
INTRODUCTION

Activated T lymphocytes in humans have been separated into T
helper 1 (Th1) and T cytotoxic 1 (Tc1) cells, characterized by a
cytokine profile dominated by IFN-g, versus T helper 2 (Th2) and
T cytotoxic 2 (Tc2) lymphocytes, characterized by IL-4 produc-
tion [1]. The balance of Type 1 and Type 2 cytokines is implicated
in the regulation of many immune responses, and is thought to be
crucial for the outcome of several infectious diseases, e.g. HIV,
leismaniasis, and tuberculosis [1]. Elderly humans show increased
morbidity and mortality from several infectious diseases [2,3] 
concomitant with pronounced changes in the function and the
phenotype of T lymphocytes and increased circulating levels of
autoantibodies [4]. These observations have formed the basis for
the hypothesis that ageing involves a shift towards dominance of
a Type 2 cytokine response [5,6]. However, data in the area is con-
troversial and mainly based on studies of cytokine levels in culture
supernatants measured by ELISA.

Changes in the T lymphocyte phenotype have been suggested
to underlie much of the age-related changes in the cytokine
network [7,8]. Thus, ageing leads to the replacement of naive 

T cells expressing CD62L+CD45RA+ on the surface by memory/
activated T cells expressing CD45RO and/or CD95 [9–11]. 
The initial activation of naive cells results in a limited program of
cytokine gene expression including IL-2, whereas previously 
activated cells exhibit unchanged or decreased potential for IL-2
production as well as enhanced capacity for production of
cytokines such as IFN-g and IL-4 upon polyclonal stimulation in
vitro [8]. Accordingly, it is possible that an altered cytokine pro-
duction in ageing simply reflects increased numbers of activated
T lymphocytes.

The purpose of the present study was to test the hypothesis
that ageing is associated with a shift in the balance between Type
1 and Type 2 cytokine-producing T lymphocytes towards a rela-
tive Type 2 dominance. Furthermore, it was tested if age-related
changes in the cytokine profile of T lymphocytes were related 
to a changed phenotype (increased expression of CD95 and
CD45RO in elderly groups). Flow cytometry with the advent of
intracellular cytokine staining was used because this method has
the advantage of determining the cytokine production on a single
cell level. We also wished to investigate if the single Type 1 or
Type 2 cytokine expressing cell released a smaller amount of
cytokine into the supernatants in the elderly humans. Thus, we
investigated to which extent the number of lymphocytes express-
ing intracellular cytokines correlated with the concentration of
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SUMMARY

The balance between Type 1 and Type 2 cytokines is important for the outcome of several infectious
diseases. As elderly humans show increased morbidity and mortality from infectious diseases, this study
tests if ageing is associated with a change towards Type 2 dominance in T cells. Expression of IFN-g ,
and IL-4 was measured in CD4+ and CD8+ T cells by flow cytometry in three groups: young controls
(n = 28), 81-year-olds (n = 22), and centenarians (n = 25). The major findings were that the percentage
of IFN-g + as well as IL-4+ T cells was increased in aged subjects. Furthermore, after adjusting for
decreased lymphocyte counts in the elderly, the concentration in the blood of IFN-g + and IL-4+ CD8+

T cells was still increased in the 81-year-olds. In centenarians, a shift towards a relative dominance of
Type 2 cytokine expression was found within CD8+ T cells. Furthermore, the percentage of T cells with
cytokine expression was closely correlated to the in vivo expression of CD95 and CD45RO. In con-
clusion, we found some evidence for an age-related shift towards a Type 2 cytokine profile.
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cytokines in supernatants following the same in vitro stimulation
procedure.

MATERIALS AND METHODS

Subjects
Three different age groups were studied:

(1) 28 healthy young volunteers, including 20 women and 8 men,
with a mean age of 23 years (range 21–30 years);
(2) 22 relatively healthy humans, including 6 women and 16 men,
aged 80–81 years. Subjects were chosen out of a cohort who had
agreed to have blood samples taken in 1995–96 [12] as a part 
of a longitudinal study of ageing called the 1914-population in
Glostrup [13]. The selection of the 22 subjects in the present study
was based on the following criteria: no one suffered from de-
mentia, cancer, acute or chronic inflammatory disorders (e.g.
infections, rheumatoid arthritis, polymyalgia rheumatica), or
acute illness. Furthermore, no one had a daily intake of systemic
corticosteroids, acetyl salicylic acid (>100 mg), and nonsteroid
anti-inflammatory drugs. No one showed a skewed biochemical
profile in the blood including haemoglobin <6·5 mmol/l, leucocyte
number >15 ¥ 109/l, blood glucose >10 mmol/l, sedimentation rate
>30, alkaline phosphates > 400 IU/l, alanine aminotransferase 
>60 IU/l, or carbamide >15 mmol/l;
(3) 25 centenarians, including 20 women and 5 men aged 100–103
years who were characterized by multi morbidity and represented
the end stage of immunosenescence.

Isolation of blood mononuclear cells (BMNC)
BMNC were isolated by density centrifugation (Lymphoprep
Nyegaard, Oslo, Norway) on LeucoSep tubes (Greiner, Fricken-
hausen, Germany) and washed three times in medium 1640 RPMI
(Gibco, NY, USA). Cells were cryopreserved in freezing medium
(50% 1640 RPMI, 30% human serum (HS), and 20% DMSO (Bie
& Berntsen, Rødovre, Denmark). Cell samples were stored in
nitrogen until thawed for analysis. At the day of the assay BMNC
were rapidly thawed in a 37°C water bath and washed in RPMI
1640 supplemented with 10% foetal calf serum (FCS), 40 IU/ml
Penicillin, 40 mg/ml Streptomycin, and 0·12 mg/ml Glutamine.
Cells were stained with tryphan blue to check viability.

Surface marker staining on unstimulated BMNC
BMNC were washed in phosphate-buffered saline (PBS; Bie &
Berntsen) with 1% FCS. BMNC were incubated with conjugated
monoclonal antibodies for 30 min at 4°C in volumes recom-
mended by the manufacturer. Labelled cells were washed twice
and analysed by flow cytometry (see details in the next section).
The following antibodies were used: ECD-conjugated anti-
CD45RO (clone UCHL1, Immunotech, Marseille, France) 
in combination with Cy5-conjugated anti-CD4 (clone MT310,
DAKO, Glostrup, Denmark) or Cy5-linked anti-CD8 (clone
DK25, DAKO). FITC-conjugated anti-CD95 (clone DX2, Becton
& Dickinson, Oxnard, CA, USA) in combination with ECD-
conjugated CD4 (clone SFCI12T4D11, Coulter, Florida, USA)
and Cy5-linked anti-CD8 (clone DK25, DAKO). For determina-
tion of background staining, cells were incubated with relevant
mouse isotype antibodies as negative controls: FITC + rPe + Cy5
mouse IgG1 (clone DAK-GO1, DAKO) and ECD-conjugated
mouse IgG2A (clone U7.27, Immunotech). CD4+ and CD8+ T
cells are expressed as percentages among total lymphocytes.

CD45RO+ cells and CD95+ cells are expressed as percentages
within CD4+ or CD8+ T lymphocytes.

Cell stimulation and determination of cytokine-producing 
cell populations by flow cytometry
BMNC (106 BMNC/ml) were stimulated with Phorbol 12-
myristate 13-acetate (PMA) (50 ng/ml) and ionomycin (2
nmol/ml) for 4 h at 37°C in the presence of monensin (2 nmol/ml).
Intracellular cytokines were detected in accordance with the
method described by Sander et al. [14] and modified by others
[15,16]. Stimulated BMNC were harvested, washed in staining
buffer and incubated with ECD-conjugated anti-CD3 (clone
UCHT1, Immunotech) and Cy5-linked anti-CD8 (clone DK25,
DAKO) for 20 min at 4°C. After wash and fixation in 4%
paraformaldehyde, cell membranes were made permeable by
incubation with 0·1% saponin buffer for 10 min at room temper-
ature. Cells were then incubated with anti-IL4 (clone; MP4-25D2,
Pharmingen) in combination with rPe-conjugated anti-IFN-g
(clone; 4S.B3, Pharmingen) in the presence of saponin buffer for
30 min at 4°C, and subsequently washed twice in saponin buffer.
Antibodies to cytokines were used at 10 mg/ml. For determination
of background staining, cells were incubated with relevant mouse
or rat isotype antibodies as negative controls.

Labelled cells were analysed by a flow cytometer (Epics XL-
MCL, COULTER, Florida, USA). Winlist software 4.0 (Verity
software House, USA) was used for subsequent analysis. Lym-
phocytes were distinguished from monocytes based on their
forward versus right-angle light scatter and controlled by the
CD14/CD45 double-stained sample. CD8–CD3+ cells were used as
an approximation to CD4+ cells [17,18] because the stimulation
with PMA induce down regulation of the CD4 molecule by phos-
phorylation of cytoplasmatic serine residues via an isoform of
protein kinase C [19]. It has been confirmed that in healthy Euro-
pean donors the majority of the CD3+CD8– cells are indeed CD4+

T cells [20]. The percentage of cytokine positive cells is ex-
pressed as percentages within CD3+CD8+cells or CD3+CD8–cells.
CD3+CD8– cells are designated CD4+ T cells throughout the man-
uscript. The concentration of cytokine-producing cells was calcu-
lated by multiplying the lymphocyte count of each individual with
the percentage of CD4+ or CD8+ T cells and the percentage of
cytokine-producing cells within the same lymphocyte subset.

Detection of cytokines in culture supernatants
Levels of IFN-g and IL-4 were measured in culture supernatants
by ELISA. PBMC (106 BMNC/ml) were stimulated with PMA 
(50 ng/ml) and ionomycin (2 nmol/ml) at 37°C in 5% CO2 for 5 h
and 48 h, respectively. After centrifugation at 5°C, supernatants
were collected and stored at –80°C until analysed by commer-
cially available kits from R & D systems (DY285, and HS400).
According to the protocol of the manufacture, detection limits
were 31·2–2000 pg/ml for IFN-g, and 0·13–16 pg/ml for IL-4. When
samples showed cytokine levels above the detection limit, new
samples were thawed and diluted appropriately. All samples were
run as duplicates.

Subjects from all three age groups were included in each
immune-assay to ensure that the effect of day-to-day variation
would affect groups similarly.

Statistics
Statistical data analysis was performed using SYSTAT statisti-
cal software 8.0 (SYSTAT, Evanston, IL, USA). Initial analysis
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revealed that the cytokine data was not normally distributed. In
order to obtain normal distributions with equal variance across
age groups data was ln or log10 transformed and checked by 
plots of histograms before further statistical analyses. Differences
across age groups were tested by a one-way analysis of variance
for three independent groups. If a significant effect was found 
(P < 0·05), pair wise comparisons were performed by a Tukey 
test. Linear relations between parameters were tested by linear
regression analysis. Each independent variable was tested for 
an interaction with age groups. If an interaction was found 
(P < 0·05), separate slopes were calculated for the three age
groups.

RESULTS

Intracellular expression of cytokines among T cell subsets
following PMA and ionomycin stimulation
An age-related decline regarding percentages of CD3+ and CD8+

lymphocyte subsets were detected before stimulation, whereas
the decline in CD4+ lymphocytes was not significant (P = 0·09)
(Table 1). Upon stimulation, both 81-year-olds and centenarians
showed increased percentages of IFN-g and IL-4 expressing cells
among CD4+ as well as CD8+ T cells compared to young controls
(Fig. 1a,b). No difference was detected in the intracellular expres-
sion of these cytokines between the two elderly groups. Accord-
ingly, ageing was associated with increased expression of both
Type 1 and Type 2 cytokines among T lymphocyte subsets fol-
lowing PMA + ionomycin stimulation. Gender was left out of the
final analyses because it did not influence results. Only a minute
number of T lymphocytes was found to coexpress IFN-g and IL-
4 in all age groups (data not shown). Furthermore, it was tested
if the percentage of cells expressing IFN-g and IL-4 were linearly
interrelated. IFN-g expression was positively correlated to IL-4
expression among CD4+ cells (R = 0·45, P £ 0·0005, n = 64) as well
as CD8+ T cells (R = 0·45, P = £ 0·0005, n = 64).

The lymphocyte number was lower in the two elderly groups
compared to the young controls (Table 1). Therefore, the concen-
tration in the blood of cytokine-producing cells was calculated 
by adjusting for the declining lymphocyte count in the elderly as

described in the Material and Methods section. Within the CD4+

T cells, the concentration of IFN-g producing cells was decreased
in the centenarian group compared to the 81-year-olds (Fig. 1c).
There was no difference across age groups regarding the number
of IL-4 producing CD4+ T cells (Fig. 1d). Within CD8+ T cells,
there was a significantly higher concentration in the blood of both
IFN-g and IL-4 producing cells within the 81-year-olds compared
to the young group, whereas the centenarian group had lower
concentration of IFN-g expressing CD8+ T cells compared to the
81-year-old group. Within the CD8+ T cells, the IL-4 expression
in the centenarian group compared to the young group was only
borderline to be significant (P = 0·07) (Fig. 1c,d)

The balance between Type 1 and Type 2 lymphocytes 
following PMA and ionomycin stimulation
To test the hypothesis that ageing is associated with a shift in 
the balance between Type 1 and Type 2 T lymphocytes, ratios of
cells producing IFN-g to IL-4 was calculated for CD4+ and CD8+

T cells (Fig. 1e). In the centenarians we found a significantly
decreased ratio of IFN-g /IL-4 among CD8+ T cells, whereas no
significant change was found in the ratio among CD4+ T cells
(ANOVA P = 0·07).

Correlation between activation markers on resting 
T lymphocytes and intracellular cytokine expression
It was hypothesized that the increased percentage of cytokine-
producing cells in elderly humans following stimulation was
related to increased preactivated states. The 81-year-olds and the
centenarians showed increased in vivo expression of CD95 and
CD45RO compared to the young group within both CD4+ and
CD8+ T cells (Table 1). There was no difference between the two
elderly groups. There was no significant interaction between 
age group and CD95 expression in a linear regression model
(cytokine expression = Constant + %CD95 + age group + age
group ¥ %CD95). Accordingly, this interaction was left out.
Afterwards age group had no significant influence on the cytokine
expression in the new linear regression model (cytokine expres-
sion = Constant + %CD95 + age group). Thus, age groups were
pooled in the final statistical analysis. In this model, percentages

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:107–114

Table 1. Total lymphocyte counts and percentages of different T-cell subsets in unstimulated
lymphocytes

21–30 years (n = 26) 81 years (n = 15) 100 years (n = 25) P (anova)

Total lymphocytes(109/l) 1·97 (1·77–2·20) 1·77 (1·49–2·10) 1·40 (1·09–1·79)* 0·02
CD3+ 69% (65–72) 62% (57–68) 60% (54–67)* 0·03
CD4+ 38% (34–42) 31% (25–37) 31% (25–37) 0·09
CD8+ 21% (19–23) 22% (18–28) 15% (12–20)* 0·02
CD4+CD45RO+ 41% (37–44) 67% (58–75)* 72% (64–80)* < 0·005
CD8+CD45RO+ 29% (26–32) 53% (43–62)* 47% (40–55)* < 0·005
CD4+CD95+ 33% (29–38) 56% (48–64)* 62% (54–70)* < 0·005
CD8+CD95+ 29% (24–34) 64% (51–81)* 65% (58–72)* < 0·005

CD3+, CD4+ and CD8+ cells are expressed as percentages within all lymphocytes. CD45RO+ and
CD95+ cells are expressed as percentages within CD4+ or CD8+ T lymphocytes.

Geometric mean and 95%CI are shown. An analysis of variance was carried out. If P < 0·05 a
Tukeys test was used for pairwise comparisons.

*Denotes a significant difference (P < 0·05) from the young group (pairwise comparisons by Tukeys
test).
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of IL-4 and IFN-g producing cells in response to stimulation were
linearly dependent on CD95 expression in both CD4+ and CD8+

T cells in vivo (Table 2). Similarly, expressions of both cytokines
were also positively correlated with CD45RO expression within
CD4+ T cells (IFN-g: R = 0·39, n = 58, P = 0·03; IL-4: R = 0·41, 
n = 59, P = 0·001). However, within the CD8+ subset, CD45RO
was correlated to IFN-g expression in the young and in the 
81-year-old group, but not in the centenarians (significant 
interaction between age and CD45RO, data not shown).

Levels of cytokines in BMNC culture supernatants 
following stimulation
BMNC were stimulated with PMA and ionomycin for 5 h using
the same protocol as used for stimulation before detecting intra-
cellular cytokines except for the addition of monensin. Five hours
were chosen instead of 4 h to ensure that the intracellular content
of cytokines measured by flow cytometry at 4 h had been released
to the extracellular supernatant. BMNC were also stimulated for
48 h, which was the time point with maximal cytokine levels in

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:107–114
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Fig. 1. Cytokine expression in T lymphocytes. Cytokine expression among CD4 + and CD8+ T cells was detected by flow cytometry after 
4 h of stimulation with PMA and ionomycin. Young n = 24, 81-year-old n = 14, 100-year-old n = 25. (a) The percentage of IFN-g + cells
among CD4+ and CD8+ lymphocytes. (b) The percentage of IL-4+ cells among CD4+ and CD8+ lymphocytes. (c) The number of IFN-g
producing cells/ml blood. (d) The number of IL-4 producing cells/ml blood. (e) IFN-g /IL-4 ratio within CD4+ and CD8+ cells. Geometric
means and 95% confidence intervals are shown. * denotes a significant difference (P < 0·05) from the young group; # denotes a significant
difference (P < 0·05) from the 81-year-old group; � 21–30 years; 81 years; � 100 years.
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supernatants according to pilot studies. Concentrations of IFN-g
and IL-4 were markedly increased in supernatants from 81-year-
old subjects compared to young controls after 5 h of stimulation
(Fig. 2). Cytokine concentrations in supernatants from centenari-
ans did not differ significantly from those of the 81-year-old 
subjects or the young controls. Following 48 h of stimulation, the
concentration of IL-4 in supernatants from the centenarian group
was elevated compared to the young group; the difference 
between the young group and the 81-year-olds was only bor-
derline significant (P = 0·07). The production of IFN-g showed no 
difference across age groups.

The balance between Type 1 and Type 2 cytokines 
in supernatants
The IFN-g /IL-4 ratio was calculated within supernatants after 5
and 48 h. After 48 h of stimulation, a significant decrease in the
T1/T2 ratio was observed in the 81-year-old group compared to
the young controls. The difference between the centenarians and
the young group was only borderline to be significant (P = 0·07)
(Fig. 2).

Quantitatively versus qualitatively cytokine detection in ageing
Although T lymphocytes are the major source of the measured
cytokines, other lymphocyte subsets, e.g. NK cells and B cells, 
also contribute to IFN-g and IL-4 production. Accordingly, the
percentage of total cytokine-expressing lymphocytes within a
lymphocyte gate based on forward versus right-angle light scatter
was calculated. The percentages of all lymphocytes with intracel-
lular expression of either IL-4 or IFN-g+ cytokines, was increased
in both elderly groups. There was no difference between 81-year-
olds and centenarians. For both cytokines, the percentage of
cytokine-producing cells was correlated with the cytokine level in
BMNC supernatants following stimulation for 5 h (Fig. 3), but not
after 48 h (data not shown). Age group had no significant effect
and was left out in the final analysis.

DISCUSSION

The major findings in the present study were that the percentage
of IFN-g + cells as well as IL-4+ cells within T lymphocytes was
increased in aged subjects after stimulation. However, the total
concentration of cytokine-producing CD8+ cells was enhanced
only in the 81-year-olds. In the centenarians, a shift in the balance
between Type 1 and Type 2 cytokine-producing cells was found

among CD8+ cells reflected by a relatively more pronounced
increase in IL-4+ cells compared to IFN-g + cells. Also, in the 81-
year-olds, a shift was found in the balance (the ratio) between
levels of IFN-g and IL-4 in BMNC supernatants after 48 h.

In both young and elderly humans, we found a tight correla-
tion between percentages of lymphocytes expressing intracellular
cytokines and the concentration of these cytokines in BMNC
supernatants following the same stimulation procedure of lym-
phocytes in vitro. This finding suggests that cells from elderly
humans do not suffer from a quantitatively decline in cytokine
production on a per cell basis. Finally, the increased numbers of
T lymphocytes producing cytokines upon polyclonal stimulation
in vitro was related to increased in vivo activation (increased
expression of CD95 and CD45RO) in ageing.

Consistent with the finding of age-related expansions of Type
1 as well as Type 2 lymphocytes in the present study, mice models
have demonstrated both increased IFN-g + cells and IL-4+ cells
among T lymphocytes from old animals [21,22]. These studies did
not test if the balance between the number of IFN-g + cells and
IL-4+ cells were altered. With regard to human studies, Sakata-
Kaneko et al. [23] reported increased intracellular expression of
IFN-g, but no age-related difference in IL-4 expression, among
CD4+ cells from middle-aged humans (55–65 years). Furthermore,
Bandres et al. [24] found a positive correlation between age on
one hand and IFN-g +CD4+ cells and IFN-g +CD8+ cells, respec-
tively, on the other in 50 humans aged 17–62 years but only
minimal levels of IL-4 producing T lymphocytes were detected.
These discrepancies with regard to IL-4 may be explained by the
fact that we investigated much older age groups in the present
study. Studies on neonates, children and adults have demon-
strated progressively increases in IFN-g producing T lymphocytes
in ageing [25,26] with a strong correlation to CD45RO expression
[25]. This early age-dependent maturation of the immune
response has been explained as a result from antigen exposure
[25,26]. The present data suggest that such an activation and
expansion of Type 1 cell populations continue beyond the phase
of young adolescence. Furthermore, to our knowledge the present
data is the first to demonstrate that also expansion of Type 2 cell
populations occurs at advanced ages and that this expansion
includes a shift in the balance between Tc1 and Tc2 cells. Despite
a shift in the balance of the cytokine network Type 2 lymphocytes
constitute still only a minute part of the total lymphocyte pool
compared to Type 1 cells in elderly humans, and it is questionable
if it has any physiological and/or clinical relevance. However,
cytokines produced in the early stage of T lymphocyte activation

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:107–114

Table 2. Linear regression analysis of the percentage of cytokine-producing T lymphocytes after
PMA + ionomycin stimulation on the percentage of cells expressing CD95 in vivo

Dependent Independent Regression
Gate variable variable coefficient s.e. R n P (anova)

CD4+ IFN-g CD95+ 0·019 0·004 0·536 58 < 0·005
IL-4 0·017 0·005 0·407 59 0·001

CD8+ IFN-g CD95+ 0·014 0·004 0·430 60 0·001
IL-4 0·018 0·005 0·405 60 0·001

s.e. = Standard error; R = Pearson’s correlation coefficient. Each independent variable was tested
for an interaction with the age group. No interactions were found (P > 0·05), and accordingly age groups
were pooled.
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determine the subsequent differentiation. Accordingly, the early
age-related shift in the balance between Tc1 and Tc2 subsets 
may be an important regulatory factor of the immune response
in vivo. The finding in the present study of an age-related shift in
the ratio between production of IFN-g and IL-4 in BMNC culture
supernatants after 48 h stimulation, but not after 5 h, may reflect
such a regulation.

In the present study, cell populations with the ability to
produce both IL-4 and IFN-g were minimal in accordance with
reports by Sakato-Kaneko et al. [23]. In contrast, Paganelli et al.
reported a shift towards a Th0 response in healthy centenarians.
This may be due to that the latter conclusion was based on long-

term cultures of CD4+ T cell clones and furthermore, only two
centenarians were studied [27].

In contrast to studies of cytokines measured by flow cytome-
try, the literature regarding IFN-g and IL-4 production in culture
supernatants by ELISA from elderly versus young humans is
large and controversial. In accordance with the present study,
purified CD4+ as well as CD8+ cells from old humans produced
high amounts of IFN-g whereas only CD8+ cells showed increased
production of IL-4 in culture supernatants after stimulation with
anti-CD3 and anti-CD28 stimulation for 72 h [28]. Consistently
with this, several other studies have reported increased quantita-
tively production of IFN-g [29–31] and IL-4 [32] in ageing, but

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:107–114
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decreased production of IFN-g [33–36] and IL-4 [33] has also
been reported. Contradicting results may result from different
time kinetics, different assays and differences in the studied pop-
ulations. The present study clearly demonstrates the importance
of culture duration. Increased IL-10 production has consistently
been detected in cultures from elderly humans [35,37] and in
animal studies [10,38]. However, IL-10 is not restricted to Type 2
clones in humans as in mice [39].

When the total concentration of cytokine-producing cells was
calculated, only the 81-year-old group had higher concentrations
of cytokine-producing CD8+ T cells, whereas the centenarians did
not differ from the young controls. The difference between the
two elderly groups is not easily explained. The 81-year-old indi-
viduals are healthy, whereas the Danish centenarians are charac-
terized by multi morbidity. However, we do not know if it should
be considered beneficial or detrimental for elderly people to have
a high number of cytokine-producing T cells in the blood. Accord-

ingly, the finding of a low number of cytokine-producing cells in
the centenarians could in principal be interpreted as either inabil-
ity to mount a necessary immune response due to multi morbid-
ity or as representing successful ageing.

Recall antigen stimulation will normally induce either a Type
1 or a Type 2 cytokine response [40]. In the present study, we
wanted to determine the number of circulating cells with the
capacity of being either Type 1 or Type 2 cytokine producers upon
stimulation. Therefore, a polyclonal stimulation was chosen in
order to investigate the unspecific cytokine profile of the major-
ity of T lymphocytes in humans. However, this response may
differ largely from the response to antigens in vivo. Furthermore,
BMNC cultures do not take into account that during in vivo acti-
vation, the microenvironment is also important for the direction
of the T lymphocyte response, e.g. increased circulating levels of
IL-12p40 may facilitate a Type 2 cytokine response in vivo [41].
Accordingly, a maximal stimulation in a short-term culture may
be the best indicator for the in vivo capacity of cells to express
Type 1/Type 2 cytokines.

In conclusion, the proportion of both Type 1 and Type 2
cytokine-producing T lymphocytes is increased with ageing. 
This phenomenon is closely associated with increased number 
of activated lymphocytes in vivo. Some evidence is found for 
a shift towards a relative dominance of Type 2 cytokines, espe-
cially among CD8+ T cells, in ageing. The clinical significance
remains to be determined, but this shift may play a role in
immunosenescence.
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