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Abstract

Tuberculosis (TB) is a chronic respiratory infectious disease caused by Mycobacterium tuberculosis
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(Mtb), which poses a severe threat to socioeconomic development and public health and remains a
major global challenge in infectious disease control. At present, mycobacterial culture and imaging
examinations serve as the primary tools for TB diagnosis and therapeutic response monitoring, yet
both methods possess prominent limitations. Developing diagnostic and therapeutic monitoring
techniques based on non-sputum specimens may provide an effective alternative strategy. In recent
years, Kriippel-like transcription factor 2 (KLF2), guanylate-binding protein 5 (GBP5), and dual
specificity phosphatase 3 (DUSP3) have been identified as host transcriptional biomarkers closely
associated with tuberculosis, exhibiting great potential for TB diagnosis and therapeutic efficacy
evaluation. This review systematically summarizes the research progress regarding KLF2, GBP5
and DUSP3, including their molecular mechanisms underlying TB pathogenesis, diagnostic perfor-
mance, and capacity for therapeutic response monitoring, so as to offer evidence and insights for
precise prevention and control of tuberculosis as well as the development of novel diagnostic and
therapeutic regimens.
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1. 3]

SERZIPAE A BRI BB N A R KA R Bk, 2 i — A IR R B T R R R[], DA Sl TR
RIR PRI S5 B IR A TSR, AR5 RIEsE5E, RIR B0 AL AR
A, HEARR, WARAIRBHE. MpEacEa TR 5 25 RS R SE I R BR %, RV ) ot =00
g R AR m[2], Kk H AT — AP0 . nTEE M RS U = 2 W vk
JI7 RO AR bR . WHO $& HAR S K R B T ARRFE AR R S5 0m 2 Wi BoR [3], ik, OF 2R ilfE 3 4%
SR EIMUE SAE S AL 12 T ST RO G TR, A kb FIRBREE, Sweeney [4]55HT 5t A G
EXFAER 10 MER P ASLEIREHATLRE Z 0T, BRI KLF2, GBP5. DUSP3 —Jk[w] H T
TEBNPESE R S W, 5 Sk 2 IO 709 B = 2 RITE S5 A% 97 80 45 5 T A BOR ST R 5, A=
R 5 5 B G A AL B LI R A A T LA &

2. KLF2 54#%

Krippe FE3 56 FF(KLFs)f8 & DNA 456 X MR R R A T, 125 hik, CRINZFER
18 IME A, #i4—dn 4 N KLF1~KLF18 [5]. KLF2 #& KLFs SR HI— A, HAE FA% BG40 i 2 & Fh fo s
Y K N R AR 2 ARk, R YRR B RS S LA S B AR O R T R T [6] . S5 AR R B A O o
WA R AT B G 51 R (IR E 0 52505, NF-xB 2 S0 S SO A (0 6 i e R 1, HmT s SR &
a0 IL-1. 1L-8 JoBafb Rl 7k, AT I S e 240 il 5 L 2 3R, BT 3R I, KLF2 it 5% 4 1
48 NF-xB 3L 0% R T p300/PCAF ] NF-kB HIBE S IGIE, I/ 2 LR i ik, (Rl i
R4 2L 1 H3KO Fll HAKS (1) LTt AL 7K T4l ik FE 98 ik S B[ 7] 0 B4 4 M R Wk 240 2 45 4% 20 BT e S
J B 2 BN A, FLTE AN A B R R T e T R MR B U 4 )R o KLF2 2 B AL 40 i e SRS I 44 IR 7
1 R A0 R A B A3 D W A0 B Gk O i SR e Rk B T o A A PR PR R A ek AR T e

][l
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1) B A 20 ) [ T 23 A [8] 0 KLF2 AR [ W A i 7% A 1) 7 ) R s R, a2k 2 348 i 5 e 4 g
IF) % RE S ) F 5 2 0t E W AT B R e 28 TR 7 [9],  H AT B E AR IE KLF2 5 45 i AR S P 7L,
LR EFRATEN KLF2 7] B ] NF-xB /230 208 42 S B 40 il T e S5 IR AR AE 45 1% K R Hh iR bt
R TR

KLF2 TEZ51%00 b 0 HAR PR IR A RER AN TE, (B HAE SRR B e N FHMME O 5l R T 12K
¥ . Nakiboneka [10]45 A 7E DA 45 175 32 4% S bn B (TM)TE 2 BB AR PE S5 % IR G (LTB) IR R R A3, 5
HIV B RE B (HC) M b, 76 LTBI MEGL a0 IGRA PIMER R EEE)H A 11 F TM [1RiL
HIE A2 2], Hod ZNF296 fl KLF2 3RiA N5 LTBI ZPIAH5¢, HEIhiH# LTBI 5 HC X4, H
ZWr R aE T REIL TS IGRA £, KB TM FIRERZ L IGRA HHBUKM LTBI iZWiA:is 4. Siqi
Zhang [11]% NEEA 7Ok B ABRIT S5 1% 84 10 5 B Ml RNA TP AR5, ik s 451200 i 51k Bt i
2R, T /NIBIRIRFEA, %2 3 HREREMA S, BHBEE 2 4~ LI RF (FCGRIA,
BATF2 5i GBP5) 5 1 N FiFZERHI(KLF2), Hrh, KLF2 /E AR S %0 m FIRER, EAR G
RO R ITH A 2he, HAEREREL WHO X 2R 56 (1 S S v 2R .

3. GBP5 54 #%

BHRE & EE(GBPs) 2 — KT ERAFN)FE T S H =R (GTP) M, HEILARI 7 FhEAY
(GBP1~GBP7) [12]. 1EN GTP BEZ K 2 —, GBP5 fE75 J- X 4T 22 Rl S A 2k M I G ) [ A g vh k.
FEROER, RAVAE B RIS T MNEZEZ A HT RS E, UG AR 3 21 G e R4
MU, AHSCHIE TR R 7E S5 % B e N R GBPS (193 S5 /K~ B 2 v TR REXT RRZH [13], 1 9 B4 i T4k
FEFIRIE R, Hm R IA W] RE S T 45 % o ORI AR S B e R0E , X — i R AT R KSR
W4 JRE AMA RS OR RIEVER . BTN B DL oy A BAEF 36 0E GBPS I3 6E,
$2th GBP5 it GTPase i&it X5 NLRP3 (AH EAEA, i Hr e flB N i NLRP3 #5E/MAdH ke, $85s
o 4 T R 1) 2 B 25 [14]

H SR GBP5 S 15 FPUA5Z S LB 1) SRR RUBL 43, AR AL G510 i B BAR S FHLETD R R AL,
H T K 2 0t 70 A KT AR IT FEX 85 4% i) R . Alisha Anasri [15]55 N B G701 T 6 AN
FEZIBARAE, ik S B M 45 A% (o S g RExT IR 2 R 1) 22 S 3R I8 JE (K (DEGs),  L3k4% 1728 4~ DEGs
(906 A~ L, 822 ANFIM), L5, % 5 MR (hub genes): STAT1. GBP5. GBP1,
FCGR1A f1 BATF2, ARAMKISFEB EE MR, RERERNFEES S TRy (IFN-)E5HE, 5
15 E W% I M AR SC . Xiangyang Yao [16]% NAEFR T &1 GBP5 2 FH /K P 7EiG S Pl 45 1% (ATB) 2
M ERE SR AN 470 ZEEISE 0 B, b 232 e ATB, 238 Bl A4 i s, @it H
FEFR ) ELISA J7 Al 4x 1 GBPS & H/KF, H5FHE-y BHGRE(IGRA) T IR, 4R E/x ATB
B GBP5 & /KT 3 | TS5 % /3, s W ATB (1953238 TAERFAE th 28 R i A (AUC) 4 0.76,
TRURR P FIVRE 57 2 43 1A 78.02% 11 66.81%. 55 IGRA BEA IR, 7E 63.83%I1 B¢ ALl 3 rh 2 Wik i R0k
88.52%, PHIETHIIME Ay 89.57%, FFIETHIIE Hy 87.59%, % W41 GBPS & (7512 Wik sh itk i 45k A ek
Wl —IE RIS 4 d GBP5. DUSP3 il KLF2 = B 7E S5 4% Mk i i 28 oh (2 Wi iF 78 K B, 45
T2 M 98 J8 35 GBPS Jk PRI R IA 7K Wit 35 iy T HoAM i 0/ 4, 1 DUSP3 Fl KLF2 [ 3R58 R L 25 7
Fto FEZWIRLRETT I, HNFH GBPS (321 TARRHE I 4 T HIAR Y 0.74 (95% CI: 0.67~0.81), H&AL T
BT =R R EZEBRL, 325 B, HIV BEE B3 1) GBPS RIA K R4 B,
A NFET, GBPS5 HUphiZ Wit 2R B =1 (AUC = 0.86, 95% Cl: 0.80~0.93), #&7nHAE G ThREZ 4 A
AT e HA L I R R A EL[17]
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4. DUSP3 5458:5%

XU PE B 3 (Dual-Specificity Phosphatase 3, DUSP3), .44 VH1 AH><#kE2HF(Vaccinia Hirelated
Phosphatase, VHR), J& T XK} 57 LK Z R T IR X R, & — P45 22 28 v 40 B L I (MAPK) B R A6 11
FEMALP TR T, T 1992 G E IRAEM ALY AR DL — S XURs S L R W[ 18] AHRHF TR W], DUSP3
TR MBS SR OB RS . MU AR UARTE R b 4EFRpE R fR e Sl FE b B B 0 B
fEHI[19]. DUSP3 7E BG4 i A AZ 4l b 72 3Kk, F 2R ERKL/2. p38. INK £ JFyEib R A
P, AT IE R Je R R AL M A5 [20]. ATB R 41 A i DUSP3 2k 25 7w, L5 50 7™ B AR B IE AR5,
& Sweeny3 Wit B Z —. MAPK @ EREEMIE A . SOE R 1R AR B OCE E, U850 oA
YL E RS, MAPK I8 B PRIEEE , DUSP3 EA i s it 5 N1, o] Besdid it 45 M 45 & MAPK
PR AR T I BERR A AT A, B IR A M LS 14, DT S 2 0E AR S B 0105 . IR,
LB SR Y], DUSP3 mIfgilt LwEfR ik STAT3 SEFE3%IR T, Fomy S WEan i i 4735 M 3L F g #2[21)
[22], Wt A A 7 o SR AR ) EE L), RATTRE I DUSP3 St HL il 42 1T i B B2 R ) 15 G 4 L 3% K 45 4% 0
HF B EE /T BT DUSP3 VR NS5 %0 16 4% br S WA S S 8078 43 ARAE S5 %0 Hh () AR TR 4 AL
B RFRNIE B

5. KLF2, GBP5, DUSP3 5485k

KLF2. GBP5 1 DUSP3 = Z& X W] fie & it 2 A1 R R a5 0w K AR R, 28 BTk, JRA 148 I 24
MTB &R A5, BREUM IFN-y (5 58000, SEORE RPN 7T U0 GBPS ik b ki B Ji
1, {H GBP5 /5 3R F1 98 4 S M 7E 2 FEAH B 19 [ Bt T BE A5 40 41, ki i 1Y) DUSP3 Jii i L R 1L
YEFR 0] MAPK {5 5 il %, AT 8 G il B JRE I BE o TEAEREIRAS T, KLF2 4ER7E G2 40 i 1 2R,
— HRAGEZIEGE, N T RVE e 4l S A SR G AL, WA T2 KLF2 (355, i GBPS 4%
e 98 PR B3 1 FH 4644

{5 H HI 078 2 0T 70 UE B Fod = R DR PR 25 A% 08 K e ak R oM ELVE T LR MLA], AT 7T S B
TE = FEE e 2 s b B WITE S 2012 W 51697 I8 N 55 J7 TN 20RE . 24T Sweeney %6 A% T NCBI
GEO A1 ArrayExpress PN 2, 9AN T 14 DNEHE 4R, b 45 10 MEZ, Wid A LE 3L 2572
WA MFEA, BEEER T 3 MRREIEESL 1023 hREARME N R DU, il % 5 RE T KRR EMRL,
o 40 14 HH 55 T R i 5 A B FE A s (251 o i At ke . S e Ve T AR B, TS B il
W B H RIS 27 3L MBI GBP5. DUSP3 fil KLF2, JEEFIAM) 11 MR ERIE T = 2K 12 Wi xR,
A RPERIERNZ NGy B (HIV) BRI 25 &R 1 (BCG) BRIz mT,  $ H =K
AR P AR SURAT B H AR GG E RO T I S 2 W R R, R B E — Fh R S =R R Rk
KRR TR R, BI TB $£43(TB score): (GBP5 + DUSP3)/2— KLF2, iZ%iF/r7EZ% BAFIt T e R
BUEAVRE e, A B RS AS PCR HAR SIS IR AL . tEAh, BFFEN BT 1 4 A0 Bl 1t il 45 4%
BT R AT A A I EAR S, ORI AR TB 1T bR T 3k e 2 IR T A 4],
PEIR Sweeney3 TENT 45 1% I AR Wi 5 1697 O8N Wl 7 TS A VEE N, AR SRR AL BEE T 2Lt

— RS TR FEAE S A% 5 HIV & X N RIS 1 27 Mgk Mg sobr B 0% 45 1% 0%
ARG Im M Sz Wi iae, BT 181 BB AR 4 M o, B 7 Sweeney3 VU4 % s br 4 R B
B WEs R, HARER . MR HIV BRYUIRGL. S54%05 30 Bk iR i g AW /b, Az Wik
REAR W2 2 50, RIS R AFROFR e PEAIRE & 1, FF & Bt R DA 21 TPP I dRAlhnitE, Jlid X 32
R TAERHIE 28 T T AR SEAT LL8E,  Sweeney3 2B RGeSO IE R F34b, WHO #E2#E Xpert MTB/RIF
Ultra (Ultra) I T 45 1% 0 BoFF B PCR Aailll,  RESUE & T Xpert MTB/RIF (Xpert), {HH AR FHME R B &,
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AT TR, B Ultra BB 0T 5 MR FE b SEPAE S5 & e Wi B vk v 4 Ultra FRO4RR S [23].
Cepheid 2 & BB HL T R AR IR & Xpert-MTB-HR, #KFET GeneXpert A6 ISk il 4 i o = FE K]
RIB K, EFIRF G, RS RIS T8 32 0% SON (1) I 58 DRURR ARG I T L, S A1)
fii Sweeney3 SEBUIARAL B [24]. BEJG, — I TIN5 LA [ O BE X SR F 7 b, AL HIV
FUHE PRI 55 5 LA IRRE AR RAEFEAR B T VP4 T Xpert-MTB-HR X5 &2 Wik tt, 45 RER], Hes
A F AR S G AL S A e S AR W HE R E bR, A Ah, AT AR HE R 12 ) S A A 1 K
P AH H 8 S H R T B PR TR, [ BS SEE AR DA PEE A AASI ) N Bk > 50% LA 1, AT E
R 45 1% A RIGHE R B A2 A - B [25]

HAT, Mg a it T 0 6 NMAMZ ABEIIT TR, Zh R EANKZHUE kAl
IR, AHAETEIR T ORI BT 25 5 SR A, Rk,  H BT B H BB, PAEhES VRG4S
WIBTT IRBL, N VRREST R R ARAGTRTT 77 RARMMKE, MEMicE BE TG . 45 4% 20 B B R IR e vl S
SRR, 51RNRAE K AR BN RIEZ, [, %05 R R AR B S hig%
BT 77 R BRI A [26]. Berry [27]155 0 FE RN,  S54% 53 B 17 I8 e 75 3 (1) i LU OGS RRfAE 22
B A APLEALIR T BRI, JRIT IR IR, WIRA PR SRR T MR T RS, PRl R AR S B
Francisco [28]%% N KB, GBP5. KLF2 XUERF ATREVEN ATB (U2l T.5, i n] geE il &5 %16 T7 1
BAEYFREY . Warsinske [29]58 K1 TB V4 fEIR B F= 5 91T 6 A H BRI RT IR 008 AR 28 iz e it g
RIS, UK N 86%, 4FF N 84% (AUC: 0.86, 95% CI 0.77~0.96), M Sweeney3 X 45 1%
PR AEEME. — TN 31 LIS IR BIIE FU R, TB VR TEIRYT i A P&, R
TER BSOS R TT BUR I R, TTEIRTT 4 N HABETPRR, RUDNJE R R SR, AT 48
TS50 B AR TT R [24]

BRT Sweeney3 #b, JELERFFLHAEH T 2R TE iR AR, Fidh RISK6 752 RIARSEAE A 2 A F
HISRIE RN FE 5 - EEHT, Adam Penn-Nicholson [30]%5F & FF U6 AIE 73T 6 JE K {0 i i S 21 b b A B
RISK6, &t H AT Bl T TR0 25 4% 5 A 93 IUE « 12 W I PR B PR 45 A% 0 S IS YR 97 R Mo B e, — TR T
Pl RISK6 TELE LT AL 2 AR TT Wl R I 2 OB LA 2RI 18, 2P ALK I, RISK6
fEIX 4> ATB 5 LTBI.ATB 5 HD AL T E8EE T IGRALIRIT AN H 5 RISK6 P43 L . 3% T %,
TEVRIT 6 N HJE RISK6 VF4 k& 2 1E & /K- (S5 @ FET B L), [FIRT RISK6 HFFEREA RLIX 70 KR IGIT
TBIT R A IRIT SR AR [31]. ST RISK6 MH# T Sweeney3 /775 L R ¥ L ByE B 2 RFR, 53 T gE
FL A& 1) GHRA PR DX AT HET ™, B IR S0 I3 R 45 A% 93 HH DG 58 [R5 SR A B D TE S5 A% 99T BOTAG S5 9
993 M 0 LA Y E AN AL

6. BlESRE

JUE TR~ KLF2, GBP5 Fll DUSP3 = JE[KYE G5 A% 2 WT . 7 25 W 0 B 19 00 297 a3k o 25 g T v i
AR IR, (HIR SR — S R, R TE . 2 i OB Tt =S R SEPRAE e R R M, Rkt
FEAR N AT EE A I A I T LTI I SR PRREAS . Sweenty 25 A\ R 70 b B = JE I8 X o0 & sh M 45 i 5 3
MRV 70, ARSI AR, TEARTRG ik 4 280 (R ) S5 0 BRI 2% 1, = BERIPR 2 W A RE
Fr R FE[32], HAEISLIGIR B R A Rt — 0552 . G AREH%EHET GBP5. DUSP3 5 TBP ¥ Xpert-
HR R G707 2 ) L2 S5 A% BOUERf M & B, SLRA2 S50 10 R BUS e, BT 5 % LU Rl LR ik
BUIG, DRI AR N 6T ) L 28 PR A S P DR 0T T 88 v J L 2 65 A% 09 12 Wi P v A 12 285G B 2 [33] [34]. — Tl
BIXF IR IR RS LER MTB Rt T eiE s EX (i CD38)5 % s 4H =K #E(MAMS6, RISKS,
Sweeney3)7E TB 7 RMUAN G K& WAL H 1IZhA& 40, R FH 0] G ZAM TB 1697 R a7 G
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2R PR ARK AT R R G RS- T2 B AU RE[35]

I 5 5 b 2502 G5 A% i PRAT 9 14 2 227 [, LA 20 308 2o i Kk 257 0 8 2R A L R4
SRR AT R AT B = ) RNA P, (EZERAE 5 LR N G 5 i, HL A I S 40 ) 7 1S KRS S
SIS e MR BRE, AETIREL Z X IHECLHE . 534k, WHO TPP X 7012 L2 Wrilll ik i) S i€ i H AR
399 2 e 6 S0, TR Xpert XTMIRIF 3X 2875 I 3k B A% K- s B Pk Ak [36]. —
BT feAE AL H H H] - 5IE Xpert-MTB-HR X 85 4% 12 Wi A (8 T ATHE PR 70 R, il 7E Al A e
AFFE T DA RACKRUE, (HAE 10~24 B F /D EMER RS, 2512 W7 3 B (cutoff (i) e 5E vl
JRIE > 90% I, Rp R R] ik 82%~84%, /R E m i cutoff {5 LALZEA A ANHEAIA [ g A7 557 rh ok 1 2
1 (R S A A e SR RS T W 1 — I AR [37] 0 7300 TR I A SR 4 1 % b A I B A% 4 A 5409 12
WA E IR FUR L, ASFIBA S RI2 B AU (22 57, R AR AR SR AL B 3 Wk 0 45 SR m] i L4287 2R S
[28]. [HLk, ARAHEICTH @ LARME AR IRAE, (RIS 3BURAS 1 AT, 78 B SEIR PRI B A T Jg 2 o
O REEAKREATIGAL -

Sweenty3 NEHZIAMIRIE 12 LW AG)T HEISFS 0 1B im0 . B NS A48 T2 ZAR SRS A
MBAREA IR, SR T AR TR B FAR S o REBUZ A R, AR TSk F iR a5
TG, RIS DR R 0t 3 ) = 2k DRI 28 A4 AT AT ARk 45 A i et R Nl s PR A%, RES IS T 46 4%
TR PR R BN G DL, IR SN FIWHS 2570 il SEBLE RO B MR iR T iR T
SR, SR %3 R 26 40 MSIZI6 S b S50 170 i PR 5 RUAS: DM 47 474 22 S SCRELAS R R TE 2 A SE B
i R, SR B A S FH A DA S N T A

E&WE

B 76 44 78 2 R BTE R I H (465 2024YXYJ0004) ;  BRPE 4 PE RN R H (4h 5
25YXYJIYB00054); [$ 548 — it BIBA (75 22 17 A 0o 1B e il e -5 0 6 3 T BA)

SE

[1] Singhania, A., Wilkinson, R.J., Rodrigue, M., Haldar, P. and O’Garra, A. (2018) The Value of Transcriptomics in Ad-
vancing Knowledge of the Immune Response and Diagnosis in Tuberculosis. Nature Immunology, 19, 1159-1168.
https://doi.org/10.1038/s41590-018-0225-9

[2] Jiang, Q. Ji, L., Qiu, Y., Su, X., Guo, M., Zhong, S., et al. (2019) A Randomised Controlled Trial of Stepwise Sputum
Collection to Increase Yields of Confirmed Tuberculosis. The International Journal of Tuberculosis and Lung Disease,
23, 685-691. https://doi.org/10.5588/ijtld.18.0524

[3] WHO (2014) High Priority Target Product Profiles for New Tuberculosis Diagnostics: Report of a Consensus Meeting.
https://www.who.int/publications/i/item/WHO-HTM-TB-2014.18

[4] Sweeney, T.E., Braviak, L., Tato, C.M. and Khatri, P. (2016) Genome-Wide Expression for Diagnosis of Pulmonary
Tuberculosis: A Multicohort Analysis. The Lancet Respiratory Medicine, 4, 213-224.
https://doi.org/10.1016/52213-2600(16)00048-5

[5] Liao, Z., Wang, X., Chen, X. and Zou, Q. (2017) Prediction and Identification of Kriippel-Like Transcription Factors by
Machine Learning Method. Combinatorial Chemistry & High Throughput Screening, 20, 594-602.
https://doi.org/10.2174/1386207320666170314094951

[6] Novodvorsky, P. and Chico, T.J.A. (2014) The Role of the Transcription Factor KLF2 in Vascular Development and

Disease. Progress in Molecular Biology and Translational Science, 124, 155-188.
https://doi.org/10.1016/b978-0-12-386930-2.00007-0

[7] Jha, P. and Das, H. (2017) KLF2 in Regulation of NF-xB-Mediated Immune Cell Function and Inflammation. Interna-
tional Journal of Molecular Sciences, 18, Article 2383. https://doi.org/10.3390/ijms18112383

[8] Das, H., Kumar, A., Lin, Z., Patino, W.D., Hwang, P.M., Feinberg, M.W., et al. (2006) Kruppel-Like Factor 2 (KLF2)
Regulates Proinflammatory Activation of Monocytes. Proceedings of the National Academy of Sciences of the United
States of America, 103, 6653-6658. https://doi.org/10.1073/pnas.0508235103

DOI: 10.12677/acm.2026.1693049 312 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693049
https://doi.org/10.1038/s41590-018-0225-9
https://doi.org/10.5588/ijtld.18.0524
https://www.who.int/publications/i/item/WHO-HTM-TB-2014.18
https://doi.org/10.1016/s2213-2600(16)00048-5
https://doi.org/10.2174/1386207320666170314094951
https://doi.org/10.1016/b978-0-12-386930-2.00007-0
https://doi.org/10.3390/ijms18112383
https://doi.org/10.1073/pnas.0508235103

i %

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Nayak, L., Goduni, L., Takami, Y., Sharma, N., Kapil, P., Jain, M.K,, et al. (2013) Kruppel-Like Factor 2 Is a Transcrip-
tional Regulator of Chronic and Acute Inflammation. The American Journal of Pathology, 182, 1696-1704.
https://doi.org/10.1016/j.ajpath.2013.01.029

Nakiboneka, R., Margaritella, N., Nyirenda, T., Chaima, D., Walbaum, N., Musisi, E., et al. (2024) Suppression of Host
Gene Expression Is Associated with Latent TB Infection: A Possible Diagnostic Biomarker. Scientific Reports, 14, Ar-
ticle No. 15621. https://doi.org/10.1038/s41598-024-66486-z

Zhang, S., Bei, C., Li, M., Zeng, J., Yang, L., Ren, T., et al. (2025) Identification and Evaluation of Blood Transcriptional
Biomarker for Tuberculosis Screening. International Journal of Infectious Diseases, 153, Article ID: 107838.
https://doi.org/10.1016/j.ijid.2025.107838

Chen, J., Liu, C,, Liang, T., Xu, G., Zhang, Z., Lu, Z., et al. (2021) Comprehensive Analyses of Potential Key Genes in
Active Tuberculosis. Medicine, 100, e26582. https://doi.org/10.1097/md.0000000000026582

Perumal, P., Abdullatif, M.B., Garlant, H.N., Honeyborne, 1., Lipman, M., McHugh, T.D., et al. (2021) Validation of
Differentially Expressed Immune Biomarkers in Latent and Active Tuberculosis by Real-Time PCR. Frontiers in Immu-
nology, 11, Article 612564. https://doi.org/10.3389/fimmu.2020.612564

Shenoy, A.R., Wellington, D.A., Kumar, P., Kassa, H., Booth, C.J., Cresswell, P., et al. (2012) GBP5 Promotes NLRP3
Inflammasome Assembly and Immunity in Mammals. Science, 336, 481-485. https://doi.org/10.1126/science.1217141

Ansari, A., Singh, G.P., Singh, M. and Singh, H. (2024) Identification of Host Immune-Related Biomarkers in Active
Tuberculosis: A Comprehensive Analysis of Differentially Expressed Genes. Tuberculosis, 148, Article ID: 102538.
https://doi.org/10.1016/j.tube.2024.102538

Yao, X., Liu, W., Li, X., Deng, C., Li, T., Zhong, Z., et al. (2022) Whole Blood GBP5 Protein Levels in Patients with
and without Active Tuberculosis. BMC Infectious Diseases, 22, Article No. 328.
https://doi.org/10.1186/s12879-022-07214-8

Huynh, J., Nhat, L.H.T., Bao, N.L.H., Hai, H.T., Thu, D.D.A., Tram, T.T.B., et al. (2024) The Ability of a 3-Gene Host
Signature in Blood to Distinguish Tuberculous Meningitis from Other Brain Infections. The Journal of Infectious Dis-
eases, 230, e268-e278. https://doi.org/10.1093/infdis/jiad606

Ishibashi, T., Bottaro, D.P., Chan, A., Miki, T. and Aaronson, S.A. (1992) Expression Cloning of a Human Dual-Speci-
ficity Phosphatase. Proceedings of the National Academy of Sciences of the United States of America, 89, 12170-12174.
https://doi.org/10.1073/pnas.89.24.12170

Monteiro, L.F., Ferruzo, P.Y.M., Russo, L.C., Farias, J.O. and Forti, F.L. (2018) DUSP3/VHR: A Druggable Dual Phos-
phatase for Human Diseases. In: de Tombe, P., Gudermann, T., Jahn, R. and Lill, R., Eds., Reviews of Physiology, Bio-
chemistry and Pharmacology 176, Springer, 1-35. https://doi.org/10.1007/112 2018 12

Lang, R. and Raffi, F. (2019) Dual-Specificity Phosphatases in Immunity and Infection: An Update. International Jour-
nal of Molecular Sciences, 20, Article 2710. https://doi.org/10.3390/ijms20112710

Xiao, H., Fu, J., Liu, R, Yan, L., Zhou, Z. and Yuan, J. (2024) Gastric Cancer Cell-Derived Exosomal miR-541-5p
Induces M2 Macrophage Polarization through DUSP3/JAK2/STAT3 Pathway. BMC Cancer, 24, Article No. 957.
https://doi.org/10.1186/s12885-024-12672-1

Zhu, L., Wang, Z., Sun, X,, Yu, J., Li, T., Zhao, H., et al. (2020) STAT3/Mitophagy Axis Coordinates Macrophage
NLRP3 Inflammasome Activation and Inflammatory Bone Loss. Journal of Bone and Mineral Research, 38, 335-353.
https://doi.org/10.1002/jbmr.4756

Turner, C.T., Gupta, R.K., Tsaliki, E., Roe, J.K., Mondal, P., Nyawo, G.R., et al. (2020) Blood Transcriptional Bi-
omarkers for Active Pulmonary Tuberculosis in a High-Burden Setting: A Prospective, Observational, Diagnostic Ac-
curacy Study. The Lancet Respiratory Medicine, 8, 407-419. https://doi.org/10.1016/s2213-2600(19)30469-2

Zimmer, A.J., Schumacher, S.G., Sodersten, E., Mantsoki, A., Wyss, R., Persing, D.H., et al. (2021) A Novel Blood-
Based Assay for Treatment Monitoring of Tuberculosis. BMC Research Notes, 14, Article No. 247.
https://doi.org/10.1186/s13104-021-05663-z

Gupta-Wright, A., Ha, H., Abdulgadar, S., Crowder, R., Emmanuel, J., Mukwatamundu, J., et al. (2024) Evaluation of
the Xpert MTB Host Response Assay for the Triage of Patients with Presumed Pulmonary Tuberculosis: A Prospective
Diagnostic Accuracy Study in Vietnam, India, the Philippines, Uganda, and South Africa. The Lancet Global Health, 12,
€226-e234.

Satproedprai, N., Wichukchinda, N., Suphankong, S., Inunchot, W., Kuntima, T., Kumpeerasart, S., et al. (2015) Diag-
nostic Value of Blood Gene Expression Signatures in Active Tuberculosis in Thais: A Pilot Study. Genes & Immunity,
16, 253-260. https://doi.org/10.1038/gene.2015.4

Berry, M.P.R., Graham, C.M., McNab, F.W., Xu, Z., Bloch, S.A.A,, Oni, T., et al. (2010) An Interferon-Inducible Neu-
trophil-Driven Blood Transcriptional Signature in Human Tuberculosis. Nature, 466, 973-977.
https://doi.ora/10.1038/nature09247

DOI: 10.12677/acm.2026.1693049 313 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1693049
https://doi.org/10.1016/j.ajpath.2013.01.029
https://doi.org/10.1038/s41598-024-66486-z
https://doi.org/10.1016/j.ijid.2025.107838
https://doi.org/10.1097/md.0000000000026582
https://doi.org/10.3389/fimmu.2020.612564
https://doi.org/10.1126/science.1217141
https://doi.org/10.1016/j.tube.2024.102538
https://doi.org/10.1186/s12879-022-07214-8
https://doi.org/10.1093/infdis/jiad606
https://doi.org/10.1073/pnas.89.24.12170
https://doi.org/10.1007/112_2018_12
https://doi.org/10.3390/ijms20112710
https://doi.org/10.1186/s12885-024-12672-1
https://doi.org/10.1002/jbmr.4756
https://doi.org/10.1016/s2213-2600(19)30469-2
https://doi.org/10.1186/s13104-021-05663-z
https://doi.org/10.1038/gene.2015.4
https://doi.org/10.1038/nature09247

% 55

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Francisco, N.M., Fang, Y., Ding, L., Feng, S., Yang, Y., Wu, M., et al. (2017) Diagnostic Accuracy of a Selected Sig-
nature Gene Set That Discriminates Active Pulmonary Tuberculosis and Other Pulmonary Diseases. Journal of Infection,
75, 499-510. https://doi.org/10.1016/j.jinf.2017.09.012

Warsinske, H.C., Rao, A.M., Moreira, F.M.F., Santos, P.C.P., Liu, A.B., Scott, M., et al. (2018) Assessment of Validity
of a Blood-Based 3-Gene Signature Score for Progression and Diagnosis of Tuberculosis, Disease Severity, and Treat-
ment Response. JAMA Network Open, 1, e183779. https://doi.org/10.1001/jamanetworkopen.2018.3779

Penn-Nicholson, A., Mbandi, S.K., Thompson, E., Mendelsohn, S.C., Suliman, S., Chegou, N.N., et al. (2020) RISKS,
a 6-Gene Transcriptomic Signature of TB Disease Risk, Diagnosis and Treatment Response. Scientific Reports, 10, Ar-
ticle No. 8629. https://doi.org/10.1101/19006197

Bayaa, R., Ndiaye, M.D.B., Chedid, C., Kokhreidze, E., Tukvadze, N., Banu, S., et al. (2021) Multi-Country Evaluation
of RISK®6, a 6-Gene Blood Transcriptomic Signature, for Tuberculosis Diagnosis and Treatment Monitoring. Scientific
Reports, 11, Article No. 13646. https://doi.org/10.1038/s41598-021-93059-1

Hoang, L.T., Jain, P., Pillay, T.D., Tolosa-Wright, M., Niazi, U., Takwoingi, Y., et al. (2021) Transcriptomic Signatures
for Diagnosing Tuberculosis in Clinical Practice: A Prospective, Multicentre Cohort Study. The Lancet Infectious Dis-
eases, 21, 366-375. https://doi.org/10.1016/s1473-3099(20)30928-2

Sweetser, B., Nkereuwem, E., Nakafeero, J., Gomez, M., Wambi, P., Nsereko, M., et al. (2025) A Prospective Evaluation
of a Three-Gene Host Response Signature to Classify Tuberculosis Severity in Children. Journal of the Pediatric Infec-
tious Diseases Society, 14, piaf041. https://doi.org/10.1093/jpids/piaf041

Poore, H., Wambi, P., Nkereuwem, E., Nakafeero, J., Gomez, M.P., Nsereko, M., et al. (2025) The Three-Gene Xpert
Host Response Signature for Pediatric Tuberculosis Screening: A Prospective Diagnostic Accuracy Study. Clinical In-
fectious Diseases, 81, e424-e431. https://doi.org/10.1093/cid/ciaf445

Bauer, B., Ahmed, M.I.M., Baranov, O., Bakuli, A., Lin, L., Kisinda, A., et al. (2026) Host Response Biomarkers of
Tuberculosis Recurrence and Treatment Failure. Communications Medicine, 6, Article No. 184.
https://doi.org/10.1038/s43856-026-01424-w

Hamada, Y., Penn-Nicholson, A., Krishnan, S., Cirillo, D.M., Matteelli, A., Wyss, R., et al. (2022) Are mRNA Based
Transcriptomic Signatures Ready for Diagnosing Tuberculosis in the Clinic? A Review of Evidence and the Technolog-
ical Landscape. eBioMedicine, 82, Article ID: 104174. https://doi.org/10.1016/j.ebiom.2022.104174

Seifert, M., Catanzaro, D.G., Gracia, M., Hillery, N., Tahseen, S., Masood, F., et al. (2024) Prospective Exploratory
Evaluation of Cepheid Xpert Mycobacterium tuberculosis Host Response Cartridge: A Focus on Adolescents and Young
Adults. Clinical Infectious Diseases, 80, 180-188. https://doi.org/10.1093/cid/ciae461

DOI: 10.12677/acm.2026.1693049 314 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2026.1693049
https://doi.org/10.1016/j.jinf.2017.09.012
https://doi.org/10.1001/jamanetworkopen.2018.3779
https://doi.org/10.1101/19006197
https://doi.org/10.1038/s41598-021-93059-1
https://doi.org/10.1016/s1473-3099(20)30928-2
https://doi.org/10.1093/jpids/piaf041
https://doi.org/10.1093/cid/ciaf445
https://doi.org/10.1038/s43856-026-01424-w
https://doi.org/10.1016/j.ebiom.2022.104174
https://doi.org/10.1093/cid/ciae461

	KLF2、GBP5、DUSP3在结核病中的研究进展
	摘  要
	关键词
	Research Progress of KLF2, GBP5 and DUSP3 in Tuberculosis
	Abstract
	Keywords
	1. 引言
	2. KLF2与结核病
	3. GBP5与结核病
	4. DUSP3与结核病
	5. KLF2、GBP5、DUSP3与结核病
	6. 问题与展望
	基金项目
	参考文献

