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Abstract Immunosenescence is characterized by
phenotypic and functional changes of effector mem-
ory T cells. In spite of the well-described senescent
defects of these experienced T cells, immune
responses to new pathogens are also deeply affected
in elderly humans, suggesting that naive T cells could
also show age-related defects. It has been reported in
both, animal models and humans, alterations of the
naive T cell turnover associated to advanced age or
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low thymic function. However, as far as we know,
homeostatic mechanisms involved in the deregulation
of naive T cell peripheral dynamics and their
consequences are still not well understood. Thus, the
aim of our study was to analyze homeostatic
parameters of peripheral naive T cells and their
relationship with thymic function in young and
elderly humans. Our results show that lower naive T
cell numbers were associated with a lower thymic
function and higher activation and proliferating naive
T cell levels. We then analyzed sjTREC numbers and
relative telomere length from sorted naive T cells. Our
results show that the aberrant activation and prolifer-
ation status was related to lower sjTREC numbers (a
peripheral proliferation marker) and both, higher
CD57 expression levels and shortened telomeres
(replicative senescence-related markers). Elderly indi-
viduals show a greater contraction of the CDS8 naive T
cell numbers and all homeostatic alterations were
more severe in this compartment. In addition, we
found that low functional thymus show a CD4-biased
thymocyte production. Taken together, our results
suggest a homeostatic deregulation, affecting mostly
the naive CD8 T cell subset, leading to the accumu-
lation of age-associated defects in, otherwise, pheno-
typically naive T cells.

Keywords Aging - Naive T cells - Homeostatic
proliferation - Human thymus - Immunosenescence
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Introduction

Immunosenescence includes all age-related changes
in the immune system (Aw et al. 2007; Gruver et al.
2007). Thymic involution causes a continuous drop in
the recent thymic emigrants (RTEs) output (Chiodi
1940; Haynes et al. 2000), while homeostatic mech-
anisms attempt to maintain constant peripheral T cell
numbers (Almeida et al. 2005). T cell aging alter-
ations involve phenotypic changes (Junge et al. 2007;
Czesnikiewicz-Guzik et al. 2008) and diminished
function (Aspinal 2003; Linton and Dorshkind
2004). Effector memory T cells show proliferation
defects, replicative senescence-related markers, as
CD57, and shorter telomere length (Pawelec et al.
2004). Aberrant immune activation, due to cytomeg-
alovirus (CMV) infection, seems to drive these
alterations (Pawelec et al. 2000).

In spite of the widely described effector T cell
defects, elderly immune responses to new pathogens
are more affected than responses to previously
encountered ones (Miller 1996; Akbar and Fletcher
2005) suggesting naive T cells age-related defects.
Some studies have described alterations of the naive T
cell turnover but whether aging influences the naive
pool is only partially understood.

Along this line, the correlation between the age-
related contraction of naive T cells and the rise of the
naive CD8 T cell proliferation in primates has been
reported, while mouse models have shown naive T
cell activation in absence of thymic output (Cicin-
Saint et al. 2007; Bourgeois et al. 2008). In humans,
CD4-increased naive T cells proliferation has been
reported in people over 65 and thymectomized
children (Naylor et al. 2005; Prelog et al. 2009). The
partial lymphopenia due to the loss of thymic function
is believed to increase these proliferation rates
(Kohler and Thiel, 2008; Nickolich-Zugich 2008).
Moreover, percentage of CD4'CD31" RTEs dimin-
ishes with age, while the percentage CD31 non-
RTEs remains constant; suggesting that peripheral
mechanisms could be influencing naive T cells
dynamics (Kilpatrick et al. 2008). On the other hand,
naive T cells transferred into T cell-deficient hosts
proliferate until the replenishment of the peripheral T
cell pool (Ernst et al. 1999). This proliferation, driven
by the sense of an immune space due to high survival
signals and loss of MHC contacts (Takada and
Jameson, 2009), can be avoided when adding a
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higher concentration of competitor T cells (Jameson
2002; Li et al. 2007).

All these data suggest a relationship between the
loss of thymic output and peripheral dynamics of
naive T cells. However, homeostatic mechanisms
involved in this deregulation are still only partially
understood. Thus, the aim of this study was to analyze
homeostatic parameters of peripheral naive T cells
and their relationship with the remaining thymic
function in elderly humans.

Materials and methods

Study subjects Twenty-eight consecutive individuals
who underwent cardiac surgery (valvular repair or
ischemic cardiopathy) at Virgen del Rocio University
Hospital in Seville, Spain, between May 2007 and
March 2008 were included. Thymic tissue and
peripheral blood samples were simultaneously col-
lected from each individual. The median age of this
group was 69.1 years (interquartile range (IQR; 61.0—
74.6) and all of them were over 50 years. Peripheral
blood samples were collected in the same period of
time from 16 young healthy volunteers (median age=
32.8 years, IQR (28.1-42.1)). Since 50 years old has
been considered a critical period in thymic function-
ality (Nobile et al. 2004), the young control group
was selected under 50 years. None of the study
subjects had received any treatment that could
influence their immune status and there were no
clinical data of active infections, including an HIV-
negative test. All of them signed an informed consent
and the study was approved by the Ethical Committee
of the Hospital.

Thymocytes and peripheral blood mononuclear cells
isolation Thymic tissue samples were extracted dur-
ing cardiac surgery procedures and immediately
processed. As previously confirmed, the aged thymus
in these subjects remained clearly distinguishable
despite the adipose tissue of the mediastinum. The
existence of Hassall's Corpuscles even in tissues
showing 0% DP guarantee the accuracy of thymus
identification and representative sample taking (Fer-
rando-Martinez et al. 2009). Thymic tissue was
disaggregated with a wire mesh. Thymocytes were
isolated by Ficoll-Hypaque density gradient, washed
twice with PBS and immediately stained for flow
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cytometry analysis. Peripheral blood mononuclear
cells (PBMCs) were isolated in vacutainer CPT™
tubes with sodium heparin as anticoagulant and
stained for flow cytometry or cryopreserved in liquid
nitrogen (fetal bovine serum/10% DMSO) until
further use. Blood samples and tissues were only
obtained for clinical reasons, and never for research
purposes.

CMYV serostatus determination Presence of CMV IgG
antibodies were determined in duplicate from crio-
preserved serum samples using the CMV IgG
Enzyme Immunoassay Test Kit (GenWay, San Diego,
CA) according to manufacturers’ instructions.

IL-7 quantification Interleukin (IL)-7 plasmatic levels
were performed in duplicate using a highly sensitive
colorimetric enzyme-linked immunoabsorbent assay
(IL-7 Quantikine ELISA kit, R&D systems, MN),
according to manufacturers' instructions. Cytokine
concentration of each duplicate sample was extrapo-
lated from the standard curve and calculated using the
mean value.

Flow cytometry CD8" and CD4" absolute numbers
were determined in fresh whole blood using the Epics
XL-MCL (Beckman Coulter Inc., CA) flow cytom-
eter, according to the manufacturers’ instructions.
Frequency of double positive (DP, CD4"CD8") cells
was determined in fresh thymocytes by flow cytom-
etry using anti-CD4 FITC and anti-CD8 PE mono-
clonal antibodies (Becton Dickinson, San Jose, CA).
CD4" and CD8" peripheral T cell subsets were
positively selected from fresh PBMCs using magnetic
microbeads and MACS® Cell Separation Reagents
(Miltenyi Biotec, Germany) according to the manu-
facturers' instructions. CD4" and CDS8" isolated T
cells were then separately stained using anti-CD45RA
FITC, anti-CD45RO PE-Cy7 (Becton Dickinson, San
Jose, CA) and anti-CD57 FITC, anti-CD38 PE, anti-
CD45RA ECD, anti-HLADR ECD, anti-CD27 PE-
CyS5 (Beckman Coulter, FL) monoclonal antibodies. T
cell subsets were defined as follows: naive T cells
CD45RA"CD27"; memory T cells CD45RO'CD27";
effector T cells CD45RA™"CD27". The accuracy of
these phenotypes was recently reported (Ferrando-
Martinez et al. 2010a). The percentage of proliferating
naive T cells (CD45RA'CD27'Ki67") was deter-
mined by surface staining (CD45RA'CD27") and

then by intracellular immunostaining with anti-Ki67
PE (Becton Dickinson, San Jose CA) monoclonal
antibody. Cells were permeabilized using the Cytofix/
Citoperm, Perm/Wash and Cytoperm plus buffers (BD
biosciences).

Cell sorting Cryopreserved PBMCs were stained
using anti-CD45RA FITC, anti-CD4 PE, anti-CD27
PE-Cy5 and anti-CD8 PE-Cy7 monoclonal antibodies
(Becton Dickinson, San Jose, CA). Naive CD8 (CD8"
CD45RA"CD27") and CD4 (CD4 CD45RA'CD27")
T cells were isolated using a MoFlo™ Cell sorter
(Beckman Coulter Inc., CA). Purity over 97% was
routinely tested by flow cytometry. DNA from each
sample was extracted using the QIAmp DNA Micro
Kit (QIAGEN, Chatsworth, CA) according to manu-
facturers' instructions.

Signal-joint T cell Receptor Excision Circle levels Sig-
nal-joint T cell Receptor Excision Circle (sj-TREC)
numbers were analyzed in sorted naive T cells. Delta-
deletion TRECs formed by dRec-pJx rearrangement
were amplified and quantified by real-time polymer-
ase chain reaction (PCR) using fluorescently labeled
oligonucleotides as reporter probes in a 20 pL PCR
reaction using the Light-Cycler® 2.0 (Roche Diag-
nostics, IN) as previously described (Douek et al.
1998). TREC abundance was normalized to cell
number by amplification of 3-globin with the GH20
and PC04 primers (Bauer et al. 1991). Serial dilutions
of plasmid clones containing TRECs or [3-globin
were run to generate standard curves (Franco et al.
2002). Data were expressed as TRECs per naive T
cell using mean values from triplicate assays for
TRECs and duplicate assays for 3-globin.

Relative telomere length quantification Naive T cell
telomeric sequences were amplified by real-time PCR
using the Light-Cycler® 480 as described elsewhere
(Cawthon 2002; Kilpatrick et al. 2008). Isolated cord
blood naive T cells and a no-template control were
included in each PCR. (3-globin quantification was
used to normalize DNA amounts. Samples lengths are
expressed as percentage of cord blood naive T cells
length.

Statistical analysis Continuous variables are expressed

as median (IQR) and categorical ones as percentage.
Pearson's test was used to analyze correlations between
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Gaussian variables and Spearman's test was used to
analyze correlations between non-Gaussian variables.
Differences among categorical variables were analyzed
using the Chi-square test. The Mann—Whitney U test
was used to analyze differences between continuous
variables. Statistical analysis was performed using the
Statistical Package for the Social Sciences software
(SPSS 17.0, Chicago, IL).

Results

Age-related changes of the T-lymphocytes subsets -
Forty-four individuals were analyzed and divided in
two groups (<50 and >50 years) according to their
ages. Characteristics of the cohort are summarized in
Table 1. In the elder group, CDS8 absolute counts
showed a significant reduction, whereas CD4 T cells
numbers were similar.

CD4 and CD8 T cells were then isolated and T-
lymphocyte subsets were analyzed, by flow cytom-
etry, as shown in Fig. la. Percentage of effector T
cells (as defined by CD4'CD27 or CD8'CD27") was
higher in the elder group, showing statistical signif-
icance in CD8 T cells (Fig. 1b). The peripheral naive
to memory T cell ratio from elder individuals was
decreased in both, CD4 and CDS8 subsets but, once
again, the contraction was greater in CD8 T cells
(Fig. lc). Decrease in the naive/memory ratio could
be explained by increased percentages of memory T
cells but also by a naive T cell drop. In our cohort,
memory T cells were not increased in elder individ-
uals (data not shown). However, naive T cells showed

Table 1 Characteristics of the cohort

a steep drop with age. As expected after the naive/
memory results, the decrease was higher in the naive
CD8 T cell compartment (Fig. 1d).

Analysis of naive T cells homeostatic parameters
Results showed a strong age-related naive T cell drop
in both, CD8 (Fig. 2a) and CD4 (Electronic supple-
mentary Figure Sla) T cell subsets. Despite the T cell
number decrease, [L-7 plasmatic concentrations were
similar in both groups (15.7 pg/mL IQR[11.7-19.3]
vs. 14.0 pg/mL IQR[10.8—-18.1] p=0.434, Mann—
Whitney U test). IL-7 provides survival signals on
naive T cells but animal models showed that, when
IL-7-derived signal is stronger, this could lead to
activation and proliferation of naive T cells (Takada
and Jameson, 2009). Thus, we analyzed whether the
drop in naive T cell numbers without IL-7 levels
reduction could alter their homeostatic parameters.

In order to check the homeostatic parameters of the
naive T cell subset we analyzed activation
(CD38"HLADR"), proliferating (Ki67") and replica-
tive senescent (CD57") naive T cell levels in both age
groups. We found higher levels of activation, CD57
expression and proliferating naive CD8 T cells in the
elder group (Fig. 2b—d). Percentage of peripheral
naive CD8 T cells were directly correlated with the
percentage of DP thymocytes (Fig. 4b) but showed
inverse correlations with percentages of activation,
Ki67 and CDS57 expression. In addition, statistical
significant relationships were found between all the
homeostatic parameters (Table 2).

A similar, but weaker, age-related rise was found at
the CD4 compartment. Both, levels of activation and
CDS57 expression, were significantly higher at the

Total <50 years >50 years P

Number of patients 44 16 28

Age (years)® 44.0 (31.7-64.0) 32.8 (28.1-42.1) 69.1 (61.0-74.6) <0.001
Sex (% males) 26/44 (59.1) 9/16 (56.3) 17/28 (60.7) 0.509
CMV (% positive) 39/44 (86.6) 12/16 (75) 27/28 (96.4) 0.051°
Lymphocytes (cells/mm3)* 1,456 (1,152-1,805) 1,891 (1,344-2,109) 1,391 (1,016-1,630) 0.013
CD4 (cells/mm3)? 698 (571-844) 699 (642-941) 694 (504-833) 0.197
CD8 (cells/mm3)? 345 (240-504) 507 (342-588) 288 (220-430) 0.001

#Median (IQR)
® Chi-square test
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Fig. 1 a Representative flow cytometry strategy used to discrim-
inate T cell subsets. CD8" or CD4" isolated cells were selected by
their forward and side scatter profile. Phenotypes were determined
as follows: effector T cells as CD45RA™ CD27 ; memory T cells

elder group while proliferating naive CD4 T cell
levels remained unaltered (Electronic supplementary
Figure S1b). Correlations between the percentage of
naive T cells and both, percentage of DP or activation
levels, were lost. However, a decrease of the naive T
cell numbers was significantly associated with an
increase in proliferation and replicative senescence
levels. In addition, higher naive CD4 T cell prolifer-
ating levels were associated with higher CD57
expression (Electronic supplementary Table S1).
These results suggest a failure of the naive T cell
homeostasis, with a different regulation of the naive
CD4 and CDS8 T cell compartments, with a greater
deregulation of the naive CD8 T cells.

Homeostatic defects on naive T cells Aberrant and
sustained activation and proliferation rates lead to
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as CD45RO'CD27" and naive T cells as CD45RACD27".
Differences among the age groups in the b effector subsets, ¢
naive to memory peripheral T cell ratio, and d naive subsets were
then analyzed in both, CD8" and CD4" T cells

immunosenescence defects on highly differentiated
effector T cells. Analyzing the naive CD8 T cell
compartment we have found that abnormal activation
and proliferation rates are associated with higher
CD57 expression, a replicative senescence marker
(Fig. 2d and Table 2). To determine their replicative
history, DNA extracted from cell-sorter isolated
CDS8'CD45RA'CD27" naive T cells (Fig. 3a) was
analyzed to determine sjTREC counts and telomere
length. As shown in Fig. 3b, both sjTREC numbers
per naive T cell and telomere length were significantly
reduced in the elder group. Diminished sjTREC
numbers are an indirect measure of proliferation,
since telomere length also indicates replicative senes-
cence. In addition, higher proliferation rates were
associated with shorter telomere length (Fig. 3c); all
results suggesting that defects are due to proliferation
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Fig. 2 a Age-related drop of naive CD8 T cells. Differences in
percentages of b activation (CD38"HLADR' expressing T
cells); ¢ proliferation (Ki67" expressing T cells) and d

in phenotipically naive T cells. Moreover, analyzing
the relationship between shortened telomere lengths
(a replicative defect) and the percentage of naive CD8
T cells we found that both parameters were closed
related (Fig. 3d).

When analyzing the naive CD4 T cell subset,
telomere length did not show a significant correla-
tion with proliferation levels (data not shown).
However, we also found low sjTREC numbers
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replicative senescence (CD57" expressing T cells) naive CD8
T cells among the age groups

and shortened telomere length in CD4 naive T cells
from elder individuals (Electronic supplementary
Figure Slc). In addition, percentage of peripheral
naive CD4 T cells showed an association with the
telomere length, but it was weaker than the associ-
ation found in the CDS8 subset (Electronic supple-
mentary Figure S1d). Taken together, these results
suggest that higher activation and proliferation rates
shown in elderly naive T cells could affect both,

Table 2 Relationships between homeostatic parameters and the naive CD8" T cell subset

% DP % CD38"HLADR" expression % Ki67" expression % CD57" expression
% CD45RA'CD27" r=0.511 r=-0.485 r=-0.720 r=—0.827
Naive T cells p=0.001 p=0.001 »<0.001 p<0.001
% CD38"HLADR" expression NS - r=0.548 r=0.476
p=0.001 p=0.002
% Ki67" expression NS - - r=0.635
»<0.001

p=Spearman's test

NS non-significant association
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Fig. 3 a Representative flow cytometry plot before (leff) and
after (right) cell sorting. Cells were selected from the CD4 " or
CD8" gate and then analyzed for their CD45RA and CD27
expression. High purity cell sorting (right) was routinely
obtained. b sj-TREC levels per naive CD8" T cell (grey circles)

phenotype (by increasing CD57 expression) and
replicative history (as showed by decreased sjTREC
numbers and smaller telomere length) thus, probably
affecting their functionality.

Age-related thymic alterations on CD8 T cell produc-
tion Naive CD8 T cell subset showed a greater age-
related reduction than CD4 T cells (Fig. 1d). As
previously showed (Ferrando-Martinez et al. 2009)
elderly individuals show a wide range of thymic
functionality that directly affects the naive T cell pool.
Percentages of DP thymocytes were analyzed as
thymic function gold standard and a representative
flow cytometry example is shown as Fig. 4a. Consis-
tent with our results, Fig. 4b shows the relationship
between the percentages of naive CDS8 T cells and DP
thymocytes. Interestingly, naive CD4 T cell levels,
which were better preserved, did not show a relation-
ship with the percentage of DP thymocytes (Electron-
ic supplementary Table S1).
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and Relative naive CD8" T cell Telomere Length differences
(black circles) among the age groups. ¢ Relationship between
proliferation rates and telomere lengths in naive CD8" T cells. d
Relationship between peripheral percentages of naive CD8" T
cells and their Relative Telomere Length

A quantitative reduction of RTEs, without any other
change in the thymocyte distribution, would lead to a
similar reduction in both, CD8 and CD4 naive T cells.
To analyze whether differences on thymic production
could affect peripheral dynamics we evaluated thy-
mocyte distribution in elder individuals. Percentage of
DP thymocytes from our old group showed an age-
related reduction (r=—0.601 p=0.002), in agreement
with the physiologic thymic failure. A strong rela-
tionship was found between the CD4/CDS ratio from
thymic tissue and the percentage of DP thymocytes
(Fig. 4c). Interestingly, all subjects with a very low
thymic function, as defined by percentage of DP less
than 10%, showed CD4/CDS ratios higher than two.
However, individuals with intermediate thymic func-
tion (percentage of DP between 10% and 40%) also
had intermediate CD4/CDS8 ratios, while higher
thymic function (as defined by percentage of DP
higher than 40%) showed lower ratios, with similar
CD4 and CD8 T cell production. These results
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Fig. 4 a Representative flow cytometry plots showing
CD4°CD8" double positive thymocyte staining for high (leff)
and low (right) thymic function. b Relationship between
percentage of peripheral naive CD8" T cells and percentages

suggest that elderly thymic output could be biased to
CD4 production.

Discussion

Results of this study show an age-related homeostatic
deregulation of the naive T cell compartment. The
age-related loss of thymic function leads to decreased
naive T cell numbers that are related to higher
activation and proliferation rates (mainly in the CDS§
T cell compartment) in elderly subjects. Consistent
with greater proliferative history, naive T cells from
elderly subjects have less sjTREC numbers and
shorter telomere lengths. Notably, downsized telo-
mere length (also considered a replicative senescence-
related marker) correlates with both, higher prolifer-
ation rates and lower percentages of naive CD8" T
cells. Naive CD4" T cells, with better preserved
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of double positive (DP) thymocytes. ¢ Relationship between
thymic functionality (as measured by percentage of DP
thymocytes) and the intrathymic CD4/CDS8 single positive
thymocytes ratio

numbers in elderly individuals showed, to a lesser
extent, a similar deregulated phenotype.

The great rise of CD8" effector cells could be
explained by the well known accumulation of clonal
populations in elderly people (mostly CMV-specific
effector cells), which are senescent and apoptosis-
resistant (Pawelec et al. 2004). Focusing on naive T
cells, alterations of the naive/memory T cell ratio has
been described in elderly individuals and some
immune diseases (Hara et al. 2007; Gress and Deeks,
2009). In our cohort, memory T cell numbers did not
show an age-related drop, so this ratio was diminished
mainly because of the naive T cell loss. In spite of
elderly impaired responses to new pathogens, involv-
ing naive rather than effector T cells have been
described, as far as we know, aged naive T cells have
still not been reported.

Naylor et al. (2005) firstly reported an age-related
naive homeostatic alteration by showing the CD4 T
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cell repertoire contraction in very old subjects. This
interesting study reports an abrupt drop of naive CD4
T cell receptor diversity in people over 75 but,
surprisingly, minimal thymic function in 55-year-old
people while we show higher heterogeneity of thymic
function and earlier naive T cell age-related defects.
These differences are probably due to discrepant
thymic function measurements and naive T cell
definitions, since Naylor et al. defined the naive T
cell subset as CD45RA", while an age-related
accumulation of terminally differentiated effector T
cells that express CD45RA has been described
(Czesnikiewicz-Guzik et al. 2008).

In non-human primate models Cicin-Saint et al.
(2007)) showed an age-related homeostatic increase
in both, CD4 and CD8 naive T cell pools. The
increase in proliferation rates were strongly related to
the naive T cell pool contraction in the CDS8 subset.
Moreover, Prelog et al. (2009) recently reported that
young adults thymectomized in their childhood (an
informative group of premature immunosenescence)
showed higher rates of naive CD4 T cell proliferation
that, eventually, leads to diminished sjTREC numbers
at the CD4 naive T cell pool. This study indirectly
showed, for the first time in humans, the potential
relationship between the loss of thymic function and
increased naive turnover rates at the CD4 T cell
subset. However, sjTRECs is now preferentially used
as peripheral proliferation rather than thymic function
measurement (Harris et al. 2005 and Ferrando-
Martinez et al. 2010b). Finally, despite the principal
age-related impairment is showed at the CD8 T cell
subset (Pawelec et al. 2004), human studies are
focused on naive CD4 T cells.

Despite the methodological differences, in agree-
ment with these elegant previous studies, we found
alterations at the naive T cell compartment that are
consistent with antigen-independent homeostatic pro-
liferation, leading to senescence defects. The slight
lymphopenia shown in elderly people reduces self-
MHC contacts, needed for naive homeostasis (Takada
and Jameson, 2009). Besides, IL-7 availability is
maintained, or even increased (Ferrando-Martinez et
al. 2009). Since naive T cell compartment is indepen-
dently regulated, less MHC contacts, and stronger IL-
7-derived survival signals (described as sense of a
naive immune space) allow naive T cells to proliferate
in a similar way as naive T cells transferred to
lymphopenic hosts do (Ernst et al. 1999).

As a consequence of higher proliferation rates,
naive T cells show higher percentages of replicative
senescence markers (CD57), shorter telomeres and
low sj-TREC numbers. Despite CD57 expression
having long been assumed a replicative senescence
marker (Brenchley et al. 2003; Pawelec et al. 2006;
Czesnikiewicz-Guzik et al. 2008), some studies
focusing on chronic infections have reported that
CD57 expression correlates high effector capacities
(Chattopadhyay et al. 2009; Barbour et al. 2009).
Independently of their effector capacities, naive T
cells need high proliferation rates to favor a correct
immune response. Thus, replicative senescent naive T
cells could be considered as non-functional T cells.

Besides, both, low sj-TREC numbers and short
telomere lengths are associated with high proliferation
rates. A recent murine model shows that short
telomeres are enough to induce age-associated
defects, resembling those seen in dyskeratosis con-
genital (Armanios et al. 2009). Thus, results suggest
that replicative senescent naive T cells could be
functionally defective. In this work we used a relative
telomere length (RTL) measurement technique previ-
ously reported (Cawthon 2002). Even if this method
is not as precise as the quantitative ones, we only
wanted to point out differences between two age
groups, and our results are independent of the
absolute length of the telomeric sequences. Therefore
we think that the RTL method is accurate enough for
this purpose.

We proposed a dysfunctional aged thymus that
could be biased to naive CD4 T cell production. If
thymic output is simply reduced, both CD4 and CD8
naive T cells should be identically reduced. However,
the naive CD8 T cell subset is more affected. When
analyzing thymic production, thymi with higher
percentage of DP thymocytes (fully or intermediate
functional thymi) showed a CD4/CD8 single positive
thymocyte ratio between one and two. Low function-
thymi showed intrathymic ratio values twofold higher.
Higher death rates shown by peripheral senescent
CD4 T cells, but apoptotic-resistant clonal peripheral
CD8 T cells, could be affecting thymic production. In
this way, accumulation of elderly senescent T cells,
which reverse the CD4/CDS8 peripheral T cell ratio
(Pawelec et al. 2004), could be forcing a higher CD4
thymic production. However, additional mechanisms
could also be contributing. Since naive CD8 T cells
show a faster turnover rates, a higher naive to
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memory conversion could be expected at the CDS§
subset. In spite of not observing a higher increase of
CD8 memory T cells among the age groups (data not
shown) a faster homeostatic memory conversion
could not be discarded. Another possible explanation
is a higher CD8 naive T cells apoptotic death.
Unfortunately, as a limitation of the study, we do
not dispose of apoptotic rates or PD-1 expression
(Petrovas et al. 2009) from CD4 and/or CD8 T cells to
clarify this hypothesis and further research is neces-
sary to really clarify this point.

Some authors point out that using CD45RA*
CCR7'CD27" complete naive T cell phenotype is
necessary to fully describe this subset. However, due
to technical issues, a two-marker simplified pheno-
type is usually analyzed. Recently, we have reported
that the three-marker phenotype is necessary to
discriminate intermediate or central memory subsets,
but naive T cells are accurately defined by the
phenotype used in this study (CD45RA"CD27")
(Ferrando-Martinez et al. 2010a).

In conclusion, we show an age-related homeostasis
deregulation, leading to accumulation of age-
associated defects on phenotipically naive T cells.
Functionally defective naive T cells, added to greatly
diminished numbers, could be an important cause of
elderly impaired responses to newly encountered
pathogens. However, further in vitro functional
studies are necessary to guarantee that phenotipically
senescent naive T cells show loss of functionality.
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