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Summary

We have observed T helper type 2 (Th2) polarization of systemic immunity in
patients with metastatic malignant melanoma. We hypothesized that similar
changes in systemic immunity occur with ageing and may be permissive for
the development of melanoma. We analysed the peripheral blood of 389
healthy blood donors. All subjects were profiled for peripheral blood T cell
and B cell subsets, and 58 of these subjects were profiled for antigen-specific
cytotoxic T cell subsets [cytomegalovirus (CMV), influenza and melanoma
antigen recognized by T cells 1 (MART-1)]. Ninety-five separate healthy sub-
jects underwent profiling of 42 plasma cytokines. Ageing was associated posi-
tively with CD4+CD294+ Th2 cells, and associated negatively with CD3+ T
cells, cytotoxic T cells and T helper cells. Ageing was also associated negatively
with CMV-, influenza- and MART-1-specific naive and CD8+ T cells. There
were significant increases in plasma monocyte chemotactic protein 1 (MCP-1)
(CCL1) and regulated upon activation normal T cell expressed and secreted
(RANTES) (CCL5) with age. We observed differences in cytokine profiles
between males and females; specifically, women had higher levels of sCD40L
and PDGF-AA. In summary, we demonstrated in healthy blood donors that
ageing was associated with an increase in cellular Th2 bias and a decline in
total numbers of T cells. Additionally, there was an increase in MCP-1 and
RANTES with ageing. Women had higher levels of sCD40L and PDGF-AA
than men.
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Introduction

Ageing has a profound impact on human physiology. At a
cellular level, in-vitro experiments have demonstrated the
limited proliferative capacity of non-malignant cells [1,2].
On an organ level, age-associated changes influence clinical
decision-making on a daily basis [3]. Age itself is one of the
strongest predictors of clinical outcomes in human diseases
[4].

As with any organ system, the human immune system is a
complex, dynamic network of proteins, cells and organs.
Although the primary role of the immune system is to
prevent or fight infection, it also plays a role in many disease
processes, including malignancies [5]. As many malignancies
develop with advancing age, it has long been postulated that
age-related changes in immunity may be permissive for
the development of cancer (failure of immunosurveillance)
[6]. Supporting this notion has been a number of findings
describing various immune down-regulatory changes in

patients with malignant disorders, including our work in
human melanoma describing the dominance of T helper
type 2 (Th2) systemic immune bias in patients with meta-
static melanoma, as well as depletion of cytotoxic T lympho-
cytes (CTL) in sentinel lymph nodes downstream of invasive
cutaneous melanoma [7,8]. Furthermore, other, smaller
studies have associated ageing with an increase in Th2 cells
with age in healthy volunteers and those with chronic allergic
conditions [9].

Given the known associations between ageing, cancer
and immunity, we hypothesized that normal ageing of
the immune system may promote the development of spe-
cific changes in systemic immunity that would be permissive
for cancer development, emphasizing the possibility of
age-related evolution of systemic Th2 immune bias as
a predecessor of such changes in metastatic melanoma.
Additionally, considering the sex-based differences in mela-
noma outcomes with better outcomes in women [10], as
well as sex hormone effects on immunity, we evaluated
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the influence of sex on age-related changes in systemic
immunity. Herein we present the results of a cross-sectional
laboratory study profiling parameters of systemic immunity,
categorized by participant age and sex, in a cohort of almost
400 individual healthy blood donors.

Materials and methods

Patient selection and cell isolation

Peripheral blood mononuclear cells (PBMC) were isolated
from buffy coats collected from 389 donors who donated
blood at the Mayo Clinic Division of Transfusion Medicine
for cell subset and tetramer analysis. Blood donors at Mayo
Clinic are screened for infections (including bacterial, viral,
spirochetal and parasitic), use of antibiotics, recent receipt of
blood products, recent major illness, cardiac disease, severe
respiratory disease, hepatic disease, use of medications
(including any medications in the previous 4 weeks and
etretinate, acitretin, isotretinoin, finasteride, bovine insulin,
human pituitary-derived growth hormone and dutasteride),
recent vaccinations, including rabies shots and hepatitis B
immunoglobulin, pregnancy, travel outside the United
States, receipt of blood products abroad or in the United
Kingdom between 1980–1996, sick contacts, recent tattoos
or piercings, exposure to individuals with Creutzfeldt–Jakob
disease, illicit drug use, organ or tissue transplant or graft,
prostitution, sexual contact with an illicit drug user, receipt
of clotting factor concentrates, diagnosis of human immu-
nodeficiency virus (HIV) or acquired immunodeficiency
syndrome (AIDS), donation for the purpose of HIV/AIDS
testing, recent incarceration, recent dental work or surgery,
contact with body fluids, recent fevers or headache. Donors
were de-identified with only age and gender information
collected. PBMCs were isolated by density centrifugation
over a Ficoll gradient, washed, viable frozen in cosmic calf
serum (Hyclone, Logan, UT, USA) and 10% dimethylsul-
phoxide (DMSO) (Sigma, St Louis, MO, USA) and stored in
liquid nitrogen. Normal donor plasma samples were pur-
chased from Bioreclamation Inc (Westbury, NY, USA) for
cytokine analysis.

Cell subset and tetramer studies

The following monoclonal antibodies were used for PBMC
immunophenotyping by flow cytometry: anti-CD3 allophy-
cocyanin (APC), fluorescein isothiocyanate (FITC) and phy-
coerythrin (PE), anti-CD4 FITC, anti-CD8 PC5, anti-CD16
PE and FITC, anti-CD56 PE, anti-62 L APC, anti-CD69
FITC, anti-CD11c PC5 and APC, anti-CD14 FITC, anti-
CD197 PE, anti-CD206 APC, anti-CD19 FITC, anti-CD80
PE, anti-CD83 PE, anti-CD86 PE, anti-human leucocyte
antigen D-related (HLA-DR) PC5, anti-CD40 APC, anti-
CD123 PE, anti-CD294 AlexaFluor 647 (BD Pharmingen,
San Jose, CA, USA) and anti-T cell immunoglobulin and

mucin domain containing 3 (TIM-3) PE (R&D Systems,
Minneapolis, MN, USA).

Previously frozen PBMC (0·5–1·0 ¥ 106 cells/ml) were
thawed and aliquoted into 96-well round-bottomed plates
(100 ml/well). The desired antibody or antibody pool was
added at 5 ml/well. The cells and antibodies were incubated
for 30 min at 4°C and washed twice with 1 ¥ phosphate-
buffered saline (PBS) (Cellgro, Manassas, VA, USA), 0·1%
bovine serum albumin (BSA) and 0·05% sodium azide
(Sigma). Four-colour flow cytometry was performed on a
LSRII flow cytometer (Becton Dickinson) and CellQuest
software (Becton Dickenson) was utilized for data analysis.
For dendritic cells, a gate was set on cells, which were HLA-
DR+ and Lin- (CD3, CD14, CD16 and CD19). From this
population, the percentage of cells, which were CD11c+ and
positive for co-stimulatory molecules (CD80, CD83 and
CD86), was determined. Samples from HLA-A201-positive
individuals (10 per age group and eight in the over-70
group) were assessed for percentages of killer T cells, which
were specific for melanoma antigen recognized by T cells-1
(MART-1)26–35, flu matrix protein58–66 and CMV495–503 by tet-
ramers (Proimmune, Sarasota, FL, USA). For tetramer fre-
quencies, a gate was set on lymphocytes, which were CD8+.
Tetramer-positive CD8 cells were also assessed for memory
phenotype using FITC anti-human CD45RA and PE-Cy7
anti-human CCR7 (CD197). Terminally differentiated cells
were defined as the cells which were CD45RA+ and CCR–,
effector memory cells were double-negative, naive cells were
double-positive and central memory cells were CD45RA-

and CCR+. Four-colour flow cytometry was performed on a
LSRII flow cytometer (Becton Dickinson) and CellQuest
software (Becton Dickinson) was utilized for data analysis.

Cytokine studies

Protein levels for 42 cytokines, chemokines and
growth factors, including epidermal growth factor (EGF),
eotaxin (CCL11), fibroblast growth factor (FGF)-2,
Flt-3 ligand, fractalkine (CX3CL1), granulocyte–colony-
stimulating factor (G-CSF), granulocyte–macrophage
colony-stimulating factor (GM-CSF), growth-regulated
oncogene (GRO) (CXCL1), interferon (IFN)-a2, IFN-g,
interleukin (IL)-1a, IL-1b, IL-1ra, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-12 (p40), IL-12 (p70), IL-13, IL-15,
IL-17, IFN-g-induced protein-10 (IP-10) (CXCL10), mono-
cyte chemotactic protein 1 (MCP-1) (CCL2), MCP-3
(CCL7), macrophage-derived chemokine (MDC) (CCL22),
macrophage inflammatory protein-1a (MIP-1a) (CCL3),
MIP-1b (CCL4), platelet-derived growth factor (PDGF)-AA,
PDGF AB/BB, regulated upon activation normal T cell
expressed and secreted (RANTES) (CCL5), sCD40L, sIL-2Ra,
transforming growth factor (TGF)-a, tumour necrosis factor
(TNF)-a, TNF-b and vascular endothelial growth factor
(VEGF) were measured using the Milliplex cytokine assay
(Millipore, Billerica, MA, USA) as per the manufacturer’s

Effects of aging on systemic immunity

187© 2012 British Society for Immunology, Clinical and Experimental Immunology, 170: 186–193



instructions. Normal donor plasma was added to washed,
fluorescently dyed microspheres (beads) to which biomol-
ecules of interest were bound. The beads and donor plasma
were incubated for 1 h at room temperature with agitation.
After the incubation the beads were washed in wash buffer
and placed in 25 ml of detection antibody and incubated for
30′ as described above. After incubation, the beads were
placed in streptavidin–PE, incubated and washed a final time.
The bound beads were resuspended in 150 ml sheath fluid
and read with the Luminex plate reader (Millipore). Protein
concentrations were determined using a standard curve with
sensitivity from 1·6–5000 pg/ml.

Principal components analysis

Principal components analysis (PCA) was performed using
correlation matrix. A feature vector was constructed includ-
ing three top principal components (PC). Subsequently,
cytokines with highest correlation of their concentration
profiles with each of the three PC were identified.

Statistics

The percentage coefficients of variation were determined for
each marker in the circulating cell subsets and cytokines
analyses by dividing the standard deviations by the means for
randomly selected samples that were run multiple times for
each cell subset marker and cytokine. Any marker or cytok-
ine with a coefficient of variation greater than 30% was
excluded from further analysis. For that reason we excluded
CD14+197+, CD14+206+, CD11c+80+, CD11c+83+, CD11c+86+

and DR40 from our analysis. Linear regression using the
least-squares method was then performed on all remaining
markers and cytokines to determine if age or sex predicted
changes in markers of cell subsets and cytokines among all
subjects.

The cytokines that PCA identified as significant between
sexes, and between sexes by decade, were then compared
using the Wilcoxon rank-sum test or Mann–Whitney U-test.
Cytokines and cell subsets not identified as PC were excluded

from further analysis. jmp (Cary, NC, USA) was used for
statistical analysis.

Results

Study subjects

Analysis of immune cell subsets was performed in all 389
samples from Mayo Clinic blood donors, and analysis of T
cell antigen specificity was performed on 58 of the subjects
for whom sufficient material was available for the assay. A
separate set of 95 plasma samples was analysed for plasma
cytokine concentrations (Table 1). The mean age of donors
in our study was 49 years. The youngest donor was aged 16
years and the oldest donor was aged 81 years.

Immune cell subsets

Ageing is associated with an increase in CD4+CD294+ (Th2)
cells among all subjects and both sexes (Table 2, Table S1).
There were decreases in multiple cell subsets associated with
ageing. Specifically, we observed negative correlations in
the total number of T cells (CD3+), T helper cells
(CD3+CD4+), cytotoxic T cells (CD3+CD8+) and naive T cells
(CD3+CD62L+) with age. The decreases in T helper cells and
cytotoxic T cells were seen primarily in males. There were
also positive correlations of natural killer cells (NK)
(CD16+CD56+) and a subset of monocytes (CD14+CD11c–)
with age, but the increase in monocytes was seen primarily in
females. There was a trend towards a lower Th1 : Th2 ratio
with age among all subjects (r 2 = 0·01, P = 0·03). For

Table 1. Patient characteristics.

All Males Females

Cell subsets

Number 389 227 (58) 162 (42)

Age 50 (38–61) 49 (37–62) 51 (39–60)

Cytokines

Number 95 50 (53) 45 (47)

Age 46 (34–56) 45 (31–57) 47 (38–56)

Tetramers

Number 58 30 (52) 28 (48)

Age 49 (33–61) 50 (34–65) 49 (32–61)

Numbers are displayed as total (%) for the sexes. Age is displayed as

median (interquartile range).

Table 2. Summary of cell subset analysis by linear regression.

All subjects Increase Decrease

P � 0·01 CD3–CD16+CD56+ CD3+

CD4+CD294+ (Th2) CD3+CD4+

CD14+CD11c– CD3+CD8+

CD3+CD62L+

0·01 < P < 0·05 CD14+CD11c+ CD4+TIM3+ : CD4+294+

(Th1 : Th2)

DR+CD123+ (DC2)

Females

P � 0·01 CD4+CD294+ (Th2) CD3+

CD14+CD11c– CD3+CD62L+

0·01 < P < 0·05 CD3+4+

Males

P � 0·01 CD4+CD294+ (Th2) CD3+

CD3+CD4+

CD3+CD8+

CD3+CD62L+

0·01 < P < 0·05 CD3–CD16+CD56+ CD4+TIM3+ : CD4+294+

(Th1 : Th2)

DR+CD123+ (DC2)

The significant differences and trends among all subjects and both

sexes are displayed.
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example, patients in their 20s had a Th1 : Th2 median ratio
of 1·8 (interquartiles 1·1–2·7), whereas those in their 70s had
a ratio of 1·3 (0·6–1·8). This trend was due primarily to a rise
in Th2 cells, as there was no significant change in Th1 cells.
PCA did not discriminate a set of identifiers between the cell
subsets of our patients by sex or age (Fig. 1a).

Tetramers

There were 58 samples available for tetramer analysis from
subjects aged 16–81 years, with a median age of 58 years
(Table 1). Twenty-eight (48%) of these subjects were female.
We observed decreases in antigen-specific naive and total
CD8+ T cells with age, and an increase in central memory T
cells with age (Table 3). There were negative correlations of
naive T cells and CD8+ cells specific for CMV, influenza and
MART-1 with ageing, but a positive correlation in central
memory T cells for all tested antigens with ageing. There
were no differences in terminally differentiated and effector
T cells across subjects’ age or sex.

Cytokines

Ageing among all subjects was associated with an increase in
MCP-1 (CCL2) and RANTES (CCL5). Specifically, we
observed positive correlations of ageing with MCP-1
(P < 0·0001, r 2 = 0·19), and RANTES (P = 0·007, r 2 = 0·08)
(Table 4, Table S2). Females also demonstrated a positive
correlation with MDC and ageing (P = 0·004, r 2 = 0·18). No
significant decreases in cytokines with age were observed in
female subjects, but there was a trend in male subjects
towards a negative correlation with ageing and IL-15
(P = 0·03, r 2 = 0·10) and sCD-40L (P = 0·02, r 2 = 0·11).

We found significant differences in the expression of
cytokines between the sexes using PCA. PCA identified
sCD40L, PDGF-AA, GRO (CXCL1), MDC (CCL22), FGF-2,
IL-8 and IFN-g as a set of classifiers discriminating between
all male and female subjects (Fig. 1b). Females demonstrated
greater expression of sCD40L (5·6-fold, P = 0·0001),
PDGF-AA (2·4-fold, P = 0·0002), GRO (1·9-fold, P = 0·001)
and MDC (1·1-fold, P = 0·002) than males. Although

PCA Mapping (75·6%)(a) (b)
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Fig. 1. Principal components analysis (PCA) of cell subsets and cytokines between sexes. PCA did not identify any classifiers discriminating cell

subsets between the sexes (a). PCA identified sCD40L, platelet-derived growth factor (PDGF)-AA, growth-regulated oncogene (GRO) (CXCL1),

macrophage-derived chemokine (MDC) (CCL22), fibroblast growth factor (FGF)-2, interleukin (IL)-8 and interferon (IFN)-g as a set of classifiers

discriminating between male and female subjects (b). Females are represented with red dots and males with blue dots.

Table 3. Antigen-specific T cell changes with age.

CMV Influenza MART-1

Terminally differentiated – (r2 = 0·02, P = 0·32) – (r2 = 0·009, P = 0·49) – (r2 = 0·003, P = 0·69)

Naive ↓ (r2 = 0·15, P = 0·003) ↓ (r2 = 0·15, P = 0·03) ↓ (r2 = 0·18, P = 0·001)

Effector – (r2 = 0·001, P = 0·82) – (r2 = 0·002, P = 0·77) – (r2= 0·04, P = 0·38)

Central ↑ (r2 = 0·08, P = 0·03) ↑ (r2 = 0·09, P = 0·03) ↑ (r2 = 0·08, P = 0·03)

CD8 ↓ (r2 = 0·07, P = 0·05) ↓ (r2 = 0·085, P = 0·03) ↓ (r2 = 0·06, P = 0·07)

The directions of changes with age that were significant, or trended towards significance, are denoted with arrows, whereas non-significant changes

are denoted with a dash. Ageing is associated with negative decreases in naive and CD8+ T cells specific for cytomegalovirus (CMV), influenza

and melanoma antigen recognized by T cells 1 (MART-1). Ageing was associated with positive increases in central memory T cells specific for

CMV, influenza and MART-1.
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females had greater expression of FGF-2 (2·6-fold, P = 0·02),
IL-8 (2·3-fold, P = 0·03) and IFN-g (2·3-fold, P = 0·08) than
males, these differences were not significant. PCA identified
GRO, PDGF-AA, sCD40L, IL-8, VEGF and FGF-2 as a set of
classifiers between women and men aged less than 50 years
(Fig. 2a). Females aged less than 50 years demonstrated

greater expression of GRO (2·2-fold, P = 0·003), PDGF-AA
(3·0-fold, P = 0·004) and sCD40L (4·9-fold, P = 0·007) than
males aged under 50. Although females aged under 50 years
had greater expression of IL-8 (3·4-fold, P = 0·04), VEGF
(2·3-fold, P = 0·05) and FGF-2 (3·1-fold, P = 0·05) than
males under 50 years, these differences were not considered
significant. PCA identified MDC, sCD40L, PDGF-AA and
FGF-2 as a set of classifiers between women and men aged
50 years and older (Fig. 2b). Females aged 50 years and older
demonstrated greater expression of MDC (1·3-fold,
P = 0·001) and sCD40L (6·8-fold, P = 0·01) than males aged
50 years and older. Although females aged 50 years and older
demonstrated greater expression of PDGF-AA (1·9-fold,
P = 0·02) and FGF-2 (1·8-fold, P = 0·03) than males aged
50 years and older, these differences were not considered
significant.

Discussion

We observed that ageing was associated with numerous
changes in immune cell subsets, antigen-specific cells and
cytokines, consistent with an increasing acquisition of a Th2
bias. Most significantly, our data suggest that there was an
increase with age in CD4+CD294+ (Th2) cells, and a trend
towards a lower Th1 : Th2 ratio. We hypothesized that ageing
was associated with a systemic Th2 immune bias. Although
this study does not prove that an observed Th2 bias with
age would be permissive for the development of cancer,
it raises significant concerns as to the effectiveness of

Table 4. Summary of cytokine analysis by linear regression.

All Subjects Increase Decrease

P � 0·01 RANTES (CCL5)

MCP-1 (CCL2)

0·01 < P < 0·05 IP-10 (CXCL10) IL-12p70

Eotaxin (CCL11) FGF-2

Females

P � 0·01 MCP-1 (CCL2)

MDC (CCL22)

RANTES (CCL5)

0·01 < P < 0·05 IL-10

IL-12p40

sIL-2Ra

Males

P � 0·01

0·01 < P < 0·05 MCP-1 (CCL2) IL-15

PDGF-AA sCD40L

PDGF-AA/AB

The significant differences and trends among all subjects and both

sexes are displayed. IL: interleukin; IP-10: interferon gamma-induced

protein-10; MDC: macrophage-derived chemokine; MCP-1: monocyte

chemotactic protein 1; PDGF: platelet-derived growth factor; RANTES:

regulated upon activation normal T cell expressed and secreted.
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Fig. 2. Principal components analysis (PCA) of cytokines between sexes by age. PCA identified growth-regulated oncogene (GRO) (CXCL1),

platelet-derived growth factor (PDGF)-AA, sCD40L, interleukin (IL)-8, vascular endothelial growth factor (VEGF) and fibroblast growth factor

(FGF)-2 as a set of classifiers discriminating between female and male subjects under 50 years of age (a). PCA identified macrophage-derived

chemokine (MDC) (CCL22), sCD40L, PDGF-AA and FGF-2 as a set of classifiers discriminating between female and male subjects aged 50 years

and older (b). Females are represented with red dots and males with blue dots.
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immunosurveillance with ageing. Cell subset analysis consis-
tently demonstrated an increase in Th2 cells in both sexes
with age. Among all subjects there was also an increase with
age in NK cells. We observed decreases in the total number of
T cells and naive T cells in males and females in addition to
decreases in T helper cells and cytotoxic T cells in males.

We observed significant changes in cytokines with age.
There was an increase in MCP-1 with age. MCP-1 is known
as monocyte chemoattractant protein 1, or chemokine
ligand 2 (CCL2). MCP-1 attracts monocytes and memory
T cells to sites of antigen-induced inflammation [11]. The
increase in MCP-1 with age is consistent with the preserva-
tion of the memory T cell population in elderly people [12].
We observed an increase with age in RANTES, which is also
known as chemokine ligand 5 (CCL5). RANTES has been
shown to promote the release of TNF-a from macrophages
[13], but we did not find a concurrent increase in TNF-a in
our subjects. RANTES has been shown to induce the prolif-
eration of NK cells [14]; hence, the increase in RANTES with
age we observed is consistent with the increase in NK cells we
observed with age. Both MCP-1 and RANTES have been
shown to have a role in T cell activation [15], and may
enhance T cell proliferation and cytotoxicity [15]. In women
we observed an increase in MDC, which is also known as
CCL22. This rise in MDC in women aged 50 years and older
was significantly greater than in men aged 50 years and older.
MDC is a chemoattractant for monocytes, dendritic cells
and NK cells [16], and has been shown to specifically stimu-
late the chemotaxis of Th2 cells [17]. This rise in MDC is
consistent with the concurrent changes we observed in Th2
cells and NK cells in our study.

There were significant differences in cytokine expression
between sexes. Women were found to have more sCD40L
than men. sCD40L is released from platelets upon activation
and has roles in dendritic cell maturation [18] and dendritic
cell cytotoxicity [19]. People with increased levels of sCD40L
are thought to be at higher risk of cardiovascular disease
[20], and higher levels of sCD40L have been found in
patients with lung cancer [21]. In our study there were
higher levels of sCD40L in women compared to men, and
there were no significant changes with ageing. Women were
also found to have a higher expression of PDGF-AA than
were men. PDGF-AA is a pro-angiogenic factor that pro-
motes development of tumour stroma in melanoma and
other cancers [22].

There have been many previous investigations into the
effects of ageing on the immune system which have demon-
strated a quantitative and functional remodelling of its many
components [23]. One study of 47 patients aged 21–99 years
evaluated stimulated CD4+ T cell subsets in vitro, and found
that with ageing there were decreases in intracellular Th1
cytokines IFN-g and TNF-a among activated memory cells
(CD95+CD28+), a decrease in IFN-g in virgin cells (CD95–

CD28+), but an increase in the Th2 cytokine IL-4 in activated
memory T cells. There were no significant changes in effector

memory cells (CD95+CD28–) [24]. In contrast, a study that
analysed intracellular cytokine production of stimulated
CD8+ T cell subsets showed increases in Th1 cytokines
(IFN-g, TNF-a, IL-2) in naive (CD95–CD28+), effector cyto-
toxic (CD95+CD28–) and memory (CD95+CD28+) cells, but
an increase in Th2 cytokines (IL-4, IL-6, IL-10) only in
memory cells [25].

There have been other studies on the effects of ageing on
cytokines. One of the largest population studies to date mea-
sured IL-1ra, IL-6, IL-10, C-reactive protein (CRP) and
TNFr-1 and found a significant increase in IL-6 and TNF-r1
with ageing [26]. One study compared 22 cytokines between
55 Korean patients aged under 45 years aged and 55 patients
aged over 65 years. This study included 23 males and 32
females in each group. Significant increases in sCD40L and
TGF-a were associated with age, but there were significant
decreases in G-CSF, GM-CSF and MCP-1 with age [27]. In
contrast, we found an increase in MCP-1 with age. Our
study, and that by Kim et al., had roughly the same number
of patients for cytokine analysis; however, our study included
patients aged between 45 and 65 years, and we used linear
regression for statistical analysis instead of a standard t-test.
Furthermore, our results are consistent with the results of
other studies [28,29] in identifying an increase in MCP-1
and memory T cells with ageing. One study showed that
lipopolysaccharide (LPS)-stimulated monocytes from nona-
genarians produced more RANTES than younger controls,
but IL-2-stimulated NK cells produced less RANTES than
controls [30]. We were only able to measure circulating
RANTES in our study, and found an increase with ageing.
Another group in Japan investigated changes in the serum
of cytokines among 122 pre-, peri- and postmenopausal
women. They reported a positive correlation of IL-6 with
age, in addition to significant increases in IL-2, GM-CSF,
G-CSF and IL-4 in postmenopausal women [31]. We
observed a trend towards an increase in IL-4 with age, but
this was non-significant.

Previous studies have tried to determine the effects of
menopause on immunity. One study showed that ageing was
associated with a gradual increase in IL-10 in women, and
that late menopause (>30 years after menopause) was asso-
ciated with decreased IFN-g production in LPS-stimulated
PBMCs. Those subjects on menopausal hormone therapy
(conjugated equine oestrogen 0·625 mg and medrox-
yprogesterone acetate 2·5 mg) had reduced levels of IL-10
compared to untreated women, and there were no significant
differences in IFN-g between these groups [32]. Similarly,
menopause has been associated with a decrease in cells that
secrete IFN-g and TNF-a spontaneously when compared to
premenopausal women [33]. Another study showed that 6
months of menopausal hormone therapy (oestradiol valer-
ate 2 mg/day and medroxyprogesterone acetate 5 mg/day)
restored NK cytotoxicity, but did not restore the decline in T
cell populations or IFN-g production [34]. One other study,
which evaluated early postmenopausal women, found no
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differences between those who were treated with meno-
pausal hormone therapy (oestradiol 0·1 mg twice per week
transdermally) compared to those who were not treated in
IL-1a, IL-1b, IL-6, IL-1ra or soluble IL-6 receptor produc-
tion by stimulated bone marrow mononuclear cells collected
by aspiration [35]. We did not have sufficient samples to
determine if the female donors in this study were in meno-
pause, but we used the age of 50 years as a rough estimate of
menopause. Regardless, PCA did not identify IL-6, IFN-g or
TNF-a as discriminators.

One drawback to our study is that we were not able to
profile each of the donors, although they were screened
extensively for infections, certain medications, recent vacci-
nations and concerning exposures, as described in the
Methods. Although it is possible that donors had diseases
that do not exclude blood donation, most blood donors do
not have significant co-morbidities. Accordingly, we have
attributed the observed changes to age, rather than intercur-
rent illnesses or significant co-morbidities. Furthermore, as
more than half our patients were aged 30–60 years, extremes
of age are not well represented in this study.

In summary, we have demonstrated that ageing is associ-
ated with an increasing acquisition of a cellular Th2 bias, and
a decline in total number of T cells, cytotoxic T cells and T
helper cells. Additionally, there is an increase in MCP-1 and
RANTES with ageing. A notable sex difference was detected,
with women found to express more sCD40L and PDGF-AA
than men.
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Table S1. Cell subset changes with age by linear regression.
The table above has an arrow to demonstrate the overall
direction of change, or a dash if there was no clear change
with ageing. The r2 and P values are displayed in order,
parenthetically.
Table S2. Cytokine changes with age by linear regression.
The table above has an arrow to demonstrate the overall
direction of change, or a dash if there was no clear change
with aging. The r2 and P values are displayed in order,
parenthetically.
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