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Summary

We reported a minor inflammation-driven ageing (inflammageing) assessed by highly
sensitive CRP (hsCRP) in normal individuals and patients with Werner syndrome (WS),
followed by an ageing associated Th2-biased cytokine change in normal ageing in the
previous papers. To further study the association of hsCRP and 26 cytokines/chemokines in
35 WS patients, a multiple cytokine array system was used in the same serum samples as
were examined for hsCRP. The serum levels of Th2 cytokines (IL-4, IL-6, IL-10, and GM-
CSF), Th1 products (IL-2, TNFa, IL-12, and IFNy) and monocyte/macrophage products
(MCP-1, basic FGF and G-CSF) in WS were significantly elevated compared with normal
ageing. Elevated hsCRP level in WS was significantly correlated with IL-6, IL-12 and VEGF
levels, if age and sex were taken into account. A pro-inflammatory cytokine/chemokine
circuit-stimulated immunological shift to Th2 in WS was similar to normal ageing. These
cytokine/chemokine changes may induce a systemic chronic inflammation monitored by
hsCRP, though these immunological changes in WS were more complicated than normal
ageing, possibly due to the WS-specific chronic inflammation such as skin ulcer, diabetes
mellitus and central obesity with visceral fat deposition. Further study may warrant the
pathophysiology of Th2 shift and Th2-biased inflammageing in normal ageing and WS.
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1. Introduction

Werner syndrome (WS; MIM#27770), the genetically-
determined progeroid syndrome has been extensively
studied as the representative natural model of human
ageing. We have reported the elevation of inflammatory
markers in WS in a series of publications irrespective
of the apparent inflammation (/).

Our recent study indicated a significant ageing-
associated increase in the serum level of highly sensitive
CRP (hsCRP) in the normal Japanese individuals and
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the serum hsCRP level was also significantly elevated
in WS compared with age-matched normal adult (NA)
control and normal elderly (NE) population from both
sexes (2).

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), producing a minor inflammation that is widely
recognized as a patho-physiologically fundamental
metabolism to generate energy with thermogenesis,
leading to tissue development, wound healing or tissue
destruction during healthy development and ageing (3-6).

Ageing-associated inflammation coined as
"inflammageing" has been monitored mainly by hsCRP
(7-9). Inflammageing is probably caused by an imbalance
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between an increase in pro- and a decrease in anti-
inflammatory cytokines/chemokines, leading to ignite
the ageing-related conditions including diabetes mellitus
(DM), sarcopenia, osteoporosis, cancer, atherosclerosis,
cognitive decline and finally death (3,8,10).

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 (CXCLS), tumor necrosis factor
o (TNFa), macrophage inhibitory protein-lo (MIP-1a:
CCL3) and monocyte chemoattractant protein-1 (MCP-
1: CCL2) was reported by Mariani et al (11). However,
both Shurin et al. (12) and Kim et al. (13) described
no ageing-associated changes of these cytokines/
chemokines. Shurin et al. (12) reported a significant age-
associated increase of interferony inducible protein-10
(IP-10: CXCL10 ) and eotaxin (CCL11). Elevation of IL-
6, MCP-1 and IP-10 was described by Miles et al. (14),
Inadera et al. (15) and Antonelli et al. (16).

In our preceding paper, the serum levels of IL-4,
IL-6, IL-13, IL-15, granulocyte-macrophage- colony
stimulating factor (GM-CSF), interferon-y (IFNy), IP-
10 and TNFa were significantly correlated with normal
ageing (manuscript submitted). In contrast, IL-2, IL-8,
MIP-1a levels were negatively associated with normal
ageing. The Th2 products: IL-6 and IL-13 levels were
significantly associated with serum level of hsCRP in
normal ageing, if age and sex were taken into account.
Cytokine/chemokine analysis in WS has never been
reported.

The aim of this study was to i) compare the serum
levels of 26 cytokines/chemokines examined by
multiplex assay in WS with the apparently healthy
Japanese volunteers; and ii) clarify the association of
26 cytokines/chemokines with the increased level of
hsCRP in WS.

2. Materials and Methods
2.1. Study population

All the samples studied in the present experiment
were collected between 2000 and 2010, and were the
same sera as were used in the previous hsCRP study
(2). A total of 35 serum samples from the patients
with mutation-proven WS aged between 32 and 70
years were used. All of the WS patients showed the
characteristic manifestations as previously described:
typical body status/face, hoarseness, gray hair/alopecia,
skin hyper/hypo-pigmentation, sarcopenia, cataract,
osteoporosis, and subcutaneous calcification. As some
WS patients had diabetes mellitus (DM) and skin ulcers
(SU), the patients were sub-grouped into 1) SU (+) DM
(+) (n=14),2) SU (+) DM (-) (n=12), 3) SU (-) DM
(+) (n=4), and 4) SU (-) DM(-) (n = 5) based on their

Table 1. Clinical characteristics in Werner syndrome
patients

Subgroups ~ SU* DM** 1D Age Sex
1 + + WS12901 32 F
1 + + WS57201 37 M
1 + + WS19201 38 M
1 + + WS56301 39 M
1 + + WS57801 41 M
1 + + WS51301 42 M
1 + + WS19201 44 M
1 + + WS6301 46 M
1 + + WS53601 46 M
1 + + WS58501 51 M
1 + + WS58301 53 M
1 + + WS54801 57 M
1 + + WS56201 70 M
1 + + WS1801 70 M
2 + - WS6103 32 M
2 + - WS6104 32 M
2 + - WS14501 35 M
2 + - WS51601 36 F
2 + - WS53101 38 F
2 + - WS53901 43 F
2 + - WS53801 46 F
2 + - WS2101 50 F
2 + - WS55801 53 F
2 + - WS52901 54 F
2 + - WS54001 57 F
2 + - WS4701 59 F
3 + WS58701 35 M
3 + WS57701 38 F
3 + WS57401 41 M
3 + WS4401 41 M
4 - WS5801 43 M
4 - WS0402 47 M
4 - WS7501 48 M
4 - WS0401 49 F
4 - WS10501 52 F

*SU: skin ulcer. **DM: diabetes mellitus. 26 had skin ulcers (SU) and
18 diabetes mellitus (DM). Subgroups: 1) SU (+) DM (+), n = 14; 2)
SU (+) DM (-), 7= 12; 3) SU (-) DM (+), n.=4; 4) SU (-) DM (), n = 5.

phenotypes as indicated in Table 1.

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 -80°C until use. For
statistical comparison, 113 normal individuals were
divided into two groups according to their age: normal
adult (NA) aged between 25 and 70 years (n = 57; M =
29, F = 28) and normal elderly (NE) aged between 71
and 100 years (n = 56; M = 12, F = 44). All the normal
individuals including NE were the same as examined in
the previous study and met the SENIEUR criteria (/7).

2.2.1. Multiplex cytokine array system

Serum levels of 26 cytokines/chemokines including
IL-1B, 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 (basic FGF), granulocyte-
colony stimulating factor (G-CSF), GM-CSF, platelet
derived growth factor (PDGF), vascular endothelial
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growth factor (VEGF), TNFa, IFNy, IL-8, IP-10,
MCP -1, MIP-1a, MIP-1B (CCL4) and eotaxin 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 capture monoclonal antibodies specific
for each cytokine/chemokine to be tested, were used.
Serum samples (50 pL/well of fourfold diluted serum)
or standards (50 pL/well) were incubated with 50 pL of
premixed bead sets into the pre-wetted 96 well microtiter
plates at 4°C. After incubation and washing, 25 pL 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 standards. The formation of different
sandwich immune-complexes was obtained by using
the Bio-Plex Pro Human Cytokine 27-plex Assay (Bio-
Rad; Hercules, CA). A 50 pL 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.

2.2.2. Determination of hsCRP

The data of hsCRP used in this study was obtained
in the previous experiment (2) by using CircuLex
high-sensitivity CRP ELISA kit (MBL Woburn, MA)
according to the user's manual.

2.3. Data analysis and statistics

Differences of serum cytokines/chemokines between
WS and healthy individual groups (NA and NE) were
evaluated by Wilcoxon rank sum test. We examined
ageing-associated changes of serum levels of cytokines/
chemokines 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
()X

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 (a) was
expressed as

log_e (hsCRP) = a + b,*Age + b,*Sex + b;*log_e (
cytokine/chemokine (5)),

where a (intercept), b,, b, and b; are estimated
regression coefficients and j is an indicator for
individual cytokine/chemokine. The model (b) was
expressed as

hsCRP = exp{a + bI*Age + b2*Sex + b3cytokine/
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) (18) 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 (19) was used for the analyses. p-values < 0.05 were
considered to be statistically significant. Differences of
serum cytokine/chemokine levels between subgroups in
WS were estimated by Welch's two-sample ¢-test with
unequal variances.

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 (SPL), Sample
concentrations were immediately interpolated from the
standard curves. Values were expressed as pg/mL and
presented as mean + S.E.

3. Results

3.1. Cytokine/chemokine levels between Normal adult
(NA) and Normal elderly (NE) groups

As indicated in Table 2, serum levels of IL-4, IL-6, IL-13,
IL-15, GM-CSF, IP-10, MCP-1 and TNFain NE group
were significantly elevated compared with NA group.
In contrast, serum levels of IL-1p, IL-1ra and MIP-1ain
NE group were significantly decreased compared with
NA group. The rest of the cytokine/chemokine levels
examined were comparable between NA and NE.

3.2. Cytokine/chemokine levels in WS

Single regression analyses of 26 cytokines/chemokines
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Table 2. Cytokine/chemokine changes between NA, NE and WS

Cytokines/chemokines Normal adult (NA) WS

Normal elderly(NE) p value

(pg/mL) (mean+S.E.;n=35) (mean+S.E.;n=35) (mean+S.E;n=56) NA vs. NE WS vs. NA WS vs. NE
IL-4 6.4+0.4 8.8+0.9 8.6+0.9 0.008" 0.008™ 0.113
IL-6 11.6+32 408.6 + 381.5 22.1+8.1 <0.001™  <0.001™" 0.007™"
IL-13 9.7+1.0 13.9+1.8 16.7+2.0 0.002"* 0.057 0.429
IL-15 44408 75+12 9.5+0.9 <0.001"™  <0.001™" 0.046"
GM-CSF 33.9+99 117.4+37.5 99.6 +17.4 <0.001™  <0.001™" 0.932
IP-10 (CXCL10) 862.4+51.2 1898.3 + 530.8 1503.6 +175.6 <0.001™* 0.164 0.083
MCP-1 (CCL2) 46.1+6.2 532+4.1 51.5+45 0.010" 0.008™" 0.431
TNFa 329+9.1 39.9+7.8 38.1+7.6 0.020" 0.002"" 0.113
IL-5 2.53+0.62 2.67+0.31 2.82+1.05 0.245 0.078 0.007"
IL-9 38.37+17.08 101.07 +71.8 42.04+9.78 0.328 0.121 0.549
IL-10 2.59+0.34 3.66 +0.45 2.93+0.31 0.303 0.031" 0.149
basicFGF 22.09 + 1.54 31.48+2.72 24.47 +2.45 0.982 0.002"" 0.004™
G-CSF 10.80 + 0.69 16.84 +1.58 14.73 £ 4.31 0.673 <0.001™  <0.001™"
IFNy 158.97 +31.48 192.9 +£22.58 226.36 +45.16 0.086 0.021" 0.259
VEGF 114.68 +9.99 247.4+51.29 165.56 + 15.31 0.074 0.094 1
Eotaxin (CCL11) 106.31 + 7.48 94.45 +12.0 117.63 +9.23 0.282 0.278 0.079
IL-1p 6.4+4.0 10.8+8.7 1.7+04 0.041" 0.502 0.005™"
IL-Ira 59.9+4.6 724+89 48.6+5.4 0.024" 0.355 0.011"
IL-2 3.8+0.7 5.07+1.37 2.99£0.97 0.373 0.029" <0.001""
IL-7 8.1+0.71 10.93 + 1.37 7.92 +0.44 0.469 0.128 0.157
IL-12 19.82 + 1.45 30.42 +5.09 1835+ 1.72 0.26 0.303 0.091
IL-17 28.56 +2.08 31.23+3.23 25.58 +1.49 0.25 0.213 0.071
MIP-10, (CCL3) 9.6+1.9 5.6+0.6 49+0.7 <0.001"" 0.247 0.053
MIP-1B (CCL4) 209.27 + 47.63 125.37 £ 10.93 133.77 +7.29 0.308 0.772 0.455
IL-8 (CXCLS8) 164.51 + 83.30 17.63 + 1.88 34.76 + 15.81 0.172 0.262 0.189
PDGF 18015.1 +2613.1 7482.1 + 887.2 12540.5 + 1475.7 0.877 0.082 0.007**

Cytokine/chemokine levels between NA, NE and WS were tested by Wilcoxon rank sum test: *:;p < 0.05, **:;p <0.01, ***:p <0.001.

showed no significant age-associated changes in WS, as
was already inferred in the previous hsCRP paper (2).

In WS patients, serum levels of IL-2, IL-6, basic
FGF, and G-CSF were significantly elevated compared
with NA and NE (Table 2). Levels of IL-4, IL-15,
GM-CSF, MCP-1, TNFa, IL-10 and IFNyin WS were
significantly increased compared with NA. Both IL-1
and IL-1ra levels were significantly elevated in WS in
comparison with NE. Serum levels of PDGF, IL-5 and
IL-15 in WS were significantly decreased compared
with NE. The rest of the cytokine/chemokine levels (IL-
7, IL-8, IL-9, IL-12, IL-17, eotaxin and MIP-1f) were
comparable between NA, NE and WS.

3.3. Association of cytokine/chemokine with serum
hsCRP in WS

Using multiple regression models, temporal effect
of age on the serum level of hsCRP was determined.
The Table 3-a and 3-b showed estimated regression
coefficients with S.E., and p-values.

IL-6 was significantly associated with hsCRP. The
relationship between IL-6, hsCRP and ageing according
to the model (a) was log_e (hsCRP) = -1.199 + 0.04 x
Age +0.339 x Sex + 0.317 x log_e ( IL-6) (Table 3-a).

Both IL-12 and VEGF were also significantly
associated with hsCRP according to the model (b);
hsCRP =exp{1.311 + 0.01 x Age +0.522 x Sex + 0.007

x JL-12} and hsCRP = exp{1.26+ 0.01 x Age + 0.64
x Sex + 0.001 x VEGF} (Table 3-b), 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.

3.4. Association of cytokines/chemokines with clinical
phenotypes in WS

In the WS patients, the serum hsCRP level was similar
between SU (+) and SU (-) groups or DM (+) and DM (-)
groups, and among SU (+) DM (+), SU (+) DM (-) , SU (-)
DM (+) and SU (-) DM(-) subgroups, as was reported in
the previous paper (2).

Significant differences were in eotaxin (111.8 + 14.0
vs. 44.4 + 13.2 pg/mL, p <0.05), IP-10 (2348.6 + 693.2
vs. 597.4 + 183.2 pg/mL, p < 0.05) and MIP-1a (6.2 +
0.8 vs. 3.9 £ 0.7 ng/mL, p < 0.05) between SU (+) and
SU (-), respectively. Serum levels of eotaxin (121.0 £
17.6 vs. 66.3 £ 13.4 pg/mL, p < 0.05) and G-CSF (20.4
+2.1vs.13.1 £2.1 pg/mL, p <0.01) were significantly
elevated in DM (+) group compared with DM (-) group,
respectively.

Among subgroups, most cytokine/chemokine levels
including IL-1ra, IL-5, IL-6, eotaxin, G-CSF and IP-
10 in group! were significantly elevated compared with
group 4 (Table 4). The serum levels of IL-1f, IL-1ra,
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Table 3-a. Association of cytokine/chemokine with hsCRP in WS

Dependent variable Independent variables Estimated regression coefficient S.E. p value

Log (hsCRP) Intercept -1.199 1.062 0.268
Age 0.040 0.019 0.048"
Sex 0.339 0.389 0.386
IL-6 0.317 0.132 0.022"

Model (a): log_e(hsCRP) = a + b1*Age + b2+Sex + b3*log_e(Cytokine(j)), @ was an intercept, b1*, b2* and b3* were estimated regression
coefficients, and j was an indicator for individual cytokine. Sex was 1 for male and 0 for female. Significance level. *: p <0.05.

Table 3-b. Association of cytokine/chemokine with hsCRP in WS

Dependent variable Independent variables Estimated regression coefficient S.E. p value

hsCRP Intercept 1.311 0.766 0.097
Age 0.01 0.014 0.463
Sex 0.522 0.350 0.146
IL-12 0.007 0.003 0.029"

hsCRP Intercept 1.260 0.770 0.112
Age 0.010 0.014 0.472
Sex 0.640 0.357 0.082
VEGF 0.001 0.000 0.018"

Model (b): hsCRP = exp{ a + b1*Age + b2*Sex + b3*Cytokine(j) }, a was an intercept. b1*, b2*, and b3 were estimated regression coefficients, and
j was an indicator for individual cytokine. Sex was 1 for male and 0 for female. Significance level. *: p <0.05

Multiple regression analyses expressed as log_e (hsCRP) =a + b1*Age + b2*Sex + b3* log_e (cytokine (j)) (model (a)) and hsCRP = exp{a + bI*Age
+ b2*Sex + b3* cytokine (j) } ( model (b) ) were indicated, where a is an estimated intercept, b1, b2*, and h3* were estimated regression coefficients
and ; is an indicator for individual cytokine/chemokine. In these formulae, Sex was 1 for male and 0 in female.

The relationship between IL-6, hsCRP and ageing according to the model(a) was log_e (hsCRP ) =-1.199 + 0.04 x Age + 0.339 x Sex +0.317 x log_e (

IL-6) (Table 3-a).

Both IL-12 and VEGF were also significantly associated with hsCRP according to the model (b); hsCRP = exp{ 1.311 +0.01 x Age + 0.522 x Sex +
0.007 x IL-12} and hsCRP = exp{ 1.26+ 0.01 x Age + 0.64 x Sex + 0.001 x VEGEF}, respectively.

IL-5 and IL-13 in group 2 were significantly elevated
compared with group 4. Interestingly, MCP-1 level
in groupl was significantly decreased compared with
group 4. The rest of the cytokines/chemokines levels
including IL-2, IL-4, IL-5, IL-7, IL-8, IL-9, IL-10, IL-
12, IL-15, IL-17, basic FGF, IFNy, MIP-1a, MIP-1p,
TNFa and VEGF were comparable between subgroups.

4. Discussion

The serum levels of Thl products (TNFa), Th2 products
(IL-4, IL-6, and GM-CSF) and monocyte/macrophage
products (IL-15 and MCP-1) were elevated with normal
ageing and more elevated in WS. In addition, 1L-13
and IP-10 were increased with normal ageing. Ageing-
associated elevations of serum IL-13 and serum IL-
15 have never been reported in normal human ageing.
Although the pro-inflammatory monocyte/macrophage
products including IL-1p, IL-1ra and MIP-lawere
decreased with normal ageing, some monocyte/
macrophage products (IL-1f, IL-1ra, basic FGF and
G-CSF), and Thl products such as IL-2 and IFNy, and
Th2 cytokine IL-10 were increased in WS.

The WS patients with more inflammatory
phenotypes (SU (+) and DM (+)) produced more pro-
inflammatory cytokines/chemokines such as IL-1f, IL-
Ira, IL-5, IL-6, IL-13, eotaxin, IP-10 and G-CSF than
less inflammatory subgroups in WS. Immunological

shift to Th2-type T cells was common between
normal ageing and WS, although Thl-type cytokines,
monocyte/macrophage origin chemokines were also
elevated in WS.

One of the characteristic phenotypes in WS is
the central obesity with visceral fat deposition (/)
irrespective of DM and the incidence of central
obesity in normal Japanese has increased recently with
ageing (20).

The WS with inflammatory phenotypes such as SU,
DM and central obesity may induce more complicated
immunological changes than normal ageing, though
both have a common immunological shift to Th2.

CRP is the prototypical acute-phase reactant in man
and has been proposed as a marker of atherosclerosis-
associated diseases including coronary heart disease
and cerebro-vascular accidents (2/-23). As CRP has
an antagonistic pleiotropic activity, CRP induced by
IL-6 can act as pro-inflammatory by producing TNF-
aand IL-1PB (24). CRP can also function as a protective
machinery by activating the classical pathway of
complement system (25), enhancing phagocytosis (26)
and binding to the Fcyreceptors on leukocytes, leading
to the anti-inflammatory cytokine IL-10 production
and the suppression of IL-12 secretion (27,28) as a
component of the innate immune system.

Among these cytokines/chemokines, the serum
levels of Th2 products (IL-6 and IL-13), IL-15 and
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Table 4. Serum cytokines/chemokines in Werner syndrome from different sugroups

p value matrix

Cytokine/chemokine Subgroups Mean (pg/mL) S.E.
Group 2 Group 3 Group 4

IL-1B Group 1: SUHDM(+) (n = 14) 23.1 21.7 0.643 0.645 0.095
Group 2: SU(+)DM(-) (n=12) 3.8 1.9 - 0.446 0.048*
Group 3: SU(-)DM(+) (n=4) 1.1 0.3 0.446 - 0.413
Group 4: SU(-)DM(-) (n =5) 0.8 0.3 0.048* 0.413 -

IL-1ra Group 1: SUH)DM(+) (n = 14) 87.9 14.6 0.504 0.327 0.008™*
Group 2: SU(+)DM(-) (n = 12) 75.1 13.8 - 0.671 0.04*
Group 3: SU(-)DM(+) (n=4) 66.6 33.6 0.671 - 0.389
Group 4: SU(-)DM(-) (n=5) 27 10.1 0.04* 0.389 -

IL-5 Group 1: SUHDM(+) (n = 14) 3.1 0.5 0.742 0.327 0.007**
Group 2: SU(+)DM(-) (n=12) 2.9 0.5 - 0.684 0.035*
Group 3: SU(-)DM(+) (n=4) 2.6 1.2 0.684 - 0.286
Group 4: SU(-)DM(-) (n =5) 1 0.4 0.035* 0.286 -

IL-6 Group 1: SUH)DM(+) (n = 14) 985.7 953.4 0.251 0.798 0.021*
Group 2: SU(+)DM(-) (n = 12) 28 12 - 0.316 0.442
Group 3: SU(-)DM(+) (n =4) 29 9.2 0.316 - 0.063
Group 4: SU(-)DM(-) (n=5) 9.8 3 0.442 0.063 -

IL-13 Group 1: SUHDM(+) (n = 14) 13.6 2.4 0.56 0.878 0.156
Group 2: SU(+)DM(-) (n=12) 15.7 2.4 - 0.684 0.014*
Group 3: SU(-)DM(+) (n=4) 18.7 10.9 0.684 - 0.556
Group 4: SU(-)DM(-) (n =5) 6.7 33 0.014* 0.556 -

Eotaxin Group 1: SUH)DM(+) (n = 14) 137.9 19.7 0.036" 0.035* 0.002™*
Group 2: SU(+)DM(-) (n = 12) 61.3 16.5 - 0.77 0.091
Group 3: SU(-)DM(+) (n =4) 61.9 232 0.77 - 0.286
Group 4: SU(-)DM(-) (n=5) 30.3 13.8 0.091 0.286 -

G-CSF Group 1: SUHDM(+) (n = 14) 19.5 2 0.071 0.721 0.014*
Group 2: SU(+)DM(-) (n=12) 14.9 2.5 - 0.202 0.225
Group 3: SU(-)DM(+) (n=4) 233 6.9 0.202 - 0.063
Group 4: SU(-)DM(-) (n =5) 8.9 3 0.225 0.063 -

IP-10 Group 1: SUH)DM(+) (n = 14) 3431.6 1220.5 0.322 0.158 0.044*
Group 2: SU(+)DM(-) (n = 12) 1085 206.5 - 0.379 0.195
Group 3: SU(-)DM(+) (n=4) 783.4 328.8 0.379 - 0.73
Group 4: SU(-)DM(-) (n=5) 448.6 208.7 0.195 0.73 -

MCP-1 Group 1: SUHDM(+) (n = 14) 49.1 5.4 0.899 0.878 0.034*
Group 2: SU(+)DM(-) (n=12) 50.3 7.9 - 1 0.13
Group 3: SU(-)DM(+) (n=4) 48.6 9.2 1 - 0.19
Group 4: SU(-)DM(-) (n =5) 75.6 10.4 0.13 0.19 -

Cytokine/chemokine levels among subgroups were estimated by two-sample #-test with unequal variances. Significance level: *p < 0.05, **p < 0.01.

IP-10 were significantly associated with serum level
of hsCRP, if age and sex were taken into account in
normal ageing (manuscript submitted). However, serum
hsCRP was significantly associated with IL-6, IL-12
and VEGF in WS, as indicated in the present study.
IL-4, IL-6 and IL-10 are pro-inflammatory cytokines
produced by Th2-type T cells, B cells, classically
activated macrophages, adipose- tissue-associated
macrophages, fibroblasts and endothelial cells, possibly
leading to the activation of wound healing macrophages
for tissue repair with fibrosis (29) and the abrogation
of autophagy and autophagy-mediated killing of
intracellular mycobacteria in human macrophages (5, 30).
Pro-inflammatory chemokine: MCP-1 has been
reported to be the products from adipose-tissue-
associated macrophages, classically activated
macrophages, fibroblasts, endothelial cells and mast cells
(29,31). Although an increase in the serum levels of IP-

10 and MCP-1 with normal ageing has already been
described by others (/4,16), an elevation of serum IL-
13 and IL-15 has never been described. IL-13 is aTh2-
derived mediator of allergic inflammation and IL-15 is
a monocyte/macrophage product from viral infection to
proliferate natural killer cells of innate immunity.

These cytokine/chemokine distributions may
suggest an association of monocyte/macrophage
products-stimulated Th2 type inflammation leading
to tissue remodeling and fibrosis by wound healing
macrophages in WS and also with normal ageing as
suggested by others (//,29,31,32).

The elevating inflammation associated with normal
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 (33).

Immunological shift to Th2-type T cells with normal
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ageing and WS may stimulate a pro-inflammatory
cytokine/chemokine circuit, leading to a systemic
chronic inflammation monitored by hsCRP. Monocyte/
macrophage products including MCP-1 can be an
immunologically possible candidate to stimulate Th2-
type T cell shift, though we did not observe a significant
association between hsCRP and MCP-1 if age and sex
were taken into account.

Further study may be needed to clarify the
pathogenesis of Th2 shift and Th2-biased mild
inflammation: inflammageing in normal ageing and WS.

In conclusion, minor inflammation-driven
inflammageing in WS monitered by hsCRP is associated
with increases in IL-6, IL-12 and VEGF.
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