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WE. a4 WEMELEBK RN S M AR T 4900 (BMSCs) koM 78 A AR 2L 1, Fek ¥ 40
R 6 Bttt SD K R MM A 2 40, 54120 R, RRAMBEEHARER L, TRAEZHFEHAZL R, &
210 B 5, RA M X HF 2 A K K49 BMSCs, &l CCK-8 ) 5 2 4 BMSCs 3274 48 #7,0. 3% it At &= o
FF 55509 BMSCs 8 = Bk F54 4 A5, RT-PCR #4m I & fig &% & (COL-1) . 545 % (OCN) Fa Az 5 25
4% G B F-2(Runx-2) 49 mRNA R RF; 0 AR LR AW E L T MR EHAREER, S E L LER
von Kossa 4 & 54757 ALee 1o 5% BARAETR 2R FFH W Foom X FAER . B R4k, 5 %41 BMSCs
¥4 74 Fo 0 8 T AR A AR, 2 IR AR 5 R B RGA T M, e B bR B B B S ML T 3 K, M IR B AL AR ) R 35
(P<0.01), ##& #BEAKAKRRG BMSCs /hSr3 78 HATHER BB, RESEAZET %,

KRR 48 R 5 B TR BRANIE 5 B R R SR T 4 e B R A T

FESHE S R587. 1 XHERARRES : A

Osteogenic potential of bone marrow mesenchymal stem cells from
streptozotocin-induced diabetic rats

HU Su'”, PANG Shu-guang®, CUI Ying®, YU Chun-xiao', ZHAO Jia-jun', GUAN Qing-bo'
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Abstract: Objective To explore the proliferation, anti-apoptosis characteristics and osteogenic differentiation of
BMSCs isolated from diabetic rats. Methods Forty 6-week female adult Sprague-Dawley rats were randomly divided
into the control group and experimental group, with 20 animals in each group. The rats in the experimental group were
administrated with a single intraperitoneal injection of streptozotocin ( STZ, 65 mg/kg, dissolved in 5 mmol/L citrate
buffer, pH 4.5) to induce diabetes mellitus. The control group was treated with the same dose of normal saline. After
10-week treatment, BMSCs were isolated from the two groups by using adherent method. The proliferation of second-
passage BMSCs was evaluated by CCK-8 assay. The apoptosis induced by serum deprivation and 0.3% hydrogen per-
oxide was assessed by flow cytometry. After 4-week osteoinductive culture, the expressions of COL-I, OCN, and
Runx-2 mRNA were detected by RT-PCR. Alkaline phosphatase ( ALP) activity was determined in cell lysates using
enzyme-linked immunosorbent assay ( ELISA). Meanwhile, the capacities of mineralization of BMSCs were measured
by VonKossa and alizarin red staining. Results Diabetic rat models were successfully induced by intraperitoneal injec-
tion of STZ. The proliferative and antiapoptotic abilities of BMSCs derived from diabetic rats were significantly
decreased compared with those from normal rats (P <0.01). The mRNA expressions of COL-I, OCN and Runx-2

were down-regulated in experimental group. ALP activity in the experimental group was lower than that in the control
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group. In addition, the ability of osteogenic differentiation decreased significantly. Conclusion BMSCs derived from

diabetic rats show an impaired ability of proliferative, anti-apoptosis and osteogenic differentiation in vitro.
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Bt N\ 1 0 A Y R 0 PR s 7 I R L B
2 UL WEPRIE T R A ZE AL AT B O VAR
AR E 1 AR, RO A 5 e S A A7 3
AL SR B R Ak R R A A A EL AL
il AN VE R o B8 8] 75 5T T 40 it (bone mesenchy-
mal stem cells, BMSCs ) J& & i H* b 1 i+ 2 fg DA
S 3 — PP B B T A0, 2 50 B 1 R
5& ,BMSCs A LA [] 5B 40 M 5 7] 534k, S i 1 B
B, TEGERE B B B ARG RS TG SR HEK
S T I A AR B ORI b B R A R
A SIS R B, A PR e R B 1 T 40
A ARV R BE R T R 0 RO D R T g
FEAIK S BMSCs B (L DB ELHEAH G, Ik,
T E BRI R I IR B X BMSCs i B 4L BE T Y
SO, A 97 308 2k O S R 1 O g A AR R K R
BMSCs H35E HUi T F LB AL e 1 55 A4 W22
P, 43 HTWE R XoF B A i 1 240 s B2 HL T,
T AP PR B T B S & g AL B AL AR o

1 MR57E

L1 SEsshdy 40 HAgSR 6 J& % i ' Sprague-
Dawley KB (V5T9%) , BTt 190 ~245 g, W H 1L
AN M e 7/ L SRS

1.2 FEGH LA AR S DMEM (€ [
GIBCO A#]) , FBS( 3£ [F GIBCO Aw)) , B-H i
FRAN (3£ Sigma 3 w]) , HEZEARAN (58 [ Sigma 2
), PrIfimg (3£ E Sigma 2\ 7] ) , Annexin V/PI 4
2375 & ( 3£ [ Invitrogen /3 7)) ; CCK-8 Fil ALP 5
R & T2 = RAAR A Al 9 6 i PCR
%4 SYBR® Premix EX Taq™ ( DRR420A, H 74
Takara 23] ) o AHMIFAAE (72 [ Heraeus 24 #]) , i x
A1 (3% [E Beckman Coulter 23 W] ) 3 BLAK I o {31
EOGF RAE ( H A Olympus 24 7] ) 5 ABI 7500 %¢
Jt PCR ¥,

1.3 FE

13,1 BRI R BERE ST Ak sh YL
SEERAH (20 H) AR AL (20 H) . Br A sh ¥ 7E
24 ~28 C i K R AP A IR 200 s, Btk 3%
SRR 35 5 9205 2H 2 I Manna 2814 38 1) 75 15
YRR PR 9 R BRBE TR, HL AR 7 i B4 ik A o %

(65 mg/kg, %5 T 5 mmol/L #PAEIRZE thifl ,pH 4.5) —
PRI RE RS o 0 0 THENR e TR R AL S 156 1.2
13 R, 2 FOR 4N A & 12 h J5 b,
PEPE 3 YUMR#RE T 11. 1 mmol/L FH4W ASLuie™
S R BN MR B 22 45 T b, D4R 25 10 S,
1.3.2 KE BMSCs 73 B K57 45 G M IR 45
AERY 14 HOR BRU7E B IR A4 T 2% AL 1S (9 56 10 Ja 0
20 HIEH SD KRB BITE TC I 2540 T BOL s, 35
FAR B WG, 1 mL e o8 48 5 v e 1
JEE WA BB TR R, B TR A B S IR T, el T %
FOM, A S mL 5823555 5 (5 L-48 2B 1) v A
DMEM #}35 15% FBS % 50 pg/mL # — 4 25 2 %
PU) B %A H 37 C 5% CO,, 1 d J5 B kil , LA
JEE 2 R 1 K. R M A K4l WIS 24
80% ,0.25% IR 1 E-EDTA i b BE 4, DL 1:3
LU BIEAREEF7 , B 2 A 240 0 i) G 1000 &40 e 34 % i
J1 AT EF LR

1.3.3  AERKih&kile BAEKRIGFHE 2 A
BMSCs , {H Ak 4 FF il B 40 A2 9, R 1 2H K 0 1k
PR IR AN AL B0 R TS, He R Ak B
1 x10° A~/FLEE Rl F 96 FLANMIES 20, 40 3 F 5%
FIEH1.2.3.5.7.10 14 KB CCK-8 4l 7 4 iy
W, BARBAEW T oL mA 10 pL CCK-8 i#
W, TEAN RS FRA N ARSI E 1 h, 78 450 nm ) 5 I
GRE L 650 nm A 2 2 2% i K 7R A7 XU A DU A o
SLERE A 3 IR, il R R Ak

1.3.4  Annexin V/PL QL7401 4%
S5 2H R R A AR ) BMSCs 43331l 434 3 A E4H,
MLVE L LS #ZF 4L 0.3% 1 AL A 41, kb P 24 h
JE R T2 ARSI T 9 AN < 45 2H 40 if 25 A g b
P, A 0.25% AN EDTA (1R 15 0. 8 mL ¥
1k, 292 min J5 TS T AT W40 HR 4 | TR
IR, A 2 mL 10% &2 I35 TR 3 A A R 2 1
TR, PR R e W T A L, T T 381 15 L 50045
Fr, 1000 r/min .0 5 min, 7 F3E, A0 2% vh ik
(Buffer A)100 pL (1 mL Buffer A +4 mL X{Z&/K) ,
SEEPHIA S pL Annexin V il 1 wL PI(100 ng/mL) ,
WL 37 CTHEF 15 min, FEfiI A Buffer A 400 uL,
il 10° A4~/ mL 40 M2

1.3.5 ALP{EMEE Sl EHsTHREES 0,14
128 TN, 5 2. 5 x 10° 4~/ mL 41 it



W, . BEMRAA TR 275 S o R B B ) 7 o 2R 1 20 Ak 9

W, LA 1500 t/min 2.0 5 min, 3 i, iTA 600 pL
0.1% Triton X-100 40 Hg 2L fE Wi , 4 C K48 ik &
12 h, W A8 i S R T M, 1300 A 2 S Al T W48
BMSCs 25 ¥ 0 J5 , 4% ELISA 3550 & 3] 5
i A b ALP 354

1.3.6 RT-PCR #;jll] COL-I,Runx-2 fil OCN [
mRNA £k BUEiERRESE 4 G, BN 424
Jil PBS ¥ thidk , Trizol 2 ffd 2 fif i fili$2 5 mRNA , fiff
FAFESPES 974 mRNA 5% 5% cDNA (5] 4))7 5]
W 1) 485 LA Sybr Green JepHE 75 GHRiCH),
#% PCR A7 &5 10 P 5 76 oK L Be il PCR S b, 3
MR A)JSTE LightCycler 95652 I 7 & PCR Y - i
47 PCR i ( ABI PRISM 7500) , e W A2 F U0 F -
95 C 30 5—95 T 55,60 T 345(2 CT/s),45 MEH
—95 C 155,60 T 605,95 C 15s, PIIEHFE T4
JRL AR S T8 b v il 2, S 46 o S i TA 9O E B
PCR (#4715 it 2 Rl e dh £, LA H A9 5E 7 5 B-actin
FE RGP AT AR R B A o

# 1 RT-PCR 8|¥ 5

H IR7}S
| 5 /_3/ /=E=N
Runx-2  R:CCGAGATGGACTGCTGAACCTG 137  NM_053470

F:CAGCCGAGGCAAGGGACTT
COL-I  R:TCCTGCCGATGTCGCTAT

F:AGATTGGGATGGAGGGAGTT
OCN R:AGCGACTCTGAGTCTGACAAA 221 NM_013414.1
F:AACGGTGGTGCCATAGATGCG
R:CCTGTACGCCAACACAGTGC 308
F:ATACTCCTGCTTGCTGATCC

1.3.7 von Kossa YL 75 FI 96 22 21 YL 3P4 4 i i
{kAES)  Ff BMSCs DL 1.5 x 10° A~/ FL3%ERT 6 1L
B, I A H 75 T W (50 weg/mL Hit IR I R,
10 mmol/L B-ffR H i, 10 nmol/L b ZEKH4S) , il
V55 28 d J5 43 B S 36 A AR R 4 40 L g
53fERETT . von Kossa Yy ARG : PBS B2 %%
PR R SR AN 2 VR, F R R 2R R R [
10 min, 37 7K MU A 2% FiF§ R 2R 15 T, 5 ' AR )
20 min, FRYCR K 0P A 5% FLK G ARET BR B0 i
WL CE 3 min J5 , FRR K k. SGBEsE R s
HY PP IEE H . PERLGE T ] 10% 1Y
w7 TR AN 10 min, W 5[5 L, 7E 6
FLARH RELINA 800 WL 1% Y6 R 2L G5 TARM, T
FIRYLE 10 min, W FFYL K, PBS k15 min, 37 C
AR PR T o BB TR AL A BH A 4
ffL P T 387 e B AR B ST B i B B A 4

383  NM_053304.1

B-actin NM_017008

AT, RS0 Hr R H] Image-Pro Plus 5. 1 {44
L4 Guit=Aab il PraBdiskIfT 3 Yomar iR
S BE ST SAS 5.1 BPE, Bl A x =5 %
7, R JTT 2200 Bt OB )45 B [ 59 2 5, ¢ AR T L
Bela)— e BRI 2257, P <0.05 NESASR
PEFSSE

2 & R

2.1 WEPRMEINE N, SEER 2 FUORBRAET: X IR
ALBERTILAE (3.9 +0.6) mmol/L, i35 A5 BIER /K 5 il
BN (4.5 £0.8) mmol/L, 22 57 L4t it 24 = X (P>
0.05) o S50 2 1§k IR e 71 2% A 2L L O (4.2 =
0.5)mmol/L,2 JiJ5 MM~ (11.5 £2.5) mmol/L, % 7
AGi X (P <0.01), SEEA 18 HAFTE R
A 14 103 Ui 2 T 11 1 mmol/L, £ 45 5L 5
2.2 MBS KA E L BMSCs
ZERRIRAEREIE | d G EE, RIFE 82 e, 4R
VR IE BURE IR T %) B 4 5 2244 A5 BMSCs 4 it %k
R Z, BHERIRHES] ;7 d 5 4 90% LA 13T
o WA R AR, RYTRIE, WA 1, X
552 AL BMSCs B2 Ht It A7 i U4 AR F RS
KB CD45 FHPEAR N 0. 1% , 1 CD0 fH 1 %
8% 1T E T ER

A JE AR o AR

X HEZH

BT SCaedl Adl B4l BMSCs JE 257 WEE ( x 50)
A S A PR A S BMSCs T 10 40 o 45 74 45 1E
/Iy B ARG S0 Z A 200 M 52 - RS R 2
I H—AB oy 4 AL 1 JBids
Fig.1 The morphologic observation of BMSCs isolated from
experimental and control groups ( x50)
A In the experimental group, the colony units were
much smaller than their control counterparts; B: After
they were subcultured to the second passage, diabetic
BMSCs showed irregular and flat shape and a part of
them turned into round shape and began to shed off.
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2.3 BMSCs (4 aERE /) WO 2 AR i
HUFERE T, WiZH BMSCs 5 i 2 I 85 5% B[] 48 K1
o AZACS I BMSCs 3R 1 ~2 d, f8 8B K
MR 3~5d,7dE#HAEEH,10 d G4 KB ER
Wrozg . 2 ~3 d X4 BMSCs 3958 g J) 3 T 555
H H 2R IGHF5 55 ~ 10 d X B4 BMSCs 4
FHRE I B TG, ZERASRITFE L (P <
0.05), WL 2,

1.8 —e— X4
1.6} - - B4
14
1.2+
1.0
i 081
R 06
= 04}

0.2

0 i 1 1 o

od 3d 5d 7d 10d 144

(ODfH)

K2 CCK-8 JllE%h 2 f BMSCs J4FHAE 1. 1E55 5.7.10
K, SR AN N I SR RE T W1 AR T 0 R4, P < 0. 05,
P <0.01 vs % TR,
BMSCs proliferation was determined by CCK-8. On
days 5, 7 and 10, the proliferative ability of BMSCs
in experimental group decreased significantly as com-
pared with the control group. P <0.05, “"P <0.01
vs the control group.

2.4 BMSCs [HANLAT- R BRI 6
HE L AN 256 20 A 20 L 0 T R B IR ( <3% ), 4L
JegiitF2E R . 0. 3% ik A0 SN I ) SF A AU
P N SRR R AR 7, 5 S AR T AR VS #2524 h
Je A IR AN R P T3 (9.0 £3.0) % , L5 2
F7(16.0 £3.5)% , ERF G X (P <0.05);
£ 0.3% i E AL A AL B 24 h f5 , 6 BE AL 40 i R T
FH(15.0£4.0) % , LI 4 N (26.0 £5.5)% , 22
SAGIFE (P <0.05) , WK 3,

2.5 RUEELEFGKR ALP G 2REiES RS
28 d J&, 521 4 BMSCs ) COL-1,OCN Al Runx-2
3k H A IE #2419 35. 0% .22. 0% #1158.0% ,
XA Z G2 22 5, W 4A FE B 17
FHI(H0d) ,ALP {EPEAE SCI0 2 55 %) B4 2 () Jo 40
ez L RE N E SRR 14 KR8 X,
ALP 35 % 43 531 A %F B4 1) 50. 0% F130.0% , I
4B,

2.6 BMSCs § fLEE S XJ RE4L AL 5 4 BMSCs
B TRE 14d )5, MR EFERA K, von
Kossa Y40, 52 PRI ) DU J F3CST, T s 4519, 4696
RGO JF PR BIRE D B AGLE, (H R Z
() R B 4859 4850 HL 22 S AN 5 7E BB 5 S 1

Fig. 2

28 d LB R R i A 24, (E S 0 2 AT 45 1 B0
WREH oM A, B2 1 RO b AT e i A B 2%
FAGIER (P <0.05) WL S,

ZHHA
104
109 o1
102]
0 Y
P
-102 010> 10> 10* 10°
X HEZH SCH
10%4 10%4

T T T

740 10> 10° 10* 10°
XA

Propidum iodide

= 1 I8 S e
-85 0 102 10°  10* 10°

6 L s I IRLLLL IILRLL
-95010> 10° 10* 10°
Annexin V-FITC

o R
[ O i3 R 2 2
[ 0.3%3d S fb =41

4

(=]

A T (%)

0
b8 S R el A A R e O B A R v

B3 i o B (SRS 723 ( Annexin V/PIL%)
A U ML ASCRG I S R P A5 B« A 2 3 A LE 1M
15 ML RZFF 0. 3% i A AL M T H IR, LA 4L
AMLPA TP <0.05 vs X R4,
Fig.3 Apoptotic cells were determined by using flow cytome-
ter analysis ( Annexin V/PI staining)
A Typical pictures output by a flow cytometer; B
Comparison of apoptotic incidence between the experi-
mental group and the control group under serum sup-
plementation, serum deprivation and 0. 3% hydrogen
peroxide conditions. "P <0.05 vs the control group.
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Kl 4 ELISA 46 B4 B R Bl 75 14 A1 RT-PCR 434t COL-1,0OCN Runx-2 mRNA k&
A REES 28 d i, SEER ALY BUE AR CHE ) COL-T, OCN F1 Runx-2 #ik B A% T 05 M40 5
B:UE 5 R HR 14 .28 d Ji, S0 4] ALP (& PEAR T XL, P <0.05 vs X R4

Fig.4 ALP activity detected by ELISA and the mRNA levels of COL-I, OCN and Runx-2 analyzed

by RT-PCR

A . After 28-day osteoinductive culture, the expressions of COL-I, OCN and Runx-2 mRNA
in the experimental group were significantly lower than those in the control group; B:. After
osteoinductive culture for 14 and 28 days, ALP activity in experimental group was significantly
lower than that in control group. P <0.05 vs the control group.

Xof B2

von Kossa

Alizarin Red

80t

60
401

von Kossa
Relative Calcified nodules
(Integral Optical Density)

Xof B4 SRR

@]

Alizarin Red
Relative Calcified nodules
(Integral Optical Density)

60r T

40t .

20+

XfHEZH SR

Bl5  PI4LR B BMSCs L E /LG e a4 R ( x50)
A EVES 4 )G, vonKossa He (8 TP ZR LY AR I A (L4555 B C 233 45 e (0 FHE 40 i
Bk SRR AT HE S, G55 R SEBR LS5 T 80 B R R P <0..05 vs X A
Fig.5 Mineralized nodules developed from BMSCs in the experimental and control groups( x50)
A Mineralized nodules were stained by vonKossa staining and Alizarin red staining 4 weeks after
osteoinductive culture; B and C: The number of mineralized nodules was expressed as the propor-
tion of calcified nodules-positive cells. The number of calcified nodules significantly decreased in

the experimental group. P <0.05 vs the control group.

39w

S A R R e N IR T
AR, 1 BUFN 2 TR PR B8 1 B B XU 24 BA . 4
I T 2 RRE BRI B K B 0 5 2 v
5k, HEHRRIONE IER BN AR
7E 1 BUBE IR bW W A ol B E AR
BT o L RGIA 5 R PR Ak R R AR A G

R ER A LA LA T 1 - 5 I nl 5 e 8 B 1k
FUPR, (A5 0B HE ARG I s AL RS BEIREE T, WAL
AL = RS, A 1S A oAk, T EUR
B 0 P U R PR AR 5 B PR 5 B R
AP o BARBEIR G5 R ) PR B MO F R
ORISR B T B AR, (R BRI 4k K
B RS R BRI AR B — i =, R
FEIRVE TR R S BURS B ANMIIRAE,3 ~ T d J5 i LR
SR I 28 ~ 42 d )5 B R AT D RE R
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42 ~56 d Ji U BUWT S A B R AT, IR BIE T
o EPRAEBIRI A N 10 J J5 R HU5A BMSCs, iF—
SRIFSTAR R > 5. BMSCs 14 5% 78 Fl 23 A6 45 5, ¥
WP B o 1 1 A ) I ML

AW LI, FEAN MG FR 45 5 ~ 10 K, SEG 4
BMSCs 345 AE 77 8 I T4 B4, 5 4 By e 2t
RIAE PRI 5 30 BMSCs 358 g 7 98 55 i A 58 45 R
— . SRS U T 2EL 20 L =2 ) 22 S 06 R B B X AT
AE 55 )5 H0 200 2 A vy I A2 B BRI AT O

BE PRI BUAR N 5 B B K A, i EE 4
i P S A 07 A A T I 3 S 2R R i 4R Ak
AR A R SR A B s, DRIk, A
— A5 WLEZ 20 LG A8 AR N S0 BT RE 7, 49 B
DAL PR 5 e A PR A I 5 R U TR . S5 R EUR
FEIM W R 2F 0. 3% o AL A FEF T, Ll
BMSCsHyPTIAT-RE /1 B TR, WP 45 R4, b
PRI FEE BT BRAS ANL5 R P 57 5 43 WA 1R U 3R AR
%, 1 H.5 BMSCs Hit 58y b (i me 1 T B A G,

COL-T J2 i B 40 Jf & Ji 1 == 22 40 Jifd A1 358 I
OCN 1 E L Re R 4E i M0 IEH 0 bl 32, e i iy
AU Yy B DR AN IE & 546 i 2 . Runx-2 & [B] 78
JO T 20 L 1) S 4 L A % o S B SR R TR
EREM T BE 0 G 5 A 43 k. L, COL-I,OCN
I Runx-2 J2 Fz Wl Ji B % P A = A a1
AR R, S RE TR AR 28 d 5, SE g 4 Rt
HE 2] BMSCs %) BB AH G 358 R e 18 4 g, (H 2 SE 56
2H BMSCs 114 i H 5C 3 PR 3R 38 7K SF- 3 0] B2 AR,
WALRE B BT X R, RS R, £
S5 R 5 A R B BMSCs [ 75 BE 7 52 R IR
DL EWFR A RN B BB A i & A= & J'é 5 BMSCs
BB R S A R A G

S 3Lk
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