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     The time-course of Fe-ion (200 MeV/u, 440 
keV/µm) and X-ray induced chromosomal damage was 
investigated in human lymphocytes. After cells were 
exposed in G0 and stimulated to grow, aberrations were 
measured in first-cycle metaphases harvested 48, 60 and 
72h post-irradiation. Additionally, lesions were analysed in 
G2 and mitotic (M) cells collected at 48h using calyculin 
A-induced premature chromosome condensation (PCC). 
Following X-irradiation, similar aberration yields were 
found in all of the samples scored. In contrast, after Fe-ion 
exposure a drastic increase in the aberration frequency 
with sampling time was observed, i.e. cells arriving late at 
the first mitosis carried more aberrations than those 
arriving at earlier times. The PCC data indicate that the 
delayed entry of heavily damaged cells into mitosis 
observed after Fe-ion irradiation resulted from a prolonged 
arrest in G2. Altogether these experiments provide further 
evidence that in the case of high-LET exposure cell-cycle 
delays of severely damaged cells have to be taken into 
account for any meaningful quantification of chromosomal 
damage and, consequently, for an accurate estimate of the 
RBE. 
 
Publication:  
Ritter, S., Nasonova, E., Furusawa, Y., and Ando, K.: J. 

Radiat. Res. 43, s175-s179, 2002. 
 
 



30. Induction of Chromatin Damage  
   and Distribution of Isochromatid  
   Breaks in Human Fibroblast Cells  
   Exposed to Heavy Ion 
 
Tetauya Kawata1, Hisao Ito1, Ken Motoori1, Takuya Ueda1, 
Naoyuki Shigematsu2, Yoshiya Furusawa, Marco Durante3, 

Kerry George4, Honglu Wu4, and Francis A. Cucinotta4 
(1Chiba Univ.; 2Keio Univ.; 3Univ. Federick II; 4NASA 

Johnson Space Center) 
 
Keywords: high-LET radiation, premature chromosome 
condensation, isochromatid break, calyculin A 
 
     The frequency of chromatid breaks and the 
distribution of isochromatid breaks were measured in 
G2-phase normal human fibroblasts prematurely 
condensed a short time after exposure to low- or high-LET 
radiations. The average number of isochromatid breaks 
from a single particle traversal increased with increasing 
LET values, while the average number of chromatid-type 
breaks appeared to reach a plateau. The distribution of 
isochromatid breaks after high-LET iron particles exposure 
was overdispersed compared to �-rays, indicating that a 
single iron particle traversal through a cell nucleus can 
produce multiple isochromatid breaks.  
 
Publication:  
Kawata, T., Ito, H., Motoori, K., Ueda, T., Shigematsu, N., 
Furusawa, Y., Durante, M., George, K., Wu, H., and 
Cucinotta, F.A.: J. Radiat. Res. 43, s169-s173, 2002. 
 
 



31. Nitric Oxide-Mediated Bifunctional  
   Bystander Effect Induced by  
   Heavy-Ion Radiation in Human  
   Salivary Grand Neoplastic Cells 
 

Chunlin Shao, Yoshiya Furusawa, Mizuho Aoki, Hideki 
Matsumoto*, and Koichi Ando 

(*Fukui Medical Univ.) 
 
Keywords: bystander effect, nitric oxide, carbon-ion beam, 
NO scavenger 
 
     Our purpose was to investigate the signal factor and 
its function in the medium-mediated bystander effect 
during heavy-ion irradiation of human salivary gland 
(HSG) neoplastic cells.    
     Unirradiated recipient HSG cells were co-cultivated 
with HSG donor cells irradiated with 290 MeV/u carbon 
beams having different LET values. Cell proliferation and 
micronucleus (MN) induction in recipient cells with and 
without treatment of a NO scavenger (PTIO) were 
measured and the concentration of nitrite in the co-culture 
medium was detected. As a direct control, the effects of a 
nitric oxide (NO) generator (sper/NO) on cell proliferation 
and MN induction were also examined.     
     Increases in cell proliferation and MN induction 
were found in the recipient HSG cells as a result of 
co-culturing and cell proliferation was obviously enhanced 
during a further subculture. In comparison with 13 
keV/µm, 100 keV/µm carbon-ion irradiation was found to 
be a more efficient inducer of the medium-mediated 
bystander effect. The treatment of cells by PTIO resulted in 
elimination of such effects, which supports a role for NO 
in the medium-mediated bystander effect. As an 
oxidization product of NO, nitrite was detected in the 
co-culture medium, and the dose-response for its 
concentration was similar to that of cell proliferation and 

MN induction in the recipient cells. When the HSG cells 
were treated by sper/NO with a concentration of less than 
20 µM, cell proliferation was enhanced, whereas MN 
increased along with sper/NO concentration.     
     NO participated in the medium-mediated bystander 
effects on cell proliferation and MN induction, depending 
on the LET of irradiation. 
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     To test p53-dependency in radiation cancer therapy 
with X-rays (low-linear energy transfer (LET)) or 
carbon-ion (C-) beams (high-LET heavy ion), we analyzed 
the radiation-induced growth rate and apoptosis induction 
in human tongue carcinomas transplanted into nude mice. 
The SAS cells transfected with mutant p53 gene 
(SAS/mp53) or a neo control gene (SAS/neo) were 
transplanted into the thigh of each nude mouse. By 
measuring the tumor weight (TW), tumor regrowth delay 
was evaluated when the relative tumor weight (RW) 
reached 5-fold that of the control group. Apoptosis was 
analyzed by immunohistochemical and ApopTag 
stainings.  
     We found SAS/mp53 tumors were more resistant to 
X-ray irradiation than SAS/neo tumors, but not to C-beam 
irradiation. The relative biological effectiveness (RBE) of 
C-beams compared to X-rays was 2.1 in SAS/neo tumors 
and 2.6 in SAS/mp53 tumors. Apoptotic cells were more 
frequently observed in SAS/neo tumors than in SAS/mp53 
tumors in X-ray irradiation but not in C-beam irradiation. 
The radiation-induced growth inhibition of transplanted 
SAS cells is suggested to be p53-dependent in X-ray 
irradiation but not in C-beam irradiation. C-beams are 

proposed as being useful for cancer radiation therapy 
regardless of p53 gene status. 
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     Repeated exposures of ultraviolet radiation B 

(UVB) on the dorsal skin of hairless mice are known to 

induce pigmented spots long after the cessation of UVB 

irradiation. It has been shown that the proliferation and 

differentiation of epidermal melanocytes from UVB-

induced pigmented spots are greatly stimulated, and the 

stimulations are regulated by keratinocytes rather than 

melanocytes themselves by using a serum-free culture 

medium. In this study, to make clear what factors derived 

from keratinocytes are involved in regulating the 

proliferation and differentiation of epidermal melanocytes, 

growth factors were supplemented to the media, and tested 

for their proliferation- and differentiation-stimulating 

activities. Of lots of factors tested, granulocyte-

macrophage colony-stimulating factor (GMCSF) was 

effective. Pure cultured primary melanoblasts and 

melanocytes with a melanoblast-proliferation medium 

were further cultured with a melanocyte-proliferation 

media supplemented with GMCSF from 14 days 

(keratinocyte depletion). GMCSF induced the proliferation 

and differentiation of melanocytes in keratinocyte-depleted 

cultures. Anti-GMCSF antibody supplemented to the 

media inhibited the proliferation of melanoblasts and 

melanocytes as well as the differentiation of melanocytes 

from UVB-induced pigmented spots of irradiated mice, 

but (III-B-5) 

 

not from non-irradiated mice. Enzyme-linked 

immunosorbent assay of cultured media revealed that 

GMCSF secreted from irradiated keratinocytes was much 

greater than that secreted from non-irradiated mice. 

Moreover, the expression of GMCSF protein was 

observed in pigmented spots, but not in normal skin areas 

of irradiated mice. These results suggest that GMCSF is 

one of the keratinocyte-derived factors involved in 

regulating the proliferation and differentiation of mouse 

epidermal melanocytes from UVB-induced pigmented 

spots. 
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The Ku protein is a complex of two subunits, Ku70 and 

Ku80, and it was originally identified as an autoantigen 

recognized by the sera of patients with autoimmune 

diseases.  The Ku protein plays a key role in multiple 

nuclear processes, e.g., DNA repair, chromosome 

maintenance, replication, transcription regulation, and 

V(D)J recombination.  The mechanism underlying the 

regulation of all the diverse functions of Ku is still unclear, 

although it seems that Ku is a multifunctional protein that 

works in nuclei.  On the other hand, several studies have 

reported cytoplasmic or cell surface localization of Ku in 

various cell types.  To clarify the fundamental 

characteristics of Ku, we examined the expression, 

heterodimerization, subcellular localization, chromosome 

location, and molecular mechanisms of the nuclear 

transport of Ku70 and Ku80.  The mechanism that 

regulates for nuclear localization of Ku70 and Ku80 

appears to play, at least in part, a key role in regulating the 

physiological function of Ku in vivo.  We have generated 

cell lines expressing the human Ku80 tagged with the 

green fluorescent protein (GFP) color variants.  The 

tagged Ku80 complements a deficiency in Ku-deficient 

mammalian cells.  Therefore, these cells should prove 

useful in the analysis of the function of Ku in living cells.  

We are also investigating the effects of mutations in the 

Ku80 proteins on Ku-dependent DNA repair. 
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Manganese superoxide dismutase (MnSOD) catalyzes the 

dismutation of superoxide anions (O2
-) into hydrogen peroxide 

(H2O2). We altered the intracellular status of reactive oxygen species 

by introducing human MnSOD cDNA into the human ovarian 

cancer cell line SK-OV-3. The overexpression of MnSOD inhibited 

cell growth and induced a concomitant increase in the level of H2O2
 

in SK-OV-3 cells. The cells overexpressing MnSOD were more 

resistant to irradiation than parental cells. MnSOD overexpression 

shortened the G2-M duration in irradiated cells. Either inhibition of 

p38 mitogen-activated protein kinase (p38MAPK) or scavenging 

free radicals blocked the induction of radioresistance by MnSOD 

and also abolished the shortening of the G2-M duration with 

concomitant inhibition of p38MAPK phosphorylation. Irradiation 

increased the generation of H2O2 even more in these transfectants. 

These results suggest that the accumulated H2O2 potentiated the 

activation of p38MAPK after irradiation in cells overexpressing 

MnSOD, which led to the protection of cells from irradiation-

mediated cell death through the G2-M checkpoint. SK-OV-3 cells 

had no constitutive expression of p53, and the overexpression of 

MnSOD and/or irradiation did not induce p53 or p21WAF1, which 

causes cell cycle arrest. Thus, our results suggest that MnSOD alters 

the cell cycle progression of irradiated cells independently of p53 and 

p21WAF1. 
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Nitric oxide (NO) is an important biological molecule that 

is responsible for cell signaling and physiological action in 

a number of mammalian tissues. It is now well recognized 

that mammalian cells produce NO from the amino acid L-

arginine with a family of NO synthase (NOS) enzymes. 

NOS has at least three distinct isoforms, including the 

neuronal (nNOS), inducible (iNOS), and endothelial 

(eNOS) types, and the isoforms are now known to 

distribute across a wide spectrum of cell types and tissues. 

Recently, we demonstrated that three isoforms of NOS are 

present not only in the endothelium of blood vessels but 

also in the parenchymal cells of the rat mammary gland, 

such as epithelial cells and myoepithelial cells. On the 

other hand, our previous studies have shown that 

irradiation of developed mammary glands in rats during 

pregnancy or lactation induces mammary glands tumors at 

a higher incidence than in irradiated virgin rats. In addition, 

a selective inhibitor of iNOS and NO-specific scavenger 

prevent radiation-induced rat mammary tumors. Therefore, 

the radiation-induced initiation of mammary tumorigenesis 

may be partly caused by excessive NO produced by 

radiation-induced iNOS. 

 All epithelia serve as selective permeability 

barriers, separating fluids on either side that have a 

different chemical composition. This function requires that 

the adjacent cells be sealed together by occluding junctions. 

Tight junctions (TJ) comprised of several proteins have 

this barrier role in vertebrates. This complex includes 

members of a protein family related to tumor suppression 

and signal transduction. Therefore, it is plausible that 

disorder of TJ induced in pathophyiological statuses could 

be a cause of tumorigenesis. In this context, we undertook 

an investigation whether nitric oxide (NO) influences tight 

junctions formed in the mammary epithelium to elucidate 

the relationship between the retainment of barrier function 

of mammary epithelium and initiation of mammary 

tumorigenesis by NO in a culture system of the mouse 

mammary epithelial cell line (HC11).  

Exposure to NO released from a NO donor, NOC18 (400 

_M), caused an acceleration of HC11 cell-detachment 

from the surface of culture plate in a time-dependent 

manner (Table 1). However, there was no difference in the 

proportion of trypan blue-dye exclusion by the detached 

cells in between non-treated and NOC18-treated HC11 

cell cultures (Table 1). Neither leakage of the lactate 

dehydrogenase nor the chromatin condensation was 

detected in the cultures treated with NOC18, whereas, 

exogenous NO inhibited the mitochondrial metabolic 

activity of HC11 cells. Immunostaining for tight juncion 

(TJ)-associated proteins, such as occludin and ZO-1 

showed honeycomb-like distribution around the cell 

periphery and colocalized with TJ-associated actin 

filaments in the region of cell-cell junctional complex on 

non-treated HC11 cells (Figs. 19A and C). This 

distribution of occludin and ZO-1 was partially or entirely 

disrupted by the incubation of the cell monolayer for 48 h 

with NOC18 (Fig. 19B. and D). Furthermore, expression 

of both occludin and ZO-1 in the cell lysate fraction 

obtained from NOC18 treated HC11 cells remarkably 

declined by 56 ± 3 % and 34 ± 8 %, respectively, in 

comparison with those of control cell extract. These results 

suggest that excessive NO produced under the successive 

pathophysiological statuses affects the function of TJ-

associated proteins in mammary epithelial cells, and 



triggers instability and dysfuction of cell-to-cell adhesion. 

Hence, in turn such inappropriate circumstances elicited by 

NO might cause the disorder of development and  

differentiation of epithelial cells in the mammary glands, 

which agree with the initiation process of mammary 

tumorigenesis. 

 Table 1. Effect of NOC18 on adhesion of HC11 cells 
monolayer, and viability of detached cells in NOC18-

treated cultures.a) 

 

a): Confluent monolayer of HC11 cells was cultured with 
growth medium containing cytosine arabinoside (1 _g/ml) 

for 24 h prior to the treatment with NOC18 (400 _M). The 

culture then continued for the indicated periods in growth 

medium with NOC18 and cytosine arabinoside. The 

number of cells in each well was (1.82 ± 0.07) x 106 cells 
at the time of NOC18 treatment.  
b): Values represent mean ± SE obtained from three 
independent experiments. Each experiment contained 3-5 

cultures per replicate. 
c): Significant difference from control, p<0.01. 
Figure Legends 
 

 
 
 
 

Fig. 19. Immunocytochemistry of tight junction-associated 
proteins in HC11 cells treated with NOC18. HC11 cells 

were treated with (B and D) or without (A and C) NOC18 

(400 _M), and then subjected to immunocytochemistry 

with specific antibodies against occludin (A, B) and ZO-1 

(C, D), respectively. Photomicrographs were taken under 

either a fluoromicrosope (A - D) or a differential 

interference microscope (a - d). 

 
 

  
Detached cells number 

(x 106 cells/well)b) 

  
Viability of detached 

cells (%)b) 

  
24 h 

 
48 h 

  
24 h 

 
48 h 

 
Control 

 
0.099 ± 
0.017 

 
0.176 ± 
0.017 

  
72 ± 2 

 
65 ± 7 

 
with NOC18 
  (400 _M) 

 
0.136 ± 
0.009c) 

 
0.259 ± 
0.017c) 

  
72 ± 3 

 
63 ± 8 




