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[Abstract] Objective-To analyze the effect of Escherichia coli outer membrane vesicle (E.coli-OMV) on the proliferation of 4T1
breast cancer cells in vitro and the inhibition of tumor growth in BALB/c-4T1 tumor-bearing mice in vivo. Methods-OMVs were
collected from the culture supernatant of E. coli and characterized. The uptake of E. coli-OMV by 4TI cells was detected by
fluorescent label tracking method. The effect of E.col/i-OMYV on 4T1 cell proliferation was detected by CCK-8 method. The effect of
E.coli-OMV on 4T1 cell cycle was detected by flow cytometry. The BALB/c-4T1 tumor-bearing mouse models were established by
subcutaneous inoculation, and the mice were divided into E.co/i-OMV group and Control group, with 10 mice in each group. The
mice in the E.coli-OMV group were injected with 0.25 mg/kg E. coli-OMV every 2 d, while the mice in the Control group were
injected with equal doses of PBS. The changes in body weight, 40 d survival rate, tumor volume and tumor weight of the two groups
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of tumor-bearing mice were observed. The pathological morphology of the tumor tissues was evaluated by hematoxylin-eosin
staining (H-E staining). The expression of proliferating cell nuclear antigen (PCNA) and CyclinD1 in tumor tissues was observed by
immunohistochemical staining. Results* E. coli-OMV was spherical membrane vesicle structure with a particle size of (216.00+
18.30) nm, which expressed E. coli outer membrane protein A (OmpA) and OmpC. Fluorescence microscopy results showed that
4T1 cells could intake E.coli-OMV. CCK-8 results showed that the inhibitory effect of E.coli-OMV on 4T1 cells was positively
correlated with time-dose. Flow cytometry results showed that £.coli-OMV arrested the growth cycle of 4T1 cells in G,/G, phase. /n
vivo experiments showed that compared with the Control group, body weight of mice in the E.coli-OMV group decreased slightly
after the initial injection (P=0.031), and then recovered, while 40 d survival rate increased (P=0.037). The growth of tumor volume
and weight of mice in E. coli-OMV group were lower than those in the Control group (P=0.041, P=0.004). Its tumor volume
inhibition rate reached 29.69%, and tumor weight inhibition rate reached 49.81%. The results of H-E staining showed that nuclear
splitting images of tumor tissues of mice in the E.coli-OMYV group decreased compared to the Control group (P=0.038). The results
of immunohistochemical staining showed that the positive expression of PCNA and CyclinD1 in the tumor tissues of mice in the
E. coli-OMV group decreased compared to the Control group (P=0.031, P=0.002). Conclusion-Both in vitro and in vivo studies

show that E.coli-OMV can significantly inhibit the proliferation of 4T1 cells.
[Key words] bacterial outer membrane vesicle; breast cancer; cell cycle; tumor-suppressing effect
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e, 1E37°C. 5% CO,y 4R 55, B4
Az R ) 20 M A T 5 S5 5

1.2 WRRCRIR S5

K7 H BL21 (DE3) kR A I 0 A=
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-80 °C.,

AT UM LL 2x10* 4 LR T 6 FLAR T, 5%
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B0 R, Hr, 42 dif E.coli-OMV 41/ R il
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TR R o AT ARG -4 4 (hematoxylin-eosin R FE X} E. coli-OMV 1) — it FEAE 3F 17 2 2
staining, H-EJe®), Jfilid b Wi Magimae  TEMABWESS R (KI1A) B8, E.coli-OMV 244K
LN SR T 85 oML a5, BARRBOAUZE . Ak BEAL A 53

1.10.5 Mg g ain S LRI E AR EME g5 (K1B) IR, E.coli-OMV [ ¥R H
W R e A e kX “1.10.47 #3155 (216.00£18.30) nm. Western blotting 45 % (& 1C)
B A ) AT e €, Hirh—430 ) PCNA . CyclinD1 WoR, E.coli-OMV 7E 35 000 F1 38 000 &b 43 51l £ 1£
(TAEMEEY 12 100), —PuiHENHR G4 b Ecoli AMERREPEE H, B OmpC il OmpA, 4kifi
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Note: A. Transmission electron micrograph of E.coli-OMV. B. Particle size distribution of E.coli-OMV. C. Detection of outer membrane marker proteins in
E.coli-OMV by Western blotting.

1 E.coli-OMV K— R E 5> #

Fig1 Analysis of the characterization of E.coli-OMV

2.2 AT1HIMA) E.coli-OMV [FJHEN M %2 2.3 E.coli-OMV X} 4T1 &34 54 1 5% i
F e YRR B E.coli-OMV 5 4T1 41 /EFH 0. 6. CCK-8 528 4k (K13) Wi, E.coli-OMVTE

12h)5, 453 (K2) /R, 6 hEH4TI4uEh . 40 1 pg/mL ¥ BE R %t 4T 1 40 fE 3658 /Y 52 i 870 s 76 10,
I AZ BRI B T SR G RRI, 12 hEF 28 0 i 20, 50 pg/mLIKE T, XF4T140M4EH 12 h 1940
s gkmidgas, 4T1n] A E.coli-OMV =48R (2.7620.98) % . (15.2042.53) % .
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PKH67-E.coli-OMV

100 um 100 pm 100 pm

100 um » 100 um " 100 um

100 um

Note: Green fluorescence indicates PKH67-labelled E.coli-OMYV, and white arrows indicate E.co/i-OMV in the nucleus.
2 AT1Z8BEYT E.coli-OMV HIEAME (x100)
Fig 2 Observation on the uptake of E.coli-OMV by 4T1 cells (x100)

(22.33+1.15) % ; AEH 24 h 09 40 41 ] 2 43 51 Ky 3.64) % . (43.48+1.85) %. (54.19+1.03) %, 4k
(26.89+4.56) % . (32.51£525) % . (44.63+ I8, E.coli-OMV AJ#I] 4T1 40 p 345, HAMHIAL
2.21) %; AEFH 48 h 5940 JE 90 K 20 51 A (33.00+ TR st ] - 751 A o 1

A B
1.0r 60 -
® Ctrl T
[
1 ug/mL S
0.8F NS
®mz § A 10 ug/mL g 4 L
2 ok ¥s ¥ 20 pg/mL = 40r
= 7 & i @ 50 ug/mL 2
2 Ys v 5
= 04r =
Q * E 20 F
©
021 ©
0 1 1 1 0 _r:l_i |I| s
12 24 48 Concentration/ 110 20 50 1 10 20 50 1 10 20 50
t/h (ugmL™) 12h 24h 48 h

Note: A. Effect of the different concentrations of E.coli-OMV on D(450 nm) of 4T1 cells at different time points. B. Analysis of the inhibition rate of E.coli-
OMYV at different concentrations on 4T1 cell proliferation under different time points.

3 CCK-8%#&ill E.coli-OMV 3% 4T1 40 B3 56 49 4
Fig3 Effect of E. coli-OMV on 4T1 cells proliferation by CCK-8 method

2.4 E.coli-OMV %} 4T1 ZilJHL & 1] 1 5 iy £ 1) E. coli-OMV 4b PR {14 41 Jifd 76 AS [6] 4 FH st 1] F 4k 1
K FA U 2 40 AR AS I E. coli-OMV X 4T1 4t ifd J&] G,/G, W10y 5 LA Frssm, S A, He,
AR, 4559 (K4) S5 Culdfi, SRRk E.coli-OMV ¥ FEA 10 pg/mL B 240 A J] 3 i RS S0 42
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5 300
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2200 \\
100 \\\ \
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
FL2-A PE-A FL2-A PE-A FL2-A PE-A FL2-A PE-A
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Note: A. Flow assay graphs of 4T1 cell cycle. B. Effect of different concentrations of E.coli-OMYV on 4T1 cell cycle distribution at different time points.

4 FRARARKN E.coli-OMV Xt 4T1 A EHA 5 # I F

Fig4 Effect of E. coli-OMV on 4T1 cell cycle distribution by flow cytometry
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2.5 E.coli-OMV %} BALB/c-4T1 fuf 38§ 7> B o83 (19
A

2.5.1 BALB/c-4T1 fif Jig /N BB — e i S W56 5
Control 4 HL#8, E.coli-OMV 4 /N BUAE B U S A 1
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S, 24/ R B IE R 1ESZE
WP PRI ME | T8 55 S

R 5% TR A/ B0 10 %8 L M 240 I B B /N U £ 4K 1 52 | 1251

2.5.2 E.coli-OMV %I BALB/c-4T1 fafJ§ /) B4 o7 & A%
S PESTET, 2 4/ RSB B R  2E F RS T
R, HWKESG 4d, E.coli-OMV 41/
A5t 1 4 Control AT A TN RE (P=0.031), i J5 & ¥
Ml 7t 2 5 Control A #57°F, e 2 2 /N BRI ~F- 35 44 ot
W ZES TG EE L (K5), ghmifen, wE
5} 0.25 mg/kg 7 & (1) E. coli-OMV A fifi /)N AR i B2 4
TR, TR WA 20/ R BT AR R

O Control group
B E.coli-OMV group
251 P=0.031
20
20
=2 15F
=
o
=
>
gor
)
5 -
0 -
0 2 4 6 8 10 12 14 16 18 20
t/d

5 244 BALB/c-4T1E/NRBERETK

Fig5 Changes in body weight of BALB/c-4T1 tumor-bearing mice in the two groups

2.5.3 E.coli-OMV X} BALB/c-4T1 i J8 /I B A= 4% %
Usem o X2 4l RO AR AR R T W AR, SR
(Kl6) B, WHAHEH 26, 32, 40d, Control Z/)
A AE R0 510 80% (4/5) . 20% (1/5), 0 (0/5),
E.coli-OMV 4/ A 77353 511 100%  (5/5) . 60%
(3/5). 60% (3/5); 40 dJ5, Control ZH /)N Fl 4 4E
T2, E.coli-OMV 4/NERANA 1%, 2R A%
e L (P=0.037) . 4kTMi#E/R, 025 mgke 7 &
T 1 E. coli-OMV W] D) it 2% g FL i 9 5 B0ny /b i)
BT,

2.5.4  E.coli-OMV Xf /I B (R FR A 52 ) 7 5
A, 2 20/ UM AR B R 22 S e i 2 o TS
Je, 24/ BUR R A A i Ze i B TA BT R s AEEST
J7 20 d, E.coli-OMV 41 /> B J8 /R FR3 K &/N T
Control 4 (P=0.041, [ 7B), i f& B4 il 2 ik
29.69 %.

2.5.5 E.coli-OMV X /)N ERUME Bt (52 Xf 241
JNERI IR LA T AR SR, 25 (& 8) oRiE
B 5 20 d, E.coli-OMV 4 /N B (1) i 98 2 41 35 /N F
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25
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6 2% BALB/c-4T1 /N R ETFE DT
Fig 6 Survival rate analysis of BALB/c-4T1 tumor-bearing mice
in the two groups
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