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Considerable recent interest has focused on the possibility that behavioral
factors may influence immune competence, and hence, potentially, pat-
terns of disease We report here the refationship between the aggressive
and affiliative behavioy and the cellular immune responses of 30 adult
male cynomolgus monkeys (Macaca fascicularis) Jiving in small (n = 5
social groups whose members were periodically redistributed over 26
months Animals also were subjected Lo behavioral observation, allowing
them to be categorized as either high or low in apgressiveness and affili-
ation At the end of the 26 months, lymphocyte proliferation tests were
performed on blood samples from all monkevs, using both concanavalin A
(ConA!} and phytohemaggiutinin (PHA1 in concentrations of 1, 5, and 10
ug/ml Two-by-two tAgpressivencss lhigh, low] X Affiliation [high, low]
analyses of variance performed on these data showed lymphoeyte prolil-
eration in response to both ConA and PHA to be greatest tat 1 ug‘ml
among highly affiliative animals, albeit only if they were also low in
aggressiveness (ConA: Affiliation » Aggression, P = 0 02; PHA: Affilia-
tion x Aggression. P < 0.03) An additiona) finding was thal natural
killer cell activily tat an effector to target ratio of 100:1) was highest
among highly affiliative animals. regardless of their aggressiveness (P <
0 05). These resuls indicate that immune competence may be enhanced
among monkeys which, in response to a disruptled social environment,
spend large amounts of time in affiliation with other animals Social sta-
tus, a phenomenon known to influence many aspects of nonhuman pri-
mate physiology, was unassociated with nonspecific lymphocytle blasto-
genesis or natural killer cell activity in this experiment
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INTRODUCTION

Most studies of the relationship between psychosocial factors and immunity
have examined the influences of “stress” or of related affective experiences
(e.g., depression) [Tecoma & Huey, 1985; Khansari et al, 1990}, These studies
provide substantial evidence that stressful events can trigger alterations in im-
mune function. In humans, for instance, suppression of nonspecific lymphocyte
blastogenesis has been associated with bereavement, depression, the stress of ac-
ademic examinations, loneliness, and an absence of close confidants [Bartrop et al
1977; Schleifer et al , 1984; Linn et al  1984; Irwin et al , 1987; Dorian et al , 1981,
Kiecolt-Glaser el al, 1984a; Kiecolt-Glaser et al , 1984b: Thomas et al., 1985]
Nonhuman primates subjected to the stress of a “separation” paradigm, which
produces behavioral responses in infant monkeys that are reminiscent of human
bereavement, loneliness, and depression [{Kalin & Carnes, 1984; Mineka & Suomi,
1978; Rosemblum & Paully, 1987, also exhibit altered immune function {Coe et
al , 1987; Coe et al., 1988a; Coc el al , 1988b; Reite et al , 1881; Laudenslager et al ,
1982; Laudenslager et al, 19851 And finally, aversive stimulation (shock, loud
noise} has been shown to blunt cellular and’or humoral immune responses of mice
and rats |[Monjan, 1981; Keller et al. 1981, Mormede et al, 1988; Monjan &
Collectlor, 1977]

While much has been deseribed regarding the immunological impact of acutely
stressful events, the immunological consequences of chrenic or enduring behav-
joral attributes have not been adeguately investigated Accordingly, in the current
study we examined individual differences in behavioral characteristics of socially
housed cynomolgus monkeys (Macaca fascicularist, as these related to aspects of
cellular immune function The data were derived from long term, direct observa-
tion of subjects, in contrast to the sell-report questionnaires which form much of
the basis for studies examining behavioral influences on immunity among human
beings Analysis focused on individual differences relating to two of the most
prominent aspects of primate social behavior—aggression and afliliation. Also
considered was the potential effect on immune function of each individual's dom-
inance status or rank within its social grouping

Our focus on affiliztion is motivated by a broad range of work suggesting the
importance of affiliative behaviors on general health Six prospective epidemio-
logic studies have found that persons with multiple social contacts live longer than
their more isolated counterparts le g . Cohen, 1988; House et al , 1988] Moreover,
the availability of others in times of stress has been found to ameliorate stress-
induced psychological and physical symptomatology le g Cohen & Wills, 1985,
Kessler & McLeod, 1985 Immunologic data relevant to this perspective have also
been reported, as for example in the above-cited studies of nonhuman primates
which demonstrate that separation {rom social partners suppresses cellular im-
mune function |Reite et al, 1981; Laudenslager et al., 1985| Similarly, several
studies indicate that persons scoring high on a self-report loncliness scale are
characterized by depressed lymphocyte proliferation and elevated antibody re-
sponse to latent herpes viruses le g Glaser et al, 1985; Kiecolt-Glaser et al,
1984b}

In conirast to affiliation, no studies have examined associations between ag-
gressive behavioral traits and immune function in primates Our focus on these
behaviors is motivated by evidence of associations between aggression and neuro-
endoerine changes thought to modulate immune reactions For example, aggres-
sion and hostility have been associated with elevated levels of catecholamines and
corticosteroids, endocrine changes presumed (o suppress immune response le g,
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Monjan, 1981; Schleifer et al , in press}. Moreover, it has been suggested that the
presence of hostility and aggression constitute elements of a cancer-prone person-
ality |Bacon et al , 1952; Cooper, 19841

The most commonly reported dependent variables in studies of behavioral
influences on cellular immune function include lymphocyte proliferation in re-
sponse to nonspecific mitogen stimulation and natural killer cell activity In the
current study, we examined natural killer cell activity and lymphocyte blasto-
genesis in response to nonspecific mitogens among 30 adult male cynomolgus
monkeys which had been maintained in groups of five animals each for the pre-
vious 26 months. During this period, the animals were routinely monitored for
rates and patterns of social interaction Based on the above-cited findings, we
hypothesized that both lymphocyte proliferation and NK cell activity would be
higher in monkeys characterized by high affiliation and/or low aggression than
among their less affiliative or more aggressive counterparts.

METHODS
Apimals

Subjects were 30 male cynomolgus monkeys (Macaca fascicularis) imported
from Indonesia as adults faverage age = 70 years, estimated from dentition) As
part of a study of behavioral influences on cardiovascular disease, the animals
were maintained in 5-member social groups for 26 manths Animals were housed
in individual pens measuring 20 x 32 x 25 m and having outdoor exposure
during three seasons. During this time the monkeys consumed a diet moderately
high in saturated fat and cholesterol, designed to mimic the diet typically con-
sumed by North Americans | Kaplan et al , 1987 One monkey was lost to the study
during the first year; here we report data from the remaining 29 animals. All
procedures involving animals were conducted in compliance with state and federal
laws, standards of the Department of Health and Human Services, and guidelines
established by our institution’s Animal Care and Use Committee.

Experimental Design and Procedures

We have observed previously that atherosclerotie disease in male cynomolgus
monkeys is exacerbated when animals are exposed to a disrupted social environ-
ment |Kaplan et al., 1982; Kaplan et al , 1883}, In those studies, as well as in the
current investigation, social disruption or instability was achieved by periodic
redistribution of monkeys among social groups The periodic reorganization of
group memberships in the current study was applied to a/l animals and occurred
approximately every five weeks, with 20 such reorganizations accomplished over
the course of the 26 month experiment. The redistribution of animals across groups
followed a schedule causing each monkey to be housed with either three or four
new animals on every reorganization

Behavioral Data Collection and Management

The behaviora} repertoire of macagues living in small groups has been de-
scribed previously, by ourselves and others [Kaplan et al, 1982; de Waal, 1877} In
order to characterize individual behavior in the current study, observations of 15
minutes length were made on each animal, twice per week. In these observations,
data relating to aggressive, submissive, affiliative, and nonsocial interactions were
recorded on a datamyte device with a focal sampling technique [Kaplan et al,
1982: Altmann, 1974] These observations were made between 0900 and 1600 h,
with times of day balanced across groups After collection, the data were trans-
mitted to a VAX computer for calculation of either rates of performance (discrete
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TABLE 1. Behavior Actions and States

Actions

Apgression (contact) slap/grab'push/pull
bite
grapple

{noncontact| lunge/charge/chase

open mouth face
stare
displace

Submission flee
jump away
crouch/cow er
grimace
be displaced
scream
present

Affiliation groom
be groomed

States Eroom
be groomed
pussive contact
close proximity (touching distancel
alone at & distance

behavioral acts} or percentages of time spent in various activities (behavioral
states! (Table I} For purposes of later analysis, rates of performance of the discrete
behaviors representing aggressive actions were summed (o yield an overall rate of
aggression per hour for each animal, for each reorganization period An average
rate for the experiment was then calculated for each animal. A similar averaging
procedure was used with respect to the percentage of time spent in behavioral
status (time spent grooming or being groomed, within close proximity, or in pas-
sive physical contact, and time spent alone at a distance from other animals).

Determination of Dominance Status

As in previous experiments [Kaplan et al., 1982; Kaplan et al,, 1987}, social
status determinations were based on observed patterns of fight wins and losses
among individuals tas determined from aggression and submission matrices con-
structed from the focal observations), rather than on the frequency or intensity of
agonism. The one animal in each group which defeated all others, as evidenced by
elicitation of flight gestures |Sade, 1967], was designated as first ranking; the
monkey that defeated all but the first ranking animal was labeled second ranking,
and so forth. The status of each animal was evaluated every two weeks during the
course of the experiment These two-week values were later used to assign to each
animal a rank for each social reorganization period as well as an overall rank for
the entire experiment We have shown previously in experiments of similar design
that, despite the repeated exposure of animals to new social groupings, dominance
rankings of adult male cynomalgus macagues tend to be relatively stable, with
high and low ranking monkeys maintaining their relative positions across EToup-
ings |Kaplan et al , 1987] In fact, we observed in the current study that only four
of the 29 animals changed rank substantially (that is, crossed the median from
high to low or from low to high ranking! from the first to the second half of the
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experiment [Kaplan et al , 1990 This outcome suggests that the dominance rank-
ings averaged over the entire experiment largely reflect the behavioral status of
the animals over the same period.

Evaluation of Immune Function

Immune function was assessed in all animals by evaluating, in vitro, lympho-
cyte proliferative responses to mitogenic stimulation by concanavalin A (ConA)
and phytohemagglutinin {PHA) Additionally, natural killer cell (NK) functional
activity was examined Blood samples for these assays were collected on a single
occasion, beginning in the fourth week following the 20th and final social reorga-
nization At this time, four monkeys per day (randomly chosen) were anesthetized
with ketamine HCI tat a dose of 15 mg/kg). Ten mls of whole blood were collected
{in tubes containing 10 units of beef lung heparin/ml) from each animal and im-
mediately transported on wet ice to the immunclogy laboratory; all evaluations
began within 2 to 3 hours of sample collection This procedure continued until all
99 animals were sampled; shortly thereafter all animals were necropsied as part of
a study of behavioral influences on cardiovascular disease All immunologic as-
sessments were conducted at the Bowman Gray School of Medicine.

Cell preparation. Each 10 ml of heparinized blood was diluted in 25 ml of
plasmagel (3% dextran in phosphate buffered saline) and allowed to sediment at
unit gravity for 1 hour The white blood cell enriched upper layer was overlayered
on lymphocyte separation medium (Organon Technica Corp , Durham, NC) The
gradients were centrifuged for 20 min at 300¢ The mononuclear cell IMNC) band
was collected and washed twice with RPMI 1640 The cells were counted on a
hemocytometer and viability was determined by trypan blue exclusion Cell via-
bility was greater than 95% and red cell contamination was less than 2%

Proliferation assay. The cells were diluted to 2 million MNC/ml in complete
medium (RPMI 1640 supplemented with 25mM Hepes, 10% normal monkey se-
rum, 2mM L-glutamine, units/ml penicillin, and 100 ug'ml streptomycin}, and 100
ul of cel) suspension was dispensed/well in 96 weli round-bottomed trays Fifty ul
of PHA and ConA diluted to 1. 5, and 10 ug'm} in complete medium was added per
20,000 cells in triplicate cultures. Mitogen was omitied in control cultures Trays
were incubated at 37°C in a 5% CO, atmosphere for 66 hours and pulsed with 1 uCi
of tritiated thymidine (specific activity 6 7 Ci/mmol} 18 hr before recovering the
cells on glass fiber fiiters using a cell harvester Thymidine uptake was determined
by liquid scintillation counting The dependent measure used evaluating the lym-
phocyte proliferation assays was the change, in radicactive counts per minute,
between the control and stimulated conditions

Natural killer cell assay. Target cells were the K562 human myelogenous
leukemia cell line propogated in RPMI 1640 containing 25 mM hepes, 10% fetal
calf serum, penicillin, and streptomycin. Pelleted cells were washed twice in com-
plete medium except that 2 g/l of sodium carbonate was substituted for 25 mM
Hepes buffer The cells were labeled by incubating with 100 uCi t1 mCi/ml) sodium
51-chromate (New England Nuclear Corp.} at 37°C for 45 min. Targets were then
washed twice, counted, and resuspended in bicarbonate buffered complete medium
at one million cells/ml. Ten thousand target cells were plated in triplicate. Effector
cells were added to the round-bottomed trays to obtain four effector/target ratios
(12 5, 25, 50, and 100 E:T). Controls for total incorporation, spontaneous release,
and maximum release were included on each plate. All trays were spun for 10 min
at 1000 rpm at room temperature and were incubated for 4 hr at 37°C in a 5%
C0,:95% air humidified incubator After incubation, controls for total incorpora-
tion were resuspended and harvested, the plates were centrifuged for 10 min at
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4°C, and 10% triton-X in water was added to the maximum release control. The
trays were centrifuged at 4°C and the supernatants were harvested for counting in
an auto-gamma counter. The percentage of specific 51-chromate release at each
E:T ratio was then calculated by the formula:

mean cpm experimental —~ mean cpm SR

% lysis =
YRS Thean cpm total counts — mean cpm SR

cpm = counts per minute; SR = spontaneous release.
Percent specific release values were plotied against the E:T ratios for each animal

Data Analysis

Data analysis involved a test of the hypothesis that individual differences in
the rates of performance of affiliative or agonistic behaviors were associated with
indices of cell-mediated immune function. The first step in the analysis was Lo
calculate, for the entire experiment. the average percentage of time that each
animal spent in passive physical contact and grooming with other monkeys. Those
animals above the distribution median in the percentage of time spent in physical
contacl and grooming then were categorized as “high affiliative” monkeys, while
the rest were categorized as “low afliliative” animals The same procedure was
used with respect to the average rate of performance of aggressive behavior (sub-
suming all aggressive motor patterns from Table It Here, animals were divided at
the median into “high aggressive” and “low aggressive” monkeys These behav-
ioral dimensions were largely orthogonal, so that approximately equal numbers of
individuals fell into each of the four possible groupings.

Following division of animals into high and low aggressive (contacl and non-
contact? and affiliative tpassive body contacl, grooming) categories, initial analy-
ses of variance tANQVAs) were performed Lo demonstrate that the rates of per-
formance of appression and affiliation were independent; subseguent ANOVAs
were used Lo evaluate the influence of affiliation and aggressiveness on NK ac-
tivity and on lymphocyte proliferation in response to PHA and ConA The change
from control values in 'H incorporation in lymphocytes was used as the index of
immune response, as preliminary analyses twith ANOVAs) revealed no differences
in control values among the behaviorally defined subsets In addition to these
analyses, a subsidiary analysis was run with respect to dominance status (ie,
dominant vs subordinate} All statistical manipulations were done using the
BMDP statistical package on a VAX computer, and all tests of significance were
two-tailed The level of significance for all statistical tests was 0 05 Where nec-
essary, standard data iransformations were used to meet the assumptions for para-
metric analyses For ANOVAs yielding significant interaction ferms, post hoc
pairwise comparisons were made using Tukey's H5D procedure; Scheffe's test,
recommended for complex, but not pairwise comparisons, was used for contrasts
involving more than two means [Kirk. 1968}

RESULTS
Behavioral Characierizations

The purpose of the first sel of analyses was to demonstrate the independence
of aggressiveness and affiliation Animals above and below the median for both
rate of aggression (contact and noncontact) and percentage of time spent in passive
body contact and grooming were evaluated by means of 2 x 2 (Aggressiony,;,, %
Affiliation,, ,,) ANOVA. with rale of aggression over the entire experiment as the
dependent measure (Figure 1a) As might be expected, there was a significant
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main effect for Aggression (F, 5, = 53.1, P < 0.01). However, the Affiliation main
effect was not significant, nor was there a significant interaction between Aggres-
sion and Affiliation (P's > 0.10). Hence, high affiliative animals displayed as much
aggression as did low affiliative animals. Conversely, a 2 x 2 {Afliliation,, y; X
Aggression,, ,;} ANOVA using the percentage of time in passive physical contact
and grooming over the entire experiment as the dependent measure (Fig. 1b)
revealed a significant main effect for Affiliation (F,;, = 55.8, P < 0.01). Here,
there was no significant main effect for Aggression and no significant interaction
between Aggression and Affiliation (P's > 0.10). Thus, highly aggressive animals
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could not be differentiated from their low aggressive counterparts in terms of
affiliation.

Subsidiary analyses were performed in which the dependent measures were
the rate of performance of aggression and the percentage of time spent in affilia-
tion during the month in which the immune samples were obtained. The purpose
here was to demonstrate that behavioral characteristics derived from the entire
experiment also represented the actions displayed during the period in which blood
samples were collected for immunologic testing. Importantly, results identical to
those presented above were obtained from these latter ANOVAs (Rate of Aggres.
sion during month 26: main effect for aggression, F, ,, = 1022, P < 0.01; all other
P’s > 0.10; Percentage of time spent in affiliation during month 26: main effect for
affiliation, F, 5, = 12.85, P < 0 01; all other P's > 0.10)

Regarding social status, there were a number of significant differences in the
behavior of dominant and subordinate animals These included differences in over-
all rates of aggression and submission, with dominant animals engaging in more
aggression (13.6 [SEM = 1 3| episodes’hr vs 5.9 [0 9| episodesthr, t,; = 4.86, P <
0 01) and less submission (8 7|1 3| episodes’hr vs 20.1{1.3| episodes/hr, tys = 6.23,
P < 0.01) than their subordinate counterparts There was one difference belween
dominant and subordinate animals in affiliative behavior, namely, dominant an-
imals were groomed for a larger percentage of time than subordinates (8 9 |0 7] %
ts 52107 % 1, = 37, P« 00h

Immunclogic Responses

Affiliation/Aggression

Lymphocyte proliferation. A series of 2 x 2 (Affiliation,,,, x Aggres-
siony, ,} ANOVAs using the change from control values in *H thymidine incorpo-
ration in lymphocytes as the index of immune response was performed Square root
transformations were first applied to these data Further, a separate ANOVA was
run at the lowest mitogenic concentration (1 pg/mb due to lost samples (ConA: 3
animals; PHA: 2 animals); repeated measures analyses were used for data from the
5and 10 pg/m] concentrations, as all samples were usable in these determinations

The results with respect to ConA stimulation are shown in Figure 2a— The
analysis al 1 ug/ml revealed significant main effects for Affiliation (F, ,, = 1145,
P < 0.01) and Aggression {F,,, = 592, P < 003), as well as a significant Affili-
ation X Aggression interaction (Fy,, = 651, P < 002} Inspeclion of Figure 2a
tuntransformed values) indicates that lymphocyle responses to ConA were rela-
tively enhanced in Hi Affiliative’/Lo Aggressive animals, in comparison to the
three remaining groups; post hoc comparisons by Schefle’s test (at P < 005)
showed this contrast to be significant At higher mitogenic concentrations there
was no significant main effect of aggression or affiliation, nor were the Aggression-
by-Affiliation or Aggression-by-Affiliation-by-Milogenic Concentration interac-
tion terms significant fall P’s > 0.05/ In order to further elucidate the Affiliation
x Aggression interaction, the correlations between affiliation and lymphoeyte
proliferation tat 1 pg/iml! were calculated at each level of aggression (high, low)
Consistent with the ANOVA result. this correlation was significant, but only
among the low aggression animals (r = 0.56, P < 0.05); the correlation between
lymphocyte proliferation and affiliation was not significant among high aggression
monkeys (r = §4.22).

Figure 3a—c depicts the results of parallel analyses done with respect to PHA .
While at 1 pg/m] there were no significant main effects for either Affiliation tFy
= 3.84, P = 0.06) or Aggression (F,,, = 248, P > 0.10), the Affiliation x Ag-
gression interaction term was again significant {F, ,, = 591, P < 0,03} The mean
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values depicted in Figure 3a indicate that. similar to the response to ConA stim-
ulation, lymphocyte proliferation induced by PHA was relatively enhanced among
Hi Affiliative/lLo Aggressive animals in comparison to the three other groups:
however, this difference did not reach statistical significance on post hoc compar-
ison (P = 007 There were no significant main or interaction effects involving
Affiliation or Aggression at PHA concentrations of 5 or 10 pg/ml tall F's < 10, all
P's > 0 20). And, while there was a significant interaction between Affiliation and
mitogen concentration {(F; 5, = 4 42, P < 0 05), post hoc contrasts again revealed
no significant differences between high and low affiliative animals at concentra-
tions of either 5 or 10 ug'm! {P’s > 0.05 Correlation analysis at the 1 pg'ml
concentration revealed, similar to the outcome with respect to ConA, a significant
relationship between affiliation and lymphacyte proliferation, but only among low
aggression animals (r = 046, P = 005); the correlation among high aggression
animals was nonexistent {r = 001}

NK cell activity. Inevaluating in vitro NK activity. we examined the percent
specific lysis at various target/effector cell ratios by means of a2 = 2 x 4 (Affil-
iation,, s, X Aggression,p, Target-Effector Ratioy 1, 5 un an 1o ANOVA (Figure
4;SEMS ranged from 1 2to 1 7} This analysis revealed no significant main effects
for Affiliation or Aggression, nor was the Affiliation-by-Aggression interaction
term significant tall F's < 15, all P's > 025 However, there was a significant
Affiliation x Ratio interaction (Fy 4y = 487, P < 0.0051 Inspection of Figure 4
indicates that divergence of groups was most appreciable at the 1:100 level; a post
hoc analysis at this target effector ratio confirmed that the NK cells of Hi Affili-
ative animals lysed more target cells than those of their Lo Affiliative counterparts
(P < 005 As expected, there was also a significant effect of targetieffector ratio,
with a higher percentage of target cells lysed tkilled) at higher concentrations of
effector cells (F, .y = 162, P < 0.01} Finally, there was a significant Affiliation
Apgression x Ratio interaction (F.g = 330, P = 004 and again, group differ-
ences were most apparent at the 1:100 target effector ratio Post hoc comparisons
at this ratio revealed a significant difference in target cell lysis only between High
Aggressive-High Affiliative and Low Agyressive-Low Affiliative groups

Status

Lymphocyte proliferation. The hypothesis that social status modulates re-
sponses to mitogenic stimulation was evaluated with the use of a ¢ test at the 1
ug/ml concentration, and a 2 x 2 (Status,, ,, Concentration 5, 10 mg/ml) repeated
measures ANOVA (Table I} These analyses revealed no effect of status at the 1
pg/ml concentration for either PHA or ConA, and no main effect of dominance or
interaction of dominance with mitogenic concentration at the 5and 10 pg/ml levels
{all P's NS,

NK cell activity. A 1 x 4 ANOVA (Statusy,,, * Target Effector Ra-
£10; 125 25 50 100) Was used to determine if status influenced NK cell activity Sim-
ilar to the outcome with respect to lymphocyte proliferation, this analysis revealed
no significant effects, either for Status, or for the Status = Ratio interaction {Table
I

Correlations Among Measures

Finally, correlational analysis revealed significant associations between re-
sponses to PHA and ConA stimulation at the same mitogenic concentrations (all
P's < 0.01; see Table I1I}. Although affiliation was related to both NK activity (at
the 1:100 target/effector ratio} and lymphecyte proliferation {at the 1 pg/ml con-
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centration for PHA and ConA), NK activity at the 1:100 ratio was not associated
with lymphocyte responses to either ConA or PHA tall P’s > 0.05; Table II1
Additienally, Table Il reveals that the majority of correlations within each re-
sponse parameter (i e, different concentrations for ConA and PHA,; target/effect or
ratio for NK cell activity) were significant (9 of 12 r's > 0.45, P's < 0.01}

DISCUSSION

The data reported above indicate that behavioral differences among individ-
uals, as demonstrated by repeated observations over a period of 26 months, were
associated with differences in three indices of cell-mediated immune function
among monkeys living in small groups and subjected to periodic social disruption.
In particular, NK cell activity and lymphocyte proliferation in response to mito-
genic stimulation by ConA and PHA were greater among highly affiliative adult
males, relative to monkeys spending less time in affiliative contact with other
animals. While the pesitive association between affiliation and lymphocyte prolift
eration was limited to animals which were also low in aggressiveness, aggressive-
ness did not similarly modulate the affiliation-NK cell relationship Finally, it is
worth noting that affiliation was a common element in the relationship of behavior
to both lymphocyte and NK eell activity, despite the absence of a significant cor-
relation between these immunologic indices

It is interesting that only the lowest concentrations of ConA and PHA were
associated with enhanced mitogenic activity for the low aggression, high affiliative
monkeys. One pg/ml of nonspecific mitogen is considered a sub-optimum concen-
tration and may be capable of eliciting differences between monkeys that are
masked when optimum and supra-optimum concentrations of mitogen are used
Thus, high mitogenic concentrations may obscure. or overwhelm, subtle differ-
ences induced by behavior. We expect that either neuropeptides, neurchormones,
or hormonal concentrations differ in the plasma of the high affiliation low aggres-
sion and high affiliation high aggression monkeys Many of these substances bind
to receptors on lymphocyte surfaces and are known to influence mitogen responses
{e g, catecholamines. dynorphin, vasopressin, prolactin, somatostatin) or NK cell
activity (glucocorticoids ACTH! {Payan et al, 1987] As such, second messengers
may be changed in concentration in the lymphocytes of some of the animals. How-
ever, nonspecific mitogen is also a ligand which binds to receptors on lymphocyte
surfaces and activates second messengers The effect of low concentrations of hor-
mones binding to ligands may be detected when low concentrations of nonspecific
mitogen are used whereas higher concentrations of nonspecific mitogen (optimum
concentration) would tend to obscure the differences

The action of immune modulators varies depending on their concentration,
target cell, and immune function studied [Khansari et al, 1930] Therefore, it is
not surprising that no significant correlations were found between NK activity and
altered mitogenic activity Previous studies in rats have indicated that stress-
induced immune alteration is mediated by various mechanisms For example,
suppression of splenic NK activity is mediated by a pathway that can be inhibited
by the opiate antagonist, naltrexone {Cunnick et al, 19881, while suppression of

Fig 2 a: Lymphocyte proliferation s + SEM1 in response te Concanavalin A at | pp'ml among animals high or
low aggressiveness and high and low in afliliation 1CPM = counts per minuter b Lymphocyte protiferation
t+BEM1in response to Concanavalin A st 5 pg'mb among animals high or low aggressiveness and high and low
in affihation ¢ Lymphocyte prabferation 1 + SEM) in response to Concanavalin A at 10 ppg/m! among animals
high or low in nggressiveness and high and low in alfibiation
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splenic lymphocyte responsiveness to T-cell mitogens can be inhibited by the beta-
adrenergic receptor antagonist, propranolol [Cunnick et al , in press|

The observation that nonspecific blastogenesis and NK activity were greatest
among highly affiliative (and for T-cell mitogenesis, low aggressive! individuals
was not unexpected in view of previous findings relating loneliness, bereavement,
and lack of social support among human beings to relatively impaired or sup-
pressed immune responses |Bartrop et al., 1977, Schleifer et al., 1984: Linn et al ,
1984; Kiecolt-Glaser et al., 1984b); similarly suppressed responses in either B- or
T-cell function have been observed among monkeys subjected to peer-peer or
mother-infant separation |Coe et al, 1988a.b; Reite et al, 1981; Laudenslager et
al, 1982; Payan et al, 1987|.

Notably, in the present experiment, overt behavioral performance was of rel-
atively greater importance than dominance rank in modulating immune function.
Hence, social dominance was not associated with the measured indices of immu-
nologic competence, despite the relative stability of status in the current experi-
ment. This lack of an association is also interesting in view of the many reports
that dominance status in primates is associated with adrenal responsiveness or
size |8hively & Kaplan, 1984; Chamove & Bowman, 1978; Golub et al, 1979;
Sassenrath, 1970], heart rate |Cherkovitch & Tatoyan,, 1973; Kaplan et al , 1990},

Fig. 3 a: Lymphocyte proliferation t + SEMI in response to Phytohemagglutinin at 1 pg ml among animals
high or low aggressiveness and high and low in affiliation (CPM = counts per minute). b: Lymphocyte prolif-
eration { + SEM1 in response te Phytohemagglutinin at 5 kg ml among animals high or low agpressiveness and
high and low in affiliation ¢ Lymphacyte proliferation + SEM) in response to Phytohemagglutinin at 10 pgim!
among animals high or low nggressiveness and high and low in affiliation
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TABLE II Lymphocyte Proliferation and NK Cell Activity
(counts per minute = SEM) Among Pominant and
Subordinate Monkeys*

Dominant's Subordinate's
Test respanse response P
ConA lug/m} 10692 (2807} 10395 (3699) NS
ConA 5ug'mi 71148 (12395} 89454 (12302 NS
ConA 10pg'ml 136056 (18275} 160788 (17213) NS
PHA lpg'ml 10117 (3121 B995 {2105) NS
PHA 5ug'ml 36712 (6543 48160 {4553 NS
PHA 10zg'm] 57875 (10842) 71676 (6938) NS
NK 1125 723110} 77111 NS
NK 1:25 1553125 15821 9 NS
NK 1:50 24 6912 5) 2764126) NS
NK 1100 3158129 3157427 NS

“ConA and PHA at Fag'ml esaluated with ¢ test; ConA and PHA at 5 and
10 pg/ml and NK at all cencentrations evaluasted with repeated measures
ANOVAs

TABLE 111, Correlations Among Measures of Immune Function

ConA PHA NK L

! 5 10 1 5 10 125 25 50 160
Con 1 o 45 25 68"t 32 13 - 03 - 19 21 04
ConA 5 — 88 437 74 80 29 35 447 42+
ConA 10 — 35 g1t 7Ry 14 17 27 25
PHA 1 —_ 53 31 - 07 - 16 - 10 01
PHA 5 . 12 A 36 26 34 21
PHA 10 — 31 16 21 08
NK 1:12 5 — B4 a0 18
NK 1:25 — 2 ARAS )
NK 1:50 e B2*»:

NK 1:100
Crities! Values itwo-daitedr 005 . 038 © 0061 - 045 ° 000 . 055

atherosclerosis [Kaplan et al , 1987, Kaplan et al,, 1982], and reproductive func-
tion or activity | Wilson, 1981; Adamset al , 1985]. Among rodents, there have been
numerous observations that social status is associated with physiologic condition
[Christian, 1978, Christian, 1980}, one such study even contains a report of en-
hanced antibody responses to antigenic challenge among submissive mice [Fau-
man, 1987]. The outcome of the current experiment should probably not be inter-
preted, however, as indicating that social status does not influence immune
function under any circumstances; indeed, it is possible that abrupt changes in
social status could be related to immunologic alterations This is suggested, in
part, by the positive association observed between serum testosterone concentra-
tions and social status, which is similarly present among male monkeys during
periods of contested, but not stable, social ranks |Clarke et al, 1986; Gordon et al.,
1979; Bernstein et al, 1978; Bernstein et al,, 19781,

More generally, the results of the present experiment stggest that the cyno-
molgus macaque is a good model for investigating the influence of psychosocial
influences on immune function in a group setling However, it should be recog-
nized that the current results are limited in a number of ways First, the data were
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collected at only a single point in time, at the end of a chronically imposed psy-
chosocial manipulation Henece, it is uncertain whether the behavior-immune re-
sponse association described here was present initially, or emerged over the course
of the study. Moreover, inasmuch as all animals were subjected to a disrupted
social condition, the potential role of the social environment in modulating behav-
ior-immune relationships is unclear Perhaps most importantly, the current study,
like most psychoimmunologic investigations, concerned immune systemn modula-
tion rather than thg1 broader issues of immunity to disease or susceptibility to
infection. While it is generally assumed that impairments in T- or B-cell respon-
siveness reflect an increase in underlying susceptibility to disease or infection,
such assumptions have usually not been tested explicitly. Hence, although there
are numerous epidemiologic studies which indicate that social support, for exam-
ple, is positively associated with longevity [Cohen, 1988; House et al., 1988] and
can reduce or ameliorate stress-induced psychological and physical symptomatol-
ogy [Cohen & Wills, 1985; Kessler & Mcleod, 1985], there is yet little direct evi-
dence that these relationships are immunologically mediated. Prospective evalu-
ations under a variety of social conditions would aid in addressing some of the
limitations outlined here; and clearly, such investigations would be enhanced by
employing challenges ultilizing infectious agents,

CONCLUSIONS

1. Adult male cynomolgus monkeys, when housed in repeatedly disrupted
groups of five, engage in aggression and affiliation independently; hence, animals
may be high or low in aggressiveness regardless of the degree to which they
affiliate with other group members.

2. Natural killer cell activity and lymphocyte proliferation in response to
mitogenic stimulation by ConA and PHA are greater among highly affiliative
adult males in relation to monkeys spending less time in affiliative contacts with
other animals; the positive association between affiliation and lymphocyte prolif-
eration is limited to those animals which are also low in aggressiveness.

3. Dominance status does not appear to influence cellular immune function in
the context of repeatedly disrupted small groups.

4. The associations between affiliative/aggressive behavior and lymphocyte
proliferation in response to stimulation by ConA and PHA are most clearly ob-
served at sub-optimal (low) mitogenic concentrations.

5 Cynomolgus monkeys in small, pericdically disrupted groups are suitable
models for investigating psychoimmunological phenomena.
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