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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-11 aggravatesirradiation-induced cell death of osteoblasts.

Cultured MC3T3 osteoblasts were irradiated and |GF-11 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 bel-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-11 treatment reduced cell viability without stimulating cell proliferation and changing cell cycle. Combined treatment of |GF-
I with irradiation decreased cell viability and proliferation and increased cell death aong with G2/M arrest. These effects were not different from
those of irradiation only. At transcriptional and protein levels, IGF-11 treatment did not affect bax and bcl-2 expression, whereas irradiation increased
the expression of bax without changesin bcl-2. IGF-11 in combination with irradiation showed similar findings.

These results suggest that IGF-11 could modulate apoptotic cell death through mechanisms other than an imbalance between bax and bcl-2 gene
expression, athough its effect was overridden by irradiation.
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GCATCCTGTCAGCAA-3, bax: forward 5-TGCAGAGGATGAT-
TGCTGAC-3, revare 5-GAGGACTCCAG CCACAAACA-3, bd-
2. forward 5-GGTGGTGGAGGAACTCTTCA-3, revarse 5-CAG-
GTATGCACCCAGAGTGA-3.

5. Western blot

35-mm dishZ F-E] 2] e 29| pdles A3 o 7)ol A2
L3 o (20 mM TrissHCl(pH7.5), 150 mM NaCl, 0.02% sodium
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Table 1. Effects of irradiation on cell cycle phases
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Table 2. Percents of necrotic and apoptotic cell death

G1 (%) G2IM (%) S (%) after irradiation
0Gy 848 + 09 15+ 00 138 + 09 Necrosis (%) Apoptosis (%)
4Gy 858 + 1.3 17+ 04 125+ 10 0Gy 29+ 11 09+ 02
10Gy 845+ 02 25+ 0.2r 131+ 02 4Gy 26+ 05 13+02
30Gy 695 + 2.2* 105 + 0.5* 199 + 2.2* 10Gy 33+ 05 13+08
50 Gy 712 + 3.2* 10.0 + 0.7% 190 + 1.8* 30Gy 6.4 + 1.4* 53+ 09*

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

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

liferation.
Day 2 Day 5
0Gy + Vehicle 203 £ 26x10¢ 315+ 40x10
0Gy +IGFII 205 + 6.1x 10 325+ 4.1x10¢
30Gy + Vehicle 43 + 1.1x10* 6.8 + 0.3x10*
30Gy +IGHI 43 + 1.1x10* 20+ 0.1x10%**

Cdlls were seeded in 12-well at a density of 5x 10¢ cells and cultured in
the medium with 2% serum. Immediately after irradiation they were ex-
posed to vehicle or IGF-I1 (50 ng/ml) and counted by hemocytometer 2 or
5 days after culture. Dataare mean =+ SD of 3 determinations.

* p<0.05vs. 0 Gy + vehicle. #p<0.05 vs. 30 Gy + vehicle.
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Fig. 1. Effects of irradiation and IGF-Il on cell viabilty.
Immediately after 30 Gy irradiation, cells were
exposed to vehicle or IGF-II (60 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-II (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 V and Pl. The two upper quadrants 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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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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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.
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Fig. 5. Expression of bax and bcl-2 protein by irradiation
and IGF-Il. Immediately after irradiation MC3T3 osteoblasts
were exposed to vehicle or IGF-II (50 ng/ml) and cultured
for 48 hour. f-Actin was used as a loading control. Note,
irradiation at 30 Gy compared with 0 Gy increased
expression of bax protein.
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