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Supplementary Figure 1. Characterisation of the genetic circuits in vitro. (a) ANA-1 cells were
transfected with CMV-scrR or three CMV-siR™ - circuits. At 24 hours posttransfection, ANA-1
cells were treated with LPS to stimulate an inflammatory response, and quantitative RT-PCR
analysis was performed to measure TNF-a mRNA levels at 48 hours posttransfection (n = 6 in each
group). Untreated cells were used as normal controls. (b) Determination of the levels of secretory
TNF-a protein in cell culture supernatant by ELISA (n = 6 in each group). (c) Quantitative RT-
PCR analysis of TNF-a siRNA levels in HEK293T cells transfected with increasing dose of CMV-
siR™F< circuit (n = 4 in each group). (d) Quantitative RT-PCR analysis of TNF-o siRNA levels in
the sEVs derived from the culture medium of HEK293T cells transfected with increasing dose of
CMV-siR™F circuit (n = 4 in each group). Values are presented as the mean +=SEM. Significance
was determined using one-way ANOVA followed by Dunnett’s multiple comparison. * p < 0.05;
**p<0.01; *** p <0.005.
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Supplementary Figure 2. Tracking and visualisation of TNF-a siRNA in vivo. (a and b) In situ
detection of TNF-a siRNA in liver (a) and colon (b) sections of DSS mice at 0, 6, 12, 24 or 48
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hours after injection with the CMV-siR ™ circuit. Positive in situ hybridisation signals are shown
in green, and DAPI-stained nuclei are shown in blue. Scale bar: 50 um. Each in situ hybridisation

was repeated independently three times, and representative images are shown.
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Supplementary Figure 3. Western blots probed with an anti-Ago2 antibody to assess the Ago2
associated with the captured beads following Ago2 immunoprecipitation. Bead-conjugated
anti-Ago2 antibody was incubated with the plasma of CMV-scrR circuit- or CMV-siR ™ circuit-
injected mice under native conditions. The beads were separated by centrifuging and processed for
protein extraction and subsequent Western blotting using a rabbit anti-Ago2 antibody. Total protein
extracted from the supernatant was also subjected to Western blot analysis to determine the
amounts of Ago2. The IgG antibody was used as a negative control. (a) Red arrow indicating an
Ago2 band at ~97 kDa in the Ago2 immunoprecipitates but not in the IgG immunoprecipitates. (b)
Red arrow indicating an Ago2 band at ~97 kDa in the Ago2 immunoprecipitates but not in the
supernatant. Each immunoprecipitation was repeated independently three times, and representative

images are shown.



65
66

67
68
69
70
71

V]
&
1=

o

3_5: 22 Normal 21 CMV-scrR

0
o

054
0 4 2 e ey, 0 b A
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Size (nm) Size (nm)

Concentration (x107 particles/ml)

Concentration (x107 particles/ml)
22NN
o o o u o

122 CMV-siR™Fa 2 CMV-siR™8*

o,
o
L

Concentration (x107 particles/ml)

Concentration (x107 particles/ml)

0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Size (nm) Size (nm)

CMV-scrR C

- plasma sEV sEV-free
CMV-siR™F<a CMV-siRT*8* TSG101 |—- - - — ‘." |

CD63 | sevu S T

cD9 Iu‘ S

CMV-scrR 3.0 4 CMV-siR™

Concentration (x10° particles/ml)

0 200 400 600 800 1000 0 200 400 600 800 1000
Size (nm) Size (nm)

Supplementary Figure 4. Characterisation of the properties of siRNA-encapsulating sEVs.
BALB/c mice were intravenously injected with 5 mg/kg CMV-scrR, CMV-siR™F* or CMV-
siRT*B*! circuit every day for a total of 7 times, and SEV's were then purified by using commercially
available kit (a-c) or density gradient centrifugation (d and e) from mouse plasma and characterised
using NTA and TEM. The enrichment of SEV markers was analysed by Western blotting. sEVs

derived from untreated BALB/c mice were included as normal controls. () Size distribution and
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concentration of purified sEVs determined by NTA. (b) Representative TEM images of SEVs.
Scale bar: 100 nm. (c) Western blot analysis of specific SEV markers (TSG101, CD63 and CD9)
in whole plasma, purified sEVs and sEV-free plasma. An equal amount of total protein was loaded
in each lane. (d) Size distribution and concentration of purified SEVs determined by NTA. (e)
Representative TEM images of sEVs. Scale bar: 100 nm. Each experiment was repeated
independently three times, and representative results are shown.
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Supplementary Figure 5. Intravenous injection of the CMV-siR™F ¢ circuit protects mice
from DSS-induced acute UC. (a) Mean colon length (n = 5 in each group). (b)
Immunofluorescence staining of TNF-a (red) and DAPI (blue) in colon sections. Scale bar: 75 pm
(10 x) or 25 um (40 ). (c) Determination of serum levels of IL-6, IL-12p70 and IL-23 by ELISA
(n =4 in normal group; n =5 in CMV-scrR (20), CMV-siR™¢(0.5), CMV-siR™ ¢ (5), CMV-
siR™Fe (20) and IFX (20) groups). (d) Colonic MPO activity (n = 4 in each group). ()
Representative images of H&E staining of colon sections. Scale bar: 100 um. (f) Histological
scores of colon sections (n =5 in each group). (g—k) Determination of the levels of IFN-y, IL-17A,
IL-22, IL-10 and TGF-B1 in the colon by ELISA (n =6 in each group). Values are presented as the
mean + SEM. Significance was determined using one-way ANOVA followed by Dunnett’s
multiple comparison. * p < 0.05; ** p < 0.01; *** p < 0.005.
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Supplementary Figure 6. Intravenous injection of the CMV-siR™F¢ circuit protects mice

from a TNBS-induced acute colitis model. (a) Flow chart of the experimental design. Acute

colitis was induced by intracolonic administration of 2.5% TNBS into BALB/c mice. One day later,

mice were intravenously injected with 20 mg/kg CMV-scrR or three dosages (0.5, 5 and 20 mg/kg)
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of CMV-siR™F circuit or 20 mg/kg infliximab (IFX) once a day. After 7 injections, the mice were
euthanised. Body weights were monitored daily, and symptoms and histology were evaluated on
day 8. Untreated BALB/c mice were included as normal controls. (b) Body weight curves (n = 6
in each group). (c) DAI scores (n = 6 in each group). (d) Representative macroscopic features of
colons. Scale bar: 1 cm. (e) Mean colon length (n = 6 in each group). (f) Quantitative RT-PCR
analysis of the relative expression levels of TNF-oo mRNA in the colon (n = 6 in each group). (Q)
Determination of the absolute expression levels of TNF-a protein in the colon by ELISA (n= 6 in
each group). Values are presented as the mean + SEM. Significance was determined using one-
way ANOVA followed by Dunnett’s multiple comparison in panels c, e, f and g or two-way
ANOVA followed by Dunnett’s multiple comparison in panel b. * p < 0.05; ** p < 0.01; *** p <
0.005.
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Supplementary Figure 7. Intravenous injection of the CMV-siR™ ¢ circuit protects mice
from DSS-induced chronic UC. (a) Mean colon length (n = 6 in each group). (b) Colonic MPO
activity (n = 4 in each group). (¢) Immunofluorescence staining of TNF-a (red) and DAPI (blue)
in colon sections. Scale bar: 50 um (20 X) or 25 um (40 X). Values are presented as the mean +
SEM. Significance was determined using one-way ANOVA followed by Dunnett’s multiple
comparison. * p < 0.05; ** p <0.01; *** p < 0.005.
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Supplementary Figure 8. Evaluation of the toxic effects and tissue damage in mice after
intravenous injection of the genetic circuits. Chronic UC was induced in male BALB/c mice by
rhythmically administering to mice 2.5% DSS for 1 week and water for 2 weeks and the cycle was
repeated for 3 times. Four days after each DSS drinking, mice were intravenously injected with
PBS or with equal dose (20 mg/kg) of CMV-scrR, CMV-siR™ ¢ or CMV-siR™*B*! circuit for a
total of 3 times, once every 2 days. Twelve hours after the last injection, mice were sacrificed, and
blood and tissue samples were collected and analysed for serum biochemical indicators and tissue

damage. (a) Histological examination of the liver and kidney. Scale bar: 100 pum. (b-g)
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Measurement of representative serum biochemical indicators, including alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), blood urea nitrogen (BUN),
alkaline phosphatase (ALP) and creatinine (CREA), in the serum (n =5 in each group). Values are
presented as the mean ==SEM. Significance was determined using one-way ANOVA followed by

Dunnett’s multiple comparison. NS, not significant.
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Supplementary Figure 9. Intravenous injection of the CMV-siRTNF- circuit protects mice in
the TNBS-induced chronic colitis model. (a) Flow chart of the experimental design. Chronic
colitis was induced by rhythmic administration (once a week) of 2.5% TNBS into BALB/c mice
for 4 times. After each TNBS administration, mice were intravenously injected with 20 mg/kg
CMV-scrR, 20 mg/kg CMV-siR™F circuit or 20 mg/kg infliximab for a total of 4 times over the
first 4 days. Body weights were monitored daily, and symptoms and histology were evaluated on
day 26. Untreated BALB/c mice were used as normal controls. (b) Body weight curves (n = 6 in
each group). (c) DAI scores (n = 6 in each group). (d) Representative macroscopic features of
colons. Scale bar: 1 cm. () Mean colon length (n = 6 in each group). (f) Determination of serum
levels of IL-6, IL-12p70, IL-17A and IL-23 by ELISA (n = 6 in each group). (g) Colonic MPO
activity (n = 4 in each group). (h) Representative images of H&E staining of colon sections. Scale
bar: 100 um. (i) Histological scores of colon sections (n = 6 in each group). (j) Quantitative RT-
PCR analysis of the relative expression levels of TNF-a mRNA in the colon (n = 6 in each group).
(k) Determination of the absolute expression levels of TNF-a protein in the colon by ELISA (n =
6 in each group). Values are presented as the mean + SEM. Significance was determined using one-
way ANOVA followed by Dunnett’s multiple comparison in panels c, e, f, g, i, j and k or two-way
ANOVA followed by Dunnett’s multiple comparison in panel b. * p <0.05; ** p <0.01; *** p <
0.005.
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Supplementary Figure 10. Assessing the therapeutic efficacy of candidate sSiRNA expression
cassettes. Acute UC was induced in male BALB/c mice by replacing their drinking water with a
2.5% DSS solution for 7 days. From day 3 of modelling, the mice were intravenously injected once
a day with PBS, CMV-scrR, two types of genetic circuits targeting IL-17A (CMV-siR'1"A-1 and
CMV-siR'=17A-2) two types of genetic circuits targeting INF-y (CMV-siR'NF7-1 and CMV-siR'N™
¥-2), a genetic circuit targeting IL-6 (CMV-siR'"), two types of genetic circuits targeting integrin
04 (CMV-siRneerin ¢4.1 gnd CMV-siRMeerin ¢4.2) 3 genetic circuit targeting ICAM-1 (CMV-
siR'“AM-1) 3 genetic circuit targeting CD3 (CMV-siR®P®) or a genetic circuit targeting B7-1 (CMV-
siRB™1). Each genetic circuit was injected at a dosage of 20 mg/kg. After 7 injections on day 10,
the mice were euthanised and analysed. Untreated BALB/c mice were included as normal controls.
(a) DAI scores (n = 3 in each group). (b) Representative macroscopic features of colons. Scale bar:
1 cm. (c) Mean colon length (n = 3 in each group). (d) Quantitative RT-PCR analysis of the relative
expression levels of IL-17A mRNA in the colon after treatment with CMV-siR'-"1"A-1 and CMV-
siR'“17A-2 (n = 3 in each group). (e) Quantitative RT-PCR analysis of the relative expression levels
of IFN-y mRNA in the colon after treatment with CMV-siR'NF*-1 and CMV-siR™NF7-2 (n = 3 in
each group). (f) Quantitative RT-PCR analysis of the relative expression levels of integrin a4
mRNA in the colon after treatment with CMV-siR™eerin ¢4.1 and CMV-siR™eein %42 (n = 3 in each
group). (g) Quantitative RT-PCR analysis of the relative expression levels of IL-6 mRNA in the
colon after treatment with CMV-siR'® (n = 3 in each group). (h) Quantitative RT-PCR analysis
of the relative expression levels of CD3 mRNA in the colon after treatment with CMV-siR®P2 (n
= 3 in each group). (i) Quantitative RT-PCR analysis of the relative expression levels of ICAM-1
mRNA in the colon after treatment with CMV-siR'“M-1 (n = 3 in each group). (j) Quantitative RT-
PCR analysis of the relative expression levels of B7-1 mRNA in the colon after treatment with
CMV-siR®"! (n = 3 in each group). Values are presented as the mean + SEM. Significance was
determined using one-way ANOVA followed by Dunnett’s multiple comparison. In panels a and
b, all groups were compared with CMV-scrR. * p < 0.05; ** p < 0.01; *** p < 0.005.
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Supplementary Figure 11. Tracking and visualisation of the delivery of self-assembled
siRNAs into desired tissues and cells in the DSS-induced acute UC model. Chronic UC was
induced in male BALB/c mice by rhythmically administering to mice 2.5% DSS for 1 week and
water for 2 weeks and the cycle was repeated for 3 times. Four days after each DSS drinking, mice
were intravenously injected with PBS or with equal dose (10 mg/kg) of CMV-scrR, CMV-siR™NF-
¢ CMV-siReegrin 4 CMV/-siRB™ or CMV-siRT*®*! circuit for a total of 3 times, once every 2 days.
Two days after the final injection on day 52, the mice were euthanised, and the presence of SIRNAs
in various tissues and cells was evaluated. (a and b) Quantitative RT-PCR analysis of the absolute
expression levels of TNF-a siRNA in the plasma and colon (n = 5 in each group). (c) In situ
detection of TNF-a siRNA in colonic macrophages extracted from DSS mice. Positive in situ
hybridisation signals are shown in green, and DAPI-stained nuclei are shown in blue. Scale bar: 50
um (20 x) or 25 um (40 x). (d and e) Quantitative RT-PCR analysis of the absolute expression
levels of B7-1 siRNA in the plasma and colon (n =5 in each group). (f) In situ detection of B7-1
siRNA in colonic macrophages extracted from DSS mice. Positive in situ hybridisation signals are
shown in green, and DAPI-stained nuclei are shown in blue. Scale bar: 50 pm (20 x) or 25 um (40
X). (g and h) Quantitative RT-PCR analysis of the absolute expression levels of integrin a4 siRNA
in the plasma and colon (n =5 in each group). (i) In situ detection of integrin a4 siRNA in peripheral
blood CD4" T cells extracted from DSS mice. Positive in situ hybridisation signals are shown in
green, and DAPI-stained nuclei are shown in blue. Scale bar: 50 pm (20 x) or 25 pm (40 x). Values
are presented as the mean =SEM. Significance was determined using one-way ANOVA followed

by Dunnett’s multiple comparison. * p < 0.05; ** p <0.01; *** p <0.005.
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Supplementary Figure 12. Intravenous injection of the multi-targeted CMV-siRT*B*! circuit
exerts a synergistic therapeutic effect against DSS-induced chronic UC. Chronic UC was
induced in male BALB/c mice by rhythmically administering to mice 2.5% DSS for 1 week and
water for 2 weeks and the cycle was repeated for 3 times. Four days after each DSS drinking, mice
were intravenously injected with PBS or with equal dose (10 mg/kg) of CMV-scrR, CMV-siR™NF
¢ CMV-siReegrin o4 CMV-siRB™ or CMV-siRT*B*! circuit for a total of 3 times, once every 2 days.
Two days after the final injection on day 52, the mice were euthanised and analysed. Untreated
BALB/c mice were included as normal controls. (a) Mean colon length (n = 6 in each group). (b)
Representative images of H&E staining of colon sections. Scale bar: 100 um. Values are presented
as the mean + SEM. Significance was determined using one-way ANOVA followed by Dunnett’s
multiple comparison. * p < 0.05; ** p < 0.01; *** p < 0.005.
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Supplementary Figure 13. Intravenous injection of the multi-targeted CMV-siRT*B*! circuit
inhibits TNF-a in macrophages. (a) Immunofluorescence staining of TNF-a (red) and DAPI
(blue) in primary macrophages isolated from colonic lamina propria and cultured in conditioned
medium for 12 hours. Scale bar: 100 um. (b) Representative flow cytometric plots of F4/80" on
colonic lamina propria macrophages. IgG isotype-labelled cells was used as a negative control. (c)
The population of F4/80" cells in all colonic lamina propria macrophages (n = 3 in each group).
Values are presented as the mean + SEM. Significance was determined using one-way ANOVA

followed by Dunnett’s multiple comparison.
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Supplementary Figure 14. Intravenous injection of the multi-targeted CMV-siRT*B*! circuit
inhibits B7-1 in macrophages. (a) Representative flow cytometric plots of B7-1 on the surface of
peripheral blood mononuclear cells. IgG isotype-labelled cells was used as a negative control. (b)
The population of B7-1" cells in peripheral blood mononuclear cells (PBMCs) (n =4 in each group).
(c) Representative flow cytometric plots of B7-1 on the surface of splenic mononuclear cells. 1gG
isotype-labelled cells was used as a negative control. (d) The population of B7-1" cells in splenic
mononuclear cells (SMCs) (n = 4 in each group). (¢) Immunofluorescence staining of B7-1 (red)
and DAPI (blue) in primary macrophages isolated from colonic lamina propria and cultured in
conditioned medium for 12 hours. Scale bar: 100 um. (f) Immunofluorescence staining of B7-1
(red), F4/80 (green) and DAPI (blue) in colon sections. Double-positive (red and green) signals
indicate B7-1" macrophages. Scale bar: 100 um. (g) Representative flow cytometric plots of CD25
on colonic lamina propria mononuclear cells. 1gG isotype-labelled cells was used as a negative
control. (h) The population of CD25" T cells in total colonic lamina propria mononuclear cells (n
=4 in each group). Values are presented as the mean + SEM. Significance was determined using

one-way ANOVA followed by Dunnett’s multiple comparison. * p < 0.05; ** p <0.01.
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Supplementary Figure 15. Intravenous injection of the multi-targeted CMV-siRT*B*! circuit
inhibits integrin a4 in CD4" T cells. (a) Representative flow cytometric plots of integrin a4 on
the surface of peripheral blood lymphocytes. 1gG isotype-labelled cells was used as a negative
control. (b) The population of integrin a4™ cells in peripheral blood lymphocytes (PBLs) (n =4 in
each group). (c) Representative flow cytometric plots of integrin a4 on the surface of splenic
lymphocytes. 1gG isotype-labelled cells was used as a negative control. (d) The population of
integrin 04" cells in splenic lymphocytes (SLs) (n = 4 in each group). (¢) Immunofluorescence
staining of integrin 04 (red), CD4 (green) and DAPI (blue) in colon sections. Double-positive (red
and green) signals indicate integrin a4 CD4" cells. Scale bar: 100 pum. (f) Representative images
of adhesion assays showing the adhesion of peripheral blood integrin a4™ CD4" T cells to plates
coated with E-cadherin. Scale bars: 100 um. (g) Quantitative analysis of the amounts of adherent
CD4" T cells (n = 3 in each group). Values are presented as the mean = SEM. Significance was
determined using one-way ANOVA followed by Dunnett’s multiple comparison. * p < 0.05; ** p
< 0.01; *** p < 0.005.
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Supplementary Figure 16. Intravenous injection of the AAV9-CMV-siR™F induces a long-
term therapeutic effect in the DSS-induced chronic UC model. (a) Flow chart of the
experimental design. (b and c) Evaluation of AAV-mediated luciferase expression to reflect co-
expressed TNF-o siRNA accumulation in vivo (n = 3 in each group). (d) Body weight curves
(Normal, n = 4; AAV9-CMV-scrR (100), n = 5; AAV9-CMV-siR™ ¢ (25), n = 6; AAV9-CMV-
siR™Fe (50), n = 4; AAVI-CMV-siR™F (100), n = 6). (e) DAI scores (Normal, n = 4; AAV9-
CMV-scrR (100), n = 5; AAV9-CMV-siR™F* (25) n = 6; AAV9-CMV-siR™F* (50), n = 4;
AAV9-CMV-siR™ ¢ (100), n = 6). (f) Representative macroscopic features of colons. Scale bar:
1 cm. (g) Representative images of H&E staining of colon sections. Scale bar: 100 um. (h)
Histological scores of colon sections (Normal, n = 4; AAV9-CMV-scrR (100), n =5; AAV9-CMV-
siR™NFe (25), n = 6; AAV9-CMV-siR™F¢ (50), n = 4; AAV9-CMV-siR™ ¢ (100), n = 6). (i)
Determination of serum levels of IL-6, IL-12p70 and IL-23 by ELISA (Normal, n = 4; AAV9-
CMV-scrR (100), n = 5; AAV9-CMV-siR™F* (25), n = 6; AAVI-CMV-siR™F¢ (50), n = 4;
AAVI-CMV-siR™F¢ (100), n = 6). Values are presented as the mean =SEM. Significance was
determined using one-way ANOVA followed by Dunnett’s multiple comparison in panels e, h and
i or two-way ANOVA followed by Dunnett’s multiple comparison in panel d. * p < 0.05; ** p <
0.01.
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Supplementary Figure 17. Intravenous injection of the AAV9-CMV-siR™F ¢ results in TNF-
o siRNA accumulation in the plasma and TNF-a downregulation in the colon. (2) Quantitative
RT-PCR analysis of the absolute expression levels of TNF-o siRNA in plasma (Normal, n = 4;
AAV9-CMV-scrR (100), n = 5; AAVI-CMV-siR™F (25), n = 6; AAVI-CMV-siR™F (50), n =
4; AAVI9-CMV-siR™F (100), n = 6). (b) Quantitative RT-PCR analysis of the relative expression
levels of TNF-a mRNA in the colon (Normal, n = 4; AAV9-CMV-scrR (100), n =5; AAV9-CMV-
SiR™F (25), n = 6; AAVI-CMV-siR™F¢ (50), n = 4; AAVI-CMV-siR™F¢ (100), n = 6). (c)
Determination of the absolute expression levels of TNF-a protein in the colon by ELISA (Normal,
n = 4; AAV9-CMV-scrR (100), n = 5; AAVI-CMV-siR™F¢ (25), n = 6; AAVI-CMV-siR™NF*
(50), n = 4; AAV9-CMV-siR™F* (100), n = 6). Values are presented as the mean =+ SEM.
Significance was determined using one-way ANOVA followed by Dunnett’s multiple comparison.

** < 0.01, *** p < 0.005.



301

sacrifice and analyse

9 10week

in vivo imaging

a
inject AAV9 establish chronic UC model
1 DSS  Water DSS  Water DSSl
1 1 1 | 1 ¥
|||  [SeSsie—] |
o 1 2 @& 4 5 © 1 8
t
in vivo imaging  in vivo imaging
-~ Normal
- AAV9-CMV-scrR (100) i |
b ~ AAV9-CMV-siR"*B* (25) ] i
- AAV9-CMV-siR™*B*! (50)
35, = AAVO-CMV-siR™B* (100)
C)
:5,30
[
3
%25
o
o
20—
0 7 14 21 28 35 42 49
Days
3 a
¢ £
23
2
B2
©
o
@1
a
ao
O'
~ O
&N
V¥ o o
S
Normal
AAV9-CMV-scrR
(100)

AAV9-CMV-siRT*8*
(25)

AAVO-CMV-siRTE"
(50)

AAVY-CMV-siRT*8*
(100)

e

Normal
AAV9-CMV-scrR
(100)
AAV9-CMV-siR™8*!
(25)
AAVI-CMV-siR™e*!
(50)

AAVO-CMV-siR™1
(100)

Colon length (cm)

™ Normal I AAV9-CMV-siRT*B* (25)
B AAV9-CMV-scrR (100) = AAV9-CMV-siR™*B* (50)
B AAV9-CMV-siR™*B* (100)

5

2 _ 80

s £

£ 3 600

g8 :

S =400

Og H "
2 ) & N
o

%gm @ » oHi
=3 0

[9)

IL-6 IL-12p70 IL-17A

o




302
303
304
305
306
307
308
309
310
311
312

Supplementary Figure 18. Intravenous injection of the AAV9-CMV-siRT*B*! induces long-
term combination therapy in the DSS-induced chronic UC model. (a) Flow chart of the
experimental design. (b) Body weight curves (n = 4 in each group). (c) DAI scores (n = 4 in each
group). (d) Representative macroscopic features of colons. Scale bar: 1 cm. (e) Mean colon length
(n =4 in each group). (f) Determination of serum levels of IL-6, IL-12p70 and IL-17A by ELISA
(n =4 in each group). (g) Representative images of H&E staining of colon sections. Scale bar: 100
um. (h) Histological scores of colon sections (n = 4 in each group). Values are presented as the
mean = SEM. Significance was determined using one-way ANOVA followed by Dunnett’s
multiple comparison in panels c, e, f and h or two-way ANOVA followed by Dunnett’s multiple
comparison in panel b. * p < 0.05; ** p < 0.01; *** p < 0.005.
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Supplementary Figure 19. Intravenous injection of the AAV9-CMV-siR™*B*! results in
accumulation of TNF-a siRNA, B7-1 siRNA and integrin a4 siRNA in vivo and silencing of
target genes in the colon. (a-c) Quantitative RT-PCR analysis of the absolute expression levels of
TNF-o siRNA in the liver, plasma and colon (n = 4 in each group). (d-f) Quantitative RT-PCR
analysis of the absolute expression levels of B7-1 siRNA in the liver, plasma and colon (n =4 in
each group). (g-i) Quantitative RT-PCR analysis of the absolute expression levels of integrin o4
siRNA in the liver, plasma and colon (n = 4 in each group). (j) Determination of the absolute
expression levels of TNF-a protein in the colon by ELISA (n = 4 in each group). (k and I)
Quantitative RT-PCR analysis of the relative expression levels of B7-1 mRNA and integrin o4
mMRNA in the colon (n = 4 in each group). Values are presented as the mean = SEM. Significance
was determined using one-way ANOVA followed by Dunnett’s multiple comparison. * p < 0.05;
**p<0.01; *** p <0.005.
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Supplementary Figure 20. Intravenous injection of the AAV8-TBG-siRT*B*! induces long-
term combination therapy in the DSS-induced chronic UC model. (a) Evaluation of AAV-
mediated luciferase expression to reflect co-expressed siRNA accumulation in vivo (n = 6 in each
group). (b) Evaluation of AAV-mediated luciferase expression in various tissues of mice. (c) Mean
colon length (n =5 in each group). (d) Determination of serum levels of IL-17A and IL-12p70 by
ELISA (n =5 in each group). (e) Representative images of H&E staining of colon sections. Scale
bar: 100 um. (f) Histological scores of colon sections (n =5 in each group). Values are presented
as the mean + SEM. Significance was determined using one-way ANOVA followed by Dunnett’s

multiple comparison. * p < 0.05; ** p < 0.01; *** p < 0.005.
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Supplementary Figure 21. Intravenous injection of the AAV8-TBG-siR™*B*! results in
accumulation of TNF-a siRNA, B7-1 siRNA and integrin a4 siRNA in vivo and silencing of
target genes in the colon. (a-c) Quantitative RT-PCR analysis of the absolute expression levels of
TNF-a siRNA, B7-1 siRNA and integrin a4 siRNA in the liver (n = 6 in each group). (d-f)
Quantitative RT-PCR analysis of the absolute expression levels of TNF-o mRNA, B7-1 mRNA
and integrin 04 mRNA in the colon (n = 6 in normal, AAV8-TBG-scrR (100), AAV8-TBG-siRT*B*!
(25), AAVS-TBG-siR™B*! (50), and AAVS-TBG-siR™B*! (100) groups; n = 5 in IFX group).
Values are presented as the mean + SEM. Significance was determined using one-way ANOVA

followed by Dunnett’s multiple comparison. * p < 0.05; ** p <0.01; *** p <0.005.
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Supplementary Figure 22. Intravenous injection of the AAV8-TBG-siRT*B*! results in loss of
B7-1 protein on the membrane surface of mononuclear cells. (a) Representative flow
cytometric plots of B7-1 on the surface of colonic lamina propria mononuclear cells. IgG isotype-
labelled cells was used as a negative control. (b) Representative flow cytometric plots of B7-1 on
the surface of peripheral blood mononuclear cells. IgG isotype-labelled cells was used as a negative
control. (c) The population of B7-1" cells in peripheral blood mononuclear cells (n = 5 in each
group). (d) Representative flow cytometric plots of B7-1 on the surface of splenic mononuclear
cells. IgG isotype-labelled cells was used as a negative control. (e) The population of B7-1" cells
in splenic mononuclear cells (n = 5 in each group). Values are presented as the mean & SEM.
Significance was determined using one-way ANOVA followed by Dunnett’s multiple comparison.
*p<0.05; **p<0.01.
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Supplementary Figure 23. Intravenous injection of the AAV8-TBG-siRT*B*! results in loss of
integrin a4 protein on the membrane surface of mononuclear cells. (a) Representative flow
cytometric plots of integrin a4 on the surface of mononuclear cells derived from the colonic lamina
propria. 1gG isotype-labelled cells was used as a negative control. (b) Representative flow
cytometric plots of integrin a4 on the surface of peripheral blood lymphocytes. IgG isotype-
labelled cells was used as a negative control. (c) The population of integrin 04™ cells in peripheral
blood lymphocytes (n = 5 in each group). (d) Representative flow cytometric plots of integrin a4
on the surface of splenic lymphocytes. 1gG isotype-labelled cells was used as a negative control.
(e) The population of integrin a4™ cells in splenic lymphocytes (n = 5 in each group). Values are
presented as the mean = SEM. Significance was determined using one-way ANOVA followed by

Dunnett’s multiple comparison. * p < 0.05; *** p <0.005.
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Supplementary Figure 24. Evaluation of the toxic effects and tissue damage in mice after
intravenous injection of AAV8-TBG-siR™B*l. On week 0, BALB/c mice were intravenously
injected with 100 pL AAV8-TBG-scrR (3.0 < 10* V. G/mL) or 25, 50 or 100 pL AAV8-TBG-
siR™B* (3.0 x 10' V. G/mL). At the same time, chronic UC was induced by rhythmically
administering to mice 2.5% DSS for 1 week and water for 2 weeks and the cycle was repeated for
3 times. Untreated BALB/c mice were included as normal controls. After the treatment, mice were
sacrificed, and blood and tissue samples were collected and analysed for serum biochemical
indicators and tissue damage. (a-f) Measurement of representative serum biochemical indicators,
including alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin
(TBIL), blood urea nitrogen (BUN), alkaline phosphatase (ALP) and creatinine (CREA), in the
serum (n = 5 in each group). (g) Histological examination of the liver and kidney. Scale bar: 100
um. Values are presented as the mean + SEM. Significance was determined using one-way

ANOVA followed by Dunnett’s multiple comparison. NS, not significant.
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391  Supplementary Figure 25. Maps of the plasmids used to express genetic circuits. (a) CMV-

392  siR™Fgircuit. (b) CMV-siRB L circuit. (c) CMV-siR™eerin % circyit. (d) CMV-siR™B* circuit.
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CMV-siR™NF-a -1 CMV-siR™NF- -2

AAUUC cu UUGGCC AAUUC AG UUGGCC
GCCAUUUGGGAA UCUCAUCCGUU \ GAGAAGAGGCUG ACAUAGGCGUU \
COECEREREEEr TEErEre A FECEEEEEEEET  FEEEEEr e A
CGGUAAACCCUU- - AGAGUAGGCAG / CUCUUCUCCGAC- -UGUAUCCGCAG /
A UCAGUC A UCAGUC

CMV-siR™Fa_3 CMV-siR/CAM-1

AAUUC GG UUGGCC AAUUC AG UUGGCC
GGAGUAGACAA  UACAACCCGUU \ GUGCAUCCCCC  GCCACCAUGUU \
FOEEEEREETE TEEETTErE A FEECEEEENEE FTEEEEEETr T s A
CCUCAUCUGUU- - AUGUUGGGCAG / CACGUAGGGGG- - CGGUGGUACAG 7
A UCAGUC A UCAGUC

CMV-siR®"1 CMV-siRI-17A1

AAUUC GU UUGGCC AAUUC AU UUGGCC
GAAGAGAAACUA  AAGAGUCUGUU \ GAAAUAGCUCAU  AAAUAUAGGUU \
[EECEREETEEE TP : A FEEVELEIEEE T : A
CUUCUCUUUGAU- -UUCUCAGACAG / CUUUAUCGAGUA - -UUUAUAUCCAG /
A UCAGUC A UCAGUC

CMV-siR-17A-2 CMV-siRFN-v-1

AAUUC AA UUGGCC AAUUC UUGGCC
GAAUAGAUUCAU  AUAGCUCAGUU \ GUGCUGUUGCUGAAGAAGGGUU \
CEECEEPECEEE TEEEErrrr e A FEEVEVE T T ) A
CUUAUCUAAGUA- -UAUCGAGUCAG / CACGACAACGACUUCUUCCCAG /

A UCAGUC A UCAGUC

CMV-siRFN-v-2 CMV-siR¢P3

AAUUC UUGGCC AAUUC AA UUGGCC
GUCAAAGAGUCUGAGGUAGGUU \ GAUUCAGGCCAG  UACAGGUCGUU \
ARARRRRRARR AR A RN RE A [EECEEEEREEE TP A
CAGUUUCUCAGACUCCAUCCAG / CUAAGUCCGGUC - - AUGUCCAGCAG /
A UCAGUC A UCAGUC

CMv_SiRlntegrin a4_-| CMv_SiRlntegrin a4_2

AAUUC AU UUGGCC AAUUC ce UUGGCC
GUGCAGAAUCAG  UGAAAUGCGUU \ GAUCACAUGAUG  CAAGGUGGGUU \
CEPEEEEEEEET TEEEETE s A FEECEEEEREEE  TEETErrrr A
CACGUCUUAGUC - - ACUUUACGCAG / CUAGUGUACUAC - -GUUCCACCCAG /
A UCAGUC A UCAGUC

Supplementary Figure 26. Sequences of sSiRNA expression cassettes. Sequences of the sSiRNA
expression cassettes designed for silencing of TNF-a, IL-17A, IFN-y, IL-6, integrin a4, ICAM-1,
CD3 and B7-1 are shown. Guide strands are marked in red, and passenger strands are marked in

green.
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Supplementary Figure 27. Original Western blot images for Supplementary Figure 4c.
Western blot analysis was performed to determine specific SEV markers (TSG101, CD63 and CD9)
in whole plasma, purified sEVs and sEV-free plasma. An equal amount of total protein was loaded
in each lane. Whole uncropped images of the original western blots and the raw, unprocessed scans

are shown.



406
407

408
409
410
411
412

6
10 CD11b*CD64* 250K o
108 .1 macrophages

6.00

300K =
200K =

F4/80* macrophages

CD4'T cells 9.58

246

200K = 150K =

100K =
100K =
50K =

Vi R %
P
R 5
0 L
9 10% 10" 10% 10 10* 10%10

CD11b CD4 F4/80

o BAl BAL L B L B BAl S |

cDs4
3
SO
SN
8‘1
80’
ssc
o
l =
o
3
2 H
]
3
ab
F

Supplementary Figure 28. Gating strategy. (a) Gating strategy to obtain CD11b*CD64"
macrophages. Strategy applies to data generated in Figure 5j. (b) Gating strategy to obtain CD4" T
cells. Strategy applies to data generated in Figure 51, 5n and 8h and Supplementary Figure 14g,
15a, 15c¢, 23a, 23b and 23d. (c) Gating strategy to obtain F4/80" macrophages. Strategy applies to
data generated in Figure 8d and Supplementary Figure 13c, 14a, 14c, 22a, 22b and 22d.
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Supplementary Tables

Supplementary Table 1. Comparison of the therapeutic effects between genetic circuits and

infliximab (IFX).

Expression of

Body Colon . Pathological
Models Groups . DAI pro-inflammatory A
weight length . evaluation
cytokines
) CMV-siR™NFe ys, ~
DSS-induced acute UC model X = > > > <
. . CMV-siRTNFa s,
TNBS-induced acute colitis model Ex > > > \ \
. . CMV-siRTNFa s,
DSS-induced chronic UC model X > > > > >
. . . CMV-siRTNFa ys, ~
TNBS-induced chronic colitis model X > ~ > > >
IL-10" mice with spontaneous chronic CMV-siR™NFa s, ~
] > \ > <
colitis IFX
IL-10" mice with spontaneous chronic CMV-siRT*B*! ys, ~
= > \ > >
colitis IFX
) ) AAV8-TBG-siRT*B! - - -
DSS-induced chronic UC model = > > = =

vs. IFX

V

N

Q

\: not available.

: Plasmid-based or AAV-driven genetic circuits perform same as IFX.

: Plasmid-based or AAV-driven genetic circuits perform better than IFX.

: Plasmid-based or AAV-driven genetic circuits perform worse than IFX.



422  Supplementary Table 2. Sequences of the siRNAs designed for silencing of TNF-a, IL-17A,

423  INF-y, IL-6, integrin 04, ICAM-1, CD3 and B7-1.

424
Name SiRNA sequences (5’ - 37)
CMV-siR™NFo.1 CCATTTGGGAACTTCTCATCC
CMV-siR™F.2 AGAAGAGGCTGAGACATAGGC
CMV-siR™NF.3 GAGTAGACAAGGTACAACCC
CMV-siR/CAM-L TGCATCCCCCAGGCCACCAT
CMV-siRB"1 AAGAGAAACTAGTAAGAGTCT
CMV-siRI-17A1 AAATAGCTCATATAAATATAG
CMV-siRIF17A2 AATAGATTCATAAATAGCTCA
CMV-siRM1-1 TGCTGTTGCTGAAGAAGG
CMV-siR'M-2 TCAAAGAGTCTGAGGTAG
CMV-siR!-® AGAGCAGAATGAGCTACAGAC
CMV-siR®P3 ATTCAGGCCAGAATACAGGTC
CMV-sjR!ntegrin 4.1 TGCAGAATCAGATTGAAATGC
CMV-siRntegrin 049 ATCACATGATGCCCAAGGTGG
425
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427  Supplementary Table 3. Primer sequences.

Name Primer sequences (5’ - 3°)
TNF-o (forward) CAGGCGGTGCCTATGTCTC
TNF-a (reverse) CGATCACCCCGAAGTTCAGTAG

B7-1 (forward) TCCTGGGCCTGGTCCTTTCA

B7-1 (reverse) GGGAAACCCCCGGAAGCAAA
Integrin 04 (forward) GCCAACCGTCGCATCCTGTG
Integrin a4 (reverse) TCGGTCTGCACCTCGCTTCC

ICAM-1 (forward)

CTGGCAGCAAGTAGGCAAGGAC

ICAM-1 (reverse)

TGGCTGGCGGCTCAGTATCTC

IFN-y (forward)

CAGGCCATCAGCAACAACATAAGC

IFN-y (reverse)

AGCTGGTGGACCACTCGGATG

IL-6 (forward)

AGGAGTGGCTAAGGACCAAGACC

IL-6 (reverse)

CTGACCACAGTGAGGAATGTCCAC

CD3 (forward)

GTCTGCGTCTGGTGCCTTCTTC

CD3 (reverse)

CGGCATCGTCCTGGCAAGTG

IL-17A (forward)

TGATGCTGTTGCTGCTGCTGAG

IL-17A (reverse)

TGGAACGGTTGAGGTAGTCTGAGG

GAPDH (forward)

GATATTGTTGCCATCAATGAC

GAPDH (reverse)

TTGATTTTGGAGGGATCTCG

428
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