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IMMUNE FUNCTION IN THE ELDERLY

In humans and all mammalian species which have been studied so far, the immune
system undergoes significant changes with advancing age."* Immunosenescence may
be defined as those alterations in immune function which occur to some degree in all
older individuals, and which are distinguishable from immunodeficiency secondary to
underlying disease, malnutrition, toxic exposure, or genetic disorder. The increased
incidence of malignancy, infectious disease, autoimmune disorders, monoclonal gam-
mopathies, and amyloidosis with age is felt to be linked with this decline of immu-
nocompetence.>” In addition, the immunologic theory of aging'® proposes genetically
programmed changes in immune cells as the determinant of maximum lifespan. Sup-
port for this theory may be found in the fact that intervention which increases the
lifespan of rodents (dietary restriction, hypothermia) also causes profound changes
in immune function."" Conversely, in humans, derangements of immunity such as
high autoantibody titers,'* low suppressor cell activity,'”” and impaired cutaneous
hypersensitivity ' have been correlated with increased mortality.

Immunosenecence is characterized by its high prevalence, interindividual vari-
ability, and complexity. The immune system is not uniformly affected by the aging
process. For example, total numbers of white blood cells, lymphocytes, and granu-
locytes, as well as phagocytic function of neutrophils and the complement system do
not change appreciably with age."" The most significant decrements occur in cellular
immunity, in such functions as delayed type hypersensitivity,” resistance to tumor
cells,” viruses and protozoans,*® primary allograft rejection, and graft versus host

2 This study was supported by funds from the Veterans Administration and from the Joan B.
Kroc Foundation, through the auspices of the University of California, Los Angeles Program
in Psychoneuroimmunology and Norman Cousins.
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disease.” The frequency of individuals with autoantibodies,” circulating immune com-
plexes, and monoclonal gammopathies® increases with age. This dysregulation of
immune homeostasis, leading to vulnerability and failure under stress, may be attributed
to changes in the immune cells themselves and their secretory products, as well as in
the cellular milieu in which they function. The most important of these processes
appears to be reduced cellular efficiency, since total numbers of immune cells are little
altered with age.** A brief review of the most important age-related changes is presented
below.

Stem cells in mice have a reduced ability to repair injury,” capacity for clonal
expansion,® and ability to migrate to the thymus with age.”” Macrophages from old
mice secrete inadequate amounts of interleukin-1 (IL-1),”* leading to decreased stim-
ulation of T helper cells and thereby contributing to diminished interleukin-2 (IL-2)
production.”” Abnormal augmentation by splenic T cells in mice appears to contribute
to this decline in IL-1 production by macrophages.® Increased production of pros-
taglandin E by macrophages from old animals may also inhibit the proliferative
responses of T lymphocytes.**

B cells appear to function relatively well in old age in both human and animal
models. They proliferate normally in response to antigenic challenge; however, their
differentiation into mature plasma cells capable of secreting appropriate levels of high
affinity antibody is slightly diminished.” This decline may be related to changes in
the B cells themselves (such as decreased density of surface immunoglobulin®), or
secondary to T cell dysfunction. In man, decreased primary antibody response to
immunization is commonly seen; whereas secondary responses to antigens produce
normal titers of antibody.””* A decline in autotolerance, signaled by increased au-
toantibody production by B cells, is another common finding in older individuals and
is also felt to be related to altered B and T cell interactions.'*

T cells are indisputably the component of the immune system most sensitive to
the aging process. The onset of decline in T cell function can be demonstrated as
early as puberty, at which time thymic involution begins.”” Thymic hormones, which
are required for both T and B cell maturation, begin to decline in the third decade
of life; and by age 50, the thymus retains less than 15% of its original mass attained
in early adolescence.*® Although total T cell numbers are not dramatically altered,
functionally mature T cells are decreased in number with age* Shifts in T cell
subpopulations,”” changes in surface receptors (e.g, IL-2 and glucocorticoid
receptors*’), impaired adenylate cyclase activity,* increased sensitivity to prostaglan-
din inhibition,* prolonged cell cycle duration,* and decreased calcium uptake required
for proliferation® also occur with advancing age. Although helper T cell numbers
may be normal or reduced with age, function is usually found to be diminished
secondary to both impaired IL-2 production and responsiveness.*** The defect limiting
IL-2 production is a diminished number of lyphokine-producing T cells, but there
may also be an alteration in IL-2 receptor expression in aged humans and experimental
animals.® In combination, these changes in the T cell population lead to decreased
mitogenesis in response to plant lectins, such as phytohemagglutinin (PHA) and
concanavalin A (ConA), mixed lymphocyte reactions, or cytotoxic T cell assays in
vitro.”** Suppressor T cells have been reported to increase,” decrease,* or not change
with age.** The emergence of autoimmune disorders with age points to either decreased
suppressor cell function or resistance of other lymphoid cells to suppressive influences.*
(The onset and course of autoimmune disorders are also related to psychosocial factors,
particularly failure of psychological defenses®’).

Natural killer cells are a heterogeneous subpopulation of lymphocytes contained
within the null cell population and comprise approximately 5-15% of peripheral blood
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lymphocytes.*® They are capable of target cell lysis without prior sensitization or major
histocompatability complex restriction. In mice, they have been found to play a major
role in suppression of local and metastatic tumor growth, lysis of viral-infected cells,
and to contribute to the longevity of long-lived strains.® The data in humans are
controversial, as natural killer (NK) cell activity has been reported to be maintained,
increased, or decreased in the elderly.®” A summary of the major reports in the
literature is found in TABLE 1. These studies differ greatly in population size and
characteristics; but it appears that in healthy populations where an adequate sample
size is obtained, NK activity is preserved or increased with age in the absence of
disease. Because NK cells are felt to represent a primary line of defense against viral
infection and malignant clones of cells, modulation of NK activity is being actively
investigated as a potentially valuable approach to the prevention and/or therapy for
cancer,

OPIOID PEPTIDES AND THE IMMUNE SYSTEM

Endogenous opioids (endorphins) have been implicated as mediators of a number
of responses to stressful stimuli.” In view of the close connections between the central
nervous system and the immune system and the marked responses of the immune
system to stressful stimuli, it is not surprising that the endogenous opioids should
play a role in the modulation of the immune system.”

In-vivo studies in animals have shown that stressors that produce prolonged en-
dogenous opioid release lead to suppression of splenic natural killer (NK) cell activity.”®
This suppression appears to be secondary to tolerance developing to the acute effects
of endogenous opioids on NK cell activity.

Endogenous opioids have also been shown to be involved in modulation of tumor
growth.”®! The effects of endogenous opioids on tumor growth are not only secondary
to the effects they have on the immune system, but also are due to direct effects on
opioid receptors present on some tumors and indirectly secondary to the ability of
opioids to release growth hormone and prolactin.

In 1979, Wybran et al. ® showed that there are methionine-enkephalin receptors
on T cell lymphocytes. Opioids have been shown to increase NK cell activity, alpha-
interferon and interleukin-2 production, enhance chemotaxis, release histamine from
mast cells, modulate PHA-stimulated lymphocyte proliferation, increase superoxide
production and bind to terminal complexes of complement (see REFERENCES 81,83,84
for a review).

The effects of endogenous opioids on NK cells have been particularly well studied.
Peripheral blood lumphocyte natural killer (NK) cell activity is a spontaneous cy-
totoxic function that is involved in mediating host defense to viral and other infections
and in natural resistance to malignant cells. Results from three laboratories have
shown that beta-endorphin and methionine enkephalin enhance NK activity***’ The
dose-response curve has an inverted-U shape. Kay et al.* have demonstrated that the
des-tyrosine endorphins are more potent than beta-endorphin in enhancing NK ac-
tivity. The ability of endorphins to stimulate NK activity appears to reside in the
(6-9) amino acid fragment, i.e., the alpha-helical nonopioid portion of beta-endorphin.
The nonopioid endorphin fragment effects are reversed by naloxone, suggesting that
the opioid receptor site is of the double-lock variety with the (6-9) portion acting as
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the key to allow access to the opioid receptor.®® A similar double-lock opioid receptor
conformation has been proposed for the dynorphin molecule.”*®'

Of particular interest is the finding that both interferon-*” and interleukin-2-*
stimulated NK activity are reversed by naloxone. Radioactively-labeled interleukin-2
is displaced from PHA -stimulated lymphocytes by beta-endorphin and naloxone (Kay,
Allen and Morley: submitted for publication). Others have also shown that naloxone
decreases the expression of the IL-2 receptor as measured by the monoclonal antibody,
anti-TAC. These findings demonstrate that the TAC protein is only one component
of the high-affinity receptor for interleukin-2.” They suggest, therefore, that the opioids
may modulate immune function through their effects on the TAC protein component
of the high-affinity IL-2 receptor.

OPIOID PEPTIDES AND AGING

Several studies have provided evidence that the endogenous opioid (endorphin)
systems are altered with aging.® Concentrations of beta-endorphin and other endog-
enous opioids have been reported to be lower in the hypothalamus and other central
nervous system areas of older rats compared to younger rats.”**¢ In addition, a decrease
in opioid receptor binding has been reported in the central nervous system of older
animals.”” The physiological correlate to these reduced biochemical parameters with
aging is that older animals have a marked decrease in sensitivity to morphine anal-
gesia.”®* Opioid feeding systems also appear to be markedly attenuated with advancing
age.'” In addition, tolerance to opiates occurs more commonly in younger compared
to older animals.'"” Taken together, these studies suggest that there is a reduction in
the activity of the endorphin system with advancing age. It was for this reason that
we felt it would be useful to study the effects of beta-endorphin on natural killer cell
activity from young and old individuals.

NATURAL KILLER CELLS, BETA-ENDORPHIN AND AGING

We examined age-related differences in basal natural killer (NK) cell activity and
in-vitro stimulation with beta-endorphin (BE) and interleukin-2 (IL-2) in 45 free-
living elderly volunteers (mean age 73, range 65-89) and 29 young volunteers (mean
age 29, range 22-39). Most subjects were studied twice, four months apart. There
were significantly higher NK values in the elderly subjects (16.4 * 1.7 lytic units/
10° cells vs. 10.8 * 1.0, p <0.05). The percentage of Leu-11a and Leu-19 lymphocytes,
which have been correlated with NK activity, was quantified. Leu-11a cells were
significantly higher in the elderly (17 = 2% vs. 13 * 1%, p <0.05), as were Leu-
19 cells (23 * 2% vs. 16 * 2%, p <0.05). Stimulation with BE (10™7 or 107* M)
produced a statistically significant increase in NK activity (outside the 95% confidence
interval) in 21% of the young and 43% of the old on at least one of the two test
days. The concordance rate for stimulation on these two days was 71% in the young
and 58% in the elderly, suggesting an increased variability in lymphocyte respon-
siveness in the older group. Stimulation with IL-2 (10 units/ml) occurred in 57%
of both the young and the old groups.
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In summary, healthy elderly subjects demonstrate enhanced NK activity both at
baseline and after stimulation with beta-endorphin, as compared to a younger pop-
ulation. Analysis of the Leu-11a and Leu-19 lymphocytes subgroups indicates that
this enhanced activity may reflect an increase in the proportion of cells with NK
activity in the healthy elderly. We suggest that this difference between healthy young
and old subjects may represent a cohort effect of increased immune surveillance in
those surviving to old age.

NATURAL KILLER CELLS, BETA-ENDORPHIN AND EXERCISE

We also have studied an in-vivo model of acute physical stress-exercise, which is
known to cause elevations of beta-endorphin in humans."'® Two previous studies
have found NK activity to be enhanced afier exercise in young subjects.””'® Our
preliminary results in nine women aged 24-75 indicate that NK activity is significantly
stimulated by an acute bout of maximal exercise (6.3 * .8 lytic units/ 10° cells before
exercise vs. 14.1 * 1.8 lytic units post exercise, p <0.01) in both young and old
subjects (F1G. 1). In addition, the ability to stimulate NK cells with beta-endorphin
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in vitro is markedly suppressed post-exercise (15 * 4% vs. 1 £ 4%, p <0.05),
suggesting that an exercise-induced rise in beta-endorphin may have maximally stim-
ulated these cells and prevented further in-vitro augmentation of their activity. These
data are compatible with a role for beta-endorphin in the stimulation of NK cells
that occurs during exercise.

PSYCHOLOGICAL FACTORS AND NATURAL KILLER CELL
STIMULATION IN HEALTHY YOUNG AND OLD SUBJECTS

Clinical depression of a significant degree'” and bereavement'® have been asso-
ciated with immunosuppression. Bereavement, dysphoria and depression are more
common among the elderly.’” Healthy elderly persons with good social support
systems tend to show stronger indices of immune function, particularly mitogen
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response of lymphocytes.''® Natural killer cell activity can be enhanced in an elderly
population by a relaxation inducing intervention.'' Dilman relates the process of aging
to a complex variety of centrally “ programmed, ” hypothalamically mediated metabolic
and immunologic changes in which psychological depression may be an involved
variable, in both cause and effect roles.'”

Physically healthy relatives of patients with rheumatoid arthritis who showed the
rheumatoid arthritis-predisposing autoantibody, rheumatoid factor (an IgM anti-IgG),
in their sera were more emotionally healthy than their physically healthy relatives
without rheumatoid factor.'”® Thus, emotional health may protect against autoimmune
disease. The above data support an hypothesis that physically healthy elderly persons
are likely to be emotionally healthy as well.

We hypothesize that a cohort of healthy elderly persons will have low levels of
dysphoric affect (e.g., depression, helplessness, anxiety) and adaptive coping and per-
sonality trait patterns. The same trends might be expected in a younger population
of healthy persons but would be less critical to health because of the greater vulner-
ability of the aging immune system to failure under stress. We correlated state and
trait psychological variables with measures of immune function, particularly numbers
of natural killer (NK) cells and their function under baseline conditions and under
stimulation by beta-endorphin and IL-2, in cohorts of elderly and young persons.
Methods Forty-eight persons ages 65-89 (mean 73), who currently were and for the
past five years had been in good physical health and who currently showed no
significant cognitive impairments, were compared with 28 healthy persons ages 21-40
(mean 29) on psychological and immunological variables. All subjects were recruited
from the clientele or staffs of two senior centers and staffs of two Veterans Admin-
istration hospitals.

At baseline (the only data herein reported) the following psychological variables
were measured:

1. Anxiety as assessed by the Taylor Manifest Anxiety Scale (short form).™*

2. Hopelessness as assessed by the Beck Hopelessness Scale.'”’

3. Social desirability (an index of socially acceptable attitudes and beliefs) as
assessed by the Marlow Browne Scale.'

4. Overall “hardiness” as assessed by the Kobasa Hardiness Scale.'” (Hardiness,
which can be divided into components of commitment, control, and challenge, appears
to serve as a buffer against the effects of stressful life events in producing illness''.)

At baseline, the following immunologic studies were performed:

1. Baseline (NK) cell activity.

2. Maximum observed stimulation of NK cells by beta-endorphin.

3. IL-2 stimulation of NK cells (above the 95% confidence level).

4. Percentage of lymphocytes bearing Leu-11a and Leu-19 markers, both of which
are correlated with NK cell activity. (Those psychological or immunologic tests
performed on fewer than 20 subjects are not included in this initial report.)

RESULTS

Data were analyzed using the SAS program. There was a trend toward significance
between IL-2 stimulation of NK cell activity and “hardiness” (p <0.10, n = 32)
when all subjects (young and old) were combined. Looking at the young subjects,
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maximum beta-endorphin stimulation of NK cells was significantly negatively corre-
lated with the Taylor Manifest Anxiety Scale (p <0.003, n = 26). Maximum beta-
endorphin stimulation was significantly correlated (p <0.01) with the Hardiness Scale
in the elderly group (n = 42). There was a definite trend toward correlation of
hardiness with IL-2 stimulation in the elderly (n = 19, p <0.10). (Unfortunately, a
considerable number of “hardy” elderly subjects were evaluated prior to inclusion of
IL-2 stimulation studies in the research protocol.}

The elderly group showed significantly higher mean hopelessness (6.0 vs 4.3, p
<0.02) and social desirability scores (12.3 vs 9.9, p <0.03) than the young group.

INTERPRETATION

A trend toward psychoimmunologic correlation between “hardiness” —a measure
of commitment, control, and challenge that is known to correlate with health—and
stimulability of NK cells was found especially in old subjects. That stimulation by
beta-endorphin and IL-2 were correlated with these adaptive traits may be related to
the contribution these peptides make to immune failure in the aged. Healthy old
persons are similar to healthy young persons in regard to hardiness, a stress “buffer”,
but have more dysphoria and are more conventional. However, hardiness appears
more strongly related to immune function in the elderly.

Continued psychoimmunologic studies of large numbers of old and young subjects
with longitudinal follow-ups every four months will likely reveal more relationships
between psychological and immunological status and health.

CONCLUSION

Our preliminary data support the concept that NK activity is enhanced in the
elderly. The elderly also demonstrate an enhanced stimulation of NK activity by beta-
endorphin. It is suggested that beta-endorphin, which is released from the pituitary
in concert with ACTH in response to stress, provides a potential link among stress,
altered immunity, and diseases related to dysregulation of the immune system. Support
for this hypothesis comes from our finding that beta-endorphin plays a role in the
stimulation of NK activity associated with exercise. “Hardiness,” a constellation of
personality traits and coping patterns reflecting commitment, control, and challenge
that has previously been found to be related to health, correlates with beta-endorphin
stimulation and tends also to correlate with IL-2 stimulation of NK cell activity. Since
1L-2 may be important for augmentation of NK activity in vivo, augmented activity
would mediate stronger surveillance against malignant and infectious diseases. The
correlation found between emotional “hardiness”, beta-endorphin and IL-2 stimu-
lation of NK cells suggest a mechanism by which emotional hardiness influences
maintenance of physical health, especially in the elderly.

Future studies will be needed to determine whether both superior psychological
and immunological functions are necessary to maintain health in old age.
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