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A ¢ 9 F19 714X Alkadine phosphatase
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2g3t7] s+ ‘stemnesss: A= E7IAEE FY3 e TlEo

TR E7IAEE 1970ddo =525 EHY F9 B sG]

25 2ol And 43U 2 HoH Ay Ay

Yoll= =9 A7 Ao #FHE @2 HARJIA (transcription
factor)e} #AASo] EAa}.> ° 1 Z core-binding factor-1 (Cbfa®)
Z X3dY (osteo-phenotypeg FAISt= H F& 9TE FH, o
FRAAE ZotAE FolAHQl HARIAR AHS SHAA HAUG. =T
=M (osteoprogenitor ceA F& ggdS Fle 7]1EFHQ
helix-loop-helix (HLH) AA}1atE TWISTZFITh QIzF 53 A %9
SaOS2 M| E el A o] A1z ALHAL o & TXIAHAE T9F S
Holn, o] AAIAE A A]7]H alkaline phosphatase (ALPE A3} |
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ZF9 ALP 5984 (isoenzymg)l AT’ o] F A AAE z23
Soldor TdHEHe FFS Holr] wEd Z+z A (intestinal), B ¥t
(placental), A 2] A (germ cell) ALR} 3kch. vz 3 7}x] ALP

954 E o8 2o Bxsle] =2 HEo]& ALP (tissue non-specific
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FR7) W Eol w/7HAF ALPEla: o). TNSALPY i, 2, A%
THEAEE EF 1p36-p3dt= FAA AAAAMFH  HAbH o

g
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el (10% $-ejo} dAH ¥ 1% antibiotic-antimycotic £ o] H71H

DMEM-LG)S #713led 75 cnf culture flaskl] A vl %k 3} % o).
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)
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71 A 3£ 2] Colony forming unit-fibroblast (CFU-F)
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A E E3F w gl [10% 8] ¥, 1% antibiotic-antimycotic £ <Y
(Gibco), 0.5 mM isobutyl-tethylxanthin (Sigma)uM dexamethasone (Sigma),
5 pg/ml insulin  (Gibco), 200 uM indomethasin (Sigm& X7}
DMEM-LG]S Z7letar 1447 w8ttt 39 HAS® £33 wjgdS
A s T
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A Aetow 5 ~ 302

=oF AlEZ &3} 1, 4, 7, 10, 145 +3 AEX=Z5E RNeasy mini kit
(QIAGEN, Valencia, CA, USA® A}&3te] cDNA 3$tAlo] Al&= total
RNAE ®&3tdth. 2832 23 JF=AE o83t 260 nm 1ol A 9

FBEE =2"ad #29 U ol RNAS HEF ¥ -20Co]
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. cDNA A
223 z+ A E2] total RNA 1 1gS Omniscript kit (QIAGENR] A aj 2
SA3 TS HF RFIYE 20 w2 TE g 37ColA 907,

95T oA 5&3F ¥ AlA cDNAE A3t

ol

P | Zbzke] cDNA 2 wlo] 10 pMe] sense primed 10 pMe] antisense

I
[

primer2 3 7}3k % Taq polymerase kit (QIAGEN) Az SHz}
TFstAd. HAF For7t 50 Wt HEE 3 F FHEL AN S
Al (B 2). ®wESA 20 WE FHsked 1.5% (w/v) agarose gel

A71945 S AP F, UV ZellA 2 band] #7215 S84

¥ L QUA-FREL AANSS AT primer §7] NY BF
. Length
Primer Sequences .
Size (bp)

5'-CCA AGT AAG TCC AAC GAA A-3' 19
Osteopontin 347
5'-GGT GAT GTC CTC TCT CCT CTG-3' 18

5'-GAA TGG TGA ATG GCA AAC CAA AG-3' 23
DIx5 400
5'-GAA TTG ATT GAG CTG GCT GCA CT-3' 23

5'-GCC AAG ACA TAT GAG CCC TAC CAC CT-3' 26
Msx2 400
5'-GGA CAG GTG GTA CAT GCC ATA TCC CA-3' 26

5'-CAT TGC TTT CCA TTC TTC AGA AC-3' 23
Osterix 402

5'-ATT ACA AGA GAA ACC CTA TCA AC-3' 23
Cbfal/ 5'-CCA CCT CTG ACT TCT GCC TC-3' 20

172
Runx2 5'-GAC TGG CGG GGT GTA AGT AA-3' 20

5'-GAA GGTGAA GGT CGG AGT C-3' 19
GAPDH 225
5'-GAA GAT GGT GAT GGG ATT TC-8' 20
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¥ 2 7 primerd] 3 34 43 w8 X3

oy Number
Gene PCR Condition
of cycles
Osteopontin | 94°C 5min 94°C 30sec— 55C 30sec— 72°C 30sec 72C 7min 30
DlIx5 94°C 5min 94C 30sec— 58C 30sec— 72C 30sec 72°C 7min 33
Msx2 94°C 5min 94C 30sec— 62T 30sec— 72T 30sec 72C 7min 33
Osterix 94°C 5min 94C 30sec— 55T 30sec— 72T 30sec 72C 7min 33
Cbfal/Runx
5 94°C 5min 94C 30sec— 59C 30sec— 72C 30sec 72°C 7min 35
GAPDH 94°C 5min 94C 30sec— 57C 30sec— 72C 30sec 72°C 7min 30
. 2 =
1. A 5348 E71A 29 CRU-F 4
7t ZARte] oA EyH I %7] passagel AEE o] &3
colony 3458 B4 Ay, /AMA witt g2 colony ¥AHTHES

JERHIE, ol tolu} A3 Awel gl Ao vyt (1Y 1),
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a3 1 A AU TR E71AEY CRUF 4. wigd Axs o
104 Ao crystal violet §41-& A3ttt Foizel wep A2 thE colony &4

58s welt,

2. 4 Fd E71ME ALP 94 2 &4 &4

P4 H colonyll ALPol ™t A& Algdste] FofAe] wE colony?]
ALP 28 AxZ AFsgdc. 2Y 1A BZ3I colony 4 THEAE
HER, Foztd wet ALP 2d Hert & s #EAA (2 2).

B A M T 2VIFH 839 7] BAAARJ] ALPZE 2EHL

fid

Aom A kel ®Welzh EAgtE s A
3 Foxe] ME g clone 7Holl= ALP FA AT zlol7t JEAES
dotr 7] 9 ALP ZA4=E AHAFEAT A, I} TARdAM frHdd

clone 7ol = ALPo| tial] ®WHol7l & AL Qs (¥ 3).
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M/22 ALP ACTNITY
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o = N oW B oo o

23 3 % FAAEZRH FIdF o9 cone 7t ALP AT Aol A 719
ALP Zolm AR g FjA|olA & 2] clone Fol= ALP A4 E Zo]7}

2 A
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staining

Oilred O
staining

O3 4 AR FUH EVNAHNERY FoAE E AYAERY 23 FE. ALP
4 (F/20, F/48¥ A= Von Kossa @Al Z3tA A=Y ALP A7 (F/59,
M/57)sl A= Von Kossa @4 o <FstAl A HTt. Oil red O G4 4= ALP

FATH A7 Dol 2 AolE BolA Rt

Osteogenesis
14

ik
[N}

0.D (450nm)
c o o
o T R

2
R

o

a)rus  b)rzo  C)msr  d) e
Donor

a9 5 A FUH EVIAEY ZoAE 2 APAEEY £33 T FIE
2. ALP %A (a, bplAE calcium contemtt =74 =X HU3 ALP 4T (c,

dE A

AN

dell e A
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UM A mpel o] Fox Zhe ALP ¥ Zolrh Qo] 3

2 clone 7tol= ALP A w9 zol7} Atk wabA 3

y
2
>
L

£ =2

&l clone &= ALP Ws] <A< clonedt €49 clonec. &

oF

ME] ZA7|9F ALP ¥d AHxo A3 #AES Lolrry] 98] ALP
I SAT

T AlxX zZ7|E B3y, =3, AEXE =7 wek small

o,
!

o2 Y+ FACS (Fluorescent-activated cell sorr)

o]

ofo
ol

(5~10um), medium (10~30um), large (30wivH)=Z Y+ 3 ALP g4 &
A et aL, 24z ZopAlER e E3let AWAEES EIE AP F
Von Kossa @43 Oil red-O Moz B3l x2S <3t ALP
FATY AE A7 F AEY HlE (66.1%p] ALP 34T A
(48.3%)t} Tt (2 7). ALP 94 Az =77 2 A E7 ALP9
el o AstA dAHEAT. EI}F ZopAERe E3F f: F AFT
Von Kossa 44 Zz =Z7|I7F & MEZF WS ZA dAHAYG. =
ALPO] &l Aol A Z77F & AEXLFE 837 & He AL
etttk 9h A Al xR E3t= AlE A7]e Aol gle Ao

e,
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<ALP-positive clones> <ALP-negetive clones>

Kossa 944 A3 ZE37F s Zw HHo= A d4H=

FHTAM © ol tehgeh

a8 7. AE A7)0 wWE ALP 2#3AT e TEI L RSB zto]. A
77y 245 ALP 2do] u B3, FolAE e Ry Y F HE

gad = Atk AE AV AYAERY RBIe ARBAC fle A
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Zol AEZS H3lo] Zo3 HAAIAZ LA Y= Chfal, Osterix,
DIx5, Msx2°] #d g2 vEst @A (Day OpIAFE F o 29
zkolE Bt ALP SA4w9 A% w3t @A (Day OpllA] Cbfals
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Abstract

Correlation between Alkaline phosphatase activity asteogenesis

in human bone marrow-derived mesenchymal stem cells
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I ntroduction

Alkaline phosphatase (ALP) is widely accepted aseanly marker of
osteogenesis in bone-forming system. However, tbke rof ALP in
human mesenchymal stem cells (MSCs) are not clearigerstood.
Furthermore, although the importance of Cbfal, DIMsx2, and Osterix
in osteogenic differentiation in MSCs have beenoraul, little is known
about the relationship between their level of espi@ in
undifferentiated stem cells and the osteogenicedsfitiation. This study

focused on characterizing the relationship betwedP activity and
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differentiation ability of human bone marrow dedveMSCs, as well as
on the expression patterns of osteogenic-relatesegyan ALP-positive

undifferentiated MSCs.

M ethods

Human mesenchymal stem cells were isolated frome bomarrow
aspirates of healthy adult donors between the dg@0e74 years under
the approval of Institutional Review Board (IRB).eWmeasured levels
of alkaline phosphatase activity and performed lalka phosphatase
staining in each donor population before osteogeditferentiation.
MSCs were were then incubated in an osteogenic unedor 14 days,
and then analyzed by Von Kossa staining. MSCs vedse incubated in

an adipogenic medium for 14 days and analyzed Hyr&i O staining.

Semi-quantitative  reverse transcription-polymerasghain  reactions
(RT-PCR) were performed to evaluate the expressioh ALP,

Osteopontin, Cbfal, DIx5, Msx2, Osterix in undiffatiated MSCs.

Results

In human bone marrow-derived MSCs, ALP activity wagressed at

different levels among donor populations. ALP-pwusit group showed
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better differentiation ability to osteoblast comgmhr to ALP-negative
group. According to the size of the cells, largdiscshowed relatively

higher level of ALP activity.

RT-PCR analysis showed that Cbfal and DIx5 wereresged at high
levels in ALP-positive groups even in their undiffetiated status.

ALP-negative groups expressed high level of Ostamd Msx2.

Discussion
ALP-positive cells showed high osteogenic differgin potential.
ALP-positive MSCs highly expressed osteogenic taps8on factors
(Cbfal and DIx5) and osteoblastic markers (ALP d&steopontin), but
not Msx2 or osterix compared to ALP-negative MSQ%is suggests
that Msx2 or Osterix might play a role as a negatikegulator in
osteogenesis of human bone marrow-derived MSC. €Tbey,
ALP’/Msx2/Osterix can be a useful marker in selecting MSCs with

high osteogenic potential.

Key words : mesenchymal stem cell, alkaline phosphatasesogshic

differentiation
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