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[WBE] Br W5 ROTEY T (Salmonella typhimurium, ST) FME#EHI (outer membrane vesicles, OMVs) X H 54k
2l (dendritic cells, DC) A4 K DN RERI M . F73%  JORR U/ BRURHBEAMM, PAchh 2 o 2 VOB AN/ 1 2 i 4
7% 0% 57 (recombinant mouse granulocyte-macrophage colony-stimulating factor, rm GM-CSF) FIE 41 fR I A 40 i/ &K -
4(recombinant mouse interleukin-4, rm IL-4) 515 59 1 DC, 8] & AH 2 B 55 T WA 4N IE A, Ao AR X e £,
FRRH B0 4 B R BLST-OMV's, CCK-81E T H X DCAAIE 1R LI SZI, 4 5 OMV s Il VA B 375 55 i B WL 4L 611 2 OMV s )=
IS T RRAE s TN AR DCH IR T 43 . RIS T3R5 TWERE ST . B8R (RSME TR B DCHA MR i 20
MBS, AR IK85% LA -, BT LB T WLDCRIE A K it 2R D 2 ; OMVsH 285, T ILDCR TR S ARZEH /L, SN AR
ERELRES Y, SRR, ik LA A 75 OMVs 5 pg/mLAI110 pg/mL AP, DCEMERE S T 4 (P<0.05), Mzl
TS T2k B IH (P<0.05), IR IRFE R T--a(tumor necrosis factor-a, TNF-a) FlH 4/ % - 1B (interleukin- 1B, IL-1B) %
TR (P<0.05) . £5iE  ST-OMVsAli S DC/H B TNE-oMIIL-16, HA {2 HEDCHZAHTFIE 2 e/ .
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[ Abstract] Objective To study the effect of outer membrane vesicles (OMVs) derived from Salmonella
typhimurium (ST) on the ultrastructural features and immune function of dendritic cells (DC). Methods Mice bone
marrow cells were collected aseptically, and myeloid DC were generated by the combined induction and amplification
with recombinant mouse granulocyte-macrophage colony-stimulating factor (GM-CSF) and recombinant mouse
interleukin-4 (rm IL-4). Cell morphology was observed under inverted phase contrast microscope and the phenotype was
identified with flow cytometry. ST-OMVs were isolated through ultracentrifugation. The survival rate of DC was assessed
with CCK-8 assay, and the stimulus concentration of OMVs was henceforth determined. The ultrastructural
characteristics of DC loaded with OMVss were observed with transmission electron microscopy. The cytokine secretion,
surface molecule expression and phagocytic capacity of DC were examined with flow cytometry. Results The DC
induced and amplified in vitro displayed typical DC phenotype in morphological analysis and the purity of DC exceeded
85%. Transmission electron microscopy showed that there were large numbers of protrusions on the cell surface. After
stimulation with ST-OMVs, it was observed that the dendritic structures on the surface of DC were reduced and a large
number of phagolysosomes were found in the cytoplasm. In addition, increased numbers of mitochondria, swelling and
typical apoptosis were observed. After treatment with ST-OMVs at 5 pg/mL and 10 ug/mL, the secretion of tumor
necrosis factor-a (TNF-a) and interleukin-1p (IL-1pB) of DC increased significantly (P<0.05). Furthermore, the immature
DC could differentiate into mature DCs after stimulation with ST-OMVs, which were characterized by a decrease in
phagocytic capacity (P<0.05) and an upregulation of phenotypic markers (P<0.05). Conclusion ST-OMVs can stimulate
DC to produce TNF-a and IL-1P and promote DC maturation and antigen presentation.
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i, OMVsi% 431 2 B oA hy 2 4t i [a] Fry e 7R =2, 4 P mT
X AT E TR DR A% LA SN
OM Vst 1] 5 i 4RI ZE 5 14 Ho b 59 A= W i P Wy iz
B AR PN, S SZ R AR 0 AR TR P

Rt DT 5T AR BTER A, OM Vs 15 e J& R G0 J71E
YEHI SR Bk 22 1 5GTE o W ISR A (dendritic cell,
DC) &R IE T 8B #E M L AP 52 2 40 Ml (antigen-
presenting cell, APC), &b T J& 3l . aF5 FNLERR S8 N 250 1)
HULIRAT . DCTEVDT TR ARIROLAFAE, AT AR Wi i T 2
A Ik L 88 B I RE AR G Tk L AR A RE T, X SR
PEUE T EATTER SV BT XS U0 1T RS (45 S M S i 1y 22
AR R EEAER . AW AR IEYD T T (Salmonella
typhimurium CMCC50115, ST) A Xf 42, | FHHE 3 0k
FEILST-OMVs, 38 iz Kl HoXT DCHREI A 4 S e DI RE Y
SO, RAE AT OMV sy AW~ a T P, LU i — 2D o
STEUPE B ML Gz B A H AL T S B

1 #MR5FE

11w

LL1 E#Axisdh  FOZEPTTH(CMCC50115) 1
T 24 A AR RS E T (GMCC) o RN V7 G v
C57BL/6(B6)/IN, B8 ~ 10J], W F 47 M I s 45 5
Hu, VFAMIE S : SCXK#5:2007-0001

L12 EZXAAME  RPMI 1640 T4 (32 E GibcoZd
F); B4 1LY (fetal bovine serum, FBS; 32 [E Hyclone/A
A EH/NRAMMA £ -4(recombinant mouse
interleukin-4, rm TL-4 ) FUR7 4 i/ 040 A2 7% o % A
(recombinant mouse granulocyte-macrophage colony-
stimulating factor, rm GM-CSF) I [ 3 [l Peprotech A\ Fl;
CDllc, CD54, CD86FIMHC I it 2UHi A K [ L% R (3
HeBioscienceA nl); 4 Jfg K+ 11 40 L /v % -
1B(interleukin-1p, IL-1B) . & £ 58 H +-a(tumor
necrosis factor o, TNF-a) #:i5 & (35 E Bender/s A );
HE AR 18 S o 101 732 i ) 7 o s e o BIL (S [
Beckman-Coulter/ A F] ) ; LA MEALFACS Calibur (3£ [H
BD/AH); Leica EM UC 6 #i 41 i L (f# [E Leica
CompanyA ) ; B4 B F BB H-600 ( H A HitachiZzy
Fl); COHREE A (fEE Heraeus /A H) ) ; 18] & Wi Bs (H
AOlympusA )

12 SEWHE

1.2.1 ST-OMVs#93RI 45 LB A E; Fr 3k 3 77 2
ODyoo N 1OBY, BEATEE IR VR Ly, 4 °C, 15 000xg, 20 min;
O JFI L 20.22 um TT IR IE AL JEBR A, I8 T4 C

25 150 000xg, #5002 h, F_ i, TLTE RY RS20 i sh
Py, BCATEME FIRIE, I %1 mg/mL, -80 CUKFE
ORI ]

122 D REFHMIBEDCH B &R E SR S IRIGIRM
J5 VI ASGHE, BRI S SUHER 24058/, B R K
PRI BT AR EL75% O BEN IR L5 min, TTEPRAS T
BN ERUBE S B R B, St 5 4 22 bR 11 ) JIL IR N4 45 41
4, RIAERPMI 16403557 2. 43000 T8 Wi 57 £ 49
2 mm, F1 mLIF S 80 BUCRPMI 16405 37 00 A BB %
S P, BEEAE ), B OISR O TR RS 7R LA A
MW, INA3 mLC R Tris-NH,CIE IFF I, = iR §
5 minZ4fF LA, A4 mL RPMI 164055559, 1R 21,
B0 1T, HIRPMI 164035 IR ks, A TTUIE I -
YA KN BUE A TR T R A R R AR (B 10% 6 4
M7 HIRPMI 1640), R TefLEFFE M, BN FE5E 4
B EEZE4 mL, A Frm GM-CSF 20 ng/mL. rm
IL-4 10 ng/mL. & 737 C. (AT 505% CO A I &
48 h, FRWATAML ), 722 A N2 M6 o InASE
SRR KO R B I A R 7, 4kl 2SR, F
S, S O AR TR AL, [ R 2 2 T, B R R
E7 RIS, T3] A 22 WO T AR IR S AR s
Bl IR A R R AT 3G SRRSO A 77 ML B As I B 240 i,
HHTEL CD11c-FITCHL 5 28 i xCAH AR %5 8 DCALBE
1.2.3 CCK8i&MST-OMVszt s 8B IR DCH /& £ 44 %
) JREEDCAIMEE E 2510 mL ™", #5200 uL/&HFLANA
96FLAR R FR LR, 43 ) T 45 AL oI A [] J3 2k B2 0
1. 5. 10, 20, 50 ug/mL){JST-OMVs, ERF/ME5% CO,H,
37 CANMIR: FRAR k9% 24 h)m, #:fLINA 10 pL CCK-8, %
RIS R AR S E%3 ho FEREAR SR A |- 21450 nm
DU MR (B (As) o FHE A LA 28 AHMLAFIG 23 (%) =
COEIFLA 50— 25 F1FLA L) / OV BRFLA 50— 25 F1FL A L) Ix
100%.

1.2.4 REY R & FEH LA R N R HIRDCAE
weEM I FHST-OMVs 5., 10 pg/mLfl# 12 h)g 40
Jit, B R (/N BB BE TR D C RS 0 MR IR LT, SRR T
BE AT S 1) 30 R (JoT f 3 482.5% ) [ 72 2 b, B R L
G2 WV, R A B Y R [ A2 1 b, BB TSR BEK , R
AR, SE-REM UCeHB YT R HLYI i, St -+
BT YL, SR H ST H600 R0 i i B BT F o

1.2.5 D RFHBEDCEEI G 435 HST-OMVs
5. 10 pug/mLFBE BEWRDC, [A] I 5 R il 34 BA 4 %
YEFH24 hfE N AL B R 1 mg/mL FITC-dextran, {51
53 H05% CO,. 37 CHFF 30 min, W W5 4bFH3 minif K



950

PR AE2A A (B 2R

5 524

240 2 T R B P 2 ERI0RE, T4 A PBS (£50.1% NaN, Al
1% FBS) P&, I FH it U2t ML ARSI, LADCHY BHMEZE G40
Ji &5 5 92 56 R 2R v T A 40 MY LAE R AED C I & I
Cellquestf -3 Bl 45 5% .
1.2.6 ELISAASn s SR #RDCaICE F il
OMVsHill 5 2 R AN F (TNF-a. IL-1B) P& B8
JEDCRIST-OMVSIN A U o 433 HIST-OMVs 5, 10 pg/mL
FEEBEIEDC, [R5 A A IR X R, U5 24 hille
RN IR L3, T80 “CUKAfik#, ELISAKG I iz 7
B 52 20 M PR T IL-1 BRI TN E-o B, 25 38 2 IR
RG-S,
127 D RFHEDCEA N HHIHST-OMVs 5,
10 pg/mLAfI-E BEWRDC, [7) 52 A 0 3 2 BA P X L, il
R 24 WS/ BEIRDC, 43 il APE anti-CDS86.
MHC [l #CD54 5.4, T4 CHOGIEF 30 min, PRI I
LSS -3 BT 45 2
1.3 SitEH*®

THEPEOR T £ sFRR . R R J7 2250 B Flghs
W PEATHLIA] FAR, P<0.05 0 22 AT G247 .

2 SR
21 NREBEDCHAENERGELE

ZIN B R A L SR 48 Wi, A N B 24 i A 4 7

40
1023 |
o 2
Q =)
~= o
Q &R
12]
w
: 0
1023 10°
(D) FSC-height

Fy AT ULTE RS R e s B A0 i, 5200, A5 A 3R 4
MG ARER TN I LA ) 5 555K T ULER 73200 L Jd B , 240/
B3, AR IE B R, TR AR A e A | D 20 B 3% v B
IR I ks, ZEAH 22 A T HOE S ILIEB; 355 2
7R, A ML AARAR 2 I A A, 1) DO JE e R K
SR M T ™ R, S AR, R AT A ™, SR o
AR (EILC) o B0 WA A AR AR 28 it 2 200 L SRS 43,
P34 B0 A 4 CD 11 P 1/ U RS R D C Al i 1k 5]
85%LA I (K1D),
2.2 ST-OMVsX/NR B BEIEDCIFE XIS

L2, (R EST-OMVs(1 | 5 ., 10 pug/mL) %}
/N B D CAE TG A2 /N (P>0.05) . 24ST-OMVsfi
W =20 pg/mL, DCIYFFTE AL (P<0.05), ST-
OMVsJi ¥ i 450 pg/mLIst, /N A BEIRDCAYAETE R
1 HK54.9%, S B ARSI . IR AT ST e 2k
SEEG R, PEPEST-OMVs 5 ug/mLAI10 pg/mLAE Jy 33
23 INEBHEEDCRMENMNE

7 51 LB ER K AN BUBH BB YR D C & T K
GES S M ATUIR, M BTH4 5, /b R R ORI 7E , A%
M (EI3A) . 5 ug/mL ST-OMVsHIIEUE, E#EIEDCHI B
PRFRAE K, F TR SERE LA U/, N 40 i % 3 & 45 2
A5 B R 10 ug/mL ST-OMVs S, MU py i 9L
KA KNS BEHLIRZ5 46 (EI3B ), b 22, (R

M1

89.2%

10° 10

10

10?
CD11c-FITC

1 MNRBBEDCHSRAEN T
Fig 1 Morphology and purity analysis of DC

A: The cells gathered and formed tiny colonies (as shown by the arrow) (x400); B: Cell colonies became larger (as shown by the arrows) (x400); C: The suspension

cell colonies extended a large number of radial protrusions (as shown by the arrows) (x400); D: Purity analysis of DC.
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[ 2 ST-OMVsRIERT/NR B BEIRDCTFE R
Fig 2 The survival rate of DC stimulated by ST-OMVs
*P<0.05, vs. control (0 ug/mL), n=3.

3 FERAIE/NREEIFEDCHBRHEN
Fig 3 Ultrastructural characteristics of DC during phagocytosis
A: Unstimulated DC (x4 000); B: The number of synapses on DC
decreased, and the organelles in the cytoplasm, such as lysosomes (as shown by
the white arrows) and mitochondria (as shown by the black arrows), were
abundant (x5 000); C: Swollen mitochondria (as shown by the arrows) (x5 000);
D: Myelin-like structures in cells (as shown by the arrow) (x7 000).

K, MRz A, B0 BTl G AR AR TR S T/ IMATE L
AN PR T MU (K13C) o HMRG R A v, A5 2L 4 i
TERE TR AET, A REIRDCAY W . TH AL IR LY 4 AL A% A
Jo LA IR S ) A 4 A (— P — Rl ) [0 (B )
(KI3D).
2.4 ST-OMVsxi/INR B HEIRDCERETHBE A0
KRR B BERD CEA R AR ERE /1, FITC-
dextran [HPEAIA L %A (78.9£7.3) %, 5 pg/mLAI10 pg/mL

ST-OMVs/E 4 B B IHDCHWE R/ N (52.6+4.5) % Al

(34.9+4.2) %, X FAIK(P<0.05) .

2.5 ST-OMVsx$/\GR B 8 iR DCEH B [E F 5 b B 52 11
H [l 40T UL, 50 BRATAR HE, 5 pg/mLAT10 pg/mL ST-

OMVskhFEZH 48 M T TNF-afITL- 1234 T (P<0.05),

BEARFEREREHARIL-1pTREF LRI EE X

(P>0.05)

7 Control group
Il 5 ug/mL ST-OMVs group
300 W10 pg/mL ST-OMVs group *
*

* 4

200

p/(pg/mL)

100

TNF-a 1L-1p

4 ST-OMVsHI#E#/ R B HEREDCHIEE FHI S i E R
Fig 4 The cytokine secretion of DC after stimulation by ST-OMVs
*P<0.05, vs. control group; #P<0.05, vs. 5 pg/mL ST-OMVs group. n=3.

2.6 IMNEBHEEDCREEN
A E5AT DL, 5 pg/mLAI10 pg/mL ST-OMVsHili#24 h
Ji, /N BERDCE M CD54, CD86FIMHC 1T 431 BH%:
H 3% L (P<0.05), KA LAGEA . 10 ug/mL ST-
OMVsibFEL /N BEIRDC 1A CD54, CD86FHIMHC 11
Oy FPHAEE 2 R ¥ TS5 ug/mL ST-OMVsih Hi 4]
(P<0.05)
mm Control group

I 5 pg/mL ST-OMVs group
(B 10 pg/mL ST-OMVs group

—_
(=]
S

*,#

P o)) (o]
(=] (=] S
T T T

Percentage of
surface molecules on DC/%
[y}
[=}

CD54 CD86 MHC I

5 ST-OMVsHI#EH/NR B HERDCRE S FRIAEIR
Fig 5 Effect of ST-OMVs on the expression of surface molecules on DC
*P<0.05, vs. control group; #P<0.05, vs. 5 pg/mL ST-OMVs group. n=3.
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7172 T 200 LR P 7 A ) BB 25, T A S A A A 7
FfE EZ AL AR B, RIERLIT B Y Mk
HIIIRES . A — B E AR AR
1A, OMVsA] LAFAE 2 — R S A AR G 437 (pathogen-
associated molecular patterns, PAMP) & &)%), il 515
F IR 3Z 4 (pattern recognition receptor, PRR)
S5 IR EE S GIRON, il A WA TR e

DCYERHUAGRERZ G 307, R TR 25 G
AWCIE, SE TR SR i, TR B S N A, AT S BLHLAAR
G BE . X — PR S — RN IR0 511 B, ARAT
XTDCHIRE 5w # A] RE ek AR e 45 e, WFgee Js A
RS FIDCZ ] A AH EAE L, X T IR A AR S i A M3
S ML M1 s ML A 2 L ARG
rm GM-CSFAlrm TL-4Xf /)N VB B2 A 1175 S A3,
AL ARAS R 4l B AR W BE R DC, B /N B AT R
1107 ~ 3x 107204 . 7E(E)'E B0 T ] R IR rh kR
BRI A R DCIE 54 i . DCHIT{A
A T R AR b Y — MR 0 R AU T A B
7o FRATWEL BN FEGM-CSFIRI T, THEFRH3IRAE
IR AR BN TR ™, LU BB R, T TR
KRN A ARV, AR T A BRI DC, IR BUR,
R ERR . A GUES AT WD CERTH K #5881 43 SO
HYRGE, 3K — SRR S DR TR R BE T AH—3L

TEPRFEOMV sXI DCHE IS A6 52 M ) S 36 v, FRAi ]
A ST-OMVsfa DCIRFRAE K, R S L5 14 s /D,
L PR 5 A A T AR PR AR /N, 5 30 i 1 IR A A
Wz | ik ST A . FOSSATI-JIMACK S 5
W], AMIBT T T, BRARE 22 2R AN S5 9 L A
H 258 TR, ATERRGIRCA S DCRE CD11bsr
454, M5 & DCR I T- 4L A AR 72 . A 9T L BE
T L3 1) PN R 4 T IRA 254, 2 D CA W 41 L
TR I PSR B O3 T A AN R BN 2 ) B oK RE 6 42 40k T
., ZST-OMVsiF A T B 40 AT VR 40 s Bt I i I A
JE, B IDCHLE LS . SR HRTERXIDCHNT. . b2
T N SRBEAR M AW 58 A8 5843, AH AT LA 58 B3 — ik
TSI R G0 R R Tk 1 S e W BRI T 05 4h—
7.

DCHYIE AL 8 SHU RV DA G, B—
ZITZ BN RS IR A L R SR R AR I, DCHREUIN
THUE, B2k (ICCR7) . R4+
A>T (CD54, CD80FICDS6) | H ek RSy 1
YR IR, BER 0 A A R 1, WO e o AFSE K
B, 712 ST-OMVs/5 DCM b= 4 TNF-o HIIL-1pH £, iX

— BBt DC A 43U F1 5553 W7 A B TNF-aFITL- 1B 3 22
FEDCHR NI TR, [, ST-OMVsHI¥G
DC# i CD54., CD86FIMHC I 24T ik B & Tt
e, (AR RERE S T R SCHR g A /R 22 6% T ST-OM Vi,
VE g HAHT R 5 A A0 I DCRERS R Bl OMV shi I, F45
Ji— Z AR E AR, AT E TSR Gl PR A1
B A RS -

25 b, AR AL T AN I D CY T 1k, X ST-
OMV s AE Wi PEHEAT T HRE, hy JHL G 9 B A L 43 5
DCAHIEAE R4 M A Y 2p SERb LT 228 R . IT4FR,
X FOMVSsIZH 535307 . s I 15 LA SRS W S5 1 5
AR, (EER XA YR U5 . P85 38 K 5 A AR
FHHLHI BT AT 5. 6 N —2BEgE b, 3R TRE i —
T ST-OM Vs = A L B FAH AR, B RFAE e
HIYRYT BT B B AT S i
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