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induced by X irradiation also participated in 
the ROS production. 

In conclusion, the present study demon
strated that the ROS generated by NAD (p) 
H oxidase was partly responsible for the cas-

pase 3 -dependent apoptosis. Since this apop
tosis was partly inhibited by antioxidants like 
PBN and trolox, the post-irradiation treat
ment with antioxidants may be used as a new 
remedy for radioprotection. 

Enhancement of radiation-induced apoptosis in HL 60 and MOLT- 4 cells 
by oxygen and hypoxic radiosensitizer etanidazole 

Kiyoshi Sugihara 
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School of Veterinary Medicine, 
Hokkaido University, Sapporo 060-0818, Japan 

The distribution of hypoxic cells in the tu
mor is thought to be critical against a cure 
rate of radiation therapy, because ionizing ra
diation induces less efficiently cell death un
der the hypoxic conditions than under the 
aerobic condition. The killing effect of ioniz
ing radiation on cultured mammalian cells 
was usually judged by the loss of clonogenic 
ability. Recent studies showed that two types 
of cell death, necrosis and apoptosis, were 
main components of the loss of clonogenic 

ability. However, there are little reports about 
oxygen effects on radiation-induced apoptotic 
cell death. The present study was carried out 
to examine how the hypoxia influenced the 
ionizing irradiation-induced apoptosis in cul
tured mammalian cells with the aid of a spe
cially designed gas-exchangeable chamber. 
Furthermore, we examined whether the hy
poxic cell radiosensitizer, etanidazole, sensi
tized the apoptotic cell death under the hy

poxic condition. 
Two cell-lines derived from human lym

phocytes, HL 60 and MOLT-4, were employed 
and exposed to 15 Gy of X-rays under the 
aerobic and hypoxic conditions. In the case of 

experiments with etanidazole, both were 
treated with 10 mM etanidazole for 90 min be
fore exposure to X-rays. The apoptotic mor
phological changes of nuclei and induction of 
ladder-like DNA fragmentation were accessed 
by fluorescence microscopy and agarose gel 
electrophoresis, respectively. In HL 60 cells, 
the results showed that the apototic cell death 
and the activation of caspase 8, 9 and 3 were 
less induced in the hypoxic cells than in the 
aerobic ones. Furthermore, treatments of the 

cells with etanidazole enhanced radiation
induced apoptosis as well as the activation of 
caspase family under the hypoxic condition. 
However, in MOLT- 4 cells, hypoxia did not 
reduce radiation-induced apoptotic cells and 
the activation of caspase family. The treat
ment with etanidazole did not affect the in
duction of radiation-induced apoptosis under 
the hypoxic condition. To investigate the rela
tionship between the radiation-induced DNA 

double-strand breaks (dsb) and the induction 
of apoptosis, the dsb were measured by pulsed 
-field gel electrophoresis immediately after X 
irradiation. In both cell lines, the radiation
induced dsb in the hypoxic condition was sig-
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nificantly smaller than that in the aerobic 
condition, and treatments of cells with etani
dazole enhanced the radiation-induced dsb 
under the hypoxic condition. Moreover, in 5-
bromo- 2 'deoxyuridine-incorporated cells, the 
remarkable sensitization of radiation-induced 
apoptosis was observed in HL 60 and not in 
MOLT- 4 cells. 

These results indicated that the radiation 
-induced apoptosis ofHL 60 cells was initiated 

by DNA dsb and treatment with etanidazole 
sensitized apoptosis through the enhance
ment of dsb induction in the hypoxic condition, 
but the radiation-induced apoptosis of MOLT-
4 cells occurred through damage other than 
DNA, i. e., lipid and/or protein oxidations. It 
seems that the incidence of oxygen effects and 
sensitizing effects of etanidazole on radiation
induced apoptosis are dependent on the dif
ference of radiation targets. 
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Aryl hydrocarbon (Ah) receptor agonists, 
such as benzo(a)pyrene (BP) and2,3,7,8-
tetrachrolodibenzo-p-dioxin (TCDn) are 
known to exert the effects of endocrine disrup
tion, and to induce certain kinds of cyto
chrome P 450 ( CYP) as well as phase II en
zymes. BP induced CYP 1 A 1 and CYP 1 

B 1 mRNA in human breast cancer MCF - 7 
cells in dose dependent manner, but co
application of estradiol 17 ~ (E 2) reduced 
CYP 1 A 1 induction with no effect on CYP 
1 B 1 induction. In human hepatocyte 

HepG 2 cells containing no functional estro
gen receptor, this reduction was not detected. 
These results suggested a possibility that the 
reduction was due to estrogen receptor activa
tion. To elucidate the interaction between Ah 
receptor and estrogen receptor, I examined 

the effect of growth factors whose expression 
or sensitivity depended on estrogen receptor 
activation on CYP 1 A 1 induction in MCF-
7 cells. Epidermal growth factor and insulin 
like growth factor-I did not alter CYP 1 A 1 
mRNA induction by BP. DNA mobility shift 
assay showed that E 2 had no effect on Ah re
ceptor binding to xenobiotic responsive ele
ment, Ah receptor/Arnt heterodimer binding 
region in upstream sequence of CYP 1 A 1 
and CYP 1 B 1. AlB 1, a transcriptional fac
tor overexpressed in breast cancer, was trans
fected into HepG 2 cells. AlB 1 transfected 
HepG 2 cells reduced CYP 1 A 1 induction 
by BP. These results suggest that AlB 1 may 
involve Ah receptor mediated gene transcrip
tion and interaction with estrogen receptor. 


