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B OE: [86] PN F M fe I JE R4 pH 554F T 4] & 69 B AZ AR AT i 1N £ 78 (outer
membrane vesicles, OMVs)#) %2 M Fn %05 R, K /a B KA THMNE RO BBRITA BB Z T
Awh, [l RARZR B FEMES SH EHEERE pH &4 TARGINEE S, £
A5 795 a it HCT116. A IEF 45 £ & 48 HCoEpiC. /> R E "4 28 il Raw264.7 B AR, KA
3-(4,5- = F A wE wk 2)-2,5- = K K vg & 4 & 3 [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide, MTT A= 4@ et 7% M AR MK 7] & (cell counting kit-8, CCK-8)4 M 4m .38 5869 % omy; AR 4@
A A s BE 20 6L B A 3 AR M dm AR 8 = L, a8 ATy LAY o AUAR AR A e i i BB B R
& Wf 7% (enzyme-linked immunosorbent assay, ELISA)A& M| %, 75 R obe; 38 i 4m A 45 I 2 4] 52 B A% ) %
T AR AR, [4R]) BELM A R INEE #(acidic outer membrane vesicles, aOMVs)AFe F 4 4
P A& mx 44 40 IR 4 78 (neutral outer membrane vesicles, nOMVs)&F ALE 45 M £ & 48 i HCoEpiC. A
M e HCT116 A= & E 7 400 Raw264.7 69 mIa3g A L R M #m, L AR5 mieR
; aOMVs #= nOMVs R E A 25 pg/mL &AL o it 4 R WA R e % = 4, FF H )
BAR A 7 ALAe 2 dn A M 46 AT HLIE 39 /£ E % SC B A ; aOMVs A2 nOMVs 3 LA oz R, TH K
B BAZMRATE M e DLD-1 L8950, aOMVs ik 4L F nOMVs dutk, (4441
aOMVs Ao nOMVs #9244 ¥ RAF, ¥ BH %2 R4, aOMVs 4T 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
nOMYVs 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

HLZ M FF 14 (Fusobacterium nucleatum)&— Wi LA SC, e Z2Fas 1+, Alifs(e
Pl 22 [Q I | B DR TCLE AT I, AR SRUESONL . MR AR BE R | 1D RS LA R A R Sy
B, RAKIZHRES, &Rl sommEY., WORSERIB AL, fEkss B R e 5B,
BFE& W, F. nucleatum 7EM7 B )£ S5 TEMYR R AL, BFSE KB F. nucleatum 41 g 3%
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MR A (FadA)SE AP LUE L 525 5
1 B A9 40 B T B b ic 9085 % B F (E-cadherin) 45
&, HETTEIE B-i% PR I (B-catenin) {5 5 i
Pt g AL R MG S RE T 5 teAh, F. nucleatum
YL ZRTATAY FadA 2 1A FTHE M B a1k,
fifi F. nucleatum F1H A 4 &2 7 2 i . F.
nucleatum it AT DLid o HAMEE B #4428 25 [ (Fap2)
D7 B m ROk kLM -N- 2 Bt p-2F 2L %
(Gal-GalNAc) Mg A A2 1w, (i H s AR AR S
J s 202 v 30 5 400 B2 200 A e DA T A A
JE AN ARAS ek i, Lin 28U 1 8 (A 4
SFOMT B, F. nucleatum ZMIRZEHD H 405 98 Fl
EH, Hie M ARZERS vV BAWRS
A Hr v BB R SR 2 KA
PR IR Fawisid, NP B EEN,
WA ME B NS AR . RE.
=Y AEWIEIE B I3 PR R0 2 1 a1 A A 3
PUY

20 B4 A B 3¢ Y0 (outer membrane vesicles,
OMVs)J& 7 2% [ BF P T A1 B ik 31 240 it 1 BR 455
FHIERIEXUZ /N, K/N252 100-300 nm!™,
TEE 22 [CIME T rh , A S 55 B SR B 2 1]
) SR s s ) Jo s () v A R 4 S 2 1 AR
SR L AR SRy T R 3 T R 4 P e A S
A AT A W DA 240 i 2 7 3 204 1 OMIV s, B 2 [
9F 4 TR 241 i Fl 9 B (inner membrane, IM) 14k
J6i(outer membrane, OM)ZH Y, H a2 RE SR A2
(peptidoglycan, PG) #l Jii it =5 [a] (periplasmic
space) , FI IR SR 2 38 1o B A B 1 (a0
Lpp. OmpA Fl Tol-Pal 4 &#y)ik !,
OMVs e 5 T i SR, TR I 25 A R 20 1 i
By, WEERE . BeZ2hE . ZFhEE P B Dl R —2esk
H IM Al OM Z [l i JH sy, BN ER S
HR L AR B s R U101 OMIVs 55 22 i Ji
RO Ar A, REWE 51 BRI 32 IR 45
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A, IWTEIETE E e R G0, Pt 4+ i
AT AN, OMVs i Kk A
MAWTER . FMTRSE, il 508 A a0
FH ., ORHER A A R AR R EAE T, B AR BT
g 20, SiAh, T OMVs HlURR 2
SERFNZH LAY, HAE 522 QB PE TR  J e | Tk
A= 1 3 (B AH BAE T B A S B v AR i g 245 )
B A RS T 2 45 R D RED Y,

HAT, Rl TS Bt K %HT#i(avian pathogenic
Escherichia coli)!**!, %% Il 4 % (Haemophilus
par asui s) V1 it fi5E fili 4 ikt £& #F 14 (Actinobacillus
pleuropneumoniae)™ 2 411 B 11t 4 M iR 2% 0 B 4 AT
FEUEHT AR Ry g2 v B B 1k R 5L, A A
BIE DRI UV . OM Vs VA5 P B0 T 3B 3% R4
RV B, HRMAATEZMIUR, ATAR
RV S 5 R R BT D R A S8 B AT e, DA
iU/ kR AR (A e A PR Hok, OMVs HoAfg
WAEAEFIRE TS, HUAEGefhn) B2 4 HRE S 5 i
SRR 5, OMVs i8] LIRS iz
B, KPR BB,

g5 Rk, AT SR A R AT AR
a5k . Zhang PR pI £, HR
FF TR A0 BB 6 528 il BT 32 RS ik R A {4
ARV o A SR E R IGT EAZ AR T S R0 2
F A2 A AR LA T, A T ORIR] pH 45F T 1%
FEARTG B HAZ AT R AN 1) e e, B8 T
SR PG 22 K 1 A AR B DL S i 7 A i 4t
RERE, BRI pH 595 5% HAZ AR 1
PE SR R SE ), A B G M R T A R R Y L
R R SRt 1 B

P

1.1 ##
— H B (dimethyl sulfoxide, DMSO)/I
H Sigma-Aldrich A w] , 3-(4,5-— F SLBEME-2)-2,5-
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TR L DO G e B R [3-(4,5-dimethylthiazol-2-y1)-
MTT] ¥ H
Amresco /A F), Cell counting kit-8 (CCK-8)Il4 H
APEXBIO A, RPMI 1640 53735 | 0.25%H 5
M EDTA). 0.25%8E (I & EDTA).
Anbtibiotic-Antimycotic (100x)¥JJ H Gibco 2y
Ao EFRANM PG 2R 1007 (fetal bovine serum,
FBS) F PAN A, A&5pimaitk HCT116
W H PGS A AR A BR A W, N IE 45
b Rz ARk HCoEpiC i H Bl B K% Ak 2=
PROTFT AT, /BB A bR Raw264.7 LA
58 R e b B2 4N DLD-1 340 H B A
Y1 R A5 BR 2> W, Fusobacterium nucleatum
ATCC 23726 W4 [ 3 = B A -5 10 (American
Type Culture Collection). P4 == K 19 F FE 5t
ELEAS AR AT BR A A, 3 JEI S Jo s
JFi A (specific pathogen free, SPF)/)NE I A L5
eI ML S ARA R W]
1.2 BERBRTEARHIMNEERREER K
BHE HO B AR AR S 5%, B T A IR
RAEST, 37 °CErE ;3% . F. nucleatum Ff 1
Fr IR S PRICR I I8 e 454 30 mL (AR TSPC
(0.03% TSB, 0.01% Bacto™ Peptone, 0.25 mg/mL
L-cysteine)i557 3L, M ATCH Ny, 37 °ClHIEEEFF
FarhE B E R SR . PSR T Fonucleatum 47
KGRI TIAE 1 %534 2 L {RAR TSPC
WARREFERIE | 27T 38.4 mL HE L-cysteine (iR
PEZET F. nucleatum § K #5240 78 30.1 mL
R L-cysteine), F5JCH N,, %5 T 37 °ClH
B FRFE P E R SR 40 h A4, SREH 2 L
FRIFH9 F. nucleatum [Hi, 7E 4 °C. 8 500xg &5
0 25 min, BRI _FRFRGEK I 2 SUATR
R 30 mL ZiA . VRAE T PO A 732 28 R B O
H1, 4°C, 200 000xg #.0> 4 h, Fod B3E, TLIEH
400 puL 1xPBS H&:, ZRIFHIERN) OMVs. Kt yh

2,5-diphenyltetrazolium bromide,

P B2 B U I FH 5 0.85% NaCl fit 30 mmol/L 4-5%
O FEWRWE TR 2% v (hydroxyethyl piperazine
ethanesulfonic acid, HEPES)Fi Bt £ L T ¥k & .
40%. 35%. 30%. 25%. 20%. 15%, FF4&ik)E
FHREI NI R 2.0 BB 500 L,
5 I ACKE A 400 uL OMVs, 4 °C. 135 000xg
B 16h 5, B B2 1 mL R, KRR
WARH F2= T4 200 pL 730% % 1.5 mL 2O
o, RREUREEAT 12% SDS-PAGE, 2% Thlfi2 ik
ety WS TSR o B 1 2Rl X L R A rh
A OMVs, AR H [ 45 FT X L A A &
20 fEARFR IxPBS ke, Mo VR 7 22
OEH, 4°C, 200 000xg B0 4 h, i i,
DLE 400 uL 1xPBS HA:, K154k OMVs,
1.3 MTT &N E 4H A h5E

% HCT116 41l . HCoEpiC 4/l . Raw264.7
N FL AN AR 1.2x10% 4R T 96 LIS
BigEtoh, S5WER 0, 25, 50, 100 pug/mL #Y
aOMVs Fl nOMVs 077 24 ho BALANIA 100 pL
B MTT i FI8E 5 4 h, &:fLAINA 100 uL () DMSO
VS WS FH 2 D1 RE RS (UKD ODaoo B LATE A 2
LG 77 o
1.4 CCK-8 JENIE HAa185E

% HCT116 41l . HCoEpiC 4/l . Raw264.7
A0 FL AR AR A 1.2x10% A4 T 96 LIS
Bigeth, S 0, 25, 50, 100 pg/mL ()
aOMVs 1 nOMVs 5 24 ho BEfLANTA 100 pL
) CCK-8 YT & 2 h, i 2 DO e mbR AR
OD 50 {ELLATEAT 41 936 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° 4>/mL 40 f ik B e T 12 FLANAR
Rt , mscgedd s in A aOMVs fil nOMVs
£ 10 pL, FAPEXTREZEH N 10 uL 1xPBS, %51
HEBME 2R SRR E 24 ho A 195 pL
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Annexin V-FITC 454 %%, 5 uL Annexin V-FITC
Jukl, BRIEA, WIEMA 10 pL @b
(propidium iodide, PDY A3 , 12, = iREE LI
B 15 min, 7EEESO6 DM FWE, Annexin
V-FITC Rk a5, Mk N IE (propidium iodide,
1 WWSFAN SR o
1.6 RICLABE{HE I 28 AR T

¥ HCT116 40l . HCoEpiC 4 fifl . Raw264.7
AMAELL 1.0x10°A~/mL 4l ik B3RP T 6 FLAN M
BigRth, PR AN Al s =R, 37 °C
B3R 12 h, H RSN REE . S804 43 5l
A 100 uL aOMVs Fll nOMVs, [FHM:XF BE2H Fhom
100 uL 1xPBS, 75 141 HH e 3G R AL &
24 ho JNAGE 5 RER AN MTE LR (OC EDTA)H L
J& . FHANMRE SRR C AT Tk, F R 2B
BN, 1000xg 2.0 5min, F T, EEHMN,
M 1xPBS R E B4 IMA 195 pL
Annexin V-FITC Z5& WK EEM, FHinA
5 uL Annexin V-FITC, #5&R%], JilA 10 uL PI
BRIRA) SR T 15 min, B B Tk,
IR gt A SR A 7 A DU
1.7 BEZRFEIMNEE BRSNS M4 SLie

B4/ BUML Y TE 4 °C . 100xg 5.0 10 min,
2B L2, AR LLaifevive F PBS Uk
U3 R BT LA TYE R PBS BLHI AL 10%
FILT AR . Bl L 500 pL BT 500 pL
ANTRIHe BE AN FE Y25, 50, 100 pg/mL)TRA,
F 37 °CHFH 2 ho LUEBR4AUKIENATEXTE, PBS
Vi R BAPEST BE B 4 4 °C . 100%g 5.0 10 min,
B EWE 100 pL A F) 96 FLk , T Z I fEmERIYL
K 540 nm AZbWESCEAE . XA FRLE VRS T
3REHE . MR R AR IR,

(ODﬁéﬂﬁ’!ﬁ ~ ODmmﬂﬁ ) %100 6}

(OD\sn PERHER ODmrr;me,)
1 OD mpnrd B fit R 4E/K Fril) F 3 ODsgo fEL,

L (%) =
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OD wmieAfdt A PBS BT 3% ODsgo fE, OD s
SR i AN ) B BE VTN |35 ODsao A -
1.8 EBTEIMNRE R/ R I A

/NEHEAT R AR ER KT SR E S 25 ug/mL (1)
aOMVs Fl nOMVs, #Z:4525 3d )5, REGE
/N BRI AR (25 I 0T BRAE L Sl ) im AR5
BIFREMBUEE P, A4 A shAAR G0 e AH 2
S8, WL AT 5 (red blood cell count,
RBC) . 1 4fl }fd i1 % (white blood cell count,
WBC). [filZ1.# F ¥ & (hemoglobin concentration,
HGB). [fil/Mi 1% (platelet count, PLT)%:, 73 4F,
HOGT B 20 5 S0 20 /N B4 kA 7 i 5 oA, A
L7 H R AR IR 2 i (aspartate aminotransferase,
AST) . & N ¥ % [if# (alanine aminotransferase,
ALT). JRZE & (blood urea nitrogen, BUN)HIJLEF
(creatinine, CREA)SE454r 097251k, ¥FAL aOMVs
1 nOMV's ZTEAR P A 50 LR /N B A B )
REMVEFERZ IR, DATT B A THT b 1 fif S MBS By AR A
N )24
1.9 ERRFEIMNEELNIIRE

P PR LA R BT P 22 K 1 AR, PR e 1Y
BV 22 R IR TR AL, VR S ie VX B R
A A 4% 3 A8, mike
% 21 d R TS s e, 2R Rk
IR 10-14 do 7E55 =Mk 5% 7 d 5 k1T
P I R 4E . BHAEILAE 1 200%g B0 15 min,
PR O JE A TCH 50 mL RS, FEMA
JEERTRAY 0.02%8 ZHMIE I, HA—20 °CIKAH
TRFF o
1.10 A ELISA ANFA=XBRME
iRk E

B BE S 5 ng/mL aOMVs Fl nOM Vs 31 543
LA 100 pL/ALEBE 96 fLEGHRR ,37 °CHFE 2 h;
JH PBST (PBS+0.05% Tween-20)EI4 R ER 3 UK,
5%/ As Wk B 1.5 h, T3 PBST YRR UEA
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3K H%HR 100 pL/ALRE DA b AT 7 A0 48
PURKIFLF, F 37 °CIFHE 1.5 h Jaikisk 3 K;
¥ HRP-F4if IgG LL 200 uL/ALINA, 37 °CHi
B 1 h 7P 3 I AR 150 pL/AL, =
SN 20 min, f /R RALIMAZ LW 50 L. H
FEFRA ODysof . L P/NE(P AR FEBAMES, N
RFEBAVEE) 2% KK /R aOMVs A1 nOMVs Hil
OBV 22 R AR LS B S3 WAKF ARifEan 282X
Q)R

P — OByttt ~ O pyasme
N OD\sﬂfﬁrmn% - OD?»'V%JHK

KH: OD muwnsok A% aOMVs 5{ nOMVs
P A BH P L5 R 5H Y ODyso f, OD s i
K42 Z TR A BF M I 7 R b ) OD s 1HL,
OD e TEPL I ZS FIFLIY ODyso 1 -
1.11  ZHRaRLMHHIE)X IS

¥ F. nucleatum 7£ TSPC #5555 H45% 10 h
% ODg=0.8, 25°C. 6 000xg E.0> 5 min, 4
W, 1xPBS EAETIE R ODg=0.5, LAif
Dio JukHric, iR 5-20 min J5, EiRT
6 000xg &.0> S min, 3 1E, 4kZ:H 1xPBS &
BUUGE, 6 000xg FHRE.C 5 min, BRERLES
Gk, MAGE R RPMI 1640 15333 BT
% ODgoo=0.2. TEIR A AR E0CH 1%47 78 22 K 1A
B TE ) RPMI 1640 553738 R 4245 % 4 1%,
F 37 °)CH P EFRCH F. nucleatum 1:1 %7 2 h.,
100 puL 4 G/ 1035 1R G4 5 HCT116 i a5 5%
TG AMIAE 37 °CHFE 12 ho YRR EBRRZE A
e, FRBOCIR A BB IES, TR Y
HGE I8 e 0 S i 301 Oy 488 nm 1 550 nm Y
{ER E 9O

2 BER54

2.1 EBRRATEINER B RRIEE IR
HEGIE aOMVs il nOMVs X A [F] 41 i 4

@

BI52 , 435 F MTT Fll CCK-8 %+ aOMVs Fll
nOMV's Kb F 5 59 AN [) 20 it FR 35 M R A T T G
WE 1R, MU EEIR S 25 pg/mL B, HCoEpiC
40 . HCT116 40 Raw264.7 40 M) 4 73R
KE] 90%LA 1. BEEWREN LT, diidfr%
AR TGS, WEERE] 100 pg/mL B,
HCoEpiC #iifitd . HCT116 A8 1 Raw264.7 4 Jifd
A AR SRBEARFFTE 80%LA |, FH aOMVs
1 nOMVs % HCoEpiC #fiffi . HCT116 #fiJfi i
Raw264.7 4G FE 5 o520 . CCK-8 ALk
TG E 1), ¥I2UEH aOMVs fil nOMVs 11
L B AR
22 ESTEINREEXTHMAT RN
5% aOMVs Fl nOMVs Xif A [a] 2 e i 7=
BISE , K 2 B HMEEREN 3 1 5 A ] 40 Al S
FH, K5 T Annexin V-FITC {1 PT YLt
39 SR PR B2 S AU R = 2 B SR A T A
I, Fod ) Annexin V-FITC #ric 20008 7= 40 i (4
) s PLARICYRFEAH A s R S0 4 T 4t (21 €
). BBV B LS AR 2A FiR, 7555
X B4 o S B DR A 2 sk oot R IH R
HIR/DHS HCoEpiC 41, HCT116 i Al
Raw264.7 Al T IRT:, X8 T3 H 220
Mo E R T ER(E 2A B 1, 2AH 4, 2A
7)o W 2A " 2 . 2A 1 5. 2A 1 8 fli7R, aOMVs
S /DAY HCoEpiC 4iffd . HCT116 4
Raw264.7 il G AERT:, R HPERWa6
AR TN FRZE A nOMVs 2L —26 | JFBf
aOMVs T2 (i HCoEpiC #H/ifl . HCT116 4 fitu il
Raw264.7 Al A& £ SRR T B 1] 2A v 3 0058
3, WP REA S ASOM A LAY, U
nOMVs 5|2 HCoEpiC 4 fifd /& A= - 101 4 1 il e 34
T, MK 2A th 4 F2A 9 WIEER], KEH
LT A5, IE nOMVs 325 i HCT116
1 Raw264.7 AW T, ZRG L BEER,
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I I NN e . ol I [ [ |

0 25 50 100 0 25 50 100
Concentration (ug/mL) Concentration (ug/mL)

ol

1 Fusobacterium nucleatum aOMVs 1 nOMVs 3 48 f 4 1< B9 H54E F

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,
HCT116 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

HCTl116

Raw264.7

7 8 9
B HCoEpiC HCTI116 Raw264.7
QI-UL Q1-UR {QI-UL QIFUR [QI-UL QI-UR
0.0% 01% | 10.5% 0.7% ).6% 1 4%
10° : P
aOMVs 10¢ [ /
:;;‘: 01-LL Q1-LR| IQ1-LL Toy ' QIFLR| [Q1-LL
= 10! BL.9% 12,0%] 198.3% 040 | 198.0% - 0.0%
3‘ Q1-UL Q1-UR [QI-UL QIFUR [Q1-UL Qi-UR
= i 0.0% 00% | 10.4% 2.6 | 10.3% 019%
.| PI
nOMVs 10*
Q1-LL QI-LR| [Q1-LL L QULR| fQI-LL. QI-LR
10 £3:4% ! 6l6% | 196.1% L Lo | 198.9%- 0l0%
10! 10* 100 10! 104 10 10 10* 106
FLI-A (a.u.)

Annexin V-FITC
2 FIEREFRRXAAAEN aOMVs F1 nOMVs B& 40 i f B9 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 F1 nOMVs Xf HCoEpiC
éIHE’@ HCT116 ?Hiﬂ’ﬁﬂ Raw264.7 40 T-JC
Frem o Hyk, i A A — 2 E T
%E%%/@XT?HJE@.{HEE’JE; Wi, 25 5 an &l 2B i,
aOMVs 43 HCoEpiC 4ifitd. HCT116 4Hj A
Raw264.7 L), 408 08 T H 6l (12.1%
1.1% . 1.4%) 55 4 L L 51 (87.9% . 98.3% . 98.0%)
LR/, AT IE R T35 ; nOMVs Zb3
HCoEpiC #Hfifl . HCT116 40l F1 Raw264.7 ZHiJifd
&, IR T 1(6.6% . 3.6%. 0.9%) 5 1% 41

M HEA1(93.4% . 96.1% . 98.9%)FH FL# /N, [RIFE
AT IE R T-YE R, UiH] aOMVs il nOMVs

%} HCoEpiC 4iifits . HCT116 4 ifs Fl Raw264.7 4

FRLYR T TG B R

2.3 EEBRTEIMREBEREINAI TN
SRR A e A VR DU T R IS 22

Concentration (pg/mL)

3 aOMVs F1 nOMVs B4 [in SCI6 &

Y SLE, X} aOMVs Al nOMVs 4T T I
REAYTEAL . S PEVEXT RELHAR b, BHPE XS B 41 A
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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 (x10°/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

o . 23.000—39.000
distribution width (fL)
Platelet count (x10%/L) PLT 1 250.000 923.000 400.000—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 F1 nOMVs [5/)N R B & HE FRAG N 25 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) MR P (CK)
FLERERGERERLREE; KRR
(BUN). WLEF(CREA)FIFRIR(UA)S B T RETS br
WAL TFIEFEE N, RUPSMESSOAE AN EA R
LERIUIAStY/aey i
25 BEERBHFEINEEBEREHFA=KE
T M 7B AR 7K S RO B9 E

Jy Y 2P IR A A B B
X 3BT PG 22 K P S A T G i A D G ot R B A4
K, G55 ER, 41 d 148 d BYAE)S , ELISA

RIG R PN EI>2.1, FWH7E % KAkl =
AT HUIAR S 41 d B, RIS [ 5 A8 B P AR S P I
HPUA PIN{E, aOMVs h 11.58, 8.95, 6.77,
3.40.1.69, nOMVs 4 28.4,26.25, 18.60. 17.05,
6.50 (Fl 4A . 4C). 48 d i, HLA/K k5] ik,
aOMVs #l nOMVs [ P/N{E 43 114 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 hnse e,
T2 56 2 R0 BH P X B2 BT P 2 K AR AR &
PR, BHE 3 w5 —E 48 d),
A BT 1K 5 e e U o
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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 IR B AR AT E 4 R M HIHIR
JT A HT . aOMVs il nOMV's 5% 7= 4=
PURIIPERE , A [FIHR B2 B AP HTIA S 9 ehRid
# F. nucleatum %5 24 h Ji , K0 RN 7 A
FEMAESS i 40 Y F. nucleatum 0 o 45 5
R, ELREBMEE N WES], i aOMVs
Btk (& 5A)F1 nOMVs (& 5B)ZR k34 , 44,
DB , 21k aOMVs HLIAF nOMVs
PUiRAL PR DLD-1 40 i ] LA st s /> F.
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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.
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