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OBSERVATION OF IRADIATION-SPECIFIC DANMAGE IN
HUMIAN CELLS EXPOSEI) TO DEPLETED URANIUM:
DICENTRIC FREQUENCY AND) NEOPLASTriC
TRANSFORMATION AS ENDPOINTS
A. C. Miller, J. Xu. M. Stewart, K. Brooks. S. Hodge, L. Shi, N. Pa^c and D. MlcClain
Applied Cellular Radiobiolog- Dzpertrrm.t, Ariled Force Radiobiology qResenrcl Insritute
Bethesda. 'MD 20S39- 553. LS.\

Ahstrict - DLelet-d uranium IDU) is a dense hetay metal to..cd primarily in raititirv applications Published data from our
laboratory have demronstrated that DU exposurc in xitro to imanntialised human oslm blas cells tNOS) is both neoplasticaliv
transfooning -and i tcrbzjoxic. DU oos-sscs b'oth a rad.'olagic~al (aphi-part c.cc) and chemical (ictal: counporent Since DU tas
a low specific activity in comparison to natural uranium, iu is not crnaidered to b: a significant radi.logical haiard. The potential
contoibution of radiation to DU-induced biological effccts is unktno%%n and the involvernent of radiation in DU-induced biological
cffecu;s could have sgai6iicant i;rl;ca:icns f.r curm.a risk rtimare.s :lr intemalited DU etrstilrr~ T%-., apprmaches ucre uscd
to address this questinn. Th: f-ieuency cf diccotrics wai measured in lIDS cells following DU ccpostrc iir tia7r . Data demon.

straled that DU exposure (50 p1kl. 24 h) induced a sic'nificanit ctcvjtion in dicentric Irequency in vig,*o in contrat to incubation
with the hravy nmetils. rnckel and tungsten %xhich did not increase dicentri; frcquenzy above backlrotmnd levIli.fUsing the same

concrntration t50 tLNI) of three uranyl nitrate compoundi that have different uranium isotopic concentrations 'and therefore.
different specific actixitics. the effxct on ncoplistictransfinrmativn i inmiirowasexatrinci. HOS cells uere expa scd toone ofthree-
uranyl nitrate compounds (a)U-uranyl tiitratte. specific actixitv 0 .3; Ci.g - i DU-uranyl nitratc. specific activity 0.44 ±Ci.g-': and
:'"U-uranyl nitratr. specitic activity '.2 1 Ci.'I delivered at a conctnuation of 50 gN1 for 24 h. Results showx cd. at equal urianium
concentration. there was a specitic activity dependcnt increase in neoplastic transformation frequency. Taken together these data
suggest that radiation can play a role in DlJ-induced hiolceical effects in ritro.:

INTRODUCTION

Several US military personnel participating in Oper-
atinn Desert Storm were wounded in friendly fire acci-
dents' and currently have retained large fragments
(approximately 2-20 mm) of depleted uraniulm (DU) in
;h-f rtb~ov i~s Dl;'. ti: 6;:; i-W itar%~ upoplica:rl .:rlJ-
. ide could result in sutdici - * idh irnbeddced huavy rnit.il
shrapnel. Chemically similar to natural uranium"'. DU
is a lov. specific activity heavy metal. wi:h a denii:.
approximstely 1.7-times tha.t of lead (19 2.cm-; as
aoainst 11.35 i.cmrt ). DU dJitfers fronm natural uranitim
in that it has bcen depleted of ':'U and -"'U. As a result.
the specific activity of DU is significantly less than natu-
ral uranium 10.44 ;Ci g-' rather than 0.7 l.Ci.g'.
respectively "'.

The acute and long-term heahlh effects of exposure to
these heavy ntetals are unknown. Our laboratory has
used both an .in *iiit human cell-model and rodent
studies to examine'the potential lace health effects nf
these heavy metals. Data from our laborutory have dem-
onitrated that DU i:; neoplasticalh transforming anti
genotnxic ibt 0itrg. The in rivc* effccts of internalised
DU include enhancement of urine mutaugenic icy on-
covene activation. and uraniuni redt.itribution to mul-

. I .

tiple organs. A review of our findings is shown in
Table I1"'".

DU. unlike natural uranium, which is considered to
be both a radioloeical and a chemical (heavy-rteta!
hazard"'. is not believcd to be a significant radiation
1hazard because of its lovw specific activity. Studties with
Dtl! iii uti. lb.atnrtry dztncn;mratcJ treopla: nn:e ;ran 4
furm-::on of hunian eels utr.drr condifians itt vwhi;h
apprvo.ximatzly 147e or the DU-exposed cells were trans-
Iornmcd but with Icss than 5s7 of the DU-expowed cells
actually being traverscd hy an alpha particle'4-'. These
findings suggest scveral possible explanations. First. the
chemical effect of DU could be primarily responsible
for the transforrrming eft'cts. Alternatively. alpha par.
ticl:. coul-d be insolved in the transformation process
bezausc of the involv-eent of non-targeted effects like
the bvstander effect or induction of genonlic instability.
These non-targeted effects can re:.ult in damate in cells
not traversed by an alphua particl:. Lastly. it could be
that DU transforination insolves chemical.'targeted radi-
ation. and non-targeted radiation effects. Whatever the
mechanism. the involvetent oft rawiation in DU-induccd
biological resptimxes could have potential implications
for current risk estimates for internalisrd DU cxposure.

Therefore. a study has been uttdertakten to address thc
question as to %%hether radiation plays a role in DU-
induzed damacte. First an e.xamlination is carried out to
determine *whether DU exposure catn induce dicentrics.
a lesion believed to be primarily induced by radiation or

:an Ktrkhoff. E. It. v.an
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raiiatio-nliintetic drugc. Sccondly. three uran I nitrate
compounds have becn obtained that have different uran-
iu;n isotopic concentrations and !herefore, different spe-
cific activities. Using these compounds. that each have
equal chemical effect, the contribution of increased spe-
cific activity at conslant uraniuim-chemical efccta can
be assessed,

In thic study. it is demonstrated that DU exposure to
human cciis in I;lro induces dicentrics in human ccll;.
Uranyl nitrate compounds at the same chemical concen-
tration, but different specific activities. caused a specific
activity-dcpeident increase in neoplastic transforanation.
Taken together. these data suggest that radiation plays
a role in DU effects observed in ritro.

MATERIALS AND METHODS

Cell culture

Human ostecblast cells (HOS). an immortalised
attached cell line. were cultured and used as previousIy
described"' 3 1$. Exponentially arowing HOS were used
in all experiments.

7....

Transformialion

Thi standard focus formation assay described bv
Reznikolf Cti c '' and others'` 'as use'. Transform-
ationi and cronwth studies have be-n previously desribed
in detail by this laboratory','.

Dicentric analysis

Nleasurcment of dicentrics was previously described
by this laboratory!"'. Brielly, cells were incubated with
colchicincs and then fixed onto slides. Chromosomes
vAere stained with giemsa and diccntric chromosomes
were counted in 151)-500 chromosome spreads.

RESULTS AND DISCUSSION

intluclion or dicentrics hy DU

Hutnan cells were incubated with DU.-uranyl nitrate
and then processed for dicentric analysis.. Ni;ckel and
tungsten were used d5 nonradioactive. mctal controls.
HOS cells vvere exposed to soluble DU (0-50 RNtO fnr
24 h. In a parallel e~xpeiimcnt. cells were incubateJ wvith
nickel sulphate f 0-0 AM. 2I4 h). a known carcinogen
and transfornin. agent without mutagenic activity in
hiiro. The frequency of dicentrics measured after

incubation with DU or nickel is shown in Figure 1. A
DU-conccntration-dependent increasc in the yield of
dicentrics was obserned. Nlicrodosimtery calculILtions
indicate that there was a yield of approximately 0.30
dicentrics per cell and per Gy. In contrast. thcre was no
significant increase in dicentric frequency in cells
exposed to nickel (Figure 1). Since dicentrics are prim-
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Fieure 1. Dicentrics induced in human cells by DU. exposure.
Dieentrics were scoced in exponentially growing human IIOS
cells follouoinm exposure to DU-uran)l nitrate (.) or nTickel sul-
ptiate t* 1. Data are shown as number of dicentric. = standard

error.

Table 1. Summary of findings on DU and INIMTA.

MNetal; Type of Study Pararmnterc Examined Outcome Ajzhors

DU. ir iviwp COntogenes. uranium Iesels I Cncogcne cxpreswion *-.ilh DU 1l`Lter re ol. (1996,
DU. in vitir Nuoplatic transfonaiation DU induced necplstic transformation Miller riot. (tN91
DUL. tit ino Unne mutagcnicity I ULine anutagenicity with DU level Miller et cil. (19931
DU. in Vilo DU tissue distnbution DU r-.ditnbutic to multiple Sites Pellmrnr et ri!. (1999)
DU. in vi;va Ncurotoxicir Elec!tophysiological brain efficts Pt'lmara .'; (11999
DlI.:. IfM.TA ih' :V-i.tl:n rita Genotrxicity I yetotoxicitvyienumic instabi'ity Miller el a!l, 12tiOA
DU. in ritzs Transfvonnation I transfonaaocn/ruiaecnielv Miller a 01. t2Cil,

'ITA.. ill irfi Transorrmat.orJ':nninxlciay HNITA inJuces transflrnaition NliIler et a!. 1t2L1)
,]tJ, EMITA. ilr vitru CiCMnjlic instariliry " genotuu:it~/g~noinic intwzbiRti) tli!ier. ii;; press)
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ElTclt Of uralliurn isotopic concentration on
neoplastic transformation'

Ntopla-tic tran;rormiatkon wa., ucd as an endpoin:
to dcemlline the effect of cellular exposurc to uraniuin
compounds delivered at equal chemical cottcentrati)fn
but with different specific activities. HOS cclls were
exposed to one of three-uranyl nxitrate compounds (nsfU-
uranyl nitrate. specific acti'ity 0.33 p.Ci.g-': DU-uranyl
nitrate. specific activity 0.44 iCi.g',;, and :"U-uranyl
nitrate, specitic activity .2 sCi.g') delivered at a con-
centration of 5l) p.Ml for 24 h. For theze uranium com-
pounds tnicrodosimetric calculations hlave estimated the
alpha particle equivalent dose to these cells' within 24 h
in 50 I.M1 to be, 35 cGv. 46fcGy, and 227.5 cGy.
r-specti ely.'The spontaneous transformation frequency
of HOS cells was also measured. The cells were then
processed to Letcrmine the number of transformants.
The results in Figure 2 demonstrate that there was a
specific actisity-dependent increasc in transformation
frequency. under experinicrncal cunditions %, here ihi

'em C:entra n in .iCn urar;:l nilnJ;_ cr4n0ound
,,war the Samle i ,M gm). Thhe tranisformation frequen.cies
rcutin tfrom ex.posure to :'`L-uran. I nitrate, DU-'irai-
snyl r.tr~lte. ol S"U-uranyl nitrate x'cre (34.5 = I.7O X

I per survi'irin cel, ( 11'.t3 - $.6i >x 10-; per iur-
'.iving cell for DLI-uramitl nitrate, and (727.3 t -5.2)

X It) 'pe:r urviving cell. rcSpectie:Iv. The spontanccu.i
transtiorratiln fretluctcv ef HOS celi was i5.2 ' 0.51',
x 10'per sum!i'ing cell. The statistically si-nificant
differeace in transformation Friluency obs;.-v:d in ceils
treatcd .%ith a DU versus a '"U compuund wvith cqual
chemical effect su!,emts that thediffcrence in thie flr-
quency was due to the increased radioactivity in the
uranium compound tested. Similcr t,! the dicentric
rcszmlt^, the transformation studies suce-eet that radiation
plays a rele in the DU-inJuced cclbulkr .ffects.

WAlthough the data indicate that radiation i; inxolvcd
in DU efJtcts itn tiniir. sc~eral auestions remuai un-
ans.cred. The e.xenit to w hi-h radiation contributes to
the: cffects exerted by DU is not knowxn nor its mIe.h-
anisnm (s) understood. Furthitmnore, one can only vpecu-
late as to .whether the radiation- 4nd LhCrical-C'icictl
ate r mnefeistic. Lihnitd studici have sh:own that a 3101-

rldioactiZ MCetatl like cadfmiuil combined with gailtuna
radiatioll cali re~ult in a ivnergistic response i l
It is intriguing to a.i '.;kher radi:tion actuall; plu% a
sicniticant role in DIJ ce1lulur fTeCLI. perhCalps ti[ough
,iontaryettxl effectS of radliatinn XPosurw' Sev'era
recent radiation .mtudics have d.emonitrated the intportuant
rol tilha hystander effects haie ':1 cellular radiatioll
response by causisng dantiage in unirradiated nei-ghborin .
cells''4-l". In the- case cf DU, cells nut tra-ersed by an
alphal paiticla may be tullnerablc to radiation-indluced
eV'fLts as well as chemi'cally-induced effects)

WhIile the data pr-C;.cNtd here do not fully and
detinitively answxr the question as lo the contribtution
of radiation-induced damage in DU cellular effccts. thev
do provide the first evidence of radiatioit involvement
ill the cellular effects of DU and. therefore. potentially
in DU-asscciated health effects.Considering that con-
venltiotal underztaciding of pwtential nU heaith efftects
assumrs that chemical etfects are of greatest concern.
these results and similar future results could have a sig-
nificant impact on DU risk assessments.)
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