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Abstract
Ageing is tightly associated with minor and life-long environmental insults, leading to a chronic and systemic inflammation,
named “inflammageing”. We reported the healthy ageing-associated elevation of highly sensitive CRP ( hsCRP ) in Japanese
individuals aged between 1 and 100 years and the patients with Werner syndrome in the previous paper. To further study
the association of hsCRP and 26 cytokines/chemokines, a multiple cytokine array system was used in the same serum samples as were examined for hsCRP from healthy Japanese adults.

The serum levels of IL-4, IL-6, IL-13, IL-15, GM-CSF, IFNγ, IP-10 ( CXCL10 ) and TNFα were significantly elevated, though IL-2,
IL-8 ( CXCL8 ) and MIP-1α( CCL3 ) levels were significantly decreased with healthy ageing. Elevated hsCRP level was significantly associated with IL-6, IL-13, IL-15 and IP-10, while IL-8 and MIP-1α were negatively associated with hsCRP. Among
these cytokines/chemokines, both IL-6 and IL-13 levels were significantly associated with serum level of hsCRP, if age and
sex were taken into account.

Immunological shift to Th2 with healthy ageing may stimulate a pro-inflammatory cytokine/chemokine circuit, leading to a
systemic chronic inflammation monitored by hsCRP. Further study may warrant the pathophysiology of Th2 shift and Th2biased mild inflammation in healthy ageing ( inflammageing ).
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G-CSF: Granulocyte Colony-Stimulating Factor;

GM-CSF: Granulocyte-Monocyte Colony- Stimulating Factor;
hsCRP: Highly Sensitive CRP;
IFN : Interferon;
IL: Interleukin;

IL1ra : IL-1 Receptor Antagonist;

IP-10 ( CXCL10 ): Ifnγinducible Protein 10;

MCP-1 ( CCL2 ): Monocyte Chemoattractant Protein-1;
MIP-1 ( CCL3/4 ): Macrophage Inhibitory Protein -1;
PDGF: Platelet Derived Growth Factor;
TNF: Tumor Necrosis Factor;

VEGF: Vascular Endothelial Growth Factor

Introduction
Human ageing is inevitably accompanied by an increasing
chance of environmental attack from inside (such as mutants, endoplasmic reticulum (ER) stress and by-products
associated with immune- surveillance activity) and outside
(such as ultra violet light, air pollution, allergens, infectious
agents, drugs and foods ), leading to a minor inflammation
that has been evaluated by highly sensitive CRP ( hsCRP )
[1, 2].

Chronic elevation of hsCRP in the healthy elderly population
may tightly associated with the ageing-related conditions including diabetes mellitus, sarcopenia, osteoporosis, cancer,
atherosclerosis, cognitive decline and finally death [3]. The
ageing-associated chronic, low grade/asymptomatic and
systemic inflammation, named ‘inflammageing’, is probably
caused by an imbalance between an increase in pro- and a
decrease in anti-inflammatory cytokines/chemokines [4-7].
Inflammation is widely recognized as a patho-physiologically fundamental metabolism to generate energy with thermogenesis, leading to wound healing or tissue destruction/
repair during healthy development and ageing [8].

Ageing-associated changes of pro/anti-inflammatory cytokines/chemokines have been reported by using ELISA and
multiplex technology. However, the results are conflicting.
Ageing-associated elevation of pro-inflammatory cytokines/
chemokines including interleukin ( IL )-6, IL-8 ( CXCL8 ), tumor necrosis factor ( TNF )-α, macrophage inhibitory protein ( MIP )-1-α( CCL3 ) and monocyte chemoattractant protein ( MCP )-1 ( CCL2 ) was reported by Mariani et al [9].
However, both Shurin et al [10] and Kim et al [11] described
no ageing-associated changes of these cytokines/chemokines. Shurin et al [10] reported a significant age-associated
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increase of interferonγ inducible protein ( IP )-10 ( CXCL10
) and eotaxin ( CCL11 ). Elevation of IL-6, MCP-1 and IP-10
was described by Inadera et al [12] and Antonelli et al [13].
We have reported in the previous study a significant ageing-associated increase in the serum level of hsCRP in the
healthy Japanese individuals and the patients with Werner
syndrome [1].
The aim of this study was to clarify the association of 26 cytokine/chemokine levels examined by multiplex assay with
healthy ageing, and also with the ageing-associated increase
of hsCRP by directory comparing serum hsCRP levels and
26 cytokines/chemokines by using the same serum samples
obtained from apparently healthy Japanese volunteers.

Materials and Methods
Study population

All the samples studied in the present experiment were the
same sera as were used in the previous hsCRP study [1]. A
total of 113 normal serum samples from both sexes (M=41,
F=72 ) aged between 25 and 100 years were used for the
study. The normal individuals, enjoying the usual daily life at
home or nursing home, had neither apparent inflammatory
diseases including infection, cancer, lymphoproliferative disorders, diabetes mellitus, Alzheimer’s disease, autoimmune
diseases and arthritis at the time of serum sampling, nor history of cardio-/cerebro- vascular accidents. Exclusion protocol for elderly individuals met the SENIEUR criteria [14].
All of the individuals provided written informed consent for
this study, which was approved by the ethics committee of
Toin University of Yokohama. All of the samples were stored
at -80oC until use.

Multiplex cytokine array system

Serum levels of 26 cytokines/chemokines including interleukin ( IL )-1β, IL-1 receptor antagonist ( ILra ), IL-2, IL-4, IL-5,
IL-6, IL-7, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, basic fibroblast growth factor ( FGF ), granulocyte-colony stimulating
factor ( G-CSF ), granulocyte-macrophage- colony stimulating factor ( GM-CSF ), platelet derived growth factor ( PDGF ),
vascular endothelial growth factor ( VEGF ), tumor necrosis
factor ( TNF )α, interferon ( IFN )-γ, and chemokines including IL-8 ( CXCL8 ), IFNγ-induced protein ( IP )-10 ( CXCL10 ),
monocyte chemoattractant protein ( MCP )-1 ( CCL2 ), macrophage inhibitory protein ( MIP )-1α( CCL3 ), MIP-1β( CCL4
), eotaxin ( CCL11 ) were simultaneously measured using
commercially-available bead-based immunofluorescence
Bio-Plex Suspension Array System ( BioRad; Hercules, CA )
according to the manufacturer’s instruction.
Briefly, six distinct sets of fluorescently dyed beads loaded
with captured monoclonal antibodies specific for each cytokine/chemokine to be tested, were used. Serum samples
(50ul/well of fourfold diluted serum) or standards ( 50ul/
well ) were incubated with 50ul of premixed bead sets into
the pre-wetted 96 well microtiter plates at 4oC. After incu-
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bation and washing, 25ul of fluorescent detection antibody
mixture was added for 30 min and then the samples were
washed and resupended in assay buffer.

High standard curves for each soluble factor were used. The
low standard curves were obtained by tenfold diluted high
standard. The formation of different sandwich immunecomplexes was obtained by using the Bio-Plex Pro Human
Cytokine multiplex Assay (Bio-Rad; Hercules, CA). A 50ul
volume was sampled by each well and the fluorescent signal of a minimum of 100 beads per region (cytokine/chemokine ) was evaluated and recorded. Values presenting a
coefficient of variation beyond 10% were discarded before
the final analysis.

Determination of hsCRP

The data of hsCRP used in this study was obtained in the
previous experiment1 by using CircuLex high-sensitivity
CRP ELISA kit (MBL Woburn, MA ) according to the user’s
manual.

Data analysis and statistics

We examined ageing-associated changes of serum levels of
cytokine/chemokine using regression analyses expressed as
log_e( cytokine/chemokine ( j ) )= a + b* Age, where a is an
estimated intercept, b is an estimated regression coefficient
for Age and j is an indicator for individual cytokine/chemokine. To examine the relationship between serum levels of
hsCRP and cytokine/chemokine, we performed regression
analyses expressed as log_e( hsCRP ) = a + b*log_e( cytokine/chemokine ( j ) ), where a is an estimated intercept,
b is an estimated regression coefficient and j is an indicator for individual cytokine/chemokine. Multiple regression
models were used to further examine the relationship between hsCRP and cytokines /chemokines with adjustment
of sex and age effects on the serum levels. The model was
expressed as log_e ( hsCRP ) = a + b1*Age + b2*Sex + b3*log_e
( cytokine/ chemokine ( j ) ), where a ( intercept ), b1, b2 and
b3 are estimated regression coefficients and j is an indicator for individual cytokine/chemokine. We used Akaike’s Information Criterion (AIC) [15] for model selection between
models with original data and models with log-transformed
values (not shown). We show only results based on models
with log-transformed values described above because they
were better than models with original data. Statistical language R was used for the analyses. P-values < 0.05 were considered to be statistically significant [16].
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Subheadings: Multiplex cytokine analysis of inflammageing
Results
Ageing-associated changes of cytokine/chemokine
Inflammation monitored by the serum level of hsCRP was
significantly associated with healthy ageing, as shown in the
previous report [1]. No significant gender difference was observed concerning to the age-associated increase in hsCRP
level.
Single regression analyses shown in Table 1 and supplementary Fig 1-1 indicated significant positive associations
of age with IL-4, IL-6, IL-13, IL-15, GM-CSF, IFN-γ,TNF-αand
IP-10, respectively. IL-8, MIP-1αand IL-2 were significantly
negatively associated with ageing (supplementary Fig 1-2 ).
The rest of the cytokine/chemokine levels examined did not
change significantly with ageing. There was no significant
gender difference concerning to the serum levels of 26 cytokines/chemokines examined in the present study.
Table 1. Significant ageing-associated changes of cytokine/chemokine.							
Table 1. Significant ageing-associated changes of cytokines/chemokines
Cytokines/chemokines
IL-4
IL-6
IL-13
IL-15
GM-CSF
IFN-γ
TNF-α
IP-10 (CXCL10)

Estimated
intercept
1.367
1.435
1.564
0.377
1.303
4.431
2.563
6.099

IL-8
(CXCL8)
MIP-1α(CCL3)
IL-2

4.010
2.453
1.915

Significance

level

Estimated regression
coefficient
0.007
0.010
0.011
0.018
0.032
0.007
0.008
0.012
-0.017
-0.012
-0.022

SE

P value

0.002
0.004
0.003
0.005
0.007
0.003
0.004
0.002

0.005**
0.011*
<0.001***
<0.001***
<0.001***
0.037*
0.04*
<0.001***

0.006
0.003
0.007

0.003**
<0.001***
0.003**

*: <0.05, **: <0.01, ***: <0.001

Regression analyses expressed as log_e(cytokine/ chemokine( j )) =
a + b*Age were indicated, where a is an estimated intercept, b is an
estimated regression coefficient and j is an indicator for individual
cytokine/chemokine.

Serum cytokine/chemokine data were analyzed using the
Bio-Plex manager software version 5.0 ( Bio-Rad; Hercules,
CA ). Standard levels between 70 and 130% of the expected
values were considered to be accurate and were used. In
general, at least six standards were accepted and used to establish standard curves following a five-parameter logistic
regression model (5PL), Sample concentrations were immediately interpolated from the standard curves. Values were
expressed as pg/ml and presented as mean±SE.
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Supplementary Figure 1. is inserted to better understand the
data.

hsCRP- associated changes of cytokine/chemokine

Single regression analyses shown in Table 2 and supplementary Fig 2-1 indicated significant positive associations
between serum level of hsCRP and IL-6, IL-13, IL-15, and IP10, respectively. In contrast, the serum hsCRP level showed
significantly negative associations with respective 2 chemokines: IL-8 and MIP-1α (supplementary Fig 2-2 ).
Table 2. hsCRP-associated significant changes of cytokine/cheTable 2. hsCRP-associated significant changes of cytokines/chemokines
mokine.
Cytokines/chemokines
IL-6
IL-13
IL-15
IP-10

(CXCL10)

IL-8
MIP-1α

(CXCL8)
(CCL3)

Estimated
intercept
-0.873
-1.210
-0.372
-4.327

Estimated regression
coefficient
0.505
0.615
0.373
0.658

1.081
0.981

-0.31
-0.496

SE

P value

N

0.142
0.177
0.129
0.226

<0.001***
<0.001***
0.005**
0.005**

112
112
95
112

0.112
0.201

0.006**
0.02*

112
110

Significance level *: <0.05, **: <0.01, ***: <0.001

Regression analyses expressed as log_e(hsCRP)= a +
b*log_e(cytokine/ chemokine( j )), where a is an estimated intercept, b is estimated regression coefficient and j is an indicator for
individual cytokine/chemokine.

Supplementary Fig.2. is inserted to better understand the data.

Association of cytokine/chemokine with serum
hsCRP and ageing
Using multiple regression models, temporal effect of age on
the serum level of hsCRP was determined. Table 3 showed
estimated regression coefficients with SE, p-values and variance analyses. The ANOVA indicated that all models fit the
data well.
Two cytokines: IL-6 and IL-13 were significantly associated
with hsCRP and healthy ageing.

The relationship between cytokine/chemokine, hsCRP and
healthy ageing was ; log_e ( hsCRP ) = -2.596 + 0.031 x Age
+ 0.052 x Sex + 0.321 x log_e ( IL-6 ), and log_e ( hsCRP )
= -2.756 + 0.031 x Age + 0.08 x Sex + 0.359 x log_e ( IL-13
), respectively. In these formulae, Sex was 1 for male and 0
in female. No sex difference was observed concerning to the

ageing associated changes of 26 cytokines/chemokines examined.

Table 3. Association of serum levels of cytokine/chemokine
Table hsCRP
3 Association
of cytokines/chemokines with hsCRP and ageing
with
and ageing.
Dependent
variable

Independent
variables

hsCRP

Intercept
Age
Sex
IL-6

Estimated
regression
coefficient
-2.596
0.031
0.052
0.321

hsCRP

Intercept
Age
Sex
IL-13

-2.756
0.031
0.080
0.359

SE

P value

0.483
0.006
0.250
0.133

<0.001***
<0.001***
0.836
0.017*

0.533
0.006
0.253
0.169

<0.001***
<0.001***
0.751
0.036*

Significance level
*: <0.05, **:model
<0.01, ***:used
<0.001 to examine the relationship beMultiple
regression
tween hsCRP and multiple cytokines/chemokines with adjustment of sex and age effects on the serum levels was expressed as
log_e(hsCRP) = a + b1*Age + b2*Sex + b3*log_e(cytokine/chemokine(
j )), where a is an estimated intercept, b1, b2 and b3 are estimated
regression coefficients and j is an indicator for individual cytokine/
chemokine.

Discussion
CRP is the prototypical acute-phase reactant in man. Serum
hsCRP has been proposed as a marker of atherosclerosisassociated diseases including coronary heart disease and
cerebro-vascular accidents [17, 18]. CRP induced by IL-6 can
act as pro-inflammatory by inducing the expression of TNFα
and IL-1β [19].
CRP can also function as a component of the innate immune
system by activating the classical pathway of complement
system [20], enhancing phagocytosis [21] and binding to the
Fcγreceptors on leukocytes, leading to the anti-inflammatory
cytokine IL-10 production and the suppression of IL-12 secretion [22]. CRP may act as a protective machinery against
a variety of inflammatory conditions and autoimmunity by
interacting with many anti-inflammatory mediators such as
IL-10 and IL-12 [22- 24].

We have observed significantly increasing levels of serum
hsCRP [1] and cytokines/chemokines including IL-4, IL-6,
IL-13, IL-15, TNF-α, GM-CSF IFN-γ and IP-10 in accordance
with healthy ageing. In contrast, a significant decrease in the
serum levels of IL-2, IL-8 and MIP-1α was negatively associated with healthy ageing. Among these cytokines/chemokines, both IL-6 and IL-13 levels were significantly associated with serum level of hsCRP, if age and sex were taken into
account in the present experiment.
As hsCRP-associated elevation of serum levels of IL-6 and IL13 with ageing may suggest a possible contribution of latent/
persistent viral/parasitic infections such as herpes virus
groups [25-27], we observed the age-associated increase in
the serum level of anti-herpes viral antibodies in a separate
experiment (manuscript in preparation). So, latent/persistent viral infection as a part of ‘inflammageing‘ may induce
immune imbalance during healthy ageing.
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Ageing-associated increase in the serum level of IL-13 has
never been reported, though ageing-associated increases
in IL-4 and IL-6 have been frequently described [28-30].
IL-13 has an anti-inflammatory activity in association with
other cytokines such as IL-4 and IL-6 in response to various stimuli [31,32 ], though IL-13 like IL-4, produced by IL3-stimulated basophils and Th2 cells can induce an allergic
inflammation against infected parasites, possibly leading to
the activation of wound healing macrophages for tissue repair with fibrosis [33] and the abrogation of autophagy and
autophagy-mediated killing of intracellular mycobacteria in
human macrophages [8, 34]. Age-associated increase of serum level of IL-3 was already reported, though we did not
studied IL-3 in the present experiment [34].
Pro-inflammatory IL-6 is produced by a variety of cell types
including T cells, B cells, classically activated macrophages,
adipose- tissue-associated macrophages, fibroblasts and
endothelial cells [35]. Ageing-associated decrease in pro-inflammatory cytokines/chemokines including IL-2, IL-8 and
MIP-1α can be produced by Th1-type T cells, macrophages,
fibroblasts, neutrophils and NK cells [36].

Pro-inflammatory chemokines: IP-10 and MCP-1 have been
reported to be the products from adipose-tissue-associated
macrophages, classically activated macrophages, fibroblasts,
endothelial cells and mast cells [35, 37]. Increase in the serum levels of IP-10 and MCP-1 with healthy ageing has already been described by Gerli et al [38] and Antonelli et al
[13]. Mansfield et al [37] observed a significantly elevated
production of MCP-1, IP-10 and eotaxin with healthy ageing.

These cytokine/chemokine distributions may suggest an association of MCP-1-stimulated Th2 type inflammation leading to tissue remodeling and fibrosis by wound healing macrophages with healthy ageing as already described by others
[9, 30, 39 ]. Although the serum level of chemokine IP-10
increased significantly, other chemokines such as IL-8 and
MIP-1α decreased and the levels of MCP-1, MIP-1β and eotaxin of the same class of chemokines did not change significantly with healthy ageing. As discussed above, a variety of
cells can produce different types of chemokines in response
to inflammation.
CRP has an antagonistic pleiotropic activity and the elevating inflammation associated with healthy ageing may not be
the direct result of one-way traffic destruction of tissues, but
the sum result of ongoing tissue degradation and repair by a
cytokine/chemokine circuit-driven inflammation and regeneration [36, 37].

The immune system is manipulating itself by an interactive
orchestration of a variety of cytokines/chemokines produced by various kind of cells including T, B, NK, dendritic
cells, monocytes, neutrophils endothelial cells and even fibroblasts. Among the T cell subsets: Th1 cells mainly produce IFNγ, IL-1β, IL-2, IL-10, IL-12 and TNFα; Th2 cells
mainly produce IL-2, IL-3, IL-4, IL-5, IL-6, IL-10, IL-13 and
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GM-CSF; Th17 cells mainly produce IFNγ, IL-6, IL-17, GMCSF, TGFβ and TNFα; Treg cells mainly produce IL-10 and
TGFβ. However, most cytokines/chemokines can be produced redundantly by different types of cells.

GM-CSF, IFNγ, IL-6 and TNFα were elevated, while IL-17 and
IL-10 did not change significantly with ageing. Healthy ageing did not associate with the serum levels of Th17 and Treg
cytokines/chemokines in the present experiment [40].

Immunological shift to Th2-type T cells with healthy ageing may stimulate a pro-inflammatory cytokine/chemokine
circuit, leading to a systemic chronic inflammation (inflammageing) that can be monitored by hsCRP. The elevation of
Th17 cytokines/chemokines such as GM-CSF and TNFα with
ageing may suggest a contribution of Th17 cells to the ageing-associated orchestration of immune system to a certain
degree, though the interaction of immune cells may not be
so simple and more extended studies by using larger population from other ethnic origins may warrant the present result and inflammageing.

Conclusion

“How and what” does drive and accelerate ageing-associated
minor-inflammation still a mystery. Th2 shift and Th2-biased
mild inflammation:with ageing may contribute inflammageing in healthy ageing.
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