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Abstract

Exosomes are a subtype of membrane vesicles with a diameter of 40~200 nm that are secreted by
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cells into the surrounding environment. By transporting proteins, lipids, mRNA, miRNA, IncRNA,
and DNA, it performs important functions such as maintaining cell homeostasis, clearing cell de-
bris, and promoting intercellular and interorgan communication. Exosomes can transmit their
molecular information through autocrine, paracrine and endocrine modes. In recent years, there
has been increasing interest in studying exosomes as diagnostic markers and therapeutic targets
because in many disease conditions, this mechanism is malregulated or hijacked by pathological
processes. Many studies have shown that miRNA plays an important role in the occurrence, de-
velopment and mechanism of tuberculosis, providing potential possibilities for the early diagnosis
and mechanism research of tuberculosis. In addition, exosomal mirnas have been shown to be
useful markers for the diagnosis of tuberculosis. This paper will discuss the regulation of ex-
osomes on the immune function during the occurrence of tuberculosis, with the purpose of help-
ing to understand the occurrence and development mechanism of tuberculosis, and has certain
significance for the early detection of tuberculosis and the formulation of scientific diagnostic
programs.
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1. 5|

Jiti 5 4% 973 (Tuberculosis, TB)J& —F HH &5 4% 73 A AT B (MTB) IS 51 T 118 AL Yo i, A& 25 A% 005 Hh I 5 DL
f—Fh, BB MEYtss, VT AN, AU EGERH @R, mERm SRR E,

A FRRRELH 1000 5 NIBRGEERZ[1]. AR A AR A (WHO) s, 5t E4E T2 —
I ARG T 254 % BT R [2] . BEAfTE, 2021 4545 1060 /5 A HE B 45 1%9%, 1 2020 4£°4 1010 J5 N,
2021 4 160 J3 NFET- 45420 (L4 18.7 J3 3Lk #:8 Je+), 1M 2020 4F 24 150 J3 N (B4 21.4 73300400
BRRYLE) . AL, 2021 SFEEAZE KA AL 2020 4 BT 3.6%, Hid 2 SRR TR T 2% I
JUIEE

PG, 2022 fEAERFTIM AL B 1060 S, HEREEIECY 74.8 J51 (o5 A Bk R AL
7.1%), 1E 30 NEEZT m A E R P HES 3 A AERGEOWIET AL 130 i, o E %A TS
5 3 TIHI[3]: WHO A XA BRAE R A S T4k 5 s, 2019 4F 45 4% B A 3R B — & YL i JE IR 2 1
2022 SELERZIRISA ALY COVID-19 2 J5 AR — K R 5 — 1% Yoo R 5 B0 B E AL YLi [4] [5]. 4R
iE, BERAWFZ NSRS T 45 B, Horb 5~15% 1) N AT BE1E 2 fE A K JE 9 ATB,
MHAREBAE LTBI M U542 1 s 2 50 0 XU (6] R RN T MRRA T 5 A% 34T T 94k
WHFE, BAEYE EIASH E AR A IR REAS T b8 o V8 AR il 45 % (TB) I 4 (112 Wi R 57 B 2 AR i fi
girkike —. AR, SRR ETIA R — AR R A, HRiZEm T RR RN,
Rk, 5 B A% 0 B e A AR B SR A2 W 3 Bl Ik A B AR M il 485 4% o AN AN R 2 36 118 2 I AE Wb
BV . FEMEE H, AMBARE N A R, R FUR BRI A ) TR, R, ixueiE
7 5 O JE AR AN RV PTR PR BERAE R GRS W JRIT . RSB REYREMREE T —
N EREE[T].
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2. S iEEItE AL

TEAMIMAR B AE R AT R, A AR 1) — 8 A 43 B B S TE K B8t b, ALHE DU S B A (1 CD63.
CD81.CD82 Hil CD53). i 1 (1 Rab GTPase MBI 1) . MVB A4 AEAH K 8 1 (W Alix AT TSG101).
S PR YR PR T B AR IS IR (AR T L AR AT OB A BERL) . AIE R RNA FRE(NE £ RNA
[MRNA]FIESmES RNA)FT DNA [8] [9] [10] [11]. A& F 42250 i o, R Z2EGMNBMAE A E T
JRAR SRS AN N UAMA[12] o AMIMAAELE T R ZHEYR T, BFE MG IR, B MR, SR
IV FE BRI R [13] [14] B LR B, 75 e B0 HATR], A0 A A T DLHE 7 05 J5 A4 SRR 1 B 43 [15] [16]
[17] [18]. EATRT LAE Sy G S LRI, 25 RS E0E AT AR AR 40 1 43 67 A AU P08 S AR Rt 8 R e
WERRER, DMl TE T R N B G ] EAh, AR R A R R T G R G T RE A B T SR AR
I G I N AR R DRIk, AN AT DU R eAE [19] [20] [21] [22].

Sy 7T, ANBRTE G B R BRI E R ZNAS A Z R R 1. WFFLR I, SR B 5% AT Bk
EL WA A 1 s i Al BHIST TP 3R y (IFN-p) T &R, 7 50 I B s [22]. M, At
B, SR R LA A B 2SR R AR T 30 1EN-y AR R ZE R F--or (TNF-0) B [23] . 3% L8 AH L
7 J& HIRE I AT BE BT 3 BT B PR EAT I 8] S5 AE S AMIAR TR D IAFAE o K2 O T-HMNIMATS 5t N A E
SRR PRI 7 4 FH £E 73 e AT B _E[19] [23] [24] [25]. 2000 £E, Russell %5 A\ & BUAE ELWE 40 ket f b, 2
BOFFEE A (BT R AAE H 55 B RE(LAM)) A MVB B5i5. Ak, fhATERIE, XEegk3e & &l Ll
TEAR I A B 1) B 4T M R IR[26] o 755 — R AR, LAM Fil 19kda &5 FUE AP AT 0 RAT T BT E, 7R
el 43 KA B (M. bovis Bacillus calmette-gusamrin, BCG)¥) /N iR, BAL ¥ 43 25 (1AM R Fh i %5 5 R [24]. %5
e B NI AT S AT B AL O B, A AR S5 A% R VR B AT E AT 5T Hh [22]

3. ShAERM GRS R RER

G IAAA bR SR AR TE RS Wi AR bR A, R R e B R T o DS B MRS A% R 1T
TER AT R, X MIEAREL, AhAMAMR BB E (At 30 5 A E) [27]. 3X—RFfiE Al e 5 45 A% 8L 1) 12
JBAE I, FFATENEK T E. LYU 528138t xt 60 5l fil Hxt iR 4L. 60 {517 AR HA 45 4% 4 B AT B B g i
(LTBI)AT 60 153 2k 14 fili 45 % & 3 (ATB) L5 A 4R miRNAs fFRIEBE 1 & I, LTBI I3 4h sk
miR-let-7e-5p. miR-let-7d-5p. mMiR-450a-5p Al miR-140-5p Fik/K I E T, 1 ATB IfLiE 4wk
miR-1246. miR-2110. miR-370-3P 1 miR-28-3p. miR-193b-5p FiA/KFEE T . BEW R LI, M3
AR miR-NAs 5 i FEd sk (EHR)AHZE S X E5AZ R 2 W oA B3 IR = L, ST IEZHAHLL, &5
W B 1M 3% /AR miR-20a. miR-20b. miR-26a. miR-106a. miR-191 fll miR-486 FL.f5 % Rt %Kik,
M A A mIRNAs [ IA/KFF HER 456 B AEIEMIGIKIZWINE, B2 W RS Fr 5
FE43 5124 100%. 84% [29].

HMIBR R (8 BEE S RO i IR e FE b R ZE AR A [4]. 7EIX J7TH, Kruh-Garcia %5 A\ [3010F 50 T G 80Pk
(TS A/ 225 2 ) B R P 46 A% A3 LI PP T 0 I A 93 BT R IR 70 o A AT 65 T T 3 P 5 A s S
GRS TSR By BOFF B AE AR B4, FERIVEANMESS 2w 12 T IRG o X BB E RS Wit AR A &
AT FH DA AN PG A T R4 ) £ A% T AT b X A 3

K S5 4% 00 BT WG/ BT BAL SRIEAMIMA I 8 B R AH 25 0 b o, TR ) (% J5 14~112
R) [27]. BRIL, e wT LIRS DU 2 20 i 4 AR 0 bm 50 IR BO T-Aar S AL B B AR B, v ah, B dllfE &
B A T LA R R S TR E bR SRR R 2 . FE T AN A2 W AT B X A IR e N SR B B
WEE(HIV)REF AR, ROV 2 A RIS WNER R DR~ B35 JoRk(31] [32]. Mk, HeT4b
IR AE bR BV ] DAE A ZAZIR W B AREREY) . AHEFRM, FEINME N EY R I T A E
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) RNA 7> 7, 13 mRNA. kK RNA (rRNA). miRNA FIK4EE4m % RNA [33]. #hidsE RNA (G H:
/& MiRNA), HTAMBES FHHT RNA B AR CRY B R AR e, ORI RS Wi AR Y br 4 1) 348
F-£1[34] [35]. Singh 25 ANWFIC 1AM R FR A0 R SR IR I RNA. K B AR B S5 4% 20 B B s B 40 i )
RNA i R, G BATEIEGIAE, 75 miRNA. mRNA F120 BT E RNA B4 21 mRNA FFAE
RN BRI ER RS . BRI R R ARG I — RS AN 2SR, A R 2 10 A B T e RN 7E 5%
NERITZ 000 o EATAUR N E 58 R G ) N B8 —TE R 2k, 11 HiEid 2 5 RS R ML E =,
TEYERR APk (0P 05 TR R 5 T B H[36]. BN AT s KA Re 77, & 5 200 Sy s i g, 3L
ARIEREE ARRAER, EVAHE MTB NI B2k, EWEGHHMIEERT DL ARG MTB, Al L
VENPUIE SR R A0 5 BRI PE G e 2 o ARAE SR, A ubiA RNA W] BETE 73 BT B R e b BV TE 112 I
N [25].

4. 4hiirE miRNA BE RS2 R RIS ET R 45T B Rg

MIRNA & —F 18~25 MEX R K I 5855 RNA 707, L IhAE S 7 R DR 3R IA 17 55 I i BB BIR o) L A I
I ThRE . mIRNA J&—FRgiB 2 A5 RNA. I, B0 B 2 54 S 5 0 TR A (6 A A IR (15 13
HERZI) A AR . miIRNA 5605658 5 K775 I AR Y e W E R, 975 mRNA B K23
MIRNA {7 T 38 K 4 H gl DA A A2 ARG A 1 [X 45 o B 35 R 4 Hh K 2 2%~5% 119 N R BRI 94 15 miRNA.
EVFZIEIT, 2R TH V4RI miRNA. JE45TT, miRNA @S =02 — M ARER, FH—
A~ miRNA FTEEA JLAMEE Mrna [37] [38]. —LEHF 7R BHAMB A miRNA R BELEZ i i A% A Bl ko il £1[39]
[40]. Wang 5 NHRIE T =Fpoh ik miRNA )£ 7K1, 5 miR-148a-3p. miR-451a F1 miR-150-5p,
7 BRI A8 B s BROBOR TB B s B b [41] - X 28 miRNA 24 75 3 50R AWkn S . % B B MA R
T SIS A% B LT BR A (AN AMA mMRNA 857, B 7 8 R M S A O R e e
L6 RNA 4, FEAN A AR BE 26 A N MBS0 RNA 37 1% $ 1 2%[42] .

Lv 558 N[42]8F 78 T AN [F BRI s, ax Se ik N ] DUAE 9 — AN RNA AEWIbR 54, H T2 WnE R
PERNE SR . IhAh, Lyu Z5[43])0 4T TGS PERITE(R I TB 3 s i #b ik miRNA 3%, &
Bl miRNA 7EFT T SRR R IA M B E R . —41 miRNA 25 T 85N R, $00NR 480%12
Wr R bR B . AT AR AL T MR miRNA (BRSS9 TE S Wi A bs EVE - [44]. B
WEHER B, fE-RA G N E A e, — 204N A miRNA (B miRs-1224. -1293. -425. -4467. -4732.
-484. -5094. -6848. -6849. -96 F1-4488)[1FRILKFAIF . XLEAMKEIA MIRNA T]RETE 25 % /0 BT 14 1)
RARHUR R IR, IR R 2 Wiks S 0T R b B WA I SR ANMA

5. B4

AR, 0T AMNBARRIRT T H 2838 2, XAERT FEA PO PR RIS Wi gt 7Fri%, WA
R R AR TSR TR R . XTI SO A R AR 1 AN ISAAE A R T R 2 WAR T N . AR
FEIXEER LA, ORS00 A AN AR I A 70 T s B DUVBE S5 A0 1R AN A SRR R A= 4 1 (I
FAILCBIR R, AL A B B S22 B2 W) SR BRAME — B R IR IR R K 1) . fEZ5 I 2 W, A
SRR S (R e RAGL I T VR ACIN S5 A S AN R R B BRI, g2k TN (0 A s 5L T2 i
MG HRRABEN . ARDTTL, R T INBARI YR SRS om s W e s, 2.

SE

[1] Suarez, I., Finger, S.M., Kréger, S., Rademacher, J., Fatkenheuer, G. and Rybniker, J. (2019) The Diagnosis and
Treatment of Tuberculosis. Deutsches Arzteblatt International, 116, 729-735.

DOI: 10.12677/md.2024.141013 94 L2212 W


https://doi.org/10.12677/md.2024.141013

A, AR

(2]
(3]

(4]

(5]
(6]
(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

https://doi.org/10.3238/arztebl.2019.0729

Bagcchi, S. (2023) WHQ’S Global Tuberculosis Report 2022. The Lancet Microbe, 4, E20.
https://doi.org/10.1016/S2666-5247(22)00359-7

gy, WIEE, Mg, 55 2023 4 WHO RREZEIRE: Sak5Hh E S EE 5T [I]. Bk & 4 7o
£, 2023, 8(6): 73-78. https://doi.org/10.19871/J.Cnki.Xfcrbzz.2023.06.014

GBD 2019 Diseases and Injuries Collaborators (2020) Global Burden of 369 Diseases and Injuries in 204 Countries
and Territories, 1990-2019: A Systematic Analysis for the Global Burden of Disease Study 2019. The Lancet, 396,
1204-1222. https://doi.org/10.1016/S0140-6736(20)30925-9

World Health Organization (2020) Cause-Specific Mortality, 2000-2019.
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death

Houben, R.M. and Dodd, P.J. (2016) The Global Burden of Latenttuberculosis Infection: A Re-Estimation Using Ma-
thematical Modelling. PLOS Medicine, 13, €1002152. https://doi.org/10.1371/journal.pmed.1002152

Diaz, G., Wolfe, L.M., Kruh-Garcia, A. and Dobos, K.M. (2016) Chang in the Membrane-Associated Proteins of Ex-
osomes Released from Human Macrophages after Mycobacterium Tuberculosis Infection. Scientific Reports, 6, Article
No. 37975. https://doi.org/10.1038/srep37975

Brouwers, J.F., Aalberts, M., Jansen, J.W.A., Van Niel, G., Wauben, M.H., Stout, T.A.E., Stoorvogel, W., et al. (2013)
Distinct Lipid Compositions of Two Types of Human Prostasomes. Proteomics, 13, 1660-1666.
https://doi.org/10.1002/pmic.201200348

Conde-Vancells, J., Rodriguez-Suarez, E., Embade, N., Gil, D., Matthiesen, R., Valle, M., Falcon-Perez, J.M.,, et al.
(2008) Characterization and Comprehensive Proteome Profiling of Exosomes Secreted by Hepatocytes. Journal of
Proteome Research, 7, 5157-5166. https://doi.org/10.1021/pr8004887

Subra, C., Laulagnier, K., Perret, B. and Record, M. (2007) Exosome Lipidomics Unravels Lipid Sorting at the Level
of Multivesicular Bodies. Biochimie, 89, 205-212. https://doi.org/10.1016/j.biochi.2006.10.014

Valadi, H., Ekstrom, K., Bossios, A., Sjostrand, M., Lee, J.J. and Létvall, J.0. (2007) Exosome-Mediated Transfer of
MRNAs and MicroRNAs Is a Novel Mechanism of Genetic Exchange between Cells. Nature Cell Biology, 9, 654-659.
https://doi.org/10.1038/nch1596

Kowal, J., Arras, G., Colombo, M., Jouve, M., Morath, J.P., Primdal-Bengtson, B., Théry, C., et al. (2016) Proteomic
Comparison Defines Novel Markers to Characterize Heterogeneous Populations of Extracellular Vesicle Subtypes.
Proceedings of the National Academy of Sciences of the United States of America, 113, E968-E977.
https://doi.org/10.1073/pnas.1521230113

Théry, C., Amigorena, S., Raposo, G. and Clayton, A. (2006) Isolation and Characterization of Exosomes from Cell
Culture Supernatants and Biological Fluids. Current Protocols in Cell Biology, 30, 3.22.1-3.22.29.
https://doi.org/10.1002/0471143030.cb0322s30

Yafiez-Mé, M., Siljander, P.R.M., Andreu, Z., Bedina Zavec, A., Borras, F.E., Buzas, E.I., De Wever, O., et al. (2015)
Biological Properties of Extracellular Vesicles and Their Physiological Functions. Journal of Extracellular Vesicles, 4,
Article ID: 27066. https://doi.org/10.3402/jev.v4.27066

Beatty, W.L., Ullrich, H.J. and Russell, D.G. (2001) Mycobacterialsurface Moieties Are Released from Infected Ma-
crophages by Aconstitutive Exocytic Event. European Journal of Cell Biology, 80, 31-40.
https://doi.org/10.1078/0171-9335-00131

Hassani, K., Shio, M.T., Martel, C., Faubert, D. and Olivier, M. (2014).Absence of Metalloprotease GP63 Alters the
Protein Content of Leishmania Exosomes. PLOS ONE, 9, e95007. https://doi.org/10.1371/journal.pone.0095007

Narayanan, A., lordanskiy, S., Das, R., Van Duyne, R., Santos, S., Jaworski, E., Kashanchi, F., et al. (2013) Exosomes
Derived from HIV-1-Infectedcells Contain Trans-Activation Response Element RNA. Journal of Biological Chemistry,
288, 20014-20033. https://doi.org/10.1074/jbc.M112.438895

Yang, C., Chalasani, G., Ng, Y.H. and Robbins, P.D. (2012) Exosomesreleased from Mycoplasma Infected Tumor
Cells Activate Inhibitory Bcells. PLOS ONE, 7, e36138. https://doi.org/10.1371/journal.pone.0036138

Anand, P.K., Anand, E., Bleck, C.K.E., Anes, E. and Griffiths, G. (2010) Exosomal Hsp70 Induces a Pro-Inflammatory
Response to Foreignparticles Including Mycobacteria. PLOS ONE, 5, e10136.
https://doi.org/10.1371/journal.pone.0010136

Bhatnagar, S., Shinagawa, K., Castellino, F.J. and Schorey, J.S. (2007) Exosomes Released from Macrophages In-
fected with Intracellularpathogens Stimulate a Proinflammatory Response in Vitro and in Vivo. Blood, 110, 3234-3244.
https://doi.org/10.1182/blood-2007-03-079152

Schorey, J.S., Cheng, Y., Singh, P.P. and Smith, V.L. (2015). Exosomes Andother Extracellular Vesicles in Host-
Pathogen Interactions. EMBO Reports, 16, 24-43. https://doi.org/10.15252/embr.201439363

DOI: 10.12677/md.2024.141013 95 L2212 W


https://doi.org/10.12677/md.2024.141013
https://doi.org/10.3238/arztebl.2019.0729
https://doi.org/10.1016/S2666-5247(22)00359-7
https://doi.org/10.19871/J.Cnki.Xfcrbzz.2023.06.014
https://doi.org/10.1016/S0140-6736(20)30925-9
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://doi.org/10.1371/journal.pmed.1002152
https://doi.org/10.1038/srep37975
https://doi.org/10.1002/pmic.201200348
https://doi.org/10.1021/pr8004887
https://doi.org/10.1016/j.biochi.2006.10.014
https://doi.org/10.1038/ncb1596
https://doi.org/10.1073/pnas.1521230113
https://doi.org/10.1002/0471143030.cb0322s30
https://doi.org/10.3402/jev.v4.27066
https://doi.org/10.1078/0171-9335-00131
https://doi.org/10.1371/journal.pone.0095007
https://doi.org/10.1074/jbc.M112.438895
https://doi.org/10.1371/journal.pone.0036138
https://doi.org/10.1371/journal.pone.0010136
https://doi.org/10.1182/blood-2007-03-079152
https://doi.org/10.15252/embr.201439363

A, AR

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Singh, P.P., LeMaire, C., Tan, J.C., Zeng, E. and Schorey, J.S. (2011) Exosomes Released from M. tuberculosis In-
fected Cells Can Suppress IFN-y Mediated Activation of Naive Macrophages. PLOS ONE, 6, e18564.
https://doi.org/10.1371/journal.pone.0018564

Wang, J., Chen, C., Xie, P., Pan, Y., Tan, Y. and Tang, L. (2014) Proteomicanalysis and Immune Properties of Ex-
osomes Released by Macrophages Infected with Mycobacterium avium. Microbes and Infection, 16, 283-291.
https://doi.org/10.1016/j.micinf.2013.12.001

Bhatnagar, S. and Schorey, J.S. (2007) Exosomes Released from Infected macrophages Contain Mycobacterium avium
Glycopeptidolipids and Areproinflammatory. Journal of Biological Chemistry, 282, 25779-25789.
https://doi.org/10.1074/jbc.M702277200

Singh, P.P., Li, L. and Schorey, J.S. (2015) Exosomal RNA from Mycobacterium tuberculosis-Infected Cells Is Func-
tional in Recipient Macrophages. Traffic, 16, 555-571. https://doi.org/10.1111/tra.12278

Beatty, W.L. and Russell, D.G. (2000) Identification of Mycobacterial Surface Proteins Released into Subcellular
Compartments of Infected Macrophages. Infection and Immunity, 68, 6997-7002.
https://doi.org/10.1128/1A1.68.12.6997-7002.2000

Kruh-Garcia, N.A., Schorey, J.S. and Dobos, K.M. (2012). Exosomes: Newtuberculosis Biomarkers-Prospects from
the Bench to the Clinic. In: Cardona, P.J., Ed., Understanding Tuberculosis-Global Experiences and Innovative Ap-
proaches to the Diagnosis, InTech Open. https://doi.org/10.5772/30720

Lyu, L., Zhang, X., Li, C., et al. (2019) Small RNA Profiles of Serum Exosomes Derived from Individuals with Latent
and Active Tuberculosis. Frontiers in Microbiology, 10, Article 1174. https://doi.org/10.3389/fmicb.2019.01174

Hu, X., Liao, S., Bai, H., et al. (2019) Integrating Exosomal MicroRNAs and Electronic Health Data Improved Tuber-
culosis Diagnosis. eBioMedicine, 40, 564-573. https://doi.org/10.1016/j.ebiom.2019.01.023

Kruh-Garcia, N.A., Wolfe, L.M., Chaisson, L.H., Worodria, W.O., Nahid, P., Schorey, J.S., Dobos, K.M., et al. (2014)
Detection of Mycobacterium tuberculosis Peptides in the Exosomes of Patients with Active Andlatent M. Tuberculosis
Infection Using MRM-MS. PLOS ONE, 9, e103811. https://doi.org/10.1371/journal.pone.0103811

Sadri Nahand, J., Bokharaei-Salim, F., Karimzadeh, M., Moghoofei, M., Karampoor, S., Mirzaei, H.R., Tabibzadeh, A.,
Jafari, A., Ghaderi, A., Asemi, Z., Mirzaei, H. and Hamblin, M.R. (2020) MicroRNAs and Exosomes: Key Players in
HIV Pathogenesis. HIV Medicine, 21, 246-278. https://doi.org/10.1111/hiv.12822

Li, S., Lv, D, Yang, H., Lu, Y. and Jia, Y. (2023) A Review on the Current Literature Regarding the Value of Exo-
some MiRNAs in Various Diseases. Annals of Medicine, 55, Article ID: 2232993.
https://doi.org/10.1080/07853890.2023.2232993

Gusachenko, O.N., Zenkova, M.A. and Vlassov, V.V. (2013) Nucleic Acidsin Exosomes: Disease Markers and Inter-
cellular Communication Molecules. Biochemistry, 78, 1-7. https://doi.org/10.1134/S000629791301001X

Hunter, M.P., Ismail, N., Zhang, X., Aguda, B.D., Lee, E.J., Yu, L., Marsh, C.B., et al. (2008). Detection of Micro-
RNA Expression in Human Peripheralblood Microvesicles. PLOS ONE, 3, e3694.
https://doi.org/10.1371/journal.pone.0003694

Mitchell, P.S., Parkin, R.K., Kroh, E.M., Fritz, B.R., Wyman, S.K., Pogosova-Agadjanyan, E.L., Tewari, M., et al.
(2008) Circulating MicroRNAs as Stable Blood-Based Markers for Cancer Detection. Proceedings of the National
Academy of Sciences of the United States of America, 105, 10513-10518. https://doi.org/10.1073/pnas.0804549105

Hirayama, D., lida, T. and Nakase, H. (2017) The Phagocytic Function of Macrophage-Enforcing Innate Immunity and
Tissue Homeostasis. International Journal of Molecular Sciences, 19, Article 92.
https://doi.org/10.3390/ijms19010092

Wuchty, S., Arjona, D., Bozdag, S. and Bauer, P.O. (2012) Involvement of MicroRNA Families in Cancer. Nucleic
Acids Research, 40, 8219-8226. https://doi.org/10.1093/nar/gks627

Xu, J., Li, C.X,, et al. (2011) MiRNA-MiRNA Synergistic Network:Construction via Co-Regulating Functional Mod-
ules and Disease MiRNA Topological Features. Nucleic Acids Research, 39, 825-836.
https://doi.org/10.1093/nar/gkq832

Rabinowits, G., Gergel-Taylor, C., Day, J.M., Taylor, D.D. and Kloecker, G.H. (2009) Exosomal MicroRNA: A Diag-
nostic Marker for Lung Cancer. Clinical Lung Cancer, 10, 42-46. https://doi.org/10.3816/CL.C.2009.n.006

Skog, J., Wiirdinger, T., Van Rijn, S., Meijer, D.H., Gainche, L., Curry, W.T., Breakefield, X.O., et al. (2008) Gliob-
lastoma Microvesicles Transport RNA and Proteins That Promote Tumour Growth and Provide Diagnostic Biomarkers.
Nature Cell Biology, 10, 1470-1476. https://doi.org/10.1038/nch1800

Wang, Y., Xu, Y.M,, Zou, Y.Q., Lin, J., Huang, B., Liu, J., Wang, X.Z., et al. (2017) Identification of Differential Ex-
pressed PE Exosomal MiRNA in Lung Adenocarcinoma, Tuberculosis, and Other Benign Lesions. Medicine, 96,
e8361. https://doi.org/10.1097/MD.0000000000008361

DOI: 10.12677/md.2024.141013 96 L2212 W


https://doi.org/10.12677/md.2024.141013
https://doi.org/10.1371/journal.pone.0018564
https://doi.org/10.1016/j.micinf.2013.12.001
https://doi.org/10.1074/jbc.M702277200
https://doi.org/10.1111/tra.12278
https://doi.org/10.1128/IAI.68.12.6997-7002.2000
https://doi.org/10.5772/30720
https://doi.org/10.3389/fmicb.2019.01174
https://doi.org/10.1016/j.ebiom.2019.01.023
https://doi.org/10.1371/journal.pone.0103811
https://doi.org/10.1111/hiv.12822
https://doi.org/10.1080/07853890.2023.2232993
https://doi.org/10.1134/S000629791301001X
https://doi.org/10.1371/journal.pone.0003694
https://doi.org/10.1073/pnas.0804549105
https://doi.org/10.3390/ijms19010092
https://doi.org/10.1093/nar/gks627
https://doi.org/10.1093/nar/gkq832
https://doi.org/10.3816/CLC.2009.n.006
https://doi.org/10.1038/ncb1800
https://doi.org/10.1097/MD.0000000000008361

A, AR

[42] Lv, L., Li, C., Zhang, X., Ding, N., Cao, T., Jia, X., Zhang, Z., et al. (2017). RNA Profiling Analysis of the Serum Ex-
osomes Derived from Patients with Active and Latent Mycobacterium Tuberculosis Infection. Frontiers in Microbiol-
ogy, 8, Article 1051. https://doi.org/10.3389/fmicb.2017.01051

[43] Lyu, L., Wang, J., Jia, H.Y., Pan, L., Li, Z.H, Du, F.J, Sun, Q., et al. (2018). MiRNA Expression Profiles of Serum
Exosomes Derived from Individuals with Latent and Active Tuberculosis. BioRxiv. https://doi.org/10.1101/316794

[44] Alipoor, S.D., Mortaz, E., Tabarsi, P., Farnia, P., Mirsaeidi, M., Garssen, J., Adcock, I.M., et al. (2017) Bovis Bacillus
Calmette-Guerin (BCG) Infection Induces Exosomal MiRNA Release by Human Macrophages. Journal of Transla-
tional Medicine, 15, Article No. 105. https://doi.org/10.1186/s12967-017-1205-9

DOI: 10.12677/md.2024.141013 97 L2212 W


https://doi.org/10.12677/md.2024.141013
https://doi.org/10.3389/fmicb.2017.01051
https://doi.org/10.1101/316794
https://doi.org/10.1186/s12967-017-1205-9

	外泌体对肺结核免疫功能调节作用的研究进展
	摘  要
	关键词
	Research Progress on the Regulatory Effect of Exosomes on Immune Function in Pulmonary Tuberculosis
	Abstract
	Keywords
	1. 引言
	2. 外泌体的作用机制
	3. 外泌体在肺结核疾病中的作用
	4. 外泌体miRNA有望为肺结核的早期诊断提供新思路
	5. 总结
	参考文献

