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Efficient transfection of nanoparticles delivering pSIRT3 to regulate
type II alveolar epithelial cell homeostasis for enhanced pulmonary
fibrosis therapy
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Abstract: Pulmonary fibrosis (PF) is a progressive and irreversible interstitial lung disease of unknown
etiology with limited therapeutic options. Bioinformatics enrichment analysis indicates that oxidative stress and
metabolic dysregulation of alveolar epithelial type II cells (AECs II) may contribute to PF pathogenesis. With
recent advances in molecular biology and genetic engineering, gene therapy has emerged as a promising
therapeutic strategy for PF. However, its clinical translation remains challenging due to biological barriers that
hinders efficient delivery of therapeutic genes. To address this limitation, we explored main factors affecting
transfection efficiency and screened optimal prescription to develop nanocomplexes (NPs@pSIRT3) via delivery
of sirtuin 3 plasmid (pSIRT3) to treat PF. The NPs@pSIRT3 exhibited superior transfection efficiency, mediating
robust SIRT3 protein expression to achieve therapeutic efficacy. Comparative analysis with excipient-deficient
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control groups demonstrated that the optimized nanoparticles (NPs) effectively delivered therapeutic genes to

fibrotic lesions, enhancing pSIRT3 transfection. The NPs@pSIRT3 significantly attenuated PF progression by

modulating oxidative stress normalization of injured AECs II, anti-inflammatory effects, and finally inhibition of

pro-fibrotic responses. These findings demonstrate that the engineered NPs@pSIRT3 system represents a

promising gene delivery platform for PF therapy, and providing a novel strategy for efficient transfection of gene

therapy. All animal procedures were performed in accordance with the guidelines of and approved by the

Institutional Animal Care and Use Committee of Jinzhou Medical University (approval number: 240134-5).
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Figure 1

Schematic of formulation and therapeutic mechanism of NPs@pSIRT3 for pulmonary fibrosis (PF) treatment via tracheal

administration. A: Construction of NPs@pSIRT3 complex; B: Mechanistic action of NPs@pSIRT3 in PF therapy. NPs: Nanoparticles;
DOTAP: N-(1-(2,3-Dioleoyloxy)propyl) -N, N, N-trimethylammonium; pSIRT3: Sirtuin 3 plasmid; ROS: Reactive oxygen species; GSH:

Glutathione; SOD: Superoxide dismutase; Collagen I: Collagen type I; SPC: Surfactant protein C; a-SMA: a-Smooth muscle actin (created

with biorender.com)

11 (Genesys 150 Spectrophotometer) . — %8 1t fii 41 A
B 7 # (HERACelI240i) 4 H 35 [B 28 2k & H R B A
] BEFR X (CMAX plus, 25 [E Molecular 24 7]); Hiff B AL
(SV48R, K & S I A MR A A, U1 HHi A
(Pannoramic 250 FLASH, %) F | 3DHISTECH 2y Al);
HL VKA (HE-120, b K BB AE dn BL 2% 2 7)), &I g
1% (2500R, i KAERHE A A,

¥ 5iK5 DOTAP (CK1173, Ll W REEZ R
A PR D), ONEERE JIEE FE (L105732.E2013042, Fi 4z
T AR A IR F); DSPE-TK-PEG,,,, (RA0210902,
7 22 Fii 48 A W B A IR A WD), ALK £ BE (ethidium
bromide, EB, #it 5 : NA0091, Jb 50 R AR 4L B R
2% &]); SIRT3 plasmid (pSIRT3, % 5 : PPL02422-2b).
pSIRT3-EGFP (%5 : PPL02422-2d)- nuclear factor E2-
related factor 2 plasmid (pNrf2, 5% 5 : PPL00580) 4 H
Public protein/plasmid library (/A 3t &5 (/R J%); Lipo-
fectamine 3000 %% 441X 7 (L3000001, Z£ 2k« tH /R B 4%
A A]); BCA H F#R B I 2 377 £ Hoechst 4 771 L 2%
o7 A s e A7 A K 77 &5 (PO010.C1017.C20038-1, |
2= RAEME AR A A]); BENEFE (1110GR100, 1
Biofroxx 2 #); # A AL ¥ B 4L B (SOD) A il 551 &
IR B BEH K (GSH) &K 771) & (A001-3-1. A006-
2-1, B 50 AR AR 5T FT); DCFH-DA JiF 1% 4 4%
£ (35845, 3£ [E Sigma Aldrich 2 #); LysoTracker

Green DND-26 ¥ B R #5841 (C1048, B XA R H
PR 22 71); Anti-Nrf2 Rabbit pAb. Anti-SIRT3 pAb. Cy3
Fr A 1 1l 2E 4T %R 1gG (AC220121058. AC240109053
AC230219002, BN FE4E /R AV RHE A IR A F]) o

EMERFETH B AT 5 A7
(% 35 CRA024424) 3R HLPF /N BB (¥ RNA I
HdE o 0Ff e /N BRAD PF /N R 10 B0 B 3R AT 22 40 4T
3k 1% DEGs. HJ Cluster Profiler X} 3£ 1% ) DEGs # 17
gene ontology (GO) F kyoto encyclopedia of genes and
genomes (KEGG) 42 & £ 73 #ir LA i PF 1l (1) 9% ££
THITEE R . GO 73 i B FE ZH ML 4 B (cellular component,
CC). AWy id & (biological process, BP) #1431 1)) fiE
(molecular function, MF).

A FE BT T 46 0 e B R T o R 2 e b i
B DR AL 0 7T BT [ 53 ) AL ) 2 2 HE o 0 (Genome
sequence archive), 2 JT 3k U ¥ 4it: 4 https://ngdc. cncb.
ac.cn/gsa.

NPs % NPs@pSIRT3 {9l & KA LWENIL
il % NPs: A% % FREULL 77 & DOTAP . 51 I I [ B A
DSPE-TK-PEG,, & T T /K L1%, 1851 J5 i\ PBS 221
B, W A A A, B T S AR S v e e
W (ThZ 30%, # 3 s, 155 s, 355 min) K751 5 NPs.
DOTAP: 5[ 3 fiE - 1 [& % : DSPE-TK-PEG,,,, Jii & Lt Ay
14:4:2:1, 24 DOTAP Jy 3.5 mg i, /KA PBS 22 AN



<922 - 222224 Acta Pharmaceutica Sinica 2026, 61(3): 919-930

500 mL. NPs F 5 pSIRT3 #20: 1 (w/iw) LR & 3
AL, IEREE T E 1~2 hJE i NPs@pSIRT3 B &4

NPs@pSIRT3 B 4F

T R BE L B9k U NPs@pSIRT3 5 5xDNA |
FEGEPRR (& IR IR % 40 1 LU VR A, T TR A &
KRR N 20 uLo BLIXTAE Ay LK 22 v, {6 ) 790 4k il
10 1% B IR BB (2 0.5 pg-mL" EB), #FE i
EREALH, YoE 80 V fH E HLHK, FLYK 45 min. FLIKZE
W5 K H Tanon 1600 %K 115 2 4t WL %% pSIRT3 5 A
[F] NPs 1725 845 I

K% 5 zeta BAAL IO E 4% 8 6 1] %% (19 NPs &
NPs@pSIRT3 4 51| il PBS AR 41 K # F% (50 uL #Ffh +
1 mL PBS B 21 7K), K H Zetasizer Nano ZSE & 4t 7
S0 5 - R AR zeta FELAV o

AN KA FREUNPs 9 5ANE S (DOTAP. BN
% fig + B[ | A1 DSPE-TK-PEG,,,,) % 1 mg, I /K Z,
P T 1) B 1 mg-mL" % 25V . HX 100 uL NPs@pSIRT3
F1900 pL 67K £ B LAk, B J5 7 200~800 nm P K P
I 52 NPs@pSIRT3 J % 20 73 1) 48 Hh—m] IR O 3

EMR L2 MHIFN

PEAr AN [6] NPs f NPs@pSIRT3 5 41 fifd 3 14 1) 5%
W, K AS49 A LR FL 1< 10° AN 2 A 25 FE 4%
Bl F 96 FLAR 1, 7F 5% CO,.37 °CEAF N R/, ¥
AN [H] NPs #l1 NPs@SIRT3 I AR 71, 5 AS49 41 i i &
48 h; ZRJ&, N 20 uL (I MTT, % & 4 h, {8355 955 )5
AL 200 L DMSO ¥ ¥ ; B i, 158 B b A N 58
490 nm AbFIWR G FEAE, FRARIE A 0 (1) tHE e ig 7

HHIE 7T (%) = (4, - A4,0) / (A, = A,) * 100% (1)

Horp, A A A, 5 B SER A (test group) BT
Mt 20 (negative control group). FH ¥ X} It 20 (positive
control group) /W' B2 AR, Ho v [ 4 xof HEE 2 A 4l Al 4
P2 24, P 5 R AL AR 4T (E R 45 24

AN AR NPs@pSIRT3 (195 ML RN BN B Ak
I, A EE SR 7KL B 2% LU A 2. SEB4H AN 500 pL
2120 i 2 40 uL NPs@pSIRT3 (1 pg-uL™) & 460 uL
A B AR K BH X I ZH R 500 w2040 i B + 500 ul
afi Ak 7K BT FE A 500 wl £0 40 g 2 + 500 pL A B
EhK. 37°CHEE 1 hJE, 3 000 r-min B0 15 min M %2
WIEE R, 440 E 3 h 5 R E 0 S min, TEEFR
1545 nm A PITE EIEWRBOGEE . R AL (2) 1HE
pragiigs

WL (%) = (4,-4,)/ (4,,—4,) x 100% )

Horh, A A A 0 90 9 SRR ZH B A X B ZH LB
Xof HEZH (IR AL, G o B4 B ZH I N AR 3 K, B
PEXT BRI 285 T K

RIMFZR

MR IR AS49 AR A 10% iR 4= i (FBS,
v/v) [ RPMI 1640 55775 T 37 °C5% CO2:F F R 7%«

AN G szag B AS49 40 LAEEFL 2% 10° N4 i
e+ 6 FLAR, 1% 9% 24 h J5 43 3 4% Lipofectamine 3000
AN A NPs 5 pSIRT3 R ) H & B N 1~2 he JIA
TG FRET S ML E 4 h, A5 HHE 10%
FBS (1) 56 42 35 77 H 4k 2 35 97 24 h, 55 8 5 % B
B VEVEAS e R . K AS49 41l LABEFL 110441
4% b T 55— A~ 96 FLAR 1, X I 2 38 3% 2R £ 0% 0 e
(polyethylenimine, PEI), %% 4% i # 1% % pSIRT3-GFP, %%
JeP RN b, 5 S5 CEBEARCT W 58 AN B 2L 0 2 G5 FE

MR AS49 4B T 6 FLAR (BEAL2x10°4
i) K5 7% 24 h )5, 5 EB #l 4 30 min [f] NPs@pSIRT3
ETLMBERFEEEF B E 1.4 ho Hoechst % g, 1£
131 8 9¢ 6 BB N M EEA A NPs@pSIRT3 ALK

TWHE R R AS49 A e B AP T AL R AR R I
(BEFL2x10° 4R ) 1597 24 h )5, 5 EB T 4% 30 min [
NPs@pSIRT3 73 HIMEH 1.6 h, F 4% 2 5% FF ek [i] 5 1 i,
EB 444% 1% Fi LysoTracker Green DND-26 (37 °Ci¢ &
30 min) FRICIE R, FEEEAE R N LS NPs@pSIRT3
AT AR B TR A T

ROSK (DCFH-DAVE)  AS4940f1 (BifL2x10°4
i) BRI T 6 FLAREE 9% 24 h, FH 500 umol-L! H,O, kb
g T A A BB Y, 45 F NPs@pSIRT3 (5 4L 10 pg
pSIRT3). 4 hJ& E#55 10% FBS [ 56 4 55 55 5 4k S 1%
7748 h, F{# ] 5 umol-L"' DCFH-DA & 30 min, 3 &
9696 B T WLZE A [R] NPs@pSIRT3 Xif 48 Ak S 38 ) 417
Hi7EH -

LRI AT A f AS49 4T (FEFL 2% 10° A
YIHL) $ R0 T 6 FLAR 85 3% 24 h, I 500 pmol-L' H,0, T
Qb T 3 ST AR SR Y, 25 T NPs@pSIRT3 (5341 10 pg
pSIRT3). 4 h /& E 55 10% FBS 1) 56 4 55 7 5 4k S 1%
F:48 h, FATH JC-1 4Rl H 1 ho 55 H PBS G Y
Z R E, T B 5O B T WS4 %5
SR VRN AR AR = R

SIRT3 5 Nrf2 f 2 %t gt A549 40 il (5% 1L
2x10° /N2 i) B2 1 24 FLIR, 1 A 500 pmol L™ H,0,
A7 A A BB Y 4 F NPs@pSIRT3 (5 L 2 pg
pSIRT3). 24 h J& [# 5& 48, 43 ) i\ SIRT3 Hifa (Fa
FBELL A 10150) FINrf2 Hufk (R 121 000) T4 °C
PEIRI B 8, Y H H Cy3 dric i1l 2 5t % 1gG — T
(FBEEL A 1:300) 0% & 4 h, Hoechst 44 4% 5 {51 8 58 6
U WL 5% P A B SRR

GSH & & 5 SOD % 1% Wl & A549 41 iy &



W% Ak R e KR 3 pSIRT 3 1 22 1 70 e L 1z 240 MO A 25~ Im e ¥ 7 i 21 4 1 £ 923 -

500 pmol-L" H,0, & L A L i 1 K M 5, &5 7
NPs@pSIRT3 . W55 2 i 22 A Y85 42 157 & 15 1 4500
JE GSH & 8 Al SOD & 1, SR HI BCA VAN & & H K
AT ARAEAL o

KRR

SLER B SPF 4% B W RMENE /N B (6~8 JE %) I
H AR EE AR 2 S S L, B9 TR 23 £ 2 °C.
1 50%~65% 12 h GG AR, B IRk,
&R IR 3 RIG IR SEES . shi) s i O 3RS 4 I =
BER 2P sess b o fe 3 2 02 (S
240134-5),

/INBPF AR AL (G 2 R 25T 10 3& MR 3R 3 R
Jat /N BENL > A 7 A B A R E = AL A K
5AANFE NPs@SIRT3 Va7 4. /NRIERH & NG 2
7R, B—IRGAENFEOR. BRIEWHS, Frf /N
I THMEPFEAL, /NREAE = OEE (20 g L) 71
VEST IR S, B B E T 60 iR &, LT R R
AR BB, R AUE R PO XS HE A TS
B, IR AR, TR RIE W (30 uL, 5 mgkg') 2L
AEFRERIK (30 uL)o /N ERORFE ELSZARAL 1 min DLARLR 2
POIGRN N IES . &7 RGBS 40T, 3
HY AR RN RRE AT N FBN I TR, i
1528 K Ji5 g /N B o

it 2H 2330 - L e H/)N B A 2R BRI T S
60 CHEA i /K = HE H, W T HE, AN 3) 1HE
/N R 42508 T E L

NIRRT E L = (R E - FEH) /T E A3)

H&E 5 Masson Je 5 fili 2 1 4 4% £ 5 HH I |1
JE &, ARE A R IR AT U A (B BES pm)e XU
HEAT IR ARG~ 21 (hematoxylin-eosin, H&E) £l Masson
Y, DL VTAl il 2H 2055 B AR 4K

T A A K e BT KA R H R
(immunohistochemistry, IHC) 77 2t il fiti 2H 24 1 a-°F
WS A (a-smooth muscle actin, a-SMA).I 4 ik
Ji (collagen type I, collagen I) J R M v& 7 8 A C
(surfactant protein C, SPC) 1 1A . ¥ Jifi 2H 23 [#] & 7
4% Z KW, e HE . —iEE . g .
BB ARREZE G A . BKANERR G, ¥ &
FrIEAE B O %% . A J5 A Image) B € &
a-SMA . collagen I A1 SPC [ FH 1 2R 1A, &5 5L FH BH 4 T
R RN

Jili4H 23 GSH & & 5 SOD ¥& /3l g /)N Bl 2 41
il 8% B A1 2R 5 B0 B EIE R, SR A BCA MR E 8 ER
JEE, HoAd B A i R & v B B AT

FIrFESH A LREDES 3R, RO

RSP E =5, KRLIFEARS n=3, 5L
06 45 F U R + bR vE % (x £ 5) o, K GraphPad
Prism 10.1.2 3T G HFIEEl. P<0.05 ZR AH
Giit2Em o

FER
1 EEFFREAEDTIBIERG/R=ZBRIGTT PFIY
ETEREE

R B PF /N BRUST 5 15 /N UG 22 57, ARt 9 0d
i 43 T GSA E#E 2 b PF /N B RNA W 3 £, & i
TAHECT IR N B ZH Y £ /> DEGs (B2A). GO & 4
ST IR, XL DEGs £ MF 2851 th B w4 TS
e B4 B L Th B (K 2B). 454 BP AICC I &7
Mr, #E— D78 7 PFEREH 5 AECs 114549 #H 5% (1) 18
P, R U R A B B B R B AR i R (B120).
J& 4 KEGG il #% 7> #1 3% B, DEGs ‘2 % & 4 T 41 o 3
2 M AT % S O E % (B12D). GO 5 KEGG 43+ #
g AL A $E R AR SIS AN 52 22 T A 4T 4E 0 T 1k
1) 35 [R) ORI o f B BF 75 % B, SIRT3 i i 1 45 40
AR T 2 A A R I A o R N 3 T
B, X NI E AR IR T AL TR R . BT
pSIRT3 3 12% 5% B, e ] 3 Job 0L [ S0 7 38 5 0 0 36 it
FCN X PF A 30T B
2 NPs %I R NPs@pSIRT3 HIFRAE

K B N T A [F) 4l 0RHZH B NPs, I
1% pSIRT3 il I #4 2 T NPs@pSIRT3 & &4, AR K)
Ab 7 LR ILER 1o SR e VK VP4l pSIRT3 (13124
R, FELLB pDNA (L&) 1E A . S5 R RoR, i
2 DNA 5 0I5 M B 52 (0 2545, T 1~5 2H 2% 4 56 47
%, 2 W] pSIRT3 BT AL (K 3A); MR, 5 6 4k
FAE, R BH LW . S A W 7K>E S DSPE-TK-
PEG, IR T B8, DRI AE i FEL K S 56, NPs-5
NPs-4 [f)X] H8, 7E J5 2L S50 v 487 77 2 >R 1) NPs-5, NPs-6
R I 4 A NPs-5.

LA A2 FE A NPs 41 B8 X 1) SR R 2R, B/ ahok
LI BAT T RLAR 2 AR SR AR 3R PR T T zeta
HLA7 A2 Pl NPs A2 e MR 22 540, Hdaxd (Elkm, &
AT FEL Ao 235 PSR A, 7 mEL HE R A P BRI, 1R R e PR
— it =, R SF N B IE H KR TR B 5 5 A
JE I S B B A . 7S I NPs Al NPs@pSIRT3 (1))
KAz M zeta B 45 58 R, pSIRT3 AL 448 44 K bL EL
38K (B 3B), 1 LA FE K (B13C). NPs@pSIRT3
T L35 2153 1R AR IR B W P 3D BT, 45 R R
NPs@pSIRT3 F 55 AE U4 H B AE 285 nm B it 5 SIRT3
JRLARF AR UG A7 5 A (7], 108 B STRT3 SR 4 il Dh 26 4



924 - 25554 Acta Pharmaceutica Sinica 2026, 61(3): 919-930

A B
o
7
+UP 670
< Down 660
6 “NO 30230
> .
2
G
>
£
]
=1
S
:
log2(fold change)
C 8
6
0
2
GJ
>
s 4
=]
o0
S
t2
0 e &
°
SRS FSREE P FERRER
5\9530@%&:55#5598‘;..5.(:00@@
A EH IR
CRCIRG S8 L8888 g
sS5 eSS SRS PSS LSS
o ~ FISEEST L & N
SE5853853 5558857556
TS SSF°5 8oy s g
SISFESFSF 8885 8598
EE0sS358555855 FE°5
& g 5880 h5588 S8 ©
505 F285 ~08EF 55
S o%
5 FL£E §°&8 §
N3 T8 L0 =~ 2 g7
1) 5 5 g
£ 58385 F g £§
Qiz.s O 5 o)
z 5 §°
3 k<]
& &5
&
S
K
&
s

-log10(pValue)
N

—

Gene number

VEGF signaling pathway T o
Alanine, aspartate an](\id%lu ate . %y
tabolism
Folate biosynthesis . pValue
PPAR signaling pathway & 0.60
Longevity regulating pathway .
Peroxisome *
c¢GMP-PKG signaling pathway N 0.40
TGF-beta signaling pathway . I
Biosynthesis of amino acids © 0.20
EGFR tyrosine kinase inhibitor resistance
AMPK signaling pathway I
Histidine metabolism ° 0.00
Apoptosis
Chemokine signaling pathway
FoxO signaling pathway
Cellular senescence
Cytokine-cytokine receptor interaction
p53 signaling pathway @
ECM-receptor interaction °
Cell cycle [ ]
0.025 0.050.075 0.1 0.1250.15

Rich_factor

°
]
@
@
®
()
@

Figure 2 Bioinformatics analysis reveals aberrant regulation of metabolic and aging pathways in PF. A: Volcano plot of DEGs between

normal mice and PF mice; B: MF enrichment analysis of identified DEGs; C: Combined BP and CC enrichment analysis of DEGs; D: KEGG

pathway enrichment analysis of DEGs-associated signaling pathways. DEGs: Differentially expressed genes; MF: Molecular function; BP:

Biological process; CC: Cellular component; KEGG: Kyoto encyclopedia of genes and genomes

Table 1 Formulation compositions of different NPs carriers

Group Prescription composition
NPs-1 Lecithin DSPE-TK-PEG,,,, DOTAP
NPs-2 Cholesterol DSPE-TK-PEG,,,, DOTAP

NPs-3 Lecithin Cholestero DOTAP

NPs-4 Lecithin Cholestero DSPE-TK-PEG,,,, DOTAP
NPs-5 Lecithin Cholestero DSPE-TK-PEG,,,, DOTAP
NPs-6 Lecithin Cholestero DSPE-TK-PEG,
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Figure 3 Characterization and in vitro transfection of NPs@pSIRT3. A: SIRT3 loading efficiency in different NPs groups; B, C: Particle

size maps and zeta potential maps before and after SIRT3 encapsulation; D: Full-wavelength UV-Vis absorption spectra of NPs-4@pSIRT3

and its constituent elements; E: Comparison of transfection ability among various NPs@pSIRT3 groups. Scale bar: 200 pm; F: Quantitative

fluorescence analysis of SIRT3 expression post transfection with different NPs. n = 5, x + 5. ""P <0.001. PEL Polyethylenimine; RFU:

Relative fluorescence units
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Figure 4 Cellular uptake and lysosomal escape efficiency of various NPs@pSIRT3 formulations. A: Chemical structural formulae of the

different components of NPs and their percentages; B: Qualitative assessment of NPs@pSIRT3 internalization in A549 cells; C: Lysosomal

escape capability evaluation of various NPs@pSIRT3 formulations. Scale bar: 20 pm. EB: Ethidium bromide
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Figure 5 NPs@pSIRT3 decreased the mitochondrial membrane potential and ROS content, and increased the expression levels of SIRT3
protein, Nrf2 protein, GSH, and total SOD in A549 cells. A: The biocompatibility of NPs@pSIRT3 denoted by cell viability; B: The biocom-
patibility of NPs denoted by cell viability; C: Inhibition of intracellular oxidative stress by NPs@pSIRT3. Scale bar: 200 um; D: Improve-
ment of mitochondrial membrane potential by NPs@pSIRT3. Scale bar: 200 pm; E: Immunofluorescence assay for Nrf2 proteins in A549

cells, target protein (red), nucleus (blue). Scale bar: 100 um; F: Immunofluorescence assay for SIRT3 proteins in A549 cells, target protein

(red), nucleus (blue). Scale bar: 100 pm; G, H: Biochemical detection of GSH level and SOD activity in A549 cells. n =3, x+ 5. "P <0.01,

P <0.001. DCFH-DA: 2',7"-Dichlorodihydrofluorescein diacetate; Nrf2: Nuclear factor erythroid 2-related factor 2
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Figure 6 NPs@pSIRT3 increases GSH and SOD in fibrotic lung tissues of mice. A: Schematic diagram of the establishment of the mouse

lung fibrosis model and administration of the treatment; B: Mouse lung wet-to-dry weight ratio; C: Hemolysis assay absorbance; D: Hemolysis

rate of different NPs@pSIRT3; E: Changes in body weight of mice during drug administration; F, G: Biochemical assay of GSH level and
SOD activity in lung tissue of mice. n =3, x+5. P <0.05, "P<0.01, P <0.001

2P i P 368 3 250 ) 7 L PR, A TR A 1 22 L b 3
PSR Y] G N 7 R E S W N 1S i i
NPs 1 Ay i 126 3 A, 38 3 xof b i = — b i ) 1) %of R 4
KV H AL e R 5 PR IR e

AT TR I, 24 NPs &b 77 #4 8L DOTAP. 5P i
JIEL[E % A DSPE-TK-PEG,,, H FLfl 2y 1414221 11, Jiid
CTEE N AT i) 3% tH—Fh BAT = 80 4 pDNA e 713
LA, 4 FhEAR RS A R, B— AR, SR ERH
1E it LT 2 ] B L T 45 pSTRT 3 W B 21 NPs ] [l il
& 5E ) NPs@pSIRT3 il 7] . NPs@pSIRT3 G il /2 i3k
7 it 4% EOORI 2 v Y T A 8 3R 1) K A 2, T PRI R
PR, IR R, 5 Hh = 5 — AR R I ZH
FHEE, 4077 5644 2 NPs-4 % G340 Z ¢ 1=, NPs-4@pSIRT3
LT A BUR B i -

g3 8 H,0, F1 K 25 25 0 2 A A0 R0 5 1
AS549 FLGERERIFI/INEL PR RS . 7E4H MR T o) B0AIE T
NPs@pSIRT3 1] #% A549 /5 24 % HL, H NPs-4@pSIRT3
ZH I SIRT3 5 Nrf2 8 I Rk B35 B, A 800 4k

A& Ty R I 00 ) 4 Ak B (8 i ROS W GSH & SOD 7K
FIGAE). ESIAET S EW] T NPs@pSIRT3 1677 5
RE S0 35 MK B2 T 41 23 GSH 5 SOD /K-, 4% S8 AL 451473
7E PF F B B, AECs 114475 k% B o0 % 25 5 35 SPC
Fk T B, SPC 3Rk /K1 B 2 R Bt AECs 11 (1) 3% 14 .
Collagen I /& £F 4 A0 4 21 b FE U AR I S BRI S AR
52 ECM TR AZ Cobr &, LA AEAFRSE . 0-SMA
F2 B AT Y4 4T 5 A A JIL RS T 4 A e B PR B 5, B
WURRZT 4 20 B A o DR e 3t — 25 3@ i G e A A I 1
AN[F NPs@pSIRT3 Hi697 Ji& /)N U B ) SPC L collagen [
K o-SMA I RiETE L. 245 KK, NPs@pSIRT3 g f&
Pt v b R e B A UL 2T 4 A R A I k2D
ECM iR, il RIETTLF 4EAAEH

KRB BT T — Fh 67 2 pSIRT3 (1) NPs /£ A4 PF &
BRIIE 97 1103807 2R 3ef 8 80 A, Ay W R B0 o v 2880 T e i 1 4
U7 ESFE R AR AR S

15 BUk: 0 0 G BN S 5O B S 6 S
AR BB 3 B SO S 558 2 67 D AF Q2N R S T8 R B0



W PR R e KR % pSTIRT3 1 475 11 B iy b e 4 o B 25 ~F 48 I iy o7 i 28 4k - 929

A NPs-1@pSIRT3 NPs-2@pSIRT3 NPs-4@pSIRT3 NPs-5@pSIRT3
" H&E
B NPs-2@pSIRT3 NPs-4@pSIRT3
i § 5. § 5.4 W e
o \1{ Kbﬂ .{ﬁ
9‘ Masson
C NPs-3@pSIRT3 NPs-4@pSIRT3
ST Thed
% ,‘
D
E
F %%k k
30+ * 50+
. © Kok ok Kok k S it
RN S . i 3 40
3 o *k 5 *
g 20 8 5
1 - Y o
o o ok 2 304 2%
> et =
= b= 8
7} 2 £ 2
& 107 2‘ 10 P
2 p 2 101
V‘) o
& )
0- 0- 3 0-
P FTLLLLESL PSS > F OO DO OO
SEELEEES STSE S SHSS LS
& g\@ %ﬂ»@’ %b@’%,v@ %b@’ F q\@t:»(@ ro:5@?3<°);>@'°)Q <F g@Q;\, ORI
FFFeLs FELEss FELLE

Figure 7 NPs@pSIRT3 ameliorated pathological changes in lung tissue morphology and structure and decreased the levels of lung fibrosis

markers in mice with PF. A, B: H&E and Masson's trichrome staining were used to evaluate the changes in the structure and extracellular

matrix (ECM) of fibrotic lung tissues in mice after administration of NPs@pSIRT3. Scale bar: 50 pm; C-E: Immunohistochemical detection

of SPC, a-SMA and collagen I in fibrotic lung tissues of mice after administration of NPs@pSIRT3. Scale bar: 50 um; F—H: Quantification

of immunohistochemical results by ImageJ with positive area percentage analysis. n =3, x £s. P <0.05, "P<0.01,
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