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Abstract

Object:

The aim of this study is to investigate the specific mechanisms by which mesenchymal stem cells (MSCs)
regulate the proliferation of lymphatic endothelial progenitor cells (LEPCs).

Methods:

1. MSCs and LEPCs were extracted and cultured from bone marrow of C57BL/6 J mice.

2. The multidirectional differentiation ability of MSCs was detected by induction culture and cell
staining, the tube-forming ability of LEPCs was detected by matrix gel tube-forming assay, and the surface
markers of cells were detected by flow cytometry and immunofluorescence to identify MSCs and LEPCs.

3. The effects of MSCs and insulin-like growth factor 1 (IGF-1) on the proliferation of LEPCs were
detected by CCK-8, EdU assay, and the effects of MSCs on the apoptosis of LEPCs were detected by flow
cytometry and Western blot assay.

4. Elisa assay for the detection of IGF-1 in the culture medium of MSCs and LEPCs, CCK-8 and EdU
assay detected the effect of IGF-1 on the proliferation of LEPCs, and flow cytometry detected the effect of
IGF-1 on the cycle of LEPCs.

5. The effects of IGF-1 on the PI3K/AKT/mTOR signaling pathway in LEPCs were detected by RNA
sequencing and Western blot experiments. After treating LEPCs with PI3K/AKT/mTOR signaling pathway
inhibitors combined with IGF-1, the proliferative ability of the cells was detected by CCK-8 and EdU
assays.

6. Analyzing the effects of IGF-1 and mTOR pathway on metabolites of LEPCs by targeted mass
spectrometry, and Western blot experiments were used to detect the expression levels of the ribonucleotide
reductase-related proteins RRM1 and RRM2 in LEPCs.

Results:

1. MSCs extracted from mouse bone marrow were in good proliferation status; flow cytometry results
showed that MSCs were positive for the surface markers CD29, CD44 and Sca-1, and negative for CD45
and CD11b; MSCs could be successfully cultured in specific induction medium for lipogenic differentiation,
osteogenic differentiation and chondrogenic differentiation.

2. LEPCs extracted from mouse bone marrow showed endothelial cell-like growth; LEPCs expressed
both the stem cell marker CD34 and the lymphatic vessel endothelial cell marker VEGFR-3; LEPCs were
positive for UEA-I-FITC binding and uptake of Dil-Ac-LDL; LEPCs expressed the lymphatic vessel
endothelial cell marker LY VE-1; cultured on stromal gel LEPCs were able to form stable tubular structures.

3. MSCs could promote the proliferative ability of LEPCs at 24 h, 48 h and 72 h (t=11.693, P<0.001;
t=42.414, P<0.001; t=7.473, P=0.002); MSCs decreased the ratio of apoptotic proteins Bax and Bcl-2 in
LEPCs (t=13.996, P<0.001 ), and decreased the total apoptosis rate in LEPCs (t=3.617, P=0.022).

4. Elisa results showed that the content of IGF-1 in the conditioned medium of MSCs was significantly
higher than that in the conditioned medium of LEPCs (t=17.861, P<0.001); IGF-1 promoted the
proliferation of LEPCs in a concentration-dependent manner at 24 h, 48 h and 72 h (F=39.911, P<0.01;
F=295.865. P<0.001; F=187.840, P<0.001); IGF-1 affected the cell cycle of LEPCs and promoted their



S-phase progression (t=4.766, P=0.009); and the results of CCK-8 and EdU both indicated that blocking
IGF-1 in the co-culture system of MSCs-LEPCs using a neutralizing antibody reversed the pro-proliferative
effect of MSCs on LEPCs (F=172.534, P<0.001; F=98.167, P<0.001).

5. KEGG functional enrichment analysis showed that after IGF-1 treatment of LEPCs, the differential
genes between the comparison groups were significantly enriched in the PI3K/AKT signaling pathway; the
results of Western blot experiments showed that IGF-1 significantly elevated the phosphorylation levels of
the key proteins of the PI3K/AKT/mTOR pathway, AKT and S6, in the LEPCs (t=12.109, P<0.001;
t=113.887, P<0.001), and MSCs also significantly elevated the phosphorylation levels of AKT and S6 in
LEPCs (F=911.916, P=0.001; F=84.791, P<0.001), whereas, after neutralization of IGF-1 in the
MSCs-LEPCs co-culture system, the activation effects of MSCs on AKT and S6 phosphorylation activation
effects were reversed (F=911.916, P<0.001; F=84.791, P<0.001); both the PI3K signaling pathway
inhibitor LY294002 (P<0.001) and the mTOR signaling pathway inhibitor rapamycin (P<0.001) reversed
the pro-proliferative effects of IGF-1 on LEPCs.

6. The results of targeted metabolomics suggested that IGF-1 and the mTOR pathway were involved in
influencing the levels of some nucleotide metabolites in LEPCs; IGF-1 could significantly affect the
expression of AMP (F=8.359, P=0.002), ATP (F=10.385, P<0.001) and GTP (F=7.624, P=0.001) in LEPCs.
The mTOR pathway inhibitor rapamycin partially reversed the elevating effect of IGF-1 on ATP expression
(F=10.385, P=0.007); IGF-1 significantly increased the expression of RRM2 in LEPCs (F=130.084,
P<0.001), and rapamycin reversed this effect (F=130.084, P<0.001).

Conclusion:

1. MSCs can promote the proliferation and inhibit the apoptosis of lymphatic endothelial progenitor
cells.

2. IGF-1 secreted by MSCs promotes the proliferation of lymphatic endothelial progenitor cells through
the PI3K/AKT/mTOR signaling pathway.

3. IGF-1 and mTOR pathways are involved in influencing the levels of nucleotide metabolites in
lymphatic endothelial progenitor cells.

Key words: Mesenchymal stem cells; Lymphatic endothelial progenitor cells; Cell proliferation; IGF-1;
PI3K/AKT/mTOR
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