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WE: B WWECEAR & FUHH (osteoporosis, OP ) il {8 5 it A1 A AE #4= v -5 i (6] 52 5T T 4f BiL ( bone marrow mesenchymal stem
cells ,BMSCs) A WK PRIUBF A ALRET . F3E BN 2 S F AR B E M fh o 15 97 1Y BMSCs 40, Western blot 4% il B B AH 56 £
Bl L.C3 F1 P62 B H R ih . #AE LC3-GFP UL AR B )5, MOL L B B T B AR A ARG AT A, WIS E
B o L3 SRS e B AR T A LR T R R AR B R AL A MG B A B SR AR S S DL 2R . POt AE i PCR
(q-PCR) #&0 F IE iR AH = 2 K 1(collagen type 1,COL 1) B 4% % (osteocalein, OCN) B #7  H (osteopontin, OPN) DA K Runt #H3%
H%E T 2(RUNX2), 558  Western blot 45 R 75 OP 246 BMSCs 1y LC3-11/1 35 0] W R IC, M P62 T B (P <
0.05) ;Wb RAEVEH —LIEEL OP H Pt AU LM S 0 B & TR, IRUIAT A A AR H i (P<0.05), FId
BMSCs Z 17 75 5 , B R LT MBI BE MR B e 2 K 0 OP 20 [ AR 0 B 55 T 1E % % AR 4, T q-PCR %5 5 B 7R i 44k i —
BeSCREEFR COL 1,0CN OPN #1 RUNX2 7£ OP AP B E TR, 2R BAGRITFEE X (P <0.05), &it B RHEM M BMSCs
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Comparison of autophagic level and osteogenic capability in human BMSCs
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Abstract. Objective To compare the autophagic level and osteogenic capability of human vertebral bone marrow mesenchymal
stem cells (BMSCs) from senile osteoporosis (OP) and young non-OP patients. Methods BMSCs was obtained from vertebrae
of these two groups of patients and cultured. Western blot was used to detect the expression of autophagy associated proteins, LC3
and P62. The adenovirus containing LC3-GFP fusion protein was used to transfect BMSCs, and autophagy was evaluated by
analyzing the number of green fluorescent puncta of autophagosomes under laser confocal microscopy. After stimulation of
osteogenic differentiation medium, alkaline phosphatase staining was used to detect the early stage of osteoblast differentiation and
alizarin red staining was used to detect the late stage of osteoblast differentiation. Fluorogenic quantitative PCR ( q-PCR) was used
to detect osteogenic genes, including collagen type T (COL 1), osteocalcin ( OCN ), osteopontin ( OPN) and Runt-related
transcription factor 2 (RUNX2). Results Western blot analysis showed that the protein expression ratio of LC3 II/I significantly
decreased (P <0.05), on the contrary, the protein expression of P62 significantly increased (P < 0.05). In addition, after
adenovirus transfection with LC3-GFP, the laser confocal microscopy observation showed a significant decline of green LC3 puncta
that represented the number of autophagosome in BMSCs from OP group (P <0.05). Furthermore, after osteogenic induction, the
optical microscope observation showed that the positive degree of alkaline phosphatase and alizarin red staining was obviously weaker
than those in the young control group. The q-PCR result further indicated that osteogenic genes, including COL I, OCN, OPN and
RUNX2 all significantly decreased in BMSCs from OP group, and the differences were statistically significant ( P < 0.05).
Conclusion Our study showed that there were low autophagic level and osteogenic capability in the osteoporotic BMSCs.
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SURIBCF AT LI B o ETRERT
21 R B B AL E T, PR G R R T 45 b 4 41 [B) R
R 40 o 00 R B 41 4R TR ARG B R T 4E Mk R
i F BMSCs HU#f ] 5, HAUR IR BN £ &, B #i il
FTE B AL B BB A AE (osteoporosis,
OP) S50 THMIGIT W EE M T4 . AR
YN —MERTFAEGIRHS, AN AEB SR X
HETFERRZR 4 A% & 5 A=Y E
HERE, T 25 #5 2R B N R IE R A2 2 . B4Rk, A
WAEMBAMZE S EE SR HIER&Z X
e NSN3 S SN [ N i AP O & 2
0N PR TR R AT PE A S T O LR,
BREASSECLIIEE LA 2D G R
FEAE 35 A0 AR Ak R A R P i HE A A,
) H W] B T 2 1T 40 B O fb AR RS SR A
F LA AR M A FE B W B Ak B T
T P 2 g TR A S0 R R A A R AR
BMSCs HWRIEPES , Hm ld b v 1w a5, B
] A1 7 Fi2 1 ) 26 5 BR TR R W A R AT LA R PR
W St A2 37 /0 B R 78 IR T 40 M g B Ak

£ b PR, H T T IE) AT T A6 M e A Ak
R0 I AN BB, A S 05 5T HO05E A b S g 4H B
BN 5 IE % 6 B8 4 BMSCs B BB 4> 1 B8 77 1 | e
K, 9025 T | WEX) A BMSCs JH 4046 B 52 1,
A BN o 2 B IR R T Y
FIS IR .

1 ##ITE

L1 SR

M TAER (Mgt de s, E) , 40 5
FFH (Thermo, 22 H ) , & 0> #l ( Beckman-Coulter, 3£
E) , 5 & 8% (Nikon, H A) , 8 75 4f A i 5% X
(Philips, fif = ) , BB AR AX (Bio-Rad, K ) , #Ot
B S B K4S (Hitachi, H A ), R & A &
{2 ( Thermo Fisher, 25 &), % )6 % & PCR {¥ ( Bio-
Rad,EH ) .
1.2 528G

a-MEM 55373 (Gibeo , 22 [H) , I 4 M ¥ ( Gibeo,
KIE) ,PBS ZZufrif (Hyclon, SE[H ) ,0.25% i 3 1 g
(FE, 1), WEHREREGLEY, TE),
RIPA ZH M1 f (H =K, ), BCA FH B Wk
ERAE (B K, PHE), HEH Maker (= K, P
[ ) ,SDS-PAGE BefEitif| & (2 =K, [E) , TBST %
W (REE, HE ), PYDF [ (Millipore, [ ) , ECL

KGR (Millipore , S [ ), LC3 /N HT A B FEREHT
A (Sigma, £ ) , P62 /N R AT A B 5 FEHT 4K ( Abcam,
) ,B-actin RIT AR BESIIE (E K, HE), WL
FHUMR g6 (AR, P E) , ILFhik Ig =4
(B R, TH), 4% ZBZWBEEBR(E =R, P
), 25 KLY (1 IR0 & (Thermo Fisher, 3£ 5 ) , i 4
BEmR AL IR & (B = K, E ) , LC3-GFP 1825 7
(BUE, T E) .
1.3 SEsik
1.3.1 BMSCs 43 % 35 5% . 10 {51 HEAKFA T B R IE T
2015 4% 6 J] % 2016 4F 6 H 163K P 2 Sk AR ik & 1)
WA N E E AR TR R EARAT SR
THRRER, ZMRET TRERHEZE G S HA
HE WRIBEWA NPE, A HoNBETRHMNA 4
5], 4% 60 ~75 &, F34(69.4 +7.2) %, RETE
BRI T Y < -2.5, 12 W 88 BB AE , KRB o
PUE BRGS0 5B R B, 3L 5§, 48
W26 ~35 % F1(30.2 £5.4) % B AR R, IR R
LN = /T

AN AR EEAR P B ME R A TR, Y 1%
XHTH PBS [ & whigk VB0 3 IR AT IR B BE A BT
BY RS, A 10 em B5 35 LW, 5 — 1 AR B 9
EFRZY 2 10 mm x 10 mm x 10 mm , 45 e 41 28 5] (% §E
B 5 mm, 37 CHMIBEFRAGHIEF 2 h; iR
M/ A 5 mL & 10% FBS A9 o-MEM £ 55 5
WG TR AT P AR S T 37 C AR A
FidEi3 ~4 d U S mL 5E 233 gh 825 32 W
24,7 d ZE A B8 B AR AT DLW AR B 4 B A ) B
JENEEEAR R, B A BMSCs , 48 g 5 7% 311 2% 20 9 ] &%
FAMERA, YRS E 80% L L5 17 I EE 1L
ARG R 1 ~ 3 AU B TS 82500 .
1.3.2 Western blot #%:|. Bt A 4HA1 B 28 &9 57 40 40
L, H LB A B A B (1, 1T Western blot & [ W&
AHCEH LC3 A P62, SEg B R R N T : (1) HL A
B A EAA 4N A RIPA 2L, vk b % R
B30 min J5 , 875 40 MR AR AL AL 1 min, 4 C 12
000 g =3 2500 5 min Ji5 B B3 RIS 2 BRSSO
(2) R FH BCA &5 Ak & 5 ok B, 565 0 9 T 1Y
HHELL1:4RE 5 xSDS A BAFE R, BB S
min J5HUE F - 20 CEFF; (3) R A SDS-PAGE #i¢
JEA R &, R I8 B AR 8 o> 1 &R/, e B N Y 5
P s (4) BRE, BALLIMF & B & 50 pg fBR
(100 V) FJE 1 ~2 h, 7 &8 53 A 7 8 B E G
RUKE R, (5) RABEEER FEREERE
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PVDF & |, % B8 % {4 250 mA fH# % 30 min ~ 1 h;
(6)5% WEAR W3y 37 CHFHT 1 h, fin A & 38 W i
M —i,4 CHE LR (7) ZiRE/Nm 5, TBST 22
PRIETE 5 min/ IR x 3 WK, IAKE R A R BT,
37 CHEE 1 h; (8) TBST ZZ /P PEWR 5 min/IK x 3
WA ECL BB, M. (9) 50 K B R
i Quantity one B 44047 .

1.3.3 LC3-GPF Jiym s 56 Ye . B WA Il 1 4 4 o 1y
RIS (H il TR G ERFERT R A, H H BB #E —
A BF DA U TET 04 200 LR A, S R 0 e B IR
Ao I, A 52 R A5 A7 LC3-GFP G4 98 G B Al
[ R B 55 4 BMSCs, ULZ8 A M sh & 72, L%
JREANR : H WA S T, LC3-CFP Rl & 25 1 9R
BCEML s B W TE L, LR A R AR E AR
b EBOR IR OE B UEE T R AT AR B — A4
W MRt 0Ot [, HE B — A48 7 26 6B 5 AD
FREFE—A E A, AT DU i TR A A SR R SR AN
BTSSR, RSB AR D T (1)
P L x 10°/4L.40 i 2% B A BMSCs Rl T JE 3R 45
BegRlrp A58 s 75 3t AN 35 2 A W 5 15
(YMA 12 B EERBTRIEFRE, LIERREH
30 HEY  H MU AE, AL AR BB 2 h J5 B
(3) %Y 24 h J5 , P76 3530 26 06 W UBE F 90 25 Wk
RYoR REALLEBISROR G, —RERL)S
36 ~48 h W] LIWL S 3| B 9 18 56 YL JBURL , X B Dapi
PRI R B T WA s 05k
BER 5 (4) B ML B 3 A AS 6] 00 BT, T 45 4 £0 B A
RIGTTGEAT #5348 o

L3.4 WAEFHERER: (1) REHRMOERER
B, OFFMKHNEE T2 C ~8CHEE P gt
W2 M 58 R, B SN DL A 4R i 7 3R 4 TR
¥ QB E T 30 min, EEEEFAEIA MR . B-H
THBEER B BB A A A Bk, i T B R IR
A7 @M FET 10 min, & # & A L ZEOR Y D H
T0% £, BEHEAR A AN ) 0 JF 11 M BE W 25, o B
Wk, ¥PUIR . g-H B M &, A
BMSC & F G 25 M ¥ . 54T #0428 42 Ik e 4= 355 m A
A BMSC i B 5 S /b B 55 5 b, B 5 i A o € 0K
W ORREMETNECIEFE, MR, (2)K
HHFEFLEAE, OB 1 ~3 8 BMSCs 2  5
x 10"/ FL 41 o 28 A0 oHE T 35 Je ek 0. 1% B A9 N
LA, LA 2 mL 58 85 752 3 ; @ 18 T 37
C,5% CO, BYIGFA T AT HE 7 @ S d MRl & B
KF] 60% ~T0% B, /NOKe FL Y 52 e 8 R B B

FL,mAfLH AN A 2 mL OriCellTM % A BMSC %
HIESFONELERE,OFR3 dRE—R, B
3 G B AT e g A

1.3.5 RAPEO () BAFERSU HAE,H
FEE SR, PBS M 2 RG ., &
FUATA 1 mL 4% 22 58 B (] 5 W, 28 Ik i & 30 min;
()M LA BEE R JH PBS ¥k 3 min/IK x3 K
Ja, BALMA R R AW, BIRFE 3 ~5 min;
(3 FFIHEL YW, H PBS ¥k 3 min/IK x 3 R
5, B TR ESCE BAE T g

1.3.6  BlYEmE PR MR B YL 5. (1) T B A 1 A% IR il %
LT AEWR: 2 BIA R & 39, 4 sodium nitrite
soulution | frv-alkaline solution ¥[8 1: 11B &, %% Hi
BEA], #E 2 min, JIA 45 43 BB BEEK, BEHm
A1 3 A5 BY naphthol as-bi alkaline solution , 38 43 7R
S5 MABEHERAME 3 HE, ERE SRR
LM PBS S e 2 WE L BAUINA 1 ml 4% £
5 FP R [ R, 2 MR 30 min B) IR T 2 R RS
8, 11 PBS 3% 3 min/ IR x 3 W5, LI A B 1
MR YL (UM, IR 3 ~ 5 min g (44 37 5k 4 R il
W, T PBS B35 3 min/¥R x 3 K JF , & THE EOL S W
T ™,

1.3.7 FOGER PCR W . &7 T 0k 3 FH)E,
RIS RNA SR PO i PCR G I 32 2 89 1%
HAR T BB (collagen type I, Col T) |5 45 3K
(osteocalcin, OCN) B #7 2& I ( osteopontin, OPN) . &
BALMH L FH T 2 (runt related transcription
factor 2, RUNX2) /) mRNA £iK#Z R, LB EBH
W . (1) Fi¥e PBS 2w 770k I 30 min, 38 % 55
FrEL PBS ¥k 5 min/R x3 K, &L A 1 mLRNA
PRI WL (Trizol) , UK - ## E 15 min J5 R & AT
A0, SR O 2 (2) K A I AE A 1.5 mL
EP & A 200 WL & 07, R 2R, VK L #E S
min J5 & H# B 0, 12 000 g,4°C , B 0> 5 min; (3) B
200 ~400 pL JEKM, BRH—AEP&EH,LI1:1
IOAAE R R S5 N B, B R IR A0, vK B ¥ 8 15 min
JE R E B, 12 000 ¢,4°C B0 1S ming (4) BB 57 b
W, AT AR B/ NSO ORPUTE, B BT 2 B Ay RNA, A
500 wl75% Z BE Bk % RNA W3E; (5) @ EE L 12
000 g,4°C ,#.0> 5 min, {4 KT RNA J5 /A 20 pL
DEPC 7K % i 5 (6) F IR 8 (130 & 3G 2 RNA #Y
WAL, vl i T - 20 CEMRT; (7) R
e a0 B8 L eDNA; S W WS & 52 LS L A
200 pL PCR [ B IC &, & T PCR AL HE4T 0 5%
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SRR, SR 237 C Hif% 5% 15 ming85 C 4k
KGR 5 s34 C KRS EFER ;SR
cDNA FEAT LLE T -20 CHEMAF. (8)SYBR
Green ¢ 62 B PCR il 0 3L 23k . (9) %86
SE R PCR &5 R A 27 g,
1.4 Zeilsa5r

S EHE 3 DT ¥ 8 + bR 2 R OR , SR T SPSS
20. 0 BRAFHEAT A AL 3, PIPT LSRR A ¢ K056, I 4.
DL BRI 3R 7 22 500, i P Lb Bk A
post hoc #ill, P <0.05 RREREFLITHE L,

HR

BAR GRS BMSCs H 1K AR

2

2.1

LC3-T . . 14kDa

LC3-1T kDa
P62 62 kDa
B-actin x 43 kDa

Relative expression of
LC3-1I/1 and P62

J T HCBOR IR T AR B b R R R AR
£ BMSCs 19 5:ak B Wi K7, 43 FHCA 440 B 201
JEAR YA, 75 e 38 5 Western blot A5 HL 4% H W AH 56
FEH LC3 Ml P62 (yFkik, AW BT, 3K 7Y LC3
(BE LC3-T) 2B fie — /NBE 2 IR, 5 78 O ) I 4R i 7Y
(BP LC3-I1) , B e AT DA 3 LC3-11/1 B AR 3R 4 p
Wit A OIS FR AL o T P62 & W B B MR IR W, 7E E
B R 5 B WA R LC3 AMEZE G, ak T A B ik
IR, R P62 RIR AR S H IR IR R I,
4EB R A 4 BMSCs i LC3-I/1 #3511 B 4
kR, Z5BEASH%E X (P <0.05) ;1M P62
B2 FI RIAAE A 240 BMSCs I B 7R, 5 B A
ERFFEEASITFEL(P<0.05), LA 1,

OP group Control group

0.8
0.6+ e
e
A%,
0.4 o
Wk B
0.2+ % oo - :"
LR e .:,:.
o s E:::::
0ol o 5
1.C3-1I/1

1 Western blot #: [1 WA & 4 LC3 F1 P62
Fig.1 Western blot detection of autophagy related proteins LC3 and P62

M LC3 HufRxt LC3-TT A B & MR 1, 5 5
T AR PA A, TR S 1 50 2 00 i B A K P B9
B, AL H R A LC3-GFP Bl & S A Qe R n B2
AR . BOCEERMETER A ¥ E
TP SRETOER AR AN E/NT B A, ZRR
AHEIFE (P <0.05) , LK 2,

g5 b 02 H W A B BB AL BMSCs Hp B £ i
A K B 2 1R % BMSCs ] 2 PR .
2.2 EBAFEEIRGA BMSCs B 74k BE 711855

T HRFE BMSCs By A WK ¥ /& 75 5 W8 g
G R OB AR B s b 8 38 R IE W AR R R
BMSCs B9 AL BE 1. M 3 R 1E WL H =4
3 JEJG A B A RA R OY RO 4T,
HAALAE T A AU 2/ T B 4 Wik
SERAAML, P IS T R A U LB A L {H A
AT AR M R GBI RR E355 T B 41,

i T ENE B P E RE s R, R
JeiE i PCR G 3 2 A0 E M OCHE F A mRNA Rk .
GEREA TR FHR CIHEE RUNX2 44

OP group Control group

301

201

GFP-LC3 punctate per cell(%)

= T
OP group Control group

2 & LC3-GFP BB e i BOGIE R B 5O B
W, OP HER ORI R E R (9.3 £1.4)% , X
HH(22.7 +3.8)% b N =100 pm

Fig.2 After transfection of LC3-GFP adenovirus, the spot
rate of green fluorescence in OP group was (9.3 +
1.4)% , and in the control group was (22.7 +3.8)%
(ruler =100 pm)



1450 FEE RGNS 2018 FE 11 A% 24 5% 11 8]  Chin J Osteoporos, November 2018 ,Vol 24, No. 11

N EEHIRAY mRNA 76 A Y RADT B4, 55
HAGEE X (P <0.05) , ILIE 4.

OP group Control group

OP group Control group

B3 ARHANRBEESEFENBI AEHNRER
iR, AV RARE, B AR EREIRE O

Fig.3 Results of staining after 3 weeks of osteogenic
induction medium stimulation in different groups. A.

Alizarin red staining, B: Alkaline phosphatase staining.

OP group E=3 Control group

Relative mRNA expressions

COLI

B4 ¥OLER PCR DR AR CHER 17K
B ESR CEHEN RUNX2 % Mma ik
Fig.4 Detection of Mrna expression of osteogenic

related genes including collagen type I, osteocalcin,

osteopontin  and RUNX2 by  fluorescence

quantitative PCR

ERBEFE A SR R BB A AT BB AL BMSCs AU
VB LBE 1SS, W T AE BMSCs FPEIR Y A
JK V-3 B S A s B9 S0 o AL fE

3 Wi

JE RE ) R S BUR AR OP Y R B A,
B an ey 3 5 8 AF A I B e B B AT 2 — 1
WA, BMSCs 15 S — Pl BL A 2 1 43 4k 1 fE

B4 BT A 40 B, AR R H A A 2T i e 5, B B R
A B IR 5 A

I 2 20 A 3 1 A 5 8 Y Bl A B O L
il , R ARk BRI R A BBk
W ", Nuschke 25" 597 F WA 7E B 40 1h 0 400,
N TE) FE 5T 40 i B [ g AT 2 B B 4R, T S 4
b0 BB IS A W 2 B R R 4R 8 A W TE
BES PRI ET EE/ER., Eit— SRR,
B omE AT Ll b ¥ ¥ NF-xB'' F1 TNFSF11/
RANKL-") ¥ 4% 5 53 1 , A2 b ) 40 b AR 5 67 4k
7, AT A Il T8 JE o 100 78 1A P9 BF 5 TR AR
PR B i 9 B S A AT A et . A
E N A DR Y L JE BMSCs [ BERE M5, ) i
B oA i s L AT R YT S R
AR S F IR AN B, 43 07 L T IR T BB 5 T 3 A AR
THME 2 S, DA RE s R B A 58, BT LA A
SEUS Y B R R T bl R B B A R TE R R A AR
BMSCs [ W Fl B 73 fL B8 1 , 90 25 HI Wi #E BMSCs v
HWES REae R E R,

ARSI 45 TG & Western blot ¥ 2 ¥k L R
FEMLEL Y @ R OP 41 i) BMSCs H Wi /K - @ E L F
IE N RRA T Ok 4 AR g AR DL e Ok B i
PCR 25 R MR OP 24 0 i & 53 T B8 1 TRl B4 55
XS B P R FE BMSCs B W K S ULF 5 BLF 4
TLRE S R IEM 2K,

A S 9% [ AR A 7E — S8 R BRI, B e i B 5T
SR — AR 5T, H W R 2 fh i 5 i 7 22
HE— 25 B s FLUAE B RS DU B4 LA 8B A8 dn v, 1A
KRR TR ER, B SRR TR E s,
A& 8 TR g 7 e i+
AT DL 0 AS [R] B R] A 88 5 =, e BN TR Y R B S
b, SIS S5 SR B0 R

( & % x # ]
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