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Summary

A group of European FOCIS Centers of Excellence adapted panels of the 
Human Immunophenotyping Consortium (HIPC) for whole blood analysis. 
Using four core panels [T/regulatory T cell/B/natural killer (T/Treg/B/NK) 
and myeloid cells] the main leukocyte populations were analyzed in a 
clinical–diagnostic setting in a harmonized manner across different plat-
forms. As a first step, the consortium presents here the absolute and rela-
tive frequencies of the leukocyte subpopulations in the peripheral blood 
of more than 300  healthy volunteers across six different European 
centers.

Keywords: blood leukocyte counts, flow cytometry, immunophenotyping, 
reference intervals

Introduction

For decades, flow cytometry has been the standard technique 
for phenotyping immune cells in suspension. While, in the 
last 15 years, due to advances in instrumentation and 

introduction of novel fluorochromes, polyspectral approaches 
are standard techniques in basic science laboratories, their 
utilization in clinical immunology is not yet common prac-
tice. Furthermore, the analysis of three major lymphocyte 
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subpopulations T, B and natural killer (NK) is, in most 
cases, not sufficient for clinical decision-making. Therefore, 
the characterization of differentiation and activation stages 
of the different lymphocyte subpopulations, as well as the 
analysis of other subpopulations of the innate immune 
system (monocytes, dendritic cells and granulocytes) is not 
only important to understand individual physiology of the 
immune system but also for differential diagnosis of immu-
nodeficiency, activity in immune-mediated diseases and 
response towards immune-modulating therapies.

So far, different approaches have been utilized. As outlined 
by Maecker et al. [1], there are several opinions regarding 
suitable markers and different staining strategies have their 
pros and cons. In order to compare results across different 
sites, it is important to reach consensus regarding markers, 
reagents, instrument settings and gating/enumeration strate-
gies, whereas minor site-to-site variations are of limited 
practical importance. Unlike in other areas of laboratory 
diagnostics, analysis of subpopulations of immune cells does 
not rely upon fixed reference intervals, but upon the overall 
pattern of differentiation/activation cell status and upon 
changes of these parameters during therapy. In addition, 
these laboratory values have to be stringently discussed in 
the clinical context of the individual patient.

In 2011, under the lead of the Federation of Clinical 
Immunology Societies (FOCIS), a minimal set of multi-
spectral panels to evaluate the major leukocyte subsets in 
the peripheral blood was proposed [1]. So far, these panels 
have been evaluated in a standardized form by several cent-
ers [2]. However, as starting material this consortium favored 
frozen/lyophilized peripheral blood mononuclear cells 
(PBMC). In a clinical–diagnostic setting this approach seems 
to be problematic. First, original proportions of subpopula-
tions  –  not biased due to isolation and manipulation tech-
niques  –  and secondly, absolute cell counts are required. 
Therefore, a group of European FOCIS Centers of Excellence 
with support of the COST Action European Network for 
Translational Immunology, Research and Education (ENTIRE) 
adapted the proposed Human Immunophenotyping 
Consortium (HIPC) panels for whole blood analysis. The 
basic panels were compatible throughout different platforms. 
The emphasis was put upon harmonization, as due to the 
lack of suitable calibrators, the existence of a growing variety 
of cytometer platforms in different laboratories and the tech-
nical variations inherited to clinical material, standardization 
seems unfeasible. As a first step, the consortium presents 
here the percentages and absolute frequencies of major sub-
populations in the peripheral blood of more than 300 healthy 
volunteers among six different European centers.

Materials and methods

A total of 330 healthy individuals (134 males, 196 females; 
age range  =  20–81  years) who met the criteria for the 

study were recruited at six different study centers partici-
pating in the COST ENTIRE initiative, including Barcelona 
(BCN), Tartu (TAY), Heidelberg (HDB), London (LHR), 
Stockholm (ARL) and Halle (HAL). Age distribution of 
study participants across study centers is shown in  
Fig. 1. All study subjects gave their informed consent 
according to the approved protocols of research ethics 
committees of the participating study centers (Supporting 
information, Table S1).

After venipuncture, fresh anti-coagulated lithium hep-
arinized whole blood of the study subjects was aliquoted 
in 100  μl amounts into polystyrene/polypropylene tubes 
and incubated with the appropriate fluorochrome- 
conjugated monoclonal antibodies (Supporting informa-
tion, Table S2) to cell surface markers for 30 min at room 
temperature (RT) in the dark. After incubation, stained 
samples were subjected to red blood cell lysis using 2 ml 
1× BD lysing solution (Cat. no 349202). After erythrocyte 
lysis for 10  min, the samples were washed and acquired 
on the flow cytometer. Prepared samples were stored at 
RT in the dark until analyzing (maximum 6  h) and for 
each sample, a maximum of 300  000 leukocyte events 
were recorded as a rule. Using appropriate thresholds, the 
collection of an excess of debris was avoided.

Flow cytometric analysis was performed on a flow 
cytometer available at the specific study center [either LSR 
Fortessa, FACS Canto (BD Biosciences, San Jose, CA, USA) 
or Navios (Beckman Coulter, Brea, CA, USA)] using a 
common set-up for the proposed markers (Supporting 
information, Fig. S1). The configuration of cytometers and 
the laser specifications are included in the Supporting 
information, Table S3. Briefly, BD cytometer set-up and 
tracking (CST) beads (Cat. no. 656505) were used to set 
the mean fluorescence form each fluorescence channel.

Data were analyzed with the FlowJo software (BD 
Biosciences) according to the gating strategy developed by 
the EU COST-ENTIRE Consortium working group 
(Supporting information, file: HIPC version 3.3 protocol). 
Gating was performed by each center separately using pre-
designed FlowJo gating templates. Gating strategy was pub-
lished previously [3]. Relative numbers of T cells, regulatory 
T cells (Tregs), B cells, dendritic cells (DC), NK cells, mono-
cytes, granulocytes and their subsets were determined. For 
the determination of absolute cell counts, different centers 
used different approaches: (1) single platform: (a) the BD 
Multitest™ six-color TBNK reagent and TruCount tubes (Cat. 
no. 337166) (HDB, TAY, HAL, LHR) or (b) Perfect Count 
Microspheres™ (Cat. no. CYT-PCM-100) (BCN); and (2) 
double platform, where the absolute numbers were calculated 
by the results of hematological analyzer results (ARL).

Using Trucount tubes, the absolute cell count was deter-
mined by comparing cellular events to bead events and 
the absolute counts were calculated according to the 
manufacturer’s instructions, as follows:
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For quantification of absolute cell counts using Perfect 
Count Microspheres, 25  μl of peripheral blood samples 
was incubated with CD45-peridinin chlorophyll (PerCP) 
(BD Biosciences) for 15 min at room temperature in dark-
ness. Erythrocytes were removed using 450  μl lysis buffer 
(BD FACS™ lysing Solution; BD Biosciences). Twenty-five 
microliters of Perfect Count Microspheres was added to 
each sample and acquired on a flow cytometer. The abso-
lute counts were calculated as follows: (%sub-
set/100)  ×  counts of the main subpopulation.

In the T cell panel, following markers were used: 
CD45, CD3, CD4, CD8, CD45RA, chemokine receptor 
type 7 (CCR7) (CD197), C-X-C chemokine receptor 
type 3 (CXCR3) (CD183), CCR6 (CD196), human leu-
kocyte antigen D-related (HLA-DR) and CD38. CD4+ 
and CD8+ T cells were further characterized: using the 
differential expression of CD45RA and CCR7 naive, 
central memory (CM), effector memory (EM) and effec-
tor memory RA (TEMRA) compartments were analyzed. 
Anti-CXCR3 and anti-CCR6 antibodies were used to 

identify T helper type 1 (Th1) (CXCR3+CCR6−), Th2 
(CXCR3−CCR6−) and Th17 (CXCR3−CCR6+) subpopula-
tions from CM and EM CD4+ T cells. Activation of 
CD4+ and CD8+ T cells was examined by CD38 and 
HLA-DR expression.

In the Treg panel, the following surface markers were 
utilized: CD45, CD3, CD4, CD127, CD25, CD45RO, CCR4 
(CD194) and HLA-DR markers, following the consensus 
of the Human Immunology Consortium using whole blood. 
The Treg subset was identified as CD4+CD25+CD127− T 
cells, and according to the differential expression of 
CD45RO and CCR4 were characterized as memory Treg, 
and the expression of HLA-DR to define activated Treg.

In the B cell panel, the following subsets were studied: 
CD19+ B cells, naive B cells, transitional B cells, preswitch 
memory B cells, switched memory B cells, plasmablasts 
and exhausted memory B cells were identified, which were 
distinguished according to differential expression of CD45, 
CD3, CD19, CD20, CD27, CD24, CD38 and immuno-
globulin (Ig)D.

In the NK cell/ myeloid cell panel the following mark-
ers were used: CD45, CD3, CD19, CD20, CD11c, CD123, 
CD14, CD16, CD56, HLA-DR and sulfo-LacNac (SLAN).

events in cell population

events in beads region
×

beads per tube

sample volume (50�l)
= absolute cell count

Fig. 1. Violin plots showing age distribution of immunophenotyped subjects across the centers (Kruskal–Wallis test). ARL = laboratory in Stockholm, 
Sweden; BCN = laboratory in Barcelona, Spain; HDB = laboratory in Heidelberg, Germany; HAL = laboratory in Halle, Germany; LHR = laboratory in 
London, UK; TAY = laboratory in Tartu, Estonia.
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Statistical analysis was carried out in two centers 
(Tartu and Barcelona) using the r  language and envi-
ronment and Graphpad Prism version 7. For analysis 
of differences between females and males the Mann–
Whitney U-test was used. Association between age and 
cell counts was examined using Spearman’s rank cor-
relation test and age groups were compared using the 
Kruskal–Wallis test. Participants were divided into three 
groups aged 20–39, 40–59 and 60–81 years. The results 
of statistical tests were considered statistically significant 
when P ≤ 0·05. For the calculation of reference intervals, 
a non-parametric method was applied because of the 
non-normal distribution.

Results

T cell panel: centers ARL, BCN, HDB, HAL, LHR and 
TAY

Table 1 shows the distribution of cell percentages and 
total counts of T cell subpopulations. The data divided 
for gender groups are presented in Supporting informa-
tion, Tables S3 and S4 and for age groups in Supporting 
information, Tables S5 and S6.

Females had a higher CD4+ T cell count than males 
(878  ±  325 versus 744  ±  296/µl). This difference was sta-
tistically significant in both the naive (416  ±  241 versus 
325 ± 208/µl) and central memory (CM) (310 ± 147 versus 
267 ± 134/µl), but not in the effector memory (EM) com-
partments. In-depth analysis of CM T cells revealed a 
higher count of CM Th1 cells in females versus males 
(75  ±  38; 59  ±  30/µl).

As expected, there was a clear age-relation in the dis-
tribution of naive and memory subsets of T cells. The 
cell frequencies and the absolute count of naive CD4+ 
and CD8+ T cells decreased with age (Supporting infor-
mation, Tables S5 and S6), while the CM and EM CD4+ 
T cell compartments, as well as the CM CD8+ T cells, 
increased. In our cohort, we also observed an increase of 
EM Th1 and CM Th2 cells (Supporting information, Tables 
S5 and S6). In addition, there was a marked increase of 
activated HLA-DR+ CD4+ and CD8+ T cells in both the 
CD38+ and CD38− compartments. We also observed an 
age-dependent decline of the DN population (Supporting 
information, Tables S5 and S6).

Treg cell panel: centers BCN, HDB, HAL, LHR and TAY

Table 2 shows the distribution of the absolute and relative 
counts of Treg subpopulations.

Although, in comparison between male and female 
subjects, we identified no differences in any of the Treg 
subsets when absolute counts were analyzed (Supporting 
information, Table S7), sex-related differences appeared in 
the relative distribution of all Treg subsets: males have 

significantly higher proportions compared to female sub-
jects (Supporting information, Table S8).

Age-associated differences were analyzed in the different 
Treg subpopulations divided into three groups (Supporting 
information, Tables S9 and S10). Absolute and relative 
cell frequencies of the total Treg subpopulation did not 
show age-specific anomalies (Supporting information, 
Tables S9 and S10). However, the absolute number of 
memory Tregs and the absolute and relative count of acti-
vated Treg increased with age (Supporting information, 
Tables S9 and S10).

B cell panel: centers BCN, HDB, HAL, LHR and TAY

Table 3 shows the absolute and relative counts of the 
total B cell population and their subpopulations.

The absolute number and the relative amount of the 
total population of peripheral blood CD19+ B cells remained 
stable throughout adulthood and did not show sex-related 
(Supporting information, Tables S11 and S12) or age-related 
differences (Supporting information, Tables S13 and S14) 
The sex-related differences appeared only in the absolute 
count and frequency of preswitch memory B cells, show-
ing significantly higher values in males compared to female 
participants.

We used anti-IgD and anti-CD27 antibodies to separate 
B cells into four subsets: naive B cells (IgD+CD27−), pres-
witch memory B cells (IgD+CD27+), switched memory B 
cells (IgD−CD27+) and exhausted double-negative B cells 
(IgD−CD27−). Interestingly, the proportion of naive B cells 
does not decrease with age and remains the predominant 
B cell subset throughout adulthood. None of the three 
memory B cell subsets (preswitch memory, switched memory, 
exhausted memory) showed statistically significant age-
related changes. However, the absolute count and frequency 
of the developmentally earliest B cell subset in the periphery, 
termed transitional B cells (IgD+CD27−CD38+CD24+), as 
well as the frequency of plasmablasts (CD20−IgD−CD27+ 
CD38+), decreased with age.

NK cell and myeloid cell panel: centers BCN, HDB, 
HAL, LHR and TAY

Table 4 shows the relative distribution and the absolute 
counts of NK cell, monocyte and DC cell subpopulations.

NK cells and myeloid cells were identified by the absence 
of T and B cell-specific lineage markers (CD3, CD20 and 
CD19). NK cells were then divided into four subsets based 
on the differential expression of CD56 and CD16. 
CD56+CD16+ (CD56dimCD16+) subset represent the pre-
dominant NK cell subset in all age groups followed by 
CD56++CD16− (CD56brightCD16−), CD56+CD16− 
(CD56dimCD16−) and CD56++CD16+ (CD5brightCD16+) NK 
cell subsets. The proportion of the total NK cell population 
increases with age (Supporting information, Table S17), 
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while the absolute count and proportion of CD56brightCD16− 
and CD56dimCD16− NK cells show an age-related reduction 
(Supporting information, Tables S17 and S18). In contrast, 
the absolute and relative count of NK T cells are inversely 
correlated with age. When we studied the effect of sex, 
we observed that there is a difference between cell pro-
portion and/or absolute count in male and female in the 
total NK cell population and the in CD56brightCD16− NK 
cell subset (Supporting information, Tables S15 and S16).

The parameters of the whole population ofs DC (LIN−

CD14−CD56−LA−DR+) are relatively stable throughout adult-
hood (Supporting information, Tables S17 and S18). In DC 
subsets, age has a differential effect. Absolute counts of the 
relative proportion of myeloid DCs (mDC) (CD123−CD11c+), 
which is the major subset of DC in the peripheral blood, 
are expanding in parallel with increasing age, accompanied 
by a decrease in the absolute count and frequency of plas-
macytoid DCs (pDC) (CD123+CD11c−) (Supporting infor-
mation, Tables S17 and S18). We also studied mDC subsets 
divided based on the differential expression of CD16 and 
Slan. The majority of mDCs express CD16. Interestingly, 
the proportion of CD16+ single-positive mDC increases with 
age, while CD16+Slan+ cells show a reverse trend. The sex-
specific difference appeared only in the proportion of DC, 
as males have a slightly higher frequency of DCs than 
females (Supporting information, Table S15).

It seems that the absolute number of cells in the mono-
cyte population remain unchanged over age, whereas the 
relative proportion of monocytes slightly decreases with 
age (Supporting information, Tables S17 and S18). As in 
the total population of DCs, males also show a slightly 
higher proportion of monocytes when compared with 
females (Supporting information, Table S15). When we 
divided monocytes were into two subsets based on the 
expression of CD16 (also known as FcγRIII): (1) 
CD14+CD16− classical monocytes, which represent the 
majority of monocytes, and (2) a minor subset of CD14+/

lowCD16+ non-classical monocytes, we did not notice any 
difference between them. Absolute counts and relative size 
of both monocytes subsets are comparable between males 
and females (Supporting information, Tables S15 and S16) 
and over age (Supporting information, Tables S17 and 
S18). The absolute count of granulocytes remains strongly 
stable through adulthood and is not influenced by the 
sex of the study participants; the relative size of the total 
granulocyte population is positively correlated with age 
(Supporting information, Table S17).

Discussion

The diversity in the healthy human immune system has 
been only partially described, and the focus has been 
more upon characterizing disorders related to the immune 
system. The reason is that the data concerning 
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interindividual variation are limited and the metrics of 
immune health are not clearly defined [4].

Since its invention in the 1960s, flow cytometry has 
undergone rapid development and has become the first-
choice method in the evaluation, prognosis and diagnosis 
of a variety of clinical conditions, including autoimmune 
diseases, immunodeficiency, infection, malignancy and 
transplantation [1]. The availability of accurate reference 
intervals obtained from a healthy population, against which 
the patients’ results can be evaluated, is essential for all 
diagnostic methods [5].

Further, the accurate measurement of variations in the 
immune system depends upon a standardized assessment 
procedure, which is critical to demarcate between true 
biologically important changes from artifacts [4].

In this study, we used a standardized protocol for flow 
cytometric analysis to describe sex- and age-related vari-
ations of cellular components of the adaptive and innate 
immune system in more than 300 healthy volunteers from 
six different study centers.

T cells

Sex-specific differences in relation to the total CD4+ T 
cell numbers, as well as both the naive and central memory 
CD4+ populations, have been previously reported [6]. 
However, considering the large spread and overlap in and 
between the groups this observation seems to be not rel-
evant in a diagnostic setting. Therefore, both cohorts were 
combined for further analysis.

As previously described [7], there is a clear relation to 
age in the distribution of naive and memory T cell subsets. 
Using age as a continuous parameter, the strongest cor-
relation was found between the decline of the number 
of naive CD8+ T cells and age (Fig. 2). However, there 
was no significant accumulation of memory type CD8+ 
T lymphocytes. Therefore, the reported relative accumula-
tion of the latter with age is only due to the decline of 
naive CD8+ T lymphocytes. This confirms the findings of 
Wertheimer et al., although a different staining strategy 
was employed in this study [7].

The enumeration of naive and the different memory 
populations based on the expression of CCR7 and CD45RA 
is straightforward for CD4+ cells; however, in the CD8+ 
population the border between effector-memory and TEMRA 
cells requires a consensus opinion. The re-expression of 
CD45RA is a continuous process, and depending on the 
instrument settings a distinguished intermediate population 
appears. The use of additional markers such as CD27, 
CD28, CD57 and CD127 suggested that the intermediate 
population relates more to the TEMRA population (data 
not shown). Naive cells were defined as CD45RA++/CCR7+; 
CM cells as CD45RA−/CCR7+; EM cells as CD45RA−/
CCR7−; and TEMRA cells as CD45RA+/++/CCR7−. The 

proportion of CD8+ TEMRA is highly dependent upon the 
CMV-status of healthy individuals [7]; however, these data 
were not available in our cohort and is a limitation of 
our study.

Our core panel for analysis of peripheral T cells pro-
vides various opportunities to add markers that answer 
specific questions. In one of our study sites, 17 different 
markers were studied in this panel for diagnostic purposes. 
For example, an important question is the expression of 
CD28 on the different T cell subpopulations, as CD28-
negative cells are, for example, potentially resistant to 
cytotoxic T lymphocyte antigen 4 (CTLA-4) blockade. 
Naive and CM CD8+ T cells are considered CD28-positive, 
EM-variable, and TEMRA CD28 mainly negative [8,9]. In 
the CD4 compartment, the number of CD28− cells is 
much less frequent [10].

In our cohort, we observed infrequently a high num-
ber of CD4−CD8− double-negative T cells (DN). Most 
of these cells turned out to be T cell receptor (TCR)-γδ 
cells. Therefore, we considered it important to also 
include an anti-TCR-γδ antibody into the panel. We 
observed an age-dependent decline of the DN popula-
tion, which might reflect the lower counts of γδ T 
cells observed with age [11]. The presence of TCR-αβ 
DN T cells above 2·5% of the CD3+ T cells is a cri-
terion for the diagnosis of an autoimmune lymphopro-
liferative syndrome (ALPS) [12], and the addition of 
this marker might be meaningful in the clinical immu-
nology laboratory.

For the estimation of activated T cells a combination 
of HLA-DR and CD38 was used, as this has been sug-
gested for the monitoring of HIV-positive patients [13]. 
For further characterization of Th cells a combination of 
anti-CCR6 and anti-CXCR3 antibodies were employed 
[14]. Here, Th1 cells were defined as CD4+/CXCR3+/CCR6−, 
Th2 as CD4+/CXCR3−/CCR6− and Th17 as CD4+/CXCR3−/
CCR6+.

In the originally proposed HIPC panels three tubes 
were utilized to characterize peripheral T lymphocytes: 
T basic, T regulatory and T helper. In the present study, 
the basic and the helper panels were combined resulting 
in a 10-color panel. At study sites that lack the equip-
ment above eight-color detection, the Thelper panel can 
still be measured separately in case this information is 
required.

Treg cells

Tregs play a crucial role in immune homeostasis and are 
associated with prevention of autoimmune diseases, aller-
gies and allogenic responses in organ transplantation 
[15–17].Characterization of Treg cells was initially difficult 
because they do not depict specific markers, and no con-
sensus standardized phenotypical panel exists for them. 
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The heterogeneity in utilized monoclonal antibodies made 
it difficult to compare studies, either in healthy individuals 
or in patients with immune-mediated diseases [18].

Treg can also be subdivided into naive and memory Treg 
through the expression of CD45 isoforms, together with 
chemokine receptors [20,21]. Expression of CCR4 is 
restricted to circulating memory Treg [22]. Most of the Treg 
in the peripheral blood of adults show a CCR4+CD45RO+ 
effector/memory phenotype. Moreover, most research to 
date on Treg focuses upon this subset [22–24].

Interestingly, memory Treg cells can be further subdivided 
on the basis of HLA-DR expression. Mature and highly 
activated Treg express HLA-DR [25,26].

Therefore, in our study, we characterized Treg subsets 
(memory and activated) by the surface expression of CD4, 
CD25, CD127, CD45R0, CCR4 and HLA-DR following 
the consensus of the Human Immunology Consortium 
[1], but using whole blood. Our results show that there 
is an increase in the percentage of memory Treg and acti-
vated Treg with age, in accordance with previous results 
in which these populations of Treg have been analyzed, 
although using different markers [26]. Nevertheless, no 
age- or sex-specific differences in the total count of Treg 
lymphocytes were found in our cohort.

B cells

B cells play an essential role in adaptive humoral immunity, 
as they are the only cells capable of differentiang into anti-
body producing plasma cells. In addition, they can act as 
antigen-presenting cells and initiate an immune response. 
B cells also have regulatory and effector functions mediated 
by cytokines and chemokines [27]. Different marker com-
binations have been proposed for the identification of memory 
and naive B cells [28,29]. Here, we used anti-IgD and anti-
CD27 antibodies for dividing B cells into four subsets. CD27 
is considered to be a memory B cell marker and its expres-
sion is in correlation with cell size, proliferative capacity, 
antigen presentation efficacy and ability to differentiate into 
antibody-secreting plasma cells [30]. Similarly, as has been 
shown by other studies [31], we also found that the majority 
of B cell subsets are not affected by sex.

As reviewed by Frasca and colleagues [32], there are 
conflicting results in the field of studies focusing upon 
the effect of aging on B cells. In our study, the absolute 
number and relative size of the total population of CD19+ 
B cells, as well as naive and memory B cell subpopula-
tions, showed a slight but not statistically significant age-
associated trend of reduction, which is also shown by 
other authors [11,33]. In contrast to our study, other studies 
have not shown an age-dependent reduction of immature 
transitional B cells (here identified as CD19+IgD+CD27−

CD38+CD24+) in adults [28,31,33].
Plasmablasts (here identified as CD19+CD20−IgD−CD2

7+CD38+) are short-lived precursor cells for long-lived 

plasma cells. Our study revealed an age-related reduction 
in the proportion of plasmablasts, which is consistent with 
previous studies [28,33,34] showing an age-associated 
decline in plasma cell absolute counts and/or proportions. 
These findings confirm the findings of Pritz et al., who 
demonstrated a reduction of plasma cells in the bone 
marrow in relation to aging [34]. In contrast to our results, 
Caraux et al. demonstrated that memory cells are also in 
reverse relationship with age [28]. The controversy between 
these results might result from different marker choices, 
as they used CD27 in combination with CD10 and CD38, 
instead of IgD, which was used in the present study.

Double-negative (IgD−CD27−) B cells have been char-
acterized as senescent/exhausted memory B cells, but so 
far their biological function remains elusive [35]. Expansion 
of these exhausted B cells has been associated with chronic 
antigenic stimulation and with diseases such as systemic 
lupus erythematosus [36] and Alzheimer’s disease [37], 
but also with aging [38]. Our data did not support the 
latter finding, as in our study population we surprisingly 
observed the decline of exhausted B cells in elderly patients; 
however, this did not reach statistical significance. 
Conflicting results might be derived from the choice of 
study material, as Colonna-Romano et al. used separated 
PBMCs and our data are based on the analysis of fresh 
whole blood, which again illustrates the necessity of har-
monization of flow cytometric methods in order to compare 
results from different studies in a meaningful way. Many 
authors have emphasized the critical part of methodical 
differences as the main source of variability in flow cyto-
metric immunophenotyping [1,39,40].

NK cells, dendritic cells, monocytes and granulocytes

In concordance with several other studies, we found that 
the number of NK cells increases with age [41,42]. We 
used the expression of CD56 and CD16 to study four 
NK cell subsets. Immature NK cells, forming approximately 
10% of the peripheral blood NK cells, have high levels 
of CD56 on their surface and lack expression of CD16 
(CD56brightCD16−). As NK cells mature they start to express 
CD16, while the expression of CD56 is down-regulated 
(CD56dimCD16+) [43]. In relation to age we observed an 
increase in the proportion of whole NK cells accompanied 
by the decrease in both CD16− NK cell subsets 
(CD56brightCD16− immature NK cells and CD56dimCD16−). 
Numbers of mature NK cells (CD56dimCD16+) had a ten-
dency for age-related increase, but this was not statistically 
significant. In contrast to our observation, a previous study 
reported a significant difference in the absolute number 
of mature NK cells; however, they were comparing par-
ticipants ranging from 18 to 60 years and participants 
over 80  years [43]. Unfortunately, we were not able to 
include a higher number of older participants in our study 
populations.
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Results of previous reports show conflicting results 
regarding the effect of age to DC populations [44–47]. 
We observed a strong association between age and the 
subsets of DC (Fig. 3). Despite similar marker choice in 
some previous studies, we observed a significant age-
dependent increase in mDC and its CD16 expressing 
subsets [31,48] (Fig. 3). On pDCs, aging has the opposite 
effect, as the number of pDCs decreases in elderly patients, 
both absolutely and relatively (Fig. 3). Although Stervbo 
et al. [44] used a combination of BDCA1 (CD1c), BDCA2 
(CD303) and BDCA3 (CD141) for distinguishing DC 
subsets, they also observed the age-dependent decline in 
pDC and expansion of mDC.

We next investigated the total population of peripheral 
blood monocytes and its two main subsets: classical 
(CD14+CD16−) and non-classical monocytes (CD14+CD16+). 
CD16-expressing non-classical monocytes have been 
described as proinflammatory cells, and accumulation of 
these cells has been associated with aging [47,49,50]. However, 
our results do not support these findings, and suggest that 
age does not significantly affect the composition of the 
peripheral blood monocyte compartment. The difference 
from other studies may be partly explained by the fact that 
we divided monocytes into two subsets, and others have 
also distinguished a third subset called ‘intermediate mono-
cytes’ [47,49].

Although the number of most cells representing com-
ponents of the innate immune system cells do not differ 
between males and females, we found that absolute and/
or relative proportions of some subsets are significantly 
higher in men. In accordance with previous studies [41], 
we also detected a higher proportion of total NK cells 
in males and absolute numbers and frequency of immature 
(CD56brightCD16−) NK cells in females. The relative size 
of the monocyte population was also significantly smaller 
in females, as reported previously [42]. These differences 

might be hormone-related, as has been shown by several 
studies [51].

Conclusions

In summary, the presented core panel is well applicable 
to analyze the main leukocyte subpopulations in whole 
blood in a clinical–diagnostic setting. This panel serves 
as a comprehensive starting-point for characterization of 
main peripheral blood cells populations, which can be 
expanded to resolve specific questions.
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