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Abstract : [ Objective ] To investigate whether mesenchymal stem cells (MSC ) can alleviate acute lung injury by
inducing alveolar macrophages to polarize to M2 phenotype. [Methods] Umbilical cord MSC was extracted by adherent
method and cell phenotypes were analyzed by flow cytometry. The differentiation along osteogenic and adipogenic pathways
were assessed by histological staining in vitro. Mouse alveolar macrophage cell line (MH-S cells) which was stimulated
by LPS was isolated co—culture with MSC and MSC soluble factor inhibitor was added. We set up three groups (LPS,
LPS+MSC, and MSC inhibitor ). After being cultured for 48 hours, the macrophage polarization was analyzed by flow
cytometry and qPCR. Thirty balb/c male mice were randomly divided into control group (n = 10), ALI group (n = 10),
and ALI+MSC group (n = 10). LPS was instilled intranasally to establish acute lung injury model in mice. After treatment
with MSC for 48 hours, HE staining of lung tissue was performed for damage assessment. The alveolar lavage fluid
(BALF ) was obtained and the cells in BALF were analyzed by flow cytometry and qPCR to detect the expression of
M2-type macrophage markers including CD206, 1110 and Argl. The concentration of M1-type macrophage marker TNF-a
in the supernatant was measured by ELISA. [ Results ] MSC showed adherent growth and had the ability of osteogenic
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and adipogenic differentiation. MSC can induce MH-S cells to polarize to M2 type and with a significant increase of

CD206 positive proportion cells (P<0.05). Prostaglandin E2 (PGE2) inhibitors can reverse this effect. Mouse ALI

model was successful. After treatment with MSC, the pathology and lung injury score was significantly improved. The pro-

portion of CD206 positive macrophages in alveolar lavage fluid in ALI+MSC group was significantly higher than that in
ALI group. The expression of CD206 and IL-10 in mRNA level was significantly higher in ALI+MSC group than that in

ALI group. The concentration of inflammatory cytokine TNF-a in alveolar lavage fluid was significantly lower in the ALI+

MSC group than in the ALI group (P<0.05). [ Conclusion] Umbilical cord mesenchymal stem cells can effectively allevi-

ate acute lung injury induced by LPS in mice via PEG2 to induce macrophage to polarize to M2 type.
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Table 1 Gene names and primer sequence used for quantitative RT-PCR

Gene names Forward primer sequence Reverse primer sequence
GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
INF-a CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
CD86 TGTTTCCGTGGAGACGCAAG TTGAGCCTTTGTAAATGGGCA
CD206 CTCTGTTCAGCTATTGGACGC CGGAATTTCTGGGATTCAGCTTC
IL-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG
Arg—1 CTCCAAGCCAAAGTCCTTAGAG AGGAGCTGTCATTAGGGACATC
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A': Adherent and spindle—shaped cells of MSC, X200. B: Alizarin red staining, X200. C: Oil red staining, X200. D: Flow cytometry showed
that CD29, CD73, CD90, CD105, CD166, CD44 were expressed on the surface of hUMSC cells, and CD34, CD45 were not expressed.
B1 B MSCHES RBMMESHENEERREINIEE
Fig.1 Identification of morphological, osteogenic and adipogenic differentiation capacity and surface markers of
umbilical cord MSC
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Table 2 Relative expression levels of IL—10 and Argl
mRNA in MH-S cells

Groups n 1L-10 Argl
LPS 3 3.68+0.05 0.67+0.01
LPS+MSC 3 14.50+0.43 3.52+0.56
i 24.74(¢") 49.48
P 0.001 <0.0001

LPS: lipopolysaccharide ; MSC: mesenchymal stem cell.
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A-B: Contrast to LPS group, the proportion of CD206 positive cells increased significantly. C=D: The level of IL10 and Argl mRNA in ALI+

MSC group is significantly higher. E: The proportion of CD206 positive cells in the PGE2 inhibitor group was significantly lower than that in the LPS+

MSC group. 1)P < 0.05 vs LPS group. 2)P<0.01 s LPS +MSC group.

B2 MSC7EASMES MH-S 4080 = M2 BUAR{L , BT 5 BRE E 2 31 7] 48 2 % AE
Fig.2 MSC induce MH-S cells to polarize to M2 phenotype in vitroand prostaglandin E2 inhibitor can reverse the effect
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Control ALI

159 1)

10 A

lung injury score

ALI+MSC Control AL ALI+MSC

=

B

A: Hematoxylin and eosin staining of representative lung section from each group (X200). B: The lung injury score was significantly lower in

ALI+MSC group. 1)P <0.001 vs control group; 2) P <0.01 vs ALI group.

3 MSCX LPSiESH/NR 2 AR 05 7R I8 F B B R0
Fig.3 The effects of MSC on histopathological changes in LPS—induced ALI in mouse
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Table 3 Relative expression levels of CD86, TNF—a, CD206 and IL-10 mRNA in BALF cells (x+s)

Groups n CD86 TNF-a CD206 1L-10
ALL 3 2.97+0.31 1.7620.05 0.56+0.12 0.59+0.03
ALI+MSC 3 0.88+0.03 0.57+0.10 10.62+0.43 83.3324.05
t 6.695(t") 22.13 20.41(t")
P 0.021 <0.0001 0.002

ALI: acute lung injury ; MSC: mesenchymal stem cell.
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A-D: Flow cytometric analysis of percentage of CD206 and INOS positive cells in BALF macrophage. 1)P < 0.001 vs ALI group. E: Detection of

CD86, TNF-a,CD206 and IL-10 mRNA in BALF macrophage. 1) P < 0.05 vs ALI group. F: Concentration of TNF-a in BALF. 1)P <0.01 vs ALI group.
El4 MSCREFES2MEMBG /N REELRPH M EERAEILES

Fig4 MSC can induce M2 macrophage increase in bronchoalveolar lavage fluid of mice with ALI
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