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Summary
Common autoimmune diseases, such as rheumatoid arthritis and giant 
cell arteritis, primarily affect elderly individuals and have a predilection 
for HLA-DR4 positive females. The development of these CD4 T-cell driven 
autoimmune diseases likely requires lifelong maintenance of auto-reactive 
T cells, as thymic output already drops early in life. Understanding the 
factors that promote the peripheral maintenance of the T cell repertoire 
will therefore help to understand how T-cell driven autoimmune diseases 
develop in the elderly. In a cross-sectional cohort, we observed that age, 
cytomegalovirus (CMV), gender and HLA-DR4 influence the maintenance 
of distinct T cell differentiation subsets. Aging by itself was associated 
with an increase in central memory CD4 T cells and a decrease of naive 
CD8 T cells. CMV seropositive individuals demonstrated increased numbers 
of effector memory CD4 T cells, as well as various memory CD8 T cell 
populations. The risk factors for aging-associated autoimmunity, i.e. female 
sex and HLA-DR4 positivity, were associated with enhanced maintenance 
of the naive CD4 T cell pool in elderly subjects. In addition, synergistic 
effects of female sex and HLA-DR4 positivity on the maintenance of naive 
CD4 T cell numbers were observed. These findings support the notion that 
maintenance of a large T cell repertoire may be required for development 
of T cell-driven autoimmune diseases in the elderly. Furthermore, our 
findings may provide a novel explanation why HLA-DR4 positive females 
are particularly susceptible to develop autoimmune disease later in life. 
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Introduction
Maintenance of a large T cell repertoire is critical for effective immunity in aged 
humans. Indeed, perturbations in the homeostasis of T cells are associated 
with poor vaccine responses and increased risks for infections in the elderly 
[1, 2]. However, maintenance of a large T cell repertoire may also facilitate the 
development of T cell-driven autoimmune diseases in the elderly [3]. Notably, 
the most common autoimmune diseases, such as rheumatoid arthritis and giant 
cell arteritis, primarily affect aged individuals [4]. As thymic output dramatically 
drops after the second decade of life [5], it is likely that auto-reactive T cells are 
maintained over a longer period of time before these cells cause autoimmune 
disease in the elderly. Studying the factors that influence T cell maintenance 
may therefore be important to understand the development of autoimmune 
disease later in life. 

Both heritable and non-heritable factors may influence the numbers of 
circulating CD4 and CD8 T cells [6]. Two well-studied factors that influence the 
number of circulating CD4 and CD8 T cells are aging and latent infection with 
human cytomegalovirus (CMV). In essence, aging is associated with a strong 
decline in naive CD8 T cells, whereas naive CD4 T cells and memory CD4 
and CD8 T cells are barely affected [7-9]. On the other hand, CMV infection 
drives the expansion of virus-specific memory CD4 and CD8 T cells, which 
may represent a substantial part of the circulating memory T cell pool in CMV 
infected individuals [10-15]. 

Gender is another factor that may influence the number of circulating T cells. 
Women are known to possess higher numbers of circulating CD4 T cells than 
men, whereas no gender difference has been observed for CD8 T cells [16-18]. 
So far, it is unclear which CD4 T cell differentiation subsets are affected by 
gender. This would be interesting to know, as CD4 T cell-driven autoimmune 
diseases, such as rheumatoid arthritis and giant cell arteritis, primarily affect 
women [19, 20].

A mostly unexplored factor that could influence the homeostasis of CD4 and CD8 
T cells is HLA-type. HLA genes are highly polymorphic and distinct HLA-molecules 
substantially vary in their ability to present specific antigens to T cells. Antigen 
presentation to T cells is not only important in anti-microbial immune responses 
[21], but also in the physiological homeostasis of T cells [22, 23]. HLA-DR4 is of 
particular interest in this context, as the presence of this HLA-type is not only 
associated with premature immune-aging [24], but also with development of CD4 
T cell-dependent autoimmune diseases in the elderly [19, 20, 25]. 

In the current study, we investigated the impact of age, CMV, gender and 
HLA-DR4 on the maintenance of distinct CD4 T and CD8 T cell differentiation 
subsets in cohort of healthy individuals. Our findings link important risks factors 
for aging-associated autoimmunity, i.e. female sex and HLA-DR4 positivity, to 
lifelong maintenance of the T cells in elderly subjects. 
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Materials and Methods
Study subjects and samples
Peripheral blood was collected from 100 healthy individuals (age 19-92). Part of the 
study participants were described previously [26]. Study participants underwent medical 
examination, blood testing (general blood count, renal and liver function, glucose, ESR) 
and urinalysis. None of the subjects had a history of recent infection or vaccination, 
malignancy, autoimmune disease, chronic liver or kidney disease, alcohol or drug abuse, 
diabetes mellitus, current pregnancy or immunosuppressive therapy. Clinical and laboratory 
data are provided in Supplemental Table 1. 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
Whole blood samples were stained with the following monoclonal antibodies: CD3-efluor605, 
CD4-efluor450, (all eBioscience) CD45RO-FITC, CCR7-PE-Cy7, CD8-APC-H7 (BD Biosciences). 
Stained samples were treated with BD Lysing Solution (BD Biosciences) according to 
instructions of the manufacturer and washed with PBS + 1% bovine serum albumin. 
Samples were measured on a LSR-II (BD) and analyzed with Kaluza Analysis Software 
(Beckman Coulter). In addition, absolute numbers of CD3, CD4 and CD8 T cells, CD19 
B cells and CD16/CD56 NK cells were determined according to the MultiTest TruCount 
method (BD), as described by the manufacturer. Data were acquired on a FACSCanto-II 
(BD) and analysed with FACSCanto Clinical Software (BD).

Measurement of CMV-specific IgG
96-well ELISA plates (Greiner) were coated overnight with lysates of CMV-infected fibroblasts. 
Lysates of non-infected fibroblasts were used as negative controls. Following the coating, 
dilutions of serum samples were incubated for 1 hour. Goat anti-human IgG was added 
and incubated for 1 hour. Samples were incubated with phosphatase for 15 minutes and 
the reaction was stopped with NaOH. The plates were scanned on a Versamax reader 
(Molecular Devices). A pool of sera from 3 CMV seropositive individuals with known 
concentrations of CMV IgG was used to quantify CMV IgG in the tested samples.

HLA-typing
DNA was isolated from peripheral blood granulocyte pellets after density centrifugation 
with Lymphoprep (Axis-Shield). HLA-DRB1*04 genotype was analysed by a polymerase chain 
reaction-based sequence-specific oligonucleotide probe hybridization (PCR-SSOP) approach 
with commercial kits (Gen-Probe) and Luminex xMAP technology (Luminex Corp.). These 
assays were performed according to instructions of the manufacturer in a laboratory 
accredited by the European Federation for Immunogenetics. HLA genotype was ascertained 
according to the manufacturer’s instructions using the software of the manufacturer and 
additionally by the SCORE software, as previously described [27]. 

Statistics
The Mann Whitney U test was used to compare individuals grouped according to CMV 
serostatus, gender or HLA-DR4 positivity. Correlations were determined by Spearman’s 
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rank correlation coefficient. Univariate and multivariable linear regression analysis were 
used to investigate the impact of age, gender, and CMV serostatus on numbers of CD4 
and CD8 T cell differentiation subsets. Only variables with p < 0.3 in the univariate linear 
regression analyses were used in the multivariate linear regression analysis. Non-normally 
distributed outcome variables were transformed (log or square root). These analyses were 
also used to explore whether the HLA-DR4 type is associated with CD4 T cell differentiation 
subsets in aged humans. Analysis were performed with SPSS 20.0 Software and GraphPad 
Prism 5.0. P-values less than 0.05 were considered significant.

Results
Characteristics of study subjects
Subjects’ characteristics are shown in Supplemental Table 1. The age groups 
demonstrated a similar distribution of gender and CMV serostatus. Furthermore, 
biochemical and immune parameters did not differ significantly between the 
age groups. 

Effect of age on circulating CD4 and CD8 T cell differentiation 
subsets
Absolute numbers of CD4 and CD8 T cells were determined in the peripheral 
blood of the healthy individuals (age 19-92). CD4 T cell numbers did not 
significantly change with age, whereas the absolute number of CD8 T cells 
declined (Fig. 1A). Consequently, the ratio between CD4 and CD8 T cells increased 
with age (Fig. 1B). Next, CD4 and CD8 T cells were further divided into naive 
(TNaive), central memory (TCM), effector memory (TEM) and terminally differentiated 
memory (TTD) cells, based on CD45RO and CCR7 expression (Supplemental Fig. 1). 
Absolute numbers of CD4 TNaive cells slightly decreased with age, whereas CD4 
TCM cells showed a modest increase (Fig. 1C). Aging did not affect the absolute 
numbers of circulating CD4 TEM and TTD cells. While CD8 TNaive cells profoundly 
decreased with age, absolute numbers of CD8 TCM, TEM and TTD cells were stable 
(Fig. 1D). Thus, aging imposes different effects on distinct CD4 and CD8 T cell 
differentiation subsets. 

Effect of CMV on circulating CD4 and CD8 T cell differentiation 
subsets
Subsequently, we determined the impact of CMV infection on total numbers 
of circulating CD4 and CD8 T cells. Total CD4 T cell counts were comparable 
in CMV seropositive (CMV+) and seronegative (CMV-) individuals (Fig. 2A). In 
contrast, CMV+ individuals demonstrated higher numbers of CD8 T cells than 
CMV- individuals. Consequently, CMV+ individuals showed lower CD4/CD8 ratios 
than CMV- individuals (Fig. 2B). We next compared absolute numbers of CD4 and 
CD8 T cell differentiation subsets between CMV+ and CMV- individuals. Whereas 
the numbers of circulating CD4 TNaive, TCM and TTD cells were similar in CMV+ and 
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Absolute numbers of CD4 and CD8 T cells, (B) the CD4/CD8 ratio, (C) absolute numbers 
of CD4 T cell differentiation subsets and (D) absolute numbers of CD8 T cell differentiation 
subsets in the peripheral blood of 100 healthy individuals of different ages (19-92). T cell 
differentiation subsets were identified by expression of CD45RO and CCR7: TNaive (CD45RO-
CCR7+), TCM (CD45RO+CCR7+), TEM (CD45RO+CCR7-) and TTD (CD45RO-CCR7-). Correlations 
were determined with Spearman’s correlation coefficient. Spearman’s rho and p values 
are shown in the respective graphs.

CMV- donors, the number of CD4 TEM cells was increased in CMV+ individuals 
(Fig. 2C). CMV+ individuals also showed higher numbers of CD8 TCM, CD8 TEM 
and CD8 TTD cells than CMV- individuals (Fig. 2D). In contrast, CMV infection did 
not affect the size of the CD8 TNaive compartment, as the absolute number of 
these cells was similar in CMV+ and CMV- individuals. Thus, CMV infection was 
associated with expansion of memory T cell subsets, while TNaive cell numbers 
were unaffected by CMV serostatus. 
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Effect of gender on circulating CD4 and CD8 T cell differentiation 
subsets
To determine whether gender influences the number of circulating T cells, we 
compared absolute numbers of CD4 and CD8 T cells between male and female 
donors. Male donors demonstrated substantially lower numbers of circulating 
CD4 T cells than female donors (Fig. 3A). In contrast, we observed no differences 
between CD8 T cell numbers in men and women. Although CD4/CD8 T cell ratios 
tended to be slightly lower in male donors than female donors, this difference 
did not reach statistical significance (Fig. 3A-B). Notably, the age of male and 
female donors was similar. The higher number of circulating CD4 T cells in 
female donors could be attributed to higher numbers of circulating CD4 TNaive 
cells in women (Fig. 3C). Numbers of other CD4 and CD8 T cell differentiation 
subsets were similar in male and female donors. 

Figure 2. Effect of CMV on absolute numbers of T cell differentiation subsets. (A) 
Absolute numbers of CD4 and CD8 T cells, (B) the CD4/CD8 ratio, (C) absolute numbers 
of CD4 T cell differentiation subsets and (D) absolute numbers of CD8 T cell differentiation 
subsets in the peripheral blood of 53 CMV seropositive (CMV+) and 47 CMV seronegative 
(CMV-) individuals. Median age for CMV+ donors was 63 (range 19-84) and for CMV- donors 
63 (range 20-92). Statistical significance by Mann Whitney U test is indicated as * p < 
0.05, ** p < 0.01 and *** p < 0.001.
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Figure 3. Effect of gender on absolute numbers of T cell differentiation subsets. (A) 
Absolute numbers of CD4 and CD8 T cells, (B) the CD4/CD8 ratio, (C) absolute numbers of 
CD4 T cell differentiation subsets and (D) absolute numbers of CD8 T cell differentiation 
subsets in the peripheral blood of 72 female donors and 28 male donors. Median age 
for female donors was 63 (range 19-92) and for male donors 63 (range 20-82). Statistical 
significance by Mann Whitney U test is indicated as * p < 0.05.

Independent effects of age, CMV and gender on circulating T cell 
differentiation subsets
To determine whether age, CMV and gender independently influence the numbers 
of circulating CD4 and CD8 T cell differentiation subsets, we next performed 
multivariate linear regression analyses (Table 1). Age was an independent 
predictor for the numbers of CD4 TCM and CD8 TNaive cells. CMV serostatus was 
an independent predictor for the numbers of CD4 TEM, CD8 TCM, CD8 TEM and CD8 
TTD cells. CMV serostatus almost reached statistical significance as a predictor 
for CD4 TTD cell numbers. In this multivariate linear regression analysis, gender 
was not only an independent predictor for CD4 TNaive cell numbers, but also for 
CD8 TNaive cell numbers. Although only part of the variance in numbers of CD4 
and CD8 T cell differentiation subsets was accounted for in our models, these 
findings demonstrate that age, CMV and gender exert independent effects on 
distinct CD4 and CD8 T cell differentiation subsets.
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Effects of HLA-DR4 on CD4 TNaive cell maintenance in elderly individuals
Recent data indicate that genetic factors strongly influence the number of 
circulating CD4 TNaive cells in humans [6]. We hypothesised that HLA-type could 
represent such a genetic factor, as peptide presentation by HLA-molecules is 
important for the homeostasis of TNaive cells [22, 23]. In this context, HLA-DR4 may 
be of particular interest, as HLA-DR4 has been linked to premature senescence 

Table 1. Univariate and multivariate linear regression analysis for absolute numbers 
of CD4 and CD8 T cell differentiation subsets (n=100). 

Dependent 
variables

Predicting 
variables

Univariate analysis 
B (95% CI) p-value

Multivariate analysis 
B (95% CI) p-value

CD4 TNaive 
(109/L)

Age (years) -0.002 (-0.004 – 0.001) 0.147 -0.002 (-0.004 – 0.001) a 0.178

CMV status -0.052 (-0.116 – 0.038) 0.230 -0.064 (-0.125 – 0.041) a 0.194

Gender -0.088 (-0.152 – 0.003) 0.057 -0.107 (-0.162 – -0.002) a 0.047

CD4 TCM 
(109/L)

Age (years) 0.002 (0.001-0.004) 0.002 0.002 (0.001 – 0.003) b 0.002

CMV status 0.038 (-0.018 – 0.105) 0.197 0.026 (-0.014 – 0.085) b 0.249

Gender -0.028 (-0.083 – 0.039) 0.382 †
CD4 TEM 
(109/L)

Age (years) 0.000 (-0.001 – 0.002) 0.613 †
CMV status 0.062 (0.020 – 0.114) 0.002 0.061 (0.019 – 0.115) c 0.002

Gender -0.029 (-0.063 – 0.017) 0.189 -0.022 (-0.049 – 0.020) c 0.266

CD4 TTD 
(109/L)

Age (years) 0.000 (0.000 – 0.000) 0.863 †
CMV status 0.003 (0.000 – 0.009) 0.079 (-)
Gender -0.002 (-0.003 – 0.002) 0.316 †

CD8 TNaive 
(109/L)

Age (years) -0.005 (-0.005 – -0.004) 0.000 -0.005 (-0.005 – -0.005) d 0.000

CMV status 0.000 (-0.020 – 0.031) 0.994 †
Gender -0.023 (-0.040 – 0.005) 0.100 -0.041 (-0.068 – -0.006) d 0.026

CD8 TCM 
(109/L)

Age (years) 0.000 (0.000 – 0.000) 0.846 †
CMV status 0.005 (0.001 – 0.013) 0.010 (-)
Gender 0.001 (-0.002 – 0.008) 0.599 †

CD8 TEM 
(109/L)

Age (years) 0.000 (-0.001 – 0.001) 0.698 †
CMV status 0.053 (0.016 – 0.101) 0.003 (-)
Gender 0.003 (-0.033 – 0.050) 0.874 †

CD8 TTD 
(109/L)

Age (years) 0.000 (0.000 – 0.001) 0.926 †
CMV status 0.065 (0.028 – 0.134) 0.000 (-)
Gender 0.002 (-0.019 – 0.050) 0.878 †

Gender: 0 = female, 1 = male. CMV: status 0 = seronegative, 1 = seropositive. a model R2 = 0.073. b model R2 = 0.110. 
c model R2 = 0.106. d model R2 = 0.582. † not tested in multivariate analysis due to p > 0.3 in univariate regression 
analysis. (-) no multivariate analysis performed as less than 2 variables demonstrated p > 0.3 in univariate 
regression analysis. 
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of leukocytes [24] and the development of aging-associated autoimmune diseases 
[25]. Therefore, we analysed a subgroup of 53 elderly individuals (median age 
68, range 58-84) for presence of the HLA-DR4 type. 

In total, 19 out of 53 donors were HLA-DR4 positive (HLA-DR4+). Interestingly, 
HLA-DR4+ individuals demonstrated higher numbers of CD4 TNaive cells than 
HLA-DR4 negative (HLA-DR4-) individuals (Fig. 4A). In addition, the presence 
of HLA-DR4 was also associated with higher numbers of CD4 TTD cells. In 
contrast, HLA-DR4+ and HLA-DR4- individuals showed similar numbers of CD4 
TCM and CD4 TEM cells, as well as CD8 T cell differentiation subsets (Fig. 4A-B). 
When assessing the joint effects of gender and HLA-DR4, we observed that 
HLA-DR4+ women demonstrated the highest numbers of circulating CD4 TNaive 
cells among the elderly subjects studied (Fig. 4C). Moreover, after adjustment 
for age, gender, and CMV serostatus in multivariable linear regression analysis, 
the presence of HLA-DR4 proved to be an independent predictor of higher 
CD4 TNaive cell numbers (Table 2). Taken together, our findings indicate that 
presence of HLA-DR4 is associated with enhanced maintenance of CD4 TNaive 
cells in the elderly.

Figure 4. T cell numbers in HLA-DR4+ and HLA-DR4- 
individuals. (A) Absolute numbers of CD4 T cell 
differentiation subsets and (B) CD8 T cell differentiation 
subsets in the peripheral blood of 19 HLA-DR4 positive 
(HLA-DR4+) and 34 HLA-DR4 negative (HLA-DR4-) individuals. 
Median age for HLA-DR4+ donors was 68 (range 59-82) 
and for HLA-DR4- donors 69 (range 58-84). (C) Absolute 
numbers of CD4 TNaive cells in HLA-DR4+ women (n = 12), 
HLA-DR4+ men (n = 7), HLA-DR4- women (n = 26) and 
HLA-DR4- men (n = 8). Boxplot and whiskers are drawn 
according to Tukey method. Statistical significance by Mann 
Whitney U test is indicated as * p < 0.05 and ** p < 0.01. 
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Table 2. Univariate and multivariate linear regression analysis for absolute numbers 
of CD4 T cell differentiation subsets (n=53). 

Dependent 
variable

Predicting 
variables

Univariate analysis         
B (95% CI) p-value

Multivariate analysis      
B (95% CI) p-value

CD4 TNaive 
(109/L)

Age (years) -0.016 (-0.017 – -0.002) 0.033 -0.015 (-0.017 – -0.002) 0.031 a

CMV status -0.109 (-0.176 – 0.009) 0.066 -0.227 (-0.225 – -0.052) 0.021 a

Gender -0.081 (-0.164 – 0.056) 0.208 -0.236 (-0.239 - -0.030) 0.033 a

HLA-DR4 0.134 (0.009 – 0.308) 0.033 0.328 (0.062 – 0.780) 0.005 a

CMV status: 0 = seronegative, 1 = seropositive. Gender: 0 = female, 1 = male. HLA-DR4: 0 = 1 HLA-DR4 negative, 
1 = HLA-DR4 positive. a model R2 = 0.297. 

Discussion
Maintenance of a large T cell repertoire may facilitate the development of 
autoimmune diseases in the elderly [3]. In the current study, we investigated the 
impact of multiple factors on the maintenance of well-defined T cell populations. 
We observed that age, CMV and gender independently influence the maintenance 
of distinct CD4 and CD8 T cell differentiation subsets in adult humans. Moreover, 
we obtained evidence that HLA-DR4 is associated with increased maintenance 
of CD4 TNaive cells in the elderly. 

Age primarily affected the absolute numbers of circulating CD8 TNaive and CD4 
TCM cells and only showed a very modest effect on the number of CD4 TNaive 
cells. The remarkable preservation of CD4 TNaive cells in aged humans indicates 
that these cells are well maintained in the periphery. We recently observed 
that low affinity TCR-engagement induces upregulation of the IL-2 receptor and 
promotes IL-2 dependent post-thymic maintenance of CD4 TNaive cells, but not 
of CD8 TNaive cells [28]. Of interest, it has been proposed that TCR-dependent 
homeostasis of T cells promotes the selection of auto-reactive T cells over time, 
and results in autoimmune disease later in life [29]. Earlier studies indicated that 
circulating memory CD8 T cells increase at the expense of naive CD8 T cells in 
aged individuals, presumably via occupation of ‘immunological space’. This notion, 
however, was based on studies enumerating percentages of T cell subsets rather 
than absolute numbers. In accordance with two recent studies [7, 8], we here 
provide evidence against the ‘immunological space’ concept: although absolute 
numbers of CD8 TNaive cells decline with age, absolute numbers of memory CD8 
T cells do not expand. The substantial, aging-associated loss of CD8 TNaive cells 
may impair immune responses in the elderly [30]. 

Latent CMV infection has profound effects on the human T cell repertoire 
[10, 15] and CMV-specific memory T cells may comprise a substantial part of the 
circulating T cell pool in CMV+ individuals [10-14]. In our study, CMV infection 
in otherwise healthy individuals was associated with the expansion of CD4 TEM 
cells and all CD8 memory T cell populations. In accordance with others [7, 8], 
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we show that absolute numbers of CD4 and CD8 TNaive cells are not substantially 
affected by CMV. Nevertheless, we observed a slight negative effect of age on 
CD4 TNaive cell numbers, when our analysis was restricted to aged subjects. 
These discrepant findings may be explained by an aging-associated decrease 
of CD4 TNaive cells that was recently observed in CMV+ individuals, but not in 
CMV- individuals [7]. 

Gender represents a genetic factor that may explain the numerical variations 
in circulating T cells. Ample evidence indicates that women possess higher 
numbers of circulating CD4 T cells in comparison to men, whereas numbers of 
CD8 T cells are not influenced by gender [16, 17]. We here confirm and extend 
these findings. So far, little was known about the influence of gender on well-
defined CD4 and CD8 T cell differentiation subsets. In the current study, we 
show that female gender is associated with enhanced maintenance of CD4 TNaive 
cells and to a lesser extent CD8 TNaive cells. No gender effects were observed 
for memory CD4 and CD8 T cell subsets. Differences in TNaive cell homeostasis 
between men and women may be at least partly explained by effects of sex 
hormones on the immune system [18]. The enhanced maintenance of TNaive cells 
in women is interesting, as women are in general less susceptible to infections 
than men, while being more prone to develop autoimmune diseases [18]. 

We here identify HLA-DR4 as a heritable factor associated with enhanced 
maintenance of CD4 TNaive cells in elderly individuals. HLA-molecules not only 
present microbial peptides to T cells during infections [21], but also promote the 
homeostatic proliferation of T cells by low-affinity presentation of self-peptides 
[22, 23]. Interestingly, we observed that the HLA-DR4 type was associated with 
higher numbers of CD4 TNaive cells in elderly donors. Previous studies have shown 
that CD4 T cells of HLA-DR4+ healthy individuals demonstrate a higher replicative 
history [24]. As self-peptide/HLA driven homeostasis may promote the selection 
of auto-reactive T cells [29], our results could indicate that the HLA-DR4 type 
in particular is associated with maintenance of auto-reactive CD4 TNaive cells in 
adult humans. Interestingly, aberrant presentation of self-peptides by HLA-DR4 
is thought to promote the development of autoimmune diseases in the elderly 
[25]. The combined effects of female gender and HLA-DR4 on the peripheral 
maintenance of CD4 TNaive is of special interest, as HLA-DR4+ women in particular 
are prone to develop CD4 T cell-dependent autoimmune diseases at old age 
[19, 20]. It remains to be established if aged subjects carrying HLA-DRB1*0401 
and *0404 suballeles, which are associated with development of autoimmune 
diseases [25], also show enhanced maintenance of the CD4 TNaive cell pool. 

Conclusions
In the current study, we show that age, CMV, gender and HLA-DR4 independently 
influence the maintenance of circulating T cell differentiation subsets in humans. 
Female sex and HLA-DR4 positivity, which are important risk factors for aging-
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associated autoimmune disease, are associated with enhanced maintenance 
of the CD4 TNaive cell pool in the elderly. Our findings may provide a novel 
explanation why HLA-DR4+ females are susceptible for developing CD4 T cell-
mediated autoimmune diseases later in life. 
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Supplemental Table 1. Subject characteristics. 

Young
(Age 18-40)

Intermediate
(Age 41-60)

Aged
(Age 61-95) Total

No. 25 19 56 100

Age, yrs, mean ± SD 27 ± 6 55 ± 5 70 ± 7 57 ± 19

No. Male (%) 7 (28) 5 (26) 16 (29) 28 (28)

No. CMV seropositive (%) 13 (52) 10 (53) 30 (54) 53 (53)

Hemoglobin, mmol/L, mean ± SDa 8.5 ± 0.6 8.6 ± 0.8 8.8 ± 0.6 8.7 ± 0.7

Leukocyte count, 109/L, mean ± SDa 5.0 ± 1.5 5.5 ± 1.5 5.9 ± 1.5 5.7 ± 1.5

Thrombocyte count, 109/L, mean ± SDa 259 ± 70 240 ± 50 231 ± 51 237 ± 55

ESR, mm/hr, mean ± SDa 7 ± 5 9 ± 5 10 ± 6 9 ± 6

T cell count, 109/L, mean ± SD 1.44 ± 0.54 1.41 ± 0.45 1.33 ± 0.46 1.37 ± 0.48

NK cell count, 109/L, mean ± SD 0.27 ± 0.15 0.29 ± 0.18 0.30 ± 0.15 0.29 ± 0.15

B cell count, 109/L, mean ± SD 0.25 ± 0.15 0.24 ± 0.12 0.21 ± 0.13 0.23 ± 0.13

Creatinine, μmol/L, mean ± SDa 68 ± 11 72 ± 11 71 ± 13 71 ± 12

ASAT, U/L, mean ± SDa 23 ± 4 26 ± 6 25 ± 6 25 ± 6

ALAT, U/L, mean ± SDa 17 ± 4 22 ± 6 22 ± 8 22 ± 7

No. = number. ESR = erythrocyte sedimentation rate. ASAT = aspartate aminotransferase. ALAT = alanine 
transaminase. SD = standard deviation. a performed in 12/25 young individuals, 18/19 intermediate age individuals 
and 56/56 aged individuals. No statistically significant differences were observed between the age groups. 

Supplementary materials



39

2

Im
pact of H

LA-DR4 and gender on naive CD4 T cell m
aintenance

Supplemental Figure 1. Flow cytometric gating for CD4 and CD8 T cell differentiation 
subsets. Representative flow cytometric staining for CD45RO and CCR7 is shown for 
CD4 T cells (A) and CD8 T cells (B). Based CD45RO and CCR7 expression the following 
T cell differentiation subsets were identified: naive T cells (TNaive; CD45RO-CCR7+), central 
memory T cells (TCM; CD45RO+CCR7+), effector memory T cells (TEM; CD45RO+CCR7-) and 
terminally differentiated T cells (TTD; CD45RO-CCR7-). 




