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1. Introduction

The first extensive combat use of depleted uranium (DU) armament occurred in
the Gulf War. Only Coalition forces possessed DU weapons, but a small number of
US military personnel were wounded by fragments of DU because of friendly fire
incidents. Several continue to retain fragments in their bodies. The demonstrated
effectiveness of DU munitions and armor during the Gulf War has led other nations
to develop their own DU armaments. Future conflicts may therefore lead to large
numbers of personnel wounded by DU. There is still little known about the long-
term health consequences of this kind of internal exposure.

Chemically similar to natural -uranium (National Research Council, BIER-IV
Report, 1988), DU is a low specific activity heavy metal, with a density approxi-
mately 1.7 times that of lead (19 g/cm?® versus 11.35 g/cm?). DU differs from natural
uranium in that it has been depleted of #*3U and #*U. Consequently, the specific
activity of DU is significantly less than natural uranium (0.44 pCi/g versus 0.7 nCi/g,
respectively) (Danesi, 1990).

Our laboratory has used an in vitro human cell model and rodents to examine the
potential late health effects of DU and surrogate metals, pamcularly heavy-metal
tungsten alloys (HMTA). A summary of our findings is shown in Table 1 and Fig.
1. In our studies, we have demonstrated that DU and HMTA are neoplastically trans-
forming and genotoxic in vitro. The in vivo effects of internalized DU include
enhancement of urine mutagenicity, oncogene activation, and uranium redistribution

~ to multiple organs. These data demonstrate a strong correlation between uranium

-

levels/concentration and DU-induced effects (Fig. 1).
Unlike natural vranium, which is considered.both a radiological and a chemical
(heavy-metal) hazard (National Research Council, BIER-IV Report, 1988), DU is

not believed to be a significant radiation hazard because of its low specific activity. -
Studies with DU in our laboratory demonstrated neoplastic transformation of human . -
cells under conditions where approximately 14% of the DU-exposed cells were trans- ;

formed even though less than 5% were traversed by an alpha particle (Miller et al.,
1998; Miller ét al., 2000; Miller et al., 2002). These findings suggest that factors other
than direct or “targeted” damage to the DNA may be involved in the transformations.
Chemical effects of DU and “non—targeted" effects of radiation may also play a role.
Non-targeted effects can result in damage in cells not traversed by an alpha particle.
The overall level of transformation observed may result from contributions by any
or all of these factors.’

According to conventional radxoblology principles, the biological consequences
following radiation exposure occur as a result of DNA damage in directly “hit™ cells,
and the damage is manifested in these cells within 1{n}2 cell generations
(Grosovsky, 1999). Increasing evidence shows, however, that ionizing radiation may
also produce non-targeted effects; specifically, critical genetic consequences may
arise in cells that receive no direct radiation exposure. These non-targeted effects
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. include radiation-induced bystander effects and genomic instability. A bystander ° '

effect is the expression of cellular damage such as chromosomal alterations,
apoptosis, transformation, or mutations in unirradiated cells neighboring an irradiated
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Table 1

Summary of findings on DU and HMTA

Authors

Qutcome

Parameters Examined

Type of Study

.
’

Metal

DU, In vivo
DU, In vitro

Miller et al., 1996

I Oncogene expression with DU

Oncogenes, uranium Jevels
Neoplastic transformation
Urine mutagenicity
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Miller et al, 1998

I Urine mutagenicity with DU level

DU redistributed to multiple sites

DU induced neoplastic transformation
Electrophysiological brain effects

Miller et al., 1998 .
Pellinar et al., 1999
Pellmar et al.1999

DU, In vivo

DU tissue distribution

Neurotoxicity -
Genotoxicity

DU, In vivo

DU, In vivo

Miller et al., 2000
Miller et al., 2001a
Miller et al, 2001b

Miller, in press

1 genotoxicity/genomic instability
1 transformation/mutagenicity
HMTA induces transformation

DU, HMTA In vitro/in vivo

DU, In vitro

Transformation

Transformation/genotoxicity

Genomic instability

HMTA, In vilro

1 genotoxicity/genomic instability

DU, HMTA, In vitro
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'Fig.' 1. R;laiionship‘bétw'cen uranium levels :;nd biological effects in prcviously published studies.
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cell. In contrast genomxc mstablhty is dcﬁncd as the induction of a persistent insta-
bnhty in the genome of surviving irradiated cells. The progeny of cells exposed to
ionizing radlauon can exhibit transmissible genomic instability (Kadhxm etal,, 2001).
Cellular manifestations of instability have been measured as'delayed reproductive
death (Gorgojo and Little, 1989), lethal mutations (Seymouret al., 1986), delayed
mutations (Littleet al., 1990), and chromosomal instability (Pampfer and Streffer,
1994; Kadhim et al., 1998; Holmberg et
al., 1993; Ho]mbcrg et al., 1995; Marder and ‘Morgan, - 1993; Mamns et al., 1993).

_Considering the newly developing paradigm in radnobxology that non-targeted effects

may be critical to low-dose radiation-induced carcinogenesis, an understanding of
the potential involvement of these phenomena in DU-induced effects is important,

The objective of this study was to determine the relative importance of acute and
delayed effects in immortalized human cells exposed to DU. We investigated the
relationship between delayed reproductive death (yield of lethal events) and the yield
of micronuclei produced following exposure. These endpoints were assessed up to
36 days (30 population doublings). Results were compared with yields from cells
exposed to gamma radiation and Ni.

2. Materials and methods
2.1. Cell lines and culture

‘Human osteosarcoma cells (HOS) (TESS, clone, F—S)'—Wcre obtained ffom the
American Type Cult_ure Collection (Manassas, VA). Cell cultures were propagated
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m- Dulbecco’s modifi ed Eagle hedium (D-MEM) supplemented with 2 mM gluta-

- mine, 10% heat inactivated fetal calf serum (Gibco Laboratories, Grand Island, NY),

-Aldrich, St. Louis, MO).
U/ml penicillin, and 100 pg/ml streptomycin (Sigma
th):(l)ls \vTreI)tested for Mycoplasma by MycoTect Kit (Sigma) and only cells negative

for Mycoplasma were used.

2.2. Heavy metals and radiation exposure

DU-UO,NO, (Alfa Aesar, Ward Hill, MA) and NiSO, (Alfa /%esar) were dissolved
in sterile water, then filtered to prepare concentrated stock solutions u§ed thr'oughout
these studies. Working solutions were prepared by diluting stock solutions with com-

- plete medium immediately before experiments.

Cells were exposed to gamma radiation (bilateral, 1 Gy/mm. room temperature)
alt Facilit

usgrgc:l:l:uﬁlfykst:d?:sbdetemmeg equivalent ranges of metal concentrations and radi-
ation doses in terms of their capacity to induce let.hahty, delayed m!cronuc}c}
expression, and micronuclei frequency. }for cell lethality and delayed micronuclei
expression experiments, metal concemranon.of 0, 25, 50, an(} 100 uM were com-
pared to 0, 2, 4, 6, and 8 Gy. For micronuclei frequency experiments, metal concen-
trations of 0, 10, and 25 pM were compared to 0, 2, and 3 Gy.

2.3. Cellular survival assay

ivi ction was assayed by measuring a reduction in plati.ng efﬁc.:xency.
Exf)lcl)::r‘\,tlir;%l;mgmwing cells l»{vere seeded at- 10* cells/100-mm dish, using 3-
dishes/treatment group. Cultures were then treated 24 hr later with increasing congen—
trations of metal for 24 hr or increasing doses of gamma radiation. For metal stu xcls,
cells were then rinsed with Dulbecco’s phosphate:buffe’;ed saline (PBS). Immedlatc1 ly
following metal exposure or radiation and at various times up to 36 days latgr, cells
were harvested and counted. Fifty to 100 cells were seeded into 60-mm dlamfetcr
petri dishes and returned to the incubator for ten c.iays to.allow for colony fonna.tl;m‘.
Cultures were then fixed with methanol and stained with 2% (w/v) crystal vio et.
Plates with more than 15 colonies of more than 50 cells were counted as survivors.

2.4. Micronuclei analysis

The induction of micronuclei in control cells and cells exposed to metal powder(s)

ing the conventional fluorescence-plus-Giemsa harlequin staining
;)vrz:)stozi)slc;;i(]i ‘l!:(;?l%)wmg a 1 hr exposure, the media containing the metal powder
was removed, and cells were rinsed (3x with sterile serum-free medium) and i mcu-l
bated again at 37 °C in complete media. Mitomycin C was used as a positive con,:fo
(24-hr exposure). Cytochalasin B (6 pg/ml) was added after ?4 hr to block cyto in-
esis. At 48 hr post-treatment, cells were dropged onto slides using a Cytospm
(Shandon, St. Louis, MO; 5 min at 600 rpm). Slides were fixed with 5% Giemsa.




252 A.C. Miller et al. /. Environ. Radioactivity 64 (2003) 247-259

3. Isolation of clones from' irradiated cells

Following exposure to metal or gamma radiation, cells were plated on 60-mm
petri dishes and incubated for 1 week to give rise to approximately 20-25 colonies
per dish. Three to five large colomés from each concentration/dose group were selec-
ted. Special care was taken to ensure’ that the selected colony was separate from
other colonies. Each _selected colony’ was transferred into an individual flask and
grown to a tota) clonal progeny of more than 7x10° cells. Cells were then trypsinized
and plating efficiency and micronuclei yield determined for each clone.

3.1. Statistics
Statistics for the micronuclei assays were performed with the chi-square (x2) test
and the Tukey-Kramer multiple comparisons test.

4. Results
4.1. Delayed Iethahty foIIawxng DU exposure

HOS cells were mcubated thh increasing concentranons of soluble DU, soluble
Ni, or gamma radiation, and clonogenic survival was determined either 3, 12, 24,
or 36 days after exposure. Survival curves were obtained by determining the number
of viable colonies present ten days after plating at these times. Data from DU-, Ni-,
and gamma-irradiated cells are shown in Fig. 2. For DU-exposed cells plated at day
3, a shouldered survival curve was obtained (Fig. 2a). Survival levels were lower
than controls at_all times after initial DU exposure, even at 36 days. Data obtained
from gamma-irradiated or Ni-exposed cells (Fig. 2b, c) were sxmxlar to that seen
with DU.

4.2. Delayed micronuclei formation

The metal concentration- or dose-dependence of micronuclei production is
presented in Fig. 3. For all three exposures (DU, gamma radiation, or Ni), delayed
production of micronuclei was observed at all times measured. Levels of delayed
micronuclei formation were overall greater after DU exposure than after gamma
radiation or Ni treatment. At 12, 24, and 36 days after DU exposure, levels of micron-
ucleated cells being produced in the dividing cell population remained significantly
greater than untreated controls (Fig. 3a). In contrast, data from gamma-irradiated or
Ni-exposed cells showed that micronuclei yields, though also maximal at three days,

were not significantly different from controls at 24 and 36 days post- -radiation, This " -

suggests that DU treatment results in a more prolonged effect (m tcrms of
* micronuclei yields) than was seen afler the other exposures. .
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! 4.3.i Micronuclei Jrequency in i_ndividudl clones obtained from DU—Iréated cells

The frequency of micronuclei in individual clones raised from cells exposed to \_)
DU, Ni, or gamma radiation was determined for each type of exposure (Fig. 4).
Three to five individual clones arising from cells originally exposed to increasing
concentrations or doses of the metals or gamma radiation were analyzed and com-
pared to clones arising from untreated cells. Clonal progeny of untreated cells demon-
strated a frequency of micronuclei lower than 1.8%. For DU exposure, a persistent
increase in the frequency of micronuclei was observed in all clones examined. All
clones generated by DU-exposed proliferating cells exhibited a frequency ranging
from 2.2 to 4.5. Interestingly, the range seen with DU exposure is similar to that’
observed in ten clones isolated and expanded in the same way after alpha radiation
exposure (Manti et al., 1997). Similar to observations with DU, gamma radiation
resulted in the generation of clones that exhibited a persistent inctease in the fre-
quency of micronuclei ranging from 2.2 to 3.6. In contrast to both DU exposure and
gamma radiation, clonal descendents of Ni-treated. cells exhibited only a slight
incréase in micronuclei frequency (percentage of micronuclei, 1-2.3) (Fig. 4).

Concentration, mM

5. Discussion

: This study was undertaken to assess the ability of DU to induce genomic instability
in the progeny of DU-exposed cells. The endpoints used to determine this instability
were delayed reproductive death and delayed micronuclei formation. It is well docu-
mented that ionizing radiation can induce a persistent instability in the genome of
surviving cells. A recent study has demonstrated that heavy metals can also induce
genomic instability manifested as chromosomal aberrations (Coen et al., 2001). Since
both of these findings could have significant implications for risk estimates, it is \
important to assess whether DU exposure can also induce genomic instability. N

Dose, Gy
8amma radiation (panel b), and Ni (panel ¢). Cells were processed for micr.onu;:li'c

(pane} a),

c.

=]

v

g Our studies demonstrate for the first time that cellular DU exposure results in
§_ '3 persistent effects in distant progeny of DU-exposed cells. These studies are consistent
s & with previous observations that heavy metals like cadmium and Ni can induce gen-
L omic instability in vitro similar to that observed with radiation (Coen et al., 2001;
.‘5: 3 Mothersill et al., 1998). Since there are also extensive data showing that alpha par-
g 3 ticles can induce a persistent instability in the genome of progeny of irradiated cells,
5 it is difficult to determine whether the alpha particle or metal component of DU is
o responsible for the induced genomic instability. In our previous transformation and

microdosimetry studies with DU we measured sister chromatid exchanges in HOS
cells that had been incubated with soluble DU but had not been traversed by an
alpha particle. Our original interpretation was that the chemical effect of DU was
probably responsible for that chromosomal damage. However, results of recent
experiments in our laboratory measuring dicentric formation after DU exposure sug-
gest that radiation may also play a role in DU effects (McClain et al., 2001). The
current results do not prove that alpha particles are involved in DU cellular effects,
but they do provide evidence that genomic instability is strongly associated with

_ Fraction of micronucleat
analysis 3 (M), l 2(00), 24 (&) and 36 (#) days after exposur

Fig. 3.
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exposure to DU A complete understandmg of lhc role of radiation versus chemlcal

effects. awaits further investigation. S\J)
i - Qur data indicate that delayed lethahty is assocmted with a sxgmﬁcant increase in

: _micronuclei frequency after exposure to DU. The ability of the cells to regain normal

! plating efficiencies was similar for cells exposed to DU, gamma radiation, or Ni.

i

]

gamma 1adiation

for gamma radiation, doses were

The DU-associated delayed increase in micronuclei frequency exhibited a clear con--

centration- dependent response in the low-dose range. This is similar to what has

been observed with 1omzmg radiation (Belyakov et al., 1999; Manti et al., 1997).
L The persistent increase in the frequency of micronuclei after DU exposure is due
| to de novo production of micronuclei in surviving proliferating cells. In our experi-
i ments, when 105 cells were exposed to DU and assayed 24 hr later, cultures yielded
42% micronucleated cells (4.2x10* cells). Twelve days after DU exposure a fre-
quency of 31% micronuclei was measured in 107 cells, indicating that the cultures
contained 3.1x10° micronucleated cells. These calculations suggest that mlcronuclex
were formed de novo in surviving cells.
. It is interesting to note that the degree of instability for both micronuclei endpoints
' was similar for DU and gamma radiation exposures; however, the pattern of delayed
micronuclei. induction by Ni was somewhat less than DU and gamma radiation. In
contrast to our present findings with Ni, studies of Ni and genomic instability conduc-
ted by Coen et al. (2001) showed that Ni exposure resulted in a pattern of expression
of delayed effects that was similar to ionizing radiation (Coen et al., 2001). Differ-
ences in the kinds of Ni salts employed in each investigation (nickel sulfate vs nickel
chloride) might partially explain the different results. The precise mechanism(s) by
{ which DU induces genomic instability is unknown. Since the pattern of expression
. of delayed effects is similar to that of gamma radiation, we could speculate that the
: mechanism(s) might be similar to that for radiation. The mechanism(s) underlying
radiation-induced instability remains unclear, however. Epigenetic changes have been \J
suggested as a common underlying mechanism (Clutton, et al, 1996). Sustained oxy-
radical activity in the progeny of irradiated cells supports a role for epigenetic alter-
ations. Speculations regarding mechanism are further complicated by recent data
suggesting that there could be a link between bystander effects, i.e., cellular damage
expressed in unirradiated cells, and genomic instability (Belyakov, et al., 2000). The
! potential involvement of bystander effects in DU-induced biological responses’is
, currently being investigated by our laboratory. The involvement of bystander effects
! in the mechanism of DU-induced effects could mean that conventional microdosim-
etry assessment of the radiation dose from DU might be significantly undervalued.
£ In summary, we have presented data showing the production of genomic instability
in the progeny of human cells exposed to DU. The findings demonstrate that DU
can induce delayed cell death and genetic alterations in the forrn of micronuclei.
Compared to gamma radiation or Ni, DU exposure resulted in a greater manifestation
of genomic instability. Although animal studies are needed to address the effect of
protracted DU exposure and genomic instability in vivo, results obtained from our in
“vitro system can play a significant role in determining risk estimates of DU exposure. ¢

gle cells exposed to DU (pane] a),

, 10 uM, and 25 uM);

y of micronuclei in clonal progeny of sin

ntrations tested for DU and Ni were (0

S
-

el c) were analyzed at three doses. Conce

o
2
4
=
]
s~}
=
QW
Q
A
YD
=
g
=
(¥ ]
=
ey
[*]
o
(3]
&
2}
—

8§
G A
g8
£ -
22
25
=
_—
)
T o
@ §
in 2

(0, 2, and 3 Gy).




258 ' " A.C. Miller et al./J. Environ. Radioactivity 64 (2003) 247-259

i

Acknowledgements

The authors are grateful for the helpful assmance of Dr.-John Kalinich. This
research was supported in part by the Armed Forces Radiobiology Research Institute
under work ‘unit number WU09502. The views presented are those of the authors
and do not necessarily reflect the official views of the’ Department of Defense or the
,US government. :

[y

'References -

Belyakov, O.V., Prise, KM, Trott, KR., Michael, BD., 1999. Delayed lethahty, apoptosis and micronu-
_cleus formation in human fibroblasts irradiated with X- -rays or alpha-particles. International Journal
" of Radiation Biology 75, 985-993.

Belyakov, O.V., Folkard, M., Mothersill, C., Prise, K.M., Michael, B.D., 2000. Bystander effect and
genomic instability: challengmg the classic paradigm of radnoblology In: Proceedings of the Timofeff-
Rcssovsky Centennial Confercnce Dubna, Russia,

Clutton, S.M., Townsend, K.M.S.. Walker, C., Ansell, 1.D., anht 'E.G., 1996. Radiation-induced gen-
omic mstnbnluy and perststcnt oxidative stress in primary bone marrow cultures. Carcmogenesxs 17,
1633-1639.

Coen, N., Mothersill, C., Kadhxm M., Wright, E.G., 2001. Heavy metals of relevance to human health
induce genomic instability. Joumal of Pathology (In Press).

Danesi, M.E., 1990. Kinetic energy penetrator long-term strategy study (abndgcd) Picatinny, N.J.: US
army armament munitions and chemical command. AMCCOM, Picatinny Arsenal, NJ.© -

Gorgo;o G.J., Little, J.B., 1989. Expression of lethal mutations in progeny of irradiated mammalxan cells.
International Journal of Radiation Biology 55, 619~630.

Grosovsky, AJ., 1999. Radiation-induced mutations in unirradiated DNA. Proceedmgs of the National
Academy of Sciences USA 96, 5346-5347. .

Holmbcrg, K., Fali, S., Johansson, A., Lambert, B., 1993, Clonal chromosome aberrations and genomic
instability in X-irradiated human T-lymphocyle cultures. Mutation Researth 286, 321-330.

Holmberg, K., "Meijer, A.E., Aver, G., Lambert, B.O., 1995. Delayed chromosomal instability in human
T-lymphocyte clones exposcd to ionizing radiation. International Journal of Radiation Biology.68,
245-255.

* Kadhim, M.A., Macdonald, D.A., Goodhcad D.T., Lorimore, S.A., Marsden, SJ., Wright, E.G., 1992.
Transmission -of chromosomal instability after plutonium alpha-particle irradiation. Nature 355,
738-740.

Kadhim, M.A., Lorimore, S.A., Hepbumm, M.D., Goodhead, D.T., Buckle, VJ., Wright, E.G,, 1994. Alpha-
particle-induced chromosomal instability in human bone marrow cells. Lancet 344, 987-988.

Kadhim, M.A., Marsden, SJ., Wright, E.G., 1998. Radiation-induced chromosomal instability in human
fibroblasts: temporal effects and the influence of radiation quality, lntcrnatlonnl Journal of Radiation
Biology 73, 143-148.

Kadhim, M.A., Marsden, SJ., Goodhead, D.T., Malcolmson, A.M., Folkard, M., Prise, K.M., Michael,
- B.D., 200]. Long-term genomic instability’ in human lymphocytes induced by single- pamclc
irradiation. Radiation Research 155, 122-126.

Little, J.B., Gorgojo, L., Vetrovs, H., 1990. Delayed appearance of lethal and specific gene mutations in
irradiated mammalian cells. International Journal of Radiation Oncology, Biology, and Physics 19,
1425-1429.

Manti, L., Jamah. M., Pnsc. KM Mlchael BD Trott KR 1997 Genomic instability in Chinese
hamster cells after exposure to X rays or alpha pamclcs of different mean linear energy transfer.
Radiation Research 147, 22-28,

Marder, B.A., Morgan, W.F., 1993. Delayed chromosomal mstabxllly mduccd by DNA damage Molecular
and Cell Biology 13, 6667-6677

T A I U

A.C. Miller ¢

Martins, M.B., Sabatier, L., Ricou
**induced by heavy ions: a step”
229-2317,
McClain, D.E., Benson, K.A., D.
_ Hodge, 8.1, Kalinich, JF.,, K
* A.C., Pellmar, T.C., Stewart,
uranium. Military Medicine (1
Miller, A.C., Whittaker; T., Hogai
‘dose radiation-induced health
Miller, A.C., Blakely, W.F,, Live .
E.. St. John, T., Gerstenberg, |
osteoblast cells to the tumori;
Perspectives 106, 465471, ' *

. Miller, A.C., Fuciarelli, A'F., Jac

Pelimar, T., 1998. Urinary anc -
or tantalum pellets. Mutagene.

Miller, A.C., Xu, J., Stewart, M.,
Potential health effects of the

* munitions: comparison of ne:’
genesis. Metal lons 6, 209-21
Miller, A.C., Xu, J., Whittaker, *
induced neoplastic transforma
. Research 155, 163-170. .
Miller, A.C., Mog, S., McKinney,
" of human osteoblast cells to th
tion of genotoxic effects. Carc

Miller, A.C., Xu, J., Prasanna, P.

depleted uranium and tungsten .
“~ation and genotoxicity using t

Mothersill, C., Crean, M., Lyons
.Expression of delayed toxicity
to radiation and other environ
‘680, -

National Research Council Comrr
of Jonizing Radiation (BEIR)
“emitters. U.S. National Resear

Pampfer, S., Streffer, C., 1989. In
zygote X-irradiation. Internati

Pellmar, T.C., Fuciarelli, AF., E
H.M,, Landauer, M.R., 1999. }
Toxicological Sciences 49, 29

Pellmar, T.C., Kaiser, D.O., Eme:
slices isolated from rats embe

Seymour, C.B., Mothersill, C., A
cells that survive ionizing rad
Physics. Chemistry and Medit



207) 247-259 -

of . John Kalinich. This.

liobiology Research Institute
ted are those of the authors
Jepartment of Defense or the

«d lethality, apoptosis and micronu-
pha-particles. International Journal

B.D.. 2000. Bystander effect and
:¥. In: Proceedings of the Timofeff-

G., 1996, Radjation-induced gen-
arrow cultures, Carcinogenesis 17,

stals of relevance to human health

ly (abridged). Picatinny, N.J.: US
catinny Arsenal, N.J.
zny of irradiated mammalian cells.

INA. Proceedings of the Nalional

mosome aberrations and genomic
Research 286, 321-330.

:hro- - “mal instability in human
Tout f Radiation Biology 68,

larsden, S.J., Wright, E.G., 1992.
particle irradiation. Nature 355,

» V.1, Wright, EG., 1994. Alpha-
lis. Lancet 344, 987-988.

hromosomal instability in human
nternational Journal of Radiation

idkard, M., Prise, KM., Michael,
ytes induced by single-particle

al and specific gene mutations in
ology, Biology, and Physics 19,

Gcnomxc mstablhty in Chinese’
:nt ‘mean linear energy transfer.

1ced by DNA damage. Molecular

G e A ——— ——— - — ., ot & & .

e

R

A.C. MxIIer et aI /J. Enwron Rad:oacmuy 64 (2003) 247—259 y 259

Martins, M.B., Sabatier, L., Ricoul, M., Pmlon.A Dutnllaux.B 1993. Spccnﬁc chromosomc mstablhty
induced by heavy jons: a step towards 1ransfonn:|txon of human fibroblasts? Mutauon Research 285,
229-237.

McClain, D.E., Benson, K.A., Dalton, TK Economos, D., Ejnik, J., Emond, C.A., Hamilton, M.M.,
Hodge, S.J., Kalinich, J.F., King, G.L., Landauer, M.R., Livengood, D.R., Matthews, C.R., Miller,
A.C., Pellmar, T.C., Stewart, M.D., Villa, V., Xu, J., 2001. Health effects of embedded depleted
uranium, Military Medicine (In Press).

Miller, A.C., Whittaker, T., Hogan, J., McBride, S., Benson, K., 1996. Oncogenes as biomarkers for low-
dose radiation-induced health effects. Cancer Detection and Prevention 20, 235-236.

Miller, A.C., Blakely, W.F,, Livengood, D., Whitaker, T., Xu, J., Ejnik, J.W., Hamilton, M.M., Parlett,

E.. St. John, T., Gerstenberg, H.M., Hsu, H., 1998. Depleted uranium-uranyl transformation of human
osteoblast cells to the tumorigenic phenotype by depleted uranium chloride. Environmental Health
Perspectives 106, 465-171.

Miller, A.C., Fuciarelli, A.F., Jackson, W.E., Ejnik, E.J., Emond C., Strocko, S., Hogan, I., Page, N
Pellmar, T., 1998. Urinary and serum mutagenicity studies with rals implanted wx(h depleted uramum
or tantalum pellets. Mutagenesis 13, 643-648.

Miller, A.C., Xu, J., Stewart, M., Emond, C., Hodge, S., Matthews, M., Kalinich, J., McClain, D., 2000.
Potential health effects of the heavy mcl:ﬂs, depleted uranium and tungsten, used in armor-piercing
munitions: comparison of neoplastic transformation, mutagenicity, gcnomlc instability, and onco-
genesis. Metal Ions 6, 209-211.

Miller, A.C., Xu, J., Whittaker, T., Stewart, M., McClain, D., 2001. Suppression of dcplctcd uranium
induced neoplastic transformation of human cells by the phenyl fatty acid phenylacetate. Radiation
Research 155, 163-170.

Miller, A.C., Mog, S., McKinney, L., Lei, L., Allen, 1., Xu, J., Page, N., 2001. Neoplastic transformation
of human osteoblast cells to the tumorigenic phenotype by heavy metal-tungsten alloy particles: induc-
tion of genotoxic effects. Carcinogénesis 21, 100-107.

Miller, A.C., Xu, J., Prasanna, P.G.S., Page, N., 2002. Potential late health effects of the heavy metals,
depleted uranium and tungsten, used in armor-piercing munitions: comparison of neoplastic transform-
ation and genotoxicity using the known carcinogen nickel. Military Medicine (In Press).

Mothersill, C., Crean, M., Lyons, M., McSweeney, J., Mooney, R., O'Reilly, J., Seymour, C.B., 1998.
Expression of delayed toxicity arid lethal mutations in the progeny of human cells surviving exposure
to radiation and other environmental mutagens. International Joumal of Radiation Biology 74, 673-
680.

National Research Council Committee on the Biological Effects of lonizing Radiation. Biological Effects
of Ionizing Radiation (BEIR) IV., 1988. Health risks of radon and other intemally deposited alpha-
emitters. U.S. National Research Council, Washington, DC.

Pampfer, S., Streffer, C., 1989. Increased chromosome aberration levels in cells from mouse fetuses after

zygote X-irradiation. International Joumnal of Radiation Biology 55, 85-92.

Pellmar, T.C., Fuciarelli, A.F., Ejnik, J.W., Hamilton, M., Hogan, J., Strocko, S., Emond, C., Mo(taz.
H.M., Landauer, M.R., 1999. Distribution of uranium in rats xmplamcd with depleted uranium pellets.
Toxicological Sciences 49, 29-39.

Pellmar, T.C., Kaiser, D.O., Emery, C., Hogan, J.B., 1999. Elcctrophysnologxcal changes in hippocampal
slices isolated from rats embedded with depleted uranium fragments. Neurotoxxcology 20, 785-792.

Seymour, C.B., Mothersill, C., Alper, T., 1986. High yiclds of lethal mutations in somatic mammalian
cells that survive ionizing radiation. International Journal Radiation Biology and Related Studies in
Physics. Chemistry and Medicine 50, 167-179.






