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Abstract

Objective: It was confirmed that autophagy is involved in the induction of mouse bone mar-
row-derived mesenchymal stem cells (MMSCs) into the alveolar epithelium (type II alveolar epi-
thelial, AT II). Methods: MMSCs and MLE-12 combined with small airway medium (SAGM) were
co-cultured to establish a model of in vitro induction of differentiation of MSCs into lung epithelial
cells. The classical Wnt pathway was activated or inhibited by LiCl or DKK-1, respectively. The ex-
perimental groups were as follows: a. MSC group: MSC was cultured alone; b. MSC+MLE group: MSC
was co-cultured with MLE-12; c. MSC + MLE + LiCl group: MSCs were co-cultured with MLE-12 and
given 4 mL LiCl to activate the classical Wnt pathway; d. MSC + MLE + DKK-1 group: MSCs were
co-cultured with MLE-12 and given 200 ng/mL DKK-1 to inhibit the Wnt classical pathway. West-
ern blot was used to detect II type alveolar epithelial cell marker surfactant protein (SP) C on day
7 of induced differentiation to evaluate the differentiation of MSC to type II alveolar epithelial cells.
The expressions of autophagy-related proteins (LC3B and Beclin-L) on the 1st, 3rd and 7th day of
differentiation induction were detected. Results: Compared with MSC alone culture and co-culture
with MSC and MLE-12, the expression of SP-C was increased when LICL was added in co-culture (p
< 0.05). Compared with MSC alone culture, MLE-12 co-culture and co-culture with the addition of 4
mL LiCl, SP-C expression decreased after the addition of DKK-1 (p < 0.05). The expression of auto-
phagy related proteins (LC3B and Beclin-L) at the 1st, 3rd and 7th day after induction of differen-
tiation was detected by Western blot. Compared with MSC alone culture, the expressions of Bec-
lin-L and LC3-II/I were increased when LiCl was added in co-culture (p < 0.05). The expression of
Beclin-L and LC3-1I/I decreased after DKK-1 co-culture compared with MSC and MLE-12 (p < 0.05).
Conclusion: Activation of classical Wnt pathway promotes differentiation of MSCs into lung epi-
thelial cells, and activation of classical Wnt pathway increases autophagy level of MSCs.
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1. 518

SMENI £0G8 25 A1 (acute respiratory distress syndrome, ARDS) 2 H Uy 1 it 7K ik 51 A2 Fr) 2 g
HIRLEAAE. 5 ARDS KA G o W IG5 & 4 B PE AN R VET 28 . VP I8 SR A R
A ARV EEE . P AR B ARG, D RAR R A2 R B G| [1]. SRR I L
EAERIZ W bR AERE A I 18] RO HERS 2B T840 HRTAIE O 2012 SE IR AR E S (Berlin definition) [2], 1%
E SRS = EERRE, AR TR ERRE R B AN EE AR AR 1) TR
e PR G5 1 P H B IR 1 SO BRI IR s 2) IS X 2R BT CT AR 58 AR AR fifi
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HES %

P/ 25 B R SUE ok s 3) AN B 564 HH o JUE 3 v B A R A R R WP IR s it . U IEAT T LR IR
5 H BE %A A 2K) ARDS 2540971 BARCAHN. 7 — SRR H 578, {5 ARDS {548 B A Bkt
AL Ar fER[3] [4]. Kk, ARDS [R1VA YT {15 SR A7 1E 5 5 R %k

B8 T4 AR A K TR, (6 18] B T4 (MSC) B A2V TT ARDS HIMR A 2 U T T8 it -
FATHT SIS T A IRUEIR YT MSC 3\ ARDS /) BB ZY ] UK ILAE S 4% H i 20 2R 8 45 K & MSC 17
Jifi b R AR oAk, AR i A B E 5] [6]. Bt 2 SR I F ELE MSC 23k Hr k3 EHT . MSCs
HH ) [ W R T AT Re s e G ) 22 R AT RS R AR JT,  RRCI S AN A G B . R AN D BR . 1 R 78
T4 it b At R AR RS, JIAE . BRI A SEIR A FE/NETE MSC A fitiie b R 44
JH A3 A AR R A X R AERE A . S8 MSCORIIT b 40 ML R, G AR R4 Wint 48 B R
XA W A, A Wint £ L B R 45 MSC il B E Mot R AR 2 .

2. MBI 5MRA*E
2.1. SCIS4MpR

/NI _E B2 40 B (murine lung epithelial, MLE-12 4Hi1), 6 & FF 140 %

/NER A 78 5 T4 (mMSCs), >KiET- C57BL/6 /N #E, T Cyagen Biosciences, Inc. (Guangzhou,
China).
2.2. LGSR

a) MSC 4: MSC HJplEs 7%,

b) MSC + MLE #41: MSC + MLE-12;

¢) MSC + MLE + LiCl Z: MSC + MLE-12 + &% 4 mmol/L [¥) LiCl #5454t Wt Ji# % ;

d) MSC + MLE + DKK-1 41: MSC + MLE-12 + ¥ /& 20 ng/mL [¥) DKK-1 i £ i Wit 3# 1% .

23. MIRA=E

MSC 5 fifi |- Bz 40 45 & /N IE H IR 5L (SAGM) IE B IR K 22 1A M7 3 MSC [l il Bz 240 ffa 70 A R AR Y
iR LiCH % e DKK-1 FHIT Wt 28 i %, W% MSC [ iy _E B 2 i 73 A A v i 42 22 ik Wint G
Xt MSC 1 E M R

2.3.1. #iN4mAE B R
WIEES 1. 3. 7R, iEH western blot £l MSC A MEARIC & LC3-1. LC3-11 & Beclin-1 £ik.

2.3.2. ¥t MSC EIfm4ERERI L IER
Rt Ja 56 7 Kiz A western blot FEl| 355 #2448 R R = i T 40405 MSC 19 11 By b Rz 40 s
L8 A SP-C & HRIEE M.

2.4. GTFESH

N FH SPSS BAFIATEHE T, BIELLX +5s FIR, p<0.05 AEFAG IR L.
3. KIEHR
3.1. S

B RE T MSC 5 MLE-12 BB, w43 A2 R LB T~ MR IE B = MIE I MSC 41, DK
BN AR NS A RS MLE-12 (LI 1(A). E 1(B)).
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A MSC B MLE-12
A. mMSCs 7E)64%(x100) FIEZS; B. MLE-12 765645 (x100) FIE 4.

Figure 1. Morphology of mMSCs and MLE-12 under light microscope
1. mMSCs, MLE-12 £ TR

3.2. MSC [ MLE-12 93k

LER b R A S A/ NV RS 7R3 (SAGM) 5 MSC JERE R4 AL ak |, d@id LiCl #u% sk DKK1
FEIT Wit 22 iuideg, MR HEs 1.0 3. 7 Rt MSC [rjfitiifl b e 4 it oAb o S bl 23 R it
(3G, SNSRI IS R I, S A SR AR v R TR R B = A TR I AT 4 A0 PR R AR D Bl B A AR TR 2
R AR AR o [FIESAELIR] LU 7 KRB N AR, R LICH 0E Wnt 22 BB PR R SEIR 4, B
R AT REAN BT A & AR 22 o 1 i DKL FELIFT Wint 28 3138 2% 1R s2 36 41 b, 485 R R Al IR TR I 365,
RS AR _E R WO EL 2(A)~(D)).

A, F A4 mMSCs 78R 7 R eHE(x100) TR B. MLE-12 4t 3454 SAGM 55 mMSCs 73k 7 K564 (x100)
NIEA: C. MSC + MLE-12 + ¥ 4 mmol/L ) LiCl 2£55 57 7 K5 J64(x100) FJEZS; D. MSC + MLE-12 + ¥ £ 20 ng/mL [¥) DKK-1
RS 7 RIEHE(x100) FIEZS

Figure 2. Morphological changes of MMSCs after differentiation into AT |1 cells
2. mMSCs [a] AT Il RS LIRSS T

3.3. Wnt B E9EY mMSCs a1t LB RS L

ATy 5% 4 mmol/L ) LiCl, 200 ng/mL DKK-1 b fii b 2 4045 & /Nl R 953 (SAGM) 5
MSC 5 7R RE 7R AL R K75 9% 7 K, Western blot 545 SP-C, MSC 5 MLE H:E5#54¢ MSC HAltl: 77
[f] SP-C FKiLHEM(p < 0.05); 5 MSC HpliEs3: &5 MSC. MLE-12 fER5 M bba:, 57 mA LiCl
i SP-C KA in(p < 0.05); 5 MSC 7%, 5 MLE-12 JL853% & 5555 h A 4 mL LiCl AL,
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0

HES %

M DKK-1 J5 SP-C KA T (p < 0.05). Z5H3RH, LiCl #iS4# Wit 3@ R 3 mMSC 7 fili b 57 41 g
O34k, ] Wt 3 B k2> MSC 1 fiti_E Rz 4R Ak (L 3).

2.0 = MSC
15 # mm MSC+MLE-12
: I B MSC+MLE-12+LICL
SP-C  =— ani SN o 9o MSC+MLE-12+DKK-1
% .
) 05
B=actin - — —
0.0 - -
O @ )

‘I*TH:QO

O Q& v N N
9 N O : Y
N & ¥ ¢ 5 &
I ;T S
¥ N ¢ g ¥ &
9 N
< X o
v ¥ ¢

Western blot yE4& Il MLE-12 40 il 45 & SAGM %5 mMSCs 1] AT I 4020 AL ARl 1] mMSCs H pro-SPC B HHI#Ki%. (n=3; p<
0.05 VS MSC; #p <0.05 VS MSC + MLE-12; &p <0.05 VS MSC + MLE-12 + LICL).

Figure 3. The effect of classical Wnt pathway on the differentiation of MMSCs into AT 1l cells
3. 281 Wnt i&1ZXF mMSCs [a] AT Il 4B 53 L B9S2 N

3.4. ARERYEMEKE

TEIEEFR 455 SAGM 5% MSC (7] AT 1 Al 73 A 72, hiN 4 mmol/L ) LiCl 0% MSC 14
#Wnt B3, LI 200 ng/mL DKK-1 i) Wit 3@ . 383t Western blot yZA M5 S 04055 1. 3. 7
K E WA 11 (LC3B K Beclin-l){1#ik & Bl 5 MSC B 7741 LU, 2615 5% Fhn N LiCl i Beclin-I.
LC3-11/1 FKikH 0 p < 0.05); 5 MSC. MLE-12 JER53R M LAL, SER%9 A LiCl i Beclin-l, LC3-11/I
FLATAREE N p < 0.05), M I DKK-1 J5 5 MSC.MLE-12 £ 53 41 L #%, i\ DKK-1 J& Beclin-1.LC3-11/1
FiL FF(p < 0.05); S50 LiCl tb#¢ Beclin-l. LC3-11/1 ik T F#(p < 0.05). 45 %W LiCl iF1L4 it Wit
WA, AN E VA ICE AFRIER N, 1 DKK-1 #08] Wit 3421 [ WA < 8 3 Rk R RROLE 4).

. MSC
| MSC+MLE-12
B MSC+MLE-12+LICL
MSC+MLE-12+DKK-1

mm MSC

m MSC+MLE-12

B MSC+MLE-12+LICL
MSC+MLE-12+DKK-1

TIME

Western blot yEll 2 33572454 SAGM 5 MSC 7] AT 1 40501k 1. 3. 7 d BF MSC 1) HBgFRId B 17 LC3-1. LC3-11 /% Beclin-1
K8, (n=3;p<0.05VSMSC; *p<0.05VS MSC + MLE-12; ®p < 0.05 VS MSC + MLE-12 + LICL).

Figure 4. The effect of Wnt classical pathway on autophagy by regulating MSCs differentiation to AT I cells
4. Wnt ZELEEEETS MSC (8] AT 11 4RRE S 14 5T 40 A 5 Mt 49 22 1)

DOI: 10.12677/acm.2021.116376 2607 I IR = =23t e


https://doi.org/10.12677/acm.2021.116376

g

%

EIEE'

farey
=¥

4. #hig

1) BiE 4 gt Wnt JE B2 E MSC it 1 jz 4 431k .

2) WUEZA M Wit 1@ E% 3G MSC H /K.
5. #ig

SVERFIRE A LR SIS RA R R AT, AR E YT ARDS o E 2 . i b R 40 R i
B I A P 7 200 P R I P A [ 71 ) v R A A7, 5 0 v e AR 9 A A SR, 2
ARDS [ EZ AR . TR T e S 1 4 iR b R A e T LR YR TT ARDS I A AT
HHAR(MSC)IRTT #OA AR IRYT ARDS 1A A5 I T i, 4RV 201 FIESE 45 T AMRE M) MSC AT LA
IFE BN, I R e ai i, AR g A B &, SRl 0 (i B i, 42
f51 ARDS B AE A7 4 (8]

117 H BT Wit Gl 52 3R K o) 2 S S e, ST Wt @B 5T LS 5175 MSC )
AT 114, ILAE AR 2 A A A1 S 06 5 SR 3509 208 8% T LS INA A 2344, 7] B 380 26 % A2 S0 R LA L 43
LB EHEIM[9] [10]. ASLIGAEILRIFREEA SAGM IS MSC 4Lt Bbat [, AMNEMETTIE M Wit J8 2%,
MERZE L Wit 3@ 0T MSC 1] AT 1 A 75 A E o AR Se8e 25 R I Wint 3@ 2% v] 755 MSC )
MLE-12 434k, fEAN LICL i&E {1kt 8t Wnt il %5 AT-II I FI4SAE R 3 SP-C Rk L, RIS LE—
SEFERE BXGIN. N DKKL JG, RIHZFRERD . REEEZ S Wt 8 2% 7] DU ZE S MR /N B 8 R R
A 78 3 T4 e 1 2Rty R g Ak

SR1M MSC 7E ARDS [IAMEMEIRTT 5 R K WEAR AR Z, BA—eRRE, Ko HE
N EZZTE ARDS BRI, RIINEMEIR TS MSC 5 Tk AR B 47 A i 20 23 o 3K B Tl 45 85 34>
AR SLA SR S50 52 5 B, AR IEWRAE . MANEME R T AR N BAR S, Bl — A
R AL, BREEE. B2 E SRR R, AT RN T R AW B bR R R . Rk,
S PP SR AL T B 7 T S A I PR A7 R R B B AR D, T REAT Bh T A7 R [10]. EWeks 2 Fh
JEPI(UN A BT S SZAR AN AR B SR A B W T OB 6 (1 Wt ) 140 4 A T ) £ 388 2 TS il A
HEAT B ARG P~ A 2 s AR, PP o A R A G RLTE B SR Z 7S [11]. 2
et £ P i T2 B R R U 5T 4 MR R 2 T A SAEAE RIS, AR S AR
] 734 AN 5 2 B DIAE O [11] [12]. MSC S3AB 5 AR ORI AR D7 A2 B 4 J B Wil [ 13] o DRI [ AR K mT R
Z 50 78 A0 1 il b R 4R oAk AR SIS Ik R LC3-1 AT LC3-11 2 [8] i Eb 3R VP

ASEEGLE MSC. MLE-12 454 SAGM FLi:FR e @R 4M 75 3 MSC [l il 5z 240 i 43 A0 I RS itk |
3 I S8 O BT 8 e Wint S, WAL i Wint S BRI MSC TR i _E B 4 234k 3 AR R
TEPERIOM . S5 SRIGUE NN LICL yE bR Wit JEE 5, 40 AR il iz 40 M /A 38 [R5 W 2 1 0
FOXFIRE B, UEBTE TS Wt JE B B RS PERE 2 R A AR A . FRATTA B B HED MSC [a) i bR 40 i
i R BRI — AR . X Tk F 4R MSC il B A 08 4%, 5 H AT MSC
1697 ARDS [, FEXT ARDS &3 TG it ok as BAA R o
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