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B OE: [86] PN F M feo I JB R4 pH 554F T 4] & 69 B AZARAT i NI £ 78 (outer
membrane vesicles, OMVs)#) %2 Fo %05 Rk, K /g B LKA TOMNE RO BEBRATA BB LT
Aab, [FF1 RARZRBSABEESEHSH EHEETRE pH FM4 T ARGINEE R, 5
A% a it HCT116. AIE# 45 W £ & 48 HCoEpiC. /> R E "4 28 il Raw264.7 B AR, KA
3-(4,5- = F g vk 2)-2,5- = K K vg & 4 & 3 [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide, MTT A= 4@ Jiet 7% M AR M 3K 7] & (cell counting kit-8, CCK-8)4 M 4@ .38 58 69 % omy; AR 4@
A A s BE 20 6L B A 5 AR M dm AR A = oL, a8 ATy LAY i HUAR AR A i i i BB EK R
& Wf 7% (enzyme-linked immunosorbent assay, ELISA)AS M %, 75 RobE; 38 i 4m A 4k i 3 4] 52 B A% ) %
T AR AR, [4R]) BELLMA R IMEE #(acidic outer membrane vesicles, aOMVs)AFe F 4 4
1 A& mx 84 4P IR 4 78 (neutral outer membrane vesicles, nOMVs)&F ALE # 45 M £ & 48 i HCoEpiC. A
L1 % e HCT116 A= & E 7 400 Raw264.7 69 mIa3g A L R E M #rm, L AR5 mieR
; aOMVs #= nOMVs R E A 25 pg/mL &2 4o it R WA R a I % = 4, FF H )
SR P o AL Fe o A A M F8 AT AR 2 £ I w U E A aOMVs #2 nOMVs ¥ BA £ R4, A 2
B BAZMRATE M E AL DLD-1 L#95EM, aOMVs k4L T nOMVs dutk, (4441
aOMVs Ao nOMVs #9 %414 ¥ RAF, ¥ BH %2R %, aOMVs KT nOMVs.
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Immunogenicity of outer membrane vesicles of Fusobacterium
nucleatum

GE Shu’ai, ZHANG Xugqiang, SU Rina, SUN Haoyang, WANG Yuxin, ZHENG Wei*,
QUAN Chunshan”

Key Laboratory of Biotechnology and Bioresources Utilization, Ministry of Education, School of Life Sciences,
Dalian Minzu University, Dalian 116600, Liaoning, China

Abstract: [Objective] To evaluate the safety and immunogenicity of outer membrane vesicles
(OMVs) of Fusobacterium nucleatum prepared under the pH conditions simulating normal
intestinal and tumor microenvironments, and to lay a foundation for the later development of
OMV-based vaccines against F. nucleatum. [Methods] Ultra-high-speed centrifugation and
density gradient centrifugation were employed to isolate the OMVs of F. nucleatum under
different pH conditions. Three models of human colorectal cancer cells (HCT116), human colonic
epithelial cells (HCoEpiC), and mouse macrophage Raw264.7 were infected by F. nucleatum. The
cell proliferation was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay and cell counting kit-8 (CCK-8) assay, and the cell apoptosis were
evaluated by flow cytometry and in situ fluorescence of adherent cells. The safety in vivo was
detected by blood routine and whole blood index of mice. The enzyme-linked immunosorbent
assay (ELISA) was employed to examine the cell immunogenicity, and the adhesion inhibition
assay was conducted to assess cell immunoprotection. [Results] Acidic outer membrane
vesicles (aOMVs) and neutral outer membrane vesicles (nOMVs) had no significant different
effects on the proliferation or apoptosis of HCoEpiC, HCT116, and Raw264.7 cells. Both
nOMVs and aOMVs at a concentration of 25 pg/mL did not lead to significant hemolysis of red
blood cells, and the routine blood and whole blood test results of the mice treated with aOMV's
were within the normal ranges. The results demonstrated that both aOMVs and nOMVs
exhibited good immunogenicity and reduced the adhesion of F. nucleatum to colon cancer cells
DLD-1. The aOMVs outperformed nOMVs regarding immunogenicity. [Conclusion] Both
aOMVs and nOMVs had good safety and immunogenicity, and aOMVs were superior to
nOMVs.

Keywords: Fusobacterium nucleatum; outer membrane vesicle; immunogenicity; adhesion
inhibition
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HMZEE R A (FadA)SE AW LUE L 525 5
0 B A9 40 B B b ic 9085 % £ F (E-cadherin) 45
&, JETIEE B-1E PR 1 (B-catenin) {5 538 i,
P E bR AR L Y FERE T 5 LA, F. nucleatum
YL ZRTAIY FadA B A FTHE M B a1k,
i F. nucleatum FMHAWANF BB F M AP, F.
nucleatum & 7] LU 2T HLAMEE B 5% 2 25 1 (Fap2)
D7 B m ROk CE FLBE -N- & Bk p-2F 2L Rk
(Gal-GalNAc) Mg A A Fe 1w, (i H B AR RS
Mg 20 2 v 38 5 400 B2 200 A e DA T A A
S AN ARAS ek i, Lin 28U 1 8 (A 4
ORI, F. nucleatum AMEFE(IH S 98
FEEE, H e M RKEZEERS V BSMAR
Gif G, H v BRI RG22 [CH R R
BRI A ibiEts, Xy A¥iEEN,
WEAERMANE I HFS 54w MR . R
Y AEMBIE R 0T B R TR B A
AP

41 7 4b B # 9 (outer membrane vesicles,
OMVs)J& # 2% [ BF P T 41 BT ik 381 40 it A1 BR 455
HERIE BUZ /L, KN4 100-300 nm™,
TEE 22 [QIIME T rh , R S 55 AR SR B 2 ]
SR P s ) Jo s (] v A R 4 S B 1 AR
SR L AR SRy T R 3 T R 4 P e A
Ve FAASE AN BT DA 20 i 2 1 73 14t OM Vs 3522 [
BF 4 T 241 i B El 9 B (inner membrane, IM) 14k
J6i(outer membrane, OM)ZH Y, H a2 RE SR M2
(peptidoglycan, PG) Fl Ji it =5 [a] (periplasmic
space), AR FI IR 5 OBH )2 38 1 B 2R 1 (an
Lpp. OmpA Fl Tol-Pal 42 &#y)ik e,
OMVs e J5 T4 T S, TR I 25 A R 20 1 i
WOy, WEERE . BeZ2hE . ZFhE P B Dl R —Lesk
H IM Al OM Z [l i JH sy, BN ER i
Hbl o FE AR s ) OMIVs A0 B Z2 R i
TRA oA, REWE 5 1E BRI 32 AR 45
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G, IWEITETE E e RS0, (et 4R+ i
Fem AU A, OMVs B #EA KRk A
MEEER . BT RS, W 50 EAEAH B
FH R A A R AR R EEEAE T, B AR BT
g g R0 S Ak, T OMVs MR s
SER AL B AT , AR 2[R TR e | 1k
A=W T TRIAH ELAE T R AR S 0 i AT e 245
BB M BRI 45 R D RED Y,

HAT, Rl TS Bt K HT#i(avian pathogenic
Escherichia coli)® . R}V ML (Haemophilus
parasuis)F ) JE i 98 5T AT B (Actinobacillus
pleuropneumoniae)®V 45 21 T (1) 41 5 4 11 E Bl BF
FEUER AT Ay 9 1 0 b 0k R AT L 15 A AU
T PELRAF IV . OMV's A1 Ay 328 1 w58 1 B i R 4
H ., B, HREAATEZMPE, "ARL
RATRs s A 5 | P S e it A 2 A8 R AT R, DA
ek ke AR A g e AR P Rk, OMVs HLA
WTEALFRIRIRE T, A Geih ) B8 42 4 HLRERE 51 E
ST R, fn, OMVs b 1] IVE B 2
B, KPR BB

g5 Rk, AT SRR H A R A R R
Fbasz 5tk . Zhang SRS HIE R, HAER
FF T A/ I 3 525 0 i 5 | 5 R 92 4
FRRIE o A ISR TE RO AR AR A B AP v
A2 R SR b, PEAG TORIR] pH 4508 T 55
FEARTG B BAZ AT R S MR ) L2 e, B T
SRR VY 22 R 1 B ™ A P A LA R i 7 A i 4L
PRPERE, BRITANIR] pH 55558 25 % HAZ AT 14 5
938 SR B SR, Ay B b T MR A ) 2
AT w P H PR it T BRI

P

L1
— H B PR (dimethyl sulfoxide, DMSO)/
H Sigma-Aldrich 2\ ], 3-(4,5-— F KL BEME-2)-2,5-
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TR L DO G e B R [3-(4,5-dimethylthiazol-2-y1)-
MTT] g H
Amresco /A H), Cell counting kit-8 (CCK-8)l4 H
APEXBIO /A1 . RPMI 1640 5575k | 0.25%Ji 5
FIf (& EDTA). 0.25%[R%E (A& EDTA),
Anbtibiotic-Antimycotic (100x)¥JIJ H Gibco 2y
Al BRI A G 2 17 (fetal bovine serum,
FBS)IW H PAN 24wl AZilafEdnitk HCT116
g B SO T A R IR A ), NIE#2
R ARk HCoEpiC A AR 7 B KL )
PRWFFE AT, /B AN IR Raw264.7 FIA
45 i B b R 4 DLD-1 ¥ A 2l i
Y B ARKH RN A, Fusobacterium nucleatum
ATCC 23726 W4 { 3 = B A 58 10 (American
Type Culture Collection). # P4 == K 14 F FE 5t
LA R R R], 3 JE I MEYE o i
JEi A (specific pathogen free, SPF)/)NE g AL 5T
A3l AR SR S Y AR IR A W
1.2 BERTEARMIMNMEE BRI
AHE O I3 R s 57, BT A KA AE Y
IREFH, 37 CCRWEIG TR F nucleatum Fh
B i BRI R R e B TE 30 mL {A R TSPC
(0.03% TSB, 0.01% Bacto™ Peptone, 0.25 mg/mL
L-cysteine) 5775, i A TG Ny, 37 °CHEEE:
Farh B E SR . PR Fonucleatum 4
REGFIEW D F L 1% 554576 2 L /KR TSPC
WARREFR 3 27T 38.4 mL HiE L-cysteine (iR
PN F onucleatum ¥ K724 E 30.1 mL
R L-cysteine), FoJCH N,, %5 T 37 °ClH
G ST R E R SR 40 h A /A 2 L bs
FWHW F nucleatum WK, 7E 4 °C. 8 500xg &
025 min, MR, FIEHGE KBRS 2 B AR
30 mL Zid o MRARIE I R
H1, 4°C, 200 000xg B0 4 h, Zd5 B3, JTTEH]
400 uL 1xPBS Hik, FRIFHEERT OMVs, Friyh

2,5-diphenyltetrazolium bromide,

P B2 B U 5 0.85% NaCl A 30 mmol/L 4-5%
L FEWR VR 2 TR 2% v (hydroxyethyl piperazine
ethanesulfonic acid, HEPES)#i B £ UL T ¥ JiF .
40%. 35%. 30%. 25%. 20%. 15%, JF4&HkE
FHREI NI R 2. 0 BB 500 L,
)5 I 400 L OMVs, 4 °C . 135 000xg
B 16h )5, B 2 1 mL R, KBETH
Wk EE T4 200 pL 432 E 1.5 mL .04
W, RUKEUREVEST 12% SDS-PAGE, % Dhil 2t ik
LN VI =34 -4 S Ui s - & B P DIV DR Z NG
A OMVs, AR 8 450 JT X L A A &
20 fERFR IxPBS Wi BE, Hi B VR 7 22
O, 4°C, 200 000xg B§.0> 4 h, Zki i,
ULUE A 400 uL 1xPBS A&, K154k OMVs,
1.3 MTT &N E 4H A h5E

¥ HCT116 41fifl . HCoEpiC 4 Jifl . Raw264.7
A (EEFL AN AR 1.2x10% )40 T 96 LIS
BigEtoh, S5WER 0, 25, 50, 100 pug/mL #Y
aOMVs Fl nOMVs 07 24 h. BALANIA 100 pL
B MTT 598 5 4 h, &:fLANA 100 uL () DMSO
VS AT FH Z D RE B AR RN ODaoo B LATEH 2
LG 77 o
1.4 CCK-8 JENIE HAa185E

# HCT116 41l . HCoEpiC 4/l . Raw264.7
0 (- FL AN AR A 1.2x10% 40 T 96 LIS
Bigith, S5 0, 25, 50, 100 pg/mL ()
aOMVs 1 nOMVs 5 24 ho BEfLANTA 100 pL
i) CCK-8 W& 2 h, i 2 D el hr AR
OD 5o (B VATEA 41 3G 77 -
1.5 TWhEE 40 B JE a0 2 S A 4 AR T

¥ HCT116 41l . HCoEpiC il Jifd il Raw264.7
YA LA 5.0x10°A/mL 40 f ik B e T 12 FLANAG
Rt , mscgee A aOMVs fil nOMVs
2% 10 pL, FAPEXTREZEH N 10 uL 1xPBS, %5
HEBEME 2RI E 24 heo A 195 uL
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Annexin V-FITC 455 4%, 5 uL Annexin V-FITC
Jukl, BRIEA, WIEMA 10 pL #BifLnE
(propidium iodide, PDY A3 , 1R2]), =ik LIE
B 15 min, 7EEESO6 DS FMES, Annexin
V-FITC R4k a5, MUK N IE (propidium iodide,
PI) W2 ta 5.
1.6 RICLABE{HE I 28 AR T

¥ HCT116 40/l . HCoEpiC 4 fifl . Raw264.7
AMAELL 1.0x10°A~/mL 4l ik B #:FP T 6 FLAN M
BiFRth, PR AN A s =R, 37 °C
B3R 12 h, H 2NN REE . S804 43 i
A 100 uL aOMVs Fll nOMVs, [T BEZH shom
100 pL 1xPBS, 75 41 HHhnoe i R AL &
24 ho JNAGE 5 RES AN MTE LI (OC EDTA)H L
Je, AN MRS TR AT T ok, A5 E O
BN, 1000xg B.0 5min, F& FiE, WAENM,
f 1xPBS RRHEZAMEIFITEL A 195 pL
Annexin V-FITC Z5& W 2400, FIOA S
uL Annexin V-FITC, #4205, A 10 pL P1 4%
RAT, FIEDEFE 15 min, BiGE T UKEH,
I A LS A A
1.7 BEZRFEIMNEE BRSNS M4 SLie

B4/ BUML T TE 4 °C . 100xg 5.0 10 min,
bk BRI, BB i iiE A PBS Uk
W3 W KA T iE H PBS BLHil A 10%
HIZT AN R . WS L 500 uL A9 I AN 500 pul
ANSTRIHe BE AN FE (25, 50, 100 pg/mL)iRA,
T 37 °CHFE 2 ho LIHAUKAIERBAYEXTIE, PBS
VR BAPEST BE B T4 4 °C . 100xg 5.0 10 min,
HUE 3 100 pL A F) 96 FLk , T ZIhfEmERiYL
K 540 nm AEWOGEE(E . XA Ab PR AT 3
WELE ., BRI E WA IR,
(ODssim = OPusn) | 100
(ODyg i 50m — ODypigsie)
X OD mpnrwdZ B i R AEK BRI 35 ODyso .,

IR (%) = )
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OD ypomdeFE A PBS Frll_F3% ODyso 1, OD
e FF it AN [V BE BRI TN 38 ODaso 1
1.8 EBTEIMNRE R/ R I A

/NEHEAT R AR ER ISR E S 25 pg/mL (1)
aOMVs Fl nOMVs, #Z:4525 3d )5, REEiGHE
/N BRI RAE A (25 I 0T BRAE L Sl ) im AR5
AIFREMBUEE P, A4 A shA ARG e AH 2
Z80, G50 (red blood cell count,
RBC) . [ 40 fitd i1 %4 (white blood cell count,
WBC). [filZ1.# F ¥ & (hemoglobin concentration,
HGB). [fil/Mi 1% (platelet count, PLT)%: ., 73 4F,
HOGT B 2H 5 S0 20 /N B4 kA 7 oA, A
1135 H R A AR, % i (aspartate aminotransferase,
AST) . & N ¥ % [ (alanine aminotransferase,
ALT), JRZ & (blood urea nitrogen, BUN)FIAJLEF
(creatinine, CREA)ZF8R 19721k, PEfli aOMVs
1 nOMV's 724 P A AR B0 LR /)N Bl A PR
BE AT T2 IR, DA B 4 TRT b 1 I s AR 1A
N )24
1.9 ERRFEIMNEELNIIRE

P PR LA R BT P 22 K 1 B, R R e 1Y
BV 2L R IR TR AL, VR S BIVEXT B R
BB T4 3 NS, mike
B 21 d JE AT — R A, 2 IS R
IR 10-14 do 755 —Wms& %z 7 d J5 ikt T
PHAE I AR AE . BHAEILAE 1 200%g B0 15 min,
PR DG TEE 50 mL RAFE S, FFIA
ARG 0.02%8 ZANIE I, HA—20 °CUKAf
TRAF o
1.10 A ELISA ANFA=XBRME
iRk E

B BE S 5 ng/mL aOMVs Fl nOM Vs 31 543
AL 100 pL/ALEBE 96 fLEEHRR ,37 °CHFE 2 h;
J PBST (PBS+0.05% Tween-20)BEi5 K UER 3 IX,
SO MR Wk ET A 1.5 h, TR PBST PRi&M VLA
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3K H%HR 100 pL/ALRE DA b AT 7 A0 48
PURKISLF, F 37 °CIFH 1.5 h Jaikisk 3 K;
# HRP-FHi R 1gG L) 200 pL/fLINA, 37 °CliE
B 1 hJFUE 3 G AR 150 pL/AL, =
SN 20 min, fe e RALIMAZ LR 50 uL. H
FERRSGN ODyso f . LA P/N {E(P ACEBHYEME, N
REBAVEE) 2% KK /R aOMVs A1 nOMVs Hil
OB PG 22 K A R LTS B 3 K, bR an A=K
Q)R

ﬁ _ OD&E@M:& _OD@']M& 2)

N ODjyyups = ODespig
AH: OD pwansk A% aOMVs 3 nOMVs
B A BHAE L35 RE S B ODyso (B, OD wiems i A
P Z TR B I B & 1) ODayso 1., OD =
e JCPLIRI 25 FLFLIY ODyso fH o
1.11  ZHRaRLMHHIE)X IS

¥ F nucleatum F TSPC 155575555 10 h
% ODgp=0.8, 25°C. 6 000xg E5.[» 5 min, 5
W, F 1xPBS EAEDIER ODg0=0.5, LAifH
Dio JukHric, iR 5-20 min J5, EiRT
6 000xg .0 5 min, 3% [iE, 4kZ:f] 1xPBS &
BUUE, 6 000xg FHRE.C 5 min, BRERLES
Gk, IAGE R RPMI 1640 15373 BT
& ODg0o=0.2. FEIRA RFUECH 1%81 76 22K
S HY RPMI 1640 5535 Kb s 207 B 4 13,
F 37 °CHPEHRCH) F nucleatum 1:1 %% 5 2 h,
100 pL 4 G/ 135 1R &4 5 HCT116 i385 5%,
YL AIIAE 37 °CHFH 12 h, YER EBRARLE SN
HE 5, FFBOEIE RS BB, TREhRIY
G I e A R SR 3391 Oy 488 nm 1 550 nm Y
{ER 2

2 BRS04

2.1 EBRRATEINER B RRIEE IR
HEGIE aOMVs Hil nOMVs X A [F] 41 i 5

F52m, 435 F MTT Fll CCK-8 1%+ aOMVs Fll
nOMV's Kb F 5 59 AN [) 20 it FR) 3 M R A T T G
WE 1R, MU EEIR S 25 pg/mL B, HCoEpiC
g . HCT116 40 Raw264.7 40 M) A= 75K
KE] 90%LA . BEEWREN BT, diiAfrER
AR TGS, WERE] 100 pg/mL A,
HCoEpiC 4iififd . HCT116 48 F1 Raw264.7 4 i
F A A7 R IRBEPRFRTE 80%LA |, FH] aOMVs
Al nOMVs %} HCoEpiC 4iffl . HCT116 4l F1
Raw264.7 AHu3EFE 4052 . CCK-8 gk
TixgR (1), I UEH] aOMVs Fl nOMVs 1Y
L B P AR
22 ESTEINREEXTHMAT RN
K55 aOMVs Fl nOMVs Xif A [a] 2 e i 7=
HISE, K 2 BB 3 1 5 A [R] 40 A
FH, B/5HE T Annexin V-FITC (a1 PT YLt
39 SR PR B2 S S U R = 2 B SR A T A
I, i, Annexin V-FITC #ric 20008 1= 40 (4
) s PLARICIRFEAH A s i S0 8 T 4t (21 €
W) BB DB BT UK 2A FioR, E5S
X B4 o S B DR A2 sk ot R R
HIR/DHS HCoEpiC 41, HCT116 i Al
Raw264.7 Ak T RIT:, XT38 H 220
Mo E TSR (E 2A R 1, 2AH 4, 24
7)o W 2A H1 2 . 2A H1 5. 2A 1 8 /R, aOMVs
S /DAY HCoEpiC 4iffd . HCT116 4ijE
Raw264.7 Ak ART, HEMEHERIM 6
AR TN IR A nOMVs 2L —2b | JFEB]
aOMVs T2 (i HCoEpiC ZH/ifl . HCT116 4 a7l
Raw264.7 i il & A= MR T K] 2A vh 3 W%
3, WP REA S OSOM A LAY, U]
nOMVs 5|2 HCoEpiC 4 ifd & A= F- 10 ] T~ 11 g 15
AT, A 2A B4 F12A o9 WERE], KB
Y25, IE nOMVs 325 2 HCT116
il Raw264.7 A0 A AW T, ZRG LA B4R,
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140 140
[_IMTT C_IMTT
* % * % * % . .
_ 100} 1 N S100f L i = N
S <
~ ~
2z 80f £ 80t
£ 2
.g 60 L i 60 -
Gl 3
O 40 40 b
20 20 +
0 0
0 25 50 100 0 25 50 100
Concentration (pug/mL) Concentration (ug/mL)
¢ 140 P 140
[ IMTT [ IMTT
0f EHCCRs o | , EEcCKs
* * % "
_100F 44 M [ * 100} m [ n
2 80t Zz 80p
£ g
£ 60 ER
3 3
O 40t O 40t
20 + 20 +
0 0
0 25 50 100 0 25 50 100
Concentration (pug/mL) Concentration (ug/mL)
E 140 F 140
[_IMTT [_IMTT
1201 [ CCK-8 120 L B cck-8
* % % Iil % %
'_| *
g 100 [ M - S 100 M *
£ 80 2 80t
B =)
<
< 60} 2 60}
3 3
© a0l © 40t
20 + 20 -
0 0
0 25 50 100 0 25 50 100
Concentration (ug/mL) Concentration (ug/mL)

1 Fusobacterium nucleatum aOMVs F1 nOMVs %120 i 4 1< # D1 1E B

Figure 1 Inhibition effects of Fusobacterium nucleatum aOMVs and nOMVs on the growth of cells.
Cytotoxicity by MTT and CCK-8 assay. A: aOMVs, HCoEpiC cells. B: nOMVs, HCoEpiC cells. C: aOMVs,
HCTI116 cells. D: nOMVs, HCT116 cells. E: aOMVs, Raw264.7 cells. F: nOMVs, Raw264.7 cells. *: P<0.05.
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A Control aOMVs nOMVs
HCoEpiC
20 um
HCTI116
20 um
Raw264.7
20 um 20 um
9
B HCoEpiC HCT116 Raw264.7
QI-UL QI-UR [QI-UL QIFUR [Q1-UL QI-UR
16 0.0% 0.1% 0.5% 0.7% ).6% 1.4%
aOMVs 10 [ /
5 QI-LL Q1-LR {Q1-LL
;E’ 10! 7.9% 12.0%] 198.3%
S Q1-UL QI-UR [QI-UL QI-UL QI-UF
S5 106 _.O%J 0.0% 0.4% 0.3% 019%
- | Pl
nOMVs 10* 7
Q1-LL QI-LR| [QI-LL U QIULR fQI-LL " QI-LR
1 )3.404) L () )%) (6 1”0 1 l 0)0 98 900 ) | 0 )00
10! 10* 10° 10! 10* 10 10! 10* 10°
FL1-A (a.u.)

Annexin V-FITC
2 FIEREFRRXAALAEN aOMVs F1 nOMV's B 40 i f B AR - 45 R
Figure 2 The apoptosis of cells infected by aOMVs and nOMVs detected by fluorescence-activated cell sorter
and fluorescence microscopy. A: The figure of apoptosis results detected by fluorescence microscopy. 1:
Control, HCoEiC cells; 2: aOMVs, HCoEpiC cells; 3: nOMVs, HCoEpiC cells; 4: Control, HCT116; 5:
aOMVs, HCT116 cells; 6: nOMVs, HCT116 cells; 7: Control, Raw264.7 cells; 8: aOMVs, Raw264.7 cells; 9:
nOMVs, Raw264.7 cells. Red: PlI-labelled cells; Green: FITC-labelled cells (scale bar=20 pm). B: The figure of
apoptosis results detected by fluorescence-activated cell sorter.
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524, aOMVs A1 nOMVs Xf HCoEpiC
éIHE’@ HCT116 éﬂiﬂ@%ﬂ Raw264.7 4HHLIA I8 T-JC
Frem o Hyk, @ A A — 2 e T
57#&%%/@XT9HEIH@{HEB’JE4 M, 25 SR & 2B s,
aOMVs 43 HCoEpiC 4ifitS. HCT116 4
Raw264.7 L), 408 08 T H il (12.1%
1.1% 1.4%) 5 5 40 L 41(87.9% . 98.3% ., 98.0%)
HECE /N, AT IE R FT-JE R ; nOMVs b3
HCoEpiC 4/l . HCT116 401 F1 Raw264.7 ZHiJifd
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Figure 3 Hemolysis test of aOMVs and nOMVs. A: aOMVs; B: nOMVs.
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Table 1 Blood routine results of mice injected with aOMVs and nOMVs

Parameters (units) Abbreviations aOMVs results nOMVs results  Ranges

White blood cell count (x10%/L) WBC 4.120 5.060 0.800—10.600
Neutrophil count (x10%/L) Neu# 0.640 1.020 0.230-3.600
Lymphocyte count (x10%/L) Lym# 3.290 4.210 0.600—8.900
Monocyte count (><109/L) Mon# 0.100 0.520 0.040—1.400
Red blood cell count (x10'%/L) RBC 9.760 9.890 6.500—11.500
Hemoglobin (g/L) HGB 137.000 140.000 110.000—165.000
Hematocrit (%) HCT 41.000 47.000 35.000-55.000
Mean corpuscular volume (fL) MCV 48.500 50.000 41.000—-55.000
Mean corpuscular hemoglobin (pg) MCH 16.000 15.500 13.000—18.000
Mean corpuscular hemoglobin MCHC 338.000 345.000 300.000—-360.000
concentration (g/L)

Coefficient of variation of red blood RDW-CV 15.000 16.100 12.000—19.000
cell distribution width (%)

Standard deviation of red blood cell RDW-SD 30.000 26.500 23.000-39.000
distribution width (fL)

Platelet count (x10°/L) PLT 1 250.000 923.000 400.00—1 600.000
Mean platelet volume (fL) MPV 5.200 5.000 4.000—-6.200
Platelet distribution width PDW 13.600 14.200 12.000—17.500
Plateletcrit (%) PCT 0.552 0.669 0.100-0.780

%2 5 aOMVs # nOMVs 5/ BB RIE AR N 5 R
Table 2 Blood index detection results of mice injected with aOMVs and nOMVs

Parameter (unit)

Abbreviation Control group results aOMVs results nOMVs results ~ Range

Aspartate aminotransferase (U/L) AST 105.000
Alanine aminotransferase (U/L) ALT 48.000
Lactate dehydrogenase (U/L) LDH 522.230
Creatine kinase (U/L) CK 984.200
Urea (mg/dL) BUN 17.410
Creatinine (U/L) CREA 25.000
Uric acid (U/L) UA 76.440

112.000 134.000 36.310—-235.480
51.200 56.440 10.006-96.470
500.120 514.700 157.410—899.720
1 053.000 1 135.000 0.000—-2 070.550
15.220 16.740 10.810—34.740
24.190 21.890 10.910-85.090
65.230 68.710 44.420-224.770

ANFAST) M INFE A BF(ALT), 35 1E % 4/
A —2; FLRR M AU (LDH) ML P (CK)
FELMERERGER BRI RS KR
(BUN). JILEF(CREA)FIK R (UA)SE S T BETE b
WAL TFIEFEE N, RIS MESSOAE AN EA R
UERIUIASEY/ ey o
25 BEERBHFEINEEBEREHFA=KE
T M 7B AR 7K S RO B9 E

Jy Y 2P IR A A B B
XoF 3BT PG 22 K P S A T G i I D G ot 3 B 44
K, G5 ER, 41 d 148 d BYE)S , ELISA

RIGH) PINEI>2.1, FWBPE 2 K ARkl -
AT HUR . 41 d B, RGN [ s A8 P88 ) 4 S 2 I
HPUA PINE, aOMVs h 11.58, 8.95. 6.77,
3.40.1.69, nOMVs #J 28.4.26.25.18.60. 17.05
6.50 (Kl 4A. 4C). 48 d If, Pilk/K k3 ik,
aOMVs Fl nOMVs [ P/N (B4 31 44.25 .25.59 .,
20.09 ., 12.53 . 7.44 1 60.69 ., 52.03 . 48.50, 43.54
22.09 (K 4B, 4D). B2, &at 3 s,
TR ZH AP X BRI 2 KA e e & h
EPUAKE, JUHIE 3 wmfe )5 — 48 d),
B LA IR 15 3] e v 0
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Figure 4 Production and titer of serum-specific IgG antibodies of New Zealand white rabbits stimulated by
aOMVs and nOMVs. A: Antibody secretion stimulated by aOMVs at 41 d. B: Antibody secretion stimulated by
aOMVs at 48 d. C: Antibody secretion stimulated by nOMVs at 41 d. D: Antibody secretion stimulated by
nOMVs at 48 d. **: P<(0.01; ***: P<0.001; ****: P<0.000 1.

2.6 IRIT BT E AR R MHIHIZR
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FiMHTE g i Im AR B F nucleatum 038 o 455
R, EIREBMEE TSR], & aOMVs
UK 5A)HI nOMVs (18] SB)ES IR 39 i, 440
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PUOR AL H ) DLD-1 40 i ] UA 2k 2> F

<l actamicro@im.ac.cn, 010-64807516

nucleatum £ DLD-1 %6, &l 5C & o i
BRASCRT I 2 6 B 9 ' BE W 25 3L | % B A5 Uk
FERPARERT, 5 aOMVs HiiR LI E o2k
eGP T 5 nOMVs HL IR0 & 1/ 4% (0 ¢
JEEEE, KWE aOMVs HiALBF N F
nucleatum FiMESKT 5 nOMVs HiikLig g
JG8 E nucleatum, WEB] aOMVs Frj" A iHiis
W] F nucleatum %[t DLD-1 41 B[4 68 1 5 5%
aOMVs HUiATEREIL T nOM Vs Hidk



W G| AR, 2024, 64(11)

4215

A 0 1/1 600 1/400 1/100 ¢
B 0 1/1 600 1/400 1/100

Fluorescence intensity

9000 -
— aOMVs
—=— nOMVs

8000 |

7000 |-

6000 |

5 000 1 1 1 1

0 1/1 600 1/400 1/100

Serum dilution

5 31 aOMVs 1 nOMVs 55X Fusobacterium nucleatum %5 M1 45 8% 5 AR Y 52 1

Figure 5 Effect of anti-aOMVs and anti-nOMVs serum on Fusobacterium nucleatum adhesive capacity to
colon cancer cells. In the images, green represents FITC-labelled Fusobacterium nucleatum and blue represents
nuclei of DLD-1 cells. Scale bar=25 pm. A: Effect of anti-aOMVs on Fusobacterium nucleatum adherent colon
cancer cells. B: anti-nOMVs serum on Fusobacterium nucleatum adherent colon cancer cells. C: Quantification
of anti-nOMVs and anti-aOMVs serum on Fusobacterium nucleatum adherent colon cancer cells.

3 WibE4£&#®

OMVs &4 8 7E A K R v B 4R 4 W i) —
Fi B AUZ B FE A0 2548 , SMIEZ T o3 5 R A
P2, JCEFAE WA ST, WFFTIE I L L 20 1R
HA TR AP R I HLR Ay 2
SEARMB PR, A5 LME B 41E /b7
AH AR, TR — AR B A e S P
DRt , FHAM S Ay = 05N T HAZARF
P ST A AT REYE . SR, TEARRIES IR 45100
IR I A RS T X A R AT AT 11 2 AR
il M ATEAE

ARG I FF R 00 B AR 2 R I 0
BOAR , NBRYEFI Pk B 3% 2540 B ARG 1 HAZARFT
PR K 75 108 W P SR IOl A5 T Ttk A i
L (aOMVs) I A FEL (nOM Vs) . T A5
T, AR &L 3 0 oy B SRR 1 2L 1
WA 22 7 ARHR T I — 4 X 2 Ak g
JEPE R TR 43 BT A IEIE o 308 3 37 2 4 A 4

BRI R B, WU AR SIS X AT H 25 bR
4l HCoEpiC. A%l HCT116 Fi/hEd
B2 Raw264.7 4 REIH T LA K3 58 34 8 2%
ALY/ N MONE 0 AN RN LN (R85 Sl
0P I Y08 P 19 L 5 3 BT A, 3R W A e
YO EAT BT I 28 A o P RD S BB S 30 1 S B
G FIHORT PG 22 K A, 2 AT R AAAE R 1S
SR, YIRS BRI S 1gG BUiRR N, FIIH
Fofr &I L2 30 2 ELAT B (R S SR, aOMIVs 4
PEBEDLT nOMVs. (RGN G 41 il 28 B 52
IsE RN, aOMVs Fil nOMVs Hifk b3 5 H
R FF BT aE A DLD-1 40 50550 22 08
>, aOMVs HLiRL B4 . nOMVs HLiR b BRZ
2 it B /b ELAZ MR T B S I 5 Y Z R RE
1, 4 FadA fil Fap2, iX L3R (1 n] g A0 T 36
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