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Aspirin inhibits tumor cell metastasis mediated by HGF/c-Met
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Abstract: In this study, we investigated the effect of aspirin on tumor biological effects mediated by hepatocyte
growth factor/cellular-mesenchymal-epithelial transition factor (HGF/c-Met) axis, and preliminarily explored the
molecular mechanism of inhibiting tumor metastasis by aspirin. The binding of aspirin to c-Met was predicted by
molecular docking; cellular thermal shift assay (CETSA) was used to verify the binding of aspirin to c-Met at the
cellular level. The inhibitory effect of aspirin on c-Met kinase was detected by kinase activity; Western blot, cell
scattering test, cell branching morphogenesis and Transwell test were used to evaluate the cell signal transduction,
morphological changes and migration and invasion ability. The results showed that aspirin could effectively inhibit
the kinase activity of c-Met with a half inhibitory concentration of 0.95 mmol-L". The results of docking showed
that aspirin could bind to the ATP pocket of c-Met protein, and the main binding sites were Tyr1230, Tyr1159 and
Met1229. The CETSA test also showed that aspirin could form binding complex with c-Met protein. Western blot
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results showed that aspirin could inhibit the up-regulation of phosphorylated Met stimulated by HGF in a concen-
tration-dependent manner. The results of cell scattering test showed that aspirin could block HGF/c-Met promoted
cell scattering in a concentration dependent manner. Aspirin could almost completely block the biological function
mediated by c-Met activation at the concentration of 4 mmol-L", and this effect was independent of HGF. Similarly,
the results of MDCK cell branching morphogenesis experiment showed that aspirin could inhibit HGF/c-Met
mediated invasive growth in a concentration dependent manner. The results of Transwell test showed that aspirin
could block HGF/c-Met mediated cell migration and invasion in a concentration-dependent manner. Aspirin could
almost completely block the biological function mediated by c-Met activation at the concentration of 4 mmol-L",
and this effect was independent of HGF. The above results indicate that aspirin can bind to c-Met, thereby blocking the
biological effects mediated by HGF/c-Met, and inhibiting tumor metastasis. This study revealed the new biological
function of aspirin, and provided a new theoretical basis for a comprehensive understanding of the anti-metastatic
effect of aspirin.
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Figure 1 Molecular dynamics (MD) simulations and docking analysis of the binding pose between aspirin with cellular-mesenchymal-
epithelial transition factor (c-Met) protein (PDB ID: 7B44). A: 3D protein-ligand binding pose between c-Met and aspirin; B: 2D protein-

ligand interaction between c-Met and aspirin; C: RMSD curves of conformational changes of c-Met and aspirin in MD simulations; D:

Contribution of each amino acid residue in c-Met protein to its interaction force with aspirin binding
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Figure 3  The inhibition effect of aspirin on c-Met kinase

activity. A: Aspirin could reduce c-Met kinase activity with IC,, =
0.95 mmol-L"'; B: Dose dependent inhibition of c-Met kinase

activity by aspirin
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Figure 4  Aspirin suppresses c-Met phosphorylation and down-
stream signaling in SMMC-7721 cells. Aspirin inhibited hepato-
cyte growth factor (HGF)-induced c-Met phosphorylation and its
downstream signaling in SMMC-7721 cells. Cells treated with
aspirin for 2 h following HGF stimulation for 15 min were lysed

and subjected to Western blot analysis
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Figure 5 Aspirin inhibits HGF-induced MDCK cell scattering. Cell scattering by MDCK cells induced by HGF were dose-dependently
inhibited by aspirin. Representative images from three separate experiments are shown. A: No treated; B: Treated with HGF; C-E: Simulta-

neous incubation of aspirin and HGF; F-H: Incubation with HGF after aspirin withdrawal. Scale bars: 100 pm
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Figure 6 Aspirin significantly inhibited HGF-stimulated invasive cell growth. The MDCK branching morphogenesis on collagen induced
by HGF was inhibited by aspirin. Images were obtained 5 days after treatment. Representative images from three separate experiments are

shown. Scale bars: 100 pm

HGF, AW FUAE 40 i 7 B g A MR A e A2 sk e PR, HL A £ P 55 0 ) DT AR FEAR MR AR 0% o 3K
BOE 7T VLR PIAC B AL N L. S5 RO, diER S5 RAEAIE 1 6 =] DG MK B 82 4 ) T c-Met 2 T BH i
T Ak PR BT ] DCAR =, 20 I i B HGF R RE BEAR SR HGF/c-Met Sl R U o ASBIF FE3E — 2 SR L Bl v 1 A



+ 2992 - 252453 Acta Pharmaceutica Sinica 2022, 57(10): 2985 —2994

A B Control C HGF
SMMC-7721

100:
= W 24h
S 80 [
8
Ew =
£ 20
:e 20
E

0
025 05 1 2 4
Concentration/mmol-L"
D HGF E HGF E HGF
+ + +

Aspirin 2 mmol 'L Aspirin 4 mmol-L"!

Aspirin 1 mmol'L"!

=
.S
=
k)
s
G H HGF 1
Aspirin 1 mmol-L"' withdrawal 48 h Aspirin 2 mmol L' withdrawal 48 h Aspirin 4 mmol-L"' withdrawal 48 h
J Control K HGF
g
L M N g
HGF HGF HGF Z
+ + +

Aspirin 1 mmol-L"!

Aspirin 2 mmol-L"! Aspirin 4 mmol-L"!

Figure 7 Aspirin prevents HGF/c-Met-induced hepatocellular carcinoma cell SMMC-7721 migration and invasion. A: SMMC-7721 cells

were treated with different concentrations of aspirin, cell viability was measured by SRB assay; B-F, J-N: SMMC-7721 cells were treated
with HGF and different concentrations of aspirin; G-1: SMMC-7721 cells were pre-treated with aspirin for 48 h, then cells were incubation

with HGF after aspirin withdrawal
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Figure 8 Aspirin prevents HGF/c-Met-induced human squamous carcinoma cells A431 migration. A: A431 cells were treated with different

concentrations of aspirin, cell viability was measured by SRB assay; B—F: A431 cells were treated with HGF and different concentrations of

aspirin
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