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Abstract

Objective: To study osteogenesis and adipogenesis of bone marrow mesenchymal stem cells (BMSCs)
by diabetic rats during different time periods, and discuss the correlation of diabetic osteoporosis
model formation and BMSCs osteogenesis and adipogenesis. Method: Using Streptozotocin (STZ)
with higher sugar high fat feedstuff induced diabetic rats model, normal rats as control group.
BMSCs were amplified and purified by whole bone marrow adherent method at 4, 8 and 12 weeks
after STZ injection, and the well-grown third-generation cells were selected as the research object of
this experiment. Osteogenic induction was used to induce cell differentiation, detecting Alkaline
phosphatase (ALP) activity after 7 d; detecting alizarin red staining and ALP and Osteocalcin (Os-
teocalcin, OC) mRNA levels after 14 d. Adipogenic induction was used to induce cell differentiation,
and after 14 d detecting quantitative analysis of oil red O staining and Lipoprotein lipase (LPL) and
peroxisome proliferator activated receptor (PPARy2) mRNA levels. Results: The ALP activity of di-
abetes group significantly decreased, compared with control group, P < 0.05. Calcified nodules of
normal control group are significantly higher than the diabetes groups. The OD relative value of ALP
(0.26 £ 0.05) and OC mRNA (0.31 * 0.09) is lower than the control group (P < 0.01, P < 0.05). After
STZ injection fluid 4, 8, 12 weeks, the adipocyte transformation rate and 0Oil red O dyeing value of
control group is lower than the diabetes group. The OD relative value of LPL (0.89 + 0.05) and
PPARY2 mRNA (0.38 *+ 0.03) is lower than the diabetes group (P < 0.01, P < 0.01). Conclusion: Injec-
tion of STZ liquid after 4 weeks, the adipogenesis of diabetic rat BMSCs differentiation capacity in-
creased obviously; after 8 weeks, the ossification of diabetic rat BMSCs differentiation capacity de-
creased obviously, which may have a certain relationship with the formation of osteoporosis.
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H I BF TR RO AR R K B 5 A [5) B 1) B & BB 9] 78 8 T4 il (Bone Marrow Mesenchymal Stem
Cells, BMSCs) I BB K BB 43 Ab BE T BB, R B IR AR B B SR BRAA TE R 5 BMSCs i B & iR 4L e
FIIAE R, ik FFEE IR & (Streptozotocin, STZ)HNE ¥ 5 AR LARE SHIVEX Bl R AR,
EERKBIEASBA. 4P THHSTZHRA. 8. 12/ )5, SRRy fAdikBMSCs, Bk
KRFHEIRABEAELRIHAN R . AREESRESFARMML, HBR7 d)E, RUBIEHRE
(Alkaline Phosphatase, ALP)}5 /1, 14 dJ/5, 3T ROLE KA WALPAIE 5% (Osteocalcin, 0C)
mRNAZ &. AREESRESIERMM, #5314 d)F, #TmWmaoft, HEREHARBE; 3T
Moyt E&abr; MU AEE AN (Lipoprotein Lipase, LPL) it & 4k 4 B 3 78 V5 4k 52 1k
(Peroxisome Proliferator Activated Receptor, PPARy2) mRNAS&. &R : HHSTZHS. 125,
P RRAALPYE I B TR, EXTBAE, P<0.01. XBASKE T HEH EL FHER4. ALPE
HAEXTODME, B4 (0.26 + 0.05)E T X B4 (0.42 + 0.09), P <0.01. OCEHEAEXTODE, HHRKH
(0.31 = 0.09)& F-XT B4 (0.41 £ 0.06), P<0.05. FEESTZH4. 8. 12f)5, WL 0oRt, XFBA. 5
RIRAETWER WA LR, *TRAR 41K (25.16 + 5.03)H BIKTHIKK4(66.85 +
10.01), P < 0.01. JHAOREERSTER(ODE), XTHE4(0.016 + 0.015)JHA & & H BARTHERE
#1(0.058 +0.016), P <0.01, LPLEEFHXTODME, HERML(0.89 + 0.05)% T X4 (0.22 £ 0.05), P
<0.01. PPARy2EFMXTODME, HERMKA(0.38 + 0.03)% T X4 (0.18 £ 0.01), P<0.01. Fit: ¥E
HSTZHRAR LG, BERBARBMSCsa s rthae /1358; 8ALLE, BESMLEEIHE TR, WaEE
FRRMAITERRAE — B HRR.

X 5in
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Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|18

VI 22T 503 BN PR3 B8 A B Jo i A 1 IR B St v T AR PR 08 S, TRAT W T B SR R IR
T S BB IR 2N 40%~60% (1], FAGmMLEI MR a4 B, HAFETFZ $il.

‘B8 8] 78 i 40 g (Bone Marrow Mesenchymal Stem Cells, BMSCs)#& H BiffF 78485 £ 1 ik T4 i 2
—, (EEEMES TRARE . BE. B a2 m LB RE[2] [3]. BMSCs A2 B 41 i 4
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PERTRTARTAHRE, Ho A L A B A s T A, o R S O A R R T T A A
R[4 W TE AL BMSCs [ J 70 A2 « B 70 P38 22 52 1 B RA AE 25903 1 2 AL AR (5] (6] 4] BMSCs
JEAR A AR R 73 P MDA I AR R A R V7 B OB AAE (K 7 [0 22 —( 7] [8] 9]

ARSI 8 3o SR e v IR R I N R R A T 2R TR L 2 BB PR AR, LSRN R e 1)
PRIGAETLR B BMSCs Bt AR 7L TG L, & FERIT FURE PRSI K SR AR B T2 15 BMSCs JiE [
JEAR AL RE T AR SR

2. MMERHE
2.1. KR

2.1.1. LI
SPF 2% fi FERfEYE SD KR, A5 8 (180~220) g, 20 K. M REEXALI YO8 4t, WaliES:
SCXK(#)2013-0002. 5256 ik 2 7 o6t 24 1) Ak B 75 & S A B hnif

2.1.2. FEHRERAF

DMEM #: 7 5(GIBCO). 4= MiE(GIBCO). M7 Fl HUIRE S W4 O (MBCHEM). ik
WETR EF(ALP)I 2 57 S (Pl 5 B AE W) TRERE FCT) P4 S (MBCHEM). cDNA 7 £ (Fermentas /A
F])+ Trizol Reagent (Invitrogen A F]). TaqDNA Gl il H e AR A R A w) . 51 LA T
Y TREBEARRSHRAR), &

2.1.3. L&

2 8 W 7€ {X (Eppendorf) . £ ZjfiE PCR 4 141X (Thermo Hybaid, PXII). HiiK % %i(BIO-RAD,
Mini-Sub Cell). #EZ G 20T & 48 (BIO-RAD, GelDoc). UV-7504 B850 k48 4] W46t B it it
JRIEAXZE G BRA D).

2.2. SEWFE

2.2.1. BERBEARIREAHIF
b BRI R IR R DU S, 35 me/kg MEETESSBE STZ, 3 d J5BY R EHBKI M KE, LI>16.67 mmol/L
N RE PRI e Ty, BEAEEST G 3 R 1 R E K R AR S, DA CR ISV £ >16.67 mmol/L.

2.2.2. BMSCs 9 BEIg&F

SRS STZ W 4+ 8+ 12 A5, HUBE PRI K R A AR ER, 10%7K & % 0.3 mL/100g 145
TG SRR, RO S5 I, IR LTE 75% CWEF S min, FRRICRAEBEUKME R T AR, BT LW
RRFRIL b, FIBRMEE . R RMEMERUASEHS, JoE PBS REMvE. BIWAR. B 18 vk, 5 mL
— PR S BT B DMEM 58 &5 38 (A 10%R4F M7 . B8 & 100 U/mL KEEFE R 100 pg/mL)7E 51
PeE e, SR A NIE, FA BMSCs 55 24 h G371 IR, PBS JE8E 3 K, LLEBR AN EE
MIgii. LSRR 3 d Bl 1 K. 440EEE 80%MWIIK)S, LA 2.0 x 10° /N/mL 41l [ 4 fE B fh 55 97
AT G B R
2.2.3. BMSCs IR B 9t

B A K P3-P6 4HARLL 2 x 10° A~/mL 0T 6 FLIRA, fEALEEFH 1 mL, 72 h )5, FRCE 40
FEFW(E 107 mol/L HiZEKFA 10 mmol/L A-HIHBEERHN. 0.05 mmol/L 72 EPidk MER) AN 5% [ IMLiF
Rt MY 2 K, B3R 7d)E, B ALP & /. 14d )5, #4786 RA Yt K& RT-PCR VLK ALP 1
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OC mRNA & .

2.2.4. ALP FFH#M[10]

3% 7d )5, F PBS M4fpesk 3 i, INNANMZLARE 4°CE, 4 75 i A3 1 min J5 3 &
1.5 mL &0 H, F 10,000 rpm &0 5 min (4°C). WA LB, S uL InFilEE W, %M ALP 57
VL ARAEE NN 5 uL By AR v B, 25 A INNIUZEIK 5 uL, % B N2l 50 pl FIEE R ¥ 50 uL,
FEAVRA), 37°C/KIE 15 min, IO GF] 150 pL, SEEIVRAS, % 520 nm K, FAEHE, LIS
SNCHCRETE L, M E TG EE(OD fH). MR FHIANXITE ALP i& 5, WHEAR:

ALP i5 7] = (OD 2 %E + OD #r#EE) x 0.003mg + HUFEE & H il

BN RE X B VR ATE 37°CH LA 15 min 7245 1 mg B 1 #47(U); 0.003 mg APRAEE &
R . AR 70 66 RE TR A5 2RE S ) OD E RN 520 nm), FIH L3R 20 STH 54 AR AR i
o ALP (193 1(U/gprot)

2.2.5. WEROARE
W FERE IR, PBS ¥k 3 . 95%YBFS [ 52 5 min. NN 2% 76 RISt 5 min, PBS phyk 3 . {8E
MHEBHE T WEE, Mg,

2.2.6. RT-PCR %M ALP #1 OC mRNA €

S HIA S S 46 E W72 1. PCR P24 10 uL, 1€ 1.5%3 gkt Lk 1 h, HE 80 V, BIO-RAD
B G B bt RS IR 73 A LL B-actin ASFH IR, 17w & 519% i primer 6.0 %X
¥t EEA TAY TREEARRS A RA TS K.

SCEREE 3 K.

2.2.7. BMSCs KRR BE 434k

O HAE K A 1 P3-P6 4L LA 2 x 10° AN/mL B2Fh+ 6 FLAUA, LR 1 mL, 72 hJ5, FSAR4NH
FHEW(E 1 pmol/L M FEKKA. 0.01 mg/mL K. 200 umol/L MIMESE . 0.5 mmol/L 57 ] 3 F L g i
VYA IN 5%7% A MLERE 77 . R 2 IR 14 d 5, #4794 O 44fh ¢ RT-PCR %4l LPL Al PPARy2
mRNA & .

2.2.8. ML O &

FREL 0.5 g 4L, IR NEEZ 100 mL, 1EAMEA . W53, PBS U 3 i, 95%IPiF[#E & 5 min.
PRI LB AT, HZ ML 25 B8 T /K DL 3:2 Fake, BT FLIESRIE I8, S E 10 min. FFLIIA I mL 343,
et 10 min. FH PBS ¥t 3 #, ERR5REH MG ORI R

1) FeWiam st

Table 1. Primer sequences of f-actin, ALP and OC
2 1. p-actin, ALP, OC 3|45

ZE[A ElEZIEg ]l KB BRI T {ZE2N

5S’GTAAAGACCTCTATGCCAACA3’
5’GGACTCATCGTACTCCTGCT3’

5*GACGGTGAACGGGAGAAC3’
ALP 5’CTCAGAACAGGGTGCGTAG3’ 441 bp 56 30

S TAAGGTGGTGAATAGACTCCG3®
oc 5’ GTGCCGTCCATACTTTCG3’ 150bp 49 30

P-actin 227 bp 54 30
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{5 B AH 22 AR FREMLEN 8 AN EESVEF, mAfse Pt tEan s g, RS E e
177 4 6 R 1 2 50 R IR D7 4 2 A 2

2) JHLL O GutiE &

W ML O, FTEKYE 4 k. ZBRFIRKIK, KT H 100%5 AEEEEML O, /EH 10 min.
FBBARIAT JLIK, ML O A Va R T R mEH . K HBE R 1.5 mL EP &, H 100% 5 HEE/E N2 A
Xof e o AR 40 ' FEE T A U 45 304 it 1) OD B (R I 9 450 nm), KA 5 mm LU, DL B % .

2.2.9. RT-PCR #l] LPL §1 PPARy2 mRNA &8
S0 F HI RS2 AF WL 20 PCR F=4) 10 pL, 7E 1.5%ZE AEFEAER: F Yk 1 h, HE 80 V, BIO-RAD

BB RAG T it R G IR . 73 A LA B-actin NS HEILE, 7L @B ST
SEIGEE 3 K.
2.3. BuEAbE

SIS BE I BEARE 2 (X £9)% R, H SPSS 19.0 Gl Bk T A . thiscfd B R K 7 2 0 #r s
ZH A PR HL AR LSD . P <0.05 AESE ST %E .

3. 458
3.1. REBSERESHNENL

Xt RGN Bt 5 5 I TR B0, AR MR SR il R A 45 1Y, IBHTE I IR A, IR AR
TP AEURL, AR, SR ORI, BERERANECEUE HREH, WEIRR AT A

1 S X RRAARRL, (H4 s TR

l(a): XMHRHAMMAEFHFERELK, HBHEREZ NEAERAIMET, HPR%, B RE
JE4EH

1(b): FERIAABEIE TG, AW EXRAMEL, HETTHE D F X,
3.2. ALP &M

RCE 555 ALP V5 7B 230, % HRZH ALP 35 7780 B s THE IR AL, Z 5 A St %= X (P <0.01).
L 3.

3.3. AARASE
BT 14 d, WERLALGL L TR, 0T RAS L B E Y B m TR RR A, W 2(a). & 2(b).
2(a): WIERHREFHSWEEFR 14d )5, BHRARE] W2 ADNBENLABEELET .
2(b): WERRIRAL, PERLAGLEPHME, P5U0E5TT 8 Wb T A .

Table 2. Primer sequences of LPL, PPARy2 and f-actin
%2 2. LPL, PPARY2, f-actin 5|4/F%!

FE eIk g K BKIREEC T
5’GTAAAGACCTCTATGCCAACA3’
5’GGACTCATCGTACTCCTGCT3’

5’ CGCTCCATCCATCTCTTC3’
LPL S’TTGCTTGTCATTCTCAGTTC3’ 264 bp 32 30
5’ TTGAATGACCAAGTGACTCT3’

5’ CGTGCTCTGTGACAATCT3’

f-actin 227 bp 54 30

PPARy2 418 bp 54 30
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(a) (b)
Figure 1. (a) Cells of control group (x100); (b) Cells of diabetes group (x100)
1. (a) XFERLALAAR(x100); (b) PEFRFRLALAAE(x100)

Table 3. ALP activity detection (unit: U/gprot,n=3, X +5)
%< 3. &4 ALP SENRM(BANGL: Ulgprot,n=3, ¥ *5)

251 ALPi J3(U/gprot)
o B ZH 235.76 £ 20.04
BRI 163.48 +18.05™

ExBALE, P <0.01,

(@ (b)

Figure 2. (a) Control group (x40); (b) Diabetes group (x40)
2. (a) XTHBLA(x40); (b) PEFRIRLE(x40)

3.4. RT-PCR %45 ALP 1 OC mRNA &

XFHELH . Bl SR FRIE ALP. OC FE[H . f-actin FIFRIEMB N —3. LA p-actin NN S, 31T OD
LR e BT, XTHEZH ALP. OC ZERIRIA B9, SHIRWALLE, ZRESHITFEILP<
0.01, P <0.05). WK 3.
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0.6
0.5 - {

MREE BEREA xR REERRA
ALP ALP ocC oC

ALP.
oC

0.4 ¢

>*
>*
>*

0.3 ¢

0.2

0.1

0.0
B-actin

ALP. OC mRNAMHXfODE (% )

YRR BEIRRAE XA mRma
ALP ALP oc ocC

HxHRZE R, "P<0.05, “P<0.01.

Figure 3. Expression of ALP and OC genes
& 3. lESUAREY ALP. OC EERIFRIX

3.5. RS SAEISHEN

HEES 2 d J5, EPAE/AMEREIL, BRI EE T TR AR, MiESEERERK, DR
RERCKINGIL, AHMOEETIR, mIFESRMRIE R ARIE .. WETEESZ MY, AR . BRI
HERE g S 2 T, WE 4(a) Bl 4(b).

K 4(a): T 7d Ja, XHHRHBIKER AR 408

Pl 4(b): B8 R 2ELHE B 4 i B S5 22 1 AL
3.6. BRAR4RPRE 1L

R 14d 5, BT O Yefiy, XFHRZH. MRS WS n] WG VA o, RRMT4iie d & K/
ARG, 4HMAZ B AR R B T4 — MO 5(a) P 5(b)). BEMLEL 8 AE 2 S A 7 153 40 it e £ K
RE R AR EL, R 4 5 o 4 A 0 B 0 B RIAE 7 40 B A A 20 o xR L Mg s 400 Pk 2 £ 2 B SR ARG T R
R, ZERARIEE P <0.05), W4,

K 5(a): XTHRAANARIE S 14 d JEHAL O Yete, mT W KE M @R .

K 5(b): FEIRIEZ 14 d JRaha O Yeta, nl WA A ESRME R, HEiE 2 XA,

3.7. B4 O RBEENT

WAL O Pt mAoME R 5, XRASHEIRFALE, ZRE55E (P <0.01).
3.8. RT-PCR #ll LPL 1 PPARY2 mRNA &8

NFFRZH . K PRI I %35 LPL. PPARY2 JE[Hl. S-actin [FRIENE N —5. LA f-actin NNZ,
1T OD 1 I B R0 M7, WEFRIGZH LPL. PPARy2 KK (KRB BIG5E, SXEALE, ZRA%1
2 (P <0.01,P<0.01). WH 6.

4. i

B AR B R G P S AT PR 8 5 B A A2 2 NISTIP, B E BT V2 i Se R WIRE IR s R AR
JER R 1) JRSS: B Sk i T AR PR R (1 1], SRS & B B AA R () AR AL AN 2, IR B ImIR VAT Y
KT AR HMER[12] 0 A S0 88 It S S OH PR B TR AA K BRAB B [13] [14], WSS [R] B[] Bom PRI 155 20 K B
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(€Y (b)

Figure 4. (a) Control group (x100); (b) Diabetes group (x100)
4. (a) XTEBLA(x100); (b) ¥EFRIFLA(x100)

(b)
Figure 5. (a) Control group (x100); (b) Diabetes group (x100)
[ 5. (a) XFBBLE(x100); (b) FEFRFELE(x100)
Table 4. Conversion rate of adipocytes (%, n=8, X +5)
Fz 4. BBATARMEELER(%,n=8, X *s)
2053 JIg 7 200 6 A 2
RopiiEeN 25.16+5.03
W b 21 66.85+10.01"
xR, **P <0.01.
Table 5. Quantitative analysis of oil red O staining (OD value,n =8, X =£s5)
=5 HLOLBEENMMODE,n=8, ¥ +s)
2053 ODfH
xR 0.016+0.015
Bl PR 20 0.058 +£0.016"

SRR, **P < 0.01.
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; 1.2
l\;q 1.0 *x
SHRE  PEEmA SNHRA BEREA 3 }
LPL LPL PPARy2 PPARy2 "(;2’ 0.8
juang
= o
LPL. % .
PPARy2 £ 0.4 | ,
S |
€ 02 1
= o.
& 0.0 -
- LPL  LpL PPARY2 PPARy2

SxtRA b, **P <0.01,

Figure 6. Expression of LPL and PPARY2 genes
& 6. MAE D LAREY LPL. PPARY2 EERIFRIL

BMSCs i H FS AR/t Ol B fEEFORE RIS I K B R A IR i 5 BMSCs Jild B B o3 Ak it 70
IR DG Db R SR BRI ATL A B2 AR .

KIS IR, S STZ W 4 LU, HERALK B BMSCs iR/ LRE S, 1RI0 fisfis 41 i
HAGER, e O Yete B R m TR MR AR EY LPL. PPARY2 JEHAHXT OD W & & T Xt
M2, 8 FILUG, WEJRWi K BMSCs IRCH 7K RE ST B TR, AT HE PR ZH K B BMSCs ALP ¥ /)
B R, A5 EE I R T A . BeE bR E ALP. OC i [R BH S5 AH IS -0 R4

TEE SRR AARE B3 P, B R 7S T AU AR B 7 A 2, TR T b, B s
2% A S EB AT, R SR SRR AL S 2 AR AL, 2 H AT S
FEAe WE PRV BB AA R AR IR TR R IR AS TR B AR (0 280 o I 70 R T 40 B A Dy e A R O 4
M R TR AN, FHCR . ThRETEME LS B SRR 2 8] 1) ST 2 Jl B IR R ) O o T AR 2 TR T R T,
BRI A DRI AR 7 A - (5538 R AE 17 70 00 T4 M I oAb R b R ¥ R AE L, 3t
[7i] 5 S5O PR3 P R PA P R AR o 22 Folobil JaR s A 54 R 238 3 A 92 1) 7 J5 4 P 1) s i i i Ak, AT K
SR P AR S R e AR R [ 15

SR, H A HE R 5 A5 3 B B I 70 0 -4 M 1 A8 A S LA TR g b A R I E I Fe i/, LRk
S THLEI ATERE, Tt — D R SR . ARSI 4 R BB R K B BMSCs BUIR /b fg i, &
Ho e I R B, AT BRSO R BN T AT — 2 IS R[16].
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