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Stress-Induced Modulation of the Immune Response 

Abstract. After mice were exposed to a daily auditory stressor for vatying lengths 
of time, the responses of their splenic lymphoid cells in vitro were assessed. Both the 
blastogenic activity of concanavalin A or lipopolysaccharide and the ability of im- 
mune lymphocytes to lyse P815 target cells showed the same patterns of immuno- 
suppression and enhancement. 
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While the immunosuppressive proper- 
ties of short-term exposures to various 
stressors have been well established (1), 
the effects of long-term stress on the im- 
mune response are less clear (2). To fur- 
ther elucidate the latter interaction, we 
have assessed in vitro the responses of 
lymphoid cells obtained from mice sub- 
jected to various periods of environmen- 
tal stress. The immunoresponsiveness of 
splenic lymphocytes was evaluated by 
determining their blastogenic activity 
following mitogen stimulation (3), and by 
the ability of splenic lymphocytes ob- 
tained from mice immunized in vivo to 
kill P815 target cells (4). 

Male mice (7 to 12 weeks old) of the 
AKR or C57/B16 strains were used. The 
mice (four per cage) were subjected to a 
broad band noise at about 100 db daily 
for 5 seconds every minute during a 1- or 
3-hour period around midnight, at the 
height of the diurnal activity cycle. Un- 
stimulated controls were exposed only to 
the normal activity of the animal room. 
The controls and experimental mice 
were killed at the same time. Their 
spleens were removed, and suspensions 
of splenocytes were prepared. Erythro- 
cytes were lysed with 0.83 percent 
NH4Cl buffered topH 7.5 with tris for 10 
minutes and then washed in Hanks bal- 
anced salt solution. Cells were resus- 
pended and maintained in RPMI 1640 
and 10 percent heat-inactivated fetal calf 
serum. 

Both assays of immunologic reactivi- 
ty, one nonspecific and the other specif- 
ic, showed the same temporal pattern of 
hypo- and hyperresponsiveness (Fig. 1), 
the data having been confirmed in further 
replications. The activities of both B- and 
T-cells (derived from bone marrow and 
thymus, respectively) appeared to be af- 
fected similarly: B-cell function as re- 

While the immunosuppressive proper- 
ties of short-term exposures to various 
stressors have been well established (1), 
the effects of long-term stress on the im- 
mune response are less clear (2). To fur- 
ther elucidate the latter interaction, we 
have assessed in vitro the responses of 
lymphoid cells obtained from mice sub- 
jected to various periods of environmen- 
tal stress. The immunoresponsiveness of 
splenic lymphocytes was evaluated by 
determining their blastogenic activity 
following mitogen stimulation (3), and by 
the ability of splenic lymphocytes ob- 
tained from mice immunized in vivo to 
kill P815 target cells (4). 

Male mice (7 to 12 weeks old) of the 
AKR or C57/B16 strains were used. The 
mice (four per cage) were subjected to a 
broad band noise at about 100 db daily 
for 5 seconds every minute during a 1- or 
3-hour period around midnight, at the 
height of the diurnal activity cycle. Un- 
stimulated controls were exposed only to 
the normal activity of the animal room. 
The controls and experimental mice 
were killed at the same time. Their 
spleens were removed, and suspensions 
of splenocytes were prepared. Erythro- 
cytes were lysed with 0.83 percent 
NH4Cl buffered topH 7.5 with tris for 10 
minutes and then washed in Hanks bal- 
anced salt solution. Cells were resus- 
pended and maintained in RPMI 1640 
and 10 percent heat-inactivated fetal calf 
serum. 

Both assays of immunologic reactivi- 
ty, one nonspecific and the other specif- 
ic, showed the same temporal pattern of 
hypo- and hyperresponsiveness (Fig. 1), 
the data having been confirmed in further 
replications. The activities of both B- and 
T-cells (derived from bone marrow and 
thymus, respectively) appeared to be af- 
fected similarly: B-cell function as re- 

flected by stimulation with lipo- 
polysaccharide (LPS), and T-cell func- 
tion as reflected both by stimulation with 
concanavalin A (Con A) and by the spe- 
cific lysis of P815 target cells. 

The clearest demonstration of the 
stress-induced modulation of immune 
function is found in Fib. IB. Short-term 
exposure of the animals to the sound 
stressor (initiated during the week pre- 
ceding or following immunization with a 
T-dependent antigen) clearly depressed 
the lymphocyte-mediated cytotoxic re- 
sponse, while enhancement occurred 
with longer exposures to sound stress. 

Assays of plasma cortisol (5) in simi- 
larly stressed C57/B16 mice (Fig. 2A) 
show that there is an increase in the cir- 
culating levels of this adrenal corticoste- 
roid corresponding to the depression of 
the immunologic function, and not ap- 
parently associated with the enhance- 
ment. Daily exposure to the sound stress 
for more than 10 days produces an adap- 
tation which brings cortisol to base-line 
levels. However, acute stress increases 
the blood cortisol to concentrations that 
are able to suppress the immunologic re- 
sponse to antigens introduced during this 
period. Coincident with the heightened 
steroid level is a decrease in the number 
of viable nucleated cells recovered per 
spleen from the mice subjected to short- 
term stress compared to the number re- 
covered from the nonstressed controls 
(Fig. 2B). This result corresponds to sim- 
ilar decreases in lymphocyte cy- 
totoxicity and spleen index after the ad- 
ministration of exogenous hydrocor- 
tisone, as reported by Fernandes et al. 
(6). Such depletion of lymphoid cells 
could occur as a result of either corti- 
sone-induced toxicity or changes in lym- 
phocyte migration patterns (7). It is in- 
teresting that there is a comparable de- 
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crease of cells during the period of 
immunopotentiation when cortisol levels 
are normal. 

The ability of environmental stimuli to 
enhance as well as to depress immuno- 
reactivity has not been fully appreciated. 
Certainly, the available evidence sup- 
ports the view that the stress-induced 
immunosuppression is mediated through 
the action of cortisone upon lympho- 
cytes. What of the potentiation of the im- 
mune response? That it has not been well 
documented may be a reflection of differ- 
ences in assay systems and sampling in- 
tervals, as well as in the qualitative and 
quantitative parameters of stress. For 
example, stimulation of suckling mice 
significantly shortens the time they sur- 
vive after receiving a transplantable lym- 
phoid leukemia (8), while the same type 
of neonatal stress in handled rats signifi- 
cantly increases the amount of antibody 
produced in response to an injection of 
nonreplicating antigen (9). On the other 
hand, rats stressed by overcrowding for 
1 week prior to immunization by that 
same nonreplicating flagellar antigen 
have significantly lower antibody levels 
than uncrowded animals (10), while 
splenic lymphocytes from rats crowded 
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for 5 weeks prior to immunization with 
human thyroglobulin showed, in vitro, 
an increased incorporation of [:H]thy- 
midine when they were stimulated with 
that antigen (11). 

Gisler and Schenkel-Hulliger (12) have 
shown that an intact pituitary is neces- 
sary for the recovery from adrenocorti- 
cotropic hormone (ACTH)-stimulated 
depression of plaque-forming cells in vi- 
tro following immunization with sheep 
erythrocytes in vivo. A hypophysecto- 
mized mouse would not regain normal 
immune responsiveness unless the ad- 
ministration of ACTH was preceded by 
receipt of somatotropic hormone (STH). 
This hormone is but one of the many hu- 
moral factors whose concentrations are 
increased by long-term exposure to envi- 
ronmental stressors (13). Therefore, we 
propose that the enhancement phenome- 
non reported herein may be due to the 
elevation of one or more such circulating 
factors which stimulate lymphocyte re- 
activity through activation of guanosine 
3',5'-monophosphate, a cyclic nucleotide 
that is involved in lymphocyte prolifera- 
tion, and which can be induced by any 
of a number of neurohumors (14). 

In summary, we have shown that envi- 
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Fig. 1 (left). Stress-induced modulation of immune function. (A) Response of splenic lympho- 
cytes in vitro to mitogens LPS or Con A following stimulation (in vivo) of mice with sound 
stress for 1 hour per day for up to 39 days. Each point represents the mean of triplicate replica- 
tions from a pool of two spleens per datum. For control animals, the mean number of counts per 
minute were 9078 for LPS and 59,368 for Con A. The [3H]thymidine uptake for cells not treated 
with mitogens ranged from 128 to 400 count/min. (B) Ability of immune lymphocytes to kill 
target cells in vitro following stimulation (in vivo) of mice with sound stress for 3 hours per day 
for up to 28 days. Each point represents the mean of triplicate replications from each of two 
individual spleens. Vertical bars show the range of values. Only one spleen was used at day 9. 
Arrow indicates that mice were immunized with P815 cells 9 days before they were killed. Some 
animals had their daily sound stress periods initiated prior to immunization (represented by 
points to the right of the arrow) while others had their stress sessions started after immunization 
(represented by points to the left of the arrow). All animals were killed at the same time and the 
lytic activities of their splenic lymphocytes were assessed simultaneously. The mean lysis in 
control experiments was 23 percent. Fig. 2 (right). Humoral and splenic changes induced by 
long-term exposure to sound stress. (A) Plasma cortisol levels of mice subjected to sound stress 
for 3 hours per day for up to 28 days. (B) Viable nucleated splenocytes recovered per spleen 
from mice subjected to sound stress for 1 hour per day for up to 39 days. Each point represents 
the average of two mice. 
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ronmental stressors not only can depress 
immune responsiveness, but can also en- 
hance it. Both suppression and potentia- 
tion appear to be associated with a de- 
crease in the number of viable nucleated 
splenocytes. Whether this loss is due to 
the cells' interacting with humoral fac- 
tors, or to humoral factors causing a 
change in migration patterns, remains to 
be elucidated. Levels of cortisol in 
plasma appear to be temporally related 
to immunological hyporeactivity but not 
to hyperreactivity. The mechanism for 
this latter phenomenon is now open for 
inquiry. 
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MICHAEL I. COLLECTOR 

Department of Epidemiology, 
School of Hygiene and Public Health, 
Johns Hopkins University, 
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