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1. Introduction

The significant contribution of low-grade, and systemic 
inflammation to normal ageing: inflammaging has 
been proposed to explain pathophysiology of human 
ageing and age-associated diseases (1,2). The minimal, 
but significant elevation of highly sensitive C-reactive 
protein (hsCRP) has been frequently reported in the 

normal elderly population that may follow the ageing-
related conditions including skin atrophy, cataract, 
arthritis, osteoporosis, hypogonadism, metabolic 
syndrome, obesity, diabetes mellitus (DM), immune 
dysfunctions, sarcopenia, cancer, atherosclerosis, 
cognitive decline and finally death (1-4).
 Most Japanese studies on the chronological 
changes of inflammatory conditions in normal ageing 
indicated a similar age-associated increase of low grade 
inflammation to the western studies, though the level 
of inflammation assessed by hsCRP was several times 
lower than that in the western populations (3,5).
 C-reactive protein (CRP): the representative acute 
phase protein of pentraxin family, primarily produced 
by the hepatocytes was also produced by smooth muscle 
cells and adipocytes (6). Matrix metalloproteinases 
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(MMPs) produced by macrophages, T helper type 2 
lymphocytes, fibroblasts, smooth muscle cells and 
endothelial cells belong to a family of catalytic enzymes 
for the long-lived extracellular matrix proteins including 
collagen, gelatin, fibronectin, laminin, elastin and 
proteoglycans (7,8). MMPs, especially MMP2 (72-kDa 
gelatinase A) and MMP9 (92-kDa gelatinase B) both in 
the circulation and the affected tissues have been reported 
to increase with inflammation, normal ageing and age-
associated diseases like atherosclerosis, coronary artery 
disease and DM in response to interleukin (IL)-13 (6-9).
 Elastin fragment degraded by MMP9 produces a 
large amount of pro-inflammatory cytokines leading 
to chronic inflammation (10). A strong relationship 
between serum levels of MMP9 and the process of 
inflammation characterized by hsCRP has been shown 
in acute coronary syndromes (9,11).
 Werner  syndrome (WS;  MIM#27770) ,  the 
representative progeroid syndrome, has been extensively 
studied as the natural model of human ageing (12). 
The patients with WS show a wide variety of ageing-
associated clinical manifestations such as gray 
hair/alopecia, hoarseness, cataracts, skin atrophy, 
skin hyper-/hypo-pigmentation, sarcopenia, DM, 
hypogonadism, hyperlipidemia, atherosclerosis, 
osteoporosis, and malignancy at a relatively early 
stage of their life followed by death at around 50 y.o. 
due to atherosclerosis-related diseases or malignancy 
(13). Surprisingly, majority of the WS patients are of 
Japanese origin, probably because of the relatively 
high frequency of consanguineous marriage in the 
rural area of Japan and the extremely high frequency of 
heterozygous careers in Japan (12). We have reported 
the inflammatory conditions observed in WS in a series 
of publications (12).
 The aim of this study was to clarify the contribution 
of minor inflammation to ageing by investigating serum 
MMP9 levels using the serum samples from apparently 
normal Japanese volunteers and the mutation-proven 
Japanese WS patients.

2. Materials and Methods

2.1. Study population

A total of 217 normal serum samples (M = 91, F 
= 126) between 1 to 100 years old were the same 
sera as were studied in the previous study (5). The 
normal individuals, enjoying the usual daily life 
at home or nursing home, had neither apparent 
inflammatory diseases including infection, cancer, 
lymphoproliferative disorders, DM, Alzheimer 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).
 Serum samples were also obtained from untreated 

41 mutation-proven WS (M = 24, F = 17; between 32 
and 70 years old); a part of "Goto collection of Werner 
syndrome" (http://www.brc.riken.jp/lab/cell/english/
index_gmc.shtml). As indicated in Table 1, nine patients 
with WS were free from skin ulecers SU[SU(-)], while 
32 had SU[SU(+)]. Twenty four had DM [DM(+)], but 
17 did not [DM(-)]. WS patients were sub-grouped into 
1) SU(+)DM(+) (n = 20), 2) SU(+)DM(-) (n = 12), 3) 
SU(-)DM(+) (n = 4) and 4) SU(-)DM(-) (n = 5). For 
statistical comparison with WS, normal individuals 
were divided into two groups according to their age: 
normal adult aged between 25 and 70 years (NA, n = 
86) and normal elderly aged between 71 and 100 years 
(NE, n = 85).
 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.

2.2. Determination of MMP9 and hsCRP

The concentration of MMP9 (ng/mL) in the sera was 
determined by specific sandwich ELISA using a Human 
MMP9 ELISA kit (Fuji Chemical Industries, Toyama, 
Japan) as described before (15). hsCRP was assayed by 
Circulex high-sensitivity CRP ELISA kit (Cyclex Co., 
Nagano, Japan ) (5).

2.3. Statistical Analysis

The multiple liner regression model was used to 
examine relationship between aging and serum level 
of MMP9 with adjustment of sex effect on the serum 
levels and to examine relationship among WS, NE and 
NA. We coded one for male and zero for female in Sex 
variable.
 Differences of serum levels of MMP9 between 
two groups (NE vs. NA, WS vs. NA, WS vs. NE or 
subgroups defined by the presence/absence of SU or 
DM, respectively) were tested by two-sample t-test with 
unequal variances. Multiple regression analyses were 
performed to explain the relationship between age and 
serum levels of MMP9 with adjustment of sex effect on 
the serum levels and to examine relationship among WS, 
NE and NA. These models were selected based on the 
Akaike's information Criterion (AIC) (16). Statistical 
Language R (17) was used for these analyses. p values < 
0.05 were considered to be statistically significant.

3. Results

3.1. Charcteristics of MMP9 in normal individuals

Using a non-linear regression model, statistically 
significant temporal effect of age on the serum level of 
MMP9 was observed (p < 0.001) with adjustment of 
sex effect on the serum levels as indicated in Figure 1.
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Figure 1. Serum MMP9 in normal ageing and Werner syndrome from both sexes. Non-linear regression model used in this 
analysis was expressed as MMP9 = exp (a + b*Age + c*Sex), where a, b, and c are estimated regression coefficients. Estimated 
regression coefficient and p values for age and sex are inserted in the right table next to the figure for comparison. ○: Normal 
Male (dotted line; n = 91), ●: Normal Female (dotted line; n = 126), □: WS Male (solid line; n = 24), ■: WS Female (solid line; n 
= 17).

Table 1. Clinical characteristics in Werner syndrome patients
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Note: 32 had skin ulcers (SU) and 24 DM at blood sampling. Subgroups: 1) SU(+)DM(+); n = 20, 2) SU(+)DM(-); n = 12, 3) SU(-)DM(+); n = 4, 
4) SU(-)DM(-); n = 5. SU: skin ulcer, DM: diabetes mellitus, MMP9: matrix metalloproteinase 9, hsCRP: high sensitivity CRP

      ID

WS12901
WS57201
WS19201
WS56301
WS5501
WS57801
WS51301
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WS4705
WS6301
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WS58301
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WS17201
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WS54801
WS56201
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M
F
M
M
M
F
M
M
M
M
M
M
F
F
M
M
M
M
M
M
F
F
F
F
F
F
F
F
F
M
F
M
M
M
M
M
F
F

 MMP-9 (ng/mL)

134
351
  82.2
284
  10.2
122
252
124
224.3
184
  24
  49.3
414
357
  32.1
198.5
167
127
  85.8
235.5
    2
867.6
129
222
294
  38.4
103
  30.8
  45.4
  45.8
  70.3
  33.6
108
197
    0
  30
    2.9
  19.5
  66.7
  52.9
  16.7

hsCRP (ug/mL)

  2.61
22.8
  7.03
  0.79
11.1
  1.04
17.4
18.7
42.4
27.2
16.3
15
  4.02
  3.21
  3.42
  2.26
  8.99
  5.88
10.3
28.3
  1.62
25
  4.55
  0.98
22.9
  1.28
  0.98
  8.66
18.2
10.8
  7.04
11.8
  2.93
  2.07
26.9
24.9
  1.28
  1.15
22.3
  4.76
  3.86
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 Non-linear regression model expressed as MMP9 
= exp (a + b*Age + c*Sex) was selected based on 
the AIC, where a, b and c are estimated regression 
coefficients. The serum level of MMP9 significantly 
increased 1.008 (= exp (0.008)) times a year, as shown 
in the coefficient of Age in the right table of Figure 1. 
Neither significant gender difference of serum level of 
MMP9 was observed concerning to the age-associated 
increase in MMP9 level as indicated in the right table 
of Figure 1, nor concerning to the mean ± SE level 
of MMP9 (ng/mL) throughout all ages between male 
(127.6 ± 12.7; n = 91, solid line for regression model) 
and female (143.8 ± 10.1; n = 126, dotted line for 
regression model), as of the result of hsCRP (5).
 The serum level of MMP9 in the NE (179.9 ± 16.1; 
n = 85) was significantly elevated in comparison with 
the NA (109.1 ± 9.4; n = 86) from both sexes (p < 0.001) 
as indicated in Table 2.

3.2. Characteristics of MMP9 in WS patients

The serum level of MMP9 in WS patients (142.3 ± 24.9 
ng/mL) was insignificantly increased compared with 
the age-matched NA from both sexes (109.1 ± 9.4), but 
insignificantly decreased compared with the NE (179.9 ± 
16.1) (Table.2).
 The serum levels of MMP9 in WS patients was 
significantly decreased (p < 0.02) with ageing as 
indicated in Figure1.
 The serum MMP9 was significantly different 
between SU(+) (166.9 ± 5.1; n = 32) and SU(-) groups 
(54.9 ± 7.0; n = 9) (p < 0.001) or DM(+) (158 ± 4.8; n = 
24) and DM(-) groups (120 ± 12.2; n = 17) (p < 0.01), 
respectively. The MMP9 level in Group 1 SU(+)DM(+) 
subgroup (172.9 ± 26.1; n = 20) was significantly 

increased compared with that in Group 4 SU(-)DM(-) 
subgroup (31.7 ± 12; n = 5) (p < 0.001). However, the 
MMP9 level was not significantly different between 
Group 1 SU(+)DM(+), Group 2 SU(+)DM(-) and Group 
3 SU(-)DM(+) subgroups, respectively. The comparisons 
between the rest of the subgroup combination were also 
statistically insignificant as shown in Table 3.

4. Discussion

Although CRP is the prototypical acute-phase reactant 
in man, both serum hsCRP and MMP9 have been 
proposed as biomarkers of atherosclerosis-associated 
diseases including coronary heart disease and cerebro-
vascular accidents (18-20). CRP can act as pro-
inflammatory by inducing the expression of tumor 
necrosis factor α and IL-1 (21). 
 However, CRP as a component of the innate 
immune system can function as a protective machinery 
against a variety of inflammatory conditions and 
autoimmunity by activating the classical complement 
pathway (22), enhancing phagocytosis, and binding 
to the Fcγreceptors on leukocytes, leading to the anti-
inflammatory cytokine production such as IL-10, 
transforming growth factor β and IL-12 (23-28).
 Similarly, MMP9 can degrade gelatin, leading to the 
activation of potent signals for cell survival and tissue 
repair on one-hand, but the degraded fragments can also 
promote the production of pro-inflammatory mediators 
on the other hand (7). Both CRP and MMP9 may have 
beneficial and deleterious effects for an organism, 
coining antagonistic pleiotropy (1,2).
 In the present study, we have reported significantly 
increasing levels of serum MMP9 with normal ageing, 
resulting from the sum of tissue degradation and tissue 
repair. However, the level of serum MMP9 in Japanese 
population was several times lower than that in the 
western populations, the situation being similar as of 
hsCRP as already reported (5). The sharp contrast of 
serum hsCRP and MMP9 levels between Japanese and 
the western populations is not still clear, but has been 
presumed by the difference in diet, lifestyle and body 
mass index (3,7).
 WS has been nominated as a human model of 
natural ageing, ageing twice faster than normal (12). 
Although the serum level of hsCRP in WS was several 

Table 2. Serum MMP9 in Werner syndrome and normal 
individuals from different age groups of both sexes

Group

NA (n = 86)
NE (n = 85)
WS (n = 41)

p value

-
< 0.001

0.21 

Mean  SE

109.1    9.4
179.9  16.1
142.3  24.9

Note: Reference group was normal adult 25-70 years old group (NA). 
The p value between reference group and normal elderly 71-100 years 
old group (NE) was p < 0.001. The p value between WS and NA or 
NE were statistically insignificant (p > 0.05).

Table 3. Serum MMP9 in Werner syndrome from different subgroups

Subgroups

Group 1: SU(+)DM(+) (n = 20)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

Mean
  

SE

172.9   26.1
156.8   69.3
  83.8   44.1
  31.7   12.0

Group 2

0.83 
-

0.39 
0.10 

Note: Serum MMP9 in group 1 was significantly elevated (p < 0.001) compared with group4. No significant differences were between the rest of 
any subgroup combinations. SU: skin ulcer, DM: diabetes mellitus.

Group 3

0.14 
0.39 

-
0.33 

Group 4

< 0.001
0.10 
0.33 

-

p value matrix
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times higher than the normal control and tended to 
increase with calendar age, another inflammation 
biomarker: MMP9 in WS was significantly decreased 
with ageing and neither significantly changed compared 
with age-matched NA, nor NE.
 The contrasting profile of hsCRP and MMP9 between 
normal ageing and WS may suggest that i) the ageing in 
WS may not progress in accordance with normal calendar 
ageing, but progress in the genetically-determined unique 
fashion as the patients with WS age faster than normal, 
and age prematurely even at a relatively younger stage; 
ii) as was described in the Introduction, the inflammatory 
proteins: hsCRP and MMP9 are produced by different 
cell types, repectively and WS patients with SU and 
DM produced more MMP9, but not hsCRP by hidden 
inflammation/infection than those without; iii) the limited 
number of the subgroups in WS may affect the statistics, 
though our Goto collection is unquestionably the world 
largest (12).
 We have shown the ageing-associated increasing 
level of inflammation markers such as hsCRP and 
MMP9 by using serum samples from carefully selected 
normal Japanese ages between 1 and 100 y.o. from both 
sexes. There was no gender difference concerning to 
the degree and the trend of inflammation. 
 As shown in the previous publication on WS (5), 
we did not find a significant difference between SU(+)
DM(+) group and SU(-)DM(-) group concerning to 
the serum level of hsCRP. However, we have found 
a significant difference between SU(+)DM(+) group 
and SU(-)DM(-) group in the present MMP9 study. As 
hsCRP and MMP9 may change differently in response 
to inflammation possibly induced by SU and DM, we 
should bear the different behavior of hsCRP and MMP9 
as aging markers in mind.
 Further study may clarify the effect of mild 
inflammation:inflammageing on the process of normal 
ageing and the patients with progeroid syndrome such as 
WS.

5. Conclusion

Although minor inflammation evaluated by MMP9 may 
be associated with normal aging and the patients with 
WS, the serum levels of MMP9 and hsCRP may change 
differently between two conditions.
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