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WE: B KRR ST AR &R F 48 6(human mesenchymal stem cells, hMSCs) & H oL 692 B & 5 FHh . ik &
B RJE(20% O)F KA (5% O,)%4 T 357 hMSCs; KA & B 45 1L ik -F&R(BDM)#% 3 hMSCs B oft; AR & Fa g
&k F K m A AR DU, i id Western blotting 4 4 it ) w4 48 % & & 69 &3k K P L & MAPK. PI3K-AKT-mTOR 1% %5
BEBEF I, R ARESA T, hMSCs 45 0AREF 444 7% ; BDM # 5 hMSCs A B 9L B4 A LC3 ik
¥om, R AETAARRBMRARLEG EIRSBRAA; KAREW @I L A 45RARIEME MAPK A&
PI3K-AKT-mTOR 1% 5 i@ 544 % 7&; 474 MAPK A & PI3K-AKT-mTOR 13 5 i@ %A A T4 it @ »& & 4, 3t ™ 423k hMSCs
AR, BRI ARET T Al s e i B & kA2 3k hMSCs AR B 21, 474 MAPK A& PI3K-AKT-mTOR 4% 5 i@ 3% +T
VAt — AR 3k tm e B 69 K A, A B B4R 3 hMSCs AR 218 o
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ABSTRACT: OBJECTIVE To explore the effects and molecular mechanisms of hypoxia on hMSCs differentiation.
METHODS hMSCs were cultured under normoxic or hypoxic conditions; hMSCs differentiation were obtained by treated
with BDM(bone differentiation medium); Calcium deposit was assessed by Alizard Red S dye; The protein levels were analyzed
by western blotting. RESULTS Hypoxia can significantly promoted calcium deposit in hMSCs; The expression of LC3 was
increased in hMSCs, hypoxia induced calcium deposit was inhibited by autophagy inhibitor 3MA; Hypoxia induced hMSCs
calcium deposit was accompanied by inactivation of MAPK and PI3K-AKT-mTOR pathway, inhibition of these pathway could
mediate hMSCs calcium deposit by promoted autophagy. CONCLUSION Hypoxia can significantly triger hMSCs
differentiation by induced autophagy, inhibition of MAPK and PI3K-AKT-mTOR pathway could contribute to autophagy which

could mediate hMSCs differentiation.

KEY WORDS: human mesenchymal stem cells; hypoxia; autophagy; calcium deposit; osteoblastic differentiation

N 8] 78 51 F 41 ffd (human mesenchymal stem
cells, hMSCs) & —KHEA B IR EFrae JJH £ 75
s germ A, FEARNANEREE I &EE S, AT
LG B WIS Z P A4 i, *F T
BB KB UL B AP B 0 &
FERP, RIS FRAME T, ALt REiFE S
SAEA T LU hMSCs 20k B oA RCE 4. i
W% hMSCs 7 A0 B 4 i Mo G5 10 . 7346 5
. e 3 AP B . hMSCs 7EGEE f5 B FF
GHFE NG FE I B, DL DNA & il 2 & Ak
DNHFAE s o3 530 D0) LR 1 3 PR Tl v 1k T v T A
Ji2 JR 73 WA SRR AR, [) BF s  (E  4H  E E A o 5
A3 A6 I A 32 DL B - I DR REE . hMSCs
TE 53 A9 B A M P 78 b A B A 22 5% (5 5 %
P, HPFEEHRIE T EHLANIERKE

ARG EZR T, 2548
FEAMMO RGP . FE . WM SEE N A a T
B i, REAS 5T 2RmRIEE. K
U, g R EEET, AEMMREEE T
ER . FEEBENED KN 2%~7%, fEEFHTb.
HAEHAE, A REMR, HE<1%. BIREH,
hMSCs HFE 23 5% 348050 JK il

H e —Fh 2 AR T HAZEY T A it
&, REMFN N, H WA A AR R R B
Skt R rp A ke SRR S R A A SRR E
HEEZ 5 A, a0, RS B 4iise 2R
A R B AP, AR EEEE T
hMSCs ) H BgIEPE, [EISAI T 2440 i s PR
R, HT hMSCs B 43T RE A 5200

AR T IR K BHLEIIT R AL, B%E
hMSCs JE 7 A iR a i s AF S Lo AL, A3
M F K TR B AR . T i —
VAR NN s A B 1 B i P M X T P B R
o SKIL hMSCs =80 R 4k, AR R
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RAEML IR T R R AR AR 1 K, A IA
FFRBH RIS B AH IS 1 B 1

1 MREREE

1.1 255G

PD98059(Calbiochem /A & , #513000); Bez235
(Selleck 72 &, #S1009); 4f iy £ 7% 3£ oMEM
(Invitrogen 2 ®, #12561-056); i3t [T fifi 4 IfL 3
(Atlanta Biologicals A F], #S11550); 3MA. HiJE
Ka B-H I BERR AN PUIA (L BR A% R 6 A 96 3R 210
T Sigma 23 & (#m9281, #D2915, #G9891, #A8960,
#A5533); LC3. p-JNK. Atgl2. Atg7. p-mTOR.
p-mTOR $if&H Cell Signaling Technology A ] /™”
M(#S, #2, #2, #2, #17, #9); p-ERK. p-AKT
1 GAPDH 144 Santa Cruz Biotechnology /A ]
P2 (#G2009, #F2009, #C2415).

PD98059 A1 3MA f] DMSO Fit. & k¥ 10 nmol-L™
40, T-20 CRESEIRAE . BT 525, DMSO
(R BE ) < 0.1%.

1.2 ARk e85 57 2% A

% 1 1 hMSCs W H 22 K EFEFE T H0
(TUCGT, %@*5: 7032R), W& NBEHEREMEAN
(45 : 220R).

hMSCs M F2R H CCM #5778 2 (16.5%
FBS. 2 mmol-L™' L-A & Bt#% . 100 U-mL ™ # & %K.
100 U-mL™' & &1 oMEM ¥ 3:3) T 37 °C. 5%
CO, MM MR FRA6 1595 . REAE KGRI E T
37 C+ 5% O, MG 40 B BE TR F 85 7%

1.3 hMSCs 3 15 5 BeE 7 ik

¥ hMSCs A 10 /5 -mL ™" %5 B3R T 6 FLAR
T 4 25 P ik 3] 70%~80%, e & R E Sk R
ff BDM H9%3(CCM 773 F A 10 nmol- L™
HuZEK AR 20 mmol-L™' B-H I BEEREN . 50 pmol-L™!
PUIR MR IR 3h) 4k 8215 7% 7~21 d, & 2~3 d 3l
1 k.
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1.4 PERLAGAE

PR ALY I TCH] K 1 g PRV T 100 mL
WK, Y pH A 4.1~4.3, FH 0.45 pmol-L™
JEMEL Y8 S T =R R AT

W2 hMSCs 135589, H PBS 2k 1
Wi, SR 10% 48 /R B ARE 2 1 he T2 [ E
T PR K e 1, INTE R gt
20 min, &KL 3~5 38 B 3 2 BR ik B 1 4
iR, AN ZEKIEE, S RERA .
1.5 Western Blotting £ #H 2% 25 H

£ hMSCs, R AFEE. B 20 pg &
HAS EFZ MRS, T 100 CHn# 5 min {4
AR, @it 10% SDS-PAGE JKK/r &, f#iE A%
Wi F| PVDF i, F 5%BLARA-0hE 1, —di4 C
WE IR, BRI AR AR iC AR PR E
ECL 2352, BRI F el pifg
2 4
2.1 R SAEXT hMSCs BE 204k BE 7 1 52

FEIEH AR (20% O)MIRAE(5% Oy) 5 T 7
Wil % B IE 8 9% W (CMM) B R B 4 6 5 5 )
(BDM)$53% hMSCs 11 do SKH ¥ & 4 Je il 8241
JE5 iR, RH Leica WAMBT AT B REE, 4550
BN, fEREMKERKMN T, 12/ BDM B3R
hMSCs 4 I B IS iR, R CMM
B 771 hMSCs BIR HIL B B geth . i — P LU
WHRSMELG FHERaORELEE, LA

A cCcM BDM
WEd 1 2 3 5 7 1 2 3 5 7

20% AR

CCM BDM
fffaja 12 3 5 7 1 2 3 5 7

5% AR

B2 BT hMSCs RESLak i Em

AT, T BDM 321 hMSCs K445
DIRRE SRS ER . DL EBIEIR R, LA
PLiEdt hMSCs KA. 45 ILE 1.

20% 51 [ D)

oo [0

CMM #i BDM #%3%

Bl1 A& hMSCs f B bk 1 8 %
Fig. 1 Effect of hypoxia on hMSCs differentiation

2.2 HWEXT hMSCs B 1L RE 11 520

FEIEH HE(20% O) KA (5% O,) %44 T 4>
A% CMM #1 BDM ¥ 7% hMSCs. £ 1, 2, 3,
5, 7 Kifid Western blotting 16 T 41 i H W& bric
FAHLC3 WAL, SR EIR, £ % . BDM 3%
%M R, hMSCs ' LC3 II & [ KL A1 — &
FEEERRmM, LC31I/ 1 thiEda — 2 LBl i =
MEMKESLME T, 40 LC3MHEAKTLLA LC3
/1 WAESAEHEME SR, R RER,
I SRR E R o0 4h T B8 5 40 M W 1 R AR D) A
Ko F K 2A.

TEARZ RG] N T 40 A B Wi 551 3- HH O i e
B (3MA), #—FEE AL hMSCs i it
R EER . EREFET, 25RA CMM Al
BDM #3% hMSCs. £ 2 mmol-L™" {14 1 (3 Wi 4141
7 3MA AL P hMSCs J&5, il 6 R A Gt F %L H

5% < (BDM)

A—7EIE# S (20% O) FRE(5% O2) 2614 T 4> 5% Al CMM Hl BDM #:3% hMSCs, 45 1, 2, 3, 5, 7 K@i Western blotting Kl LC3 & %3k,
B—Xf CMM #1 BDM #57% 11 d; C-BDM #53% 11 d. fRE%MH T, 3MA {EHT hMSCs, K ¥ RO Y M E4NHAS IR . KA Leica RiEE

HEAT B R AR
Fig.2 Effect of autophagy on hMSCs differentiation

A—-hMSCs was cultured in CMM or treated with BDM for 1, 2, 3, 5, 7 d under normoxic or hypoxic conditions, the protein level of LC3 was detected by
Western-blot; B-hMSCs was cultured in CMM or treated with BDM for 11 d; C-hMSCs was treated with BDM for 11 d. hMSCs was treated with 3MA,
then stained with Alizard Red S dye. Images were acquired with Leica microscope.
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W T4 S AR sz . 45 - WK 2B~C, &
3MA A FE 5, BDM 755 41 1 o6 2% 41 G 0 B I g 410
fil, JLF5 CMM XAt —3, X$R 3MA
A LABH 240 hMSCs FIASTTR . Bk 45 i i,
AT, 400 E WM R A T B2 3 hMSCs
(1 s 534 o
2.3 MAPK PLK PI3K-AKT-mTOR 15 5 i i %t
hMSCs % H 74 RE /7 I 52

P SCHkARE, MAPK DL PI3K-AKT-mTOR
SEEKTZSHMRERRE. BT S0
AR . 7 IEH A E(20% O) KA (5% 0,)%
7K, R Fl BDM ;3% hMSCs, il id Western botting
Kl MAPK PA K PI3K-AKT-mTOR 13 5 i % (1) &
HEIE., 2RLE3A. 5HAKMGMHLIL, hMSCs
ZARA ™ BDM ¥ # J5, ERK. JNK. AKT
HAMBREACFAEHE TR, D EEERR,

MAPK DA K PI3K-AKT-mTOR {5 53 # %} T hMSCs
1) J i 53 A 33 2 AT g ke 280 S PR TR A% R VR F o

K FH MEK/ERK # i 7] PD98059 L. J%
PI3K/m-TOR #lIl5 Bez235 1£ T hMSCs, i#
I AR R =S RN TR RV S IN
3B~C, fEW & %1 T, hMSCs & BDM Ab¥ )5,
Wi IS 1) S K 5 T AR K S-S 3 in . T 42 PD98059
A Bez235 43 11 d &, 5 RGN AL,
MEK/ERK #1141 7] PD98059 LA & PI3K/m-TOR 41
il 7% Bez235 1] LA &2 3 hMSCs 85T, il
4 N hMSCs TR KA B GARE & N 2%
IR FERE . K% T, MAPK il PI3K-AKT-mTOR
15 5 38 B 0 B A AR A B (E
3D~E). Z& LRk, #iH] MAPK BA K& PI3K-AKT-
mTOR 15 5 1@ % 7] B & {22k hMSCs ) 1EH B
AL HERE

ccM CcCcM cCcM ccM
A B 7 dil di4 7 d14 Dgr an die a7 di1 di4
A ~ '
20% 5% XHE4l 5 r. l
p-ERK <

3MA

-
p-AKT - PD98059
Bez235

20% EA

7
S 4
. o &
: a v
-~ 1 ba

5% EA

PD98059

Bez235

3 MAPK P& PI3K-AKT-mTOR 1z 5 i % % T hMSCs & & 2 b & 7 89 % v

A—1EIEH SUE (20% O)FMILEA (5% 0,) %14 il Western blotting £l p-ERK. p-JNK. p-AKT & [13%ik; B, D—KH CMM #1 BDM ;7% 7, 11,
14 d; C, E-BDM #5377, 11, 14d. WHACEFKMT, 3MA. PD98059 il Bez235 1T hMSCs, Kt 3 4L Yu WL SR A BB U AL . SR Leica
BT R R .

Fig. 3 Effect of MAPK and PI3K-AKT-mTOR pathway on hMSCs differentiation

A-hMSCs was treated with BDM for 1, 2, 3, 5, 7 d under normoxic or hypoxic conditions, the protein levels of p-ERK, p-JNK, p-AKT were detected by
Western-blot; B, D-hMSCs was cultured in CMM or treated with BDM for 7, 11, 14 d; C, E-hMSCs was treated with BDM for 7, 11, 14 d. hMSCs was
treated with 3MA, PD98059 and Bez235, then stained with Alizard Red S dye. Images were acquired with Leica microscope.

2.4 MAPK UL J% PI3K-AKT-mTOR 1 5 i B§ % 40
0, W 1) R 4 4
iH it Western blotting %% 1IN A 41 g 5 W 417

W EBAR R 2452 2016 4F 3 HEE 33 555 3 11

#]%) 3MA. MEK/ERK ##51 PD98059 LL &
PI3K/m-TOR #1455 Bez235 % 7, 11, 14 KLUJG,
4 W AH D% B R IA TS L BA B 6T MAPK L&
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PI3K-AKT-mTOR {5518 4% & [ IS 15 30 700
N BEF IR 3SMA J5, BEEEMOSERE LC3
FKEWETFTIHE, LC3I/ T it E T,
Atg5-Atgl2 Al Atg7 85 FRIAIKJLFAAL . T
A MAPK Ll & PI3K-AKT-mTOR {5 5 38 %401 1] 75

ot B PD98059
WEM 7 114 07 11 14 it i/
ERK 3MA
p- PD98059
Bez235
p-JNK
GAPDH
RapGEEN Bez235
MIEM 7 1 14 7 11 14 Atg5-Atgl2

p-mTOR(2448)
Atg7
p-mTOR(2481)

GAPDH
GAPDH

PD98059 Al Bez235 J, AWM 1155 B A
RARBRRRAKT, FINGEHE FET LC3I/ 1 &
HEbl, EiRgEREIR, #0f MAPK BLA PI3K-
AKT-mTOR {5 5% o] fe A M T-40 5 ik A=, ik
1M AT LLAHE hMSCs B 7 fbidife . 25 R ILE 4.

4 HE"L5 MAPK PLX PI3K-AKT-mTOR 1% 5 i #5 7£ hMSCs i & oL 42 & 48 B %ol
1 IE % AR (20% 0,) 414K, 22 3MA.PD98059 1 Bez235 A2, 5%/ BDM #: 5% hMSCs7, 11, 14 d, i Western blotting ¥l LC3. Atg5-Atgl2.

Atg7. p-ERK. p-JNK. p-mTOR(2448)LL % p-mTOR(248 )[R HEIE .

Fig. 4 Interaction of autophagy with MAPK and PI3K-AKT-mTOR pathway on hMSCs differentiation
hMSCs was treated with 3MA, PD98059 and Bez235 for 7, 11, 14 days under normoxic conditions, the protein levels of LC3, Atg5-Atgl2, Atg7, p-ERK,

p-INK, p-mTOR(2448) and p-mTOR(2481) were detected by Western-bloting.
3 g

hMSCs % T I35 (18 K& LA 4ERF B4R
T 7 Ak I S B 1A AP hMISCs FEAR A 425
MR, KENREAN, B,
hMSCs [ BCH 73 i T A — AU % 3% [ AR
FRAb AR, AW 5t o id % 52 hMSCs B 21k
HERE () 2 e PR 2 A AR AL, ORI T BLdE IS
PO VRGN, P hMSCs VB LR . IX
XTSI hMSCs w1 R0E [ 434k, TR FVE 97 & AH
KR A o E R E

AP A MES P e EE A A, HAE
LKA AL R AL B I B [ LT 2 AR, S
A s s T pe U R AR 4 TR AT DA
RNRNBAE S, AEZ MR RIEE. 21k,
AR R B RF AR, REERT LA T4
04t FE . hMSCs 2 —Fh T4, R IFIFE
J& hMSCs FlAE A IAEE (1) B B 7« AT 5138
EEHA S R, ERE AR (20% 02) 51K A (5%
02) %~ hMSCs FIE5 UL B A B, AR T LB
BAEHRE hMSCs B 731k .
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TF 90 285 SRATAE G UOPE 1) Ji R ] g 2 78 4 B AR KA
FFr B, (G5 @B CERRAFAEER. B
HREFH ORI, AL hMSCs BUE 4046 1 [R]
i, 2] ERK. JNK L& PI3BK-AKT-mTOR 15
510 P B, T IE I ) H] MAPK A1 PI3K-AKT-
mTOR 5“5 18 i i >k ] LA A2 F hMSCs & 2B
B A4

PI3K/mTOR {55 it i /& H 50 7t Lb i 2 1)
P RS Sl . PI3K X T [ W EL A i
(K7 o 28 O B BP0, i mTOR U AT LA 1) 45 e v
(T R AT R A SCiRARE, MAPK 13 538 %
IR R 0 TR 45 4 P 1 e 1 S e R T ORI E
H— 5 MAPK {55 18 % 5 40 i 15 W 2 [A] 1) 9%
R, MAPK {55 18 S R E v RE (2 2E T 40
MR R, BEM S T hMSCs BUE 704k o

gE LR, ATl b A S IRE &
T, hMSCs 5T AR IO, & KA AT LA i hMSCs
BCE . i — B HAE ALK I, R
FE A I o TS A M W T (2 E hMISCs Ak gt
. MAPK #1 PI3K-AKT-mTOR 15 5 i@ M 7EiX —
AR L BERR AL TS, ] MAPK Al PI3K-AKT-
mTOR 15 Z A R T 400 AW k4, Hknr
PUMiEidE hMSCs & AEAH M el otk BL B 7 45
AMUNGTFKF EFE T4 hMSCs 1 1R Bes 7

f 5 FHLRIIIAR, 52 hMSCs Il R B R0t
T AT SR A
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