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Effects of irradiation on the calcific nodule formation in MC3T3-E1 osteoblastic cell line
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ABSTRACT

Purpose : To investigate the effects of irradiation on the calcium content and calcific nodule formation in the
MC3T3-El osteoblastic cell line.

Materials and Methods : Cells were irradiated with a single dose of 2, 4 and 8 Gy at a dose rate of 5.38 Gy/min
using a Cs-137 irradiator. After irradiation, the calcium content and calcific nodule formation were examined on the
Ist, 2nd, 3rd and 4th week.

Results : A decreasing dose-dependent tendency of the cell proliferation rate was found in all irradiated groups of
this experiment when compared with the unirradiated control group. In accordance with the duration of culture,
there was no significant difference in the cell proliferation rate after irradiation of 2 Gy when compared with the
unirradiated group, however a decreasing tendency was found in 4 Gy- and 8 Gy-irradiated groups. While an
increase in total calcium content after irradiation of 2 Gy was found at week 1, week 2, and week 4, there was a
decrease in calcium content at week | through 4 in the 8 Gy- irradiated group. Calcific nodule formation was
increased in irradiated experimental groups when compared with the unirradiated control group in the 2 Gy-
irradiated group, but decreased in the 4 Gy- and 8 Gy-irradiated groups at the same stage.

Conclusion : The results showed a mild increasing tendency of the calcific nodule formation after irradiation of 2
Gy. However, a decreased calcific nodule formation in 4 Gy- and 8 Gy-irradiated groups was found. Taken together,
the irradiation of 2 Gy mildly activated bone formation, however 4 Gy or 8 Gy suppressed bone formation by
decreasing cell numbers in the MC3T3-E1 osteoblastic cell line. (Korean J Oral Maxillofac Radiol 2005; 35 : 1-
8)
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A7 T3 FEAEF MC3T3-El A Z (ATCC, CRL-
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Table 1. The cell proliferation rate according to the duration of culture after irradiation in MC3T3-El cells
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(% of control)

Duration of culture after irradiation

Radiation dose

W1 w2 w3 w4
Unirradiated control 100.00+0.10 100.00+3.25 100.00+5.66 100.00£5.66
2Gy 99.24+0.67 101.76 +7.49 91.50+£1.31 93.39x3.63
4Gy 77.31£231% 90.401+9.85 19.90+1.38** 4.03+£3.38%*
8Gy 3539+ 1.68** 6.1914.70** 5.011£8.75%* 31.41+£0.66%*

*P <0.05, ** P<0.005 : significant difference when compared with unirradiated control (W : week)
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Fig. 1. The bargraph shows the cell proliferation rate according to
the duration of culture after irradiation in MC3T3-E1 celis.
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Fig. 2. The bargraph shows the calcium content according to the
duration of culture after irradiation in MC3T3-E1 cells.
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Table 2. The calcium content according to the duration of culture
after irradiation in MC3T3-El cells (ug/ml)

Duration of culture after irradiation

Radiation
dose Wi w2 w3 W4
Unirradiated 5 o5} 033 4424049 578+0.76 6.67+1.40
COntrOl . LN . B LN 0 . L . . LN B
2Gy 4.68+0.72% 1.8240.30 8.80+0.97* 7.66+ 1.46
4Gy 2794052 3.19+1.02 5604032 621+078
8 Gy 144+0.16 1814032 477+1.60 5414039
2AbZ7be] wlam SPSS 11.0.1 (SPSS Inc., US.A)& o4

o] ok 0.025 $£F 03 paired t-testE A3 Bled Hr)a)
et
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Fig. 3. The microphoiographs show the calcific nodule according to the duration of culture after irradiation in MC3T3-E1 cells (x 100).
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Fig. 3. Continued.



MC3TI-E1 SZMZF| MastAN SMol| WAMO| D= Fst

z &
WPAHLE 2 A A sl el E desle 94
shie deA gl
ol @ WA mabl dsleln e QM)

JFIg ot o)) T FAABIR AL opalrin)
A g A AR ek 23 A == AHT W A
EZE “ﬂ”‘c}’—"—i 3} H}A}Hakﬂ_q] = &k} 35—7:]]5 yE
vE A AAkaFelv M EZE HE 59 oo s
WA ESe] Aol 24D 4 goks mae g,
Probert & Al A 714 kA8 I A Al7]el] 35
Gy °o)de] WAz b= &3 AAL 843 a2t
3 &t =3 Cohnt Gong”2 47 39l #2] AZo)
20Gye] WA S 2ASET 79 & ALPY| A wo} 24
o A 457k DA oA on, o wape] ola)
FRHM 22| £7} 74457] wfolelm slglc). Rissanen 5
e QAT e Aol FrE A ARTy dET
ol A= WpAbAd goll wiZBle] T A3 ego] Fadvln
H 338}l v}. Matsumura 525Gy} 10Gy9] WA 2A}
FEME 2X& 9Astn MEW ALPs} Bgeks
P 17179 Alz2] 71 Ztag ez Alze] DNA oF
AA) 25 A998+ Hiranuma 522 n)

-Vi °1N r

AZNA 10Gys] A Axpstst 43
| AN T Sl £ Gal 52E WAL
o) xS FA3 AAPYE FaAAGn sgon,
Jacobsson %2 5Gy¢] HRAbAMEke YL WAAE] 7F4
AZIAE, 2.5 Gyl WA g 23X odgke u)A]x)
e 2ud 9 Yok

P EAL 1% AELAT HBAA) BT ATE
B2 A sAD7) A, A =3 apoptosis) B A 2 EHA E2]
(cytokine)#H2] A AL el ASoldh WA 25
A Z: DNA 3% §2719) ek ted, &4 s} 4)
g 7g AR xE2E Az AEZA A2 845
A AEAte FEB. ol Fge AA BEY Yy
9 AR AZAE, B, AL, 85, N E2F7)9] AR,
Az FA 9 YRYY dBE Tz dAel @
z7] §AA wdEe] AFZS tumor necrosis factor (TNF),
basic FGF, interleukin 1(IL-I), 22]3 TGF-p 59} o)z}

%"d%
e A3

o o

T o b = ,\];q pa =3 H;{l—qlx}g]. A Ez&xg_g_galg
BulAl7H, £A4El DNAS) 3B Alz37)o] wak, Al A
& E=x AR fEHE Aoz’ nadT gl it

N

jo2 WY osle] =¥ FAzlY WEe Nz o
7193 Ao fal gt A EFe)] whet geFalA el
V=), o] M2 EF9) Mo Fr) ule} wAMAZF
FAel ar] dEer A o

9] PAAA A MCIT3-El 2 A2 R3A7 =
Mz Faleo] doji}= 4-10d Holl= histone H3, H4s}

r[m _I

A 32k} ribosomal protein S6 o]

Q515 Col 1 4840 o] 2, 2 B0 94
2 %719l 10-169 ol fibronectin (FN), TGF-B,;, OP
FAA Fol wAEM, ALP AAte] #A=st ZrlEm
321719l 2094 Aol OC2t OP 432} Sof =7 urad

A5} 8 0CS OP §4A1E WAL Ho)g Mol
9, 0C 427 129 o] fel: 125 @x 16209 7
AR frolat ol ol=Al QAT M|k Alsksn
A ol2) wate] 373 Z7h5IH, OP 4= 4 5)3h5)7]
ol F471d 579 A= HUAY 25% F=r} 2T
t Aoz ¥uHy goh” =8 Sudo 572 Zwalxz )

2] 73$ ascorbic acid$} B- glycerol phosphate 2 % 7}3}2]
G A Azl F 2194 3144 Ao
ARgu ez FFdgdam g em, Yamamoto £7&
ascorbic acid®} B-glycerol phosphate® A 7}3F i z)elj Al A
g 10-149 F AP Pe| ARAST sheloh
ascorbic acidi= wioF FRAFA Col 18] 3l-g =3}
Ar AR AZANLAN 2 AL WAl Ba
SHZS A ALPY #4& fxdle
Hoz ez 9]l.em, B-glycerol phosphate:= ascorbic acid
7} E28H= 7% ascorbic acid®] &FHF AFLAF| T 2R
AZS) $HE FAN7)0 ALYNDAN AR 57 0)
% ALPS RHEE HE 2/ ez 2eld 9
o

E A= M Zu)eFAol ascorbic acide} B-glycerol
phosphate & ¥i =] H71E=2 AR8-3}s3c).

A F7FA] WARA o] Fekx o] 43Rl whee) v X
Y F} AP Yotor} FRAEFE o 47 @
Fr WA Qdeh e TeAne] 248 Al
Hog AAstn HEZRIE ob7|A7| A 33

Aty BuE 3 g} Dudziak 572 TR £ 04-8
Gyl WA 2ASIR e A4 HglEd e Axay
< ZaF 3 ALPY] 4 e Z715)R)5t 0.4 Gyo) wWapAl
FolAE Az2H F2I8 Aolh gloka shich Dare 5
Pe FRAEF HAIS 2AEIGS S 0.04-0.4 Gy
o ApaFE Az 24} Faelt Jge nHA) o
o2 et Gal §7& FRAEF 0-6Gye] WA
24} A) QAT ) Mepel v shed Ramm TGEp,
receptor?] W& Z71¥ttn ¥ wsbedvh. Matsumura 57
FuAETA 10Gyo] PANE 2ABIGS AS 49
Col 1 945} ALPS) 42 27b8 3 OC A4 7
axe] AET BF BEAZE FARGT shde 2w}
i A2 2 DNATE 3 A5 gl o

3 A 7}_._70 24 H

% 574

P rlo

ey 71% Slethn A £ 4552 P4 A
Zu)oF 2 g i A#kEel 309 3 chek AAAS T 3y
o} ON 47148} OP f-8A1e] Daleke wsls) ohe

—6—



ot B3t BSP fAAR: 23] 27)d w4
Btz AlEsj7) el A Ee] pAlslelsly 2 YA

A e BSPh 2P 2 TES ZE @
dEo] deA, =E o] F shiite] Ho] A &
Ash gt 2§52 FEAZF 058Gy Wt E
2AB18lE A% OC faAle AdReEdeos Z7keu
OPfrAzl: AReEq oz Faduty st 8 52
TRAEFe 05-8Gye] WA S 2AIGEE 7S BSP
A Bdel A F gL vy wug vk 9o
=3 A% 3% FEAZF NS 2GS A
02,04, 0.6Gyo] WA FE AR Begga el
PIAA gem, N3t YL va A
Y 2 Frteke wekseia sl

£ ATelME FRAEF 2,4, 8GyS) WS
stle 7 ZE AglM dgelEdos Axe 47}
AaEe AFe Hglo, Wizl e Az 3
< 2Gy9] st e 2 Hel7t glovt 4Gy
2 8Gy WAl M Aze) FA e} Fasge =
& w71 2bel e A BEHARS 26y WA A
T Mo 8Gy WA R e s gl v o)
el whE M3RAA YA 2Gye) A e A 3
224 o] $7h=921 4Gy} 8Gye] WA ol A
T AaF A

o) AR RE, 2Gye A M2 F4 )
AFE AN gert FTEAZY AsiRe ZMA
A3istAd Y& vofsiAl F7HAIR e, 4Gy9} 8Gy<)
A A Al ES] FAlo] AAHe] WA T
ol ZaHy M3Ed Y= fam How AAd

%

<
4 3l

A=
=
o

ZA}

% 2 dFE FRAZT S 2R F w2
o me HA LMy AHA" YL BBd} A
o2 A, 3F wiekrzhe ARt AW =X Az A

5547 e
A,

wet A3 HFsieol & Aoz Alm

&

8

Mo

- Manolagas SC. Birth and death of bone cells: basic regulatory mech-
anism and implications for the pathogenesis and treatment of osteo-
porosis. Endocr Rev 2000; 21 : 115-37.

2. Stein GS, Lian JB, Stein JL, van Wijnen AJ, Montecino M. Trans-
criptional control of osteoblast growth and differentiation. Physiol
Rev 1996; 76 : 593-629.

3. Choi JY, Lee BH, Song KB, Park RW, Kim IS, Sohn KY, et al.
Expression patterns of bone-related proteins during osteoblastic
differentiation in MC3T3-E1 cells. J Cell Biochem 1996; 61 : 609-18.

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

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.

1

14.

20.

2

~1

o

0.

—_

—_

218 9|

.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 osteoblast
phenotype in cultured fetal rat calvaria cells. J Cell Physiol 1990; 143
1213-21.

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

Mouse osteoblastic cells (MC3T3-E1) at different stages of dif-
ferentiation have opposite effects on osteoclastic cell formation.
Endocrinology 1991; 128 : 1630-7.

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

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

- Manolagas SC. Editorial: Cell number versus cell vigor - what really

matters to a regenerating skeleton? Endocrinology 1999; 140 : 4377-
81.

Liu W, Toyosawa S, Furuichi T, Kanatani N, Yoshida C, Liu Y, et al.
Overexpression of Cbfal in osteoblasts inhibits osteoblast maturation
and causes osteopenia with multiple fractures. J Cell Biol 2001; 155 :
157-66.

- Yanaka N, Imai Y, Kawai E, Akatsuka H, Wakimoto K, Nogusa Y, et

al. Novel membrane protein containing glycerophosphodiester phos-
phodiesterase motif is transiently expressed during osteoblast differ-
entiation. J Biol Chem 2003; 278 : 43595-602.

. 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.

.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.

Gaissmaier C, Sell S, Fritz J, Esenwein S, Eingartner C, Weise K, et
al. Osteogenesis in exposure to ionizing radiation in vitro. Z Orthop
Thre Grenzgeb 1999; 137 : 528-35.

A7k, mBE. A WAl o] MC3T3-El BRAME52) A 33}

2 Al wA= 3 ATt @32 2004; 34
137-44.

. Jacobsson M, Jonsson A, Albrektsson T, Turesson L. Alterations in

bone regenerative capacity after low level gamma irradiation. Scand J
Plast Reconstr Surg 1985; 19 : 231-6.

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

H. Changes in phenotypic expression of osteoblasts after X-irradia-
tion. Radiat Res 1998; 149 : 463-71.

. Fujii K, Miyashita T, Takanashi J, Sugita K, Kohno Y, Nishie H, et al.

Gamma-irradiation deregulates cell cycle control and apoptosis in
nevoid basal cell carcinoma syndrome-derived cells. Jpn J Cancer Res
1999; 90 : 1351-7.

. Schoeters GE, Plaetse FV, Heuvel RL. High radiosensitivity of the

mineralization capacity of adult murine bone marrow in vitro to
continuous alpha-irradiation compared to acute X-irradiation. Int J
Radiat Biol 1992; 61 : 675-83.

Evans HB, Brown S, Hurst LN. The effects of early postoperative
radiation on vascularized bone grafts. Ann Plast Surg 1991; 26 : 505-
10.

. Edgar AT, Mildred P. Changes in the proliferative activity of young

and old mouse skeletal tissue following Co® whole-body irradiation.
J Gerontol 1970; 25 : 9-16.



MC3T3-E1 SRMZe| M3t

22.

2

(8]

24.

25.

26.

27.

28.

29.

30.

3

32.

20l LARMO] OjR|= HE

Cruess RL. Osteonecrosis of bone. Current concepts as to etiology
and pathogenesis. Clin Orthop 1986; 208 : 30-9.

. 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.

Jacobsson M, Kalebo P, Albrektsson T, Turesson I. Provoked repe-
titive healing of mature bone tissue following irradiation. Acta Radiol
Oncol 1986; 25 : 57-62.

Melanotte PL, Follis RH. Early effects of x-irradiation on cartilage
and bone. Am I Path 1961; 39 : 1-7.

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

Cohn SH, Gong JK. Effect of 2000 roentgens local X-irradiation on
metabolism and alkaline phosphatase activity of rat bone. Am J
Physiol 1953: 173 : 115-9.

Rissanen P, Kivimaki K, Paatsama S. Effect of Co® irradiation on the
bone mineral content in dogs. Strahlentherapie 1969; 138 : 445-8.
Hiranuma H, Jikko A, Iwamoto M, Fuchihata H. Effects of X-ray irra-
diation on terminal differentiation and cartilage matrix calcification of
rabbit growth plate chondrocytes in culture. Bone 1996; 18 : 233-8.
Aitasalo K. Bone tissue response to irradiation and treatment model of
mandibular irradiation injury. An experimental and clinical study.
Acta Otolaryngol 1986; 428 : 1-54.

. Cowles EA, DeRome ME, Pastizzo G, Brailey LL, Gronowicz GA.

Mineralization and the expression of matrix proteins during in vivo
bone development. Calcif Tissue Int 1998; 62 : 74-82.

Sudo H, Kodama HA, Amagai Y, Yamamoto S, Kasai S. In vitro
differentiation and calcification in a new clonal osteogenic cell line

33

34.

35.

36.

37.

39.

40.

derived from newborn mouse calvaria. J Cell Biol 1983; 96 : 191-8.
Yamamoto N, Furuya K, Hanada K. Progressive development of the
osteoblast phenotype during differentiation of osteoprogenitor cells
derived from fetal rat calvaria: model for in vitro bone formation. Biol
Pharm Bull 2002; 25 : 509-15.

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-
Martin JM. Radiation-induced differentiation of human skin fibro-
blasts: 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.

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.

. Chen, Y, Bal BS, Gorski JP. Expression of bone sialoprotein (BSP) in

developing human tissues. J Biol Chem 1992; 267 : 24871-8.

Z244, o|Ak), 133F. MC3T3-El 2ZH £39] osteocalcin}
osteopontin mRNA W3lof| u]x]3= whabA o] odsk of dk-p7keleld
ukAbA 8}3) 2] 2003; 33 : 179-85.

g, 74718, ol AYIA, 2RE. MC3T3-El 234 239
osteonectin®} bone sialoprotein mMRNA Z&ej u|x]&= HIARA L] o
B, o gt ebdtab A s3] A] 2004; 34 : 99-106.



