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MODULATION OF IRRADIATION-INDUCED CELL DEATH BY
INSULIN-LIKE GROWTH FACTOR-II IN MC3T3 OSTEOBLASTS

Kyeong-Lok Park
Department of Dentistry, Kosin University Gospel Hospital, Busan, Korea

Insulin-like growth factor (IGF) is the most abundant growth factor in bone matrix. Recent studies have shown that it can sensitize apoptotic cell
death of osteoblasts. Thus, this study investigated whether IGF-1I aggravates irradiation-induced cell death of osteoblasts.

Cultured MC3T3 osteoblasts were irradiated and IGF-II was added at the concentration of 50 ng/ml immediately after the irradiation. Cell viability
was measured by MTT assay. Changes in cell death and cell cycle were analyzed by flow cytometry. The expression of proapoptotic gene bax and
antiapoptotic gene bcl-2 was quantified by real time RT-PCR and Western blot.

A dose of 30 Gy caused G2/M arrest and increased cell death through both necrosis and apoptosis, while irradiation from 4 to 10 Gy little affected
cell cycle and death. IGF-II treatment reduced cell viability without stimulating cell proliferation and changing cell cycle. Combined treatment of IGF-
II with irradiation decreased cell viability and proliferation and increased cell death along with G2/M arrest. These effects were not different from
those of irradiation only. At transcriptional and protein levels, IGF-II treatment did not affect bax and bcl-2 expression, whereds itradiation increased
the expression of bax without changes in bcl-2. IGF-II in combination with irradiation showed similar findings.

These results suggest that IGF-II could modulate apoptotic cell death through mechanisms other than an imbalance between bax and bcl-2 gene
expression, although its effect was overridden by irradiation.
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A WSt FEH I Ol Qs 2FAM LY 715 Wt 2
#HE & leht. Shu 599 251 hydroxyapatite’™ %34 ¥
) S AN L £3HE F7HA T Adams $H L 2 &
F7F dolyte 1909 7] A4 Z717F 22 A E ) apopto-
sisE SRAZITHAL shc) & 7] Ao & o) g 171 F B
i FAJNAE] FX3A TR0 A=, o5 =
IGF(Insulin-like Growth Factor)7} 7} 2o] 3+-8-5] 0] 9] th. IGE
EIGFLIGFI 7 %7 9] o} o] 439, Z o £4) 31 IGF
= ZFAEAM A FAHAY F F57F dojuE B9
T 7|12 ZHE feElHo Y2 Ro|th IGFY 7)59) th3] )
X3 @ol A7 vlinvitro A F o) M IGFIL 2T A E 9] Z 2]
Z £35 S99 18 Z §48 271470t IGRI<]
knockout®l v} 2o & Fo A3 ko] Ao glu
IGFIo] 2ot A E w9 2o = Z AL 7} 2715 o
NE A 52 IGF7F 2 344§ F 213} (osteotropic) 249
AN A FATH?, IGEN9] 7% IGF1} A 7] %52 3]
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MC3T3-El1 =& M X5 10% fetal bovine serum(FBS,
Invitrogen, Carlsbad, CA, USA)3} 100 unit/ml penicillinz} 100 pg/ml
streptomycin(Invitrogen) 3+ A} 7| 7} ¥ 3+ a-minimum essential
medium(e-MEM, Invitrogen)all X] o] ¥ 12 37°C, 5% CO: 2. §-X] 5]
= W E7IA wi stk M E7 443) Abd WAk %
AF71 (Varian, Inc., Palo Alto, CA, USA)Z o] &3] A1 26]) A 400
cGy/min®] 1 ZF5 =2 93] 2AMEH 2] 5 IGF-IE 50 ng/ml 2] 2] 5}
o 8 23 A7 ot W FHe
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ApoAlert® Annexin V-FITC Apoptosis Kit(Clontech, Mountain View,
CA, USA)E AHg-ste] Aol 7|8 Aol e} Annexin
V-FITCS} Propidium lodide(PDZ 4] 2} 518X 7t A £7] A}
(necrosis)7F U ' 73 PIoll @ A =] & WHH, apoptosis7F U o &
73§ Annexin Vel] ¢4 5| 22 4| Z 3] Ae} apoptosisel] ] & Al
EARE TEE 4 stk ATARY 3%E ATAA o}
apoptosis-S -¥-3}o] Flow Cytometer(Beckman Coulter, Fullerton,
CA,USA)E ©]&3te] 57 33 th. Apoptosis -4 o] B & &
< M ZE 80% ol gh-2-ol) HEAA 4C WAl A overnight ©.
2 37 F AQeeasich 2080 F 4298 vy
3 1% bovine serum albumin(BSA)©] X33 phosphate-buffered
saline(PBS)&-o1 0. 2 T ¥ A& 39t 1% BSA7F &% PBS
500 4, Propidium Iodide(1 mg/ml, Sigma, St. Louis, MO, USA) 10 4,
RNase A(100 mg/ml, Qiagen, Valencia, CA, USA) 5 S 7}7+ €&
¥, 37Cell A 302 5t ¥H-&-A171 & Flow Cytometer=. &7 g
th5 Multicycle = & 71 % (Phoenix flow system, Inc., San Diego,
CA,USA)E o] &3t A XF7] & A8t

A
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A E AHZEEHL 96-well platel], A EZ4]2 12-well plateet] 2+
2t EFE A ZE AR ST A £ Q&5 3-4,5-dimethyl-2-
thiazolyl]-2,5-diphenyl-2H-tetrazolium bromide(MTT, Sigma)A] 2F-&
AE-sle] S48 =], MITE dehydrogenase & 49} uh-2-3}
of 23t 7] W) Zol E8&4 formazans 3/ g} £44 for-
mazan®] A & W] EF ] o}9] dehydrogenase B4 =9} H] &)
SRR A Z AE o] ZhAsHH o] 9} v # 8te] formazane] A
Ak ATTH AR 2 oFE A sk A E o ujAE WA
AT A E 2 A 180 pE 2 thg MIT £-94(5 mg/ml)
20 fE H7rskal Wi 7] Woll A 24 7F 5 jES AT A T kS
NS A A3} dimethyl sulfoxide(DMSO, Sigma) 100 4 ¥-&
F540nmel X FFEE SAAT A S5 AolglE Al
X 4& hemocytometerS AHE-Sto] 2437 A E 7o 740
2 gastgh

4. Real-Time RT-PCR

Total RNA+= TRI reagent(Gibco BRL, Gaithersburg, MD, USA)S
AHE-3he] 213} %T). cDNAGHI 2 SuperScript™ 11 First-Strand
Synthesis System for RT-PCR(Invitrogen)& A}-2-3}51 =), total
RNA 2 g5 ARE-3to] A ZALe] A Ao whe} cDNAS §HA
8} 93 t}. Real-Time PCR- SYBR® Premix Ex Tag™(Takara Bio
Inc., Shiga, Japan) 10 ¢4, cDNA 1 Y& ¥ -2 F LightCycler®Roche,
Indianapolis, IN, USA)E AH&-3te] 8] 3} i th.

PCR Z72 95Coll A 52, 61°Col A 103, 72°C ol 4 103, 80
CollX 225 157 & 8t F 4557] 5 Al st ok 4219
74 A B8 LightCycler®ol] W78 =2 73 (deltadelta ¥4
ey & 1A 5)9] v}, Primers: primer3 X 2 713 (Whitehead



Institute for Biomedical Research, Cambridge, MD, USA)S- A}-&-5}
of Z} 71 4<] primer Abo] ol Ao} 31t9] exono] EFH %
= AA 3Tt Primer®] 1714 92 th&-3) 72t} B-actin: for-
ward 5-GACGGCCAGGTCATCACTAT-3, reverse 5-CTTCT-
GCATCCTGTCAGCAA-3', bax: forward 5-TGCAGAGGATGAT-
TGCTGAC-3, reverse 5-GAGGACTCCAG CCACAAACA-3’, bel-
2: forward 5-GGTGGTGGAGGAACTCTTCA-3', reverse S-CAG-
GTATGCACCCAGAGTGA-3.

5. Western blot

35-mm dish=Z 55 52|38k A £ 2] pellet2 A7 of 7)ol A
£-3 (20 mM Tris-HCI(pH7.5), 150 mM NaCl, 0.02% sodium
azide, 0.1% SDS, 1% Igapel 630, 0.5% sodium deoxycholate, 1 mM
PMSF, 5 pg/ml aprotinin, 1 gg/ml pepstatin, 1 g/ml leupeptiny 100 4
£ ¥ E5oA 40R T F F 4T, 15000 rpmofl A 2027 9
A E2]5}1o] protein lysateE A 77, 30 pg THil AL 12% SDS-
PAGEZ 47195 A1t} PVDF membrane® & gel3- %71 &
5% fat-free dry milk-TBS-T(Tris buffered saline with 0.05% Tween-
W2 147 S 1Bl 4 whgE AT FAT o]
1} 84| (Bel-2, 1:1,000, Santa Cruz Biotechnology, Santa Cruz, CA,
USA; Bax, 1: 1,000, Santa Cruz; B-actin, 1:2,000, Sigma)Z 8] 4] &}
of 4Coll A sh5uk FRt vESAI71 2 A F 3t 5 23} A (HRP
conjugated rabbit antimouse IgG, Santa Cruz)+= 1:3,0002. % A}-£-3}
4t} Band9] 912 ECL kit(Amersham-Pharmacia Biotech,
Buckinghamshire, UK) S AH-3} 3 T}
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Table 1-& MC3T3 A ¥ confluence A8l £ v 93} T} HHA}
A A S AR A 48X 7§ 24z AL E 7] 9] Wst
S Yehd Zlolth WA 32AF48 A1 ZF 5 0 Gy} vl s ated 10
Gy7kA = A X 5719 W37t vebubA] kA9 30 Gy ©) 7
o ] G2M7] 7} 1.5%N A 10.5% = 78] Z= 718 o} WhAbA ZA}S
d T A xE F7] Wt 4827 F9 A dAFAHAR
£ ZA A 98). Table 2= WARA AR 48A17F 3 MC3T3 A
¥ Z Annexin-Ve} PIZ 4 5}o] A ZAFE-& apoptosis 9} necro-
sisZ TE3te] ek Relth A EF7) Wste 907)E 30
Gyoll A1 0 Gyell H]8} apoptosis-Z 0.9%N A 5.3%= 594 57}
oo, N ZIAE 29%90 A 64%2 220 =713ttt 9o A
32 u]F0] 10 Gy} 30 Gy Alo] 9] ARl BFo] MC3T3 Al 3¢
GUM7 & S/ 22N A EAME, 53] apoptosis& A A
T3le AAMZe 2 FHH ) gEl A IGEIE AML 3§ o) &
o] AP A= 30 Gy AFOE ZAMSHI 4847 §- B E A
o

Fig. 1 ¥APA A} A F IGFIE 50 ng/mle] 552 H7hs)
T ASAZ A T MIT B4 2 B3 Al 2 4S8 S 54

6. SHXze| 8 Aot} th 20 Gy + Vehicle)el] H]3] IGEIL X&) A Al ¥
A& 0] 16% 7423154 AL (p<0.01), 30 Gyl A 25% HA-st A vt
EEAEE B + BFEUAE /1A A 2 ol A4 (p<0.01). 121k 30 Gy+IGFII9] 7¢- <t B IGFL A 2]
% H]3}7] 913 one-way ANOVAE AME-3IH S AL AR ol 18] 30% 7+ 39 A THp<0.038), 30 Gy B E A 2] 9= §-9]
O % Tukey A8 & AAAT F 20 v i =S50S 5 3 2po) 5 HolA] gkt o] 2] 3 AME & WA AR} IGF-IT
& unpaired ttestS AAIH 0.0 Pgro] 0050151 W EAHS = M2 EPHOE AXEHS ST A o
2 #2018 Ao} 9l Ao BN A EE o] IGFI0) 23] 4 3& 271402 dojupx) o
Table 1. Effects of irradiation on cell cycle phases Table 2. Percents of necrotic and apoptotic cell death
‘ Gl (%) G2/M (%) S (%) after irradiation
0Gy 84.8 + 0.9 1.5+ 0.0 138 + 09 Necrosis (%) Apoptosis (%)
4 Gy 858+ 13 1.7+04 125 £ 1.0 0Gy 29 £ 1.1 09+02
10Gy 845 £ 0.2 2.5 + 0.2% 131 £ 02 4Gy 26 £05 13 £02
30 Gy 69.5 + 2.2* 105 £ 0.5* 19.9 4 2.2* 10 Gy 3305 13+ 08
50 Gy 712 £ 32* 10.0 = 0.7* 19.0 = 1.8* 30 Gy 64 + 1.4% 53 £ 09*

Cell cycle was analyzed 48 hr after varying doses of irradiation. Data are
mean =+ SD of 3 separate experiments. * p<0.05 vs. 0 Gy

After 48 hour irradiation, cells were stained with FITC-Annexin V and
propidium iodide (PI) and analyzed by flow cytometry. Note that the per-
cent of necrotic cells is PI positive and the percent of apoptotic cells is
Annexin V positive and PI negative. Data are mean = SD of 3 separate
experiments. * p<0.05 vs. 0 Gy
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Table 3. Effects of irradiation and IGF-Il on cell pro-

liferation.
S Day 2 Day 5 100
0 Gy + Vehicle 203 +2.6%x10 315 £ 40x 10¢ 000 ¥
0 Gy + IGF-Il 205 + 6.1x10¢ 325 £41x10¢ _ o
30 Gy + Vehicle 43 + 11X 10 6.8 + 0.3 X 10 ‘E 50.0
30 Gy + IGF-II 43 + 11X 10* 20 £ 0.1 x 10 % o
Cells were seeded in 12-well at a density of 5x 10* cells and cultured in e

the medium with 2% serum. Immediately after irradiation they were ex- GGy +Vomlole  0Gy+I1GF-NI 530Gy + Vohiole 30 Gy + 1GE-N
posed to vehicle or IGF-II (50 ng/ml) and counted by hemocytometer 2 or
5 days after culture. Data are mean & SD of 3 determinations.

* p<0.05 vs. 0 Gy + vehicle. # p<0.05 vs. 30 Gy + vehicle.

Fig. 1. Effects of irradiation and IGF-Il on cell viabilty.
Immediately after 30 Gy irradiation, cells were
exposed to vehicle or IGF-II (50 ng/ml) and cultured
for 48 hour in the medium with 2% serum. Cell
viability was measured by MTT assay. Data are
mean + SD of 3 separate experiments. * p(0.05 vs.

0 Gy + Vehicle.
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Fig. 2. Flow cytometric analysis of necrotic and apoptotic cell death by irradiation and IGF-Il treatment.
Immediately after irradiation, cells were exposed to vehicle or IGF-Il (50 ng/ml) and cultured for 48 hour in the
complete medium. Floating cells were discarded, and attached cells alone were saved and stained with
Annexin ¥ and Pl The two upper guadrants represent necrotic cells and the right lower quadrant represents
apoptotic cells. The representative cytograms are shown. Note that the percent of apoptosis was greatly
increased by irradiation.
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Ao F32] &L HJ 1, apoptosis 1.3%9N A 23.7%= 2A &7}
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Fig. 3& Fig. 2911 AME-H T G2 N EE A4S S HE F

715 EAE Aotk 2w Bl ste] IGF A2l = Al 25

715 A8 WA 7] A ko H, AR 2AF 5 G2M7]7F
37%A A 11.7% % Z7 o 121y 30 Gy + IGFI] 7 $- v}
A ZAbe] 23 GUM7] Vbt frabet sl ool AAE F
Sl B IGF-IIo) ofsff Al 2 A= o] 7“3 ™ o] 22> G2M
71¢] Z7}ol| 2] % apoptosise] F 7171 obd & AJAFEC) whA HE
Aol ok Al AEY 9 Fae G2M71 9] Tt g
apoptosis©] 7+ 78 3] AJAHE T

=9 1 Aggregates
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Fig. 3. Changes in cell cycle phases by irradiation and IGF-Il treatment. After analysis of apoptotic and necrotic
cell death, the remaining cells were fixed with ethanol and used for cell cycle. The representative cytograms
are shown. Note that G2/M phase was greatly increased by irradiation.
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Bax mRNA

208

0 Gy + Vehicle 0 Gy +iGF-11 30 Gy + Vehicle 30 Gy + IGF-11

Bcl-2 mRNA

Relative expression

0 Gy + 1GF-1 30 Gy + Vehicte 30 Gy + IGF-H

0 Gy + Vehicle

Fig. 4. Relative expression of bax and bcl-2 gene by irradiation and IGF-Il. Immediately after irradiation, cells
were exposed to vehicle or IGF-II (50 ng/ml) and cultured for 48 hour. Real-time RT-PCR was performed as
described in Materials and Methods. The expression of bax and bcl-2 gene was first normalized over f-actin.

Data are mean £ SD of 3 separate experiments,
* p<0.05 vs. 0 Gy + Vehicle.

0 Gy 30 Gy

Vehicle IGFHI Vehicle IGFI

Bax

Bcl-2

Fig. 5. Expression of bax and bcl-2 protein by irradiation
and IGF-II. Immediately after irradiation MC3T3 osteoblasts
were exposed to vehicle or IGF-Il (50 ng/ml) and cultured
for 48 hour. #-Actin was used as a loading control. Note,
irradiation at 30 Gy compared with 0 Gy increased
expression of bax protein.

4. HFAMM AR} IGF-II7} apoptosis 2424 SR A0 O]X|
= g8
UukA 0 2 apoptosisol] 2] g Al LAVE S apoptosisS 1A 5}
= A2 bel-29} apoptosis & £ 71 5H= 724 bax 2] 23
3L T3l &9l 7153tk Fig 4% real-time RT-PCRE ©] &3}
of F FARe] BHE A HH 02 BAS R H)], IGFIY) 2
&l bel-29} bax o] WE-2 713 S W) ok Iy WA
Aol 2] 8l bax= 57FgHp<005) WHA bal-2E W3S Bo)A] ¢

B3tk Fg 5& g e i8S ZALe A0 24 g A o]
28-S mRNA W P g2 0 2 AR g
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2 ATN Qe A3k 1) IGRIE A EFHS s,
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1 8}1} apoptosis -7 2ke] L A= A o] Ao, 2) WAL
& IGFIE T A £ 52405 A A 23}, apoptosis & 53 Al 2
AEE Ao F=d o)A A EF72 Wl Z GUM7Y =
7kl 7115 ™ wtob7} apopiosisE L dte FAAS) 2HEE
FIARCEA o] F ol A, 3) WAkl ZALet IGFIS] W&
A A AR 37t 93] 27) W ol IGFIe) S} &
7HA 0 2 el gkt

Table 10 4] B 5% MC3T3 Z A 2| 7} ohE WA LAa-S
d3] ZAE o 10 Gy7hA A ZAPE ©) W37} vlo| gk gt
30 Gyoll A Al ZAME o] A A F7HE e, Al 23 Ake}
apoptosis 257 7 o). wpekr MC3T3 Z2FA T o Al EANE
S FEdte dAAFL 106y o1 4d ALE 4AZAT. &g
Ao, FFAAE, S AaE7| o HA E 52 10 Gy o3t A
gl M A ZAFE o] doldoh M EF7] 5 £A% 4
3 30 Gyl M Al 25719 WSt} A2 = Alo] B AT
oluf GUM71ell &3l M Z 9| W o] AA3F] T 11
HEZ B oo x] HhAA o )8 MC3T3 F2 A4 £ o] Al A}
1 2 apoptosisol] ©) & & GUM arreste] % 3F W] 22 RO 2
A Z ) o] g n| 52 AR} Wl G ZIAH LY F2]7] 9} #
517} 2429 A7)0 10 Gyt 20 Gy S ZAHetE G2 amrest= 27}
st} sub-G19] H3t7t Qe RS2 u|Fo] apoptosisS S 7}
7)12] Z=thl 89, Szymezyk £ MC3T3 2 ZH X & o] &
g Aol A 15 Gy ©]4+2] WA o] G2M arrestE 714171
apoptosisE sensitization A] 71 T2 R 73} Th LubE o 72 10
Gy o|3te] Mgk 2TA 2 A EAIGOE 34 JF§FS F
A Ge WA A Z E3HE ST E AR dEiA AP
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Gmowitcz Sm.2- gx} Bl k& 2 A Z o) 10 nM(~74 ng/ml )
59 IGFIIE 48417} o] A} 2] ) & 739 apoptosis7} 28] o] AF =
7He& TUNEL 945 53 8218 v} 917, Fu 598 o) et
A 2 100 ng/ml¢] IGFI1#} IGE-IIE =) 2] 8+ 5 Annexin V & A
& %3] apoptosis7} 14%9) A 25% % Z7188-S B3 v} g
t 2 AFANAM S IGFII= Al 254 o] 93k ]Z]Z] 2Re
o, A E AE5 S 7HAaA Z tHTable 3, Fig. 1)
apoptosisE 1.3%)| A 5.1%5. 57141 7 tHFig. 2). ©| 31 VA=
Ao\ & IGRIZF A E 5248 FR 381 AR e7) Bk A ZAL
P& S8 5, apoptosisE F128H= Q1A B 7hgohE A
Al AbgHT}

WAV ZALE A SAF A E AEE L H A AR, 0
/\]-’ﬂa)rIGFIIE Bi_EL ) 8k o'r /H]}_ %/\1 xﬂ_\z_ /\gieﬂ /q]
FAFE (M| 3 2) At+apoptosis), GYM arrest 5o
£} 2Ho] & B o] 2] %k THTable 3, Fig. 3). 0] 31 3 A 7<= IGF-
Iel| 2] &} apoptosis7} 2F8HA 4 8-S HWHEX], ol WAL of
€] %k g &o] IGF-I7} apoptosisel] WX = J R} 53] B
= AMAFEEE A 2 apoptosis 7478 of 9] 8 A EAFE 2 apopto-
sis& 1= 3} =(proapoptotic) bax T+ bad -7 219} apoptosis <
& Al &} =(anti-apoptotic) bel-25-A A} W& Wske] 2 AL E3)
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