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Lymphocyte Subset and Cellular Immune Responses to a Brief

Experimental Stressor
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To evaluate effects of acute mental stress on aspects of cellular immunity, lymphocyte
populations and phytohemaggiutinin (PHA}-stimulated T-cell mitogenesis were measured in
33 healthy young men, both before and immediately following subjects’ performance of a
frustrating, 21-minute laboratory task [Stroop test). Relative to baseline evaluations, post-task
measurements showed a significant reduction in mitogenesis and alterations in various circu-
fating lymphocyte populations; the latter included a diminished T-helper/T-suppressor cell
ratio and an elevation in the number of natural killer cells Eleven subjects assigned to a
control {unstressed) condition exhibited no chenges in lymphocyte populations, but did show
an increase in T-cell proliferation, compared with pretask measurements
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INTRODUCTION

While a number of investigations have
demonstrated associations between natu-
rally occurring stressors and alterations in
cellular immune function {e.g, 1-6),
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interpretation of these studies is limited
by their correlational design. Although
few studies have examined immunologic
changes to acute psychological stressors
within controlled laboratory settings,
there is some experimental evidence that
mental stress similarly alters both quan-
titative and qualitative aspects of cellular
immunity in human-beings, as indicated
by alterations in peripheral T-suppressor/
cytotoxic and natural killer cell popula-
tions {7-10), and by a decreased ability of
T lymphocytes to divide when incubated
with a nonspecific mitotic stimulant (7).
In this report, we attempt to replicate,
within a single experimental protocol,
these observations regarding the effects of
acute stress on circulating lymphocyte
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populations and the T-mitogenic re-
sponses of healthy young adults.

METHODS

Subjects

Forty-four undergraduate males (aged 19-25
years} were randomly assigned in a ratio of 3:1 to
either a stress or control condition In the stress
condition. in vilro measurements of cellular im-
mune function were obtained before and after sub-
jects were administered a distinctly frustrating lab-
oratory stressor. Hearl rate {(HR) and blood pressure
(BP) were also assessed at baseline and during sub-
jects’ task performance. The same measurements
were obtained in the control condition. although
these subjects were not exposed to the experimental
stressor All subjects gave informed consent to par-
ticipate in this investigation. which was approved
by the Biomedical IRB of the University of Pitts-
burgh

Procedures

Subjects ebstained from food and caffeine for 12
hours before attending a laboratory session begin-
ning at 08:30 A M Upon arrival at the laboratory, a
nursse inserted an infravenous catheter into a vein
in the antecubital fossa of the subject’s dominant
arm. The catheter was connected to an exfusion
pumnp via a shor! length of heparinized. SILASTIC"
tubing {Dow Corning. Midland, Michigan). Follow-
ing venipuncture. an cccluding cuff was placed on
the subject's nondominant arm and connected to a
vital signs monitor (Critiken Dinamayp 8100) for au-
tomated measurement of HR (in beats per minute
{bpm)} and systolic and diastolic blood pressure (in
mm Hg) Following instrumentation. the subject
rested for 30 minules to achieve baseline conditions.
During the last 6 minutes of this peried, HR and BP
{two readings) were recorded, and 30 m! of blood
was drawn. At this point, the control subjects were
instrucled to continue to sit quietly for 21 minutes,
while the stress group performed a 21-minute com-
puterized version of the Stroop Color-Word Interfar-
ence Test {11} Subjects indicated their responses by
pressing one of four microswitches on a keypad
under pressure of time and against a distractor {ran-
dom test responses} generated by computerized
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voice synthesis HR and BP were recorded every 4
minutes during task performance and a second 30
m! of blood was collected immediately after this
period

Immune Assays

A comrmon measure of cellular immune function
is the ability of the T (thymus-derived) lymphocytes
to proliferate, in vitro, in response to nonspecific
mitogens. Extent of mitotic division may, in turn,
reflect the interrelation between two different pop-
ulations of lymphocyles—T-helper lymphooytes
{denoted CD4 cells) whose role is o facilitate im-
mune response, and T-suppressor/cytotoxic lym-
phoeytes (CD8 cells), which act. in part. to suppress
immune response In thisstudy, we examined effects
of the experimental stressor on T-mitogenic re-
sponses and on circulating lymphocyte populations

To assess nonspecific mitogen stimulation, &
whole blood assay was conducted 1o establish & dose
response curve at phylohemaggiutinin (PHA) con-
certtrations of 0.5. 2.5, 5.0, 10.0. and 20 0 ug/ml’ The
difference in counts per minute between stimulated
and unstimulated samples was determined sepa-
rately for each concentration; these values werk
subjected to logarithmic {base 10} transformation
prior to statistical evaluation.

Circulating populations of T-cell subtypes, B-cells
and natural killer (NK) cells were assessed in whole
blood using flow cytometlry. Lymphocyte subssts
were analyzed using monoclonal antibodies labeled
with either fluorescein or phycoerythrin to quantify
CD3 (total T-cells). CD4 [T-helper cells). CD8 (T-
suppressor/eytotoxic cells). CD19 (B-cells), and NK

' Blood was diluted 1:10 with RPMI-1640 tissue
culture medium. supplemented with 10 mm Hepes,
2 mm ghstamine. and 50 ug gentamicin per ml One
hundred microliters of diluted blood was added to a
g6-well, flal-bottomed culture plate {Costar #3596)
containing 100 ul of mitogen solution added in quad-
ruplicate {100 ul) of PHA prepared in RPMI-1640 to
yield the five final PHA concentrations. The plates
were incubated for 120 hours at 37°C in air and 5%
CO,. Eighteen hours before the and of incubation,
the wells were pulsed with 1 mCi tritiated thymi-
dine and harvested for counting.
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cells 7 Response was defined as the baseline-to-task
change in both the number of cells of each type and
the ratio of CD4 to CDB cell subtypes. Numbers of
NK cells could not be computed for one subject due
to clotting. and the T-mitogenic responses of four
subjects could not be delermined due to bacterial
contamination.

Statistical Analysis

Prior to statistical analysis, MR and BP data were
reduced by calculating mean values for both base-
line and experimental periods. These values, as well
as the lymphocyte subset date, were subjected fo 2
x 2 [Gfﬂupmm‘mn:m%} X {Periodhuullne‘lul] FePeaied
measures analysis of variance (ANOVAs), to evalu-
ate changes that may have occurred in response to
the experimental stressor. T-cell mitogenic re-
sponses were similarly analyzed by e 2 X 2 X 5
{GrouPues canrot) X {Periopaciinennr) X {PHA Concen-
trationfos 25 so 100. 200 Jvmi} TEpeated measures AN-
OVA. It was predicted that a significant Group %
Period interaction would emerge in each ANOVA,
and that for each dependent measure, the stressed
subjects would show a change in the level of the
dependent variable during or following task per-
formance. relative to corresponding pretask (base-
line) measurements; it was expected that control
subjects would show either no change or a change
in the opposite direction. A priori comparisons
among means were performed using | tests {alpha
jevel = 0.05)

RESULTS

Task-related changes in heart rate and
blood pressure were evaluated first, as an
index of the physiologic effect of the ex-
perimental stressor independent of im-
mune parameters. These analyses re-
vealed a significant Group X Period inter-
action of all three measures: HR (F(1,42)

*NK cells were identified by the monoclonal an-
tibodies CD)56 and CD6, in the ahsence of CD3.
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= 35.79, p < 0.0001), systeolic and diastolic
blood pressure, (F(1.42) = 4974, p <
0.0001; F(1,42) = 23.04, p < 0.0001). In
each instance, task values were signifi-
cantly higher than baseline measure-
ments among stressed subjects, but did
not differ from baseline in controls.
Among stressed subjects, mean baseline-
to-task changes in HR were +13 bpm, and
for systolic and diastolic blood pressure,
+15 and +12 mm Hg, respectively; control
subjects showed a corresponding HR in-
crease of 1 bpm, and no changes in BP.
With respect to immune parameters,
the ANOVA for T-cell mitogenic re-
sponses revealed a significant Group X
Period interaction (F(1,38) = 10.04, p <
0.05).° Comparisons among means
showed that T-cell mitogenesis decreased
significantly from pretask to post-task
measurements in the siressed subjects,
and increased significantly among con-
trols {(means and standard deviations are
presented in Table 1). The absence of a
Group X Period X Concentration interac-
tion indicates that these relationships
generalized across all five PHA concentra-
tions. Similarly, analysis of lymphocyte
subpopulations showed a significant
Group X Period interaction for the T-
helper/suppressor  (CD4:CD8)  ratio
(F(1,42) = 9.08, p < 0.005)). Here, there
was a significant decline in the CD4:CD8
ratio from baseline to post-task measure-

*This analysis also yielded a significant main
effect for PHA concentration {F[4.152) = 452, p <
G 0001). reflecting expecled differences in cell divi-
sion to the graded concentration of mitogen Average
counts per minute (Jogy) collapsed across baseline
and experimental period measurements, were 5.84
at 0.50 pg/m) of PHA, 6 10 at 25 pg/ml, 610 at 5.0
gg/ml, 593 at 10 0 pg/ml, and 5 52 at 20 0 pp/ml.
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TABLE 1. Mean Lymphocyte Counts and PHA-Stimulated T-Lymphocyle Mitogenesis at Baseline and
Following the Experimental Peried ameng Stressed Subjects and Unstressed Controls (Standard
Deviations in Parentheses}

Lymphocytes {cells/mm?)

T-Lymphocyte Proliferation (Acpm)'

0.5

CD4jCD8 CD4 CHB CD3 CDg NK 25 50 100 200
lug/mb)
Stress group
Baseline 15 718 522 1208 222 215 584 612 611 594 554
{0 5) (293) {262) {512) {(92) (99) {025) (0.12} (013) (€15} (020)
Experimental period 1.2 648 558 1154 204 29D 581 609 609 592 53
04) {245) {247) (479) (80) {124) {0 24) (013} {0 14) {018) {021}
Control subjects
Baseline 13 637 532 1100 203 209 5.84 606 607 590 550
(0.4} {154) {147) (183) (50} (94) {0.22) (0 08) {009) {0.09) {0.18)
Experimental periad 12 616 523 1071 200 232 580 610 612 595 554
{0 4} {155) {145) {229) (46} (84) {022) (011} (010} (010} {018}

‘ Values are the diflerences in counts per minute {fog.) between stimulated and unstimulated samples, at each

concentration ol PHA.

ments among stressed subjects, but no
change in controls (see Table 1).

The ANOVAs for CD4 and CD8 popu-
lations alone revealed a significant Period
main effect for CD4 lymphocytes (F[1.42)
= 9.49, p < 0.005}, but not for CD8 cells;
in neither case was the Group X Period
interaction reliable. Nonetheless, inspec-
tion of Table 1 reveals substantial base-
line-to-task changes in CD4 and CD8 lym-
phocytes among the experimental group.
Therefore, paired t tests were performed
separately for each condition, comparing
pretask and post-task measurements for
both variables. These analyses revealed
that CD8 cells increased and CD4 cells
decreased significantly from baseline to
posi-task measurements in the stressed
group (4{32) = —2.84, p < 0.05); t{32) =
482, p < 0.0001), but did not change
among controls.

Finally, while no significant eflects
were observed for total T (CD3) and B
(CD19) lymphocytes, the Group X Period
interaction did achieve significance on
analysis of NK cells {F{1,41) = 4.99, p <
0.05). Here again, the number of NK cells
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rose significantly between baseline and
post-task measurements in stressed sub-
jects, but not among controls.

DISCUSSION

In this study, subjects exposed to a brief
experimental stressor showed suppres-
sion of PHA-stimulated T-cell prolifera-
tion, as well as alierations in various cir-
culating lymphocyte subpopulations; the
latter included a decreased ratio of
CD4:CD8 lymphocytes [associated with
expanded CD8 and reduced CD4 cell pop-
ulations) and an increase in the number
of circulating NK cells. In contrast, control
subjects showed an increase in prolifera-
tive response, with no significant changes
in lymphocyte populations. It is possible
that the enhanced mitogenesis among the
controls was due to protracted relaxation,
as these subjects were instructed to con-
tinue to sit quietly during the 21-minute
‘task’ period. Relatedly, other studies
have demonstrated augmented immune
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function in response to longer-term relax-
gtion interventions (12).

In a previous investigation, we observed
a similar decrease in lymphoeyte prolif-
eration and a selective increase in CD8
lymphocytes among stressed subjects, but
only in those individuals who showed the
most pronounced sympathoadrenal acti-
vation on exposure to the laboratory stres-
sor {i.e., "high” sympathetic reactors, as
evidenced by marked rises in HR, BP, and
venous plasma catecholamine concentra-
tions). Interestingly, the average HR and
BP response elicited by the Stroop task in
the preseni experiment approximated
that of the "high" sympathetic reactors in
our earlier study. The relatively small HR
and BP responses of subjects identified in
the previous study as “low” sympathetic
reactors, in turn, were maiched here by
only six of 33 experimental subjects;
moreover, as in our earlier investigation,
these few, less responsive individuals
showed no changes between baseline and
task periods in comparable measures of
immune response.® Overall, then, we be-
lieve that the cellular-immune effects of
acute menlal stress presented here are
consistent with findings reported previ-
ously by ourselves (7) and others (8-10).
That our results are also similar to those
obiained following epinephrine and iso-
proterenol infusions in humans (i.e., re-
duced lymphocyte proliferation and
CD4:.CD8 ratios, and increased NK cell
populations) further suggests that the ef-
fects of acute psychological stress on cel-

*For these six individuals. mean baseline and
post-tagk values of PHA-stimulaled mitogenic re-
sponse [logw (across five concentrations of PHA),
were 5 51 and 5 90 cpm. respectively; corresponding
mean CD8 counts were 314 and 527 cells/mm®
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lular immune function is sympathetically
mediated {13-15}.

Other recent studies reveal that natu-
ralistic stressors (e.g., stressful life events,
marital disiress, and caregiving for a ter-
minally ill family member) are also asso-
ciated with diminished lymphocyte pro-
liferation and CD4:CD8 cell ratios {1-3).
However, while NK cell numbers consist-
ently rise following brief laboratory chal-
lenges (8-10), naturalistic stressors have
generally been associated with a smaller
NK cell population {4). Differences in the
chronicity of stress may partially account
for the varying effects of naturalistic and
laboratory stressors {8). It is interesting to
note that the effect of restraint stress on
NK activity in rats depends on the dura-
tion of the stressor, with NK activity fall-
ing after repeated, bu! not acute, exposure
to immobilization {16). The mechanisms
underlying differential immune changes
under acute and chronic stressor condi-
tions are not well understood. It is possible
that the distinct immunologic responses
during chronic stress reflect the influence
of a more complex neuroendocrine mi-
lieu.

Antigen-induced lymphocyte prolifer-
ation is one of the most basic immune
sysiem functions. Conseguently, there is
considerable interest in the mechanisms
underlying altered proliferative responses
associated with stress. It has been sug-
gested that decreases in peripheral T-cell
mitogenesis may be due, in part, to con-
comitar! shifts in lymphocyte popula-
tions, specifically, an increase in CD8 cells
and/or a diminished CD4:CD8 ratio. In
this regard, experimental subjecls here
showed a relatively large reduction in the
CD4:CD8 ratio, accompanied by a signifi-
cant, albeit minimal, decline in mitogen-
esis following the task. Responses of con-
trol subjects, on the other hand, were
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characterized by a relatively large in-
crease in T-lymphocyte proliferation
without corresponding changes in cell
numbers. Hence, the relationship be-
tween mitogenesis and acute alterations
in lymphocyte populations remains un-
clear. It is possible, too, that true associa-
tions between these quantitative and
functional measures are partly obscured
by the fact that CD8 lymphocytes them-
selves subsume two distinct cell popula-
tions (true-suppressor and cytotoxic
cells), and that only the former is im-
mune-suppressive. Future assessments of
true-suppressor cell populations would
perhaps yield more consistent associa-
tions with proliferative changes. Finally,
alterations in T-cell mitogenesis may be
influenced by numerous other factors as
well. For instance, examination stress has
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