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Osteogenic ability of ADSCs in type 2 diabetic osteoporosis rats
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Abstract; Objective To investigate the osteogenic differentiation ability of adipose-derived stem cells ( ADSCs) in type 2
diabetic osteoporosis rats in vitro. Methods Sixty SD rats were divided into three groups, including control group, osteoporosis
group ( OP group), and type 2 diabetic osteoporosis group ( DOP group) , with twenty rats in each group. After feeding with high-
fat and high-sugar diet, the rats in DOP group were injected with STZ into the lower left abdomen to establish the type 2 diabetic
model. Ovariectomy was then performed to establish the type 2 diabetic osteoporosis model. Periovarian fat was removed only in rats
of the control group. Ten rats were randomly selected from the control group and ten rats from DOP group and OP group,
respectively, were randomly selected from the successfully modeled rats. ADSCs were isolated from the inguinal adipose tissue of
the rats, and cultured and passaged. The 3rd generation cells were stained for osteoblasts and quantitatively analyzed. The expression
of osteogenic genes RUNX2, OCN, OPN, and ALP was detected using PCR. Results BMD in DOP group was significantly
lower than that in both control and OP group ( P<0.05). There was no significant difference in morphology and proliferation of
ADSCs among the three groups. Microscopic observation showed that the number of calcified nodules in DOP group and OP group
was less than that in control group. The number of calcified nodules was lest in DOP group. The large calcified nodules were absent
and the staining was light. Quantitative analysis of osteogenesis showed that the OD value of ADSCs in DOP group was lower than
that in control group and OP group. The expression of osteogenic genes RUNX2, OCN, OPN, and ALP in DOP group and OP
group was lower than that in control group ( P<0.05). The expression of RUNX2 and ALP in DOP group was lower than in OP
group ( P<0.05), while the expression of OCN and OPN was not significantly different between the two groups (P >0.05).
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Conclusion The osteogenic differentiation ability of ADSCs in DOP rats is weaker than that in OP rats, which may be related to

the decrease of ALP and RUNX2 expression in ADSCs under hyperglycemia.
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Bt ARBEE R BB R R
H A IR A R SRS B BB AT % 50% LA k. DOP
R BAE 1T a8, H i B05k 2 ORI ARR
e R Ul il Ol G N R S QN T e 7 i
-, HET DOP BYIA 7 25 2 DLFE il i B K b B R
BAMAYT A FE, TR EA LM L 75X DOP (1934
770 B AT DOP AR mE A, Tab T
REY K& DOP BYG 7 Sk BEOL. ARy T 40 g
(adipose-derived mesenchymal stem cells, ADSCs) J&
—MEBE S RBEFEEN T, S8 T2 MK
TEIAIT AR E R A MR ADSCs B4l ] A F &
FRBLAS BETT I E R R o B DOP Ak
H 51 ADSCs 1 B8 71 04, B 45 B2 T DOP 11
BT, HATAH SR AT S8 B K Bk, T 2018 4F 4 A =
2019 48 1 H ,ABFFEEE T 2 BURE PR 1 B 5B A
KB ADSCs BUIRSM BCR BE ), B TR 3R DOP &
NH A & ADSCs 377 DOP By W] BEE, 9 RSk A T7
Ir) B 2 40U Al 1 R AR L S BRRGE N R

1 #MH5FE

L1 B

Y@ E 12 J# SD R 60 2, MM, (k&
210~230 g, 1" R LR Y 0 R A FATHES
SCXK( &) 2013-0002, % KB 7> 710 F, A Bk
o FESLE N : DMEM 5 88 W 1k 85 55 & G 4
M H - E R (M ERE YR A R
F]); Trizol ( 3% E Invitrogen 2% & ); 4 R & R
( streptozocin , STZ ) ( Sigama 4y &) ) ; RT-PCR i H| &
(TAKARA A F)) . EESLE 45 4 : Hema9600 F (4]
P (BRI R DR 22U AR A R A 5 BCR o3 ot
BT K2800 (AL st LR B A BR A ] ) 5 BURE X 2
Y OSTEOCORE ( 3 E MEDILINK)
1.2 DOP K OP K FUBER ¢ 2 s7

60 H SD K b B AL 70 o4 %5 IR 4H | B o i AL 4
(OP 2H) .2 A4 PR P 1 Bt i /A 2H (DOP 4H ) 3 4,
20 20 H, DOP 4 K RE N HEEWF 1 FR, 4

TS R SR SR 8 S A5/ 12 h,
TR JE 4 08 B 13 3 2% STZ 30 mg/kg, 4
PIRIEST 1k HEPIIR . T &G —IKRES STZ 72 h
Jei T I BRURE B Ok BRI, SR T ot A 0 A0 A R
WA, I W% = 16. 7 mmol/L & 2 Bl bR 9 A BUAZ 7
AT, 2 BB IR K RS DR TR L &K R
BT 10%K-5 AW 1.5 mL/ kg, 216 0 7 5 BRI, BR
BN 2 5, 8 E R b0 D0 I R BRSO B9 S, B SR B
BARGESEXRBRINFEEHEENGS T U/ A) BB
JEYL S 3 d, OP 21K RIR) 3k U XL B &5, %of
2 [ S0 Vo LA B0 55 ] BT B i o 3 28 K LI & Al
F3IANAEHERAREE X 28 5% (00 E 25 4K BRUE
4.5 HEH %8 JF (bone mineral density, BMD) , A BMD<
X FEZH BMD B B 2.5 R Z #RiA OP 48 i
Bibs K UL K2 DOP 4 2 % DOP Jk AR B 2 57 i)
o, EERESE ARG, N IR 41 RE L EE B 10 Ok R,
DOP 24 J% OP 20 M 3 B A 2 i K BR v 45 il ML 328 B
10 HAE#5E .
1.3 KRBT 40 M 4y B S5 484%

B3 AR B HI 10% 7K A G 22 18 T v 5t
F0 5 R BT, O ML, B R SN JE I X R T
TEHIR M, B N KRR VISR IE R X g 41414 2 g,
S 1R i 4H 20 m] i o B B R G IR, T PBS £
VBRSO . M 0. 1% T 7 i 5 e 0 4k S5
L7 BB A E 2R SRS E R K Y R S
T T25 B R, ARG 348 (37 °C 5%
CO, ) Wlssf. 2d G H KW, LGHE 3 K.
B R AL B WA A ALK R ADSCs A K IR
W, 240 MIE A Ik 80% B, EATAE AR, BUAS 4 R R,
85 3 1 ADSCs 25 . i FH CCK-8 3Lkl 3 41 K
55 3 48 ADSCs 345 15 ¥, B 4% (U K il 3 24 ADSCs
450 nm AW G E 1T G % JE (optical density, OD)
B, LA 10 h, LIRBCHHE R, OD H 9 h4
il 5 3 18 ADSCs A= K i 6.,
1.4 &Z KR ADSCs i fig 1l &
1.4.1 ADSCs BB 457 4o 0 B8 B i S 4K
B 3 18 ADSCs H:80 F 6 fLAR, % E A 1x10°/4L,
TWEB R B, HMEEFR I G L 80% ),
ABCE TS (M DMEM g 4 85 35 2+ 10% i 4+
MAE+1% 7 - 8655 Z WP+ 1 mol/L Hi ZE KA +50
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mmol/L H{ 3R Ifl B2 + 10 mmol/L3 - H M BEMR ) & T
I FRAR (37 °C 5% CO,) RIS, & 3 R 1
U BEET 13 d R frili R e, (48] B 2 b
TSR S A ORI, MRS, AN
B REMLBENT BB S T B R AS SR T,
JoL B AR T 3 40 ADSCs 620 nm 4bFY OD {8, LA
OD B 1E BUH & 40T -
1.4.2 RT-PCR ;U 4 20 K [ ADSCs BB AH 6 2
A RE BMEARXBRERTHERERE 3 A
ADSCs, T PBS i itk 3 KA, INA Z 7 Trizol 3 1
BO A, & A0 2 B RNA UL UE B 3% A B R 4R L
ADSCs & RNA #6401 B2 5 4% )5 S 58 5% il <DNA, LA
ACTB AE N NS FE 968 B AL 1A 521 PCR 3
G #EAT PCR FN, K 2% 2H ADSCs pi - #H 5C &
mRNA Ay iK5, 45 . &% L 45 & B F (runt-related
factor 2, RUNX2 )., & 45 & H
(osteocalcin, OCN) ‘B #5245 H ( osteopontin, OPN) | #if;
P #% B2 B ( alkaline phosphatase, ALP ), & E K34
IR M AR A R A R J B s i, & 51
¥ % . RUNX2 + ¥ 3| #. 5-
CGCCTCACAAACAACCACAG-3' ,RUNX2 T {514 .
5"-AATGACTCGGTTGGTCTCGG-3'; OCN [ #5549
5'-CAACCCCAATTGTGACGAGC-3",0CN T #5149
5"-AACGGTGGTGCCATAGATGC-3';0PN FiE5| 4.
5"-AGACTGGCAGTGGTTTGCTT-3',0PN [ i 5] ¥ :
5'-AGTGTTTGCTGTAATGCGCC-3'; ALP | 5| 4.
5'-CGTTTTCACGTTTGGTGGCT-3", ALP F Wi 5| 4.
5'-ACCGTCCACCACCTTGTAAC-3'; {5 # K ACTB
5 9.5 -CCCTAAGGCCAACCGTGAAAA-3', T
W58y .5 -GTACGACCAGGCATACAGG-3', PCR &
B R 095 CFAEHE 3 min, 95 C A8 25 5,60 C
Bk 35,3640 MEER, B 2RI A EN
HREE.
1.5 ZitFabs

SCE AR R LA xxs Ron, ] SPSS 17.0 4k

=

transcription

R4

PHEGE T o0 i, GE 3T J7 vk 2 A el e R 7 2240
B , 25 [R) 50 4 7 Y L8R AT LSD-t £ %, P<0. 05, 4
ERARITFEL.

2 #R

2.1 DOP J OP KRB R 2 57 % I

20 H DOP 20 K& M8 s i3 4 2% STZ J5 3k 19
FURA: 2 BIBERR, ,19 R 2 BUBE PR K BRAT OV 5 )
R EHA 15 Rmg gis, 3 15 5 DOP K i
BRI A AL, AP RELEE 10 K
JEHI Y DOP R BRAERFFY ;20 2 OP 41K AT IR 441
BRARBFIE 12 B RN, 6 ADRE N
FREALEEE 10 HERB T AT OP 4l K RAEAF 5 ; X
M P RENL L 10 HREAHEMNR. 3 HRKR
TSR R R BT,
2.2 3HRKREEGESENN

WS DOP A B S OP 41k Bl BMD B B
T X B4 (P<0.05) , 3¢ H DOP 45 K L BMD % 85 i
{EF OP 40 (P<0.05) (WFE 1),

£1 ZHRRIEBSIEH BMD( 5 =5, g/cm®)
Table 1 BMD of the lumbar spine in rats of three groups after

model establishment ( & +s, g/em”)

20 7 n BMD

it K8 44 10 0.325+0. 017
or 4 10 0.193+0. 021"
DOP #4 10 0.157+0.015**

W G IR B, T P<0. 05555 OP 4% ,"P<0. 05,

2.3 3 4H KK ADSCs B4 ¥ i% 1

BB T WA 3 H KRB ADSCs J5 A4t fg /&
KA, K IEFT F RIS 12 h FFaR G RE , 29 24
h A EE0EEE . 3 20 KB ADSCs A AR A R AT, FF W
THBES HEHKEE, HEER, BN TERA
UKL I 2% A5, 20 A PR 5 T IS R R 0 UKL S A e 1
AR 1), &k AR, 4658 3 /8 ADSCs £
K4, 0l 3 4 ADSCs 3 FHi P RE B, TF
= RIS R, 4 &= 6 d DOP 415 OP A4

Bt

OP#A OP#4

1 REJFIR ADSCs A4 K A% (x100)
Fig.1 Growth of primary generation ADSCs in rats of three groups (x 100)
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3 5RO IRALBR, T 6 K5 AR AP 2%, B
10 K 3 ZH 40 i 34 4 395 15 SR DRI (LIET 2) .

2.0
= DOPZH
1.51 === OPH
e 3o 2L
% 1.0
S /
0.5
00 T T T T T 1
0 2 4 6 8 10 12
RE

2 3HRRHEZIN ADSCs Kk
Fig.2  Growth curves of the third generation

ADSCs in rats of three groups

2.4 3 4KE ADSCs B 45 1 A6 il
3R 3 X ADSCs £ H S 13 d J5i#

T Ea A, B T I DOP 415 OP 41 KR
(R 45 b 48 A B e B2 2, DOP 2 45 4k &5 15 i /b
FHHEBD KR ARG, RO ER(LE 3), WERHE
ERSHEEE T I, DOP 5 OP 41y OD fH 1K
TXTB4H (P<0.05), 3 H DOP M WK T OP 4
(P<0.05) (L% 2),
2.5 RT-PCR # | =4 ADSCs i & H ¢ 3 B
#ik

FREHES 13 d j5,RT-PCR & 3 41 ADSCs
JE 3 RUNX2,OCN, OPN,ALP mRNA [y %35,
DOP 415 OP 4H VU A mRNA 19335 & HAL T f-
H,ZRAGITFE L (P<0.05);DOP 45 OP 4
AH L3, 0CN 5 OPNmRNA () RIABLHB ZF (P
>0.05) , 7 DOP 41 RUNX2 5 ALPmRNA ({j #ik &
B A% T OP 41 (P<0.05) (W3 3),

AL
B3 4IRS =AU ADSCs T 5 5 v RAL R 45 R

Fig.3 Alizarin red staining after osteogenic induction of the third generation of ADSCs in rats of three groups

F2 HMHESESY ADSCs Sl E B R (225)
Table 2

Quantitative results of ADSCs osteogenesis in each

group after osteogenesis induction (&ts)

ZH 5| n OD 1 (620 nm)
XTHE 4L 10 0.143+0.032
op 4 10 0.097+0. 015"
DOP 4 10 0.053+0.011"*

LA A, T P<0.05;5 OP A Ih4E,"P<0. 05,
3 it

WEE 2 TWE PR 0 R 1 B 4R 1S v, DOP 75 Il
PR _EAL g & w1, DOP [ K HL I B AT R 58

DOPH

S, B AT RS R ROR & BEIR S T R EE R
TS R 0 B RS L T A TG 2 A i 4
KFETFHEmA R . AHRRARETEES
WEVRD RN IR i 72 B STZ 1A U0 B9 55477 Bk AR i 7
BT E ST 2 A DOP KRR, DA AR B A B % S
45 R 013 ,DOP 4 K K BMD B B Ak T OP 4, Ui B
RS T A R m A ' KRSV EH, M
JR 97 Tk O A A B B R B A LA B R fE E
Yo BT DOP ¥ A mHLE , T34 2L B iR
DOP W IE A A S,

HET, A5 £ W@ S B 45 B 7k ADSCs Xt 2

£33 WHIESFLH ADSCs KA M KEFE mRNA BYFRIK (2+s)

Table 3 Osteogenesis-related gene expression of ADSCs in each group after osteogenesis induction( x+s)

219 n OCN ALP OPN RUNX2
X B H 10 1.58+0. 125 1.253+0. 157 1. 334£0. 205 1.226+0. 234
oP 4 10 0.764+0. 081" 0.566+0. 102" 0.551+0. 121" 0.586+0.103"
DOP 21 10 0.742+0. 104" 0.301+0.037"*% 0.529+0. 142 0.263+0.048 " *

T S B H A, * P<0.05;5 OP AL %, P<0. 05,
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BRI — BRI A L %
5 2 # bk A2 M ADSCs g vk /> B4l B B A R R
e EL (B DOP B [F] 77 76 B b7 s A0
TR A S P R SRS, L A B ADSCs AU 43 fL e
Jy % gl OP 2%, R H f& ADSCs +%i DOP fig
B B — B A, B AR G B AT 5T 0 R, AR
W5 DOP 4 K R ADSCs & 5 fbif i 5 OP 4 |
X HRZH AR L4, 3R T 2 B DOP KRl ADSCs Al B 43
fLRGBE ST, T R 2 A & ADSCs B84 3597 2 Al
DOP #] T #Ai .

B 5E 25 B TT45, )k DOP 2H K R B4 th 7]
I8 3148 ADSCs, 3f A DOP #4H ADSCs 41 jig
FESFIEFIEN S OP 4 SHIA T 8 £ 5 1R
M DOP KB H AT 2 B & 19 ADSCs, {H MR 75
5 BB TR R KoE B M g R T 45, DOP
4K ADSCs B A B /- RE ) BAE TR AL, B &
R F 2l OP 41, M RT-PCR fg{lf 3 40 ADSCs &
R FBMLE R, DOP 45 OP 4 RUNX2,
OCN.OPN ALP mRNA [y 33k & ¥R T x5 B4, Jf
H DOP 415 OP 4 /F . %, DOP 41 RUNX2 &5 ALP
mRNA ) RABEW WAL T OP 4, i — LA T
DOP 4] ADSCs By BE 34k g 1 2K F OP 4, ) 3
A 5. #E—2F 48 RT-PCR 45 R 7] 13, DOP 4
L OP 41 OCN.OPN mRNA [ REEHTLHEEF,
ALLLHED B4 ADSCs B RE I M EZ R RS
RUNX2, ALP f§ 3 ik /K °F % Yl #1 ¢, ALP 5
RUNX2 ¥y 2 R e+ 40 M R i3 s iy S 2 3t
-1 ALP 240 i 5400 o B B B AR A A, HiR A
B B & & RN, RUNX2 2
F 40 AR o b G R R S R, T A 0 40
Ak RS AR . RUNX2 Al ALP W H
BRI X 40 g B i e s B R A
CHENGOIE S AR E SRR H R
JA PCR %5 50T LI #EM , DOP 2076 &5 BIR A T A &
ADSCs ' RUNX2 , ALP 3 [H 24 OP 4l it — 4 %
fi&, 3X AT A8 & DOP £1 ADSCs pi B RE /159 T OP 4%
HIZJF A, @ 8 ADSCs 1t RUNX2 ALP 3K 35
AR H S L RE 1, TR DOP 3% B ik
ADSCs BAHRITH KA, £T 2 % DOP KRk
P A7 Aol R AL I BE 85 i EE ALP A1 RUNX2 2 5 /K 7
M 28T X T B R T .

25 Tk ,2 7 DOP KR, ADSCs 4k 1 & 434k
B 18055 , 55 T PRl e an oK B, JR IR AT B e i
PR A R H ADSCs 1 ALP fl RUNX2 [ 2535 if —

AW H K, BAUiFH AR ADSCs T B H & DOP
ATRESF AL 22 , $ s L ADSCs LB ML RE T, Rk
ABESCHN B R ADSCs SEAL 3 B DOP BYIRYT .
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