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DIVISION DIRECTOR'S MESSAGE

Eliezer Huberman, Director

The Division of Biological and Medical Research (BIM) at Argonne National Laboratory
conducts multidiseiplinary research aimed at defining the biological and medical
hazards to man from energy technologies and new energy options, These technically
orientec| studies have a strong base in fundamental research in a variety of scientific
disciplines, including molecular and cellular biology, biophysics, geneties, radiobiology,
pharmacology, biochemistry, chemistry, environmental toxicology, and epidemiology.
Our staff is made up primarily of biologists, biochemists, and biophysicists with ex-
pertise in a variety of multidisciplinary areas, complemented by various suppert
persons including pathologists, hematologists, toxicologists, veterinarians, statisti-
cians, computer analysts, and engineering specialists.

On October 1, 1984, tne Center for Human Radiobiology was transferred to BIM from
the Environmental Research Division to become the Human Radiobiology Section,
providing additional scientific expertise and specialized facilities to the Division. The
Division is now organized into five scientifie sections: Carcinogenesis, Human Radio-
biology, Low-Level Radiation, Molecular Biology, and Toxicology. The sections are
further divided into groups, as illustrated in the organizational chart on p. ix. The
sectional organization emphasizes broad scientific relationships and encourages inter-
actions and scientific collaboration among staff members with related interests. Each
section holds regular seminars and discussion sessions, which persons from other
sections are encouraged to attend.

This research summary is organized into six parts. The first five parts reflect the
Divisional structure and contain the scientific program chapters, which summarize the
activities of the individual groups during the calendar year 1984 and the first half of
1985. To provide better continuity and perspective, previous work is sometimes
briefly deseribed. Although the summaries are short, efforts have been made to
indicate the range of research activities for each group. Each of the scientific chap-
ters is followed by a list of relevant publications of the staff members for this same

period. Also included are publications that were accepted for publication as of
June 30, 1985.

The final part of this report contains chapters that provide further information about
the Division. They deseribe our specialized facilities, present the various graduate-
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and undergraduate-level educational activities, list the Divisional seminars presented
by visiting and in-house speakers and the principal outside talks given by staff mem-
bers during 1984 and the first half of 1985, indicate the joint and adjunct appointments
at colleges and universities and other professional activities of BIM staff members,
and provide an inelusive listing of Divisional publications--journal articles, books or
book chapters, and reports--from the beginning of January 1984 through June 1985.
The last chapter lists the staff and the governmental agencies supporting each of the
Divisional groups.

Divisional staff members have been active in the organization of international sym-
posia and programs. Thomas M. Seed was one of the three organizers of the program,
"The Ultrastructure of Radiation-Induced Injury in Cells and Tissues," which took
place during the Seanning Electron Microscopy meeting in Philadelphia on April 20,
1984. "The Third International Symposium on Two-Dimensional Electrophoresis Pro-
tein Mapping," organized by Sandra L. Tollaksen, Norman G. Anderson, and N, Leigh
Anderson, was held at Argonne from June 10 to 14, 1984, The Argonne National
Laboratory International Symposium, "The Role of Chemicals and Radiation in the
Etiology of Cancer," dedicated to the memory of Charles Heidelberger, was organized
by a committee from the Division, consisting of Thomas E. Fritz, Colin K. Hill, Carol
A. Jones, Carl Peraino, and myself. A volume incorporating papers from this sympo-
sium was published by Raven Press in July 1985.

During this period, BIM staff members were honored for & variety of accomplish-
ments. William J. Eisler, Jr., received a 1985 University of Chicago (U. of C.) Out-
standing Service Award. This award, established last year by the U. of C. Board of
Governors for Argonne National Laboratory, recognizes individuals who have, through
exceptional contributions in the areas of service or administration, furthered the goals
and missions of Argonne. Christopher A. Reilly and Bruce A. Carnes were among the
first recipients of the newly established Argonne National Laboratory Pacesetter
Awards designed to recognize excellence in performance. The Pacesetter Award was
presented to Chris Reilly for his outstanding and extraordinary effort in successfully
developing a Laboratory-wide proposal for treaty verification. Bruce Carnes received
his award for extraordinary effort expended in support of the National Cancer Insti-
tute/Department of Energy interagency agreement evaluating the effects of radiation
on tumor induction and life shortening. Carol S. Giometti received the 1984 Young
Clinical Chemist Research Award from the American Association for Clinical Chem-
istry for her work with tropomyosin variants. N. Leigh Anderson was selected by
Science Digest as one of the nation's 100 most promising young scientists and was
included in a comprehensive article in the December 1984 issue describing their
research and views.

Future research efforts are planned to ecomple ment our existing programs, with con-
tinued strong emphasis on studies involving both the cellular and molecular mecha-
nisms underlying the damage to DNA caused by ehemicals and radiation and the pro-
cesses involved in DNA repair. Research activities in molecular biology, biotech-
nology, and biophysies will be expanded, and interdiseiplinary research collaboration,
both within the Laboratory and with university and industrial participants, will receive
continued strong encouragement. We look ahead to a productive and challenging year.
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Carcinogenesis

Gene Expression and Carcinogenesis
Hepatocarcinogenesis

Mammalian Cell Biology

Metal Carcinogenesis

The research conducted in the Carcinogenesis Section encompasses a wide vari-

ety of studizs focused on the mechanisms underlying carcinogenesis induced by
- chemicals and radiation. The Hepatocareinogenesis Group has ‘developed a rat

liver assay system; this system, in which biochemical markers identify small foei

of preneoplastic cells, is used to test presumptwc tumor -initiators and pro-

moters, analyze the séquential changes occurring in the liver. durmg the neo-
/ plastlc process, and investigate the nature of the gene-control prooesses ‘that are
. funetlonally linked to the expression of neoplasia. (See Chapter 1.) -

The role of toxlc metals, specifically arsemc, in carcmogeneSIS is bemg mvestl-
gated by the Metal Carcinogenesis Group in studies of the mductmn of skin
‘cancer. This group is also examining new approaches to dellver che‘atmg agents

. for the removal of toxic metals from- their storage organs. Thelr research is
‘described in Chapter 2.

To study organ specificity in chemical carcmogenems, the. Gene Expresswn and
CarclnogeneSIS Group is testing carcmogens/mltlators for thelr blotransforma-
tion into reactive metabolites by cultured cells derwed from ‘various organs. In
‘addition, they are investizating the nature of carcmogen-mduced genetlc damage
by using a family of defined genetic targets constructed- by recombmant DNA
techniques. Other studies involve the testmg of tumor promoters for thelr‘
ability to induce cell differentiation in varlous human cell | 11nes. Chapter 3
presents this research. All of these studies are des1gned to 1dent1fy eritical
cellular and biochemieal events involved in the induection of neoplasia. -

The mechanisms underlying radiation-induced cell death, mutatlon, and neoplas-
tie transformation are currently being studied:by the Mammallan Cell -Biology
Group in several cell culture systems. Of. partlcular mterest are the: effects
caused by low-dose-rate and fractionated 1rrad1atxon. Inhlbltors, promoters, and . -
radioprotective compounds are used as a means’ of 1dent1fymg the' speclflc

genetic or biochemical events invelved. in rad1atmn~mduced damage. . (Seo
Chapter 4.) : ~ SRR
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The objectives of our studies in hepa-
tocarcinogenesis are to (1) analyze the
mechanisms of liver tumor initiation
and promotion and (2) develop our
experimental liver tumorigenesis
system as a rapid bioassay for carcin-
ogens and promoters. In two comple-
mentary experimental approaches we
are (1) determining the morphological
and biochemical characteristics of
hepatocytes undergoing the successive
stages of tumorigenesis and (2) inves-
tigating the nature of the gene control
processes that are functionally linked
to the expression of neoplasia.

Our tumorigenesis studies involve
administering a single dose of a tumar
initiator to newborn rats, then, begin-
ning at weaning, the continual feeding
of tumor promoters. Histochemical
analysis of the liver reveals the early
formation of small foei of liver cells
with biochemical markers like those
present in most liver tumors. Histo-
chemical information is then eom-
pared with tumor incidence data. This
new treatment protocol has enhanced
the ability of the liver system to
detect environmental careinogens and

1. MECHANISMS OF HEPATOCARCINOGENESIS

C. Peraino, Principal Investigator N
B. A. Carnes, 4. M. Burcham, 8. D. Vesselinoviteh,
J. A. Blomquist, V. A. Ludeman, A, M. Prapuolenis,
J. J. Russell, and E. F. Staffeldt

is faecilitating the analysis of the eriti-
cal changes in liver cells associated
with the onset of neoplasia.

Our gene control studies involve com-
paring the control mechanisms for two
adaptive hepatic enzymes that under-
go dissimilar adaptive changes in
tumors. Changes in enzyme synthesis
rates, funetional mRNA levels, and
transeribable gene content associated
with the responses of these enzymes
to adaptive stimuli in normal liver are
measured. Perturbations in these
regulatory processes during the
development of liver tumors can then
be examined to gain insight into the
essential molecular differences be-
tween tumor and normal tissue and to
aid in designing short-term assays for
identifying tumor-inducing chemicals.

In our carcinogenesis program, we
continued to refine our experimental
rat liver tumorigenesis system. Our
prineipal observations were as follows:

1. The yield of gltered hepatocyte
foci was directly proportional to the

E3
Professor, Departments of Radiology and Pathology, The University of Chicago,

Illinois.




amount of neonatally administered
hepatoearcinogen (diethylnitrosamine)
over an eightfold dose range (4-32 ug
per gram body weight).

2. Full response to the hepatocar-
cinogen, in terms of focus produection,
was observed by 49 days after treat-
ment, irrespective of dose, i.e., focus
frequency reached dose-dependent
plateaus at this interval and remained
constant for the duration of the
experiment (469 days). The mainte-
nance of these plateau levels despite
the continued ingestion of the promo-~
ter, phenobarbital, supports our prior
conclusion that phenobarbital does not
initiate neoplastic ehanges.

3. Although the yields of foci
inereased with increasing csreinogen
dose, focus histochemical phenotypes,
as indicated by the relative expres-
sions of eight markers in the focus
population, remained constant. This
observation suggests that the factors
determining the expression of histo-
chemical markers in the foci are not
sensitive to carcinogen dosage.

4. In carcinogen-treated rats, com-
parison of focus yields and phenotypes
in the presence and absence of dietary
phenobarbital showed that phenobarbi-
tal treatment inereased focus produc-
tion and, in eontrast to ecarcinogen
treatment, also increased the number
of markers expressed per focus (phe~
notypie complexity). Thus, promotion
apparently facilitates the emergence
of the phenotypically more ecomplex,
i.e., less differentiated, foei that were
initiated by prior earcinogen treat-
ment but may require additional pro-
moter-mediated events for expression.

5. Rat strain comparisons showed
that Sprague~-Dawley rats were more

responsive than Fisher 344 rats with
respect to focus and tumor produc-
tion. Moreover, marker expression
was somewhat higher and distributed
differently in the Sprague-Dawleys
than in the Fishers, suggesting that
the strain differences may involve the
mediation of expression rather than
initiation.

6. Substitution of standard labora-
tory rat chow for our usual semisyn-
thetie experimental diet produced a
substantial reduction in focus yield,
suggesting that the crude vegetable
constituents of this diet may contain
antineoplastic agents. This observa-
tion underlines the importance of
using well-defined diets in tumori-
genesis experiments.

7. Exposure of rats to gamma radia-
tion induced small but significant
numbers of foci; the incidence of
these foei was significantly reduced if
the rats were treated with the radio-
protector S-2-(3-aminopropylaminoc)
ethyl-phosphorothioic acid (WR-2721)
30 min before irradiation. Combining
the radiation treatment with diethyl-
nitrosamine administration synergis-
tically increased focus yield, although
this response declined with increasing
doses of radiation. The magnitude of
the synergism differed with different
focus phenotypes. The results suggest
that chemical earcinogens and gamma
radiation affect different components
of the mechanism of focus induetion.
(See also Chapter 9.)

8. Topical applications of coal-
derived materials, beginning at wean-
ing, to the backs of rats treated at
birth with hepatocarcinogens substan-
tially increased hepatic focus yields
but had no effect in rats not treated
with carcinogen. These observations




represent the first indieation that
systemic neoplasia may be influenced
by dermal exposure to chemicals.
(See also Chapter 18.)

9. Comparisons of the histochemical
phenotypes of morphologically distin-
guishable carcinogen-induced hepatic
lesions showed that the oceurrences of
the least-deviated morphologic

stantial shifts in histochemical pheno-
types toward greater complexity, in
comparison with the phenotypes of
histochemically detectable foci that
were morphologically invisible. The
various morphologic lesions, from the
most to the least difrerentiated, had
greater phenotypic resemblance to
each other than to the purely histo-
chemiecal foei, although the morpho-
logic lesions did show suceessively
increasing phenotypic complexity with
inereasing morphologic deviation from
normaley.

Collectively, our results have shown
that a single carcinogen treatment
followed by promotion produces a
spectrum of lesions ranging from mor-
phologically invisible but histochemi-
cally detectable to morphologically
neoplastic. By studying the distribu-

Pubiieca.ions

1984

tion of phenotypie properties in this
population of lesions as a function of
clearly defined modifying factors
(e.g., gamma radiation, phenobarbital,
rat strain) acting genetically or epi-
genetically, we can gain insight into
(1) the relationship between different
types and degrees of DNA damage and
the initiation of specific types of
cellular alteration, ineluding
nec;igsia, and (2) the mechanisias by
which the expression of these altera-
tions is controlled.

Our studies of mechanisms conitrolling
the synthesis of rat liver ornithine
aminotransferase and serine dehydra-
tase have progressed to the point that
we can assay the funetional mRNA
levels for each enzyme with a cell-
free translation system. Using such
assays, we have observed that the syn-
thesis of a given enzyme can be regu-
lated at the level of mRNA transerip-
tion or at a post-transeriptional stage,
depending on the nature of the adap-
tive stimulus. Refining this system
should help us to determine the gene
control sites suseeptible to modulation
under physiological states and during
exposure to agents that influence neo-
plastic expression.

Peraino, C., E. F. Staffeldt, B. A. Carnes, V. A. Ludeman, J. A. Blomquist, and

S. D. Vesselinoviteh

Characterization of Histochemically Detecteble Altered Hepatocyte Foci and
Their Relationship to Hepatic Tumorigenesis in Rats Treated Once with
Diethylnitrosamine ar Benzo(a)pyrene within One Day after Birth

Cancer Res. 44, 3340-3347 (1984)




1985 through June

Peraino, C., E. F. Staffeldt, B. A. Carnes, V. A. Ludeman, J. A. Blomquist, and
S. D. Vesselinoviteh
Relationship of Histochemically Detectable Altered Hepatocyte Foci to Hepatic
Tumopigenesis :
Proceedings of a Symposium organized by the Hungarian Cancer Society and
the [ARC, Budapest, Hungary, May 16-18, 1983, Models, Mechanisms and
Etiology o Tumour Promotion, M. Bérzstnyi, N. E. Day, K. Lapis, and
H. Yamasaki, eds., 1984, University Press, New York, NY, pp. 37-55

Accepted as of June 30, 1985

Ehret, C. F., C. Peraino, J. C. Meinert, and K. R. Groh
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The objectives of this program are to
(1) develop and establish animal
models for the investigation ¢f metal
tumorigenesis, (2) define the specific
role of metal compounds in the pro-
cess of tumor induetion, and (3)
develop new approaches for delivering
chelating agents to effectively
remove toxic metals from their stor-
age organs.

Qur current studies on the role of
metals in tumor induction foeus on
arsenie. In studies of earcinogenesis
of the skin, mice are first treated
with a tumor initiator (physical or
chemical) and then with a skin tumor
promoter. Beginning at the time the
mice are treated with initiator, they
are also given arsenic at different
levels in their drinking water. The
riice are then monitored for the
development of skin tumors. In hepa-
tocareinogenesis studies, rats are
similarly exposed to arsenic in the
drinking water, injected with a hepa-
toearcinogen, and then fed phenobar-
bital as a promoter. The livers are
examined histochemically at intervals

2. ROLE OF METALS IN COCARCINOGENESIS AND THE
USE C* LIPOSOMES FOR METAL MOBILIZATION

’

-

Y. E. Rahmar}‘, Principal Investigator
M. M. Jonah, P. A. Lagocki,™ and E. A. Cerny

for the development of preneoplastie
foci.

Two experiments testing the corarci-
nogenic action of arsenic in the
induection of skin cancer in SKH:hair-
less-1 mice have now been com-
pleied. Ultraviolet radiation (UV-B,
270-400 nm) was used as a physical
skin tumor initiator; 7,12-dimethyl-
benzfa]anthracene (DMBA) was used
as a chemical initiator. The following
results were obtained:

1. Arsenic at nontoxic levels

(< 40 mg/L) in the drinking water
given eoncomitantly with ultraviclet
radiation (UV) and 12-O-tetradecanoyl
phorbol-13-acetate (TPA) (a known
tumor promoter) treatment signifi-
cantly increased the number of skin
papillomas and squamous cell carcino-
mas.

2. Arsenic at subtoxic levels

(49-60 mg/L) given concomitantly
with UV followed by TPA treatment
almost totally inhibited the induction
of both papillomas and carcinomas.

—
1:Present affiliation: Rosary College, River Forest, Illinois.
Present affiliation: Abbott Laboratories, North Chicago, Illinois.



3. The number of papillomas
increased very rapidly in mice given
either DMBA + TPA or DMBA + TPA +
arsenie (10 mg/L), while no papillomas
were observed in groups of mice given
one of the followirg: DMBA alone,
arsenic alone, TPA alone, TPA +
arsenic, and DMBA + arsenic.

4. Threc weeks after the last TPA
application, we observed ar average
¢! 10 papillomas per mouse in mice
given DMBA + TPA, and 17 papillomas
per mouse in the mice given DMBA +
TPA + arsenie.

5. In the DMBA + TPA + arsenic
group, 100% of the mice had skin
papillomas by one week after the last
TPA application.

6. About 5-7% of the papiilomas
assumed the morphology of squamous
cell carcinomas in both groups of mice
given either DMBA + TPA or DMBA +
TPA + arsenie.

These results clearly show that
arsenie plays an important role in skin
carcinogenesis.

We have also initiated an experiment
to define the specifie role of arsenic
in skin tumorigenesis. Arsenie could
serve as a cocarcinogen, with its
amplifying action on the initiator
DMBA, or as an incomplete promoter
(or seccnd-stage promoter), with its
action on the promoter TPA. To test
the possibility that arsenie functions
as an incomplete promoter, we used
the classic two-stage protocol of pro-
motion. Animals were first treated
with DMBA, then low doses of TPA
were applied for short periods. This
treatment was followed by long-term
treatment with various nontoxic levels
of arsenie (2.5 to 20 mg/L) given in

the drinking water. Preliminary
results of this experiment indicate
that arsenic given after initiation by
DMBA does not enhance the induction
of skin tumors, thus suggesting that
arsenic does not function as a second-
stage promoter. However, further
experiments with larger numbers of
mice are needed to confirm this
finding.

In characterization studies of preneo-
plastic cells, we have compared the
endocytie properties of normal and
preneoplastic liver cells isolated from
rats given diethylnitrosamine (DEN)
followed by phenobarbital and injected
with multiple doses of iron-dextran.
Because normal hepatocytes selec-
tively take up the iron complex, we
were able to use a Percoll gradient to
separate the preneoplastie cells from
the denser normal hepatocytes. Using
liposome uptake to test the endocytic
capability of the cells, we showed the
following:

1. Preneoplastie czlls average ~20 um
in diameter, while normal hepatocytes
average ~15 um.

2. Both normal and preneoplastic
hepatoeytes clearly exhibit endoeytie
capabilities.

3. Given the same surface charge,
large unilamellar liposomes are more
effectively taken up by hepatocytes
than are small unilamellar liposomes.

4. The endocytic capability of pre-
neoplastie cells is significantly
greater than that of normal cells.

5. Partiele rigidity is an important
factor for endceytie stimulation in
preneoplastic hepatoeytes.



6. Incubation at 4°C results in a more
than 90% reductien in lipesome uptake
in both normal and preneoplastic cells.

To develop new ways to mobilize toxie
metals from storage organs of ani-
mals, we are using two approaches to
experimentally produce iron overload-
ing in mice: (1) Iron overload in the
reticuloendothelial system is produced
by administration of heat-damaged
S9Fe-lnbeled red blood cells. {(2) Iron
overload in the liver parenchymal
cells is prod:*~ad by administration of
purified S9Fe-labeled ferritin. Lipid
vesicles (liposomes) differing in size
and lipid compeosition are used to
encapsulate various metal chelators
for deiivery to these specific metal
storage organs. Short-term cultures
of liver parenchymal cells and perito-
neal macrophages are used in in vitro
studies of liposome-cell interactions.

Without exception, the chelating
agents in clinical use today were
introduced before 1960. Despite great
research efforts by numerous investi-
gators, no new chelating agents have
been characterized or accepted into
the elinic for more than 20 years. The
ideal properties of chelating agents
are well kniown, and ideal metal che-
lating agents have been synthesized;
urfortunately, these synthesized
agents are either ineffective or too
toxic to be useful in vivo. Using the
liposomes to deliver metal chelating
agents, we have demonstrated that
the ideal properties of a chelating
agent can be expressed in the complex

and competitive in vivo environiment.
We have not only demonstrated that
the chelating effect of desferriox-
amine (DF), the iron chelator of
choice for clinical use, can be signifi-
cantly enhanced by liposome encapsu-
lation, we have also identified a new
lipophilie ehelator, N,N'-bis [2-hy-
droxybenzyl]-ethylenediamine-N,N'-
diacetic acid (HB£D), and dernon-
strated that it is far superior to DF.

In the past year, in collaboration with
Ivan Schuller of the Material Seience
and Technology Division, we have also
worked out an in vitro microanalysis
method for iron in biological samples
with the use of a superconducting
quantum interference device
(SQUID). An invention report has
been filed with the Department of
Energy on the basis of the preliminary
results obtained from this study.

In summary, during this year we have
further defined the role of arsenie in
skin tumorigenesis. Arsenic does not
function as a second-stage promoter;
instead it appears to serve as a cocar-
cinogen. We have successfully iso-
lated a population of preneoplastic
focus cells from DEN-treated rats and
have characterized some of the pro-
perties of this group of cells. We have
also identified a new lipophiliec metal
chelator, HBED, and found it to be far
superior to DF, the iron chelator of
choice in clinical use since 1960. In
addition, we have developzd a new and
rapid method for the microanalysis of
iron in biological samples.
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3. THE CONTROL OF MUTAGENESIS AND CELL DIFFEREN-
TIATION IN CULTURED HUMAN AND RODENT CELLS BY
CHEMICALS THAT INITIATE OR PROMOTE TUMOR

E. Huberman, Principal Investigator
C. A. Jones, S. Maeda,

G. L. Murison, M. Stodolsky,

F. Collart, J. P. Hardwick, Y. Homma, K. Kiguehi,
C. T. Oravec, F. Qian (Chien), M. F. Callaham,
C. B. Henning, and B. A. Sedita

The pregram objeetives are to (1)
study, in cultured human and rodent
cells, the cellular and molecular
events that govern the processes of
tumor initiation and promotion in ear-
cinogenesis induced by either radia-
tion or chemicals and (2) establish
simple and reliable cell systems for
prediceting the potential hazard of new
chemicals introduced into our environ-
ment.

The studies involve two major types of
experiments. In the first type, we use
human and rodent cell culture assays
tc test carcinogens/tumor initiators
for their ability to induce specific
mutations and transform the cells to a
malignant phenotype. For the various
carcinogens, tumor initiators, and
mutagens tested, results are related
to their tissue specificity and their
tumor potency in vivo. Mutations are
characterized at defined DNA targets
constructed by recombinant DNA
techniques. In the second type of
experiments, tumor promoters are
tested by means of immunological,

*

biochemical, and recombinant DNA
techniques for their ability to initiate
and alter gene expressien in human
cells that are either susceptible or
resistant to the induction of cell dif-
ferentiation by these agents. Differ-
entiation is characterized by changes
in morphological patterns and changes
in funectional proteins, enzymatic mar-
kers, and reactivity with monoclonal
antibodies.

The mammalian cell-mediated muta-
genesis assays that we have developed
are useful for investigating some of
the factors determining cell/organ
specifieity in chemical carcinogene-
sis. In thesn assays, mutable target
cells (e.g., human P; teratocarcinoma
cells), which cannot metabolically
activate chemical earcinogens, sre
cocultured with primary cells derived
from selectad organs or tissues,
Reactive metabolites generated by
these primary cells are transferred to
the susceptible target cells where
their mutagenie activity can be
expressed.

iVisiting Scientist, Kobe University of Medicine, Kobe, Japan.
"Scientist in Residence, Florida International University, Miami.
Visiting Scientist, Bosphorus University, istanbul, Turkey.



Carcinoma of the coion accounts for
approximately 10% of eancer deaths
each year, whereas the duodenum and
ileum are considerably less susceptible
to tumor induction. To study the fae-
tors underlying this specifieity, we
have developed mutagenesis assays
with rat colon, duodenum, or ileum
cells and compared the activation in
these assays of the colon-specifie car-
cinogen, 1,2-dimethylhydrazine
(DMH), with that ir a ra.~-hepatocyte-
mediated assay. Until now, colon
cells were not believed to possess suf-
ficient metabolizing enzymes to
activate DMH; therefore, the critical
metabolism was thought to oceur in
the liver with the active intermedi-
ates subsequently transported to the
target colon cells via the blood. Our
resuits indicate that colon cells, like
hepatoeytes do possess the necessary
enzymes toc m -tabolize DMH to muta-
genic intermediates in the cell-
mediated assay, whereas the duodenal
and ileal cells de not. Thus, for DMH
carcinogenesis, the particular suscep-
tibility of the colon may be, in part,
determined by the ability of the colon
cells themselves to activate the car-
cinogen.

In addition to examining cell/organ
specificity in chemiecal carcinogenesis,
we are studying the nature of careino-
gen-induced genetic damage. Our
approach has been to develop a family
of defined genetic targets that can be
used to identify specific mutational
changes induced by a carcinogen. The
targets are derived from the gpt gene,
which codes for an enzyme involved in
the purine salvage pathway. This gene
is being altered to contain defined
mutations at a site that also elimi-
nates susceptibility to a specific
restriction nuelesse. At this site, we
introduee revertible mutations
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(frameshifts, base-pair transitions,
base-pair transversions, or short dupli-
cations). These mutations will be
incorporated into suitable vector
DNAs and transfected into cells
derived from the V79 and P; cell
lines, which lack the mammalian ana-
logue of the gpt gene product. A
defined medium can then be used to
select those cells in which the pheno-
type has been changed. Treatment
with a carcinogen/mutagen may czuse
either an exact reversal of the initial
mutation or produce a second muta-
tion elsewhere that suppresses the
enzyme defect. These two mutational
pathways can be readily distinguished
through the Southern blot technique.
Thus, this family of genetically
defined targets can be used to identify
the type of genetic damage caused by
a carcinogen/mutagen. We expect
that this approach will be useful for
studies on the mode of action of
mutagens/carcinogens.

The biologically active metabolite of
vitamin D3, 1«,25-dihydroxychole-
calciferol [1,25-(OH),D;], regulates
the biosynthesis of proteins involved
in caleium and phosphate transport in
the intestine and bone. This biclogical
activity is mediated via the inter-
action of 1,25-(0OH),;D; with specific
cellular receptors. Recently, we and
others have reported that, in the
human promyelocytic HL-60 leukemia
cells, 1,25-(0H),D; can alter the
pattern of cell differentiation in a
manner resembling that of the tumor-
promoting agents phorbol 12-myri-
state 13-acetate (PMA) and teleoci-
din, which also induce such differen-
tiation in the HL-60 cells. We there-
fore decided to determine whether
1,25-(0OH) ;D 3, like PMA, could
enhance (promote) the transformation
of cells that have been pretreated



(initiated) with known ehemiecal ear-
cinogens. For this study, we used the
hamster embryo eell transformation
assay in whieh the initiation-pro-
motion sequence has been demon-
strated. Our results indicate that this
vitamin D3 metabolite, in common
with PMA, will not by itself effec-
tively induce cell transformation.
However, when administered subse-
quent to both direct-acting and proxi-
mate carcinogens/tumor initiators,
both 1,25-(OH),D3; and PMA will
enhance the frequency of carcinogen-
induced cell transformation. Further-
more, we observed that responsiveness
of a particular embryo cell pool to the
enhancing (promoting) effect of 1,25~
(OH),D; was not necessarily
correlated with a similar responsive-
ness to PMA. This difference may be
partially because these two agents do
not share the same receptors--a
requirement for their biological
activity.

An aqditional biological aectivity of
tumor promoters is their ability to
inhibit metabolie cooperation among
cells. This property has led to the
development of an in vitro assay with
V79 cells to detect potential tumor
promoters. In this assay, we have
shownr that 1,25-(OH),D,, like PMA, is
capable of inhibiting metabolic ¢oop-
eration. Our studies alsc showed that
in the V79 cells, as in human HL-60
leukemia cells, the binding site for
1,25-(0H), D3 is different from that of
the phorbol diesters.

Although 1,25-(0OH),D3 and PMA
share several common biological pro-
perties, these chemicals differ in
several other ways. Unlike PMA,
1,25-(0H),D; does not induce
ornithine decarboxylase activity in
quiescent BALB 3T3 cells nor does it
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promote papilloma formation in mouse
skin. Furthermore, it appears to
antagonize the promoting effect of
PMA. Thus, although 1,25-(OH) ;D1
possesses many of the characteristics
associated with tumor promoters, it
does not act like PMA in all cases and
is presumably not a promoter of skin
carecinogenesis. It may, however, act
as a promoter of carcinogenesis in
other target organs.

The analysis of the molecular basis for
the action of tumor promoters can be
aided by the availability of cells
resistant to various tumcr-promoter-
induced cellular alterations, including
the induction of cell differentiation.
We have isolated variant cells from
the HL-60 cell line that are resistant
to induction of cell differentiation by
PMA and related tumor promoters.

We have also established that the
acquired resistance of these cells to
the phorbol diesters does not appear
to result from an alteration in either
the number of binding sites or the
binding affinity of the phorbol diester
to its receptors. Because receptor
mobility, whieh is profoundly affected
by membrane lipid fluidity, appears to
play an important physiological role in
a number of biological systems, we,
together with colleagues from
Columbia University, explored the
dynamies of membrane lipids in the
differentiation-susceptible and
-resistant HL-60 cells using a series of
membrane-permeant and membrane-
impermeant fluorophores.

The probe, 1,6-diphenyl-1,3,5-
hexatrieii2, can penetrate the plasma
membrane and intercalate in the lipids
of both leaflets (i.e., inner and outer)
of the plasma membrane, as well as in
organellar membranes. Using this
probe, we found that the resistant



cells have a lower lipid fluidity than
the susceptible HL-60 cells. In con-
trast, ne difference in membrane lipid
fluidity was observed when we com-
pared the susceptible and resistant
cells by using a series of membrane-
impermeant fluorophores that incor-
porate only into the outer hemileaflet
of the plasma membrane.

These observations suggest that the
ability of HL-60 cells to respond to
PMA may be affected by the physical
state of the plasma membrane lipids
and that the resistant phenotype is
associated with decreased fluidity of
either the inner leaflet of the plasma
membrane and/or of the cytosolic
organellar membranes.

Binding to high-affinity and saturable
receptors initiates the biological
activity of the phorbol diesters. This
binding, in turn, activates a caleium-
and phospholipid-dependent protein
kinase, termed protein kinase C.
Recent studies have demonstrated
that both the phorbol diester receptor
and protein kinase C reside in a single
protein. Thus, it is possible that pro-
tein phosphorylation induced by these
agents is the key elemant that initi-
ates the differentiation processes in
the HL-60 and perhaps other suscep-
tible cells.

To identify such phosphorylated
proteins, we collaborated with mem-
bers of the Molecular Anatomy Group
(see Chapter 15) to analyze, by two-
dimensional gel electrophoresis sys-
tems, the patterns of the PMA-
induced phosphorylated proteins in the
HL-60 cells that are either susceptible
or resistant to induction of cell differ-
entiation by phorbol diesters. The
HL-60 cells were incubated with PMA
for only 30 min to allow the detection
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of protein phosphorylation associated
with the induction rather than with
the expression of cell differentiation.

Increased phosphorylation of at least
10 different proteins was observed in
the differentiation-susceptible HL-60
cells following the brief incubation
with PMA. The differentiation-resis-
tant cells also exhibited increased
levels of protein phosphorylation after
PMA treatment, but the level of phos-
phate incorporation reached only the
level of the untreated susceptible HL-
60 cells and thus fell far short of the
level observed in these cells after
PMA treatment. The resistant cells
may thus contain an ineffective pro-
tein kinase C, which is also the phor-
bol diester receptor. On the basis of
our previous studies, we believe that
the acquired resistance of the HL-60
cell variant to phorbol diesters does
not appear to result from an altera-
tion in either the number of binding
sites or binding affinity cf the phorbol
diesters to their receptor (protein
kinase C). Because these resistant
cells, however, exhibit a reduced flui-
dity of the inner leaflet of the plasma
membrane and/or of the cytosolie
organellar membranes, we propose
that the basis of the PMA resistance
in these cells is a block in the signal
transmission required for initiation of
cell differentiation that occurs subse-
quent to receptor occupancy, which
may involve the translocation of pro-
tein kinase C between different cellu-
lar compartments. Indeed, our initial
results indicate that after PMA treat-
ment the protein kinase C localizes in
different eellular compartments in the
differentiation-susceptible and -rasis-
tant HL-60 cells. These results may
prove fundamental in understanding
how tumor promoters exert their



pleiotropic biologie effects in diverse ment of early biochemical indicators

cell types. of neoplasia.

In summary, our cellular and molecu- It is also anticipated that the work to
lar studies provide further insight into develop and use the various assays

the cellular and biochemical events with cultured human and rodent cells
involved in the control of cell differ- will lead to the development of a
entiation and the development of nec- rapid and reliable method by which a
plasia. Such information will lead to a broad spectrum of environmental con-
greater understanding of the thera- taminants can be tested for their
peutically exploitable differences tumor-initiating or -promoting activ-
between tumor and normal cells and ity, as well as their organ specificity.

can form the basis for the develop-
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The purpose of this research effort is
to elucidate the mechanisms for the
radiation-induced changes in mamma-
lian cells that lead to cell death,
mutation, neoplastic transformation,
DNA damage, and chromosomal alter-
ations. Of particular interest are the
effects of low-dose-rate and fraction-
ated irradiation on these end points
with respect to the mechanisms
whereby. these effects are influenced
by cellular repair processes, inhibi-
tors, and promoters that act at the
genetic or biochemieal level. Radia-
tions used include low linear-energy-
transfer (LET) radiation such as 69Co
gamma rays and x-rays and high-LET
radiation sueh as fission-spectrum
neutrons from our Janus research
reactor. (See Chapter 22 for a further
description of the radiation facilities
of the Division.)

The principal techniques that are used
include (1) elonal growth of single
cells to measure cell killing or indue-
tion of rautants, (2) transformation

*
Deceased.

4. RADIATION EFFECTS IN MAMMALIAN CELLS IN VITRO

C. K. Hill, Principal Investigator
A. Han,® M. M. Elkind,* R. L. Wells, |
E. M. Buess, and C.-M. Liu

assays based on the identification of
morphologieally altered foei on an
otherwise contact-inhibited layer of
cells, (3) labeling of DNA-precursor
macrormolecules with radioisotopes
and measuring the damage to DNA
with sedimentation and elution tech-
niques, and (4) karyotyping by modi-
fied Giemsa-staining techniques.

Neoplastiec Transformation of
Mammalian Cells.

During the period covered by this
report, the Janus reactor was not
available for research activities
because of required engineering
changes. However, we completed the
analysis of results from previous
experiments and initiated new experi-
ments with 68Co gamma rays.

Neutrons. In our previous studies, we
suggested that the enhanced transfor-
mation observed after protracted
exposures to low doses of neutrons
might be due to misrepair and/or

*Dual appointment: Senior Biophysicist, Argonne National Laboratory, and Chairman,
Department of Radiology and Radiation Biology, Colorado State University,

q t. Collins.

University, Ft. Collins.

Present affiliation: Department of Radiology and Radiation Biology, Colorado State



promotion of neutron damage. In
experiments to examine these possi-
bilities, we have shown the following:

1. Transformation frequency greatly
increases when tetradecanoylphorbol-
13-acetate (TPA), a known promoter,

is added at 0.1 ug/mL to cultures 24 h
after neutron irradiation.

2. After gamma-ray exposures, the
inerease in transformation frequency
is about the same whether the TPA is
given after high-dose-rate or low-
dose-rate exposures. This finding
suggests that a segment of the
damage produced by gamma rays is
independent of dose rate and that this
damage can be promoted to form
transformed foeci. In cells that are not
treated with promoter, this segment
of damage is not expressed as trans-
formed foci.

3. When neutron-irradiated cells are
treated with TPA after irradiation,
the increase in transformation fre-
quency is dose-rate dependent. Pro-
portionally less promotional effect of
TPA occurs after irradiation with neu-
trons at a low dose rate. However,
the absolute transformation frequency
reached is about the same. We infer
that part of the damage that would
normally be expressed when TPA is
added has already been expressed as a
result of expasure to neutrons at a low
dose rate.

4. Further, in studies using the anti-
promoter antipain, we have row clear-
ly shown that when antipain is added
after low-dose-rate neutron exposure,
the transformation frequency returns
to the level observed after high-dose-
rate exposures. However, if we add
antipain after high-dose-rate expo-
sures, no effeet on transformation
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frequency is observed. These results
further support the hypothesis that
neutrons delivered at a low dose rate
act in a promoter-like fashion.

5. We are just beginning to examine
the possibility that misrepair of some
damage may facilitate the promoter-
like effect.

60Co Gamma Rays. Continuing our
investigation of low-dose-rate effects
on transformaticn, we have under-
taken a major investigation with
gamma rays given at 10 eGy/day
(0.007 cGy/min) to cells grown at
37°C in an incubator. The protocol
requires a 22-h irradiation day with a
2-h down time. The cells are grown in
the radiation field in plastic T/75
flasks such that they maintain
exponentiai-phase growth throughout
the irradiation. The cells are
passaged every five days, sampled for
survival and transformation assays,
and reseeded into fresh flasks. With
this protoeol, a total dose of up to
450 cGy can be accumulated during
the useful life span of the celis.

The results so far are intriguing.
Survival and transformation have been
measured at total doses of 50, 150,
300, and 450 cGy, with or without
addition of TP2 (0.1 ug/mL) at the end
of the radiation. Cells receiving
radiation alone have a lew level of
transformation, a level, however, that
is still signif:eantly above back-
ground. This finding is consistent with
earlier data that showed transforma-
tion to be reduced progressively as the
dose rate of gamma radiation is
reduced. However, when TPA is
added, we find a significant increase
in transformation—about 10- to 15-
fold at all dose levels. This result
suggests that potentially effective



damage can be propagated in the C3H
10T1/2 cells without being ex-
pressed. When a promoter is added,
however, this damage will be ex-
pressed. Further experiments are in
progress to determine if the sensi-
tivity, survival, and/or growth charac-
teristies of these cells change during
such a prolonged irradiation.

In an ongoing collaboration with David
Grdina of this Division, we have
recently demonstrated that not only
does the compound WR-1065 (N-[2-
mereaptoethyl]-1,3-diaminopropane)
protect against gamma-ray-induced
cell killing and mutation when present
during irradiation (see Chapter 9), but
it also protects cells against transfor-
mation induced by gamma rays.
Experiments are in progress to
detarmine if WR-1065 will protect
against transformation when it is
administered following irradiation.

Mutation.

In parallel with the transformation
studies, we are conducting an active
study to investigate the effect of dose
protraction on mutation as measured
at the hypoxanthine guanine phos-
phoribosyl transferase (HGPRT) locus
by the induetion of mutants resistant
to 6-thioguanine. The data gathered
with Chinese hamster cells, normal
human fibroblasts (IMR91), and cells
from a transformed human epithelial
cell line (P ;) suggest that although the
human eells are about twice as sensi-
tive as the Chinese hamster cells to
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cell killing by 6¢Co gamma rays and
fission neutrons, the shapes of the
curves for mutation induction are
qualitatively similar. So far, with the
dose rate reduced to either 5.5 cGy/
min or 0.1 ¢Gy/min for fission neu-
trons, there appears to be no signifi-
cant change in mut=tion frequency.
The estimated relative biological
effectiveness (RBE) for induction of
mutation by fission neutrons in the
initial part of the induction curve is
15. Preliminary data for reduced dose
rates of gamma rays show a clear
reduction in mutation frequency for
each cell line.

DNA Damage.

In the past year, we have begun new
studies of DNA damage caused by rad-
iation (single- and double-strand
breaks and protein-to-DNA crosslini-
ing) in mammalian cells using the
sensitive DNA elution techniques. In
collaboration with Meyrick Peak of
this Division (see Chapter 14), we
have performed calibration experi-
ments using x-rays on V7% Chinese
harister cells and human P; cells;
thase experiments show that the alka-
line elution tenhniques give results
consistent with those obtained through
sucrose sedimentation techniques, but
with a resolution about 10 times
better. For example, we can detect
single-strand breaks after only 25 ¢Gy
of x-rays. We plan o use this tech-
nigque to examine DNA damage in both
our repair studies and our studies on
the effects of radiation quality.
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Human Radiobiology

Dosimetry and Tumor Mechanisms
Epidemiology

Measurements

Radionuclide Metabolism

The work conducted in the Human Radiobiology Section covers a number of
diverse programs that relate to levels and effects of alpha-particle- emlttmg
radionuclides in humans. The major project, which involves all four g'roups
(Dosimetry and Tumor Mechanisms, Epidemiology, Measurements, and Radio-
nuelide Metabolism), is the ongoing study of the late effects of radiu.a in persons
exposed either occupationally (especially as luminous dial painters) or medically -
to radium. This study is deseribed in Chapter 5. A related epidemioldgical
study, which makes use of the data base developed for the radium project, is
being conducted to investigate the relationships among lung ecancer, rgadon-
daughter level, and cigarette smoking. Another related project, deseribed in
Chapter 6, is a study of the health effects of industrial exposure to thbriurﬂ,'this
'project makes use of ; many of the faeilities and techniques developed for the
radium study. The purpose of the radium project is to determine quantltatlve
rlose-response relationships and to use them to predict the toxieity of sysiemlc )
deposits of such radioelements as plutonium and americium, which are produced
in irradiated nuclear fuel. The thorium project focuses on determining tomclty
because of the potenti=l use of thorium in a nuclear fuel cyele and beeause
" inhaled thorium is regarded as an analogue of inhaled insoluble plutomum. : ‘

o
B

The radioactive gas radon is produced by the decay of radium; its rate of. exhala- o

tion by persons containing the parent element can be a highly sensitive measure .
of skeletal radium content. In recent years, we have found that ‘the radon level .

in the air of some houses can be so high that large radon reservmre will bulld up o
in the bodies of persons living there due to dissolution in fats and fluids. These. =

reservoirs are depleted by exhalatior when re51dents leave home. Consequently, -
determination of exhaled radon can give highly misleading mdlcatlons ‘of the =

radium remalmng in the body. As a result, we'have’ undertaken a small prO]ect.
. (Asqnn

{deseribed- in Chapter 7) to determine the levels of" radon in smgle—famlly

-housing. . At the saiie time, a small. prolect ‘was- 1n1t1ated ‘to i

'relatlonshlp between an occupational atmosphere contalmng a;hlgh‘ ra on con-‘ ) :
centration and lung cancer in the radium :dial” pamters.l Fmallv, Chapter 8 ..
rpresents research dealing with mutation, - transfo;matlon, and survwal ot‘ ‘cells "+

irradiated by low-energy alpha partlcles.
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EMITTERS

The purposes of this ongoing multi-
disciplinary, multitask study are to
(1) identify and quanrtify the human
health effects of occupational expo-
sures to radium, (2) use the health
effects data from the radium study to
predict responses to other alpha-
emitting and/or bone-seeking radio-
nuclides at occupational exposure
levels and above, and (3) predict the
effeets of these radiouuclides, specifi-
cally environmental radium and its
daughters, at nonoccupational expo-
sure levels. In man, internally depo-
sited radium is known to cause bone
sarcomas and carcinomas of nasal
sinuses and mastoid air cells; sugges-
tions have been made that it may also
cause leukemias, raultiple myeloma,
and breast eancer. Acute and nonsto-
chastic effeets, (neluding radiation
osteitis and possibly cataracts,

oceur. Reproductive function may
also be impaired b radium. The study
of radium effects is important
because the cohorts of former radium
dial worckers form the largest non-
iatrogenie human population exposed
to long-lived alpha emitters (i.e., to
radiation with high linear energy

5. EFFECTS OF INTERNALLY DEPOSITED ALFHA

J. Rundo, R. A. Schlenker, J. H. Stebbings,

and R. E. Toohey, Principal Investigators

A. T. Keane, H. F. Lucas, G. A, Anast, M. A. Essling,
J. E. Farnham, G. L. Knasko, G. A. Kokaisl,

T. J. Kotek, F. Markun, R. D. Oldham,
and E. G. Thompson

B. G. Oltman,

transfer) at unequivocally carcino-
genic levels. Protection standards for
plutonium, other alpha- :mitters, and
other bone-seeking radionu-lides have
always been based in large part on the
experience of these radium dial work-
ers. Consequently, accurate determi-
nations of radiation exposure and of
tissue/cell dosimetry are essential.
Other significant eomponents of this
study include the theoretical analyses
of carcinogenic processes in humans,
the determination of the effects of
exposures to radon and radon daugh-
ters in a female population, and the
setting of standards for radium in
drinking water.

"Classical Tumors": Risk Assessment,
Dose-Response and Data Colleetion.

The classical tumors unequivocally
associated with internal exposure to
226Ra and/or 228Ra are bone sarco-
mas and carcinomas of the paranasal
sinuses and mastoid :iir cells. These
tumors have appeared in dial workers
first exposed before 1926 and to those
exposed medically before 1937, so the
high-risk survivors are more than 70

*®
Present affiliation: Department of Energy, New Brunswick Laboratory,

Argonne, Illinois.
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years old. There are ~50 subjects still
alive with residual body burdens with-
in the range that has yielded tumors in
the past; additional tumors are there-
fore expected. Because of the short
half-life (5.75 years) of 228Ra, con-
tamporary levels are very low in per-
sons exposed to it 60 or more years
ago. Consequently, it ig difficult to
determine these contemporary levels
:ven by chemical analysis of bone
obtained at autopsy or after exhuma-
tion.

The current view within the fields of
radiation protection and risk assess-
ment is that doses should be evaluated
for those tissues from which tumors
actually arise. Thus, in radium-
exposed persons, the dose to cells
linit.g bone, and to epithelium of
mastoid air cells and paranasal sinuses
s important. Our current studies of
the tissue dosimetry of 22%Ra (a
nember of the decay chain following
228Ra) show that pravious assump-
tions have produced dose estimates
that have been high by a factor of
about three; thus, the risk coefficient
used in risk assessments is low by an
identical factor. Measurements on
bone from persons containing 226Ra
have shown that it tends to accumu-
late in locations near the target cells;
thus, actual doses delivered have
exceeded the doses calculated on the
basis of currently used assumptions.

Three findings from our dosimetrie
studies during the year all support the
current view that bone cancer risk is a
nonlinear function of radi.m intake,
and two suggest that the curve is
more nonlinear than we had previously
thought. Analysis of radium retention
data has shown that the elimination
rate increases with diminishing bedy
content, suggesting strongly that per-
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sons we had classified as "low-dose"
cases may have ingested more radium
and accumulated more dose than we
had previously thought. When this
relationship is ineorporated into the
analysis, it will inerease the non-
linearity of the curves. Another find-
ing that will inerease the nonlinearity
is the discovery of residual 228Ra
from dial paint in the bones of some
persons who worked in Illinois fantor-
ies. This 228Ra will increase the
skeletal dose by a factor of two for
this group of persons relative to
others, thus changing the dose
response to a mora curvilinear form.
The third factor is the high radium
content found in three previously
unmeasured persons who died of
radium-related tumors and who were
exhumed for examination during the
year. In one of these persons with a
sarcoma, the estimated systemic
intake of 32 MBqg (860 uCi) was in line
with the intakes that led to bone
cancers in other dial workers [range
3.7 MBq to 370 MBgq (100 uCi to

10 mCi)]. The fact that all of these
people fell into the high-dose group
does not diminish the nonlinearity of
the dose-response curve.

That dosimetric issues econtinue to be
important for radivm studies is shown
by the occurrence of a mastoid tumor
in a 58-year-old man wao had received
radium as a seven-year-old child.
According to calculation based on
assumptions about radium metabolism
in persons exposed as adults, the
skeletal dos= fer this man would be
0.85 Gy (85 rad), less than one-eighth
the dose at which similar tumors had
been observed previously. Could this
value be an error resulting from the
misapplication of dosimetry for adults
to a case of childhood exposure? A
careful examination of age-dependent



models of radium retention and the
observations of radium retention in
the individual leads us to think not.
The models predict a dose during the
28 years we studied this man before
his death that substantially exceeds
the dose calculated from our
measurements over that period. We
therefore believe it to be very un-
likely that the lifetime dose is at the
higher level predicted by the models.

At a given dose, latencies are much
longer for head carcinomas than for
sarcomas. Preliminary results of log-
linear dose-response regression model-
ing of head carcinomas suggest non-
linearity in the dose response. For
bone sarcomas, the downturn in inei-
dence at very high doses so lacks
robustness that we conclude there is
no evidence for it.

An explanation is suggested for the
lack of hesd carcinomas in the 228Ra
subjects: in the decade preceding
1945, several of these subjects died of
brain abscess secondary to sinus/mas-
toid inflammation and infection. We
hypothesize that in the preantibiotic
era, only a small percentage of head
carcinomas would have been
expressed.

Radiochemical determinations of
228Ra were comoleted on all bone
samples available. Forty-eight sam-
ples of luminons paint, used by U.S.
Radium Corporatiou from 1917-1928,
were obtained through the New Jersey
State Health Department. Analysis
results indicate that the radium used

was typical of "technicsl mesothor-
ium" for that period.

Etiology of Soft-Tissue Tumors.

Although absorbed doses from gamma
rays for the radium dial workers in the
post-1950 period appear to have been
about 20 mGy (2 rad) per year to the
whole body, they have been estimated
at ~80 mGy (~8 rad) per year in 1930,
and up to 200 mGy (20 rad) per year in
some places and at some times.

Radon daughter exposures of }‘hree
Working Level Months (WLM) per
year are implied by 1930 measure-
ments. Levels only 20-40% of those in
1930 have been reported since.

Red marrow dose (50 year) from the
radioactivity in bones in females was
estimated at 0.2 Gy per kBqg (740 rad
per uCi) 226Ra systemic intake, to be
added to the dose (~0.64 mGy, or

64 mrad) from 226Ra in the marrow;
doses from 228Ra are approximately
twice those from 226Ra. The dose is
about 140% of that in males. The
internal beta-particle absorbed dose is
about one-quarter of the dose from
alpha-particle irradiation of marrow.
Gamma-ray dose froin internal radium
is negligible compared with the
external samma-ray dose received in
the workplace.

Analyses of 226Ra and 228Ra in
samples from a recently deceased sub-
ject conteining high levels of radium
were completed, and the results are
now being applied to dosimetry esti-
mates. Measurements of 210Po/210Pb
in these samples are in progress.

* . . . .
One Working Level (WL) is that concentration of the short-lived daughter-products of
222Rn in any combination that has a potential alpha-particle energy of 1.3 x 105 MeV
per litre of air. Exposure to 1 WL for a working month of 170 h is an exposure of

1 WLM.
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No association was found between
internal radium and cancers of the
colon, rectum, stomach, liver, and
uterus. Breast cancer is associated
with high radium burdens, but the
relationship is not causal. No overail
excess of leukemia exists in female
dial workers; two cases of myeloid
leukemia did appear significantly
early, although external radiation
exposures could have been respon-
sible. Leukemia, if an outcome of
internal radium exposure at all, cccurs
much less frequently than bone sar-
coma. An excess of lung cancer has
been observed in the female subjeets
studied; whether this excess is due to
smoking habits or radon-daughter
exposures is being ascertained under
funding from the U.S. Nuclear Regula-
tory Commission (NRC). Efforts are
directed toward two ends: the defini-
tion of the smoking habits of the dial
workers to determine whether a true
excess of lung cancer exists and the
search for radon measurements in
workplaces and deseriptions of work-
places that will enable us to estimaie
ventilation characteristies. In 1984,
we developed computer codes for
tobacco smoking, other oucupational
respiratory exposures, and several
other variables and began to code the
data from our files. Also in 1984, w»
acquired a large number of rador
measurements for radium workplaces
from the post-1950 period, whieh were
uncovered in archives at Fordham
University.

A threefold excess of multiple mye-
loma is more closely associated with
external gamma exposure than with
radium intake. Spinal cord tumors
may be a minor (n = 2) consequence of
radium intake.
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Two erythroleukemias (a significant
excess) have occurred in male radium
workers exposed to both gamma and
alpha irradiation; similar excesses are
seen in men injected with Thorotrast
(a colloidal suspension of thorium
dioxide formerly used as a radiological
contrast medium for the soft tissues)
and in male beagles chronically
exposed to gamma radiation at
Argonne.

Follow-up of the Bloomsburg, Pennsyl-
vania, radium dial workers was com-
pleted. More than 97% of ~970 work-
ers potentially exposed to radium in
the Bloomsburg plant, plus ~700
worker controls, were located. Field
measurements taken with a mobile
body counter were completed on 225
subjects. No residual radium from
occupational exposures was detected,
but observabie thoracic radon daugh-
ters were observed in one-third of this
population due to high domestic levels
of radon and radon daughters.

Radium Metabolism and Normal Body
Burdens.

An analysis of radium retention data
on 13 Ottawa, Illinois, women was
completed; high radium contents are
associated with protracted retention
of radium, putatively due to deleteri-
ous effects on bone metabolism. Pre-
liminary analyses of radium retention
data in approximately 40 Ottawa
women suggest that physiological fae-
tors may also affect radium reten-
tion. Low weight for height and ciga-
rette smoking are both correlated
with a retarded radium elimination.
Age at menopause was not clearly
related to radium retention.



The levels of 226Ra and 228Ra in the
drinking water of approximately 1100
communities, mostly in northern
[llinois and [owa, have been reported.
A rapid method for measuring 22%Ra,
226Ra, and 228Ra in water supply
samples has been developed and made
available to northern lllinois commu-
nities where a potential publie health
problem exists.

Reproductive Effects of Radium.

A review of the records determined
that data were probably adequate for
analyses of full-term reproductive
events and of vital status of offspring
through maturity. A literature review
failed to identify any known feedback
loop from bone damage to estrogen or
other sex-hormone levels, despite the
well-known effects of estrogen levels
on bone density. Hormonal effects
could also be mediated through pitui-
tary pathology.
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THORIUM

The objective of this project is to
determine the health effects of indus-
trial exposure to thorium and the
long-term pattern of deposition of
inhaled thorium and its daughter prod-
uets in human tissues. Knowledge of
the effects and metabolism of thorium
is important because of its production
and potential use in nuclear fuel
cycles and the need to assess the
health risks of the decommissioning
operations at sites where thorium was
processed. Inhaled thorium, an insolu-
ble alpha-particie emitter, is an ana-
logue of plutonium, and inhaled thoron
daughters are analogues of radon
daughters.

Health end points we are studying
include cause-specific mortality, with
the emphasis upon cancer mortality;
morbidity as determined by medical
examination of living workers; and
changes in physiological and biocheimi-
cal parameters suggesting adverse
effects on bone marrow, liver, lung,
and other organs.

Long-lived thorium daughter products
have been measured in living workers,
and thorium levels will be determined
in tissues obtained at autopsy. These
measurements can be generalized to
other ocecupaticnal or environmental
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6. HEALTH EFFECTS OF INDUSTRIAL EXPOSURE TO

J. Runda, J. H. Stebbings, and R. E. Toaohey,
Principal Investigators
H. F. Lucas, G. A. Anast, M. A. Essling,
T. J. Kotek, and F. Markun

inhalation exposures to thorium and
will allow quantification of the radia-
tion doses associated with possible
health effects.

We obtained the study populations
from employment records of the
Lindsay Chemical Company and its
corporate successors. The company
was primarily engaged in the extrac-
tion of thorium and rare earth chemi-
cals from monazite ores and in the
production of thorium-impregnated
mantles for gas lamps. From all
available records, which dafe back to
1925, we have identified 3542 male
and 1040 female employees, but
records prior to 1940 are incomplete.
Our studies are primarily of 3200 men
who worked at a plant site in West
Chicago, Illinois, from 1940 until the
plant was closed in 1973. Included
among these men are those employed
after the plant was merged into the
American Potash and Chemical Cor-
poration in 1958 and into the Kerr-
McGee Chemical Corporation in
1967. Follow-up of the female
employees (mostly mantle workers) is
not planned at present.

Complete records of personal dosim-
eter readings of external radiation
have been obtained for the period



1956-1973, that is, from the start of
radiatiorn monitoring at the plant until
production ended. A total of 1236
employees were identified as wearing
film badges for radiation monitoring;
about 10% of the identified employees
had aceumulated exposures of 5 rem
(50 mSv) or greater.

The results of gamma-ray measure-
ments on a total of 312 thorium work-
ers showed that 43 had 2! 2Bi contents
greater than twice the standard error
(S.E.) of the estimate (2 S.E.s are
equivalent to 15 Bq) and 61 had con-
tents greater than one standard

error. Radioactivity was detectable
only in the thorax region. Of the 312
workers measured, 309 had measur-
able amounts of thoron in exhaled
breath; of these, 200 exceeded 75 mBq
of emanating 22%Ra, indicating indus-
trial exposure.

Computerized least-squares analyses
of gamma-ray spectra obtained from
measurements in vivo were extended
to a total of 137 cases to estimate the
relative amounts of thorium daughter
produets retained in the lungs. Ratios
of 224Ra to 228Ac ranged from
0.52£0.32 to 2.0+1.2 with a weighted
mean and standard deviaticn of
0.83+0.04. No ratios were observed
with values exceeding 1.0 by more
than one standard error.

Liver funetion was assessed through
measurement of serum biochemical
constituents. Preliminary coneclusions
are that serum concentrations of

g .mma-glutamyl transferase and cho-
line esterase are not associated with
the body contents of thorium daugh-
ters. Analysis of data on alanine
aminotransferase is in progress.

A spec’fic protocol was developed to
evaluate pulmonarv effects in 294
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male former thorium workers who
were examined at Argonne. The oeccu-
pationel history was computer coded
according to any work involving possi-
bie exposure to a substance known to
be harmful when inhale:” The follow-
ing information was coded for smok-
ing: age when smoking began, years
smoked, and the average number of
cigareites smoked per day. The type
of work done by the worker at the
thorium plant was secured both from
the history and from employmernt
records. Chest x-rays were read
according to the 1980 revised Inter-
national Labor Organization code for
pneumoconioses by three independent
readers. Pulmonary function tes's
included forced vital capacity, forced
expiratory volume, forced expiratory
volume in the first 0.25 second, peak
flow, maximum voluritary ventilation,
and midexpiratory fiow rate.

Thorium workers with body burdens
{primarily thoracicj above 25 Bg
22%Ra equivalent were shown to
exhale about 15% of endogenously
produced thoron, compared to 5%
exhaled by subjects with body burdens
in the 15-25 Bq 224+Ra range. Whether
by chance or in response to symptoms,
highly burdened subjects were likely
to hava stopped smoking after thorium
exposure began, inducing a false nega-
ti» 2 carrelation between average
auult daily cigarette consumption and
thoron exhalation. White blood cell
counts about 85% of expected were
abserved in seven subjects exhaling
2100 pCi of thoron above predicted;
no other variable examined showed a
clear pattern of association. Whether
these differences in fractional thoron
exhalation result from different dis-
tributions of thorium minerals in the
lungs of low and high burden sub;zects,
or have a biological explanation, is not



known at present. Currently, esti- retention fractions measured in sub-
mates of thorium body burdens in the jects with high body burdens of thor-
general population from exhaled ium,

thoron cannot be based on thoron
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The purpose of this study is to deter-
mine the concentrations of 222Rn and
its short-lived daughter produects in
the air of single-family houses in the
midwestern U.S. This naturally occur-
ring radioactive gas is responsible for
the largest component of internal dose
received by the publie from back-
ground radiation. Lung cancer deaths
in the United States from environmen-
tal radon, extrapolated from studies
of uranium and other hard-rock
miners, have been estimated at 10,000
per year. However, the magnitude of
the population exposure to radon
remains largely unknown. Factors
that are expected to control the
indoor radon level, such as soil
permeability, ventilation rates, ete.,
are being investigated.

Radon levels in houses are determined
by coilecting grab samples of air in
evacuated aerosol cans, which are
then returned to the laboratory. The
air samples are transferred inte stan-
dard scintillation cells (Lucas flasks)
for counting. Alternatively, time-
integrating detectors (commercially
available "Track-Etch"® detectors,
Type SF) are placed in a house for a
period of time (several months to one
year) and then collected for reading.
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RADON IN HOUSES

R. E. Toohey, Principal Investigator
M. A. Essling, and F. Markun

In a few houses, continuous monitors
are used for detailed real-time mea-
surements of radon and radon daugh-
ters. Simultaneously, ventilation
rates and aerosol concentration and
particle size are determined to enable
us to determine their effects on the
kinetics of radon and its daughters.

During the past year, more than 200
houses were added to the study,
resulting in a total of more than 400
houses. So far, results are available
for 270 of these houses, equally
divided hetween the Chicago area and
Bloomsburg, Pennsylvania. A radon
concentration in air of 10 pCi per litre
(370 Bqm™3) was established by the
Surgeon General as the original cri-
terion for remedial action for houses
in Grand Junetion, Colorado, which
had been built on mill tailings. More
then 5% of the houses we have
sampled have radon levels on at least
one floor whiech exceed 10 pCi/L; if
this figure can be extrapolated to the
entire country, aimost two million
houses would require remedial action
under the Surgeon General's criterion.

Because the radiation dose to the
lungs results primarily from the alpha-



emitting radon daughters, 218Po and
214Po, the concentrations of 218Po,
214Pb, and 214Bi are of interest
(because of its short half-life, 214Po
is always in equilibrium with the
214Ri). The unit in which econeentra-
tions of radon daughters are expressed
is the Working Level (WL}, equal to
any combination of radon daughters
with a potential alpha energy of 1.3 x
109 MeV per litre of air. This value is
the potential alpha energy of the
daughters in equilibrium with 100 pCi
of radon per litre. Consequently, an
equilibrium factor, F, ean be defined
as 100 WL/222Rn (pCi/L). It is com-
monly assumed that a value of 0.5 for
F is a useful figure for estimating WL
exposure, given the more readily mea-
sured radon level. However, our mea-
surements in several houses under a
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variety of heating and cooling condi-
tions indicate that F = 0.2 may be a
more appropriate figure for indoor air,
at least in houses with forced air
heating systems.

We have also directly measured the
plate out or deposition of radon
daughters on surfaces in a house. The
usual parameter for desecribing plate
out is the deposition velocity,

obtained by c;ividling the deposition
rate (pCi m™ "~ s ) by the air
concentration (pCi m~’). Values
obtained by other experimenters under
laboratory conditions have ranged
from 0.5 to 10 mm s~ ; our .:easure-
ments inla house gave a result of
4mms ,inagreement with the value
of 5mm s , also obtained in a house,
by Scott [Health Phys. 45, 481 (1983)].

Radon in Homes and Other Technologically Enhanced Radioactivity
In: Environmental Radioactivity, Proceedings of the Nineteenth Annusi

Meeting, National Counecil on Radiation Protection and Megsurements,
Bethesda, Maryland, pp. 17-26 (1983).
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This program, which deals with the
mutation, transformation, and survival
of cells irradiated by low-energy alpha
particles, was motivated by numerous
reports of cancer induction in humans
by alpha-emitting radioisotopes and by
published projections that most lung
cancer among nonsmokers is induced
by alpha-particle emitters present in
the air. The epidemiological data on
alpha particles provide the only infor-
mation on human cancer induction by
high linear-energy-transfer (LET)
radiation, an issue important in the
fields of occupational and environ-
mental health. A better understand-
ing of alpha-particle effects at the
cellular level may indicate whether
the damage induced by alpha particles
is fundamentally different from that
induced by other agents.

Monolayers of cells are irradiated
with narrow and broad distributions of
alpha-particle energy. The latter type
mimies the distribution encountered in
vivo when a radioisotope is present in
tissue. The former is the type used
traditionally for irradiation of cells in
this and other laboratories.

Mutation is studied with P, eells, a
line derived from human teratoma
cells, whose susceptibility to mutation
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8. ALPHA-PARTICLE EFFECTS ON CELLS

R. A. Schlenker. Principal Investigator
E. G. Thompson and B. G. Oltman

induction at the hypoxanthine guanine
phosphoribosyl transferase (HGPRT)
locus has been well characterized.
The assay is based on the ability of
mutants to grow in selective medium
containing 6-thioguanine. Transfor-
mation is studied with C3H 10T1/2
cells, a mouse embryo cell line used
extensively with high- and low-LET
radiation. Assay depends on the loss
of contact inhibition within certain
types of colenies. Cell survival is
measured as a normal part of the work
on mutation and transformation and
also to characterize differences
between various irradiation proto-
cols. Doses-range from below 10 to
several hundred centigray, but empha-
sis is placed on the lower levels.

Alpha particles with energies typical
for our experiments travel 20 ym or
less in low-density materials; it is,
therefore, common to remove the
medium from the cell layer prior to
irradiation. We have found that cell
survival is very sensitive to the details
of the removal procedure when cells
are irradiated with a broad distribu-
tion of alpha-particle energies. To
avoid problems, we now grow cells on
a 1.5-pm-thick mylar substrate, which
transmits alpha partieles and requires
no removal of medium. This proce-



dure permits reproducible results to
be obtained regardless of cell density
or energy distribution pattern.

Mutation studies have focused on the
dose range between 10 and 70 ¢Gy,
where survival varies between 20 and
80%. With alpha-particle energies
narrowly distributed about 3.0 MeV,
the mutation frequency is found to
rise with dose, then leve! off. The
transition to the platean region of the
dose-response curve occurs at about
40 eGy. There is a suggestion of
downturn in mutation frequency at

70 cGy, but statistical preeision is
insufficient to permit a clear determi-
nation. A more-limited series of
experiments with a broad distribution
of alpha-particle energies extending
from 0 to 3.6 MeV indicates the same
plateau effect but a response that is
five times lower when the mutation
frequencies are compared with those
obtained with the narrow energy dis-
tribution at equal levels of cell
survival. The response plateau con-
trasts with the linear dose-response
curve reported for mutation induction
in Chinese hamster (V79) cells at
doses between 20 and 150 ¢Gy and in
human fibroblasis (H19) between
about 50 and 200 cGy.

Transformation studies have focused
on the dose range between ebout 100
and 350 ¢Gy where a relatively high

transformation frequency nas besn
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observed with alpha particles narrowly
distributed in energy about 5.6 MeV.
The dose-response curve increases
between 100 and 200 eGy then re=aches
a plateau at about 200 Gy, similar to
that observed with neutrons delivered
at high dose rates. Compared with
neutrons, the transformation fre-
quency is a factor of 5 to 10 higher,
suggesting that the ability to trans-
form strongly depends on LET.

In conelusion, it appears that mutation
frequency in P; cells cannrot be ade-
quately predicted from studies done
with other cell types. The origin of
this failure is unknown, but the obser-
vations emphasize the need for com-
parative studies with several cell
types over a comparable dose range.
In addition, mutation frequency may
depend substantially on the character-
istics of the energy distributions, with
distributions similar to those
encountered in vivo giving quite
different results from the distribu-
tions commonly used for studies in
vitro. If this suggestion holds, then
greater emphasis should be placed on
the role of energy distribution and on
Mife-like" distributions. Finally, the
observation of a large differerce in
the transformation frequency between
alpha particles and neutrons, two
types of high-LET radiation, empha-
sizes that both radiations require
thorough, independent study.

The Disiributicn of Radiurn and Plutonium in Human Bone
Proceedings of the European Late Effects Project (EUILEP) Symposium,
"Metals in Bone," Angers, France, October 11-13, 1984
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Argonne-Utah Studies of 22%Ra Endosteal Surface Dosimetry
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the Radiobiology of Radium and Thorotrast, Neuherberg, Federal Republic
of Germanv, October 29-31, 1984
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Low-Level Radiation

Ragciation Biology ara Genetice
Radiation Carcinogeresis
Radiation Hematology
Radiation Toxicology

The research conducted in the Low-Level Radiation Section is concerned with
biological responses to low levels of ionizing radiation. In vivo responses such as ..
life shortening, cancer induction, and genetic damage are studied in laboratory
animals, with emphasis on the the effects of total dose, dose rate, and radlatlonf
quality. The in vivo studies are complemented by in vitro experiments w1th a J
mechanistic emphasls. In the past, primary attention was given to the develop— o
ment of radiation protocols, procedures, and dosimetry. Current studles, in: addl-'
tion, include the development of sensitive statistical approaches to enable the
identification of small changes. ‘

Life-span and genetics studies conducted by the Radiation Biology and Genetics:" i
Group and the Radiation Carcinogenesis Group of the effects of' ~wholexbody * .-
irradiation of mice have included exposure to both high and-low lmear energy— L
transfer radiations. Recently these siudies, deseribed in (,hapters 9- -11, have .
been expanded to investigate the mechanisms and sites of damage, as well’as the ..

methods for mitigating the damage. The experimental approach has also
expanded to emphasize the biological response at the cellular level to facﬂltate :
an understanding of the responsesseen m the whole animal. -

Parallel life-span studies in the dog (see Chapter 12) sre bexrg conducted by .the
Radiation Toxicology Group to provide a stronger basis for extrapolatlon" t
of the radiation effects that have bee\n measured in- the mouse. ’;.:§p
variations in radiation sensitivity, body size, and life span,.among- others,
being considered in the analysis and interpretation of results.

Data generated *n dog studies have permitted the sequential evaluatlonlby
Radiation Hematology Group of the response of the hematopoietic- system to. .
protracted irradiation. Because myelogenous leukemia is.the earliest occur
(and one-of the most common) malignancies found in man'as a result of radlatlon
exposure, this aspect of the response to low- level 1rrad1at10n is’ partic;larly
relevant. These studies (described in Chapter 13) emphasxze the sfructu L e'
functional responses of the hematopoietic system at the cellular level.

11/48



This program is directed at investi-
gating mechanisms involved in radia-
tion-induced carcinogenesis. Those
radiation protocols identified in the
studies deseribed in Chapter 10 as
producing significant differentials in
tumor induction as a funetion cf ra-
diation quality will be used. Initial
studies include the characterization of
DNA damage and repair in :he B6CF,
hybrid mouse strain as these factors
relate to radiation quality, exposure
orotocol, and specific organ sites. Se-
lected radioprotective agents, which
act in part as free radical seavengers,
are being used to modulate DNA dam-
age and repair so as to elucidate their
influence, if any, on the ultimate
expression of tumor induetion and/or
life shortening. This program is
closely allied with the programs
described in Chapters 1, 4, and 10.

Our studies of the mechanisms involv-
ed in radiation carcinogenesis include
both in vitro and in vivo systems
irradiated with 0.85 MeV fission neu-
trons from the Janus reactor and gam-
ma rays from 69Co sources. Radio-
protectors currently being evaluated

9. RADIATION CARCINOGENESIS AND RADIOPROTECTORS

D. J. Gquina, Principal [nvestigator
B. Nagy, P.d. Dale, and J. M. Angerman

for their ability to modulate cell kill-
ing, mutagenesis, transformation, and
carcinogenesis include S-2-(3-amino-
propylamino) ethyl phosphorothioie
acid [WR-2721], N-(2-mercaptoethyl)-
1,3-diaminopropane [WR-1065] and S-
3-(3-methylaminopropylamino) propyl
phosphorothioic acid [WR-151327]. In
vitro systems include a Chinese ham-
ster V-79 cell system for mutagenesis
studies and a C3H 10T1/2 cell system
for transformation studies. The
B6CF, (F, hybrid of the BALB/e and
C57BL/6 mouse strains) and the C3H
mouse strains are bein .sed to study
tumor induction, life shortening, and
acute responses as measured by 509%
lethality at 6 and 30 days (i.e.,

LDg g6y and LD50(30), respectively)
following irradiation with and without
protectors. The effect of radiopro-
tectors on radiation- and/or diethyl-
nitrosamine (DEN)-induced hepatocar-
cinogenesis is also being investigated
in newborn Sprague-Dawley rats.
DNA damage and repair kinetics are
being characterized in all systems
through an alkaline elution tech-
nique. The results obtained from

L . e .
Visiting Scientist, Central Institute for Tumors and Allied Diseases, Zagreb,

Yugoslavia.

| T e g o

.
]
;
r
i
1
]
|
x
i
i
|
|



experiments in progress are sum-
marized as follows:

1. The effects of WR-1065 (4 mM) on
cell survival and mutagenesis of V-79
cells foilowing exposure to various
doses of 60Co gamma rays or eis-di-
chlorodiammineplatinum (1f) (cis-DDP)
have been studied. WR-1065 protect-
ed against radiation-induced cell kill-
ing only if it was present during irra-
diation, i.e., a dose modification fac-
tor (DMF) of 1.9. In contrast, this
agent was effective in reducing radia-
tion-induced mutations regardless of
when it was administered. Following
a dose of 1000 ¢Gy of €2Co gamma
rays, the mutation frequencies ob-
served per 106 survivors were 7718,
2746, 4247, and 42+7 for radiation
only, and WR-1065 present during,
immediately after, or 3 h after
irradiation. Protection against the
cytotoxic effects of cis-DDP was evi-
dent under all conditions tested.
DMFs of 2.9, 1.4, and 1.4 were
obtained when WR-1065 was added
prior to, during, or immediately
following cis-DDP treatment, respec-
tively. The induction of mutants
under all conditions was linear as a
function of ¢is-DDP concentration.
Mutation frequencies per 7microgrm;n
of cis—_QDP were 25 15710' ,1x107,
5x10 ,and 11x 10 for protocols
involving no protector present or WR-
1065 added before, during, or after
cis-DDP treatment, respectively.

2. The ability of WR-1065 (1 mM) te
protect against cell killing and neo-
plastie transformation of C3H 10T1/2
cells exposed to 69Co gamma rays at
a dose rate of 50 cGy/min was further
cheracterized in collaboration with
Colin Hill (see Chapter 4). At a con-
centration of 1 mM, WR-1065 did not
proteet against cell killing. The
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transformation frequenecy per cell
exposed was reduced at all radiation
dose levels (i.e., 200 to 900 c¢Gy) when
WR-1065 was present during irradia-
tion. Maximum induction of transfor-
mation occurred at 500 eGy (i.e.,
transforrramtion frequen%ies of
1.5x107 and 3.5 x 10" for
irradiation only and irradiation plus
protector, respectively). At a concen-
tration of 4 mM, WR-1065 signifi-
cantly protected against cell killing,
giving rise to a DMF of 1.4.

3. The agents WR-2721 and WR-
151327 are being evaluated in colla-
boration with Carl Peraino (see Chap-
ter 1) with respect to their protective
effects against the induction in new-
born Sprague-Dawley rats of enzyma-
tically altered liver foei by 62Co
gaiama rays, 0.85 MeV Janus neutrons,
and/or DEN. Radiation induced foeci
in both female and male rats, with the
effect being significantly higher in
female animals. WR-2721 reduced the
frequencies of radiation-induced foei
at doses of 150 and 300 eGy. This
protective effect was more readily
apparent in female animals, i.e., a
factor of 10 for a selected class of
foci phenotypes.

4. WR-1065 has been characterized
with respect to its effect(s) on
radiation-induced DNA damage and
repair. When present during irradia-
tion at a concentration of 4 mM, WR-
1065 effectively inhibited the forma-
tion of single-strand breaks in DNA as
measured by the method of alkaline
elution. DNA repair was, however,
perturbed by the presence of this
protector. The rate of repair
appeared to be slowed by about a
factor of three. In contrast to results
obtained with matched eontrols in
which repair of single-strand breaks



was complete by 90 min, at least 20%
of the lesions remained unrepsaired up
to 3 h following irradiation when cells
were exposed to WR-1065. The signi-
ficance of these findings is not yet
clear because, under these conditions,
survival of WR-1065-treated cells is
enhanced while the associated
mutation frequency is reduced. It
may be that the radioprotector is in
some way differentially affecting
error-free and error-prone repair
systems.

5. WR-2721 and WR-151327 are being
evaluated with respect to protection
against 60Co gamma-ray and Janus-
neutron-induced carcinogenesis and
life shortening in B6CF; hybrid

mice. This study, designated JM-14,
uses a protocol similar to those for
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the J-series of experiments deseribed
in Chapter 10.

In conclusion, the radioprotectors
evaluated thus far protect against ra-
diation-induced DNA damage, cell
killing, mutagenesis, and transforma-
tion. As such, they are a class of
agents that can potentially be used
effectively to modulate radiation
damage and probe the mechanisms
involved in radiation carcinogenesis.
Used judiciouslv in conjunction with
techniques such as alkaline elution to
assess the magnitude of tissue-speci-
fie damage, these compounds should
enable us to study effectively possible
differentials with respect to the
mechanisms involved in carcinogenesis
induced by either fission-neutron or
gamma- and x-irradiation.

Grdina, D. J., M. L. Meistrich, R. E. Meyn, T. S. Johnson, and R. A. White
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and B. J. Wright

The primary focus of this program is
to obtain information on the late
effects of whole body exposure to low
doses of a high linear-energy-transfer
{LET) and a low-LET ionizing radia-
tion in experimental animals to pro-
vide guidance for the prediction of
radiation hazards to man. The infor-
mation obtained takes the form of
dose-response curves for life shorten-
ing and for the induction of numerous
specific types of tumors. This pro-
gram is closely allied with that
described in Chapter 9, and that in
Chapter 11, in which various end
pcints are examined in studies that
make use of the same radiation

Table 1. Exposure Types and Doses

10. LIFE SHORTENING, TUMOR INDUCTION, AND TISSUE e
DOSE FOR FISSICY-NEUTRON AND GAMMA-~RAY ; &

D. Grahn, Principal Investigator P
K. Duggal, L. S. Lombard, J. F. Thomson, i
F. S. Williamson, I. R. Marshall, B. H. Farrington,
G. L. Holmblad, J. L. Hulesch, V. A. Ludeman, i
A. R. Sallese, E. F. Staffeldt, J. E. Trier,
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sources, dose rates, total doses, and ‘
mouse strains. [

The animals are irradiated with fission !
neutrons from the Janus reactor and .
with 60Co gamma rays, delivered as L
single, weekly, or duration-of-life
exposures covering the range of doses B
and dose rates shown in Table 1. This
array of exposure parameters includes x
one large study being performed for
the U.S. Nuclear Regulatory Commis-
sion on both som: *ie and genetic
effects of 60 equal once-weekly doses :
delivered at rates as low as 0.033 cGy i
of neutrons and 1.67 eGy of gamma ‘
rays per week.

Type of Exposure Neutrons Gamma Rays .
Single exposures (cGy) 1-240 22.5-7838 : z
Fractionated, 2-60 fractions |
(cGy, total dose) 2-320 100-3820
Duration of life (cGy/weekly fraction) 0.67-2.67 7-32
Continuous (cGy/day) - 1.3-6
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In most experiments we have used the
house mouse, Mus musculus, specifi-
cally the C57BL/S x BALB/e F, hybrid
(B6CF,). To provide an interspecies
comparison, we have also used the
wild-type white-footed mouse, Pero-
myscus leucopus, a cricetid rodent
that is the same size as Mus but with
a significantly longer life span and a
different spectrum of tumors.

Animals are observed for their life-
times; gross and microscopie examina-
tions of the decedents are carried out
to establish the probable causes of
death. The biological studies are sup-
perted and complemented by dosime-
tric-analysis and data-processing pro-
grams.

Life Shortening.

During the past year, the last of the
life-shortening studies was completed,
with the exception of one small study
involving only gamma irradiation deli-
vered at low dose rates for five 22-h
exposure days per week for 60

weeks. Because this last study will
require about 18 months for comple-
tion, we have initiated a new interim
analysis of all of the life-shortening
dat’s collected over the past 15

years. The motivation for the analysis
is the increasing concern over the
quality factor, (Q), that should be
used for neutrons in radiation protec-
tiea. For fission neutrons, @ is 10 at
uresent, relative to low-LET radia-
tions for which Q is 1. There is some
pressure to increase the value of Q to

E
The quality factor, Q, is used in radiation protection to reconcile known differences
in the biological effectiveness of different ionizing radiations. A dose equivalence is

20 or greater because of the evidence
froin studies here and elsewhere sug-
gesting a high rate of response at neu-
tron doses below 10 ecGy--a rate that
is significantly higher than has teen
observed in data at 10 eGy and
above. Life shortening is an ideal end
point for these quality factor consi-
derations because it acts as an inte-
grator of all radiation-induced injury
that would be evident in a large popu-
lation.

Our analysis takes the form of a
weighted linear-quadratic covariance
analysis that uses total dose as the
basie independent variable, mean
aftersurvival (MAS) as the dependent
variable, and takes into account varia-
tion due to sex, exposurs pattern, and
the individual experiment. The
response to gamma rays is as ex-
pected. The life shortening coeffi-
cient (reduction of MAS in days/cGy)
is pattern-dependent, not significantly
influenced by sex, and best derived
from a linear equation. The coeffi-
cients are

single doses: 0.426+0.012 days/cGy
24 weekly doses:
1/week 0.198+0.007 days/cGy
5/week 0.158+0.016 days/eGy
69 weekly doses:

1/week 0.134+0.006 days/cGy

generated from the product of absorbed dose and Q. Although Q does not refer to
any specific biological end point, as does the experimentally determinad relative
biological effectiveness (RBE), it is conceptually related to RBE: the ratio of
absorbed doses of different radiations that produce the same biological effect.




duration-of-life:
1/week 0.088+0.009 days/cGy

The response to neutrons is also linear
but is little influenced by pattern of
exposure up to about 20 cGy. Beyond
20 ¢Gy, however, the response
becomes nonlinear, concave down-
ward. It is possible to derive common
life-shortening coefficients from the
combining or merging of all the data
because of this initial, near-linear
response. The data base can be trun-
cated or delimited arbitrarily at any
selected dose level so that a series of
coefficients can be derived at succes-
sively inereasing truncation doses.
The statistically best estimates of the
linear response coefficient are derived
from the merged neutron data trun-
cated at 10, 21, 30, and 40 cGy, with
hotn linzgei and linear-quadratic equa-
tions {th= D? term is typically nega-
tive in these analyses). The life-
shortening values range between 2.6
and 4.9 days with a weighted mean of
3.80£0.67 days lost/eGy. The RBE
values, therefore, range from 912
(3.80/.426) to 4319 (3.80/.085). The
response to single neutron doses only
is somewhat higher than the response
derived from all merged data:
6.34+1.39 days lost vs. 3.80 days. The
difference is not significant, but the
RBE for single doses might b~ .5 high
as 15+3 (6.34/.426).

The data from the irradiation of P.
leucopus have been analys2d and the
response is much like that seen with
Mus. Although the cause-of-death
patterns are somewhat different for
P. leucopus, most of the excess
mortality is related to neoplastic
disease, as seen in data from both
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mice and men. About 36% of the ani-
mals die from this cause in P.
leucepus compared with 84% in Mus
and 21% in man. Thus, life shortening
is again confirmed to reflect excess
deaths from neoplastie disease, which
strengthens our reliance upon this
parameter.

Pathology.

Gross pathology records are now
available for analysis on about 35,000
animals. Microscopic evaluations
have been completed on about

15,000. Initial analyses of dose-
response functions are being per-
formed on selected categories of the
gross pathclogy data expressed in
terms of age-specifie cumulative net
risk of death from the specified
tumor. Net risk is estimated in 100-
day intervals. Linear and linear-qua-
dratic regression equations are fitted
to the risk values as a funetion of
total dose within the categories of
sex, radiation quality, age, tumor
type, exposure pattern, and individual
experiment within exposure pattern.
Analyses are also applied to the
merged data from all individual
experiments within an exposure
pattern to give a summary of the
responses {o single doses compared
with 24 once-weekly doses or 60 once-
weekly doses. Dose-response coeffi-
cients and RBE values vary considera-
bly among the different experimental
variables. For example, the linear
terms that are specifically used for all
prediction and evaluation of responses
to low doses present a configuration
of values that vary in an erderly
manner as a function of age, sex,
exposure pattern, and radiation
quality. The cogent faects are these:
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1. Risk of tumor death per ¢Gy
increases exponentially with age to
the midlife pericd (~900 days) then
plateaus.

2. Females have slightly but consis-
tently higher risk coefficients, but
this effect does not influence RBE
values significantly.

3. Dose protraction reduces the risk
coefficients for gamma irradiation at
all ages in a constant manner.

4. Dose protraction increases tha
risk coefficients for neutron irradia-
tion but primarily at ages >500 days.

5. RBE values derived from the
ratio of linear terms may increase
with age for some tumors, but consis-
tently increase as dose rate decreases,
or dose is otherwise protracted by
fractionation. In addition, RBE values
are consistently higher for epithelial
tissue tumors, either as a total cate-
gory or as individual tumor types, than
they are for all connective tissue
tumors, collectively or individually.
RBE values are also generally lower
for the class of "all primary tumor
deaths" than for life shortening or "all
causes," even though, as noted, tumor
mortality is the major econtributor to
life shortening.

Dosimetry.

During most of the year, Janus was
not available for experimental animal
studies because of a required change
in the ecnverter plate (the ultimate
source of the fission neutrons) from a
high level to a low level of enriched
uranium-235.

Microdosimetric measurements were
carried out in the High Flux Room

before the change in the fission con-
verter plate. A half-inch-diameter
proportional counter was combined
with a Tissue Equivalent (TE) low-
pressure zas-flow system to ensure
constaney of the measurements.
Microdosimetric spectra were taken
at five different positions within the
room. Included among the positions
were two standard locations defined
as 0, 0, 100 ecm and 0, 0, 169 cm (along
a line from the face, ~1 m above the
floor); positions 5 and 8 (two mouse
frame positions), and the incubator
position. Measurements were made
with and without the mouse frames
filled with mouse phantoms in posi-
tions 5 and 8 and with and without the
incubator in the incubator position.
All measurements were carried out at
0.5, 1.0, and 5.0 yum site diameter
simulation and with the attenuator in
both up and down positions. The fre-
quency-mean lineal energy, y p the
dose-mean lineal energy, y D’ and the
relative contribution of low-LET radi-
ation to the dose were some of the
parameters determined from the mea-
sured spectra. At a site diameter of
0.5 um these values were

¥ p = 26.945.1 keV um™
¥ = 66.1+1.8 keV um™

and low-LET contribution = 3.2+1.4%.

At a site diameter of 1.0 ym these
values were

V= 10.2£5.0 keV ym™ 3
¥ = 61.6+£1.6 keV um™';

and low-LET contribution = 4.7+1.6%.



At a site diameter of 5.0 um these
values were

¥ p= 101311 keV um s
Yp = 44214 keV um” 5

and low-LET contribution = 8.5+£0.8%.

An important result of this investiga-
tion was that no significant change in
the micerodosimetric spectra as a
funetion of position or irradiation con-
dition was observed in the Janus High
Flux Room. In other words, a uniform
radiation quality prevails throughout
the exposure room,

The basie studies of life shortening
and tumorigenesis are nearing comple-
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tion, and it has become clear that the
responses to low doses of neutrons

(1 to 10 cGy) are nearly linear for
most biological end points. Thus, a
maximum value for the RBEs will be
reached in this dose range for each
end point. The RBE values are speci-
fie to the end point, being as low as
two for connective tissue tumors or as
high as 45 for life shortening from ail
causes of death., As more microscopic
pathology data are accumulated, both
cause of death and tumor prevalence
data will be analyzed in detail to
determine if neutron as compared
with gamma irradiation induces dis-
proportionate incidences of certain
cellular types of tumors.

Fry, R. J. M,, J. B. Storer, and R. L. Ullrich
Radiation Toxicology: Carcinogenesis
The Scientific Basis of Toxicity Assessment, H. Witsehi, ed., 1980,

Elsevier/North-Holland Biomedical Press, Amsterdam, The Netherlands,
pp. 291-304

Fry, R. J. M., and H. P. Witschi
Lung Tumors in Mice

Carcinogenesis and Mutagenesis Testing, J. F. Douglas, ed., 1984, The
Humana Press, Ine., Clifton, NJ, pp. 63-78
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This program has three objectives:

(1) to assess genetic hazards of single,
weekly, and continuous doses of §0Co
gamma rays and single and weekly
doses of fission neutrons to provide a
basis for estimating relative biological
effectiveness (RBE) of fission neu-
trons, (2) to develop detailed dose-
response data at low doses as a basis
for studying relationships between
linear energy transfer (LET) and the
sensitivity of various cell stages, and
(3) to develop improved statistical ap-
proaches tc analytical issues in chemi-
cal and radiation toxicology.

The genetic end points investigated in
this program are (1) the dominant
lethal mutation rate, (2) the frequency
of abnormal sperm head morphology,
(3) the frequency of reciprocal chro-
mosome translocations induced in
spermatogonia, and (4) the frequency
of chromatin fragments (mieronuclei)
in the polychromatophilic erythro-
cytes in the bone marrow. Male hy-
brid B6CF, mice, 120 days c.d, are
irradiated with fission neutrons from
the Janus reactor and with gamma
rays from our §0Co gamma sources
(see Chapter 22 for further deserip-
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11. MAMMALIAN GENETICS AND BIOSTATISTICS

D. Grahn, Principal Investigator
B. A. Csrnes, B. H. Farrington, and C.-H. Lee

tions of our radiation facilities).
Breeding tests are performed with the
irradiated males &t select periods to
obtain data on premeiotic, meiotie,
and postmeiotic cell stages in male
gametogenesis.

Effects from low single neutron doses
have been compared with the effects
of low doses of 60Co gamma rays. A
weekly exposure series has also been
performed for additional neutron and
gamma-ray comparisons at weekly
increments of 0.67, 1.67, and 2.67 c¢Gy
of neutrons vs. 6.95, 17.4, and

32.0 ¢Gy of gamma rays for periods up
to one year. Males were periodically
screened for accumulation of domi-
nant lethal mtations and for the fre-
quency of chromosome aberrations.
An extensive study is under way for
the Nuclear Regulatory Commission
on the somatic and genetic effects of
60 once-weekly exposures to low neu-
tron and gamma irradiations. The
genetic tests evaluate the effects of
0.125, 0.35, and 0.67 cGy per week of
neutrons and 5, 7.5, and 10 ¢Gy per
week of gamma rays. Genetic evalua-
tions performed during the 60 weeks
of exposure and after the exposure
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sequence will be used to determine
levels of residual genetie damage.

Genetic Studies.

The two independent studies described
previously on the rate of dominant
letha. mutations induced in male
B6CF, mice by long-term, once-
weekly exposures to either fission
neutrons or §°Co gamma rays have
been completely reanalyzed to extract
from the data the best estimates of
the twc coexistent mutation rates:
the rate induced in meiotic and post-
meiotic cell stages and the rate in the
stem-cell population. The latter is
small, cumulative, and largely attribu-
table to the unbalanced gametes pro-
duced at the first meiotie division by
the segregants from spermatocytes
carrying balanced translocations. This
contribution is confounded in the
quantitative analysis of the augmenta-
tion of neutron-induced damage by
dose protraction. An aresin transform
of the data was applied to eliminate
heterogeneity of the variances. The
data were reassembled in & manrer to
provide eight "age groups" in each
experiment that were used to define a
cumulative dose value to relate to the
irradiated stem cell. Multiple linear
regression analyses of the postimplant
losses were carried out to define the
mutation rate per ¢Gy per week sep-
arately from the rate per cumulative
¢Gy. For preimplant losses, the
average number of implants (dead or
alive) per female was regressed on
¢Gy per week, cumulative e¢Gy, and
average number of corpora lutea per
female. The results of these analyses
confirm the existence of the augmen-
tation of the postimplant mutation
rate induced by low weekly neutron
doses compared to single doses. The
rate is increased by 67% over the

single-dose response while the
response to weekly gamma irradiation
is reduced by 30% from that seen for
single doses. Preimplant losses, as
measured by reductions in the number
of implants, do not show this
augmentation effect even though the
response to extremely low single doses
did suggest the phenomenon would
occur. The coefficients for the
cumulative eGy term were not signifi-
cant in the preimplant loss data, but
they were of borderline significance in
the postimplant mutation rate data.
The observed or crude mutation rates
for each weekly dose level were also
adjusted downwarqd by statistically
removing the effect of cumulative
c¢Gy to the stem cell. These final
adjusted values, when plotted against
the five-week cumulative dose (the
dose to postspermatogonial cells only),
revealed an additional phenomenon.
The postimplant dominant lethal
mutation rate rose rapidly at doses
below 3 eGy, then began to slacken
before approaching a more monotonic
linear rate of increase. The initial
rate may be threefold greater than
the rate seen at doses above 5 eGy.
The neutron-induced augmentation
phenomenon appears to reflect
complex interactions between total
dose, dose rate, cell stage, cell sensi-
tivity to mutation and killing, and the
microdosimetric factors of ionizing
event frequency and magnitude.

Statisties.

The discrete nature of the measured
end point (e.g., number of mutant
colonies, number of micronuelei,
number of live embryos, number of
dead animasls) is one of the unifying
themes in the analysis of biological
data. Statistical analyses, developed
for continuous data and based on the




assumption of normality, may not be
appropriate for count-type data.
Thus, an important objective is to
develop alternative approaches to
data analysis that may be more sensi-
tive and better describe the patterns
of observed response.

A good example of discrete data
requiring special analysis is in the
radiation toxicity studies in dogs
(described in Chapters 12 and 13).
The end point is death from a specific
type of tumor, which is a rare, dis-
crete event. A number of difficulties
immediately arise when time-to-death
data of this type are analyzed. One
complication is the staggered chro-
nology of administration of treatment,
such that treatment differences may
be confounded with differential
follow-up times. Surviving animals in
an ongoing experiment resu!t in dif-
ferential eensoring that further com-
plicates statistical analysis. Strati-
fied contingency table analysis is a
statistieal technique suited to this
type of problem. A Fortran program
designed for time-to-death data is
now available on the IBM system; we
have successfully used this program to
analyze the data from the dog studies.

Another statistic that comes out of a
contingency table analysis is the odds
ratio, a standard statistie in epidemi-
ology. Logistic regression, developed
for the analysis of life table data, also
generates the odds ratio. For the last
decade, logistic regression has com-
pletely supplanted other forms of life
table analysis in the field of epidemi-
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ology. We have tested a program in
SAS (Statistical Analysis System) to
conduct logistic regression (which is
related to proportional hazards
analysis and the concept of competing
risk) to use in further statistical
analyses of the data generated in
Divisional studies.

Micronucleus assay data, where few
micronuclei are found in a large sam-
ple of cells (e.g., red blood cells or
polychromatic erythrocytes), presents
another type of problem; the data are
so sparse that they are essentially
binary. [f we assume that the number
of micronuelei follows a Poisson dis-
tribution, it is possible to apply
Poisson regression models. The
resulting regression coefficients are
maximum likelihood estimators that
can be solved by iteratively
reweighted least squares. A program
that uses PROC NLIN in the SAS pro-
gramming language has been devel-
oped for this purpose. Problems of
this type can more easily be solved
with generalized linear models
(GLIM). The GLIM software package
has been procured and is currently

being tested on the PDP 11/44 system.

Once the contingency table, logistic
regression, Poisson regression, and
GLIM programs are completed, we
plan to embed them within a user-
friendly computer program. This pro-
gram will allow the investigator to
seleet the desired form of analysis by
respending to a menu of questions at a
terninal, thus faeilitating statistical
analysis of experimental data.

-
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The basic objective of this program is
to generate comprehensive data on
the late effects of low doses of ioniz-
ing radiation in the dog--a large, rela-
tively long-lived animal--to provide
the necessary base for extrapolations
of data from laboratory animals to
man. The specific objectives are to
(1) determine the influence of two
major factors, daily exposure rate and
total accumulated dose, (2) provide
data for estimates of radiation-speci-
fic excess mortality in the dog to
enable interspecies comparisons with
existing rodent data and to develop a
unifying concept of radiation damage,
and (3) provide baseline data and spe-
cimens to characterize the pathogene-
sis and mechanisms of induetion of
leukemia, aplastic anemia, and other
diseases, including late-ocecurring soft
tissue tumors.

Protracted whole-body gamma irradi-
ation from €0Co sources is being given
to young adult beagles 22 hours per
day, 7 days per week at various expo-
sure rates down to those allowing a
nearly normal life span. In two sepa-
rate but related studies, radiation is
given either until death of the animal
(0.3, 0.75, or 1.9 ¢Gy per day) or until
predetermined total doses (450, 1050,
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12. RADIATION TOXICITY STUDIES IN DOGS

T. E. Fritz, Principal Investigator

B. A. Carnes, K. Duggal, L. S. Lombard, C. M. Poole,
T. M. Seed, D. V. Tolle, C. Wardrip, S. M. Cullen,

D. E. Doyle, G. L. Holmblad, L. V. Kaspar,

W. G. Keenan, and A. R. Sallese

1500, and 3000 cGy) are accumu-
lated. The total doses are delivered
at dose rates of 3.8, 7.5, 12.8, or

26.3 cGy per day to allow us to com-
pare results with those from dogs pre-
viously irradiated until death at these
same exposure rates. The dogs, main-
tained for their entire life span, are
monitored and evaluated at regular
intervals by hematologie, clinical, and
pathological examinations. At death,
a complete necropsy is performed.
All data are entered into a computer-
ized data base.

Responses of Adult Beagles to Con-
tinuous Exposure to §9Co Gamma

Rays.

We have continued to monitor both
control dogs and those under continu-
ous irradiation at 0.3, 0.75, and 1.9
cGy per day. As of May 1985, these
dogs have been irradiated for periods
ranging from 2299 to 3369 days after
their entry into the experiment at 400
days of age. Generally, all dogs
appear in good health; the irradiated
dogs cannot be differentiated clini-
cally from the controls, exceat for
depression in the numbers of circu-
lating blood cells and, in males, testi-
cular atrophy and aspermia.
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The deaths of an additional 20 dogs
during the past year give a total of 47
decedents (44 experimental dogs out
of a total of 184 and 3 controls out of
46). These 20 new deaths represent
nearly half (43%) of all dogs that have
died since the beginning of the study.
The inereased mortality is related to
exposure rate as the 20 deaths include
12 at 1.9 eGy per day, six at 0.75 cGy
per day, and two at 0.3 cGy per day.

The total number of deaths to date is
also related to exposure rate as 54%
of the dogs in the 1.9 eGy per day
group have died, as compared to 24%
of the 0.75 c¢Gy per day group, 7.6% of
the 0.3 cGy per day group, and 6.5%
of the nonirradiated controls. No
difference was found between the
numbers of deaths in the lowest
exposure rate group (0.3 ¢Gy per day)
and that in the control group (7.6%
and 6.5%, respectively} after more
than eight years of irradiation.

In the 1.9 e¢Gy per day group, 13 of the
25 deaths are from malignancies of
the hematopoietic system: seven
were myelogenous levkemia or related
myeloproliferative disorders (MPD),
four were due to mast cell tumors
(there was a fifth in a dog dying of
myelogenous leukemia), and two were
due to lymphoid tumors. Inasmuch as
the mast cell is a form of the basophil
and a derivative of the granuloeyte/
monocytic line of differentiation from
the pluripctent hematopoietie stem
cell, we can include the mast cell
sarcomas cmong the myeloprolifera-
tive disorders even though they did
not principally affect the bone
marrow as in the other seven cases.
Also, as indicated in earlier reports
(on studies at higher dose rates),
except for the mast cell tumors that
are ceurrently appearing, the myeloge-
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nous leukemias and related MPDs are
the earliest malignancies to develop,
occurring no later than 2000 days of
exposure., That observation is still
true in this study as the latest death
due to myelogenous leukemia occurred
at 1944 days of exposure while all of
the fatal mast cell tumors oceurred
after 2000 days of exposure.

In addition to the 13 hematopoietic
malignancies, there have been five
other fatal tumors in the 1.9 c¢Gy per
day group; three of the five were
mammary carcinomas and the others
were a vascular sarcoma of the spleen
and a carcinoma of the nasal cavity.

Durire the past year, we have alsc
seen .ho first soft tissue malignancies
among dogs irradiated at the two
lower rates of 0.75 and 0.3 ¢Gy per
day. These recent tumors include
lymphoid, mast cell, and pancreatie
duct tumors in dogs irradiated at 0.75
cGy per day, which together with an
earlier occurring MPD give a total of
four malignancies in this group. There
were also a mammary and a mast cell
tumor in the group irradiated at 0.3
cGy per day for a total of two to date.

The fatal tumors include six mast cell
tumors, eight other MPDs, and other
soft tissue malignancies. To date,
fatal tumors account for 49% of the
deaths in the irradiated groups,
whereas no fatal tumors have been
found in the control groups.

Responses of Adult Beagles to Termi-
nated Exposures to 60Co Gamma

Rays.

The dogs in this study still alive as of
May 1985 range in age from 2779 to
4783 days. To date, 57% of the irradi-
ated dogs and 62% of the control dogs
have died. Although the data are still




incomplete, several interim cecnelu-
sions are justified. Our ability to
analyze the relationship between the
proportion of tumors and dose data
was greatly enhanced during the past
year by our acquisition of a computer
program written by the National
Cancer Institute (see D. G. Thomas
and J. J. Gart, 1983, Computers and
Biomed. Res. 16, 116-126) and
development of programs to accom-
modate its use with our computerized
records systems.

The following conclusions on tumor
incidence and irradiation dose and
dose rate are based on the analyses we
conducted using the program of
Thomas and Gart:

1. Although age at the onset of
irradiation of animals differs for the
various groups, age does not affect
the interpretation of results.

2. Results obtainec from analyzing
the data on the basis of aftersurvival
or actual age at death are the same.

3. There is a positive trend in the
proportion of dogs dying of tumors as
total dose is inereased at all dose
rates except 12.8 cGy per day. [f the
results are combined for the ovarall
rates, the positive trend is highly
significant (P<.0001).

4. There is no evidence of dose rate
effect except at a total dose of 3000
¢Gy; at this total dose, the trend is in
the negative direction.

5. All of the significant positive
trends across dose by dose rate are
linear. There is no evidence of depar-
ture from linearity.
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6. Because of the large difference in
follow-up time between the dogs given
a total dose of 450 c¢Gy and the other
group, there is nat enough data avail-
able to make a meaningful analysis of
the 450 ¢Gy groups.

Results from dogs in earlier studies
irradiated continuously at similar dose
rates (and from dogs being irradiated
at lower rates as described earlier in
this summary) show that the mortality
rate in dogs continuously irradiated is
related to dose rate. This finding con-
trasts with that found for the termi-
nated exposures where the effects are
additive and influenced only by total
dose. Studies of terminated exposures
to mice in progress at this Laboratory
suggest a dose rate effect but it is
expected to be smaller than would be
expected from duration-of-life expo-
sures. These differences can be
explained because with both species,
mice and dogs, the maximum exposure
is 400 days. In the case of the mouse,
this period exceeds 40% of the total
life span, but it is only 10% of the life
span of a beagle.

Other interim observations {described
in earlier reports) on significant life
shortening from all causes and in-
creased frequengy of specific tumor
types have not changed during the
past year. As they become available,
data will be further tested with the
program of Thomas and Gart.

Because of the large numbers of fatal
tumors in the spleen, a special effort
was made to characterize these
malignancies more fully. Specimens
of 17 sarcomas of the spleen, 11 from
this study and six from dogs chroni-
cally irradiated in earlier studies at
this Lahoratory, were submitted to
the Veterinary Pathology Section,
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Armed Forces Institute of Pathology.
These specimens were also referred by
the Veterinary Pathology Section to
the Soft Tissue Section and the Immu-
nopathology Diagnostic Section, as
well as the Electron Microscopy Sec-
tion, Clinical Center of the National
Cancer Institute.

A consensus of the several reviewers,
on the basis of light microscopy,
electron mieroscopy, and immuno-
chemical examinations, was that the
tumors were anaplastic sarcomas
composed of cells differentiating
toward several cell types, ineluding
the Schwann cell, and are similar to
radiation-induced sarcomas in man.

We are currently reviewing additional
cases of tumors of the spleen from
control and irradiated dogs and have
also ineluded hematomas of the spleen
for review because of their high fre-
queney ii: irradiated animals. At the
present time, our data show a 10-fold
increase in both sarcomas and hema-
tomas of the spleen (most with extra-
medullary hematopoiesis) of dogs
given any of several forms (internally
deposited radionuclides and external
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whole-body 60Co irradiation) of pro-
tracted irradiation. '

In summary, these studies provide
data that identify tissue sensitivities,
target organs, disease processes
(degenerative, neoplastie, ete.), life
shortening values, and mortality rates
that result from continuous and ter-
minated exposures to whole-body
radiations and relate them to various
total doses and dose rates. The data
from protracted exposures given at
rates between 3.8 and 26.3 eGys per
day show that the life shortening and
numbers of fatal tumors are deter-
mined by total dose when the irradia-
tion is terminated at total doses
between 450 and 3000 cGys. The
survivai data and causes of death
identified at contindous exposure to
0.3, 0.75, and 1.9 ¢Gy per day will
permit further testing of theoretical
models of radiation damage and
mortality. At the present time, the
results support the conclusions derived
from short-lived laboratory rodents
that radiation damage at the low dose
rates that are relevant to human
populations are determined by total
dose and are independent of dose rate.

Seed, T. M., T. E. Fritz, D. V. Tolle, C. M. Polle, L. S. Lombard, D. E. Doyle,
L. V. Kaspar, S. M. Cullen, and B. A. Carnes
Survival Patterns and Hemopathological Responses of Dogs under Continuous
Gamma Irradiation
Proceedings of the Workshop organized by the Radiological Institute TNO and
the Armed Forces Radiobiological Institute, Responses of Different Species to
High Dose Total Body Irradiation, July 1, 1983, Rijswijk, The Netherlands,
d. d. Broerse and T. J. MacVittie, eds., Martinus Nijhoff Publishers, Dordrecht,
The Netherlands, 1984, pp. 137-159
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TOXICITY

L. V. Kaspar

The objective of this projeet is to zlu-
cidate the cellular processes by which
chronie exposure to low daily doses of
ionizing radiation induce and prcmote
the development of either aplastic
anemia or myeloid leukemia, i.e., two
prominent pathological censequences
of radiation exposure.

The experimental approach to the pro-
blem involves the sequential assess-
ment of hematopoietie function of
beagles under chronic whcle-body
gamma irradiation (1.9-12.8 eGy per
22-h day) during the preclinical phases
of developing apiastic anemia and
myelogenous leukemia (and related
myeloproliferative disorders, MPD).
Combined morphological and ultra-
struetural techniques are applied to
assess the structural changes in hema-
topoietic tissue during the preclinical
stages. Cell cloning assays are used
to monitor vital progenitor popula-
tions of both hematopojetic and stro-
mal cell origin. The care, clinieal
monitoring, and irradiation of the ani-
mals is provided by staff members
from other groups in the Division.

13. HEMATOPOIESIS UNDER CONDITIONS OF CHRONIC

T. M. Seed, Principal Investigator

During 1984, we continued to eluei-
date the ecellular mechanisms of
hematopoietic recovery in beagles
under gamma irradiation (1.9-12.8 cGy
per day). This recovery appears to be
a pivotal process in the progression of
both aplastic anemia and myeloid leu-
kemia. Major areas of effort include
(1) structural studies of the sequential
change in bone marrow architecture
during the prerecovery period and (2)
functional studies of the sequentially
collected, marrow-isolated hemato-
poietie progenitors with respect to
their radios2nsitivity, cell eycle sta-
tus, and repair capacities.

Structural Studies.

Using morphometric techniques, we
have begun to document and quanti-
tate radiaticn-dependent, time-depen-
dent lesions of the endosteum (i.e.,
the funectional critical cellular inter-
face between the bone and marrow) in
marrow samples of individuals pro-
gressing to aplastic anemia. In the
near future, we will begin to examine
the endosteal responses of the leuke-

*Service support personnel: D. V. Tolle (eytology), S. M. Cullen, (hematologyj;
D. E. Doyle and C. Fox (data processing), T. E. Fritz, K. Duggal, and L. S. Lombard
(pathology), W. G. Keenan and C. L. Wardrip (veterinary eare), and G. L. Holmblad

(irradiation).
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mia-prone dogs. Results indicate that
in the late preclinical stages of evolv-
ing marrow aplasia, the endosteum
becames somewhat inactive, indicated
by marked reduction in formative and
resorptive activities with correspond-
ing increases in formerly quiescent
areas. Such inactivation is temporally
(perhaps causally) linked to the col-
lapse in hematopoietic function in the
aplasia-prone animals under continu-
ous irradiation. The latter is reflect-
ed by the decline to less than 1% of
normal pre-exposure levels in absolute
marrow cellularity, hematopoietic and
stromal cell progenitor concentra-
tions, and specific marrow cell
reserves.,

Funectional Studies.

Previously, we observed radiation
dose- and pathology-dependent shifts
in the radiosensitivity of hematopoie-
tie progenitors under continuous expo-
sure. Furthermore, we suggested that
such shifts in radiosensitivity of vital
target cells probably mediate hemato-
poietic recovery in the long-lived,
leukemia-prone subgroup of dogs
under chronic gamma irradiation (3.8
and 7.5 c¢Gy per day). This observa-
tion has been extended to include
shifts in radiosensitivity of hemato-
poietic progenitors isolated from
biopsied marrow of neonates irradi-
ated continuously (7.5 cGy per day)
during both the gestational and
postpartum periods. Analogous to the
response produced in leukemia-prone °
adults under continuous irradiation,
continuous exposure during fetal and
postnatal periods resulted in acquired
radioresistance by hematopoietie pro-
genitors. In contrast, when the irradi-
ation was terminated at birth, the
progenitors assumed, postnatally, a
neariy normal level of radiosensi-
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tivity. These results further support
the suggestion that the acquired
radioresistance of hematopoietie pro-
genitors is not a clonally stable
response, but instead is one that can
be modified with various radiation
protocols and treatments.

We have continued to explore the
molecular and cellular bases of
acquired radioresistance by hemato-
poietic progenitors under continuous
irradiation.

DNA Damage and Repair. The inher-
ent radiosensitivity of genomic DNA
of hematopoietic progenitor-enriched
marrow preparations has been exam-
ined through alkaline elution-micro-
fluorometric methods. Results indi-
cate that the extent of radiation-
induced DNA damage (i.e., single-
strand lesions) for both eontro}l and
prerecovery marrow samples was vir-
tuaily identical (i.e., DNA strand
excision factors at 500 ¢Gy were 20.1
and 20.7, respectively, whereas 20%
less damage was recorded within the
postrecovery-phase specimens ob-
tained from leukemia-prone animals.
DNA repair assays are in progress at
present.

Cellular Repair and Recoverability.
Complementary to the above DNA
damage and repair assays, we continu-
ed to assess cellular repair capacity of
hematopoietic progenitors isolated
from marrow of both nonirradiated
dezs and chronically irradiated dogs in
various preclinical phases of progress-
ing aplastic anemia and myeloid leu-
kemia. Results of the "split-dose
repair” assays show that both prere-
covery and postrecovery phase hema-
topoietie progenitors of leukemia-
prone dogs exhibited elevated survival
ratios at the 24 h interfractional




period, whereas progenitors of
aplasia-prone animals were markedly
lower {(e.g., survival ratios of 1.35 vs.
0.85, respectively). These observa-
tions suggest that the hematopoietic
progenitors of leukemia-prone ani-
mals, in contrast to the aplasia-prone
animals, have enhanced recoverability
following radiation dose fractionation.

Cell-cycle Alterations. The extent of
cell eyeling within the committed
hematopoietic stem cell compartment
of the marrow has been assayed by S-
phase-specific cytotoxie suiciding
methods. Progenitor cell-cyeia modi-
fication under continuous irradiation
is significantly different for the two
major subgroups of dogs, i.e., the
radiosensitive, aplasia-prone subgroup
and the radioresistant, leukemia-prone
subgroup. Prior to radiation exposure,
the extent of progenitor cell cyeling
was significantly higher in the aplasia-
prone animals when compared with
either the leukemia-prone animals or
the nonirradiated controls. During the
initial period of exposure, these
aplasia-prone animals responded by
first decreasing the extent of eycling
and later increasing it substantially
above control levels. The leukemia-
prone animals, in contrast, initially
responded by progressively iiicreasing
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the extent of cell eyeling during the
prerecovery period. Following pro-
longed periods of exposure, cel}
cycling appeared to be substantielly
reduced during the nostrecovery
phase.

Two major conclusions are drawn from
our work to date: first, hematopoietic
recovery during the course of chronie,
low daily dose, gamma-ray exposure is
a "vital" and "necessary" step, but not
by itself "sufficient" for the develop-
ment of myeloid leukemia; and
second, hematopoietic recovery
appears to be mediated by a time-
dependent selection and amplification
of aberrant hematopoietie progenitors
that express a battery of newly
acquired characteristics, ineluding
‘increased radioresistance, modified
cell-cycla properties, and enhanced
clonal growth and recovery potentials.

On the basis of these interim results,
our near-term goals include (1) eluei-
dating the molecular and cellular
bases of acquired radioresistance by
hematopoietic progenitors and (2) in-
vestigating possible causal relation-
ships between acquired resistance by
progenitors and subsequent leukemic
transformation.

Ultrastructural Effects of Radiation on Tissues and Cells: Concluding Remarks
Ultrastructural Effects of Radiation on Tissues and Cells, reprinted from

Scanning Electron Microscopy 1981/IV and Seanning Electron Microscopy
1982/1, Seanning Electron Microscopy, Inc, AMF O'Hare, IL, 1983,

pp. 167-168
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Molecular Biology

Molecular Anatomy
Molecular Biophysics
Mutagenesis
Photobiology |

The Molecular Biology Section aomprises four groups studying biological strue- .
tures, biological regulation, and the modification of both structaré and regula- = :-
tion at the molecular and cellular level. Two of the groups study the effects.of -

mutagenie, earcinogenie, and toxic environmental radiations and othergeuvirou'—;,.
mental pollutants on DNA and cell proteins to elucidate their modes of ‘action;.":
Another examines the structures of specific proteins, with emphasis. on: thé
structure-function relationship. The lact group examines cell growth: and 1ts'.1;m;_
regulation, a facter intimately related to the other studies. :

The Photoblology Group examines the nature of DNA damage produced by muta—; R
genic and carcinogenic environmental radiations. They examine a variety of

DNA end points such as DNA strand breakage, DNA-protein crosslmkmg, the:for-
mation of alkali labile sites, and the generation of DNA photoproducts, and cor-';
relate these DNA changes with cell klllmg and mutatlon. (See Chapter l4)

The Molecular Anatomy Group is concerned primarily with detectmg mutatlo
and toxie injury producéed by ionizing radiation and other energy—relé ed pollu
tants through the use of two-dimensional electrophoresis. They have. df-velopedm
methods for characterizing large numbers of cellular and extracellula protem
and are producing reference maps of the proteins of human plasma and lympho

cytes, mouse liver, and other'systerms 0; interest. (See Chapter 15. )

The Molecular Biophysies Group is determmmg the three-dlmensmnal structure;
of specific urotems, mcludmg immunoglobulins (such as antl—zdxotyplc antlbodle
and autoantlbodles), c‘upntherla toxin, a-A5-3-ketosteroid lsomerase, leukocyt
cationic proteinsy .and the photosynthetlc reaction center. - Informatlon '
obtained by various blophysmal techniques, primarily x-ray dlffl‘Bcthﬂ for. cry
talline materlal and gel filtration for molecules in solution. (See Chapter 16

i Studies, descrlbed in Chapter 17, on the regulation of cell growth'conducted lbyt
; the Mutagenesm Group are providing evidence for similar. regulatory systems m:
w1de1y different types-of cells, from bacteria to mammalian cells. The curren
-approach is prm&rlly blophysmal .involving measurements of~ eell volume,,
density, and mcuss in sy'lchromzed cultures. -

B/ 7¢




This program is concerned with the
basie nature of the biological effects
of mutagenic and carcinogenic envi-
ronmental radiations, including those
solar ultraviolet and visible radiations
responsible for the most ecommon form
of human cancer: cancer of the skin.
Concentrating on the damages to DNA
caused by these radiations, the pro-
gram attempts to delineate the basic
mechanisms whereby such damage
may oceur.

Since its inception, this program has
studied biological effects of radiations
ranging from short wavelength ultra-
violet (far UV) through long wave-
length UV radiation (near UV) to visi-
ble radiations. Recently, we have
begun to study the effects of x-rays,
60Co gamma rays, and fission-spec-
trum neutrons. Biological systems
used as targets range from prokaryo-
tie cells and subeellular genetically
active nucleie acid to erukaryotic cells
such as yeast and the human P; cells
(see Chapters 3 and 4 for a further
discussion of research involving P5
cells). We are studying such biological
end points as cell killing and induetion

14. MOLECULAR AND CELLULAR EFFECTS OF
RADIATIONS

M. J. Peak, Principal Investigator N
J. G. Peak, A. ito, and R. M. Roth

of resistance to thioguanine and such
physicochemical end points as DNA
breakage (single-strand and double-
strand seissicns), the formation of
alkali labile sites, DNA-to-protein
covalent bond crosslinking, und the
formation of DNA photoproducts such
as pyrimidine dimers and pyrimidine
adducts.

This work with nonionizing radiation
has identified two principal types of
pathways through which damages can
occur. Far-UV radiation is toxic and
mutagenic due to the direct absorp-
tion of photons because of base tau-
tomerism, resulting in such specific
photoproducts in DNA as pyrimidine
dimers and pyrimidine addue's. Near-
UV radiation, on the other hand,
exerts its mutagenic and other dele-
terious effects indirectly, primarily
through pathways that use nonDNA
cellular sensitizers and several reac-
tive oxygen species that are generated
from ground-state molecular oxygen.
These photosensitized reactions are
known as photodynamic action. We
are studying the details of these
various mechanisms and the ultimate

E3
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damages inflicted upon DNA, damages
possibly producing the genetic changes
that result in carcinogenesis. The fol-
lowing summarizes some of our recent
results.

DNA Damages in Human Cells Caused
by Nonionizing and Ionizing Radia-
tions.

We are using the sensitive techniques
of DNA alkaline filter elution to study
DNA backbone seissions (frank breaks
plus alkaline sensitive sites, referred
to as single-strand breaks, SSBs) and
DNA-to-protein crosslinks in human

P 3 cells in culture. We have demon-
strated that these elution techniques
are an order of magnitude more sensi-
tive than the classical sedimentation
techniques we have used in the past.
For example, we are now able to
measure DNA damages well within the
meaningful biological dose range; for
example, we can detect SSBs caused
by x-rays (in collaboration with Colin
Hill, Chapter 4) after 0.025 Gy expo-
sure. We are obtaining reproducible
dose responses for the induction of
SSBs and DNA-to-protein crosslinks by
ionizing radiations of various energies,
monochromatic far-UV radiation (254,
270, 290 nm), mid UV (313 nin), near
UV (334, 265, and 405 nm), blue light
(434 nm), and narrow band light at 470
and 490 nm, but not green light

(545 nm). Near-UV and visible radia-
tions cause many more cross!inks and
SSBs per cell per lethal event than
far-UV radiation. Radiation at

365 nm induces over twenty times
more SS8Bs per lethal event than
x-radiation, an observation that
reemphasizes the potential for
biological harm resulting from
exposure to this environmentally per-
vasive nonionizing radiation. The
biological role of these negr-UV-
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induced SSBs and crosslinks remains
an open question, and it is important
to investigate the capability of normal
and impaired cells to repair these
damages.

We investigated the mechanisms
whereby these DNA damages are
induced in the DNA of mammalian
cells, by the use of selected specific
chemical modulating reagents. Strin-
gent removal of oxygen during irradia-
tion does not affect the rate of indue-
tion of DNA-to-protein crosslinks or
SSBs caused by 290 nm radiation but
decreases the rate of accumulation of
these lesions caused by 405-nm radia-
tion. Irradiation of the cells in a
deuterated aqueous environment
(compared with the normal hydrated
aqueous environment) does not affect
the rate of induction of these dam-
ages, whereas those induced by
405-nm radiation are enhanced in the
D,0 environment. This observation is
further evidence that DNA damages
induced by far-UV radiation result
from direct events due to absorption
of photon energy by the DNA, which is
chemieally matehed to the photon
energy. Near-UV radiation effects
raquire the presence of molecular
oxygen as an essential cofactor for
these pathways to proceed, implying
participation of oxygen radicals and
reactive species in these pathways
(see Photodynamic Acticn, below).
Since neither DNA nor oxygen are
chemically matched to the photon
energies of the near-UV, other endo-
genous chromophores (sensitizers)
must operate in this region. Analyses
of the relative spectral efficiencies of
the induction of these DNA lesions by
the wavelengths used (action spectra)
support the hypothesis of indirect and
direct effects and also indicate roles
for bilirubin and porphyrin as sensiti-




zers in the induction by near-UV and
visible radiations of SSBs and DNA-to-
protein crosslinks, respectively.” We
have recently demonstrated that exo-
genously added protoporphyrin 1X
ineireases the induction of DNA-to-
protein crosslinks caused by 405-nm
radiation, consistent with our pro-
posed role for its participaticn in the
formation of this DNA dainage. In
conelusion, the indirect mechanicns
of action of both near UV and x-ravs
that cause damage to DNA are similar
in that they both operate via reaction
oxygen species.

DNA Changes Caused by Cancer
Promoters.

In a collaboration with Eliezer
Huberman (Chapter 3), we have mea-
sured the effects of cancer promoters
that induce differentiation of human
promyelocytic leukemia cells upon
DNA SSBs and DNA-to-protein cross-
links. After alagof 1h, tt}e DNA of
HL-60 cells exposed to 107 M phorbol
| 12-myristate 13-acetate (PMA, a po-
tent promoting agent) showed an
increase in both SSBs and crosslinks.
The treatment induced about 100
DNA-to-protein crosslinks per cell
genome, and these crosslinks persisted
for at least 15 h. Weaker promoters
produced fewer crosslinks, and cells
that do not respond to PMA by differ-
entiating also showed fewer DNA-to-
protein crosslinks. The results indi-
cate that DNA damages caused by
promoters oceur during cellular dif-
ferentiation, in contradiction to the
dogma that promoters operate at the
level of the cell membrane. A genetic
role for the induction of DNA-to-
protein crosslinks has yet to be deter-
mined.

Photodynamic Action.

In collaboration with Christopher
Foote, Chemistry Department, UCLA,
and Norman Krinsky, Department of
Biochemistry and Pharmacology, Tufts
University, we are investigating the
details of the chemical mechanisms
whereby excitation energy is passed
among photosensitizer molecules,
reactive oxygen species, and DNA,

We are using isolated DNA (to avoid
complexities due tu permeability
barriers for reactants and extrageno-
mic chemical events) and added
chemical probes to attempt to identi-
fy specific sensitizers and reactive
species. Several naturally occurring
potential cellular photosensitizers
have been identified by these
methods, and roles for several of the
reactive oxygen species such as sing-
let oxyzen and the superoxide anion
generated by these radiations have
been postulated. We have now demon-
strated that superoxide anion (O;) can
be generated from ground-state :i.ole-
cular oxygen by irradiation (270, 313,
334, 365, 405 nm, also natural solar
UV} of the reduced coenzymes NADH
and NADPH, thiolated nucleic acid
bases, and flavin B vitamins, assayed
by specific superoxide-dismutase-inhi-
bitable reduction of 2ytochrome c.
Thus, this anion could be generated
from endogenous sensitizers within
cells exposed to solar radiations.
Naturally oceurring metabolites
chemically matciled to the photons of
solar UV apparently can produce O3
from ground-state molecular oxygen
upen irradiation with solar UV. Fur-
thermore, we demonstrated that O;
(produced from KQ5) can initiate
reactions that inactivate the genetic
activity of isolated transforming DNA




(50% activity destroyed by 1,500 ug
KO;) and break DNA in mmammalian
cells (1.4 SSBs/10!° daltons/ug
KO02/mL in Chinese hamster V79
cells). It is also mutagenic in Salmo-
nella typhimurium.

A study of the photosensitized break-
age of DNA in isolated transforming
DNA by 2-thiouracil and 334 nm radi-
ation is now complete. This sensitizer
enhauces the number of SSBs cat}xsed
by the radiation 30 times at 10”" M,
the concentration for maximal
effect. This enhancement of S5Bs is
inhibited by benzoate, glycerol, diazo-
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bieyelo[2.2.2]octane, histidine, and
superoxide dismutase and is enhanced
by irradiating the DNA in D,0
(instead of H,0). Interpretation of
these complex results is difficult and
indicates that several pathwavs exist
between the initial deposition of
photon energy and the appearance of a
DNA break, involving several differ-
ent reactive species of oxygen, one of
them O,. Elucidation of further
specifiec chemical details of the com-
plex pathways of photosensitizations
leading to DNA damages is one of our
goals.
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The central objective of the Molecular
Anatomy Program is to develop and
use high-resolution analytical tezh-
niques to detect and measure the
effects of ionizing radiation and
energy-related pollutants on mamma-
lian cells and tissues. Effeets pro-
duced include mutations, malignant
transformation, teratogenesis, and a
wide variety of types of toxic injury.
The central experimental question is
whether the study of these effects
requirec a variety of different analy-
tical techniques, each of limited
range, or whether one global analyti-
cal method can be devised that can be
applied to all of these problems. We
present here a summary of work sup-
porting the conclusica that high-
resolution two-dimensional {(2-D) elec-
trophoresis can be used for all these
studies.

Mutations.

Various methods for systematic detec-
tion and characterization of mutations
have been examined in detiail, and the
costs of detection by sequencing, use
of restriction enzymes, specifie locus
testing, and 2-D protein mapping have

15. THE MOLECULAR ANATOMY PROGRAM
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been compared. To monitor the same
number of base pairs, the relative cost
of 2-D mapping is two orders of
magnitude less expensive than
repeated sequencing of the same DNA
segments in different treated animals
or cells and cne order of magnitude
less expensive than restriction enzyme
mapping.

In addition to its lower cost, we
believe 2-D mapping to be the method
of choice for the following reasons.
Approximately 76% of base substitu-
tions in structural genes lead to amino
acid substitutions, and approximately
cne-third of such amino acid substitu-
tions produce a change in protein
charge. On 2-D maps, single-charge
changes can be detected quite easily
over a molecular mass range of
approximately 106,000 to 100,000
daltons. We have demonstrated this
feature experimentally by carba-
mylating and mapping protein mix-
tures. Thus, a protein the size of
actin containing 400 amino acids can
refleet base substitutions in 1200 base
pairs in the coding region of the cor-
responding gene with an overall effi-
ciency of about 25%. Actin therefora

*
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serves, in effect, as a detector for a
single base change in 300 base pairs.
In a representative gel chosen for
analysis, 716 proteins were weighted
by mass and summed and found to be
coded for by slightly more than

1.1 x 106 base pairs of DNA. There-
fore, a single gel analysis is a detector
capable of revealing any change in
approximately 275,000 base pairs of
coding DNA. Recent improvements
suggest that this number can be
inereased by a factor of four, i.e.,

1 megabase can be monitored by one
analysis. The ISO-DALT systems for
gel analysis and the TYCHO image
analysis and data base systems under
development aim at 10,000 analyses
per year, i.e., menitoring each year a
total of 1019 bases.

Charge shifts reflect chiefly point
mutations. Therefore, it is important
to determine whether other types of
mutations can be detected on 2-D gels
as well. Mutations involving changes
in mass (additions or deleticns) can be
observed over the mass range of
10,000 to 100,000 daltons, providing
the mass change is 2% or greater.

Detecting mutations that involve a
change in the amount of gene product
produced requires accurate quantita-
tion of each of the hundreds of pro-
teins seen on individual gels. In
deletions involving total absence of
expression of one allele, ¢ 50%
decrease in the amount of gene pro-
duect would be expected, while with
mutations affecting control genes or
the genes for proteins involved in pro-
tein synthesis, smaller increments or
decrements may oceur. The precise
and reproducible quantitation required
to study mutations in control genes
represents our greatest technical
challenge. With the present system,
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50% decrements in expression can be
detected routinely, but the reproduci-
bility is less than that required for a
large-scale mouse mutation study.
Additional developmental work is thus
required.

Before we attempt a large-scale
mouse mutation study, we must
demonstrate experimentally that vari-
ants can be found, discover whether
both charge and mass variants can be
seen, and begin to identify new vari-
ants, i.e., to demonstrate that a wild-
type protein and a candidate variant
of it seen on a gel are produced by
allelic genes and hence are related.
We have demonstrated relatedness
experimentally by showing that wild-
type and variant tropomyosins coiso-
late through the same isolation proce-
dure, aimost always have the same
mass, react with the same antisera,
hu.ve similar amino acid ecompositions,
and give similar or identical patterns
when the products of partial proteoly-
sis are mapped. Most of our model
studies have been done with human
muscle and nonmusecle tropomyosins.
Both charge and mass variants have
been found, and the relationship to the
wild-type proteins has been demon-
strated. In addition, we have mapped
liver samples from BALBe and C57BL
mice and have found several protein
variants, which are currently being
examined in backerossed animals.

Our initial studies on the detection of
induced mutations were done with
ethylnitrosourea (ENU). In 1979,
Russell and co-workers at Oak Ridge
National Laboratory observed 35
mutations in 7,584 mice, or one per
217 mice in an experiment in which
they used the specific locus test
(seven loci) with a dose of 250 mg
ENU per kg body weight in



101 X C3H F, mice (followed by a
delay of 13 weeks before breeding). If
70 loci of equal sensitivity were
tested, then the expected number of
mutations would be one per 22 mice,
and if about 1400 loci per mouse were
examined, then approximately one per
mouse might be seen. These extrapo-
lations assume that the genes exam-
ined with the specific locus test are
representative of all genes, and that
charge variants are as frequent as
variants that affect gene expression.
Work in other laboratories suggests
that these assuinptions are not true
and that the vast majority of muta-
tions affect the level of gene expres-
sion without detectably altering the
structure of the gene product. We are
currently analyzing the offspring from
mice ir our first ENU experiment to
determine whether mutations oecur
randomly or selectively.

In summary, the systems we have in
place are the most efficient now
avaiiable for mammalian mutation
studies. However, the image analysis
and data reduction systems cannot
keep pace with the planned gel output
and thus will require much additional
improvement and modification.

From classieal studies on mutagenesis
in eorn, Drosophila sp., and mice, it is
known that large differences exist in
the number of mutations observed at
different loei in response to the same
radiation or mutagen dose. This find-
ing has been aseribed to differences in
sensitivity of differernt genes (hot
spots), to differences in efficiency of
repair of different genes, and to dif-
ferences in the importance of differ-
ent genes or gene products to survi-
val. Mutations to proteins involved in
cellular struetures are generally con-
sidered to be more often lethal than
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are mutations to proteins that reinain
in solution (plasma or cytosol pro-
teins). In addition, we have proposed
that mutations to proteins that are
involved in differentiation are less
likely to be lethal than are mutations
to so-called housekeeping proteins.

To settle this issue, we need to deter-
mine the intracellular location of each
protein found in our maps, to deter-
mine which are base set or constitu-
tive proteins, and to determine which
proteins are associated with differen-
tiation. This process requires high-
resolution cell fractionation, careful
mapping of a variety of different cell
types from one species, and the devel-
opment of systematic methods for
identifying known enzymes and other
known proteins in our maps.

The final analysis of a chemical- or
radiation-induced mutation involves
sequencing both the variunt and wild-
typ= genes. Specifie probes are
required to isoiate these genes. We
have developed methods for isolating
enough protein from spots on gels to
allow us to begin to construet specific
DNA probes. The full cirele of muta-
genesis studies must involve the iden-
tification and sequencing of mutant
and wild-type genes, identification of
the gene products, and exploration of
the effects of the mutation at both
the cellular and organismal levels.
The techniques we have developed
allow this full eircle to be explored.

[t is important to demonstrate that
deletions yielding mass changes can
indeed be seen on 2-D gels. Present
data suggest that during evolution the
ratio of amino acid substitutions to
gap events (mass changes) is about
1:42 and that the majority of deletions
or additions involve less than two ami-
no aeids. It is thought that large gap




events occur regularly but are either
lathal or selectively disadvantageous
and therefore rarely survive to be
seen. We can test this hypothesis by
looking for mass variant alleles in
genes whose products serve no critical
biological funection. Since genes for
the endosperm or storage proteins of
hexaploid wheat exist in multiple
copies, and since these proteins serve
only to store amino acids, major com-
positional ehanges should survive and
be expressed. We have mapped the
stoczge proteins of related sirains of
wheat and have found that mass vari-
ants occur almost as frequently as
charge variants, suggesting that large
numbers of deletions occur but are not
ordinarily expressed. This finding sug-
gests that wheat storage proteins may
provide an excellent model for study-
ing radiation mutagenesis unmodified
by considerations of survival or
selection.

Toxicology.

The acticn of toxic agents that are
not genotoxic may involve binding to
specific receptors, nonspecific coval-
en: binding, effects on lipids that may
yield a range of secondary effects,
changes in gene expression, and leak-
age of proteins from cells and
tissues. The net effect may be a
change in cellular protein composi-
tion. Using 2-D mapping combined
with quantitation, we determine
whether a range of drugs and toxie
agenis produce one nonspecific cellu-
lar alteration or whether cnanges are
seen that serve as characteristie
fingerprints of classes of toxic
materials. Our initial studies on
human lymphoeytes demonstrated that
many substances (e.g., interferon) and
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physical insults (e.g., heat shock) pro-
Auce highly eharacteristie results.
Among the proteins turned on by
interferon, we discovered a mitochon-
drial protein that may be the cause of
interferon fever. We have now ex-
tended this work to intact mice and
have found a series of unique altera-
tions produced by Araclor 1254 treat-
ment. A systematic series of studies
is in progress in which we are using a
variety of drugs and toxic agents in
intact mice to determine whether
characteristie responses oceur and, if
so, how they are related to specific
intracellular events and processes.
Drugs and toxic agents have been
reported that stimulate production of
endeplasmic reticulum, inhibit mito-
chondrial protein processing, cause
marked enlargement of nueleoli, sti-
mulate excess production of peroxi-
somes, or cause either enlargement or
lysis of lysosomes. The aim of current
cell fractionation studies on mouse
liver i< to discover the subcellular
locations of each of the major pro-
teins seen in 2-D maps and to discover
whether induced changes involve all of
th= proteins of a specifie organelle or
only some of them. Results to date
support the view that toxicology can
now be largely rewritten in terms of
specifie cell resnnneas and cell control
circuits.

Basic Mapping Studies.

Master reference maps of human plas-
ma proteins that inelude more than
300 proteins have been prepared and
puilished. Maps of human urinary
proteins, proteins of various strains of
Drosophila sp., the seed proteins of
wheat and rice, and the tissue proteins
of corn are in preparation.




Technical Developments. sible with “urther development and
that muzn higher throughput will be
possible with automation, application
of roboties, and improvements in
sernners, image processing software,
and computer hardware. Arrange-
ments are in progress to transfer fur-
ther developmental work to industry.

Our studies to date demonstrate the
range of studies that involve the high-
resolution 2-D systems we have
developed. Orienting studies have
demonstrated that large increases in
resolution and reproducibility are pos-
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This program is directed toward the
ultimate goal of elucidating the mole-
cular events underlying selected bio-
logical processes. As a means to this
end, we are involved in a variety of
studies aimed at developing = under-
standing of fundamental structural
and conformational relationships for
key biological molecules. Molecules
currently under investigation include
immuroglobulins, diphtheria toxin,
AS-3-ketosteroid isomerase, leuko-
cyte cationic protein, and the photo-
synthetic reaction center. Informa-
tion is obtained by various biophysical
techniques, primarily x-ray diffraction
for erystalline material and gel filtra-
uion for moleecules in solution.

[mmunoglobulins.

Structural Stucies. We are studying
the detailed three-dimensional struec-
ture of several Bence-Jones proteins
(immunoglobulin light chains) by x-ray
diffraction. These proteins are excel-
lent models for intact antibody mole-
cules and other representatives of the
immunoglobulin superfamily. The
investigation is providing information
on the relative positions of the immu-
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noglobulin domains and revealing the
molecular basis of interdomain inter-
actions, thus greatly increasing our
understanding of the antibody binding
site.

We continued the determination of the
structure of the A;-type Bence-Jones
protein Loe. We further refined the
structure 't 3 & resolution and
collected data to 2.5 & resolution
(45,000 reflections) with a position-
sensitive detector at the Biotech-
nology Resource at the University of
Virginia. The Loe structure is signifi-
cant because it shows a naw, previous-
ly unobserved, strategy of interaction
of the variable domains. The Loc
structure may represent neot only a
different form of the antigen binding
fragment (Fab) but also an anti-idio-
typic antibody or T-cell receptor.
Anti-idiotypic antibodies e: i mimie
the original antigens in their bio-
logical actions. The protruding thir
hypervariable residues on the Loc
struecture could be responsible for this
mimicry. In addition, the two grooves
formed by the Loe variable domains
can be considered as two independent
binding sites. The amino acid
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sequence of the T-cell receptor was
determined recently; it consists of
two chains that have extensive
sequence homology with the immuno-
globulin light ehains. A Loe-like
strueture might be a good model for a
T-cell receptor, which can hind two
molecules simultaneously.

We are also studying anti-idiotypic
antibodies and autoantibodies, which
are antibedies with speecial binding
sharacteristies against other anti-
bodies. Anti-idiotypic entibodies
constitute a part of the network that
regulates the immune response.
Rheumatoid factors, a class of auto-
antibodies, are antibodies against the
most common antibody moleculs, IgG,
and have been observed in a number of
clinieal c¢onditions. To understand the
runction of tinese antibodies in terms
of their three-dimensional structure,
wrn are determining their binding pro-
perties in solution and are attempting
to crystallize them.

During this year, we developed the
procedure for purifying IgM rheuma-
toid faetors Riv and Bor from the
plasma and for preparing the variable
portion {Fv) of the antigen-binding
fragment from Riv and the antigan-
binding fragment from the Bor rio-
tein. We are carrying out cryzialliza-
tion experiments with both the free
fragments of protein Sch (previously
prepared), Riv, and Bor and the com-
plex they form with the constant por-
tion (Fe) of IgG protein.

Interaction S%udies. To understand
the relationship of the structure of
the antibody binding site to the fune-
tional properties it expresses when
hinding to a protein epitope, we are
developing procedures to quantify the
antibody-antigen interaction. These
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procedures are based on changes in
the chromatographic elution proper-
ties of proteins when they combine to
form a complex. We have developed a
model of the processes that occur dur-
ing the chromatography of interacting
proteins such as an antibody and anti-
gen pair. Computer simulation based
on this model allows us to estimate
the assoviation constant expressed by
the antibady under the conditions of
the experiment.

To efficiently obtain experimental
data, we have designed a microcompu-
ter-interfaced chromatography system
for gel filtration chromatography.

This system is currently capable of
generating 1000 data points from a

1-h anelytical rur with a sensitivity
suffieient to visualize approximately
100 ng of protein. Data are trans-
ferred by telephone to a PDP 11/44
computer for comparison with simu-
lated elution profiles. We are cur-
rently refining the system to include
compuier control of the experimental
temperature for thermodynamic
studies and automated sample injee-
tion to provide an opportunity for 24-h
date collection.

This methodology has been applied to
the binding of an Fab derived from
IgA rheumatoid factor Sch to ti.< Fe
obtained from the IgG1 myeloma pro-
tein Dri. The experimental data were
found to be best fitted with an esti-
mated association constant of approx-
imately 1.5 x 105 M_‘l. Moreover, the
data indicated that the Fe was anti-
genically bivalent. In another
example, preliminary experiments
with a monoeclonal idiotype-anti-idio-
type combination suggested an aslsoci—
ation constant of at least 107 M . As
the association constant is a measure
of the free energy change upon bind-




ing, it is a combination of the enthal-
py and entropy changes that oceur.
Thus, characterization of the temper-
ature dependence of the association
constant provides a means to estimate
these changes and, accordingly, sepa-
rate the hydrophobic and ionie contri-
butions to the specificity-determining
properties of the binding site.

Model Building. The receptor for
polymerie immunoglobulins is 8 mem-
ber of the immunoglobulin superfamily
on the basis of amino acid sequence.
The ligand-binding part of the mole-
cule is made up of five domains that
are homologous to light chain variable
domains. We used our detailed know-
ledge of the molecular structure of
the variable domain, which is based on
our x-ray diffraction studies, together
with the extensive physical and chem-
ical data available on the receptor IgA
complex to construct a model for the
complex. From the model we identi-
fied the disulfide bonds that bind the
[gA to the receptor. In sddition, we
identified intramolecular disulfide
bonds in both the IgA and the receptor
molecule. The methods we have
developed for this project can be used
to construet models for other mem-
bers of the immunoglobulin super-
family.

Other Proteins.

Diphtheria Toxin. This protein is a
single polypeptide of MW 583,342 with
the ability to introduce an intaet frag-
ment of itself through cell mem-
branes. This intact fragment then
acts as an enzyme within the cell to
stop protein synthesis, thereby killing
the cell. By determining the structure
of diphtheria toxin, we ecan learn how
an aqueous proteir, interacts with and
inserts into meribranes and how this
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interaction permits the transmem-
brane movement of an intact polypep-
tide. Our original toxin erystals
proved intractable, because of inho-
mogeneity of our toxin material.
Indeed, this variability in its physical
propertieg is a direct consequence of
the complex behavior of the toxin.
Consequently, during the past year,
we developed our own protocol for
toxin purification and biochemical
evaluation. We can iow purify 25-50
mg each of four variant forms of the
toxin, and we have been able to crys-
tallize three of these four variant
forms.

AS5-3-ketosteroid isomerase. This
enzyme catalyzes a metabolic step
necessary for synthesis of steroid hor-
mones. [t binds tightly to certain
steroids that are competitive inhibi-
tors of the enzyme; thus this enzyme
can also mimic certain features of
steroid receptor proteins. Steroid-
protein interactions play signifieant
roies in normal deve' )pment and
metabolism, as well as in numerous
diseases, including cancers of the
breast and prostate. Although many
steroid hormone structures have been
solved, no proteins involved in steroid
interactions had been solved until
now. We have solved the three-
dimensional structure of this enzyme
at 2.5 & nominal resolution during this
past year; in particular, we deter-
mined the locations of its 125 amino
acid residues. Moreover, we
developed an interpretation of the
active site of the enzyme, which
agrees well with the large body of
spectroscopice, chemieal, and bio-
chemieal data accumulated about this
snzyme during the past 20 years. We
believe we understand why the
enzyme is dimerie, how it binds and
modifies steroids, and how this inter-




action might relate to other less-well-
characterized proteins that interact
with steroids.

Leukoeyte Cationie Proteins. These
proteins are natural antimicrobial
agents found in the phagoeytic leuko-
cytes (macrophages and neutrophils)
of mammals. With only 33 or 34
amino acid residues, these peptides
would lack defined rigid structures if
it were not for the three covalent
disulfide bonds within them holding
them together. Thus, these peptides
survive boiling and even autoclaving,
retaining extremely wide antimiero-
bial activity against fungi, yeast,
gram-positive and gram-negative bac-
teria, and some viruses, at concentra-
tions commensurate with those of
penicillin. We have good crystals of
one such peptide, NP2, from rabbit
neutrophils. We have collected one
complete three-dimensional data set
from these crystals to 2.4 A resclution
and are now preparing to analyze
these data using a method pioneered
by Wayne Hendrickson and others at
the Naval Research Laboratory. This
method depends on the anomalous dis-
persion of sulfur atoms and will enable
us to define the strueture by locating
the sulfur atoms.

Photosynthetic Reaction Center. This
specialized complex is an intrinsie
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pigment-containing membrane protein
that carries out the primary events of
photosynthesis. The reaction center
from Rhodopseudomonas sphaeroides
R-26 was crystallized in a form suit-
able for high-resolution struetural
studies; it consists of three protein
subunits, four bacteriochlorophylls,
two bacteriopheophytins, and two
ubiquinones. Determination of the
structure of the R, sphaeroides
reaction center is important because
this reaction center is the one most
commonly used for studying bacterial
photochemistry and has been exten-
sively characterized through biochem-
ical and physicochemical techniques.
Furthermore, it is one of only three
membrane proteins that have been
erystallized in a form suitable for
high-resolution studies. The erystals
are orthorhombic P2,2,2, and have
unit cell dimensions of a = 142.2 &4, b =
139.6 &, and ¢ = 78.7 &. There is one
reiction center (MW = 105) in the
asymmetric unit. A complete native
data-set to 3.7 & resolution was
collected with oscillation photo-
graphy. A search for heavy atom
derivatives is currently in progress. In
collaborative research with investiga-
tors in the Chemistry Division at
ANL, we will be correlating our data
on the structure of this complex with
their data from speetral studies.
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The objective of this program is to
elucidate common cellular and mole-
cular mechanisms involved in the
regulation of cell growth of both pro-
karyotes and cukaryotes. We are par-
ticularly interested in the kinds of
regulatory mechanisms that may exist
over broad evolutionary ranges of cell
types as a basis for identifying major
regulatory controls for cell growth
during the cycle.

Our current approach is primarily bio-
physical, involving measurements of
cell volume, density, and mass in syn-
chronized cultures. Cells from expo-
nentially growing cultures are sepa-
rated by size, and therefore by age, by
velocity sedimentatior: in density gra-
dients; we usually select the smallest
and youngest cohort of cells for syn-
chronous growth. Increases in cell
volume durirg the cell eycle are
determined with a precision Coulter
counter-multichannel analyzer cell-
sizing system developed for these
experiments. We have also developed
. eoinputer-assisted program for life-
span analysis of cell growth kinetics.
values of cell buoyant density are
ohtained by equilibrium density cen-
trifugation in Percoll (a suspension of
silicon particles covered with poly-
vinyl pyrrolidone) gradients. Cell
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mass increase, the fundamental para-
meter of cell growth, is calculated as
the product of cell volume and den-
sity.

Earlier we found that cell buoyant
density was extremely constant during
the cell eyele, and therefore, essen-
tially independent of cell age in cul-
tures of the bacterium Escherichia
coli, the fission yeast Schizosaccharo-
myces pombe, and also in suspension
cell cultures of three different mouse
cell lines. In addition, we observed
that cell buoyant density was also
independent of culture growth rate as
measured in E. coli and 8. pombe.
These findings were unexpected, and
were particularly remarkable for E.
coli because mean cell volumes varied
by a factor of five and RNA content
by a factor of eight in these experi-
ments. We also obtained evidence
that the regulatory systemn for cell
buoyant density is osmoregulatory in
nature, at least in E. coli, as cell
buoyant densities were increased by
the addition of either sodium chloride
or glucose to the growth media. Cell
growth rate and its variability were
also dependent upon osmolarity.

Our observations provide evidence for
similar or common regulatory systems




for buoyant density in widely diver-
gent types of cells that divide by
equatorial fission. The narrow ranges
of the density distributions in indivi-
dual cultures suggest that growth
states are sharply defined and that
critical values of buoyant density
must be reached before growth can
take place,

These cor.clusions, however, cannot be
drawn for the budding yeast Sac-
charomyeces cerevisiae. In these cells,
buoyant density varied cyclically by
about 2%. It may be that buoyait
density constancy is a property only of
cells that divide by equatorial fission,

Because cell buoyant density was con-
stant throughout the cell cyele in E.
coli and S. pombe, cell mass increase
is directly proportional to cell volume
increase in these cells. Therefore, our
observations of constant rates of in-
crease in cell volume during most or
all of the cell eycle in E. ¢oli, and
recently in S. pombe, require that cell
mass inereases in the same fashion in
both kinds of cells. That is,; our
resulis indicate that despite tlie large
anumbers of genes known to be in-
volved in regulation of cell growth,
mass growtb rates very little or not at
all during most of the cycle and cell
mass increases linearly. Such a linear
increasa, however, could lead to a
doubling in growth rate of the mother
cell shortly before cell division to
allow *he combined rate of mass
increa:ie of the two daughter cells to
double, because, on the average,
growth rates of the daughter cells
must be the same as those of their
mother: in steady-state cultures.
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Although cell mass is the fundamental
parameter of growth, earlier published
information on cell mass inerease is
extremely sparse, as buoyant density
measurements were quite difficult to
perform before the advent of Percoll
gradients. As discussed above, our
findings of constant buoyant density
and linear volume increase in E. coli
and S. pombe permit us to conclude
that mass growth of both kinds of
cells is linear during almost all of the
cell eycle. That these two very dis-
similar cell lines follow the same
growth law suggests that, just as for
buoyant density in the two systems,
growth regulation may be controlled
by very similar regulatory processes
conserved during evolution. Qur
results, of course, are currently too
limited to determine the range of
generality of the phenomena of
constant buoyant dansity and growth
rate. Clearly, we intend to examine
growth in other kinds of cells.

In summary, we have identified two
kinds of regulatory systems for cell
growth, both of which appear to oper-
ate in very divergent cell types,
including bacteria and eukaryotic
cells, We anticipate that these regu-
latory systems may also operate more
generally in other cell types, a possi-
bility that will be tested. This work
should provide insight into the eeilular
and biochemical events invalved in the
regulation of cell growth. Ultimate
knowledge of the mechanisms provid-
ing such tightly regulsted contro! is
vital to the understanding of cell
growth,




Publications

1984

Baldwin, W. W., and H. E, Kubitsehek

Buayant Density Variation during the Cell Cycle of Saccharomyces cerevisiae
J. Bacteriol. 158, 701-704 (1984)

Baldwin, W. W,, and H. E. Kubitsehek

Evidence for Osmoaregulation of Cell Growth and Buoyant Density in Escherichia
coli

J. Bacteriol. 159, 393-394 (1984)

Kubitschek, H. E., W. W. Baldwin, S. J. Sehroeter, and R. Graetzer

Independence of Buoyant Cell Density and Growth Rate in Escherichia coli
J. Bacteriol. 158, 296-299 (1984)

Loken, M. R., and H. E. Kubitschek

Constancy of Cell Buayant Density for Cultured Murine Cells
J. Cell. Physiol. 118, 22-26 (1984)

Webb, R. B., and B. S. Hass

Biolagical Effects of Dyes on Bacteria. VI. Mutation Induction by Acridine
Orange and Methylene Blue in the Dark with Special Reference to Escherichia
coli WP6 (polAl)

Mutat. Res. 137, 1-6 (1984)

Williams-Hill, D. M., J. Olesen, C. Zucker, and H. E. Kubitschek

Azaserine: Further Evidence for DNA Damage in Escherichia coli
Mutat. Res. 129, 153-164 (1984)

Accepted as of June 1985

Kubitschek, H. E.

Mutagenicity Testing of Fly Ash Using the Ames Salmonella Assay

Electric Power Research Institute Conference on Biological Studies on Fly
Ash, Palo Alto, CA, October 21-22, 1981

Kubitschek, H. E. end R. A. Ward

Buoyant Density Constancy of Schizesaccharomyces pombe Cells
J. Bacteriol.




Toxicology

Chemical and Biological Characterization
Chemical Toxicology

Metal Toxicology

Neurobehavioral Chronobiology

The Toxicology Section is composed of four groups, Activities for two of them
are encompassed within the Argonne Toxicology of “omplex Chemicat Mixtures
Program. These groups, Chemical Toxicology and Chemical and Biologieal Char-
acterization, conduct studies de51gned to determine tie prlnclples of actlonA
within energy-related complex chemical mixtures that govern the ultlmate toxi- -
city of the mixtures. The complexity of such mixtures and their almost un--
limited variability make knowing these principles of action essential to ‘eredible
assessments of their potential toxicity. Thz Chemical Toxicology Group applies

a variety of in vitro and in vivo tox1colog1c procedures to pure chemicals, 51mple -
mixtures, and complex mixtures to determme what modifieations, if any, are
caused in a given toxicant by the presence of nontoxic components. Curren_tly,.
primary interest is focused ‘on metabolism of components. The Chemical and-
Biological Characterization Giroup uses sophisticated analytical chemistry tech-
niques coupled. with biological evaluations of toxieity to identify components of
interest within mixtures. These studies are deseribed in Chapters 18 and 19.

Another group, Metal Toxicology, deals with the uptake and metabolism of toxie
metals in experimental animals. Interest is eurrently centered .n the effects of
such factors as age or physioclogical conditions (2.g., pregnancy and laétation) on
the uptake and thus potential toxieity of lead; cadmlum, plutonium, and other .
actinide elements. (See Chapter 20.)

The fourth group in the Toxicology Section, Neurobehavioral Chronobiology,
studies ecircadian rhythms in mice and rats. Sueh experiments allow projections - '
of potential deleterious effects in humans that might result from disruption of’

cirecadian rhythms, which often occurs in shift workers. Substantial efforts are
also direeted toward the evaluation of the effects of electrie flelds on cu'cadian -
rhythms. Thic work is presented in Chapter 21. o
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Recent investigations in this program
and ~thers have demonstrated that
interactions among individual compo-
nents in energy-related complex mix-
tures modify the overall toxieity of
the mixtures. The toxicologic effects
are usually more or less severe than
those predicted by knowledge of
responses to the individual compo-
nents in the mixtures. Rarely are the
effects of individual components sim-
ply additive. Because toxicologicul
testing of all possible mixtures is an
impossibie task, it is important to
understand the principles of interac-
tion that modify responses sc that
credible risk predictions can be
made. The Chemical Toxicology
Group performs fundamental research
foecused on defining the mechanisms of
these chemical, physical, and pharma-
cological interactions. Current
studies include determinirg (1) direct
toxic effects, (2) indireet effects on
metabolism, and (3) the ultimate fate
of toxie chemicals and mixtures. Al-
though our investigation is directed at
compounds related to energy produc-
tion, our experiments are designed to
be interprcted in the broader context

¥
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18. TOXICOLOGY OF ENERGY-RELATED COMPLEX
MIXTURES

I v

C. A. Reilly, Jr., Principal Investigator *
K. Duggal, D. A. Haugen, F. R. Kirchner , M. L. Cunningham,
M. S. Swanson,x S. 8. Dornfeld, and V. A. Pahnke

of complex chemical mixtures from
all sources. Because of the obvious
need for strong chemical support for
these studies, this project is closely
integrated with the Chemical and Bio-
logical Characterization Group (see
Chapter 19).

We take two general approaches. In
one approach, we measure responses
to binary mixtures, simple synthetic
mixtures of chemicals, and fractions
oi naturally occurring complex organ-
ic mixtures in a variety of in vitro
systems. The results form the basis
for animal studies to examine the val-
idity of the in vitro observaticns.
Independent study of each of the
major chemical classes of a mixture
allows more sensitive and accurate
estimation of the toxicity of each
class of compounds and, through
recombination experiments, enables us
to determine the contribution of each
class to the overall toxicity of the ,
mixtures. In the second approach, we !
conduct whole animal experiments
followed by in vitro studies designed
to elucidate the mechanistic basis of
observed interactive responses.

¢Present affiliation: Colgate Palmolive Co., Piscataway, New Jersey.
Present affiliation: American Petroleum Institute, Washington, D.C.



IR L ST

T

4
v
2]
s

% SRR TY SRR MR T

Our in vitro studies initially focused
on bacterial systems; however, cur-
rent emphasis has shiftea to r .amma-
lian cells. Although bacterial (..ta-
genesis systems provide useful indica-
tions of carcinogenic potential, the
use of mammalian cell systems offers
some advantages because of their
closer relationships with humans.
Mammalian cells in culture can be
reliably used for detecting mutagenic
activity of single compounds, but dif-
ficulties are encountered in measuring
the effects of complex mixtures. The
results of our attempts to measure
mutagenic activity for complex
energy-related chemical mixtures in
Chinese hamster ovary (CHO) cells
showed that at concentrations of
sample sufficient to observe mini-
mally significant mutageniec responses,
cell survival was unacceptably low
(e.g., < 15%). We have examined this
cytotoxieity by identifying the
prineipal eytotoxic components,
determining their basis for action, and
explering approaches whereby cyto-
toxicity can be preferentially
diminished.

By fractionating the polyeyelic aro-
matie hydrocarbons (PAH) isolated
from a coal gasification tar, we found
that the nonmutagenie 2- and 3-ring
PAH were primarily responsible for
the eytotoxicity of the complete PAH
fraction. These compounds were only
eytotoxic after metabolism by the
mierosomal enzymes required for
activation of the mutagenic PAH. We
found that the toxicity of the metabo-
lites, hydroxy-PAH and quinones,
could be markedly diminished by add-
ing (1) uridine diphosphoglucuronic
acid (enzymatiec reaction with hydroxy
PAH to form glucuronides) and (2) tha
cytosolie liver enzyme DT-diaphorase
to the cuiture medium, which cataly-
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zes the 2-eleetron reduetion of qui-
nones, thus preventing 1-electron
reduetion of G, accompanied by
formation of reactive oxygen
species. Experiments are in progress
to determine whether the presence of
these agents that diminish eytotoxi-
city will enha: _e the mutagenic
response tc¢ complex, energy-related
chemieal mixtures.

Parallel studies of mutagenicity have
led to modifications of the assay pro-
cedure to increase mutagenie
responses. For example, the presence
of caleium and magnesium salts
enhances mutagenie responses, and
responses to energy-related materials
are enhanced by removing nonmuta-
genic phenolic compounds prior to
testing. In addition, we found that
useful dose-response relationships for
mutagenesis are generally obtained at
unusually low conecentrations of hydro-
carbon mixtures. The basis for these
observations is being investigated, and
the results are being applied to exper-
iments designed to better understand
and predict the toxicologic responses
to mixtures.

The seaond approach, whole animal
studies, is currently focused on the
2ffects of mixtures on dermal, liver,
and bladdar carcinogenesis following
dermal exposure. Treatment proto-
cols include chronic exposure and ini-
tiation/promotion protocols. Dermal
careinogeriesis is of coneern for ocau-
pational exposure to energy-related
complex mixtures, and investigation
of the process in mice allows us to
study interactive effects in chemical
carcinogenesis. By zompé&ring the
effects of chronie, long-term dermal
treatment of mice with coal gasifica-
tion tar, or its neutral, basie, or acidic
fractions, we first demonstrated that




the response to the neutral fraction
(containing carcinogenic polyeyelic
aromatie hydrocarbons and other
classes of aromatic compounds) was
diminished by the presence of the
other components. To examine the
scope of this phenomenon, we are cur-
rently conducting a number of frac-
tionation/recombination experi-
ments. In one completed study, we
separated the nonpolar (aliphatie and
aromatic hydroecarbons) and more
polar neutral components {see Chap-
ter 19) and examined their ability
alone or recombined to initiate tumor-
igenesis in a mouse dermal initiation/
prometion model. The nonpolar com-
ponernits were more potent than the
polar components. Treatment of the
animals with a combination of the two
fractions revealed that the weakly
tumorigenie polar fraction inhibited
the response to the tumorigenic non-
polar fraction. Parallel experiments
are in progress in which we are using
the CHO mammalian cell mutagenesis
assay.

Using a hepatocarcinogenesis model in
which we can distinguish initiating and
promoting activities (see Chapter 1),
we were able to demonstrate that the
topical applieation of coal liquids or
tars .;ulted in-the promotion of pre-
initiated hepatoeytes. This study,
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performed in collaboration with
Pacific Northwest Laboratory, sug-
gests that the hepatic response was
produced by promoters in the mixtures
that were absorbed and subsequently
transported to the liver. This inter-
pretation is supported by studies in
our laboratories and others document-
ing the percutaneous absorption of
topically applied coal tar, heavy dis-
tillate, and constituents from the tar
and distillates, and the subsequent
rapid induction of hepatie enzymes,
ineluding microsomal monooxygenases
and ornithine decarbeoxylase. Experi-
ments are in progress to (1) detect
tumor promotion in addition to promo-
tion of preneoplastic foei, (2) identify
the promoting agents in the coal-
derived mixtures, (3) examine the pro-
moting activities of other agents and
environmental mixtures in this sys-
tem, and (4) elucidate the mode of
action of the promoters.

In econelusion, we are examining inter-
active effects that modify the toxi-
city of components present in mix-
tures. Discovery of general principles
of action will allow more credible risk
assessment of exposure to toxic mix-
tures.

Boparai, A. S., D. A. Haugen, K. M. Suhrbier, and J. F. Schneider

An Improved Procedure for Extraction of Aromatic Bases from Synfuel Materials
Advanced Techniques in Synthetic Fuels Analysis, Proceedings of Chemical
Characterization of Hazardous Substances in Synfuels, Seattle, WA,
November 2-4, 1981, C. W. Wright, W. C. Weimer, and E. Dale Felix, eds.,
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Washington, DC, 1983, pp. 3-11
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J. Stewart,

The studies reported here are part of
a multidisciplinary effort desigred to
examine the health risks involved in
exposure of humans to complex,
energy-related mixtures of chemi-
cals. The specific objectives of this
component of the program are to

(1) chemically characterize energy-
related chemical mixtures, (2) develop
and use improved procedures for isola-
tion and analyses of specific compo-
nents of these complex chemical mix-

tures, and (3) study the role of meta- °

holism on the toxicity of energy-
related chemical carcinoy, :ns, with
current emphasis on aromatic amines
and aromatic hydrocarbons. Efforts
addressing these objectives are closely
linked because chemical procedures
are developed and improved in
response to needs in the toxicologic
research.

Instrumental methods include high-
performance liquid chromatography
(HPLC), high-resolution, capillary
column gas chromatography (GC), and

19. CHEMICAL CHARACTERIZATION AND METABOLISM
OF CARCINOGENS

D. A. Haugen, Principal Investigator
M. S. Swans‘.’g‘n, A. S, Boparaii V. C. Stamoudis,’I
P. D. Heffley,

and K. M. Suhrbier

gas chromatography-mass spectrom-
etry (GC-MS). Analytical HPLC is
used to identify and quantitate indivi-
dual compounds or to distinguish
groups of compounds. Semiprepara-
tive (milligram) and preparative
(gram) scale HPLC is used to provide
sufficient material either for subse-
quent fractionation or toxicologic
assays. Other techniques include
fractionation by liquid-liquid parti-
tioning and open column chromato-
graphy, and spectrophotometric analy-
sis including Fourier-transform
infrared (FTIR) spectrometry for
detection in gas chromatography.

We have used a series of HPLC tech-
niques, each separating compounds on
the basis of different physicochemical
properties, to fractionate mutagenic
coal conversion materials. An itera-
tive approach was used whereby deci-
sions concerning the fractionation
routes were based both on toxicologic
significance and chemical analysis
(GC and GC-MS) of HPLC fractions.

IPresent affiliation: American Petroleum Institute, Washington. D.C.

’

nalytical Chemistry Laboratory/Chemical Technology Division.
«% EN€rgy and Environmental Systems Division.
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We devised an HPLC procedure for a
separation of aromatic bases (aroma-
tic amines and azaarenes) present in
energy-related materials, and identi-
fied 3-ring aromatic amines as major
contributors to the mutagenic activity
of energy-related materials. This
observation led to studies of the
metabolism of aromatiec amines and to
studies of aromatic amines as bladder
carcinogens (see Chapter 18B).

We used similar prineiples to identify
numerous mutagenic polyeyelic aro-
matie hydrocarbons (PAH), including
well-known compounds (e.g., benzo[al-
pyrene) and others for which little
toxicologic information is available.
Related studies at this Laboratory and
elsewhere indicated that PAH were
primarily responsible for dermal car-
cinogenesis of complex energy-related
chemical mixtures. However, toxi-
cologic data suggested direetly or
indirectly that the potency of PAH as
dermal carcinogens was diminished in
the presence of other components in
the mixtures. On the basis of our
understanding of the caemical compo-
sition of the mixtures and the objec-
tives of the studies of toxicologic
interactions, we used HPLC to obtain
fractions of PAH, defined by their
aromatie ring number, from a complex
mixture (coal gasification by-product
tar). The availability of these frac-
tior's, along with an understanding of
their composition (as determined by
GC and GC-MS), allowed studies of
the eytotoxieity, mutagenieity, and
toxicologie interactions of PAH in
cellular systems (see Chapter 18).
Parallel efforts involved separation
and characterization of acidie, basie,
and neutral fractions, as well as sub-
classes of neutral components (frac-
tion S-1 containing aliphatie and
aromatie hydrocarbons and S-2 con-
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taining crimarily more polar
heteroatomic aromatic compounds)
for use in studies of interactions in
the induction of bladder carcinogene-
sis, dermal carcinogenesis, and muta-
genesis in mammalian cell cultures.

Because the results of toxicologic
experiments indicated that weakly
carcinogenic polar neutral components
decrease the potency of coadmini-
stered carcinogenic PAH (see Chap-
ter 18), we have characterized this
group of compounds, which includes
indoles, carbazoles, and keto com-
pounds, the latter selectively detected
using FTIR as a GC detector. A quali-
tatively and quantitatively similar
array of chemicals was found in tars
from two coal gasifiers, suggesting
general applicability of the observa-
tions.

Metabolism of Carcinogenic
Polyeyelic Aromatic Amines.

Energy-related complex mixtures
contain careinogenic polyeylie
aromatie amines. We are studying
their metabolism to better understand
the dramatie differences in mutagenic
and carcinogenic potency between
structurally similar aromatic amines.
The results will contribute to the
design and interpretation of studies of
the toxicologic effects of aromatic
amines when present in mixtures.

We are initially examining the meta-
bolism of 2-aminoanthracene
(2-NH,An) by rat liver mierosomes.
The liver is a major site of drug and
carcinogen metabolism, with qualita-
tively similar reactions oceurring in
other organs. The potent mutagen and
carcinogen, 2-NH,An, which is strue-
turally related to the human bladder
carcinogen 2-aminonaphthalene, was




chosen for study because it has been
shown to be one of the most muta-
genic aromatic amii.es present in
energy-related mixtures. We use
HPLC to separate and quantitate
metabolites generated.

Microsomal monooxygenases activate
certain aromatic amines by cataiyzing
N-hydroxylation, while ring hydroxyla-
tion is a detoxication route. We have
found that the extent of metabolie
activation of 2-NH,An via N-hydroxy-
lation is dramatically influenced by
pretreatment of animals with chemi-
cal inducers, reflecting changes in the
relative amounts of different mono-
oxygenases. Although definitive
results are not yet available, we found
that the isomeric 1- and 2-NH,An are
metabolized differently, especially
with regard to their response to
inducers.

The measurement of N-oxidation of
2-NH;An has proven to be technically
challenging. Although purified
N-hydroxy-2-aminoanthracene synthe-
sized in our laboratory is stable during
storage, it undergoes nonenzymatic
secondary reactions under the condi-
tions of the metabolism and analysis
procedures. We found that it (1) is
oxidized to 2-nitrosoanthracene by
trace metal ions associated with the
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HPLC system and (2) undergoes as yet
unknown reactions with other metabo-
lites. The presence of chelating
agents and the reducing agent
ascorbic acid minimize oxidation
during HPLC analysis. We are refin-
ing approaches to minimize or control
secondary reactions occurring during
metabolism and during sample pro-
cessing before HPLC analysis.

The results, generally applicable to
the study of aromatic amine metabo-
lism, provide insight regarding the
toxicologic significance of the reac-
tivity of N-oxidation products. Mean-
ingful measurements of the metabo-
lism of aromatic amines require an
understanding of the chemical proper-
ties of the metabolites and the use of
appropriate conditions for analysis.

In conelusion, we are actively engaged
in developing and using procedures for
fractionation and chemical charac-
terization, both to better understand
the properties of energy-related
chemical mixtures and to contribute
to toxicologic studies. In related
studies, we are using chemical and
biochemical approaches to examine
the mechanism of metabolic activa-
tion and structure-activity relation-
ships for aromatic amines present in
energy-related mixtures.

Boparasi, A. 8., D. A. Haugen, K. M. Suhrbier, and J. F. Schneider
An Improved Procedure for Extraction of Aromatic Bases from Synfuel Materials
Advanced Techniques in Synthetic Fuels Analysis, Proceedings of Chemical

Characterization of Hazardous Substances in Synfuels, Seattle, WA,
November 2-4, 1981, C. W. Wright, W. C. Weimer, and E. Dale Felix, eds.,
published by Technical Information Center, U. S. Department of Energy,

Washington, DC, 1983, pp. 3-11
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This research program is designed to
investigate health effects of toxie
metals in animals under conditions
relevant to potential human expo-
sures. One research area focuses on
the role of pregnancy and lactation in
susceptibility to the toxic effects of
cadmium and lead; responses under
investigation include (1) lead-induced
changes in pathways for vitamin D and
calcium metabolism and (2) cadmium-
induced alterations in kidney funetion
and skeletal structure. The second
area focuses on the gastrointestinal
(GI) absorption of plutonium and other
actinide elements; studies are cur-
rently being conducted in nonhuman
primates to develop a procedure to
determine GI absorption values of
uranium and plutonium that does not
require sacrifice of the animal.

For both areas of the program,
elements are administered orally.
Pathways for uptake and tissue depo-
sition are studied through use of
either radioactive isotopes measured
by gamma spectrophotometry (!99Cd,

Environmental Research Division.

20. METAL METABOLISM AND TOXICITY

M. H. Bhattcx(iharyya, Principal [nvestigator
R. P. Larsen, B. D. Whelton,” E. 8. Moretti,
D. P. Peterson, and R. D. Oldham,

237Pu) and alpha spectrometric iso-
tope dilution (236Pu, 238Py, 239Ppy,
233U, 236U), or stable isotopes mea-
sured by atomic absorption spectro-
photometry (Cd, Pb). Toxic responses
to lead are evaluated by competitive
binding protein assays for vitamin D
metabolites and by measurement of
blood concentrations of protoporphy-
rin, calecium, lead, and hemoglobin.
Toxic responses to cadmium are
evaluated by analysis of urinary
concentrations of cadmium, amino
acids, proteins, glucose, and
creatinine, and by analysis of caleium
content and microradiographs of bone.

Metabolism and Toxicity of Com-
pounds of Cadmium and Lead.

Influence of Exposure to Lead on
Vitamin D Metabolite Concentrations
in Young, Growing Rabbits. To study
the mechanism of interaction of lead
with pathways of vitamin D metabo-
lism, we aim to identify an animal

sy tem in which serum concentrations
of 1,25(0H),vitamin D decrease in

*Scientist in Residence (Faculty Research Leave at Argonne), Eastern Washington

1[University, Cheney, WA.

Present affiliation: Department of Energy, New Brunswick Laboratory, Argonne,

[llinois.
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response to lead exposure, as was
reported in children with elevated
levels of lead in blood (Rosen et al.,
1980, N. Eng. J. Med. 302, 1128). The
concentration of this metabolite,
which is essential to the maintenance
of caleium nomeostasis during periods
of caleium stress, normally increases
during pregnancy and lactation and
also during childhood. In our previous
study with rats, we showed that during
pregnancy and lactation, blood lead
levels were high enough to cause lead-
induced incresases in heme precursors
(free erythrocyte protoporphyrins,
FEPs). However, no lead-induced
changes occurred in circulating
1,25(0H),vitamin D levels; the five-
fold rise in 1,25(0OH),vitamin D con-
centrations that accompanied the
onset of lactation occurred in the pre-
sence of high blood lead concentrs-
tions. The rat, however, is not as sen-
sitive as the child to lead-induced
changes in heme metabolism and
therefore may also be less sensitive to
lead-induced changes in vitamin D
metabolites. Consequently, we con-
ducted a study in rabbits, a species
that is sensitive to lead-induced
changes in the heme system.

In our study, which involved exposing
rabbits to lead from 9 weeks of age
(the day of weaning) o 26 weeks of
age (when their body weights began to
plateau), FEP concentrations
increased fourfold and sixfold at blood
lead concentrations of 45 and 55 ug/dL
in rabbits receiving diets containirfg
200 and 400 ppm lead, respectively.

In these same animals, lead exposure
did not alter concentrations of
vitamin D metabolites. With or with-
out dietary lead exposure, concentra-
tions of 1,25(0H),vitamin D in the
plasma of 10-week-old weanling rab-
bits ranged from 24-27 pg/mL . In
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26-week old rabbits when growth had
decreased, the coneentrations of
1,25(0H), vitamin D were lower
(12-15 pg/mL) and also unaffected by
dietary lead exposure.

We conclude that the young growing
rabbit did indeed show lead-induced
changes in heme metabolism at blood
lead concentrations similar to those in
the children from the study of Rosen
et al., but did not show corresponding
lead-induced decreases in circulating
1,25{(0H),vitamin D concentrations.
These results, along with those of our
study in rats during pregnancy and
lactation, suggest that an agent other
than lead could have caused the
decreases reported in the study of
Rosen et al. If true, this finding is
very important, since the U.S. Envi-
ronmental Protection Agency is cur-
rently taking into consideration the
results of Rosen et al. in setting a
standard for lead exposure.

Influence of Pregnancy and Lactation
on Cadmium Toxicity. We are cur-
rently examining the effects of cad-
mium, diet, and reproduective history
on the etiology of Itai-Itai disease in
Japanese women. This disease, char-
acterized by extensive skeletal
demineralization, is attributed in part
to environmental exposure to cadmi-
um in rice. The highest incidence of
this disease has occurred in postmeno-
pausal women with a history of multi-
ple childbirths (average, six chii-
dren). Our study examines for the
first time the role of cadmium expo-
sure during multiple pregnancies in
generating toxic responses. Three
groups of female mice (260-340 mice/
group) were given diets containing
0.25, 5, or 50 ppm cadmium. At each
cadmium level, mice received either a
suificient diet or an "Itai-Itai house-




hold" diet (deficient in certain vita-
mins, minerals, and fat). Half of the
females were bred for six consecutive
pregnancy/lactation (PL) cyeles; the
remaining females were nonpregnant
(NP) controls. Cadmium intake and
reproductive end points were moni-
tored throughout the experiment. PL
and NP females were sacrificed in all
subgroups at the end of selected num-
bers of pregnancy/lactation cycles.
Kidney, liver, femur, lumbar verte-
brae, mammary tissue, duodenum,
jejunum, and urine samples were taken
for histological and/or biochemical
evaluation. After six successive
cycles, mice were oophorectomized to
bring about hormonal changes charac-
teristic of the postmenopausal period
in humans.

Effects of cadmium exposure on
reproduction in the dams, and on
mineral content of bones of the dams
and nonpregnant control mice, were
reported last year. During this past
year, we completed analysis of the
bones of cadmium-exposed oophorec-
tomized and sham-operated control
mice. Our results show that loss of
mineral in the axial skeleton was sig-
nificantly enhanced by eadmium expo-
sure in oophorectomized mice. At
50 ppm Cd, the lumbar vertebrae
(L1-L5) of oophorectomized mice
were 10% lower in dry weight and 20%
lower in ash weight and calcium con-
tent than in sham-operated controls,
and 9 to 10% lower in bone mineral
density (i.e., ash/dry weight and cal-
cium/dry weight ratios). These
changes were greater in the lumbar
vertebrae than in the femurs, and
greater at 50 ppm Cd then at 0.25 or
5 ppm Cd.

Our earlier results showed that cad-
mium exposure resulted in decreases
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in bone mineral density that were
greater in multiparous than in nulli-
parous mice. We have therefore
shown a potential role of cadmium
exposure both during multiple periods
of pregnancy and lactation and during
the postmenopausal period in the
etiology of Itai-Itai disease.

Effects of Cadmium and Nutrient
Deficiences in the Maternal Diet on
Reproduction. On the basis of results
from the larger cadmium experiment
described above, we concluded that
the diet consumed by the aam during a
given pregnancy/lactation experience,
rather than her past dietary exposure,
may determine the effect of diet on
reproductive variables. To test this
hypothesis, we placed three groups of
femsale mice on either (1) a sufficient
diet low in cadmium (0.25+), (2) a
deficient (Itai-Itai) diet low in cad-
mium (0.25-), or (3) a sufficient diet
containing 50 ppm Cd (50+). We com-
pared the reproductive parameters
measured during a first pregnaney/
lactation period for mice in the latter
diet groups with those measured for
the same mice during a second PL
period when all three groups were
given the control 0.25+ diet. The
second PL period was initiated after
135 days of exposure to the above
diets. Of the parameters measured,
pup growth during lactation was
affected most by dietary differ-
ences: at weaning, pups of dams on
the 0.25- and 50+ diets weighed only
9 g. whereas the pups of dams on the
control 0.25+ diet weighed 14 g. Dur-
ing the second PL period, however,
pups of all dams weighed 13 to 14 ¢ at
weaning independent of past dietary
exposure. Such results demonstrate
the importance of proper maternal
nutrition during a given pregnancy/




lactation experience and the lesser
importance of prior exposures.

Studies with Plutonium and Other
Actinides.

Gastrointestinal Absorption of
Plutonium and Other Actinides. Qur
current aims are to (1) validate a
dual-isotope method for determining
the GI absorption of plutonium and
uranium in the adult baboon that does
not involve sacrificing the animal,

(2) use this method to determine the
GI absorption of plutonium and ura-
nium under specifie conditions of
feeding and fasting, and (3) apply the
method to measurements of GI
absorption in the neonatal baboon.
The "nonsacrifice" method requires
simultaneous administration of two
isotopes of a given actinide, one orally
and one intravenously (iv) (DeGrazia
et al., 1965, J. Lab. Clin. Med. 66,
822). GI absorption values are caleu-
lated from ora!/iv isotopic activity
ratios in separate samples of blood,
urine, and/or biopsies of bone or
liver. So far, two important results
have emerged: (1) the dual-isotope
method shows good promise as a
method for determining GI absorption
values of plutonium and uranium in
the baboon, and (2) urine samples eol-
lected in the metabolism cage on
Day # after administration are con~-
taminated by feces to an extent that
negates their use for calculation of GI
absorption values of plutonium but not
of uranium. The second result is
explained by the fact that uranium is
absorbed and excreted in urine to a
muech greater extent than plutonium,
making fecal contamination « less
likely preblem for uranium.

With respect to the first result, the GI
absorption value of plutonium in the
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first baboon obtained by direct analy-
ses of tissues and excreta was 0.020%
(0.018% retained + 0.002% excreted in
urine). The mean value calculated
from oral/iv isotopie ratios deter-
mined in separate samples of blood,
urine, liver, and bone was 0.022%.
Values calculated from individual
ratios for 4-h blood, day 1 urine, liver,
and caudal vertebrae were 0.022%,
0.027%, 0.022%, and 0.017%, respec-
tively. Calculated values were thus
consistent with one another and
agreed with the one determined by
direct analysis of the baboon at sacri-
five. For uranium, the method
appears to viork equally well. For the
first baboon, the GI absorption value
obtained by direct analyses of tissues
and excreta was 1.4% (0.2% retained +
1.2% excreted in urine). The niean
value calculated by the dual isotope
method was 1.2%. Values calculated
from isotopic ratiocs in individual tis-
sues were 0.8% (4 h blood), 1.1%

(1-8 day cumulative urine), 1.5%
(liver), and 1.4% (caudal vertebrae).

We have administered multiple iso-
topes of plutonium and uranium to-
three additional baboons and sacri-
ficed two of them to eomplete valida-
tion of our method. Although tissues
from the two sacrificed baboons are
still being analyzed, analysis of blood,
urine, and tissue biopsies is complete
for all animals, allowing calculation of
GI absorption values with the dual iso-
tope method. As with the first
baboon, results from the additional
baboons indicate good agreement
between values calcuiated from indi-
vidual tissue samples. Mean GI
absorption values calculated for all
administrations of plutonium were
0.23 * 0.15% for fasted adult baboons
(0.02-0.60% range, five administra-
tions) and 0.012 + 0.011% for fed adult




baboons (0.004-0.02% range, three
administrations). The GI absorption of
uranium in fasted adult baboons was
4.5 + 2.8% (1.3-5.9% range, four admi-
nistrations). These GI absorption
values for plutonium are nearly identi-
cal to those in fasted and fed adult
mice, respectively.

Metabolic Behavior of Plutonium in
the Dog: Cormparison of Gastrointes-
tinally Absorbed Plutonium with that
of Intravenously Injected Plutonium.
For the dual-isotope method to apply,
the intravenously administered isotope
must be metabolically equivalent to
the absorbed portion of the orally
administered isotope. Although this
equivalence appears to hold true for
the baboon, we decided to conduct an
additional experiment in the dog,
since in this species we can study the
metabolic behavior of the two iso-
topes more closely by collecting
multiple sequential blood and cathe-
terized urine samples without requir-
ing anesthesia. In this study, we
simultaneously sdministered 239Pu
orally and 236Pu intravenously to a
fasted beagle (19-h fast). Results
show that from day 0.2 to day 3, when
more than 90% of each isotope was
transferred from blood to tissues, the
value of the 239Pu/236Pu activity
ratio in blood did not change: values
were 0.59, 0.55, 0.55, and 0.54 at 0.2,
1, 2, and 3 days after plutonium admi-
nistration, respeectively. In addition,
the activity ratio in blood (mean, 0.56)
was essantially the same as that in the
1, 2, and § day urine samples (0.57,
0.59, and 0.60, respectively) and in the
liver (0.46) and bone (0.52) obtained at
sacrifice of the dog. Furthermore,
the GI absorption value calculated for
this dog by the dual-isotope method

was 0.08%, a value similar to the
mean value we determined earlier in
five fasted dogs (0.079%) (Toohey et
al., 1983, Radiat. Res. 97, 373-379).
These data show the metabolic equi-
valence of ingested and injected plu-
tonium in the beagle and support the
above results in the baboon.

Effect of Humic Acid Complexation
on Plutonium GI Absorption. Since a
number of drinking waters contain sig-
nificant levels of humie acids, their
effect on the GI absorption of pluto-
nium needs to be considered in setting
limits for exposure to plutonium in
drinking water. We exposed groups of
mice in the fed and fasted condition
to solutions of plutonilluon complexed
to humie acid (2 x 100 M 238Py,

15 ppm humie acid). Aeccording to
preliminary results, the GI absorption
of plutonium complexed to humic acid
was 0.03% in fasted mice (n = 2) and
was 0.005% in fed mice (n = 1).
Humic acid complexation therefore
appears to decrease the GI absorption
of plutonium, because the above
values are each about fivefold lower,
respectively, than the values for
fasted and fed mice given plutonium
in 0.01 M NaHCO; medium.

Directions for the near future include
(1) mieroradiographie analysis of
bones from mice after ovariectomy;
(2) study of metallothionein induetion
during pregnancy and lactation in
mice as a possible explanation for
identified ehanges in cadmium meta-
bolism, and (3) completion of the vali-
dation of the dual-isotope method and
use of the method to study the GI
absorption of plutonium and uranium
in neonatal and partially fasted adult
baboons.
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The objectives of this research are to
(1) provide more information on how
and why exposure of small rodents to
high-strength 60-Hz electric fields
produces circadian phase shifts and
other alterations of the normal cirea-
dian waveform, and (2) determine how
these effects that compromise the
cireadian integrity of the subject can
be extrapolated across species. This
effort is subdivided into three tasks:
(1) to characterize the circadian
rhythm effects at lower field
strengths than those previously
reported (135 kV/m) in the white-
footed mouse Peromyscus leucopus;
(2) to determine whether the previ-
ously reported absence of cirecadian
effects in the rat was the result of the
use of inappropriate exposure and
entrainment conditions; and (3) to
characterize the environmental and
expostre conditions of defined circa-
dian eitects, including recovery and
prevention.

For these studies, rats are housed
singly in automated systems that
allow striet control of inputs (food,
light, toxicants) and continuow:. moni-
toring of physiological information

21. NEUROBEHAVIORAL CHRONOBIOLOGY: ACTIONS OF
HIGH-STRENGTH 60-Hz ELECTRIC FIELDS ON
CIRCADIAN RHYTHMS

C. F. Ehret, Principal Investigator
K. R. Groh, and D. J. Fowler

over prolonged periods. This infor-
mation produces circadian "signa-
tures"--finely detailed waveiorms of
physiologieal oscillations of eircadian
and ultradian periods, which are
derived from several end points,
ineluding gross mo*or activity and
either core body temperature or respi-
ration. After baseline "signatures"
are obtained, the experimental proto-
col that ineludes electric-field expo-
sure is introduced.

Electric Field Effects on Circadian
Rhythms in Small Rodents.

In an earlier study, a comparison of
the sensitivity of small rodents to
arousal by 60-Hz electric fields
revealed significant interspecies dif-
ferences. The white-footed mouse
Peromyscus leucopus was more sensi-
tive than either the white rat (Charles
River, SD) or the hairless mouse
(HR/Temple, SKH). P. leucopus was
therefore chosen to determine
whether field exposures sufficient to
produce arousal could also cause cir-
cadian phase shifts. Circadian oscilla-
tions in motor activity and in amounts
of carbon dioxide produced were con-

*
Faculty Research Participant, Western Michigan University, Kalamazoo.
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tinuously monitored before, during,
and after a brief exposure (1 hor 9 h
to 60-Hz electric fields at field
strengths of 135 kV/m). Before expo-
sure, the animals were entrained by
light-dark cyeling (12 h light, 12 h
darkness). On the exposure day and
for 5-6 days thereafter they were kept
in darkness. Exposure for 1 h early in
their active phase induced a signifi-
cant phase delay, averaging 2.9 h, in
circadian rhythms of the end points
measured. Exposure during early
inactive phase caused no phase shift
but produced "splitting" (dissociation
of the normally slightly bimodal
active phase into two distinct peaks of
activity, ultimately 180° or 12 h
apart). Exposure for 9 h during the
animal's active phase resulted in phase
delays that averaged 4.6 h, and in
occasional episodes of torpor. The
degree of circadian phase shift was
highly correlated with the magnritude
of arous:l in the animals exposed to
the electric field for 9 h. At lower
field strengths (100 kV/m), significant
alterations in circadian waveforms
ineluding phase shifts, dysehronism,
and torpor were seen in mice exposed
during early or late subjective night.
Mice exposed to fields during the
middle of their active or inactive
phase seldom showed any change in
waveform. All responses of mice
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exposed to 100 kV/m were signifi-
cantly lower than those exposed to
135 kV/m.

In this past year, we initiated a
comparable series of experiments on
the capacity of high-strength 60-Hz
electric fields to violate the circadian
integrity of the subject in another
rodent species, the laboratory white
rat. We modified our field-exposure
and data acquisition facilities for the
rat to enhance the precision and sensi-
tivity of activity and temperature
measurements. In addition, we have
begun a series of experiments
designed to answer the following ques-
tions: In the rat, do electric fields
also cause phase shifts? What is the
full shape of the generalized circadian
phase response curve? Under what
conditions can dyschronism be induced
and/or preventad following arousal by
60-Hz electrie fields? An analysis of
cogent effects reported to date in the
literature dealing with electric fields
indicates that all known long-term
health-risk actions of high-strength
electric fields can be attributed to
their action as circadian zeitgebers.
These questions are all highly relevaut
to the evaluation of the health risk to
humans of high-strength electric
fields.

Chranabiological Consequences of Various Shiftwork Schedules
Proceedings of the Fifteenth International Conference of the International
Society for Chronobiology, Minneapolis, MN, September 13-18, 1981
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Divisional Support Facilities, Services, and Activifies

JANUS—a novel big;n‘le‘djcal reactor—p!'ovides
fission:spectrum neutrons for radiobiological
and dosimétry résearch. ‘




22. SUPPORT FACILITIES

Animal Facilities

Radiation Facilities

Human Radiobiology Counting Facilities
Computer Facilities

Interactive Caomputer Graphics System
Carcinogen Laboratory

Cytofluarograph Equipment
Twe-Dimensional Electrophoresis Facilities
Chronabiolaogy Facilities

Instrument Design and Maintenance Facility

The specialized facilities aveilable iu the Division of Biological and Medical Research
provide outstanding and diverse capabilities for interdisciplinary research. Included
are an acecredited animal facility; a broad spectrum of radiation sources and facilities
that inelude the Janus neutron reactor, five §2Co-gamma-ray sources, several x-ray
machines, and a unique collection of ultraviolet and visible radiation sources and
equipment for photobiological research; specialized whole-body counting facilities for
human radiobiology studies; computer equipment ranging from mainframe to mierc-
computers, with a user-oriented computer graphies system; a newly constructed
carcinogen laboratory; a cytofluorograph laboratory; specialized laboratories for
research in two-dimensional electrophoresis and echronobiology; and a fully equipped
instrument design and maintenance center. A number of these facilities are available

to outside users, either as a result of collaboraticn with Divisional staff members or
on a user-pays bauis.

Animal Facilities

The 3700 m? Animal Facility, a major resource of the Divisiun, is accredited by the
American Association for Acereditation of Laboratory Animal Care. During 1984 and
1985, approximately half of the staff members cf the Division were engaged in studies
that involved more than 18,000 rodents and other laboratory animal species.

The facilities consist of four major components: (1) dog kennels with a eapaecity for
approximately 700 dogs; (2) two building wings consisting of 47 rooms for housing
small laboratory animals; (3) service areas that inelude equipment for cleaning and
sanitizing cages, water bottles, and cage racks, as well as storage space for food and
equipment; and (4) technical equipment areas, which include examination and proce-
dure rooms, a surgieal operating room, a histopathology laboratory for processing
tissue specimens, a necropsy room, diagnostic x-ray rooms, and two specially equipped

rooms for treating animals with radioactive materials, toxie chemicals, and carcino-
gens.
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In addition to the resources listed above, four of the five Divisional §°9Co gamma-ray-
exposure facilities, dedicated to whole-body irradiation studies in animals, are physi-
cally related to the animal facilities to provide for long-term, live-in exposures of
animals.

To assure a supply of high-quality, healthy animals, the Animal Facilities maintain an
active breeding program. Most of the rodents, particularly mice, and all dogs are bred
in-house. The beagle colony, used primarily for low-level radiation studies, has been a
closed colony since 1960. Extensive computerized records are maintained on all
aspects of this colony, as well as on the rodent breeding program.

An expert staff, under the direction of a Doctor of Veterinary Mediecine, manages,
monitors, treats, and evaluates the animals and provides a complete range of services

to users of the experimental animals. Trained Animal Care Specialists provide routine
animal care.

Radiation Facilities

The Divisional radiation facilities include a number of gamma, neutron, x-ray, and
ultraviolet radiation sources with accompanying areas for related equipment and for
preparing, handling, and servicing the animals.

Five 6§0Co irradiation facilities provide unigue and versatile gamma-ray irradiation
capabilities. These facilities are suitable for long-term studies in whicl: animals can
be maintained in the radiation field for duration of life or for acute brief or fraction-
ated exposures. They provide a choice of exposure rates ranging from 0.001 to

10% R/min. Three of these gamma-ray facilities are ccmmitted to long-term irradia-
tion of caged dogs, in 22 h daily exposures, at 0.6, 1.0, and 2.5 R/day, or at 5 to

40 R/day (adjustable). The remaining two facilities are used for irradiations of small
animals and cell cultures. The low-level gamma-ray facility can ke arranged, as
required, to accommodate studies involving exposure rates from 1 mR/min to

30 mR/min. The versatile high-laevel gamma-ray facility can provide uniform expo-
sures of 300 to 10,000 R/min to volumes cf less than 25 em3. Any exposure rate

between 20 mR/min to 30 R/min can be delivered to experimental material placed on
isodose ares.

The Janus research reactor, which is dedicated specifically to biclogieal research,
provides fission-speetrum neutrons with a mean energy of 0.85 MeV. Available dose
rates range between 0.002 and 80 ¢Gy/minute, with remarkably low contamination
from gamma radiation (between 3 and 4% of the total atisorbed dose). During 1984,
the original fission converter assembly was replaced; dosimetric studies are currently
in progress to compare neutron spectra, mierodosimetry spectra, and neutron/gamma-

ray dose rates at all locations in the irradiation room before and after the converter
assembly replacement.

The Division maintains two x-ray therapy machines for experimental irradiations, a
General Electric Maxitron (250 kVp) and a Noreleo-Muller MG 300 (300 kVp).
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The nonionizing radiation facility consists of a collection of sources of well-character-
ized, unusually high-intensity ultraviolet and visible radiations, extending from 254 nm
through to the red end of the visible spectrum. I[solated band and high-pressure mer-
cury arc lines throughout this range are available in extremely high energies with pre-
cisely defined doses. The sources are 2,500 and 6,000 W high-pressure xenon and
mercury-xenon arc lamps, coupled to predispersion and collimating opties and high-
intensity Bausech and Lomb and Jobin-Yvon monochromators. Accessories are avail-
able for the irradiation of cells under controlled conditions of temperature and gas
phase.

Human Radiobiology Countin_ Facilities

The low-background counting center is designed to measure internal radioactivity in
living subjects. Stationary detectors used for low-level in vivo gamma-ray spectros-
copy and low-level photon measurement are located in three shielded rooms contained
in a large underground "vavit," and mobile counting equipment is contained in a
trailer. Specia! shielding of the vault reduces the cosmic ray intensity to about half of
its value outside at ground level. The 200-mm-thick steel walls of each room attenu-
ate local gamma radiation to reduce the background response of the detectors and a

3 mm-thick lead -yvering of all internal surfaces absorbs scattered radiation and
further reduces the sackground at low photcn energies. Activated charcoal filtration
of the vault air removes naturally occurring radon to reduce contributions to, and
fiuctuations in, the background counting rates from this source. An above-ground
reception room, an elevator for transport between ground level and the anteroom of
the vault, shower and dressing rooms, and an airlock complement the facility.

The first room contains two 292-inm- by 10Z-mm-thick Nal(Tl) detectors, one mounted
above and one belcw a horizoiital bed. These crystals are used to determine the
longitudinal distribution of radioactivity in the body ("profile scans") and also to
detect small amounts of gamma activity in localized areas such as the chest. The
second room contains a 203-mm-long by 152-mm-diameter cylinder of Nel(T!), and
measurements are taken with the subiect lying in an are of radius 1.5 m, or sitting in a
tilting chair. The third room is used to measure low-energy photon emitters, such as
americium-241 and plutonium-239. Two detectors are used. The first is a 180-mm-
diameter proportional counter filled with a mixture of xenon and methane, and the
second is a "phoswich," consisting of a 3-mm-thick Nai(Ti) erystal backed by a 50-mm-
thick CsI(Tl) erystal. Interactions in the two seintillators are distinguished by the rise
times of their output pulses, and the CsI(Tl) crystal is used in an anticoincidence or
Compton-suppression mode.

A separate smaller vault of similar construction is used to measure radioactivity in
small- to medium-sized samples. Detectors include a low-background beta-particle
counter, a low-background gamma-ray spectrometer, and a gamma-ray spectrometer
with an automatic sample changer. The radiation shields of the gamma-ray speetro-
meters are supplied with rador-free air from the same source as the large vault.
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Field measurements are taken with a whole~body counting system consisting of a
shadow shield detector, multichannel analyzer, and electronie devices installed in a
7.6-m-long semitrailer. The radiation detector is a 204-mm-diameter by 102-mm-
thick Nal(T1) erystai, coupled to three photomultiplier tubes. For measurement, the
patient reciines on a padded plate, which is moved underneath the detector by a chain
drive mechanism, so that each measurement is an integrated scan.

Computer Facilities

Computer facilities for general use in the Division are built around the ANL central
IBM-3033 computers plus a 3042 attached processor, 1.9 x 1010 bytes of online disk
and drum storage, 26 magnetic tape drives, 55 Remote Job Entry (RJE) stations, and
network connections to research centers in North American and Europe. These com-
puters and associated systems are accessed from the Division interactively via eight
dedicated terminals and numerous dial-up terminals. Batch access is prineipally via a
dedicated RJE station with a 1000 cards per minute reader and an 1100 lines per
minute printer.

The Livisional PDP-11/44 computer is also used as an additional RJE station and
provides file transfer capability. This computer is being expanded to provide more
than 750¢ megabytes of disk space and will service four dial-up ports and 36 dedicated
terminal lines, 13 of which will be graphies terminals. Dedicated lines will also pro-
vide data paths from cther data aequisition computer systems in the Division.

MINITAB and GLIM statistical packages and RDM and ORACLE data base manage-
ment packages provide the main software capabilities. A Hewlett Packard eight-color
pen plotter with continuous paper feed supplies batch graphies capability, from
graphie files compatible with the IBM-2033 computers.

Interactive Computer Graphies Equipment

Interactive computer graphies capabilities are provided by an Evans and Sutherland
Computer Corporation P5300 Picture System, which is a black-and-white, high-resolu-
tion, vector graphies terminal. The terminal contains a Magnavox 6800 microprocess-
ing chip and 1 Mbyte of memory; it has a 5.25 in. floppy disk drive and can be pro-
grammed as a stand-alone computer with an internal language similar to PASCAL.
This terminal is equipped with a rotating drum stereo attachment {Terabit) so the
object appears in three dimensions and can be manipulated (translated, rotated, ete.)
in three dimensions. Operating as a terminal emulator on a host computer like the
VAX 11/780, the terminal ecan accept data passed at 13,200 baud from the host and
display it in graphies mode as a set of line vectors; the PS300 can display 80,000
black-and-white vectors simultaneously. The FRODO molecular modeling program for
displaying, building, and manipulating molecules, is now operational. It enables the
display of electron density maps from protein erystals as contoured volumes and also
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the display of chemical models as stick figures imposed upon the maps. Also available
on the PS300 system is the provision to display protein structures for which coordi-
nates are stored in the Brookhaven National Laboratory Protein Data Bank.

Carcinogen Laboratory

Our new Carcinogen Laboratory, completed in the summer of 1985, was designed to
comply with current and projected federal, state, and local regulations on the handling
of hazardous material. It contains 53 m?2 of isolated work space, subdivided into a
storage vault and low-level and high-level workrooms for sample preparation. A
decontamination room, shower room, and change room are also provided. The facility
was designed to (1) control personnel traffic into, within, and out of the different
areas; (2) maintain negative pressure gradients within each of the internal areas rela-
tive to other areas of the building and the external environment; (3) provide spe-
cialized equipment for the safe handling and containment of hazardous materials; and
(4) provide work areas with impervious surfaces for ease in decontamination. A once-
through ventilation system with activated charcoal and high-efficiency particulate air
filters is designed to contain any contaminants that pass thrcugh the filters in the pri-
mary containment area or are accidentally released from the work areas within the
facility. A telephone communication system between several work areas and between
work areas and an outside observation area are provided so that strict operating pro-
cedures can be maintained without limiting interactions and efficiency.

Cytofluorograph Equipment

The Division maintains a flow eytometry system run by a trained operator. This Ortho
Instruments dual laser cytofluograph with a "2150" computing system and argon ion
and krypton ion lasers can be used for a wide variety of studies including high-resolu-
tion determinations of fluorescent DNA distributions in suitably stained cells, as well
as light scatter properties and immunofluoresecence with fluorescent-dye conjugated
monoclonal antibodies on both fixed or viable cells. An attached cell sorter can be
used to selectively collect a desired population of cells. All operations are computer

controlled and data can be stored, displayed, printed, and analyzed with a micro-
computer.

Two-Dimensional Electrophoresis Facilities

Prototype equipment for high-resolution two-dimensional protein mapping was
developed in the Division. Our current system, the Argonne ISO-DALT clectrophore-
tie system, can handle more than 100 two-dimensional analyses per day. Semiautoma-
tie photography provides a record of all analyses and maps for publication. Two
seanners are available to acquire and digitize images, which are then processed on a
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dedicated VAX computer and displayed in high-resolution color. TYCHO programs
have been developed for image background subtraction, photographic response correc-
tion, streak subtraction, and distortion compensation. Work stations allow experimen-
tal patterns to be intercompared with other stored experimental or reference
patterns, and both qualitative and quantitative differences can be noted.

Chronobioclogy Facilities

The autcmated, computer-controlled data acquisition facilities used for researeh in
chronobiology monitor and collect several types of data: body temperature, respira-
tion (animal and cellular), animal activity, animal weight, and food consumption.

For monitoring of body temperature, a miniature temperature radio-telemeter is
implanted intraperitoneally in each animal. The device transmits temperature data by

a pulse-modulated system for collection by a two-plane antenna surrounding the
animal cage.

For respiration monitoring, small animals or cell cuitures are placed in sealed respira-
tion chambers. Gas flow is monitored automatically by mass flow transducers and
controlled by a computer-activated valving system. Atmospheric gases of known
concentration are passed into the chambers and then sampled periodically for carbon
dioxide and oxygen concentrations.

Activity and weight of individually eaged animals are monitored through displacement
of a force transducer. The generated signal is amplified and the ac and de components
separated. The de signal variation is time-damped (animal weight), and the ac eecmpo-
nent is squared and integrated (animal activity).

Each animal can be provided with two different diets, each available f. - ~ food
hopper suspended from a foree transducer. At programmed times, the food h. sgers
are weighed and the amount of food remaining in each is recorded.

Instrument Design and Maintenance Facility

Design, construetion, and testing of specialized equipment is provided for the Divi-
sion, Trained electronics specialists operate and service high-performance liquid
chromatcgraphy systems, gas chromatographs, automatie liquid scintillation speetro-
meters, automatic gamma spectrometers, visible and ultraviolet spectrophotometers,
clinical blood analyzers, particle sizing and counting systems, teletype printers, cyto-
fluorographs, data acquisition systems, and Janus reactor instrumentation.
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Serviee is also provided to staff members in the selection and purchase of new instru-
mentation, as well as the modification of existing instruments to fulfill special
requirements. If required instrumentation is not available commercially, new instru-
mentation is designed and, if appropriate, patented. Maintenance, servicing, and cali-
bration of equipment is also provided.
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Postdoctoral Training

23. EDUCATIONAL ACTIVITIES

Postdoctoral Training

Faculty Research Participations
Graduate Programs
Undergraduate Training

During 1984-1985, a total of 17 postdoctoral appointees and research associates
contributed to the research programs of the Division.

The temporary appointees, their schools, and the staff members with whom they are

affiliated are as follows:

Sudhir Bedarkar

James M. Burcham
Chong-Hwan Chang
Frank R. Collart
Michael L. Cunningham
James P. Hardwick
Yoshimi Homma
Atsushi Ito

Kaoru Kiguchi

Nobuo Kubota
Ingrid R. Marshall
Vaman M. Naik
Carol T. Oravec
Mark S. Swanson

Maria E. van Beek

Robert L. Wells
Ti-Sheng Young

Cornell University
lowa State University
University of Pittsburgh
Medical College of Ohio, Toledo
University of Arizona
Illinois State University
University of Tokyo, Japan
University of Tokyo, Japan
Jikei University Schooi of
Medicine, Tokyo, Japan
Yokohama City University School
of Medicine, Japan
University of Karlsruhe,
Karlsruhe, West Germany
University of Michigan
Ohio State University
University of Nebraska at
the Medical Center
State University, Utrecht,
The Netherlands
Colorado State University
Duke University
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E. M. Westbrook
C. Peraino

M. Schiffer

E. Huberman

C. A. Reilly, Jr.
E. Huberman

E. Huberman

M. J. Peak

E. Huberman

C. K. Hill

D. Grahn

M. Sechiffer
E. Huberman
D. A. Haugen
D. Grahn

A. Han
E. M. Westbrook




Faculty Research Participations

Argonne and the Division have long invelved faculty members on sabbatical leavas
from colleges and universities and staff members from industrial laboratories in
Arzonne activities. During 1984-1985, four Visiting Scientists, 11 Faculty Research
Program Participants, and three Faculty Research Leave at Argonne Participants
conducted research in the Division. The two latter programs are administerad through
the Argonne Division of Educational Programs (DEP), All of these appointments
enable faculty members to participate in the research of the Laboratory to broaden
their perspectives; they also allow university and Argonne scientists to develop
rapport and explore mutual interests. In addition, DEP has a program invelving
summer research participation by high school teachers; during this time, the Division
had one such participant. The names of the Visiting Scientists, Faculty Research
Participants, Faculty Research Leave at Argonne Participants, and the High School
Faculty Research Participant, their schools, and their staff sponsors are as follows:

William E. Boernke™
Clinton H. Dixont

Dona J. FowlertT
Frederick A. Giere'
Malkiat S. Guram?
Richard M. Hyslogt
Donald K. Jasper

Paul G. Koutnik**

Florence S. ngist
Sakan Maeda™

Gerald A. Mugison“

Biserka Nagy"

Frank H. Pascoet
Robert M. Roth¥

Daniel Solaimant
Juarine Stewartt.

Marvin Stodolsky "

Harold J. Van Kleyt

3

t
|

Visiting Scientist.

Nebraska Wesleyan Uiiversity

Ft. Valley State College,
Georgia

Western Michigan University

Lake Forest College

Voorhees College

Hlincis Benedictine College

Illinois Institute of
Technology

Wheaton-Warrenville Middle
School

Cheyney State College

Kobe University of Medicine,
Kobe, Japan

Florida International University

Central Institute for Tumors
and Allied Diseases,
Zagreb, Yugoslavia

College of St. Francis

Illinois Institute of
Techrnology

Dubuesne University

Atlanta University

Bosphorus University,
Istanbul, Turkey

Trinity Christian College

Faculty Research Participant.
«x Scientist in Residence (Faculty Research Leave at Argonne).

High School Faculty Research Participant.

130

C. Peraino
H. E. Kubitschek

C. F. Ehret

N. G. Anderson

M. H. Bhattacharyya
C. S. Borso

D. J. Grdina

E. Huberman
E. Huberman

E. Huberman

D. Jd. Grdina

N. G. Anderson

M. J. Peak

M. H. Bhattacharyya
D. A. Haugen

E. Huberman

C. Peraino
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Graduate Programs

Two graduate students were Laboratory Graduate Partiecipants working on research for
their Ph.D. degrees in programs administered and supported by the Division of
Educational Programs. The Laboratory Graduate Participants, their sehools, and their
staff sponsors are as follows: .

Mary E. Shackelford University of Illinois, M. I1. Bhattacharyya
Chicago
Frederick J. Tremmel University of lowa C. A. Reilly, dr.

A related program, called Thesis Parts, is also supported by the Division of
Educational Programs. It enables graduate students to perform pertinent parts of |
their research at Argonne. In 1984-1985, two students held this appointment in the

Division:
Greg S. Spicer* Texas Technical University N. G. Anderson
Jeffrey J. Wheat George Williams College R. E. Toohey

In addition, one graduate student carried out research in the Division as Resident
Student Associate, supported directly by the Division:

Marian F. Papiernik St. Xavier College C. F. Ehret

Undergraduate Training

During 1984-1985, a total of 59 college undergraduates received training in the
Division of Biological and Medieal Research through the Spring, Summer, and Fall
Undergraduate Research Participation Programs or the College Co-op Program,
sponsored by the Division of Educational Programs. The students, their sechools, and
their staff supervisors are listed below:

Spring Program 1984

Frederick Domann University of Wisconsin, T. M. Seed
Platteville

Silvia Pastor Saginaw Valley State College, C. K. Hill 4
Michigan

Lorna A. Pehl Seattle Pacific University F. R. Kirchner

Paul J. Quiram St. John's University, Minnesota C. F. Ehret

Maxime Viard Chicago State University Y. E. Rahman

David E. Werkmeister Westmar College, lowa E. Huberman

£
In October 1984, he began as a Laboratory Graduate Participant.
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Pamela A. Wexler
Thomas L. Winder

Summer Program 1984
Michael K. Albertson
Gregory S. Culen

Dwana Davis

Antonio Devia
Steven Diebold
Frederick Domann"

Edward J. Dunphy
Danielia Falcon

Jefirey Goldman
Brian E. Helmer

John Holland
Jenuifer S. Johnson

Steven Kliewer
Patricia Small
Thomas Winder~
Fall Program 1984

Heidi Dare
Pamela Donovan

Susan M. Giovanazzi
Mark C. Harbeck

Thomas Hickock
Michael Ochocki

James Russell .
Thomas Winder" ¥

*

Beloit College, Wisconsin
University of Northern [owa,
Cedar Falls

University of Illinois, Champaign

St. Xavier College, Chicago

Benediet College, Columbia,
South Carolina

University of Texas, Arlington

University of Chicago

University of Wisconsin,
Platteville

University of Chicago

Parkland Jr. College,
Champaign, Illinois

Northwestern University

Western Michigan University,
Kalamazoo

Carroll College, Helena, Montana

[llinois In.titute of
Technology

Brown University, Providence,
Rhode Island

Tougaloo College, Michigan

University of Northern Iowa,
Cedar Falls

Albion College, Albion, Michigan

College of St. Thomas, St. Paul,
Minnesota

St. Xavier College, Chicago

[llinois Benedictine College,
Lisle

Macalester College, St. Paul,
Minnesota

Northern Illinois University

Morris Brown College, Atlanta

University of Northern lowa,
Cedar Falls

F. R. Kirchner
C. F. Ehret

N. G. Anderson
F. R. Kirchner
H. K. Kubitschek

M. J. Peak
F. R. Kirchner
T. M. Seed

M. Stodolsky
T. E. Fritz

M. Schiffer
C. F. Ehret

C. K. Hill
M. J. Peak

M. Schiffer

Y. E. Rahman
C. F. Ehret

M. H. Bhattacharyya
T. M. Seed

M. J. Peak
T. M. Seed

M
C. A. Reilly
C. F. Ehret

H. E. Kubitschek
C. F. Ehret

iAlso participant in the Spring 1984 Undergraduate Research Participation Program.
Also participant in the Summer 1984 Undergraduate Research Participation Program.
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Spring Program 1985

David M. Babasick
Pamela K. Donovan
Barbara Ei nhorn
Sue Glovanazm
Gregory Grose "
Mark C. Harbeck

Peggy Janiszewski
John B. Nicholas

Anthony Pietronirc
Lawrence D. Powell
Chrysanthy M. Tsifutis
Lisa A. Urda

Terry Uwagboi
Summer Program 1985

Christine Blaumueller
Steven Diebold™
Barbara Einhorn
Steven E. Gay

Mark C. Harbeck 4
Susan Jacob

Jennifer Johnson
David Kardatzke
Joseph S. Koboszka
Dale S. Lachman
Timothy Lowry
dJoseph L. Melendres
Christina Mihaly
Henry Pak

Melissa Peterson
John B. Nicholas
Lawrence D. Powell |
Miguel A. Schmitz
Stephen Treacy
Patricia L. Winslow

University of Bridgeport

College of St. Thomas, Minnesota
CWR University, Cleveland, Ohio
St. Xavier College, Chicago

Carroll College, Helena, Montana

lllinois Benedictine College,
Lisle

St. Francis College, Joliet

lllinois Benedictine College,
Lisle

Barry University, Miami Shores

Chicago State University

Grinnell College

Indiana University of
Pennsylvania

Chicago State University

Northwestern University
University of Chicago

CWR University, Cleveland
Yale University, New Haven
Illinois Benedic:tine College
University of Chicago

lllinois [nstitute of Technology
St. Xavier College, Chicago
Loyola University

Northern [llinois University
Hastings College

University of Chicago

Bowling Green State University
University of Illincis

Parkland Ccllege

Illinois Benedictine College
Chicago State University
Carroll College

University of Notre Dame
Carrell College

C. K. Hill
T. M. Seed
C. A. Jones
M. J. Peak
C. F. Ehret
T. M. Seed

C. A. Reilly
C. F. Ehret

M. H. Bhattacharyya
Y. E. Rahman

H. E. Kubitschek

R. E. Toohey

H. E. Kubitsehek

A.

. A. Jones
Huberman

T. M. Seed

C. A. Reilly

M. J. Peak

J. H. Stebbings

C. K. Hill

C. F. Ehret

R. E. Toohey

D. V. Tolle

S. H. Barr

C. F. Ehret

T. E. Fritz

C. F. Ehret

Y. E. Rahman

H. E. Kubitsechek
D. J. Grdina

H. E. Kubitschek

C.
C.
C
E.

Also participant in the Fall 1984 Undergraduate Research Participation Programs.
[Also participant in the Summer 1984 Undergraduate Research Participation Program.
Also participant in the Spring 1985 Undergraduate Research Participation Program.

133




College Co-op Program

Rachael Casey
Mary Lyn Deacon
Michael Olenek
Cheri Pott

Bruce Ten-Haken
Larry Verhage

Westminster College

Lewis University

[llinois Benedictine College
Trinity Christian College
Trinity Christian College
Trinity Christian College
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D. Grahn

E. M. Westbrook
E. M. Westbrook
D. V. Tolle

C. Peraino

E. M. Westbrook
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24. DIVISIONAL SEMINARS

Visiting Speakers
In-House Speuakers

The Division of Binlogical and Medical Research Seminar Committee for 1984-1985
was composed of M. H. Bhattacharyya (chairman), C. A. Jones, R. A. Schlenker,

T. M. Seed, and E. M. Westbrook. T. M. Seed served as host for the in-house
speakers. The 1985-1986 Committee is chaired bv E. M. Westbrook and consists of
M. H. Bhattacharyya, C. S. Giometti, D. J. Grdina, and R. A. Schlenker.

The general seminar program consisted of a ecombination of in-house and visiting
speakers, selected on the basis of recommendations from staff members. In addition,
a few informal seminars in specialized subjects were held during the year and during
the summer period when general seminars are not scheduled; some of these informal
talks are indicated in the following listing.

Visiting Speakers

Dr. Jun Minowada, Hines Veterans Hospital, Hines, IL
"Immunologieal Study of Human Leukemia-Lymphoma Cell Lines: Clinical and
Theoretical Significances"
i January 12, 1984

Dr. Lelia Diamond, Wistar Institute of Anatomy ard Biology, Philadelghia, PA
"Structure Activity Relationship of Polyeyelic Aromatic Hydrocarbons"
January 19, 1984

Dr. Janet Rowley, Department of Medicine, University of Chicago, Chieago, IL
"The Biologic Implications of Consistent Chromosome Abnormalities in
Leukemia and Lymphoma"

January 24, 1984

PR e Sy

Dr. Henry C. Pitot, McArdle Laboratory for Cancer Research, Department of
Oncology, University of Wisconsin, Madison, WI

"Some Characteristics of the Stages in Hepatoearcinogenesis"
February 2, 1984
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Dr. Alan P. Poland, McArdle Laboratory for Cancer Research, Department of Viral
Oncology, University of Wisconsin, Madison, WI
"Mechanism of Biological Action of Division: The Dual Role of the Ah Locus
Receptor"
February 9, 1984

Dr. Arend Kootstra, Department of Carcinogenesis, Swiss Institute for Experimental
Cancer Research, Lausanne, Switzerland
"The Importance of Chromatin Modifications in Neoplastie Transformation"
February 10, 1984

Dr. Frank F. Richards, Yale Medieal School, Yale-New Haven Medical Center, New
Haven, CT
"A Structural Basis for Antigenie Variation in African Trypanosomes"
February 23, 1984

Dr. Philip Mirkes, Department of Pediatries, University of Washington, Seattle, WA
"Effects of Cyclophosphamide on Rai Embryo Development: An in vitro
Analysis of Molecular Mechanisms of Teratogenesis"

March 1, 1984

Dr. Richard J. Albertini, Department of Medicine, University of Vermont, Burlington,
VT -
"Human Biomonitoring: The Use of T-Lymphocytes as Indicators of Sometie
Cell Mutation"

March 8, 1984

Dr. Antonito T. Panganiban, McArdle Laboratory for Cancer Research, University of
Wisconsin, Madison, WI
"Integration of Retrovirus DNA"
March 15, 1984

Dr. L. B. Kingston, MRC Laboratory of Molecular Biology, Cambridge, England
"Isolation and Sequence of Genes for Bovine Pancreatie Trypsin Inhibitor Using
Synthetic DNA Probe"

March 22, 1984

Dr. Ronald B. Herberman, Department of Health and Human Services, Biological
Development Braneh, Frederick, MD
"Charaeteristies and Funetions of Natural Killer Cells"
March 29, 1984

Dr. Ananda Chakrabarty, Department of Microbiology and Immunology, University of
Illinois, Chicago, IL
"Microbial Techiology for Enhanced Degradation of Environmental Pollutants"
April 5, 1984
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Dr. Terry D. Allen, Department of Ultrastructure, Paterson Laboratories,
Manchester, England
"Cellular Interactions in Long Term"
April 13, 1984

Dr. Frank J. Gonzalez, Laboratory of Developmental Pharmacology, National
Institute of Child Health and Human Development, National Institutes of Health,
Bethesda, MD
"Structure and Regulation of Two Mouse 3-Methyleholanthrene-induced
Cytochrome P450s"
April 26, 1984

Dr. H. Yamasaki, International Agency for Research on Cancer, Lyon, France
"Intercellular Communiecation, Cell Differentiation, and Tumor Promotion"
May 7, 1984

Dr. Joseph Feder, Monsanto Company, St. Louis, MO
"The Development of Mammalian Cell Prefusion Culture Systems"
May 24, 1984 (Joint BIM/EES Seminar)

Dr. L. Sectt Cram, National Flow Cytometry Resource, Los Alamos National
Laboratory, Los Alamos, NM
"New Developments in Flow Cytogenetics and Karyotype Instability in
Tumorigenesis"
dune 21, 1984

Dr. Jacques Laval, Institut Gustave Roussy (C.N.R.S.), Villejuif, France
"Repair of Alkylated DNA: Molecular and Biological Implications"
dJune 22, 1984

Dr. Tatsuc Suda, Department of Biochemistry, Showa University Dental School,
Shinagawa-ku, Japan

"The Differentiating Action of Vitamin D Compounds in Hematopoietic Cells"

July 11, 1984

Professor Donald M. Engelman, Department of Molecular Biophysies and
Biochemistry, Yale University, New Haven, CT
"Bacteriorhodopsin Folding: Theory, Biochemistiy, and Neutrons"
July 27, 1984

*Dr. Hylton Smith, Biology Department, National Radiological Protection Board,
Oxfordshire, England
"Application of Biological Research at NRPB to Radiological Problems"
September 27, 1984

2 X
Informal seminar.
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Dr. Mervyn Bibb, John Innes Institute. Department of Geneties, Norwich, England
"Gene Expressicn in Antibiotic Producing and Differentiating Streptomyces"
September 28, 1984

Dr. Michael G. Rossman, Department of Biologiecal Seiences, Purdue University, West
Lafayette, IN
"Strueture, Function, and Evolution of Small Spherical RNA Viruses"
October 4, 1984

Dr. M. George Cherian, Departments of Pathology and Medicine, Health Science
Center, University of Western Ontario, London, Ontario, Canada
"Metallothionein during Mammalian Development"
Getobar 11, 1984

*Professor Detlef Gabel, Department of Chemistry, University of Bremen, Bremen,
Federal Republic of Germany
"Neutron Capture Therapy of Tumors: Biological Basis and Development of
Chemical Technigues"
October 18, 1984

*Dr. Frank T. Robb, Microbiology Department, University of Cape Town, South Africa
"Sanger Dideoxy DNA Sequencing Techniques Applied to Repetitive DNA of
Very High G-C Content"
October 26, 1984

Dr. Stanley Prusiner, Department of Neurology, University of California, Sehool of
Medicine, San Francisco, CA

"Prions, Serapie, and Dementia"
November 6, 1984

Dr. William E. Loewe, Lawrence Livermore Laboratory, Livermore, CA

"Revision of the A-bomb Survivor Dosimetry - Origin, Status, Expectations"
November 15, 1984

Professor Philip Low, Department of Chemistry, Purdue University, West
Lafayette, IN
"The Struetures and Funections of Band 3 of the Red Blood Cell and Gther
Plasmg Membranes"
December 6, 1984

Dr. Stan D. Vesselinoviteh, Departments of Radiology and Pathology, University of
Chicago, Chicago, IL
"Kinetics of Mouse Hepatocarcinogenesis"
December 20, 1984

E
Informal seminar.
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Dr. Michael R. Thompson, University of Cincinnati, Department of Internal Medieine,
Division of Digestive Diseases, Cineinnati, OH
"Heat-Stable Enterotoxins Produced by Toxigenie Escherichia coli"

January 10, 1985

Dr. Luka Milas, Department of Experimental Radiotherapy, M. D. Anderson Hospital
and Tumor Institute, University of Texas System Cancer Center, Houston, TX
"Radioprotectors in Radiobiology and Radiotherapy"
January 15, 1985

Dr. G. Barry Pierce, Department of Pathology, University of Colorado Medical
Center, Denver, CO
"Embryo In Regulation of Carcinoma"
January 24, 1985

Dr. Michael [. Lerman, Laboratory of Experimental Pathology, National Cancer
Institute-FCRF, Frederick, MD
"Molecular Cloning and Characterization of Genes that Specify Sensitivity to
Promotion of Neoplastie Transformation"
January 28, 1985

Dr. Dante G. Scarpelli, Department of Pathology, Northwestern University Medical
School, Chicago, IL
"Rodent Pancreas - A Model for Transdifferentiation”
February 21, 1985

Dr. Harry V. Gelboin, Laboratory of Molecular Carcinogenesis, National Cancer
Institute, Bethesda, MD
"Monoclonal Antibodies for Analysis and Phenotyping of Cytochrome P-450"
February 28, 1985

Dr. J. Bernard Weinstein, Institute of Cancer Research, Columbia University, College
of Physicians and Surgeuns, New York, NY
"Molecular Mechanisms of Multistage Carcinogenesis"
March 7, 1985

Dr. Norman I. Krinsky, Department of Biochemistry and Pharmacology, Tufts
University, 3chool of Medicine, Boston, MA
"The Biology of Excited Oxygen Species"
Mareh 14, 1985

Dr. J. Carl Barrett, National Institute of Environmental Health Seiences, Research
Triangle Park, NC

"Possible Genetie and Cellular Targets for Chemieally Induced Neoplastic
Transformation”

March 21, 1985
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Dr. Ruth Sager, Division of Cancer Genetics, Dana-Farber Cancer Institute, Boston,
MA
"Anti-Oncogenes: The Next Frontier"
March 28, 1985

Dr. Richard Van Frank, Eli Lilly & Co., Ine., Indianapolis, IN
"Genetic Engineering and Contemporary Protein Chemistry Techniques for
Analysis of Gene Products"
April 4, 1985

Professor Richard G. W. Anderson, Department of Cellular Biology, University of
Texas Health Science Center, Dallas, TX
*Membrane Proteins Invclved in Cellular Cholesterol Metabolism"
April 11, 1985

Dr. George Michalopoulos, Department of Pathology, Duke Comprehensive Cancer
Center, Durham, NC
"Liver Regeneration Studies with Hepatocyte Cultures"
May 2, 1985

Dr. Heetor F. DeLuca, Department of Biochemistry, University of Wisconsin,
Madison, WI
"Molecular Mechanisms of Action of 1,25-Dihydroxyvitamin D;"
May 9, 1985

Dr. Bernhard Ryffel, Pharmaceutical Division, Sandoz Ltd., Basel, Switzerland
"Present Knowledge on the Mechanism of Cyeclosporine"
May 29, 1985

Dr. Graham Walker, Department of Biological Science, Stanford University, Stanford,

CA

"Mutagenesis and Cellular Responses to DNA Damage"
June 18, 1985

Dr. Marvin Frazier, Pacific Northwest Laboratory, Richland, WA
"Role of Oncogenes in Radiation Carcinogenesis"
June 27, 1985

&
Dr. John D. Harrison, National Radiological Protection Board, London, England
"Gastrointestinal Absorption of Aciinides"
June 28, 1985

E .
Informal seminar,
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In-House Speakers

Dr. Eliezer Huberman
"The Induction of Cell Differentiation in Human Leukemia Cells by Specific
Chemical Stimuli"
January 5, 1584

Dr. Thomas E. Fritz
"Late Effects of Protracted Whole-Body Irradiation"
February 16, 1984

Dr. Carl Peraino
"Studies of Multistage Hepatocarcinogenesis”
May 17, 1984

Dr. Y. E. Rahman
"Biotechnology of Targeted Drug Delivery"
May 31, 1984

Dr. Christopher A. Reilly
"Coal Conversion Health Effects"
September 20, 1984

Dr. Thomras M. Seed
"Cellular Bases of Divergent Pathological Responses under Protracted
Radiation Exposure"
November 27, 1984

Mr. David V. Tolle
"Smears, Scrapings, and Squashes: A Clinical Study in Diagnostie Cytology"
Jdanuary 3, 1985

Dr. Riechard E. Toohey
"Radon Exposures in the Domestic Environment
February 15, 1985

Dr. David J. Grdina .
"Effects of Radioprotectors on Cell Killing, Mutagenesis, and Transformation"
April 18, 1985

Dr. James M. Burcham
"Circadian Cyecle in mRNA Levels in Rat Liver"
April 25, 1985

Dr. Michael L. Cunningham

"Biological and Photochemical Aspects of Superoxide Anion"
May 16, 1985
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95. OUTSIDE TALKS BY DIVISIONAL STAFF"

Dr. Norman G. Anderson

High-Resolution Two-Dimensional Electrophoresis
International Conference on New Developments in Clinical Laboratory
Instrumentation, Robert S. First, Inc., Boston, MA
January 16-17, 1984

New Techniques in Protein Chemistry
Twelfth International Congress of Clinical Chemistry, Rio de Janeiro, Brazil
April 30-May 4, 1984

Biotechnology: The Broader View
Chemistry Colloquium Series, Louisiana State University, Baton Rouge, LA
November 2, 1984

Computers and the Human Protein Index
The Computer Museum, Boston, MA
April 11, 1985

Dr. N. Leigh Anderson

Problems Associated with the Human Protein Index
Toward a Human Protein Map, CODATA Secretariat Meeting, Jerusalem,
‘“Tsrael
Jiite-24-27, 1984

* - - . - s = .
No_t mc_luded in this list of outside talks are lectures given as part of courses in area
universities or in the educational programs at Argonne National Laboratory.
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Review of High Resolution Protein Analysis
Third Internatioral Symposium on Two~Dimensional Electrophoresis Protein
Mapping, Argonna Mational Laboratory, Argonne, IL
June 10-14, 1984

Identification and Classification of Cell Types Using Numerical Taxonomic
Methods and 2-D Gel Data
Third International Symposium on Two-Dimensional Electrophoresis Protein
Mapping, Argonne National Laboratory, Argonne, IL
June 10-14, 1984

Computers and the Human Protein Index
The Computer Museum, Boston, MA
April 11, 1985

Dr. Maryka H. Bhattacharyya

Effects of Cadmium and/or Diet on Reproductive Parameters in Female Mice
Bred through Six Consecutive Cycles

Effects of Cadmium, Diet, and Reproductive History on Bone Parameters in Mice

Effects of Lead Treatment during Pregnancy and Lactation on Vitamin D
Metabolism

Society of Toxicology Meeting, Atlanta, GA
March 12-16, 1984

Cadmium Transfer to Mouse Pups during Lactation: Role of Cadmium in
Maternal Diet

Sixty-eighth Annual Meeting of the Federation of American Societies for
Experimental Biology, St. Louis, MO
April 1-6, 1984

Cadmium and Itai-Itai Disease

Biological Science Department, Illinois Institute of Technology, Chicago, IL
Mareh 5, 1985

Plutonium GI Absorption: Influence of Chemical Form and Animal Species

Speciation-85 Seminar, Speciation of Fission and Activation Produets in the
Environment, Oxford, England s
April 16-19, 1985

A Dual-Isotope Method for Determining the Gastrointestinal Absorption of
Plutoniuin and Uranium in Adult Baboons

Annual Meeting of the Health Physies Society, Chicago, IL
May 26-31, 1985
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GI Absorption of Actinides
DOE Workshop on Actinide GI Absorption, Seattle, WA
June 24-26, 1985

Dr. Bruce A. Carnes

Habitat Utilization in a Prairie Rodent Community

Illinois State University, Department of Biological Seciences Seminar,
Normal, IL
March 29, 1984

Dr. Michael L. Cunningham

Comparison of In Vivo and In Vitro Tests for Carcinogenieity of Complex Mixtures
Society of Toxicology Meeting, Atlanta, GA
March 12-16, 1984

Dr. Charles F. Ehret

The Induction of Circadian Phase Shifts and Dyschronism by Chronobiotically
Active Drugs and Hormones
Ninth Annual Clinical Pharmacy Symposium, Tallahassee, FL
February 23-26, 1984

Circadian Clocks at the Base of Life
Keynote Address, Illinois Junior Science and Humanities Symposium,
Southern Illinois University, Carbondale, IL
April 5, 1984

Consequences and Management of Circadian Phase Shift

Departmental Seminar in Biological Sciences, Marquette University,
Milwaukee, WI

April 13, 1984

Ecology, Economies and Ecophilia: Bioethical Futures for Knowing, Managing,
and Loving our Milieu
Chicago Advanced Seminar in Religion and Science, University of Chicago
Meadville-Lecmbard Theological School, Chicago, IL
April 24, 1984

Better Industrial Production through Better Shift-Work ROTAS and Cireadian
Chronohygiene

American Industrial Hygienie Association Conference, Detroit, Ml
May 22-25, 1984
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Recent Advances in Chronobiology and Chronobiotechnology
Summer Institute for Teachers, Fermilab, Batavia, IL
July 5, 1954

Introduction to Cireadian Rhythms in the Central Nervous System
Satellite Symposium on Circadian Rhythms, Ninth International Congress of
Pharmacology, University of Bath, Bath, England
August 4, 1984

Aections of High-Strength 60 Hz Electric Fields on Circadian Rhythms in Small
Rodents
International Workshop on Biological Effects of Electric Fields, Corsendonk
Abbey, Corsendonk, Belgium
August 21, 1984

Cireadian Clocks at the Base of Life: Recent Advances in Chronobiology and
Chronobiotechnology
Fall Seminar Series, Fermilab, Batavia, IL
October 10, 1984

Workshop on Cireadian Rhythms and Eleetric Fields
DOE Contractor's Review, St. Louis, MO
November 9, 1984

Dependence of Nuclear Reactor Safety on Sound Shift-work Practices
American Nuclear Society/European Nuclear Society, International
Conference, Washington, DC

November 11-16, 1984

Circadian Clocks at the Base of Life: Recent Advanzes in Chronobiology and
Chronobiotechnology
Biology Department, Illinois Institute of Technology, Chicago, IL
January 28, 1985

Introduetion to Chronobiology and Chroncbiotechnoicgy
University of Dayton, Chautaugqua Field Center, Dayton, OH
April 10, 1985

Chronobiotechnclogy and Chronobiological Engineering: Data Aecquisition
Methods in Annual Research
NATO Advanced Research Workshop in Chronobiotechnology and
Chronobiological Engineering, Cardiif, Wales
April 22, 1985
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Recent Advances in Chronobiology and Chronobiotechnology: Applications for
Shift Workers and for World Travelers
CERN Colloquium, European Organization of Nuclear Research, Geneva
Switzerland
April 30, 1985

Dr. Thamas E. Fritz

Late Effects of Protracted Whole Body Irradiation
University of lowa, Department of Radiology Seminar, Radiation Research
Laboratory, Iowa City, [A
February 28, 1984

Dr. Carol S. Giometti

Activation-Related Alterations in the Cytoskeletal Proteins of Human Platelets
As Monitored by Two-Dimensional Electrophoresis
Sixty-eighth Annual Meeting of the Federation of American Societies for
Experimental Biology, St. Louis, MO
April 1-6, 1984

Protein Charcas in Activated Human Platelets

Tropomyosin Heterogeneity in Human Cells
Third International Symposium on Two-Dimensional Eleectrophoresis Protein
Mapping, Argonne National Laboratory, Argonne, IL
June 10-14, 1984
Tropomyosin Heterogeneity in Human Skeletal Muscle
One Hundred and Ninth Annual Meeting of the American Neurological
Association, Baltimore, MD
October 7-10, 1984

Duminant Lethal Mutation Rates Induced in Male Mice Exposed to Long-Term
Once Weekly Neutron and Gamma-Ray Irradiation

Annual Meeting of the Environmental Mutagen Society, Las Vegas, NV
February 26-March 1, 1985

Dr. David J. Grdina

A Study of the Erfects of WR-2721 and WR-1065 on Mutagenesis and
Transformation

Thirty-second Annual Meeting of the Radiation Research Society,
Orlando, FL
March 25-29, 1984
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The Use of Automated Cell Sorting and Cell Separation Techniques in Radiation
Biology
Rush Presbyterian-St. Luke's Hospital and Medical Center, Department of
Radiology, Chicago, IL
April 8, 1985

Dr. David A. Haugen

Use of Mammalian Cells to Investigate Toxicologic Interactions for Responses to
Complex Mixtures
Environmental Protection Association Symposium, Chapel Hill, NC |
March 27-29, 1984

Isolation and Metabolic Activation of Mutagenic Aromatic Amines
Atlanta University, Biology Department, Atlanta, GA
March 1, 1985

Toxicologic Interaction of Neutral Components of a Coal Gasification Tar as
Measured by Their Mouse Dermal Tumor-Initiating Aectivity

Comparative Cytotoxieity of Polyeyeliec Aromatie Hydrocarbons in Chinese
Hamster Ovary Cells: Mechanism of Protection Against Cytotoxieity
DOE/OHER Complex Mixtures Program Contractors' Meeting, Burr Ridge, IL
June 17-18, 1985

Dr. Colin K. Hill

Qualitative and Quantitative Differences in Heoplastic Transformation Induced by
Low Doses of 60Co-Gamma Rays and Fission Spectrum Neutrons

Early and Late Events in Radiation-Induced Neoplastic Transformation in vitro
Thirty-seecond Annual Meeting of the Radiation Research Society,
Orlando, FL

March 25-29, 1984

Role of Repair Processes in Neoplastic Transformation Induced by Ionizing
Radiation in C3H 10T1/2 Cells
Conference, Carcinogenesis, a Comprehensive Survey: Cell Transformation
Assays, National Institute of Environmental Health Seiences, Research 4
Triangle Park, NC
September 11-15, 1984
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Some Aspects of the Chemical Modulation of Neoplastic Transformation Induced
by lonizing Radizations in C3H 10T1/2 Cells
Pathology Department, University of Southern California Sehool of
Medicine, Los Angeles, CA
January 19, 1985

Amplification by TPA of the Low Level of Transformation Induced by ¢0Co
v-Rays at 10 rad/day
Thirty-third Annual Meeting of the Radiation Research Society, Los
Angeles, CA
May 6, 1985

Chemical Modulation of Neoplastic Transformation by High and Low LET Radia-
\ions
Norris Cancer Centre, University of Southern California School of Medicine,
Los Angeles, CA
May 7, 1985

Dr. Eliezer Huberman

Induction of Mutations by Chemical Carcinogens at the Hypoxanthine Guanine
Phosphoribosyl Transferase Locus in Human Epithelial Teratoma Cells
National Cancer Institute Board of Scientific Counselors; Bethesda, MD
Marech 1-2, 1984

Specific Nuclear Antigens Expressed in Differentiating Human Myeloid Leukemia
Cells

Transformation Studies with Cryopreserved Syrian Hamster Embryo (SHE) Cells:
An Interlaboratory Comparison
Seventy-fifth Annual Meeting of the American Association for Cancer
Research, Toronto, Ontario, Canada
May 9-12, 1984

The Control of Mutagenesis and Differentiation in Cultured Human Cells by
Chemieals that Initiate or Promote Tumor Formation
Conference, Assessment of Risk from Low Level Exposure to Radiation and

Chemicals: A Critical Overview, Brookhaven National Laboratory, Long
Island, NY

May 20-23, 1984

The Control of Cell Differentiation by Tumor Promoters in Cultured Human Cells
Institut Gustave Roussy Seminar, Villejuif, France
May 29, 1984
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Control of Cell Differentiation in Leukemia Cells by Chemicals which Promote
Tumor Formation
Ninth Annual Meeting of the Assoeiation of Cytogenetic Tech iulogists,
Chicago, IL
June 16, 1984

The Control of Cell Differentiation and Mutagenesis in Cultured Human Cells by
Chemicals which Initiate or Promote Tumor Formation

Cell/Organ Specificity in Chemical Carcinogenesis
Tel Aviv University Seminar, Tel Aviv, Israel
November 1, 1984

The Control of Differentiation in Cultured Human Cells by Chemiecals that
Promote Malignant Cell Transformation
University of Texas System Cancer Center, Smithville, TX
January 22, 1985

Control of Cell Differentiation in Cultured Human Leukemia Cells by Chemicals
that Promote Tumor Formation
University of Colorado Health Sciences Center, School of Medicine,
Department of Pathology, Denver, CO
March 25, 1985

The Control of Differentiation in Cultured Human Leukemia Cells by Chemicals
that Promote Cell Transformation
University of Wisconsin, Wiseonsin Clinical Cancer Center, Department of
Human Oncology, Radiobiology Seetion, Madison, Wl
April 17, 1985

Cell Specific Activation of Chemical Carcinogens into Mutagens for Cultured
Human and Rodent Cells
Fourth International Conference on Environmental Mutagens, Stockholm,
Sweden
June 24-28, 1985

Dr. Caraol A. Jones

The Frequenecy of Morphologically Transformed Colonies Induced by Chemical
Carcinogens is Enhanced by la,25-Dihydroxycholecaleiferol, the Biologically
Active Metabolite of Vitamin D,
Seventy-fifth Annual Meeting of the American Association for Cancer
Research, Toronto, Ontario, Canada
May 9-12, 1984
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Dr. Albert T. Keane

Radiation Damage Affects the Rate of Elimination of Radium by Man
Annual Meeting of the Health Physies Society, Chicago, IL
May 26-31, 1985

Dr. Herbert E. Kubitschek

Constancy cf Buoyant Density of E. coli and Cultured Murine Cells

Variation in Buoyant Density during the Cell Cycle of Saccharomyces
Eighty-fourth Annual Meeting of the American Society of Microbiology,
St. Louis, MO
March 4-9, 1984

Cell Growth in E, coli during Shifts to Richer Media

Buoyant Density Constancy of Cells of a Fission Yeast

Federation of European Microbiological Societies Symposium, Bacterial
Morphogenesis 1984, Marseille, France
September 5-7, 1984

Cell Growth in E. coli during Shifts to Richer Media

Constaney and Osmoregulatory Control of Cell Buoyant Density

European Molecular Biology Association Symposium, Regulation of the Cell
Cyecle in Prokaryotes, Sede Boger, Israel
September 9-13, 1984

Cell Growth and Buoyant Density Regulation
Indiana University Sehool of Medicine, Gary, IN
January 29, 1985

Dr. Ingrid R. Marshall

Radiation Dose as Experienced by the Cell Nucleus

Thirty-third Annual Meeting of the Radiation Research Society, Los
Angeles, CA

May 5-9, 1985

Microdosimetric Spectra Measurements of Janus Neutrons

Ninth Symposium on Microdosimetry Toulouse, France
May 20-24, 1985
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Dr. Stephen J. Morewitz

The Role of Mierocomputers in Medical Sociology
Annual Meeting of the Midwest Sociological Society, Chieago, IL
April 18, 1984

Medicine, Sucial Control and Social Change: A Case Study of Michael Reese
Hospital and the Jewish Community
Seventy-ninth Annual Meeting of the American Sociological Association,
San Antonio, TX
August 27, 1984

Sexual Harassment in the Workplace: Social Control and Social Change
British Sociological Association, War, Violence, and Social Change
Conference, Kingston - Upon - Huil, England

April 2, 1985

Dr. Meyrick J. Peak

Reactive Oxygen Species in the Biological Effects of Solar Ultraviolet Radiation
Cosmo '84 Conference on Singlet Oxygen, Clearwater Beach, FL
January 4-7, 1984

Action Spectrum for the Induction of DNA-to-Protein Covalent Cross Links in
Human Cell DNA by Ultraviolet Radiation and Blue Light
Ninth International Congress on Photobiology and the Twelfth Annual
Meeting of the American Society for Photobiology, Philadelphia, PA
July 1-6, 1984

Molecular Effects of Solar Ultraviolet Radiation
Workshop on UVA, Philadelphia, PA
July 6-7, 1984

Cirect and indire~t Mechanisms for the Induetion of Apparent DNA-Protein
Cresslinks by Far- and Near-Ultraviolet Radiations in Human Cells in Culture
Thirty-third Annual Scientific Meeting of the Radiation Research Society,
Los Angeles, CA
May 5-9, 1985

Molecular Photobiology of Solar-UV

Department of Biochemistry, University of California, Berkeley, CA
May 10, 1985
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Spectral Analysis of Cytotoxicity, Mutation, and DNA Damages Caused by UVA b
Radiations t

The Effects of Near-UV Radiation on Bacterial and Mammalian Cell DNA g
Thirteenth Annual Meeting of the American Society for Photoliiology, New -
Orleans, LA )

June 23-27, 1985 L

Dr. Yueh-Erh Rahman k

Liposome Uptake Characteristics of Isolated Liver Parenchymal Cel!s. Effects of
Size, Charge, and Fluidity of Liposomes i
Third International Congress in Cell Biology, Tokyo, Japan .
August 26-September 1, 1984 i

Liposomes as Carriers for Targeted Delivery of Metal Chelators
Health Science Center, University of Minnesota, Minnneapolis, MN
April 12, 1985

Endocytic Properties of Normal and Preneoplastic Hepatocytes
Sixty-ninth Annual Meeting of the Federation of American Societies for £
Experimental Biology, Anaheim, TA

April 21-26, 1985

Dr. Christopher A. Reilly

Toxicological Evaluation of Complex Organic Mixtures
Abbott Laboratories Seminar, North Chiezgo, IL
May 18, 1984

Bladder Tumors Resulting from Dermal Exposure to Aromatic Ar.ines

DOE/OHER Complex Mixtures Program Contractors' Meeting, Burr Ridge, IL
June 17-18, 1985

Dr. John Rundo

Long-Term Retention of Radium in Female Former Dial Workers

European Late-Effects Project Symposium on Metals in Bone, Angers,
France

October 11-13, 1984
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Current (1984) Status of :he Study of 226Ra and 228Ra in Humans at the Center
for Human Radiobiology

Argonne-Utah Studies of 22%Ra Endosteal Surface Dosimetry
Symposium on the Radiobiology of Radium and Thorotrast, Neuherberg,
Federal Republic of Germany
October 29-31, 1984

Radon in Man and His Environment
Department of Nuclear Engineering and Radiological Sciences, University of
Washington, Seattle, WA
January 21, 1985

Radon in Man and His Environment
Joint Center for Graduate Studies, Richland, WA
January 22, 1985

Current (1984) Status of the Study of 226Ra and 228Ra in Humans at the Center
for Human Radiobiology
Biology Department, Battelle-Pacific Northwest Laboratories,
Richland, WA
January 22, 1985

Body Radioactivity Measurement in Radiological Protection
Department of Medical Physices, University of Wiseconsin, Madison, WI
February 18, 1985

Dr. Marianne Schiffer

Interactions of Immunoglobulin Constant Domains
Gordon Research Conference on Physics and Physical Chemistry of
Biopolymers, Plymouth, NH
June 27, 1984

A Model for Secretory Component IgA Interactions
Midwest Autumn Immunology Conference, Chicago, IL
November 3-5, 1984

Structure of Immunoglobulin Light Chains
Department of Biochemistry Seminar, University of Wisconsin Medical
School, Milwaukee, WI
November 13, 1984
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Dr. Rabert A. Schlenker

Dosimetry and Diffusion of 220Rn from Bone Surface Deposits of 224Ra

Annual Meeting of the Radiation Research Society, Orlando, FL
March 27, 1984

Direct Approach to Utilizing Risk Information in Establishing Permisrible Levels
Annual Meeting of the National Ccunecil on Radiation Protection and
Measurements, Washington, DC

April 4, 1984

Autoradiography of the Mastoid Air Cells in Radium Patients
Annual Meeting of the Health Physics Society, New Orleans, LA
June 5, 1984

The Distribution of Radium and Plutonium in Human Bone

European Late-Effects Project Symposium on Metals in Bone, Angers,
France

October 11-13, 1984

Argonne-Utah Studies of 22%Ra Endosteal Surface Dosimetry

Symposium on the Radiobiology of Radium and Thorotrast, Neuherberg,
Federal Republic of Germany

October 30, 1984

The U.S. Radium Study, Health Effects and Dosimetry

Engineering and Radiclogical Seiences Department, University of
Washington, Seattle, WA
January 28, 1985

The U.S. Radium Study, Health Effects and Dosimetry
Joint Center for Graduate Studies, Richland, WA
January 29, 1985

Dosimetry of 224Ra and 226Ra: People to Cells

Biology Department, Battelle Pacific Northwest Laboratories, Richland, WA
January 29, 1985

Theoretical and Experimental Investigation of 22%Ra Endosteal Dosimetry

Radiobiology Division, University of Utah, Salt Lake City, UT
March 18, 1985
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Dr. Thomas M. Seed

Cellular Changes during Radiation Leukemogenesis
North American Late Effects Group Symposium and Thirty-second Annual
Meeting of the Radiation Research Society, Orlando, FL
March 25, 1984

Radiation Effects on Cells and Tissues: Welcome and ’ntroductory Remarks

Induction of Aplastic Anemia by Chronic Low-Dose Gamma Irradiation:
Alterations of the Endosteum
Symposium on the Radiation Effects on Cells and Tissues, Annual Mesting
of the Scanning Electron Microsecopy Society, Philadelphia, PA
April 20, 1984

Radiosensitivity of Hematopoietic Progenitors during Preclinical Phases of
Chronic Radiation-Induced Aplastic Anemia and Myeloid Leukemia
Thirteenth Annual Meeting of the International Society for Experimental
Hematology, Atlanta, GA
August 12-16, 1984

Cellular Responses in Radiation Leukemogenesis
Symposium on The Role of Chemicals ard Radiation in the Etiology of
Cancer, Oak Brook, IL
August 28, 1984

Mechanisms of Radiation-Induced Hematopoietic Dysfunetion and its Pathological
Sequelae
Workshop on Research Issues in Radiation Late Effects Studies in the
Beagle, Argonne National Laboratory, Argonne, IL
November 28-30, 1984

Dr. James H. Stebbings

Erythroeytic Leukemia as a Sex-Determined Response to Chronie Irradiation
{ Twenty-ninth Annual Meeting of the Health Physics Society, New
Orleans, LA

June 3-8, 1984

: Epidemiologic Aspects of Risk Estimation for Cancer Induced by Radium in Men
i American Statistical Association Conference on Radiation and Health
(Coolfont IV), Coolfont, WV

July 8-13, 1984

Health Effects of Radium

Hannah City Village Board Meeting, Hannah City, IL
January 15, 1¢73
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Times-to-Tumor of Radium-induced Sarcomas and Carcinomas in Humans
NCI/DOE Symposium on Time-related Faetors in Cancer Epidemiology, -
National Institute of Health, Bethesda, MD ' .

April 15-17, 1985 N

Dr. John Taylor

Design Specifications for a Graphic system for the Analysis of Sets of Proteins
Third International Symposium on Two-Dimensional Electrophoresis Protein
Mapping

June 13-14, 1984

Mr. David V. Tolle

Hematology and Pathology of Radiation-Induced Myeloproliferative Disease
Workshop on Research Issues in Radiation Late Effects Studies in the
Beagle, Argonne National Laboratory, Argonne, IL

November 28-30, 1984

Dr. Richard E. Taoohey

Radiation Exposure
Roundtable on Low-Level Contamination and Qutpatient Treatment,

Foundation for Advancements in Science and Education, Los Angeles, CA
May 11, 1984

An Unusual Case of Radium Exposure

Twenty-ninth Annual Meeting of the Health Physies Society, ‘
New Orleans, LA '
June 3-8, 1984

Radium in Drinking Water :
Kane County Water Works Association,
October 25, 1984

Activity Ratios of Thorium Daughters In Vivo i}

Symposium on the Radiobiology of Radium and Thorotrast, Neuherberg, |
Federal Republic of Germany ,

October 29-31, 1984

Radon Levels in Single-Family Houses

Midyear Symposium of the Health Physics Society, Colorado Springs, CO
January 6-10, 1985

157




F

Health Effects of Radium
Ilinois Groundwater Association, Morris, IL
April 18, 1985

In Vivo Monitoring Capabilities for Transuranies
Thirtieth Annual Meeting of the Health Physics Society, Chieago, IL
May 26-31, 1985

Whole-Body Counting, Emergency Preparedness and Response
Health Physics Society Summer School, Evanston, IL
June 4, 1985

The Health Effects of Radium - Observed and Assumed
Testimony presented before the Illinois Pollution Control Board, Aurora, IL
June 25, 1985

Dr. Robert L. Wells

Action Speectra for Killing and Mutdtion of Chinese Hamster Cells Exposed to
Mid- and Near-Ultraviolet Monochromatic Light
Thirty-second Annual Meeting of the Radiation Research Society,
Orlando, FL
March 25-29, 1984

Dr. Edwin M. Westbrook

The 2.5 A Strueture of A5-3-Ketosteroid Isomerase
Department of Molecular Biophysies and Biochemistry, Yale University,
New Haven, CT
May 3, 1985

Biomedical Applications of Synehrcron Radiation
6 GeV Synehrotron Workshop, Chicago, IL
May 16, 1985

The 2.5 & Structure of A5-3-Ketosteroid Isomerase
Laboratory for Molecular Pharmacology, Johns Hopkins University Medical
Sehool, Baltimare, MD
May 17, 1985
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26. PROFESSIONAL AFFILIATIONS

Joint and Adjunct Callege or University Appointments
Other Professional Activities

Joint and Adjunect College or University Appointments

Sixteen staff members held a total of 19 faculty appoiniments at seven different ‘
colleges and universities. These appointments usually require limited teaching L
activities at the graduate level, generally of a specialized nature, and involve regular b
contact with students. These appointments have often led to co-sponsorship of ;
graduate students and to collaborative efforts with faculty members, some of which I
are described in this report.

Narman G. Andersan, Adjunct Professor, Department of Surgery, Medical
University of South Carolina, Charleston, SC, 1974-present

Maryka H. Bhattacharyya, Adjunct Clinical Professor, Depariments of General
and Oral Pathology, Loyola University, Chicago, [L, 1979-present

Maryka H. Bhattacharyya, Adjunct Assistant Professor, Department of Biological
Sciences, Northern Illinois University, DeKalb, IL, 1979-present

Thomas J. Doody, Lecturer, Chemistry Department, [llinois Benedictine College,
Lisle, IL, 1963-present

Themas E. Fritz, Clinical Associate Professor, Department of Pathology, Loyola f:
University, Chicago, IL, 1975-present ;

Thomas E. Fritz, Adjunet Associate Professor, Department of Biological Sciences, ,
Northern Illinois University, DeKalb, IL, 1978-present :

Douglas Grahn, Adjunet Professor, Department of Biological Sciences, Northern
Illinois University, DeKalb, IL, 1971-present

David J. Grdina, Visiting Associate Professor, Department of Therapeutic

Radiology, Rush-Presbyterian-St. Luke's Medical Cenier, Chicago, IL, April 1984-
January, 1985
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David J. Grdina, Associate Professor, Department of Therapeutie Radiology,
University of Chicago, Chicago, IL, February 1985-present

Colin K. Hill, Instructor, Department of Therapeutic Radiology, Rush-
Presbyterian-St. Luke s Medical Center, Chicago, IL, 1981-present

Eliezer Huberman, Professor, Departments of Molecular Geneties and Cell
Biology and Therapeutic Radiology, University of Chicago, Chicago, IL, 1982-
present

Walter E. Kisieleski, Clinical Professor, Departments of Radiology and Oral
Pathology, Layola University Medical and Dental Schools, Chicago, 1L,
1973-present

Herbert E. Kubitschek, Adjunct Professor, Department of Biological Sciences,
Northern [llinois University, DeKalb, IL, 1971-present

Meyrick J. Peak, Adjunct Professor, Depurtment of Biological Seiz2nces, Northern
[llinois University, DeKalb, IL, 1982-present

Carl Peraino, Adjunct Professor, Department of Biological Scienees, Northern
llinois University, DeKalb, IL, 1971-present

Yueh-Erh Rahman, Adjunct Professor. Graduate School of Arts and Seciences,
Northern Illinois University, DeKalb, IL, 1971-present

Christapher A. Reilly, Adjunct Associate Professor, Department of Biological
Sciences, Northern Illinois University, DeKalb, IL, 1875-present

Marianne Sckiffer, Lecturer of Biochemistry, Moleculer Biology, and Cellular
Biology, Northwestern University, Evanston, IL, 1983-present l

Edwin J. Westbrook, Assistant Professor, Department of Biophysies and l
Theoretical Biology, University of Chicago, Chicago, IL, 1983-present

Other Professional Activities

Staff members from the Division were well represented as members of editorial
boards or advisory bodies or in positions of leadership in professional societies.
Twelve of the Division staff members participated in these activities as detailed

below:

Members of Editorial Boards

Norman G. Anderson, Member of Eaitorial Board, Mclecular Biology and Medicine

N. Leigh Anderson, Member of Editorial Board, Electrophoresis
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Charles F. Ehret, Consulting Editor, International Journal of Chronobiology

Charles F. Ehret, Section Editor for Bioclogy, Journal of the URAM Institute

(Institute for Encyclopedia of Human Ideas on Ultimate Reality and Meaning,
Toronto)

Eliezer Huberman, Associate Editor, Cancer Research

Eliezer Huberman, Member of Editorial Board, Teratogenesis, Carcinogenesis, and
Mutagenesis Journal

Herbert E. Kubitschek, Guest Editor, Molecular and Cellular Biophysies

Carl Peraino, Associate Editor, Cancer Research

Thomas M. Seed, Guest Editor, International Journal of Secanning Eiectron
Microscopy

Members of Advisory or Review Bodies

Charles F. Ehret, Member, International Scientific Advisory Board, Center for
Design of industrial Schedules ‘

Thomas E. Fritz, Member, National Council on Radiation Protection and
Measivements Seientific Committee 57, Task Group on Leukemia Risk

Thomas E. Fritz, Board of Directors, [llinois Cancer Council

Douglas Grahn, COSPAR, Ordinary Member, Sub-Commission F-2 on Radiation

Biology of Interdisciplinary Secientific Commission ¥ on Life Seiences as Related
to Space

Douglas Grahn, Member, National Council on Radiation Protection and

Measurement Committee 57, Internal Emitter Standards, Task Group 11, Genetic
Risk

Douglas Grahn, Member, N=-:unal Council on Radiation Protection and
Measurement Committee 75, Zuidance on Radiation Receivad in Space Activities

Eliezer Huberman, Member, National Institute of Environmental Health Sciences
Review Committee

Eliezer Huberman, Member, Committee on Geneties, University of Chicago

Louise Lombard, Member, Board of Secientific Counselors of the Division of
Cancer Cause and Prevention, National Cancer Institute
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Yueh-Erh Rahman, Member, Committee of Review Group, Division of Research
Grants, National Institutes of Health

Officers or Board Members of Professional/Secientific Associations

Charles F. Ehret, Vice President, International Society for Chronobiology

Charles F. Ehret, Chairman, Committee on Chronobiological Engineering,
International Society for Cnronobiology

David J. Grdina, Chairman, Finance Committee, Radiation Research Society

Meyrick J. Peak, Councilor, American Society for Photobiology
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27. PUBLICATIONS

Journal Articles

1934

Anderson, N. L., C. S. Giometti, M. A. Gemmell, and M. Macy
Protein Variants in Human Cells: Enumeration by Protein Indexing
Annals NY Acad. Sci. 428, 134-143 (1984)

Au, W. W., M. F. Callaham, M. L. Workman, and E. Huberman
Double Minute Chromatin Badies and Other Chromasame Alterations in Human
Myeloid H.-60 Leukemia Cells Susceptible or Resistant to Induction of
‘Differentiation by Phorbol-12-myristate-13-acetate
Cancer Res. 43, 5873-5878 (1983)

Baldwin, W. W., and H. E. Kubitschek

Buoyant Density Variation during the Cell Cycle of Saccharomyces cerevisiae
J. Bacteriol. 158, 701-704 (1984)

Baldwin, W. W., and H. E. Kubitschek

Evidence for Osmoregulation of Cell Growth and Buoyant Density in Escherichia
coli

J. Bacteriol. 159, 393-394 (1984)

Gray, S. H., C. F. Ainsworth, C. L. Bell, S. S. Danyluk, and M. MacCoss
Synthesis of Deoxyribonucl:-atidyl(3'-5")arabinonucleosides
Nucleosides and Nucleotides 2, 435-452 (1943)

Kirchner, F. R., C. A. Reilly, Jr., D. M. Buchholz, and V. A. Pahnke, Jr.

Toxicological Effects on Mice following Inhalation Exposures to Fluidized-Bed
Coal Caombustar Fly Ash

Environ. Res. 32, 314-328 (1983)
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Elkind, M. M., A. Han, C. K. Hill, and F. Buonaguro
Repair Processes in Radiatiorn-Induced Transformation
Transplant. Proec. XVI, 386-389 (1984)

Giometti, C. S., and N. L. Anderson
Tropomyosin Heterogeneity in Human Cells
J. Biol. Chem. 259, 14113-14120 (1984)

Giometti, C. S., and N. L. Anderson
An Electrophoretic Variant of a Human Fibroblast Protein with Characteristics of
Smooth Muscle Tropomyosin
J. Mol. Biol. 173, 109-123 (1984)

Giometti, C. 8., and M. J. Danon
Reply from the Authors
Neurology 34, 560-561 (1984)

Grahn, D., B. A, Carnes, B. H. Farrington, and C. H. Lee
Genetic Injury in Hybrid Male Mice Exposed to Low Doses of §2Co y-rays or
Fission Neutrons
Mutat. Res. 129, 215-229 (1984)

Grdina, D. J., M. L. Meistrich, R. E. Meyn, T. 8. Johnson, and R. A. Wnite
Cell Synchrony Techniques. I. A Comparison of Methods
Cell Tissue Kinet. 17, 223-236 (1984)

Grdina, D. J., H. D. Thames, and L. Milas
Tumor Sensitizing Effect by Misonidazole in a Clinically Relevant Radiation Dose
Range
Int. J. Radiat. Oncol. Biol. Physiol. 10, 379-383 (1984)

Han, A., C. K. Hill, and M. M. Elkind
Repair of Neoplastic Transformation Damage following Protracted Exposures to
60Co y-rays
Br. J. Cancer 49, 91-96 (1984)

Han, A., C. K. Hill, and M. M. Elkind

Repair Processes and Radiation Quality in Neoplastic Transformation of
Mammalian Cells
Radiat. Res. 99, 249-261 (1984)

Han, A., M. J. Peak, and J. G. Peak
Induction of DN A-Protein Cross-Linking in Chinese Hamster Cells by
Monochromatic 365 and 405 nm Ultraviolet Light
Photochem. Photobiol. 39, 343-348 (1984)
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Hill, C. K., A. Han, F. Buonaguro, and M. M. Elkind
Multifractionation of 60Co Gamma-Rays Reduces Neoplastic Transformation in
vitro
Carcinogenesis 5, 193-197 (1984)

Hill, C. K., A. Han, and M. M. Elkind

Possible Error-Prone Repair of Neaplastic Transfarmation Induced by Fission-
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CARCINOGENESIS SECTION

Hepatocarcinogenesis

Regular Staff DOE:

C. Peraino (Senior Biochemist)

Principal Investigator
B. A. Carnes (Asst. Biostatistician)

NIEHS:

V. A. Ludeman (Scientific Asst.)
A. M. Prapuolenis (Scientific Assti.)
J. J. Russell (3cientific Assoc.)
E. F. Staffeldt (Scientific Assoc.)

Temporary Staff
J. A. Blomquist (Special Term Employee)

W. E. Boernke (Visiting Scientist)
J. M. Burcham (Postdoec. Appointee)

28. STAFF AND FUNDING AGENCIES*

Carcinogenesis (HA-082-02-01)
ANL-60400 "Contrcl of Gene
Expression in Normal and
Neoplastic Liver"

Interagency Agreement,
(Y01-ES-20091) ANL-8D410
"Refinement and Use of
Peraino Rat Liver Tumor
Model"

*Staff listings and funding agencies shown cover the period January 1, 1984, through
June 1985. Participating staff members from ANL divisions other than the Division

of Biological and Medical Research are not included.

The individual groups are arranged in the order in which the program summaries are
presented in this report. Group titles in this listing are those in the organizational

chart (p. ix).

Abbreviations: DOE, Department of Energy; NCI, National Cancer Institute; NRC,
Nuclear Regulatory Commission; NIADDK, National Instituie of Arthritis, Diabetes,
and Digestive and Kidney Diseases; NIAID, National Institute of Allergy and In.ec-
tious Diseases; NIEHS, National Institute of Envircnmental Health Seiences.
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Y. E. Rahman (Senior Biologist)
Principal Investigator

E. A. Cerny (Scientific Asst.)

Gene Expression and Carcinogenesis
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E. Huberman (Senior Biologist)
Princips! Investigator
C. A. Jones (Asst. Biochemist)
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B. A. Sedita (Scientific Asst.)

Temgorary Staff

F. R. Collart (Postdoe. Appointeea)
d. P. Hardwick (Postdoe. Appointee)
Y. Homma (Postdoc. Appointee)
K. Kiguchi (Postdoc. Appointee)
8. Maeda (Visiting Seientist)
G. A. Murison (Seientist

in Residence)
C. T. Oravec (Postdoc. Appointee)
M. Stodolsky (Visiting Seientist)

DOE:

NIADDK:

DOE:

DOE:

NIEHS:

EPA:
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Metals as Cocarcinogens"

5 RO1 AM21592

"New Iron Chelator Delivery
System for Cooley's Anemia"
(Project completed 03/03/84.)

Human Health Effects from
Energy Generation
(HA-02-01-01)

ANL-63204 "Oncogenes and
Human Radium Careino-
genesis"

Carcinogenesis (HA-02-02-01)
ANL-60417 "Chemical Car-
cinogenesis Studies in Human
and Rodent Cells"

Interagency Agreement
(Y0I1-ES-20102) ANL-8D408
"Transformation of Syrian
Hamster Embryo Cells by
Carcinogenie Chemicals"

Interagency Agreement
(DW930217-01) ANL-8H458
"Development and Use of a
Human Teratoma Cell Culture
for the Prescreening of
Environmental Chemieals
which May Initiate or Promote
Tumor Formation"




Mammalian Cell Biology
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C. K. Hill (Assistant Biologist)
Principal Investigator
M. M. Elkind (Sr. Biophysicist)
NCI:
E. M. Buess (Scientific Asst.)
C.-M. Liu (Scientifie Asst.)

Temporary Staff
N. Kubota (Postdoc. Appointee)
R. L. Wells (Postdoc. Appointee)

HUMAN RADIOBIOLOGY SECTION

Radionuclide Metabolism

Regular Staff DOE:

J. Rundo (Senior Biophysicist)
Principal Investigator

A. T. Keane (Biophysicist)

H. F. Lucas (Chemist)

R. A. Schlenker (Biophysicist)

R. E. Toohey (Biophysicist) NRC:

M. A. Essling (Scientific Assoc.)

F. Markun (Seientific Assoc.)

Temporary Staff

A. F. Stehney (Special Term Employee)

Epidemiology
Regular Staff DOE:
J. H. Stebbings (Epidemiologist)

Principal Investigator
H. F. Lucas (Chemist)

G. A. Anast (Scientifie Asst.)
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Mutagenesis (HA-02-02-02)

ANL-61300 "Radiation-
Induced Changes in
Mammalian Cells"

1 RO1 CA33974
"Mutation-Transformation:
Neutron Damage and Repair”

Human Health Effects from
Energy Generation
(HA-02-01-01)

ANL-63300 "Effects of
Internally Deposited Alpha
Emitters"

Div. of Health, Siting, and
Waste Management
ANL-8M440 "Health Effects
of Industrial Exposure to
Thorium"

Human Health Effects from
Energy Generation
(HA-02-01-01)

ANL-63300 "Effects of
[nternally Deposited Alpha
Emitters"
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J. E. Farnham (Scientific Assce.)
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Specialist,Sr.)
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Temporary Staff

C. J. Borowski (Special Term Employee)
J. N. Farris (Special Term Employee)
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B. K. Humbert (Special Term Employee)
P. M. Jurgovan (Special Term Employee)
L. E. Kirsh (Special Term Employee}

M. S. Littman (Special Term Employee)
B. C. Marquardt (Special Term Employee)
8. J. Morewitz (Asst. Social Scientist)

K. L. Nicholson (Speciail Term Employee)
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