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The Research about the Regulation of Mesenchymal Stem Cell Exosomes on

Sodium Transport of Lung Epithelium

MAO Kejun, LIU Yanhong, HUA Yu, HAN Aixin, DING Yan, NIE Hongguang*
(Department of Stem Cells and Regenerative Medicine, Basic Medical College, China Medical University, Shenyang 110122, China)

Abstract This study discussed the regulation of BMSC-exo (bone mesenchymal stem cell-exosome) de-
rived from mouse on alveolar epithelial sodium transport disorders caused by lung injury. The exosomes from the
conditioned medium of BMSCs were isolated and their morphology, structure and size were identified by transmis-
sion electron microscopy. The cultured H441 cells, the classical lung epithelial cell line, were treated with lipo-
polysaccharide or exosomes, respectively. The expression of sodium ion channels at mRNA and protein levels in
H441 cells separately was detected by qRT-PCR and Western blot. The results of this study showed that the protein

expression levels of a-, y-ENaC in the group combined exosomes and LPS were significantly increased compared
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with the LPS-treated group. Besides, the mRNA expression levels of the a-, -, and y-subunits were also signifi-
cantly increased. In addition, our results also showed that the expression of miR-199a-3p in LPS-treated H441 cells
was significantly decreased. Compared with the LPS group, miR-199a-3p expression was significantly increased in
the exosome treatment group at 20 pg/mL. Compared with negative control group, the expression levels of a- and
v-ENac in H441 cells transfected with miR-199a-3p mimic were significantly increased, while those of miR-199a-
3p inhibitor group were significantly decreased compared with inhibitor negative control group. The prediction of
the website showed that mTOR (mammalian target of rapamycin) was the direct target of miR-199a-3p. mTOR
protein expression of the group transfected with miR-199a-3p mimic was significantly lower than the negative con-
trol group, while mTOR expression of the group transfected with miR-199a-3p inhibitor was significantly increased
compared with the inhibitor negative control group. The above results suggest that BMSC-exo may participate in
the mTOR pathway through miR-199a-3p to regulate the expression of sodium ion channels in alveolar epithelial
cells to promote the ion transport in pulmonary epithelium, which may further improve the clearance of pulmonary

fluid under pathological conditions and participate in the treatment of clinical acute lung injury and other related

edema lung diseases.
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NASHERLLYT . miRNAsHI 5 . miRNAsHI ]
I H Genepharma’y 7] ; H AR H 3
Sigma /A & .
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HRER R T . 137 °C. 5% COLREFE4H h% 5%,
24~48 h)5 #i, 5 BE R 3



B & 18] 78 5T 4 e M AT il T B B 5 1 e a2 il i A I 371

1.3 SNBERI D EREE

W 265 —ARK 22 80% 1)1 i 7] 78 53 141 i i PBS
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AN AR FI LPS 4 S Ab 3 HA4 1 i 5, %
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SEUG FH HA4 140 FBE ML /3 440 58 148 6 i
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3'(_L¥#), 5'-TTC CTC CCG GAC TGT TTG AC-
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%):5'-GCA CCG TTC GCC ACC TTC TA-3'( Lt
%), 5'-~AGG TCA CCA GCA GCT CCT CA-3'(F
W), GAPDHJY-%): 5'-UUC UCC GAA CGU GUC
ACG UTT-3'(_Ei#), 5'-ACG UGA CAC GUU CGG
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CAG ACU UAC GUU U-3'(F¥f). M A SYBR
Premix Ex Taq I kit & #ETqRT-PCRIX M. o [
G4 R 95 °CTAEME30 s; 95 °C 5's, 60 °C 34 s,
40MEH . BL U6RIEANE NN S 45 € miR-199a-3p
(PR IA &, K2R E AT A I HT
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JANC(negative control)4, 5241 mimic(miR-199a-
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FLtR, 137 °C. 5% COIEFRM T HEd% 6 hiF, #
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Western blotHf Rl miR-199a-3pXf a-+ y-ENaCZx
R 7L 30 ) B 0 5% 2= %8 22 ) (mammalian target of
rapamycin, mTOR) & [ IA [ 5210
1.9 FitZ=4iE

Western blot & J& {8 5% FH Image J#{:4b 3, qRT-
PCRF1Western bloti2 56 H i 44)°K FH SPSS#AF Ab B, 512
B2 R HIME HhaifE 2 (ers) o, 2HIR) UK ok
59, S50 45 R SPSS 2283k 47 22 5% 73 47, FHOrigin
8.0 B, P<0.05F R Z R AA Gt 58 .
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The enlarged image of exosomes is shown in the black box.
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Fig.1 The identification of exosomes by transmission electron microscopy
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The wet and dry lungs of mice were weighed and their wet to dry weight ratios were calculated. *P<0.05 compared with Control group; ¥P<0.05

compared with LPS group.

[E2 BMSC-exoff 32 T LPSIE S/ FR B9 2 M A7k B

Fig.2 BMSC-exo improves LPS-induced acute pulmonary edema in mice
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A: F| FH Western bloth REHIIBMSC-exo b #HA4 14 it 5 a-ENaCHE (138 IE /K 1 %617 ;s B: 0-ENaC & (MK G118l C: R 1 /&BMSC-exo
A FEHA41 200 JEy-ENaC & [ 4671 B; D: v-ENaC R [ 2 AR SR il Bl . *P<0.05, **#P<0.01, 55 Control4i LL%; “P<0.05, SLPSA L4 .

A: the band diagram of Western blot to analyze the effect of BMSC-exo

on the expression of 0-ENaC protein in H441 cells; B: grayscale statistic of the

a-ENaC strip; C: the band diagram of Western blot to analyze the effect of BMSC-exo on the expression of y-ENaC protein in H441 cells; D: grayscale
statistic of the y-ENaC strip. *P<0.05, **P<0.01 compared with Control group; “P<0.05 compared with LPS group.
B3 SR MLPSA IR HA41 MM F -, v-ENaCERRIFRIA

Fig.3 Exosomes increases the expression of

FATHEM 1% 2 bl K AR BT S EUW . BRI,
BAT#E— @ L qRT-PCREZIGHF 7T T LPS% S 11
a-ENaC. B-ENaCHly-ENaCHE:F KV 1k,
Kl 4, AT qQRT-PCRELARIGAE T 76 A 7] 4%
{403 R ENaC A A 2 mRNAZK IR IE,
iR PN, SHMXNTRAML, LPSHR a-ENaC.
S-ENaCHl1y-ENaCt] mRNA 7K V- 1) 22 15 45 52 BB
a3 (P<0.058P<0.01); #MAI % T LPSALFEZH

the o-, 7-ENaC proteins in LPS-treated H441 cells

a-ENaC. B-ENaCHly-ENaCf] mRNAZ % AL I
W, HER BRI FE L (P<0.0584 P<0.01, K 4);
R, FRATTHEI BMSC-exom] LAIE IS #4 11 a-ENaC .
B-ENaC. y-ENaCHJHE R K F33t i 52 = H 8 K -F
(MRIE, AP AN B I8 IE 1) %z R
2.5 FREREINDAETT A+ miR-199a-3pAIFRIA
L B4 BIATRBL, BMSC-exon] fg il it
7T a-ENaCHl y-ENaCilV & 1) 2 /K PRk, PLE
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EXO EXO+LPS
*P<(.05, **P<0.01, 5 Control 4 LL:; “P<0.05, ““P<0.01, 5LPS4L L .

&&

Control  LPS EXO EXO

*P<0.05, **P<0.01 compared with Control group; “P<0.05, *“P<0.01 compared with LPS group.
El4 SR T LPSA BRI H441 48R a-ENaC. B-ENaC. y-ENaC mRNAZKFHIFRIA
Fig.4 Exosomes increases the mRNA expression levels of a-ENaC, f-ENaC, y-ENaC in LPS-treated H441 cells

a-+ B-+ y-ENaC{E mRNA K- I 1 38 18 Sk X} td 3%
LPS% 3 1) ALIZH M BLAY | T A Wb A x — JE v A
%% mRNA. miRNA. EASEZHMIREEDR, A
TF FC 58 H AN IR AL B miRNA W] B2 5 18 3544
HTIEIED, fEARSZIGH, FATE SN A Miranda il
TargetScan5 22 A T A X miRNAEAT T T, i
i% H AT RE 5 ENaCHH 2% [ miRNAS, I H.45 5% <4k
18, ATEEL T —FhBEAFAE T BMSC-exoH X A g
X ENaCA i 5 /E Fl ity miRNA Bl miR-199a-3p 4T T
FHOC BRI FE Y FRATTHEAS (R VR B I A bk 43 il 45 T
LPSALZR 1) H44 140 /i, A5 H X miR-199a-3p Rk i
oM. SRR, LPSAREE ) H441 41 g # miR-199a-
3p ik B2 PR (P<0.05); 58 LPSALF 4 41
b, W20 pg/mLF AR 4b BEZH H miR-199a-3p
MR B ENTE, 25 BA g E L (P<0.05,
Kl5).
2.6 ¥%ZmiR-1992-3pAIH44140fE+ a-. y-ENaC
FMmTOREBHHTRIA

miR-199a-3p ] f % 5 ENaCill i 25 [ 1935,
AT miR-199a-3p ) mimic A1 17 4 51 % G 21|
AL, A AL YR . BT Western blotFi AR A
I miR-199a-3pX} H441 411l -\ y-ENaCHt H &L

oM. 5B M R (NC) LA L, miR-199a-3pAifil
) (mimic)ZH ¥ H44 140 a-. y-ENaCHz AR IA T
Z T+ (P<0.05); miR-199a-3p#lii| 741 (inhibitor) 5
H I (inhibitor NC)AHLL , H44140 1 a-. y-ENaC
EARLRE, ZR7 BG4 E L (P<0.05). LA
AR BN miR-199a-3pfEfs L o-. y-ENaCZ&
HRIEAKE (B 6)o i It - A5 43 B ANk T A 30
mTORJE miR-199a-3p L H, W 7R, gy
miR-199a-3p mimicH! miR-199a-3p inhibitor#| H441
M, i@ Western blotSZE6 46 T mTOR K &
FIA, 5HIPEXIE (NC)4AR H , miR-199a-3piEidil
) (mimic)ZH ¥ H44 141 g mTOR & [ 14 18 3 %
i, HZ 5 BA g0 222 L (P<0.05); miR-199a-3pfll
#ill37112H. (inhibitor)5 H Xt i (inhibitor NC)AH LL , H441
T mTOREHREHm, HEAEEMEER
(P<0.001).

3 g

L RAR, A [R] 28 R 20 g 43 9k ) A AR v T
B 5 W R TRV 2 AN [F A o, WA
JE . mRNAFImiRNAZE, 153 T A2 0 7L 1)
FVER, A Sz FIBMSC-exoit FLPS1% 5 fALI
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Fig.5 Effects of different concentrations of exosomes on the expression of miR-199a-3p in H441 cells

(A) (B) 23 )
= 2.0
5
— 100 kDa ¢ |
a-ENaC s s - 70 kDa % 1.5 %7
VENGC |00 kD0 Z 10; / .
B-actin W SIS M SR 43 kDa © 0.1 /
< ) %Q .i@‘ 0,‘ //
% ‘@N& 0‘ éo IRe)
RSENS & & ®
\6& S .*\o‘ N
©) & ®
&
2.0
1.5 *

vy-ENaC/B-ENaC
=

e
W

& &

A: Western blotﬁzﬂiﬁffﬁmiR-199a-3px?H441251 i a-ENaC. y-ENaC 2 [15RIE K2 ) 2471 B; B: o-ENaCHE FIFRIAMZE 1T El; C: y-ENaCHE
HFRIEIIGTE . *P<0.05, 5NCALLLH; “P<0.05, HLPSAH L.
A: the band diagram of Western blot to analyze the effect of miR-199a-3p on the expression of y-ENaC and a-ENaC proteins in H441 cells; B: sta-
tistical analysis of the expression of a-ENaC protein; C: statistical analysis of the expression of y-ENaC protein. *P<0.05 compared with NC group;
“P<0.05 compared with LPS group.
El6 #%#miR-199a-3pHIH44128fFHa-ENaC. y-ENaCZE B RIEHILE
Fig.6 Changes of a-ENaC and y-ENaC protein expression in H441 cells transfected with miR-199a-3p
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A: Western blot showed that miR-199a-3p decreased the expression level of mTOR protein in H441 cells; B: the corresponding statistical analysis;

*P<(.05 compared with NC group; “““P<0.001 compared with LPS group.
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Fig.7 Expression of mTOR protein in H441 cells transfected with miR-199a-3p
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