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Effects of irradiation on the mRNA expression of osteonectin and bone sialoprotein in

MC3T3-E1 osteoblastic cell line
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ABSTRACT

Purpose : To investigate the effects of irradiation on the phenotypic expression of the MC3T3-E1 osteoblastic cell
line, especially on the osteonectin and bone sialoprotein.

Materials and Methods : Cells were irradiated with a single dose of 0.5, 1, 4 and 8 Gy at a dose rate of 5.38
Gy/min using Cs-137 irradiator. After specimens were harvested, total RNA was extracted on the 3rd, 7th, 14th,
21st day after irradiation. The total RNA was reverse-transcribed and the resulting cDNAs were subjected to
amplification by PCR with a pair of primers.

Results : The irradiated cells showed a dose-dependent increase in osteonectin mRNA expression when compared
with the unirradiated control group. The irradiated cells showed no difference in bone sialoprotein mRNA
expression when compared with the unirradiated control group. In accordance with the duration of culture period
after irradiation, the level of osteonectin mRNA expression showed no difference, but it increased a little at the 21st
day in the 4 and 8 Gy exposure groups. In the case of bone sialoprotein, however, the level of mRNA expression
increased significantly at the 3rd and 7th day after irradiation, but it showed no difference at the 14th and 21st day
when compared with the control group.

Conclusion : These results showed that each single dose of 0.5, 1, 4 and 8 Gy influenced the mRNA expression of
osteonectin and bone sialoprotein at the calcification stage of osteoblastic cells, suggesting that single dose of
irradiation affected the osteoblastic bone formation at the cell level. (Korean J Oral Maxillofac Radiol 2004; 34 :
99-106)
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MC3T3-E1 Z==AM| 2 5=2| osteonectinZ} bone sialoprotein mRNA 28{0]| 0jX|= HtAlMo| st

Az Hael osle) ARG FYA HA9 27
of wmdAe] Aol NxrA-E FAZ F njzmYAy
AL ARAT| T FAERISM o2 M33E. o] 3}
Aol sl AL A& A Z9 B-glycerophos-
phate2 ¥2]3}+= alkaline phosphatase, 2ZFAH| £ % 7|24
X2 Zgol & #-4A17]= amexin V, A 3]3S 7)A 5=
bone sialoprotein (BSP), ¥g=2<& wx}A A7+ procolla-
gen lysyl hydroxylase-2 (PLOD-2), A3 AL AHAF|=
osteonectin (ON), osteocalcin (OC), osteopontin (OP) £9]
et

ON2 Z4% 7|AMZA Fdizle g Az} H=9)
71338 AzAre-& 243, o] AR AA71Y &,
2ok, wiote] =FAME, A Z, A5 HfoME o
2719 d3HE FoAM ez @) =3 oe
29 AYA, FAAF, FeEA, A ELG, AlZolF o
A Aol Mze 71A b Adezkg-g 2343 ON
A= Termine 50] 2&02 49 T FEsige
®, Rochet §'& Q17be] A4 F3A 29 FHFH EoA
ON #3429 H&g 3 73l4) 7, Rolf $°& ON $-4A7}
ZBYH SN 2} w2 A Aot B osigd

g4, BSPE A iz ohFFeIAL ofn)x
AbA 4 (sequence)el] 28l FAbERISIMC] AgE £ gle
™, Arg-Gly-Asp (RGD) o}n| At ol ojs N=znatg
FAY $ e dYA2AS o) AR WP sj2Ao
2 N33} AgzAe AgH oz w3gcl BSP A=
Z, Aot Wiebae] xy] M3zl Fad dFge s,
BSP fAdabe] W& F, o} ol wielAl Ao z7)d] ¥
A vehts Hz971ded] A5 A3l A AR
A& #3313k} Hultenby’¢} Ingram®e o) 3io] A
oA a3 BSP 4A: F I3 Skl = 2l
I F Aele] WA= S v]A 4 glenz BSP
A BYe 2- e 3z H3}, F7|AY A3)3)
9 ko] Aolol| g 2 4 Qlvky Byl

A F7HA WA o] Ao mXe BAMESH A7)

A o] gtor} wpAlMel olat Mz &4 QA AHe
HE83] BHAA edskoh @A WS QAo =Abehw
uhabde] B3t ubgsle] fE)7)e ARERR, o fel7)e
Mzate] AAel dake] £4-S gutsld Azol o
QAo =M, Habdel o8] S8 AlsADo| AHE
Ao ZAsa glck Gal 2 2 Gy ©]3ks} 6 Gy o]
At el A 2EA X &4 HES wlasiygon,
Aitasalo'®% 10 Gy2?] WAt EkA] X2 A E 49
7Hae) 229 &4 B 1E v} ¢Ju}. Matsumura S
& 2FAEF) WAMIRAL T ON $42ke] W= W
37} golvt wosiylon, 2 528 2ZA x| 8 Gy o
ahel WAAEAL £ OC SAAke] Walze] AaeEdo
2 2719913, OP 4iAe) welske Hapeedoz zha
Hiete sk,

T @7 At o] 234 Z2) ON §34ksh BSP
fAte] whel] WX : 3] Hig A7 Wl =g
by £ AFelNE 4 FAR 2FHZF MC3T3-El
& g3t Watde] 2ZHES) 435sl AP ON &
A P BSP $Axte] @ae] n)A: ke Fusiaa}
sheieh

2
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1. MZHHQE 2 HIAMZA}

2 Aded 218" Az A7 S 2INEF
MC3T3-El1.e. 24 (Fig. 1), Al ZujF2 10% fetal bovine
serum (FBS)o] 335l alpha-minimum essential medium (o
MEM) Ao A s8] A} o]5 Az 10 mM B-glye-
erophosphate®} 50 ug/ml ascorbic acidS F7}sled 37°Col
Al wieFEtala, 3Y Aoz wiek wixE m3bEigld.
1000 =AuloF Ao 5x10°cellso] HA AHE3}o] 244
2 R F, Co137 HARIEA S AFgste] Adeold
538 Gy/min®] AFE= 0.5, 1, 4, 8 Gy w3 zA}sl1, vt

Fig. 1. Microphotographs show
MC3T3-E1 osteoblastic cells;
A (x40), B(x100).
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Table 1. The rate of the mRNA expression of osteonectin and
bone sialoprotein immediately after irradiation in MC3T3-E1{ cells

Bone protein

Radiation dose (Gy)

ON BSP

Unirradiated control 100 100

0.5 Gy 108* 102

1 Gy 110 98

4 Gy 120 103

8 Gy 123 101

a : percent to the unirradiated control
Dose (Gy) C 0.5 1 4 8

ON L B
BSP Doy S e ey s

GAPDH Wiy g .

Fig. 2. The bands show the amount of mRNA expression of
osteonectin and bone sialoprotein immediately after irradiation in
MC3T3-E1 cells.

A ZAF Z 3,7, 14,2192F wjokst ohe Zbzh Ak
total RNAE- #2]3}i+}

2. Total RNA 22| 4! reverse transcription-
polymerase chain reaction (RT-PCR)

Total RNA+= TRI reagent (Molecular Research Center,
INC)E AHg3te] Al zAte] A3 atel F2)aksdc). vk
2 MxofA] wjxE M7 sl phosphate buffered saline
(PBS, pH 7.4) 10ml= % H A& 3} & TRI reagentE A7}
8w} ©]7& 1.5ml tubee] 1ml¥ I 1-bromo-3-
chloropropane-g 200 ul #7yste] 307 74eiA A7
%, AE2] (13,000 rpm, 1538, 4°C)3le] AAZAE FHsl| A}
2L tubedll &t 7o) F%2] isopropanole #H7}s}ed
—20°CellA] 2417 o) whA|gE &, 941421 (13,000 rpm, 15
2.4°0030] A3oe AAsNITE AAE 75% ke 1
miE A7kt GAl QAR (13,000 rpm, 158, 4°C)3kT

ofet-g-8 A A F., diethyl pyrocarbonate (DEPC) 2| ¥
Z2755 A8k 65°C 3l 1027 vhA1A A E

o

=9

He]® RNAXE spectrophotometer2} 1% formaldehyde
agarose gel H7]°dFS& o]g3sle] AHFsla FAslArh &
2]%l total RNA 4 pg, SuperScript II RT (Invitrogen, USA)
200U, 0.5 ug oligo dT, 0.5 mM dNTPZ % 7}sle] 42°CellA]
9027 HES-AIZ) F 70°Col A 1022t 3 WA

SHAE 9

Table 2. The rate of the mRNA expression of osteonectin (ON)
and bone sialoprotein (BSP) in accordance with the duration of
culture period in MC3T3-E1 cells

Duration of culture period

Bone protein

DO D3 D7 D14 D21
ON 100 90* 132 224 79
BSP 100 93 81 104 96

a : percent to the day O control

D3 D7 D14 D21

ON W

BSP ey

GAPDH

Fig. 3. The bands show osteonectin (ON) and bone sialoprotein
(BSP) mRNA amplified by RT-PCR at various culture period in
MC3T3-E1 cells.

Table 3. The rate of the mRNA expression of osteonectin in
accordance with the duration of culture period after irradiation in
MC3T3-E1 cells

Radiation dose Duration of culture period

(Gy) DO D3 D7 DI4 D21
0.5 Gy 100 93? 104 93 100
1 Gy 100 89 106 100 102
4 Gy 100 96 106 99 118
8 Gy 100 97 106 105 116

DO : the day immediately after irradiation
a : percent to the DO control

Total RNAY 9-dA g3, A7Eq cDNAE AutH]
(primer)E-& ©| 4% PCRS Wyoz ZFIFAIZ . PCRY
2.5U TaKaRa Ex Taq polymerase, 2 mM MgCl,, 0.2 mM
INTPE 3718 A7 A4 26 A A 5
Zo] 2x oz Al45 APEA|E bone sialoprotein sense, 5’ -
ACGGCGATAGTTCCGAA - 3”; bone sialoprotein antisense,
5" - GCTGAAACCCGTTCAGA - 3’; osteonectin sense, 5 -
GAATTTGAGGACGGTGCA - 3’; osteonectin antisense, 5'-
TTCTGCTTCTCAGTGAGGA - 3’; GAPDH sense, 5’ -
TGGTGTCTTCACCACCA - 3’; GAPDH antisense, 5 -
TCAGTGGGCCCTCAGA -3'& A}8-3lsit)

3. Total RNA M7 |dE

DEPCAH2]¥l ZF4> 34 mlel|l agarose 0.4 g-& 37}s}ed
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MC3T3-E1 =Z M| ZZF2| osteonectinZ} bone sialoprotein mRNA &t8iof| 0|x|=

D3
Dose (Gy) C 0.5 i 4 8 Dose (Gy) C
e B ON
GAPDH (W% GAPDH W%
D14
Dose (Gy) C 0.5 1 4 8 Dose (Gy) C

GAPDH |

D3
Dose (Gy) C 0.5 1 4 8 Dose (Gy) C
BSP PR RN gy el Seew; BSP

GAPDH

D14
Dose (Gy) C 0.5 1 4 8 Dose (Gy) C
BSP e s pwewy s s BSP

GAPDH {8

=q] ©}& 10xMOPS buffer 4 ml¢} formaldehyde 2 mlE
A7)sled geld wkEo] AF£-3l91t}h Total RNAe] RNA
loading dye S #7}8l312 §7]el] ethidium bromide (EtBr)&
0.5 ug/miFA A7kt 65°CeollA] 1587 WH--A1Z] &, gel
Zo] loadings}e] 1xMOPS bufferdel] 100VE 147 A
MAIZ] & LAS-1000 (Fuji film).2.2 mRNA band2 T2}
At

2 =
1. BARIZARMZO| S B CH4E RAALS| waiat

MC3T3-El Al £Fe X ON f37ke) LAFLE ozl
Hlgte] AdekelEroz dwistA Frhsigdeh ¥ BSP £
A LHFS Azl vt 05,1.4,8Cy E A
gFZol|A] z}o]7 ¢leloh(Table 1, Fig. 2).

2. B |ZHof| HE =EM|EFe| STHEE RTAL
ETCIEL
—_o

OII

FARMO| 245t

D7 Fig. 4. The bands show amount of
0.5 1 4

o

mRNA expression of osteonectin in
accordance with the duration of culture
period after irradiation in MC3T3-El
cells.

D21

0.5 1 4 8

D7 Fig. 5. The bands show amount of
mRNA expression of bone sialoprotein
in accordance with the duration of cul-
ture period after irradiation in MC3T3-
El cells.

Table 4. The rate of the mRNA expression of bone sialoprotein in
accordance with the duration of culture period after irradiation in
MC3T3-El cells

Radiation dose Duration of culture period

(Gy) DO D3 D7 Di4 D21
0.5 Gy 100 107 115 90 96
1 Gy 100 115 115 103 103
4 Gy 100 116 124 97 108
8 Gy 100 116 119 108 116

a : percent to the DO control

A7AA = 4atslA Zrbstgom, Wik 14U Ao 2 =)o)
o] & o} wi<k 21dAol = FA3) sk} =31 BSP
Az g A7E Ao wep AN o ok 3t
A3}= 73S ¥9ch(Table 2, Fig. 3).

3. SIARMZEAL & Bj2k7|71H0]) IFE osteonectin
SERLS| waiZ

—_

MC3T3-El 425l WAHIZAL 5 vjop7] 7ol whet ON
SR e Aolg BB A, Azke] Al )
o wpabaEAlel o}k ON 9] gL Bzzol ¥



Shed 0.5, 1 Gy Aol wjof 3Ael] cha hastg ont
2 ool wabEAL A2} Fol7} glgieh = 4Gy
sh 8Gyel AelNE vk 2194 WAAEAL A Fol
Hls) o8 WAl i FrhHe e dehiic
(Table 3, Fig. 4).

4. HEAMMZEAL & H{2ED | 710l TTHE bone sialoprotein
Ox«|x|.o| dta{2k

MC3T3-El A 23] wpAPEAb F wek7)7be] ofe}
BSP f-x1ze] ek wioF F 3dA 9} TdA o= F)s}
T AgE Bglov, 7] wiakA7I]l 3dR el TR e ]
wate] 1472l 21 RJo)l = o2 My gFo] Zhasl= A
£ ¥y} (Table 4, Fig. 5).

hri S

AR el o5 2Ae] £AHE dAA 2y DA 2 g
4% ol B4, gAY oJF HEIRE o
74Al A ZZAEA (cytokine) ot AAIAAE] FH]F o
FaMd G5HEE FEdh, 4N Bujd A=
B2 B ARAAE] AET A8 Axge] Az
7148 YL FAEA Ha FAlol Alze]r)e]
T ztas "ok whadel) o'k Azl 4% 9 oW
ARAE 2 FeEhAal 2.9, WEdH oA, YA
I Bl mlmH & dEx ot EANELH 7
obA7HA] &3] A YA gt 2By S F43]
At = FAESH ZPEE ol g3t B EA
HEEE FANEITA ] Wt o3 A4 AL /)&
o] w24 9 JPEE S HEEHA ols
75 4 UA s

9 A A EIAele SuS fAA ERE, o
o s E fAdAE Alzdiek Alzee] Y mEe #
93 Aol o) o) B ¥ 22} B 2ADL o]
2 Akl Cbfalzk OCe} 22 27] 9 @7)ef =Ly
5l 5712} bone morphogenetic proteins (BMPs)$} tumor
growth factors-B (TGF-B)¢} 72 XA ezt So] glom, &
Aol 2% A e e AR Qe B A7
SlAE F 9 9 A3 34e) FoT 42 S ON
S0 BSP $HAE WAz Bk

ON2Z vlmdd ArozA H=zo7|As} M 324
< 2% & A4 gebiAds e glon, 4Aal
2} #3549 247 eH AEF7] dA 7%l AUt =
g ON-Z ME:97| Aol Agsh= A LI VY wdd d
A IVE w4, vitronectin, laminin-1 (LN 1) 59 g2 ol

¢

T i o ot

S 2

ol

M7 g2 A ARAAE Belxut =xe] M3z} v
E YA Bl Aoz A ok

Rochet $*& Q17te) A4} 3} AE7s 8% AzEF
ZollA ON fAAte] whadage] fAlelA AT B
3319w} Rolf 572 ON $4A7 295 FpA N E
w2 Adabol glolar, mAA I LN 1] A4 H =Aste W
siE[glon] Az Ago] ZAHALE Rasgoh
oM Eoll A ON f3izle] I k-2 Al 9 A
W AgeA gefsiA FEHLEY, ole FYe) AR o
2 ohfst Ao k] Azs B8 AR e
ON #HA7E 7o) HolAql HTE § Aoz Atudct

BSP f3Ak= #7114 A4 dA4E =24 + sy 4
sto} wate) mA EAFAE AR fehS BSP
2o & vlmy R FolA 15%F AT e
L2 W ARas B e Aew A 3
e ol Fofl WS FolHd D d2H RGDH A
EHEF ol A IS 7R T ¢)o, vitronectin $E-A &
Soto} AL} B71e) AR S DA slo]
I AM33t 9 F F459 2r|AAd Fa3d J3¢ e
Aoz A e}.”

Hultenby’$} Ingram®& BSP §-4A}7} djiie] FH =
oM aEm A3y Z7|AqA S e dEFE
Holx Hoe AEA Fol IAFHAY APAHE 9=
T B yslgdch BSP 31 el 24 g = HAHS)
=4, Bianco & eu} o oFM| Z (trophoblast)ol| A, Chen
Sl gagoA WAH G stgle). 3 Bellahcene™
2 BSP7} M=o RFZal 3}5HFEA] o] F (chemotactic
migration)& Fxian, AP L F33t3, FAAHS
(artherosclerosis)®] 7]1A)el F=238F @48l B slgt)

Mz71-e) JEF Az 43 XA NEEds o
ol dpAeltt. ofel 22 AT Mo RFL o] o]
A A3 (heterodimeric) ¥-#4-3 2] 42 integrin family
o ¢}s)A] ZA) "} Bellahcene 572 9 21 integrine]] ©f
g JubA gl | opu] Ak Pl RGDE E33l= BSPE
Wz W ofse} At o] Nz o] 5 FAT
g Rk} =3 Bellahcene £ o}-2 integrin 0,85
+ BSPet ZAFstAl =l ol BSP} ouf; Abele] A3
Lo oj AT Bolo] A3 W Folelu FAEA
o} Ross 572 Al 3] o)A BSPE wdake] o&3}
o FEFHE FAE F A E st T B aslgle
), Oldberg 52 F8%F AEFo] W Aol glu-
cocorticoid 52 %20] BSP §-xx}o] wraaks Zyx|71cka
stgdeh. 3 Chen? 7} Cowles™ 5-& BSP7} 4-4ks}al 3|4
I o 2 ASAAS Bo|w, SalEIsN Y (s
7|8 7150 S-& Raslyc) webd BSPE 29
M3t A3 FRHE Aoz FHY 5 9lx BSP7F F
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MC3T3-E1 == M|ZZF2]| osteonectin} bone sialoprotein mRNA &

HA 2 FES 2T AR A, 32 HA] oF
shtatel AAWIA Bl QAL ofx Buai ¢
©}. Hipskind 5% BSP -3~z A3 AF = el 639
2] olapo] BT T Sk Woitge 57 A1
o4 T AR Bol: BN BSP HA Hage]
77t ase] BSP 147 2 AHAAS) EAFHAAZ
o148 4 Ueka musdeh olsh o] FF AZelA
BSP §2l4} alzpel Z7ke Fel FTxHoz HlF 9
@Al Frhdeke A7 Ade] glem, ol BSPe 23
APl FAH T PR o5} A} S5
7] wj 5ol Aoz dejA v} Bellahcene 382 BSP &-A
Zke] WA Ao A Axs) FAPHT Hyslslch
& ket #xtke] 33N FA o] B-E-2 BSP {34t
ol S HolA] Uy FFlME 7%, BSP #3121e] 43l
FhNME 22%2 A Jebgcta sk
< BA)E Bol FUYFA A Aelg Ko
FAp M B FA4 BSPY afo] o ¥tz
Buslgen Yang 572 RN s Ro| ufjo} 2FA
x2] BSP AL H3ge 2-4v) ZURAZG 47 B
318 v} glo}. =3} Lekic $°'-2 bisphosphonate £o] & 3
FAd Alze] BSP: ZF3E FA3x AFAd AL
fr=gtoh s skl

2 JForE AA MC3T3-El HEZFE Ao s Ax
ek % 3,7, 14,2194 ON -f-xzte} BSP 31442 2l
F& v w3k} ON fdxpe] yske wiof 39,794 *
kAl Frtskadew, Wik F 1494 H A o] & o
+ WF 21dA e FA3] AT, BSP fAAke] 3
gL Azl vls] Aoz Zrasigl ot wiek 144
Ax L F7tst

Yamamoto 52 glucocorticoid 3 2-23] dexametha-
sone o 2 X2]® wicfel| Al BSP -§-4ALe] W& wick F 3
dARE] FAF 5 AUtz s491.en, Zur Nieden 572
A7 el VM E7E M3 2FAE EIHEI7HA
BSP frAdabe] hd sk wioF 457 Yao] #2E L, ON
FRARE 254 2709 HFFH7] A|FEr 3FAE A3
9] 3, 4v) 2 LRake] FAAHAAT 9 Cowles 5L
7 TR QAW AHeA ON {4 #kel BSP 31719
WL ek 1794 RAAEdow, BSP fAAE 2194
-%M% deEge Bdom shgleh =8 Choi 5742 MC3T3-

| 2FA 2 231 Ao F oA Uilel| H3E AFelA
—‘,_—PZ]—7] @-109), T71AYAY D A£7](10-164) 183 A4
271 (16-30D)A1 Z = e] W ofibe] Azt wiet =
Agg BustdEd, ON f-3218] w2 16 7o o
e Buty sk B dFelA = AdEEe] A3 se)
AR A3E Bovh

HIAMd Aol &7 M S

b
ol

ofN xE |

o
A e F%

F5h Aol Ba Qe

WE0l| O|Xl= YAHIS| A&

mSl

o)

22 A sAD7A, M Z A} apoptosis) W cytokines -2
AR L R ALt WAl 3% A2 DNA 3
E ARl fste] ofgke AV SR =T Ad A%
AZAL B2E BA3F ANAN N EAPES o|2A Y o
A FAGE AA BAE R FARE AxAE, B
Al, AL 5 A2F7] FA), FA4 F dRPAel o3&
Fm, WpAlA o] o8k 27] AR} W 2] AHE-2 TNF, basic
fibroblast growth factor, IL-1, 78] & TGF-f £¢] o|z}ukg-
FAAE HRAA AF ARFAAL, cytokineS FH]A)7]| 1,
A= £A41%] DNAZE 257 @k A Z2AE ms A%
AFEE s’

dnbH o 2 ukAtAel &l fwg ARl UE-S A
2 o8 71T 23 fEg A2l wtet GeksiAl
el =), ol Ml o] FFol uhet AR o) e
71 WEolek! X271 Al == AW Aol
At AL ON §27ksh BSP k9] o] mlX)e o
ol st} FPANLE o147 AL dgdont 44 =
FAEFE o] 4% d7E =80
& 7= MC3T3-El A|Z36] 0.5, 1, 4, 8 Gy2} #hAkA
AFSF & 3,7, 14,2195 ON $-&zke} BSP 44}
AFe 2Akko=H, Papi2AbE ON #41x}sh BSP
o BH: Jge FHskust shadek Gal 52 WAk
Azl el 2ZAEFe] % Yush £40] A
25 ol Rolrd, 2 Gy olshe] W Mkl
DNAS] o}x|A} &Afo] d A 3| ¥EE oz ®IE}
A3, 6 Gy oIl e 4RI AEFS Sstsh ke 2
ez sk} Aitasalo'®E 10 Gy ZAMI el A] D2
A 7 Rasm 2EAErt 48 Bastdh
Matsumura ''-& MC3T3-El A Zo)] 10 Gy&] #IAIE =
AR F ON $e] Bage Hazsh wmsle W}
ARt Bastgdeh B AT = gzl 3 Az
% 717kl @2 ON f-3izte] algke] el glalort 4
Gy<} 8 Gyo] Azl wiek 21dA el o4 F7etdet &
A WA AL £ ok 3U4) BSP fAAe] g gz
T3 Zpelzt gl WhARAde] | gt ok w|sk Aoz A}
E=2-20=1%

E AT A EAE 3 wliok 3,7, 14, 21 A ON §
Azpsh BSP $4A1e) e zAEg o, FF B34
7h Bt | HEsEn Amaerike B dastede}
g Aoz Audrh =¥ 22aE] AJse F47 2
d AAREe HE ALY gl M= A &Hel o
F7F o] FolXof & Aoz AlmF).
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