uls weatad with radio.

two frec purameters:
2 nd une for the
17 -2 backgrour?
-r\v/.: relationships
e ATreenwent with the
cancer For malss in the
ficient vields lifedime
s at 30 years. which are
in the literature®, Dye
-adiation-free lung can-
aleutared relative riskg
or cf 8) among groups
ur, while the variation
out 20%. This analysis
e.g. the comparability

t
.

b
.

parameter values were

-apy dose and smoking
ol ;.mm..s in the largar
z¢ lung dose calculated
iion as input for the

:oefficient with that of
+ of lung cancer from
: results of radon dusi-
sorption by target lung
3 factor for radon. The
tor of 3 lower than the
d for alpha radiation.

uncertainties specific
‘m absurption of alpha
+ (the location of) the

N’
ntad by the Eurcpean
399-00005. Professor
J. Kiskman of the
2 gratcfully acknowl-
Mogical data.

san Keekhoff, E. H.. vaa
1o Sindy, J. Chn. Oncol.

iNayon, R., Boice, Jr. J.
=dzkin’y Disease. J. Nal

« Tweemuearen Cardirp-
Effects of lonizing Rudi.
Ejfecis of Ionizing Radi-

Effects of lonizing Rudi-

Lot

Geaa

Ceffects vould have sigaiticont fnplics

respectively)™.

“used both an in viro human cell-mods] and rodent

PR S -
Y e I S .
/\ R LY . L

i fr st e ._'_,._:';'2‘.
Radat .,n Pmlc.rm D\ n':qr NIRS/PC Prefiled Exhibit 1461

Vol #, Mos 1=2 375,274 A5 ) o
Nuclear T..m- -hg, l"mlx\h-.g . Docketed 09/23/05 : - . : e

OBSERVATION OF RADIATION-SPECIFIC DAMAGE IN
HUMAN CELLS EXPOSED TO DEPLETED URANIUM:
DICENTRIC FREQUENCY AND NEOPLASTIC
TRANSFORMATION AS ENDPOINTS

A. C. Miller, J. Xu, M. Stewart, K. Brooks. S. Hodge, L. Shi, N. Page and D. McClain
Applied Cellular Radisbiology Depertinent, Armed Fnrx.:u RJ'I.OhI\)lOg) Research lns'uuk
Bethesda. MD 208849-3G03, USA

Abhsteact = Depleted uranium (DU} is a dense hieavy metal wacd primacily in mailitary applications Published data from our
laboratory have demwnstrated that DU exposuce in vitro to immattalised humizn ostechlast cells (HOS) 1s both n2eplastically
transforming anll Zewotoxic. DU posszsses both a radivlugical (aipha-particle) and cheamical (mctals component Sirnce DU has
a low specific activity in comparison to ratural uranivia, (¢ is not censidered (o be a significant radiological hazard. The potential
contnbution of radiation to DU-induczd biological effccts is unknown aad the involvement of radiation in DU-induced biological
ons for cument risk ectimates for inemalised DU exposuee Two appnnanh:s were used
to address this question. The f::qutnu of diventrics was measured in HOS cells [ollowing DU cxposnre in vitza. Data demon.
steated that DU exposure (50 uM. 23 h) induced 2 significant elevation in dicentric trequency in vitro in contrast to incubation
with the héavy metals, rackel and tungsten which did not increase dicentric l'r.qu:n..) abave hackground I*\-L’ Using the same
concentzation (50 uM) of three ur:myl nitrate compounds that huve dlncrcnl uranium isolopic concentrations and therefore,
different specific activitics. the effzct on neoplastic transformation in virre was examined. HOS vells were exposed to onie of three-
uranyl nitrate compounds (3HU- unnvl mtmlc. specific activity 0.33 pCi.g - DU-uranyl nitrate. specific activity 034 pCig=*: and
33 U-uranyl nitrate, specitic activity 2.2 pCi.g~*ydelivered ala .om-nua'tion of 530 M for 24 h. Results showed, at equal uranium
concentration, there was a specific aLu\ny dependent increasc in neoplastic ransformation frcqu:nc\, Taken together these data
suggest that radiation can play arole in DU-induced biolegical 2ffects in virro b

1.

tiple organs. A review of cur findings is shown in
Table V'3,

DU, unhke natural uranium, which is consideéred to
be both 2 radiological and a chemical (heavy-metaly
hazard™®, is not belicved 1o be a significant radiation
hazaed bcr:anse of its Tow specific activity. Studies with
DU b o febvrwory daacisuared aeoplisic iwans.
formation of hunman cells urder conditions in which
approximmately 14% of the DU-esposed calls wire trans-
termed but with less than S% of the DU-exposed cells
actually being traversed by an alpha particle™ ™, These
findings suggest severa! pussible explanations. First. the
chemical effect of DU could be primarily responsible
for the tansforming effects. Alternatively, alpha par-
ucles could be involved in the wranstormation process

The-acute and long-term health efiects of exposure to be“:’u"’ of the i;’_‘f’hem“iﬂ of "““{m"“'“’d '”ﬂ-“: Ili‘ke
these heavy metals are unknown. Our laboratory has .l;: ystander effect or induction of genomic instability

.. These non-targeted cfl's.cls can result § in damage in cells

not traversed by an alpha particle. Lnstly it could be. .
- that DU teanstonination involves chemical, targeted radi-

ation, and non-targeted radiation effects. Whatever the

mechanism. the involvement of radiation in DU-induced
biological respunses could have potential implicutions
for current risk estimates for internalised DU exposure.
Therzfore. a stady has been uadertakzn to uddress the
question as to whether radiation plays a role in DU-
induced damage. First an exunmination is carried out to
" determine whetker DU exposure can induce dicentrics.
a lesion believed to be primarily induced by radition o

INTRODUCTION

Several US military personnel participating in Oper-
ation Desert Storm were wounded in friendly fire acvi-
dents” and currently have retained large fragments
(approximately 2-20 mm) of depleted uranium (DU) in
their bociss DU wsed in militany spplicatiae workd-
wide could result in soidicrs with imbeddad heuvy meztal
shrapnel. Chemically similar to natural uranium®?'. DU
is a low specific activity heavy metal. with a densics
approximately 1.7-imes that of lead (19 gem™ as
against 11.35 g.om™'). DU differs from natural uranivm
in that it has been depleted of U and *MG. As a result,
the speuﬁ c activity of DU is significantly less than natu-
ral uranium (0.43 uCi g g-' rather lh..n 07 nCig'.

studies to examine the potential late health effects of
these hzavy metals. Data From our laboratory have dem-
onstrated that DU is neoplastically transforming and
genotoxic in virro. The in yive eflccts of internalised
DU include enbancement of urine mutagznicity, on-
cogene activation, and uranium redistribution to mul-

Cantact author E-mail.nulleratrmx.aforiusubsnit
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radiation-mimetic drugs. Sccondly, three urany! nitrate
compounds have been obtained that have different uran-
ivsn isotopic concentrations and theretore, different spe-
cific activities. Using thesz compounds. that cach have
eyqual chemical 2ffect, the contribution of increased spe-
cific activily at constunt uranium- Lh:mn.al _sftect can
be assessed,

In this cludy it is deinonstrated that DU exposure to
human celis i vivro indaces dicentrics in human cells.
Urany1 nitrate compounds at the same chemical concen-
tration, but different specific activities, caused a specific
activity-dependent incrcase in neoplastic transformation,
Taken together, these data suggest that radiation plays
a rele in DU effects observed in vitro.

MATERIALS AND METHODS

Cell culture

Human osteoblast cells (HOS). an immontalised

attached cell line, were cultured and used as previously

escribed"*#'*, Expounentially growing HOS were used
. inall experiments.

Transformation

Ths standard focus formation assay described by
Reznikoff et ¢f'** and others''™ was used. Transform-
ation and growth scudizs have been previously described
in detail by this laboratoryt™,

Dicentric analysis

Measurcment of dicentrics was previously described
by this laboratery*-®, Briefly, cells were incubated with
colchicines and then fixed onto slides. Chromosomes
were stained with giemsa and dicentric chromosomes
were counted in [5N-500 chromosome spreads.

Induction of diceﬁtrics by DU

Human cells were incubated with DU-uranyl nitrate
and then processed for dicentric analysis.. Nickel and
tungsten were used as nonradioactive, metal controls.
HOS cells were exposed to soluble DU (0-30 pM) for
24 h. In a parallet experiment, cells were incubated with
nickel sulphate (0-30 uM, 24 h), a known carcinogen
and transforminy agent without' mutagenic activity in
vitro. The frequency of dicentrics measured after
incubation with DU or nickel is shown in Figure 1. A
DU-concentration-dependent increase in the yield of
dicentrics was observed. Microdosimtery calculations
indicate that there was a yield of approximately 0.30
dicentrics per cell and per Gy. In contrast, there was no
significant increase in dicentric frequency in cells
exposed to nickel (Figure 1). Since dicentrics are prim-

€.35
0.30 - —-0u
- Mickel
w 025 | |
i’! L/’
r 0205 T
- P4 .
§ o1st / l
& ool
! 1
oI S S
000G 1 1 ) I 1 _
0 0 20 30 40 30 2]

Concentration (M, 24 h}

Figure 1. Dicentrics irduced in human cells by DU-exposure.

Dicentrics were scorcd in expenentially growing human HOS

cells following exposure 10 DU-urany! nitrate () or nickel sul-

phate (#). Data are shown as number of dicentrics = standacd
errur.

Table 1. Summary of findings on DU and UMTA,

‘ Metal; Type of Study Paramzters Examined

Cutcome Authors

DU. in vivo
DU. i vitro
OU. m vno’
DU, i vive

Cinvoganes, uranium levels
Neoplastic transfonmaton
Urine mutagenicity

DU tissue divinbution

DU, in vive Neurotoxivicy
DUL HMTA Jin vitsedin vin Genntogicity
DU, in vitro Transfunnation

VITA. invitro

Transformaticn/gencionicity
AU, BMTA. in vira "

Genomiic instability

" HMTA induces transfusmation

Mulbler et af, {1996}
Miller er al. (199853
Miller e af, (1993)
Pellmar et al, (1999)

[ Cncogene exprassion with DU

DU induced neoplastic transformation
T Uiine 1outagenicity wah DU level
DU rzdistnbuted to multiple sites
Elecuophysiological bruin effects Pellmar o < (1999}
| gevotoxicity/genumic instubility Miller et al, 121000
1 uamforrumn/mum: nicity Miller eral. 12001,
Miller er ol 12001

| genotazcity /geannic instability Midier. tisi press?
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DEFL ETED UX l\ll, tAND RADIATVON S Cl."[C DAMICE .

arly indusad by aipesure o radiation it can be speeu
lated that DU exposure in vitro <an cause radiation-spe-’

cific dumuge. Our conclusions are ~upp~,n-d by the -

observabon that both nickel (Figwe 13 and tungsten

" st oot shawn) werz wnakle o incroase the dicennic

frequency atows backzroend fevels, The ocourrence of
Jicanunics ollowing vU avposuie Jues net, however,
definitively answee the questions as 0 whether alpha
paiticls rudiation’ is invelvad in DU-induced biolugical

" effzets sinez radiomimetic chemivals like bleomyvin can
induce Jicenirics. These data ar2 the first known evi-

dencs of the pus.xnbn-ly that mdmuu.l wnmbuxcs tv DL-
effcets i wiro, -
Effect uf uraniur isotopic concentration on
ntoplns(ic transformation’ '

zoplastic transformation was used as an endpoint
P

to d"knmm the zffect of cellular EXFOSUSC 1O urdnium
compounds délivered at cqual chemical concentration

‘but with different specific activities. HOS cells were

exposed to one of three-urany! nitrate compounds (***U-

. uranyl nitrate. specific activity 0.33 uCi.g™": DU-urany!

nitrate. specific aclmly 044 uCi.g™': and P%U-uranyl
nitratz, specific activity 2.2 uCi.g ‘\ delivered at a con-
centration ol 30 pM for 24 h, For thcse uranium com-
pounds microdosimetric calculations have estimated the
dlph.x particle equivalent dose to these cells within 24 h
in S0uM to be, 35cGy. 46cGy, and 227.5cGy.
espectively. The spontaneous transformation trequency
of HOS cells was also measured. The cells were then
processed to determine the number of transformants.
The results in Figure 2 demonstrate that there was a
specific activity-dependent inceease in transformation
frequency. under experimental conditions wher the
LEANeNR Loentraiiog ia zach uranl nitarie compound
wits the sume 130 pM). The transformation frequencizs
resuiting trom Sxposure te WU-arany b nitrate, DU-ra-
ned r..(..ht or P*U-teany | aitraee were (343 = 875 X
1072 per surviving cell, (1103 = 3.8) > 10°* per sur-
viving cell for DU-urany! nitrate, und (727.3 = §5.2)
X 10 *per surviving cell. ¢ espactively. The spontancous
transtormaticn fraquaacy of HOS vells was 5.2 = 0515
e l()"pcr surviving cell, The sudistically significent
diffsrence in transformation fraquency observed in cells
trzated with a DU versus a YU compuound with equal

- chemical effect suggests that the, difference in the fre-

quency was due to the increased radiouctivity in the
uranium compound tested. Similur to the diceatric
resultz, the transformation studies suggest that radiation
plays a rele in the DU-induced celivlar etfects.

{ Although the data indicate that radiation is imolved
in DU elfzcts in vicro, severzl uuestions remuin un-
answored. The extent to which radiation contributes to
the uflfects 2verted by DU is not known nor its mech-
anism (3) understood. Furthermore, ore cun unly specu-
late as to whether the radiation- and chemical-cftects
are synergistic. Limited studies have shawa that a nos-

‘m.lo Activa mcnl like L.nlmmm wmlnmd with ganuaa

radiation cail result in a synargistic response in m‘,m.
It is intriguing to ask \\h...h::r radiation actually play a
significant role in DU czliulur effects puh.ﬂp\ through
nontargeted  eftects  of “radiation “exposure?  Sevaral
recent radiation studi=s have demoenstrated the impertant
role that bystander effects have in cellular radiation
respanse by causing damage in unirradiated neighboring
cells‘ 142" [n the case of DU cells not traversed by an
alpha puiticle may be vilrerable to rdiation-induced
erfzcts as well as chemsically-induced etfecisd

While the data prascated here do not fully and
definitively answer the questicn as to the contribution
of radiation-induced dumage in DU cellular elicets, thay
do pravide the first evidence of rudiation involvement
in the cellular effects of DU .md therefore. potentially
in DU-associated hcal'h effeuts! Con\\der'.no that con-
ventional upderstanding of potential DU he alth ettfects
assumes that chemical etfects are of grzatest concern,

" these results and similar future results could have a sig-
‘ mhcanl impact on DU risk assessments. )
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