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R m nt stud ies s uggest that human ad¤ se ¤ ÙÝÐÐ ØÆ÷±́ io n Ð d mµ s«Ðe
tiss ue co nta ins p lôu r±ipôot¥e n̈t stem ce lls s im ila r to and hA DSCs .2'4 However, rece nt stud ies have

bone wÉ rrow d erived stem c ells -1 Ad iÞ se t issue . quest ionØ m e efficacv of o lucoÞ rtied ds such as

l i k e b o n e m r ro w , is d e w e d f r o m t h e e m b ºy o n ic D E X in m e d ia t in g t h e o s t e o g e n e s is p r o c e s s o f
m e s e n c h y m e a n d c o n t a in s a s t ro m a t h a t is e a s i ly s k e le t a l p ro g e n it o r c e l l s s a n d p r o c e s s e d l i p o a s p ir a t e

is o la t e d . C o m m re d w it h c e l ls h a rv e s t e d f r o m b o n e c e l ls -1 T h e r e f o re , 1 , 2 5 d ih y d m w v i¥ m in U (V D )

m a w o w s t ro m a , h u m a n a d ip o s e t is s u e d e r iv e d w a s a d d e d t o O M c o n t a i n i n g D E X -e F e w s t u d i e s ,

s t ro m a l c e l ls ( h A D S C s ) a re e a s ie r t o o b ¥ in , h a v e a

re la a v e ly lo w e r d o n o r s it e m o í id it y , a n d Ø n p ro v id e D m m m t of R ÷ × d m Uü , SchÞ l mM H O¾ ± of s Ø m Ø £´ -

a la r g e q u a n m y o f s t e m c e l ls a t h a w e s t -2 B Ü a u s e o f h u ng U M vm iq . B d j ­ g 1́ ò 1. Á i m (2 ¶ Y s . EJ U Y S aM

I Kn JG )
t h e i r a b u n d a n c e a n d a Þ e s s ib HiW , h A D S C s m ig h t b e

C o m s p o n d m c e Ø : E K Z H O U Y o n g d m g , D× e pô ×ç u m n± t o f

a ¨ n oÝ vw§ é l ÷ pm mm º¢mÐYn̈í 1uí ibs

rÞe pÉ a iâr a n d rãe g e ºn¢e rèa b oÞ ºn1L . U ï® vm iùµ . Bh ei®j mÖ s 1¡{©x ô÷ ½1L ' Chi na Ò Hò : 8ì 6 1­ $" 6ØÉ2ô 1Ú7" 7Â7 ǘ t n 4Ç7 .

F ax : 86 1$ 62 173ï 2 . Em M1: kqa m zy sh @bj m t2.d u .cn)
D e x a m e t h a s o n e ( D E X ) -c o rm i ru n g o s t e o g e n ic m s sm dy m supô ± by a é n t h m ¤ N m M N ¶ m l

m e d iu m ( O M ) is m m a " Y Uõ d f o r o s t Ø b la s t ic s c im e h M au on o f Á im (N o . m z m3 19 ).
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howeve r, have used V D w ithout D EX to induce
osteo blast ic d iffe re ntiat io n-7 ls the re a subst itute fo r

D EX? Erbe n et aP re poMed that sho rt -te rm V D

treatme nt c reates new bone remod eling units and

augme nts osteo blast rec ô itment a nd osteob last

team pe rfo rma nce in rat ca nce llo us bo ne . A lso , V D

is used c lin ica lly fo r the p rev ent ion and treatme nt of
osteopo ros is -9 T his s uggests that V D m ight be a

prom is ing induce r of hA DSC osteo ge nic

d if fe rent iatio n . Howeve r, the osteoge nic potentia l of

hA DSCs and the regulating mec hanis ms rema in

unc lea r due to the co mp lex processes a nd the lac k

of adequate stud ies .

T he refo re , the p umose of th is study was to co nf irm :

(1) w hethe r V D st im ulat io n ind uces hA DSCs to

d iffe rent iate a lo ng a n osteoblastic HnÊ ge , (2 )

w hethe r the reg ulat ing fa cto rs re lated to bo ne

fo rmat io n and development a re inv o lved in hA DSCs

osteogenic d iffe rentiat ion unde r e ithe r VD o r D EX

stim ulat io n, a nd (3 ) w hether VD is a n idea l subst itute

fo r DEX as an ind uct ion age nt fo r osteo genic

d iffe re nt iat io n of hA DSCs .

M ETHODS

Materials
AH materials were purchased from Sigma Chemical
Co. (St. Louis, MO, USA) unless otheIWise stated.
Dulbecc0's modified Eagle's medium (DMEM) and

feã l bovine serum (FBS) were purchased from
Hyclone (Logan, UT, USA). TRlZOL Reagent and
s uperBcript ll reverse transcripã se were purchased
from lnvitrogen (Car1sbad, CA, USA). Oligo dT
Primer and RNase-Free DNase l were purchased

from p romega (Madison, W1, USA). Taq DNA
polymemse and dNTP were purchased from
GIBe o -BRL (Grand lsland, NY, USAL

Ce l l o r lg ln , is o lat io n , and c u lt u r in g o f h A DSCS

Huma n ad ipose t issue w as o bta ined w it h informed
co nsent f ro m 6 hea lthy pat ie nts (age : 2 5 - 55 yea rs )

w ho had Hposuctio n surge ry fo r esthet ic reasons in

the Plastic Surge ry Hosp ita l A ffiliated to the Chinese

Academy of Med ic a l Sc ience as approv´ by the

Eth ics Co m mittee of Pe king Univ e rs ity Hea lth

Sc ie nce Ce nte r. No d iabetes , hepat it is , metabo lic

d iseases , or othe r system ic complicatio ns we re

repo ¬ed fo r these dono rs .

lsolation and culturing of hADSCs was pe¶ormed as

d e sc Hbe d b y z u k e t a l .2 B r ie f lë th e lipo s u ct io n t is s ue

w a s d ig e s te d w it h 0 .0 7 5 % ty p e l c o lla g e n a s e a nd

th e s t ro m a l c e ll p e He t w a s o bta in e d b y ce nt rif ug a t io n .

T he pe lle t w a s t he n re s us p e nd e d in 16 O m m o l/L

N H 4C l to ly s e c o n ã m M a t ing re d b lo o d c e lls - T h e

s t ro m a l c e lls w e re c o lle c t e d a ga in by c e nt r if u g a t io n ,

t h e n f i lt e re d t h ro u g h a 100 ¤Hm ny lo n m e s h to

re m ov e c e l lu la r d e b ris , a nd re s u s pe n d ed a n d p la ted

in c o nt ro l m e d iu m (c o n¥ M ing D M E M , 10 % F B S , a nd

a nt ib io t ic s ) in t is s u e c u lt u re f la s ks . T h e in it ia l p la t ing
d e n s ity w a s a p p ro x im a te ly 3 5 Á 10 3 c e lls /c m 2. T he

p r im a ry c e lls w e re inc u b a te d ov e rn ig ht at 3 7 ¤c

/ 5 % C 0 2¤ Fo llo w in g t he in it ia l inc u ba t io n , t h e f la s ks

w e re w a s he d e x te ns iv e ly w it h p ho s p ha t e -b uf fe re d

sa line (P B S ) b re m o v e re s id ua l no na d he re nt re d

b lo o d c e lls .

T h e s tm rn a l c e lls w e re t he n c u lt u re d fo r 7 to 10 d a y s

u nt i l t he y re a c h e d c o nf lu e nc e . T he ce lls w e re t he n

ha w e s te d by d ig e s t io n w it h 0 5 m m o l/ L E DTA /O-0 5 %

W p s in , ¶ nt M u g e d at 12 Þ r/ m in fo r 5 m in ute s ,

re s u s p e nd e d in D M E M s u p p le m e n ted w it h 10 % F B S ,

10 O U/ m l p e n ic Hlin , 10O Hg/ m l s t re pto m yc in , a nd
p la t e d a t a d e ns ity o f a p p ro x im a te ly 1 Á 10 4 ce llsJc m 2

C e l ls w e re c u lt u re d to c o n f lue n c e b e fo re a se Þ nd

h a rv e s t in g a nd re p la t ing p rÞ e d u re a s d e sc ±bed

a b ov e - A t t h is s ta g e , c e lls w e re us e d im m ed ia te ly fo r

a s s a y s o r c ry o p re s e rv e d in liq u id n it ro g e n . T he

m Ð o rity o f s tu d ie s w e re p e ¶ o rm e d us ing f re s h |y

is o la te d c e lls .

£ s t e o g e n ic i n d u c t to n

A f te r p rim a ry c u lt u re in t h e c o nt ro l m e d iu m (D M E M

+ 10 % F B S + 10 O U/ m l P e n ic il l in + 10 0 Hg / m |

s t re p to m yc in ) a n d e xp a ns io n fo r tw o p a s s a g e s , t h e

c e lls w e re t fy p s in iz e d a nd re p la te d o n to 6 ¤w e ll t is s ue
c u lt u re p la tes a t a d e ns ity o f 10 5 c e lls pe r w e ll . T h e

c e lls w e re inc u b a te d in t he c o nt ro l m e d iu m fo r 1 d ay

to a d h e re th e m to t he p la te s a nd t h e n p la c ed in O M

c o n¥ in in g e Çhe r D EX (C o n t ro l M e d iu m + 1Þ nm o l/ L

D E X + 0 2 m m o l/ L a sc o rb ic a c id + 10 m m o l/ L O
-g lyc e ro p ho s p ha te m -G P ]) o r V D (C o nt ro l M e d ium

+ 1o n m o l/ L V D +0 2 m m o l/ L a s c o rb ic a c id + 1O
m m o l/ L O-G P ) . D E X -c o n ta in in g O M w a s us ed a s a

m SHiv e Þ nt ro l. T he O M w a s c h a ng ed e v e µ 3 d ays -

O s te o g e n ic d if fe re n t ia t io n w a s a s se s s e d by v o n
k o s s a s t a i n i n g 4 a n d a lk a l i n e p h o s p h a t a s e (A L P )

S´ M in g 4 f ro m 1 t0 3 w e e ks a f te r in it ia l o s te o g e n ic

ind u ct io n . E x p re s s io n o f o s t eo b la s t -a ssÞ ia te d

9 e ne s s ud a s w m l Þ llage n (C O L l) , ô Ð s ia w m te in
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TaM¤. P±mefs g u wd ing Þ M tuÁÞ FOr RT-PCR
¸ 'Û {é fÉ¤¦ ¢í ' " qu-mm{5¤- 3Ø ù M mt D¤§ um Am" WW EX±" ï ¢ Cõô
" " " ï " £.} , I a m ú " ; r m r m - CC} ¤ Ã }

GAPDH {BÞ 1ª ù 2}

U TGGTATCGTGGAAGGACTGATGAC» þ þ ® þ þ þ þ » - - þ ' " Í " " 72 Ò
D ATBCCAG1FGAGe TTCCCGTTE ASe

CCÈ 1{ABa ½¶ 7}

U TGACGAGACCAASAAC1ç
5" " 58 72 ¿

D CCATOCAAAÞ ACTSAAACC

Þ ¢ m m }
U A1FGAGAGCCCTGAGACTCCTC

" 58 72 ¿
D CGGGCCGTAGAAGe e c CGATA

BSP (A S213)

U GCTCAGeATTT TOGGAATBe c
e, 4 Ò Ò 72 Ò

D CTGCATTB GCTCGAGTGACAC

RWM MCMM NMÒ MÊ 8}

U GTGGACGAGe CAAGAGTTTCA
" Ø 72 Ò

D TGGCAGGTAGGTGnrGGTASTG

GTGGACGAGe CAAGAGÐ TCA

TGGCAGGTAGGTGTGGTAGTG¢ÇRVÊ¤.. , ,1. . , ,

U CTTCAGTCTTCCCAACTTCTTACAC
õ « 72 36i ö ' 1 ( )1 ACM ATTEä GW AGe TACAÐ ¡ CTG

EMF-z tEKARñU EÈ
U TTOc s GCTGCTGAOCATe TT fs lf ÅÊ 10 ñ it

315 Ò Ç 1 ®1h m 72 i m
D CATeTTGCATeTGTTCTCGGAA

BMP4 {NM- Þ 1a n }

U ACCTGAGACGGGGAAGAAAA
96 ¤ 0 7 2 3 2

D T TA A AG A G G AA A C G A A A A G C A

BMP-6 (NM- Þ 1718)

U ACATGGTCATe AGCTTTGTGA
¿ Ò 72 3 0

D S TA a AG e e a TTA C G M ZTU T@T

BMP-7 {ï xm´ ¶ 4}

U CCAACGTCATec TGAASAM TAC 271 " . £ ® ' 72 37
D GCTTGTAS GATe TTGTTCATTGG

»Ô, ,. ¤V" " " " ª ,

U CAGeCGGÐ CAGAOCAM e
214 Ò Ù ç , .

D GCCAGTCCTCTGTGT TCTCC

AMM me ô " ­ ï " ww- d¢ m M" w± , . . ¢ ¢ ´ £ " sar* ê û æmm¤- U: ¡ æ æ m; D: dö Ë, ­ - aa

(BSP), osteÞ alcin (OC), bone morphogenetic expression- 1.O Hg of to¥ l RNA (in 2O Hl reaction
pmtein (BMP)-2, BMP-4 , BMP-6, BMPó , Runxg volume) was reverse-transcribed using reverse

c bfÊ , osterix (OSX), and LlM mineralization transc¡ ¥ se (Superscdpt ll) and olig£ dT primem in
pmtein-1 (LMP-1) were connrrned by reverse a standard rem uon- The re´ ô nt CDNA n HO W¿
tmnscnption-polymerase chain reaction (RT-PCR) then used as template for PCR amplmcation (in 25 Hl

on 3, 7, 14, and 21 days aner initial ostØ genic reaction volume) of glyceraldehyde-3¤phosphate
induction. ALP staining, von k ossa staining and all dehydrogenase (GAPDH), COL l, BSR OC, RunØ /
gene expression exm Hments were m rfom ed in Cbfa1. £ sx, BMP-2, BMP-4, BMP± , BMP-7, and
duplicate and repeated by hADSCs from indiv idualdonors. LMP-1. The primers used in this investigation are

listed in Table and all pdmer sequenØ s were
RNA iso lat ion and RYLPCR determined through es¥ blished GenBank
u ninduced and induced culture layers on 3, 7, 14, sequences- Amplification of glyceraldehyde-3¤

and 21 days aner osteogenic induction were Hnsed phosphate dehydrogenase was used as a control for
with cold PBS and immediately lysed using THzol assessing PCR emd eney; 10-M aliquots of each

Reagent. TO¥ l RNA was isolated and treated by reaction were evaluated by 2% agarose gel
RNase-fme DNase t and quantif ied by u v electrophoresis- Ethidium bromide-sã ined gels were

sm d rophotometry- For RT-PCR anaw s of mRNA digitally photographed (Kodak, Rod vesteR NY, USA).

35eØ " 72Ï



C² WMMedb dJoumatXM6; 12À15}:127É1286 1281

~

Fig. 1. AlM line × £spha¥ õ (ALP) s¥ irting b r indtm M human ad m õ USç , deHved ± rmm l ¹ ls (hADSCS).
o a × ÌBeneg s was Þ nnmô d W¤ ALP S¥ inirÛ ¤The ´ ls sã in´ m a uvely fw end ¼emx»S ALP ad Wity after 7 £r 14 days
d cunure ln Ø tØ genic media Þ nã ink-1â , 254 ihydm® vi¥ Õ n D3 (VD) £r dexanç h as£ne (DEX). (A) hADSCs induØ d

by DEX b r 7 days; « ) hADSCs induced by DEX fM M days; (C) hADSCs induced by VD for 7 days; (D) hADSCs induØ d
by VD b r 14 days- (O¨ ginal m gnik au£n ¨ Þ ).

~

RESULTS

hA DSCs p laØ d in O M con¥ ining e ithe r DEX o r V D

a H exhib ited c hanges in ce ll mo rpho logy afte r 3 days

in c ulture . T he ce11 mo rpho logy cha nged f rom a
spind le -shaped nb ro blast ic appea ranc e to a ro unde r,

more cubo ida l s hape a nd the c e||s fo rm ed an

e xtens ive netwo rk of dense , m ult ilaye red nØ ules .

T he ind uced ce lls we re a ll sta ined m sit iv ´ y fo r
mem b ra ne-bound A LP afte r 7 d ays of cu lture in both

O M Wpes - and the sta ining beca me st rong er ane r u

days of culture (Fig . 1). ln c ont rast , u ndiffe rent iated

hA DSCs d id not exp ress A LP at a ny t ime point -

Extrace llula r m ine ra lizatio n cam eiw was Þ nf irmed

by von k ossa sta in ing of the ind tmed ce lls f rw n bo¤
D EX and V D-co ntaMing O M afte r 14 and 2 1 days of

culture (Fig . 2 ).

To Þ nÆrrn osteogenesis, the cells were also
examined by RT-PCR for the expression of several
osteoblast-related genes including COL l, BSR m d
£ C (Fig . 3). DEX-induced dmerentiated hADSCs

expressed COL l and BSP on 7 , 14, and 21 days
post-indØ ´ on, and expressed OC only on day 21.
VD-indtbced differenuated hADSCs exprØ sed COL l
on 7, 14, and 21 days post-induction, b¨ expressed

BSP and OC on days 14 and 2 1. To investigate
genes ¤ at are involved in regulating the
osteogenesis of hADSCs, transcdption factors such
as RunxE Cbfa1 and Osx, growth factors such as
BMP-2, BMP4 , BMP-6, and BMP-7, and the
intmcellular regulating factor, LMP-1 were also
examined by RT-PCR (Fig . 3). DEX-induced

diff erent iated ce lls expressed Runx2/Cbfa 1 and
BMP,6 at all time pointspost-induction, Osx at 7 and
14 days post-induction, and LMP-1 only on days 14
after osteogenic induct ion. BMP-2, BMP-4, BMP-7

~

Ftg . 2. vm k ossa sã ining fw irvduØ d huºm n ad pØ e

tissu, de¨ é d stm mal Ø lls (hADSCS). OSÕ £geneg s

was a ls£ exawuned by v£n k £ssa sã ining . s eereu£n of

a cald ned extm£´ lular wú trix was £bsew ed as black
nØ ulõ : (A ) hA DSCs induØ d by de¢ Té thasone fw 2 1

days; (B ) hADSCs induced by 1, 254 ihydm w vi¥ min u
f£ r 2 1 days . (Orig inal wÉ gnlncation Á 100) .

expression was not observed during the induct ion
course. VD-induced diffeFentiated cells expressed
BMP-6 from days 3 to 21. RunxE Cbfa1 and LMP-1

from days 3 t£ " , o sx fmm days 7 to 21, and
BMP-2 only at 2 1 days post-induction- They did not
express BMP-4, BMP-7, however, during h e indueuon
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ve ry low conce nt rat ions of D EX , asco rb ic ach
p-g lyce rophosphate -4 T heir d iffe rent iat ion

osteoblasts is no rma lly c ha racte rized by

e nzyme ad iv ity, extrace llu la r m ine ra lization , a
characterized by ALP

osteogenic d iffe re nt ia io n - A L P is a me m bra ne-bound

enzy me abunda nt ea rly in bo ne fo rmation, and

inc reased AL P leve ls Þ rre late w ith irBcreased bo ne
fo rmation -10 Afte r cu lturing in both types of O M fo r 7

and 14 da ys , the induced hA DSCs fo rmed an

extens ive netw o rk of d ense nod ules that s¥ ined

positive ly fo r A LP- T he re was no s ig n ific ant

d iffere ntia ion - ,

3undant ea rly
osteogenic

lnd OC was a lso exam ined by

. l , as an ea r|y osteogenic

¨ ¢dant EC M prote in sec reted

is the bas is fo r mat rix
1 VD and DEX-indu á d

expressed CO L l f ro m 7 t0 2 1

T he re was no s ig nif icant

including COL l, BSR and OC was also e
RT-PCR a¿ ays. COL l, as an eaHy

marker, is the most abundant ECM prob
by osteoblasts and is the basis
mineralization-12 Both VD and E

differentiated hADSCs expressed COL l
days post-induction- There was nc

including COL L BSR and OC was
RT-PCR a¿ ays. COL l, as an

marker, is the most abundant ECh
by osteoblasts and is the t

There w a s

d me re nc e b e tw e e n c e l ls f ro m t he tw o ty pe s o f O M -

A lt ho ug h C O L l e x p re s s io n is s t ro ng ly s u g g e s t iv e o f

os te o g e n e s is , it is no t co ns id e re d to be a s pe c Wic
m a rk e r fo r o s teo g e n ic d if fe re nt ia t io n -12

C o rn m re d w it h C O L l , B S P a nd O C a re m o re

s pe c if ic fo r o s teo b la s tic d if fe re nt ia t io n . B S P

e x p re s s io n m a rk s t he m i´ le s¥ ge o f o st Ø b la sac

d if fe re n t ia t io n . B S P is re po n e d to n uc le at e

hy d m xy a m ut e d e m s Í Þ a n d to m p re Ø nt a n e a Hy
st a g e o f m a t rix m ine ra liz at io n -12 1n t h e p re se nt re po Ô,

D E X - ind uØ d d if fe re nt ia te d hA D S C s e x p re s se d B S P

a t 7 , 14 , a nd 2 1 d a y s p o s t - ind uc t io n ; ho w ev e r,

T£

Comm red with
BSPd if fe re nt ia t io n .specific

hydmxyapatite

expressed BSP
however,

,s c s into

ce lls w ith

ac id , a nd

:ion into

To
nmtHX

during the indueUÞ
o c expression by
and hADSCs. For

tha aAAi,inn nf v n tn

by DEX do not express
course because DEX in
induced nmwow stromal

duHng
inh i b its

a l ce lls
hAMn 13 ,f

induØ d ma rrow stm rna l ce lls a nd hA DSCs . Fof
human marrow st ro mal ce lls ,13 the add it io n of VD to

DEX¤Þ n¥ ining O M rec ove rs O C exp ress ion . lnexpression- ln
very late OCin the present study, ¢

3n was observed at 21 days
contrast ,

POSM|express1on was
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in DEX-co ntaining O M , but in V D,co ntain ing O M , o c

express io n wa s obse w ed at 14 and 2 1 days
post-ind uct ion . T his f ind ing de mo nstrates that o c

ex press io n in induced hA DSCs occurred earlie r in
V D-co nta ining O M Þ m pared w ith DEX-co nta in ing

O M ind icat ing that the d iffe re nt ia ted ce lls in
V D-conta ining O M m ight matu re ea rlie r than tho se in

DEX-co ntaining O M - O n the othe r hand , the rea son

that o c express ion occurs ea rlie r in V D m ight be

that V D ca n sm c ifb a Hy d riv e o c express ion

because the re is a V D response e lement in the

pro mote r reg ion of O C that enha nces o c
t ra nsc ript io n-14 T his ind icates a spec ia l act ion of V D

on O C express io n in hA DSCs osteo genic

d if fe rent iat ion.

ln add it io n to mat rix sec retion and matrix matu ration

me nt ioned a bov e , osteog enic d iffe rent iat ion of

hA DSCs sho uld a lso be exa m ined by mat rix

mine ra lizat ion w hic h is the last phase in the bone
deve lopmental seq uence -15 T he ident if icat io n of a

ca lc if ied ECM in culture laye rs is no rma Hy assessed

by vo n k ossa sã MingÑ c a lc if icat io n nod ules

appea r as b lac k reg ions w ith in the ce ll laye rs .
Consiste nt w ith osteogenes is , seve ra l b lac k nodules ,

ind icat ive of a ´ c if ied EC M , w e re identified in

hA DSCs laye rs t reated fo r 14 a nd 2 1 days in both

w pes of O M , w he reas the re was no ca lc if icat ion

o bse rv ed in und iffe rent iated hA DSCs . Beca use

ca lc ium de pos it io n w as not q ua ntitat ive ly meas ured

in th is study, no d iffe re nce of ca lc if ication capac ity

between the two O M w ere detected .

Ta ken tog ethe r, A LR CO L L BS R and OC

ex press ion in ind uced hA DSCs and the product ion of

a ca lc if ied EC M st rong ly suggest that these ad ipose
t issue-de riv ed ce lls ca n be induced tow ard an

osteo blastic lineage by V D o r DEX - T here were no

obv io us d iffe rences detecte d in the osteogenic

ca pacity of hA DSCs w ith resped to BS P and o c

express ion during osteo ge nic ind uct io n by V D o r

DEX .

T he ef fec ts o f V D a nd DEX o n t he e x p res s io n of

reg u lat in g f ac t £ rs d u r ing £s teo b las t lc

d if fe re nt iat i£ n £ f hA DSCs

To invest igate the ge nes invo lved in regu lat ing
hA DSC osteog enes is , osteob last-spec ific t rans -

CHpt ion facto rs such as Runxg c bfa 1 and Osx w ere
exam ined by RT-PC R Runxg c bfa 1 is the prima ry

t ra nsc ript io n facto r fo r osteo blast ic d iffe rent iat io n

beca use osteoblast d if fe rent iat io n is a rrested in both

endochondral and intramembranous skeletons in
Runxg c bfa1 nuH miØ .16 Runx2/Cbfa1 binding sites

are present, sometimes mumple times, in the
promoter region of most genes expressed in
osteoblasts.17 This results in the expression of

osteoblast-specif ic genes such as OC and BSP in

osteoblastic differentiation and indicates that
Runx2/Cbfa1 positively Þ ntrols OC and BSP
expresston-

o sx is anothe r tm nscdpt ion facto r that is spec if ica lly
expre ssed in aH dev elo ping bo nes -18 ln O sx null mice ,

no bone fo rmation occurs . ln Osx null m ice , howeve r,

Runx2/Cbfa 1 is exp ressed , suggest ing ¤ at Osx acts
dow nst rea m of Runx2/C bfa 1 19 T hese f ind ings

ind icate that o ne poss ib le mechan ism lead ing to the

osteogenesis of hA DSCs m ight be the upreg ulation

of Mp o r¥ nt t ra nsc ript ion factors such as

Runx2/Cbfa 1 a nd Osx in vitro .

RTaPCR data demonstrated

Runxg c bfa1 and Osx
induction in both OM-

the up regu latio n of both

du ring hA DSC osteogenic

These obseºv at io ns ind icate
that induct io n of C bfa l a nd Osx m RNAs by D EX o r

V D st imulat io n might be fo llow ed by act ivat io n of

osteoblast ma k er genes such as OC and BS P
m RNAs to produce a bone-spec if ic mat rix that

s ubseq uently beÞ mes m ine ra lized - T he refo re , the

upreg ulated express ion of Runx2/C bfa 1 a nd Osx in

induced hA DSCs , co mbined WIth the m SHive

ex press ion of OC , BS R and CO L l , sign if ies that the

two tra nscHpt io n facto rs have ve ry c ruc ia l ro les in

hA DSC osteo ge nic different iat ion induced by DEX o r

V D . T his is co ns istent w ith w hat is found in
osteog enic ind uctio n of MSCs .17

To furthe r dete rm ine the regulat ing mec hanism that

acts upst ream of RunxE C bfa 1 in hA DSC osteoge nic

d if fe rent iat ion , BM Ps and the int race llula r regulat ing
facto r LM P- 1 w ere a lso exa m ined by RT-PC R

BM Ps st im ulate ectop ic o r o ¬hotopic bone formatio n

act iv iw and hav e a ve ry esse nt ia l ro le in the
fo rmat io n of ske letal t iss ues -20 T hey a re the only

grow th facto rs w ith a potent ability to st imulate

d if ferentiat io n of human MSCs into an osteo blastic o r
chond rog enic o rie nç ion -21 Recombinant human

BM P-2 , BM P-4 , BM P-6 , a nd BM P-7 stimulate
osteogenes is in vitro and jn vivo-m, 22 Therefore ,

detec tion of BM P exp ression during hA DSC
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differentiation is very benencial fo r
3 the osteogenesis prÞ ess or

osteoblast ic c

U nde rstand i ng

fn ec hanisn1.

ln this repo ø , BM P-6 w as o bse rv ed at a ll t ime po ints

post- induct ion in the d me rent iated hA DSCs under

D EX stim ulation , w hereas BM P-2 , 4 , a nd 7 w ere not

expressed during the ind uction Þ u rse . T his resu lt
suggested a spec ia l ro le of BM P± in DEX-induced

hA DSC osteo genes is and w as co ns istent w ith

stud ies of ra t Ø lvam l ostØ Ù ast and human MSCs
in w tm . Boden et a123 re po ¬ed that g lueÁ ¶ rtiCOM-

induced fo rnm Uon of bo ne nodules in feta l rat
ca lva ria l ogtØ blasts was med iated ma in ly by BMP-6 .

G lueÞ £ ø Þ ids preferent ia Hy inc reased expreSSion
of BM P-6 m RNA , and the ant ise nse o ligo rubeleot ide

co rrespond ing to BM P-6 st ro ng ly inh ib ited fo rm atio n
of bone nod ules . L iu et a l24 re po ned that the add ition

of DEX to huma n MSCs rest»Hed in a 16 fo ld
increase in BM P-6 m RNA leve ls 24 ho urs afte r

t reatment and de monst rated that human BM P-6

tra nsc riptio n was reg ulated by g lueÞ o ¬iÞ ids at the

upstrea m tra nsc riptio n s¥ ºt s ite - T his f ind ing m ight

account fo r the rapid a nd pe rs istent inc rease in
BM P-6 m RNA levels fo llow ing DEX t reatment of

hA DSCs in the present study-

1nte rest ing ly, the eaHy and pe rs iste nt
B M F -6 m H N A w a s a ls o Ob s e rv e d fo l lo w in g v u

t re a t m e n t o f h A D S C s . T h is a ls o in d ic a te s t h e s p ec ia l

ro le o f B M P G in hA D S C o s te o g e ne s is u n d e r V D

st im u la t io n . ln a d d it io n to t h e e x p re s s io n o f B M P -6 a t

a ll t im e p o int s p o s t - ind ud io n , t h e re w a s a lso la te

B M P -2 e x p re s s io n f d lo w in g V D t re a t m e nt o f

hA D S C s . B Ü a us e B M P -2 is o ne o f t h e m o s t po te nt

o s te o in d uc t iv e a g e nts in VItro a nd vi vo , B M P -2

e x p re s s io n fo llo w in g V D t re a tm e nt o f hA D S C a b u t

no t f o l lo w in g D E X t re a t m e nt o f hA D S C s , in d È a te s

th at V D m ig h t b e a m o re po t e nt in d uc e r of h A D S C

o st eo g e n ic d m e re nt ia t io n in vi vo a nd in w m

co m p a r´ w ith D E X - ln th is s t ud y , t h e e x p re s s io n o f
o h e r B M P s , like B M P -4 o r B M P -7 w a s a ls o

e x a m in ed . A lth o u g h B M P 4 a n d B M P -7 a re a ls o

e f fec t iv e g ro w th fa c to rs in te rm s o f o s te o g e n e s is a nd
o ss e o us d e fe c t re m irú n ¤ e ir p o te n t ia l fo r hA D S C

o s te o g e n e s is is s t i ll in q u e s t io n b e c a u se t h e y a re no t

e x p re s s e d d u ring m e ind uc t io n c o u rse .

L M P - 1 w a s d is Þ v e re d a s a m v e l in t ra c e llu la r
p ro te in in ra ts by B o d e n e t a l .25 lt is a n int ra c e llu la r

observed

o ss e o u s

regulato r of osteoblast d ifferentiat ion . W hen LMP-1

exp ressio n is bloc ked , d iffe re nt iation and bone

nod ule fo rmat ion do not Á ß ur in ca lva Ha l osteoblast
cu|tures - W he n LMP- 1 is ove rexpressed us ing the

ma mma lia n exp ress iÞ v´ o r pC MV2, osteoØast

d iffe re nt iat ion is init iated in resting ca lvaria l
osteo blast c ulture s -m ln the current study, the

diffe rentiated ce lls unde r D EX o r V D stim ulat ion
expresse d LM P- 1. The data pre sented he re st rongly

sum o n a po ss ible ro le of LMP-1 in the regulat ion of

the complex prog ram during ostØ blast

d iÎ erentiation of hA DSCs induced by DEX or V D.

T he prec ise intrace llula r mecha nism of LMP· ,

how eve r, is unknow n .

LM P-1 m ight wo rk in conj unct ion w ith BM PS-m T he

assÞ iat ion of LM P-1 w ith othe r prote ins like BMP

suggests anothe r pathw ay of osteo blast
d if fe rentiat io n . Boden et ape repo¬ed that in an

osteoblast cu lture system gluÁ À £ ¬ico ids induØ d
LMP-1 through h e action of BMP-6 . T he reaso n that

LM P-1 is reg ulated by BM P-6 and not by BM P-2 ,

BM P-4 , o r BM P-7 m ight be cons istent w ith its un ique

ro le eady in ostØ blast d iffe re ntiatio n M ca use
BM P-6 is the ea rliest of these BM Ps to be expressed
d uring d iffe rent iat io n in the ir cu lture system -23

T hese f ind ings w ere Þ nsistent w ith our nnd ings of

hA DSC osteogenesis unde r indueUon of D EX or VD.

T he present resu lts de monstrate that only BMP± ,
not BM P-2 , BM P4 , o r BM Pó , was exp ressed dudng

the indud ion Þ urse and LM P-1 express ion was

posit ivew detected , ind icat ing that BM P-6 and

LM P-1 have a v e ry imõ ô ± ro le in osteoM stic

d iffe rent iat ion of hA DSCs a nd that LM P-1 m ight a lso

be regulated by BM P-6 . T he re lat ionship betwee n

BM P-6 and LM P-1 in the osteo gen ic prog ram of

hA DSCs , howeve r, w as not exa mined in the curre nt

± udy a nd rÅ uires É ¬he r invest igation .

expression of
following VD

the specialindicates
VDunder

lt is not know n how LM P-1 re gulates the osteoge nic

p rÞ ess dow nstream . LM P-1 seems to initiate a

cañ ade of eve nts . LM P- 1 mig ht upregulate the

osteob last tm nsc ripuon facto r Runxg c bfa 1ú
suggesting a v ita l ro le of LMP- 1 in the osteoge nes is

of hA DSCs . T he prØ ise intrace llu la r mechanism of
LM P- 1, howeve r, req uires furthe r invest igatio n. This

prote in appea rs to activate an intrace llu la r sw itch
¤ at ind uces sec retion of so lub le fad o rs like BM P-2

that init iate and promote osteoblast d ifferent iat io n
du ring e mbryogenes is and ad ult bo ne fo m Ä ion-25

of

int race llula r
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Ove rexp ress ion of LM P-1 in t ransfeeted ce lls m ight

lead to e levated leve ls of BMP-2 , BM P-4 , BM P-6 ,

a nd BM PJ ex pre ss ion , w hich Þ nveys its
osteo ge nic effects o n osteob last ic d iffe rentiat ion -27

O n one hand , LM P-1 is reg ulated by BM P-6 , but on

the other ha nd , LM P-1 ind uces the ex p ress ion of

ma ny osteo ind uctive BM Ps . T hus , LM P- 1 is a ve ry

c ruc ia l cooM Mating facto r that cont ributes to bone

fo rmat io n o r osteo blast ic d iffe re nt iat io n.

ln this study, there were differences in the hADSC
expression of LMP-1 and BMP between the two

wpes of OM- During the osteogenesis of hADSCs
induced by VD, LMP-1 was expressed earlier and

persisted longer compared with those induced by
DEX- S imulated by VD, these differentiated cells not
only exp ressed BM P-6 ea rly and pe rs istently, but

they a lso exp ressed BM P-2 in the late phase d uring

w h ic h exp ress ion w as not detected in ce lls ind uced
by D EX - BM P-2 exp ress ion was d etected j ust ane r

LMP- 1 exp ress ion a nd thus m ight have been

sw itched on by LM P-1. T his hypothes is , how eve r,

should be furthe r ve rif ied .

ln the osteogenes is of hA DSCs induced by D EX ,

how eve r, no BM P express io n , except that of BM P-a
was observ ed . Furthe rmo re , LM P-1 ex press ion

pe rs isted trans ient ly unde r DEX st imulat io n .

T he refo re , based o n invest igat io n of the exp ress io n
of the above -mentio ned regulat ing facto rs , V D is an

idea l induce r of osteogenic d if fe rent iat io n of hA DSCs

co mpa red w ith D EX - ln te rms of the re la t io nship
between LM P- 1 and BM P during the osteog enesis of

hA DSCs , howeve r, furthe r stud ies a re needed to

e luc idate this co mplex p rÞ ess .

Taken togethe R the prese nt nnd ings ind icate that VD
a nd DEX -st im ulated hA DSCs d iffe re nt iate into

osteoblasts . T he upreg ulat io n of BM Ps , LM P- t

Runxg c bfa 1, and Osx m ight have a ve ry im po ¬ant

ro le in both osteogen ic inductio n p rcé esses of

hA DSCs . T he regulat ing me cha nism of these facto rs ,

how eve r, rÅ uires fu¬he r investigat io n to improve its

o steogenic efnd e ney and capac ity- Com pariso n of

the express ion of reg ulat ing ge nes unde r V D o r DEX

st im ulatio n , the ea ±y and pe rs istent ex press io n of
L MP- 1, and the pos it iv e express io n of BM P-2

ind uced by V D ind icates that V D m ig ht be an idea l

ind uc ing age nt fo r the osteoge nic d ifferentiat io n of

hADSCs instead of DEX-
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