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— Abstract

PROBLEMS IN OSTEOGENIC DIFFERENTIATION OF RAT BONE MARROW STROMAL CELLS
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In-Sub Rho*, F. Weber?, Jong-Ho Lee'?, Myung-Jin Kim*?, Soon-Jung Hwang*?

Dept. of Oral & Maxillofacial Surgery, College of Dentistry, Seoul National University ",
Dental Research Institute, Seoul National University 2, Dept. of Biomedical Engineering,
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Korea University ¥, Chemical Engineering Department, Seoul National University of Technology
Lab. for Osteology, Dept. of Craniomaxillofacial Surgery, University Hospital Zurich, Switzerland ®

This study was aimed to characterize osteogenic potential of rat bone marrow stromal cells (BMSC) iso-
lated with standard flushing method and investigate the plasticity of transdifferentiation between
osteoblastic and adipocytic lineage of cultured BMSC. Unlike aspiration method in human, rat bone mar-
row was extracted by means of irrigation with culture media that elevates the possibility of co-extraction of
committed osteoprogenitor, or preosteoblast or other progenitor cells of several types present inside bone
marrow. The cultured stromal cells showed high ALP activity which is representative marker of osteoblast
without any treatment. Osteogenic inducers such as Dex and BMP-2 were examined for the evaluation of
their effect on osteogenic and adipocytic differentiation of stromal cells, because they function as osteoin-
ductive agent in stromal cells, but simultaneously induce adipogenic differentiation. Osteogenic differentia-
tion was evaluated by measuring alkaline phosphatase activity or mRNA expression of osteoblast markers
such as osteopontin, bone sialoprotein, collagen type I and Cbfal, and in vitro matrix mineralization by von
Kossa staining. Oil red staining method was used to detect adipocyte and adipocytic marker, aP2 and
PPARY2 expression was examined using RT-PCR. It can be supposed that irrigation procedure resulted in
high portion of already differentiation-committed osteoprogenitor cell showing elevated ALP activity and
strong mineralization only under the supplement of 100#M ascorbic 2-phosphate and 10mM f-glycerophos-
phate without any treatment of osteogenic inducers such as Dex and BMP-2. Dex and BMP-2 seemed to
transdifferentiate osteoprogenitor cells having high ALP activity into adipocytes temporarily, but continu-
ous treatment redifferentiated into osteoblast and developed in vitro matrix mineralization. This property
must be considered either in tissue engineering for bone regeneration, or in research of characterization of
osteogenic differentiation, with rat BMSC isolated by the standard irrigation method.
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1. o7 M=

Z7IHEE 323 Y= 459 1558 Sprague-
Dawley SD) A=E o &stion, vk wiA= Dulb-
ecco s modified Eagle' s medium (DMEM) (JBI,
Korea)©ll 10% FBS (Gibco, BRL)9} 1% penicillin/
streptomycin(Gibco, BRL)& #7tste] ARE-atltt. &3}
H|A] o] 718t ascorbate-2-phosphate (1006M), B-glyc-
erophosphate (10mM), 2|3 Dex (10nM)- Sigma,
USAZHH F38t%en, BMP-2 (100ng/mDE 292
Fzls] vkl D. F. Weber HAIZHE FFektt. Oil
red staining® von Kossa staining] Z 83 AJ<eke
Sigma F|AMZFE F418k%aL, RNA &2l B 83 Trizol
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-€---- Fjcoll
<---- RBC
C.

7 days 14 days (single cell)

FED EIIMEE 0183t ZEHMEZ 2| 23 FLIFOIA LEHF ZHFof 2ot 24 o7

reagent®t cDNA 3o B o3 RE &49} Oligo(dT) =
gho]H = Invitrogen Al AFS o] &3F92™, Accu-
Power PCR premix< Bioneer SJAF2-E +43}3iTh,

2. HERRE E7|MZ 22| 2 o

45 "(160~180g) A=<} 155 H(250-280g) A=
sitke] &9 FES 22 156ml FE BoF 2000rpmel
A BEZE A4l gtk ©A] DMEM HiA& #7fshe,
1300rpmellA] 3&4F AAEe & o 5, Ficoll 45 o] &
gk gradient WO 2 eSS A5 /‘ﬂﬁf_%e Z4]

237 A3 thA] 1300rpmel A 5E3F F W AR S
sto] 7 5to] Aol § AE 5 Ao 1><106/cm2-4 TE
10%87] x3H DMEM= ol Alaxujek Ao €
ol Fetch(Fig. 1. A, B).

B. Strategy of rat bone marrow-derived stromal cells
. Aspiration of bone marrow with DMEM

l

Centrifuge at 3000 rpm for 10min
l

Loading bone marrow pellets suspended
in DMEM onto Ficoll-paque solution

l

Centrifuge at 2000 rpm for 30min
l

Collect the nucleated cell fraction at interface

l

Centrifuge 1200 rpm 5min, twice

l
Counting and plating

14 days (colony)

Fig. 1. Scheme (A) and strategy (B) of isolation of rat bone marrow stromal cell, and cell morphology of adherent stromal cells

at 7 days and 14 days after plating (C).
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4. A RNA 2|2t RT-PCR

A RNAE TRIZOL reagent (Invitrogen)E AR&-38}
of Fejste -70%d| E#stgitt. cDNA 42 e
RNA 1 #g< o] g3l A 20 4 F3ol superscript 11
reverse transcriptase (RT)¢} oligo(dT) 12-18 primer
(Invitrogen) & °]-&ste] dataion, 2tz Rzl
g PCR Wh&-& W& 7319 1/20= wA AgPet o,
10 ¥ w4t =2 A7|95& st T8 4
7o fztel thek zetolm= AA Al&siglen, PCR
HESA] 94% 04 2% denaturation & 94%=A 40%
denaturation , 60%=°14 40% hybridization (primer 2
&), 722014 1% extension(84) 24& 308 #a &
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6. Von Kossa staining
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SFAERS B3} f= A4S #EAs] fdl Dex (10
nM)3} BMP-2 100ng/m1 )= A T 7dA A% A
g2 A ofn] =& 9] ALP 349 E4o] 34
ATt Dex A2 1 %WFJP Q38 YolA = @l &
AElem, 478 ofd FHelMe x2Y 30%, 15 T¢
FHellXE 10% FTo2 ALP 3171 Yolxlon, BMP-2
o el 458 FQAM = 2T A L3 S B
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o] Yelyttt. # <] vold #AGIe] Dex el ¢Jsf ALP
Fa o] A= Fdol HEHAHFig. 2).
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Fig. 2. Alkaline phosphatase activity of bone marrow-
derived stromal cell of 4 weeks- and 15 weeeks-aged
rat in culture condition supplemented with Dex(10nM),
BMP-2(100ng/ml) and dex/BMP-2 at 7 days after cul-
turing.
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A EEE AT AR fE 49 H7kE 21 det
2148 & yon Kossa stainings Eato] nv|&sls =
St A7tz A AE ARkl A4 HFedo g 3
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-B‘ pzS
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7b Eergate], weEls et Hol dAls AIEE 4 ¢l
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nu|&gle] gaFe R Aoz Btk (Fig. 3). RT-PCR
< 53 A F3 A F12ke Zdoy, von Kossa
staining®] 23}= 458 =9} 1538 oA 2 Ao
7k A st
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4. Dex®} BMP-29| X|gtM|Z2 2| E5}o]| 0|x|= 5t

e wjedet 2714271 Dexell oJ8f ZAERE ¥817} &
=g Zolgka e Ao Dexe L382 ALP &4
S "olmele 23E 7M. 1 U9 ® Dexdt
BMP-27} AWAH 29| 315 ZZA71t= Bt 9le
B2 o]& HZorh. 39S 794, oil red-O staining

i

OPN

Col(l)

Cbfal

B-actin

I EOllA LIEfE EHE Ol 2ot 24 o7

ol APAIE S 2AIG e, B3 RT-PCR=
FA291 ap2¢t PPAR 7 fAAke]
t}. Oil red-O staining 23, 7] ©@
A9l 397 = xR} DexZ A edt 2704 Feg
AA B AWAETE] #FEHJoH BMP-29
Dex/BMP-25 Az|gt 2AstlM e 433 B AxXs
o] g Wk Bt 23y TYA A X E3} wiA]
oA AEAQ wgA, AWAE L Dex A
BMP-2E Aelek sjA oA @A5] Fst=] 3] om, Dex ot
BMP-2% Zo] A2|gt A= FukeE el Al
EEo] 7R (Fig. 4A). Oil red-O staining A3} 7
AR Dextt BMP-25 A2]ah 2l M A whes 4
Bl A 27} dA3] ZoERSE Eeta, Fig. 39
ALP 84 4L 3554 @& 7oz B}, ek A
A E Eo] 4210l aP2% 7949l = Dex E& BMP-22
A2l gt el M AL A=A, PPARy29] ¥ = Dex
7F A7F wiA A = @A s Fol S o, BMP-2E A
gl gt el A= oFA o] fAHAT TUA = A A
T} ZAE EAE 2t AEEC] 4o IAY, F A4
Aol whgo] B W= o] UeRd Zoz Helt
a2t 2194 AlZ=3 von Kossa staining®Al Dex<}
BMP-2& A3t sjA| o M &= At njd|2te] X zto] o] £
oJFS o7 Hol 7] A A ERS] ASto] AAE 1, F

Axzd 23t WEger APHes ¢ & Ao (Fig.
4B). APA xRS E3tddME 156578 HEolA He

Fig. 3. A; Expression of osteoblast markers by RT-PCR at 7 days of rat stromal cells in culture condition supplemented with
D(Dex, 10nM), B(BMP-2,100ng/ml) and D/B(Dex/BMP-2); OPN(osteopontin), Coll(collagen type 1), Cbfal and f-actin as con-
trol B; Von Kossa staining at 21 days after culturing in Dex (10nM) and BMP-2(100ng/ml). Upper layer shows overall plate and

lower layer means each magnified (x20) plate.
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Fig. 4. Effect of Dex and BMP-2 on adipocytic differentiation:

A. oil red staining at 3 days and 7 days after treatment of dex(10nM). BMP-2(100ng/ml) and Dex/BMP-2.
B. RT-PCR for adipocytic marker genes, aP2 and PPAR}' at 7days.

C(control), D(Dex), B(BMP-2), D/B(Dex/BMP-2)
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*arrows indicate red-stained adipocyte.
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