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[ Abstract] Objective To isolate extracellular vesicles (EVs) from Mycobacterium tuberculosis (Mtb), to
examine their morphology, particle size, and distribution, to study the effect of EVs derived from Mtb (Mtb-EVs) on
intracellular reactive oxygen species (ROS) production and cytokine secretion in dendritic cells (DCs), and to make
preliminary exploration of Mtb-EVs' effect on the immune regulation of DCs. Methods ~ Mtb-EVs were obtained by
ultrafiltration concentration and the protein concentration was determined by BCA assay. The morphology of Mtb-EV's
was observed through negative staining electron microscopy (EM). The particle size distribution and concentration of
Mtb-EVs were determined by nanoparticle tracking analysis (NTA). Mouse bone marrow was isolated through sterile
procedures and mice myeloid DCs were induced and amplified by the combined use of recombinant mouse granulocyte-
macrophage colony-stimulating factor (rm GM-CSF) and recombinant mouse interleukin-4 (rm IL-4). Then,
morphological and immunophenotypic characterization was performed. After that, the DCs were treated with Mtb-EVs at
different concentrations and CCK-8 assay was done to measure their effect on the survival rate of DCs and to identify the
appropriate stimulation concentration for subsequent experimental procedures. The intracellular ROS levels of DCs were
evaluated with DCFH-DA fluorescence probe and the cytokine secretion of DCs was determined by ELISA. Results EM
observation showed that Mtb-EVs isolated by ultrafiltration concentration were spherical vesicles of varied sizes, all being
approximately 100 nm in diameter and displaying typical morphology. NTA results from NanoSight nanoparticle tracker

showed that the peak particle size was 98.5 nm, that the average particle size was 110.2 nm, and that the particle size was
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mainly distributed between 68.4-155.7 nm. Mtb-EVs that were smaller than 250 nm accounted for 98.39% of the total.

Mouse myeloid DCs directionally induced and amplified in vitro displayed typical DC phenotype and morphology, and

the purity exceeded 85%. EM verified the abundance of microvilli and radial protuberance on the surface of DCs, which

had uniform cytoplasm and clear nuclear membrane. Loaded with Mtb-EVs at different concentrations, including 10% 10°,

and 10" particles/cell, the DCs had significantly upregulated levels of intracellular ROS (P<0.05). In addition, Mtb-EVs

induced the release of IL-1p and IL-6 in a dose-dependent manner (P<0.05). Conclusion

We established in the study a

technical process for the extraction of Mtb-EVs by ultrafiltration concentration and obtained Mtb-EVs with sound

morphology, high purity, and concentrated particle size distribution. Furthermore, Mtb-EVs can upregulate the

intracellular ROS level in DCs and induce the release of IL-1P and IL-6 in a dose-dependent manner.
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(pathogen-associated molecular patterns, PAMP ) B34
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TYrp S ORRRIRAYEV sPE 7 A2 07 30 & W) 5507 T
HABKMES . MAEVsi 2R84 1 (E.coli)
HYEEFR PR I, B AR (GO M RE R, B —
JERGA N TCIE ST WE Vs FLEI20094F, LEEZE B U 4
B0 A BRTA 1Y 5 5 B IE WP 23 B 4220 ~ 100 nm,
ARG E RS IIG-EVse Z S5, X G-EVsiy
WFFOBORRZ , FFE N 5L Rl A R 2T B L 7= el
RSB HEVST . BT, EVs#A R 4 i h]
TR A R, AR5 8 TR SR 2, TR
A BOR R P R IR E AR . BV IBURIF
HCAEANTARE ). IO A0 225 R 240 i [ 3 TR A 2 it . AR
SEIG LA Mb R SRR G, T T R AR 1 5y B Ak Mtb-
EV s H ARG, 18 K500 H X DCHL P i 14 % (reactive
oxygen species, ROS) FIZH il Al 7K 5% 1, #1280 440
Mitb-EVs DCHY G 15 /E o
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1.1 ##
1.1.1 E¥FEizhdh  M.eb(H37RaMR) T EZ

Extracelluar vesicles

Dendritic cells

A SR E T (GMCC) , L5 93020-5. 8 ~ 10J7] % {2
JREN 1 2 e C57BL/6 (B6 ) /N U 47 R 27 3 Wy 5 i
Huy, YFATIES : SCXK#5:2007-0001

L12 ZZ2XAAME 0L (Beckman L-80XP);
100 KDaiB & & 0% (Minipore); B Sf 4 HT -
7700(Hitachi), Zeta VIEW 44 K ki B 5 43 #7 1%
(PARTICLE METRIX); it sU4H il {X FACS Calibur(BD);
CO,HiR B F#F (Heraeus); 8 & B %% (Olympus);
BCA H & & il & ( L3 2K ); RPMI 1640 T8
(Gibco); 4 IlIL¥ (fetal bovine serum, FBS; Hyclone);
H/NR A4/ 2 -4(recombinant mouse interleukin-4,
rm IL-4) FUKE A/ F W5 20 B 46 7% 11K T (recombinant
mouse granulocyte-macrophage colony-stimulating factor,
rm GM-CSF) (Peprotech); Z W AEB#HHR{X (Synerge 11, 3
[ Bio-Tex); ROSKZ IR & (LI 2K ) 5 AR H FIL-
1BAIL-6kM 77 &5 (36 [ Bender 2y 7 ) ; Hre i34 ik
H 732 s 7 el

12 KWHE

1.2.1 AZJEIRGEHIRIAMb-EVs  THOWIAS: R I R4,
B BRI H37Ra 2L (OD) g0 fH 4 1. 0B WA TR R 5
4000xg0215 min, FIFZ20.22 umiFLUERE DR R A,
TEIBTIABA FH X 73 3 B 100X 10° A4 D8/ e 46 (4 000xg
#5005 min), PBSPER2 ~ 31K, WA M E B0 A8 N R 48 T
IR (A FEARTIE1/10) , 8 250 R B0, 150 000xg,
B2 h, FF L3, DUTE S T400 uL PBSZE i, -80 °C
VKA IR

1.2.2  EAT R MMb-EVsH A B0 uLAES T
B P IRE T min, SRR 5 00 3 B HE Ak 25 22 AR
TN 502 % B R WA 10 WL T4 ™ L UT3E 1 min,
UE AN 2 R WA, EIRECE TS A S R

(transmission electron microscope, TEM ) MZIEZ, MUGHR A«
1.2.3  “ARBALRIZHHT (nanoparticle tracking analysis,
NTA) #ARERMtb-EVski 2 K b oA AR L K&
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HIEV sE IR PBSH BRI A1 IR TE AREA T ZE h, IR 24
HEATRLAR VR B, Zetasizer A BTEV sTURLRL A% 195X
HOE R .

1.2.4 BCAMMZEMtb-EVst) & @ RE  Mtb-EVsE IR
JE I 7125 DUBCA B8 1 o I s 3500 e 1 A 5
1.2.5 DC#4BIRAFALET S IOGHRIRE 75" I 7Y
YRR, Tk IR, Z0UAE 0 9 AR HE /0N BRL, 0 R U/ BRUBE B
K BEEr, 1T mLyE ST HBOA 5 L4 I RPMI 164015 57K
PR B AR . AR BB R 4 Tris-NH,CI12Y
fRAANN)S, RPMI 164015 SRRV, WA B BEA0 MU,
R TH10%064 IS AYRPMI 164058 21 2 5, /3 &2
6L I, FEFLAN T 5E 25 R 4 mL, IF I Arm
GM-CSFEZ T 20 ng/mL, rm IL-4ZF 2T R N
10 ng/mL. FF4IMIRE IR E 37 °C IRFLE5%CO, 46
HE 48 h, TS R A R TR AN . I ACH i
HR TRV B 240 6 PR -1 o8 A s R 0, R R A5 K, 2
ARG 53R AR T R B A 25 AR R OWER, JERAE
YL A EME . FRRWCHT WA AR B T A A S i b WU B 4
e, Anti-Mouse CD11c-FITCH: {05 £ i SN AN AR 45 5
DCZIRE . WO A B OVR B HUITUE, 122 | K5 5
Dy SO, BERR A -A IR AT g (4 )5, TEMWLEE
DCHB &5 .

1.2.6 CCKS:EHFMDCHFEER RN 1x10/4LINA96
fLAR, #REE 24 ho BALIMAARTIFRI & (107, 10°, 10,
10° particles/cell) Mtb-EV's, 53R #R2H, 37 CAHMIIG 7246
B324 h, 8L A CCK-8 W10 uL , BREZIR A G
37 CHRLENFE2 he TEREHRY - 1A450 nmIU5E WOGEE (A)
B MG LA T AR 2 AHMAFTE 2 (%)=( (52
BFLAME-25 LA ) /O BRFLATE 45 F1FLATE) )x100%.
AR5 200 A7 0% 28 1 4 J5 B2 S50 T FH A Mtb-EV sl &
1.2.7 DCFH-DAR R4 H 4N DCHROSK-F
DCFH-DAZIEricHESOCHES, AR B 29, HEA A
S5 T 0k L A TR T K S DCFH., 40 P £14 375 7k 48 T4 T
PRI DCFHAEAAE A POEIIDCE, I, K DCFIY
FEEHR AT RN ROSIK - . AR 2x10°/FL3%
R F249L4, 24 hJE 2 5AIA 102, 10°, 10* particles/cell )
Mtb-EVs, [F N BATEXT BEZH . 4k2L 553748 hillt 4R 40 i,
OV S BT T494E 10 umol/LIYDCFH-DA #%f
W, 37 CHREEIEE 30 min G ERERRE 412 ~ 330, T&
IIE A0 M5 TR EE 5 TR

1.2.8 ELISAR#RIDCH @ e B FAKF  FIAFE &
Mtb-EVs(10°, 10°, 10" particles/cell) b BEDC, [RIHF5FAM:

X IR (5 PBS), 73 wl7E 974 h 12h, 24 h, 48 hE.l>
WA 3, —80 CHAF. AR FIL- 1B FIIL-6 A BETIUK -
R 2 B ELIS AT & Ui BH A5 677 .
1.3 FitZEHE

THEEER X £ s 7R . ZALR WECR AR R
ZE57 0T, PR ELBCR FHARBCXT AU HR: 565, P<0.05 025 5
FEENIE -8

2 #R

2.1 EHEEWEMb-EVsHIEE
38 3 TEMO 352 BUP Meb-EVs#EEATWLEE, AT WL/
55 BRIEAUZ R RE YUK S5 1, TEAS A (E1),

1 ESTREEWEEMb-EVs
Fig 1 The morphology of Mtb-EVs observed by transmission electron

microscopy
2.2 Mth-EVSHEDHEIRE

KD 45 5 575 . Mtb-EVsRiAZIB(198.5 nm, SF-Hrkif2
110.2 nm, FE /34 1£68.4 ~ 155.7 nmZ [d], /N F250 nm ¥
TEE (5 S 98.39 Y%, MURIMK B hy3.5x 10" particles/mL
(K2, %1).
2.3 BCAEMZEMtb-EVsHIERIKE

R 1) 5 B2 AL P o ot 2 i s o i 4, st e D)
FE T ODIE T Hh IV 4 Kk B B Mtb-EV s 2 11 BTk
JE 4 (0.88+ 0.21) pg/uLe.
24 DCHRESFMNERAGELETE

N BB BB AN MBS 37248 hJ RV AT H AN i R R 42
Bl B TR R AT, R TE BT K, Fi R B TR, K%
AN, TR B B2 ] DL RIS R, A B AN A I
AU, 2R (EI3A) 5 Wi gz i 4n X
Ko 73 At , 4558 Won 4 3G B A0 40 Mg 4l B2 v 1k 85% L) |
75 5 L 55 AT DL D C R T A BRLAA T i 11 2 A 55, S T
AR EIRFR ML, [ A 53 3 R B A0 SR A 22
ROV, TR B M 5], A0 AR K, A% TRV WA
(E3B).
2.5 Mtb-EVsXIDCTFiE RN

SESEE R R (Kl4) : RIS i Meb-EV s B2 g
24 hiff, 107, 10°H110* particles/cell Mtb-EVs¥i/IN L& BEIE
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Fig2 The particle size distribution of Mtb-EVs determined by
nanoparticle tracking analysis (NTA)
R1 Mb-EVstIRHHEERITES
Table 1 Cumulative percentage of Mtb-EVs particle size distribution

Particle Quantity (x10° Percentage Cumulative

size/nm particles/mL) 8 percentage
2.5-7.5 700 0.02% 0.02%
7.5-27.5 23000 0.66% 0.68%
27.5-47.5 65400 1.87% 2.55%
47.5-67.5 271900 7.77% 10.32%
67.5-87.5 868 500 24.81% 35.13%
87.5-107.5 973300 27.81% 62.94%
107.5-127.5 562400 16.07% 79.01%
127.5-147.5 309100 8.83% 87.84%
147.5-167.5 163400 4.67% 92.51%
167.5-187.5 85400 2.44% 94.95%
187.5-207.5 60900 1.74% 96.69%
207.5-227.5 37900 1.08% 97.77%
227.5-247.5 21500 0.62% 98.39%
247.5-267.5 13400 0.38% 98.77%
267.5-287.5 11900 0.34% 99.11%
287.5-307.5 8200 0.23% 99.34%
307.5-327.5 5900 0.17% 99.51%
327.5-347.5 5900 0.17% 99.68%
347.5-367.5 3000 0.08% 99.77%
367.5-387.5 1500 0.04% 99.81%
387.5-407.5 2200 0.06% 99.87%

DCAFTE R T/, 43 314 (91.7£6.8) % ., (86.1+7.8) %Al
(85.3+8.6)%. qMib-EVsifllf°410° particles/cellr, 4 ffi
FFIG %R (72.026.6) %, S5t HRALA L, 225 A G4
X (P<0.05), EHH R AMMIEENEH . Kb, J52e e ik
HBYMtb-EVsHil & 107, 10°F110° particles/cell

3 BRE7TRNREWEDCHESRBMEANY R

Fig 3 Morphology and ultrastructural characteristics of mouse bone

marrow-derived DCs on day 7
A: The cells gathered into and formed large colonies and the suspension
cell colonies extended a large number of radial protrusions (indicated by the

arrows) (x400); B: ultrastructural characteristics of DCs as observed by TEM.
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Cell viability/%

50 -

0 10? 10° 10* 10°
Dosage of Mtb-EVs (particles/cell)

4 Mtb-EVsXtDCTFE RHIF N
Fig 4 The effect of Mtb-EVs stimulation on the survival rate of DCs

* P<0.05, vs. control (0 particles/cell).

2.6 Mtb-EVs{Ri# DCHMIROS A FX

DCFH-DAKG M 25 R &1 5 7R, Mtb-EVsAb 5,
DCHA i WDCFZ G 1 38 5% (P<0.05) . Fifi% Mtb-EVshb
FRF| 380, ROSAKCV 3 7t i, 5 Mrb-EVsifl & 2 1A
*:(r=0.9694, P<0.05) .
2.7 Mtb-EVs{R#DCZHAIIL-1FAIL-689 5 it

LN E 6 iR, Mtb-EVsLAFEAK# T 205 DCr™
H2IL-1B (r=0.9794, P<0.05)HIIL-6 (r=0.9809, P<0.05). Fifi
% Mtb-EV sl B E] () 2E 4, TL- 1B 50 Wb i POl T A,
10" particles/cellZb BEDCAE4 hi 7= A= (U TL- 1811 & HE &
T HAWR A, FF7E48 hik B mig . (AR5 (10° particles/
cel) AbFED CF= A= TL- 1B A 12 A UL i sf i) 2 4 1 2 A A8
k. % FIHEMtb-EVsZHALBEDCIR , IL-673 I 1E 24 hik
FNE(E, Z J5HF 16 T F%, MRl i (10° particles/cell) 4 3
DCHIL-6F& it R TR

3 e
BT 22 (O TEHE 0, ATEEV Py A 2 Fh 55 B A0 A
SHNG R . AR B 1 A S WS LAY, St 7
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Fig 5 Effect of Mtb-EVs on the ROS levels in DC

A: Intracellular ROS levels were examined with DCFH-DA fluorescent probe; B: the quantitative analysis of ROS levels. ~ P<0.05, vs. control (0 particles/cell).
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Fig 6 Effect of different doses of Mtb-EVs on the release of inflammatory factors in DCs

P -TC R AH ELVEFH L 040 B P A R sl A A AR A5
K, TS SR (G AL . EVSH RN 24
35 7 240 Hf 1) 38 TR B B 1) 2B R AL T = A
YrEfE R i TEVSIRBUN H B AR, S By o) 24l
T SRS EV A 2= e Kon o kel . EVAT, BF5E
HHTEVsIEALE BT & 2Ry s alifb R, an
IR B OVE . REWTIIETS | % B R B0k . RTHERR
i PR RREY, A TR —HAR MR R, T
T2 [ e S BB 4l 7 M R 28, I EL20RE AN A W T X
AT G LT R A BAr . Bk, 44 8k B AR 2 pk i
el Z o TEVsHy 2 B 4tk .

B 5T R R DR A T R R B Mtb-EV's, FLEE W
LA DB AS AR B A5, HA229100 nm, NanoSight
YA IR 38 B A SRR 45 5 7S, Mitb-EV sk 48504 P il £k
6, KR, FEHi{E68.4 ~ 155.7 nmZ ], HHIE
e AR e B O HOR S IEE A A, MO E
0.22 pm Gl FLIE BT UE FIE BRI, WML A o> 7 i1t

100 kDa B BB Wi, 7T L BRI S EVSAHH 1 2R
P, I KRR Ul v Al A A5, w7 3 5 0
BORMBEE SR, & —Fh R Ed | SRR 51T sl fk 2
WEVsH 1k, BA ) 1Z B N

DCIEHLA A B 2 AP 4E 2 A0 A, it b s A4 2
AR, I R S P S N2, SR S e B
DR A 5 00 S AR B FEAH 5 B 5 —— DCZ R A A AR,
Xof - R A JEAAS S0 B LR S e B AL AE e, 52
65 v FRAT T3 220 ) FH A0 1 R B 2 B B A A A
I BE ) BAAZ AN, 97 F rm GM-CSFBE Arm TL-4i5% S5 37
B AERE R DC, A1 22 B T ISR 21 B 17 41 it 3R
LR, IF 0T WARFRE A . AN AR | 2 18 A AR 58
A IAIDCIE AR Al o ST HLEE T DCHIR S, 20
3TN Y N R TR TN € IR NS VW =
A 22RO AL, 378 DO R T R FR L fE

ROSYE 41 g N 2 R A S AL B R AL B4, 7280
IR G328 RN, A0 W 2 R A% | I8k 2 4 i 4 0 Ak LA



ERE

Wroe B 55 Meb-EVsHIFRIUS HS B SR ROS AN JAE PRl 1235 52 127

B RE M R 2B v R AR EAE R IR R K
Wik AT % S DCFEAEROS, X — R (5 5 1T g2 4%
DCHH LA B ZL R 71 ARIFIEAER I Mtb-EVshif
DCifl PJROSZK -5 Wi 1) 552 58 vt A5 280U & B, Mtb-
EVsf 85, DCHINDCFZE I 58 . Bl Mtb-EVsih
HGR B IN, ROSACY- 8 & T, AFERI BN C R, £
T 5¥ % BHROS-MAPKAl & 72 55 LA 5 i S g 25 VI AH
5%, ROSAL ik i35~ Y i A FI MAPK B IR A6 0TS % 5
HFAP-1, JEIM_FIRIL-1B. TNF-aZ5 485 K Ay ik, 12
HERER R, ARSI KB, T Mtb-EVsfG DCAF ™
AETL-1BHIIL-63% 22, - HL B 25 A0 S HsF 18] ) 28 1 2 RN A
M3k, IL-6FNIL-1BH] A5 AL JA X — B BEDCTE IR M 1Y
T EAFIIIRE"  SEH s S R 5285 T Mtb-EVsitt,
LIRS AN D CREIR BIEV SHUR, T i Py 218k
55, BEIBTBE A TR 9 0E P, AR E R AR i K 3R Atk
G PEN B B A RS . EAR B ATEFXTROSTEDCHIN T, 4b
BN K IR AR VR T A BIFE AN T8 43, (R — R 3R
TR R Mib-EV siff AU A= 8 Sk S 2 B L T 32
BE TS

25 b, ARFFEAL T AN EV SRR B Atk J7 vk, %t
XFEVSH A W) 2A G TS, R LAEVS R s T R 1912
I 7B S S Al X Meb-EVsHY A TGP UE T T
WIEARER, R Ja Stk — A5 TR MtbIge S G yss A LR
B 2R, AR, AT AN EVsER IR . 41505
Br . AEWF IR L il RAE T BEE AT TR AMIISE,
EEFS T IR AL R R M R e 4. F—2 5%
TAEH, TR — A Meb-EVsi=E ML S5
FIIRE Z M, WIRERE B B s SRR L A

FIZEIPE A EE B AR i vh 5
& £ X #
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