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DOES FLUTONIUM INTALE IN WORIERS AFFECT LYMFHOCYTE FUNCTION™

G=orge L. Voelz, Anita F. Stevenson, and Carleton C. Stewart
Los Alamos National Laboratory

Mai1l Stop + 404
Lo=s Alamos, New Me:'1co, B724%, U.S.A.

AESTRACT

Measurements of mononuclear cells 1n peripheral blood of persons
with long term internal depositions of plutonium indicate a
preferential reduction 1n suppressor T-lymphoc,/,tes (Tg) 1n some
1ndividuals. The decrease in Te cells 1s apparently due to
altered radiosensitivity, which 15 demonstrated in culturecd cells
subjected to i1n vitro »-ray ra_dxatxon. The increase 1n ratios
correlates with the quantity of plutomum deposition in these
subjects, but there are wide 1ndividuel differences.
Confirmatory studies are needed i1n other persons with long term
alpha or chronic gamma radiation e:posure. 1f confirmed, the
implications would 1nclude recognmtion of a potential mechanmien
for an enhanced immune system reactivity 1n some 1ndividuals

e poseda to chromec low level radiation,
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Lymphoid cells perform the unique functions of the
immunological defense system 1n man and ammals. Immunological
competence requires recogrnition of foreiqn antigens introduced
oy bacterial or viral infections or abnormal cells, production of
sp=acific antibodies, and regulation of the overall immune
response. The wvital function of this system can be no better
demonstrated than to witnese the lethal consequences o+t
infection or increased probabillity of cancer induction for
persons afflicted with acquirez 1mmunodeficiency syndrome (RIS,

Central to these 1mmune functions are lymphocyte cells.
These white blood cells can be identified in subsets suc!' as b
or T lymphocytes (E or T cells) and monocytes or macrophages,
In addition, the T-cells can be i1dentified as either helper
T-cells (T or suppressor T-cells (Ta). The Tun celle assist the
E-lymphocytes i1n 1dentitying antigens. The B-cells are
pr ecursors of antibody-secreting plasma cells, which produce the
necassary 1mmunoglobulin (Ig) molecules. The T4 cells inhib:t the
response vwhen not needed and prevent e::cess reactions.
Normally, there are about twice as many T, cells as Ta cells in

the blood.
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Several aspects of lymphocyte function male these celle
important i1n the study of radiation effects. First, lymphocytes
are the most radiocsensitive cells in the blood:; the decrease of
lymphocytes after acute high doses 1s a useful biological
dosimeter ‘-2, Second, although the radiosensitavity of
lymphocytes to high doses is easily recogniced, trnowledge of
celiular function after low dose radiation 1= nnot well Fnown.
Doria 3 points out our himited bnowledge to understand changes
in the 1mmune system after radiation exposures. Third, changes
1in 1mmunological function after repeated low level radiation
doses may affect long tera cancer risi, the major health effect
driving the radiation protection guidelines.

The purpose of this study 1s to enumerate the various
types of lymphocytes in persons e posed to chronic ionizing
radiation from internal p'utonium depos:ition compared with
nonexpose~ controls. The cultuw ed lymphocytes are also exposed
to in v:itro radiation to e:amine potential differences 1in
radiosensitivity of these cells as a result of prior radiation
e posure history.

METHODS

The study subjects were eighteen persons $from a group of
male worlersz who were expnsed to plutonium (Fu) at Los Alamos 1in
1924-1945, The average age of this irradiated group is 46 15
years. This group heas had periodic medical and radiological

measurer3nt studies since the 1950g'4:8:®, The unexposed



control subjects were 15 age matched male employees (age &4 4
years) without occupational radiation e:posure history.

Feripheral blood samples were taken from each of the
plutonium exposed persons and nonexposed controls. The
mononuclear cells were isolated and then divided into two
portions. The first portion was used to determine the lymphoid
subsets at the time of blood collection (Day 0). The cells from
the second portion were subdivided into three parts for x-ray
irradiation of ¢ (control), 0.5, or 2 Gy. These cells were then
cultured both with and without the mitogen, phytohemagglutinin
(FHA). Afterr &6 days in culture, the subsets were again measured
for comparison of cell survival under the several experimental
conditions. A detailed methodology for these studies has been
previously described‘”’.

Classification of subsets was accomplished by adding
monoclonal antibodies (MAbs) which are direct:d agseinst specific
cell surface markers, Separated mononuclear cells were laheled
simultaneously with fluoresceinated Bt (B cells), phycoerythrin
LeuZa (Te cells), LeuM? with Texas—-red goat-anti—-mouse Ig
(monocytes) and biotinylated LeuTa with allophycocyanin—avidin
(Tw). In addition, propidium iodide was used to identify and
ex=-lude dead cells from the analysis.

Flow cytometric analysis using 2-color excitation (488 nm
and 605 nm) was used to idenlify and to count the above types
of mononuclear cells. Five rolors of emission were detected,

corresponding to the four MAbs and propidium iodide color tags.



RESULTS

The number of white cells and mononuclear subsets from
peripheral blood wAas determined first. The mean total white
blood count was the same for the Fu workers (6500 cells/, 1) and
the controls (6200 cells/ul). The mean of the differential counts
of lymphocytes and monocytes was also nearly identical for Fu
workers and controls.

Figure 1 shows the T./Tae ratios at the time of blood
collection for each plutonium e:posed subject plotted as a
function of the estimated becquerels of internal Fu deposition
and for the controls. This figure shows a scattering of values
for some persons with the larger internal depcsitions of Fu. A
weal: positive dose/response relationship (linear correlation R =
.48) is present. Five of the 1B exposed individuals have ratios
from 5.5 to 19.4, which are above the highest ratio (S.1) observed
in the controls. The median values of the ratios on Dev 0,
however, are the same for Fu e:xposed persons and controls as
shown on Table 1.

The observed increased ratios are present in about half of
the individuals with long term Fu depositions of about S00 Rq or
more, This observation could result from individuals e:hibiting
different lymphocyte responues to alpha radiation, from variation
in alpha doses due to different distributions of plutonium
deposition in individuale, or from other unknown factors of human
heterogeneity. Additional data are necessary to confirm these

suggestions.



Peripheral bload mononuclear cells were cultured six days
to determine the in vitro radiosensitivity of lymphocyte subsets
after 0, 0.5, and 2 Gy of 250 kKvp 1—rays. In the unirradiated
cultures, seven of 18 Pu exposed workers (39%) had Tw/Te ratios
above &, which was higher than ratios recorded in all but one
control subject. The ratio increases were due to a decrease in
the number of Tae t2lls. Tu cell counts were at normal levels in
all individuals.

Irradiation of the cultures caused the Tn/Te ratios of the
plutonium workers to be at increasingly higher values compared
with the controls. The cultures after 0.5 Gy showed 9 out of 17
Fu workers (5I%) had ratios above 8.5 compared with only 2 of 13
controls (15%). Similarly, after 2 Gy, 10 out of 16 (627%) Fu
worlers had ratios above 20 compared with only 7 of 12 controls
(22%).

In addition, the higher ratios observed were always in Fu
exposed individuals aithough the lower ratios in the group
overlapped the frequency distribution of normal ratios. The
rumber of subjects 1n each group was small and the numerical
values of the higher ratios were widely scattered: however, the
n2dian values listed in Table 1 reveal the relative increase 1n
T/Ta ratics of the plutonium subjects after in vitro radiation
of lymphocytes. The increased ratios occur because of greater
radiosensitivity of Te compared to that of T. cells.

Mononuclear cells were alro irradiated with 0O, 0.5, and &

Gy in vitro and cultured for six days with FHA to determine the



radiosensitivity of stimulated lymphocyte subsets. The recsponze
of lymphocytes from Fu workers following in vitro irradiation in
the presence of FHA was compared with that of control subjecte.
After 0.5 Gy, 78B% of Twn celle from Fu workers survived whether
FHA was present or not. For controls, T. survival was less
(66&%) than for Pu workers, but survival was also unaffected by
FHA stimulation. In contrast, survival of Tg was greatly
increased for Fu workers and controls when stimulated with FHA.
The increase for Fu workers from S1% +5 without FHA to 97% 8
with FHA was significantly greater than for controls, 27% %
without PHA to 57 +9 with FHA.

In the presence of FHA stimulation, the radiosensitivity of
T cells did not change. The Ta cells, however, became much
more radioresistanty this occurred to a greater extent in Fu
exposed persons than in the controls.
DISCUSSION

These results suggest that there are measurable
differences in the several subsets of lymphocytes taken from Fu
e:posed persons compared with the controls. Although both Tk
Aand Ta cells are both radiosensitive, the Te are about 2 times
es sensitive as To cells., The most setribing observation in this
study is that the Tg celle have increaced radiosensitivity in
blood {rom somz perscns with long term e:;posure to the alph2
srradiation from Fu. Thise change is best demonstrated by
increases 1n T,,/Te ratios in cultured lymphocytes from Fu

woriers compared w)th the ratios in control persons. This



tinding is apparently due to an altered radiosensitivity of Ta
cells in the exposed persons.

Although the increased ratios are more apparent aftér in
vitro irradiation of the cultured cells, about =0 percent of the
Fu exposed persons had ratios in fresh blood samples
significantly above those of ege-matched controls . Are
increased ratios of this magnitude important in the functioning
of the immune defense? Although this study by itself cannot
answer the question, the presence of a high Tw / Te ratio may
indicate reduced Ta cell suppressible activity. A heightened Tu
action is then possible, which may produce an enhanced immune
defense mechanism for these persons. Such enhancement might be
significant because immunoreactivity i1s known to decrease with
age.

The Fu e:xposures of these workers were primarily by
inhalation of relatively insoluble particles. Radiation e:posure
of lymphocytes by Fu alpha particles occurs primarily in
tracheobronchial lymph nodes and bone marrow, although
peripher al lymphocytes may be exposed also in liver and luna.
Tissue studies have shawn that after inhalation e:posure, the
highest concentrations of Fu in the body are found in the
tracheabronchial lymph nodes‘®. The next highest concentrations
are found in the lung, liver, and bone. Two deceased Manhattan
District Fu workers have had measurements of Fu made in post
mortem tissue samples. The Fu distribution was found to be in

good agreement generally with the above description. Mclmroy ™



has also found that the red bone marrow contains about 2 to 4%
of the total activity found within bone.

The estimated whole body deposition of plutonium in 1-987
for the individuals in this study ranaes from SO to 2150 EBq (.4
to 85 nCi) with a median of 520 Rg (14 nCi). Although the actual
radiation doses to lymphocytes in these individuals is unknown,
the Fu distribution in the body and length of eiposure (42
years) suggest a chronic exposure by alpha particles.

A logical question i "What has been the health experience
of this group of plutonium workers™". Mortality is the principal
endpoint for which some comparison deta are available. The
standardized mortality ratio (SMR) of the 26 Manhattan District
plutonium workers for all causes of death is 0.44 (0%
confidence interval = 0.12 to 1.12) usiny e:xpected deaths
caiculated from mortality rates of white males in the U.S.
general population. For all cancer deaths, the SMR is about the
same (0.4%). In a similar analysis, mortality from all causes for
all male coworkers at Los Alamos employed in the 1945-6 period
is 0.70 (0% CI = Q.62 to 0.79) compared with white males in the
U.S. general population. From these data it appears there is no
e;:cess mortality of these plutomium workers. The data are too
sparse to determine if it is indeed less than e:pected.

Data on plutonium workers at the Rocky Flats facility
showed increased rate ratios for combined lymphopoietic and
hematopoietic cancers when compared with une:posed coworkers*<’,

Workers were deemed exposed if Fu deposition exceeded 74 Hq.



The highest rate ratio of about 10 (0% CI = 1.7 to 94) was
found when a five—-year induction time waszs used. Somewhat
lesser rate ratios were found at longer and shorter induction
times. This finding suggecsts the hematopoietic/lymphopoietic
cells may be at increased rish of cancer induction in Fu exposed
individuals.

Other invecstigators have used functional tescts of
lymphocytes to study persons exposed to e:xternal gamme
radiation. Liu et al %22 {found stimulation of immunologic
parameters, such as, increased plaque—-forming cell reaction, in
irradiated mice and in persons living in the high natural
background area in China. Eloom et al. a3 studied atomic bomb
survivors now residing in the United States. All four
parameters of cellular immune function tested showed greater
response in the radiation exposed group caompared with the
controls, but only one test, natural cell-mediated cytotou:icity,
was statistically significant. These data are fragmentary, but
suggest that in saome circumstances the immune sys 2m might be
stimulated by low-level 1onizing rediation.

COoHCLUSION

This study suggests that exposure to alphe particles from
int2rnally deposited Fu may preferentially reduce Te cell levels.
This reduced number af Tae cells may improve immunoreactivity in
aging humans. This observation needs to be confirmed with a
larger group of plutonium exposed individuals than reported here

and also individuals exposed chronically to low doses of external

- 10 -



gamma radiation. I+ such follow-up studies confirm reduced Te
cell levels after long term low level radiation doses, a simple
determination of Tw/Te ratio may provide useful information on
prospective long term biological response. Such a conclus-icm

will be dependent on correlatione made with on—-going humanr

epidemiologic studies of radiation workers.
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FIGURE LEGEND

Figure 1. Helper/suppressor T-cell ratios in fresh blood plotted
as a function of 1987 estimated Fu depositions. Solid circle at
0 Bg shows mean + S.D. for controls.



Table 1

MEDIAN VALUES OF T/Tg RATIOS

Fresh
Blood

Control Subjects 2.9

Pu Exposed 2.9

Six-day cultured cells

after radiation (grays)

0 0.5 2.0
3.3 4.8 10.3
5.4 8.8 22.9



