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ABSTRACT

Purpose : To investigate the effects of irradiation on the phenotypic expression of the MC3T3-E1 osteoblastic cell
line, particularly on the expression of osteocalcin and osteopontin.

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 a cesium 137 irradiator. After the specimens were harvested, RNA was extracted on the 3rd, 7th, 14th, and
21st day after irradiation. The RNA strands were reverse-transcribed and the resulting cDNAs were subjected to
amplification by PCR.

Results : The irradiated cells demonstrated a dose-dependent increase in osteocalcin and a dose-dependent decrease
in osteopontin mRNA expression compared with the non-irradiated control group. The amount of osteocalcin mRNA
expression decreased significantly at the 3rd day after irradiation of 0.5, 1, 4, and 8 Gy, and also decreased signifi-
cantly at the 3rd, 14th, and 21st day after irradiation in the 8 Gy exposed group compared with the control group.
The degree of osteopontin mRNA expression increased significantly at the 7th day after irradiation of 0.5, 1, 4, and
8Gy.

Conclusion : These results showed that each single dose of 0.5, 1, 4, and 8 Gy influenced the mRNA expression of
osteocalcin and osteopontin associated with the calcification stage of osteoblastic cells, suggesting that each single
dose affected bone formation at the cell level. (Korean J Oral Maxillofac Radiol 2003; 33 : 179-85)
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Fig. 1. Microphotographs show
MC3T3-El osteoblastic cells; A (X
40), B ( X 100).
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207 A5 Ak = OC sense, 5'-TCCTCCTGGTTC
ATTTCTTTG-3"; OC antisense, 5-CCTTATTGCCCTCCTG
CTTGG-3"; OP sense, 5-GTG- CCTGACCCATCTCA-3;
OP antisense, 5-TCCAGCTGACT-TGACTCA-3’; GAPDH
sense, 5'-TGGGTCTTCACCACCA-3"; GAPDH antisense,
5’-TCAGTGGGCCCTCAGA-3"e]t}.
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Table 1. The rate of the mRNA expression of osteocalcin and
osteopontin according to the days of culture in MC3T3-E1 cells

Bone Days of culture
protein DO D3 D7 Dl4 D2l
Osteocalcin 100 157° 138 194 175
Osteopontin 100 201 103 188 121

a : percent to the day O control
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Fig. 2. The mRNA bands (A) and bargraph (B) show the rate of
mRNA expression of osteocalcin and osteopontin according to the
days of culture in MC3T3-El cells.
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Table 2. The rate of the mRNA expression of osteocalcin and
osteopontin after irradiation in MC3T3-E1 cells

Radiation Bone protein
dose Osteocalcin Osteopontin
Unirradiated control 100 100
0.5Gy 97* 94
1 Gy 102 89
4Gy 11t 87
8 Gy 115 85

a : percent to the unirradiated control

A Dose (Gy)
oC
oP
GAPDH
B 140
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Fig. 3. The mRNA bands (A) and bargraph (B) show the rate of
mRNA expression of osteocalcin and osteopontin after irradiation
in MC3T3-El cells.
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Table 3. The rate of the mRNA expression of osteocalcin accord-
ing to the days of culture after irradiation in MC3T3-El cells

Fig. 4. The mRNA bands (A) and bargraph
(B) show the rate of mRNA expression of
osteocalcin according to the days of culture
after irradiation in MC3T3-E1 cells.

Table 4. The rate of the mRNA expression of osteopontin accord-
ing to the days of culture after irradiation in MC3T3-E1 cells

Radiation Days of culture Radiation Days of culture
dose D3 D7 D14 D21 dose D3 D7 D14 D21
Unirradiated control 100 100 100 100 Unirradiated control 100 100 100 100
0.5Gy 96" 102 106 109 0.5 Gy 95° 114 93 96
1 Gy 92 102 94 111 1Gy 110 118 98 100
4Gy 93 101 111 110 4Gy 106 114 92 111
8 Gy 86 101 80 82 8Gy 104 120 102 105
mRNA 28 a-8 Jepdch OC mRNA 822 | Gy o4 4, UARMZEAL = B 2EA|ZHO]| 2 osteopontin2| mRNA
SR E Hoz 7% 90 2 wraia

zzol vl AR
1

P mRNA 1h& k2 AMgko] =713 Z7ol ¥)3 )
2] ;I; A} %}jﬂ - 2 k: 119;1:}} el e el v Table 4, Fig. 5% ¥AMI AL 5 vk 0ol o1& osteo-
A A l‘:—__‘ = . =
e pontin®] mRNA 2 ureruh:} 0.5,1,4,8Gy A ZA}

3. AR ZTAL & Hl|2EA|ZH0Y| 2 osteocalcin®] mRNA ;;]2 OP mRNA WAFE 74 F djz2f vste] 37}
Ll

Table 3, Fig. 43 WA ZAL & wloFA| 2kl @2 osteo- a &
calcin®] mRNA ¥ akg- vjepbde} 05, 1,4, 8Gy A &4}
ZolA OC mRNA 332 v 24l 39 F ool 2FA 2= F3e 9 AP L AR AEgA
)3l taElon 53] 8Gy ZARPIME dxZel v] & FATozH 2o FAol BAT ¥ ohh 234
sled 3,14,21d F A3 Fa=sd ¥ mughiAe] slFA TN Tz RE IFMEzz 23]

= gz Fedghtl’



A D3
Dose(Gy) ¢ 05 1 4 8 Dose (Gy) ¢
OF M B £ £ ™ OP

GAPDH % o piey g g

L IR B TR e

=4 9

D7 Fig. 5. The mRNA bands (A) and bar-

graph (B) show the rate of mRNA ex-
pression of osteopontin according to
the days of culture after irradiation in
MC3T3-E1 cells.

1 4 8

GAPDH WCHA e N i

D14 D21
Dose(GY) ¢ 05 1 4 8 Dose(Gy) ¢ 05 1 4 8
oP ™M R fem Py ™ or 4k B R B o

GAPDH e GAPDH

[99)

Osteopontin

OP mRBNA levels
(Normalized to con., %)
o
=)

D3 D7 D14 D21

Days of culture

stz F /b \yE Azadd £ (clear
zone)s} F2w o (ruffled border area)e] glom], Fx+= &
WE ZESE Ro|e HYol A HI A F ‘3—123
&4 AgE Rololo}.'® Hiura'x= 3}-‘—*1]23‘1”01]
M7} o38e wiHchn shedct w8 Takahashi 5-
2 WA E} =7] 2FAH Z calcitriol & Fo3 T
FE ek A s 2} FAFH YA Eel g A
2ol FEAErt JAHA dsked, ol A
2Aze) Yo zBAZ Belsh AE vz
sl e

Zo YARAFNN 2FHE] B A
A dtd =¥ o) 248EH, FHA <
Foe 294 A7ge dehda, webl
59 wPgAE FINT Tk F, O 2FAH 2 A
doji}= 4-102 #Aeji= histone H3 g H4¢l 72 M=EzF
7] #a 4" x9} ribosomal protein $6 5-o] W w, Col
ImRNA9] @40l Z7Heet @ 271A 94 9 4571
10-169) A= fibronectin (FN), TGE-$1, OP mRNA o]
85 7, ALP mRNAS] A =7} ZF71En, @ A 3537
Q) 209 Aol OCH OP 58 $AA7} ¥ ddd=>
OC3 OP mRNAE w3 oA e Aeo]l& Holed, OC
mRNALE 129 o|HeE HEHA| ¢on, 16204 A7A|
= 898 $271A 2R 4R ME sty ARERA
o)) W o] FAs}A Zr}Eel H OP mRNAE A 313}

o5 sy

[ed
&J&‘:oﬂ,
[T
H ol
‘u'i“m?.r.&
JD

o

Control
0.5Gy
1Gy
4Gy
8Gy

BOo0O®80d

7] o] F4]7]¢] 5-7d Hel = A 25%7F EH
He Aoz g4 Y’

OC mRNAY: ZZA 2ol 93] AAD Aze)7]de ¥
YA gzl 2 s ERsls1, D hydroxyapatite2]
A&} Aol gl Al N9 gamma-carboxyglutamic acid
residue® 7FA 2 §l7h” OC mRNAY: &, 4obdl 2 43
she AN EEHE v 50]’“ Ql FAARA], Zel
Me A5" 23AEA AT L3 "ot OC mRNAS) 2y

o o) AEsEe) 28s BT A7l IR, o
+ 27149 Msske SAAYE edez 44¥th @
3 OC mRNA7} hydroxyapatiteo)] wH¥F 733t 23pAd& B

Qb AehE OC mRNAS) A 54 Fo| shhe

hydroxyapatite®] Z2A A& wafsle oz Ay 3
t}. Ducy £'-& OC mRNA7} 2&38 JFHE o] &3k o
A ocel Zgel AuAE NAF) e FH
29 4B 2 /AH FEE FAANGT S
9 OP mRNAE 2ZFHZo| 93] A=, o-phos-
phoserine® 7}A|32 9l¥ 60 kD acidic glycoproteinol\:]—.18
OP mRNAY: z=ZA x B3}a}x] Fol|x] biphasic patterng
wolnl FolA 2BAZL 43} AEsl7Ae| A5i5]
Z 03 93¢ sl oelr] OP mRNAE OC mRNAS}H &
7 23z 23] 278t 43576l dehde] A9
oz AR Aoz A U T A F=
we] 7] Az Az Age] Fo8Hd, ol &

— 183 —



MC3T3-E1 =Z2ZM|ZZF2| osteocalcinz} osteopontin mRNA &

OP mRNA7} #48v} OP mRNAY: w}-3AH| E7} A3
FagdoA FRIA [EAETLY, HSH =z d3Aq
OP mRNA¢|| E-o]Al ¢l vitronectin receptor7} Fx) 3},
ol Z7|"e] F7]A7 OP mRNA] 23 A= e 3l

2 o

*

B Foa 22 29 B3lelxk & OCH OP mRNA
wE kAt st nAl slgdoh OC mRNA Ea gk
ok 149 F HYXE 2o} g3 OP mRNAZ wi<F 3
d = FHR|o] o]&F ZrAdtglovt wick 14d F A
Z718k T} ol 357 A3 3ste} st W] F
doll o]z} B R o]9] WElo] ThA W o
A Hed o)2dt Azb= wikAlAl e wiA] Fo) 3%
o 71Q1g Aoz Almdst
A 247 2 ZA 2] S

3 235 oprlsie] A3z
5}
3

12

i

AT g 2 HoFdt
%71 el *EZM -r°ﬂ
zo| d3 o
et ﬁ&*}*dfé%ﬁi ﬂfﬂ OIXP&W Asela] Fs)r]
o2 Ao] o} =3 2FMEE o= GAe E3H

AR, Zt7ke] 23} Al71e] B3k Al zARe] A A
el &adte AdFsrldE S A 2L B3l
ek A7l A clonal M ZF2] Bﬂ%hﬂﬁlb M ZE o]
239 B39 vkl 2FAE AL FAA L
=z

&N

o Moot

o] &FM e} mlA= ¥ o K
< AdAd 3T BA R 24A J Wc} ole) A

32 zd8l:= obx]A} £ (sublethal damage)S F5T
A 52] Mgfo]o]ol 3} M EALE oZ|AA 4 QY AL
AeFololx etdrta d=id et F 10Gy o149

Aol e 2FH ] ALPEA o] Zristar AH3jgd 2
Mo AAEA ket shh Dare 572 4Gy WAt
Az:AA] A ZAAR E3hol] glelA 47 AelE Xl
v} slgdc) =3 Matsumura $2-& 1,5, 10Gy2] ¥hapA
ZAF 2Z3A 2] HF E3e) *ﬂlﬂi‘rg ety B
3t

WA X g el it Az FgFzA 7wk
< golruat Alxd g A7V VoM HAkd o] M
o] B3}2 fxds Hloz gt & XsAwke] wht
Aol oafl AARMZE, AFEI4E, JUEd *ﬂEA *
37t freH 3, A ZAME AFEAz HE T %
Az B3yt fFEIRT e PAtdzALE "-ﬂf& &
Ao zxE] B3] M AR HNEE Joz 3
A A 2FA 2] FAE AL £3E =
dle] o]9] 3]8e RAAQ oJg& mAT Dare”t 04
Gy °ol3te] AAFIME MEzAQAH 2FAE] 3l
Frolgt alol g doF|A] gomz, ko] WA

2510l O|Rl= YAl H&

2GS 2FANEY FAT 5 e WAA &
=o}3 stedc} &3 Jacobsson £'°2 5Gye] AubaiAd
o o)5ted TNt FLERAT 2.5 Gyl
A A e 7} SkElz] kil sledo).

Morrison %2 #& OC mRNA & ako] glucocorticoid
2 Az Ageld Fadet sideh =4 Lian 57
& OC mRNA9| Aol A 289 zAo] Hsle] <
73t u} gjom Prices} Baukol®& F&F A ZE uofs}
3-8 o, calcitriole] ¥F$-3te] OC mRNA7} A ¥Ict T 3}
g} )83 @77} OC mRNA Ao He A~ =
o] AR, TYALS A= B2 T2 Fo] Al

‘—51.

doe WA AL FHsA gk
Sl PAEAE 2] B 1) He o

o wste] Matsumura 5% Adg7)ell A MM AR
Col I mRNAS] 7] 2A9gom, mE A7jslA OC
mRNAS] W& o] ZtAaE ekt 3)9] o1}, OP mRNAS) it
ge W3EA) Gekebn 95 28 DNAZS WAl B4
ol WARRZALS] Slsted asul, YA ZAS oI5
o ZEALS 47} B2 WA 7192 A4S0k 2

-{ov m\m

25 =y oldst 2FA Y FiaE wAAMA B
4R °ﬂ‘°‘ A=) Fobx skt

B AT A WA ZAF 39 = OC mRNA 8z A
EES z4 2 Z7}=)9j o1} OP mRNA waake A 14

ELR o s A s L i L 35*} Z AE kAl
Zvol] wE whaeke OC mRNASY 7% 394 o] 5 o
A ZraE g om, Mgl whg %éﬂ_%}—% w3z} Alsksddh
OP mRNAE: 79 5 RE ZoA fzTo) vla] Z71=g)
o Mgyl w2 wawke] xlol: it oled 2
& 10 Gy WA 2A ] ¢J8] OC mRNA2] e sk 7t
45 31, OP mRNA #3302 W3lEx] odsghhe o] »
199} el BT} o] F fol: M EHlFA] wINIEA
9] zjolsl WAL FAIA ZFA|zeo] EIHAL] Aol
71elgt Aoz QYA £ glvh w3t E A7 wak
3,7,14,219 & vhapd& 2ARSkg o) % 23MA]7)7)
ol AEE T d37i7ts dAtEejof & Aoz Alm
ok

2o Ed

1. Manolagas SC. Birth and death of bone cells: Basic regulatory mecha-
nism and implications for the pathogenesis and treatment of osteo-
porosis. Endocr Rev 2000; 21 : 115-37.

2. Manolagas SC. Editorial: Cell number versus cell vigor-what really
matters to a regenerating skeleton? Endocrinology 1999; 140 : 4377-
81.

3. Choi JY, Lee BH, Song KB, Park RW, Kim IS, Sohn KY, et al. Ex-
pression patterns of bone-related proteins during osteoblastic differen-
tiation in MC3T3-El1 cells. J Cell Biochem 1996; 61 : 609-18.

4. Quarles LD, Yohay DA, Lever LW, Caton R, Wenstrup RJ. Distinct

— 184 —



~

oo

12.

14.

15.

proliferative and differentiated stages of murine MC3T3-El cells in
culture: An in vitro model of osteoblast development. J Bone Miner
Res 1992; 7 : 683-92.

. Owen TA, Aronow M, Shalhoub V, Barone LM, Wilming L, Tassinari

MS, et al. Progressive development of the rat osteoblast phenotype in
vitro: Reciprocal relationships in expression of genes associated with
osteoblast proliferation and differentiation during formation of the
bone extracellular matrix. J Cell Physiol 1990; 143 : 420-30.

Aronow MA, Gerstenfeld LC, Owen TA, Tassinari MS, Stein GS,
Lian JB. Factors that promote progressive development of the osteo-
blast phenotype in cultured fetal rat calvaria cells. J Cell Physiol 1990;
143 :213-21.

. Ducy P, Desbois C, Boyce B, Pinero G, Story B, Dunsta C, et al.

Increased bone formation in osteocalcin-deficient mice. Nature 1996;
382 :448-52.

. Kitahara K, Ishijima M, Rittling SR, Tsuii K, Kurosawa H, Nifuji A,

et al. Osteopontin deficiency induces parathyroid hormone enhance-
ment of cortical bone formation. Endocrinology 2003; 144 : 2132-40.

. Towler DA, Rodan GA. Identification of a rat osteocalcin promoter 3’,

5’-cyclic adenosine monophosphate response region containing two
PuGGTCA steroid hormone receptor binding motifs. Endocrinology
1995; 136 : 1089-96.

. Morrison NA, Shine J, Fragonas JC, Verkest V, Mcmenemy ML,

Eisman JA. 1, 25-dihydroxy vitamin D;-responsive element and glu-
cocorticoid expression in the osteocalcin gene. Science 1989; 246 :
1158-61.

. Ross FP, Chappel J, Alvarez JI, Sander D, Butler WT, Farach-Carson

MC, et al. Interactions between the bone matrix proteins osteopontin
and bone sialoprotein and osteoclast integrin o,; potentiate bone
resorption. J Biol Chem 1993; 268 : 9901-7.

Jacobsson M, Jonsson A, Albrektsson T, Turesson 1. Alterations in
bone regenerative capacity after low level gamma irradiation. A quan-
titative study. Scand J Plast Reconstr Surg 1985; 19 : 231-6.

. Currey JD, Foreman J, Laketic I, Mitchell J, Pegg DE, Reilly GC.

Effects of ionizing radiation on the mechanical properties of human
bone. J Orthop Res 1997; 15 : 111-7.

Probert JC, Parker BR. The effects of radiation therapy on bone grow-
th. Radiology 1975; 114 : 155-62.

Gal TJ, Munoz-Antonia T, Muro-Cacho CA, Klotch DW. Radiation
effects on osteoblasts in vitro: A potential role in osteoradionecrosis.
Arch Otolaryngol Head Neck Surg 2000; 126 : 1124-8.

. Matsumura S, Hiranuma H, Deguchi A, Maeda T, Jikko A, Fuchihata

H. Changes in phenotypic expression of osteoblasts after X irradiation.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

— 185 —

Radiat Res 1998; 149 : 463-71.

. Suda T, Takahashi N, Martin TJ. Modulation of osteoclast differentia-

tion. Endocr Rev 1992; 13 : 66-80.

. Reinholt FP, Hultenby K, Oldberg A, Heinegard D. Osteopontin-a

possible anchor of osteoclasts to bone. Proc Natl Acad Sci USA 1990;
87 : 4473-5.

. Hiura K, Sumitani K, Kawata T, Higashino K, Okawa M, Sato T, et

al. Mouse osteoblastic cells (MC3T3-E1) at different stages of differ-
entiation have opposite effects on osteoclastic cell formation. Endo-
crinology 1991; 128 : 1630-7.

Takahashi N, Akatsu T, Udagawa N, Sasaki T, Yamaguchi A, Mose-
ley JM, et al. Osteoblastic cells are involved in osteoclast formation.
Endocrinology 1998; 123 : 2600-2.

Hauschka PV, Lian JB, Cole DEC, Gundberg CM. Osteocalcin and
matrix Gla protein: vitamin K-dependent proteins in bone. Physiol
Rev 1989; 69 : 990-1047.

Matsumura S, Jikko A, Hiranuma H, Deguchi A, Fuchihata H. Effect
of X-ray irradiation on proliferation and differentiation of osteoblast.
Calcif Tissue Int 1996; 59 : 307-8.

Dare A, Hachisu R, Yamaguchi A, Yokose S, Yoshiki S, Okano T.
Effects of ionizing radiation on proliferation and differentiation of
osteoblast-like cells. J Dent Res 1997; 76 : 658-64.

Dudziak ME, Saadeh PB, Mehrara BJ, Steinbrech DS, Greenwald JA,
Gittes GK, et al. The effects of ionizing radiation on osteoblast-like
cells in vitro. Plast Reconstr Surg 2000; 106 : 1949-61.

Nicoletti G, de Giovanni C, Landuzzi L, Simone G, Rocchi P, Nanni
P, et al. Induction of myogenic differentiation in human rhabdomyosar-
coma cells by ionizing radiation, N,N-dimethylformamide and their
combination. Br J Cancer 1992; 65 : 519-22.

Lara PC, Russell NS, Smolders 1J, Bartelink H, Begg AC, Coco-Mar-
tin JM. Radiation-induced differentiation of human skin fibroblasts:
Relationship with cell survival and collagen production. Int J Radiat
Biol 1996; 70 : 683-92.

Schwenke K, Peterson HP, von Wangenheim KH, Feinendegen LE.
Radiation-enhanced differentiation of erythroid progenitor cells and
its relation to reproductive cell death. Int J Radiat Biol 1996; 69 : 309-
17.

Lian JB, Coutts M, Canalis E. Studies of hormonal regulation of osteo-
calcin synthesis in cultured fetal rat calvariae. J Biol Chem 1985, 260
: 8706-10.

Pirce PA, Baunkol SA. 1, 25-dihydroxyvitamin D; increases synthesis
of the vitamin K-dependent bone protein by osteosarcoma cells. ]
Biol Chem 1980; 255 : 11160-3.



