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Abstract: Mycobacterium tuberculosis (Mtb), the pathogen of tuberculosis (TB), threatens the
health of millions of people worldwide. The pattern recognition receptors (PRRs) including DNA

and RNA sensors on immune cells recognize the invaded Mtb to activate the innate immune
system and induce the production of interferon-beta (IFN-). IFN-B is a major effector cytokine in
innate antiviral response, while its role in the host response to Mtb infection remains controversial.

IFN-B induced by Mtb can promote bacterial growth and improve the bacterial survival in the host.
However, IFN-B treatment before Mtb infection can protect the host from bacterial infection.
Focusing on the PRR signaling pathways that can recognize Mtb and mediate the IFN-§ production,

this review expounds the role of IFN-B in mediating the regulation of immune function by Mtb,

especially the mutual inhibitory effect between IFN-B and IL-1f, aiming to reveal the pathogenic
mechanism of Mtb and facilitate future research and development of anti-TB drugs.
Keywords: Mycobacterium tuberculosis; IFN-B; signaling pathway
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NF-xB)J#E , 5301 BT Z (interferon, IFNs)
FERFIk DA S AR R 7742 . TFN-B J2& 1 Y
IFNs AP — 5%, 15 R ZH0n e b BA R
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Firp IFN-B ST A A T4 s, B 52
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. I, IFN-B 25 Mtb 15 dkaEpL it
UTAE M ST — P EE B4, VR A T R 255
REOAT B o R (5 58 R 5 5 IFN-B 724 I
IFN-B e G R W EAER,, BB T4
BT RNRTY , NS ERIR YT 20 T kSR
BB

1 SHAOBATEE FIFN-BE 5
SR e
1.1 ¢GAS/cGAMP/STING i&1&
BRI T - % 17 R & B (cyclic guanosine
monophosphate-adenosine monophosphate synthase,
cGAS)Z 4 LT i) DNA JRSZ 2%, Al LAk
FREE . AN ORI . U AL Ron R iy
X% DNA (double strand DNA, dsDNA), c¢GAS
PO F) dsDNA J5, Al DML PR IR IR 17 - 15
2 (cyclic guanosine monophosphate-adenosine
monophosphate, cGAMP)J =41, 1fij cGAMP
534 & KL B K F (stimulator of interferon
genes, STING)45 4 f51/5F STING KA RN
A%, HEWTHGE TR IRF3UUAT NF-«BU?, %
S 1 BB MR H =AU E
FEERWE R, cGAS BUIARREIEIASE , vt
Pt cGAMP Bk, JFi5F STING —RALMZH:
B, DAIMTSEIFN-B A1), 7E7E 32 40 s g 1)
], Z5AZ 00 BOFF I 25 B AR ESAT-6 73 R 4¢-1
(ESAT-6 secretion system 1, ESX-1)RE A Wi
W REHA R L B A B, X —ad RS e A
N BTSRRI AT T 1R DNA 248t 17 HE
AIFLZT, 2015 4F, Collins % . Watson % Al
Ablasser FFW I UESE ¢GAS 1] IR GIE54% 47
KT DNA, #1M5T STING/TBKI1 {55 il
FEADIEOE , X — i BT A B BSX-1
G U B GEMIR A /MRS TR R AE A A
i THP-1 &2/ E R4l BMDMs Hi,

cGAS I STING J [H i b 24 Al 385 LSS 4% 43 BT 1
Y520 IFN-B B EVEREAL. STING o r] LIEN
SRR A, SRR G PR A% R (cyclic
dinucleotides, CDNs) F #2185 STING?'!, fi ¢t
AHTRER IR IREEER P, 53X 2 PRI
oL, S5 WA o S PR 2 G A ) — b — A% TR
ML (disA 5 dacA, Rv3586, MT3692), Al
ATP 5 ADP 4L A c-di-AMP™, A ifij 3 1
STING-IRF i& &5 IFN-p 2423 [FIF,
B Rv3586 1] LLfd IFN-B Ik [#AK 80%, fHEFR
G 5 PR R FF R B IR AR SE [ cnpB W
IFN-B T 10 527, X — 255 550w i A& BUAR
2, 2012 4F Manzanillo 5 % Bl % Rv3586 %
T J T o B Tl 5 TR I A 52 i 45 A% 43 R FF T
V3B TFN-B A9 7=EP ) Kk, c-di-AMP Xt
& IFN-B REEAE I EA G WAk, 45t
SRR I FT DR SRR DNA 1R UOR i
1% cGAS {55, Wiens Z20F5Y &k I 4h 1%
SRR R SRR AR E MRS S IFN-B AU EE
JIARIR, X P22 5 54T DNA Joo%, 15 4ok
1A DNA BB X0 MitoQ & 2B A S e BT
AR, B AT DA R S5 A% S RO 5 R B Ak
K DNA (B K TEN-B 594 52, SR, 1A
NBFFERIT, BARGEAZ o ROFF B B, AT aE
i ¢cGAS F1 STING 55 IFN-B &3k T+, (H2TE
B cGAS B STING Jii , /N BUBRG L5 % 43 R T i
J& 1-3 N B RS R 5 8 A AN RARRL, HoAf
TR R, AR EE DL IR R #R AT B
54k, M cGAS-STING &2 AR kTG
W oy BT B IR (1 2L 5 EPY . X — 25t
Collins ZEF 7R cGAS Bitde /N AR T STINGE®
FHHF A= A (wild type, WT)/NEUHE %5 5 B G 45 4%
SYBFF R LB R BN RBE TR YY) X AT AR
JEH T 2 1525 FH AR R R R 1 A A [R] 1
A AR SR 22 5
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1.2 RIG-1/MAVS i&{Z

RIG-I-MAVS {5551 i & — P40 o g R
B RR BRI R G, Mo 5 R
(retinoic acid-inducible gene I, RIG—l)%ﬂ@?
S AL H R B 1 5 (melanoma differentiation
associated gene 5, MDAS)iH ! dsRNA #5015 5
HMR kA WE, HE SRR TUR RS S
#£ H (mitochondrial antiviral-signalling protein,
MAVS)H1 ¥ CARD Z5#38AH BEAE R, MAVS Fifi
JE G TBK1 A «b 7 -¢ (IxB kinase &, IKKe),
WIS IRF3 #1 IRF7, 5 NF-xB —& i
I BT R A AU 15 8 Rk B wr o
8K B PCV2 Al i1t RIG-1/MDA5-MAVS-IRF3
WARWES IFN- 72402 BR T RERS I B 8
RIG-1 #l MDAS ¢ iiF B ] iR 51 Z Fh 4 1 RNA,
R R A R B I A R Y R ] MR
FFAPO%5, 2017 4, Andreu %5313 25850 K
FE TR 2% e B A0 B 5 1% 22 S 6 DALl % 0 A
W, BB RS AT 5 RIG-1 Fll MDAS
Fik BT, IFREALT WSOV H T IFN-p k%
Fh 4l 25 )84 3L [H] (interferon-stimulated  genes,
ISGs)f 235 ETHP7 ., BfiJS, Cheng %P8 P4
WAy BoFF AT LAt SecA2 B H & RNA 15
FAf R, AR — i R A A ST BSX-1
53U BR8N AT W/ NVASTHE BT BRI 2
5T B 25 4% 53 AR T pol A F ppell 45 RNA 1]
5 RIG-1 #54, (HIFAS MDAS 454, i
% R MAVS/IRF7 {553 8% , 55 IFN-B 7™~
A, A, SEPAERDNRA L, MAVS™ /N EU
e G51% 03 RO IS RO A7 I () S 25 44, Ol
JIFE AT v 7 28 R I 2 U/ I YA TP Y TFN-B
W 5 8L, X — U B RNA (SR AR TE 73 A
FFA R F i R PEE AR IR, SR,
TR, B0 BOFF R RNA (U BETE A,
EWE4H 8 h F1 24 h J5HIF], 7RG 4 h)5
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FEARERINE s [FIFEHD, sIRNA Ik RIG-1 FI/sg
MAVS FAFZ MR Y 4 h J5 1 IFN-B 74 (H i
ik STING M| £ 33 IFN-p mRNA 7EEYL S5 4.
8. 24 h ¥ & TR, X UERH S5 5 RO T 7E Jk
et 0 2 F 2R i DNA B2 8511 9F RNA
JZAKFES IFN-B 72 AP i F LA R 45 R IF
WA 578 MDAS RS54 73 B0 R G 1 32 4 g
A XF IFN-B 7= A A E MR, DL K RNA 1% I 7 Jk
e % 32 40 B b A TR 52 TR Y 2, Ranjbar
AT BRI B TS . AR ABL, it
RCAT TR R e N Dt A B A A MR TR B W A
(monocyte-derived macrophages, MDM)Fl{£{{
208 THP-1J5, RIG-1 1 MDAS () mRNA /K-
S IFN-B RIXB R E BT, G5A% 50 RO m g
RIG-1-. MDAS-5§ MAVS-Ht4& THP-1 4/ 4 h
J&, AHRAHMLN FAFTE N, K] RNA (£
R TE R AT 25 4% o R AT R i AR B
1.3 HhigiE

6 R 400 fih & 3Z 4K 2 (triggering receptor
expressed on myeloid cells 2, TREM2)2&—F{i4)
SR IS B R T K, AR 5 40
MRSy . DNA . JIREE A AIBEAR ", Dabla %
RIEEZ I HAT AT 5 B g 48 il b ) TREM2
454, SEC STING MOk TREM2 ik b
P, MImAERE IL-10 A1 IFN-B 897745, 1 IFN-p
TR i TPl 14 4 (reactive oxygen species,
ROS) I 4 Kl 0y 72 A=, I 40l 5 ik 24 fifa 3
T, DT B85 4% 53 AR B 70 440 L DY ) 075
EFF; [IE, REBR TREM2 # THP-1 Zifg+h
IFN-B /K0 25 R, S54% 43 B0FF B 0 42 il 7
fAGR W MRE, Mid Rk TREM2 ) THP-1
ffLrh IFN- KPR BJF, HE5E BT E
1 52 TR T A B 2 B T,

JH 5T P A% R 4G 6 S R 4 I8 (nucleotide-
binding oligomerization domain, NOD)& [t /&
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—Fp A AR 2k, R NOD2
ST AN T G P 1 G B =R A2 A, AT E
TH 1) 4 TR I BE B 43 43 F i BE B — IK (muramyl
dipeptide, MDP)/\ SO &5 572161k, M
MPESE R A R G AR ZAEA™. 2009 4,
Pandey 55 & ME5# 0 SiAFA BY) MDP A] DL g
NOD2/Rip2 15, % TBK1/IRFS {55 i %15
S IFN-B F2A M, ) — RS IR (1 Toll FEAZ 1A
(Toll-like receptor, TLR)t, ] LR I 45 4% 40 A AT
W5y, TLR4 AT 22 GV i iR 2
Wi, FELE A BT TR SR 5 441 6 o ] DA
TLR4 5, ANYATEEE MyD88 &/ F 1fH
SAERIFFHEF TR PN 097 A, AT DU R0
TRIF 755 IRF3 ik M 75 5 TFN- 77 A4: P54,
PidRiA, C RUEEHE K Z KR (C-type lectin receptors,
CLRs)W AT M E5Z B A, IF75% B i)™
Az TR TFN FIBG 58 DCs F A T TEN S i 14647
WUEE RNA A A 8 1 4B (RN A -dependent
kinase, PKR)iE 42 /& M 37 T RIG-1/MAVS i 12 A]
P dSRNA () —Ff RNA {48 %%, 5 dsRNA %%
SRS, BOE R PKR 8 1 BERR 1L Sers51 &
BTG RN BB ST, AT B B R B S
B IE AR, AN 22 345 0 A B PO (mitosolysis
activates protein kinase, MAPK)i& %%, FH 5%
IFN-B LTSN B R, 2545 o R iT p ek e
THP-1 4015 2558 PKR mRNA Fi KT+
w, MIES elF2a BfERILA IFN-B j=A4, 1
PKR 52 ) 3 B0 A P9 45 4 A R AT 1 A K B
BB %25 5 RIG-1/MAVS 945 58—,
gE LTIR, GEAK A3 BRI i AT B e
g ZFP PRRs U, i DNA fil RNA 4§
Z %55 AR IFN-g = £ (B 1), HHERIIE
VA SCHR FR Ge e 18 K 2215 538 I 1] 2 5 A7 E A8
HAER, AU Cheng S5 H S5 8% 0BT TR 6 ik
B &t DNA ##Hh ¢GAS/STING {5 5

5T IFN-B 72E, S RNA @& H
RIG-1/MAVS/IRF7 {5 5l 17 5 IFN-B =240,
EHALIFES TEN-B 7= A 915 538 I =2 0] 2 7547
FEARBAE FH DL B G54 43 BOFF TR R 28 5 53 2
LY IPN-B AR RANERE, ik, 25800k
FF D B f 14175 5 0 0 28 1) AR B o B 5
IFN-B 7= A i AR R T R AR ST

2 IFN-B EZ&M A BATHEREH
Ky 1E

2.1 IFN-B E&EZ A BATE R HIETER

IFN-B E—Fh Z 8N 7, v 7EZ Fl
e AR YL s P A I EE . AN AR A s
S 3 e R R IO R S g R 2 R G
HEEMIER . IFN-B BT 2 MG e I/ 15 76 A
FEIG TR Y B AR B ST oY, (HR HAE 2
PR R TR A S e VR A SR U il R A= i
o TR e e TT O  A0 MRE TFN-B I S
ISG, J“AEPLEIER, B2 05T R/ R
WA IFN-B I SPUHAE I L, A
IFN-B Al iF 2= T ReAT e, HAE IFN-B 6k
P/NFARN AT P~ A8 2 1) IFN-y, AT 3G 5 HT
BEAE B, Bouchonnet 25 (A 9Y 45 LK,
A BOFFIRAE TFN-B T4 R A B 0 40 i onT LA
REME A GWAESR, Xk — R
IFN-B HAEREIEACY, A 2 2 £ 4525
ROAT B Gy v] LL3d 3 i 5T DNA Fil RNA ig1215
FIFN-B 724, HHABANGR AL, S5
W AR AT R A 327 A 1 TFN-B RIS s AR

fis P A A 0B IR /N BURIA B a2 i
TILRRM, AT A BT E A e

S IMIEN 742, R IEN-B #7724 AT RE 5 20k
FFEE 75 0 AR 8 5 s 32 5 il A e 201 Bk
IFN-B J2& 75 i 2 45 4% 9% O w DL 4 A 58 27
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, | Mycobacterium
tuberculosis. .
v 4 P | N R | : &

TREM"I
/CISDNA )( )( )' _' 1
cGAS : VA\VA\R
/ MyD88 TRIE MDAS {

eov @ 1 GAmP m SO \ \
nsor:

\ [ RIP2 / dsRN w
SHP2. ]

ST]NS: l i w
&
l TB&]& \ J 1
.:T X s i TBM IKKe
)%l T @eIF;;t

l IRF?A‘
: = —_— -
= = |
/\ Nucleus
e

y eV ANY AV /A /A /AN f TYPC“FN

1 HROBATEREES IFN-p “ERESEEE  cGAMP: IR -ZHMR; cGAS: ik
BRIRAT- SR G ; DCIR: BIZCARANMESREZ IR ; dsDNA: XUk DNA; dsRNA: XU RNA; elF2a: H
R IR T 205 ESX-1: ESAT-6 /M 7 %t-1; IKKe: Ixb #fiff-¢; IRF3/5/7: THLEIFITE T 3/5/7; ITIM::
WP AR ERRINTIER ; MAVS: ZERATURTEE S E R ; MDAS: BEFMOUHKCER 5; MDP: il
RERE K, MyD88: Bkt LT 88; NF-«xB: #%[HF xB; NOD2: 1‘713“@5sz:( REEMEL 2; PKR: M
fE RNA OB EE 0 RIG-1: ALe i ys AL ; RIP2: M EAEHEN 25 SecA2: HiBIENSY
WERSE; SHP2: Src [ 2 A5HIEE MBS Z MR PR ; STING: THRFRIEFRFA 75 TBK1: TANK 53
W 15 TLR4: Toll #3214 4; TRAF6: MIEIRILIN T2 AT 6; TREM2: i Z 41l % 3214 2
Figure 1 Diagram of signaling pathways for IFN-B production induced by Mycobacterium tuberculosis.
cGAMP: Cyclic GMP-AMP; cGAS: Cyclic GMP-AMP synthase; DCIR: Dendritic cell immune receptor;
dsDNA: Double-stranded DNA; dsRNA: Double-stranded RNA; elF2a: Eukaryotic initiation factor-2a;
ESX-1: ESAT-6 secretion system 1; IKKe: IkB kinase ¢; IRF3/5/7: Interferon regulatory factor 3/5/7; ITIM:
Immunoreceptor tyrosine-based inhibitory motif;, MAVS: Mitochondrial antiviral-signalling protein; MDAS:
Melanoma differentiation associated gene 5; MDP: N-acetyl-muramyl dipeptide; MyD88: Myeloid
differentiation factor 88; NF-xB: Nuclear factor kappa-B; NOD2: Nucleotide-binding oligomerization
domain 2; PKR: Double RNA-dependent kinase; RIG-I: Retinoic acid-inducible gene I; RIP2:
Receptor-interacting protein 2; SecA2: An auxiliary protein secretion system; SHP2: Src homology 2
domain-containing protein tyrosine phosphatase; STING: Stimulator of interferon genes; TBKI:
TANK-binding kinase 1; TLR4: Toll-like receptor 4; TRAF6: TNF receptor associated factor 6; TREM?2:
Triggering receptor expressed on myeloid cells 2.

P4 actamicro@im.ac.cn, & 010-64807516



WA | MEYER, 2024, 64(2)

337

2, HHLK IFNARD Sl 18 IFN 2R A
AT/ B S % 50 B TR Y™ Zhang 45
MRFsE S5 ALK, IFNARD 2848800 1 7
IFN {55900 1T R AR\ 2 R 2 A ) AR
TN, BRI R R 3 T Rv3722¢ )
I IR FE IR T Z R VE R ¥ 3 (tumor necrosis
factor receptor-associated factor 3, TRAF3)4HH.
Y FI BT MAPK 1 NF-xB il %, 3 IFN-p %
K ER, A IL-1B. IL-6. IL-12p40 FI
TNF-a RBEREFM, LS 0 B w7e
BRI AR TR, RPR TRAF3 JE4f
L A 235 4% 03 SR T AT SRR AR, i — 2Pk )
IFN-B XSS5 S e 4 9 ) AR A B e ik
PEFIPY SR, 7653 BT T 280 A X A 1 195
BT, 554 28 1 IFN KPR AT RES |
RAE EARAP BN, DT oA S B 52 20 A Y 4%
FPN GRS BT B R
BMDM #iiJfl 5 i IFN-B b3, w] 53— AL A
A1 2 (nitric oxide synthase 2, Nos2)F1 NO #zik i
& EIb, DNITTHG SR TE F XS5 R A T
REACAE N B AA0E R ERA M R4 RS
ESX-1 ] MR P R0 X S5 2 o0 BT TR B 1 £
PYER, HaxX Mg s g PR3 4R 515 S/ TFN-B
BEINA OGP Madhvi 45 (B 5T 45 R A R T,
IFN-P b BES R 0 BT IR THP-1 4] I
WTPL 75719 DU IKEE & 8 M (interferon-induced
proteins with tetracopeptides, IFITs)f 31k, Ifi
IFITs FY i 2305 1T [GATR TR 24 S F R AR MRS
X FERA SRR BRiCT IFN-B 72
BERZ O R P A RLRI AT B i, HAESS
R b i BAARAE FRAIL R A 752 58 2 YIS EIER
2.2 IFN-p 5 IL-1p EE% D AT E RS
PR EFEIER

BRI 45 R R, A 3 ROAT v S g B
A AT IS NLRP3 fIl AIM2 RAE/MA, 5T

caspase-1 BIVIFN IL-1B 400%™ ke, 254%4)
KOFF R YL T 0S5 IFN-B 2B LIAh, tin]
DL NLRP3 A AIM2 RAPE/MA, FF51E IL-18
FIIL-18 43000 IL-1p #EIE B 2 55 KA vh ik
PULE R BT R YL 1 R B L IR 7, AT o
SR ROFE R RS M, I i I AN P B R
el RAMIFFE R, 255 AT B IR
W40 2 L NLRP3 48 A /MK 1Y 7 i S
IL-1B 43, TIANBEFRERD] IL-1B By A2
57 F NLRP3 RAE/MAR); F35b, AIM2 BFE/N R
HIBFFEA R R, B AIM2 /N2 5 32 45
A RFT B, JRAERE IL-18. TL-18 A A
Thl GBE I 3211, WFoEas &8, TIFN-B nf
P NLRP3 (a2 IL-18 774, — 51 1 Y
IFN {551l STAT1 %5t H+#0ifi NLRP1 il
NLRP3 RIE/AIMARIEM:, MM caspase-1 4K
HPEIL-1B BB ; o5 — T 178 IFNJf i STAT1
WA 5T 1IL-10 4398, A4 1L-10 i
STAT3 [&AK pro-IL-1p FY/= &, M IL-1B
TR R IL-1B 40 eI 5 25 A R T T Uk
Yedr (10 5 BAERE AR SE Y, bah, 7E BT
UG AR, IFN-B 55 B AT 230 IL-1B
Fhes, [RIF IFN-B 2 A /N B 2Rl
FEBBRRET, /N B 20 T 28 2 2 AR
Dorhoi 25t & B, #L= IFNARI A/ BUIE R L 45
53 BOFF B IS FE T 3 AR OO i 24 % Jn &0
IFN-B I, 25T B sl b o BT 1 B gk e
BMDM j=A: (1) IL-1B &9 D, 454 40 Rk i
TR 114 /)N R 0 2 300 1 I 6 L1 OO o B A R 2
PR LTS DR gE R R IFN-B AT
il IL-1p Rk, WIETH /R T IFN-B A5
il RO 240 PR A A

R, IL-1B W] ZFaEsif] IFN-B =
Az, Yan SERIREAZ M RGNS, AIM2-IL-16
WAEH) ASC 15 STING AHH.EFBHET TBKI1
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55 STING 454, MM iE#EE STING-IFN-B i&
e, A IFN-B 7417, siRNA #ifik AIM2 /5,
IFN- Fiki & bJb, i —25ii] AIM2 3

i TBKI-IRF3 {55155, MIi#li| IFN-B (147
A, T caspase-1 46 ) 522 IFN-B 2635 FFH,
R 2R AR PR R A A S A TL-18 ]

cGAS-STING-TBK1 i 41|l IFN-B /4=, IL-1B
L G AKT RFRIR cCGAMP ik, Ml
STING-TBKI-IRF3 i, Fhil IFN-B 7=,

IFN-B 5 IL-1p 38 % =[] (o AH FLAE 78 20 DR ek g
P REREEAEME 2), MEFIH IFN-B >k

==

B T e T R e e e a T a TR adenan

WX IFN-B A HoA A E R A IL-18 tunl
AT 5o 38 5 S A8 AR BRZE NG i/ o, AN 4 i R
E2 (prostaglandin E2, PGE2)AJ/=E kA0 IFN-B
(- I ANEEAZ AT BT IR SRS ThAh, E4rAL
FFAERYLE], caspase-1 Fl#EISHIH] cGAS k]
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TBKI1: TANK-binding kinase.

P4 actamicro@im.ac.cn, & 010-64807516



WA | MEYER, 2024, 64(2)

339

b8 FE 0B PR AE O A B A
IL-1B A ST S A R TP SR S,
HZ Bl S HUAE FH BB 8% (58 AL AA XS 40 581 19 52 i A
Sl TN A B s, H AR
KA, 755 IFN-B Hl pro-1L-1p Z [0] {)~F-fi Al L)
TRE e 2 IL-18 1KF, FFE—EfRE Lk
IR NIUE e

3 RgERE

EY PAp e 2 s A R AR R e
Y, R EREE — RAB Y <R T,
FEE R A ER A BT HET, R X
SRR AT B T RAE T SR —
TERPLEE G, (DI 250k A B A
W AL RE TG YT 2 24k o TFN-B 25 T B T3 E 4
WEI 2 5 S50 00 KO A S 110 S92 6 R AL
P — 2 R LB E S IFN-B {5 538 i
WA B AILR DLR 122 3 I A A AR  rh R FE A
FABLA, ASURT LAA BIF 5 45 4% 43 BT BT H 928 106
WAL S BEERIE FE R, A T AR T 45 A
PEHEH RN . IbAh, S5O RRT E AE IR et
T2 AN AU A/ IMAS DA T IR 428 TL- 1B B 43300
AT 3 B U Z AR S IFN-B =4, T
IL-1B F1 IFN-B 7E1E FHCHEEAZAT RG-Sk
PR FEAEGRYER, AP Z IAEERS L,
X SV E AT RedeE TR e m U, Bl
FII 98 15 A 2 6 E T 25 A B I AR A B
B ST F o A T e {5 S, M
AR Je VT AN [R5 30 1 22 1] 7 B A o 2 1
SO, PR, TR TR T AT A A AT B R
(A DR AP i S AR PR M a2 SN, TRA
BEE 2 PG SO0 A A S FS BUALS] X
RATTIEERLIR BT IR il B OC 2

S 30k

[1] HOUBEN RMGIJ, DODD PJ. The global burden of
latent tuberculosis infection: a re-estimation using
mathematical modelling[J]. PLoS Medicine, 2016,
13(10): e1002152.

[2] TIEMERSMA EW, van der WERF MJ, BORGDORFF
MW, WILLIAMS BG, NAGELKERKE NJD. Natural
history of tuberculosis: duration and fatality of
untreated pulmonary tuberculosis in HIV negative
patients: a systematic review[J]. PLoS One, 2011, 6(4):
e17601.

[3] BAGCCHI S. WHO’s global tuberculosis report
2022[J]. The Lancet Microbe, 2023, 4(1): €20.

[4] World Health Organization. Global tuberculosis report
2022[EB/OL]. World Health Organization, 2022.

[5] SNYDER DT, HEDGES JF, JUTILA MA. Getting
inside type I IFNs: type I IFNs in intracellular bacterial
infections[J]. Journal of Immunology Research, 2017,
2017: 9361802.

[6] TRAVAR M, PETKOVIC M, VERHAZ A. Type I, 1,
and 1II regulating
Mycobacterium tuberculosis infection[J].

interferons: immunity  to

Archivum
Immunologiae et Therapiae Experimentalis, 2016,
64(1): 19-31.

[71 MALIREDDI RKS, KANNEGANTI TD. Role of type
I interferons in inflammasome activation, cell death,
and disease during microbial infection[J]. Frontiers in
Cellular and Infection Microbiology, 2013, 3: 77.

[8] MANCA C, TSENOVA L, BERGTOLD A,
FREEMAN S, TOVEY M, MUSSER JM, BARRY CE
3rd, FREEDMAN VH, KAPLAN G. Virulence of a
Mycobacterium tuberculosis clinical isolate in mice is
determined by failure to induce Thl type immunity and
is associated with induction of IFN-alpha/beta[J].
Proceedings of the National Academy of Sciences of
the United States 2001, 98(10):
5752-5757.

[91 ZHANG GL, DEWEERD NA, STIFTER SA, LIU L,
ZHOU BP, WANG WF, ZHOU YP, YING BW, HU
XJ, MATTHEWS AY, ELLIS M, TRICCAS JA,
HERTZOG PJ, BRITTON WIJ, CHEN XC, FENG CG.
A proline deletion in IFNARI impairs IFN-signaling

of America,

and underlies increased resistance to tuberculosis in

humans[J]. Nature Communications, 2018, 9(1): 85.
[10] WU JX, SUN LJ, CHEN X, DU FH, SHI HP, CHEN C,

CHEN ZJ. Cyclic GMP-AMP is an endogenous second

http://journals.im.ac.cn/actamicrocn



340

HUANG Bei et al. | Acta Microbiologica Sinica, 2024, 64(2)

(1]

[12]

messenger in innate immune signaling by cytosolic
DNA[J]. Science, 2013, 339(6121): 826-830.

LIU SQ, CAI X, WU JX, CONG Q, CHEN X, LI T,
DU FH, REN JY, WU YT, GRISHIN NV, CHEN ZJ.
Phosphorylation of innate immune adaptor proteins
MAVS, STING, and TRIF induces IRF3 activation[J].
Science, 2015, 347(6227): aaa2630.

ABE T, BARBER GN. Cytosolic-DNA-mediated,

STING-dependent proinflammatory gene induction
necessitates canonical NF-kB activation through
TBK1[J]. Journal of Virology, 2014, 88(10):
5328-5341.

CAI X, CHIU YH, CHEN ZJ. The ¢cGAS-cGAMP-
STING pathway of cytosolic DNA sensing and
signaling[J]. Molecular Cell, 2014, 54(2): 289-296.
BMETE, VPEREE, TR, BB, REWE, Hig.
1 3 cGAS-STING {5 51 B 42 AL i W 58 2k J (1]
P ] 9 97 B R 24, 2022, 44(12): 1344-1351.

HU YP, XU JX, XU AH, CHENG CY, SONG HH,
YANG Y. Recent the
mechanism of host cGAS-STING signaling pathway[J].

advances in regulation
Chinese Journal of Preventive Veterinary Medicine,
2022, 44(12): 1344-1351 (in Chinese).

HUANG B, ZHANG LL, LU MQ, L1JS, LV YJ. PCV,
infection activates the cGAS/STING signaling pathway
to promote IFN-f production and viral replication in
PK-15 cells[J]. Veterinary Microbiology, 2018, 227:
34-40.

van der WEL N, HAVA D, HOUBEN D, FLUITSMA
D, van ZON M, PIERSON J, BRENNER M, PETERS
PJ. M. tuberculosis and M. leprae translocate from the
phagolysosome to the cytosol in myeloid cells[J]. Cell,
2007, 129(7): 1287-1298.

HOUBEN D, DEMANGEL C, van INGEN J, PEREZ J,
BALDEON L, ABDALLAH AM, CALEECHURN L,
BOTTAI D, van ZON M, de PUNDER K, van der
LAAN T, KANT A, BOSSERS-de VRIES R,
WILLEMSEN P, BITTER W, van SOOLINGEN D,
BROSCH R, WEL N, PETERS PJ.
ESX-1-mediated translocation to the cytosol controls

van der

virulence of mycobacteria[J]. Cellular Microbiology,
2012, 14(8): 1287-1298.

COLLINS AC, CAI HC, LI T, FRANCO LH, LI XD,
NAIR VR, SCHARN CR, STAMM CE, LEVINE B,
CHEN ZJ, SHILOH MU. Cyclic GMP-AMP synthase
is an innate immune DNA sensor for Mycobacterium
tuberculosis[J]. Cell Host & Microbe, 2015, 17(6):

<l actamicro@im.ac.cn, & 010-64807516

[20]

[21]

820-828.

WATSON RO, BELL SL, MacDUFF DA, KIMMEY
JM, DINER EJ, OLIVAS J, VANCE RE, STALLINGS
CL, VIRGIN HW, COX JS. The cytosolic sensor
c¢GAS detects Mycobacterium tuberculosis DNA to
induce type I interferons and activate autophagy[J].
Cell Host & Microbe, 2015, 17(6): 811-819.
ABLASSER A, DORHOI A. Inflammasome activation
and function during infection with Mycobacterium
tuberculosis[M]//Current Topics in Microbiology and
Immunology. Cham: Springer International Publishing,
2016: 183-197.

BURDETTE DL, MONROE KM, SOTELO-TROHA K,
IWIG JS, ECKERT B, HYODO M, HAYAKAWA' Y,
VANCE RE. STING is a direct innate immune sensor
of cyclic di-GMP[J]. Nature, 2011, 478(7370): 515-518.
BAI YL, YANG J, ZHOU X, DING XX, EISELE LE,
BAI GC. Mycobacterium tuberculosis Rv3586 (DacA)
is a diadenylate cyclase that converts ATP or ADP into
c-di-AMP[J]. PLoS One, 2012, 7(4): €35206.

DEY B, DEY RJ, CHEUNG LS, POKKALI S, GUO
HD, LEE JH, BISHAI WR. A bacterial cyclic
dinucleotide activates the cytosolic surveillance
pathway and mediates innate resistance to
tuberculosis[J]. Nature Medicine, 2015, 21(4):
401-406.

WOODWARD JJ, IAVARONE AT, PORTNOY DA.

C-di-AMP  secreted by Listeria
monocytogenes activates a host type 1 interferon
response[J]. Science, 2010, 328(5986): 1703-1705.
LOUIE A, BHANDULA V, PORTNOY DA. Secretion
of c-di-AMP by Listeria monocytogenes leads to a
STING-dependent
enterocolitis[J]. Infection and Immunity, 2020, 88(12):
¢00407-20.

FAHMI T, FAOZIA S, PORT GC, CHO KH. The
second messenger c-di-AMP regulates diverse cellular
biofilm
formation, cell wall homeostasis, SpeB expression, and
virulence in Streptococcus pyogenes[J]. Infection and
Immunity, 2019, 87(6): e00147-19.

YANG J, BAI YL, ZHANG Y, GABRIELLE VD, JIN
L, BAI GC. Deletion of the cyclic di-AMP
phosphodiesterase gene (chpB) in Mycobacterium

intracellular

antibacterial response  during

pathways involved in stress response,

tuberculosis leads to reduced virulence in a mouse
model of infection[J]. Molecular Microbiology, 2014,
93(1): 65-79.



o

& | AR, 2024, 64(2)

341

(28]

[30]

[33]

MANZANILLO PS, SHILOH MU, PORTNOY DA,
COX JS. Mycobacterium tuberculosis activates the
DNA-dependent cytosolic surveillance pathway within
macrophages[J]. Cell Host & Microbe, 2012, 11(5):
469-480.

WIENS KE, ERNST JD. The mechanism for type I
interferon induction by Mycobacterium tuberculosis is
bacterial strain-dependent[J]. PLoS Pathogens, 2016,
12(8): €1005809.

MARINHO FV, BENMERZOUG S, ROSE S,
CAMPOS PC, MARQUES JT, BAFICA A, BARBER
G, RYFFEL B, OLIVEIRA SC, QUESNIAUX VFI.
The cGAS/STING pathway is important for dendritic
cell activation but is not essential to induce protective
immunity  against Mycobacterium  tuberculosis
infection[J]. Journal of Innate Immunity, 2018, 10(3):
239-252.

REHWINKEL J, GACK MU. RIG-I-like receptors:
their regulation and roles in RNA sensing[J]. Nature
Reviews Immunology, 2020, 20(9): 537-551.

HUANG B, LI JS, ZHANG XC, ZHAO QL, LU MQ,
LV YJ. RIG-1 and MDA-5

contribute to IFN-B production and viral replication in

signaling pathways

porcine circovirus virus type 2-infected PK-15 cells in
vitro[J]. Veterinary Microbiology, 2017, 211: 36-42.
ABDULLAH Z, SCHLEE M, ROTH S, ABU
MRAHEIL M, BARCHET W, BOTTCHER J, HAIN T,
GEIGER S, HAYAKAWA Y, FRITZ JH, CIVRIL F,
HOPFNER KP, KURTS C, RULAND J, HARTMANN
G, CHAKRABORTY T, KNOLLE PA. RIG-I detects
infection with live Listeria by sensing secreted
bacterial nucleic acids[J]. The EMBO Journal, 2012,
31(21): 4153-4164.

LAGANA P, SORACI L, GAMBUZZA ME,
MANCUSO G, DELIA SA. Innate immune surveillance
in the central nervous system following Legionella
pneumophila infection[J]. CNS & Neurological
Disorders Drug Targets, 2017, 16(10): 1080-1089.
PARK B, PARK G, KIM J, LIM SA, LEE KM. Innate
Legionella pneumophila during
pulmonary infections in mice[J].
Pharmacal Research, 2017, 40(2): 131-145.

CHEOK YY, TAN GMY, LEE CYQ, ABDULLAH S,
LOOI CY, WONG WF. Innate immunity crosstalk with
Helicobacter pylori: pattern recognition receptors and

immunity against

Archives of

cellular responses[J]. International Journal of

Molecular Sciences, 2022, 23(14): 7561.

[37]

[39]

[41]

[42]

[45]

ANDREU N, PHELAN J, de SESSIONS PF, CLIFF
JM, CLARK TG, HIBBERD ML.
macrophages and J774 cells respond differently to
infection ~ with  Mycobacterium  tuberculosis[J].
Scientific Reports, 2017, 7: 42225.

CHENG Y, SCHOREY JS.
tuberculosis-induced  IFN-B
cytosolic DNA and RNA sensing pathways[J]. Journal
of Experimental Medicine, 2018, 215(11): 2919-2935.

RANIJBAR S, HARIDAS V, NAMBU A, JASENOSKY
LD, SADHUKHAN S, EBERT TS, HORNUNG V,
CASSELL GH, FALVO 1JV, GOLDFELD AE.
Cytoplasmic RNA sensor pathways and nitazoxanide
broadly inhibit intracellular Mycobacterium tuberculosis
growth[J]. iScience, 2019, 22: 299-313.

KOBER DL, BRETT TJ. TREM2-ligand interactions
in health and disease[J]. Journal of Molecular Biology,
2017, 429(11): 1607-1629.

WANG Y, CAO C, ZHU YT, FAN HF, LIU QJ, LIU
YT, CHEN K, WU YJ, LIANG SP, LI MY, LI LX,
LIU X, ZHANG YQ, WU CL, LU G, WU MH.
TREM2/B-catenin NLRP3
inflammasome-mediated macrophage pyroptosis to

Primary

Mycobacterium

production  requires

attenuates

promote bacterial clearance of pyogenic bacteria[J].
Cell Death & Disease, 2022, 13(9): 771.

DABLA A, LIANG YC, RAJABALEE N, IRWIN C,
MOONEN CGIJ, WILLIS JV, BERTON S, SUN 1J.
TREM?2 promotes immune evasion by Mycobacterium
tuberculosis in human macrophages[J]. mBio, 2022,
13(4): e0145622.

LEBER JH, CRIMMINS GT, RAGHAVAN 8§,
MEYER-MORSE NP, COX JS, PORTNOY DA.
Distinct TLR- and NLR-mediated transcriptional
responses to an intracellular PLoS
Pathogens, 2008, 4(1): e6.

PANDEY AK, YANG YB, JIANG ZZ, FORTUNE SM,
COULOMBE F, BEHR MA, FITZGERALD KA,
SASSETTI CM, KELLIHER MA. NOD2, RIP2 and
IRF5 play a critical role in the type I interferon
response to Mycobacterium tuberculosis[J]. PLoS
Pathogens, 2009, 5(7): e1000500.

STANLEY SA, JOHNDROW JE, MANZANILLO P,
COX JS. The type I IFN response to infection with
Mycobacterium tuberculosis requires ESX-1-mediated
secretion and contributes to pathogenesis[J]. Journal of
Immunology (Baltimore, Md: 1950), 2007, 178(5):
3143-3152.

pathogen[J].

http://journals.im.ac.cn/actamicrocn



342

HUANG Bei et al. | Acta Microbiologica Sinica, 2024, 64(2)

[46]

[47]

(48]

[49]

BENARD A, SAKWA I, SCHIERLOH P, COLOM A,
MERCIER 1, TAILLEUX L, JOUNEAU L,
BOUDINOT P, AI-SAATI T, LANG R, REHWINKEL
J, LOXTON AG, KAUFMANN SHE,
ANTON-LEBERRE V, O’GARRA A, SASIAIN MDC,
GICQUEL B, FILLATREAU S, NEYROLLES O,
HUDRISIER D. B cells producing type I IFN modulate
macrophage polarization in tuberculosis[J]. American
Journal of Respiratory and Critical Care Medicine,
2018, 197(6): 801-813.

TROEGELER A, MERCIER I, COUGOULE C,
PIETRETTI D, COLOM A, DUVAL C, VU MANH
TP, CAPILLA F, POINCLOUX R, PINGRIS K,
NIGOU J, RADEMANN J, DALOD M, VERRECK
FAW, Al SAATI T, LUGO-VILLARINO G,
LEPENIES B, HUDRISIER D, NEYROLLES O.
C-type lectin receptor DCIR modulates immunity to
tuberculosis by sustaining type I interferon signaling in
cells[J]. the
Academy of Sciences of the United States of America,
2017, 114(4): E540-E549.

BOU-NADER C, GORDON JM, HENDERSON FE,
ZHANG JW. The search for a PKR code-differential
regulation of protein kinase R activity by diverse RNA
and protein regulators[J]. RNA, 2019, 25(5): 539-556.
ZHANG LY, XIANG WP, WANG GL, YAN ZZ, ZHU
ZW, GUO Z, SENGUPTA R, CHEN AF,
LOUGHRAN PA, LU B, WANG QD, BILLIAR TR.
Interferon p  (IFN-B) production the
double-stranded RNA  (dsRNA) response in
hepatocytes involves coordinated and feedforward
through Toll-like receptor 3 (TLR3),
RNA-dependent protein kinase (PKR), inducible nitric
oxide synthase (iNOS), and src protein[J]. Journal of
Biological Chemistry, 2016, 291(29): 15093-15107.
DUSSURGET O, BIERNE H, COSSART P. The
bacterial pathogen Listeria monocytogenes and the
type 1,
Frontiers in

dendritic Proceedings of National

during

signaling

interferon family: type II and type III

interferons[J]. Cellular and Infection
Microbiology, 2014, 4: 50.

BOUCHONNET F, BOECHAT N, BONAY M,
HANCE AJ. Alpha/beta interferon impairs the ability
of human macrophages to control
Mycobacterium bovis BCG[J]. Infection and Immunity,
2002, 70(6): 3020-3025.

SHANMUGANATHAN G, ORUJYAN D,

NARINYAN W, POLADIAN N, DHAMA §,

growth of

P4 actamicro@im.ac.cn, 7 010-64807516

[53]

[54]

[56]

[57]

[58]

PARTHASARATHY A, HA A, TRAN D, VELPURI P,
NGUYEN KH, VENKETARAMAN V. Role of
interferons in Mycobacterium tuberculosis infection[J].
Clinics and Practice, 2022, 12(5): 788-796.
MAYER-BARBER KD, ANDRADE BB, OLAND SD,
AMARAL EP, BARBER DL, GONZALES ],
DERRICK SC, SHI RR, KUMAR NP, WEI W, YUAN
X, ZHANG GL, CAI Y, BABU S, CATALFAMO M,
SALAZAR AM, VIA LE, BARRY III CE, SHER A.
Host-directed
interleukin-1 and type I interferon crosstalk[J]. Nature,
2014, 511(7507): 99-103.

LEI YY, CAO XJ, XU WZ, YANG B, XU YY, ZHOU
W, DONG S, WU QJ, RAHMAN K, TYAGI R, ZHAO
SH, CHEN X, CAO G. Rv3722c promotes
Mycobacterium tuberculosis survival in macrophages
by interacting with TRAF3[J]. Frontiers in Cellular and
Infection Microbiology, 2021, 11: 627798.

BANKS DA, AHLBRAND SE, HUGHITT VK, SHAH
S, MAYER-BARBER KD, VOGEL SN, EL-SAYED
NM, BRIKEN V. Mycobacterium tuberculosis inhibits
autocrine type I IFN signaling to increase intracellular
survival[J]. The Journal of Immunology, 2019, 202(8):
2348-2359.

GROSCHEL MI, SAYES F, SHIN SJ, FRIGUI W,
PAWLIK A, ORGEUR M, CANETTI R, HONORE N,
SIMEONE R, van der WERF TS, BITTER W, CHO
SN, MAJLESSI L, BROSCH R. Recombinant BCG
of Mycobacterium marinum

therapy of tuberculosis based on

expressing ESX-1
combines low virulence with cytosolic immune
signaling and improved TB protection[J]. Cell Reports,
2017, 18(11): 2752-2765.

MADHVI A, MISHRA H, CHEGOU NN, BAKER B.
interferon-induced with
tetracopeptides  (IFITs)  reduces
growth[J]. Frontiers in Cellular
Microbiology, 2022, 12: 828439.
YANG Y, XU PP, HE P, SHI FS, TANG YR, GUAN
CY, ZENG H, ZHOU YS, SONG QJ, ZHOU B, JIANG
S, SHAO CY, SUN J, YANG YC, WANG XD, SONG
HH. Mycobacterial PPE13 activates inflammasome by
interacting with the NATCH and LRR domains of
NLRP3[J]. FASEB Journal: Official Publication of the
Federation of American Societies for Experimental
Biology, 2020, 34(9): 12820-12833.

YANG Y, ZHOU XM, KOUADIR M, SHI FS, DING

TJ, LIU CF, LIU J, WANG M, YANG LF, YIN XM,

Increased protein
mycobacterial

and Infection



o

& | AR, 2024, 64(2)

343

[60]

[61]

[62]

[63]

[65]

ZHAO DM. The AIM2 inflammasome is involved in
macrophage activation during infection with virulent
Mycobacterium bovis strain[J]. The Journal of
Infectious Diseases, 2013, 208(11): 1849-1858.

de ANDRADE FIGUEIRA MB, de LIMA DS,
BOECHAT AL, DO NASCIMENTO FILHO MG,
ANTUNES 1A, da SILVA MATSUDA J, de
ALBUQUERQUE RIBEIRO TR, FELIX LS,
GONCALVES ASF, da COSTA AG, RAMASAWMY
R, PONTILLO A, OGUSKU MM, SADAHIRO A.
Single-nucleotide variants in the AIM2-absent in
(rs1103577)
protection for tuberculosis[J]. Frontiers in Immunology,
2021, 12: 604975.

XImadE, SASe, FIEE. RAEMLESS o R A
S eh AR TS E R[], b 0 5t A 2 A
2019, 14(7): 857-859, 863.

LIU LT, WU LX, WANG GF. Advances in research on
the Mycobacterium
tuberculosis infection[J]. Journal of Pathogen Biology,
2019, 14(7): 857-859, 863 (in Chinese).

DORHOI A, NOUAILLES G, JORG S, HAGENS K,
HEINEMANN E, PRADL L, OBERBECK-MULLER
D, DUQUE-CORREA MA, REECE ST, RULAND J,
BROSCH R, TSCHOPP J, GROSS O, KAUFMANN
SHE. Activation of the NLRP3 inflammasome by
Mycobacterium  tuberculosisis

melanoma 2 gene associated with

role of inflammasomes in

uncoupled  from
susceptibility to active tuberculosis[J]. European
Journal of Immunology, 2012, 42(2): 374-384.
GUARDA G, BRAUN M, STAEHLI F, TARDIVEL A,
MATTMANN C, FORSTER I, FARLIK M, DECKER
T, du PASQUIER RA, ROMERO P, TSCHOPP J.
Type I interferon inhibits interleukin-1 production and
inflammasome activation[J]. Immunity, 2011, 34(2):
213-223.

MAYER-BARBER KD, BARBER DL, SHENDEROV
K, WHITE SD, WILSON MS, CHEEVER A,
KUGLER D, HIENY S, CASPAR P, NUNEZ G,
SCHLUETER D, FLAVELL RA, SUTTERWALA FS,
SHER A. Cutting edge: caspase-1 independent IL-13
production is host

Mycobacterium tuberculosis and does not require TLR

critical  for resistance  to
signaling in vivo[J]. The Journal of Immunology, 2010,
184(7): 3326-3330.

ANTONELLI LRV, GIGLIOTTI ROTHFUCHS A,

GONCALVES R, ROFFE E, CHEEVER AW,

[69]

[70]

BAFICA A, SALAZAR AM, FENG CG, SHER A.
Intranasal Poly-IC treatment exacerbates tuberculosis
in mice through the pulmonary recruitment of a
pathogen-permissive monocyte/macrophage
population[J]. Journal of Clinical Investigation, 2010,
120(5): 1674-1682.

DORHOI A, YEREMEEV V, NOUAILLES G,
WEINER J T1II, JORG S, HEINEMANN E,
OBERBECK-MULLER D, KNAUL JK,
VOGELZANG A, REECE ST, HAHNKE K,
MOLLENKOPF HJ, BRINKMANN V, KAUFMANN
SHE. Type I IFN signaling triggers immunopathology
in tuberculosis-susceptible mice by modulating lung
phagocyte  dynamics[J]. Journal of
Immunology, 2014, 44(8): 2380-2393.

YAN SS, SHEN HB, LIAN QS, JIN WL, ZHANG RH,
LIN X, GU WP, SUN XY, MENG GX, TIAN ZG,
CHEN ZW, SUN B. Deficiency of the AIM2-ASC
the STING-driven
response of type I IFN and reciprocal depression of
protective  IFN-y mycobacterial
infection[J]. The Journal of Immunology, 2018, 200(3):
1016-1026.

LIAO Y, LIU CF, WANG J, SONG YJ, SABIR N,
HUSSAIN T, YAO J, LUO LJ, WANG HR, CUI YY,
YANG LF, ZHAO DM, ZHOU XM. Caspase-1 inhibits
IFN-B production via cleavage of cGAS during
M. bovis infection[J]. Veterinary Microbiology, 2021,
258: 109126.

YANG L, ZHANG YW, LIU Y, XIE YZ, WENG D,
GE BX, LIU HP, XU JF. Pseudomonas aeruginosa
induces

European

signal uncovers overreactive

immunity  in

interferon-p  production to  promote
intracellular survival[J]. Microbiology Spectrum, 2022,
10(5): e0155022.

KA, R, Jr R4, whizic, R, 2022 4
WHO AEREEF L ABRS v S /M ).
B R ALY T 2%, 2023(1): 87-92.

SONG M, LU PX, FANG WJ, HAN YY, LIANG RY.
The global tuberculosis report 2022: key data analysis
for China and the global world[J]. Electronic Journal
of Emerging Infectious Diseases, 2023(1): 87-92 (in
Chinese).

SABIR N, HUSSAIN T, SHAH S, ZHAO DM, ZHOU
XM. IFN-B: a contentious player in host-pathogen
interaction in tuberculosis[J]. International Journal of

Molecular Sciences, 2017, 18(12): 2725.

http://journals.im.ac.cn/actamicrocn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


