G2 arrest and apoptosis of cultured Raji cells by continuous low dose rate
beta irradiation therapy with 188Re—perrhenate.
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Abstract

Beta emitting radionuclide therapy gives exponentially decreasing radiation dose rate and
results in cell death presumably by apoptosis. We observed changes in DNA content
and apoptosis in relatively low dose rate beta irradiation. Raji cells were cultured and



incubated with 188Re-perrhenate (3.7MBqg, 37MBq, or 370MBg/ml) for 4 hours to give
irradiation dose of 0.4, 4, or 40 Gy. After changing the culture media, cells were
cultured for 2, 4, 8 16, and 24 hours. The cells were stained with Trypan blue,
Annexin-V and Propidium lodide (PI) to observe cell viability, cell membrane alteration
by apoptosis and changes in DNA content respectively. Flowcytometry was done for
Annexin-V and PI to quantitate apoptosis and necrosis in the irradiated cells.
DAPI(4,6-diamidino—2-phenylindole) stain was also done to observe the damage in the
nucleus. Cell viability decreased with an increasing radiation dose. Cells irradiated in 40
Gy showed early uptake of both Annexin-V and PI suggesting cell death by necrosis.
Cells irradiated in 0.4 Gy showed delayed uptake of Annexin-V only, and later on PI
uptake suggesting cell death mainly by apoptosis. The cells irradiated in 04 Gy
showed G2 arrest in 16 hours after irradiation, but the cells irradiated in 40 Gy showed
early DNA fragmentation within 2 hours after irradiation. In DAPI stain, early nucleus
damage was observed in the cells irradiated in 40 Gy. On the other hand, slowly
increasing apoptotic bodies were observed in the cells irradiated in 0.4 Gy. These results
suggest that continuous low-dose irradiation induces G2 arrest and progressive apoptosis
in cells while continuous high-dose irradiation induces rapid necrosis. Therefore, we
expect therapeutic effect by continuous low-dose rate irradiation with beta emitting
radiopharmaceuticals.
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1. o

ATCCEZH ¥ EoFure Burkitt's lymphoma cell line¢! Raji cell& AF-&3+%3th.

2. M En]

Raji cellS culture flaskol]l 1.0 x 1070 %F& F RPMI 1640 (0.05% L-glutamin,
20mM HEPES, 50ug/ml streptomycin, 10% fetal bovine serum) ®j %18 o]&3}o] 37°C,

5% CO2 vl F7]ell A ul a3t
48N 7 vkl wHEHA cellS 1.0 x 107704 24well culture plated] HE3sho] Bk



Monte Carlo Methodoll 2J&] 4A)1zF ZAF #lEA] 0.4Gy(0.0098mCi), 4Gy (0.098mCi),
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Raji cell line suspension cell line®]”] W&ol pipette 2 A A4 up&downste] 15ml
falcon tubedl %71 1,000rpmol A 3&37F YA FE g slar v S o] &3le] 13] A& slSt)
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bl A5 AXAEEL YAAS ZASHA] &2 giZA x| vld] ol slA Yot
X1 ZAMAET 24 T oA w2 AXZAAEE HE (%)
hr
G 2 4 8 16 24
Control [84.6+0.32|81.1+1.76[79.4£1.95|75.6%=1.45|73.5%1.39
0.4 79.2£241|756+1.23|71.11.96(70.6+=091|57.1£2.44
4 77.1%+3.35|75.7+21.29|69.2+2.38|68.4+1.42 |54.8+1.56
40 71.4+2.36|72.4+298|64.4+3.0668.2+1.42|485+1.24
2. AT A & oa| A w2 A E ALY O sk fAIE AlS A (( E2)
WALA ZAL & A ZRe] B &0 wEl 27 *ﬂEiﬂ = S7kekobrE gAl gashs $d
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hr Z7] AEILA T7] M E LA}
Gy
2 4 8 16 24 2 4 8 16 24
04 1.8 5.3 7.0 25 2.8 25.1 30.7 | 35.1 49.8 51.5
. £0.85| +£0.22| £1.70| =052 | £0.19| £1.85| =095 | =2.15| £1.36| =1.53
4 16 5.0 4.0 3.3 2.5 304 | 320 | 487 51.1 58.3
050 030 £154| £1.90| £063| £248| =096 £1.11| £0.71 | =0.61
0 2.3 3.6 4.6 4.6 3.2 33.7 36.9 | 489 54.5 67.1
=055 051 | £1.89| 2097 | £043| £1.10| =228 | =199 | £1.44| =0.64
3. AV = A} & vk A e W2 DNA contentol] Whdt FAE A= Ay (29¥1)
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40 Gyol SAFANAE Azl EBFF FrekAh

aP 1 ZAPA = ZAF & v A Zke] b2 DNA content

¥.3 DAPI 94 A3 (%)

hr

2 4 8 16 24

Gy
Control 0.8 1.0 0.9 1.2 1.3
04 14.9 17.2 18.8 245 344
4 13.1 15.3 18.4 20.1 29.4
40 86 9.2 114 195 24.8
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