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In the past twelve months, which covers the time of this progress report,
continued progress has been made at the Radiation Effects Research Foundation

(RERF) in the various research projects that are conducted to evaluate the late
health effects, both somatic and genetic, resulting from radiation exposure of

the survivors of the atomic bombs at Hiroshima and Nagasaki, Japan.

Considerable progress has been made in the collection and utilization of

the various epidemiological data bases that are available at RERF. These include

the Life Span Study (LSS) cohort, the Adult Health Study (AHS) cohort, the In

Utero cohort, the leukemia registry and the F-I Study population.

Important progress has been made in using RERF Tumor and Tissue Registry
records for evaluation of cancer incidence and radiation risk estimates for

comparison with cancer mortality and risk in the LSS cohort, At the present time,

a manuscript on the incidence of solid tumors (1950-1987) is undergoing internal
and external review for publication as an RFRF Technical report (TR) and for

publication in a peer-reviewed scientific journal. In addition, manuscripts are

in preparation on (i) a comprehensive report on the incidence of hematological

cancers, including analysis of leukemia by cell type (1950-1987), (2) a general

description of Tumor Registry operations and (3) a comparison of incidence- and

mortality-based estimates of radiation risk in the LSS cohort.

The first two parts (part I and Part II) of Life Span Study Report ii

(Report 9 as published in Radiation Research) entitled' "Studies of the Mortality

of A-Bomb Survivors 9. Mortality, 1950-1985' Part I. Comparison of Risk

Coefficients for Site Specific Cancer Mortality Based on the DS86 and T65DR

Shielded Kerma and Organ Dose" and Studies of the Mortality of A-Bomb Survivors

9. Mortality, 1950-1985' Part 2. Cancer Mortality Based on the Recently Revised

Doses (DS86) have been published in Radiation Research I18,502-524 (1989) and

121, 120-141 ('1.990)respectively. Part 3 of the Life Span Study series, entitled"

"Life Span Study II. Part 3. Noncancer Mortality, 1950-1985" is J.n the final

stages of its review and preparation as RERF Technical Report 02-91. lt will be
submitted for publication soon in Radiation Research, The evaluation of the

noncancer mortality data base ind,icates an increase, although small, in the

relative risk for mortality due to cardiovascular disease in the high dose group

(2+ to 3+ Gy) of females, but not males, who were less than 40 years of age atz

the time of the bomb (ATB). The mortality rate for digestive organ disease was

also high. The dose-response information on noncancer disease in the LSS cohort
has stimulated considerable discussions in RERF and in Scientific Council
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deliberations about the incidence of cardiovascular diseases and possible

pathologic mechanisms and/or competing risks that might be involved in such
observed effects.

Although it is a fact that radiation, as well as chemicals, induce cancer

in experimental animals and, through epidemiological studies, cancer incidence
is increased in human populations that have been exposed to radiation, questions
remain as to the mechanism(s) that is/are involved in transforming a normal cell

to the malignant state. To better understand the mechanism(s) underlying
radiation- induced carcinogenesis, RERF is developing a multi-disciplinary

research activity in molecular epidemiology or epidemlological oncology which
will include basic and radiation studies at the molecular and cellular level of

organization to determine whether "molecular fingerprints" might be found in
selected oncogenes or tumor suppressor genes that are involved in the

establishment of cancer. These studies will, irl the beginning, involve studies

of human tumors known to be associated with specific carcinogens with later

studies utilizing archival pathological material that is available at RERF. As

a part of the implementation of this inter-disciplinary program, an inventory of

existing archival material at RERF and assessment of its quality will be made,
and an active program will be initiated to obtain various kinds of fresh

malignant and benign tLunor and non-tumor tissue from A-bomb survivors. At the
present time, RERF, Hiroshima University and the U.S. National Cancer Institute

are collaborating in a project to determine whether a correlation exists between

the history of exposure to radiation and lung cancer and the mutational spectra
of the tumor suppressor gene, p-53. Dr. Takeshima of Hiroshima University is

presently in Dr. Curtis Harris laboratory at NCI for an extended period of time,
and Dr. Itoh from the Department of Radiobiology at RERF is spending a month at

' NCI to learn new techniques needed for the conduct of this new effort at RERF.

The genetics program at RERF involves two separate research activities.

These involve efforts to measure genetic changes at the chromosome (cytogenetlcs

program) and DNA (biochemical genetics program) levels that might have been

induced by exposure to radiation from the atomic bombs. In the cytogenetics

program, the main objective is to determine the relationship between stable
chromosome aberrations and radiation dose in the A-bomb survivors. Because of the

difficulty of identifying stable chromosome changes, efforts are in progress to

introduce the fluorescent in situ hybridization (FISH) technique that was

developed at the Lawrence Livermore National Laboratory (LLNL) for detection of
translocations between chromosomes that have been differentially labeled with

fluorescent dyes. This permits detection of stable aberrations that have

persisted for decades and can be used for dose-response relationships,
correlation with other radiation.,induced biological end-points, such as somatic

mutations, and for use in potential biological dosimetry activities.
=

: In the biochemical genetics program, work is continuing in the collection

of blood samples and preservation of cell lines froln 500 "exposed" families (one
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or both parents were exposed to radiation and all available children) and 500

.'non-exposed" families (neither parent exposed and all available children) and

in the development of methods for the detection of various genetic changes (point
mutation, deletion, insertions and translocations) at the DNA level. The cells

from the family "'trios" (Father, Mother and at least one child) are transformed

by the Epstein-Barr virus, allowed to proliferate and are then presel-ved in

liquid nitrogen. Aliquots of intact lymphocytes and polymorphonuclear leukocytes

are also preserved in liquid nitrogen for later use. To date, cell lines have
been established on 2,500 individuals (725 trios).

In the development of methods for the potential measurement of mutations

at the DNA base level, three promising approaches have been chosen for

examination. Since it is believed that radiation induces predomlnatelydeletlons,

insertions and rearrangements (D/I/R), two of these techniques are especially

designed to measure these end points. The techniques are: (I) Denaturing Gradient

Gel Electrophoresis of DNA fragments which have been amplified by the Polymerase

Chain Reaction (PCR-DGGE), the technique of choice for small variations

(deletions of less than 50 base pairs as well as base pair substitutions) in

genomic DNA. For detection of variations in messenger RNA (mRNA), a modification

of this technique is used. In this method, nuRNA is copied into its complimentary

DNA by reverse transcriptase, subsequent fragments are amplified by the

polymerase chain reaction and separated by the denaturing gradient ge].

electrophoresis (RT-PCR-DGGE). Target sequences of varying base pair length have

been examined from the human (coagulation) factor IX gene (Fg). In this pilot
test, i00 families with 124 children were examined, and 17 variants were detected

in the children, all of which were inherited from one or the other of their

parents. Using the RT-PCR-DGGE test of the same families, no variants in cDNA of

phosphoglycerate kinase-i (PGKI) gene, and one variant was detected in the

retinoblastoma susceptibility (RB) gene. (2) the second technique is a

modification of the Southern Blotting approach which is primarily for the

detection of large D/I/Rs. Using this technique with the same families as above,

one child showed an abnormal band which appeared to be homozygous. When the
parents (who were found to be cousins) were examined, the abnormal band was

present in both parents; therefore, the child inherited the band from both

parents.

In addition to the above techniques, a new method has been developed in the

biochemical genetics laboratory using high performance liquid chromatography

(HPLC). This technique is capable of measuring a 50% loss of a gene, however, the

effectiveness of this technique for mass screening has not yet been determined.

Progress continues to be made in the Department:. of Radiobiology in the

developmeDt of somatic mutation assays that can be used as potential biological

dosimeters for measuring radiation-induced changes in the ])NA of somatic cells.

To date, four assays have been developed and tested. They are: (I) the

glycophorin A (GPA) assay, (2) the T-Ce]I Recept:or (TCR) assay, (3) the human-

leucocyte-associated antigen (HLA-A) assay and (4) the hypoxanthine quanine

phosphor ibosyl transferase (HPRT) assay. Of [i_heseassays, only the GPA assay can

be used as a "life-time" bio]ogical dosimeter. The others tend to have a short

biological half lile which reduces their u.,i_elulne,ss as biological dosimeters.



Research is also being conducted, using the Severe Combined Immune

Deficiency (SCID) mouse, to identify the mechanism and gene control of high

radiosensitivity in these mice. Hybridization of the SCID ro(use cell with human

flbroblast cells permitted the establishment of a human-mou:i_e hybrid cell line

which were exposed to 1 Gy of X-rays/day for I0 days and radiation resistant

cells were selected, Since human chromosomes disappear with time from the hybrid
cells, the colonies of cells were subcultured until the human chromosomes

contained in each colony of cells became stable. The cells were further

irradiated and radiation resistant cell. lines again isolated. All resistant cell

lines were found, by appropriate analysis, to contain human chromosome number 8.
When this chromosome is lost from an established resistant cell line, the cell

reverts to the high radiation sensitivity observed in the original SCID cell

line. These studies indicate that the gene which confers resistance to the hyper
sensitive SCID cell is located on human chromosome 8.

The long- term follow-up of the survivors of the atomic bombs has

necessitated continuing collection of mortality and morbidity data and an

extensive capability to develop appropriate data bases for use by the

epidemiologists and statisticians in the important analysis of the data and

estimation of radiation risks. To accomplish this, it has been necessary to

develop a strong computer network at RERF in support of these activities.

Actions initiated in the past year represent the start of a multi-year

effort to develop a new computing environment at RERF to provide the computer-

related resources that will meet user needs, be compatible with future technology

and be cost-efficient. The replacement of the NEC mainframe computer last

November with a newer, less expensJ.ve model has led to a significant reduction

in operating costs. The savings are being used to subsidize, in part, the expense

of the new computer system. Ultimately the new system will consist of a network

of work stations and personal computers which will eventually eliminate the need

for the mainframe computer which is expensive to maintain and does not provide

the computing power nor the features required by the users, lt is the intent to

complete the establishment of the new system by 1995o1996 or sooner if possible.

At the present time, an ethernet backbone cabling system has been installed

for establishment of a network in the building which houses the Departments of

Epidemiology, Epidemiologic Pathology, Statistics and the Research Information
Center (the Computer Cenr.er). Three Sun SPARCstation2 units and one NEC EWS unit

have been acquired and connected to the network. Selected PCs in the Research
Information Center have also been connected to the network. Current activities

have consisted of preparing and testing work station-networking resources that
wil]. be made available to the users.

In addition to the relatively brief summarization of work that has been

accomplished during the past year, twenty-six manuscripts are in various stages
of internal and external peer review at RERF. In addition, a number of
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manuscripts have been published as RERF Technical Reports, 54 articles (see
attached list) have been published in the scientific literature and a number of

manuscripts have been approved for publication as Technical Reports (copies of
summaries attached). It should be pointed out that the National Academy Press has

just published a book entitled "The Children of Atomic Bomb Survivors: A Genetic
Study", edited by Drs. James V. Neel and William J. Schull, which contains a
selection of papers (see attached list) that have been published on the results

obtained in the genetic program that has been conducted since 1947 at the Atomic

Bomb Casualty Commission (ABCC) and RERF. In addition this book contains the
authors assessment of the significance of the findings in this long-term genetic

study.
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Mortality anaong the offspring Life Span Study llxeport 11, Part
(FI) of atomic bomb survivors, 3. Noneancer mortality in the
1946-85. Y Yoshirnoto, WJ Schull, H years 1950-85 ba_ed on the re-

Kato, JVNeel. RERFTR 1-91. cently revised doses (DS86). Y
We compare deaths occurring in the years Shimizu, H Kato, WJ Schull, DG Hoel.

1946--85 in a ooh0rt of 31,159 children born RF.RF TR 2-91.

to parent, one orboth ofwhom were expo,:ed Deaths in the RERF Life Span Study
to the atomic bombing of Hiroshima or Nn- (LSS) sample have been determined for the
gasaki, and who r_ceived a combined (i.e., ::ears 1950-85 and an analysis of cancer
joint) gonadal dose of 0.01 Sv or more, with mortality using the revised DS86 doses has
deaths in a comparable control group, total- been described _parately (LSS Report 11,
ing 41,069 children. The average combined Parts I and 2). In this report we examine the
gonadal dose equivalent for the exposed par- relationship to dose of deaths from ali dis-
ents was 0.435 Sv. Gonadal doses wer_ calcu- eases other than cancer.

lated using the recently established DS86 Although the evidence is stiLl limited,
system, supplemented by an ad hoc system there seems to be an excess risk from non-
for those children for whom a DS86 dose cancer death at high dose_ (2 or 3 Gy and
could not be computed for one or both par. over). Statistically, a pure quadratic or a
enta. At the end of 1985, those members of linear.threshold model (the estimated
the_tudygmupsboruin 1946 had reached 39 threshold dose is 1.4 Gy [0.6-2,8 Gy]) is

years ofage, whereas those bern in the years found to fit better than a simple linear or

1966 through 1984 had notyet reached their linear-quadratic model. This increase in
20rh birthday. The nman age of living men> noncanccr mortality isstatistically demon-

b_rs of the cohorts was 28.8 years, strable, generally, after 19C_ and among the

When a linear re.lative risk mcK]cl is fitt_d younger survivors at the time of the bombing
to the data, no statistically significant in- (<40), suggesting a sensitivity for this age

crease in the risk of mort.ality attributable to group. For specificcauscs of death, an excess
diseases other than neoplasms is holed for in relative risk at the high dose level, that is,

lowingpamntal exposure, the excess relative 2 Gy or more, is seen in circulatory and
risk being 0.030 (_+0.046) per sievert ba_d on digestive diseases. The relativc risk is, how-
the subset of individuals with I)$86 doses, ever, much less than that for cancer.
assuming the RBE of neutrons to be 20. For These findings, based as they are. on
fatal cancer, in confirmation of an earlier death certificates, have their limitations.

report on cancer incidence below the age. of Most significant, perhaps, is the possible
20 in this same group, again no statistically erroneous attribution of radiation-related
significanterie' as parental radiationdose cancer deaths to other causes. At present,

increased was observed. Finally, although the contribution such errors may make to
the present method of analysis using Poisson
regression and person-years at risk of death the apparent increase in noncancer deaths

at the higher doses cannot be estimated as
seermsmore appropriate now, particolarly a_s
the cohort ases, since earlier analyses of nmr- rigorously as is obviously desirable. How-

ever, even now, this increase does not appear
tality in the FI cohort have been ba_d on a
simple linear regression of the frequency of to bc fully explicable in terms of classifica-
death on parental do_e, this model was al_ tory errors.
fitted to the data_ used in the relative ri_ l-harther follow-up of mortality in this

estimate to provide some continuity with the I,SS cohort a._ well as disease revealed by the
past. The r_suits give an intercept of 0.0420 biennial physical examinations of the mor-

bidity subsample (the Adult Health Study)
(+_O.0015) and a linear regresni,m coefficient oi the I,%'q t-olmr't will t_: needed Ix) o)nfi_,

of 0.(}0169 (_t"0.fKJ157) wr sievert. This loads this suggestion of a radiation-r_'lata_d _J_
to the calculation of a (statistically nonsig, crea_ in mortality from causes other than
nificmnt) ex(_,ss wlative rink of O.040, in good (sneer, and t_) det_'rmin4' wlwt|wr it rvnulLs
agrvement with theextols obtai n(d by fitting
t}w rvlative risk model. An analysis ba.,_,d ota in a demonstrable Ijft,-,_horIa_ning alllOllg the

lJ_e full sample, using not only dw !).%_ (t()._ |jeavily expos('d A-boml_ ._.ur-vivops
group but a]._o the ad he<' don,- gmup, yields
es_ntially the m_r__, n_sult an lhw anulynis
n_stric1_,d to the I)S_(; dos,:' gnmp.



The effoct of diaffxlostic rniscLas-
Development of a flow-cytomet- sification on noncaaaccr mad can-

ric ItLA-A locus mutation a-;say for oer mortality dose "response in tile
human peripheral blood lympho- RERF Life Span Study. R Spoato,
eytes. J Kushiro, Y Hirai, Y Kusunoki, DL Preston, Y Shimizu, K Mabuchi.
S Kyoizumi, Y Kodama, A Wakisaka, A RERF TR 4-91.
Jeffreys, JB C_logne, N Nakamura, M We performed analyses of cancer and
Akiyarna. RERF TR 3-91. noncancer mortality in the RERF Life Span

A flow_._tometric technique was devel- Study (LSS) to determine whether the ob-
oped to measure the frequency, of mutant served increased risk of noncancer death
lymphocytes lacking expression of human due to radiation exposure could be attrib-
leukocyte antigen (Hl.Al A2 or A24 allele uted .solely to mi_lassification of causes of
products among donors heterozygous for death on death certificates. Cancer and non-
HLA-A2 or A24. cancer misclassification rates and their de-

It was found that the mutant frequency pendence on age at death were estimated
of lymphocytes in peripheral blood was on from a series of autopsies performed on I_SS
the order of 10-4 and increased with donor participants between 1961 and 1975. The
age. Molecular analyses of mutant clones crude mJsclassification rates were 20% for
revealed that about one-third were derived cancer and 2.8% for noncanc_r. Although the
from somatic recombinations and that the noncancer dose response remained signifi-
remainingtwo-thirdsdidnot show any al- cant,corvectingforthisamount ofmiaclas-
terationsafterSouthern-blottinganalysis.A sificationreducedtheestimatednoncaneer
small-scalestudyonatomicbomb survivors excessrelativerisk(ERR) ata 1-Gyexpo-
didnotshow a significantdoseeffect, sureby 21% and thenumber ofexcessnon-

An in vitro mutagenesis study .showed 0_at cancer deaths in the cohort by 23%. The
the mutant frequency at the HLA-A24 locus estimated cancer ERR at 1Gy was increased
incrca._d at a rate of roughly 2 x 10 _/Gy, by 12% and the excess cancer deaths by 16%
about 10 times greater than that reported as a result of the correction. The statistical
at the X-chromosomal hypoxanthine phos- significance of the noncanccr dose respon_
phoribosyltransferase Iocus in lympho- was relatively insensitive to underestimat-
cytes. These mutants were found to be ing the cancer misclassification rate, but
mostly derived from large chrotnosomal dele- sensit.ive to assuming that cancer misclassi-
tions, fication was positively associated with dose.

We discuss implementation of the EM
algorithm for adjusting for miaclassification,
and extensions of the method to more than
two cau._es of death.



Measurement of CD4-8- T cells

Thyroid cancer incidence bearing T-cell l_ceptor cq3 chains
among atomic bomb survivors in by flow cytometry: I. Results for a
I:I.iroshima and Nagasaki, 1958-79. normal population including two
S Akiba, J Lubin, H Ezaki, E Ron, T cases with unusually high frequen.
Ishimaru, M Asano, Y Shimizu, H Kato. cies. Y Kusunoki, Y Hirai, S Kyoizumi,
RERF T_ 5-91. M Akiyama. RERF TR 6-91.

One hundred and twelve cases ofthyroid Detection of rare, possibly abnormal, T
cancer diagnosed during the period 1958-79 cells bearing CD3 surface antigen and T-sell
among the ex_ended Life Span Study cohort receptor ai3 chai ns but lacking both CD4 and
in Hiroshima and Nagasaki were studied. CD8 antigens (viz., TCR ctl3"CIM-8- cells as
There was a statistically significant associa- determined by flow cytometry) wa_ per-
tion between thyroid cancer incidence and formed. The TCR air'CD4-8 - T cells were
exposure to atomic bomb radiation. The ad- detected at a mean frequency of 0.63
justed excess relative risk (ERR) per 0.35% (mean ± standard deviation) in pe-

_ gray was 1.1 (95% confidence interval = ripheral blood TCR al5"cells of 119 normal
" 0.3; 2.5) and the adjusted absolute risk individuals. Two unusual caaes besidesthe

per 104 Gy was 0.59 (95% confidence inter- 119 individuals showed extremely' elevated
nal =0.2; 1.7). Based on a comparison of the
deviances obtained from relative and abao- frequencies ofTCR aI3"CD4-8-T cells, viz.,
lute risk models, a simple linearrelative risk approximately 5% to 10% and 14% to 19%
model appeared to fit the data better than an in whole TCR al3* cells. Both were males
absolute relative risk model, however, it who were otherwise physiologically quite
would not be appropriate to conclude that normal with no history of severe illness,
the data confon:_ strictly to a relative risk and these high frx:quencies were also ob.
pattern, served in blood samples collected 2 or 8

The incidence of thyroid canocr among years prior. The TCR cq3*CD4-8- T cells of
the members of the Adult |tealth Study the two individuals were found to express
(AHS) population, who have been medically mature T-cell markers such as CD2, 3, and
examined biennially at the RERF clini_ 5 antigens as well as natural killer (NK)
since 1958, was 70%higher than that among cell markers, viz., CD 1 lh, 16, 56, 57 anti-
the rest of the extended LSS cohort after gens when peripheral blood lymphocytes
adjustme_xta for city, sex, log age, calendar were subjected to three-color flow cytome-
year, and DS86 dose. There was no signifi- try. Lectin-dependent or redirected anti.
cant difference between the slope of the body-dependent cell-mediated cyto-
dose-response curve for AI-IS and non.AI-IS toxicities were observed for both freshly
participants, although the estimated ERRs sorted and TCR ¢q3*CD4-8 - cells and in
at 1 Gy fi_rtheAHSand non-AHS popula- vitro-established clones. Nevertheless,
tions were 1.6 and 0.3, respectively. "D_e NK-like activity was not detected. Further,
elevated risk appeared to be confined to Southern biot analysisofTCR[_ and-/genes
women, and there was an increasing risk revealed identical rearrangement patterns
with decreasing attained age at exposure, for all the TCR cQ3*CD4-8- clones estab-

lished in vitro. These results suggest that
the TCR aO*CD4-8- T cells from these two
men exhibit unique characteristics and
proliferate clonally in vivo.



Radon concentrations in tesi-
Detection of a length polymor- dential housing in Hiroshlma and

phism in tile 5' flanking region of Nagasaki. T Aoyarna_ EP Radford, H
the human [_-globln gene in a Japa- Yonehara, H Kato, M Sakanoue. RERF
nese population with denaturing TR 8-91.

gradient gel electrophoresis. N A survey of indoor radon (Rn.222) con-
Takahashi, K Hiyama, M Kodaira, C centrations in Hiroshima and Nagasaki
Satoh. RERF TR '/-91. was carried out to assess the variability of

An analysis of the ATTrT repeat poly- exposure expected among atomic bomb (A-

morphism located approximately 1,400 base bomb) sulwivors. Two hundred dwellings

pairs upstream from the _-globin structural (100 from each city), chiefly of members of
gene was carried outby denaturing gradient the Life Span Study population, were se-
gel electrophoresia(DGGE) ofRNA:DNA du- lected for this survey. We used two types of
plexes. Genomic or cloned DNAs were di- alpha-track detector: a Terradex detector

gested with restriction enzymes and type SF and a bare-track detector impreved
hybridized with P.32-1abeled RNA probes, by Yonehara et al. Comparative measure-
and resulting RNA:DNA duplexes were ex- ments showed that although there was an
stained by DGGE. A difference in the num- adequate correlation between the value_ ob-
ber of repeat units was recognized by rained using the two detectors, the geomet-
differences in duplex mobility on the DC_E ric mean value for the bare-track detector

gel. In this study of 81 unrelated Japanese was 45% lower than that for the Terradex
from Hiroshima, a sequence heteromor- detector. 'I_is difference was considered to

phism was ob_erved at this site.. Alleles with be due to differences in the calibration rneth-
5 and 6 repeats of the ATTYT unit, which ods and sensitivities of the detectors to

= had already been reported, were found in thoron (Rh.220).

polymorphic proportions. In addition, two The geometric mean values of the radon
unreported alleles, one having 7 repeats and concentrations for 193 locations in 14iro-
thc other having an A-t_G nucleotide sub- shims and 192 locations in Nagasaki mcas-
stitution in the fifth repeat, we_ detected, urcd by Terradex SF detectors were 51.8

Family study data showed that the segrega- Bq/m a and 26.5 Bq/ma_ respectively. The
tion of these four types of variants is consis- large difference is attributable to the differ-
tent with an autosomal codomi nant mode of ent geological environments of the two cities.
inheritance. This study also demonstrated Correlating factors with the indoor radon
that DGGE of RNA:DNA duplexes is a _n- concentrations were also studied. The geo-

sitive tool for detecting variations in DNA. metric mean concentration was significantly
higher in wooden houses with mud walls
than in other types of hour. This tendency
was esp¢_cially remarkable in Hiroshima.

The difference between the estimated

dose equivalent_ for exposure to radon prog-
eny in dwellings in Hiroshima and Nagasaki
over the last 30 years might amount to 0.8
Sv; however, no statistically _ignifican_. dif-
ference was observed in lung cancer mortal-

ity in the low-dose range in either city.
Nevertheless, the indoor radon concentra-
tions estimated in this survey could have a

significant influence on tim dose-response

relationship for A-bomb exposure..



incidenc_ r_t_ of ali types dt_'iined. An ex.
Differential effect+ of atomic tess of AML and _.LI. Lut not CMI, and

bomb irradiation ixl iriducing nra- OTHER, _mained throulgh the final etudy

jot leukemia types: A_mlyser of period (1976-80) in the p.1,500-mGy dose
open-city cases including the category.

Life Span Study cohort based Among unexpos,?d persons,, the eati.
upon updated diagnostic sys- mated risk of CML in Nagasaki relative to
terns and the Dosimetry System Hiroshima w_ significantly te_s than that
1986. M Tomonaga, T Mstsuo, RL of AML, whereas thatof OTHER typeswas

Carter, ,JM Bennett, K Kuriyama, F significantly gre.a_r, bec_uce ATLcase_ oc-

Imanaka, S Kusumi, K Mabuchi, A curved o_y in Nagasaki. The cityeffecton
Kursmoto, N Ksm.ida, M Ichimaru, AV background rat_ appeared to explain thegenerally higl+er incidence of Jeukemm (ex.

Pisciotta, SC Vinch _ RERF TR 9-91. cept for ATL) in Hiroshima.
From 1945 through 19_+0, 766 ca_ of AI_ in _z:_exposed persona, incidence in

leukemi_ were reported t_ the Atomic Botrd_ older groups (16-35 years AT_, ;t36 year_
C_suaJty Commi_ion and its successor, the ATB) relative to the youngest group 1.43-15
Radiation Effects Rea,,ar_h Foundation, years ATB) was Iea+ for ALL than AML_ but
among _be open-citysample ofatomic bomb greatertbrCML and OTHER typesthan for
sur_dvorzwho were within 9 km of the hypo- AML- The. risk of ALL remained _latively

cent¢l_ at the time of the bonbings (ATB). constant with age ATB whereas that of
Only 249 of th_ cues oocun_ed tmong the AML. and to a greater extent CML and

Life Span Study (LBS) c_ort. In this paper, O'I5{ER, increased with age ATB.
we u_ data from the additional 517 cas_'+ The time toonset of ALL, AML, andCMI,

from the leukemia r_:_nstry U'_gethcr _'ithth,' d,xllned with incrvasing dose. The rate. of
[._':,cohor"_ dat_ t_; :_tudy the effi+,:ts ofatorp+_c decline, however, was greater for ALI. and
bomb trradJ,_t.m on rrmj<_r l,-,ukemm types CMl. than for AML The resulting differ-

Ali available hematolcg'ical sp+:cimens _'_ encws at high doses rel'k+ct shor+_r incuba-
•r_,g_st_,rtq leukemia cases weft, _x,vi_:wed tion times for atomic bomb-induced ALL and
The Fr_,._cF+.Arner_csn-Bratish clnsssficatioc CML than for AMI,.
and other improved d_agnostic metlaods
we,re used to recl.amsify caa_es into 21 catego-
ries, including new disease entities such as
adult T-cell f,eukemia fATL). These catel_o-

rlt_ wer_ then gr_ulx'd lnt_ four rnajur types

for ane.lysis: (1) acute lympho'_d leukemia
(ALI.), (21 acute myeloid leukemie (AML'I

lncludtr:l_ myelt_dysp, last_c syndrome+;
+M lk_;._,_:3,+chnor.tc nL_:e|_ud,,leuk<,o..iz_ _<TML ,,

and _4) other type._*lntluchng ATL t(.)l"l{ ER,

AnaJyses o( radaation effe_t_ weft. based on
the u pdat_:d I_+_s.imintry Sy_ m 1986 _D,+_ _

i acider_e rat_ o,f ali four |eukerma types

incrPa_d _,ith incres-sit_ e'Xl_une level
The efl_A.s of radlatl<3.n exi>)sur_e _'er_' mig.

niflcantly ffr+ater on tt_! mcld,:'nce of Al.l.
and C_¶]. than <st',rF,at of AMt. +_nd ".YI'HER

I().F+.,_="+-c'(._'."tta(i;):a r,d rr_>i.,dt:Ivv,_l,:_,ay

i(,r_g;v a_ i:.an.ntiy l_rr,.:u¢:,'d,'x_,.._,,,a:,,* ,.',1
AI+I. _.rad++'MI.++ l',_'t_+a+̀+'x;,>+_.:n,++,f ,_'+ I_'_ L;_

_r,_.'2Fr,>.,,,_i+ +t I,._.'. "L+,+ .m<;; "*,r+' r,'

,.+T+Ir_'.+ t., [,r't.pj(,_,. ,,_,+-+/-- Iri AN'_I. "l'r,,-,

[+i tL,' 1_,.', _,'+_,:,..t <_,._,_t:_t.'+i.',+,,:_ +'t 4'+

_r+ tr,, t,,,' L_id'+,"',_.,'_::',; ,._++,d', ,- ':,+_'+
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Skin cancer incidence among X-ray induction of micronu-
atomic bomb survivors in Na- clei in human lymphocyte sub.

opulations differentiated by
gasaki based on the DS86 dosime- rmmunoperoxidase staining_ S
try. system. N Sadamori, M Otake, T
Honda. RERF TR 10-91. Ban, M Nakano, JB Cologne. RERF

The effects of exposur_ to iorLizing radia. TR 11-91.
tion on the incidence of skin cancer in a In this repol% we sought to confirm the
cohort of A-bon'd_ survivor_ in the Nagasaki radiosensitivity of human peripheral blood

Life Span Studyextended(hSS-E85)sample lymphocytes using a micr_anucleus assay.
were investigated using the Dosimetry Sym- Mononucleated cells isolated from periph.
tern I986 (DS86). Among a total of 25,942 eral blood were irradiated with X rays. Af-
sur_dvoz_ at risk whose D886 dose estimates ter being cultured for 3 days, the cells were
were available, 47 cases of skin cancer in- fixed and stained using the immunoperoxi-
cluding malignant melanoma were. con- dase staining te-.hnique. Lymphocyte sub-
firmed from the Nagasaki Tumor Registry populations were characterized by means

during the period from 1 April 1958 to 31 of the monoclonal antibodies Leu4 (CD3),
December 1985. The dose-response relation- Leu2a (CD8), and Leu 19 (CD56).

ship of skin cancer based on an additive Dose-response curves were. obtained by
relative risk model showed linearity without scoring the number of micronuclei in binu-
threshold, not a linear-quadratic curve. The cleated cells that reacted with specific an-
excess relative risk (ERR)of 2.2/Gy in the tibody and were then stained. The dose

I_ex%E85 sample was highly significant(95% rospo nse of CD" (suppressorlcytotoxic)
con_dence limits: 0.5 to 5.0/Gy). On the cells wasquitesimilartothatofCD3" (pan

other hand, the ERR of 3.12Gy in the AHS T)cells. In comparison, C1)56" (natural kil-
sample was also significant (95% confidenc<- lcr) cells were significantly less sensitive,
limit.< 0.6 to 20..WGy). When dose equiva- although scorable binucleated Cl)56" cells
!ents based on a relative biological effective- made up less than 4% of the total number

ness of neutrons of 10 were used, the ERR in of binucleated cells.

the former sample decreased to 2.0/Sv (0.7-
4.5), and the risk in the latter group also

declined, to 2.7/Sv (0.6-17.8). The ERR did A simple, quick method for HLA-
not differ significantIy between male_ and DQA genotyping by PCR-SSCP
females in the L,SS-E85 and &HS sample_, analysis. T Hayashi, T Seyama, T Ito,
but a highly sig_ifieant increase was ob-
served for the ERR of age at exposure and Y Kusunoki, Y Hirai, N Nakamura, M
time trend since exposure. The ERR of skin Akiyama. RERF TR 12-91.
cancer cases including and excluding four A simple, quick method for charac-
malignant melanoma cases for the LSS-E85 terizing polymorphisms at the ltLA-I)QA
sample (there were no matigmant melanoma locus has been developed. The procedure
ca_s in the AHS sample) showed almost the involves the selective amplification of the

polymorphi¢ second exon of the DOA locus
same linear do_ response, by the poly_,,erase chain reaction (PCR),

followed by analysis of the amplified DNA
with nondenaturing polyacrylamide gel
electrophoresis after heat-denaturation of
the timplified DNA (PCR-S,SCP analysis).
HI.A-I)QA allelos wet,. classified into fot, r

major groups: DQA1, I)QA2, I)QA3, and
I)QA4 using this PCR-_SCP analysis, lt
_ould be feasible to us<' this PC'I_:-.q.5";CP

ul;alysis for dewcting point mutations at

v_t-im.'._ p,J<ition.s in a fra_.,merll as w_,ll as
a_,,w t tI.A-1 )QA I.:t.'n,._typ,'s.



A longitudinal study of the ro;so-

Brain abnormalities among clarion between ABO blood pheno-
the mentally retarded prenatally type and total serum cholesterol
exposed atomic bomb survivors, level in the Adult _ealth Study,

WJ Schull, H Nishitani, K Hasuo, T 19r_-8_ FL Wong, K Kodama, H
Kobayashi, I Goto, M Otake. RERF Sasaki, M Yamada, HB Hamilton.
TR 13-91. RERF TR 14-91.

An increased occurrence of severe men- This study examines the relationship
tsl retardation, with or without accompa, between ABO blood phenotype and total

nying small head size, at specific serumcholesterollevelinaJapanesepopu-
gestational ages has been the most con- lotion to determine whether an elevated

spicuous effect on brain development of cholesterol level is associated with pheno-

prenatal exposure t_ the bombings of Hiro. type A, as has been demonstrated consis-

shims and Nagasaki. Avarietyofbiological tently in many West European studies.
rne_:hanisms could be responsible for this Studies of this nature in non-white popula-
finding, including cell killing and misman, tions are. scarce: available findings have

aged neuronal migration. We describe here generally failed ta demonstrate the rela-
the findings on magnetic resonance imag- tionship, suggesting racial heterogeneity.
ing of the brains of five of these mentally Cross.sectional data of various racial

retarded ir_dividuals, ali of whom were ex. groups with age categories ranging from
posed in the Sth through the lSth weeks neonat_ea ta adults exhibited varying re.
following fertilization, the gestational pe- suits, including nonsignificant ABO-cho-
riod shown to be the most _flnerable to lestero! associations. This raised the

radiation-related damage. In the two ca_0s question of nn age effect as a possible ex-
exposed at the 8th or 9th week following planation for the discrepancies, lt has also
fertilization, large areas of ectopic gray been suggested that the ABO-rholesterol
matt_,r are seen, strong evidence of a fail- association may not be apparent in popula-
ure of the neurons to migrate to their t_'_ns with low fat intake or low mean cho-
proper functional sites. The two individu- lest.eroi levels. We addressed these

als exposed in the 12th or 13th week show hypotheses by examining long-term data
no readily recognizedectopicgray areas, but on total serum cholesterol levels collected
do show mild macrogyria, which implies aerially from survivor_ofthe atomic bomb-

some impairment in the development of the ings of Hiroshima and Nagasaki who were
cortical zone. Moreover, both have mega cis,. participants of the Adult Health Study pro-

terna magna. Finally, the one individual gram at the Atomic Bomb Casualty Com-
seen who was exposed still later in develop- mission-Radiation Effects Research
meat, in the 15Lh week, shows none of the Foundation between I958 and 1986. Alon-

cbar_ges seen in the other four individuals, gitudinal statistical method of growth
This person's brain, though small, appears curve analysis for serially measured rc..

to have normal architecture, sponse is used to model age-dependent
These findings are discussed in terms of changes in cholesterol levels within indi.

the embryologica! events transpiring at the viduals. The effects of the ABO polymor-
time of the prenatal exposure of these indi- phism in modifying the resultant growth
viduals to ionizing radiation, curve are also examined. We demonstrate

that total seraJm cholesterol levels were

elevated on average by atmut 4 mg/dL in

phenotype A compared to non-A pheno-
types in the ,Japanese (p ..---.027), and that

this relationship is maintained fmrn early
to late adulthood. Thus, phenotype A indi-
viduals may be predisposed to cardiovascu-
lar disease through one of its major risk
factors. ?)_is is the first study of the AltO--

cholesterol association in the Japanese,
and the first that is based on a cohort with

longitudinally collected tt_tal serum choles-
t,,rol data



C_,ml,izling di:,gi,,_,,tie vatego- Evidence for increased ill vivo

rica; t_ achieve impr,pced agree- somatic mutation_ in T-cell re-

m_'nt between death certificate ceptor gen_.s in lymphocytes but

and autopsy classifications of not in the glyeophorin A gene in

cause of death of atomic bomb erythrocytes of Thorotrast pa-
surviw.)rs, 1950-.87. RL C,arWr, F tients. S Umeki, S Kyoizumi, Y

R,m, K Mabuchi. RERF Til 15-91. Kusunoki, N Nakamura, M Sasaki, T

_,veral investigator._ have observed less Mori, Y Ishikawa, JB Cologme, M Aki-
than desirable agreement between death

certificate and autopsy diagnoses for most yama. RERF 'rR 16-91.
specific causes of death, and even for some Recent discoveries of cancer suppressor
causes grouped by major disease category, genes have stn.,ngthened the somatic mura-
Our results from data on 5,130 members of tion theory ofcarcinogenesis. Since exposure

the Life Span ,Study (l,qS) cohort of atomic to ionizing radiation is a well..rt'cognized
bomb survivors in Hiroshima and Nagasaki risk factor for cancer among other human

who were autopsied at the Atomic Bomb health defects, and since ionizing radiation

Casualty Commission-Radiation Effects can induce mutations, an acx'urate way of
Research Foundation prior to September measuring somatic mutation frequencies

1987 were equally discouraging. Among dis- could be a useful tool for evaluating cancer
eases with more than 10 eases observed, risks. In the present study, we have exam-

confirmation rates ranged from 13% to 97% ined in viv_ somatic mutation frequencies at
and detection rates from 6% to 90%. Both the erythrocyte glycophorin A (GPA) and

were greater than 70% for only 6 of 60 dis- T-cell receptor (TCR) loci in 18 Thorotrast
ease categories studied and for only 1 of 16 patients. These patients have been continu-

categoriesdefinedby major ICD classifies- ously irradiatedwith alpha particlesemit-
tions(neoplasms).This deficiencysuggests ted from the interlmldepositionof thorium

cautiousinterpretationof resultsfrom stud. dioxide and thus have increased risksof
ieabased on DC diagnoses, certainmalignant tumors. When c_mpared

To detx, rmine whether any gmuping_, of with cxmtrols, the resulk_ showed a signifi.

diagnoses might moet aoceptable accuracy cantly higher frequency of mutants st the
requirements, we applied a hierarchical iymphocyl*" TCR loci but not at theerythm-
clustering method to data from tllese 5, la() oy,tcGPA loci in the Thorotrast patients. The
cohort member_. The resulting classification discrepancy Ix'tw,.._('n the resulLs of the two

system had 10 categories: breast cancer; assays is discus._.d.
other female cancers; cancersof the diges-

tive organs;larynx cancer;leukemia; nasal,
ear,orsinuscancer;tongue cancer;external
causes; vascular disease; and all other
cau._s.Confirmation and deu,ctionra!x,sfor

each ofthese categorieswere.at leastfRJ'%.

Although the categoriesare broad, particu-
larlyfornonnc_p|asticdiseases,furtherdi-
visions led to unacceptable at-curacy rat,'s
for some of the resulting diagnostic groups.

Using the derived classification system,
there was 72% agreement overall between
death certificate and autopsy diagnoses

compared to 53% agreement for a second
system obtained by grouping strictly by ma-
jor dj.._ase category. Eighty-._'.ven perce_,t
agreement was oi,served for a similar classi-
fication system with vascular disease

grouped with ali other nonneoplastic dis.
eases. Further agglomeration achi(,ved reD'
little additional improvement. Accuracy
rates for son](' of the cata,g_}rit,s of the lO

cats, tor)' diagnostic sysl_,m defined above
varied with various covariaU's. For example.

accuracy decr_?a._,d with increa:*ing age at
death for most of these calaegol-ies. Thus,

subpopulations exist for which accuracy

rates can the expecta'd ta) Iw:,either tx, ttx, r or
wors;' than for the whole population. Whil,.
the._e results do not ne('es:_arily dictate

v,hich diseases an,.t t,r p(;pulal.ions slmuld lx'

st udi,'d in ful.urx, cause-sp,x ific m<)r'tallly in-
ve._tigati_ms, they ch_ pr_)vid,' inx'_.stig,_l*,r-s
with us,.flal infi:r;li,:lli,,l* p,,l_inct}l t_ tt,c

II!l.*'l'pl'_'l ;tl !i)!1 _I I,'" ',11"-
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