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Purpose: The aim of the paper is to establish and quantify the relation between healthy ageing and the innate and adaptive immune
parameters as indicators of age-related diseases.

Patients: In order to observe the immunological changes that occur according to age, several humoral and cellular immune
parameters were investigated for 288 healthy donors (30-80 years). Subjects’ selection was done using clinical, biochemical and
immunological parameters of inclusion/exclusion criteria from SENIEUR protocol.

Results: Age-related changes were observed for both humoral and cellular immune parameters. Lymphocyte immunophenotyping
revealed several significant differences in the distribution of cells, both intra- and inter-age groups, namely decreased values of
T-CD3", T-CD8" and NK cells, and elevated values for T-CD4", T-CD4"/T-CD8" ratio and B cells. The percentages of unstimulated
neutrophils that show basal oxidative activity and the intensity of this activity had an increasing tendency age-related. The percentage
of N-Formyl-Methionyl-Leucyl-Phenylalanine stimulated neutrophils clearly decreases with age, and is associated with an increasing
intensity of oxidative activity. Our data also have shown an increased percentage of oxidative neutrophils after phorbol 12-myristate
13-acetate stimulation and an elevated oxidative activity with age.

Conclusion: Overall healthy ageing is governed by some immune-related deregulations that account for immune exhaustion due to
numerous developed immune processes during a life-time and the age-related diseases.
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Introduction

Globally, there is a fast growing of the elderly population in developed countries, and the healthcare burden faces
increased issues regarding morbidity from infection, a declining response to vaccination and overall, an increased
incidence of inflammatory diseases and malignancies. The reasons for these effects are clearly complex, but reduced
efficiency of the innate and adaptive immune system is likely to be important in the pathology of old age.'"*

During the lifetime, the immune system undergoes profound reshaping culminating with immune senescence, process that
has a major impact on health and survival. The mechanisms responsible for these age-related changes in innate and adaptive
immunity are not fully elucidated, and their understanding may lead to the development of better strategies to overcome them.’

The quantification of cellular immune parameters in order to establish the phenotypic changes in lymphocyte
populations and subpopulations is crucial in diagnosis, monitoring and prognosis of many disorders, the most represen-
tative being immunodeficiency, autoimmune diseases, transplant rejection, allergies, and leukemia. The evolution of
cellular immune parameters distribution during the lifetime in healthy population has been in the attention of researchers
for many years but the obtained results significantly differ depending on race, geographical area, sex, chosen age ranges,
lifestyle, genetics and probably many other unknown factors. Several immunological age-related changes associated to

adaptive immune system are well described: the decrease of naive peripheral T cells (particularly T-CD8"),* increase of

Clinical Interventions in Aging 2022:17 1513—1526 1513
Received: 23 May 2022 © 2022 Munteanu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing

Accepted: 6 September 2022
Published: 13 October 2022

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6288-6351
http://orcid.org/0000-0001-5163-4378
http://orcid.org/0000-0002-2870-5497
http://orcid.org/0000-0001-9339-2805
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Munteanu et al Dove

peripheral CD4" and CD8" memory T cells,” decrease in naive B cell production and an increasing oligoclonal B cell
repertoire,® resulting in an altered responsiveness to novel antigens.

As age-related alterations within the adaptive immune system are better documented, in contrast, the innate immune
system has been less researched so that the perception amongst many immuno-gerontologists is that this branch of the
immune system is only slightly affected by age. However, it is becoming increasingly clear that the adaptive and innate
immune systems cooperate at several levels to ensure the optimal immune response and any decline in adaptive immunity
will impact on the function of the innate immune system and vice versa.’

In an ageing individual, the vulnerability to infections can be the consequence of a reduced number of neutrophils arriving
at the inflammatory site or decrease of the intrinsic antibacterial activity, hence, with age the response to infection and
vaccination decreases.” For example, in the COVID-19 vaccination protocols, it was shown a reduction in both antibody
responses and mild to moderate adverse events in older people compared to younger subjects.® Studies on the actual number of
neutrophils from the inflammatory site in correlation with age of subjects are scarce. There are studies that show that in aged
subjects the wound healing is delayed due to less neutrophils that are infiltrating the wounded area.’ Elderly individuals can
develop a normal neutrophil response to bacterial infection. The number of circulating neutrophils from elderly in the 6693
years® range is 2.0-7.5 x 10”/L, values that are in the normal range.” During infections, elderly subjects may develop severe
neutropenia that is contributing to the chronic status,'* findings that are suggesting that the production of neutrophils during
persistent infections is affected when a body is already old.

511

All the gathered data support the theory called “Inflamm-aging”" " in which the basal oxidative activity phenomenon
is due to an antigenic load over many decades and it is detrimental to longevity.'> The presented study evaluates a panel
of parameters from the adaptive and innate immunity compartments accompanying healthy ageing to identify the
physiological ageing effect upon the capacity to develop a proper immune response and hence to avoid age-related
pathologies from cancer to neurodegenerative diseases. Therefore, in around 300 healthy subjects spanning the three
adult stage ages we have evaluated innate functionality of peripheral phagocytes and adaptive immune cell circulatory

populations and subpopulations to depict the immune ageing decline.

Materials and Methods
Study Population

The observational study included healthy donors aged between 30 and 80 years (1:1 gender ratio), enrolled in the time range
2017-2019; all the subjects were fully informed of the study procedures before they gave their consent. Thus, the subjects
were explained the purpose of the study, namely evaluating immune parameters in relation to healthy ageing, they were
explained that blood sampling will be done in one session for all the tested parameters, the subjects were explained that
individual results can be forwarded to their GP physician if chosen in the consent form. The subjects were encouraged to
participate as all the performed tests were done with IVD kits, hence all the obtained results can serve as medical information
to their GP physician. The subjects were divided into three groups: group 30—45 yo* — subjects of 30-45 years (n=113; n=
number of subjects; 55 females, 58 males); group 46—59 yo — subjects of 46-59 years (n = 94; 48 females, 46 males); group
60-80 yo — subjects of 60—80 years (n = 81; 40 females, 41 males) (* years old). All subjects have Romanian citizenship and
were geographically located only in the Southern part of the country; in 30—45 yo and 4659 yo groups, 80% of subjects were
employed at the moment of sampling; in 60—80 yo group, 90% were already retired at the moment of sampling.

All groups were established according to the selection criteria from SENIEUR protocol developed in the 80s."* This
international protocol used in gerontology studies provides the selection of apparently healthy subjects without major
pathological conditions, obeying specific clinical, haematological, biochemical, immunological and pharmacological criteria.
For subjects under 65 years of age, the values of the biochemical parameters were related to the normal reference values
corresponding to age, and for subjects over 65 years the reference values from the SENIEUR protocol were used.

Biological Samples and Measurements
Peripheral blood samples were collected by venipuncture during morning hours in K2-EDTA and Li-Heparin coated
tubes and anticoagulant-free tubes (Vacutest Kima, Arzergrande, Italy). Serum samples were separated by centrifugation
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and whole blood samples were processed within 4 hours of blood collection. Blood collection was done in Ana Aslan
Institute for Geriatrics and Gerontology and in National Institute of Haematology and Transfusion, Bucharest, Romania.

Besides SENIEUR selection criteria, all subjects were tested for several immunological parameters. Serum levels of
immunoglobulins (Ig), complement (C) fractions C3 and C4 were determined by nephelometry (Minineph, The Binding
Site, UK): IgG (Minineph Human IgG Kit, The Binding Site, UK), IgA (Minineph Human IgA Kit, The Binding Site,
UK), IgM (Minineph Human IgM Kit, The Binding Site, UK), C3 (Minineph Human C3 Kit, The Binding Site, UK) and
C4 (Minineph Human C4 Kit, The Binding Site, UK). All procedures were done according to the manufacturer of kits
and all the obtained data were compared to the reference intervals provided by the kits.'*

White blood cells (WBC), percentages and absolute counts (abs) of lymphocytes and granulocytes were determined
by complete blood count (CBC) (ABX MICROS 60 haematology analyzer, Horiba ABX SAS, Montpellier, France)
according to manufacturer and previous publication.'® The body mass index (BMI) of each subject was calculated using
the following formula: weight per height® (kg/m?). According to BMI parameter that is following the standard criteria,
subjects were classified as normal weight (<25 kg/m?), overweight (25-30 kg/m?) or obese (>30 kg/m?).

Flow Cytometry Analysis

Lymphocytes Immunophenotyping

Lymphocytes immunophenotyping allows quantification by flow cytometry of three main lymphocyte subsets: T lymphocytes
(CD45°CD3"), B lymphocytes (CD45"CD3 CD19") and NK cells (CD45°CD3 CD16 'CD56") from whole hemolyzed
blood, using BD Multitest IMK Kit (IVD) (Becton Dickinson). There were also quantified T-CD4" (helper) and T-CD8"
(suppressor/cytotoxic) lymphocytes. For cells labelling, the whole peripheral blood (K2-EDTA coated tubes) was incubated
with a mixture of monoclonal antibodies (CD3-FITC (clone SK7)/CD8-PE (clone SK1)/CD45-PerCP (clone 2D1, HLe-1)/
CD4-APC (clone SK3) in the first tube, and CD3-FITC (clone SK7)/CD16+CD56-PE (clone B73.1 for CD16 and clone
NCAM 16.2 for CD56)/CD45-PerCP (clone 2D1, HLe-1)/CD19-APC (clone SJ25C1) in the second tube) for 15-20 min at
room temperature and dark, followed by red blood cell lysis (lysing solution provided by the kit) and flow cytometry analysis.
Sample acquisition and data analysis were performed on a BD FACSCalibur cytometer with BD Multiset software (Becton
Dickinson); daily check-up of cytometer performances was performed using BD Calibrite 3 Beads kit and BD Calibrite APC
Beads (BD Biosciences) and BD FACSComp software (BD). T-CD4" and T-CD8" lymphocytes were gated from CD3"
lymphocytes and expressed as percentage of T-CD3" lymphocytes. B and NK cells were gated from CD3~ lymphocytes and
expressed as percentage of lymphocytes. Procedure was done according to the manufacturer and the protocols provided by the
kit.'® For absolute count of circulating cells, we also used the WBC and percentage of lymphocytes obtained from a
haematology analyzer (ABX MICROS 60, Horiba ABX SAS, Montpellier, France).

Oxidative Activity of Peripheral Neutrophils

Quantification of the phagocytes’ oxidative activity (monocytes and neutrophils) was performed by flow cytometry from
heparinized whole blood using BURSTTEST kit, Phagoburst, (IVD) (BD Pharmingen). The kit contains unlabeled
opsonized E. coli bacteria, PMA and fMLP as particulate, high and low physiological stimuli. It quantifies the percentage
of leukocytes (monocytes and neutrophils) which oxidize the fluorogenic substrate dihydrorhodamine (DHR123) to
rhodamine 123, and their enzymatic activity (amount of rhodamine 123). The test was performed using BD FACSCalibur
cytometer (Becton Dickinson) and CellQuest software (BD); daily check-up of cytometer performances was performed
using BD Calibrite 3 Beads kit (BD Biosciences) and BD FACSComp software (BD). The percentage of cells that have
produced ROS (% gated) and their oxidative activity (mean fluorescence, GeoMean) were analyzed. When presented as
stimulation index, the results were compared to the given stimuli (fMLP, E. coli and PMA) based on unstimulated control
samples (ratio between the values obtained for stimulated and unstimulated samples). Test was performed according to
the manufacturer and published studies."”

Statistics
Data were analyzed using GraphPad Prism 9.4.0 (GrapfPad Software, San Diego, CA, US) and Microsoft Excel
(Microsoft, Redmond, US) and the results are presented as means + SD. The data were processed using ordinary one-
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way ANOVA with the application of Tukey’s multiple comparison test, and adjusted P — values were considered. The
levels of statistical significance were considered at P < 0.05 as follows: * (P < 0.05), ** (P <0.01), *** (P <0.001), ****
(P < 0.0001) and NS (P > 0.05). Pearson’ correlation coefficient (—1 < r <1) was used to determine the correlation
between the parameters. A positive value of » shows a direct correlation between the two variables, and a negative value
indicates an inverse correlation. If » value is closer to +1, the correlation is considered stronger. Depending on the
parameter, the results are presented as absolute values, percentage or indexes calculated to control.

Results

Healthy subjects (aged between 30 and 80 years) were divided into three age groups according to previous published
studies regarding the stages of human adulthood.'®'® The groups were investigated and the results are presented in
Supplementary Tables 1-6

Immunological Standard Parameters
Although the humoral parameters’ mean values were in normal ranges for all tested groups, significant age-related
differences were found (Supplementary Tables 1-2) When comparing 3045 yo and 60-80 yo groups, significant
differences were obtained for IgG (P = 0.0263), IgM (P = 0.0008), and C3 (P = 0.0048) values.

For IgA and C4 values, no statistically significant differences were obtained between the tested groups. Hence, all Igs,

no matter the classes, and serum complement values are lower in aged groups compared to young adults. Significant
differences between 3045 yo and 60—80 yo groups were also obtained for WBC (P = 0.0104) (Supplementary Table 3,
Figures 1 and 2). WBC values were found significant lower in the oldest group. A decreasing age-related trend was also

observed for absolute counts of lymphocytes and granulocytes, but without statistical significance.
BMI was significantly different for 3045 yo group as compared to 46—59 yo (P = 0.0093) and 60-80 yo (P = 0.0201)
groups (Supplementary Table 2). BMI is higher in aged groups compared to young adults.

Peripheral Adaptive Immune Cells

Flow-cytometry method was used for lymphocytes immunophenotyping and the tests revealed several age-related differences
in the distribution of cells, both intra- and inter-age groups. Percentages and absolute counts for all lymphocyte populations are
presented as mean values with standard deviations in Supplementary Table 1, as compared to normal values.' 820 Thus, for the

3045 yo group, the majority of their cellular parameters mean values were within normal limits except for the percentage of
T-CD8" lymphocytes (30 = 6 vs 31-40) and absolute count of NK cells (166 = 109 vs 200-400), which were slightly lower
than normal. T-CD8" lymphocytes were strongly correlated with T-CD3" (= 0.63) and T-CD4" (r = —0.54) (Supplementary
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Figure | Age-related distribution of humoral parameters.

Notes: Distribution of individual values for IgG (A), IgA (B), IgM (C), C3 (D) and C4 (E) in 3045 yo (13.11 £ 3.74;2.78 + 1.22; 1.30 + 0.64; .31 £ 0.43;0.32 £ 0.13) (n =
113), 46-59 yo (12.54 + 4.90; 2.97 + 1.29; 1.18 £ 0.65; 1.19 + 0.35; 0.34 + 0.15) (n = 94) and 60-80 yo (11.66 + 3.31;2.56 + 1.19; 0.99 + 0.46; 1.15 + 0.28; 0.29 + 0.09) (n =
81) groups. The results are presented as individual values with mean + SD; n = number of subjects. * P < 0.05, ** P < 0.0, ** P < 0.001.
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Figure 2 Age-related distribution of CBC parameters.

Notes: Distribution of individual values for WBC (A), Lymphocytes (%) (B), Lymphocytes abs (C), Granulocytes (D) and Granulocytes abs (E) in 3045 yo (7.17 £ 1.90;
25.48 £ 6.75; 1.72 £ 0.50; 64 + 8; 4662 + 1515) (n = 113), 46-59 yo (6.84 £ 2.30; 25.19 £ 5.99; 1.6 + 0.44; 65 £ 8; 4652 = 1979) (n = 94) and 60-80 yo (6.38 + 1.63;26.19 =
6.54; 1.58 + 0.46; 65 * 7; 4269 + 1315) (n = 81) groups. The results are presented as individual values with mean + SD; n = number of subjects. WBC and Lymphocytes abs
were expressed as cellsx|0%/mL; Granulocytes abs were expressed as cellsx|0*/mL. *P < 0.05.

Tables 1 and 6). The absolute count of lymphocytes was in normal limits and significantly positively correlated with T-CD3"
lymphocytes (» = 0.96) and B cells (+ = 0.54). T-CD4"/T-CD8" ratio was also slightly above the normal limit (1.6 £ 0.4, vs
1-1.5) and was strongly correlated to T-CD4+ (r = 0.78) and T-CD8&+ (r = —0.89).

Changes in the cellular parameters’ values were observed with ageing. In 46-59 yo and 60-80 yo groups the
lymphocyte distribution was similar. Increased mean values were obtained for T-CD4" (%) (49 + 8; 50+9 vs normal
range 38-46), B cells (%) (18 + 8; 18 = 7 vs normal range 11-16) and T-CD4/T-CD8" ratio (2.3 £ 0.9; 2.5+ 1.3 vs
normal range 1-1.5). Decreased mean values were obtained for T-CDS8" (24 + 7; 24 + 9 vs normal range 31-40) and NK
cells, in both percentages (9 + 6; 7 £ 5 vs normal range 10—19) and absolute count (143 £ 116; 119 = 105 vs normal range
200-400) (Supplementary Table 1). For both groups, the absolute count of lymphocytes was in normal limits and
significantly positively correlated with T-CD3" lymphocytes (» = 0.80, respectively, » = 0.93) and B cells (+ = 0.58,
respectively, » = 0.53); T-CD4"/T-CD8" ratio was strongly correlated to T-CD4" (r = 0.67, respectively, » = 0.74) and
T-CD8" (r = - 0.80, respectively, r = - 0.88) (Supplementary Table 6).

When compared the age-related distribution of lymphocytes, significant differences were obtained for all parameters,
except for T-CD4" lymphocytes and B cells (absolute counts for both) (Figure 3 and Supplementary Tables 4 and 5).

Thus, significant differences were obtained for several lymphocyte populations, T-CD3+ (P (3045 yo/60-80 yo) = 0.0022),
T-CD4" P (3045 yo/46-59 yo) = 0.0202; P (30-45 y0/60-80 yo) = 0.0007), T-CD-8" P(30-45 yo/46-59 yo) < 0.0001; P(30-45
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Figure 3 Age-related distribution of lymphocytes populations and subpopulations (percentages) from peripheral blood.

Notes: Distribution of individual values for T-CD3" (A), -CD4" (B), T-CD8" (C), T-CD4+ / T-CD8+ (D), B (E) and NK cells (F) in 30—45 yo group (75 + 6; 46 £ 5; 30 & 6;
1.6 £0.4; 15+ 5;10%5) (n=113),46-59 yogroup (72 +9;49+8;24+7;23+0.9; 18 £8;9 £ 6) (n=94) and 6080 yo group (71 £8;50+9;24+9;25+ 1.3;18+7;7 ¢
5) (n = 81). The results are presented as individual values with mean * SD; n = number of subjects.: * P < 0.05, ** P < 0.0, *** P < 0.001, *** P < 0.0001.
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y0/60-80 yo0) < 0.0001), B P (3045 yo/46-59 yo) = 0.0181; P (3045 yo/60-80 yo) = 0.0092) and NK cells P (30-45 yo/60-80
yo) = 0.0054). These differences were obtained mainly when the values obtained for young adults were compared to the values
obtained for 46-59 yo and 60-80 yo groups. As a consequence of the changes observed in T lymphocytes subpopulation
distribution with ageing, significant differences were also obtained for T-CD4"/T-CDS8" ratio P (30-45 yo/46-59 yo) = 0.0002; P
(3045 yo/60-80 yo) < 0.0001).

Age-related distribution for absolute counts of lymphocytes populations and subpopulations from peripheral blood
revealed significant differences for T-CD3" P (30—45 yo/60-80 yo) = 0.0418), T-CD8" P (3045 yo0/46-59 yo) = 0.0005; P
(3045 yo/60-80 yo) < 0.0001) and NK cells P (3045 yo/60-80 yo) = 0.0040) (Figure 4 and Supplementary Tables 4 and 5).

There were also observed significant gender-related differences between the tested groups. Thus, females from 3045
yo and 60—80 yo groups had statistically significant differences for T-CD-4+ (%) (P = 0.0015), T- CD8+ (% and abs) (P =
0.0018, respectively, P = 0.0006), T-CD-4+ / T-CD-8+ ratio (P < 0.0001), B (%) (P = 0.0028) and NK cells (% and abs)
(P =0.0012, respectively, P = 0.0008). When females from 46—59 yo and 60-80 yo groups were compared, statistically
significant differences were observed only for T- CD8+ (% and abs) (P = 0.0124, respectively, P = 0.0031), B (%) (P =
0.002) and NK cells (abs) (P = 0.0191). In males, age-related differences were less obvious than in females. Thus,
significant differences were observed for T-CD3+ (%) and T-CD-4+ / T-CD-8+ ratio when males from 30-45 yo and
60-80 yo groups were compared (P = 0.0043, respectively, P = 0.0402). When the younger groups (males) were
compared (3045 yo vs 46-59 yo) statistically significant differences were observed for T-CD8+ and T-CD-4+ /
T-CD-8+ ratio (P = 0.0029, respectively, P = 0.0004).

Peripheral Innate Immune Cells

The main process that sustains the homeostasis of PMN is their oxidative activity. We have chosen to present only PMN’s
oxidative activity as the other innate immune cells, eg, monocytes®' have low levels of oxidative activity even upon
stimulation, hence the overall oxidative activity is mainly sustained by PMNs.

Un-Stimulated Oxidative Activity
The percentage of unstimulated peripheral blood PMN that show basal oxidative activity and the oxidative activity
(amount of rhodamine 123) had an increasing trend with age (Figure 5), but without statistical significance.

Oxidative Activity Upon fMLP Stimulation
When in vitro stimulation of PMNs the recorded differences are more obvious. Hence, with ageing, the percentage of
neutrophils that can respond and be activated by fMLP clearly decreases (12.6 + 2.5 for group 1, 11.2 + 1.6 for group 2,
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Figure 4 Age-related distribution of lymphocytes populations and subpopulations (absolute counts) from peripheral blood.

Notes: Distribution of individual absolute count values for -CD3" (A), T-CD4" (B), T-CD8" (C), B (D) and NK cells (E) in 30-45 yo group (1326 + 410; 814 + 255; 529 +
207;269 + 124; 166 = 109) (n = 113), 46-59 yo group (1280 * 333; 798 + 222; 402 + 172; 304 = 184; 143 £ 116) (n = 94) and 60-80 yo group (1201 * 3668; 810 * 269; 399
+ 208; 289 + 127; 119 = 105) (n = 8I). The results are presented as individual absolute values with mean * SD; n = number of subjects; all cellular parameters were
expressed as cellsx103/mL. * P < 0.05, ** P < 0.01, ** P < 0.001, **=p < 0.0001.
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Figure 5 Unstimulated oxidative activity of PMN.

Notes: Distribution of unstimulated oxidative cells (%) and oxidative activity (GeoMean) in 3045 yo group (5.3 £ 1.1, respectively, 42.5 + 4.8) (n = |13), 46-59 yo group
(54 £ 0.7, respectively, 45.3 £ 2.3) (n = 94) and 60-80 yo group (6.3 £ 0.8, respectively, 50.3 + 4.2) (n = 81). The results are presented as mean * SD; n = number of
subjects.
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Figure 6 Oxidative activity upon fMLP stimulation.

Notes: Distribution of fMLP-stimulated oxidative cells (%) and oxidative activity (GeoMean) in 30—45 yo group (12.6 + 2.5, respectively, 36.2 + 1.9) (n = I13), 46-59 yo
group (11.2 £ 1.6, respectively, 38.3 £ 1.6) (n = 94) and 60-80 yo group (9.9 + 1.7, respectively, 46.3 £ 3.5) (n = 81) as compared to unstimulated oxidative cells (%) and
unstimulated oxidative activity (GeoMean). The results are presented as mean * SD; n = number of subjects.

9.9 £ 1.7 for group 3), although the differences between groups are not statistically significant (Figure 6). There was also
observed an increasing tendency for the intensity of oxidative activity with age, so the older group (46.3 £+ 3.5) has an
oxidative activity more intense than younger groups (36.2 + 1.9, respectively, 38.3 + 1.6) (Figure 6).

The fMLP stimulation index (calculated for the percentage of oxidative cells) showed a statistically significant
decrease with age (P30—45 yo/60-80 yo < 0.0001; P46-59 yo/60-80 yo = 0.0006) (Figure 7A).

This decrease in the percentage of neutrophils that are fMLP responsive was accompanied by a slight increase of the
oxidative activity, but the differences between groups are not statistically significant (Figure 7B).

Oxidative Activity Upon Opsonized E. Coli Stimulation
E. coli stimulation revealed a slight tendency to engage a higher percentage of neutrophils after stimulation with E. coli
in 46-59 yo group (90.3 + 5.1) as compared to 30—45 yo (78.8 + 6.8) and 60—80 yo group (79.2 + 12.5) (Figure 8).
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Figure 7 Age-related distribution of fMLP stimulation index.

Notes: Stimulation index in presence of fMLP for oxidative cell percentage (A) and oxidative activity (B) in 30—45 yo group (2.7 % 0.5 respectively 0.88 + 0.05) (n = 113),
46-59 yo group (2.4 £ 0.2, respectively, 0.85 + 0.02) (n = 94) and 60-80 yo group (1.7 + 0.2, respectively, 0.93 + 0.02) (n = 81). The results are presented as mean * SD; n =
number of subjects. ** P < 0.001, **** P < 0.0001.

For oxidative cells (%) were obtained statistically significant differences between 46—59 yo group and 3045 yo
group (P = 0.0083). The oxidative activity of neutrophils showed increased values for 46-59 yo (85.8 + 9.3) and 60—80
yo group (89.7 + 24.4) as compared to the youngest group (65.7 + 12.8) (Figure 8).

The main change observed in the analysis of the E. coli stimulation index was the decrease of the values for 60—80 yo
group (Figure 9A) but without statistical significance. Surprisingly, the oxidative activity does not change significantly
with age (Figure 9B).

Oxidative Activity Upon PMA Stimulation

With ageing, an increased percentages of oxidative neutrophils (93.3 £ 5.1 for 30-45 yo group, 92.8 £ 3.4 for 46-59 yo
group, 97.8 £ 1.2 for 60-80 yo group) was observed after PMA stimulation, although the differences between groups
were not statistically significant (Figure 10). The oxidative activity was also higher in the oldest group (175.9 + 43.8) as
compared to 3045 yo (131.6 + 19.6) and 46-59 yo group (129.1 + 23.3) (Figure 10).
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Figure 8 Oxidative activity upon E. coli stimulation.

Notes: Distribution of E. coli-stimulated oxidative cells (%) and oxidative activity (GeoMean) in 30—45 yo group (78.8 * 6.8, respectively, 65.7 + 12.8) (n = 113), 46-59 yo
group (90.3 % 5.1, respectively, 85.8 £ 9.3) (n = 94) and 60-80 yo group (79.2 £ 12.5, respectively, 89.7 + 24.4) (n = 81) as compared to unstimulated oxidative cells (%) and
unstimulated oxidative activity (GeoMean). The results are presented as mean * SD; n = number of subjects.
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Figure 9 Age-related distribution of E. coli stimulation index.

Notes: Stimulation index in presence of E. coli for oxidative cell percentage (A) and oxidative activity (B) in 30—45 yo group (15 5, respectively, 1.6 £ 0.2) (n = | 13), 46-59
yo group (17 % 3, respectively, 1.9 + 0.3) (n = 94) and 60-80 yo group (I3 * 2.5, respectively, 1.7 + 0.0.25) (n = 81). The results are presented as mean * SD; n = number of
subjects.
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Figure 10 Oxidative activity upon PMA stimulation.

Notes: Distribution of PMA-stimulated oxidative cells (%) and oxidative activity (GeoMean) in 30—45 yo group (93.3 £ 5.1, respectively, 131.6 £ 19.6) (n = |13), 46-59 yo
group (92.8 + 3.4, respectively, 129.1 * 23.3) (n = 94) and 60-80 yo group (97.8 + 1.2, respectively, 175.9 + 43.8) (n = 81) as compared to unstimulated oxidative cells (%)
and unstimulated oxidative activity (GeoMean). The results are presented as mean + SD; n = number of subjects.

PMA stimulation index for oxidative neutrophils percent had a declining trend with age (17.93 + 4.2 for 3045 yo
group, 17.54 + 3.4 for 4659 yo group, 15.84 + 2.2 for 60—80 yo group), but no significant differences were obtained
between tested groups (Figure 11A). The higher values for PMA stimulation index for oxidative activity were obtained
for the eldest group (3.62 £ 0.9), as compared to 30—45 yo (3.12 + 0.9) and 46-59 yo group (2.92 + 0.8) (Figure 11B).

Discussion

We have enrolled a group of documented healthy subjects in a 1:1 gender ratio that span human early adulthood till old
ages (30-80 years). The entire group had innate and adaptive immune parameters evaluated in relation to healthy ageing.
Humoral and cellular immunocompetence develops throughout life and if deregulated, it induces susceptibility to
developing infections, autoimmune disease, immunodeficiency, and malignancy. The easiest methodology to evaluate
humoral immunity is to quantify the level of immunoglobulins, these immune molecules being important players in the
defense against pathogens and in clearing aberrant cells, just to name two of their physiological functions. Low levels of
serum Igs may indicate a predisposition to infections, autoimmune disorders and malignancies, while higher levels were
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Figure |1 Age-related distribution of PMA stimulation index.

Notes: Stimulation index in presence of PMA for oxidative cell percentage (A) and oxidative activity (B) in 30—45 yo group (17.93 + 4.2, respectively, 3.12 £ 0.9) (n = | 13), 46-59 yo
group (17.54 * 3.4, respectively, 2.92 + 0.8) (n = 94) and 6080 yo group (15.84 + 2.2, respectively, 3.62 + 0.9) (n = 81). The results are presented as mean * SD; n = number of
subjects.

associated with chronic infections, liver diseases, connective tissue diseases, and malignancies.22 Serum Igs levels are
accepted as a surrogate marker for B-cell functionality in both healthy donors and patients.>® Our data have shown
significant age-dependent differences for IgG, IgM, C3 and C4 between the extreme age groups, young adults and aged
subjects. Although the humoral parameters’ mean values were in normal ranges for all tested groups, these humoral
parameters showed a decreasing trend with age, even if the obtained values were within normal limits.

Lymphocyte immunophenotyping is important in diagnosis, monitoring and prognosis of many disorders, the most
representative being immunodeficiency, autoimmune diseases, transplant rejection, allergies, and leukemia. It is widely
accepted that the T cell compartment changes with age, as a consequence of thymus involution. Thus, a progressive
decrease in absolute counts and percentage of T-CD3" lymphocytes has been reported.”* ¢ Our data are in accordance
with the previous reports as we have registered a decreasing tendency and significant differences for T-CD3" lympho-
cytes’ absolute counts when extreme age groups were compared. Analysis of peripheral T lymphocyte subpopulations is
important for assessing the immune status and can guide the dynamics and cooperation of immune cells.*’ Data regarding
the distribution of T lymphocyte subsets with age are contradictory: some authors report an increase in T-CD4 " along
with a decrease in T-CD8" cells,*® others note the decreasing tendency” of both lymphocyte subsets, while other authors
report no changes™ in T-subsets distribution with age. Overall, the reports show elevated T-CD4"/T-CD8" ratio when
studying their relation with healthy ageing.?’ In our study, we have obtained the same increase of the T-CD4"/T-CD8"
ratio, increase that is based on the statistically significant decrease of T-CD8" subset. The presented T-CD4"/T-CD8"
ratio is becoming an emerging cellular biomarker and potentially a useful predictor of aging,® typically with a reduction
in the ratio associating with disease, dysfunction, or poor health outcomes.?'* The differences that we have obtained in
this parameter comparing to other studies can be due to the differences in both to the genetical make-up of the
populations and environmental conditions.

The number of peripheral B lymphocytes does not vary significant with age, but naive B lymphocytes are replaced by
professional memory cells, characterized by decreased affinity and isotype change.** We have reported previously that
recurrent respiratory infections can alter percentages of peripheral T and B subsets®> and ageing is associated with a high
frequency of infections. Similar to T subset reports, the reports regarding peripheral B cells in relation to healthy ageing
are not congruent.”>?? We have identified that although Igs levels are significantly decreasing with ageing for all
classes, peripheral B cells have a tendency to increase with age probably sustaining a compensatory mechanism. We do
not rule out that the increase of B cells is due to the accumulation of cells that have a lower generation of antibodies.
Peripheral NK cells, reported as elevated with regard to ageing but losing their cytotoxic activity.’® We have obtained
peripheral NK cells decreased with ageing. The finding is interesting as our previous published results regarding

oncological or autoimmune diseases have shown in various skin®” or oral cancers®® and in rheumatoid arthritis®® that
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peripheral NK and B cells are negatively correlated and subjected probably to unknown immune regulatory mechanisms
that compensate these two cell types. The absolute values for T-CD3", T-CD8" and NK cells have a significant declining
trend with ageing.

Regarding the innate immune cells and the normal process of ageing, our previous results regarding oxidative activity
have shown that the susceptibility to infection increases with age due probably to the number of neutrophils that may be
able to respond to stimulus that triggers oxidative activity.***!

The immune senescence predisposes to a higher risk of acute viral and bacterial infections. Moreover, the mortality
rates of these infections are three times higher among elderly patients compared with younger adult patients.** Thus, the
data obtained by us regarding the stimulation with E. coli supports prior reports showing that there is an exhaustion and
inability of cytotoxic mechanisms in the recruiting a sufficient number of neutrophils able to respond to the pathogen.
The percentages of unstimulated neutrophils that show basal oxidative activity and the intensity of this activity had an
increasing trend with age, but without statistical significance. This finding may, however, emphasize that, with age, there
is an increasing trend in the percentage of peripheral neutrophils that can develop a basal oxidative activity.

Chemotactic peptides of bacterial origin, like fMLP are weak stimuli, unlike particulated and opsonized stimuli such
as E. coli.** The capacity of fMLP to activate the mechanisms that generate ROS reflect neutrophil’s ability to respond
effectively to a pathogen that secretes chemotactic peptides.*> Our data have shown that the percentage of neutrophils
which can be activated by fMLP have the tendency to decrease with age. As a compensatory regulatory measure, the
decrease of the percentage of cells responsive to this stimulus is correlated with the increase in the intensity of oxidative
reaction with age, the older group having an oxidative activity more intense than younger groups. The fMLP stimulation
index showed a statistically significant decrease with age. This decrease in the percentage of neutrophils that are fMLP
responsive was accompanied by a slight increase of the oxidative activity, but without statistical significance. The
percentage of neutrophils that respond to a weak stimulus like fMLP significantly decreases mainly in the oldest group.

The percentages of unstimulated neutrophils that show basal oxidative activity and the intensity of this activity had an
increasing tendency with age, but the percentage of neutrophils which can be activated by fMLP clearly decreases with
age. As a compensatory regulatory measure, these findings were associated with the increase in the intensity of oxidative
reaction with age, the older group having an oxidative activity more intense than younger groups. The fMLP stimulation
index showed a statistically significant decrease with age.

Unlike chemotactic peptides, particulated stimuli like opsonized bacteria induce enhanced oxidative activity.**
Studying the ability of these stimuli to activate the mechanisms generating ROS, neutrophils’ capacity to effectively
respond to the pathogen at the site of infection can be evaluated. Our data revealed a slight tendency to engage a higher
percentage of neutrophils after stimulation with E. coli, and the differences between the middle-aged group and the
extreme age group were statistically significant. The oxidative activity of neutrophils also showed increased values for
aged groups as compared to the youngest group. The main change observed in the analysis of the E. coli stimulation
index was the significant decrease of the values for aged subjects. Protein kinase C (PKC) are involved in intracellular
signal transmission after the activation of different pathways regulating the transcription and cell cycle. Certain isoforms
(PKC-a) are activated by second messengers as diacyl-glycerols. Its effect can be mimicked by other phorbol esters like
PMA.*> Lack of PMA response or a poor response indicates major malfunctions in oxidative mechanisms. Our data
showed an increased percentage of oxidative neutrophils after PMA stimulation, although the differences between groups
were not statistically significant. The oxidative activity was also higher in older group as compared to younger groups.
PMA stimulation index for oxidative neutrophils percent had a declining trend with age, but no significant differences
were obtained between tested groups. The higher values for PMA stimulation index for oxidative activity were obtained
for the aged subjects. A recent paper has shown that there are differences at several proteomic, transcriptomic,
metabolomics levels in bone marrow neutrophils in ageing mice, females and males.*® Hence, the molecular rate of
neutrophil aging differs between sexes with an increased pro-inflammatory profile in males compared to aged females.*®
In our study, we did not obtain statistically significant gender-related differences in the respiratory burst functions of
peripheral neutrophils. We do not exclude the enlargement of the groups with higher numbers of males and females that
could prove also differences in this cellular compartment. As shown in the adaptive immune section, gender differences
were obtained with a clear predominance of age-related differences in females compared to males that have a more stable
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immunological profile while ageing. This finding is due to both hormonal and chromosomal — related mechanisms that
are involved to immunological sex differences data provided for human®’ as well as for mice models.**

In general, healthy ageing can display immune-related deregulations accounting for age-related diseases, and hence
investigating immune parameters new approaches can be designed to alleviate the effect of normal ageing.

Conclusions

Healthy ageing is a physiological process and in order to evaluate the immunological alterations that follow ageing,
several humoral and cellular immune parameters were investigated for a large range of adult ages (30-80 years). For both
humoral and cellular immune parameters age-related changes were observed. Thus, humoral parameters showed a
decreasing trend with age, even if the values obtained were within normal limits. Lymphocyte immunophenotyping
revealed several significant differences in the distribution of cells, both intra- and inter-age groups, namely decreased
values of T-CD3", T-CD8" and NK cells, and elevated values for T-CD4*, T-CD4"/T-CD8" ratio and B cells.

Our data have also shown an increased percentage of oxidative neutrophils after PMA stimulation, and the oxidative
activity as well. In normal ageing there is a tendency that lesser percentage of circulating neutrophils that are oxidative
active are compensating with a more intense oxidative activity to aid the decreased pool of innate immunity cells. In
terms of adaptive immune cells ageing is governed by lesser T total lymphocyte population that compensates by an
increased Th subpopulation and B lymphocyte population. We can conclude that healthy ageing is governed by some
immune-related deregulations that account for immune exhaustion on both innate and adaptive immune cells, this
exhaustion is probably due to numerous developed immune processes during a life-time and the age-related diseases.
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