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Abstract

Ageing has been associated with increased cortisol levels and absolute counts of T lymphocytes with memory phenotype. Although the
mechanisms underlying these changes are still unknown, it has been speculated that this could be related to a dysfunction in FAS/CD95
expression in naive or memory cells. In this study, we investigated the role of psychoneuroendocrine variables in regulating CD95 expression
on lymphocyte subsets. Forty-six elderly subjects (65-91 years) and 33 young adults (20—40 years) were recruited accordingly the SENIEUR
protocol. The psychological status was measured by structured clinical interviews, salivary cortisol was assessed along the day (9, 12 and 22 h)
and peripheral blood lymphocytes were immunophenotyped. The elderly were more stressed, depressed and anxious than the young subjects
Cortisol levels were increased in the elderly, indicating an activation of the hypothalamic—pituitary—adrenal (HPA) axis. We observed reduced
counts of CD45RA-CD95+ cells in the elderly compared to young adults. The elderly subjects also showed a reduced expression of CD3
and CD62L in contrast to increased CD95 expression in CD45RAlls. The emotional state was positively correlated with the lymphocyte
markers. Our data suggest the healthy ageing is associated with psychoneuroendocrine alterations that may be implicated in the regulation of
CD95 expression on peripheral T cells.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction CD8+ cells in old rats iiller et al., 1997%. In addition,
several studies observed a decrease in naive (CD45RA
Ageing has been associated with several dynamic im- with respective increase in memory T cells (CD45R0O
munological alterations which are collectively called im- (Hannet et al., 1992; Gabriel et al., 1998 owever, the
munosenescence. These changes include thymic involutionphysiological mechanisms that regulate the proportion of
impaired humoral responses, intact innate immunity and peripheral naive/memory cells are largely unknown. It
reduced cell-mediated immunityPéwelec et al., 2002 was recently proposed that the accumulation of memory
The latter can be demonstrated by a blunted T-cell prolif- T cells during ageing could be due to increased expres-
eration, altered cytokine production and changes in lym- sion of CD95 (APO1/Fas) in naive cells, augmenting its
phocyte distribution. It has been demonstrated that ageingsensitivity to apoptosisRotestio et al., 1999 CD95 is
is associated with significant changes in peripheral T-cell a member of tumor necrosis factor (TNF) family and its
subsetsRawelec et al., 2002In particular, it was observed ligand (CD95L) is found on activated T cellsldgata and
a relative decrease in peripheral Gb4ells compared to  Golstein, 1995 The CD95-CD95L binding seems to play
an important role in maintaining the cellular homeostasis
mspondmg author. Tels55-51-33203000x2725: _of the immL_me system and may contribute to stress-related
fax: +55-51-33203312. immunological changesY{n et al., 200Q. However, the
E-mail addressmebauer@pucrs.br (M.E. Bauer). role of the psychoneuroendocrine factors in regulating Fas
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expression on lymphocytes during ageing remains to be glucocorticoid treatmentMunck et al., 198% Overall,

determined. these studies suggest that endocrinosenescence may be kept
The clinical consequences of immunosenescence includein close relationship with the immunosenescence.

increased susceptibility to infectious diseases, neoplasias Despite the evidence suggesting a close communication

and autoimmune diseasesastle, 200 However, this al- between the neuroendocrine and immune systems, there

tered morbidity is not evenly distributed and must, therefore, have been few studies in this fiel&tfaub et al., 2000;

be influenced by other immune-modulating factors. For in- Martinez-Taboada et al., 20p2Ne have recently demon-

stance, we have recently demonstrated that healthy elderlystrated that strictly healthy ageing was associ-ated with

individuals who experience chronic stress exhibited poorer significant psychoneuroendocrine activation in parallel with

non-specific T-cell functionRauer et al., 2000 These data  no changes in pro-inflammatory cytokine productiduiz

led us to consider that other factors may potentially con- et al., 2003. In this study, we further describe this elderly

tribute to the heterogeneity of these changes, including thecohort investigating whether age-related psychological and

psychological and endocrine systems. There-fore, the underneuroendocrine alterations were implicated with changes in

standing of the interplay between the immune, endocrine anddistribution of peripheral blood lymphocytes. In particular,

nervous systems in the elderly is of paramount importance. we have immunophenotyped peripheral T-cell subsets and
Healthy ageing has been associated with several psy-investigated the role of psychoneuroendocrine factors in

chological and behavioural changes, including difficulty to regulating the expression of CD95 on lymphocyte subsets.

concentrate progressive cognitive impairments and sleep

disturbancesSalzman and Shader, 197&Ilthough indi-

vidually identified, these alterations may be associated with 2. Materials and methods

mood disorders, including clinical depression. However,

there are several discrepancies as regards to whether ageing.1. Subjects

is associated with a higher incidence of depressiomgt

and Angst, 199b For instance, this could be related to Forty-six non-institutionalised healthy elderly (31 fe-

problems in diagnosing depression and may thus explainmales, 15 males), aged from 65 to 91 years (mean age

why some studies have reported a reduced prevalence of72.0 + 8.5 years), were recruited from an existing database

major depression in the elderly. In addition to being asso- of 1118 socially active elderly subjects who had previously

ciated with other medical disorders observed in the elderly participated in research at the Institute of Geriatrics and

(Krishnan et al., 2002 major depression is also known to Gerontology (PUCRS). All subjects were recruited from lo-

dampen cell-mediated immunitBéuer et al., 1996 There- cal community centres and registered at the Office for Social
fore, psychological factors must be considered as importantCare in Gravata(RS). This elderly population corresponded
risk factors for the immunosenescence. both ethically and socio-economically to the general popu-

The endocrine system also undergoes important changedation of our state (RS). All subjects took part in the GEN-
during ageing. Endocrinosenescence is particularly demon-ESIS Program for the study on the genetic—environmental
strated by a substantial decline in several hormones (e.g.interactions on human ageing. Thirty-three healthy young
growth hormone, dehydroepiandrosterone, testosteroneadults (18 females, 15 males), aged from 20 to 40 years
progesterone and aldosterone) in contrast to an increas€mean age 24 + 6.7 years), also took part in this study
of some adrenal hormoneSttaub et al., 2000 Regard- and were all students or employees from the PUCRS.
ing the latter, there is some evidence suggesting thatThe female/male ratio did not differ significantly between
ageing is associated with significant activation of the elderly and young subjectg? = 1.35, P = 0.25. Most el-
hypothalamic—pituitary—adrenal (HPA) axisHdlbreich derly (95.6%) and young subjects (81.0%) were Caucasian,
et al., 1984; Van Cauter et al., 1996; Deuschle et al., 1997; x2 = 1.91, P = 0.17. There were no differences regarding
Seeman et al., 2001The HPA axis performs a tight integra-  smoking habits between groupg = 5.51, P = 0.14.
tion among the endocrine, nervous and immune systems. Its  All subjects were recruited accordingly to the SENIEUR
activation results in increased production of glucocorticoids protocol Litghart et al., 198%that defines rigorous criteria
(cortisol in man) and catecholamines that modulate severalfor selecting healthy individuals in immunogerontological
immune responsedunck et al., 198% Increased cortisol  studies. The health conditions were checked accordingly to

levels are also seen in demented patiehMadda et al., accurate clinical investigations and to haematological and
1997 or during stressKirschbaum et al., 1995 or dur- biochemical parameters. The exclusion criteria included:
ing stress Kirschbaum et al., 1995; Bauer et al., 200h infections, acute or chronic inflammation, autoimmune

particular, it was observed that chronically stressed elderly diseases, heart disease, under nourishment, anaemia, leu-
subjects (caregivers of demented patients) had a bluntedcopoenia, clinical depression, caregiving, neurodegenerative
T-cell proliferation in association with increased cortisol disease, neoplasias and use of hormones (glucocorticoids)
levels Bauer et al., 2000 In addition, several changes and drugs (alcohol, antidepressants, immunosuppressants,
observed in the elderly (such as thymic involution, osteo- anticoagulants). All subjects had normal plasma levels
porosis and lymphopenia) are also seen following chronic of ferritin, folic acid and Vitamin B12 (data not shown),
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confirming there was no nutritional changes that would frozen at—20°C. Salivary cortisol samples were then anal-

influence the immunological assessments. ysed by radioimmunoassays (RIA, DPC Medlab, Séo Paulo,
Brazil). The sensitivity of these assays was estimated in
2.2. Experimental protocol 0.1 nM/I. The intra- and inter-assay coefficients of variation

were less than 10%. Results from each of the sampling
Subjects reported to the laboratory between 07:00 andtimes were expressed in nM/I.

08:00 h and were promptly examined by a geriatrician. After
the clinical examination, subjects were asked to collect the 2.5. Collection of peripheral blood and
fist saliva sample (9 a.m.) and blood was immediately drawn haematological analyses
for the immune measures. Psychological assessments were
performed by a trained investigator (below). Before leaving  Two millilitres of peripheral blood was collected by
the laboratory, subjects were asked to collect the secondvenepuncture in the morning (between 9 and 10a.m.) and
saliva sample (12p.m.) and were instructed to collect the samples stored into lithium vacutainers prior to analyses.
third sample (10p.m.) at home. The latter was kept in the All samples were analysed within 4 h after collection. Full
fridge and returned to lab within a week. The study protocol blood counts were requested to further check the health sta-
was approved by the ethics committee (Pontifical Catholic tus of the subjects (e.g., leukocytosis, leucopenia, anaemia,
University of Rio Grande do Sul, PUCRS, Porto Alegre, etc.). One ml of peripheral blood was sent to haematology
Brazil) and written informed consent was obtained from all laboratories at Hospital So Lucas and samples were anal-
subjects. ysed within 4h after collection using automated standard

FACS analysis.
2.3. Psychological evaluation

2.6. Immunophenotyping

The psychological status was assessed by means of

structured clinical interviews and performed by a trained
investigator Luz et al., 2003 Depression was evaluated by
a Geriatric Depression Scal¥gsavage et al., 1982wvith
cut-off point higher than five for the presence of depression
symptoms $hua-Haim et al., 20Q1Anxiety was assessed
by the Hamilton Anxiety Scale (HAM-A) with cut-off point
higher than 20 for the presence of anxid#amMmilton, 1967.

Red cells were lysed by adding N8I (14:1) for 6 min at
room temperature. The cells were then washed, (2anks,
Sigma), resuspended in phosphate buffered saline (PBS).
For two-colour staining, fluorescein (FITC) labelled mon-
oclonal antibody and phycoerythrin (PE) labelled antibody
were added to 12mm 75 mm test tubes. Aliquots of the
cell preparations were added to each tube. This mixture was

Moreover svmptoms of stress were monitored by the “In- then incubated in the dark in an ice bath for 30 min. Af-
; Symp y ter incubation, cells were washed with cold PBS and fixed

\éeunet\?g;fBg)isﬁhissy?gfﬁﬁ;ﬂrdésLgts uggrisuﬁfs?ca;% del by the adding 1% formaldehyde. All cells were stained and
X q P fixed within 4 h. The samples were stored in the dark in an

for the study of stress that was based on Selye’s model of. : :
stress Helye, 193h The Kuder—Richardson reliability co- ice bath, and promptly analysed using a FACScalibur (BD

S : Pharmingen, San Diego, USA). A minimum of 10,000 lym-
gfflClents for these scale.s were higher than 0.90. The ISSLphocytes, gated by size (FSC) and granularity (SSC), were
is composed of four sections corresponding to the following

) X . . analysed using the CellQuest software (BD Pharmingen).
stress phases: alarm, adaptation, quasi exhaustion and “XFhe cut-off for positive fluorescence was set to includéb
haustion. The symptoms listed _in the scale are specific for of negative control mouse IgG conjugates (BD Pharmingen).
g??r?r::?jsif?e?;r?ttr:; Sgie-;hreelzl Ctggntg \;\r/]aes dpuiggge(i ?gsinean%ompensation levels were adjusted with two paired mAbs
24h, 02 — last week and)3 — last month) and intensity and checked regularly. Absolute counts for the lymphocyte
' subsets were calculated from lymphocyte counts (i.e. full

of stre;s symptoms. Thg sum of all physical as W?" as PSY" hio0d counts) and the proportion of antibody positive events
chological symptoms within each stage resulted in a score ;
from the FACS analysis.

that is related to the presence of stress accordingly to the Two-colour enumeration of peripheral lymphocyte sub-

following criteria: 01 > 6 or 02 > 3 or 03 > 8. sets were performed using the following panel of labelled
monoclonal antibodies (all from BD Pharmingen): isotype
controls (IgG1-FITC and IgG1-PE), anti-CD45RA-FITC,

anti-CD45R0O-FITC, anti-CD95-PE (Fas), anti-CD3-FITC,

anti-CD4-PE, anti-CD8-PE and anti CD62L-FITC

(L-selectin).

2.4. Collection of salivary samples and
cortisol measurements

Salivary cortisol levels were assessed as an objective
marker of the HPA axis functiorKirschbaum et al., 1995;
Luz et al., 2003 Participants were asked to collect three 2 7 statistical analysis
saliva samples with the help of cotton rolls over the course
of the experimental day at 9a.m., 12 p.m. and 10 p.m. Upon  All variables were tested for normality of distribution
arrival in the laboratory, the samples were centrifuged and by means of the Kolmogorov—Smirnov test. Cortisol data
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were log transformed to normalise the distribution. The in- Table 2 '
dependence of classification systems was checked througrpalivary cortisol levels

analysis of contingencef test). Differences between vari-  Free cortisol (h) Youngr( = 33) Elderly f = 46)
ables were assgssgd by mdep_endét&stg (psychological 993+ 129 13.82+ 156
data) and multivariate analysis of variance (MANOVA; 1, 575+ 0.86 795+ 0.87
immune data). Differences between psychological scores22 2.26+ 0.42 4.45+ 0.48

across various age groups were assessed by ANOVA. The
cortisol levels were analysed as two (group)hree (time

points) repeated measures ANOVA. Multiple comparisons 3 o Changes in peripheral blood lymphocyte subsets
among group mean differences were checked with Bon-

ferroni post hoc test. All the variables that were found Haematological analyses revealed no changes between
to be statistically associated with immunological indexes healthy elderly and young adult§gble 3. Freshly isolated
were evaluated by stepwise multiple regression analysis,nole-plood lymphocytes were then immunophenotyped
(P < 0.05 to enter in the model) in order to assess their 5. some cogent T-cell marker&ig. 1 shows represen-
independent relationships. Collinearity diagnostics were 4iive FACS profiles of double marked cells. MANOVA
performed with all the dependent variables entered in the .o ealed that the absolute numbers of QD4+ and
model. Thus, the predictors analysed were not confoundedCD3+CD8+ cells did not differ between elderly and

in this _study. The significance It_ev<_—:-l was seteat= 0.05 young subjects Rig. 2). However, we observed that
(two-tailed) and a computer statistics package (SPSS 11.04he glderly had significant lower counts of peripheral

USA) was used for statistical analyses in this study. Re- CD45RA+CD95+ cells compared to young subject8 <
sults are expressed as mearS.E.M. in all figures and 0.02).

tables.

* P < 0.05 vs. young subjects.

In addition, the mean fluorescence intensity (MFI) that is
proportional to receptor surface density was measured from
the above determinations. It was observed a reduced expres-

3. Results sion of CD3(P = 0.02) and CD62L(P < 0.05) in lym-
phocytes from elderly compared to young adufsg( 3).

3.1. Ageing is associated with significant distress and In contrast, there was a trend for reduced CD8 expression

activation of the HPA axis (P = 0.08) and higher expression of CD45R@ = 0.05)

. . in lymphocytes of the elderly. We then evaluated the expres-
We have previously demonstrated that this healthy elderly sjon of CD95 on CD45RA/R® cells. In particular, it was
population was significantly distressddlg et al., 2003 In observed that only CD45RA cells of the elderly presented

particular, it was observed that elders were more depresseth jncreased expression of Fasi#%) compared to young
(P = 0.009, anxious(P = 0.001) and stressedP < subjects(P = 0.0007) (Fig. 3).

0.001) than young adultsT@able ). In parallel to psycholog-

ical distressed, significant changes in salivary cortisol levels 3 3. psychoneuroimmunologic interactions

were also notedf(2, 10488) = 15504, P < 0.0001. Post  qyring healthy ageing

hoc analyses revealed that cortisol levels different signifi-

cantly between the three sampling timésx 0.0001. Cor- We explored the complex relationships of the psychoneu-
tisol peaked in the moming and presented a nadir at night, rpendocrine and immunological variables in this study. To
with a regular circadian pattern for both groups. Interest- expjore what characteristics were predictive of immunolog-
ingly, cortisol levels were significantly elevated at all time jcg| variables that were found to differ between young and
points evaluated in the elderly compared to young adults g|gerly subjects, stepwise multiple regression analyses were

F(1,71) = 9.06, P = 0.004 (Table 2. conducted using the age, depression, anxiety, stress and
Table 1 Table 3
Psychological assessments The absolute counts<(10° wl~! + SE.) of different types of peripheral
Variables Young 1f = 33) Elderly 6 = 46) blood cells
Cells Young Elderly
Stress Q1) 2.10+ 0.32 4.09+ 0.379*
Stress Q2) 2.654+ 0.50 4,984+ 0.41* Red blood cells 4747.73 91.03 4640.44t 55.52
Stress Q3) 3.77+ 0.67 6.22+ 0.63* Platelets 253.6'& 15.86 210.00+ 10.76
Anxiety 3.29+ 0.59 5.00+ 0.35%* Leukocytes 6.60t 0.42 6.79+ 0.20
Depression 17.94 2.69 29.40+ 1.87 Neutrophils 3.95+ 0.24 3.84+ 0.15
- Monocytes 0.55t+ 0.04 0.58+ 0.03

Striss scoring@1 = last 24 h,QZ = last week andQ3 = last month). Lymphocytes 233t 0.13 2,04+ 0.09

" P <001 vs. young subjects. Eosinophils 0.17+ 0.03 0.27+ 0.04

P < 0.001 vs. young subjects. Basophils 0.03t 0.00 0.03+ 0.00.26

kP < 0.0001 vs. young subjects.
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Fig. 1. Representative FACS profiles. This figure shows the expression of CD95 on both CB4BRACD45RG- cells from male young (25 years,
top) and elderly (68 years, bottom) subjects.

1500 estingly, age and cortisol (12 and 22 h) variables contributed

) Young up to 63% of the variation observed in CD62L expression.

. 12507 ] === FEderly Collinearity diagnostics were performed with all the de-
€ 1000 pendent variables. The condition index reported by each
E specific test was always lower than 7. Thus, the predictors
2 7507 ** analysed were not confounded in this study. Overall, these
& 500 data suggest that both psychological and endocrine factors

250 maybe implicated with the immunosenescence.
O . .
CD4 cD8 CD45RA CD45RO 4. Discussion
CD3 CD95

In this study, we explored the complex interplay of im-

Fig. 2. Absolute counts of T-cell subsets. This figure shows the absolute .
mune, endocrine and nervous systems between healthy

counts of T helper cells (CDBCD4+), T cytotoxic (CD3+CD8+) cells as

well as co-expression of CD95 (Fas) in CD45RAnd CD45RG- cells. elderly and young subjects. In particular, we investigated
Statistically significant differences are indicatéd? < 0.01 vs. young. the role of psychoneuroendocrine factors in regulating the
Data are presented as mearS.E. distribution of peripheral T-cell subsets. We observed that

strictly healthy (SENIEUR) elderly were significantly more
cortisol levels as predictors. Age remained inversely associ-distressed than young adults. In particular, the healthy el-
ated to absolute CD45RACD95+ counts and expression  derly were more depressed, anxious and stressed than young
of CD3 and CD62L Table 4. Stress was found positively  subjects uz et al., 2003 This psychological distress was

associated to CD95 expression on CD45Reells. Inter- associated with higher salivary cortisol levels, indicating
Table 4
Stepwise multiple regression for immunological variables
Dependent variables Predictors Standardised coefficights ( Significance ANOVA E); R2 (%)
CD45RA+CD95+ (n) Age -0.34 0.04 F(1,33) =4.29,P < 0.05; 11.80
CD3 (MFI) Age —-0.42 0.01 F(1,35 =750, P = 0.01; 18.10
CD45RA+CD95+ (MFI) Stress 0.58 <0.0001 F(1,37) = 18.26, P < 0.0001; 33.70
CD62L (MFI) Age —0.66 <0.0001 F(3,32) =16.72, P < 0.0001; 63.40
Cortisol (12 h) —0.70 <0.0001
Cortisol (22 h) -0.59 <0.0001

R2 is the percentage of explained variance. Only significant predictors are given. MFI: mean fluorescence intesmityts.
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Fig. 3. Expression of T-cell markers. Data presented as mean fluorescence int®fiSity- S.E.) that is proportional to receptor surface density.
Statistically significant differences are indicatéd < 0.05 and** P < 0.001 vs. young.

activation of the HPA axisl(uz et al., 2003 Confirm- sadness and tiredness and are more inclined to pretend
ing previous reports, changes in lymphocyte distribution their feelings in order to act more self defensively towards
were noted in the elderly as demonstrated by a significantquestions that may threat their self estee8ndwdon,
drop in CD45RAt cells associated with higher expression 2001).
of CD95 (APO1/FAS) in this subset. In contrast, we also In parallel to psychological changes, we observed that
observed a reduced expression of accessory molecules irhealthy elderly subjects had in-creased salivary cortisol lev-
lymphocytes of the elderly when compared to young con- els throughout the day. These data support previous studies
trols. We demonstrated here that both psychological and (Ferrari et al., 200fland suggest that human ageing is associ-
neuroendocrine (cortisol) factors were correlated in those ated with significant activation of the HPA axis. This particu-
alterations that are known to characterise the immunosenesiar change could be due to some defects in central regulatory
cence process. Although correlation does not prove causalpathways of the axis, including a neuronal loss, especially
relationship, it indicates that this line of evidence should affecting both the hypothalamus and hippocampus, and im-
merit further investigation. plies a reduction in GC receptors and hence an impaired reg-
Ageing is associated with several immune-related diseasesulation of the adrenocortical secretioMdni et al., 198%.
including cardiovascular, infectious and cancer. Therefore, Consequently, the degeneration of the hippocampus may be
to control for age-related diseases that would interfere with responsible for a decreased sensitivity to cortisol and hyper-
our immunological analyses, strictly healthy individuals activation of the HPA axis during ageindgpolsky et al.,
were recruited by means of the SENIEUR prototaighart 1986. However, there are studies in the literature report-
et al., 1984. However, we observed that SENIEUR el- ing that cortisol levels are unchanged during healthy ageing
derly subjects had elevated BMI compared to young adults. (Waltman et al., 1991 These discrepancies could be related
Changes in BMI could be related to both obesity and lack to small sample sizes, heterogeneity of subject populations in
of regular exercise that have been implicated to immunolog- terms of gender distribution, age range, healthy status, differ-
ical changesRedersen and Toft, 2000; Lamas et al., 2002 ences in the analytical methods employed and psychological
However, our elderly cohort did not seem to have nutritional status. As regards to the latter, there is evidence suggesting
changes as they reported significantly higher serum ferritin the stress-related HPA axis activation may produce the very
and folic acid levels compared to young adults (submitted for same neurological changes in the limbic region via the direct
publication). action of cortisol in these areas. Therefore, it becomes diffi-
In this study, we demonstrated that healthy ageing is cult to dissociate these neuroendocrine changes observed in
associated with significant psychological changes. It is the elderly with those induced by psychological stimuli. For
noteworthy to address here, however, that the elderly sub-instance, we have previously demonstrated that chronically
jects investigated in this study were not suffering from stressed elderly subjects had increased salivary cortisol lev-
clinical depression or chronic stress. In fact, all were els compared to non-stressed eldeBg(er et al., 2000 In
non-institutionalised and socially active individuals. The this study, psychological scores were positively correlated
literature regarding age-related psychological changesto cortisol levels(uz et al., 2003 These results are in line
is controversial and others did not find these changeswith previous studies that observed an activation of the HPA
(Nolen-Hoeksema and Ahrens, 200Zhis could be due to  axis during depressiorS{okes, 1995; Lupien et al., 1999
methodological issues, since specific clinical interviews are Taken together, these data suggest that psychological factors
required to assess depression in the elderly. For instancemay be implicated in the HPA axis activation during healthy
most elderly subjects do not clearly declare symptoms of ageing.
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Moreover, we also described here age-related changes irthe increased CD95 expression in CD45RAells may also
T-cell subsets. In accordance to previous studi¢gnfet be due to increased effector cell numbers previously ob-
et al., 1992; Ginaldi et al., 2000; Martinez-Taboada et al., served during human ageingdnni et al., 2008 Overall,
2002; Peres et al., 20D3wve observed that ageing was as- these results indicate that ageing may alter lymphocyte’s
sociated with a significant drop in CD45RA cells. This sensitivity to apoptosis through expression of CD95.
could be due to age-related thymic involutigkspinall and Glucocorticoids may also contribute to the immunophe-
Andrew, 2000, leading to a reduced production of naive notypical changes observed during ageing. It has been
T cells and consequently accumulation of memory T cells. demonstrated that glucocorticoid-induced apoptosis on
However, our findings should be interpreted with caution monocytes is at least partially mediated by the expression of
because CD45RA/RO markers are also expressed by otheboth CD95 and CD95LSchmidt et al., 2001 Another study
cells including effector T cellsHoflich et al., 1998 NK showed that glucocorticoids may either induce T-cell apop-
T cells (Van Der Vliet et al., 200)) B cells and monocytes  tosis in a CD95-independent manner, or protect T cells from
(Barclay et al., 1998 There is also some evidence that NK CD95-mediated apoptosiZipp et al., 200). Furthermore,
cells from healthy adults strongly expressed CD45¥A there is some evidence that psychological stress may regulate
and weakly expressed CD45R@af Der Vliet et al., 200D the proportion of peripheral lymphocytes via the expression
Although some studies reported an age-related increase inof CD95. For instance, it has been demonstrated that chronic
NK cells (Ginaldi et al., 1999; Malaguarnera et al., 2D01 stress may induce lymphocyte apoptosis in midén (
it remains to be investigated whether NKCD45RAPrgt et al., 2000 or in man Oka et al., 199Bvia upregulation
cells are also increased during ageing. However, consider-of CD95. Our results support the concept that age- or
ing that we gated on peripheral lymphocytes in which only stress-related increase in cortisol levels may be preferen-
a small proportion are B cells-6-10%), NK or NK T cells tially altering the expression of CD95 on CD45RAells.
(~5%), we can assume that most cells stained for CD45RA Preliminary data from our laboratory indicate that human
are in fact T cells. Further studies should perform three- or CD45RA+ CD95+ cells are in fact more sensitive to dex-
four-colour flow cytometric analyses in order to circumvent amethasone treatment in vitro (unpublished results).
this problem. A drop in CD45RA cells was also observed The HPA axis is pivotal for the homeostasis of the im-
in strictly selected elderly individuals, occurred indepen- mune system and its dysregulation has been associated with
dently of health or nutritional status/@zari and Lesourd,  several inmune-mediated diseask&Ewen et al., 199/
1998, and may be associated with a poor cell-mediated Thus, chronic HPA axis over-activation, as occurs during
immunity observed in the elderly. In mice, for example, stress, can affect susceptibility to or severity of infectious
the accumulation of memory T cells was associated with a disease through the immunosuppressive effect of the glu-
reduced mitogen-induced lymphocyte proliferatitwerher cocorticoids Glaser et al., 1994; Vedhara et al., 1998
et al., 1989 and may thus possible contribute to a poor in contrast, blunted HPA axis responses are associated with
Vivo immune response against new antigens. enhanced susceptibility to autoimmune inflammatory dis-

The mechanisms underlying the regulation of the periph- ease $ternberg, 2002 It is noteworthy to mention that el-
eral pool of lymphocytes are still largely unknown. It has derly subjects are particularly at risk for both infectious and
been speculated that CD95 (APO1/FAS) may be involved in chronic inflammatory diseases. Therefore, dysregulation of
this process through engagement of apoptosis. In this studythe HPA axis may thus contribute to human immunosenes-
we observed that ageing was associated with increased exeence. We observed in this study that psychological fac-
pression of CD95 in CD45RA cells only. This differen- tors were positively correlated to several peripheral T-cell
tial expression of CD95 may potentially select “putative markers. These data are in line with previous studies that
naive T cells” for apoptosis and could explain peripheral re- found stress-related changes in CD62L expresshutief
ductions in CD45RA- cells. In contrast, another study ob- et al., 2002. These data suggest that stress may be asso-
served that ageing was associated with a reduced expreseiated with changes in cellular distribution, such as redi-
sion of CD95 in CD4 CD45RA+, CD8+ CD45RA+ and rection of lymphocytes to peripheral lymph nodes—since
CD8+ CD45R0+ cells, but not in CD4- CD45R0+ cells, CD62L is necessary for lymphocyte homing to these sec-
suggesting that memory T helper cells may be resistant toondary lymphoid organs. Chronic stregsl(er et al., 2002,
apoptosis Aspinall et al., 1998 The increased expression depressionBauer et al., 2002and anxiety ¥anfro et al.,
of CD95 in CD45RA+ cells may be a compensatory mech- 2000 have consistently been associated with changes in cel-
anism related to lower counts of these cells during age- lular trafficking—in young as well as in elderly populations.
ing. However, current evidence is still controversial. Some Other studies also demonstrated that depression and anxi-
studies reported an age-related decrease in expression oty were related to significantly increase in CD45RAells
CD95 on CD45R@- cells Herndon et al., 199Avhile oth- and reduced CD62L expressia#nfro et al., 200D Data
ers found that ageing increased the expression of CD95produced in this study are partially supported by these find-
on both CD45RG- and CD45RG&- lymphocytes Potestio ings. Although both autonomic nervous system and HPA
etal., 1999. As CD95 (Fas/APO-1) expression on T cellsis axis have been implicated with these changes, increased
a marker for previous antigenic contakiiflich et al., 1998 levels of glucocorticoids are critically involved with these
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changes. In addition, GC treatment in vivo has also been Bauer, M., Vedhara, K., Perks, P., Wilcock, G., Lightman, S., Shanks, N.,
associated with similar changes in cell traffickinga(ier 2(_)00. Chronic stress in caregi\_/(_er_s of dementia pat?ents is assot_:iated
et al., 2003, including lymphopenia, neutrophilia and re- vr:/]llt;(:;adlu(;:gedSIi/_rgzhocyte sensitivity to glucocorticoids. J. Neuroim-
duced CD4/CD8 ratio. These changes have also been aSpayer, M., Pap,adopoulos, A., Poon, L., Perks, P, Lightman, S., Checkley,
cribed to immunosenescence. Therefore, changes produced s, shanks, N., 2002. Dexamethasone-induced effects on lymphocyte
by emotional distress, GC treatment and ageing are indeed distribution and expression of adhesion molecules in treatment resistant
very similar. However, our data cannot be directly compared  major depression. Psychiatry Res. 113, 1-15. _
with previous studies because (a) the elderly subjects in- Casé'f’ SI(? 2089' %'i”";‘;'ere;%"sance of age-related immune dysfunction.
vestig.ated in this _study were not sufferi_ng from qlinical de- Deus(':?]'l; (:ACt G';'thar’dt’ u_ ’ S(.:hweiger, U.. Weber, B., Komer, A.,
pression or chronic stress and (b) previous studies have Not  schmider, J., Standhardt, H., Lammers, C., Heuser, I., 1997. With
assessed the impact of emotional variables on peripheral T  aging in humans the activity of the hypothalamus—pituitary—adrenal
cell subsets of SENIEUR elders. We believe the emotional system increases and its amplitude flattens. Life Sci. 61, 2239-2246.
alterations reported here are inherent of healthy ageing andEmnst, C., Angst, J., 1995. Depression in old age. Is there a real decrease
there are probably no “happy" healthy aged individuals to g;g:ez\ga;ence? A review. Eur. Arch. Psychiatry Clin. Neurosci. 245,
be compared to. Ferrari, E., Casarotti, D., Muzzoni, B., Albertelli, N., Cravello, L., Fiora-

In summary, we demonstrated in this study that healthy  vanti, M., Solerte, S.B., Magri, F., 2001. Age-related changes of the
ageing is associated with significant psychological, en-  adrenal secretory pattern: possible role in pathological brain aging.
docrine and immunological changes. Furthermore, we  Brain Res. Rev. 37, 294-300.
suggested that there are complex psychoneuroendocrin&ab”e" H., Schmitt, B., Kiqdermapn, W, 1993. Age-related increase of
. . . . h . CD45RO0¢+ lymphocytes in physically active adults. Eur. J. Immunol.
interactions involved with the regulation of the peripheral 23, 2704-2706.
pool of lymphocytes. Additional research is necessary t0 ginaldi, L., De Martinis, M., D'Ostilio, A., Loreto, M., Quaglino, D.,
further explore these interactions in both healthy and patho-  1999. Immunological changes in the elderly. Aging Clin. Exp. Res.
logical ageing. A better understanding of the physiological 11, 281-286.
interplay of the immune, endocrine and nervous systems Ginaldi, L., De Martinis, M., Mo_desti, M., Loreto, F., Corsi, M., anglino,
may help to define new therapeutic strategies to modulate - 2000- Immun-phenotypical changes of T lymphocytes in the el-

he i d h i f health derly. Gerontol. 46, 242-248.
the immunosenescence and promote the quality of healt Glaser, R., Pearl, D., Kiecolt-Glaser, J., Malarkey, K., 1994. Plasma

during ageing. cortisol levels and reactivation of latent Epstein-Barr virus in response
to examination stress. Psychoneuroendocrinology 19, 765-772.
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