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Abstract

Background: The progressive decline in the immune function during ageing is termed immunosenescence.
Previous studies have reported differences between males and females in the distribution and cell responses of
lymphocyte subsets. Most studies of immunosenescence have been done in populations of industrialized countries
living in a rather cold environment, and facing lower antigenic challenges such as Cytomegalovirus (CMV). The aim
of this study was to determine the effect of ageing on lymphocytes in a population with a high prevalence of CMV

differentiated T cells.

infection in all ages, and to compare gender differences related to the immunosenescence markers.

Results: Different populations of peripheral blood leukocytes from healthy young and old IgG-CMV seropositive
individuals were examined using flow cytometry. With age, the number and frequency of B cells and T cells
significantly decreased, while highly differentiated T cells increased. Such changes were different in males and
females. The age-associated decline of less differentiated lymphocyte subsets (CD19, CD4 and CD8 cells) and the
increase of highly differentiated T cells were more prominent in females. In males, there were no significant
changes in CD19, CD4 and CD8 subsets but there was a significant increase in the proportion of highly

Conclusion: Shifts in lymphocyte subsets distribution were influenced by age and gender in an IgG-CMV
seropositive population. These results suggest different patterns of immunosenescence in respect to gender
differences. These patterns could have implications in the design of immunotherapy in the elderly.

Introduction

The function of the immune system declines with age
leading to increased susceptibility to infectious diseases,
cancer and poor response to vaccination [1,2]. This decline
is termed “Immunosenescence” [3].

Immunosenescence is related to thymus involution,
reduction in the generation of naive T-cell populations,
changes in the peripheral T lymphocyte compartments
and reduced functional immune competence. The nature
of these changes is associated with exposure to environ-
mental challenges, such as stress and pathogens [4].

Age-associated changes in lymphocyte subpopulations
have been documented in diverse contexts. The Swedish
octogenarian study (OCTO-immune), showed an increa-
sing number of individuals with CD4:CD8 ratio less than
1, driven by the decrease in CD4 T cell subsets and/or
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expansion of CD8 T cells. The increase in CD8 and its
relationship with cytomegalovirus (CMV) infection suggest
that the infection with this virus might be a contributor to
this significant expansion of CD8 T cells [5].

In Britain, Akbar and coworkers identified the progres-
sive stages in T cell differentiation by sequential changes
in the expression of surface markers, such as CD45RA,
CD28, CD27, and CCR7 [6]. The proportion of most
differentiated T cells in both CD4+ and CD8+ populations,
were designated as CD28-, CD27-, CCR7- by another
group in France [7].

Age-related changes in CD4 T cells have been less docu-
mented than in CD8 cells. However, there is also evidence
of an increase of CD45RA+CD27-CD4+ T cells in older
subjects [8], especially in CMV-infected subjects. These
cells are mostly CMV-specific, but there is also an increase
in effector CD4+ T cells that are specific for other viruses,
i.e. EBV, HSV, and VZV [8].
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One of the fundamental manifestations of immuno-
senescence is a steady decrease of functional thymus
tissue which begins after birth, accelerates with puberty
and is almost completed by the age of 50 [9,10]. A
dramatic decline in peripheral naive T cells in both,
CD4+ and CD8+ subsets, have been observed in elder
people [11]. The kinetics of thymus involution could be
related to the genetic background of human populations
and is also influenced by sex hormones, such as estrogen
and testosterone. The thymus made fewer new cells with
age in both sexes, but women still had higher levels of
new T cells than men of the same age [12]. Epidemio-
logical differences between sexes (such as weight, life-
style, smoking, and medication) could also account for
differences observed [13].

Recent studies in healthy humans considered the
differences in immunosenescence between males and
females [14,15].

Additionally, immunosenescence is at least partially
driven by the chronic antigenic load, which is obviously
different in diverse environments. These facts support
the hypothesis that the kinetics of immunosenescence
could be different in each country and therefore should
be characterized in every specific context as part of the
information needed for a scientifically based public health
policy, especially in countries with aged populations.

Most studies attempting to assess immunosenescence
have focused on a single population, mostly “WEIRD”
(ie Western, educated, industrialized, rich, democratic).
These are not necessarily representative of the majority
of the world’s population [16]. There is a scarcity of data
about immunosenescence in developing countries and
tropical climate.

This article presents findings from a Cuban population
study aimed to investigate the effect of age and gender
on lymphocyte populations in healthy humans. More-
over, Cuba could become a kind of natural experiment
providing one of the rare situations in which long life
expectancy, low infant mortality and intensive vaccina-
tion coverage, typical of northern wealthy populations,
are coincident with the high antigenic load of a tropical
environment.

Results

Prevalence of CMV-IgG seropositivity

CMV-IgG seropositivity was determined in all indivi-
duals (n=112). The overall prevalence of seropositive
individuals was 90.1% ( n=101). Antibodies against CMV
were found in more than 90% of old individuals no mat-
ter the gender. However in younger ages, there was a
higher frequency of seropositive in males (93.3%) than in
females (73.6%), although statistical significance was not
achieved (Fisher test, p>0.05).
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Eleven subjects (8 females and 3 males) distributed
within both age groups, were CMV-IgG seronegatives.
As a consequence of their low prevalence in each age/
gender group, it was not possible to establish compari-
sons between seronegative and seropositive individuals
in each group. In consequence, they were omitted in the
subsequent analysis.

Significant decline of total lymphocyte counts with age in
CMV seropositive Cubans is driven by the female group
There was a significant decline with age of the total
lymphocyte counts in CMV seropositive individuals for
the whole population. However, this decline was signifi-
cant only for females (Figure 1), showing higher lympho-
cyte counts in younger ages than the young males (Man
Whitney test, p<0.05). In contrast, males had the lympho-
cyte counts practically constant at all ages.

When lymphocytes were further subdivided into B cells
(CD19+) and T cells (CD4+ and CD8+), the decline in
lymphocyte counts with age was evident only in CD4+
and CD19+ subgroups (Figure 2A). Significant decline in
counts of each subset with age were observed only in
females (Figure 2B). In fact, females displayed higher
counts of T and B cells than males in young ages, being
significant for B cells (Mann Whitney test p<0.05).
Conversely, in old ages males had higher quantities of
CD8 T cells than females (Figura 2C). The counterbal-
ance between genders justifies the no variation in CD8T
cell counts with age.

No changes in the ratio of CD4+:CD8+ T cells with
age were observed in the CMV seropositive individuals
included in the previous analysis. None of the seronega-
tive individuals showed inversion in the CD4+:CD8+
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Figure 1 Distribution of lymphocytes counts from CMV-IgG
seropositive individuals. The linear regression results for males
(blue line, n=53) and female (red line, n=47), the corresponding p
values are shown on the graphs nearby each regression line, p<0.05

indicates statistical differences.
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Figure 2 Absolute counts of B and T cells subsets in healthy Cuban subjects. A) CD4, CD8 and CD19 lymphocytes distribution by ages. The
cell markers that PBL were stained for are represented on the Y axis in different colors. The linear regression results for CD19+ (green line, n=94,
CD8+ (blue line, n=99) and CD4+ cells (red line, n=94) and the p values are shown on the graphs nearby each regression line, p<0.05 indicates
statistical differences. B) Absolute counts of CD4, CD8 and CD19 lymphocytes subsets by gender and group of age, significant differences
between young (dark gray) and aged individuals (light gray) in each case are labeled. C) Differences between males (dark gray) and females
(light gray) by age groups. (*) indicate significant differences by Mann Whitney test (p<0.05).

ratio. Within seropositive ones there was a low fre-
quency of inversion (8.9%, n=9). A higher prevalence of

— all
an inverted CD4+:CD8+ ratio was found in the aged —— females
group (10.9% vs 3.6% in the youngest) and the highest 1009 males

frequency was observed in elder males. However, no
significant differences were found applying a Fisher test.

Significant increase in the proportion of activated and
differentiated CD8 T cells with age
The proportion of activated CD8+ T cells increased with
age, but this increase was significant only in males
(Figure 3).

Moreover, the proportion of differentiated CD8+ T
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males. In contrast, women kept the proportions of CD8+
CD57+ and CD8+CD28- T cells nearly constant at all ages.

Variation of terminally differentiated CD45RA+ CD28- T
cells with age and gender

The expression of CD45 together with the loss of CD28
is a marker of terminally differentiated T lymphocytes

CD8+CD57+ (%)

Figure 3 Frequency distribution of CD57+ cells within total
CD8+ T cells. The cell markers that PBL were stained for are shown
on the Y axis. The linear regression results are represented in
different colors for all individuals (black line, n=94), males (blue line,
n=52) and females (red line, n=42). The p values for all individuals
are shown on the graphs nearby the regression line, p<0.05
indicates statistical differences.
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Figure 4 Frequency distribution of CD28- cells within total CD8+
T cells. The cell markers that PBL were stained for are shown on

the Y axis. The linear regression results are represented in different
colors for all individuals (black line, n=88), males (blue line, n=48)

and females (red line, n= 40). The p values for all individuals are
shown on the graphs nearby the regression line, p<0.05 indicates
statistical differences..

[17]. The proportion of this population in CD4+T cells
increased with age both in males and females (Figure 5A).
For CD8+ T cells this increase in terminally differentiated
cells with age was significant only in females (Figure 5B).

Cuban males showed a higher proportion of terminally
differentiated T cells than females since youth ages. In
fact, young males displayed higher frequencies of
CD45RA+CD28- T cells than young females within both
CD4+ (p=0.063) and CD8+ (p=0.015) T cell subsets
(Mann Whitney test p<0.05). However in elder popula-
tions, significant differences (p=0.027) were found only
within CD8+ T lymphocytes. Indeed, elder males had a
higher frequency of CD8+CD45RA+CD28- than elder
females (Figure 5C).

Discussion

Changes in cells of the immune system related to age
have been the subject of many studies in the last two
decades [18-22].Most published studies document a
decrease in the number and proportion of naive CD8 T
cells in aged individuals together with a reciprocal
increase in memory CD8 T cells [4,23]. These facts have
been frequently associated to a seropositive response to
CMV [24]. There are also recent data showing a decline
in peripheral naive CD4 T cells number with age [11]
and a recent study showed that CMV infection signifi-
cantly increases the proportion of effector memory-like
CD4+ T cells in elder humans [8].

Another study of 1,468 community-dwelling elderly
Latinos, showed that increasing CMV IgG antibody
titers were associated with the overall cause of mortality
even after adjusting for various covariates such as age,
gender, education, and baseline health conditions [25].
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The CMV persistent infection has been considered as
one of the major drivers of immunosenescence [26] and
such study also contributes to the growing evidence that
CMV immune response is related to the deleterious
processes involved in aging.

The hallmarks of immunosenescence would be
affected by the history of the individual’s exposure to
pathogens [16]. The Cuban population could be a
particular case worth to study, where exceptionally the
high antigenic load typical of a developing country in
the tropical belt is coincident with low infant mortality,
high life expectancy [27] and an aged demographic pyra-
mid [28], as a consequence of social interventions.

The high prevalence of CMV infection in tropical
countries has been attributed to several sociocultural
behaviors that may predispose to increased transmission
of human CMYV in early ages of life [29]. A high preva-
lence of seropositivity to cytomegalovirus in Cubans,
after hemodialysis, HIV infection and renal transplants
has been previously described [30-32]. The present study
is the first one to evaluate the immunosenescence
markers in Cubans. We also confirmed a high seropreva-
lence of CMV infection in our population since young
ages, but in this case in healthy individuals.

We found age-associated decreases in the counts of
total lymphocytes, both in B (CD19+) and T cells (CD4+
and CD8+ T cells). These findings are very similar to
previous results showing a significant decline of total
lymphocytes with age [33] as a consequence of the
contraction of T [34] and B cell populations [35]. In
addition, we found gender differences consisting of a
significant decline in the lymphocytes number with age, in
females, and not in males.

Differences in the immune system functioning in
males and females have been previously described
[36,37]. Such differences may occur due to the opposing
ways in which hormones act [38,39]. In fact, Thl and
Th2 responses appear affected by androgenic and estro-
genic preponderance, respectively. While androgens
favor the development of a Thl response and the activa-
tion of CD8 cells [40]; estrogens seem to direct the
immune system towards a Th2 dominance, where B
lymphocytes are activated [39]. Those findings are in line
with the higher levels of B cells found in Cuban females,
and in the increased frequency of differentiated CD8 T
cells in males since young ages.

Furthermore, hormonal differences seem the most
probable cause of gender-related changes in the rate of
thymus involution. Male sexual hormones have been
shown to accelerate thymus involution more profoundly
than female hormones, according to reports of improved
thymus function in male gonadectomized mice [41].
While the thymus made fewer new cells with age in both
sexes, women still had higher levels of new T cells than
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Figure 5 Frequency of highly differentiated T cells according to ages and genders. A) Linear regression shows the percentages of
CD45RA+/CD28- population within total CD4+ T cells for all individuals (black line, n=54), males (blue line, n=31) and females (red line, n=23),
p values are shown on the graphs to each regression line. B) Linear regression shows the percentages of the CD45RA+/CD28- population within
total CD8+ T cells for all individuals (black line, n=79), males (blue line, n=51) and females (red line, n=28), p values are shown on the graphs to
each regression line. p<0.05 indicates statistical differences. C) Frequency of highly differentiated T cells (within CD4+ and CD8+ subsets) in males
and females by age groups. Differences between males (dark gray) and females (light gray) are represented. * indicates significant differences by
Mann Whitney test (p<0.05).

men of the same age [12]. Epidemiological differences
between the sexes (such as weight, lifestyle, smoking,
and medication) could also account for the differences
observed [13]. In addition, several studies in mice
showed a more vigorous humoral and cellular immune
responses in females than in males [42,43], and a supe-
rior ability of females to fight infections [44,45]. All
these findings are in line with our results on gender
differences in B and T cell compartments.

In our study the main markers of immunosenescence
in CMV seropositive males were those related to the pro-
portion of CD8 differentiated T cells. The age-associated
increase in the proportion of CD8+/CD57+ cells, express-
ing down modulation of cytotoxic activity, and in terminally
differentiated CD8+/CD28- T cells were only observed in
males. Lenkei and Andersson reported a correlation of
CMV antibody titers with lymphocyte activation status and

CD57+ expression [46]. Some studies from Merino et al.
reported that expansion of CD8+CD57+CD28- cells was
related to age, and also to CMV carrier status possibly
related to repeated antigenic stimulation [47]. However
these previous studies did not report influence of gender
on differentiation markers.

Additionally, It is known that during ageing and after
CMYV infection there is an increase of highly differenti-
ated CD45RA re-expressing T cells within both the CD4
and CD8 compartments [48-50], This observations may
reflect the impact of thymic involution compounded
with persistent CMV infection during ageing [2]. We
also found increasing proportions of terminally differen-
tiated CD8+/CD45RA+/CD28- T cells with age, but only
significant in females, while males showed a higher
proportion of these cells compared to females of young
ages. Concerning terminally differentiated CD4 T
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lymphocytes, the results showed an age-associated
increase in both sexes and a higher proportion of
CD4+/CD45RA+/CD28- T cells also in males.

There have been many studies on the CMV-specific
CD8+ T cell population [24,51-53] and some about the
characteristics of CMV-specific CD4+ T cells describing
the impact that CMV infection has in shaping the T cell
pool [11,54,55]. The majority of highly differentiated T
cell populations in CMV-infected subjects are CMV
specific but there are also increased numbers of these
effector T cells that are specific for other viruses, i.e.
EBV, HSV and VZV [8]. This put forward that CMV
infection may drive a global increase in T cell differenti-
ation suggesting a bystander phenomenon [8]. Alterna-
tively, this could be due to an epidemiological coincidence
of infections with diverse viruses. This hypothesis deserves
further testing in Cuban population where a high sero-
prevalence of herpesviruses (CMV, herpes simplex type 1
virus (HSV) and Epstein Barr virus(EBV) infection has
been previously described [30-32,56].

To our knowledge, the impact of gender in shaping
the T cell pool in CMV infected healthy humans has
not been described before. The lower proportion of
CD45RA+ CD28- T cells (both CD4 and CD8) exhibited
by females during young ages and the high frequency of
highly differentiated CD8 T cells sustained since young
ages in males, is probably linked to gender differences in
the contribution of thymic emigrants to the peripheral
T cell pool with age previously reported by different au-
thors [57-59]. This is also shown by persistent higher
values of signal-joint T cell receptor rearrangement exci-
sion circles (sjTREC) in females between the ages of 20
and 50, and suggesting that the thymic output is
prolonged at higher levels in females as compared with
males [12]. On the other hand, a very recent and unpub-
lished study in Cuban patients (including more than 50%
of pediatric samples) with mononucleosis syndrome,
found higher seroprevalence of CMV (>79%) and EBV
(64,8%) than of HSV (author personal communication).
Consequently with this finding, we think that a higher
exposure to antigenic loads +since infancy in Cuban
population could drive a premature immunosenescence.
This phenomenon could occur essentially in males, which
could be potentially less protected, since male sexual
hormones have been shown to accelerate thymus involu-
tion more deeply than female hormones [41].

The gender contrast in our study, points to a conser-
vation of the output of naive cells until advanced ages in
females, and a higher impact of antigen-driven differen-
tiation of T cells in males probably due to genetic and
environmental factors related to the control of lifespan.
In fact, recent findings indicate that gender is a major
variable in the genetics of longevity, suggesting in turn
that men and women follow different strategies to reach
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longevity [60,61]. These gender differences in the immu-
nosenescence process remain significant even inside a
population with high prevalence of CMV seropositivity
in both sexes. Future studies should include the analysis
of naive T cells and TRECS in both gender groups.

In elder population the differences in gender were
found mainly for the differentiated CD8+T cells, where
males showed again the highest proportion. However, in
general we found a broader spectrum of changes with
age in females rather than in males. Conversely, other
studies in humans showed that changes observed with
ageing were more apparent in males [14,15] but the
evidences are statistically significant only for a decrease
of CD8+ alpha beta T cells and for an increase of the
effector memory cells (CD3+CD45RA-CCR7-) [15]. Wikby
et al examined immune parameters for the adult lifespan
and some of their major findings were a higher frequency
of individuals with an inverted CD4/CDS8 ratio and lower
levels of CD3+CD4+ and CD8+CD45RA+CCR7+ cells in
men than in women [14]. It should be noticed that these
studies evaluated different markers, and targeted human
populations with lower life-long antigenic load, which
could explain such dissimilar results.

Gender differences in the performance of the immune
system have been suggested long time ago by epide-
miological evidences such as the higher incidence of
autoimmune diseases in females, and atherosclerosis-
related diseases (linked to chronic inflammation) in
males. However, the interplay among hormones, im-
munity and inflammation is so complex that resists any
simple mechanistic interpretation.

Cancer vaccine clinical trials from our own group have
previously shown that age is related to the survival ad-
vantage conferred by therapeutic vaccination with an
immunogenic preparation containing human Epidermal
Growth Factor [62].

Our data, together with previous findings on the role
of gender in the genetic determinants of longevity
[61,63] and the gender-specific age-related remodeling
of the cytokine network [64] indicate the need for
deeper studies on gender-specific immunosenescence
phenotypes to further explore their impact on immuno-
therapy and the potential relevance for personalized
medicine. Such studies in naive and treated cancer
patients are currently ongoing.

Table 1 Age and gender distribution of healthy
volunteers

Age group Total Male Female
Young (19-57) 34 15 19
Old (61-103) 78 41 37
Total 112 56 56
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Methods

Subjects

Peripheral blood samples were collected from healthy
volunteers by venipuncture.

Subjects were regarded as being healthy if they had no
acute illness, and were on no medication other than
anti-hypertensive medication, and had no serious prior
illnesses. The age and sex distribution of the subjects are
summarized in Table 1.

Individuals younger than 60 years old were defined as
young (median age 34 years old); while individuals older
than 60 years old were defined as elder (median age 77.5
years old).

White blood cells collection and staining for flow
cytometry

Red cells were isolated from whole blood with lysing solu-
tion (NH4CI, EDTA (tetrasodium), KHCO3). White blood
cells (WBCs) were washed twice with Citometry solution
(PBS, BSA, Azide 20%). Specific antibodies against CD3,
CD4, CD8, CD19, CD45RA, CD28 and CD57 molecules,
conjugated either to FITC, PE and Cy5, were purchased
from Serotec and used for staining.

For surface staining, WBCs (1 x 10° cells in 100 uL
Citometry solution) were incubated with 1 puL of the anti-
body in the dark at 4°C for 20 min. Subsequently, cells
were washed twice and analyzed on a three-color flow
cytometer (FACS Scan), with gating on the total lymphoid
populations. Samples were obtained and studied indivi-
dually. All the data generated was obtained from fresh
samples.

CMV serology

Serum IgG antibodies to CMV were measured with an
enzyme immunoassay (ETI-CYTOK-G PLUS P002033,
DiaSorin) and expressed as arbitrary units/ml (UI/mL).
A tested result higher than 0.4 Ul/mL was considered
positive for the presence of CMV-specific IgG anti-
bodies, as per the manufacturer’s guidelines.

Statistical analysis

The relationship between age in years and the absolute
counts of cells with different cell surface markers was
studied by linear regression analysis. Statistical signifi-
cance between groups was evaluated using nonparamet-
ric Kruskal-Wallis test within One-way ANOVA or
Mann Whitney test. Post hoc paired comparisons with
Dunn’s Multiple Comparison Test were done for the
variables that showed differences between groups after
ANOVA analysis. All statistical analyses were performed
with SPSS v15.0 and GraphPad 5. The statistical data
were considered significant if p < 0.05.
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