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Supplementary Figure legend
[bookmark: OLE_LINK53][bookmark: OLE_LINK52][bookmark: OLE_LINK54][bookmark: _GoBack]Supplementary Figure 1. Flow cytometry was performed to detect the expression of IL-12 on the surface of HEK293T-mIL-12 cells. Experiments are representative of 3 independent repeats.
Supplement Figure 2. Uncropped gels for Western Blots. (A) The original and uncropped gels for Western Blots in Figure 1C. (B) Uncropped gels for Western Blots in Figure 2A. Experiments are representative of 3 independent repeats.
[bookmark: OLE_LINK78][bookmark: OLE_LINK77][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK200][bookmark: OLE_LINK199][bookmark: OLE_LINK61][bookmark: OLE_LINK65][bookmark: OLE_LINK62][bookmark: OLE_LINK95][bookmark: OLE_LINK94]Supplementary Figure 3. Effect of IL-12 EVs on CAR-T cells. (A-B) CAR-T cells were mixed with 5×104 K562 cells at an effector-to-target ratio of 1:1 and treated with PBS, control EVs , rhIL-12 and IL-12 EVs respectively. (A) CD107a expression in CD8+ CAR-T cells was detected by flow cytometry (n = 3 donors). (B) K562 cell death was determined using PI (BD Pharmingen) and analyzed by using flow cytometry after 24 h (n = 3 donors). (C) 3 × 105 CAR-T cells were mixed with Raji cells at an effector-to-target ratio of 1:1 and treated with PBS, control EVs, and rhIL-12 and IL-12 EVs differently. PD-1 and LAG-3 expression in CAR-T cells was analyzed via flow cytometry after 7 days of treatment (n = 5 donors). Data are presented as mean ± SEM. Statistical analysis was performed using one-way ANOVA. *p <0.05. Protein concentration of EVs is 167μg/mL, and rhIL-12 concentration is 667 pg/mL.
Supplement Figure 4. IL-12 EVs enhance STAT4 signaling and IFN-γ secretion in primary human NK cells. (A) Purified human peripheral blood NK cells were stimulated under the indicated conditions for 45 minutes. Intracellular pSTAT4 (Y693) levels were assessed by flow cytometry following stimulation; (B) IFN-γ production of NK cells after cultured with PBS, Ctrl EVs, IL-12 EVs and recombinant IL-12 (1 ng/mL) for 24 hours (n = 3 donors). Protein concentration of EVs is 167μg/mL, and rhIL-12 concentration is 1000 pg/mL.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Supplementary Figure 5. Production and characterization of CD19 EVs and CD19/IL-12 EVs. (A) Flow cytometry detection of CD19 and IL-12 p70 expression in EV-derived HEK293T cell lines (independent experiments with n = 3). (B, C) NTA was used to examine the Brownian motion and size distribution of CD19 EVs and CD19/IL-12 EVs (independent experiments with n = 3). (D) The cell viability of CAR-T cells and Raji cells treated by different EVs or recombinant IL-12 (independent experiments with n = 3). (E) The degranulation of CAR-T cells stimulated by different EVs without tumor cells. Statistical analysis was performed using one-way ANOVA. *p <0.05. (independent experiments with n = 3). Protein concentration of EVs is 167μg/mL, and rhIL-12 concentration is 667 pg/mL.
[bookmark: OLE_LINK124][bookmark: OLE_LINK123]Supplement Figure 6. Long-term effects of EV treatments on CAR-T cells. (A) Schematic diagram of repeated EV stimulation. 3 × 10⁵ CAR-T cells (cell density: 1*106/mL) were co-cultured with Raji tumor cells at an effector-to-target ratio of 3:1 and treated with PBS, control EVs , CD19 EVs, or IL-12–loaded EVs as indicated. Fresh medium, EVs, and tumor cells were replenished every 3 days. (B) Flow cytometric analysis of central memory and effector memory T cell subsets in CAR-T cells following each round of stimulation. (C) Continuous evaluation of exhaustion marker expression (TIM-3, LAG-3, PD-1, and TIGIT) in CAR-T cells following each round of stimulation (n = 4 donors). Mean ±SEM. *p <0.05. Protein concentration of EVs is 167μg/mL, and rhIL-12 concentration is 667 pg/mL.
[bookmark: OLE_LINK174][bookmark: OLE_LINK173][bookmark: OLE_LINK171][bookmark: OLE_LINK172]Supplement Figure 7. (A) Flow cytometry detection of CD22 and IL-12 p70 expression in EV-derived HEK293T cell lines. (B) Flow cytometric analysis of membrane-bound IL-2 expression on HEK293T-mIL-2 cells. Experiments are representative of 3 independent repeats.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK72][bookmark: OLE_LINK76][bookmark: OLE_LINK75][bookmark: OLE_LINK71]Supplementary Figure 8. Safety of intratumoral administration of CD19/IL-12 EVs. (A) Body weights of the mice during the time course of the various treatments. (B) Renal function (creatinine, CRE) of the mice was determined via chemical tests on day 14 after ACT. (C) Cytokine serum levels (TNF-α, IL-2, IL-12 and IL-6) in the mice were quantified via a CBA kit on day 9 after ACT. (D) Representative images of H&E-stained vital organs on day 30 after ACT. Scale bars, 50 μm. A dashed line is indicative of the lower detection limits. Data are presented as mean ± SEM. Statistical analysis was performed using one-way ANOVA (n = 5 mice per group). 
Supplementary Figure 9. Effects of CD19 EVs, IL-12 EVs and CD19/IL-12 EVs on the transcriptome of CAR-T cells. (A, B) The top 30 most enriched pathways identified by (A) GO pathway analysis and (B) KEGG pathway analysis of DEGs that shared the same expression pattern between the control EVs versus IL-12 EVs and between the CD19 EVs versus CD19/IL-12 EVs. Count: Number of genes related to the enriched GO or KEGG pathway. The color of the bar denotes the -log10 (p value). (C) GSEA plots of the TNF signaling pathway and cytokine-cytokine receptor interaction in control EVs versus CD19/IL-12 EVs. The normalized enrichment score (NES) and statistical significance/false discovery rate (FDR) Q value are indicated.








image7.jpeg
IL-12

CD19

203T 293T-CD22 293T-miL-12 293T-CD22/mIL-12
- %7 % 799.04% %1 99.68%)
] { P
Y % e %
< 1 * . 1 s 1 . 1
“ hoooow | 37 e WU e
T 1009 103 108 078 T g0 g3 s 1078 10 10° 108 1078 71009 103 105 10.48
cD22
203T 293T-CD19 293T-miL-2 293T-CD19/mIL-2
99.83%

i





image8.jpeg
= Control T
Z CAR-T+ctrl EVs
2 CAR-T+CD19 EVs

- CAR-T+IL-12 EVs
CAR-T+CD19/IL-12 EVs

0 10 20 30

Days post ACT
Cc
TNF-a L2 IL-12
20
15
s

CRE [umolL]

5

10
8
6
. ® CAR-T+atl EVs
® CAR-T+CD19EVs
2 ® CAR-T+L-12 EVs
. ® CART+CD19/IL-12 EVs
IL-4
20 @ Control T
® CAR-T+ctrl EVs
18 © CAR-T+CD19 EVs
it CAR-T+IL-12 EVs

©® CAR-T+CD19/IL-12 EVs
5

CAR-T

Spleen |

CD19/IL-12 EVs




image9.jpeg
Positive regulation of immune system process { [N *° > logyg(Qualue) Inflammatory bowel disease { I 5555 "¢ (@elu
Regulation of leukocyte cell-cell adhesion { [l 32> e Thi and Th2 cell differentiation { [N G2 2
Alpha-beta T cell activation | I 022 13 T cell receptor signaling pathway | SN =" o
Leukoeyte cell-cell adhesion | I 222 1és Th17 cell differentiation { IR ") 1
Positive regulation of myeloid leukocyte differentiation { [ 322 Cytokine-cytokine receptor interaction { [N 7
CD4-positive, CD2-positive, alpha-beta regulatory T cel differentation { [ 2222) Pathways in cancer _4” n
Regulation of leukocyte mediated immunity { [l ‘> Colorectal cancer 1
Regulation of cell-cell adhesion { Il < IL-17 signaling pathway
Positive regulation of immune effector process { [l ) MAPK signaling pathway
Regulation of immune effector process { [ ¢ PD-L1 expression and PD-1 checkpoint pathway in cancer
CD4-positive, alpha-beta T cell differentiation { [ 3209 Viral protein interaction with cytokine and cytokine receptor
T cell activation -Stmr Toll-like receptor signaling pathway
Regulation of response to stimulus _ 12(1.97) Chagas disease
Positive regulation of myeloid cell differentiation { Jfj 397 TNF signaling pathway
£ Regulation of immune system process { [N %7 z Osteoclast differentiation
& CD4-positive, alpha-beta T cell activation { J 397 E Apoptosi
8 Regulation of alpha-beta T cell activation { Jii} 307 E Fluid shear stress and atherosclerosis { [l 0%
Regulation of leukocyte differentiation { [l 4196 Leishmaniasis { [ 209
Leukocyte differentiation { [ 526 Breast cancer { I
Cell surface receptor signaling pathway { [N %) Rheumatoid arthritis { [0 %)
Alpha-beta T cell differentiation { 1399 JAK-STAT signaling pathway { [l 209
Regulation of myeloid leukocyte differentiation { i 349 Kaposi sarcoma-associated herpesvirus infection
Regulation of T cell activation | J 41-7%) Glycosphingolipid biosynthesis - lacto and neolacto series
Positive regulation of osteoclast differentiation {[Jf] 2176 Graft-versus-host discase
Response to external stimulus { [N ' 7 Thyroid cancer
Regulation of lymphocyte mediated immunity { [ 369 Epstein-Barr virus infection
Positive regulation of intracellular signal transduction | I %% Pathogenic Escherichia coli infection { Il 2¢ 9
Positive regulation of leukocyte differentiation { J 06 Protcasome {[Jfj 1059
Regulation of cell adhesion { I 562 Type | diabetes mellitus {[Jf 1069
Positive regulation of phosphatase activity {[Jf] 2062 Cocaine addiction
0 2 D e % 0 T % % % %
Gene percent Gene percent
C CD19 EVs-VS-ctrl EVs IL-12 EVs-VS-ctrl EVs CD19/IL-12 EVs-VS-ctrl EVs
Earichment plt:KO04668 TNF sgnaling pathway Earichment plo:KO0G68 TNF signaling pathway Farichment plo:KO04668 TNF signaling patiway
Nomml p a0 Nommalp vaiver0 Nommaealied
H
(W
™ Rankinondersdgee . " ™ Rank i rdered gene it ™ Rank nrderd e ot -
Earichment ploKODIG0 Cytokine-cytokine Enrichment ploKO0IGO Cytokine-—ytokine Earichment plot:KODMO0 Cytokine—cytokine
. receptor ineraeton recsptor airaction recepior interation
- Nominalp-yalue § s ] 3 Nominal p-yalye: 0
g: Nomaized ES: 3894587 Nomatzed T4!3.047913 g
£ -
iz :

Rank in ordered gene lst Rank in ordered gene lst Rank in ordered gene list




image1.jpeg
Count (%)

40 60 80 100

20

[]293T
[1293T-mIL-12

-
1098 102 103 10 10% 106 1072

—>IL-12




image2.jpeg
Annexin A1 IL-12 p70

pSTAT4 STAT4 B-actin





image3.jpeg
o o o

<] =] =]

=] =] =]

=] o =]

@ « -
€OV140 14N

> B>
DR
nnHay
o oloe o

o (=) o =
o o o
o o o
5 8 3
1ad jo 14N
o
&y
Q/VAV
2%y
%,
Ao
4
%»V ]
4
o o o o
© < N
% yeeq
o kS
£ \\,vnv
ey
%,
Ao
\
%@ 0
>
o o o o
© < N

(L-¥V0+800 J0 %)+V.20LAD
<




image4.jpeg
Feddk
P T

6000y — 3000 ——e
wx o
o Y

HS

IL-12 EVs

T 4000 v 2 2000
= S
thiL-12 5 2
= e T
& >
Ctrl EVs @ 2000 £ 10004

PBS ? %

) 289
iso 0l 0__'_*_?_'_
S N2 N \® S 2 NV W@
SR X
_
PSTAT4 Y FTO Y





image5.jpeg
>
105 1067

CD19

10" 102 10° 104

CD107a+ (% of CD8+ CAR-T)

293T

293T-CD19

293T-miL-12

293T-CD19/mIL-12

10 87

1067

108

&99,82%

-

10" 102 103 104 10°

0" 102103 104

99.70% % 99.29%
1014 103104105106 1077 104 103104105106 1077 T10'4 103104105106 1077 Tig14 493 404 195 196 9 77
IL-12
C D
CD19 EVs CD19 EVs CAR-T cells
. 100 | es0 NN Akk VEF ete
7x10° 80 -
_, 6x10° R
E sx10] X 60
3 . >
L 40 2
T 3x10¢ 8 40+
a >
2x10° =
20 H
1x10° <
0 ! f ! LR B B |
1 10 100 1000 10000 & 5
Diameter (nm) Q‘b% éf’ C\ ~’<7\ ,'\q/
é{\ (,(L I,{L {Q\\/
A\
2
QQ
CD19/IL-12 EVs CD19/IL-12 EVs Raji cells
1:2%181 100 - @99 gy ki FFF 000
11107
1x107- 80
9x10°
-
£ 8x10° < 60+
% 7x10° & 60
B ex10e B
£ 5x10°- 3 40 -
$ 4ax10° g
3x10° =
2x10%-] 8 20
1x10°
0
1 10 100 1000 10000 1 1 U1

*x
60
.
*k
v
40 %
20 b4

Diameter(nm)




image6.jpeg
TIGIT+ in CAR-T cells % TCM in CAR+ %

TIM3+ in CAR-T cells %

+‘.
|

Raji EVs

Raji EVs Raji EVs

+‘. +‘.
| |

[
1st

CAR-T cells
1004 —= d
80
A
60_¥!f
40—.IA¥Q g.;¥ A"
20 T =A ] ‘lf
0 T T T
& & &
% i i
50 * Kkkk *
404 e ors
30|
20 $ 4 -
LT T
10-{om . ;. £ ‘f
0 T T T
& & @
50 e
40
30
i *
20 '}
10
TINE L

LAGS3+ in CAR-T cells % TEM in CAR+ %

PD-1+in CAR-T cells %

| I

2nd 3rd
oy 2 .
804 T
60— -
40 ¥ f §
"
gt
0 ¥
T T T
& & &
Wy o
. - e o
*
I .
40 - ¥ &
(P
20+ A z
ini I
0 T T T
& & &
i
i -
60 -
40+
A A
20 ¥ v
oBa  0mf' 8y
0 T T T
& & @

® PBS
m Ctrl EVs

> m o

<

CD19 EVs
IL12 EVs
CD19/IL-12 EVs

PBS

Ctrl EVs
CD19EVs

IL12 EVs
CD19/L-12 EVs




