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Effect of glucose and pioglitazone on rat bone mesenchymal stem cells differentiation into adipocytes
FANG Haining LI Yuming LIU Zhiping et al. Dept. of Endocrinology — Union Hospital of Tongji Medical
College of HUST ~Wuhan 430022 China

Abstract Objective  To examine the effect of pioglitazone on rat bone mesenchymal stem cells BMSCs
differentiation into adipocytes in different glucose concentrations and to investigate the modulation of glucose and
pioglitazone on bone metabolism. Methods BMSCs were harvested from the femurs and tibias bones of the rat
then separated purified proliferated and treated with an adipogenic medium including dexamethasone 3-isobutyl-
1-methyl-xanthine insulin  using different doses of pioglitazone 0 0.1 pg/ml 1 pg/ml to intervene the
adipogenic differentiation in high glucose group 50 mmol/L.  and normal glucose group 25 mmol/L  for 21days
respectively. Differentiated adipocytes were identificated by Oil Red O and the expression of adipose-specific
mRNAs [PL and PPAR 7 were assayed by real time PCR. Results After adipogenic inducing for 21 days the
number of adipocyes detected by Oil Red O increased in high glucose group the mRNAs expression of LPL and
PPAR 7 increased 1.40 and 1.63 folds in high glucose group compared with normal glucose group. Addition of
pioglitazone dramatically promoted the differentiation of adipocytes in a dose-dependent manner in both
concentrations of glucose. Compared with NG + NC group the mRNA expression of LPL and PPAR 7 grew 1.43
and 1.50 folds in NG + LP group and 2.41 and 2.17 folds in NG + HP group respectively the effect of pioglitazone
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on adipogenesis in high glucose group exceeded in normal glucose group. Conclusions High concentration

glucose promoted the differentiation of BMSCs into adipocytes and this observation provides a potential mechanism

of diabetes-related osteoporosis. Pioglitazone dramatically increased BMSCs differentiating into adipocytes and this

effect shows dose-dependent augmentation. Pioglitazone decreases bone mass by promoting adipogenesis and

inhibiting osteoblastic diffenrentiation and it may be the important potential pathogenisis of osteoporosis caused by

pioglitazone .

Key words Bone mesenchymal stem cells Adipocyte Differentiation Pioglitazone  Osteoporosis

1968  Fridenstein '

bone mesenchymal stem cells BMSCs BMSCs

BMSCs
2
3 4
Thiazolidinediones TZDs
2
5
TZDs
nuclear transcription factor peroxisome-
proliferator-activated receptor PPAR ¥ PPAR
v
°  TZDs PPAR
v TZDs
BMSCs
TZDs
1
1.1
1.1.1 Wistar
120~ 150 ¢
1.1.2 L-DMEM GIBCO
GIBCO Novo

Nordisk SIGMA 3- -1-
SIGMA
-0 SIGMA
1.2
1.2.1
BMSCs
50 mL L-DMEM 10%FBS 100 u/ml
100 ug/ml 37 C
5% CO, 24 h
2 1 4 BMSCs
0.5 mmol/L IBMX 1 mmol/L
10 mg/ml
normal glucose 25 mmol/L
25mmol/L’ high glucose 50 mmol/L
control 0.1 pg/ml low dose
pioglitazone 1 pg/ml  high dose pioglitazon

DONG + NC @NG+ 1P QNG+ HP @HG +

NC OHG+ LP ©®HG + HP 2 1
21 10/
1.2.2 -0 -0 0.4 ¢ 10
ml 37 C
3:2
2 h
PBS 3
10% 10 min -0
10 min 60%
3 Mayer 5~10
min 1% 10 min
1.2.3 PCR LPL.  PPAR Y mRNA

21 Trizol



494 PEFEHRARRE 2008E7HE 14 FEE 7 Chin ] Osteoporos, July 2008, Vol 14, No.7

(¥ B GIBCO 2 7)) —# ¥4 FIREUE RNA, 7%
R M-MLV MfERT , #A50 & 594§ mRNA ¥
3% cDNA 2> F, i Fi SYBR Green I %% Jt: 4 6t £
ARFTE et E & PCR R4+ #f LPL #1 PPAR v MR
i5, 584 cDNA B4, LA~ BORLE 3R 6 B ik
B RGN NHIAE B DNA & BB TEFF B4E S CT
H. 80 EEGHETEREU 2 KR,

1.2.4 Soit24b38 . A SPSS 4 it #44 4b FB B4R, 45
RUBE st EERA, XFHA—TTHZEDW
(ANOVA), 4Kl LSD 4740 8] He % .

2 &8

2.1 Wa-oRfastR

2.1.1 F¥EXT BMSCs BB - 4L iy s ma : LABE YL iC %K
BHETENMEESEUF( x100) HHMLL-0 R B
PR 0 4 B o 5 40 R 39 B B FE R B T 40 R 4 1k
R ERM(z+s) R, n=3, 7 NG+ NC A Hfig
o5 40 43 4k 3 H7 (27.69 + 2.61) %, Tfii HG + NC 4§
4 a4 1 335 B (40.4 £ 2.13) % , HG + NC 4 kb
NG+ NC 4 J5 i 40w 7y fb B IR & 1.46 15, (P <
0.01), 8 F ST 38 L, F W &5 5 6k oF 12
BMSCs [f] fg M di e 431k DL 1.2 B,

2.1.2 AEFIEEXT BMSCs AR LB . 5 NG
+NC 4L, 76 NG + LP 4+ i 1 40 1 43 b B 42 35
1.89 % ((52.29 + 1.59) % VS(27.69 +2.61) %, P <
0.01),7 NG+ HP # kb NG + NC /L R4 7% 2.83

i ((78.42 + 0.67)% VS (27.69 + 2.61)%, P <
I

£
‘45‘ : "_

- -
o .

. -T = :'ﬁl‘;—;;(‘ . -: ==

T N e
St g 3 T
o3 ax %?T f;f"_‘:-—\-. “Faa
= - - bt 2 — - »
- % S LR ST S
A= ﬂgﬂ
- LW e o
| T P — -
R % - ‘:‘1‘ e | “'
b =

7 ?.:O'I =

* A4
1001 HP
& S :
a2 gof 2
R 704 N Lp
g o Lp p
g SOF N
g o[ N
2 2of
& 10F
o ,
NG HG

B2 -0 3k A s L
IR SLICSE A T MW IF( x 100) ¥ 07 400 &5 40 A
HEOHPEL LR SR (22s) BR.0=3, WA
BE5RMGYUEFFE R RGYEEHME, " P<0.01;50
mmol/L 5 25 mmol/L HHE A 4 BIAB L, “ P <0.05

0.01), 25 AABFH. HG+ LP A5 HG + NC #
He B B 4 B 4 AL 3R H (40.4 +2.13) % 3 8 2 (59.52
+5.84)% ,3H 1.47 (P <0.01),HG + HP i [
HG + NC A4 L # 48 % 2.14 1% ((86.31 £3.96) % VS
(40.4+2.13)% ,P<0.01) , ER ¥ AFREME.
., Bt 2 Ve 5 B o BE S, BR AT B A L R B ¥
S, 7% A ki 5B A B E (R ¥ BMSCs BUAR 4 L Y
fEH, H2MEKREEXRE, mE 1.2 Fix.

2.2 EfER PCRER

2.2.1 R BMSCs BLAR 3tk #2 7 LPL #1 PPAR
vy mRNA FikM W 233 21 RNESRIEEF,
PCR W€ %5 R 875 : HG + NC 41 Lk NG + NC 41 LPL
M PPAR ¥ mRNA #9354 158 h0 1.40 f%(1.69 =
0.02vs1.21+0.03 )1 1.63 £5(1.77 £ 0.05vs1.08 +
0 04), P {EH5 5% 0. ozvﬁlo 016, ¥/NF 0.05, % 5

R ...J»‘"i;.

—_ gt‘:‘ ~ mﬂ-'qi' .:M;
E B

e %
’ 4
4

RId

gy Yt “utq
= oo ,‘h—ﬂ
LT A < .1_?. ",'.‘..a¥
bR )
t ¥ ¢}W" '
> :

B1 MEES 21 REWa-0 Y & BT R i

BEERES 20 X5, RARRHTHL-0 %M A:25 mmol/L Wi A ; B:50 mmol/L #¥ i FE .

I itk

RFEE; 1 A 0.1 pg/ml BEAEFIE I AOA 1 pg/ml o R ( x 10 %)

45 51 347 T 0,7 D 2 O LA T €5 S AR R €, RO 3 oK O /I TR 2% B R 3 B 1 —
8. 50 mmol/L % HE 40 A1 25 mmol/L WK BE ML LL , BB NAHMBEME, JEWE K. 25 mmol/L
50 mmol/L A0 A MERE FIRRIE B 40 i o SR Y B 3 &, EL A0 A ) 217 0 ok BE 344 oo 7 8



FEGEGRMEE 20084 7 HE 14 %58 78 Chin J Osteoporos, July 2008, Vol 14, No.7 495

BAGHF B, RYIR B SERB T BMSCs [ g
Pidaia b, WA 3.

2.0 r Pa|

*
HG
18 F HG T
W L6 -
g L4r N
g 12} NG
£ 10}
B
xK 08}
S 06
% 04l
02
0
LPL PPAR y

B3 FFEMERE T LPL M PPARY M% &
"P<0.05%RLPLAERFMBERELEMNREERRAT
BEW, “P<0.05®RPPAR Y EFABRELANWREIERR
AR EH

2.2.2 mEAEFIEA ST BMSCs R AE 4+ 4L i 2 # LPL
PPAR Yy mRNA M REMZ I : &1 21 KiF T Mg
F#,PCRERBR:5 NG+ NCHME, NG+ LP A
LPL 1 PPAR YmRNA Fik4r 514215 1.43 £5(1.73 =
0.03vs1.21 + 0.03 P < 0.05) 1 1.50 4% (1.63 =
0.05vs1.08+0.03 P <0.05), i NG + HP A =% #
RESANEF 2.41 1%(2.92} 0.42vs1.21 £ 0.03 P
<0.01) 1 2.17 4% (2.35 + 0.45vs1.08 = 0.03P <
0.01), H5 NG + LP 44 # k., NG + HP 4 LPL 1
PPAR YmRNA RiAWIE M T 1.69 f5(P <0.01 ) F
1.44 f5(P <0.05), & W k4% 5| B A 42 #f BMSCs [
JiE Jos 40 B 434 B 1 AL, EL i AR P 6 nik A% 5 i 590 B G
BT, WE 4, 76 HG &4 8 ikt B R A
Ik P EZ/NTF 0.01, 3% BA 3508 A0tk 4% 5) BR AL
E R # T BMSCs [ ig U7 40 fg 34k , LI 5.

40

x4 *
35| HP
“ 4
g 30 | HP
25 F
£ \ .
K 20+ LP LP
®
15 F
E [
05
0 | . :
LPL PPAR y

B4 NG HnL#EFIE{E A LPL M1 PPARY IR X
"P<0.05s RESR MG YA, A nk 5B LPL 1
PPAR YmRNA BiXMER., P <0.05 %R 1 pg/ml M 0.1 pg/ml
Mt 4% 51 B LPL 1 PPAR YmRNA RiEHE R

* A
» 5F P HP
g Ak HP
B % LP
% 3IF LP
*®
< 2[ NC NC
z
E 1}
0 1 —
LPL PPAR y

§ HG ZnL % 58 & ARt LPL 1 PPARY H3KiE
*P<0.01 fRERGRMAYHLL, ALK I BE LPL
PPAR YmRNA £XMER, “P<0.01 £R 1 pg/ml 0.1 pg/ml
At #% 51 & LPL #1 PPAR YmRNA REMER

3 itig

BRBEA, BREN KB R4 RN M2
RFBEENHBERGEHFRE. BEITLUEEN
RIEBRFAESEERFEEMEL, BITHE
B, B4 1 RERWBEVESBV BE
(bone mineral density, BMD) iK™ , — 39 £ i 9 I R
FREH, 1 20~56 F B 1 RIBRFRBETA 14%
~20%BEARBESTELMERAML . 2 BBER
973 8 P B v B 5% 3R I R AR B, DT & IR 0L 38
BHE BELEERMER 2 BBRBBEERR
MBEREHEEE™, HEHEAIRBE 1 BE
RoBMBRFEEFEYRREN, BMETHE
K, EREEZFRILEEATLER,

EERMTRRHER L2 RBHEFEE
SHWBRHEBED, B EBNE S B R R E S
SRR AN BB Nt o A B i MR PR R S AR
RUHATHR T8 OB R Bl i B B Bt AR, R
BB 400 L R /0 T 34 o i O 400 N Y BN T R BOR
E5, Bk, B8P AR B 40 KA R B 40 A 4 AR
RS RERERFTBERAMMEEZR
B, BB G 48 M A0 AR B 40 B OR IR T R 94
M KRB B RAIEWH B Z BFE
FHUWEAL LR, ERNBSSHARR T4
TG 434k A 40 L 3% 5% L 56 o, 0L 2R B R B O R 0
0, B 7 48 B B A AL SRR TR, A T 4 Y R R AR T
#) LPL #1 PPAR Y mRNA ik B, 5 EABR
RN BT I S — B, TZERAMIM S —BF5R
rh i SEE S T RO 3 35 2 OB R B RO 3 R 4R B
W44 Bl B8 2 , 5 Gopalakrishnan %5 B BIF 5% 45 R AH
— 3, Gopalakrishnan % # it T 5.5.16.5 il 49.4



496 7 14 7 Chin J Osteoporos July 2008 Vol 14 No.7
mmol/L BMSCs UAMS-33 U-33/72
DNA PPAR vy PPAR-7Y2 #
BMSCs a PPAR 72
PPAR 72 H TZDs
PPAR v
° BMSCs
BMSCs
PPAR v PPAR vy LPL
BMSCs BMSCs mRNA
BMSCs
PPAR v  BMSCs
PPAR v
2 " TZDs
PPAR vy
15 TZDs GW0072
Rzonca 9-
25
Webster 28 MCC-555 U-33/72
100 24
7 666
PPAR v
: TZDs PADGE D1
PPARY TZDs PADGE
PPAR vy 2
404 PPARY
1 PPARY
20 PPARY
21
PPARY PPARY+/_ Damme AV Driessche TV Colle D et al. Bone Marrow Stromal
PPARY 2 PPAR Cells as Targets for Gene Therapy. Curr Gene Ther 2002 2 2
Y PPAR Y 195-209.
23 Beresford JN  Bennett JH Devlin C et al. Evidence for an inverse
relationship between the differentiation of adipocytic and osteogenic.
PPAR ¥ Cells in rat marrow stromal cell cultures 1992 102 Pt2  341-351.
U-33/72 Justesen J  Stenderup K Ebbesen EN et al. Adipocyte tissue

PPAR-72

volume in bone marrow is increased with aging and in patients with



2008 7 14 7

Chin J Osteoporos July 2008 Vol 14 No.7 497

10

11

12

13

14

15

osteoporosis. Biogerontology 2001 2 3 165-171.

Martin RB Chow BD Lucas PA. Bone marrow fat content in
relation to bone remodeling and serum chemistry in intact and
ovariectomized dogs. Calcif Tissue Int 1990 46 3 189-194.
Yki-Jarvinen H. Thiazolidinediones. N Engl ] Med 2004 351 11
1106-1118.

Desvergne B Wahli W. Peroxisome proliferator-activated receptors
nuclear control of metabolism. Endocr Rev 1999 20 5 649-688.
Panagiota AS  Sonia AP Maria S
Optimal Culture Conditions for Clinical Scale Production of Human
Mesenchymal Stem Cells. Stem Cells 2006 24 2 462-471.
Piepkorn B Kann P Forst T et al. Bone mineral density and bone
metabolism in diabetes mellitus. Horm Metab Res 1997 29 11
584-591.

Kemink SA  Hermus AR  Swinkels LM

et al. Characterization of the

et al. Osteopenia in
insulin-dependent ~ diabetes mellitus ~ prevalence and aspects of
pathophysiology. J Endocrinol Invest 2000 23 5 295-303.

Watts NB D’Alessio DA. Type 2 diabetes thiazolidinediones bad
to the bone J Clin Endocrinol Metab 2006 91 9 3276-3278.
Justesen J  Stenderup K Ebbesen EN et al. Adipocyte tissue
volume in bone marrow is increased with aging and in patients with
osteoporosis. Biogerontology 2001 2 3 165-171.

Botolin S Faugere MC Malluche H et al. Increased bone adiposity
and peroxisomal proliferator-activated receptor-gamma 2 expression in
type I diabetic mice. Endocrinology 2005 146 8  3622-3631.
Nuttall ME ~ Gimble JM.
osteoblastogenesis and adipogenesis and the consequent therapeutic
implications. Curr Opin Pharmacol 2004 4 3 290-294.
Gopalakrishnan V' Vignesh RC  Arunakaran J et al. Effects of

Controlling the balance between

glucose and its modulation by insulin and estradiol on BMSC
differentiation into osteoblastic lineages. Biochem Cell Biol 2006
84 1 93-101.

Desvergne B Wahli W. Peroxisome proliferator-activated receptors
nuclear control of metabolism. Endocr Rev 1999 20 5 649-688.

Gimble JM Robinson CE Wu X et al. Peroxisome proliferator-
activated receptor-gamma activation by thiazolidinediones induces

adipogenesis in bone marrow stromal cells. Mol Pharmacol 1996 50

17

20

21

22

23

24

25

26

5 1087-1094.
Lecka-Czernik B Gubrij I Moerman EJ et al. Inhibition of Osf2/
terminal  osteoblast  differentiation by

PPARgamma2. J Cell Biochem 1999 74 3 357-371.
Chawla A Schwartz E]J  Dimaculangan DD

Cbfal  expression and

et al. Peroxisome
proliferator-activated receptor PPAR  gamma adipose-predominant
induction early in adipocyte differentiation.

Endocrinology 1994 135 2 798-800.
Ogawa S Urano T Hosoi T

expression and

et al. Association of bone mineral
density with a polymorphism of the peroxisome proliferator-activated
PPARgamma expression in osteoblasts.
Biochem Biophys Res Commun 1999 260 122-126.

Rzonca SO Suva 1J Gaddy D

receptor gamma gene

et al. Bone is a target for the
antidiabetic compound rosiglitazone. Endocrinology 2004 145 401-

406.

Akune T Ohba S Kamekura S et al. PPARgamma insufficiency
enhances osteogenesis through osteoblast formation from bone marrow

progenitors. J Clin Invest 2004 113 846-855.

Cock TA Back J Elefteriou F et al. Enhanced bone formation in

lipodystrophic PPARgamma hyp/hyp mice relocates haematopoiesis

to the spleen. EMBO Rep 2004 5 1007-1012.

Gimble JM Zvonic S Floyd ZE et al. Playing with bone and fat. J

Cell Biochem 2006 98 2 251-266.

Lazarenko OP  Rzonca SO Suva LJ et al. Netoglitazone is a PPAR-

gamma ligand with selective effects on bone and fat. Bone 2006 38
1 74-84.

Lecka-Czernik B Moerman EJ Grant DF et al. Divergent effects of

selective peroxisome proliferator-activated receptor-gamma 2 ligands

on adipocyte versus osteoblast differentiation. Endocrinology 2002
143 6 2376-2384.

Hung SH Yeh CH Huang HT et al. Pioglitazone and

dexamethasone induce adipogenesis in D1 bone marrow stromal cell

line  but not through the peroxisome proliferator-activated receptor-y

pathway. Life Sci 2008 82 561-569.

2008-03-09





