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[Abstract]  Mycobacterium tuberculosis (Mtb) can survive for a long time in a dormant state in the host. When in a latent
infection state, it has no significant response to most anti-tuberculosis drugs and cannot be tested in clinical practice. It is activated
and transformed into active tuberculosis (aTB) under such conditions as hypoxia, oxidative stress, or impaired immune system
function, causing great trouble for the prevention and control of tuberculosis. Dormancy oxygen sensor histidine kinase (DosS)/
dormancy survival regulon (DosR) two-component regulatory system (TCSs) is an important regulatory system for mediating Mtb
latent infection. Its regulatory proteins have a broad application prospect in the development of diagnostic reagents for Mtb latent
infection and new tuberculosis vaccines. In this review, the structural characteristics, biological functions, and interaction with host
immune cells of Mtb DosS/DosR TCSs were summarized, as well as its potential in new vaccine development.
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Fig.1 Mechanism of latent tuberculosis infection (LTBI)
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Tab.1 Effector proteins of encoded by 48 dormant-related genes regulated by DosS/DosR TCSs
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Rv1998¢ =
L. 55 Rv1813¢ J2 Rv1738 ¥4I B DNA FE VY B21 eSS 3= 7= AR s S A A e pe J 1, HL

] B AR ATV DR N S T A v e, DR N B 0 LB £

“=7 NTOEE ; DevR. DNAZSGH: IG5 DevS. MRHR UL A 4 Z BRI BEHA 1T 15 Mtb. Z5 /B ;. DosR. ARHRAEAF AT 75
TLR. Toll 3244 ; LTBL Z54% 0T BRI IR B YL s IEN-y. vy TR ZE; Ag8SA. KRS EH R 85A; Thi. 1 RUAHBI TAUMY; oTB. i shitk 45420 ;

IL. 4% ; TNF-ou BEIRSEIN T-a; BCG. R

AR L A [ A G 95 SNE T R AR Y Mitb,
O RTAE SR e i 4 52 200 3 Ao V3T AL T 41 i B AL
PARTE I M g% OB, AR A R HEHT Mtb B b R 4G
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B [ narkK2 o4 Mtb il 3L JFG, 45 Mtb AR L 5
A R R P, AR AR N TR I S S
LTBI Y E EALH] . AFFER, nark2 85 11 Al 42 i/

BRI i et i 1) V2 AU Ak, R DG bk
CD206 K1k, A3k B W 40 f 7 W 4k KL+ (C-C
motif chemokine, CCL)-17 #1440 ifi /1~ & (interleukin,
IL)-10, IL-10 AJ 38 Jof 410 o1 45 42 1 TR 2 e il &% i 5
Th2 BIGPE SON , JIE/)N Bel Jli 38 F) g B 458 0 F9R 78
PEAEP, nark2 2R 1A /NS I AR HE/N BRI I
W 41 i 2R 45 Jf 2% 3K Toll £ 3Z 4 (Toll-like receptor,
TLR)-2, 5 TLR2 4% 4 )5 i i i R 1k p65(RelA) 23T
PTG LD NF-«B 38 i, 0 Wk 40 3 0 e g TR A
- (tumor necrosis factor, TNF)-a. IL-1f. IL-6 }
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2,3- BUN 48 it - 1 (indoleamine 2,3-dioxygenase 1, IDO1)
FENRIEE | 18 MR AR h B R AR M IR
Al S B AN A R 52, 5 Mitb (1) G053 HE 3% AH
Ko AWFRHGE, nark2 & F/EH T 05D B 12- 114
R TR 13- Z FR TR (phorbol 12-myristate 13-acetate, PMA)
AR N Bk B A I A R THP-1 41, 4
JHLN IDO 1 BE PR A KPS RO/ M T, SX AT g
JEFELTBIAALE Z — Ik, PARv1737¢ A HE
ST PR AT S AR A Mo T -

2.1.2 IS B VEAM SRR Ru0079 KL R 4 A 1)
O R R AR ¢ B % 40 il ) (dormancy associated
translation inhibitor, DATIN) 7 Mitb AR HR AH 56 4171 51
T, A3 5 mRNA | 308 R4 545 440 ) 2
FTCE G, DT i Mieb 58, {4t g AR ARGHR
A, BESELTBIAY EZ K, Kumar 2% I,
DATIN i 1 55 40 Jifd 3% 1A 1) TLR2 25 & nl i 3 iR
THP-1 40 il 53 W e & IR F TNF-oc, IL-1B AT IL-8, A
AL A I R AZ A0 B 43 A TFN-y . TNF-au, IL-2
FIL-8, % B H AT 076 B0 A0 M 0 PR R R .
Rv2626¢ K& P 2 fith 1) 41K 480 52 13 4 11 1 (hypoxic response
protein 1, HRP1)/& Mtb 7E IR S N A 14 T 287K
Fhes A, fELTBIHP REEEZ/EM. Rk
P, HRP1 A4 7% NF-kB. MAPK {55 i@ %, 12
HERUJEE: 20 i ANA-1 200 LA L TG PER NO |
TNE-o F1 IL-18, 34 5 B W 20 i ANA-1 1 R JE 2
NPT SRR HE BRI RAW264.7 430 NO
INF-y, TNF-a, IL-6. HZ4HMEHILE H-1(MCP-1),
B/ U™ AR 559 09 Th B9 98 O, BRIl DA
HRP1 A s A 736 7 Al 4 Meb (AR S . i
Rv0569 F& K 4t (1) 71N 437 0] 5 IR AL B I Rv0S69 1F
Mib S ALK 2k EIE, JE Mtb 78 B S AL
ZAF TN HEARICRAS s A, BARET
PR AEF, AT TN BT AR R S M 1gG B iR
Rv0569 £ 145 FH T BRI M: W 4 i RAW264.7 AT 3G
JiL PN TkB 384 (IKK) &2 65 Wk M R Ak IkB, 3 3hiz
RACFNRESR , (2 FE T N NE-kB 3 pso il p6s JE ik
p50-65 " RARIFRE AL BN A MIAZ T, NS NF-kB
W, 51 RAW264.7 40l 536 2 HUR RN 1Y Thl
RIZ AR F TNF-o J IL-12p40, 755 T 4M1Jfd [ Thi A
Fi sk, 4B Th BY40 M AT 43 K Bt INF-y F—
AR AL E R A T2/ B 1gG BUiA ] 1gG2a/b A
A a8 /NEAY Th 858 f R e g i,
Mitb 7E /] B Y 9 255 502, Rvos69 2 FAEHT T

Med J Chin PLA, Vol. 51, No. 4, April 28, 2026

/N BCE B8 UR M B OWE 40 B (bone marrow-derived
macrophages, BMDMs) A1 A VR4 % 41 s THP-1 7]
A HEAE 48 40 Pl F- TNE-oo Bz IL-12p40 H9 43 M, %
HHZ R R A R VR B g i i el [m] — 1 3
A A [v] 8 551) W 4 14 ) 7 A AR B %) 928 2800
Mitb IR BRAH SEHL IR Rv1738 26 1 7] 5 A4 A Il CD14*
PR 0 SR T Y TLR2 . TLR4 2545 300 2 P NF-kB
K p6s FNIKK & & W)t i ft 1kB,  HLREA# ML
NE-«B I il 7 IxBor, AT NF-wB il i, 535
% 40 43 A2 & 9§ IL-8 . IL-6. IL-1B M TNF-a,
Z5 TN s RgEry, JF2 52 RR I
Mtb § B PRI ZE P RS, DT Mtb 19 FR0E 0
THP-1 [ W40 i Y TLR2 . TLR4 51 Mtb KRR AR
KAUF Rv2627¢ FI Rv2628 F 115, TLRs Y Toll/ 14
ME A2 -1 52 A& ((Toll/interleukin-1 receptor, TIR)%E 14
1 5 MyD88 ) TIR 45 #9345 &, (R 4l % -1
2 A AH 2 B4 (interleukin-1 receptor-associated kinase,
IRAK) H S B AT W0 . 15105 IRAK 5 i 0K
HE PR F- 52 1 A 2 [H 7~ 6(tumor necrosis factor receptor-
associated factor 6, TRAF-6)Z5 & E &W), {ef#
TRAF-6 /A= 5E FRAL T30 1o e 4528 s Ak AR K A
+ B P B 1(transforming growth factor [ -activated
kinase 1, TAK1), EIMi#LE 4N MyD88-NF-kB-p65
H1 MyD88-MAPK i [/, M I 8 1% THP-1 4 Jifd () [F A
BPERN, PEHE THP-1 40l 531 TNF-o FIIL-18, Jf:
9% THP-1 41 R 2 11 CD40. CD80 K& MHCIZ /1
A H 4T R -DR(HLA-DR) (9 2635, 1958 5 I 41
MBS AT, i F B SR RN KR Bl
P A3 O BRI Mitb (1975 A6 50, Rv2004c 2 12 A
A ATP 456G s B IR AL B YE RV G R B, 8
A 4 M R 5 A 1 R 5 U T A2 3 M P R A
. Rv2004c 5 A /E T THP-1 E WG4 o] 1 JE4i i
FM TLR2 (YRR I+ 5 HEE S, RFE S BER 1L p6s
P IR P NE- B 3 [ 2F THP-1 4140 0 K A 46
¥ TNF-a. IL-8 FIIL-1B. MAF, Rv2004c 2 11EH
T N HH A L5 1% 4 Y (peripheral blood mononuclear
cells, PBMCs) £ #F TNF-, IL-8, IL-13. IFN-y £l
IL-12 A 530, AT Mtb BRY I FE I FIRAESY
Z%HH, DosS/DosR TCSs Zfit 1585354 g 26 1 7] 1
T AE TV AR I AR AR ) S e A0
AL BT T i it 198 A 8007 2 115 AN [ 4 2 A0 2
TP B 5 2800, A B FH 2 A5 A7 22 S 1 AN B A
Je B BARNE 22 S A T IR AR ST

2.2 P HAB A o A0 Y S e A A SR A
3 (dendritic cells, DCs) & 3% 2 HILAA [E 45 e 32 FlIE By
PR i ST A S A, 20 B R T A
S AZ AR AR5 DCs B3 , I 4k ) DCs 3 1
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T 0 A 1 MR o ek S B R T R A
SR T A0 L0 43 A6 5 ), DA 52 00 Mitb 7845 32 9 1)
fEiE . IR, Mtb PRERIHAH SCHL R Rv2005c 1F H
T DCs J7 7] 38 & B 2 1k p38. ERK1/2. IkB, F#fif
IkBo, 4T P NF-kB Fll MAPK 3l #1175 5 DCs il
s, {2 DCs b R AR R FIL-18 . TNF-r,
IL-12p70, b 3LHIE 5> F CD40. CD80. CD86
MHCIZE 53 F 13RIk, I8 Al e FF T 41 i ) Th1 B
AR, BRDCs A1, HLAAR B At AT S 40 A [ an
F AR A5 (NK) A A K Mk 20 A 25 ) mT s 2o B 2 £ L
. OPORIEE . PUR KSR A Y B B S S 0 A
P WLAAR A9 305 07 P 8 B I [ 42 5 S ML BT Mt JaR g
FE T M43 i Mitb 1) 52 ) S 3 8 & R A H AR
FRB*S) ) J5 S B 5T T % Mitb 48 A~ R B AH G JL R 5
DCs. NKAHM . rrpri i B wid i ss A e
YA A EAE R TR, TR AT BT AN [ 26 78 4 328
Y XTI 2R GE e R AR 25 5, AR R A
PRI B Mtb & J7& g aTB $ A 1 512 4 BRI LA

3 DosS/DosR TCSs #m A3 B M & 515 £ i& M
4 BT N2 I

Mtb J& T etk i N FF AR, R R o P
fa EELEANML . PRI . DCs X NK AR A
GRBE RN (AN T . A LA R A b B OB T M 5K
% 43 ¥ INF-y. TNE-a, NO %) 45 il Mtb 76 & 9 4
s B R B0 3 o 0 Sl A S e o N
WIS CD4 FI CD8" T 41 MU Wl 25 FL RN 2 554
JT S Mtb, 353U AT HU R AL [ INF-y . TNF-a
S Mtb, DT IR BE BR AR N Mtb IR . 16 32
I AT 38 2T I BT A 1A I G928 S5 I 41 i) Mieb ZE A Y
AR R 0
3. PREAE FA0AE N AR I G E W DosS/DosR
TCSs Zt i AT I AR AELER 11 Rv0S69 AN AT 4 Fi I
Y ) A SN, 3 AT /DN B A 35K A 4 i o0k
j CD4'IL-2* . CD4'IEN-vy*, CDS8'IL-2", CDS'IEN-y*,
CD4'TFN-v*IL-2* B R W T 40, 755/ Bl Th1 B4
JERN, NI /N U Y A Mt Mt ARHIR BT
JFRv3131 /2 FH N-ASRZ5 A3 5 C-A S 25 A 3 3 [ 4
AR EAT NADPH AU BES M A B AR A L0 i, L
AT B 82 A 5] W g 5 25 4 IR 5T A(glucopyranosyl
lipid adjuvant, GLA) FALH (stable emulsion, SE) Ja1EM
FC37BL/6 /N, AT Jn/IN BRUALYE AP INE-y 75 5
JIFE 01 i 355 B CD44"CD62L"CD127~ % CD4* T 41 Jifd .
CDS8* SN T 4l . CD44"CD62L"CD127* 8142 T 41
i . CD44"CD62L CD127* B X042 T 40 i i) 2 35
W, 5 EE AR Mtb-K B YL (1) Rv3131/GLA-SE % /)N
i I 08 210 T 8 1 A i 7 Y B B AR T A R

(Bacillus Calmette-Guérin, BCG) [/ FP, Rv3131
B A AT 38 2 375 S /0N BRI 5 T 40 434k R Thi #4
B P 40 AR BT Mt B Y, R Mitb T AR I B R
Rv3131 AJAE 2k Mtb MV A BE 1 A & I T ZE 0 o
T &5 5% 5% K7~ (T-box transcription factor, T-Bet) A] il 12
9 Thl BYAH AR F TNF-oo . IL-2 3L . N Th2
T e 4 X7 TL-10 F1 TGE-B 193634 L 43 Mib 1
AR, FEARESERN AT, M s SR
IA R A N Rv2626¢ FTRv2032, 3 S Mtb i#F
AR bR B A . PR R, Rv2626¢ Fl
Rv2032 £ FAE F T 254200 F8 35 A1 ) i R A% 40 )
CD4'IFN-vy*. CDS'IEN-vy" T 4 it 5 M T 40 jitd 35 it
BRI T T-Bet (RN I L, H Rv2626c 1E
J& 451295 B R N CD4"CD4SRO* . CD8'CD4SRO™IC
12T A5 Bl B3 22, 1l CD4"CD25 FoxP3* 4l
HPEE T T 4 A A Ak I k0 B Rv2626¢ Al
Rv2032 % FH Al Thl B RE N 24, Al AE A Rl gk
I W1 ) e e I 8B i

3.2 ATETE MR e ROV IR A LTBLIIZ WK
P b B 4 AR R S AR T b S A0
MER &0 . PIAEAE R S s S A i AR 4 e S
] A Shy g TR AR SR e L 12 W ) T AR bR R o
S A 221U A TEN -y B0 2 H T2 KT Mitb 8
R 5k, HIEEkI T aTB 5 LTBI X 43, N
DosS/DosR TCSs 2 ith 2 1 78 Mtb IR AR 1355 - 1) fe 2%
FRAE 2 W I ] v AR — Ry R . RS
FW], DosS/DosR TCSs Zithith i 85 11 7] 15 F: i 32774k
FEXTRIR I Meb 19 8 5 HEPT AR, SR HoaT /R
S PEAE ARG T IX 43 aTB 5 LTBI, DIHCAHE
JEHEATHESE a] g HL 42 W LTBI A P95 R BR 48 Mieb &
BT UG I T A B AR P oMb K HIR 3 B R
Rv0079, Rv1738. Rv1996. Rv2029. Rv2030. Rv2624.
Rv2627. Rv2628. Rv3127 fll Rv3129 Z57E LTBI {44 ML
T AR PR S0 A B S T aTB AR R iR
XFIESE, R LR RHR BB I AT AR R 4850 aTB 5
LTBIVEAEAE AR, 76 Mtb 347 H X () LTBI
HEH I AR IR BT R Rv1733¢ B4 SR DU 19G1
KV T aTB (8 AR IR, P2 KR B i
Rv1733c 78 LTBI (1432 Wi A7 R0 W I o 5 A 7 e 04 g
FAHMEH4, Rv2004c 7 (5 aTB. LTBI 4 19 IfiL T
MEAER)G, AT aTB, LTBLURHE 4 K 1gG
Puik, H LTBI A N5 PR BB & T aTB &
H PRIZE A R YE N X 3 aTB 5 LTBI 17 4
WkREY . IRIRHTR Rva626¢ 5 1175 T LTBI M
. aTBEH LN A MG/, LTBLEE M
HR RS 1gG TR TEN-y 75 1 I i 5 T aTB F 35 I
(AR IR, TI X aTB A LTBI H 5 4758 ), $i
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4 DosS/DosRTCSs RILEHEANEXEEHRIER

BCG s H il 4 BR e il P4 M — L oE (5 FH 09 45 4% 0
JEW, WA R LT B Mtb, {H T BCG A
B RDL X, SECHPUFER— | B8, ok
A R BT B Mitb A LTBI £ %14 4 Mitb 1) 5 57
WG, I, JFAZE A R T ) Mieb 7E
SEERVE N A3 A S S, i e A
92 SR RN O AP DR P B B AP R R R B A
I PR3 56 S T 9 PR 5 A% 92 W 1) S B . P9 R,
DosS/DosR TCSs ZEMR A . NO 5444 4 i A 48 4>
PRIRAH & HA KENUERA, ol Ji#m -
W BRI SN, I B 45 A 8 B A it e b AT ) ]
A 7 FH S 146
4.1 WRALTEERT ARSI R B
PEIR AP , 5 AR G0 0 DR T 928 1 N T 2E
HiAHLL, HONE AR, UEAEAR. £
WimZ KSR AR R B, BAEZets. =
IR AR L AT AL AR BT i AR R 1 R
SPE AR VE T . 7E H1 B 11 (Ag8SB-ESATS) [ 3
ilt_ - 388 T A R S99 5 Rv2.660c 2 1% 140 1 B3 935 1 HS6
(Ag8SB-ESAT6-Rv2660c), 5 [H B T4 5 CAFO1 4545
JE R T IER /NG, AT EUN RG22 Ui 6e T 40
(IL-12*TNF- o'IFN- y*CD4" T 40 Jfl . IL-12'TNF- o*
CD4* T 4 il . TNF-«'IEN-y*'CD4" T i ffi . TNF-o*
CD4" T 21 L) 3k 45 5 B 2 34 fin 200 e 28K i Y 2 %
o AbF Mtb JERYL B AR, HS6+BCG RE 1 Xt /Nl
I B8 200 A 28K e 1 4 o FH B 5 T H1+BCG BT 4
FE U HS6 3 1 % BCG Wb fE L F H1 &y, 7
BRI SEAZ I RE VT Wi A b B B iy v s, B
FIIZHE B CAE RIRY T M BT AL I PRI e 4
Mtb ¥ 1R 1 AH 56 $i JF Rv1813 55 Rv2608. Rv3619.
Rv3620 £ i 114 3V B0 2 1 1D93 FL AL T GLA-SE 1/ 5]
Ja B /N BT S/ BU™ AR K i R e v
IgG1 Ml IgG2c M, I 34 Jm /N BB JOF T2 TNE
IEN-y*CD4* T 41l ifd 5 TNF'IEN-y*CD4" T 4 it () 2535
Wi, H4ER ID93/GLA-SE £ 1 19 /) BUR ¢ H37Rv
BEMR S EL A 41 P 23 B WA (38R GLA-SE [1)/)h
ST, e BHIZBE T AT 75 /N B 2B IR 9 B Th
RUGRE SN, AT 3R ]/ BRI 2 40 Meb 14 52 ) A
PG WP &K B, 1D93/GLA-SE #£ 1 nl 14 i
BCG XK B f4r 7 ™). #4 1D93/GLA-SE % i L
WA ST is R S e AR R K S s/ i, vk
SR T S N, A AR S A i TE W
Ak, A F 3R Th B4R T IEN-y. TNF-a.
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IL-8, IL-6. IL-1B. IL-12p40 Z5 (KR I W Tt ,
FHAZ P2 0 B B TC R AN RN, H T 345
T A PR S B BN, E AT B AR S Ty
Me/EYT P E I HE AT 1 KI5, Rv0S72¢ 2R
H J& Mtb DosS/DosR TCSs M R4 755 & e ik p (BB 2
H, AUFTE T B, 5 RDY X H1 5 Rv3621c
A 8 S B 92 17 DR2 FLAK T S35 44 57 DIMQ H?,
BN R g B BCG /MR, Al S/NE™
A K 1Y Th B9 40 i K7 (IEN-y. TNF-«, IL-2) &
IgG2a I DROFF DU, 38 AT 55/ BRI 40 At 531k
SRR AL T 4, H AR RERERD BCG /N B 41 AL
PR Kbt i 7= A K7 B Bk i T R 4% BCG /N5
A DR2 £ 3 IV E ] T aTB S8 % . LTBLIR T I
A FEXT IR & ML 5, aTB Jx LTBI & 1ML rh e e
SPE TEN-y 7K SF- B St 5 - fa B HR A1), B LUK
HR BT )5 Rv0S72.¢ 2 [ #4219 IV BP0 2% 1 DR2 AT 35
A8 7 AR AU I WM g% SO, 78 DR2 AL
M EAE Ry BCG 3 A2 v T8 L4 A% B ) i &
A Mtb ARHR BT JE Rv2626¢ 55 Mtb10.4, HspX(MH) K
ESAT6 1T Ji 28 A% 1) SE B, 22 T M4 58 B 40 K A% )
PLGA-PEG-poly(L:C) 45 & G AE T/, Al /N R
PR Thl AU RE 2, 7B KiE IgG. 1gGl.
IgG2c HT K K& Rv2626¢ 47 57V 43 Wb HY H 92 Bk 26 1
(single immunoglobulin domain-containing ankyrin repeat-
protein, SIgA), 5 /I il F) 44 U 26 58 4 958 B i
VAR Meb Y FHTROE Y AN, AR R,
i Rv2626c ¥ it 5 Mtb10.4, HspX(MH). ESATG6,
Ag8SB . MPT64 o, 0. S Mtb8.4 T i 4H AV 4 V. A4V 28
B LT70 5 %245 7 IL-7 255 5 v]_EiRiC A2 T 40
g Ak 3 i PR T 3(inhibitor of differentiation 3, Id3).
B 2l ffd 4K E 988 6(B-cell lymphoma 6, Bcl6), BTB 4 #h
3 CNC [ I 4 2(BTB domain and CNC homolog 2,
Bach2) ¢ B itk 12 41 g 75 3 24 2R 1 1(B lymphocyte
induced maturation protein 1, Blimpl) %1k, #5'F1E
FTWREL A A o c i T A, AR IR e
PERAFRON , THB LTBL#E A aTB™ . A H A
[ AL A N Y O E e o = I L T s
R, ORAER T, BUKCUVAHAR R REIEAE, X Mitb B
PRI Be 2 BA e i AP

42 BIAREEN B RTE DIR R N BRI 5
LI, TCFAMEPEAR FHE B T B LA AR
PR R S RN, B AR L AL
Wrim SO0, BTz N TR A . e
J75 B (Sendai virus, SeV) 2 fill 26 5 B W H 95 £ &
PG R R S RNAT 1, HAT BTG, FhEEE
PRIRIARE ok . 1 EVOH S8R, T S
o 8 R, B Mtb K HIR B AH G BT Rv2029¢,
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Rv2028c., Rv3126¢ 5 4¢ 7 PEPLH 85A(Ag8SA) fil & IF
55 SeV A HE M BT T Mitb 2R 1 SeVI86A,
IZPET WU S e /N, ATk /N R CD4* I
CD8* T 4043 KA Y IFN-y M TNF-o 252 R K1,
R AT /DN B ML 508 ) 4 T 2 i, R ] SeVO86A i T
CIRTGRUN7AC VAN Wasta ok /105U a2 X oo o2 Y g |
Mtb (& . S5{UEF BCG /N, 8 BCG
FAINRIE ¥ SeVOs6A /MR A fiti i CD4"F1 CD8™ T 4fiifd
2 98 Al F IEN-y Il TNE-ou (1453 W i B S 38 22 il 3is
YT A W] S AR, R W AR 1 Sevos6A T AL,
BCG 1757 BIPL IR -k T 4 A S 1 S 3558 BCG X 2
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TCHABCGHLTBI/N, /INEAARN T 4 FEss bR
AP CcD3s. ik L4 i W f A& P -3(Iymphocyte
activation gene-3, LAG3). =l s S A R N |
(programmed cell death-1, PD-1) & T 4fi il G2 Bk 8 1
Z & 1 7 1 -3(T cell immunoglobulin and mucin-
containing protein-3, TIM3) Y& ik B & FEAR, &M
SeVOS6A JE 1 1] 4EFF L 4 BCG 1 LTBI/NFLAY T 40
JLiE F1, b/ B R A B e Ry E RS Bl
DL Mitb AR IR 17T 5 2 14 28 AR 92 1 o T K o i
AT PR PR BIR I 470 i 5 5 3R 38 T 3 3R LAY
AT S PRBR A Mtb SBr0E B2k A 1

4.3 DNAJEWH DNAJE 2 4 H B bt 5t i BE
PLER DNA P ik iz, st fBliesR
RS, R AR S M e s, B
AROE . TR, 5 TSR AL, AR Ss % 0
JEVE A A T BAT )T RE Y 2 e T . Rv1733c SR
Mtb 7E AR ] 1 B R R A RSP E S AR 11, AT Ak
T AR, 155 T 40 M5 W K 19 IEN-y )2 IL-2,
T 250112 87 LTBL 5 aTB. #% LA Rv1733c R0 5L i
# 1) DNA J£ 1 pcDNA-Rv1733c /0 T LTBI /MU
/)N BRI 53 A A A TR 2 B s, o A 3 R B i 4
AN, EUAT SN B AR R S Tha B 20 RN T
Y2 I 2052 Ru2029¢ 3 PR i 5 1) R BIR S AH ST T g
fi S B4 i B(Phosphofructokinase B, pfkB) AJ fig i
LTBI & # CD4" #ll CD8" T 4 Jitd 43 W K & IEN-vy Fll
TNF-o, HrWEW WS T aTB & . LA ptkB HHiT
J il % ) DNAJE 1 B21 3P F/NRUS , Al /N
FEASRFURE S Th1 28 . Thi7 B9 4R EEME Tk
41 Bl (cytotoxic T lymphocyte, CTL)EI A4 M T 4l
FNE, A E /)N EROBELZ0 L 53 0 K i A 4R IR F- TNF-ac
IL-2 J IL-1B, i Al i /) B AR K 1gGeb fi ik,
L/ IN BRI it v ) 4 T 2 et T S R AR, I 2 2043 49
A s, R PH B21 4 1 AT AT AR i Mitb 7E /) BRI
A, % LTBI/N BURA B iR T RIUCR Y,
FERT BRI PE 1 BO W b A T TE (. Rv3407

HE R IRAR I Mtb &2 75 b 4 v e B Rk I R S M R
F,  PAH R $0 B 45 B9 DNA $£ 1 Rv3407-DNA 18 1o
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HIFN-y & | I35 Rv3407 28 P4 PR IR 1gG 75
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JRPERN R D RSGHATIR AR, T H B 2 3t
T o F T EA G T AR Thsk 35 A v AR S 4t
] FH TR RG5O &, BTG T I 3 22 1)
AR, sk = Im PRAFFEIE S 2B A etk |
Gt WILESETIE—2uoE, B as
PEW T Rt 4 A IS8

(&% 30k]

[1]  Shiraz M, Lata S, Kumar P, et al. Immunoinformatics analysis of
antigenic epitopes and designing of a multi-epitope peptide vaccine
from putative nitro-reductases of Mycobacterium tuberculosis DosR
[J]. Infect Genet Evol, 2021, 94: 105017.

[2] Chakaya ], Petersen E, Nantanda R, et al. The WHO Global
Tuberculosis 2021 Report - not so good news and turning the tide
back to End TB[J]. Int J Infect Dis, 2022, 124(Suppl 1): $26-529.

[3] Bagcchi S. WHO's global tuberculosis report 2022[J]. Lancet
Microbe, 2023, 4(1): e20.

[4] GBD 2021 Tuberculosis Collaborators. Global, regional, and
national age-specific progress towards the 2020 milestones of the
WHO End TB Strategy: a systematic analysis for the Global Burden
of Disease Study 2021(J]. Lancet Infect Dis, 2024, 24(7): 698-72S.

[S]  Sexton DL, Herlihey FA, Brott AS, et al. Roles of LysM and LytM
domains in resuscitation-promoting factor (Rpf) activity and Rpf-
mediated peptidoglycan cleavage and dormant spore reactivation
[J].J Biol Chem, 2020, 295(27): 9171-9182.

[6] Kalyan M, Sharma S, Kaur P, et al. Antibody response to



(10]

(11]

(16]

(17]

(21]

[22]

(23]

mycobacterial Rpf B protein and its immunodominant peptides in
HIV-TB co-infected individuals[J]. Tuberculosis (Edinb), 2024,
144: 102464.

Tantivitayakul P, Juthayothin T, Ruangchai W, et al. Identification
and in silico functional prediction of lineage-specific SNPs
distributed in DosR-related proteins and resuscitation-promoting
factor proteins of Mycobacterium tuberculosis[J]. Heliyon, 2020, 6
(12): 05744

Salina EG, Makarov V. Mycobacterium tuberculosis dormancy: how
to fight a hidden danger(J]. Microorganisms, 2022, 10(12): 2334.
Kundu M, Basu J. Applications of transcriptomics and proteomics
for understanding dormancy and resuscitation in Mycobacterium
tuberculosis[J]. Front Microbiol, 2021, 12: 642487.

Saelee C, Hanthamrongwit J, Soe PT, et al. Toll-like receptor-
mediated innate immune responses by recognition of the
recombinant dormancy-associated = Mycobacterium  tuberculosis
proteins Rv2659c and Rv1738[J]. PLoS One, 2022, 17(9):
e0273517.

Liang Y, Zhang X, Bai X, et al. Immunogenicity and therapeutic
effects of latency-associated genes in a Mycobacterium tuberculosis
reactivation mouse model[J]. Hum Gene Ther Methods, 2019, 30
(2): 60-69.

Kundu M. The role of two-component systems in the physiology of
Mycobacterium tuberculosisJ]. TUBMB Life, 2018, 70(8): 710-717.
Sevalkar RR, Glasgow JN, Pettinati M. Mycobacterium tuberculosis
Dos$S binds H,S through its Fe*" heme iron to regulate the DosR
dormancy regulon[J]. Redox Biol, 2022, 52: 102316.
Sivaramakrishnan S, Montellano PR. The DosS-DosT/DosR
Mycobacterial sensor system[J]. Biosensors (Basel), 2013, 3(3):
259-282.

Kumar A, Toledo JC, Patel RP, et al. Mycobacterium tuberculosis
DosS is a redox sensor and DosT is a hypoxia sensor[J]. Proc Natl
Acad Sci U'S A, 2007, 104(28): 11568-11573.

Chen T, He L, Deng W, et al. The Mycobacterium DosR regulon
structure and diversity revealed by comparative genomic analysis
(J1.J Cell Biochem, 2013, 114(1): 1-6.

Roberts DM, Liao RP, Wisedchaisri G, et al. Two sensor kinases
contribute to the hypoxic response of Mycobacterium tuberculosis[J].
J Biol Chem, 2004, 279(22): 23082-23087.

I, AR, 208 e, 5F . ELE AN (TR 25 M P AT 0
PV I 9T 2 R (7). S B ZE I 2 2 7, 2025, 50(11): 1478-
1484.

Arora S, Dev K, Agarwal B, et al. Macrophages: their role, activation
and polarization in pulmonary diseases[J]. Immunobiology, 2018,
223(4-5): 383-396.

Huang Z, Luo Q, Guo Y, et al. Mycobacterium tuberculosis-induced
polarization of human macrophage orchestrates the formation and
development of tuberculous granulomas in vitro[J]. PLoS One,
2015, 10(6): €0129744.

Luo M, Zhao F, Cheng H, et al. Macrophage polarization: an
important role in inflammatory diseases[J]. Front Immunol, 2024,
15: 1352946.

Gao X, Wu C, Wang X, et al. The DosR antigen Rv1737c from
Mycobacterium tuberculosis confers inflammation regulation in
tuberculosis infection[J]. Scand J Immunol, 2019, 89(1): e12729.
Gao X, Wu C, He W, et al. DosR antigen Rv1737c induces
activation of macrophages dependent on the TLR2 pathway[J].

[24]

(23]

(30]

(33]

(37]

MedJ Chin PLA, Vol. 51, No. 4, April 28,2026

Cell Immunol, 2019, 344: 103947.

Siddiqui KF, Amir M, Gurram RK, et al. Latency-associated protein
Acrl impairs dendritic cell maturation and functionality: a possible
mechanism of immune evasion by Mycobacterium tuberculosis(J]. J
Infect Dis, 2014, 209(9): 1436-1445.

Kumar A, Majid M, Kunisch R, et al. Mycobacterium tuberculosis
DosR regulon gene Rv0079 encodes a putative, 'dormancy
associated translation inhibitor (DATIN)'[J]. PLoS One, 2012, 7
(6): €38709.

Kumar A, Lewin A, Rani PS, et al. Dormancy associated translation
inhibitor (DATIN/Rv0079) of Mycobacterium tuberculosis interacts
with TLR2 and induces proinflammatory cytokine expression[J].
Cytokine, 2013, 64(1): 258-64.

W, 4% K0, W S50 BOF IR AR SR A 195U
FIK B EL A I ANA-1 ZHRERIS N (7], AR Yoy e vt
JE, 2021, 49(5): 7-13.

R AL, B A BRI TR Rv2626¢ 155 B A0 i S
PERIEAFIEL]. AEH) TR, 2023, 39(7): 2644-2655.
Kanaparthi KJ, Afroz S, Minhas G, et al. Inmunogenic profiling of
Mycobacterium tuberculosis DosR protein Rv0569 reveals its ability
to switch on Thl based immunity[J]. Immunol Lett, 2022, 242:
27-36.

Bhatt P, Sharma M, Prakash SP, et al. Mycobacterium tuberculosis
dormancy regulon proteins Rv2627c and Rv2628 as Toll like
receptor adjuvant(J].  Int
Immunopharmacol, 2022, 112: 109238.

Chen L, Deng H, Cui H, et al. Inflammatory responses and

agonist and as  potential

inflammation-associated diseases in organs[J]. Oncotarget, 2015, 9
(6): 7204-7218.

Doddam SN, Peddireddy V, Ahmed N, et al. Mycobacterium
tuberculosis DosR regulon gene Rv2004c encodes a novel antigen
with  pro-inflammatory functions and potential diagnostic
application for detection of latent tuberculosis[J]. Front Immunol,
2017, 8: 712.

Back YW, Shin KW, Choi S. Mycobacterium tuberculosis Rv2005¢
induces dendritic cell maturation and Th1 responses and exhibits
immunotherapeutic activity by fusion with the Rv2882c protein[J].
Vaccines (Basel), 2020, 8(3): 370.

FETF, A ST R A5 (NI A0 I X 25 A% 53 BT TR R e 1
WRFEE R (7], A0S 731 72k, 2024, 40(7): 660-665.
Wi, A7 Y- PR B A R AT TR RV S
1. EPRAE2E4RE, 2021, 44(6): 669-675.

Kwon KW, Kim WS, Kim H, et al. Novel vaccine potential of
Rv3131, a DosR regulon-encoded putative nitroreductase, against
hyper-virulent Mycobacterium tuberculosis strain K[J]. Sci Rep, 2017,
7:44151.

Dong WZ, Shi J, Chu P, et al. The putative NAD(P)H
nitroreductase, Rv3131, is the probable activating enzyme for
metronidazole in Mycobacterium tuberculosis[J]. Biomed Environ
Sci, 2022, 35(7): 652-656.

Singh S, Sharma M, Chaudhry A, et al. Rv2626c and Rv2032
activate TH1 response and downregulate regulatory T cells in
peripheral blood mononuclear cells of tuberculosis patients[J].
Comp Immunol Microbiol Infect Dis, 2019, 62: 46-53.

Shi SD, Hsueh PR, Yang PC, et al. Use of DosR dormancy antigens
from Mycobacterium tuberculosis for serodiagnosis of active and

latent tuberculosis[J]. ACS Infect Dis, 2020, 6(2): 272-280.



648

R E R 20264E4H28H s 4l
[40] Coppola M, Arroyo L, van Meijgaarden KE, et al. Differences in IgG

(41]

(42]

(43]

(44]

(45]

(46]

(47]

responses against infection phase related Mycobacterium tuberculosis
(Mtb) specific antigens in individuals exposed or not to Mtb
correlate with control of TB infection and progression[J].
Tuberculosis (Edinb), 2017, 106: 25-32.

Mattos AM, Chaves AS, Franken KL. Detection of IgG1 antibodies
against Mycobacterium tuberculosis DosR and Rpf antigens in
tuberculosis ~patients before and after chemotherapy[J].
Tuberculosis (Edinb), 2016, 96: 65-70.

Amiano NO, Morelli MP, Pellegrini JM, et al. IFN-y and IgG
responses to Mycobacterium tuberculosis latency antigen Rv2626¢
differentiate remote from recent tuberculosis infection[J]. Sci Rep,
2020, 10(1): 7472.

Aagaard C, Hoang T, Dietrich J, et al. A multistage tuberculosis
vaccine that confers efficient protection before and after exposure
[J]. Nat Med, 2011, 17(2): 189-194.

O, B B R AS AR i S LTS S PTAS A BT T e
B HIFTEIE FR 7). T 2 e R JiE, 2023, S51(4): 54-60.
Bertholet S, Ireton GC, Ordway D], et al. A defined tuberculosis
vaccine candidate boosts BCG and protects against multidrug-
resistant Mycobacterium tuberculosis[J]. Sci Transl Med, 2010, 2
(53): 53ra74.

Mao LR, Du JP, Wang XC, et al. Long-term immunogenicity and in
vitro prophylactic protective efficacy of M. tuberculosis fusion
protein DR2 combined with liposomal adjuvant DIMQ_ as a
boosting vaccine for BCG[J]. ACS Infect Dis, 2023, 9(3): 593-608.

DuX, Tan D, Gong Y, et al. A new poly(1:C)-decorated PLGA-PEG

(48]

(49]

[s0]

[51]

[s2]

(s3]

[54]

nanoparticle promotes Mycobacterium tuberculosis fusion protein to
induce comprehensive immune responses in mice intranasally[J].
Microb Pathog, 2022, 162: 105335.

HanJ, MaY, MaL, et al. Id3 and Bcl6 promote the development of
long-term immune memory induced by tuberculosis subunit vaccine
[J]. Vaccines (Basel), 2021, 9(2): 126.

Hu Z, Xia J, Wu J, et al. A multistage sendai virus vaccine
incorporating latency-associated antigens induces protection
against acute and latent tuberculosis[J]. Emerg Microbes Infect,
2024, 13(1): 2300463.

Zhang W, Jiang H, Bai YL, et al. Construction and immunogenicity
of the DNA vaccine of Mycobacterium tuberculosis dormancy antigen
Rv1733c[J]. Scand J Immunol, 2014, 79(5): 292-298.

Liang Y, Li X, Yang Y, et al. Preventive effects of Mycobacterium
tuberculosis: DNA vaccines on the mouse model with latent
tuberculosis infection[J]. Front Immunol, 2023, 14: 1110843.
Zhang L, Ma H, Wan S, et al. Mycobacterium tuberculosis latency-
associated antigen Rv1733c SLP improves the accuracy of
differential diagnosis of active tuberculosis and latent tuberculosis
infection[J]. Chin Med ] (Engl), 2022, 135(1): 63-69.

Weng S, Zhang J, Ma H, et al. B21 DNA vaccine expressing ag85b,
RV2029¢, and RV1738 confers a robust therapeutic effect against
latent Mycobacterium tuberculosis infection[J]. Front Immunol,
2022, 13: 1025931.

Liang Y, Zhao Y, Bai X, et al. Immunotherapeutic effects of
Mycobacterium tuberculosis RV3407 DNA vaccine in mice[J].

Autoimmunity, 2018, S1(8): 417-422.

(P HEShk . 220777)



