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Supplementary Figure 1. Optimization of the conditions for expressing ClyA-Luc (CL) in
OMYVs. As protein expression in bacteria is affected mainly by culture temperature, culture time,
and the concentration of the inducer (IPTG), we investigated expression at two temperatures, over
two time periods, and at two inducer concentrations to determine the best expression conditions.
Western blot analysis was used to assess the expression of CL. Source data are provided as a Source

Data file.
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Supplementary Figure 2. Characterization of morphology and particle size of OMVs. TEM
images and DLS analysis of (a) ClyA-none (CN) OMVs, (b) Luc OMVs and (¢) ClyA-Luc (CL)

OMVs. Scale bar, 100 nm. Source data are provided as a Source Data file.
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Supplementary Figure 3. Cytotoxicity evaluation of OMVs. The cytotoxicity of OMVs in murine
bone marrow-derived dendritic cells (BMDCs) was measured by flow cytometry after 24 h incuba-
tion with CO OMVs at the indicated protein concentrations or PBS. Cells were stained with annexin
V-APC/7-AAD. The Annexin V/7-AAD" cells are viable cell. The data were shown as mean + SD

(n=4). Source data are provided as a Source Data file.
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Supplementary Figure 4. Evaluation of DC maturation stimulated by OM Vs (related to Figure
2a-b). Representative flow dot plots of CD80" or CD86" cells in CD11¢"-gated BMDCs, as ana-
lyzed by flow cytometry.
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Supplementary Figure 5. Evaluation of antigen presentation in DCs and Pan 02. Representative
histograms of MHCI-OVA™ (MHCI H-2Kb bound to OVA2s7.264) BMDCs (a), DC 2.4 cells (b) and
Pan 02 cells (c) treated with the indicated formulations for the indicated time intervals. The antigen

was only presented by the DCs (BMDCs and DC2.4).
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Supplementary Figure 6. Antigen-specific immune response induced by CO OMVs (related to
Figure 2g and Figure 21). (a) The lymph nodes of mice (n =4) on day 17, after challenge with B16-
OVA cells and immunization with the indicated formulations, were collected and photographed.
Mice received immunization subcutaneously on the right side of the back. Bilateral inguinal lymph
nodes were collected. L, left; R, right. Scale bar, 1 cm. (b) Representative flow dot plots of IFNy*
cells in CD3"CDS8" T lymphocytes in the spleens of mice on day 17 after immunization with the
indictaed OMVs formulations and controls, as analyzed by flow cytometry. Source data are provided

as a Source Data file.
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Supplementary Figure 7. Flow cytometry analysis of T cells in draining lymph node (related

to Figure 2g). Flow cytometry analysis of T cell populations from the right inguinal lymph nodes

of mice on day 17 after challenge with B16-OVA cells and immunization with the indicated formu-

lations. The proportion of CD3" T lymphocytes is shown in (a) and (c). The proportions of
CD3"CD8"and CD3"CD4" T lymphocytes are shown in (b) and (d), and (b) and (e), respectively.

Data represent the mean £ SD (n = 4). Two-tailed unpaired t-test. Source data are provided as a

Source Data file.
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Supplementary Figure 8. Flow cytometry analysis of T cells in blood (related to Figure 2g).
Flow cytometry of T cell populations in the blood of mice at day 17 after challenge with B16-OVA
cells and immunization with the indicated formulations. The percentage of CD3" T lymphocytes (a)
was determined by flow cytometry, and the percentage of CD4" or CD8" cells in CD3" T lympho-
cytes was also detected by flow cytometry (b). The percentage of CD3", CD3"CD8",and CD3"CD4"
T lymphocytes were recorded and plotted in (c), (d) and (e), respectively. Data represent the mean
+ SD (n=4). Two-tailed unpaired t-test. N.S., no significance. Source data are provided as a Source

Data file.
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Supplementary Figure 9. The infiltration of CD8" cells in the lungs (related to Figure 2g).
Immunohistochemical staining of CD8" cells (brown staining) in the lungs of mice at day 17 after
challenge with B16-OVA cells and immunization with the indicated formulations. Scale bar, 200

pum.
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Supplementary Figure 10. The stability of CC OMVs under different conditions. (a)-(c) TEM
images and DLS analysis of fresh CC OMVs (a), CC OMVs after 5 freeze-thaw cycles (-80 °C) (b)
and CC OMVs after incubation in 10% FBS for 24 h (c). Scale bar, 100 nm. (d) and (e) The analysis
of immune stimulation function of different formulation. The expression of the maturation markers
CD80'CD86" was examined as a percentage of CD11c" cells by flow cytometry (d). The expression
of the MHCI-OVA complex on the surface of BMDCs was measured by flow cytometry
(CD11¢"MHC I-OVA™) (e). All data are presented as mean & SD (n = 3). Two-tailed unpaired t-test.

N.S., no significance. Source data are provided as a Source Data file.
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Supplementary Figure 11. The stability of the linkage between SpC and SpT, or SnC and SnT,
on the CC OM Vs surface under different conditions. (a) and (b) Examination of ClyA-SpC-SpT-
HA (a) or ClyA-SnC-SnT-HA (b) complexes by western blot analysis. CC OMVs were incubated
with SpT-HA or SnT-HA for 1 h, then stored at different temperatures or treated with 10% FBS for
24 hours. (¢) TEM images and DLS analysis of CC-SpT-HA OMVs incubated under different con-

ditions. Scale bar, 100 nm. Source data are provided as a Source Data file.
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Supplementary Figure 12. TEM image and DLS analysis of CC-SpT-OVA OMVs. Scale bar, 100

nm. Source data are provided as a Source Data file.
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Supplementary Figure 13. DC maturation and antigen presentation induced by CC OMVs. (a)
and (b) Maturation of BMDCs after the indicated treatments. The expression of the maturation
markers CD80" (a) or CD86" (b) was examined as a percentage of CD11¢" cells by flow cytometry.
LPS was used as positive control. (¢) Representative flow dot plots and corresponding quantitative
data of MHI-OVA" cells in BMDCs treated with the indicated formulations. All data are presented
as mean+ SD (n = 3). Statistical analysis was performed by two-tailed unpaired t-test. N.S., no

significance. Source data are provided as a Source Data file.
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Supplementary Figure 14. Evaluation of lymph node drainage ability of CC OMVs (related to
Figure 3f-3h). (a) Confocal microscopy images of antigen presentation by BMDCs incubated with
the indicated formulations for 6 h. Cell nuclei were stained blue (DAPI), and MHCI-OVA complexes
were stained in green (PE-anti-mouse H-2Kb bound to SIINFEKL). BF, bright field. Scale bar, 50
um. (b) Uptake of antigens by BMDCs after incubation with the indicated formulations for 6 h as
assessed by confocal microscopy. Cell nuclei were stained blue (DAPI), and the antigen was labeled
with red Cy5.5. Scale bar, 50 pm. (¢) Lymph node accumulation of OMVs in vivo. The organs and
draining lymph nodes of mice were collected 6 h after intradermal immunization with the indicated

formulations to measure the accumulation of Cy5.5 fluorescence.



Saline

SnT-TRP2

CN OMVs

SnT-TRP2 + CN OMVs

CC-SnT-TRP2 OMVs

Saline

SnT-TRP2 CN OMVs SnT-TRP2 + CN OMVs CC-SnT-TRP2 OMVs

- - “ .
\ J ~ ~ .
Y. S . ¥, .~ P Nz % '
(A Y9 S » % e -
D . 3 LI Ny ¥ N

Supplementary Figure 15. Changes in the size of inguinal lymph nodes and CD8" T cell infil-

tration in the lungs after indicated formulations immunization (related to Figure 4a). (a) The
inguinal lymph nodes from mice on day 17 after challenge with B16-F10 melanoma cells and im-
munization with the indicated formulations were collected and photographed. Scale bar, 1 cm. (b)
Immunohistochemical staining of CD8" cells (brown) in the lungs of mice at the end of the treatment

period. Scale bar, 200 pm.
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Supplementary Figure 16. CC-SnT-TRP2 OMYVs can significantly stimulate antigen-specific
response (related to Figure 4f). Representative flow cytometry dot plots of IFNy" cells in
CD3"CDS8" T lymphocytes in splenocytes, re-stimulated with the TRP2s0.1ss antigen, from tumor-

bearing mice after vaccination with the indicated formulations.
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Supplementary Figure 17. Evaluation of DC maturation in vivo (related to Figure 5). (a)
Schema showing the murine tumor metastasis model utilizing B16-OVA melanoma cells and the
timing of vaccination (Vacc.) with the OMVs preparations. C57BL/6 mice were inoculated with
B16-OVA melanoma cells (2 x 10° cells/mouse, i.v.) and immunized with the indicated formulations
on days 3 and 7. Lung metastasis and immune responses were analyzed on day 17. (b) The draining
lymph nodes of mice on day 17. The scale is graduated in millimeters. (c) and (d) DC maturation in
inguinal lymph nodes on day 17 after tumor cell inoculation and at the end of the immunization
period. Flow cytometry was used to determine the percentage of CD80" (c) or CD86" (d) cells in
the CD11c" cell subpopulation. All data are presented as mean+ SD (n = 4). Statistical analysis was

performed by two-tailed unpaired t-test. Source data are provided as a Source Data file.
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Supplementary Figure 18. Evaluation of DC maturation in vivo (related to Figure 6). (a)
Schema showing the murine tumor metastasis model utilizing B16-OVA melanoma cells and the
timing of vaccination (Vacc.) with the OMVs preparations. C57BL/6 mice were inoculated with
B16-OVA melanoma cells (10° cells /mouse, i.v.) and immunized with the indicated formulations
on days 3 and 7. Lung metastasis and immune responses were analyzed on day 17. (b) The draining
lymph nodes of mice on day 17. Scale bar, 1 cm. (c) and (d) DC maturation in inguinal lymph nodes
on day 17 after tumor cell inoculation and at the end of the immunization period. Flow cytometry
was used to determine the percentage of CD80" (c) or CD86" (d) cells in the CD11c" cell subpopu-
lation. All data are presented as mean+ SD (n = 6). Statistical analysis was performed by two-tailed

unpaired t-test. Source data are provided as a Source Data file.
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Supplementary Figure 19. Evaluation of antigen-specific immune response induced by CC-

SpT-OT1/SnT-TRP2 OMVs (related to Figure 6e). Representative flow cytometry dot plots of

IFNy" cells in CD3"CD8" T lymphocytes in splenocytes, re-stimulated with OVA25s7.264 and TRP2 5.

188 antigens, of tumor-bearing mice after vaccination with the indicated formulations.



Supplementary Figure 20. Evaluation of anti-tumor immunity in the subcutaneous MC38 tu-
mor model (related to Figure 7a). Tumors were separated from different formulations treated mice

on day 29. Scale bar, 1 cm.
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Supplementary Figure 21. The infiltration of immune cells in tumor tissues (related to Figure
7e). Representative flow cytometry dot plots of CD3", CD3"CD8", CD3'CD4", CD3'CD4 Foxp3*
T lymphocytes, activated neutrophils (CD11bLy6G" cells), macrophages (F4/80" cells), dendritic
cells (CD11c¢" cells) and MDSC (CD11b"Grl" cells) in tumor single cell suspensions isolated from

the various treatment groups.
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Supplementary Figure 22. Evaluation of antigen-specific killing ability of splencytes from

immunized mice (related to Figure 8c-d). The splenocytes from immunized mice were obtained
and restimulated with OVA»s7.264. Then, the splenocytes were incubated with B16-OVA cells (a) or
MC38 cells (b). Representative images of specific killing are shown, observed by microcopy. Scale

bar, 100 pm.
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Supplementary Figure 23. Evaluation of antigen-specific immune response (related to Figure

8e-f). Representative flow cytometry dot plots of tetramer” T cells in splenocytes (a) and blood (b)

from immunized mice on days 60.
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Supplementary Figure 24. Evaluation of antigen-specific immune response (related to Figure
8g). Representative flow cytometry dot plots of IFNy" cells in CD3*CD8" T lymphocytes in spleno-

cytes re-stimulated with OVA2s7.264 antigen from immunized mice on days 60.
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Supplementary Figure 25. Flow cytometry analysis of immune memory (related to Figure 8h).
Quantitative analysis (a) and representative flow cytometry dot plots (b) of effector memory T cells
(Tem, CD3*CD8"CD62L"CD44"), central memory T cells (Tem, CD3"'CD8'CD62L"'CD44") and na-
ive T cells (Thaive, CD3'CD8'CD62L"CD44") in splenocytes on days 60, showing CC-SpT-OVA

OMVs-induced T cell memory. All data are presented as mean+ SD (n = 5). Source data are pro-

PE-CD44

vided as a Source Data file.




Gating strategy - Supplementary Figure 4
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Supplementary Figure 26. Gating strategy for Supplementary Figure 4.



Gating strategy - Supplementary Figure 5 and Supplementary Figure 13
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Supplementary Figure 27. Gating strategy for Supplementary Figure 5 and Supplementary Figure

13.



Gating strategy

Supplementary Figure 6b, Supplementary Figure 16,
Supplementary Figure 19 and Supplementary Figure 24.

(-3
©
-3
o
(=3
w
J P
~
Cells 7 ~
< /
Qe
=3 Vs
ag4 -
K|t 4
1
14
o
0 2000000 3691418
FSC-A

SSC-H
200000

PEAFN y

10°

506415

0

10° 100 1072

10*

102

10°

406157

_ s
. ’
Singlecells -~/
7, 7
CAREP:
e 7
T o
e
7iF”
4
4
s
T T
0 200000
§5C-A
s
d  CD3'CDBIFNy’ cells
E r—-a
1 1
! | |
I !
- W
3
=
E
TTI T T T T TT e T

10" 10* 10° 10* 10° 10°

APC-CD8

SSC-A

SSC-A

[l
o
[}
=2
(=3
-+
CD3" cells
=1
8 -
= N\
S Eaion
By Tell]
i
1 1
o TTTTT T TTT T T -‘l‘lllll'll
10 10 10° 10¢ 1051
FITC-CD3
o ¢
o
=
o™
w
CD3'CD8’ cells
2 RS
S 4 - N
S 5N I, 1
I
1
© TT Iil'l. I_I T
107 10* 10° 10 10%7
APC-CD8

Supplementary Figure 28. Gating strategy for Supplementary Figure 6b, Supplementary Figure

16, Supplementary Figure 19 and Supplementary Figure 24.



Gating strategy
Supplementary Figure 7a, Supplementary Figure 7b,
Supplementary Figure 8a and Supplementary Figure 8b.
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Supplementary Figure 29. Gating strategy for Supplementary Figure 7a, Supplementary Figure
7b, Supplementary Figure 8a and Supplementary Figure 8b.



Gating strategy-Supplementary Figure 21
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Supplementary Figure 30. Gating strategy for Supplementary Figure 21.
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Gating strategy-Supplementary Figure 23a and Supplementary Figure 23b
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Supplementary Figure 31. Gating strategy for Supplementary Figure 23a and Supplementary Fig-
ure 23b.



Gating strategy-Supplementary Figure 25b
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Supplementary Figure 32. Gating strategy for Supplementary Figure 25b.



