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Immune senescence (“immunosenescence”)

Old people are more likely to be sick than young people.  You’ll be told this means that the immune system weakens as part of normal aging.   But white cell total and differential counts and lymphoid tissue morphology in healthy old folks are identical to those of healthy young adults.  So the weakening (if it’s real) must be due to impaired white cell function.   

The last major review of  “immunogerontology” was Science 273: 70, 1996 (my major source), and today the field is still a morass of contradictory and inconsistent claims.  Almost all the “positive results” are in obscure journals. There are some very bad studies (for example Geront. 4: 382, 2005 used only sick elderly and healthy young people).

“Immunogerontology” is hard to study.  In humans, it is very difficult to sort out the effects of age-induced immune system failure, injuries sustained and microbes fought over a lifetime, the effects of different lifestyles, and the “degenerative changes” of the rest of the body.   It’s easy to study “different percentages of lymphocyte types in the tissues of the elderly”, and “what lymphocytes from old people do in tissue cultures”.  But deciding how these differences happen and whether they really affect the health of the elderly is much more challenging.

However, people want easy answers.  (“Old people’s immune systems just aren’t as good”.  “Let’s slow aging by strengthening the immune system.”)   Since the immune system is so multifaceted and complex (perhaps even “chaotic”), pretty much anything you do will affect some portion, generate a paper, and then maybe get hyped by media and/or charlatans.

The fact that 90% of deaths from pneumonia occur in the elderly reflects the fact that pneumonia is the common pathway out of life in severe disability from most causes, the impaired ability of the elderly to protect their airways (poor cough, poor cilia, faulty gag and swallowing), and the fact that old folks may not be treated so aggressively.

The increase in most of the common cancers reflects the accumulation of mutations over a lifetime.  No one has demonstrated decreased tumor immunity in the elderly.  The increase in B-cell proliferative disorders is the result of accumulated genetic mutations rather than “altered immunity.”

Primary immune alterations in the elderly is a popular phrase describing changes in organ structure, numbers and/or function of lymphocytes, and innate immunity.  The idea is that these result from the genetic programs that cause aging, or at least from the wear-and-tear to which we are all subject.  Presently there are only a few solid findings.

Secondary immune alternations in the elderly result from chronic disease, nutritional deficiencies, and “psychosocial issues”.   Particularly, malnutrition is notorious for impairing overall immune responsiveness; there’s no room to review all of this here.

Numbers and types of T cells

There’s no question that some aspects of T-cell function weaken somewhat as we grow older.  The strongest evidence for immune senescence is the greatly increased incidence of shingles as we age, even if we are otherwise healthy.

On the average, T-cells from older folks don’t proliferate as well in vitro.  Delayed-hypersensitivity skin challenges in vivo aren’t met as aggressively in the elderly.  T-cells produce less IL-2 and more IL-6, and they have fewer IL-2 receptors.  

The explanation seems to lie in the old saying, “A young person’s job is to learn, an old person’s job is to remember.”  A robust finding is that old folks have more circulating CD8+CD28- T-cells, and fewer CD8+CD28+ T-cells (J. Imm. 162: 3327, 1999).  The CD28+ ones are immunologically naïve; the CD28- ones are memory cells from expanded clones.  The CD28- cells don’t proliferate as well as the CD28+ ones.  This isn’t from telomere shortening.   The CD28+ cells are IL-2 makers, the CD28- ones are gamma interferon makers.  

Also confirmed is an increasing prevalence of CD4+,CD28(null) T cells (i.e., helper cells that have lost their CD28; Arth. Rheum. 50: 43, 2004, J. Biol. Chem. 273: 8819, 1998).  

I suspect that this phenomenon explains the classic findings of “T-cell dysfunction” of old age.  In fact, it’s the only really consistent biological indicator of aging of the human immune system (Imm. Rev. 205: 158, 2005).   But happily, during acute illness in old age, the pattern typically returns to that of a youngster as the CD28+ cells, which are better proliferators, enjoy a resurgence (J. Am. Ger. Soc. 51: 1761, 2005).

I’d conclude that as we meet various viruses over our lifetimes, and battle the ones that stick around, the expansion of oligoclonal populations of memory T-cells (typically CD28-negative) reduces the naïve T-cell pool.  Lately it’s become clear that just being CMV-positive interferes with your ability to handle other viruses (J. Imm. 173: 7281, 2004; J. Imm. 169: 1984, 2002).  The idea that the CD28- cells of older folks are mostly memory cells built up during the ongoing battles with resident viruses makes sense, and is reviewed in J. Virol. 79: 3675, 2005.

Other accounts of what happens to the T-cells in old age seem much less credible to your lecturer.

The anatomic thymus is gone by young adult life, having done its job.  So far as we know, there’s no further loss here in old age.

During the 1990’s, there was much excitement over the claim that in mice, natural killer cells disappear in old age.  However, it turned out that they had simply left the spleen, from which NK cells are usually harvested in mice.  In the blood of mice and humans, there’s no loss of NK cells.

Some old folks develop skin anergy for no obvious reason (J. Immunol. 142: 1224, 1989), and these folks tend to die sooner than their neighbors.  This simply says to me that they were already sick with their final illnesses.  Shingles, yes.  But the deadly opportunistic infections seen in people with profound T-cell depletion (pneumocystis, CMV, atypical mycobacteria, others) simply don’t affect the otherwise-healthy elderly.

Antibody levels in serum

The elderly have the same overall amounts of immunoglobulins as do the young.  Older folks are more likely to have anti-nuclear antibodies, but these are low-titer and lupus is a disease of youth rather than old age.  A false-positive syphilis screen and rheumatoid factor may appear for no reason.  Some folks blame an age-related loss of Fas/Fas-ligand mediated apoptosis of self-reactive lymphocytes (Imm. Rev. 205: 130, 2005).  The organ-specific autoimmunity that causes Hashimoto’s thyroiditis and pernicious anemia may be more common in older folks, but remember that type I diabetes, Goodpasture’s, Graves’, and a host of others tend to affect younger folks instead.

The widely-repeated claim that the elderly do not respond well to tetanus toxoid seems to be based on a misunderstanding.  The high prevalence of tetanus non-immunity in the elderly was apparently because they hadn’t gotten boosters (J. Trauma 58: 1082, 2005; NEJM 332: 761, 1995).

By age 90, around 20% of folks have a benign monoclonal gammopathy.  However, this is neoplasia, and can’t reasonably be seen as reflecting some fundamental immune disregulation.

In vivo B-cell responsiveness

In contrast to the clear differences in T-cell populations among the elderly, there are no really robust findings, beyond the fact that the elderly sometimes do not mount quite such high titers of antibodies in response to stimulation.  Since the CD28 molecule is used by T-cells to stimulate B-cells, perhaps this is the explanation.

However, the most recent big study of vaccine responses in older folks showed that, as long as they were otherwise healthy, they mounted every bit as good an antibody response as did young folks (Arch. Int. Med. 160: 2017, 2000).  The study didn’t even find the expected “diminished responses to B-cell mitogens” as in other studies, even in their healthy 103-year-old.

Altered dendritic macrophage function

No one has been able to demonstrate any clear difference between the dendritic macrophages (accessory cells) of old and young people or animals.

Functional aspects of innate immunity

In other words, “What’s happening to the neutrophils?”  One minor mystery of medicine is why older folks have less neutrophil-producing marrow compared with younger folks, but not lower circulating neutrophil counts.  (Do their neutrophils live longer, perhaps as cripples?  Do their neutrophils circulate more rather than marginate?)

Actually, evidence of impaired neutrophil function (movement, phagocytosis, killing) among the elderly is more impressive than altered lymphocyte function (Aging Cell 3: 217, 2004; Mech. Ag. 124: 419, 2003).

A robust finding is greatly diminished GM-CSF-induced oxidative response in neutrophils from old folks (Mech. Ag. 125: 539, 2004 suggests a mechanism).

There are numerous other studies showing altered responses to drugs (Geront. 51: 363, 2005), diminished phagocytosis (Immunopharm. & Immunotox. 23: 565, 2001; J. Leuk. Bio. 70: 881, 2001), and so on.  The latter group found dramatically less CD16 on neutrophils from healthy older folks; J. Am. Ger. Soc. 53: 1761, 2005 found great variability instead. 

Another confirmed finding is that “older folks with infections” have less of an increase in neutrophil counts than do “young folks with infections” (J. Clin. Lab. Imm. 49: 33, 1997) – of course, older folks are might get CBC’s for infections that are less severe than in younger folks. 

In one group of subjects who underwent repeat biopsies of the same skin site (hero’s award), the older folks actually had much brisker early neutrophil and E-selectin responses (Lab. Invest. 78: 47, 1998).  Puzzle that one out.

In another study (hero’s award, again), older folks who underwent bronchial lavage had more neutrophils, more CD4+ T-helper cells, and more immunoglobulin in their lungs than did young folks (Am. J. Resp. C. C. Med. 153: 1072, 1996).  If any conclusion follows, it’s that the elderly are anything but immune-crippled.

Decreased immune regulation and chronic disease

“Altered immune function in the elderly” occasionally gets blamed for one or another of the diseases that are most typical of old age (atherosclerosis, hypertension, maturity-onset diabetes, osteoporosis, Alzheimer’s, the common carcinomas).  To my knowledge, these claims have without exception failed to find real support.  This is not surprising, since none is characteristic of any of the known hereditary immunodeficiency diseases, which now number over 100.

Increased levels of interleukin-6 are more common in older folks, especially if they are already sick (infections, atherosclerosis, hypertension, etc., etc.).  Which is the cause and which is the effect has proved more problematic. 

The abnormal immune responses in the Alzheimer’s plaques result from the body’s attack on the amyloid-beta material itself, and this is probably why the anti-inflammatory drugs seem to help a bit (Alz. Dis. 14: S-54, 2000).  A popular claim that interleukin-6 levels herald Alzheimer’s disease is now discredited: Neurology 64: 1371, 2005.  

Linking interleukin-6 and osteoporosis (which is a reasonable idea) fails a common-sense test -- even in young inflammatory bowel disease patients, there’s no link (Dig. Dis. Sci. 46: 2521, 2001).

Enhancing immune function in the elderly

I can’t review the innumerable hopeful claims of the past twenty years, beyond adding that there’s nothing solid yet.

A claim about growth hormone as a possible immunomodulator seems to derive from the observation that some immune tumors express GHRH (J. Clin. Endo. Metab. 86: 3157, 2001).

Dehydroepiandrosterone seems to enhance IL-2 secretion and inhibit IL-6 secretion by blood monocytes (J. Clin. Endo. Metab. 90: 6283, 2005).  This could be worth watching.  Otherwise, there is a conspicuous absence of work demonstrating any effect on the aging immune system of nutritional supplements, antioxidants, acupuncture, or other “complementary remedies.”

As things stand right now, the one intervention that we might reasonable believe could enhance immune responses in the elderly is aerobic exercise. 

Older folks who do aerobic exercise have higher antibody responses to the ‘flu vaccine (J. Ger. 57: M557, 2002).  One would think that perhaps they were healthier to begin with.  However, there are presently three small randomized prospective studies, each of which found a significantly better response in the exercise group (Brain. Behav. 19: 357, 2005; Vaccine 22: 2298, 2004; J. Sport Sci. 21: 991, 2003).  This is definitely worth watching.

Older folks who exercise supposedly also have better neutrophil function and a few small lymphocyte count changes of unknown significance (Eur. J. App. Phys. 86: 105, 2001).  
There are many more studies of exercise and immunity in the elderly, but no big prospective ones yet.  For a review and discussion of the question “Can exercise training improve immune function in the aged?”, see Ann. NY Acad. Sci. 959: 117, 2002.

Finishing up

Older folks’ immune systems are slightly different from younger folks’, but hard findings are few.

There are more memory T-cells, and fewer that have never been activated.

The neutrophils are not quite so fast or so lethal.

Possibly because of aging of the Fas/FasL system, B-cells have more of a chance to produce useless antibodies.

Your patients will ask, “How can I help Grandpa/Grandma keep up his/her immune system?”  After hearing this mini-talk and perhaps reading a few of the references, talk with your friends about how you would answer this question.  

Thanks for helpful suggestions from the pathology team. -- ERF
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