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l. INTRODUCTION

Chronic periodontitis is an inflammatory
disease that results in the destruction of the
tooth-supporting tissues, that is, the gingiva,
periodontal ligament, root cementum, and al-
veolar bone”. Chronic periodontitis is strong-
ly associated with the presence of cytokines,
such as IL-l¢ and B. Indeed many cell
types in the periodontium have the capacity
to produce these compounds. The cytokine
IL-1 is now fully characterized polypeptide
with multiple overlapping biological activ-
ities and act as early mediator of in-
~ flammation and immunities>. IL-1 has been
shown to have a dual function in collagen
digestion. It inhibits the intracelluar phag-
ocytic pathway, but at the same time, it

strongly promotes extracelluar digestion by

inducing the release of collagenolytic en-
zymes like collagenase.

Matrix metalloproteinase(MMP)*” and ma-
trix-degrading serine proteinases were shown
to participate in the breakdown of ex-
tracelluar matrix in disease processes as di-
verse as rheumatoid arthritis, atherosclerotic
plaques and cancer metastasis. In the oral
environment, MMPs take part in devel-
opmental events involving teeth and salivary
glands and in collagen turn over, besides
playing an important role in pathologic proc-
esses such as periodontal tissue destruction,
oral lichen planus, dysplasia, squamous cell
carcinoma, bone and cartilage degradation
and root caries. It is now recognized that
during active periodontitis, degradation of
gingival tissue (mainly collagen) is due in

part to matrix metalloproteinases (MMPs)
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expressed in situ by inflammatory cells
(monocytes, macrophages, lymphocytes, poly-
morphonuclear leukocytes) and resident cells
(fibroblasts, epithelial cells and endothelial
cells). Collagenase-3, also known as MMP-
13 is expressed by the basal cells of the
gingival pocket epithelium that rest on the
underlying connective tissue. Collagen is the
major extracellular matrix component of gin-
giva and thus is implicated in pathological
states such as periodontitis. It is now recog-
nized that during active periodontitis, degra-
dation of gingival tissue (mainly collagen) is
due in part to matrix metalloproteinases
(MMPs) expressed in situ by inflammatory
cells (monocytes, macrophages, lymphocytes,
"PMNLs) and resident cells (fibroblasts, epi-
thelial cells, and endothelial cells)”.

Matrix metalloproteinases (MMPs) are a
family of metal dependent proteolytic en-
zymes that mediate the degeneration of ex-
tracellular matrix and basement membranes®.
MMPs are composed of at least 23 related
zinc or calcium dependent endopeptidases
that are able to degrade extracellular matrix
proteins at a pH close to neutral”’. MMPs
are secreted as inactive form (proenzyme)
and are activated in the extracellular com-
partment or in the vicinity of the cell mem-
branes by other MMPs or serine proteinases

through peptide cleavage”'”

Three major
types of MMPs have been identified: the
collagenases degrade interstitial collagen
types I, II and III; the gelatinases (also
called type IV collagenases) degrade type IV

collagen and denatured interstitial collagens;
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and the stromelysins, which demonstrate
wider substrate specificity, degrade proteogly-
can, laminin, fibronectin, and the non-helical
regions of collagens. Recently MT-MMPs
(Membrane type matrix metalloproteinases)
were also found'”. They can degrade gelatin
after cleavage of collagen molecules to 1/4
and 3/4 segments by interstitial collagenases
(MMP-1, MMP-13)*'?,

The actions of collagenolytic enzymes are
controlled at least at three distinct levels in-
volving production, activation and inhibition'.
First, the enzymes are synthesized and se-
creted in an inactive proform. Second, the
enzymes are activated by autoactivation, by
stromelysin, or plasmin. Third, once acti-
vated, the enzymes perform their catalytic
activities and are subsequently inhibited by
specific tissue inhibitors of metalloproteinases
(TIMPs). Tissue inhibitors of matrix metal-
loproteinase(TIMPs) are modulating factors
of MMPs activity, and four members of
TIMPs have been reported. Among those,
TIMP-1 and TIMP-2, which have inhibitory
effects on all MMPs, are found in perio-
dontal lesions. TIMP-2 shows strong in-
hibition against PMN-derived MMPs, where-
as TIMP-1 shows greater inhibition against
fibroblast-derived MMPs. TIMPs share a
common two-domain structure in which only
the inhibitory N domain is capable of in-
hibiting MMPs. The amino group of the
N-terminal Cys co-ordinates with the activate
site Zn™', with the adjacent residues occupy-
ing the active site cleft and containing the

surrounding surface of the catalytic domain.



Diabetes mellitus is an important risk fac-
tor of periodontal diseases. It is one of the
main contributing factors for periodontal dis-
ease and also limiting factor for periodontal
treatments such as implant therapy. Although
diabetes itself does not cause periodontitis,
periodontal disease progresses more rapidly
and leads to more tooth losses in patients
with poorly controlled blood glucose?.
Severe periodontitis has been associated with
an increased risk of poor glycemic control
and, in turn untreated advanced periodontal
disease can deteriorate the metabolic control

of diabetes'.

have been suggested to explain the increased

Various pathogenetic factors

prevalence and severity of periodontitis in
diabetes””. Numerous studies of PMNLs
function in patient with diabetes have shown

impaired chemotaxis, adherence,

phag-
ocytosis, and suggest these defects could
lead to impaired host resistance to infection.
The severity of periodontitis has been corre-
lated with defective chemotaxis, which may
be linked to extensive periodontal tissue de-
struction; diabetic patients with severe perio-
dontitis had depressed PMN chemotaxis
compared to those with mild periodontitis or
non-diabetic subjects with severe or mild pe-
riodontitis™*,

The production of collagenolytic enzyme,
its activators and inhibitors are mediated by
a variety of compounds among which cyto-
kines like IL-1, EGF, FGF, PDGF, TGF-f
*>1)  Therefore, the modulation by cytokines
of the

-enzyme Inhibitor are likely to have a high

cascade of proenzyme-activator
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relevance 1n process like wound healing,
chronic inflammatory disease like perio-
dontitis, rheumatoid arthritis, tumor invasion.

In inflammatory response, the roles and
interactions of IL-15 , MMP-13 and TIMP-1
are not clear. The relative contribution of
1L-13 , MMP-13 and TIMP-1 in the patho-
genesis of periodontitis is still not entirely
established. Moreover none of the in vivo
studies simultaneously analysed each IL-175 ,
MMP-13 and TIMP-1 and it’s interrelation-
ship for the diabetic and nondiabetic patients
with chronic periodontitis. The purposes of
this study were to compare and quantify the
expression of IL-15 , MMP-13 and TIMP-1
in the gingival tissues of patients with type
2 diabetes mellitus and healthy adults with

chronic periodontitis.

Il. MATERIALS AND METHODS

1. Study population and Tissue
sampling

Study population consisted of 8 patients
with type 2 diabetes and chronic perio-
dontitis, 8 patients with chronic periodontitis,
and 8 healthy individuals. Marginal gingival
tissue samples were obtained by internal
bevel incision at the time of periodontal sur-
gery (including surgical crown lengthening)
or tooth extraction and informed consent
was obtained from all of the participants be-
fore the surgery.

According to the patient’s systemic con-

dition (age, sex, blood glucose level, obesity,



smoking) and clinical criteria of gingiva
(Suicus bleeding index value, probing
depths) and radiographic evidences of bone
resorption, each gingival sample was divided
into the three groups. Group 1 (normal, n=8)
is clinically healthy gingiva without bleeding
and no evidence of bone resorption or perio-
dontal pockets, obtained from systemically
healthy 8 patients. Group 2 (chronic perio-
dontitis, n=8) is inflamed gingiva from pa-
tients with chronic periodontitis. The diag-
nosis of chronic periodontitis was established
on the basis of clinical and radiographic cri-
teria (bone resorption) according to the clas-
sification system for periodontal disease and
condition. All patients of group 2 were sys-
temically healthy and had more than one pe-
riodontal pockets >5 mm and at least one
pocket with >4mm Joss of attachment. All
gingival samples were obtained from the
teeth with probing depth >5 mm, swelling
of the marginal gingiva, and bleeding corre-
sponding to Gingival sulcus bleeding indexes
3 according to Miihleman and Son. Group 3
(chronic periodontitis & type 2 DM, n=8) is
inflamed gingiva from patients with chronic
periodontitis associated with type 2 diabetes.
Patients in group 3 were diagnosed type 2
diabetes mellitus since 6 months and showed
above 200 mg/dl blood glucose level in
2PP. Patients in group 2 & 3 have similar
periodontal condition, but systemically pa-
tients in group 2 were healthy and patients
in group 3 had type 2 diabetes under
medication. Gingival sample were obtained

by similar way described above.
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Following surgery, excised tissue speci-
mens were immediately placed on liquid ni-

trogen and subsequently frozen (—70 T)-

2. Protein Isolation and Western
blotting

For Western blotting, as previously de-
scribed technique by Kang24) frozen tissues
were homogenized in RIPA lysis buffer (10
mM EDTA, 0.15M NaCl) with 1:30 diluted
protease inhibitor cocktail(Roche, Germany)%) :
The lysates were sonicated 3 times for 10
seconds and centrifuge at 12,000g for 15
minutes. Protein concentrations of super-

natant were routinely determined by a
Braford protein asssay (Quick Start, BIO-
RAD, USA) using BSA as standard.

Lysates were boiled in SDS samples buffer
(IM Tris-Cl(pH6.8), 40% glycerol, 8% SDS,
2% mercapto-ethanol, 0.002% Bromophenole
blue).

Prepared samples were separated by 15%
sodium dodecyl sulfate (SDS)-polyacrylamide
gels and transferred to a polyvinylidene di-
fluoride membrane.

The membranes were subsequently blocked
in Tris-buffered saline (TBS) containing 5%
powdered milk and 1% BSA for 1 hour,
and then incubated with polyclonal anti-IL-1
B, anti-MMP-13, and anti-TIMP-1(Santa
Cruz Biotechnology, Inc. USA) antibody for
1.5 hours at room temperature.

The membranes were washed (five times
for 5 minutes with Tween 20) and incubated

with a horseradish peroxidase(HRP)- con-



jugated goat anti-rabbit secondary antibody
for anti-IL-15
ti-goat secondary antibody for anti-MMP-13,
anti-TIMP-1 antibody (diluted 1: 2000 in

TBS) for | hour at room temperature. After

antibody and donkey an-

additional washing (five times for 5 minutes
with Tween 20) the Western blot procedure
was completed with an ECL Plus develop-
ment kit (Amsterdam, Beckinghamshire,
UK) |

The quantification analysis of IL-18,
MMP-13, TIMP-1 expression was performed
using a densitometer (Image Gauge V 3.46,
Koshin  Graphic FUJI PHOTO

FILM CO, Japan). After normalization to f

Systems,

-actin (Abcam® UX.) in each sample, level
of IL-13 , MMP-13, TIMP-1 were expressed
as a ratio of IL-15 or MMP-13 or TIMP-1/
B -actin and the differences of density be-

tween 3 groups were determined.

3. Statistical Analysis of the Western
blot results

All data were presented as means + stand-
ard deviation and results were statistically
analyzed. The IL-15 , MMP-13, TIMP-1 lev-
els among each 3 groups were compared us-
ing one way ANOVA followed by Tukey
test. P value <0.05 was considered to stat-

istically significant.

lll. RESULTS

Both chronic periodontitis group & chron-
ic periodontitis with type 2 DM group
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showed the expression of IL-15 , MMP-13
and TIMP-1 in all samples. To compare
IL-18

with chronic periodontitis with or without

expression levels in human gingiva

associated to Type 2 diabetes mellitus , IL-1
i specific antibodies was used to detect the
cytokine in the tissues (Figure 1A, B). In
order to quantify the level of IL-18 ex-
pression in the groups, the expression levels
of IL-15

densitometer. The expression levels of S

in each sample were measured by

-actin were also measured by anti-3 -actin
specific western blot analysis. Then IL-173
expression levels were normalized by S
-actin (ratio of IL-15 /B -actin). The levels
of gingival 1L-1§
Table 1.

The mean amount of IL-175

expression are given in

expression
(ratio of II-15 /5 -actin) were 0.694 = 0.274
in group 1, 0.685 = 0.105 in group 2, 0.998

+

0.255 in group 3. The expression levels
of IL-18
higher than group 1 and group 2

in the group 3 were significantly

The comparison of MMP-13 expression
levels were also studied by western blot
analysis using MMP-13 specific antibody
which detected about 60 kDa molecular
of MMP-13 in all three groups
(Figure 2A). The levels of MMP-13 ex-

pression were also quantified with S -actin

weight

normalization (Figure 2B) and normalized
levels of individual gingival MMP-13 ex-
pression are given in Table 2. The mean
amounts of MMP-13 expression (ratio of
MMP-13/3 -actin) were 0.645 0.119

group 1, 0.894+ 0.230 in group 2 and 1.044

_|_

in
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Figure 1A. IL-18 Western analysis of 4 representative samples in each group. IL-18  corresponding to
molecular weight 55 kDa was shown to be expressed in all samples including healthy gingiva,
and the expression levels of IL-18 were increased in patients with type 2 diabefes mellitus
than in control healthy subjects. In order to quantify the IL-13 levels, 8 -actin levels were also
performed.

Group 1 : healthy gingiva from systemically healthy person
Group 2 ! inflamed gingiva from patient with chronic periodontitis
Group 3 : inflamed gingiva from patient with chronic periodontitis and type 2 DM

Table 1. IL-13 intensity was normalized by £ -actin intensity to quantify the expression levels of
IL-13 expression and the value were presented as a ratio of IL-15 /3 -actin.

gowpl gowpd
1 0.567 0.648 0.856
2 0.446 0.707 1.050
3 0.403 0.610 0.935
4 0.559 0.619 0.869
5 1.101 0.813 0.643
6 0.574 0.840 1.277
7 1.079 0.712 1.443
3 0.822 0.531 0.910
Mean+SD 0.694+0.274 0.685+0.105 0.998+0.255* +

* significant difference between group 1 and group 3 (P<0.05)
+ significant difference between group 2 and group 3 (P<0.05)

Average amount of IL~1R
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Figure 1B. The average amounts (Ratio of IL-18 /8 -actin) and standard deviation of gelatinase IL-18  in
group 1, 2 and 3. In the inflamed gingiva with diabetes (group 3). IL-18 seemed to be
increased compared to group 1 and group 2.

* significant difference between group 1 and group 3 (P<0.05)
+ significant difference between group 2 and group 3 (P<0.05)

Group 1 : hedalthy gingiva from systemically healthy person
Group 2 ! inflamed gingiva from patient with chronic periodontitis
Group 3 ! inflamed gingiva from patient with chronic periodontitis and type 2 DM
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aroup 1 Grpup 7 Group 3

Figure 2A. MMP-13 Western analysis of 4 representative samples in each group. MMP-13 corresponding to
molecular weight 60 kDa was shown 1o be expressed in all samples including healthy gingiva
and the expression levels of MMP-13 were increased in pafients with type 2 diabetes mellitus

than in control healthy subjects. In order to quantify detected MMP-9, 5 -actin levels were
also measured,

Group 1 : healthy gingiva from systemically healthy person
Group 2 : inflamed gingiva from patient with chronic periodontitis
Group 3 . inflamed gingiva from patient with chronic periodontitis and type DM

Table 2. MMP-13 intensity was normalized by 5 -actin intensity to quantify the expression levels
of MMP-13 expression and the value were presented as a ratio of MMP-13/3 -actin.

0.698 0.639 1.345
0.842 0.526 0.890
0.693 1.141 0.865
0.623 0.936 0.979
0.555 0.860 1.030
0.671 1.190 0.859
0.431 0.765 1.247
8 0.651 1.050 1.137
Mean+SD 0.645+0.119 0.894+0.230* 1.044+0.183"

* significant difference between group 1 and group 2 (P<0.05)
+ significant difference between group 1 and group 3 (P<0.05)

- .

! Average amount of MMP—13

Ratio of MMP—13/B—actin

group 1 group 2 group 3

Figure 2B. The average amounts (Ratio of MMP-13/4 -actin) and standard deviation of gelatinase MMP-13 in
goup 1, 2 and 3. In the inflamed gingiva (with or without diabetes, group 2 & 3), the levels of

MMP-13 was higher compared to healthy gingiva. The difference between group 3 and group 1
was statistically significant (P<0.05).

* significant difference between group 1 and group 2 (P<0.05)
+ significant difference between group 1 and group 3 (P<0.05)

Group 1 hedlthy gingiva from systemicailly heatthy person
Group 2 . inflamed gingiva from patient with chronic periodontitis
Group 3 : inflamed gingiva from patient with chronic periodontitis and type 2 DM
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Group 1 Group 2 Group 3
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Figure 3A. TMP-1 Western analysis of 4 representative samples in each group. TIMP-1 corresponding 1o
molecular weight 28.5 kDa was expressed in all samples including healthy gingiva and the
expression levels of TIMP-1 were increased significantly in group 2, group 3 than in control
subjects. In order to quantify the TIMP-1 levels, 8 -actin levels were also measured,

Group 1 : healthy gingiva from systemically healthy person
Group 2 : inflamed gingiva from patient with chronic periodontitis
Group 3 : inflamed gingiva from patient with chronic periodontitis and type 2 DM

Table 3. TIMP-1 intensity was normalized by 5 -actin intensity to quantify the expression levels of
TIMP-1 expression and the value were presented as a ratio of TIMP-1/3 -actin.

; ot group 1 group 2

i 0.554 0.751 0.708
2 0.684 0.987 0.808
3 0.703 1.056 0.695
4 0.56 0.628 0.98
5 0.574 0.926 0.672
6 0.598 0.81 0.824
7 0.747 0.71 0.893
8 0.719 0.509 0.866

Mean+SD 0.642:£0.0789 0.7970.185* 0.806::0.108+

* significant difference between group 1 and group 2 (P<0.035)
+ significant difference between group 1 and group 3 (P<0.05)

Average amount of TIMP—1

—_—
N
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Ratio of TIMP—-1/B~actin
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group 1 group 2 group 3
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Figure 3B. The average amounts (Ratio of TIMP-1/4 -actin) and standard deviation of TIMP-1 in group 1, 2
and 3. In the inflamed gingiva (with or without diabetes, group 2 & 3), TIMP-1 seemed to be
not increased compared to healthy gingiva. And the difference was not statistically significant
(P>0.05).

* significant difference between group 1 and group 2 (P<0.05)
+ significant difference between group 1 and group 3 (P<0.05)

Group 1 : healthy gingiva from systemically healthy person
Group 2 : inflamed gingiva from patient with chronic periodontitis
Group 3 : inflamed gingiva from patient with chronic periodontitis and fype 2 DM
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+ 0.183 in group 3. The MMP-13 expression
levels in group 3 and 2 were higher than in
group 1 (P<0.05).

In the case of MMP-13, the significant
difference was observed between the control
group and the chronic periodontitis group,
but the difference between the chronic perio-
dontitis groups and the chronic periodontitis
with type 2 DM group was not statistically
significant. In the study of TIMP-1 ex-
pression levels using Western blot analysis,
molecular weight of TIMP-1 was identified
as 28.5kDa size(Figure 3A). The normalized
quantification data were presented in Table
3. The mean amounts of TIMP-1 expression
(ratio of TIMP-1/5 -actin) were 0.642 =+
0.0789 in group 1, 0.797 + 0.185 in group
2 and 0.806 = 0.108 in group 3.

The significant difference was observed
between the control group and the chronic
periodontitis with type 2 DM group. In the
MMP-13 and

TIMP-1 expression was analyzed, as ex-

interrelationship of IL-15 ,

pression of IL-13 , MMP-13 were increased,
TIMP-1 expressions showed increasing ten-
dency in chronic periodontitis associated to
type 2 DM, although there were no propor-
tional relationship between the interrelation-
ship of IL-18, MMP-13 and TIMP-1

expression.

IV. DISCUSSION

Multiple studies have demonstrated the
link between diabetes and periodontal dis-

ease In human subjects. Although diabetes
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itself does not cause periodontitis, perio-
dontal disease progresses more rapidly and
leads to more tooth loss in patients whose

diabetes is poorly controlled'*".

Various
pathogenetic factors have been suggested to
explain the increased prevalence and severity
of periodontitis in diabetes'®"”. Makels and
) that active
phase of periodontitis, IL-15 and MMP-13

levels in gingival crevicular fluid are patho-

colleagu6526 reported during

logically elevated and Collin et al'® found
that MMP-13 in salivary tissue is elevated
and they suggested that MMPs may have a
key role of periodontal destruction. The gene
expression of MMPs is regulated by in-
flammatory mediators, such as cytokines and
prostaglandins™.

[t was known that the major cause of tis-
sue resorption in periodontal diseases is the
interaction between bacterial antigens and in-
flammatory cells leading to the production
of IL-17,

Naturally occurring MMP inhibitors, such as
TIMP(Tissue Inhibitors of Metalloproteinase),
are important controlling factors in the ac-
tions of MMPs, and tissue destruction in
disease processes often correlates with an
imbalance of MMPs over TIMP™. One of
the major MMP inhibitor is TIMP-I (or
TIMP) glycoprotein that is synthesised by
most cells. A second unglycosylated in-
hibitor, TIMP-2, which is less abundant, has
the interesting property of binding to the
proform of gelatinase A and is involved in
controlling its activation.

The expression of MMPs and TIMPs by



cells is regulated by many cytokines
(particularly, IL-I), growth factors and hor-
mones, some of which are specific to cell
type and others are ubiquitous (eg trans-
forming growth factor 3, TGF-§ ). Many
of these factors are products of mono-
cytes/macrophages and their production in
inflammatory situations is therefore part of
the chain of events leading to tissue
degradation. From many recent studies it
seems that tissue destruction, both physio-
logic and pathologic, is correlated with an
imbalance of inhibitors over proteinases”’.

The MMP-13 is thought to play an im-
portant role in the degradation of denatured
collagens (gelatin), basement membrane (type
IV collagen) and other matrix. The degener-
ative process causes the loss of attachment
apparatus between tooth and epithelium, con-
nective tissue which accelerates inflammatory
process resulting in deepening of periodontal
pocket'™”. Several studies on the expression
and activities of these MMPs were executed
in saliva and crevicular fluid®.

But direct study on the expression of IL-1
£, MMP-13 and TIMP-1 in diabetic gin-
gival tissue related to periodontitis is lim-
ited™.

The purpose of this study was to quantify
and compare the expression of IL-15 ,
MMP-13 and TIMP-1 in the gingival tissues
of the patients with chronic periodontitis as-
sociated to type 2 DM, in order to under-
stand the contribution of these proteins to
periodontal destruction in type 2 diabetic pa-

tients, MMP-mediated host re-

especially
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sponse in type 2 diabetic patients.
The amount of IL-15

higher in inflamed gingiva with chronic pe-

expression was

riodontitis associated to type 2 DM than in
healthy gingiva from systemically healthy
person and inflamed gingiva from patients
with chronic periodontitis. The differences
among three groups were statistically sig-
nificant between group 1, 2 and group 3.
(P<0.05).(Table 1, Figure 1B) There is little
difference between healthy gingiva from sys-
temically healthy person and inflamed gingi-
va from patients with chronic periodontitis.
These results were different comparing to
Honig et al’s report’ that increasing pattern
in inflamed tissue. It is assumed that IL-15
was activated in early stage of inflammation,
but our samples were in the later stage of
inflammation and the degree of inflammation
severity and turn over rate of IL-18 in each
sample were considered.

When the expression levels of IL-173 be-
tween non diabetic patients with chronic pe-
riodontitis and chronic periodontitis with
type 2 DM were compared, chronic perio-
dontitis with type 2 DM showed higher lev-
el than chronic periodontitis without DM.
These findings seen in human diabetes are
strongly supported by the observation in rat
models of insulin-deficient diabetes”". These
animal model studies have shown reduced
collagen solubility and turnover resulting
evidently from the formation and action of
elevated levels of advanced glycation end-

products (AGEs)*”. AGEs can induce the
expression of MMPs through the enhanced



production of IL-18 , vascular hardening and
basement membrane disintegration, reduced
solubility and decreased turnover rate
Reactive oxygen species are produced to a
significant extent by triggered degranulating
neutrophils, to a lesser extent by other cells
such as monocytes and macrophages. Collin
et al'® reported that the roll of oxidative
stress in diabetes can exert multifactorial ac-
tion regarding the development of perio-
dontitis and it can be potent non-proteolytic
pro-MMP activators.

The amounts of MMP-13 expression were
higher in chronic periodontitis group of sys-
temic healthy person and chronic periodontitis
with type 2 DM compared to healthy gingi-
va from systemically healthy person. The
levels in inflamed gingiva with type 2 DM
were a little higher than chronic periodontitis
in systemic healthy person. It assumed that
IL-18

kines was involved. The MMP-13 expression

increased MMP-13 and other cyto-

was showed a little increasing pattern in
DM than systemic healthy group'®. This
might be due to the fact that MMP-13 is
secreted from PMNLs, inflammatory cells
that can react immediately to any stimulus,
and can be secreted easily by other various
cytokines. It also might be due to that
AGEs produced from diabetic environments
enhances production of MMPs. MMP-13 is
a significant enzyme because it appears to
be released from fibroblasts and pocket epi-
thelial cells during tissue destruction®”,

The intensity of MMP activity correlates

with the activity of extracellular matrix break-

6,33)
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down and remodelling of the inflammatory
sites. These differences in cell lines could
influence on inflammation resulting in higher
expression level of MMP-13. In diabetes, the
same mairix metalloproieinases involved in
the development of periodontitis as the sixth
long-term complication of diabetes have also
been associated with other well known com-
plications of diabetes such as nephropathy,
angiopathy, retinopathy and wound-healing

problem335j

. It was reported impatred PMN
function in diabetes regarding to chemotaxis,
chemokinesis and degranulation“"17’36'38). This
might explain the increased susceptibility of
diabetic patients to various infectious dis-
cases including periodontitis. These results
make it possible to consider that PMN dys-
function may be reflected in the gingival
neutrophil degranulation product which is re-
lecased from neutrophils recruited to in-
flammatory gingiva. In addition, it couldn’t
be excluded that age, blood glucose and oth-
er unknown factors influence on the results
although sex difference was not found
among groups.

A major group of inhibitors of the MMPs,
TIMPs, has been studied in this study. The
levels of TIMP were significantly different
between control group and inflamed gingiva
either with or without type 2 DM. But the
levels were similar expression between in-
flamed gingiva with systemic healthy gingiva
and inflamed gingiva with type 2 DM. In
as the level of
MMP-13 increased, TIMP-1 level was in-

creased, but in case of inflamed gingiva

inflammatory response,



with type 2 DM, MMP-13 value was not
proportional to TIMP-1. In inflamed gingiva
from patient with chronic periodontitis and
type 2 DM, there was no significant differ-
ence between group 2 and group 3. The
TIMP-1 is a glycoprotein and is synthesized
and secreted by most connective tissue cells
as well as by macrophages. It also resides
in platelet ¢ granules and could be identi-
fied in most body fluids*”. The amino acid
sequences of human TIMP-1 were largely
conserved across species that is it forms
high affinity, essentially irreversible, non-co-
valent complexes with the active forms of
MMPs>?. Drouin et al’® detected the pres-
ence of TIMP-1 and interstitial collagenase
in saliva of healthy controls and detected
TIMP-1, but not collagenase, in parotid and
submandibular saliva. The expression of
MMPs and TIMPs by connective tissue cells
in culture is regulated by a number of cyto-
kines (particularly IL-1), growth factors and
hormones’ ™. It assumed in this result that
decreasing ability of TIMP-1 production in
tissue and other inflammation mechanism ex-
isted in DM compared to general in-
flammation tissue in healthy person.

In interrelationship between IL-15 , MMP-
13 and TIMP-1, as IL-15 and MMP-13 ex-
pressions showed increasing tendency in
chronic periodontitis associated to type 2
DM, expression of TIMP-1 were increased
in Group 3 than Group 2, but, there were
no significant interrelationship among IL-1
B, MMP-13 and TIMP-1 (P>0.05). In in-

flamed gingiva from patient with chronic pe-
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riodontitis and type 2 DM, despite of increas-
ing IL-18 and MMP-13, TIMP-1 values
were not different from the inflamed gingiva
from patient with chronic periodontitis. It as-
sumed that there was higher inflammatory
response in chronic periodontitis associated
to type 2 DM. Thus several possible reasons
for the results are suggested. First, according
to the effect of antimicrobial periodontal
treatment on circulating TIMP-16) and gly-
cated Hb level in patient. with type 2 DM
and other studies by Hayakawa et al’, the
circulating TIMP-1 itself was very low. So
it can be suggested that the difference on
TIMP-1 between the groups was not sig-
nificant enough to influence solely on the
and MMP-13. Second,
the changes in MMPs synthesis and activity
might be time dependent. After TIMP-1 pro-

expression of IL-18

duced by monocytes or adipocytes acted on
the target cells that were activated at the
early stages of inflammation, the immune
cells that arrived in the later stage or other
resident gingival cells (fibroblast or epithelial
cells) activated by TIMP-1 could start to
produce MMPs. Ejeil et al”. reported that
MMP-13 showed significant increase in the
later stage of inflammation. Third, though
the concentration of TIMP-1 expressed was
not enough to show the difference of MMP
expression between the groups, the target
cells to TIMP-1 in the inflammatory areas
are increased in periodontitis group com-
pared to control group which might enhance
the chance of activation'””. Fourth, the ac-

tivity of MMPs is tightly regulated at sev-



eral levels including gene expression, secre-
tion of pro-enzymes that require activation
and inhibition by TIMPs**. Death et al*”
found that high glucose may regulate MMP
gene expression via its effects on gene tran-
scription or growth factors through the in-
creased activation of its own response elements.

In conclusion, this study demonstrated that
the of MMP-13 and

TIMP-1 had increasing tendency in inflamed

expression levels

tissue. It can be assumed that IL-15 and
MMP-13 may be partly involved in the
progression of periodontal inflammation as-
sociated to type 2 DM.

Finally, it seemed that more studies are
needed to investigate the effect and inter-
relationship between MMPs and other cyto-
kines that affect the progression of perio-

dontal disease at a higher level.

V. SUMMARY

Gingival tissue samples were obtained dur-
ing periodontal surgery or tooth extraction.
According to the patient’s systemic condition
& clinical criteria of gingiva, each gingival
sample was divided into three groups. Group
I (n=8) is clinically healthy gingiva without
bleeding and no evidence of bone resorption
or periodontal pockets, obtained from sys-
temically healthy 8 patients. Group 2 (n=8)
is with

chronic periodontitis. Group 3 (n=8) is in-

inflamed gingiva from patients

flamed gingiva from patients with chronic
periodontitis associated with type 2 diabetes.

Tissue samples were prepared and analyzed
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by Western blotting. The quantification of
IL-13, MMP-13 and TIMP-1 were per-
formed using a densitometer and statistically
analyzed by one-way ANOVA followed by
Tukey test.
1. The expressions of MMP-13 and TIMP-1
showed increasing tendency in group 2
& 3 compared to group 1.
& MMP-13

were showed increasing tendency in

The expressions of IL-18

group 3 compared to group 2.
As IL-15 levels were increasing, MMP-13
showed increasing tendency in group 3,
and although 1L-15, MMP-13 levels
were increasing, TIMP-1 levels were
similar expressed comparing to group 2.
In conclusion, this study demonstrated that
the of MMP-13
TIMP-1 had increasing tendency in inflamed

expression levels and

and

MMP-13 may be partly involved in the

tissue. It can be assumed that IL-1(3

progression of periodontal inflammation as-

sociated to type 2 DM.
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A7AGe) e AEye] geo] okl 2AU Z25H= mononuclear phagocytes
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gL SEE gt 29N ARRT Feye A2V dPasE shiz
Fre Aol AFAB G gl Aukelo] vls) £ NFAR FFEE o A3

o XY= w=oiy LA Qo
O 3E 7d F HUE F FFoAEs A2 @4 W S48+ 7S Matrix metal-
loproteinase®] ¥4 Z7F W TIMP-1 el #Wshrh Y51 ort obd JLzA oA
oo tigt A+4= Ulgﬂ Algog olo, B Agoxs ARY T A9} HF
g A T X *?*%’491 A2 9w AZE x4 dF WA S el IL-15,
@ @Iz‘ﬂ-og,q oz &thol u];(]J:. qeFo

S
A% HERTS gACR oa 7 BRe

5
o R e - E EC E R RS
= AyE Bo) A4e L9, Cow D, AUNO2 ARF B WY A2 ¥
(=8, Group 2), Al2& Ty X} b X3 EHQ (n=8, Group 3)o|A Z+ZF B H A
2& ASotn dAstA Ao F4 5AH3S Western blotting2 o] &3} Z} =3 Y IL-1
B, MMP-13 2 TIMP-12] 2+&2 2} densitometerS o] 83l A A W3S A, 2
279 § acting o] §3te] Exalste] A7 JRFEe] FFAS wwatAdr)

HB e S50 v A5d 79 3 ARY gy @xbe] v A5 d oM 2
= A7} Yo v]dl, MMP-13¢2} TIMP-1 o] ¥3o 1 Z7AEgomn, £3F IL-13 <F
MMP-13= 2% i 820 T4 X F9d F7F vlde 2218 W 259 FoEH 5
7he = E@‘t% 2% T #Ae g A5 —‘f‘—H oA IL-15 7t S7kekof oef
MMP-130| Z7}l8tgom, IL-13 D MMP-130] 718G AT TIMP-1 ¢X+& H|Edx &
Ahe] R A ERP% AR e Rtk 283428 MMP-13 3t TIMP-10] |5
LA A S8 Fe ERoH IL-18, MMP-1301 2% dmaate| WAFE
THgel #2411 714 A=A QTS st A= AAEH

Key worlds: MMP-13, TIMP-1, chronic periodontitis, diabetes mellitus

369



