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Summary
Healthy aging requires an optimal balance between pro-inflammatory 
and anti-inflammatory immune responses. Although CD4+ T cells play 
an essential role in many immune responses, few studies have directly 
assessed the effect of aging on the balance between effector T (Teff) 
cells and regulatory T (Treg) cells. Here, we determined if and how aging 
affects the ratio between Treg and Teff cells. Percentages of both naive 
Treg (nTreg; CD45RA+CD25intFOXP3low) and memory Treg (memTreg; 
CD45RA-CD25highFOXP3high) cells were determined by flow cytometry 
in peripheral blood samples of healthy individuals of various ages 
(20-84 years). Circulating Th1, Th2 and Th17 effector cells were identified 
by intracellular staining for IFN- , IL-4 and IL-17, respectively, upon in vitro 
stimulation with PMA and calcium ionophore. Whereas proportions of 
nTreg cells declined with age, memTreg cells increased. Both Th1 and Th2 
cells were largely maintained in the circulation of aged humans, whereas 
Th17 cells were decreased. Similar to memTreg cells, the 3 Teff subsets 
resided primarily in the memory CD4+ T cell compartment. Overall, Treg/
Teff ratios were increased in the memory CD4+ T cell compartment of 
aged individuals when compared to that of young individuals. Finally, the 
relative increase of memTreg cells in elderly individuals was associated 
with poor responses to influenza vaccination. Taken together, our findings 
imply that aging disturbs the balance between Treg cells and Teff cells.
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Introduction
An optimal balance between pro-inflammatory and anti-inflammatory immune 
responses is considered essential to preserve health in the elderly (Franceschi et 
al, 2007). Tilting the balance towards inflammation in aged individuals, sometimes 
referred to as ‘inflammaging’, may contribute to the development of autoimmunity. 
Conversely, when the balance shifts towards anti-inflammation, immunity against 
microbes and tumour cells is hampered (Franceschi et al, 2007).  

The concept of ‘inflammaging’ and ‘anti-inflammaging’ has been mostly 
studied in relation to the innate immune system (Franceschi et al, 2007). Aging, 
however, also has a profound impact on the adaptive immune system (Boraschi 
et al, 2013). The T cell compartment in particular is affected by aging, as thymic 
output dramatically drops early in life (den Braber et al, 2012). Consequently, 
T cell-mediated immunity relies on the maintenance of already existing naive and 
memory T cells. Ample evidence indicates that late stage memory CD8+ T cells, 
which lack CD28 expression, expand with age and promote inflammation in the 
elderly (Weng et al, 2009). In contrast, the CD4+ T cell compartment remains 
more heterogeneous with age and only few CD28 negative memory CD4+ T cells 
develop in most aged individuals (Weng et al, 2009). 

CD4+ T cells play a central role in the development and persistence of 
immune responses. Distinct subpopulations of CD4+ T cells producing specific 
effector cytokines have been reported (Murphy and Stockinger, 2010). T helper 
(Th) 1 cells produce IFN- , which is important for immunity against intracellular 
pathogens. IL-4 producing Th2 cells promote immune responses to parasites, 
whereas IL-17 producing Th17 cells are involved in protection against extracellular 
bacteria and yeasts. Various studies have shown that these subsets of effector 
T (Teff) cells are either retained or decreased in the circulation of aged humans 
(Alberti et al, 2006; Karanfilov et al, 1999; Lee et al, 2011).

Another subpopulation of CD4+ T cells, termed regulatory T (Treg) cells, 
can potently inhibit immune responses (Sakaguchi et al, 2010). Previous studies 
have shown that both naive (CD45RA+CD25intFOXP3low) and memory (CD45RA-
CD25highFOXP3high) Treg cells can be identified (Miyara et al, 2009). These Treg 
cell subsets express different chemokine receptors and have distinct migratory 
properties (Booth et al, 2010). Naive Treg cells express CCR7 and therefore track 
into lymphoid organs along with naive T cells (Menning et al, 2007). Memory Treg 
cells express chemokine receptors similar to Teff cells and are therefore able to 
home towards sites of inflammation (Duhen et al, 2012). Although few studies 
have directly assessed the impact of aging on the Treg/Teff balance (Schmitt 
et al, 2013), many studies have shown that the number of Treg cells increases 
in the elderly. This could indicate that the balance tilts towards Treg cells in 
the elderly. Although Treg cells may be necessary to suppress ‘inflammaging’, 
studies have shown that Treg cells may hamper immunity against microbes and 
tumour cells in aged mice (Lages et al, 2008; Sharma et al, 2006; Williams-Bey 
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et al, 2011). To date, only scarce data exist suggesting that Treg cells interfere 
with protective immune responses in aged humans (Agius et al, 2009). 

In the current study, we determined if and how aging shifts the balance 
between Treg and Teff cells. Furthermore, we assessed whether the number of 
circulating Treg cells could be related to vaccine responses in a small cohort 
of aged individuals receiving influenza vaccination.

Materials and methods
Study subjects and samples
Blood samples were obtained from 79 healthy individuals (age 20-84). All individuals 
underwent medical history taking, physical examination, blood testing (general blood 
count, renal and liver function, glucose, ESR, urine sediment) and urinalysis. None 
of the subjects had a history of infection, malignancy, autoimmune disease, chronic 
liver or kidney disease, alcohol or drug abuse, diabetes mellitus, current pregnancy or 
immunosuppressive therapy. An elevated blood pressure and the use of anti-hypertensive 
treatment were accepted. Clinical and laboratory data are provided in Table 1. Additional 
blood samples were collected from 14 healthy individuals (median age 63, range 49-82) 
before and after influenza vaccination. Mononuclear cell fractions were isolated by density 
gradient centrifugation with Lymphoprep (Axis-Shield and Nycomed Pharma). Written 
informed consent was obtained from all study participants and the study was approved 
by the Medical Ethical Committee of the UMCG. All procedures were in accordance with 
the Declaration of Helsinki. 

Flow cytometry
Isolated mononuclear cells were stained with the following fluorochrome-conjugated 
monoclonal antibodies: CD4-PcP, CD8-APC-H7, CD31-PE, CD45RO-PE-Cy7, CD45RO-FITC, 
CCR7-PcP-Cy5.5, CCR4-PE-Cy7 (all BD), CCR6-PcP-Cy5.5, CXCR3-PE-Cy5, IL-2-AF700, IL-4-PE, 
IFN- -PcP-Cy5.5, FOXP3-AF647 (all Biolegend), CD4-ef450, CD25-APC, CD25-PE, CD45RA-PE, 
CD45RA-ef605 and IL-17-AF488 (all eBioscience). Samples were measured on a LSR-II (BD) 
and analysed with Kaluza Analysis Software (Beckman Coulter). 

Intracellular cytokine and transcription factor staining
As previously described (Dolff et al, 2011), whole blood samples were diluted 1:1 with RPMI 
and stimulated with 40 nM PMA and 2 nM Ca2+ ionophore A23187 in the presence of 
3 μM brefeldin A (all Sigma) for 4 hours. After red blood cell lysis with ammonium chloride, 
cells were fixed and permeabilized with FOXP3 Staining Buffer Set (eBioscience) followed 
by intracellular staining for cytokines. Intracellular staining for FOXP3 was performed on 
unstimulated, isolated mononuclear cells with the same FOXP3 Staining Buffer Set.  

Vaccination, anti-H1N1 influenza IgG ELISA and hemagglutination 
inhibition assay 
Healthy individuals received a trivalent inactivated virus vaccine containing A/California/7/2009 
(H1N1), A/Perth/16/2009 (H3N2) and B/Brisbane/60/2008 (Influvac, Solvay Pharmaceuticals) 
between October 2010 and January 2011 as part of the National Vaccination Program in 
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the Netherlands. Peripheral blood samples were obtained prior to vaccination at day 0, 
as well as day 7 and day 28 after vaccination. For detection of anti-H1N1 influenza IgG, 
ELISA plates (Costar) were coated with 1 μg of A/H1N1 subunit and subsequently incubated 
with serum obtained at day 0, 7 and 28. Subsequently, plates were incubated with mouse 
anti-human IgG-HRP (Southern Biotech), followed by incubation with TMB substrate (Sigma). 
Absorbance at 450 nm was read with an Emax microplate reader. Antibody concentrations 
were calculated with SOFTmax PRO software (Molecular Devices). The hemagglutination 
inhibition (HI) assay to A/California/7/2009 (H1N1) was performed according to standard 
techniques with guinea pig erythrocytes and egg-grown influenza viruses as antigens, as 
previously described (WHO Global Influenza Surveillance Network,). 

Statistics
The Mann Whitney U test was used to compare different groups. Wilcoxon signed rank 
test was used to analyse paired data. Correlations were assessed using the Spearman’s 

Table 1. Subject characteristics. 

Young
(Age 18-40)

Intermediate
(Age 41-60)

Aged
(Age 61-90) Total

No. 25 22 32 79

Age, years, mean ± SD 26 ± 5 54 ± 5 70 ± 7 52 ± 20

No. Male (%) 7 (28%) 6 (28%) 9 (28%) 22 (28%)

Haemoglobin, mmol/L,  
mean ± SDa

8.4 ± 0.6 8.5 ± 0.7 8.8 ± 0.6 8.6 ± 0.6

Leukocyte count, 109/L,  
mean ± SDa

5.0 ± 1.6 5.3 ± 1.4 5.7 ± 1.1 5.5 ± 1.3

Thrombocyte count,  
109/L, mean ± SDa

256 ± 48 236 ± 45 239 ± 50 241 ± 48

ESR, mm/hr, mean ± SDa 6 ± 4 8 ± 6 11 ± 6 10 ± 6

CD3+ T cell count,  
109/L, mean ± SD

1.48 ± 0.62 1.45 ± 0.45 1.32 ± 0.42 1.40 ± 0.49

CD4+ T cell count,  
109/L, mean ± SD

0.72 ± 0.50 0.62 ± 0.36 0.97 ± 0.35*† 0.80 ± 0.42

CD8+ T cell count,  
109/L, mean ± SD

0.69 ± 0.26 0.77 ± 0.44 0.34 ± 0.16*† 0.56 ± 0.35

CD4/CD8 ratio, mean ± SD 1.2 ± 0.8 1.4 ± 1.6 3.5 ± 2.6*† 2.2 ± 2.2

CD16/CD56+ NK cell count, 
109/L, mean ± SD

0.25 ± 0.12 0.28 ± 0.14 0.35 ± 0.18 0.30 ± 0.16

CD19+ B cell count,  
109/L, mean ± SD

0.27 ± 0.16 0.24 ± 0.09 0.20 ± 0.10 0.23 ± 0.12

Creatinine, μmol/L,  
mean ± SDa

64 ± 9 74 ± 9 69 ± 13 69 ± 11

No. = number. ESR = erythrocyte sedimentation ration. SD  = standard deviation. * P value < 0.05 versus Age 
18-40, † P value < 0.05 versus Age 41-60;  a performed in 9/25 young individuals, 17/22 intermediate age individuals 
and 32/32 aged individuals. 
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rank correlation coefficient. Analyses were performed with GraphPad Prism 5.0. Two-tailed 
p values less than 0.05 were considered significant.

Results
Characterization of study cohort 
Subject characteristics and general immune parameters are shown in Table 1. 
Most immune parameters were comparable between the different age groups. 
However, CD4 counts were significantly increased in aged individuals when 
compared to young (18-40) and intermediate age (41-60) individuals. In contrast, 
aged individuals (61-90) demonstrated substantially lower CD8 counts than 
observed in the young and intermediate groups. Consequently, CD4/CD8 ratios 
were significantly increased in aged subjects. 

Proportions of naive and memory Treg cells in relation to age
Based on CD45RA and CD25 expression (Miyara et al, 2009), CD45RA+CD25int 
naive Treg cells (nTreg) and CD45RA-CD25high memory Treg cells (memTreg) were 
identified in the peripheral blood of adult humans (Fig. 1A). In addition, 2 subsets 
of conventional naive CD4+ T cells and 3 subsets of conventional memory CD4+ 
T cells were identified. The conventional naive CD4+ T cell populations expressed 
CCR7 and were able to produce some IL-2 after 4 hours of PMA/calcium ionophore 
stimulation (data not shown). The conventional memory CD4+ T cell population 
expressed chemokine receptors of Teff cells, i.e. CXCR3, CCR4 and CCR6, and 
could produce effector cytokines such as IFN- , IL-4 and IL-17 (data not shown). 
We confirmed that nTreg cells express low levels of FOXP3, whereas memTreg 
cells express high levels of FOXP3 (Fig. 1B). In accordance with prior studies 
(Miyara et al, 2009; Booth et al, 2010), we also found that nTreg and memTreg 
cells equally suppressed the proliferation of anti-CD3/CD28 stimulated CD25-CD4+ 
T cells (Fig. 1C). Next, we analysed the proportions of Treg cells in the peripheral 
blood of healthy individuals of different ages. Whereas the proportion of nTreg 
cells decreased with age (Fig. 1D), the proportions of memTreg cells increased 
(Fig. 1E). When calculating absolute numbers of Treg cells, we observed a relatively 
stable number of nTreg cells, whereas memTreg cells were increased (Supplemental 
Figure 1). Thus, aging was associated with an increase in circulating memTreg cells.

Balance between Treg and Teff cells in young and aged individuals
Subsequently, we identified Th1, Th2 and Th17 effector cells by expression of 
their hall mark cytokines IFN- , IL-4 and IL-17, respectively, upon short stimulation 
with PMA/calcium ionophore (Fig. 2A). Whereas Th1 and Th2 cells were retained 
within the total CD4+ T cell pool of aged individuals, the number of circulating 
Th17 cells was substantially lower in aged individuals than in young individuals 
(Fig. 2B). Next, naive and memory CD4+ T cells were analysed separately for 
expression of effector cytokines. In essence, the 3 Teff subsets resided within 
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Figure 1. Proportions of naive and memory Treg cells as a function of age. 
(A) Representative CD45RA and CD25 staining in CD4+ T cells of a young and aged 
individuals. Naive Treg cells (I), memory Treg cells (II) and distinct populations of memory 
(III-V) and naive (VI-VII) CD4+ T cells were delineated (Miyara et al, 2009). (B) Representative 
intracellular flow cytometric staining for FOXP3 in the 7 subpopulations of CD4+ T cells. 
(C) Percentage suppression of proliferation in CD25-CD4+ responder T (Tresp) cells by 
naive or memory Treg cells at Treg:Tresp ratio of 2:1. Dose-dependent suppression of 
these Treg subset was confirmed in experiments with lower Treg:Tresp ratios. Experiments 
were performed with cells from 5 different individuals. Bars and whiskers represent mean 
with SEM. (D-E) Proportions of naive (D) and memory (E) Treg cells within the total CD4+ 
T cell population of 79 healthy individuals of different ages (20-84 years). Correlations 
were determined by Spearman’s correlation coefficient. 
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the memory compartment, whereas only few naive cells could produce IFN- , 
IL-4 or IL-17. The percentage of memory cells producing IFN-  was decreased in 
healthy aged individuals, which was somewhat compensated by a slight increase 
in the percentage of naive cells producing this Th1 cytokine. The latter finding 
could reflect a minor increase of CD45RA re-expressing memory cells in the aged 
individuals (Akbar and Henson, 2011). The percentages of naive and memory 
cells producing the Th2 cytokine IL-4 were similar in young and aged individuals. 
Memory CD4+ T cells of healthy aged individuals less frequently produced IL-17 
than those of young individuals, whereas naive CD4+ T cells did not express IL-17 
in either age group. Thus, Teff cells primarily resided within the memory CD4+ 
T cell compartment and numbers of circulating Teff cells were either retained 
or decreased in aged individuals. 

As memTreg share homing receptors with Teff cells, such as CXCR3, CCR4 
and CCR6 (Supplemental figure 2), memTreg cells are likely more relevant to 
keep Teff cells in check than nTreg cells, which primarily express the naive T cell 
homing receptor CCR7 (Menning et al, 2007; Duhen et al, 2012). Therefore, we 
determined the ratios between memory Treg cells and Teff cells only. The ratio 
between memTreg cells and Th1 cells was approximately 2-fold higher in aged 
individuals than in young individuals (Fig 2C). The ratio between memTreg cells 
and Th2 cells was 1.5-fold higher in aged individuals. In addition, a 3-fold higher 
ratio between memTreg cells and Th17 cells was observed in aged individuals 
when compared to young individuals. Whereas memTreg cells were outnumbered 
by Th17 in the memory compartment of young individuals, memTreg cells slightly 
predominated over Th17 cells in aged individuals (Fig 2C). 

As reciprocal development and plasticity of fully differentiated Teff cells 
and Treg cells has been described (Murphy and Stockinger, 2010; Zhou et al, 
2009), we next determined correlations between the proportions of Treg cells 
and Teff cells within the memory CD4+ T cell compartment. The percentages 
of memTreg cells did not correlate with the percentages of Th1 cells and Th2 
cells (Fig. 2D). In contrast, the percentage of memTreg cells correlated inversely 
with the percentage of Th17 cells. 

Correlation between memory Treg cells and vaccine responses 
Next, we questioned whether the relative increase of memTreg cells in aged 
individuals was associated with worse vaccine responses in the elderly. To that 
end, the pre-vaccination percentages of circulating memTreg cells were determined 
in a small cohort of aged individuals who received a vaccine against H1N1-
influenza as part of the National Vaccination Program. In addition, H1N1-specific 
IgG titres were determined before vaccination, as well as at 7 days and 28 days 
after vaccination. The most optimal rise in virus-specific titres was observed 
28 days after vaccination (Fig. 3A). No correlation was observed between the pre-
vaccination percentages of memTreg cells and the fold increase in virus-specific 
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Figure 2. Effect of age on the balance between Treg and Teff cells. (A) Representative 
flow cytometric staining of intracellular IFN- , IL-4 and IL-17 in CD4+ T cells after 4 hour 
stimulation with 40 nM PMA and 2 nM calcium ionophore in the presence of 3 μM Brefeldin 
A. (B) Percentage of cells expressing IFN- , IL-4 and IL-17 within CD4+ T cells, CD45RA-positive 
naive CD4+ T cells and CD45RA-negative memory CD4+ T cells of 20 young and 32 aged 
individuals. (C) Ratio between the percentage of memory Treg cells and Th1, Th2 or Th17 
cells within the memory CD4+ T cell compartment of 13 young and 25 aged individuals. 
The percentage of memory Treg cells was determined in unstimulated samples and the 
percentage of Teff subsets in stimulated samples. Bars and whiskers represent mean with 
SEM. (D) Correlation between the percentage of memory Treg cells and Th1, Th2 or Th17 
cells within the memory CD4+ T cell compartment of the same individuals as shown in 
C. Statistical significance by Mann Whitney U test is indicated as * p < 0.05, ** p < 0.01 
and *** p < 0.001. Correlations were determined by Spearman’s correlation coefficient.
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IgG at day 7 (data not shown). However, an inverse correlation was observed 
between the pre-vaccination percentage of memTreg cells and the fold increase 
in virus-specific IgG at 28 days after vaccination (Fig. 3B). 

In addition, the serological response to influenza vaccination was assessed 
with the hemagglutination inhibition (HI) assay. H1N1-specific HI titres correlated 
closely with the H1N1-specific IgG titres (Fig. 3C; Spearman’s rho 0.67, p < 0.0001). 
Seroprotection was defined as HI titres of  40 and was present in 2/14 donors 
before vaccination and in 8/14 (57%) donors at 28 days after vaccination. 
However, substantial seroconversion with a 4-fold increase in HI titres was only 

Figure 3. Correlation between Treg cells and vaccine responses in aged individuals. 
Fourteen healthy individuals (median age 63, range 49-82) received a trivalent vaccine 
containing inactivated H1N1-influenza. (A) Serum levels of anti-H1N1 IgG at day 0 (before 
vaccination), as well as 7 days and 28 days after vaccination. (B) Correlation between the 
pre-vaccination percentage of memory Treg cells and the fold increase in serum levels of 
anti-H1N1-influenza IgG at 28 days after vaccination. (C) Relation between serum levels 
of anti-H1N1 IgG and H1N1-specific hemagglutination inhibition (HI) titres. The dashed 
line represents a HI titre of 40 that is considered seroprotective. (D) The percentage 
of memory Treg cells in individuals that seroconverted 28 days after vaccination (n=3) 
and those that did not seroconvert (n=11). Seroconversion was defined as at least a 
4-fold increase in HI titres. Statistical significance by Wilcoxon signed rank test or Mann 
Whitney U test is indicated as * p < 0.05, ** p < 0.01 and *** p < 0.001. Correlations 
were determined by Spearman’s correlation coefficient.
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obtained in 3/14 (21%) donors at 28 days after vaccination. Interestingly, these 
3 donors demonstrated lower percentages of circulating memTreg cells than 
those that did not seroconvert (Fig. 3D).

Discussion
We here demonstrate that aging shifts the balance between Treg cells and Teff 
cells. Ratios between Treg cells and Teff cells were increased in the memory CD4+ 
T cell compartment of healthy aged individuals. To the best of our knowledge, this 
is the first study showing that aging modulates the balance between Treg cells 
and the 3 major subsets of Teff cells. Interestingly, our preliminary data show 
that the increase in memTreg cells is associated with poor vaccine responses 
in elderly individuals. 

Ample evidence shows that aging has a profound effect on the human 
immune system (Boraschi et al, 2013). In the current study with healthy aged 
volunteers, we observed relatively stable numbers of leukocytes and the 3 main 
lymphocyte subsets, i.e. T cells, B cells and NK cells. Although the total number 
of circulating T cells was relatively well-maintained in aged individuals, the ratio 
between CD4 and CD8 T cells tilted markedly towards CD4 T cells. Previously, a 
decreased CD4/CD8 ratio was linked to increased mortality in large cohorts of 
aged individuals and the CD4/CD8 ratio constituted one of the parameters of 
the so-called immune risk phenotype (Boren and Gershwin, 2004). The high CD4/
CD8 ratios found by us further underscore the health of the aged participants 
in our study. 

In accordance with prior reports (Miyara et al, 2009; Booth et al, 2010), the 
proportions of circulating nTreg cells were decreased with age, whereas memTreg 
cells were increased. Due to the rise in total CD4+ T cells counts in aged 
individuals, absolute numbers of nTreg cells were actually well-retained with age, 
whereas the absolute number of memTreg increased. Although we are not aware 
of prior reports on absolute numbers of nTreg and memTreg cells, these data 
underscore the net expansion Treg cells in the elderly. Importantly, we distinguished 
CD45RA+CD25int nTreg and CD45RA-CD25high memTreg cells according to a state 
of the art flow cytometric gating strategy (Miyara et al, 2009) and confirmed their 
expression of the Treg transcription factor FOXP3, as well as their suppressive 
potential in vitro (Miyara et al, 2009; Booth et al, 2010). In earlier studies, aging 
was associated with either an increase or no change of circulating Treg cells 
(Raynor et al, 2012). Notably, a multitude of gating strategies was applied to 
identify Treg cells in earlier studies, without discriminating between nTreg and 
memTreg cells. However, the discrimination between nTreg and memTreg cells is 
biologically relevant, as these cells possess distinct homing receptors that allow 
migration into either lymphoid organs or inflamed tissues, respectively (Menning 
et al, 2007; Duhen et al, 2012). We here confirmed that nTreg cells primarily 
express CCR7, whereas memTreg cells express chemokine receptors similar to 
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Teff cells. Thus, although both suppressive, nTreg and memTreg cells seem to 
be responsible for controlling immune responses at distinct sites in the human 
body (Booth et al, 2010; Menning et al, 2007; Duhen et al, 2012).

Similar to previous studies, we observed that Th1, Th2 and Th17 cell numbers 
are either retained or decreased in the elderly (Alberti et al, 2006; Karanfilov 
et al, 1999; Lee et al, 2011). Both in young and aged individuals, these Teff 
subsets primarily resided within the memory CD4+ T cell compartment. As we 
confirmed that memTreg cells rather than nTreg cells express homing receptors 
of Teff cells (Booth et al, 2010), we concluded that the balance between memTreg 
cells and Teff cells may be more biologically relevant than that between nTreg 
cells and Teff cells. Overall, the balance between memTreg cells and all 3 Teff 
subsets shifted towards the Treg cells in elderly individuals. 

In particular the shift in balance from Th17 to memTreg cells was substantial 
and the numbers of these cells demonstrated an inverse correlation. In contrast 
to our findings, Schmitt et al. recently reported a markedly decreased Treg/
Th17 ratio in elderly individuals, which primarily resulted from a substantial 
increase in Th17 cells (Schmitt et al, 2013). In the latter study, however, the 
number of Th17 cells may have been overestimated, as Th17 cells were solely 
identified by expression of the IL-23 receptor, which is also expressed by cells 
other than Th17 cells (Parham et al, 2002). We and others identified Th17 cells 
by expression of their hallmark cytokine IL-17 and found decreased numbers of 
these cells in elderly individuals (Lee et al, 2011). Our data therefore indicate 
that aging in healthy elderly substantially tilts the Treg/Th17 balance towards 
Treg cells. The cause of the inverse relation between memTreg cells and Th17 
cells remains to be elucidated. One possibility is that the age-associated increase 
in memTreg cells results in more suppression of Th17 cells. The enhanced 
suppression should be specifically directed towards Th17 cells, as we observed 
no decrease in Th1 and Th2 cells. It has been shown, however, that aged Treg 
cells are not efficient in suppressing Th17 cells (Sun et al, 2012). Instead, a 
more plausible explanation would be that the development of Treg and Th17 
cells is tightly linked (Fessler et al, 2013). Indeed, various studies have reported 
on the reciprocal development and plasticity between Treg cells and Th17 cells 
in particular (Koenen et al, 2008; Ye et al, 2011; Valmori et al, 2010). It would 
be interesting to further study whether and how aging favours the development 
of Treg cells over Th17 cells. (Valmori et al, 2010)

An increase in Treg cells may be essential to prevent aging-related autoimmune 
diseases, such as rheumatoid arthritis (Miyara et al, 2011). Indeed, decreased 
numbers of circulating memory Treg cells have been observed in patients with 
rheumatoid arthritis (Van der Geest et al, 2014). In contrast, animal studies have 
shown that the aging-related increase of Treg cells may also hamper effective 
immunity against tumour cells and microbes, such as influenza virus (Lages et 
al, 2008; Sharma et al, 2006; Williams-Bey et al, 2011). Previously, Agius et al. 
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have shown that accumulation of Treg cells in the skin of aged humans interferes 
with local immunity against recall antigens (Agius et al, 2009). We here observed 
that the increase of memTreg cells in a small cohort of aged individuals is 
associated with a decreased humoral response to influenza vaccination. Influenza 
is a major cause of hospitalization and death in aged populations (Thompson et 
al, 2003). However, the efficiency of influenza vaccines in the elderly is limited 
(Goodwin et al, 2006). We obtained modest seroprotection rates (i.e. HI titres 
 40) and seroconversion rates (i.e.  4-fold increase in HI titres), which are in 

accordance with prior findings (Goodwin et al, 2006). Interestingly, seroconverted 
individuals demonstrated substantially lower numbers of circulating memTreg cells 
than those that did not seroconvert. Although our findings require confirmation 
in a larger study, they further substantiate the notion that the balance between 
pro- and anti-inflammatory immune responses is important to preserve health 
later in life (Franceschi et al, 2007). 

Conclusions
Circulating numbers of naive Treg cells decline with age, whereas memory Treg 
cells increase. While both Th1 and Th2 are retained, Th17 are decreased in 
aged humans. Consequently, the balance between Treg cells and Teff cells tilts 
towards Treg cells in the elderly. Numbers of circulating memory Treg cells 
correlated inversely with humoral responses to influenza vaccination. Future 
studies should further evaluate the role of Treg cells in the age-related decline 
of immunity in the elderly.
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Supplemental figure 2. Expression of chemokine receptors by Treg cells. The 
percentages of CXCR3, CCR6, CCR4 and CCR7 expressing cells were determined in naive 
Treg cells, total naive CD4+ T cells, memory Treg cells and total memory CD4+ T cells.

Supplemental figure 1. Absolute numbers of naive and memory Treg cells. Absolute 
CD4+ T cell counts were determined according to the TruCount Method (BD). With the 
absolute numbers of CD4+ T cells and proportions of naive and memory Treg cells, 
absolute numbers of both subsets could be calculated. 
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