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Abstract: This study investigated the mechanism by which icaritin (ICT) inhibits exosomes-induced lung
metastasis of B16BL6 mouse melanoma cells. The culture supernatant of B16BL6 cells was collected for extraction
of exosomes by ultracentrifugation and their characterization by transmission electron microscopy and Western
blotting. Exosomal protein was quantified by BCA. A wound-healing assay was used to determine the effect of ICT
on the migratory ability of B16BL6 cells induced by exosomes. After establishing an experimental melanoma lung
metastasis model in C57BL/6 mice, we used H&E staining to study the ability of ICT to inhibit exosomes-induced
melanoma metastasis. Animal experiments were approved by the Ethics Committee of Nanjing University of
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Chinese Medicine. ELISA and immunofluorescence were used to detect pro-inflammatory factors interleukin 6
(IL-6), S100 calcium-binding protein A8/A9 complex (S100A8/A9), serum amyloid A (SAA) and fibronectin
in metastatic tumors. The expression of metastatic tissue-related proteins stimulator of interferon gene (STING),
phospho-STING (p-STING), TANK-binding kinase 1 (TBK1) and phospho-TBK1 (p-TBK1) was detected by
immunohistochemistry or Western blotting. The results showed that the particle size of exosomes was 149.33 +
2.68 nm, the polydispersity index (PDI) was 0.192 + 0.02, the zeta potential was —32.22 £+ 0.50 mV, and the particles
had classic tea tray-like membrane structure under TEM. The protein concentration of exosomes was measured
to be 838.66 + 62.14 pg-mL™. The results of the cell scratch test showed that ICT can inhibit exosomes-induced
migration of B16BL6 cells at a concentration of 5, 10, and 20 umol-L™. In vivo experimental results also showed
that ICT can inhibit exosomes-induced metastasis of melanoma to the lungs and can significantly inhibit the expres-
sion of pro-inflammatory factors SI00A8/A9, SAA and IL-6 in lung tissue, and inhibit the expression of p-STING
and p-TBKL1 in metastatic lung tissue. Taken together, these results indicated that ICT can significantly inhibit
exosomes-induced tumor metastasis, and the inhibition is related to the inactivation of STING in metastatic foci.
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Figure 1 Chemical structure of icaritin (ICT)
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Figure 2 Preparation and characterization of exosomes (Exo). A:
Morphology of Exo detected by transmission electron. Scale bar:
200 nm; B: Expressions of tumor susceptibility gene 101 (TSG101),
CD9, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
in Exo from B16BL6 cell line, using lysed B16BL6 cells (cell) and
B16BL6 cell-derived microvesicles (Mp) as controls
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Figure 3 Effect of different concentrations of ICT on Exo-induced migration of B16BL6 cells. P < 0.05 vs blank group; “P < 0.01,

“P < 0.001 vs Exo group
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Figure 4 Effect of ICT on Exo-induced B16BL6 cell lung metastasis in vivo. A: The lung size; B: H&E stain histological analysis of lung,
scale bar: 5 mm; C: The lung weight; D: The number of pulmonary foci; E: The body weight. n = 3, x = s. *P < 0.01, **P < 0.001 vs blank
group; 4P < 0.05, 24P < 0.01 vs model group; P < 0.01, ™P < 0.001 vs Exo group

W AR L, ASHIE FU R T PR (0 300 S 0 1P M e % A9
A, R bk Rl B16BL6 41 i, [F] B 25 F Exo LA &% 10
H120 mg-kg? ICT, 21 K J5 K /N BRARSE, B il AE, 64T
R PR SE DL K HEE Je . B 455 BoR, Exo 4
SR AR L, I Sk 8 e # 45 T B S 2 (BT 4A.
B.D), Jifi i & 7 5 4 0 (K 4C), 1A 5 57 P4 (K 4E),
W] Exo fE 0% 12 2 B16BL6 [ fifi 4 % ; 1 B8 Jla 08 5 45
T IACT Ge R/ D It e R 451 80 H | I BRI 8, 4%
A B S BRI bR 0 St A A% . ELISA S5 45
w5 FR, ICT $i/h R B R B EH TR S
i 2 HE R F IR I K. M4, Exo 4111 1L-6.
SAA H1 S100A8/9 1) 75 i 5 161 1Y 2 AH LU B A7 A2 i 2 1
72 5%, M ICT (20 mg-kg™) 2H B & 4] 1 4 %8 41 g b5 5
SAA.S100A8/A9 Fil IL-6 {1 # il (K 5A~C). [FlH 4
B e s R IE R, Exo 4L 4R % 8 (1 (fibronectin) 3%
K%, ICT s 0| fibronectin )2 i% (& 5D).
4 ICTESTING IS Fxi4E

Hi T~ STING i #% [ 0 5 98 RE PR 7 1 B8 JBURH %,
H3E 43 1154 CDocker X} ICT 5 STING ()X} 4% 6
BEAT 7M. WF AT RIE C-178 J2& STING /43 141 1 7109,
R UL C-1781E MBI S 1. 7 F Xt 45 B C-
17873 T REWS 5 STING 4 [ 1 & B R 7k 2 238 (7 /&
1% (Arg238) Fl1 253 iz 7532 IR (Thr263) 737l I %53 ¥ 7]
S RS R R I 167 ALK & R (Tyrl67). Thr263
H1 264 137 Jilfi 2 R (Pro264) 4 A L HifEH 71, 1ICT
AE% 5 STING & /) 2 JE R ik 5k Arg238. 241 i 22 %

iz (Ser241).260 iz 75 & R (Glu260) T /& 4 T a) &,
5 Tyr167 T AL SEE A 77, 5 2 B IRk 2k 159 £ 5%
IR (Leulb9).Pro264 J& i /K1 F 11 (K16).

ICT F1C-178 5 STING Hx 45 A 3 [ 1Y 2 22 1R ik
H: Arg238. Tyrl67 1 Pro264, H.45 &8 A — 2 (1 4
. ICT #1C-178 5 STING HIAH ELAE FH I 6 =41 4
FEIIT, 23 5 32.57 130,123, 4 & Xt HERE R AT 0 Att
R, R R A AR E, fe% 5 STING-CTD
TEPENL B AHSE B o
5 ICT ##l Exo i35 5 & B16BL6 & A 4% 72 &Y #1 I
MR

N T # 5ICT $0 i Exo i 5 1) B16BL6 14
PR RHLI, B T2 7 x4 45 R0 R, At o id i
G 5 20 AL % 82 ICT Xt Exo /i 3 1) %% 72 i 20 43+ p-
STING #1 fibronectin ff] 3 i, Western blotting 524 25 %%
T ICT %F Exo /3 % # il 44 21 p-STING . STING .
p-TBK1 F1 TBK1 Wy K& FE T . 45 R 41Kl 7 firs, Exo
H/IN R ZH 21 | fibronectin £ p-STING [ 2 ik i 7Y
Y% 5 Exo 2L, ICT 207N 52 27 fibronectin
1 p-STING HIZKiE N (B 7A); & 7B 1] %1, Western
blotting i % % B, Exo ZH /> & Jili 44 24 7 p-STING.
STING.p-TBK1 Ml TBK1 & A F & Ft&; 1M ICT 41, )t
HEmfEd, EARETF.

g
AT Jif e 5 B A% ek T BT 13 A i 2t e i A e



FE MG VR AE AN SN AR A ) R FR B A% RO R R 783

(¥
i
t=1

___51 |
= = <. 200
a3 & |
E = B
E 5 &y 150
[ 2 =
- = = loo
L= =3 <
B = -
= = w50
7

Figure 5 Inflammatory factors effect of ICT on Exo-induced B16BL6 cell lung metastasis in the lung. A-C: ELISA was used to detect the
content of interleukin 6 (IL-6, A), S100 calcium-binding protein A8/A9 complex (S100A8/9, B), and serum amyloid A (SAA, C) in the lung
of each group; D: Immunofluorescence method was used to detect the content of fibronectin in the lung. Scale bar: 50 um. n =3, x £s.*P <
0.05, #P < 0.01, #*P < 0.001 vs blank group; #P < 0.05, ““P < 0.01 vs model group; P < 0.01 vs Exo group
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Figure 6 Docking pattern of ICT-STING and C-178-STING
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Figure 7 Effect of ICT on Exo-induced B16BL6 cell lung metastasis-related proteins of lung. A: Immunohistochemical method was used
to detect the content of fibronectin (scale bar: 50 um), p-STING (scale bar: 100 pum) in the lung of black mice; B: Western blotting method
was used to detect the changes of p-TBK1, TBK1, p-STING, and STING protein contents in the lungs of black mice. n = 3, x 5. 2P <
0.01, #424P < 0.001 vs model; P > 0.05, "P < 0.05, "P < 0.01, ™P < 0.001 vs Exo group
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