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Introduction

Diabetes mellitus(DM) is disease resulted
from insufficiency of insulin production or from
reduction of tissue response to circulating in-—
sulin and symptoms such as organ system dam-—
age, 'lmmune imparement can expressed by
hyperglycemia, Especially, type 2 diabetes mel~
litus is related with latter reason and predom-—
inant to adult patient and occupies 90% of
overall DM,

From 1960s, there has been discussions be—
mellitus

tween diabetes

and degree of
periodontitis, Many studies reported diabetes
mellitus increases the susceptibility to oral in—
fection including periodontitis, Although DM
itself doesn't cause periodontitis, periodontal
disease progresses more rapidly and leads to
more tooth losses in patients with poorly con-

trolled blood glucosel_g),

In chronic hyperglycemia, advanced glycation
end—products(AGEs) is produced and this mate—
rial induce secretion of pro—inflammatory cyto—
kine such as Interleukin—1, Tumor Necrosis
Factor—¢ by binding to macrophage and blood

vessel endothelial cells4_6),

And it is assumed
that increased infection susceptibility by de-—
clined function of polymorphonuclear leukocyte
(PMNL), reduction of collagen production by fi—
broblast, periodontal ligament cell, blood vessel
disorder, change of sulcular fluid and sub-—
gingival microorganism, hereditary tendency
contribute to the disease. Nelson et al.” re—
ported that type 2 diabetes mellitus patient
shows 2.6 times higher incidence of perio—
dontitis than normal person and Papupanou et
al,g) reported that diabetes mellitus increases
risk of periodontitis twice, regardless of local

contributing factor such as calculus,

And inversely, a few studies reported insulin
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function can be interrupted by inflammatory
mediator of periodontitis, Joshi et al,g) reported
that inflammatory mediator such as TNF-«
IL-6 and IL—1f can increase insulin re—
sistance in conditions of
acute infectious disease resulting in abnormal
glucose, lipid metabolism™ . And more direct
harmful effect of periodontitis on diabetes mel—
litus was demonstrated by Taylor et alll), They
| reported that severe periodontitis patient with
- initially favorable blood—sugar level shows 6
times more aggravated glucose control after 2
years than patient with initial periodontitis,
Periodontitis is infectious disease charac—
terized by destruction of tooth supporting tis—
sue and this 1s degradation of tissue collagen
~ component by matrix metalloproteinases(MMPs)'?
Basically, Matrix metalloproteinases(MMPs) is
a family of zinc—dependent endopeptidases
which can degradate all of extracellular matrix

13,14)
component

. MMP is primarily in charge of
matrix remodeling and degradation in patho—
logical condition such as rheumatoid arthritis,
osteoarthritis, dermal photo aging, periodontitis
but also play important role in embryonic de—
velopment, tooth development, wound heal—
™19

Currently, MMP gene family contains 24
members which can be divided into collage—
nases, gelatinaes, stromelysins, matrilysin and
membrane— type MMPs(MT-MMPs) subgroup,
As a principal proteinase undertaking cleavage
of native fibrillar collagen in extracellular
space, collagenase superfamily includes colla—
genase—1(MMP—1), neutrophil collagenase (MMP-8)
and collagenase—3 (MMP-13),

MMP-13 is expressed by chondrocyte, fibro—

blast, epithelial cell, several tumor cells and

exceptionally has very large substrate specific—
ity than other MMPs, It can degradate not only
fibrillar type I, I, Il collagen but also VI, IX,
X collagen, gelatin, tenascin—C, fibronectin
and proteoglycan core protein17‘ 18)_ Several
studies reported the relationship between
MMP—-13 and gingival inflammation, Uitto et
al ¥ reported that MMP-13 was revealed to
exist in epithelium facing gingival pocket dur—
ing chronic inflammation and expressed by
gingival fibroblast and to be engaged in in-
vasion of pocket epithelium to periodontal con—
nective tissue,

Wahlgren et a1,20) demonstrated that MMP—8
and MMP-13 produced by plasma cell in the
area of chronic inflammation and neoplastic
growth are involved in bone organic matrix de—
struction and Kiili et al.”™ confirmed close re—
lationship between MMP—8, MMP—-13 with gin—
gival, bleeding index in chronic periodontitis
patient,

As a principal proteolytic component of neu-—
trophil, elastase was known as a marker of
nonspecific degradation of elastin, collagen and
proteoglycan which is important molecules in
function and structure, And many studies re—
ported that elastase is related to gingival in—
flammation in the analysis of GCF,

In experimentally induced gingivitis and pe-—
riodontitis, increased expression of elastase
which is one of serine proteinases was shown,
Eley et al, ™ reported inflammation stage can
be determined by analysis of GCF elastase, dJin
et al,zs) demonstrated that the activity level of
IL-8 and granulocyte elastase decreased with
co—infection of

positive correlation when

B.forsythus, P gingivalis, P intermedia and

T denticola was reduced after scaling and root
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planing, Chen® demonstrated positive correla—
tion of MMP—-8 and elastase through GCF assay
in chronic periodontitis patient.

As described above, several studies reported
the increased expression of MMP-13 and elas—
tase in periodontitis patient, but there is lim—
ited data on the expression of MMP-13, elas—
tase and relationship between two proteins in
patient with chronic periodontitis related to
type 2 diabetes mellitus,

The purpose of this study is to exam the
difference of pathologic condition by comparing
expression phase of MMP-13 and elastase and
to find out the relationship of two proteins in
gingival tissue of chronic periodontitis patient

and those with type 2 diabetes mellitus,

Materials and Methods
Study population and Tissue sampling

As described in our previous study%), pop—
ulation consisted of 8 patients with type 2 dia-—
betes and chronic periodontitis, 8 patients with
chronic periodontitis, and 8 healthy individuals,
Marginal gingival tissue samples were obtained
by internal bevel incision at the time of perio—

dontal

lengthening) or tooth extraction and informed

surgery (including surgical crown
consent was obtained from all of the partic—
ipants before the surgery.

According to the patient's systemic condition
(age, sex, blood glucose level, obesity, smok—
ing) and clinical criteria of gingiva (Sulcus
bleeding index value%'), probing depths) and ra—
diographic 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 evi—
dence of bone resorption or periodontal pock-—
ets, obtalned from systemically healthy &
patients, Group 2 (chronic periodontitis, n=8) is
inflamed gingiva from patients with chronic
periodontitis, The diagnosis of chronic perio—
dontitis was established on the basis of clinical
and radiographic criteria (bone resorption) ac—
cording to the classification system for perio—

. .07
dontal disease and condltlong)

. All patients in
group 2 were systemically healthy and had
more than one periodontal pockets >0 mm and
at least one pocket with >4mm loss of
attachment, All gingival samples were obtained
from teeth with probing depth >5 mm, swelling
of the marginal gingiva, and bleeding corre—
sponding to Gingival sulcus bleeding indexes 3
according to M hlman and Son26). Group 3
(chronic periodontitis & type 2 DM, n=8) is in—
flamed gingiva from patients with chronic pe-—
riodontitis associated with type 2 diabetes,
Patients in group 2 & 3 have similar perio—
dontal condition, but patients in group 2 were
systemically healthy and patients in group 3
had type 2 diabetes diagnosed at least 6
months ago and blood glucose level was
200mg/dl on 2-hour postprandial and under
medication, Gingival sample were obtained by
similar way described above,

Following surgery, excised tissue specimens
were immediately placed on liquid nitrogen and

subsequently frozen (—707).

Protein Isolation and Western blotting

For Western blotting, as previously described
technique by Kang et al,25) , frozen tissues were

homogenized in RIPA lysis buffer (10 mM EDTA,
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0.15M NaCl}) with 1:30 diluted protease in-—
hibitor cocktail (Roche, German) according to
Cho's method”™ The lysates were sonicated 3
times for 10 seconds and centrifuge at 12,000 g
for 15 minutes, Protein concentrations of su-—
pernatant were routinely determined by a
Braford protein asssay (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 difluride membrane,

The membranes were subsequently biocked in
Tris—buffered saline (TBS) containing 5% pow—
dered milk and 1% BSA for 1 hour, and then
incubated with polyclonal anti-MMP-13 anti-—
bodies, anti—elastase antibodies (Santa Cruz
Biotechnology, USA) for 15 hours at room
temperature,

The membranes were washed (five times for
5 minutes with Tween 20) and incubated with a
horseradish peroxidase(HRP)—conjugated donkey
anti—gout secondary antibody (diluted 1: 2000

Group 1
l 2 3 4

MMBP-13
B-actin

Group 2

in TBS)(Santa Cruz Biotechnology, USA), for 1
hour at room temperature, After additional
washing (five times for 5 minutes with Tween
20) the Western blot procedure was completed
with an ECL Plus development kit (Amsterdam,
Beckinghamshire, UK,)

The quantification analysis of MMP-13 and
elastase expression was performed using a den—
402, Scion
Corporation, USA). After normalization to f
—actin (Abcam® U.K) in each sample, MMP-13
and elastase expression levels were showed as a

ratio of MMP or elastase/f —actin and the dif—

sitometer (Scion Image f

ferences of density between 3 groups were

determined,

Statistical Analysis of the Westemn biot resulits

All data were presented as means + standard
deviation and the results were statistically
analyzed, The MMP-13 and elastase expression
levels among each 3 groups were compared us—
ing one way ANOVA followed by Tukey's test.
P value <0.05 was considered to statistically
significant,

3 4 L 2

Figure. 1. The MMP-13 expression levels showing 4 representative samples in each group.
The MMP-13 expression levels corresponding to molecular weight 55 kDa were shown in
all samples including healthy gingiva and the expression levels of MMP-13 were increased
in group 3 than group 1 and group 2. In order to guantify the MMP-13 levels, 8 —actin
levels were also performed.

Group 1 : healthy gingiva from systemically healthy person
Group 2 : inflammed gingiva from patient with chronic periodontitis
Group 3 : inflammed gingiva from patient with chronic periodontitis and type 2 DM
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Table 1. The MMP-13 expression intensity was normalized by 8 —actin intensity to quantify the ex-—
pression levels of MMP-13 and the value were presented as a ratio of MMP-13/8 —actin

1 Q.752 0,765 0,792

2 0.786 1,013 1,028
3 0.842 0.765 1,063
4 0.654 0.735 0.846
5 0.704 0.942 1.030
6 0.808 0.680 1,084
7 0.869 0.848 1,273
8 0.953 0.794 1,240
Mean+SD 0.796+0,095 0.818+0.111 1 045+0,167

* significant difference of group 3 compared to group 1 and 2 (P<0.05).

Results samples including healthy gingiva(Figure 1), In
order to quantify the level of MMP-13 in the
The MMP-13 expression corresponding to groups, normalization to [ —actin was per—

molecular weight 55 kDa was expressed in all formed(ratio of MMP-13/3 —actin). MMP-13

Average amount of MMP-13

— P

-
O

e
i

o
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Ratio of MMP-13/g-actin
o
e

-

Group 1 Group 2 GYoup 3

Figure. 2. The Graph showing the average amounts (Ratio of MMP-13/8 -actin) and

standard deviation of gelatinase MMP-13 in group 1, 2 and 3.
In the group 3, MMP-13 seemed to be increased compared to group 1 and group 2.
And the difference was statistically significant (P<0.05).

= significant difference of group 3 compared to group 1 and 2 (P<0.05)

Group 1 : healthy gingiva from systemically healthy person

Group 2 : inflammed gingiva from patient with chronic periodontitis

Group 3 : inflammed gingiva from patient with chronic periodontitis and type 2 DM
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Figure. 3. The elastase expression levels showing 4 representative samples in each group.
The elastase expression levels corresponding to molecular weight about 55 kDa were
shown in all samples including healthy gingiva and the expression levels of elastase were
increased in group 1 than in group 2, 3. In order to guantify detected elastase, § —actin

levels were also measured.

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

expression levels were given in Table 1,

The mean amount of MMP-13 expression
(ratio of MMP-13/f8 —actin) in each 3 groups
were 0,796 + 0,095, 0818 + 0,111, 1,045 =+
0,167 in group 1, 2 and 3, There were some
tendencies that mean amount of MMP-13 was
similar in inflamed gingiva of systemically
healthy patient and normal gingiva but more
increased in type 2 diabetic gingival tissue,
That is, the amount of MMP-13 was increased
in group 3 compared to group 1 and 2, And the
difference was statistically significant (P<0.05).

The elastase expression level were detected
at about 55 kDa molecular weight in all three
groups (Figure 3). The elastase expression level
were expressed to be higher in group 1 com—
pared to group 2 and 3. The expression level of
group2 and 3 were similar, The elastase ex—
pression level were given in Table 2, The mean
amounts of elastase (ratio of elastase/f —actin)
were 1,015 + 0,186 in group 1, 0,847 + 0,183
in group 2 and 0,874 = 0,188 in group 3. The
difference among 3 groups were not statisti—

cally significant (P)>0.05),

Table 2. The elastase intensity was normalized by 8 —actin intensity to quantify the expression
levels of elastase and the value were presented as a ratio of elastase/§ -actin

i &

T T g e

1 0,951 0,924 0,779

2 1,095 0.603 0,661

3 1,063 1,160 0,746

4 0,705 1,036 . 0,797

5) 1,350 0,832 0,751

6 1,004 0,784 1,047

7 1,017 0.725 1,200

8 0,879 0,716 1,014
Mean+SD 1,015+0,186 0,847+0,183 0.874+0,183
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Figure. 4. The Graph showing the average amounts (Ratio of elastase/8 —actin) and
standard deviation of elastase in group 1, 2 and 3.
In the group 2 & 3, the levels of elastase was lower compared to group 1. The dif-
ference among three groups was not statistically significant (P>0.05).
Group 1 : healthy gingiva from systemically healthy person
Group 2 : inflammed gingiva from patient with chronic periodontitis
Group 3 :inflammed gingiva from patient with chronic periodontitis and type 2 DM

Discussion

The purpose of this study was to quantify
and compare the level of MMP—13 and elastase
in the healthy, inflamed gingival tissue and in—

flamed gingival tissue associated with type 2

DM,

In situation of chronic hyperglycemia, secre-—
tion of proinflammatory cytokine increases and
PMNL function, collagen production are re—
duced*™?. Inversely, inflammatory mediators
can increase insulin resistance resulting in ag—
gravation of DM by abnormal glucose metabo—
lism” ™,

Periodontitis is infectious disease initiated by
bacterial component and its metabolic products
and characterized by the breakdown of collage—
nous extracellular matrices(ECMs)m)_ ECM is

mainly consisted of collagen fiber and elastic

fiber, and MMP-13, elastase are proteolytic

enzyme of these two main fiber in gingiva,

Some studies discussed the interrelationship
between periodontitis and MMP-13, Mancini et
al,zg) reported that MMP—13 can be expressed 1n
vitro by stimulated gingival fibroblast and
Tarvahartiala et al,*” demonstrated that sulcu-
lar epithelial cell and macrophage like cell re—
lated to adult periodontitis lesion can synthe-—
size MMP—13 and protein,

But until now, few studies reports on the
expression tendency of MMP—13 in periodontitis
patient associated to type 2 DM, In this study
MMP-13 corresponding to molecular weight 55
kDa was exressed in most samples, The quanti—
tative analysis of MMP-13 level showed that
MMP—-13 expression was rather increased in in—
flamed gingiva associated to type 2 DM com-—
pared to healthy gingiva and inflamed gingiva
of systemically healthy patient, And the differ—

ence was statistically significant, This result
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indicates MMP-13 reveals different response
tendency in disease progression in type 2 DM
patient and plays role in part in increased in-—
flammatory response of patient with this sys—
temic disease,

In rat models of insulin—deficient diabetes,
blockage of recepter for advanced glycation
end—products(AGEs) diminished alveolar bone
loss and decreased generation of proin—
flammatory cytokines such as TNF-g¢ and
[L—631). Elevated level of blood glucose lead to
the generation of largely irriversible AGEs and
in diabetic condition, recepter for AGE on a
range of cell types such as endothelial cells,
monocytes, smooth muscle cells, and fibroblasts
1s increased, AGE and receptor interaction in—
duces chemotaxis and increased generation of
cytokines such as TNF—¢ , IL-18, and IL—6
and these cytokines may induce increased MMP
expression,

In this study, elastase expressions corre—
sponding molecular weight about 95 kDa were
shown 1n more increased pattern in normal tis—
sue than inflamed tissue with and without type
2 DM and mean amount of elastase in last two
groups were similar,

Some studies report the close relationship
between elastase and periodontal pathology.
Eley and Cox32) reported during inflammation
the amount of elastase increases in the inter-—
stitium of the periodontal tissue and in gingival
crevicular fluid which may lead to tissue
disintegration, Giannoupoulou et al,33) demon -
strated that functional as well as antigenic
elastase and its inhibitors significantly increase
in GCF during the development of experimental
gingivitis in human study, But most of these

studies are conducted in GCF sample and little

is known about expression pattern of elastase
in gingival tissue, In this study, the elastase
expressions were somewhat different from pre—
vious study. This may be due to different
mechanism of elastase activity in the gingival
tissue and GCF, As inflammatory process pro—
gresses, inflammatory product is released from
gingival tissue to GCF. Therefore pathogenic
pattern of these two sites can be different, But
it was impossible to Figureure out the exact
pathogenic mechanism of elastase In perio—
dontitis, so further study to examine in-
flammatory response of elastase and other me-—
diator in gingival tissue in needed,

In previous study, Chen et al 24) demon-—
strated positive correlation of MMP-8 and
elastase through GCF assay in chronic perio—
dontitis patient, But they did not seem to show
any close interrelationship when interrelation—
ship between MMP-13 and elastase was ana-—
lyzed in this study, In case of MMP-8 and
elastase, both proteinases are associated largely
with neutrophils, But, MMP-13 is mainly ex-—
pressed by chondrocytes, fibroblast, epithelial
cells and other several tumor cells, So, pro—in—
flammatory cytokines such as TNF-—-a , IL—6,
IL-1 and other MMPs can be correlated to the
expression of MMP—13 and elastase,

In conclusion, MMP-13 showed most in-—
creased expression tendency in inflamed tissue
of type 2 DM patient, But elastase didn't show
specific correlation with severity of gingival
inflammation, And the interrelationship of
MMP-13 and elastase was not significant be-—
tween inflamed tissue of systemically healthy
patient and patient with type 2 DM, To confirm
exact pathologic mechanism of gingival in—

flammation of type 2 DM patient, more study
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about relationship of elastase and other in-
flammatory mediator such as cytokine and oth-—
er MMPs is needed and these studies seems to
be able to contribute to the development of dis—

ease diagnosis methods and treatment modality,

Summary

The purpose of this study is to exam the
difference of pathologic condition by comparing
expression phase of MMP-13, elastase and to
find out the relationship of two proteins in
gingival tissue of chronic periodontitis patient
and those with type 2 diabetes mellitus,

The marginal gingival tissue samples were
obtained by intenal bevel incision at the time
of periodontal surgery or tooth extraction,
Gingival sample were divided into the three
group which is healthy gingiva, inflamed gin-—
giva from patients with chronic periodontitis
and with chronic periodontitis associated to
tjrpe 2 DM and each group ccomprised 8
samples, Tissue samples were prepared and an—
alysed by western blotting, After that, quanti-
fication of MMP-13 and elastase was perfomed
using a densitometer and statistically analyzed.

In the analysis of expression levels, mean
amount of MMP-13 was more increased in
group 3 than group 1, 2. And the difference
between group 3 and group 1,2 was statistically
significant, The mean amount of elastase in
inflamed tissue with and without type 2 DM
pattern, And
MMP-13 and elastase didn't show any close

showed similar expression
interrelationship,

In conclusion, the expression level of
MMP-13 was significantly increased in inflamed

gingival tissue of patient with type 2 DM and

the interrelationship of MMP-13 and elastase
was not significant between inflamed tissue of
systemically healthy patient and patient with
type 2 DM,
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