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Establishment and Characterization of Culture System for Enzymatically

Released Osteocytes from Rat Calvaria

Mariko Saron

Osteocytes account for 90% of bone cells and are embedded in mineralized bone
matrix. It has been demonstrated that osteocytes can be mechnosensors of bone tissue
and they control bone metabolism responding to mechanical stress, but the detailed
mechanisms of osteocytes are unknown. Although culture systems must be established
to analyze osteocyte functions, few studies regarding osteocyte culture systems have
been reported. The purpose of this study was to establish a culture system of osteocyte
isolated from new born rat calvaria, and to examine the phenotypes of the cells as osteo-
cyte-like cells. The bone tissues were dipped in 70% ethanol, and then sequentially
treated with collagenase and EDTA solutions to isolate osteocytes. The isolated cells
demonstrated a dendritic process and were ALP-negative in enzyme-histochemical
staining, while they were strongly stained with antibodies of sclerostin and DMP-1,
Real-time PCR reactions revealed that a small amount of ALP and type I collagen
mRNAs were expressed in the isolated cells as compared with osteoblast-like cells, but
sclerostin and DMP-1 mRNA were more highly expressed in isolated cells than osteo-
blast-like cells. The levels of osteopontin and PTH/PTHrP receptor mRNAs expression
in the isolated cells were essentially the same as in osteoblast-like cells. These results
indicate that the isolated cells express osteocyte phenotypes and that this culture sys-

tem can be applied for the analysis of osteocyte functions.
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ST4E, transgenic mouse % FVTHMAE % EIR
FNCEsEEH 5 &, BBREIZK - TRENMLL 2K
IZA 605 FIRIEREIC X 5 B HERAE 2 RIE U 7%
WZ LR, vy ZHEBFOBMBIZT AR =
AHEIEL L, BORPRBTGEL TEADH
MEB3ZEE2H|EL TS, ThALDHEREA
/vy —E UTHIZSEEBEL T, FiE
WAV bR =L L TWAIZEERTEDTH
b, 2561, TICHMBEASWTSRT LT,
Sclerostin®, dentin matrix protyein-1
(DMP-1)?, fibroblast growth factor 23 (FGF23)?,
matrix extracellular phosphoglycoprotein
(MEPE) , Phex”, Wnt'?, E11/gp38'", CD44'? &4
FEINTED, BERPERRE2 Y Pa—-L
LTWBZEPMERE TS, L LEDS A
HADF v 527 & —RHEEIZ DOV TN E ZE <A
AR E<RENTHED, FicAah /w4 —
&L TOEMIEOEE DWW TR L A b X
NTCORONDPBBIRTH 5, ZORREE L TEM
RO E#ROMSLOFRE X 2RH T ond, fAlkik
HEIZHEZ A -FHREORELTET S5 AT
in vivo DIFFIZN A T in vitro DEEZRH MBI
%%, FRCHRasSE QRS RER KR E DY
W 3 in vitro DB METH 5, LA L,
AIRARBEICRY B Eh-Ella s 2B E T 5
DIFRETH D, E5IFEMIZIET TSR
LMl T 5 2 & & WEE X iIcdpm 2 217 3 51 E
ThH5,

I TITEMRBDR EROMLIZIZN < OR
DHEEPREINTEHD, ZDZ% < i chicken
calvaria 7» HEERIBICTHEET 5 HFETH 5819,
LL7y bevy 2&An-Eilllgnisex
FEAERLGNEVOMPHRTH S, & 54l
BrE L TOFEMIZEDT 2 Bonwald 5% 23R
HLTWEDITBE v, ERRE a6 % 5
N3ET, EBEHMELTT v bR ANEL
N TS, 22T, AFEOHWIET v b
B E T, Bl TICISHTE %
Wl B R AWML T EICH D, 20D
Ty MIREE D O MR ERL AT U CEME A
SPEEL, B & OERRET U TR SR AN &
U TOMWRERN, SO BB HilaH
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Table 1 Procedure for the isolation of primary

osteocytes from rat calvaria

Step Procedure

1. SHEOT v P OmEBEAHL L, PBSIZEELA
Mol e A RET S

. EFEMOME A TR X H 5 =DHIZT70% T & J — i
15F MR 5.

. PBS |Ziil LE&REOEME 4L+ 5,

. HHEFOEEAMEREL, BN EPBS T
5 (3ME),

. B &MY LT collagenase i IZRE L, 37CT

20477 RS T 5, Zh A 4 B0 9, (fractionl-4)

S FEAFREILL, rpm T5 AEEAT S, XLy

b ARSI DR ER IR < .

. B A0.1% @ BSA £5mM @ EDTA % & & PBS
R L3TCT200 MiRE T 5. Stepb%if D
34, (fraction5)

. B H # collagenase W22 L37°C T204r iR
T %, StepbaiRDiRT, (fractiond)

. B A0.1% @ BSA 25mM @ EDTA % & & PBS

BHTRE LITC 207 MRE T 4.

Step6# i N X4, (fraction?)
B H % collagenase #3812 #31% L 37°C 2047 [k &
T %4, StepbEifET . (fraction8)

10.

filfe & LTI AIBET & % 2 & BRaf L 7z,
W EFE

1. MBS REE

FEE TP RF BRI E I > TIT - 72,
4 #% 5 HH D Sprague-Dawlay 7 v b 8 L% f#
U7z, =—7VHkR%, 70% T FA 73—
W THER, U VBREEAEEEK pH 7.2
PBS) T4, JAEE A MEMICRHEA L 2
IN5 DEZER % Table 1IN FIE TR RAHE
AiTw, BHifasz o8 L/, EHLUZBERER
0.1% collagenase (type A, FIEMZE KfR) %
70mM NaCl, 10mM NaHCO3, 60mM sorbitol,
30mM KC1, 3mM K2HPO4, 1ImM CaClg, Img/ml
bovine serum albumin (BSA), 5mg/ml glucose
% #1025 mM HEPES fE i # (pH7.4) 12 TH&
ML 7z, BIKEWRE L T0.1% BSA % &¢5 mM
@ EDTA(HDERE ) W% PBS IZUAfR L CREM
L7z,

2. #l fa i &
FH L =M EMianL2<aEhsE15
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N3 fractiond-8%& L 7=, ML =Mz % 6
JX7 v — b (Becton, Dickinson and Company,
USA) 1Z1.5x10°f o M Fa JR 2 CHE/E L, 10%
calf serum, 100y g/ml X=3 Y ¥ G, 100IU/
ml 2 bLF A Yy 2ET a MEM %W T
5%COq, 37°C TR U 7z, IO 2 #2I2480F
MZ &40 6 HRIORFE AT > TEBRICHER L 72,

Bk, WEMEH 272912, Bl iR
Z < &Eh fractionl -20HIME & H L 72,

3. Alkaline phosphatase ¥

10% rhMEREE R L~ ) VTR M A 105
BIZRICTREE L, Z0%#0.1M Tris $EME7E M
fia % &3 L, naphtol AS-MX phosphate (Sigma,
USA), fast blue BB salt (Sigma, USA) % T
B C05BRIL ¥ 72, FOH%, AZEKT
e %o UREE L 72,

4. RFHEE(ERE

¥ 6 HHOMAE%10% PR AL~y v
ETIOAMERICTHEEL, ZOH%I0% DL 4
J = VAL A 30R R BIRIC TiT 5 72, PBSIZT3
MIPEE LT, 10% DIEH Y 4 £ Mg (Histofine
kit, =F L A) 12TT7 0y F V7 EFRTI05H
11072 TOB—WPUA (¥ X4 Sclerostin Hifk,
¥ ¥ DMP-14ifk, Santa Cruz, USA) % Ei&
12 T30 RIS & 272, T PBS T 3 [l
L, ©4F VER TR (Hlv X IgG it
Histofine kit) #FERICTI0DMEIGX ¥, B
B, PBSIZT3MEFEFLTHS, RLAFT 4 —
YIZ#Z MLV 7 b 7E¥ YV (Histofine kit) %10
SREEmIZTRIE X E72, Bfid DAB (0.005%
diaminobenzidine tetrahydrochloride, Histofine
kit) 2RV TT o7, BffaY tu—-neLT—
KR A2 B L TREET -7,

72, BMEa v bu—JL & LT sclerostin $i
RERAOEREREEBRIKLZT v MEE (SD
Zw b, M, 108 D857 4 VUIR ETT
ks

5. Real-time quantitative PCR

% Well Dl id 2> & total RNA %, EasyPrep
RNA kit (#4754 4, KBR) ik b#ibL,
RNase free DNase I (& 7 57354 4) 12C3045 0
37TCTHMHEL 72, ZD# RT-PCR kit ( # # /3

HHED 55 R e EE O ESY. (e
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AF) EHVTHEERRE I VL LT 74 v —
11 g O total RNA 7 5 cDNA % fER L 7.
20ng total RNA IZ#H 23 % ¢cDNA % real time
PCR IZHW /=, SYBER Green Premix (&% # 5
INA ) IR 25.0 41 122.5pmol DT 54 v — %
HWOW KIS ¥ 72, SYBER Green PCR D3
Mithhid, Smart Cycler System (& & /54 %)
I2THT » 7z, PCR RIBI395CHFI ], 60C25%)
[ @ two-step method 2 T404% £ & LT - 7=,
HHL2& T4 v =L Table 215/ L7z, &7
T4 7175 cDNA DER%ZFT\Y, B -actin
1Zx9 % cDNA B CTHIIE L 72, %7z, PCR #¥
FRIRIIRR D AT & - C, MM THBEZ &
R L 72,

6. ¥ st

75 7 OB EHEE L EERE (SD) TR
U/ze 2HMOMEDA R ZEBKE I Mann-
Whitney U-test IZ &k D T o7z, P <0.05(ZTH
RAEEBE L 72,

#a

R

1. Alkaline phoshatase &

K6 HHOBEEMEA Fig. LLIRd, Mo
HR I HHRRSEAE 2 U 22 B ARk O Wil a2 i EE
TED (=), E5IZh6DMBgicxt LT ALP
REETI L, FEMEEITESEVEZE, F
SPE I AL (=) MREL T2, fll
BUTEH & I @M 2R & OB £ 0 5 72,

2. #i Sclerostin, DMP-1 AN BT

Fig. 212137 v VBB (@, b) &BK2E 6 HH OB
FHHRE (¢ ) IZx3 5 #1 Sclerostin HitkD B %
N 7 v MEBORIKUIF T, BEEDOHIC
T 5 FHIBE A Sclerostin Z# FE L T 5 Z
g Bb b, =), BN MEEICIE
Sclerostin DREEUIFRD S5z, —F, KEEM
g (¢) TOHi Sclerostin PiiED FTEI, Milaze
Ea LM ZOBENRD 6 (=), Hikg
PHCFERDKIC RIS D S5 h B,

Fig. 3IZ 355 % M2 DMP-10D % Bl % 7R~ 9,
HRaZSE % 4 5 2 Mg O MifaE O v iz FER AR DT
DMP-1{IARDBEHRIGHERTE 5 (=), &b,
—WHikE B Lo v - g Tk
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EECHEOHRERY. < OMRIIERRE
ZHL (=), ALPRERIMETS 5, ALPREEY
Dt (=>) 6 H 50 5. x40

Fig. 1

RREE 2 KB A B N o7 (GHEE),

3. ALP, Type | collagen mRNA 3

Fig 4123 B ML K53 6 H B OE#EMIET
@ ALP, Type I collagen mRNA @ Real Time
PCR O#ERAERT, —MRICHTFHBOREN X
HBBE~v—Hh — LN TWBALP & Typel
collagen DFEHUL, BHMAaIC LR U Tl
TR IS Ml &2 7R L 72,

4. Sclerostin, DMP-1 ® mRNA 37

Fig. 5t Sclerostin, DMP-1® mRNA ¥ & @
Real Time PCR DfERART. I 5 DFREBUI
B AT I U CREER 6 H B OB EMInc £ <
HRFAL TR ZEDMERTEZ S,

5. Osteopontin, PTH/PTHrP receptor O

mRNA $3H

Fig. 6iC Osteocalcin, Osteopontin, PTH/
PTHrP receptor @ mRNA ¥ I D Real Time
PCR OERERT, ThEDORFEEIIhETD
D& Bix 0B L M0 RRARICE
ENRBOENLE 5Tz,

Z &

BRI FE S B & 2 R e BRI
AT A TH 5., ZhE TITEMIEOEEW
W3 VIN— 2R T y L VRBICTRET A IS
2 ORI T BT, SIE I h B L nbh Tk
D, ZhSDOMMEOB X % FE S 5D HEE) T

(14)

Zv FOEEROERFERT A %a, biICRd. HE
@ (a) &HsclerostinfiF DBED)E R B
HICHAEOSE (W) F&b6h3, clliE®EE6A
BRI 5 T BHisclerostiniiA D BEERT .
HrEEErET 3 HEOEBAICERRONED
BIENFH5N 3 (). x20 (a, b), x40 (c)

Fig. 2

H B9, Lzso CTHMTEMRE DS
mechanical stress #REAIL, FR#@#E2 T bu—
LT B ZENEHROERLEEDO—DTH S Z
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ERT. REZHT3HBEOMBACERIRDR
DMP-1fEDEEF A S50 5 (=), x40

1.2
<
Z 14
0
<
c 0.8 +
©
T 06
@
S
< 04+
o
E 02 P "
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Ob Oc Ob Oc
ALP I Colla
Fig. 4 &3 (Ob) LEEFE 6 HE DM (Oc) ICHT 3

ALP &Etype | collagen mRNADFIEE % BactinT
WEL {EOLES%ETRT. Bur: means £SD(Six
cultures). *P<0.05 Ob&OchItE;,

EMREREINTHBE, Zh b OFHlDREE
fRITIZIE in vitro DEBPFHTH 55, FHila
ZDLOMRHLLMIETH 3 2 & RIKEEE
ICHENREBTH D Z L5, AL 2B
26 DEHID FEEIZIRED & Z AHE Sh T
s, MIRAROBILE Z< BB EhTnhinl e
2o, EMEOEERIVRERRLFEHITLZ
EHRMEIZE D, AERTYE, Ty FOEBE,
5 BN & BRI L KB O DFIZ & 0 7B 5
FEARHEL, RO IR TE 54845
HEHEDZ v FEHWBZ LIk, #hE LML
L7Bilifa s pEtcx b &%/, ZLTIOR
ERVEME UTHa g s B35 5 % et

AR o 3RS FE A OB © PEi 215

—_
w
]

<
g ¥ *
e
L 10+
°
o
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~
< 54
Z
o
=
0 .
Ob Oc Ob Oc
Scl DMP-1

Fig. 5 &IFfa(Ob) LiEHEGHEOME (Oc)ICHT S
sclerostin (Scl) & DMP-l mRNAG#IH & % 8 actin
THIIEL H{EO B %R Y . Bur:means £SD (Six
cultures). *P<0.05 Ob&Oc@iE.

-
1

mRNA/B-actin mRNA
o

Ob Oc Ob Oc
OPN PTH/PTHrP Receptor

Fig.6 B¥HEOb) LEE6HEOMEO)ICEITS
osteopontin(OPN) &PTH/PTHrP receptor mRNA®D
FINE% Bactin THEL AEO-EFTY, Bur:
means +SD (Six cultures).

FTHZEICEPRAE N,

SEOFETIE, L ZESE» 5 ERES
FEME DM AR ERE L, S OICEBEICFET S
HiBa A B ET 5 201270% O 4 / — L1658
MEE L7, ZOH KL Gu 69 OHESET 3 Kk
THY, H51E7 v bOKEEEEMFEL T3,
HEHIC S T OIBHYRETH D EFE Az, 51T
B SRR & KT A S ISR 0 RS HBEIC KD, B
WS % 4y U T < A fractionl-4F T EEFD
M 060% DL L2 i, AT M, 1
NI EBEMAE TS O, B g4
W fraction TH B Z & 5 5HBIOERERD» S IEH
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Table 2 Primers for Real Time PCR

2012

=+
(V)

Primer

Forward sequence (5" to 3°)

Reverse sequence (5" to 37)

Alkaline phosphatase
Type 1 collagen
Sclerostin

DMP-1

Osteopontin

PTH/PTHrP receptor

ATGTCAACCGAAACGCCTCAG
GTGGTAACGATGGTGCTGTC
GAGAACAACCAGACCATGAAC
CGGCTGGTGGTCTCTCTAAG
AGACCATGCAGAGAGCGAG
GGGCACAAGAAGTGGATCAT

ATGGCGGAGTCGAACATGGCA
CTTCACCCTTAGCACCAGC
GCTCGCGGCAGCTGTACT
CTGGACTGTGTGGTGTCTGC
ACGTCTGCTTGTGTGCTGG
GGCCTAGAAGACGGTGTAGT

£ -actin CTTTCTACAATGAGCTGCGTG ATGGCTGGGGTGTTGAAGG
SU, EERIZITEAMEST0% D EEEh b e E HAfaI R RSB 5 2 & RIS & 5 T

A BB fractiods-8&fIfAL 72, LaLads
Z O fraction #fEH L 2 & LT 8 BFMAE T
Bl SR Ol Ra, R HEZE M B % o fth o Hi e o
population & N T35 Z L I3WIREEZR L
LTORHEER S,

AIEEREFMBOERICHEHNT 22010
W3 5 fifa o "I“E‘ﬂ"] 72 population 23 #fY T &
52 L A#MERTH -0, BT & hiskET L
7o WEEMRROTZRE i"‘“@%ﬁ?"éﬁ‘ﬂ]ﬁﬁ]ﬁbmﬁf@
MlE 2SR S 5 0%, ALP @O R 5 X%
L TS HiED % < IZga Bt T d - 72,
BHROREIZEFMEETH 52, BEEICEA
ENTEMILE UTOREEELET 2L ALP O
BIAKEICRI L TT 2 e BHE I TN 52,
WA & AREEMAEO ALP mRNA ®H %
g 2 LB & 2 ICAREEMIETO ALP mRNA
REAMENZ &6, £ OMfas ALP ORBL
EARIEVWZ EBERTE 2, ZhERMRIZES
e AT 52 RENLEEBE TH 5 Type
I collagen iZBAMEABIZ LT BIZ U2 - THiA
KWRBIIALNGL 52, ABEHRIZENT
& HIFMAZD Type I collagen mRNA DRI
BRUTEWMEEZRL TV 5,

=77, BHRE RENICER W T 5ERE L
LTHh T o sbKERNZL S DI Sclerostin &
DMP-143 & %5722, Sost BT D D2 TH 5
Sclerostin & Wnt ¥ 7" F LD 7T v 4T b &
LTRHE &R, Lepb/6DEMALAHET S Z &I

o TEH M TORRE LT 2HTTH
B2 ENMEXNTNBY, T D Sclerostin A

(16)

5, BB MOBEREEES Ty bu—L
U T BBEENPRE L 72 - 729, —, DMP-1
WA MRBLIA I & BT MRS R O R
M S HEBET A ENHENTNED, LiL,
ZORHBIEHRIIRS ZERELTED, ¥
E SRR S BRI Z b U 7z OMilRIZ 2 <
FELEh, C-RMWDEE L HIREO AR
ICEEAREEREZLTWE I EAREHS L
Bolz?, ZOXIITAEEROMBOZ I3H
MR R 2 ERE A B(EF LRIV TE S BB
U, 7, BFMICREN2EGE DRI
WA BV E WS REPER SN, ZThoDE
FEIIAEERIIHFLET 2020 population 1213
BHRORHEE TN Z GEN TS T
EETRBETEEDTH 5,

X5, Biifr BEMRRICHEL TRETS
Z LB S T WD osteopontin & PTH/PTHrP
receptor DFEIRIZ DV TFHN7z, Osteopontin &
RDG EHl & #HDOREHRELE L L THKILICHE
5432 RN T35, BlEMBICBWTE
ﬁﬁ’*fﬂﬂﬁ EEMBROMmGIZZE DREANALND, K

BRI TE AT Z AN L ZIZE 5T
ZORBMBTGEL, X 51T HEALDORE I AT
MR/ L, a2 iiE L>, R
2 hbu—LLTW3, —7%, PTH/PTHrP
receptor (L E I & BHAIEY O 5 IZTFHEH
MR X h T3, PTH OfEH & L CTEH M4
BLT, BIEROIEE & BINEEDOH M IER %8
THZENRASEN TS, FHIFHfIZHWT
IV Y FTHhBPTH/PTHYP D52k - T
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FGF23D WA TUHET 5 T & A% in vitro, in vivo
CBWTRM SN ZHs &0 Bl s F
AR - B CERE O V2 FFI L T 5
ZEeNHEL Ko7, AEBEMBIZEWTY
osteopontin, PTH/PTrP receptor D FILIL, B
Mg RARRICRIAL TWA T L AR L2, L
U, RESEMBE BB LTASI=I LA MY
Z R PTH OAEFIZ X D osteopontin X FGF230D
REHNTIE XN D 2 RISEFE L THhanizd,
SH% ORIV EEE L B,

i

PLE, AREEROME L B0 FRFENZD
W HEBRET LT X =0, BRMBORE LT
BHIZ 2 b CHERIL Tl b, Biifatkia &
LT3R A, SHEMIO4IN BRI u
TAEERPERTH B Z LIRSz,

E b

X [N
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