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I . Introduction

Diabetes mellitus(DM) in itself does not
cause periodontitis. However, there are epi-
demiologic evidences that diabetes predis—
poses and accelerates the irreversible perio-
dontal destruction. Severe periodontitis has
been associated with an increased risk of
poor glycemic control and, in turn, un-
treated advanced periodontal disease can
deteriorate the metabolic control of dia-
betes' ™.

Accumulation of plaque is not related di-
rectly to the early onset and rapid pro-
gression of periodontal tissue destruction in
diabetes. Various pathogenic factors have
been suggested to explain the increased
prevalence and severity of periodontitis in
diabetes. An exaggerated inflammatory re-

sponse to potential periodontopathogenic

bacterial virulence factors, such as lipopoly-
saccharide(LPS), may influence the perio-
dontitis in diabetes. Moreover, an impaired
recruitment and cellular function of poly-
morphonuclear leukocytes(PMNLs) has been
linked to extensive periodontal tissue de-
struction'™”.

Structual studies on diabetic patients have
revealed vascular changes in gingiva and
other tissues, a thickening of subendotherial
basement membrane and, paradoxically, an
increased permeability of basement mem-
brane to virulent pathogenic microflora and
to its potential vilurent factors””. Futher-
more, a prolonged exposure to hyperglycemia
can be primary factor responsible for the for-
mation of non—enzymatic advanced glyco-
sylation end-products(AGEs), demonstrated
recently in periodontal tissues of diabetic
patients. AGEs are further responsible for
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diabetic collagen cross-links, which again
lead to the above-mentioned microvascular
complications such as vascular hardening
and basement membrane disintegration2'8'9).
AGEs also bind to macrophage receptors and
induce a cycle of cytokine(Interleukin-1:IL
-1, Tumor Necrosis Factor-a:TNF-a) upregu-
lation. These can, in turn, induce an ele-
vated expression of matrix metalloprotein-
ases(MMPs) in diabetic periodontal tissue
10-12)

MMPs are a family of at least 16 secreted
and membrane-bound zinc- and calcium- de-
pendent protease which function in the deg-
radation and remodeling of extracellular ma-
trix proteins during different developmental
processes such as organ morphogenesis,
bone formation, angiogenesis, and remodel-
ing during reproductive processes, as well as
in pathological processes such as inflamma-
tion, chronic degenerative disease and tumor
invasion' .

In summary, they are responsible for deg-
radation of extracellular matrix components
such as collagen and proteoglycans. MMPs,
produced by both infiltrating and resident
cells of the periodontium, play a role in
physiologic and pathologic events. It is rec-
ognized that an imbalance between activated
MMPs and their endogenous tissue inhibi-
tors of metalloproteinases(TIMPs) leads to
pathologic breakdown of the extracellular
matrix during chronic periodontitis**".

Of all MMPs, matrix metalloproteinase-2
(MMP-2, 92 kDa gelatinase A) is the most
widely distributed. MMP-2 has been identi-
fied in fibroblast, keratinocytes, endothelial

cells, monocytes/macrophages, osteoblast,

And ex-
pression of MMP-2 in periodontium is lo-

odontoblast and chondrocytes.

calized mainly in fibroblast and granulation
tissue of periodontal connective tissue(CT).
In human periodontium, MMP-2 affects in-
tegrity of basement membrane and attach-
ment of junctional epithelium and elevated
MMP-2 expression level in chronic perio-
dontitis is already reported in several inves-

1520 These results suggest the in-

tigations
volvement of MMP-2 in periodontal destruc-
tion.

The major collagenase species detected in
inflamed human periodontium is inductive
collagenase—2 or MMP-8 rather than con-
stitutively expressed fibroblast-type MMP-1,
which is more associated with normal tissue

819 MMP-8 is mainly a polymor—

remodeling.
phonuclear leukocyte-(PMN-) specific matrix
metalloproteinase stored in specific granules
of PMNs."*"” When neutrophils are recruited
to a site of inflammation, they release large
quantities of MMP-8 stored in specific gran-
ules, and the inflammatory response is sus-
tained by recruitment of new cells rather
than by the local synthesis of MMP-8. MMP
-8 activity and release are regulated by fac-
tors such as cytokines(TNF-a or IL-18) and
various bacterial virulence factors that affect
MMP-8 release by PMN degraulation follow-
ing PMN infiltration to the site of inflam-
mation.? During active phase of peridontitis,
MMP-8 levels in GCF & inflammed gingival
tissue are pathologically elevated, and may
have a key role of periodontal destruc-
tion."™ On the other hands, several studies
show evidences that type 2 diabetes mellitus

induces dysregulation of the MMP and
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Inhibitors  of
(TIMP) system in human gingival tissue
3820 The effect of type 2 diabetes on MMP
and TIMP expression effectively amplifies
the degradation arm of the MMP/TIMP sys-
tem that could lead to net activation of ma-

Tissue Metalloproteinase

trix breakdown.

Because investigations to examine MMP-
2, MMP-8 expression in diabetic gingival
tissue related to periodontitis are limited,
we investigated the effect of type 2 diabetes
mellitus on MMP-2, MMP-8 production in
human gingival tissue with chronic perio-
dontitis. The purpose of this study is to
quantify and to compare relation of the ex-
pression of MMP-2, MMP-8 in the gingival
tissue of patients with type 2 DM and sys-
temically healthy adults with chronic perio-
dontitis.

II. Materials and Methods
1. Study population and Tissue sampling

Study population comprised 8 patients
with type 2 diabetes mellitus aged 36-68
years and 16 non-diabetic control subjects of
the similar age group. Before surgery, pa-
tient’s systemic condition(age, sex, blood
glucose level) and clinical criteria of gingi-
va(Sulcus Bleeding Index according to
Muhlemann and Son”:SBI, pocket depth)
were recorded. Avoiding local anesthetic in-
filtration into biopsy site, marginal gingival
tissue samples were obtained during perio-
dontal surgery or tooth extraction following
informed consent.

Each gingival samples were divided into

three groups based on the patient’s systemic
condition & clinical status of gingiva (gin-
gival color, gingival bleeding, probing dep-
ths, and radiographic evidence of bone re-
sorption).

Group 1(normal, n=8, mean age 41 (30 to
60), 5 males and 3 females) is clinically
healthy gingiva obtained from 8 systemically
healthy adults. Gingival samples were ob-
tained during crown lengthening procedure
from tooth with sulcus depth <3 mm, no
loss of attachment and no inflammatory
signs. Mean glucose level was 110.87 mg/dl.
Group 2(chronic periodontitis, n=8, mean
age 40 [33 to 48], 5 males and 3 females) is
inflammed gingiva from patients with chron-
ic periodontitis. The diagnosis of chronic pe-
riodontitis was established on the basis of
clinical and radiographic criteria(bone re-
sorption) according to the classification sys-
tem for periodontal diseases and condi-
tions™ . All patients in group 2 were sys-
temically healthy and had more than one
periodontal pocket of >5 mm depth and at
least one pocket with =4 mm loss of
attachment. All gingival samples were ob-
tained during periodontal flap surgery, gin-
givectomy or extraction from teeth with
probing depth =5 mm, swelling of the mar-
ginal gingiva and bleeding corresponding to
Sulcus Bleeding Index 3. Mean glucose level
was 103.25 mg/dl and this value was slight-
ly lower than that of group 1. Group 3
(chronic periodontitis associated to type 2
DM, n=8, mean age 55 (36 to 71], 6 males
and 2 females) is inflammed gingiva from
chronic

type 2 diabetic patients with

periodontitis. Patients in group 2 and 3 had
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similar periodontal conditions, but systemi-
cally, patients in group 2 were healthy and
patients in group 3 were suffering from type
2 diabetes mellitus. Mean glucose level was
163.57 mg/ dl in FBS and 228.57 mg/dl in
2PP. Diabetic control was performed by in-
sulin medication in all 8 patients and, addi-
tionally, diet control was also performed in
3 of them. Gingival samples were obtained
by similar way described above.

The sample cohort consisted of 8 clinically
healthy, 8 inflammed and 8 diabetic pa-
tients” inflammed samples from total of 24
subjects. Following surgery, excised tissue
specimens were immediately placed on liquid

nitrogen and subsequently frozen(-70C).

2. Tissue preparation, Protein Isolation
and Western blotting

For Western blotting, as previously de-
scribed technique by Cho,24) frozen tissues
were homogenized in RIPA lysis buffer(10
mM phosphate buffer, pH 7.4, 10% glycer-
ol, 1% NP-40, 0.1% SDS, 4 mM EDTA, 0.15
M NaCl) with 1:30 diluted protease in-
hibitor cocktail(Roche). The lysates were so-
nicated 3 times for 10 seconds and centri-
fuged at 12,000 g for 15 minutes. Protein
concentration of supernatant were routinely
determined by a Bradford protein assay us-
ing Bio-Rad protein assay reagent with BSA
as a standard.

Lysates were boiled in SDS sample buffer
(IM Tris—Cl(pH 6.8), 40% glycerol, 8% SDS,
2%-mercaptoethanol, 0.002% Bromophenole
blue). Prepared samples were separated by
10% sodium dodecyl sulfate(SDS)-polya-

crylamide gels and transferred to a poly-
vinylidene difluride membrane. The mem-
branes were subsequently blocked in Tris-
buffered saline(TBS) containing 5% pow-
dered milk and 1% BSA for 1 hours, and
then incubated with polyclonal anti-MMP-2
antibody(Sigma-Aldrich ~ Corporation,  ST.
Luis, U.S.A, prepared in rabbits, diluted 1:
1000 in TBS/1% BSA) for 1.5 hours at room
temperature. The membrane was washed
(five times for 5 minutes with Tween 20) and
incubated with a horseradish peroxidase
(HRP)-conjugated goat anti-rabbit secondary
antibody(diluted 1: 1000 in TBS) for 1 hours
at room temperature. After additional wash-
ing(five times for 5 minutes with Tween 20)
the Western blot procedure was completed
with an ECL Advance development kit(Amer-
sham, Beckinghamshire, U.K.)

The quantitative analysis(ratio of MMP-2,
MMP-8/B-actin) of MMP-2 MMP-8 expre-
ssion was performed using a densitometer
(Image Gauge V 3.46, Koshin Graphic Sys-
tems, FUJI PHOTO FILM CO, Japan). After
normalization to B-actin(Abcam Ltd., Cam-
bridge Science Park, UK) in each sample,
level of MMP-2 was expressed as a ratio(ra-
tio of MMP-2, MMP-8/B-actin) and the dif-
ferences of densities among 3 groups were

determined.

3. Statistical Analysis of the Western
blot results

All data were presented as means =
standard deviation and results were statisti-
cally analyzed. The relative MMP-2, MMP-8
levels among each 3 groups were compared
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using one way ANOVA followed by Scheffe
test. The criterion for statistical significance
was defined as P<0.05.

II. Results

Antibodies to MMP-2, MMP-8 cross—re-
acted with 72, 60kDa molecular weight of
MMP-2, MMP-8 in 3 groups. In order to
quantify detected MMP-2, MMP-8 normal-
ization to B-actin was performed. The quan-
tification(ratio of MMP-2, MMP-8/B-actin) of
MMP-2, MMP-8 in each sample was per-
formed using a densitometer. The average
amounts of MMP-2, MMP-8 among 3 groups
were compared in Table 1, 2 and Figure 1,
2, 3. Although age, glucose level and SBI
value were similar within the same group,
various amount of MMP-2, MMP-8 was de-
tected in each samples.

As to mean MMP-2 levels in each 3
groups, the amount of MMP-2(ratio of MMP
-2/B-actin) was 2.108, 2.560 and 3.266 in
group 1, 2 and 3. There were some tenden-

cies that mean amount of MMP-2 was rather

Group 1
1 2 3 4 1
MMP-2 | -
B-actin |

increased in inflamed gingiva compared to
healthy gingiva and was more increased in
type 2 diabetic gingival tissue. That is, the
amount of MMP-2 was increased in group 2
compared to group 1. Also, increased amount
of MMP-2 was seen in group 3 compared to
group 2. But the differences among 3 groups
were not statistically significant (P)0.05).

As to mean MMP-§ in each 3 group, the
amount of MMP-8(ratio of MMP-2/B-actin)
was 2.380, 2.783, 3.682 in group 1, 2, 3.
The amount of MMP-8 was increased in
group 2 compared to group 1. Also, in-
creased amount of MMP-8 was observed in
group 3 compared to group 2. But the dif-
ference among 3 groups was not statistically
significant (P>0.05).

That is, the amount of MMP-2, MMP-8
was increased in group 2, 3 compared to
group 1. Also, increased amount of MMP-2,
MMP-8 was observed in group 3 compared
to group 2. But there were no statistically
significant difference in among 3 groups
(P>0.05)

Group 2 Group 3
3 4 1 2 3 4

Figure 1. Western analysis of samples for MMP-2. MMP-2 corresponding to molecular
weight 72 kDa was expressed in all samples including healthy gingiva, and expression of
MMP-2 was increased in group 3 than in group 1 subjects. In order to quantify detected
MMP-2, normalization to B—actin was performed.

Group 1 : healthy gingiva from systemically healthy patient

Group 2 : inflammed gingiva from systemically healthy patient with chronic periodontitis
Group 3 : inflammed gingiva from type 2 diabetic patient with chronic periodontitis
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Table 1. The quantitative analysis(ratio of MMP-2/B-actin) of MMP-2 of each sample was per—
formed using a densitometer and average amount of MMP-2 in 3 groups were identified. The
differences between 3 groups were not statistically significant(P>0.05).

sample Group 1 2 3
1 2.210 1.422 3.619
2 2.676 0.690 2.019
3 2.413 3.821 2.958
4 1.829 4.867 6.071
5 2.116 2.290 2.713
6 1.332 2.730 3.047
7 1.984 2.368 3.046
8 2.304 2.296 2.655
Mean +SD 2.108+0.407 2.560+1.304 3.266+1.219

Average amount of MMP-2

Ratio of MMP-2/B—actin
no
o

Group 1 Group 2 Group 3

Figure 2. Mean amounts(ratio of MMP-2/B-actin) and
standard deviation of MMP-2 in group 1, 2 and 3. In the
inflamed gingival(with or without diabetes, group 2 and 3),
MMP-2 was increased compared to healthy gingiva. But the
differences were not statistically significant(P>0.05).
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Table 2. The quantification(ratio of MMP-2/B-actin) of MMP-8 of each sample was performed
using a densitometer and average amount of MMP-8 in 3 groups were identified.

sample Group 1 2 3
1 2.754 5.334 1.785
2 2.692 2.133 4.948
3 3.629 2.429 5.029
4 0.724 2.334 3.659
5 2.253 2.150 3.270
6 2.614 2.446 4.706
7 2.173 2.189 3.423
8 2.202 3.249 2.638
Mean +SD 2.380+0.818 2.783+1.092 3.682+1.158

Average amount of MMP-8 in 3 groups

6

5 T1.158

! 0.818 [0

3 0.

2

1

0 2.38012575 2.7829145 3.68221625
Group 1 Group 2 Group 3

Figure 3. Mean amounts(ratio of MMP—-8/B-actin) and standard deviation of
MMP-8 in group 1, 2 and 3. In the inflamed gingiva(with or without dia—
betes, group 2 and 3), MMP-8 was increased compared to healthy gingiva.
In group 3, the increase of MMP—-8 was statistically significant compared to

group 1(P>0.05).

IV. Discussion

The purpose of this study was to inves—
tigate the effect of type 2 diabetes mellitus
on MMP-2, MMP-8 production in human
gingival tissue with chronic periodontitis.

MMP-2, MMP-8 corresponding to molec—
ular weight 72, 60kDa was expressed in most

samples. The quantitative analysis(ratio of
MMP-2,-8/B-actin) of MMP-2, MMP-8 level
in each sample was performed using a densi-
tometer and we could find some tendencies
that mean amount of MMP-2, MMP-§8 was
rather increased in inflamed gingiva com-
pared to healthy gingiva and was more in-

creased in type 2 diabetic gingival tissue.
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Enhanced expression of MMP-2 in chronic
periodontitis patient and its activation
mechanisms were investigated in several
studies™™® . For instance, Anne-Laure
Ejeil”™ et al studied the relation between
degree of gingival inflammation and ex-
pression of MMPs, and showed that active
forms of MMP-2 are highly increased in in-
flamed gingiva. About its overexpression
mechanism, Chang et al® studied the regu-
lation of MMP-2 synthesis and secretion in
human periodontal ligament fibroblast(PD-
LF) and found that periopathogens, such as
P. gingivalis and A actionomycetemcomitans,
and Il-la can elevate MMP-2 secretion in
human PDLF. In periodontitis, PDL cells
are a major group of cells highly affected by
the P. gingivalis product. Pattamapon et
al® observed MMP-2 activation in human
periodontal ligament fibroblast by adding P.
gingivalis supernants in vitro study and
Grayson et al’” observed elevated MMP-2
levels in gingival crevicular fluid of chronic
periodontitis patient and concluded that P.
gingivalis produces typsin-like proteases and
these activated latent pro MMP-2 to active
form in concentration- and time- dependent
manner.

Therefore, it was suggested that enhanced
expression of MMP-2 in periodontal disease
is mainly related to increase of P. gingivalis,
A. actinomycetemcomitans and IL-1 etc.
However investigations in chronic periodon-
titis associated to type 2 DM are limited
and, to our knowledge, no regulatory mecha-
nisms of MMP-2 in type 2 diabetic gingival
tissue were identified or suggested.

On the other hands, several studies dem-

onstrate that MMP-2 & MMP-9 are major
MMPs highly affected by type 2 diabetes in
other human tissue.””* Alison et al”
studied the regulation of MMP-2 synthesis
and secretion in 2 key vascular cells, endo-
therial cells and macrophages, and found
that hyperglycemia can increase MMP-2
gene expression in these cell types thereby
accelerating atherogenesis in diabetes. Wall
et al® incubated diabetic dermal fibroblast,
assessed MMP-2 production by gelatin zy-
mography and western blotting and con-
cluded that human diabetic dermal fibro-
blasts isolated from unwounded skin show
significantly increased production of pro-
MMP-2 when compared with their nondia-
betic counterparts. Therefore type 2 DM-as-
sociated overexpression of MMP-2 in perio—
dontium can be also expected and this is
supposed by the fact that type 2 DM can
upregulate AGEs-induced I1.-1 and can alter
fibroblast in human periodontal connective
tissue. In addition, increased susceptability
to periopathogens, especially A. actionomy-
cetemcomitans and P. gingivalis, in diabetes
can be additional factor. In human perio-
dontium, expression of MMP-2 is localized
mainly in fibroblast of CT cells. Fibroblast
in PDLs and CT are a major group of cells
highly affected by P. gingivalis products and
can elevate MMP-2 expression if affected.
MMP-8 is the major collagenase species
detected in inflamed human periodontium,
and MMP-8 present in gingival tissue in all
subjects are predominantly derived from de-
granulating triggered neutrophils.”™ ™ To
a minor extent they can be derived from the

non—PMN lineage cellular sources such as
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resident fibroblasts, endothelial and epi-
thelial cells.”*” During periodontitis, MMP
-8 released from PMNs, in a latent, inactive
proform becomes activated by the indepen-
dent and/or combined actions of host- and
microbial-derived proteases and reactive
oxygen species(ROS) produced by triggered
PMNs. MMP-8 synthesis by neutrophils is
completed during granulocyte precursor cell
differentiation in the bone marrow. When
neutrophils are recruited to a site of in-
flammation, they release large quantities of
MMP-8 stored in specific granules, and the
inflammatory response is sustained by re-
cruitment of new cells rather than by the
local synthesis of MMP-8.%?

In diabetes, neutrophils have been shown
to exert various degrees of dysfunction re-
garding chemotaxis, chemokinesis and deg-
ranulation.”” This is suggested to explain
the increased susceptibility of diabetic pa-
tients to various infectious diseases includ-
ing periodontitis. In our present study, al-
though it is not statistically significant, the
mean MMP-8 level was slightly higher in
patients with type 2 diabetes mellitus than
in control subjects. The results suggest that
PMN dysfunction is not reflected in the gin-
gival neutrophil degranulation product(i.e.
MMP-8), which released from neutrophils
recruited to inflammatory gingiva.

Elevated degree of activation of MMP-8
has been observed in GCF, gingival tissue
and mouthrinse samples during active phas-

% and suggested that

es of periodontitis,
may have a key role of periodontal destruc-
tion.®® Also, previous studies have shown

that diabetic patients with periodontitis

have elevated MMP-8 levels in GCF," %%
and it seemed to be related to accelerated
periodontal destruction in diabetes. The
findings seen in human diabetes are strong-
ly supported by observation in rat models of
insulin-deficient diabetes.***” These animal
model studies have shown reduced collagen
soubility and turnover resulting evidently
from the formation and action of elevated
levels of advanced glycation end-products
(AGEs). These AGEs act on the target cells
through the cell surface receptors, that can
induce the expression of MMPs, adhesion
molecules, cytokines and prostaglandins.®
Elevated collagenase level in gingiva of rats
with streptozocin induced diabetes strongly
associate with non-enzymatic glycation of
proteins, alveolar bone loss and other tissue
destructive diabetic complications.

In these findings, elevated level of MMP-§
may related to MMP-2 expression each other
and inflammation were in turn accelerated.
Although statistically not significant, the
mean MMP-8 level was slightly higher in in-
flammed gingiva than in healthy gingiva,
and higher in patients with type 2 diabetes
mellitus than in control subjects. Theses re-
sults have shown type 2 diabetes may more
induce MMP-2, MMP-§8 expression.

Because MMP-2, MMP-8 affects integrity
of basement membrane and attachment of
junctional epithelium, increased MMP-2,
MMP-8 production induced by type 2 dia-
betes may have important consequences for
periodontal destruction(eg. formation of pe-
riodontal pocket, disruption of extracellular
matrix, alteration in periodontal wound

healing etc).
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These can be one of the reasons why
chronic periodontitis associated to type 2
diabetes shows more periodontal breakdown
compared to that in systemically healthy
patients. Exacerbated periodontal inflamma-
tion further upregulates other MMPs & in-
flammatory cytokines and these, in turn,
worsen metabolic control of diabetes. Thus,
some reports have suggested that the in-
hibition of MMP activities can be a ther-
apeutic strategy for periodontitis and type 2
diabetes.

In conclusion, this study has shown that
expression of MMP-2, MMP-8 which in-
creased by periodontal disease was rather
upregulated by type 2 diabetes. expression
levels of MMP-2, MMP-8 may affect to MMP
expression each other and inflammation.
However, this study is limited to small sam-
ple size and insufficient to establish defini-
tive differences between chronic periodon-
titis groups with or without type 2 diabetes.
To make definitive conclusion of the effect of
type 2 DM on gingival MMP-2, MMP-8 lev-
els, further studies including healthy gingi-
va from type 2 diabetes patients and large
sample size are needed.

V. Summary

The purpose of this study was to quantify
and compare the level of MMP-2, MMP-8 in
the healthy, inflammed gingival tissue and
inflammed gingival tissue associated with
type 2 DM. We investigate whether expres-
sion of MMP-2, MMP-8 is increased by
chronic periodontitis associated with type 2
DM.

Gingival tissue samples were obtained
during periodontal surgery or tooth extrac-
tion. Based on patient’s systemic condition
& clinical criteria of gingiva, each gingival
samples were divided into three groups.
Group 1(n=8) is clinically healthy gingiva
without bleeding and no evidence of bone re-
sorption or periodontal pockets, obtained
from 8 systemically healthy patients. Group
2(n=8) is inflammed gingiva from patients
with chronic periodontitis. Group 3(n=8) is
inflammed gingiva from type 2 diabetic pa-
tients with chronic periodontitis. Tissue
samples were prepared and analyzed by
Western blotting. The quantification of MMP
-2, MMP-8 was performed using a densi-
tometer and statistically analyzed by
ANOVA,

MMP-2, MMP-8 was expressed in all sam-
ples including healthy gingiva and increased
in group 3 compared to group 1 and 2. and
showed that significant variation was ob-
served between group 1 & 3 in MMP-8
results.

In conclusion, this study demonstrated
that human gingival tissue with chronic pe-
riodontitis associated to type 2 diabetes
showed slightly elevated MMP-2, MMP-8
levels compared to healthy gingiva and
non-diabetic inflamed gingiva.
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