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Figure 5. CD4* and CD8" late-differentiated cells. Peripheral blood mononuclear cells from young (Y) controls, centenarian offspring (CO), age-matched (AM)
controls, and old (O) people as in Figure 2. The percentages and absolute cell count of late differentiated CD28"CD27-CD45RA*CD45RO* within CD4* cells (A
and B) and within CD8"* cells (C and D) are shown. Significant differences between the four groups analyzed evaluated by Mann—Whitney nonparametric U testing

are indicated by *p < .05, **p < .01, ***p < .001.

Figure 6. CD8*CD57* “senescent” cells. Peripheral blood mononuclear cells from young (Y) controls, centenarian offspring (CO), age-matched (AM) controls,
and old (O) people as in Figure 2 were stained with CD3, CDS, and CD57. Percentages (A) and absolute number (B) of CD8*CD57* cells in 12 young controls, 21
CO, 15 AM controls, and 10 old people are shown. Bars represent medians. Differences between the four groups analyzed evaluated by Mann—Whitney nonparamet-

ric U testing are indicated by *p < .05, **p < .01, ***p < .001.

controls, suggesting a lower proinflammatory status despite
CMYV infection (less “inflamm-aging”). The analysis of
immune signatures of offspring genetically enriched for
longevity has revealed marked differences compared with
the general elderly population that might better result in
protection not only from infectious disease but also from
cardiovascular morbidity and other inflammatory diseases

such as diabetes (10). Such family studies facilitate the
identification of genes that are also expected to affect on
immune function in old age.

In the present study, we performed a phenotypic analysis
of the T-cell arm of adaptive immunity in a group of Sicilian
CO, a special population of elderly people presumed to be
genetically advantaged for longevity, and who may share
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some of the same characteristics as members of long-lived
families. Here, we have analyzed very rare people with at
least one centenarian parent (100-107 years of age) and
compared these results with those of a previous article on
familial longevity (10) in which the individuals studied
ranged from 40 to 70 years of age with at least one parent
having atleast one sibling that lived to be more than 90. Thus,
the present study specifically sought phenotypic similarities
in cohorts derived in a very different manner (offspring of
sporadic vs familial longevity). To emphasize the likely
genetic contribution, rather than the environmental, we
selected the present cohort from a southern European
population, which will have experienced very different
exposures (food, weather conditions, culture, pathogens,
etc.). Also given the fact that these populations are likely
to be genetically different, we sought to identify prevalent-
shared immune signatures despite all these possible
confounding differences in the population. The results
indicate some striking similarities between the two different
cohorts, emphasizing the potential biological relevance to
longevity of these findings under quite different conditions.

We have recently demonstrated that offspring of a cen-
tenarian parent also have a “younger” B-cell as well as
T-cell profile that could help them resist infection (14,16).
Here, we have analyzed the T-cell immune profile of CO
(age range: 70.1+8.3) compared with equally elderly
people without a familial history of longevity (age range:
69.1+9.7), and also with unrelated very elderly individuals
(age range: 86.4+3.8). All were evaluated for CMV status
and found to be uniformly positive. Thus, any differences
seen between CO and other elderly people cannot be solely
due to CMV infection, whereas differences between any
of the elderly groups and the young groups, who were all
CMV-negative, are mostly likely caused by CMV.

The distribution of the CD4* and CD8* subsets within
CD3* T cells was analyzed in terms of the CD4:CD8 ratio
because this is one of the immunological parameters included
in the IRP in the Swedish OCTO/NONA longitudinal
studies (41-43). As there are few studies of the IRP in
different populations, it remains of interest to explore its
presence and relevance in non-Swedish cohorts. We found
that CO had a higher CD4:CDS ratio compared with their
AM controls, again appearing more similar to the CMV-
negative young people in this respect, despite being CM V-
positive. As previously demonstrated for the B-cell arm of
the immune system (14,15), the T-cell arm is probably better
preserved in CO than in sporadic AM controls. This could be
a consequence of an increased thymic output, due to slower
involution or, alternatively, to less primarily CMV-driven
peripheral post thymic expansion that causes a significant
contraction of the peripheral T-cell receptor repertoire in
most elderly people (44). This remains to be investigated,
for example, by assessing T cell receptor (TREC) levels.

Analysis of CD27 and CD28 expression, which defines
an early stage of T-cell differentiation, confirmed higher

percentages in young people compared with the elderly
people. Comparison of the four groups revealed that the
percentages of CD4*CD27" cell subsets were significantly
higher in the presumed genetically advantaged CO group
compared with their AM controls, with CO again looking
more similar to the young groups. For CD28 expression
on CD4* and CD8* cells, the differences between CO and
controls remained trends but did not reach statistical sig-
nificance. Next, we evaluated naive T cells within the CD4*
and CD8" populations. Our recent detailed classification
defined them as CD27*CD28*CD45RA*CD45RO™ (20). As
expected, CD8" naive T cells were more frequent in young
donors than in the general elderly population, but here we
also saw fewer CD4" naive cells, not always seen in every
published study or in our own previous studies on other
populations. This may be due to population effects and the
relatively small numbers of donors tested here, or to true
population differences in Sicilians. Using these phenotyp-
ing panels, we had previously observed fewer CD4* naive
cells in Western populations only under pathological con-
ditions (notably, Alzheimer’s disease) (20,45). However,
we have observed a more pronounced effect on CD4*
naive cells in a non-European population where people are
considered old at a much earlier chronological age than
in the West and might well be expected to have a higher
pathogen load (46). The patterns observed in the Sicilian
elderly population seem to fall midway between those of
the commonly studied northern European and U.S. popula-
tions, and the rural Pakistani population studied by Alam
and colleagues.

The presence of fewer naive cells is commonly mir-
rored by accumulations of memory cells, which have
a more restricted repertoire for recognizing patho-
gens to which the individual was previously exposed.
Consistent with the higher level of naive T cells in CO,
percentages of late-differentiated CD8" memory T cells
(CD27-CD28CD45RA*CD45R0O*) were significantly
lower in CO than in the general elderly population and
were in fact similar to those in the young group. Although
the differences between young (CMV-) and elderly
(CMV+) groups can mostly be attributed to the expansion
of CMV-specific clones, the lowest percentage of memory
T cells observed in CO (who were also all CMV+) may be
due to more efficient maintenance of immune surveillance
against this potentially dangerous pathogen. Consistent
with this, the analysis of putatively senescent CDS57-
expressing cells within CD8* T lymphocytes, that previous
studies have reported as increased in elderly people when
compared with young people (21), also indicated that CO
showed a phenotype more similar to the CMV-negative
young people than the CMV-positive AM controls and
very old people. In this respect, CO do appear very simi-
lar to the offspring of long-lived parents in familial lon-
gevity studies (10). Seeking shared genetic parameters in
these two disparate populations might therefore assist in
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identifying the nature of the genes possibly contributing
to extended human longevity.

Taken together, data reported here suggest that CO do
not show the typical naive/memory trend observed in the
random elderly people, despite all being CMV-positive. The
adaptive immune system (both B- and T-cell arms) appears
“better conserved” in the offspring of centenarians (ie, more
like that seen in younger CMV-negative people), and less
susceptible to the major effects that CMV infection has on
the general population. This may contribute to their abil-
ity to resist typical age-related diseases and imbue them
with an increased probability to reach the extreme limits of
human life as their centenarian parent did. The similarity
between these results and those from the Leiden Longevity
Study of familial longevity suggests the presence of longev-
ity-promoting genes shared between quite different popula-
tions conveying resistance to the effects of CMV infection
on immune signatures commonly believed to be mark del-
eterious immune function.
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