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INTRODUCTION

ALL STUDIES of the radiation sensitivity of immunity have used one basic experimental

design — the radiation insult is given and then the immune activity is measured,

usually several days later. An increase or decrease in activity is observed, depending

on the time interval between antigen stimulation and irradiation, as well as the

physical factors of radiation dose and dose rate. From early work on radiosensitivity

of the immune response, it was proposed that the quality of the effector cell remained

unchanged and that any changes in response reflected a change in effector cell

number. More recent experiments with fluorescent microscopy and assays of

plaque-forming cell numbers have confirmed this point. Two possibilities can account

for any change in the number of effectors: (i) o change in the number of precursor

cells or (ii) an alteration in the extent of proliferation of stimulated precursors.

Changes in the number of precursors can be determined from limiting-dilution analysis

(1), whereas proliferation can be evaluated from kinetic studies and by techniques

involving the incorporation of [ H]thymidine or other labeled DNA precursors.

Antigen is known to exert two types of stimulus (2, 3), one a mitogenic action to

initiate proliferation and the second a transforming factor (4) to induce transformation

of precursor cells (dividing of nondividing) into effector cells.

Use of in vivo systems to study radiation effects on immunity presents certain

problems not associated with in vitro systems. Both systems show the direct effect



of radiation on immunocompetent cells; in vivo there are also various indirect or

abscopa! effects. One good candidate as a source of abscopal effects is the steroid

hormone system. The level of corticosteroid hormones h altered after irradiation

(5), and such compounds can exert a profound suppressive effect on immunity (6).

A second probable source of abscopal effects is the homeostatic regulator/ system

involved in limiting the immune response. The operation of an autoregulating

mechanism has been shown to limit the expression of a secondary antibody response

to sheep erythrocytes (SRBC) (7), but the effect of radiation on this undefined mechanism

remains unknown. A further complicating factors is the open-system nature of the

whole animal. Alterations in the measured immune response can result from cellular

input or output from the tissue being tested.

RA£IOSJNSITIV^

It is well known that the humoral immune response to SRBC depends on the

presence of two populations of immunocompetent cells — B cells, which are the

precursors of the antibody-forming cells, and T cells, which serve as helpers to the

B cells. Interation of these two cell types is necessary to produce antibody against

SRBC. The T cell is limiting in this response ( 1 , £ , 9) , so the radiosensitivity of

the overall anti-SRBC response is an indirect measure of the radiosensitivity of

T cells.

The radiosensitivity of the T-dependent humoral response is indicated in

text-figure 1 . Makinodan et a l . (7) obtained a radiation survival curve for the v^""V



humoral response against SRBC using the spleen-cell transfer system, whereby normal

or irradiated immunocompetent precursor cells were cultured with the antigen in

lethally irradiated syngeneic recipient mice. The DQ calculated from this data is

70 rads. Measuring the humoral immune response to SRBC in irradiated rats,

Simic'et.al. (10) constructed a survival curve based on peak antibody titers. Their

results closely resemble the findings of Makinodan et a l . (7) In mice;. D_ for the

response in rats is 31 rads.

Survival curves can represent either simple or complex systems. A simple

system is one in which the survival curve is exponential with an extrapolation number

oF 1 , indicating a single radiosensitive population with no repair taking place. A

slightly more complicated system is the exponential curve with a shoulder

(extrapolation number greater than I ) , in which repair of sublethal radiation damage

is implicated. An example oF this type oF survival curve is shown in text-Figure 1 .

Biphasic survival curves have also been observed [ e . g . , see Sato and Sakka, (11)],

in which two distinct slopes are apparent, indicating the presence oF two cellular

populations with different radiosensitivities.

Using similar approaches to the radiosensitivity oF either T-cell responses or

T-dependent B-cell responses, numerous investigators have obtained D_ values or

have published data which allow the calculation oF D-'s For their respective systems.

A summary oF the sensitivity (OJs) oF precursor cell populations appears in table I . . T -1 !

Most of the D-'s for immunocompetent cell precursors for the T-dependent response



fall in the range of 70 to 80 rads, indicating that these cells are quite sensitive to

ionizing radiation. Clearly, these Do values fall in the range expected for dividing

mammalian cells (19), indicating that the most radiosensitive event in an immuna

response is proliferation. Most studies of radiation effects on the immune response

have involved assay procedures which result in measuring the effect on such precursor

cells.

Turning now to the radiosensitivity of differentiated effector cells, we find a

much changed picture. Effector cells for T-dependent immune reactions, when

measured at the peak of frfss response, represent a nondividing population of

differentiated celts. This point is confirmed by the very radt ©resistant nature of

these cells (table 2) . The D« values for these nonproliferaring cells range from 4250 [T—2}

to 8000 rads, nearly a factor of 100 higher than the DQ for the precursor cells.

The time relationship between antigenic stimulation and delivery of the radiation

insult can exert a profound effect on the measured immune response, as is demonstrated

in text-figure 2 , which presents results obtained with SRBC in mice, (21-23), rabbits • ( T F 7

(24, 25), and.rats (10). The similarity of the responses in the three species is quite striking.

When X-rays are given before stimulation by antigen, a depressed response from the

unirradiared control animals is observed. On the other hand, enhancement, with

a response greater than the control, is observed when the antigen preceeds irradiation

by a few days. This enhancement is undoubtedly the result of damage to the



regulatory mechanism which normally limits the response to the control level. With

all three species, maximum suppression is observed when the animals are irradiated

1 or 2 days before SRBC injection. Perhaps this delay of antigen injection required

to produce maximum depression represents the commitment of multipotent stem cells

to alternative differentiation pathways.

The recovery in the primary anti-SRBC response (text-fig. 2) shows an

increasing response ai the time interval between irradiation and antigen injection

increases. Price and Makinodan (26), studying the recovery of the primary response

after 250 rads (text-fig. 3), found the maximum suppression when the response was (TF-3y

tested 3 days after X-irradiation. An abortive rise was seen 6 days after irradiation,

with a dip occurring at about 17 days, after which recovery to nearly 200% of

preirradiation response levels was observed at 45 days.

An important complicating factor in evaluating the radiosensitivity of immune

responses is intracellular epair of radiation damage. Repair, as implicated by the

shoulder on the survival curves in text-fig 1, is the usual mechanism invoked to

explain radiation dose-rate effects. Examples of the contribution of radiation

dose rate to the degree of immunosuppression in rats (10) and mice (27, 28) are

presented in text-figure 4 . Rather small changes in the elapsed time during iTF-4)

irradiation have a profound effect on the level of response observed. Changing

the exposure time less than 5-fold (from 20 min for delivery of 500 rads at 25rads/min

to 4.67 min for 500 rads at 107rads/min) results in more than a 40-fold change in the



observed response (5.13% of the unirradiated control level at 25rads/min to. 0.123%

at ?07rads/min). Repair of sublethal damage has also been demonstrated in bone

marrow stem cells of the mouse (29); these cells are believed to the precursors of

the antigen-reactive cells of the immune system.

• Although extensively studied, the effect of radiation on immune responses is

only partially understood. Frequently the radiation effect Is interpreted solely as

> cell death resulting from radiation damage, as implied by the survival curves in

> text-fig. 1. Albeit ceil death is a major contribution, numerous other phenomena

are likely to be involved — e .g . , homeostatic regulation and corticosteroid control.

We know very little about the nature of repair of sublethal radiation damage or the
i-

recovery of the population of cells involved in the immune system. The .control of

differentiation and proliferation as they are involved in adaptive immunity is

complex tn the mammal, and our understanding is still quite limited.
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TABLE 1. — Radiosensitivitfes of immunocomperent precursor cells

13

System D 0
(rods)

Reference

T-Dependent humoral response 70 Makinodan et a l . ( 7)

Homograft reaction 78 Celada and Carter (12)

T-Dependent humoral response

T-Dependent humoral response

Lymphocyte loss from thyitius

In vitro T-dependent humoral response

In vitro cell-mediated immunity

T-Dependent humoral response

Proliferative capacity of thoracic
duct cells

T-Helper response

81

80

57-145

214

70

188

64

71

Simic et a l .

Kennedy et a l .

Sato and Sakka

Haskill e t a l .

MacDonald et a l .

Petrov and Cheredeev

Anderson et a l .

Kappler et a l .

do;

03]

on

(14)

(15)

06)

07)

(18)
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TABLE 2. — Radiosensitivity of differentiated immunocompetent effector cells

System D- Reference

(rods)

Plaque-forming cells 8000 Kennedy e t a l . (13)

Direct plaque-forming cells 6200 Sadoetal. (20)

Indirect plaque-forming cells 4250 Sadoetal. (20)

In vitro eel I-mediated immunity 7000 MacDonald et a l . (15)
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FIGUREJjEGENDS

TFXT-FJGURF 1. — Radiosensitivity of the T-dependent humoral response. O: rat

after Simic et a l . (10); O: mouse [after Makinodan et a l . , (7)].

TEXT-FiGURE 2. — Temporal relation of irradiation and anrigen stimulation for

the T-dependenf humoral response. : mouse, 710 rads [after

Genogozian and Makinodan (21)]; — — — - : rat, 500 rads [after Simic'

et a l . (10); : rabbit, 500 rads [after Taliaferro and Taliaferro

(24)].

TEXT-FIGURE 3. — Recovery of the T-dependenf humoral response after 250 rads

of X-radlatJon [after Price and Makinodan (26)}.

TEXT-FIGURE 4. — Effect of radiation dose rate on the T-dependenf humoral

response. ©: mouse, 700 rads [after Carlson and Gengozian {27)1.

O: rat, 500 rads [after Simic et a l . (10)].
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