(47
WA B R 2 V-5 B BAIC X 5B KR O FAf

BRETEMAZE | REEHE
A, & )l B OE H i,
i

B B H
H = 0HF B Mo, B K R OM

B

i

il
HRRTERAEERI R ERE

NI+ th, B A & #

BRRT R AR AR EEHE
+ B # F

EVALUATION OF OSTEOGENIC CAPACITY OF
CULTURED BONE GRAFT USING CRYOPRESERVED MARROW CELLS

Hirosui NAKAJIMA, Takarumi YOSHIKAWA, Kunio ICHIJIMA,

Ey1 YAMADA, Kazuya INOUE and YasuNort ENOMOTO
First Department of Pathology, Nara Medical University

Hajmme OHGUSHI and Yosumorr TAKAKURA
Department of Orthopedic Surgery, Nara Medical University

YosHiko DOHI
Department of Public Health, Nara Medical University
Received December 14, 2001

Abstract:  To investigate the osteogenic capacity of cryopreserved marrow cells, rat
bone marrow cells obtained from femora were cultured in a standard medium for ten
days. The cultured cells were released by trypsin treatment and stored at -196-C (liquid
nitrogen) in a preservative culture medium containing 10% dimethylsulfoxide. After 3
months, the cryopreserved cells were thawed and subcultured in porous hydroxyapatite
(HA; Interpore 500). The medium consisted of Eagle-MEM containing 15% fetal bovine
serum, antibiotics, ascorbic acid, b-glycerophosphate and dexamethasone. After 2 weeks
of the subculture, the composites of the cells and porous HA were subcutaneously
implanted into syngeneic rats. These implants were harvested 2 and 4 weeks
postimplantation and prepared for histological, biochemical and gene expression
analyses. These implants showed bone formation together with active osteoblasts in
many pore regions. Northern hybridization showed osteoblast marker of alkaline
phosphatase (ALP) and osteocalcin in cryopreserved marrow cells. The course of ALP
activities and amounts of osteocalcin derived from cryopreserved marrow cells were
comparable to those derived from fresh marrow cells. These results indicate the
osteogenic capacity of cryopreserved marrow cells in porous HA.
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BERCIE, MBCRARIC ST 58k & R o 2B MR
Bl L, M4 REEHBPRER CHMET 2N
7- ) 2 A 84l 12 (mesenchymal stem cell: MSC) »* & ¥
hTwa e, ZoMERSBME, RFME, 55
Ko, BFEMER, SREMREL LIIHMET 5 8RR oM
FHFAEMIE TS 5. e 3T BMESIENA
Ky 72874 253y 2 LOEBEKET Y FOF
BETICBETLL, BFLBERBSBIS L2
L7z9. LH»L,Z0E*Z20FTERBEICHNVSIC
REROFHBHBEILEL LY, BFHMROEELR
HERREETHBBEMZ2H2S, L OEBRRISAICAILZ
bOIRBEEZONY., FITRA IR HE
R OEEERIIOVWTREL, RIF-HERYA
FTHIEEFHALMICLAY, F, AEHOE, T b
OEHEERMAERAIERET LI LICL-TYH, BH
MO BEARIHIET A2 LATETHL 2 L2 HRE
LTwA, ¥5{2, Maniatopoulos et al.?i¥ = DHEER
#}4 % dexamethasone (Dex) % EOFET THEET S
rizky, BERECIMAAKREE AR TES
IEEHELTWA, JOBEERMAKE, TR, &1t
209, WEALEY, BETRANCYEE LTONER
EFaZeNEHESA TS unLE ek TOK
HEEGESILENAL FOXI 785 4 F(HA) LG
L THEBABHT S L, ELPITEFFHESN, B
ERMEEEEIMER IR, L)ERBIGIVEEAT
BYERENLZEEFHSHIC L6, DL EOD
BB L D, SLE TR Hi & A L G
T52LT, BHMEROSEEREL 5 IHIETRTS
BIEFHEMIIRY, BRTOBBELBRNDISHD
s hTh.

—%, MEOGEEIEEMOEE L, FRAWRRE
ML o TETVA, BHEFE, B V7 wny
A, I¥, MR, BTLEEE05 R
MROBHEED DI TICHRIDA SN TWA 9,
MRS A GSHEBETAZIEICLY, Motz ik, M
BaosEHRy, HMAREROBHLERICAETE 5.

KR T, BHMERMIRIC L 2 FHEEDBROD
A% &b IthiT 50, HREFEEREHALER
EOBFEBI Rz,
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Fischer 344, 7 B4 HEM S v F OKBE % EEHITR
B, HAESmADNL, 217 — Vi %iFA, ERERR
(standard culture medium; SCM) TE#%#H LH L T
MR % BREL L 72, 15% 4B B f0iF (ICN Biomedicals Ja-
pan Co. Ltd.), ¥t 4 #I(100U/ml penicillin, 100-g/ml
streptomycin, 0.25-g/ml amphotericine B; Sigma) % =1
tr Eagle minimal essential medium (MEM) (BRAHAF)
%SCM & L7=. $REUL 7z §% T-75flask (COSTAR)
[24%, 15ml @ SCM T 24 BRRI3EEE L /2%, A
2R LBEMRLRE L. BRI, 37T,
{BHE 100%, 5%C0O: D&M T THER L, SCM 338 3 BlD
HETRHELS, 10 HEOEEDNHE, 01% M) TV >
SAERIC X DR LR R B S RIS, BB
HARLT % 900 rpm, 5 4R, iR TEL, MBS &5
L, WRAER Iml 720 106EICRELA. 1ml ¥
DT b 0%, TF-4C T1EH, XVWT-20C T
1R L 725810, -196C (RS R) TRFEISHHEL
72, TORETH 3y BHBAEENTHRREL .
MR ARAEHEIC 13 10% dimethylsulfoxide (DMSO) & 20%
HBRIMMIED S % 5 MEM % Fwis.
GHEBEETHMBIEETAERE L. 4, &
H B BEPHPICKREL-LEZONIMRER
F£T 572012, BBE L HERF TR T T-75 flask
(23%%E, 15ml O SCM T 24 By RE 2%, BEMMRE5R
[ORe32 v AVRY A BA

BRI TORRRFERMEROEE
HEREEEHHROTERIELERT L7201, h
5 MR % 523 L T alkaline phosphatase (ALP) 442 %
BIh ol HFE% 100 X 1028 /35 mm2 DFHE THE
7L — b (Falcon) ICHBHE L, 2 BMEEEL:. 2K
#3103, 2 ml ® SCM {2 10mM Na S-glycerophosphate,
82ug/ml vitamin C phosphate (L-ascorbic acid phos-
phate magnesium salt n-hydrate) ¥ i1 2., & 5I1ZFH
FBLEE % HIE 3 5 10°M Dex %% 2 B (Dex(+)) LM &
VB Dex (T 72, BICSHEEBALRHEL L
Ao, EMEELBI o7, TOREMALIC naph-
tol-AS-MX phosphate sodium & fast red violet B % Fi
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WT, BRHE® IC LA ALP et 2 ML 7.

£t HA WCOB BB B ox:

FRME - T I v 7 ARG TO Y 7 BV TEES
BHMzBIholk. SHEEFEHAEROERI, B
WCECTHIMNA FUX L7835 4 F(HA)OHRTH
holl BEICHERSE, HA 70 v 7 (Interpore
500, 5 X 5 X 5mm?, & L % 66%, I # 1§, Interpore,
USA)24AmI OB EREEHMBOBEROH T
5%CO. T T2k M ¥ # L, 10mM Na B-glycerophos-
phate, 82ug/ml vitamin C phosphate (L-ascorbic acid
phosphate magnesium salt n-hydrate) # i&H0 L 7z, &
LICERMREL HIES ¥ 5 HWT10®M ® Dex /12 %
FE(Dex(+)) EMZ B VEE(Dex () 1243 F 7. SAIZ3H
EERATHRL, M- 53 v 2 &88kyay s
(composite) % 2 BM#EE L7 BEKLODOTOY ¥
% [F)%#E Fischer 5 v FOWEE T D 4 HATIcBHE L7
A5, TDHH 2D composite iZDex (+) & L, BHD
220 composite 3 Dex (-) & L7z, BH L 7 composite
2 2:8H & 4 BB ICHBL 7. Composite 2Bk, &
B0 74 PR EERL, A b2y Y
CYHE)RBErBI kol

ALP EHOHIE

HH U 7B composite % 1 ml ® 0.2% Nonidet P 40
DHETTA S UMBRECTHRES A= b LA Chk
13,000rpm, 10 AR LCLSREL, SO EFEZBERRE L
ALPEMOHIER B 2oz, FERERLD 0L
{THHH, UTICHEICRRS, 2% p-nitro-
phenylphosphate ##H & L 72 assay buffer {2 37C T
R &+, 30 537%12 0.2N @ NaOH TRIS 281k S & 7=,

Z 1® optical density (410nm)fE % % L, ALP i§M%:%
e L7,

Osteocalcin DHIE

Osteocalcin i 0.2% Nonidet P40 % f \» 72 (b B ¥ 1
20% MEER % 10ml fN 2 CH# 2 B/, 4°C TIRE L THil
L7z, 209 b 2ml OBEEMEY % 7 5 A (Ampure™
SA; Amersham Japan, Japan) T3 L, 10% B8R CHil
L7z, ShEPLBHASELIHEL, BEERO%, K
H5 D kE2|2 X ) ELISA # % Fv: T intact osteocal-
cin DPIEE B ko172,

Northern hybridization

Total RNA % ISOGEN (Nippon gene, Japan) % A \»
THHAEIC L7245 THIl L 72, RNA (104g per lane) i3
1% agarose—formaldehyde gel %@ L TEX KB 2 B =
VY, nyronmembrane I27 12y bL72, TAEP TS
A~V L 7z osteocalcin & alkaline phosphatase @ cDNA
DFFAETF IZ hybridization # B2z o 72, fHEICHN
%k, 68T, QuickHyb™ (Strata Gene, USA) DT
I prehybridization & hybridization % % £ 30 53+
BX U120 5B B 2 7 o /2. Hybridization # i3 2 X SSC
& ¥ (0.15 M NaCl, 0.015 M trisodium citrate, pH 7.0) &
0.1% SDS #& # (sodium dudecy/sulfate) "C membrane
% ¥k L 72. Membrane % IM plate (Fuji Film) 285 L,
MacBas (Fuji Film) % F\\CTRH L7,

-] E 3

Dex DFAETIHER L S RRFERMRG, 28M
TEBORRIMIBEI R L. $72, ZOAKRE
MifEAEET IS ALP Jefa THvfs SN (Fig. 1), ALP &M T %

Fig.l. Alkaline phosphatase staining A ; Dex(+), B ; Dex (—
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bELEFMEEENEN EPHES PR o7z, DED
in vitro TO&RERIE, ABIZL > TERBERMBOF
FEMBADOTCEERIBE DN EVWI L EZRTINDEER
% (A

$7:, HA LIRAIL Dex(+) THZE LB LIER L 755
#EANTETI, Bk 2:EM B OBKHE A (Fig. 2) T,
HA SALAEECHE L TR LBREFAON, £0
FKETRERRZECEERRISEBOON. 48
TiEE IR EHREEALR, BHERICE, &
BEREMLIG D BUL S 7z, Control B (Dex (<)) T, #H#k
ERIIIBER LR LERPo 2.

Dex DFIET THEZE - B4l L 72 composite (B # AT
&) ALP &M & osteocalcin DEIFFHB 2R % R
L7:. ALPEMS I BHI% 2 BB L 4B THRICHEmML,
EH) 5 WHEHE L2 LI 2BTREEYE LR, Os-
teocalcin 1&, 238, 4 BLRERBHICHMLL, 202
P OBERIERZBHREIERSNS I EFALPIC

" 8%

% o7z (Fig. 3).

BEMBEEORETH S ALP, BLUEEBICD
S ELERWTH B EE 2 LN TV 5 osteocalcin DF
3 % Northern hybridization THE L7z (Fig. 4) . HA &
B L Dex (+) T2 LB L 72 composite T3, Bif
# 28T, ALP B X Uf osteocalcin ® mRNA O FEH 5%
WA E N775, Dex (-) D composite Tix, BHRIEZALN
Zdrots, B 4B T Dex(+), Dex(-) & bIZALP
B X P osteocalcin ® mRNA DEFHH b W75, Dex
(+) TRER IS, o7, U EOBHERTOMBERN,
EAvER, BREFRBEBERE, SHEFMERIC L IE
BN BEEANTEFERLBEERNERETLILE
RLTWA EEZ LN,

% £

WSR3 » AERAE L - BRI e o LR
L7k 25, SERTEMIIIHE 2L RECT

Fig. 2. Histology of cryopreserved marrow cells/ceramic compostites A ; 2 weeks after implantation, B ; 4 weeks

after implantation
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Fig. 3. ALP activities and amounts of osteocalsin left column : Dex (+), right column : control (mean % S. D.)
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28S

18S

1 Osteocalcin

A B C D

Fig. 4. Northern hybridization
A ; Dex (—), 2 weeks, B ; Dex (+), 2 weeks
C; Dex (—), 4 weeks, D ; Dex (+) , 4 weeks

b, BT HEENERL. 7, SEEFMIZL -
THERLZEREALELZ, AR v FOFRETICBHE
LTo, FsERMi e B L6 LA, BIF

ZEEEVHASILNCER S W, EFEMRI RSN,

BHEEBOERN 2IETH 5 ALP iEM % osteocalcin
BOHlEERE, DENCES Wit L, Hitgss
FEMARIC L o TR L ZERATEOBMM% 28, 458
DEMRMELRD LIZIZEAES LGP RHVEEZRL
BHZEHCEFMREE L AT 2B RATE YRR
THEILHPERERDPOHO PR/, 2B, 2D
LREFMBOC—H—BRIZFTHS ALP B & Wos-
teocalcin BIZFDRBIC L > THHRB I N7,
HHERFE, £ < OWILEOEBLHROERRED
ROITTIERTYE(HVLATWE HEETH 5,
LHL, &ET 588, SEYPMS, BET 28818
WT, MRBICEENIBIAZ L HMONTVE Y, &AF
BT, BHMRLSESHABLUBHEL TERYB S
Lol BEHHFOMBOBES X UEER L RET

TBLDIE, MOGHESEL LBRET 2 LEFD 5.

LH»L, SRS %2 FEchBRRER TR S
CENRLEDPIIR o LI, SBROFRICIRIOD D
LEZLND,

SHEOBBERIIT v N2HAVWTBI Ro/h, &

Tkt M OFEEHMEIEY Dex DFETICERET S &,

Fv MERBRICEREBRIERIND Z L HiEsn X
NTwa, &bz MERMERMA, in vitro TOME
AICE Y, WHRICE o THRESESMET T2 3% <,
TLEELPHERES N Z LB REShTWVE D, Th6D
ZEhD, B FOBRRFINEEMBOBRETY,
SEOEER & R BHBASTR S5 TEEMIRE <
BRERMIBHITEREGE, BREBHEOFHLZ—
FHLRVEBZLEEILLS,

¥/, BERMBOEICL o TEDBEEREINETT
5805, WRREFICLVMBOELEHSZLLTES,
CHEFELTEVREZEFHICERARIL, S
ERMAELHESETERRELTBE, BRI/
LEHLOENEROR VMM THBEOBLEEREEB S
Y CEDMETHA, THICL Y BEBEDEERL RV
EEIFHRTE S, COZ b, MEGITHEELEL
55,

B, BRI, BRELHVLHE, FAEEGEH
TE)ZRVLHE, ALEMEEEV L HES—KK
KBIxbhTws, FEELHVEHFETIE, BER
THELN DA, REHICHEEERTEND S D HE
LRERPBONLVEENE ., T, fEEOL OB
BESGEERT AERELDH L. ALEMELHEVEFE
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i,

EEHBEEOTHI L&, EHEICREBLALE
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B A ORIU, HEH 5 ORI
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