5515 % 5 4 0 BEEMFER Vol. 15 No.4
2024 57 A JOURNAL OF TROPICAL BIOLOGY Jul. 2024
- ERER - DOI: 10.15886/j.cnki.rdswxb.20240039
EXS VLT SN

FRTEATEIRINEE DIF S/ R E M Z0AE
(5] M1 ZUF0 M2b B 4k

FES, ARG, #AF, K 4L EOF

(1. MR R PO R 15 11 570228; 2. 22U R SR 2%, & IR 230036)

B OE NIRRT E DT R IEATH  (Proteus mirabilis) 53 WA BTN B AMEFEHL (outer membrane vesicles,
OMVs) & H & 175 5 Bk 4t i A% Ak DL 42 i 983 R B (0 Th e, AR F 56 DA 1% OMVs 380/ B W 4 i
RAW264. 7, il B VA0 ARAGAE DGR AL . o2, R I S B B0t 4 B4R B OMVs 47 R AE; ik, A
PKH67 %¢ Y6 YRl /R 52 OMVs, 33 58 56 BB W 22 RAW264. 7 0L OMVs I EUE ML )a, FIE—%dk
- (NO) A 3R 551 & 0 82 I 96 % 52 J PCR - (RT-qPCR) , 43 %l % RAW264. 7 40 g 73 3 (1) &5 NO & &
RAW264. 7 41 MR A AH DG F2RIAFATRC N . 25 R, OMVs Al # RAW264. 7 41 fiu £ 10 75 3 1% 41 Bl NO 25
Wi, FR EEIL-10. 1L-18. TNF-o fIIL-6 KIRIE, BPA A M1 BRI M2b BUAR AL, AT S 06 40 i B4 Bt

Ji R v . bR s SRR B A AR T AT TR 43 WA 1) OMIV's 7E 1% T B0 L R P88 A A i PR 26 % v R VB PE A T

4R AR AE MR, BB
hE 532 S: Q815 XERRSA: A

NERS: 1674-7054 (2024) 04-0445-07

FHE, X, R T 45 A3 AR TAT b PR A MBI 15 /) B W20 A v M1 BRSAT M2 R AL [7]. BAvi A4
1, 2024, 15(4):446-452. doi: 10.15886/j.cnki.rdswxb.20240039

100 Z 4F | , 35 B AR BHE A2 Dr. Coley ¥ 5% 2K b6
TSN BH B IR B RN, TR T BETLRR)
GIBE SN, AT 1 hRa PRt Jet, 2R R JT 1 4
TR A 3 1) JH B A VR 9T I R . AR U
J& H T A0 B 45 B VR 5 8 SO 5 (Tumor
micro-environment, TME) fr 37 Ji , #8 =) 75 F - s
H YL, WOE R AH D% BN 41 B (Tumor-associated
Macrophages, TAMs) . 4H B 71 Ji5 2% ¥4 Couter mem-
brane vesicles, OMVs) J& 4l [# A Wi 4 HE 1 2 A Dh g
YRR BRI S5 F , #5707 A% R L B 1 T S5 R 8 T 4% TME
[RI3E PEYD )57, H OMVs 45 i 22 % (LPS) \DNA AT RNA
2 PR AR R4y TR i T A R AR TR A B
(Proteus mirabilis) 7& - == IR B PE B , H OMVs H Y.
#5415 LPS 55 2 Fh ] WOk E VR AN 0SB . RT3
WAL CAIESE , 261 BUR 8 77 7 R TE AT B Re e K 3% 41

FUBR R AL AR IR R B /R PR,

FESe R GBI v ELWE AR JE Y B 3, e
AT A AR, IR LA S R T R E e
SMEE PRI BERIEM . SR, B4
HEHI D REIR & 2 K EAS 5 Ml B 7, 2 3 B
HA T . 1252 2% A0 55 8 & s
Y 32 45 20 LA A Ik B A P S5 S M I, 4
nE 2 AN R R B AR AL ORISR D e R 2
Forpr, MO BB 52 09 B R A0 0 e WK S, #E 45 32 0
PR AT AR A B S PR ML R AT 0 ) M2
B R RIEAFNE A . M1 AL B W4 g 5 e 40
AR 1T M2 R 2 (2 i 2L 2B 25
A0 MG BEAR OGO R A 1 SR B, M1 A
I 240 Y o 1) NF-B 380 X g R A 5% R A A A8
SRS BRI, £ e A 2R R T, [0 4 D o B

[ 5K AR 42 (32260904 5 i 7 44 0T 51 2L BT BHIT R 8 (Qhys2021-162)

WS HER: 2024-03-12 EEIHER: 2024-03-25
EE£WmH:
E—1EH:

FEE1998-), R KRG AR MR BE 2021 HAR AT A . E-mail: 21220952000018@hainanu.edu.cn

BIEIEE: H38(1988-), 4, #Hifi. WA T : 0 TIRES RE% . E-mail: ginyao@hainanu.edu.cn



446 HoarEY

SRR M2 B B A Y, o H G NF-wB 305 (2 5
P FH BE 13 0. MRS G 2 i e sk o 4
Je A5 Th BYGH G 5% 225, 2% B i Jed 4 i, 410761
ek R 41 B A K s M2 2 e 0 i — AR i 7 A 4
Al B2 /5 Th2 BY 40 i G g N %5, R EH 2B
I8 T BRI = A G g $]  3dF — 22 e 17 ik g 4
3G VAL R SR, 3 AR A R B M2 Y
L3 4 ] 1 — 25 43 M2a 74 . M2b B\ M2 F4 AT
M2d B, HoAr M2b BB A G 9 e AN 980
J7RE R RIERS . H A, T B b
IHREMIT 7L 2 TEAET M1 J2 M2b 75 8 M L 36 7L 5
Mo /NG M1 2Y B EGH A 2> 73 W TNF-a FTTL-6 S50
%% K1 2 CD80~ CD86 5 I 3% [l =2 4 , F- R H 5 T
H— AR AT GNOS) & i £, i 5 24 i
IRUAIRINO K B TE . T M2 B g 4H A DL TL-10+
F SR 1 (Arg]) M1 CD206 2 ik _E i M 4SAE , Horp
TL-10 73 534 N 42 Bl M2 5 00 4 i F 3 [ e
M2b 7 06 20 & T M2 Y, {H % 25 70 [ 5 4 i
2203 Wk TNF-au 1L- 18- 11-6 Z54i2 75 41 g [K -1,

AT FE NG AR TEAT B 4 B AR L OM Vs, H
) N B 4 B RAW264.7, 6 1l RAW264.7
41 B 14 B A0 2E P ks B, BB 1% 1R OMVs i 3
RAW264.7 A Ml I ALY, B fER AL 75 7 AR T AT
PR OMVs J2 75 B A T30 I8 e 92 T PA 555 o6 4 72
AT VR FH 809 77 o

1 RS

1.1 BEMEAEME AR B 35659 Bk A
B LI 4T I RAW264.7 1) N AR S0 5 45 B ok

1.2 EFEXFIFEHM RNAEBGH & (R4011-02)
W T b g I8 B AE MR IR | S e sl &
(RRO47AD W T HIEA A LD H R A A
IE g« PBS 2% ph i (pH=7.2 ~ 7.4) 1 T b 50 R 3¢
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TRAI 30K, s A S . IRAWIFE 3 min 5,
AR HFOINN 500 WL JE Ah A4 I 37 , R ET IR 2)
30 VK, BEG R AT ARG TR AT A L A A
PEMGR T & 1500 1 AT FOFT PR, Jf i oy B afif
FEDL bR 2 R YL 24 T AR AR (1 OM Vs, DLk 3|
afifk 5 1.

1.8 /R B K4 B R RAW264.7 40 Bl 15 75
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1.9 OMVs Rl RAW264.7 4RBE  H 3.8 wLifiE
FAIRERIOMVs, & 15 pg i OMVs iZ 222 I
HHITF RAW264.7 400 (1) 24 FLAR T, 5 278 57 LARAIE
OMVs Re38 &) A« B S, ¥ 5 OMVs 3L & 1)
RAW264.7 41} CO, 55 72 #6(37 'C, & 5% CO,)H 55
F% 24 ho TE0 h Al 24 h 2 5 22 % B B2 0t
RAW264.7 4 J 347 W %2 . LR 55 40 i B3 i A 1
NO I . oW PBS Peisk RAW264.7 41 il 3 V¢, e
BT 4 R 3E » IF T -80 CUkHE A7, T J5 &t

RNA $2EUE BT (1) RT-qPCR 6 FH 2 20 i [5]1- 11
mRNA 7K,

1.10 RAW264.7 4l A K AR5 4T HY mRNA ik
IKFME A A2 OMVs I RAW264.7
Yl (2S5 [ 41D I 4 OMVs Bl 1 RAW264.7 41 i .
PR 700 & U0 B B B4 M S RNA, R A
cDNA, P AR 4 12 771 46 150 WY -5 0 ol s AR &, Jd o
RT-qPCR , LA B-actin A N 2%, Kl 40 L AH A5 54
Argl JIL-10.1L-18. TNF-a fI IL-6 {1 R IE & . 514
JFHI AR 1.

&1 5I¥F7

Tab.1 Primer sequence

FH LR Gene

L3519 Forward primer

T UE51%) Reverse primer

B-actin GATTACTGCTCTGGCTCCTAGC GACTCATCGTACTCCTGCTTGC
Argl ATGGAAGAGACCTTCAGCTAC GCTGTCTTCCCAAGAGTTGGG
IL-10 GGTTGCCAAGCCTTATCGGA ACCTGCTCCACTGCCTTGCT
IL-18 GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
TNF-o CATCTTCTCAAAATTCGAGTGACAA TGGGAGTAGACAAGGTACAACCC
IL-6 CTCCTCGCCAATCTGAAGTC CCTCACGGTCTTCTCCATAAAC

111 S ESH Gt WA GraphPad Prism
8.0.2 B AT, 21 IA) 1k A7 5 Al 3R U7 2 43 Hr (One-way
ANOVA) . BRAFEARE N3, # P <0.05REHEH
BEEG, LR & P < 0.01, AR 4L A )5
FES LU BRI P < 0.001, LL“ s FRiE

-

[\9]

LRI

21 FETETHEOMVsHESERNELEE =
FCBH 4 B 4 WA 1) OMV's ELAZ I8 5 A 20 ~ 300 nm 2
[P, A S AR B R T =2 B 1, 7RI S
HLF- R e T SR B L2 B 1 OMVs BLARAE
20 ~ 300 nm 2 [i], H 2R Cn Bl 1 ), 75

PN UsH

R £ o
1 FHREHATENOMYVsIEHHEEE
Fig. 1 Transmission electron microscopy of OMVs of

Proteus mirabilis

4 OMVs [f1 45 W RFAE , 22 B 77 5378 T2 AT 14 1 OM Vs
FEELRLI o

22 HZHFTHTEOMVsWEBSENE %
B BCA #1100 701 & 1) 3 B 45, W 5 A o ot A
562 nm T IR RE , A B R BE AR A il 42, 4%
FRbRAE it 2t 5 H A S A TR AT B OMVs 1 2 ik
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Fig. 2 Standard curve for protein concentrations

BSA : bovine serum albumin.
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eplgett s, K 4R 6. OMVs 5 RAW264.7
AN SLIEE 24 h 5, AT WS 3] RAW264.7 i i N 1
B G055 5 (KB 3-C), HFAFE OMVs [ 5RDR

OMVs

A
o 9/8
Fluorcseence

100 pm

% B8
Brightfield g¥

=100 pm

3 FRLMATE OMVsiET RAW264. 7 ZHRERIR 1L
Blank : JTC4H 8 M EEIRZH ; OM Vs : 41 B AN SE I A
Fig. 3 Polarizations of RAW264. 7 cells induced by Pro-
teus mirabilis OMVs
Blank: group without outer membrane vesicles; OMVs:

group with outer membrane vesicles.
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41 Hf BR] -t A8o0) BR 2 v 3R 08 5 T S B 1 B AT G g
P B8 ) M2 AL RS A0 B 5C AR VbR EW Arg 1)
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Fig. 4 Analysis of the expression of polarization-related factors in RAW264. 7 cells
* indicates P < 0. 05; ** indicates P < 0. 01; *** indicates P < 0. 001.
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FH, OMVs il 5 B R 20 Jf e % 175 = G 1m) M1 B AR A
HRIET R IR AR R, 24 0MVs 5
RAW264.7 20 3L & 24 h 5 (K 3-C) , FE DG 240
BT RE W23 RAW264.7 41 Jfl 75 W OMVs, I Wi %2
F RAW264.7 4}l K 22 B A M1 BUARAL TR 5%
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BULE FLARATE 50 A A 8 2 i 98 7 A8 R 1 (B AR
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JEIE CD 11t B TR . I H. , IX L 7 i
L5 CD8" T 40 A A R R AE X 28, A
T A R 75 5 40 i 25 M T 20 i (Cytotoxic T lympho-
eyte, CTLO V.%o Fi itk , OMVs 7E 15 3 E W40 g LA M1
RUBRALAEBE Th B 20 i S 5 S 225, AT SE 3 MR 4
P DA E G A 5 (] P AT O R R BN OM Vs
Hh DU I bR 0 S ) 52 5 DS S B0 Ak 989 2 ) [
7N CTL [, AT SEBRAS AR A BB AR

4 % i

AT 5 M S5 A B0 1R A AL AT B R R ) 4y
B4R LT OMVs, 45 R B 1% OMVs fig 5 &
RAW264.7 40 i 6] LA M1 24 42 A Sy 3 5F 5 56 &6 7
M2b KR AK I 22 78 . 1% OMVs AT 1 Jy 5 4 728 7
AT R A B ) B gw AR, B rE N B s
3% PR AN B AU K R R IR SE M . )
b, 1% OMVs il #5 BUAS UK , 3808 T A i I8 24
Yk E A B A ERE ).
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Polarization of mouse macrophages towards M1 and M2b

types induced by outer membrane vesicles derived from
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Abstract: To investigate whether bacterial outer membrane vesicles (OMVs) secreted by the conditionally
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pathogenic bacterium Proteus mirabilis have the function of inducing macrophage polarization to regulate the
tumor microenvironment, the mouse macrophage RAW264.7 was stimulated with the OMVs to detect macrophage
polarization-related phenotype. The OMVs were isolated, extracted and then characterized using transmission
electron microscopy. The OMVs were traced with PKH67 fluorescent dye, and the uptake of OMVs by RAW264.7
cells was observed by using fluorescence microscopy. The total NO content secreted by RAW264.7 cells and the
expression of polarization-associated factors in RAW264.7 cells were detected by using total nitric oxide (NO)
detection kit and real-time fluorescence quantitative PCR (RT-qPCR), respectively. The results showed that
OMVs could be taken up by RAW264.7 cells, induced an increase in NO secretion in these cells, and up-
regulated the expression of 1L-10, IL-18, TNF- a, and 1L-6, i.e., the occurrence of M1-type and M2b-type
polarizations, which activated anti—tumor activity of macrophages. The above results suggest a potential role of
OMVs secreted by P. mirabilis in the bacterium’s resistance to breast tumor growth and lung metastasis.
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