, IL-IBA AR 25 e e T, & ABNE 5] 2 4k fRkmDNA 1 ¢
J, BJG#icGAS-STING S S@BR i, BEMIA S THE (IFN) 7=, JHR
S BTSRRI R , DABR BRI e 4, B 4IeGAS I LAffL =
BEMR 975 (GTP) FI=RERRILES (ATP) ZIAIMIRNE, FFMiESTINGLAR A

41



HRBER R LR AL AW

ST RIS 2 S TP AEDNAJR FE N A2 5 1 (HSV-1) FI-RIETTA

Bl

FAMXATZEE (KSHV) XcGASHIMUEIE P, SR, HfrifsRl], RNAJ
BB EHYETE (DENV). 28R (ZIKV). FRIREGRTE (JAV) SRR3R
3 I [ R BE 9% 0T cGAS-STING{E 5l % 7, R iiMEARIE R Z, A Bn
IL-1B4TF:[cGAS-STINGIZ 2 M & i 7 (DENV) BUE 5 (RABV)
A EAIRIERT Y, X R A T I ATHIL-185cGAS-STINGIE #%
MHEAE IR EEAR , oA A B BOR T SRR AL TR RS S FEA SO, 31417
EEHE T hMPVIER AR 5 S:cGAS-STING(EF 5 BRI E (L . S8)5, FRATI T
JEYhMPV J5IL-1 B R %3 2 cGASHISTING B Fh W1k M, AN AN
rhIL-1BRE S B cGASHY R IAHISTINGHI BRI 1o IAh, FRATF) FH cGASHIHI 5
RU.521 SRGEIZIE A hMPVE I 520 . (BT, RU.S21 B @40 ThMPV
e Bk, FRAISHZER, IL-13 M i % cGAS-STING& /£ (i iEhMPV
A H, X5PCV2 FI SRR 41,

B3 (IFN-Is) AE 7 P08 RN 1Y B0 i o), REAA Sl 2
S BT, cGAS-STINGIEES 1] LAl & TEN-Ts )™=, ATTTAE RS 7 {H
IR NS R T G G E U, AR IR AT IO 5T & S 4, B hMP Vg
Jeff (I AE:, 96h 54 5 A W k0o 8 I AG IFN-Isf 2655, Fk A1 % BIIFN-
ofU7E 720 BETE . FEASCH, FRATRYSLIGHTE 48 BEITHY, [RIIFN-TsH]
REAERMPV I A R DO E T, HOR IR B E AR5t

AW FE A SR BRI 2 O T A0 SRR B 5 hMPV IR o SRTT, XA BT A



HRBER R LR AL AW

AEERL, RO ERARA ORI TR BRI BT B, R R R Hl A K
JT, SRR RN AT R A BRI S b KRB HOR T I E R R
MR AR AR T L R A, HAE Ml & R 1Y S R I RErp s B 2 A (1. i
G, EATFTIESEIL-1BAE b B2 405 FRAZ 240 L ) ) 38 TR T e 5 | & Y JROE S
P R P SRR T RV AR AP S 36 T 15 58 A A e A TR R IS 2 & 4
BT, EEARNRAL T — W RIS R AR A IR LR 5T SE
R B T BATE G PEAFIL-1B/EhMPVIRG R VR R, [RII th A Sk B9 254
WAL T A IRRYE 7R o

4 INGR

BT e BRIL-1BRE S 18 1 35 cGAS-STINGA 538 % M 1M {2 BEhMPV [ &2 il
X KBRS TIL- 1R RO R Y HT IEE, i/ 1 cGAS-STING(F

I AT RERIL- 1B — L B

43



HRBER R LR AL AW

MROFBZ4E

WAL Z AL :

I\ B3 hMPV RG] i SHUA S WL PRI N 7, ANRIBIAIRE N A% S 2
P SHs, NIRE 2t — P s H AR A 7/ hMPV BEeRHIfEH] o

2¢ FATEIT A LIS AT 5T T IL-1BXThMP VIS s Sk AR FAIALA, X
ANBEE I S ehMP VG 5 i T A 4 B S Be A 1 A, A SR AR A TL- 1 PRt
RN SR ThMPV 2 1 E S AR PR 1 — 20 8 AT TR L8 4518

3 AR A FIL-1BFERE TR T Al R 2 50 5 il , /5 ZEHRRRIL-1B97 3 Y

FLAh A EhMP VB TP AR IR o

44



HRBER R LR AL AW

ENXREGE

M fiti s (hWMPV) fEGE A T2 R, HAE WP IRGE P 47 3 2

M, JUHXTILE. BEANLRE RS AR, hMPV G n]
BES| & E A, KL, XTF hMPV BB 5S AMURFR AR L E0mHLH A4,
ORI R A RERTT A B LA

AHFFTRAAR S T IL-1p 5 hMPV e R EOC R, Hilid Western Blot
N AR TiiE 7R T IL-1B ilid cGAS-STING i (2t hMPV &7l
il X—AUHIAI B, AMIFE T HATT hMPV AR RGEAR , [t A4
IR T R A TR A Bk, FATHIMHE 4 Ri2n, hMPV Jege
RERS I S LA IL-1B, foad >k IL-1B SUAEgt 7 hMPV Y5l

RIS BATTER T 5T IL-1B A0TSR o Jlad 3] IL-1B A M alEeak, JATar
RERERS A ZUBHIT hMPV U], A ZIRET R H Y. 1X 50 hMPV JEGeR)
I st TR, Oy A IR E R BRI TR B T AR AT, ASHT
FEMUKIE hMPV ALy o BB T B2 W E R Rl i s P 5 45 3]
WO IL-1B AT REAEHARIT B e P A SRR E . IR, AR B
OB R IL-1B AENPIRE R G R OV AL, DU A DU 2298 4 19 3h
AR R

i BRIk, AWIEAMUETR T OIL-1B 5 hMPV JEGeZ [RI/EAIALE], & T
KOBTRIIRTY SRR AL TR . FONTIFAEARRIHT IS, REASIE— D IRAIR

RIS B BRI ALY B o

45



HRBER R LR AL AW

SE

van den Hoogen B G, de Jong J C, Groen J, et al. A newly discovered human
pneumovirus isolated from young children with respiratory tract disease [J]. Nat
Med, 2001, 7(6): 719-24.

Bai L, Zhao Y, Dong J, et al. Coinfection with influenza A virus enhances SARS-
CoV-2 infectivity [J]. Cell Res, 2021, 31(4): 395-403.

Haddadin Z, Beveridge S, Fernandez K, et al. Respiratory Syncytial Virus Disease
Severity in Young Children [J]. Clin Infect Dis, 2021, 73(11): e4384-e91.

Behnood S A, Shafran R, Bennett S D, et al. Persistent symptoms following SARS-
CoV-2 infection amongst children and young people: A meta-analysis of controlled
and uncontrolled studies [J]. J Infect, 2022, 84(2): 158-70.

Wang X, Li Y, Deloria-Knoll M, et al. Global burden of acute lower respiratory
infection associated with human metapneumovirus in children under 5 years in 2018:
a systematic review and modelling study [J]. Lancet Glob Health, 2021, 9(1): e33-
e43.

Rafiefard F, Yun Z, Orvell C. Epidemiologic characteristics and seasonal distribution
of human metapneumovirus infections in five epidemic seasons in Stockholm,
Sweden, 2002-2006 [J]. J Med Virol, 2008, 80(9): 1631-8.

Wu D, Wang J, Huang C, et al. Interleukin-1beta suppresses rabies virus infection
by activating ¢cGAS-STING pathway and compromising the blood-brain barrier
integrity in mice [J]. Vet Microbiol, 2023, 280: 109708.

Ma Z, Damania B. The cGAS-STING Defense Pathway and Its Counteraction by
Viruses [J]. Cell Host Microbe, 2016, 19(2): 150-8.

Erttmann S F, Swacha P, Aung K M, et al. The gut microbiota prime systemic
antiviral immunity via the cGAS-STING-IFN-I axis [J]. Immunity, 2022, 55(5):
847-61 el0.

[10] Ding R, Li H, Liu Y, et al. Activating cGAS-STING axis contributes to

46



HRBER R LR AL AW

neuroinflammation in CVST mouse model and induces inflammasome activation
and microglia pyroptosis [J]. J Neuroinflammation, 2022, 19(1): 137.

[11] Reinert L S, Rashidi A S, Tran D N, et al. Brain immune cells undergo
cGAS/STING-dependent apoptosis during herpes simplex virus type 1 infection to
limit type I IFN production [J]. J Clin Invest, 2021, 131(1).

[12] Domizio J D, Gulen M F, Saidoune F, et al. The cGAS-STING pathway drives type
I IFN immunopathology in COVID-19 [J]. Nature, 2022, 603(7899): 145-51.

[13] Ramos H J, Lanteri M C, Blahnik G, et al. IL-1beta signaling promotes CNS-
intrinsic immune control of West Nile virus infection [J]. PLoS Pathog, 2012, 8(11):
€1003039.

[14] Panda S, Mohakud N K, Pena L, et al. Human metapneumovirus: review of an
important respiratory pathogen [J]. Int J Infect Dis, 2014, 25: 45-52.

[15] Haas L E, Thijsen S F, van Elden L, et al. Human metapneumovirus in adults [J].
Viruses, 2013, 5(1): 87-110.

[16] Yaseen M M, Abuharfeil N M, Darmani H. The role of IL-1beta during human
immunodeficiency virus type 1 infection [J]. Rev Med Virol, 2023, 33(1): e2400.

[17] Burdette B E, Esparza A N, Zhu H, et al. Gasdermin D in pyroptosis [J]. Acta Pharm
Sin B, 2021, 11(9): 2768-82.

[18] Lei Q, Li T, Kong L, et al. HBV-Pol is crucial for HBV-mediated inhibition of
inflammasome activation and IL-1beta production [J]. Liver Int, 2019, 39(12): 2273-
84.

[19] Uddin S, Thomas M. Human Metapneumovirus [M]. StatPearls. Treasure Island
(FL). 2023.

[20]Zhang W, Huang Z, Huang M, et al. Predicting Severe Enterovirus 71-Infected Hand,
Foot, and Mouth Disease: Cytokines and Chemokines [J]. Mediators Inflamm, 2020,
2020: 9273241.

[21] Cioccarelli C, Sanchez-Rodriguez R, Angioni R, et al. [L1beta Promotes TMPRSS2

47



HRBER R LR AL AW

Expression and SARS-CoV-2 Cell Entry Through the p38 MAPK-GATA2 Axis [J].
Front Immunol, 2021, 12: 781352.

[22] Malmo J, Moe N, Krokstad S, et al. Cytokine Profiles in Human Metapneumovirus
Infected Children: Identification of Genes Involved in the Antiviral Response and
Pathogenesis [J]. PLoS One, 2016, 11(5): e0155484.

[23] Park J S, Kim Y H, Kwon E, et al. Comparison of nasal cytokine profiles of human
metapneumovirus and respiratory syncytial virus [J]. Asia Pac Allergy, 2017, 7(4):
206-12.

[24] Pan P, Shen M, Yu Z, et al. SARS-CoV-2 N protein promotes NLRP3 inflammasome
activation to induce hyperinflammation [J]. Nat Commun, 2021, 12(1): 4664.

[25] Vu L D, Phan A T Q, Hijano D R, et al. IL-1beta Promotes Expansion of IL-33(+)
Lung Epithelial Stem Cells after Respiratory Syncytial Virus Infection during
Infancy [J]. Am J Respir Cell Mol Biol, 2022, 66(3): 312-22.

[26] Browne E P. An interleukin-1 beta-encoding retrovirus exhibits enhanced replication
in vivo [J]. J Virol, 2015, 89(1): 155-64.

[27] Lawson K S, Prasad A, Groopman J E. Methamphetamine Enhances HIV-1
Replication in CD4(+) T-Cells via a Novel IL-1beta Auto-Regulatory Loop [J]. Front
Immunol, 2020, 11: 136.

[28] Delphin M, Faure-Dupuy S, Isorce N, et al. Inhibitory Effect of IL-1beta on HBV
and HDV Replication and HBs Antigen-Dependent Modulation of Its Secretion by
Macrophages [J]. Viruses, 2021, 14(1).

[29] Koul P A, Saha S, Kaul K A, et al. Respiratory syncytial virus among children
hospitalized with severe acute respiratory infection in Kashmir, a temperate region
in northern India [J]. J Glob Health, 2022, 12: 04050.

[30] Mahalingam S, Schwarze J, Zaid A, et al. Perspective on the host response to human
metapneumovirus infection: what can we learn from respiratory syncytial virus

infections? [J]. Microbes Infect, 2006, 8(1): 285-93.

48



HRBER R LR AL AW

[31] Guo Q, Chen X, Chen J, et al. STING promotes senescence, apoptosis, and
extracellular matrix degradation in osteoarthritis via the NF-kappaB signaling
pathway [J]. Cell Death Dis, 2021, 12(1): 13.

[32] Skopelja-Gardner S, An J, Elkon K B. Role of the cGAS-STING pathway in
systemic and organ-specific diseases [J]. Nat Rev Nephrol, 2022, 18(9): 558-72.

[33] Chen C, Xu P. Cellular functions of cGAS-STING signaling [J]. Trends Cell Biol,
2023, 33(8): 630-48.

[34] Aarreberg L D, Esser-Nobis K, Driscoll C, et al. Interleukin-1beta Induces mtDNA
Release to Activate Innate Immune Signaling via cGAS-STING [J]. Mol Cell, 2019,
74(4): 801-15 e6.

[35] Decout A, Katz J D, Venkatraman S, et al. The cGAS-STING pathway as a
therapeutic target in inflammatory diseases [J]. Nat Rev Immunol, 2021, 21(9): 548-
69.

[36] Ni G, Ma Z, Wong J P, et al. PPP6C Negatively Regulates STING-Dependent Innate
Immune Responses [J]. mBio, 2020, 11(4).

[37] LiY, Zhu Y, Feng S, et al. Macrophages activated by hepatitis B virus have distinct
metabolic profiles and suppress the virus via IL-1beta to downregulate PPARalpha
and FOXO3 [J]. Cell Rep, 2022, 38(4): 110284.

[38] Liu X N, Li L W, Gao F, et al. cGAS Restricts PRRSV Replication by Sensing the
mtDNA to Increase the cGAMP Activity [J]. Front Immunol, 2022, 13: 887054.

[39] Su J, Shen S, Hu Y, et al. SARS-CoV-2 ORF3a inhibits cGAS-STING-mediated
autophagy flux and antiviral function [J]. J Med Virol, 2023, 95(1): e28175.

[40] Huang B, Zhang L, Lu M, et al. PCV2 infection activates the cGAS/STING signaling
pathway to promote IFN-beta production and viral replication in PK-15 cells [J]. Vet
Microbiol, 2018, 227: 34-40.

[41] Tang L, Liu X, Wang C, et al. USP18 promotes innate immune responses and

apoptosis in influenza A virus-infected A549 cells via cGAS-STING pathway [J].

49



HRBER R LR AL AW

Virology, 2023, 585: 240-7.

[42] Hastings A K, Erickson J J, Schuster J E, et al. Role of type I interferon signaling in
human metapneumovirus pathogenesis and control of viral replication [J]. J Virol,
2015, 89(8): 4405-20.

[43] Lei X, Dong X, Ma R, et al. Activation and evasion of type I interferon responses by
SARS-CoV-2 [J]. Nat Commun, 2020, 11(1): 3810.

[44] Li C, Wang T, Zhang Y, et al. Evasion mechanisms of the type I interferons responses
by influenza A virus [J]. Crit Rev Microbiol, 2020, 46(4): 420-32.

[45] LiJ, Zhao Y, Dai Y, et al. Identification of gamma-Fagarine as a novel antiviral agent
against respiratory virus (hMPV) infection [J]. Virus Res, 2023, 336: 199223.

[46] Zhang Y, Wu G, Yang Y, et al. Interleukin-4 Promotes Human Metapneumovirus
Replication Through the JAK/STAT6 Pathway [J]. Viral Immunol, 2023.

[47] Johnston S L, Goldblatt D L, Evans S E, et al. Airway Epithelial Innate Immunity
[J]. Front Physiol, 2021, 12: 749077.

[48] Schuler C F t, Malinczak C A, Best S K K, et al. Inhibition of uric acid or IL-1beta
ameliorates respiratory syncytial virus immunopathology and development of
asthma [J]. Allergy, 2020, 75(9): 2279-93.

[49] Stokes C A, Ismail S, Dick E P, et al. Role of interleukin-1 and MyD88-dependent

signaling in rhinovirus infection [J]. J Virol, 2011, 85(15): 7912-21.

50



HRBER R LR AL AW

XkERid
IL-1pFEfm 3 P I R IR

WE: e ot EIPIGERGE (ARTD W& W, SbpeErt B
IWIE RS RN T BRI TR WPIE S MW EE AW i 2555 2 Pl 15
SRR, [FIBGEZ, 2019 H4 %K FCOVID-19 Joit4s eBRif k™ HAY 45 il .
MNfipaE (hWMPV) T 2001 4 A B, A TH AR 10 &4 FE 5 A lE
HAARE AR A B A WPIGE R 2 i S A N IL- 13030, 2
WiRE R, TL-1BAVRE R RE S HOE SR A0, (RIERAESN, T BIALARTE R

JTE. SR, U7, EEHVIL-1870 st Al RE B RME SR ts, INEEHZAR

haiil

ERG IR HABFFAE . A AT TIL-1BX R R E I A e RIIL, A G
WFFEIL-1 BRI BRI AT S BR, Dt — B S s BT 29948 1] T T 745

fRHRHZ R, NhMPVIHTEIIGIR AT B, DUH B0 5 RO IR 55

MR WPIRGER R, NmAtees, IL-1B

L. PPIRE o B R

SRR EIFROE A 2 MR A, H AR YRR FEOE S
e (RSV) M filips 2 M ™ B A ME IR R e i E I EE 2 (SARS-CoV2)
Mo 7 B I T 5 RS SV P o, JF IR K J ol S W S A 25 A AL

(ARDS), SEUEWRMNE, THEARINERSIARS, SfHEFANEA

51



HRBER R LR AL AW

BN B PRSP P R 5 s O VP S 5 P AP IO B — i
SR TR IR E G E B N, YR, ARG _EFIGE ST E)
) SR AW K, KR AT IR R S @ R R HER . i,
BRI A2ERIE 10% AL, SEALA T AAREF Y, RSVE—Fk 3
RAFERHRNAR 7, AR L ER I E SR A, ek 1 LT
JUL T EEF N —, (URTIER, HETE X RSVEESA ARG 5P i i
Poix = ISARS-CoV2 45| ) COVID-19 KifitfT, AUAASE T AR
AR, WA EIRETT A TRIEE A, HRRE, JETRE, TR
LM ZE 0 A E A E > — SARS-CoV2 L] 5] E4HAEE A 4
TSN, SIS BUNER . MEERAN ZAY AR B 311
TR ZRHEBILE T 95 15 753 YA LU0 O R R T B AR

Nz (hWMPV) 25 iliid ) Metapneumovirus J& i i 571, 2 Bl R BE R

\In

Jiti 3 28I o 4 S Ao B IR SRR [R] WP IR 235 6 AIE Y 41 ) L P T
AR B, W RS T IR JE RS B iy i EE A, hMPV  FRA
RNAZ )Y, HELHNAZ 3'-N-P-M-F-M2-SH-G-L-5', 1t 8 ALK, R[4ih5 O FieA [
MEE B 5K, hMPVE—Fh BRI, B2 T 5 BT LH,
NRLARD PR, XEWRE t B IR ESRE S R 18 B ViRt A2
I RAPT2e HE R AR SOIERIIE R AN /P T s R B fE R F %, hMPV
SRS FE R R GRIEE . BRSO B ATTRE R EIEIE R i 2 2

AHAENTEPHAT R T 70 4, FRFREAE T IGE RGeS T RYhMP VT

52



HRBER R LR AL AW

MM 1.5%F) 43% AR5, FAa X 2R 53— R R E2RIE N, 5%
PAUFLEE Rl 1400 7 NEG0MPV, 60 75 AfERE, 1.6 52 AFET-T. 2022 4F
12 712023 £F 1 JIhMPVIEG B, 5. 4% A A 12%H 0-4 X7 LA
MEHhMPVERYEN T, ARt 2015 Aoty 2 Ak R —iZ s NI,
PRI RAEBE R LA 13%46 H ThMPVITL, SR7, —E LK, hMPVAY ™ E
M AR, HESGE YO R AR, Bk EhMPVAIRSVAA
PR IR R AR, AL Bt 2 SRR AAUIUE A8 K. T2, FLhMPVEE
BT GRS SRINT, 24 W TCA RO 25 AT R TIPS BR Y hMPV kg
XA XThMPV Y EALRE JE AR A Tt
2. IL-1BHYSRIR & H S R T R

HAME A =R-1p (IL-1B) 2 A EZAAM A, EERIET IR A% A
HaAE AR e M2 AR TR SN SRR, BETIREAIL-1P,
TEWTTE B BRI AT A U9 35 R BUIL- 17 AR 5 0 4k, TL-18
WAl DA HABANA SRS, Iy B4R TR AT A B 2k, (H 3
SRR 2 e AP HA SR BRI BAR “H S RAE™, FEIR TR
AT 240 L ) A R 20 BB RO TL- BTG PR TR QR R SRIMTIL- 1 B3 1 A2 21 7
A, A B A IR R B KRR TR Y IL- 1BRT A (pro-IL-1B) #24b°4
TEPEAAEIA o X i Rl LA I 22 20 R AR AN ANeEA T, Rl 2 i i
Hr AT 20 PRl T I Y R B A W DR A R 1 AR R 9 R

AR 7 (PAMPs) alid E g2 i _E YA GR A 24 (PRR) SRBITETE I

53



HRBER R LR AL AW

FIpro-IL-1BHT (A, T 9 5 2 ) Bk (X SR TR Y i o 3F— 25 RYPAMPEDAMP (f&5
O AR AR OS5 SR PEIL- 1853 1 B9 i LAN S e fE Mt f
ccaspase-1 35 RIL- 1B FIRE M I G B3R, pro-IL-1B 4 caspase-1 i, 1M
NLRP3 {JPYDZEHylal it 5 ASCHIPYDELE M HAEH], (it iEcaspase-1 HIBLTE -
—H.caspase-1 205 A, AARYIL-1 B2 TaUE 20 A H 43 Js>242

IL-1B7K-F AL 5 Z MR IRAS SR, HIr @ AU S ksl ieaite . 2
TR PRI AR X R R 2 R PEERER o2 2 R 5 B & S MR i G
B2, AEg TR, IL-1BRIERARR 2, REEMUE R T B 4 A A Va1
CFETPER AN AN BRI TS, B2 s LA o T i B 1
J1o VERGE RN AR A T, TL-1BHGATL-6+ 200 el [k B 43— 01 I 200 ML R B
G F B CRVRETE, R IR LS A 1 02 2 3 4 PR W R P 20 32 3 1) JE Ao
RO, @ RERYIL-1BFRIB AT LME E 4045, W/ s . 28T, TL-1BRikid 2 2o
SRR AT, WIS IN A RS RIAE T3 B, ARSI B35 A O LA A8 B8 X
HIEOL T, IL-1BAYKE A FTREVS & G2 B SR AR ARAE . Ak FEREAL . 2 1Y
BE PRI 52715 B, TL-1BIN 5 2248 Bk R i JORE I RE AR P il 4h, TL-
IBFERIE I & AN R e i i m B h . VENREICRE S, B35 7
RE DB LN 2 H B e MERAREIE R B R o 1 2 (AR RRERY
TR, TS ACEIIL-1BRESS (L HEBUE N D972k, AT S g iy & A7
R, SREEAE T AERFIL-1BAEIE G KCF, LA Hoas 2 S e R X . 52,

IL-1BAE Nt erh i isE WA O, BES ST BRI BB, da] RERC 2L

54



HRBER R LR AL AW

IR R AERIR R KB A R B, R T ARIL-1BRYIETTALE], IR HAELR
TBITHREBTEN AT, X T4 A\ R A B .
3. IL-1BFER B RS R A

(RS RE T, IL-1BRY AR S RBTR KRBT AT I I & 4R, BXE E R
P AR SRR AR D B R %, HAEMFGE R TR R R, &
P, VRN INE SR R 19 (K7, TL-1BAE P T 25 A ) A1 S A B sl e ey
W, GBS RN 5 SRR P RREN 2 SR, AR ARE i 5
T, S EPURTERIENE . TR ER B GGS FEH, NLRP3 4/ MAH 71
PAMPs il 2 TL- 1B F) Fe 28153 WA ) T RS T 378 s 2 R e R A0 B 2 42 7 A
AR B BB P, R, TL-1BRY I BRIk N I 15 th 1T RS 2K
PR T o 2 A S R R o e AR IL-1B AT LAS R G R SRAE S, S80S
B bR AR R W 2 AR SO e SRR SR BRSO, AT N B R
TR R G AR RE o I Ah, TL-1BE AT RESE A IR 0 B I e F 02 S o
— 5T, E R LR R S TA A ABANRATE AL, SRR R S S N
—J7H, AL 1BRIA AT RE S BB S, O S B B A R

S 252 T R R I B R 2 G B, TL- 1 BAE AN A 25 e R s R [ 1
. BN, HIHIIL-1BS2 (AT LA RER S VIR S 37 2E /NI B B S 451512 )
RS P FR A AR RO - 1B R A 50k 42 Y Bt S 2 5 | S ) IS ARRE e — R T
AR RO B TS B, AR 1B AR, A R 2 5 A9 s o A2 .25

Wb, FRUIL-1BZHINT i 2 A ] )5 i JE AH O 1 4 B0 oAl

55



HRBER R LR AL AW

BT, AR S rR R oA s RIIL - 1oL - 1B AT A 285000 2 FE AR 37 S 78 8 ¢ 11
IR JAE o SR, AMJRIE A INIL-1B AT L% cGAS-STINGAE 53 % 5 3 3K HY
FERGRENE, IIHNHIE SRR A SR Kk, H AT AE R IL- 1@ B AE
i BRI D 4R A s IR A HP . BRI TIE B IL- 1B A it cGAS-STING
B FmDNARE N UG SE R G 5. ZE5EES S T 2 MDNAN
RNAJ 5 [ & 1. SARS-COV-2 [ 1iF B AT L ificGAS-STINGI@ % , 1)
STING T J§i§£SARS-COV-2 LI ™ B RAE, SELRIET . 2 R Rk
fkiiG 18 (USP18) (13t 63 AT i cGAS-STINGI& f2 e 1t HH R I s 1 ek e
R EE 28 (PCV2) JRIIECGAS-STING(E 5, 5 FIFN-BIY~/E,
BRcGASFISTING, HI g/ Mk EAEPK-15 e #1535, {HcGAS-STING( 51
& FERMPV RS A VR i A T, IL- 1B -5 XhMPV B4 40 i P 75 4632 119 T ik
AT AL o

FEIt, ENFIGER R AT ISR, SRS IL- 1B FIB AT T 844

RAESNL S JEETR T BAT B EE Lo ARRHEFT] LARE— DR RIL-1BAEMFIGE

)

A

AR B AL, LAROT A BT XTTL-1BRY AR S 307 SR, O I

F
B AIBT IR TR AR B R i

56



HRBER R LR AL AW

[7]

[8]

[9]

&3 3k
Moriyama M, Hugentobler W J, Iwasaki A. Seasonality of Respiratory Viral
Infections [J]. Annu Rev Virol, 2020, 7(1): 83-101.
Cilloniz C, Pericas J M, Rojas J R, et al. Severe Infections Due to Respiratory
Viruses [J]. Semin Respir Crit Care Med, 2022, 43(1): 60-74.
Hutchinson E C. Influenza Virus [J]. Trends Microbiol, 2018, 26(9): 809-10.
Javanian M, Barary M, Ghebrehewet S, et al. A brief review of influenza virus
infection [J]. J Med Virol, 2021, 93(8): 4638-46.
Zheng L L, Li C M, Zhen S J, et al. A dynamic cell entry pathway of respiratory
syncytial virus revealed by tracking the quantum dot-labeled single virus [J].
Nanoscale, 2017, 9(23): 7880-7.
Jackson C B, Farzan M, Chen B, et al. Mechanisms of SARS-CoV-2 entry into cells
[J]. Nat Rev Mol Cell Biol, 2022, 23(1): 3-20.
Giovanetti M, Benedetti F, Campisi G, et al. Evolution patterns of SARS-CoV-2:
Snapshot on its genome variants [J]. Biochem Biophys Res Commun, 2021, 538:
88-91.
Neufeldt C J, Cerikan B, Cortese M, et al. SARS-CoV-2 infection induces a pro-
inflammatory cytokine response through cGAS-STING and NF-kappaB [J].
Commun Biol, 2022, 5(1): 45.
Haas L E, Thijsen S F, van Elden L, et al. Human metapneumovirus in adults [J].

Viruses, 2013, 5(1): 87-110.

[10] Uche I K, Guerrero-Plata A. Interferon-Mediated Response to Human

Metapneumovirus Infection [J]. Viruses, 2018, 10(9).

[11] Hamelin M E, Prince G A, Gomez A M, et al. Human metapneumovirus infection

induces long-term pulmonary inflammation associated with airway obstruction and

hyperresponsiveness in mice [J]. J Infect Dis, 2006, 193(12): 1634-42.

[12] Kikuta H. [Human metapneumovirus] [J]. Uirusu, 2006, 56(2): 173-81.

57



HRBER R LR AL AW

[13] Wang X, Li Y, Deloria-Knoll M, et al. Global burden of acute lower respiratory
infection associated with human metapneumovirus in children under 5 years in 2018:
a systematic review and modelling study [J]. Lancet Glob Health, 2021, 9(1): e33-
e43.

[14] Rafiefard F, Yun Z, Orvell C. Epidemiologic characteristics and seasonal distribution
of human metapneumovirus infections in five epidemic seasons in Stockholm,
Sweden, 2002-2006 [J]. ] Med Virol, 2008, 80(9): 1631-8.

[15] Uddin S, Thomas M. Human Metapneumovirus [M]. StatPearls. Treasure Island
(FL). 2023.

[16] Garcia-Garcia M L, Perez-Arenas E, Perez-Hernandez P, et al. Human
Metapneumovirus Infections during COVID-19 Pandemic, Spain [J]. Emerg Infect
Dis, 2023, 29(4): 850-2.

[17] Jain S, Williams D J, Arnold S R, et al. Community-acquired pneumonia requiring

hospitalization among U.S. children [J]. N Engl J Med, 2015, 372(9): 835-45.
[18] 5 a, S5, FhoK R, et al. 2018 4E 28 2021 4 M 1 X L2 S R IGE R AL

JFEARBSIRATAHRFE [7]. Fh et Qi Zeis, 2023, 41(2): 137-43.

[19] Piccioli P, Rubartelli A. The secretion of IL-1beta and options for release [J]. Semin
Immunol, 2013, 25(6): 425-9.

[20] Kaivola J, Nyman T A, Matikainen S. Inflammasomes and SARS-CoV-2 Infection
[J]. Viruses, 2021, 13(12).

[21] Yun J H. Interleukin-1beta induces pericyte apoptosis via the NF-kappaB pathway
in diabetic retinopathy [J]. Biochem Biophys Res Commun, 2021, 546: 46-53.

[22] Dinarello C A. A clinical perspective of IL-1beta as the gatekeeper of inflammation
[J]. Eur J Immunol, 2011, 41(5): 1203-17.

[23] Zhao C, Zhao W. NLRP3 Inflammasome-A Key Player in Antiviral Responses [J].
Front Immunol, 2020, 11: 211.

[24] Haneklaus M, O'Neill L A. NLRP3 at the interface of metabolism and inflammation
58



HRBER R LR AL AW

[J]. Immunol Rev, 2015, 265(1): 53-62.

[25] Fu J, Wu H. Structural Mechanisms of NLRP3 Inflammasome Assembly and
Activation [J]. Annu Rev Immunol, 2023, 41: 301-16.

[26] Gao P, Chen L, Fan L, et al. Newcastle disease virus RNA-induced IL-1beta
expression via the NLRP3/caspase-1 inflammasome [J]. Vet Res, 2020, 51(1): 53.

[27] Kaplanov I, Carmi Y, Kornetsky R, et al. Blocking IL-lbeta reverses the
immunosuppression in mouse breast cancer and synergizes with anti-PD-1 for tumor
abrogation [J]. Proc Natl Acad Sci U S A, 2019, 116(4): 1361-9.

[28] Lopez-Castejon G, Brough D. Understanding the mechanism of IL-1beta secretion
[J]. Cytokine Growth Factor Rev, 2011, 22(4): 189-95.

[29] Schuler C F t, Malinczak C A, Best S K K, et al. Inhibition of uric acid or IL-1beta
ameliorates respiratory syncytial virus immunopathology and development of
asthma [J]. Allergy, 2020, 75(9): 2279-93.

[30] Kim K S, Jung H, Shin I K, et al. Induction of interleukin-1 beta (IL-1beta) is a
critical component of lung inflammation during influenza A (HIN1) virus infection
[J]. J Med Virol, 2015, 87(7): 1104-12.

[31] Aarreberg L D, Esser-Nobis K, Driscoll C, et al. Interleukin-1beta Induces mtDNA
Release to Activate Innate Immune Signaling via cGAS-STING [J]. Mol Cell, 2019,
74(4): 801-15 e6.

[32] Bent R, Moll L, Grabbe S, et al. Interleukin-1 Beta-A Friend or Foe in Malignancies?
[J]. Int J Mol Sci, 2018, 19(8).

[33] Ni G, Ma Z, Damania B. cGAS and STING: At the intersection of DNA and RNA
virus-sensing networks [J]. PLoS Pathog, 2018, 14(8): €1007148.

[34] Tang L, Liu X, Wang C, et al. USP18 promotes innate immune responses and
apoptosis in influenza A virus-infected A549 cells via cGAS-STING pathway [J].
Virology, 2023, 585: 240-7.

[35] Huang B, Zhang L, Lu M, et al. PCV2 infection activates the cGAS/STING signaling

59



HRBER R LR AL AW

pathway to promote IFN-beta production and viral replication in PK-15 cells [J]. Vet

Microbiol, 2018, 227: 34-40.

60



	英汉缩略语名词对照
	摘要
	ABSTRACT
	前言
	第一部分 IL-1β促进人偏肺病毒的感染
	1 材料与方法
	2 结果
	3 讨论
	4 小结

	第二部分 IL-1β通过c GAS-STING调控人偏肺病毒感染的机制研究
	1 材料与方法
	2 结果
	3 讨论
	4 小结

	研究的不足之处
	全文总结
	参考文献
	文献综述 IL-1β在病毒感染中的研究现状
	参考文献


