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The expression of a nitric oxide derivative, tissue
inhibitors of metalloproteinase-3, and tissue
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periodontitis with type 2 diabetes mellitus
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Purpose: The purpose of this study was to analyze the expression of inducible nitric oxide synthases (iNOS), tissue inhibitors
of metalloproteinase (TIMP)-3, and TIMP-4 in the gingival tissues of periodontal patients with or without type 2 diabetes mel-
litus (DM).

Methods: Depending on the patient’s systemic condition and clinical criteria of the gingiva, each gingival sample was classi-
fied into one of three groups. Sixteen clinically, systemically healthy patients (group 1), 16 periodontal patients (group 2), and 16
periodontal patients with DM (group 3) were included. Tissue samples in each group were collected, prepared, and analyzed
by western blotting. Quantification of the relative amount of TIMP-3, TIMP-4, and iNOS was performed.

Results: The expression levels of iNOS and TIMP-3 both increased in group 1, group 2, and group 3 in increasing order, and
were significantly higher in both group 2 and group 3 as compared to group 1 (P<o0.05). The expression levels of TIMP-4 in-
creased in the same order, but significantly increased in group 2 as compared to group 1, in group 3 as compared to group 1,
and group 3 as compared to group 2 (P<o0.05).

Conclusions: This study demonstrated that iNOS, TIMP-3, and TIMP-4 might be involved in the progression of periodontal
inflammation associated with type 2 DM. It is thought that further study of these factors can be applied practically for the di-
agnosis and control of periodontitis in diabetics.
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INTRODUCTION

which can damage peripheral tissues. The pathogens that are
implicated in periodontitis are mainly anaerobic, gram-neg-

Inflammatory and immune responses to oral microorgan-
isms are the preconditions of periodontitis. These responses
protect gingival tissues against local microbial invasion and
prevent microorganisms and/or microorganism-derived toxic
substances from spreading into the tissues. Some toxic sub-
stances can damage host cells and tissues and others stimu-
late inflammatory, cellular, or humoral immune systems,

ative organisms, and (inflammatory) irritants such as lipo-
polysaccharide (LPS), referred to as putative periodontal
pathogens [1]. Nitric oxide (NO) is a free radical and an im-
portant cellular signaling molecule involved in many physio-
logical and pathological processes [2]. NO may act as a cyto-
toxic molecule against the invading microorganism and may
be related to both harmful and beneficial effects on the gen-
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eral pathogenesis of tissues [3]. While excessive NO produc-
tion is associated with tissue injury, NO produced by the en-
dothelium is believed to play a protective role in the micro-
vasculature [4]. Reher et al. [5] analyzed the association be-
tween severity of chronic periodontitis and NO levels in sali-
va and reported that its severity was related to salivary con-
centration and that NO might serve as a potential biologic
marker for chronic periodontitis. In addition, Batista et al. [3]
reported in a quantitative study that the presence of NO is an
important medium in human periodontal disease. NO is
synthesized from L-arginine by enzymes named NO syn-
thases (NOS). Two of the three different NOS isoforms are
endothelial NOS and brain or neuronal NOS and they pro-
duce a low concentration of NO for a short duration, while
inducible NOS (iNOS) produces a high concentration of NO
for along period and the expression of iNOS is stimulated by
bacterial products and cytokines such as interleukin (IL)-1
and tumor necrosis factor (TNF)-o. [6].

Tissue inhibitors of metalloproteinases (TIMPs) were first
identified in 1975 and described as proteins that might serve
as potent inhibitors of collagenase in the culture medium of
human fibroblasts and in human serum [7]. Since then, three
new TIMPs have been discovered and designated as TIMP-2,
TIMP-3, and TIMP-4, respectively. TIMPs are natural inhibi-
tors of the matrix metalloproteinase (MMP) found in most
tissues and inhibit the proteolytic activity of MMPs. A distur-
bance of the balance between TIMPs and MMPs might con-
tribute to disease progress. However, TIMP-3 is the only mem-
ber of the TIMP family that is found exclusively in the extra-
cellular matrix (ECM) and regulated in a cell cycle-dependent
fashion in certain cell types, and it may serve as a marker for
terminal differentiation. On the other hand, TIMP-4 may
function in a tissue-specific fashion in ECM hemostasis [8].
TIMP-3 expression is inducible, whereas TIMP-4 shows the
most restricted pattern of expression [9].

Type 2 diabetes mellitus (DM) is a metabolic disease and is
characterized by hyperglycemia. Type 2 DM comprises about
85-90% of diabetic cases, and advanced glycation end prod-
ucts excessively produced under diabetic conditions may
promote inflammatory mediators. There is a biological cor-
relation between type 2 diabetes and periodontal disease,
and polymorphonuclear leukocyte deficiency, altered patho-
logic capacity of bacteria, and altered collagen metabolism of
diabetic environment may cause severe periodontitis.

Although iNOS, TIMP-3, and TIMP-4 expression can be
found in different diseases, it has not been reported that
TIMP-3 and TIMP-4 are expressed in certain specific cells or
tissues. However, it is suggested that TIMPs are associated
with the immune response and NO is generated by immune
cells as part of the human immune response. While peri-
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odontitis and DM exhibit impaired immune processes, no
study has yet reported on the expression of iNOS, TIMP-3, or
TIMP-4 in human gingival tissues. Therefore, the purpose of
this study is to analyze the expression of iNOS, TIMP-3, and
TIMP-4 in the gingival tissues of periodontal patients with or
without type 2 DM.

MATERIALS AND METHODS

Study population and tissue sampling

Samples were obtained from patients undergoing peri-
odontal surgery or extraction and comprised junctional and
crevicular epithelium and connective tissue. The samples in-
cluded 16 cases diagnosed as periodontally healthy (group 1),
16 cases with chronic moderate periodontitis (group 2), and
16 cases with chronic moderate periodontitis with DM (group
3). The patients of group 1 and group 2 were systemically
healthy. This study was approved by the Ethical Committee
of Clinical Experiments, Kyungpook National University
Hospital (No. 74005-418).

The diagnosis of chronic periodontitis was established on
the basis of clinical and radiographic criteria. The patients
with chronic periodontitis had more than one periodontal
pocket with a depth of >5 mm, with at least one pocket hav-
ing >5 mm loss of attachment and all gingival samples were
obtained from the teeth with a probing depth of >5 mm,
swelling of the marginal gingiva, and bleeding correspond-
ing to gingival sulcus bleeding indexes above 3 according to
Muhlemann and Son [10]. The patients in group 3 were diag-
nosed with diabetes when their fasting plasma glucose ex-
ceeded 126 mg/dL or two-hour postprandial glucose exceed-
ed 200 mg/dL [11]. Following surgery, excised tissue speci-
mens were immediately placed in liquid nitrogen and subse-
quently frozen at -70°C.

Protein isolation and western blotting

For western blotting, frozen tissues were broken down me-
chanically using a homogenizer in radio immunoprecipita-
tion assay lysis buffer (10 mM ethylenediaminetetraacetic
acid, o.15 M NaCl) with 1:30 diluted protease inhibitor cock-
tail (Roche, Mannheim, Germany) [12]. The lysates were cen-
trifuged at 12,000 g for 15 minutes at 4°C. Protein concentra-
tions of supernatant liquid were quantitatively analyzed by a
Bradford protein assay (Quick Start, Bio-Rad Laboratories
Inc., Hercules, CA, USA) using bovine serum albumin as a
standard.

The lysates were boiled for 3 minutes in sodium dodecyl
sulfate (SDS) sample buffer (1 M Tris-Cl [pH 6.8], 40% glycer-
ol, 8% SDS, 2% mercaptoethanol, 0.002% bromophenol
blue). The prepared samples were separated by 15% SDS-
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polyacrylamide gels using gel electrophoresis, which main-
tains the polypeptides in a denatured state, and were trans-
ferred to a polyvinylidene diflouride membrane to make the
proteins accessible to antibody detection.

Blocking of the membranes was subsequently achieved in
Tris-buffered saline (TBS) with a minute percentage of deter-
gent such as Tween 20 containing 5% powdered milk for 1
hour. The membranes were then incubated with polyclonal
anti-iINOS antibody and anti-TIMP-3 and anti-TIMP-4 anti-
bodies (diluted 1:1,000 in TBS, Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA) for 1.5 hours at room temperature.

The membranes were washed in TBS with Tween 20 three
times for 10 minutes and incubated with a horseradish per-
oxidase linked goat antirabbit secondary antibody for anti-
iNOS antibody, anti-TIMP-3 and anti-TIMP-4 antibodies (di-
luted 1: 2,000 in TBS) for 1 hour at room temperature. After
that, rinsing was performed three times for 10 minutes with
Tween 20. The membranes were developed with an ECL Plus
development kit (Amsterdam, Beckinghamshire, UK)

The quantitative analysis of iNOS, TIMP-3, and TIMP-4 ex-
pression and f-actin (Abcam plc, Cambridge, UK) was per-

Group 1 Group 2

Figure 1. Pattern of inducible nitric oxide synthases (iNOS) expres-
sion of 4 representative samples in western blot analysis. The ex-
pression levels of iNOS were normalized to B-actin in all individu-
als from each group. Group 1: healthy periodontal tissue from sys-
temically healthy patient, Group 2: diseased periodontal tissue from
patient with chronic periodontitis, Group 3: diseased periodontal
tissue from patient with chronic periodontitis and diabetes mellitus.
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Figure 2. Graph showing average amounts and standard deviation
(ratio of inducible nitric oxide synthases [(INOS]/B-actin) in groups 1,
2, and 3. The levels of iNOS of the diseased gingiva were higher
than those of healthy gingiva. “Significant difference between group
1 and group 2 (P<o.05). "Significant difference between group 1 and
group 3 (P<o0.05).
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formed using a densitometer (Image Gauge V 3.46, Koshin
Graphic Systems, Fuji Photo Film Co., Tokyo, Japan). After
normalization in each sample, the relative levels of iNOS,
TIMP-3, and TIMP-4 were expressed as a ratio of iNOS, TIMP-
3, and TIMP-4/B-actin, and the differences among the groups
were compared.

Statistical analysis of the western blot results

All data were presented as mean:+standard deviation and
the results were statistically analyzed. The iNOS, TIMP-3, and
TIMP-4 levels were compared using one way analysis of vari-
ance and the Kruskal-Wallis test followed by Tukey’s and
Dunnett’s tests. A P-value <0.05 was considered to be statisti-
cally significant.

RESULTS

The gingival tissue from the patients of the normally healthy
group, chronic periodontitis group, and chronic periodontitis
with type 2 DM group showed the expression of iNOS corre-
sponding to a molecular weight of 130 kDa in all samples.
One representative band of iNOS is shown in Fig. 1. The ex-
pression levels of iNOS were increased in group 1, group 2,
and group 3 in increasing order. The quantification of iNOS
expression is shown in Table 1 and summarized as a graph in
Fig. 2. The quantification of the density and areas of the ex-
pressed iNOS band in all three groups is performed using a
densitometer. The mean normalized value of iNOS expres-
sion relative to its -actin value was 0.107+0.091 in group 1,

Table 1. Normalized iNOS expressions by iNOS/B-actin.

Sample Group 1 Group 2 Group 3
1 0.133 0.730 0.765
2 0.173 0.700 0.310
3 0.182 0.394 0.759
4 0.068 0.597 0.701
5 0.082 0.441 0.880
6 0.254 0.559 0.803
7 0.253 0.723 0.748
8 0.252 0.481 0.848
9 0.017 0.215 0.877
10 0.026 0.460 0.643
" 0.023 0.729 0.422
12 0.144 0.601 0.682
13 0.048 0.284 0.216
14 0.023 0.392 0.395
15 0.028 0.468 0.333
16 0.016 0.294 0.291
Mean+SD 0.107+0.091 0.504+0.166 0.604+0.234

iNOS: inducible nitric oxide synthases, SD: standard deviation.
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Group 1
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Figure 3. Pattern of tissue inhibitors of metalloproteinase (TIMP)-3
expression of 4 representative samples in western blot analysis. The
expression levels of TIMP-3 were normalized to B-actin in all indi-
viduals from each group. Group 1: healthy periodontal tissue from
systemically healthy patient, Group 2: diseased periodontal tissue
from patient with chronic periodontitis, Group 3: diseased periodon-
tal tissue from patient with chronic periodontitis and diabetes mel-
litus.
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Figure 4. Graph showing averages and standard deviations (ratio of
tissue inhibitors of metalloproteinase [TIMP]-3/B-actin) in groups 1,
2, and 3. The levels of TIMP-3 in the diseased gingiva were higher
than those in the healthy gingiva. Significant difference between
group 1 and group 2 (P<o.05). "Significant difference between
group 1 and group 3 (P<o0.05).

0.504+0.166 in group 2, and 0.604+0.234 in group 3. More
increased iNOS levels were observed in group 2 than group 1,
in group 3 than group 1, and in group 3 than group 2. There
were statistically significant differences both between group
1 and group 2 and between group 1 and group 3 (P<o0.05).
However, there was no significant difference between group
2 and group 3.

The gingival tissue from the patients of the normally healthy
group, chronic periodontitis group, and chronic periodontitis
with type 2 DM group showed the expression of TIMP-3 cor-
responding to a molecular weight of 21 kDa in all of the sam-
ples. One representative band of TIMP-3 is shown in Fig. 3.
The expression levels of TIMP-3 were increased in group 1,
group 2 and group 3 in increasing order. The quantification
of TIMP-3 expression is shown in Table 2 and summarized as
a graph in Fig. 4. The quantification of the density and areas
of the expressed TIMP-3 band in all three groups was per-
formed using a densitometer. The mean normalized value of
TIMP-3 expression relative to its 3-actin was 0.103+0.060 in
group 1, 0.261+0.104 in group 2, and 0.375+0.153 in group 3.
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Table 2. Normalized TIMP-3 expression by TIMP-3/B-actin.

Sample Group 1 Group 2 Group 3
1 0.010 0.150 0214
2 0.019 0.146 0.222
3 0.018 0.120 0.216
4 0.099 0.135 0.292
5 0.155 0.301 0.491
6 0.124 0.237 0414
7 0.148 0.319 0.495
8 0.161 0.368 0.456
9 0.168 0.331 0515
10 0.073 0.288 0.500
" 0.061 0.266 0.416
12 0.169 0.404 0.628
13 0171 0.465 0.286
14 0.124 0.313 0.191
15 0.022 0.165 0.119
16 0.136 0.176 0.546
Mean+SD 0.103+0.060 0.261+0.104 0.375+0.153

TIMP-3: tissue inhibitors of metalloproteinase-3, SD: standard deviation.

More increased TIMP-3 levels were observed in group 2 than
group 1, in group 3 than group 1, and in group 3 than group 2.
There was a significant difference both between group 1 and
group 2 and between group 1 and group 3 (P<o.05). However,
there were no significant differences between group 2 and
group 3.

The gingival tissue from the patients of the normally healthy
group, chronic periodontitis group, and chronic periodontitis
with type 2 DM group showed TIMP-4 expression corre-
sponding to a molecular weight of 21 kDa in all of the sam-
ples. One representative band of TIMP-4 is shown in Fig. s.
The expression levels of TIMP-4 were increased in group 1,
group 2, and group 3 in increasing order. The quantification
of TIMP-4 expression is shown in Table 3 and summarized as
a graph in Fig. 6. The quantification of the density and areas
of the expressed TIMP-4 band in all three groups is performed
using a densitometer. The mean normalized value of TIMP-
4 expression relative to its B-actin value was 0.168 +0.082 in
group 1, 0.333+0.1071 in group 2, and 0.497+0.193 in group 3.
More increased TIMP-4 levels were observed in group 2 than
group 1, in group 3 than group 1, and in group 3 than group 2.
All of the groups showed significant differences from each
other (P<0.05).

DISCUSSION

In periodontitis, bacteria activate the host immune system
and inflammatory mediators continuously cause tissue de-
struction. Alveolar bone loss results from tissue destruction,
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Group 3

Figure 5. Pattern of tissue inhibitors of metalloproteinase (TIMP)-4
expression of 4 representative samples by western blot analysis. The
expression levels of TIMP-4 were normalized to f3-actin in all indi-
viduals from each group. Group 1: healthy periodontal tissue from
systemically healthy patient, Group 2: diseased periodontal tissue
from patient with chronic periodontitis, Group 3: diseased periodon-
tal tissue from patient with chronic periodontitis and diabetes mel-
litus.
Average amount of TIMP-4

06 r c)

04

02

Ratio of TIMP-4/B-actin

0.1

1 2 3

Figure 6. Graph showing averages and standard deviations (ratio of
tissue inhibitors of metalloproteinase [TIMP]-4/B-actin) in groups 1,
2, and 3. The levels of TIMP-4 of the diseased gingiva were higher
than those of healthy gingiva. *Significant difference between group
1 and group 2 (P<0.05). "Significant difference between group 1 and
group 3 (P<0.05). “Significant difference between group 2 and group
3(P<0.05).

and although various cytokines and mediators are concerned
in these processes, the interactions are still obscure.

The activation of iNOS generates a large amount of NO for
a long period, and this process is concerned with the im-
mune reactions in various inflammatory diseases [13]. NO
production, which is induced by iNOS, is important for anti-
microbial activity in defense mechanisms [14,15], but at the
same time it plays a role in periodontitis and tissue destruc-
tion. In some studies, a large amount of NO has been shown
to inhibit osteoblastic or osteoclastic activity in inflammatory
diseases involved with cytokines [16,17], so these processes
are not linear but very complex. It has been shown that inhi-
bition of iNOS reduced the bone destruction in an experi-
mental periodontal animal model [18,19], and the number of
iNOS positive cells is more elevated in tissues with periodon-
tal disease than in clinically normal gingival tissues. Howev-
er, Lin et al. [20] reported that macrophages synthesizing
iNOS were distributed in the osteolytic area and NO might
aggravate bone loss by modulating MMP-1 synthesis. Alayan
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Table 3. Normalized TIMP-4 expression by TIMP-4/B-actin.

Sample Group 1 Group 2 Group 3
1 0.093 0.308 0.356
2 0.192 0.177 0.631
3 0.175 0.550 0413
4 0.140 0.311 0.634
5 0.307 0.710 0.504
6 0.327 0.582 0.881
7 0.112 0413 0577
8 0.311 0.497 0.917
9 0.086 0.283 0.456
10 0.117 0.192 0.488
" 0.073 0.083 0.350
12 0.105 0.284 0.237
13 0.199 0.248 0.293
14 0.114 0.297 0.340
15 0.192 0.228 0.489
16 0.146 0.178 0.397
Mean+SD 0.168+0.082 0.333+£0.171 0.497+0.193

TIMP-4: tissue inhibitors of metalloproteinase-4, SD: standard deviation.

et al. [21] reported that a lack of alveolar bone resorption was
seen in infected animals due to high concentrations of NO
after iNOS induction by Porphyromonas gingivalis LPS with
its inhibitory effects on osteoclasts. They suggested the dif-
ference in the study design, which was the observation peri-
od and the method of alveolar bone loss measurement, to be
a potential cause of the conflicting results.

In the present study, immunoblotting analysis of human
periodontal diseases showed a significant increase in the ex-
pression of iNOS in group 2 in relation to clinically healthy
group 1. Group 3 with DM and chronic periodontitis showed
higher expression of iNOS than group 2 with periodontitis
only, but did not show a significant result. Hence, it seemed
that INOS expression did not play a major role in the increased
severity of periodontitis in patients with DM. Since group 2
and group 3 had clinically moderate periodontal status, it was
thought that the level of iNOS expression did not differ sig-
nificantly. However, there have been reports of an increased
level of proinflammatory markers such as TNF-a, NO, and
the increased induction of iNOS expression in other organs
in humans with type 2 DM [22-24]. Furthermore, Kashyap et
al. [25] reported that impaired NOS activity may play an im-
portant role in the insulin resistance in type 2 DM patients.
As appeared in the results of the present study, it was obvious
that the level of iNOS expression was increased based on the
source of infection in the inflammatory periodontium of
healthy patients and diabetic patients. These results corre-
sponded with other previous reports that compared peri-
odontal tissue with clinically healthy tissue [3,26]. It could be
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attributed to the increased expression of nitrosative stress
that greater severity of periodontitis was generally observed
in diabetic patients than in medically healthy patients regard-
less of the presence of similar local factors such as plaque de-
position, teeth arrangement, occlusal relationship, and simi-
lar genetic traits. Although the increased level of iNOS ex-
pression in diabetic periodontal patients did not show a sig-
nificant result, it was thought that the patients of group 2 and
group 3 had similar periodontal conditions and the diabetic
patients of group 3 might express a similar periodontal status
despite a decrease in local or genetic factors due to increased
nitrosative factors. Because only the result of tissue destruc-
tion might be reflected in this experiment, a further longitu-
dinal study was required on the duration of inflammation,
amount of NO, and time at which the tissue destruction oc-
curs.

Nishikawa et al. [27] also proposed a scheme for the in-
volvement of nitrosative stress and TNF-a in periodontitis
under diabetic conditions. They suggested that the increased
expression of TNF-o in diabetic conditions directly triggered
aggravation of periodontal disease and indirectly caused ag-
gravation of periodontal disease by stimulation of iNOS ex-
pression. TNF-a. is produced chiefly by activated macro-
phages, although it can be produced by other cell types as
well, such as CD4+ lymphocytes and NK cells. Macrophages
can be activated by TNF-a. to produce NO, which is derived
by iNOS enzymes, and polymorphonuclear neutrophil leu-
kocytes also can release NO and other reactive oxygen spe-
cies [28]. Increased expression of TNF-o under diabetic con-
ditions may stimulate iNOS expression whereas polymor-
phonuclear neutrophil leukocytes deficiency under the dia-
betic condition may reduce the protective function by de-
creased iNOS production. These relationships may also ex-
plain the difference between group 2 and group 3.

Therefore, further study may be required to develop a mod-
el to analyze the severity of disease and expression of inflam-
matory mediators in diseased sites in which inhibitors of
iNOS and/or TNF-a. are applied, especially in diabetic pa-
tients.

ECM is the extracellular part of human tissue. MMPs are
able to degrade all kinds of ECM proteins, and the role of
MDMPs is also important for controlled remodeling of the
ECM in periodontal disease. TIMPs basically bind to MMPs
and the activation of MMPs is regulated by TIMPs, which are
a specific group of endogenous proteins. Thus, the balance
between MMPs and TIMPs may maintain tissue remodeling
and metabolism. It is the increase of certain mediators under
inflammatory conditions that causes disequilibration, result-
ing in periodontal destruction.

Garlet et al. [29] reported that the gingival tissues from the
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patients of chronic or aggressive periodontitis showed a
stronger mRNA expression of TIMP-1, TIMP-2, and TIMP-3
than those from periodontally healthy patients, and TIMP-3
and TIMP-1 expression was more intense in chronic peri-
odontitis than in aggressive periodontitis. Another study re-
ported that TIMP-3 mRNA levels were similar in diseased
and healthy gingival tissues, and the gene expression level of
TIMP-4 was significantly higher in periodontitis-affected tis-
sues than in normal gingival tissues [30]. They emphasized
the correlation between TIMP-3 and TNF-a converting en-
zyme (TACE) and suggested that TIMP-4 gene expression
was considered an adaptive phenomenon to react to peri-
odontal destruction of ECMs by MMPs. Also, Nakasone et al.
[31] reported that inflammatory cells, including lymphocytes,
plasma cells, and macrophages, expressed faint expression
for TIMP-3 in inflammatory tissues, but TIMP-4 was up-reg-
ulated by inflammation. Meanwhile, Claudino et al. [32] re-
ported that TIMP-3 mRNA was found to be higher in dis-
eased gingival tissues than in healthy ones and suggested
that TIMPs effectively counteracted MMPs and were associ-
ated with the attenuation of disease severity.

In our study, the expressions of TIMP-3 and TIMP-4 were
higher in group 2 than in group 1. In other words, TIMP-3
and TIMP-4 levels in diseased sites were higher than in
healthy sites. It is thought that the level of TIMPs adjusts to
maintain a balance with the increased level of MMPs induced
in the inflammatory response, and TIMP-3 and TIMP-4 might
also be regulators of inflammatory cytokines. Typical well
known mediators such as TNF-a and IL-1f3 trigger tissue de-
struction by generating proteases among which MMPs are
the most important [33], while TIMPs are the principal inhibi-
tors. As periodontitis is generally a type of chronic disease,
the process of periodontitis has a progressive period and
resting period, and most tissue destruction occurs during the
progressive period. It is thought that during this period, the
activity of MMPs is prominent, and TIMPs can increase ac-
cordingly. Garlet et al. [34] reported that increased levels of
IL-4 and IL-10 were correlated with a higher expression of
TIMPs and osteoprotegerin (OPG). Claudino et al. [32] re-
ported that the anti-inflammatory cytokine IL-10 induced
the expression of TIMPs and OPG, which were inhibitors of
MMPs and receptor activator of nuclear factor kappa-B li-
gand systems, respectively. It has been reported that IL-4, IL-
10, and OPG serve to inhibit bone resorption in periodontal
disease [35]. Consequently, TIMPs seem to be regarded as fa-
vorable stimulators in the pathogenesis of periodontal disease.

Interestingly, the levels of TIMP-3 in group 2 and group 3
did differ significantly. TIMP-3 was found to be a strong in-
hibitor of TACE among other TIMPs [36] and TACE. Diabetic
conditions can increase the expression of markers of sys-
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temic inflammation and Monroy et al. [37] showed that insu-
lin-resistant conditions were associated with the increased
level of TACE activity and such conditions were correlated
with the down-regulation of TIMP-3 in human skeletal mus-
cle. They suggested that the down-regulation of TIMP-3
leads to an increased level of TACE. It can also increase the
TNF-a effect, resulting in the increased severity of the in-
flammatory process. Cardellini et al. [38] suggested that met-
abolic-dependent reduction of TIMP-3 expression might in-
crease the activity of inflammatory enzymes, which play a
role in atherothrombosis. It is thought that since group 3 is
under both inflammatory and diabetic conditions, group 1
and group 2 showed a significant difference while group 2
and group 3 did not. Therefore, the altered TIMP-3 level as-
sociated with TACE in periodontitis accompanied by DM
might explain periodontal severity.

Koskivirta et al. [39] reported that T lymphocytes and mono-
cytes/macrophages produced TIMP-4 in human cultured
cells and TIMP-4 was immunohistochemically localized to
inflammatory cells in human cardiovascular structures, main-
ly macrophages and CD3+ T lymphocytes. They also men-
tioned that higher blood pressure of coronary arteries proba-
bly stimulated MMP expression, thereby increasing TIMP-4
expression to inhibit inappropriate remodeling of the arterial
wall. In diabetic conditions in which neutrophils are ineffi-
cient in their microbial response, macrophages and lympho-
cytes form a greater part of the immune response, and it is
thought that induced MMP secretion by monocytes/macro-
phages constitutively increases TIMP-4 production. TIMP-4
is a highly regulated inflammatory mediator and modulator
of immune response under diabetic condition.

In conclusion, this study demonstrated that iNOS, TIMP-3,
and TIMP-4 might be involved in the progression of peri-
odontal inflammation associated with type 2 DM. Although
mechanical and chemical therapeutic strategies for the treat-
ment of periodontitis are known, the application of molecu-
lar biology to understanding inflammatory and metabolic
disease is under ongoing study. Therefore, it is thought that
further study of these factors can be applied practically for
the diagnosis and control of periodontitis in diabetics.
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