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SUMMARY

Several currently populartheories of aging presuppose
immunologic dysfunction in the pathogenesis of this
phenomenon. Experimental studies have shown that
under laboratory conditions animals exposed to
biologically significant doses of ionizing radiation
have a decreased life span considered to be evidence
of accelerated aging. The spleen index, the ratio
of the weight of the spleen to total body weight,
has been used as a measure of immunologic status
in experimental animals. An evaluation of the
spleen index among the autopsy population under
study at ABCC fails to demonstrate a difference
between irradiated survivors and nonirradiated
persons. Possible explanations for these observa-
tions are discussed.

INTRODUCTION

The considerable reservoir of direct and inferential
evidence which appears to implicate immunologic
malfunction in the pathogenesis of aging has recently
been summarized by Walford.1 The ratio of the
weight of the spleen to the weight of the entire
organism has been successfully employed to
document immunologic disease in experimental
animals.2 The increase in spleen to whole body
weight ratio following alteration of immunologic
responsiveness has also been shown to be age-
related and therefore hasbeen proposed asa parameter
of “immunologic’’ aging.>
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Experimental whole body exposure of a variety of
animals to biologically significant quantities of
ionizing radiation has resulted in an abbreviated life
span and has been termed ‘‘accelerated aging.’’4
The possible occurrence of this phenomenon in
humans exposed to radiation has engendered
considerable interest but has yer to be documented
with any degree of certainty.3 The possible presence
of ‘*faccelerated’” aging among survivors of the
atomic bombs of Hiroshima and Nagasaki is therefore
of particular interest., The study reported herein
attempts to address this problem by comparing the
spleen index in A-bomb survivors exposed to jonizing
radiation and in nonexposed individuals.

METHODS AND MATERIALS

The JNIH-ABCC Life Span Study (1.SS) includes
surveillance by autopsy of causes of death in a
preselected and fixed population which includes
survivors who were exposed to various doses of
radiation at the time of the A-bombs (ATR) and age
and sex matched nonexposed individuals. The
radiation doses for members of the sample are
estimated in rad based on air-decay curves, shielding
effects, and data concerning location, circumstances,
shielding configurations etc. collected by traired
field workers from each survivor.

Autopsies were performed on 25% to 45% of deceased
members of the sample without regard to radiation
dose, age, death at home or hospital, and cause of
death. A single scale and method for obtaining body
weight has been used in Hiroshima ABC(C since
1963, and a single balance has been used for
weighing spleens during this time, There may be a
fairly wide range of error inherent in the weighing
procedures bur there is nothing to suggest bias in
any direction other than that caused by rounding error.

The body and spleen weights were abstracted from
the protocols of 1433 autopsies. These were
consecutive autopsies from 1963 to 1971 excluding
autopsies in which disease entities known to
predispose to splenomegaly were present. These
included leukemias, lymphomas, cirrhosis, histio-
cytosis, portal wvein thrombosis, disseminated
infection with acute splenitis, and primary and
metastatic tumors of the liver, spleen or their

vascular supply.

Young individuals are not well represented in this
study since the cohort consists of only those
persons alive ATB in 1945. The 185 sample is a
constantly aging one, and both deaths and autopsies
occur more frequently in older individuals. The
age, sex, and radiation exposure distribution for the
1433 individuals included in this study is given
in Table 1.
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TABLE 1 DISTRIBUTION OF 1433 LSS SAMPLE AUTOPSIES BY AGE AT TIME OF DEATH, SEX, AND RADIATION
EXPOSURE HIROSHIMA, 1963-70

#£1 HaMAEMREDOHRHIA33LOFECIEER, b & CBRBREN 56, EH, 1963—19704

Estimated Radiation Dose (in rad)

Ape at NIC <1 1.99 100+ Total
Death E
M F M F M F M F M E M&F
20-49 T 3 9 ] 11 6 1 2 28 17 45
50-59 11 16 13 5 15 19 2 2 41 42 83
B0-6Y9 48 48 86 55 5b 54 7 9 196 166 362
T0.79 49 49 93 107 99 109 18 13 259 278 537
B0+ 28 60 60 84 59 97 T 11 154 252 406
Total 143 176 261 257 239 285 35 37 678 755 1433
319 h18§ 524 72 1433

NIC = Not in the city ATB NIC — [ N A fE 1

TABLE 2 MEAN SPLEEN INDEX BY AGE AT DEATH AND RADIATION DOSE, 1433 LSS AUTOPSIES
HIROSHIMA, 1963-70
#2 Jpin RN R b O F B 1433 5 O FE TR b £ OV BRAGLRL BT £ R 95 B,
£, 1963—19704

Estimated Radiation Dose {in rad)

Age at Death Mean
NIC <1 1-99 100 +
20-49 L2BTH(. 1640 2467(.0848) 2294(.1009) L2870(.1795) .2619(.1163)
0-54 J1985(.1114) 2189(.1438) J1915(.0942) L1808(.1258) L1992(.1119)
60-69 A729(.0768) 2145(.1102) 2136(.1025) AT64(.0748) L2015(.1000)
7079 J1867(.0832) 8070801 ATT78(.0851) AT27(.0711) AB0EL0821)
80+ .1659(.0928) A747(.0950) 1594(,0795) A872(.1244) L1675(.0904)
Mean JLB10(.0921) J915(.0975) L1823(.0907) 1824(.0955) .1853(.0938)

* Standard deviation P HE(R 2

TABLE 3 TWO-WAY ANALYSIS OF VARIANCE ON LOG;, SPLEEN INDEX OF 1433 INDIVIDUALS
AUTOPSIED AT HIROSHIMA ABCC, 1963-70

#3 LR ABCC THIM A 2 11 /2 143310 @ log  IMAE I 0 — I8 5 815547, 1963 —19704¢

LR e M e Sue
Age 4 2.4047 6012 13.48
Exposure 3 1684 0661 1.26
Interaction 12 5998 L0500 1.12
(Between) (19) (3.1729)

Within 1413 G3.0673 04486
Total 1432 66,2402

Interaction F (12,1413} = 1.12 (P> 0.25)
Exposure F( 3,1413) = 1.26 (P > 0.25)
Age F( 4,1413) = 13.48 (P <.01)



The spleen index is defined as the weight of the
spleen in grams divided by the body weight in
kilograms times 100. The log;, of the spleen
indices were also calculated as a statistical aid in
order to normalize the distribution of spleen indices.

RESULTS

Comparison of the spleen index for males and
females showed no statistically significant difference;
therefore, in all analyses the male and female groups
were combined. Table 2 lists the mean spleen
index for the various radiation and age categories.
A two-way analysis of variance on the log; spleen
indices (Table 3) shows no statistically significant
differences for radiation exposure in the spleen
index among the individuals in the various exposure
categories (P >0.25). The spleen index decreased
with age and the difference was significant for the
different age groups (P<.01). The distribution of
spleen indices in this study at ABCC and indices
by age as reported by Krumbhaar and Lippincott®
in the United States and as derived from reports by
Aimi et al7 in Japan are similar as is shown in
The data reported by Krumbhaar and
Lippincott were derived from 4000 autopsies equally
divided between persons dying from violent deaths

Figure 1.

and individuals dying from miscellaneous diseases
in two large Philadelphia hospitals. Data compiled
by Aimi et al were recorded from 1236 sudden
deaths autopsied by the Tokyo Medical Examiner’s
Office. ABCC data were derived from 837 ABCC
autopsies on persons who were exposed to less than
l1rad ATB or who were not in Hiroshima at the time.
These people represent the less than 1rad category
and the Not-in-City (NIC) or nonexposed category
for the present study.

In order to compare the slopes and age-adjusted
means of the four radiation exposure categories
(NIC, <lrad, 1-99rad and 100+rad), a covariance
analysis was performed. The analysis indicates
that the slopes of the four fitted regression lines do
not appear to be different (Figure 2). The age-
adjusted means of log;, spleen index were not
statistically different for the four groups.

DISCUSSION

The relationship between immunologic homeostasis
and aging has engendered considerable recent
interest and has been extensively reviewed elsewhere!
Much of the impetus in this regard stemmed from the
observation that experimental animals with a variety
of spontaneous and experimentally-induced immuno-
logic abnormalities appear to undergo accelerated
aging, particularly as the latter is measured by
longevity and several chemical parameters. Based
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FIGURE 1 SPLEEN INDEX BY AGE AT DEATH IN PHILADELPHIA, TOKYO, ABCC NONEXPOSED
AND < 1rad EXPOSED INDIVIDUALS
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FIGURE 2 FITTED REGRESSION OF 3.00 4 LOG, SPLEEN INDEX BY AGE AT DEATH FOR FOUR EXPOSURE
CATEGORIES OF 1433 INDIVIDUALS AUTOPSIED AT HIROSHIMA ABCC, 1963-70
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upon the available experimental evidence, Albright
and Makinodan8 have tentatively actributed aging to
the progressive elimination of the supply by the host
of a fixed finite number of antigen-sensitive stem
cells; such cells are presumably commitred
throughout the life span of the organism to specific
immune tasks.

Walford? has proposed that aging represents a
chronic low grade graft-vs-host reaction initiated by
a clone of aberrant immunologically competent
Burnet10 has extended Walford's
hypothesis and implicated the thymic-dependent
portion of the immune response in the pathogenesis

IMMmMUNocytes.

of aging. According to Bumnet, spontaneous involu-
tion of the thymus, which occurs in early adult life
in most species, initiates a series of events which
eventually results in senescence. The consequences
of such involution, and the attendant depletion of the
thymic-dependent fraction of the lymphoid pool,
might be expected to include: generalized atrophy
of the central lymphoid structures, an increased
prevalence of autoimmune phenomena including
perhaps graft-vs-host reactions, and an increased
occurrence of benign and malignant tumors as the
immune surveillance system experiences progr.cs-
sively greater difficulty in the recognition and/or
destruction of abnormal cells.

Autoimmune phenomena appear in large measure to
be age-related. Thus the frequency of autoantibodies,
including antinuclear antibodies, rtheumatoid factor
and anti-thyroglobulin antibodies, increases progres-
sively with age. Disseminated lupus erythematosus
in young females appears to be an exception to the
age-dependent incidence of autoimmune disease.

Jonizing radiation in sufficient quantities is immuno-
suppressive and in a variety of species of rodents
is associated with abbreviated longevity.4  The
small lymphocyte is perhaps the most radiosensitive
cell thus far evaluated!1,12 with severe metabolic
dysfunction and nonmitotic (interphase) cell death
associated with as little as Srad.l3  There is,
therefore, reason to suspect that exposure to a
biologically significant amount of ionizing radiation
ATB might initiate the following series of events:
1) lymphocyte depletion, including the thymic-
dependent fraction of the pool of recirculating small
lymphocytes; 2) interruption or impairment of immune
surveillance by the lymphoreticular system; 3) an
increased prevalence of autoimmune phenomena in
the surviving populations.

The absence of a relationship between previous
exposure and autoimmune phenomena, insofar as
the latter are reflected by the spleen index is at
apparent variance with an immunologic model of
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aging and therefore requires explanation. Three
possibilities in this regard come to mind: 1) the
basic hypothesis, as outlined above, may be
erroneous; 2) the parameters employed may not be
sensitive enough to detect the magnitude of change
present; 3) the segment of the population evaluated
in the present study may not be the fraction where
the most dramatic alterations might be expected.
The third possibility requires amplification.

Of the persons included in the present study B9%
were 40 years of age or older ATB. Such individuals
would be expected to have undergone considerable
involution of their lymphoreticular system prior to
August 1945 and therefore the increment imposed by
ionizing radiation absorbed at that time may have
been of minimal functional significance. The most
pronounced effect on the lymphoreticular system
occasioned by radiation would be expected to have
transpired in the 0—20 age group. Very few of these
individuals have died.
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