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[ Abstract | Objective To develop an efficient exosome-based delivery method to effectively transport therapeutic
nucleic acid to liver cancer tissue for the treatment of primary hepatic cancer. Methods HEK293T cells were transfected
with a recombinant plasmid expressing SP94 and CD47, and the exosomes were extracted and isolated. Exosomes were
identified by transmission electron microscope, nanometer particle tracking analysis, and Western blotting. The mice were
injected with 200 pg DiD labeled unmodified exosomes and SP94 modified exosomes via tail vein, and the targeting effect
of exosomes on liver cancer tissue was detected and analyzed using small animal in vivo imaging. The unmodified exosomes
and CD47 modified exosomes were incubated with macrophages (RAW264.7) and mouse hepatoma cells (Hepal-6)
to verify the phagocytosis of the modified exosomes by the cells. Polo-like kinase 1 (PLK1) small interfering RNA (siRNA)
was loaded into different modified exosomes by electroporation and then the exosomes were co-incubated with Hepal-6 cells,
and the cell apoptosis was detected by flow cytometry. The modified exosomes loaded with PLK1 siRNA were injected into
the tail vein to systematically study and analyze the therapeutic effect of PLK1 siRNA on primary hepatic cancer in mice.
Results SP94 modification enhanced the targeting effect of exosomes on liver cancer tissue, and CD47 modification reduced
the phagocytosis of exosomes by macrophages. PLK1 siRNA delivered by SP94 and CD47 double-modified exosomes
increased the apoptosis of hepatoma cells. In the primary hepatic cancer mice, SP94 and CD47 double-modified exosomes

loaded with PLK1 siRNA could effectively inhibit the growth of liver cancer nodules and prolong the survival time of tumor-
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bearing mice. Conclusion SP94 and CD47 double-modified exosomes can efficiently deliver therapeutic nucleic acid PLK1

siRNA to target liver cancer and effectively inhibit the growth of liver cancer.
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Fig1 Construction and identification of Exos
A: Preparation and separation diagram of SP94 and CD47 double-modified exosomes (Exos

. . . Ctrl
exosomes. The particle sizes of unmodified exosomes (Exos™") and Exos

Ctrl SP94-CD47

C: Representative images of Exos™ and Exos

SP94-CD47

SPOHCDATY "B Particle size distribution of

SP94-CD47 - . .
were measured by nanoparticle tracking analysis.

under transmission electron microscope. D: The exosome markers CD9 and

TSG101 and Golgi body marker GM130 were detected by Western blotting. E: The CD47 and Lamp2b on Exos™", SP94 modified

exosomes (Exos*™"), CD47 modified exosomes (Exos "), and Exos

SP94-CD47

were detected by Western blotting. Lamp2b: Lysosomal

associated membrane protein 2b; HA: Hemagglutinin; CMV: Cytomegalovirus; SV40: Simian virus 40; GM130: Golgi matrix protein
130; TSG101: Tumor susceptibility gene 101; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Fig2 Tumor targeting ability of exosomes in primary hepatic cancer model mice

A: In vivo fluorescence images of primary hepatic cancer mice 0, 3, 6, 9, and 12 h after injection of 200 pug DiD-labeled unmodified

Ctrl SP94
exosomes (Exos™) or SP94 modified exosomes (Exos

after injection of DiD-labeled exosomes via tail vein.
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- | ..
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) via tail vein; B: Fluorescence images of isolated primary hepatic cancer
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Exos™ 1 F1 Exos™™" £H 2 fifd %ot A1 b R 1) 75 Wt 35 3R

(1.320£0.029 vs 1.440+£0.038 ) 2 R L4 i E
x (P>0.05, K 3B) . LI L&5HEEI CD47 &1

WD T AMIARRE E AN RAW264.7 T

DAPI Merged

cul (@

- | .. )

CD47 o %
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3 Exos™ ATUEBL BB REHEFWIEA (100X)

Fig3 Exos™" can escape phagocytosis of mononuclear phagocyte system (100 <)

A: Representative images of DiD-labeled unmodified exosomes (Exos™™) and CD47 modified exosomes (Exos™’) in RAW264.7

cells; B: Representative images of DiD-labeled Exos™

and Exos

in Hepal-6 cells. Exosomes were stained with DiD and nuclei

were stained with DAPI. The images of fluorescence were collected under confocal laser scanning microscope. DAPI: 4°,6-diamidino-

2-phenylindole.
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Fig 4 Different modified exosomes loaded with PLK1 siRNA promote apoptosis of Hepal-6 hepatoma cells

A: Flow cytometry detection of the cell apoptosis in Exos™""°

group (SP94 and CD47 double-modified exosome negative control group), Exos

group (unmodified exosome negative control group), Exos

SP94-CD47-siNC

CUSIPEL oroup (unmodified exosomes loaded with

PLK1 siRNA group), Exos®**"™' group (SP94 modified exosomes loaded with PLK1 siRNA group), Exos™> ™! group (CD47
modified exosomes loaded with PLK1 siRNA group), and Exos®™ """ group (SP94 and CD47 double-modified exosomes loaded
with PLK1 siRNA group); B: Statistical analysis of the cell apoptosis rates in the 6 groups. ~P<<0.01. n=3, x*s. PLK1: Polo-like

kinase 1; siRNA: Small interfering RNA; PI: Propidium iodide; FITC: Fluorescein isothiocyanate.
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Fig5 Therapeutic effect of modified exosomes on primary hepatic cancer in mice

A: Live imaging of mice with primary hepatic cancer in Exos

group (unmodified exosome group), Exos***"™! group (SP94

modified exosomes loaded with PLK1 siRNA group), Exos“™>"*™™*' group (CD47 modified exosomes loaded with PLK1 siRNA
group), and Exos™*“* "X oroup (SP94 and CD47 double-modified exosomes loaded with PLK1 siRNA group) (n=5);

B: Representative liver macroscopic views of the primary hepatic cancer mice in the 4 groups (n=5); C: Survival curves of primary

hepatic cancer mice in the 4 groups (n=5). PLK1: Polo-like kinase 1; siRNA: Small interfering RNA.
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