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MATERIALS AND METHODS
Materials and Reagents

Generation 3.0 polyamidoamine dendrimer (PAMAM-G3), branched polyethylenimine (PEI,
Mw= 25000), branched polyethylenimine (PEI, Mw= 7800), calf thymus DNA (ct-DNA),
tetraethyl  orthosilicate  (TEOS),  bis[3-(triethoxysilyl)propyl]tetrasulfide ~ (BTESPT),
etyltrimethylammonium tosylate (CTAT), triethanolamine (TEAH3), (3-
glycidyloxypropyDtrimethoxysilane  (3-GPS), 3-aminopropyltriethoxysilane ~ (APTES),
fluorescein isothiocyanate (FITC), D-galactosamine (D-GalN), and reduced glutathione (GSH)
were purchased from Sigma-Aldrich (St. Louis, MO, U.S.A.). LysoTracker Red DND-99 and
4'.6-diamidino-2-phenylindole (DAPI) were purchased from Invitrogen Co. (Carlsbad, CA,
U.S.A)). Cyanine 7 succinimidyl ester (Cy7-NHS) and fluorescein isothiocyanate succinimidyl
ester (FITC-NHS) were purchased from Lumiprobe Corporation (Hallandale Beach, FL, U.S.A.).
Dulbecco’'s modified Eagle's medium (DMEM), fetal bovine serum (FPS), and 0.25% trypsin-
EDTA were purchased from Gibco Co., Ltd. (Carlsbad, CA, U.S.A.). Antibiotic/antimycotic
solution was purchased form Life Technologies, Inc. (Grand Island, NY, U.S.A.). Quant-iT™
PicoGreen™ dsDNA Assay Kit, Promega™ CellTiter 96™ AQueous One Solution Cell
Proliferation Assay (MTS) Kit, DNeasy Blood & Tissue Kit, and Sodium Pyruvate 100 mM
Solution were purchased from Fisher Scientific Inc. (Pittsburgh, PA, U.S.A.). CpG 1826 and
Cy5.5 labeled-CpG 1826 were purchased from Integrated DNA Technologies (IDT, Coralville,

IA, U.S.A.). All the other reagents were commercially available and used as received.

BD Cytofix/Cytoperm™ Fixation/Permeabilization Solution Kit was purchased from BD
Biosciences. TruStain FcX™ (anti-mouse CD16/32) Antibody (clone 93) were purchased from
Biolegend. F4/80 monoclonal antibody (cat. #11-4801-82), rat 1gG2a kappa isotype control (cat.
#11-4321-81), CD11c monoclonal antibody, (cat. #12-0114-82), armenian hamster 1gG isotype
control (cat. #12-4888-81) and CD289 (TLR9) monoclonal antibody (cat. #11-9093-82) were
purchased from eBioscience™. GAPDH mouse monoclonal antibody (cat. #60004-1-1g) was
purchased from Proteintech. Anti-NF-kB p65 (phospho S536) antibody (cat. #ab28856), anti-
NF-kB p65 antibody (cat. #ab16502), anti-MyD88 antibody (cat. #ab135693) and anti-TLR9
antibody (cat. #ab134368) were purchased from Abcam. BCA protein assay kit was purchased
from Thermo Fisher Scientific. TNF-a. (cat. # KE10002), IL-6 (cat. # KE10007) and MCP-1 (cat.



# KE10006) were purchased from Proteintech. Trizol reagent was purchased from Invitrogen.
SYBR green gPCR assay was purchased from Roche. cDNA synthesis kit was purchased from
Transgen Biotech, China. All the primers were synthesized by Sangon Biotech, China.

GAPDH Forward sense: TGTGTCCGTCGTGGATCTGA,;
GAPDH Reverse sense:CCTGCTTCACCACCTTCTTGAT,;
TNF-a Forward sense:CACGTCGTAGCAAACCACC;
TNF-a Reverse sense: TGAGATCCATGCCGTTGGC;
INOS Forward sense:GAATCTTGGAGCGAGTTGTGG;
INOS Reverse sense:AGGAAGTAGGTGAGGGCTTGG;
Arg-1 Forward sense:CCGCAGCATTAAGGAAAGC,;
Arg-1 Reverse sense:CCCGTGGTCTCTCACATTG.

CpG 1826: (5’-TCCATGACGTTCCTGACGTT-3")
CpG-induced SIRS models

The CpG-induced SIRS model in male BALB/c mice was constructed as previously described
(26). Briefly, 1 h after sensitization with D-GalN (800 mg/kg, i.p.), mice (n=6-8) were
administered CpG 1826 (4 mg/kg, i.p.). PAMAM-G3 (20 mg/kg, i.p.) was intraperitoneally
injected 30 min after CpG 1826 administration. Mice were monitored for survival rate as
described above, and serum was collected 8 hours after CpG injection for analysis of TNF-a and
IL-6 via ELISA. TLR9" peritoneal cells were analyzed using CD289 (TLR9) monoclonal
antibody..

Synthesis of MSN-NH,

Amino groups were introduced into MSN by suspending 400 mg of MSN in 160 mL of ethanol
under sonication. The solution was then stirred at 80 °C for 3 h and cooled to room temperature,
followed by the addition of 400 uL of 3-aminopropyltriethoxysilane (APTES). The mixture was
stirred at room temperature for 1 h and then refluxed at 80 °C for another 12 h. The MSNs-NH,

were collected, washed, and dried for further use.

Synthesis of dye-labeled MSN-PEI or PEI



Cy7-NHS and FITC-NHS were used to prepare dye-labeled MSN-PEI or PEI. Briefly, 1 mg of
Cy7-NHS or FITC-NHS was added to 10 mg of MSN-PEI or PEI (total concentration 2 mg/mL
in 10 mM sodium bicarbonate, pH=8), and the mixture was shaken overnight at 4 °C, followed
by removal of the unreacted dye molecules via centrifugation without or with a centrifugal filter
unit for MSN-PEI or PEI, respectively.

Characterization

The morphology of MSN was characterized using a JEM-2100F transmission electron
microscope (TEM, JEOL, Ltd., Japan). Energy-dispersive X-ray spectroscopy (EDX) was also
performed using a JEM-2100F EDX system. The hydrodynamic diameter and zeta potential of
the NABMs or NABPs were characterized three times using a Nano-ZS 90 Nanosizer (Malvern
Instruments Ltd., Worcestershire, UK). The specific surface area and pore size distribution were
evaluated and calculated through Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda
(BJH) methods. The PEI content was determined by thermogravimetric analysis (TGA).
Degradation of MSN (100 pg/mL) was evaluated in 5 mM of GSH solution at 37 °C under
constant rotation. At predetermined times points (0, 1 and 3 days), samples were collected for
TEM.

DNA release and In vitro TLR9 activation assay of DNA/scavenger complex

ctDNA were mixed with excess scavenger (PAMAM-G3, PEI 25K, PEI 800, MSN-PEI 25K,
and MSN-PEI 800) solution. The mixture was shaken for 30 min in the dark to form
DNA/scavenger complex. Then, the free DNA on the supernatant was removed by centrifuge
(10000 g), and detected via PicoGreen™ dsDNA Assay Kit. The complex of each group was put
into 10 mL of Tris solution under different pH values (pH = 7.4, 5.5). Then, the release process
was performed at 37 °C under constant rotation. At the designated intervals, the amount of

released DNA was monitored.

1 ug/mL CpG 1826/Scavenger complex was incubated with HEK-Blue™ TLR9 reporter
cells at a density of 5 x 10*/well in a 96-well plate for 24 h, the supernatants were collected and
incubated with QUANTI-Blue™ (Invivogen, SanDiego, CA) according to the manufacturer’s
instructions. The corresponding embryonic alkaline phosphatase (SEAP) activity in each well
was quantified by measuring the OD at 620 nm with a multiwall plate reader.



Biochemical parameters, proinflammatory cytokines, and histology

Alanine transaminase (ALT), aspartate transaminase (AST), total bilirubin (TBIL), blood urea
nitrogen (BUN), creatinine (CRE), and phosphocreatine kinase (CK) were measured on a Hitachi
automatic biochemical analyzer 7180 (Japan) with reagents and settings recommended by the
manufacturer. The TNF-a, IL-6 and MCP-1 levels were measured using an ELISA Kkit. Tissue
sections of each organ were stained with hematoxylin and eosin (H&E) and observed.
Histopathological changes in the lung, kidney, liver, and heart were blindly reviewed by two
independent pathologists. The injury scores were determined according to a previously

established method (52, 53), and the detailed criteria are shown in the following.

Liver injury score parameters

Index 0 1 2 3 Maximum

Necrosis None Focal Continuous  Continuous 3
piecemeal <50% >50%

Bleeding None <30% 30-50% >50% 3

Infiltration ~ None 2-to 3-fold  3-to 10-fold >10-fold 3

Kidney injury score parameters

Renal tubule injury and glomerular shrinkage Index

None
<10%
11-25%
26-45%
46-75%
>76%
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Lung injury score parameters

Changes in lung tissue structure Index

None 1

Focal interstitial congestion and inflammatory cell 2



infiltration <50%

Diffuse interstitial congestion and inflammatory cell 3
infiltration >50%

Focal consolidation and inflammatory cell infiltration 4
<50%

Diffuse consolidation and inflammatory cell infiltration 5
>50%

Heart injury score parameters

Changes in cardiac tissue structure Index

None 0

Focal perivascular and/or interstitial infiltrate without 1
myocyte damage

Diffuse infiltrate without myocyte damage
One focus of infiltrate with associated myocyte damage
Multifocal infiltrate with myocyte damage

Diffuse infiltrate with myocyte damage

o o1 A WD

Diffuse, polymorphous infiltrate with extensive myocyte
damage+edema, hemorrhage+vasculitis

In vitro cytotoxicity assay

HUVECSs were maintained in DMEM supplemented with 10% FBS, 1 mM sodium pyruvate, and
1% penicillin-streptomycin cocktail. RAW?264.7 cells and HUVECs were seeded into 96-well
culture plates at a density of 2 x 10%well and cultured until the cells were fully attached. Then,
the cells were treated with different concentrations of NABMs or NABPs for 24 h. Next, 20 uL
MTT (5 mg/mL™") was added to each well and incubated with cells for 4 h. Finally, the culture
medium was removed, and 150 pL of DMSO was added to dissolve the formazan crystals. The
absorption density was measured at a wavelength of 490 nm. Untreated cells were used as a

control.

Repeated-dose toxicity of MSN-PEI and PEI



For the subsequent repeated-dose toxicity study, mice were i.p. injected with different NABNs or
NABPs doses at 0, 13 and 24 h (n = 10). The mouse mortality was recorded for 14 days. Then,
the mice treated with a 20 mg/kg dose were sacrificed at 24 h and 7 days after the last injection.
The blood samples were collected at 24 h, and ALT, AST, BUN, CRE, TBIL, and CK levels
were measured with Hitachi automatic biochemical analyzer 7180 (Japan). The number of each
type of blood cell (RBCs, WBCs and PLTs) was quantified with Sysmex XN-2000 system
(Japan). The serum TNF-a, IL-6 and MCP-1 levels were measured with the same ELISA Kkits
(Proteintech, Rosemont, USA) following the manufacturer’s instructions. The heart, liver,
spleen, kidney and lung tissues were collected at 24 h and on the 7" day after the last injection
and fixed with 4% paraformaldehyde. The tissue sections were stained with hematoxylin and

eosin and observed.
Flow cytometric analysis

To identify the percentage of macrophages in peritoneal fluid, the peritoneal fluid was collected
as described above. The cells were incubated with FcBlock (TruStain FcX™ anti-mouse
CD16/32) for 10 min on ice to avoid nonspecific binding. Staining was then performed using an
F4/80 monoclonal antibody or Rat 1gG2a kappa isotype control for 30 min at 4 °C. After
washing, cells were analyzed by FACS (BD Accuri® C6).

With the purpose of determining the percentage of M1 polarized macrophages in
peritoneal fluid, the prepared peritoneal cells were similarly incubated with FcBlock (anti-mouse
CD16/CD32 antibody) for 10 min first on ice to avoid nonspecific binding, and subsequently the
samples were stained with F4/80 monoclonal antibody and CD11c monoclonal antibody for 30
min at 4 °C. A rat IgG2a kappa isotype control and Armenian hamster 1gG isotype control were

also used; the stained cell samples were analyzed by FACS (BD Accuri® C6) as well.
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Fig. S1. PAMAM-G3 limits cfDNA-driven proinflammatory response in vitro. (A) Calf thymus DNA
binding efficiency of PAMAM-G3 with different mass ratios at 37 °C. The data are expressed as the means +
SEM (n=3 independent experiments in triplicate). (B) Activation of HEK-TLR9 reporter cells by CpG in the
absence or presence of PAMAM-G3 (10 pg/mL) for 24 hours. The corresponding embryonic alkaline
phosphatase (SEAP) activity in supernatants from each group was determined with a QUANTI-Blue™ assay
at ODgy. (C) RAW 264.7 macrophages were stimulated with CpG in the absence or presence of PAMAM-G3
(10 pg/mL) for 24 hours. Supernatants were assayed for TNF-o via enzyme-linked immunosorbent assay
(ELISA). In B and C, differences were assessed via one-way analysis of variance (ANOVA) with Tukey’s
multiple comparison tests ("P<0.05, ~P<0.001, compared with control; “P<0.05, **P<0.001, compared with
CpG). The data are expressed as the means + SEM.
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Fig. S2. The highest clinical score and serum and peritoneal cfDNA levels were observed in septic mice
with a severe grade. (A) After being subjected to CLP of different grades, mice were monitored for 144 hours
for clinical scoring. The clinical scoring of sepsis was defined according to a range from 0 (no symptoms) to 5
(loss of self-righting reflex). Mice were scored every 12 hours using the following criteria: score 0, no
symptoms; score 1, piloerection and huddling; score 2, piloerection, diarrhea, and huddling; score 3, lack of
interest in surroundings and severe diarrhea; score 4, decreased movement and listless appearance; and score 5,
loss of self-righting reflex. The data are expressed as the means + SEM. At 24 h after CLP, (B) serum and (C)
peritoneal cfDNA levels were measured. Differences were assessed via one-way analysis of variance
(ANOVA) with Tukey’s multiple comparison tests (n=5 mice per group; P<0.05, ~P<0.01, = P<0.001). The
data are expressed as the means + SEM.
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Fig. S3. PAMAM-G3 attenuates multiple organ injury in CLP-induced severe sepsis. High-grade CLP
was performed on BALB/c mice, followed by intraperitoneal injection of 20 mg/kg PAMAM-G3 or XBJ 12
hours before and 1 hour and 12 hours after surgery. (A) At 24 h after CLP, the lung, kidney, heart, liver and
spleen tissues were collected, stained with hematoxylin and eosin (H&E) (scale bars, 20 um) and analyzed.
Multiple organ injury representations, including interalveolar septum thickened in lung, inflammatory cell
infiltration in liver and heart, and nuclear debris from dying cells in spleen, are marked with an arrow. The
corresponding (B) lung, (C) kidney, (D) liver and (E) heart injury scores were determined and calculated
according to the established criteria. Differences were assessed via one-way analysis of variance (ANOVA)
with Tukey’s multiple comparison tests (n=6 mice per group; P<0.05, ~P<0.01, = P<0.001). The data are
expressed as the means + SEM.
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Fig. S4. PAMAM-G3 attenuates biochemistry parameters in CLP-induced severe sepsis. High-grade CLP
was performed on BALB/c mice, followed by intraperitoneal injection of 20 mg/kg PAMAM-G3 or XBJ 12
hours before and 1 hour and 12 hours after surgery. The blood serum biochemistry parameters (A) ALT, (B)
AST, (C) TBIL, (D) BUN, (E) CRE, and (F) CK were measured. Differences were assessed via one-way
analysis of variance (ANOVA) with Tukey’s multiple comparison tests (n=6 mice per group; P<0.05,
“P<0.01, ""P<0.001). The data are expressed as the means + SEM.
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Fig. S5. PAMAM-G3 protects mice against CpG-induced SIRS. (A) The CpG-induced SIRS model was
constructed in BALB/c mice, followed by intraperitoneal injection of 20 mg/kg PAMAM-G3 or XBJ 30 min
after CpG challenge. Survival was monitored for 144 hours (n=10 mice per group; P<0.05, =~ P<0.001,
Kaplan-Meier survival analysis). The number of (B) TLR9" cells in PLF and the levels of the proinflammatory
cytokines (C) TNF-a and (D) IL-6 in serum were measured 8 h after CpG injection. Differences were assessed
via one-way analysis of variance (ANOVA) with Tukey’s multiple comparison tests (n=6-8 mice per group;
"P<0.05, “P<0.01, ““P<0.001). The data are expressed as the means + SEM.
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Fig. S6. PAMAM-G3 reverses M1 polarization of peritoneal macrophages through the TLR9-MyD88-
NF-kB signaling pathway during severe sepsis. High-grade CLP was performed on BALB/c mice, followed
by intraperitoneal injection of 20 mg/kg PAMAM-G3 or XBJ 12 hours before and 1 hour and 12 hours after
surgery. Levels of the proinflammatory cytokines (A) TNF-a, (B) IL-6, and (C) MCP-1 were measured in
peritoneal lavage fluid (PLF) 24 h post CLP. Immune cell recruitment to the peritoneal cavity was assessed by
flow cytometry 8 h post CLP. Percentage of (D) peritoneal macrophages (F4/80") in PLF. Differences were
assessed via one-way analysis of variance (ANOVA) with Tukey’s multiple comparison tests (n=6 mice per
group; 'P<0.05, “P<0.01, ““P<0.001). The data are expressed as the means + SEM. (E) Peritoneal
macrophages were collected 8 h post CLP and lysed in RIPA buffer. The TLR9, MyD88, p-p65, p65 and
GAPDH protein expression levels were measured via western blotting.
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Fig. S7. Characterization and cytotoxicity of MSNs. (A) SEM images, (B) TEM images, and (C) pore size
distributions of MSNs. (D) Cell viability of RAW264.7 and HUVEC cells treated with MSNs at various
concentrations for 24 h. The data are expressed as the means £ SEM (n=6 independent experiments in
triplicate). (E) TGA curves of MSN, MSN-PEI 25K, MSN-PEI 800, PEI 25K, PEI 800 and MSN-NH,. (F-H)
Nitrogen adsorption desorption isotherms of (F) MSN-PEI 25K, (G) MSN-PEI 800, and (H) MSN-NH,.



Table S1. Characterization of MSN-PEI 25K, MSN-PEI 800, and MSN-NH,. The Size, Zeta potential,
surface area, total pore volume, mass content, and charge density of MSN-PEI 25K, MSN-PEI 800, and MSN-

NH,.

i MSN-PEI 25K MSN-PEI 800 MSN-NH,
Size (nm) 156.7+ 6.6 1403 +5.3 135.1+£5.7
Zeta potential (mV) 52.8+1.3 51.9+2.1 352+1.5
Surface area (m’/g) 370.3 618.1 797.1
Total pore volume (cm3/g) 1.56 1.77 2.85
Mass content (%) 17.30 23.50 11.50
Charge density (uM N/mz) 10.85 8.55 0.64




0 day 1 day 3 days

Fig. S8. Degradation of MSNs-PEI. TEM images of (A) MSN-PEI 25K, and (B) MSN-PEI 800 after
incubation in buffer containing 5 x 10" M GSH for 0, 1 day, and 3 days.
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Fig. S9. PEI-functionalized biodegradable MSNs block the pro-inflammatory response in vitro. (A) Calf
thymus DNA binding efficiency of NABNs or NABPs with different mass ratios at 37 °C. The data are
expressed as the means + SEM (n=3 independent experiments in triplicate). (B) Release profiles of ctDNA
from NABN-DNA or NABP-DNA complex in Tris solution under different pH values for 48 hours. (C)
Activation of HEK-TLR9 reporter cells by CpG/NABNs or NABPs complex (10 pg/mL) for 24 hours. The
corresponding SEAP activity in supernatants from each group was determined with a QUANTI-Blue™ assay
at ODgyo. (D) Activation of HEK-TLRO reporter cells by CpG in the absence or presence of NABNs or NABPs
(10 pg/mL) for 24 hours. The corresponding SEAP activity in supernatants from each group was determined
with a QUANTI-Blue™ assay at ODgp. (E) RAW 264.7 macrophages were stimulated with CpG in the
absence or presence of NABNs or NABPs (10 pg/mL) for 24 hours. Supernatants were assayed for TNF-a
using ELISA. In C-E, differences were assessed via one-way analysis of variance (ANOVA) with Tukey’s
multiple comparison tests (* P<0.001, compared with control; **P<0.001, compared with CpG; ""'P<0.001,
compared with CpG+MSN-PEI 25K; 44P<0.01, %4%¥p<0.001, compared with CpG+PEI 25K). The data are
expressed as the means + SEM (n=3 independent experiments in triplicate).
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Fig. S10. MSN-PEI 25K protects mice against CLP-induced severe sepsis. High-grade CLP was performed
on BALB/c mice, followed by intraperitoneal injection of 20 mg/kg MSN-PEI 25K, MSN-PEI 800, PEI 25K,
PEI 800 or MSN-NH; 12 hours before and 1 hour and 12 hours after surgery. (A) serum and (B) peritoneal
cfDNA levels were measured at 3, 6, 12, 18, and 24-h post CLP. (C) The number of TLR9" cells in PLF was
determined by flow cytometry 8 h post CLP. 24 h after CLP, levels of the proinflammatory cytokines (D)
TNF-a, (E) IL-6, and (F) MCP-1 in serum, as well as (G) TNF-a, (H) IL-6, and (I) MCP-1 in PLF were
measured. Differences were assessed via one-way analysis of variance (ANOVA) with Tukey’s multiple
comparison tests (n=6-8 mice per group; P<0.05, P<0.01, P<0.001). The data are expressed as the means

+ SEM.



A B 61 -~ Sham
100; T R - CLP
s I____I == e o -+ MSN-PEI 25K
= 804 = = MSN-PEI 25K| S 4 -+ PAMAM-G3
S - = PAMAM-G3 S
o B -
i . T : g
s 40{  femmm—ee- ) i £ 2.
% IR 73 ) O
S 204 ,,[K
(] *
0 - . - - Ll 0 + < 5 o - 3
0 24 48 72 96 120 144 0 24 48 72 96 120 144
c Time (h) D Hours post-surgery
1200 -=- Sham -=- MSN-PEI 25K 30000 -= Sham -= MSN-PEI 25K
= CLP = PAMAM-G3 ] = CLP -= PAMAM-G3
<
< 900 P4 y o
b4 o / A
= l _____ § 5200001 / % (. L
B E il l T E gE DRESSeSERE SeUSILg. i
E2 > I 25
.= T AR 3 o= -&
s L, g § 0000 T i ----------- -
——-4:-—--——-—-r— ——————————— B S o " L e ~_“‘-:Z:\s_\i
et ———— 1 % =
E F G "
~ ~- 200 — =
) * ek c
5 E ] 5% —=F—= | §
S5 30 —2— 8 4 4 g 15
£L 2 i o 8
s < L3 2510
S5 22 T £
> © 10 — o 05
Zg 8! "'
FE s 8 ok & 0 0.0
- 4 (e ® Y S N o & & o &
2 QQ} @Y.@ 6\\'2’ O y 0’\/ @YQ oS QQ/\(L @@
& 5 S
& Q \@v\ R 8 Q
H | J e\ 'LE’ 0’5
" © N4 P
20 N - 25 NG 3 S
R g5 ol
5215 8220 TLR9 120 KDa
Qo >0
25 Ze 10
8205 o 2
0.0 0.0
65 60 KDa
%&@ 6F I oF %&@ SN2 @9
&£ §© S [ ———— | /"D 36 kD2
S N o N
R > <%
< A\

Fig. S11. Comparison of protective effect of PAMAM-G3 and MSN-PEI 25K on CLP-induced severe
sepsis. High-grade CLP was performed on BALB/c mice, followed by intraperitoneal injection of 20 mg/kg
PAMAM-G3 or MSN-PEI 25K 12 hours before and 1 and 12 hours after surgery. (A) Survival was monitored
for 144 hours (n=10 mice per group; ~ P<0.01, ~ P<0.001, Kaplan-Meier survival analysis). (B) Mice were
monitored for 144 hours after CLP for clinical scoring. The data are expressed as the means + SEM. (C) serum
and (D) peritoneal cfDNA levels were measured at 3, 6, 12, 18, and 24-h post CLP. 8 h after CLP, (E) The
number of TLR9" cells and (F) the percentage of M1 polarized macrophages (CD11cF4/80") were analysed in
PLF. In parallel, peritoneal macrophages were collected 8 h post CLP and lysed in RIPA buffer. The (G)
TLR9, (H) MyD88 and (I) p-p65 protein expression levels were measured via western blotting (J). The data
are expressed as fold change relative to the Sham group and normalized to GAPDH or p65 protein expression.
Differences were assessed via one-way analysis of variance (ANOVA) with Tukey’s multiple comparison tests
(n=5-6 mice per group; P<0.05, "P<0.01, " P<0.001). The data are expressed as the means + SEM.
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Fig. S12. MSN-PEI 25K attenuates multiple organ injury in CLP-induced severe sepsis. High-grade CLP
was performed on BALB/c mice, followed by treatment as described in Fig. 4. (A) 24 h after CLP, the lung,
kidney, heart, liver and spleen tissues were collected, stained with hematoxylin and eosin (H&E) (scale bars,
20 um) and analyzed. Multiple organ injury representations, including interalveolar septum thickened in lung,
tubular epithelial cell swelling in kidney, inflammatory cell infiltration in liver and heart, and nuclear debris
from dying cells in spleen, are marked with arrows. The corresponding (B) lung, (C) kidney, (D) liver and (E)
heart injury scores were determined and calculated according to established criteria. Differences were assessed
via one-way analysis of variance (ANOVA) with Tukey’s multiple comparison tests (n=6 mice per group;
"P<0.05, "P<0.01, ""P<0.001). The data are expressed as the means + SEM.
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Fig. S13. MSN-PEI 25K attenuates biochemistry parameters in CLP-induced severe sepsis. High-grade
CLP was performed on BALB/c mice, followed by treatment as described in Fig. 4. The blood serum
biochemistry parameters (A) ALT, (B) AST, (C) TBIL, (D) BUN, (E) CRE, and (F) CK were measured.
Differences were assessed via one-way analysis of variance (ANOVA) with Tukey’s multiple comparison tests
(n=6 mice per group; "P<0.05, P<0.01, " P<0.001). The data are expressed as the means + SEM.
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Fig. S14. MSN-PEI 25K exhibits higher cellular retention than PEI-25K. (A) Fluorescence images
showing intracellular localization of FITC-labeled scavengers and Cy5.5-labeled CpG in RAW 264.7 cells
after 6 h of incubation (scale bars, 5 um). The large white spots in NABN-treated cells are marked with an
arrow. (B and C) RAW 264.7 cells were incubated with Cy5.5-CpG and FITC-NABNs or -NABPs for 3 h, and
then, the cell medium was replaced with fresh medium, and cells were incubated for another 3, 6, 12, 18 and
24 h. The relative fluorescence intensity of (B) scavengers and (C) CpG in cells at each time point was
determined via FACS. The data are expressed as the means + SEM (n=3 independent experiments in

triplicate).
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Fig. S15. MSN-PEI 25K shows preferential accumulation and retention in inflamed tissues with
negligible toxicity in vivo. Near-infrared fluorescence (NIRF) images of (A) sham and CLP mice 2, 12 and 24
hr after i.p. injection of Cy7-labeled NABNs or NABPs (20 mg/kg). H (Heart), Lu (Lung), S (Spleen), Li
(Liver), K (Kidney). (B-D) Semi-quantitative analysis of ex vivo fluorescence images of the organs in A
obtained at (B) 2 h, (C) 12 h, and (D) 24 h. Differences were assessed via one-way analysis of variance
(ANOVA) with Tukey’s multiple comparison tests (n=3 mice per group; P<0.01,  P<0.001). The data are
expressed as the means + SEM.
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Fig. S16. MSN-PEI 25K has lower cytotoxicity than PEI-25K. Cell viability of (A) RAW264.7 cells and
(B) HUVECs treated with MSN-PEI 25K, MSN-PEI 800, PEI 25K, PEI 800 or MSN-NH, at various
concentrations for 24 h. The data are expressed as the means = SEM (n=6 independent experiments in
triplicate).



Table S2. Mortality in the repeated-dose toxicity test of NABNs or NABPs. Normal mice were injected
(i.p.) three times with different concentrations of MSN-PEI 25K, MSN-PEI 800, PEI 25K, PEI 800 or MSN-
NH, at 0, 13, and 24 hours. All mice were observed for 14 days after exposure. Mortality was recorded, and all
the surviving mice were sacrificed.

MSN-PEI 25K MSN-PEI 800 PEI 25K PEI 800
(n=10) (n=10) (n=10) (n=10)
Dosages Mortality (%) Mortality (%) Mortality (%) Mortality (%)
(mg/kg)
10 0 0 0 0
20 0 0 20 0
40 0 0 100 100
80 0 0 100 100
160 0 0 100 100
320 0 0 100 100

640 50 20 100 100




150 —— & 400 ek V7 —
1
~ ~ 300 2 154
5 100 5 2
= = 200 £10
5 o 3
= < 100 2 0.5
TS + ey - HE s & 8
E F S S 0 € F S F SS9 E & S F S
S L LS SR LS S L LR S
& & ~ e 4 \@“ W &\; \@e )
D W E A F
194 T - . % s 2000
_ —— — 1
5 5 ~ _ 1500
5 9 15 :
Ees 510 = 1000
P4 w O
2 3 5 s 500
"SI o = B 2k S b8 g
E & & F S Y € S F S E B & O Y
RN &) YV 97 O N o SR
S LD S 27 SR KL
'\g2 X < S D oY A Q'Q X < O
NI NI R

Fig. S17. MSN-PEI 25K shows lower toxicity than PEI-25K in vivo as reflected in biochemical profiles.
Normal mice were injected (i.p.) three times with 20 mg/kg MSN-PEI 25K, MSN-PEI 800, PEI 25K, PEI 800
or MSN-NH, at 0, 13, and 24 hours. (A) ALT, (B) AST, (C) TBIL, (D) BUN, (E) CRE, and (F) CK were
measured in serum after 24 h of exposure. Differences were assessed via one-way analysis of variance
(ANOVA) with Tukey’s multiple comparison tests (n=6 mice per group; P<0.05, P<0.01, P<0.001). The
data are expressed as the means + SEM.
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Fig. S18. MSN-PEI 25K shows lower toxicity than PEI-25K in vivo as reflected in inflammation
responses. Normal mice were injected (i.p.) three times with 20 mg/kg MSN-PEI 25K, MSN-PEI 800, PEI
25K, PEI 800 or MSN-NH; at 0, 13, and 24 hours. (A) IL-6 levels, (B) MCP-1 levels, (C) red blood cell
(RBC) count, (D) monocyte (MONO) count, (E) neutrophil (NEUT) count, and (F) platelet (PLT) count in the
blood were assessed after 24 h of exposure. Differences were assessed via one-way analysis of variance
(ANOVA) with Tukey’s multiple comparison tests (n=6 mice per group; P<0.05, ~ P<0.001). The data are
expressed as the means + SEM.
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Fig. S19. MSN-PEI 25K shows negligible acute toxicity compared with PEI-25K as reflected in histology.
Normal mice were injected (i.p.) three times with 20 mg/kg MSN-PEI 25K, MSN-PEI 800, PEI 25K, PEI 800
or MSN-NH; at 0, 13, and 24 hours. Tissue hematoxylin and eosin (H&E) staining (scale bars, 100 um) of the
lung, kidney, heart, liver and spleen was assayed 24 h after the last injection.
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Fig. S20. MSN-PEI 25K shows negligible toxicity compared with PEI-25K seven days after the last
administration, as reflected in histology. Normal mice were injected (i.p.) three times with 20 mg/kg MSN-
PEI 25K, MSN-PEI 800, PEI 25K, PEI 800 or MSN-NH, at 0, 13, and 24 hours. 7 days after the last injection,
the lung, kidney, heart, liver and spleen tissues were collected, stained with hematoxylin and eosin (H&E)

(scale bars, 100 um) and evaluated.
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