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Oral administration of tumor antigen—loaded bacterial outer membrane vesicle vaccines effectively inhibits
hepatocellular carcinoma

ZHANG Yali,ZHANG Yang,ZHONG Yanzhi,ZUO Bingfeng, YIN Haifang

(School of Medical Technology , Tianjin Medical University, Tianjin 300070, China)

Abstract Objective: To investigate the inhibitory effect of bacterial outer membrane vesicles (OMVs) on hepatocellular carcinoma us—

ing OMVs loaded with tumor antigens as oral vaccines. Methods: OMVs derived from probiotic EcN 1917 were collected by ultracen—
trifugation, and their morphology and particle size were characterized by transmission electron microscopy and DLS. The loading efficien—
cy of TAT mediated protein loaded into OMVs and the ability to resist gastric protease digestion were examined by Coomassie blue stain—
ing and flow cytometry analysis. The ability of OMVs penetrating the intestinal epithelial barrier and inducing dendritic cell (DC) acti-

vation was measured by transwell test. The antitumor specific immune responses induced by oral OMV oy, vaccine were evaluated in sub—

cutaneous HCC mouse models Hepal -6—-OVA bearing OVA —overexpressing antigens. Results: The OMVs were spherical lipid bilayer
nanovesicles with an average diameter of 37.8 nm. The results of flow cytometry showed that TAT cell-penetrating peptide could efficient—
ly load GFP fluorescent reporter protein in OMVs and protect GFP protein from digestion and degradation. The results of in vitro intestinal

epithelial experiment showed that OMVs could cross the intestinal epithelial barrier and activate DC, and up-regulate the expression of
costimulatory molecules CD80/CD86 (1=5.571,57.64 ,both P<0.01). Oral administration of OMV gy, significantly inhibited tumor growth in
OV A-expressing subcutaneous Hepal—6 hepatocellular carcinoma mice, with significantly reduced tumor volume (1=4.288,P<0.01) and
tumor weight (1=5.812,P<0.01). DC activation (¢=10.08,P<0.01) and antigen peptide presentation (¢=5.853,P<0.01) in mesenteric lymph

nodes were significantly increased ,and the number of antigen specific T cells was significantly activated (:=7.863,P<0.01). Conclu—

sion: The oral administration of the novel OMV vaccine loaded with tumor antigen peptides effectively inhibits the growth of subcutaneous

tumors in hepatocellular carcinoma mice and activates mucosal antigen—specific immune responses induced by immunity.
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Fig.1 The characterization of OMYV morphology and size
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BT TR A transwell 3255 (E 3A) . A H FITC-
dextran ¥ )2 /N W iz BEBE TR AL, SEEG4H 5 &
6 ML, EE/NEIA Caco-2 K HT-26 4 it , )
H FITC—dextran %37 b 2 2 J F 0% 5% [ 114 850 5%

PE,NC 4k 2 /NEH RN Caco-2 Fl HT-26 2
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Fig.2 TAT mediates GFP protein loading into the OMVs
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Fig.3 The exploration of OMYV crossing the intestinal epithelial barrier



%3 SRR , . B A8 R DR 2 T S MR 1 IR 0 o T A0 s O B 5 193

A B
sl B B P ¢
Hepal-6-0VA H a2y ‘ _ : ,
(s.c.) 1st 2nd 3rd L IRAE OVA 7‘ \\" b i &
DO D3 D6 D11 D17 OMV # g & © N
OMVoyy & 7 & = t
c L0 --PBS D 05r @
-=-0VA _ns
. 08F oMV 04p * =
mg =~ OMV oy, : 30 :
- 06 03
2 o .
Z ]
@ 041 * %E_i 02} .
o : = ] 2
02 0.1 v
O 1 1 J O
5 10 15 20 PBS OVA OMV OMVy,
Fieg 5 i) (d)

T A/DNRIRTTHERR IR s B /NRBE R IR 5 Co /N TORARARGE T s D /R TR B T ek HLAE; #P<0.05, #4P<0.01

E 4 Ok OMVoy BHNHEI/NRE T HCC £K
Fig.4 Oral administration of OMVy, effectively inhibited the growth of subcutaneous HCC in mice

A PBS OVA oMV OMV gys

A 10°1 4.52% 10% 4.054% 1054 12.06% 10°4 14.476%
/‘\\ i . /‘\\ /'\
10 10* 10% / 104
2 i i
= 107 10 10% 10%4
NS i i 1
2l 104 10° 10° 10°
1 ~ 2
< 0 i 0- 0+ 01
i L R LI TR T BRI L T m—— r T o
010> 10° 10* 10° 010° 10° 10° 10° 010> 10° 10* 10° 0107 100 100 10°
ol
CD86-APC
B 20 — C D 20r *
*k
v PBS = '
—
= BT . X 2 15}
5% v OVA =g — |,
<) a — -
8 < 10F 4 &: 7 1.0k A
b n.s ‘ oMV S= -
22 =2 .
a . n
C o 5r /\ OMVoya E} _:é 05r
o | | 0 10° '1(')3 10010 = .
PBS OVA OMV OMVy, MHC- I H-2Kb PBS OVA OMV OMVgyy,
bound to SIINFEKL

T A B /N RIS A5 DC G K LA C LD /N RIBEHK 25 P DC PSRRI LL; DC W SOIRAA N 5 ++P<0.01

B 5 HOfROMVew RENMNRHREHRELEN DCHEFRE

Fig.5 Oral administration of OMYVy, improved DC antigen presentation in mesenteric lymph nodes of mice

2.6 TR OMVoy, #EHRAF T .05 B 23 5 BEET OMV 4H(K 6A.6B). CD8T 4l OVA—te—
KT AR O RIAIT BIERCR,, SREARFRYT  tramer I ZE R E ] . 5 PBS 4IMHH,OVA 41 M
ZH e /N RO, 3 B2 0 L 4 O 2 G A, &5 OMV ¥ J0 W G, 10 OMV oy, 411 OVA—te-
IR 5 PBS 4H OVA ZHAHLL, OMV ZHH1 OMVoy,  tramer FHPESR 38 5 T-Hf 3 4H(:=7.863,P<0.01) (&
2 IFN—y'CD8T 4 2 55 0, H OMV oy, 4035 S0 6C.6D).



194 FHEBREEAR 31
A PBS OVA oMV OMV s
{ { {
A 10°] 10%} 10°4 1
0.361% 10.313% 10.70%
| 10 10% 10*
> : ]
° 1 b
= | 100 - 10% 10°4
A | 3
= o ! e ?
ZI 102] ﬁvl._:g::v 102} e ; 102 1
= 0} e 01 0
010* 10° 10* 10° 010° 10° 10* 10° 010° 10° 10* 10°
CD8—Percp—cy5.5
B 25 i C 207
: 5
< 20f ' S 1sh
N st ;
= L5F * g
2 | Z 10 v
L_’ 10F = n.s
= <
n.s
kS Z 05 “a
S 05F . R < H A
. 1 = [
0 0
PBS OVA OMV OMVgy, PBS OVA OMV OMVy,
D PBS OVA oMV OM Vo
A o) 10°) 10°] 107
f , ] ] 0.26%
10°] 0.22% 104 0.29% 104 o " 1.23%
o O e O |u O G/
E { { {
E[ 10° 10% 10%4 10°
L : P 3 Py i = ’*’.
S 03 k 03 01 . 0 -
010* 10° 10* 10° 010° 10° 10* 10° 010° 10° 10* 10° 0100 10° 10° 10°
=

CD8-Percp-cy5.5

TE: A B AERTFA/NRAMNA ML IFN-y*CD8'T ARl 8ci A i AR 55 C D A RRGYTAL/NRANA ML CD8'T i OVA —tetramer 1

FRMERE R ;#P<0.05

Bl 6 Bk OMVoy BEH RS % N & R

Fig.6 Oral OMV,y, activated antigen—specific immune response effects
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