S48

ELSEVI

Available online at www.sciencedirect.com

ER Diabetes Research and Clinical Practice 74 (2006) 4]-47

DIABRTES RESRARCH

ScienceDirect i

CLRCAL PRATTICR

www.elsevier.com/locate/diabres

Effects of high glucose on cellular activity of periodontal
ligament cells in vitro

Hyun Sook Kim?, Jin Woo Park % Shin Il Yeo?, Byung Ju Choi?, Jo Young Suh **

* Deparmment of Periodontology, College of Dentistry, Kyungpook National Universiry,

188-1 Samduk 2Ga, Jung-Gu, Daegu 702-412, South Korea

hDeparmrma‘ of Dental Pharmacology, College of Dentistry, Kyungpook National University,
188-1 Samduk 26Ga, Jung-Gu, Daegu 702-412, South Korea
Received 22 March 2005; received in revised form 24 February 2006; accepted IS5 March 2006
Avaitable online 30 June 2006

Abstract

Periodontal igament (PDL) cells are the most important cells in the healing of wounds and the regeneration of periodontal
tissues, The response of PDL cells regarding cellular activity to high ghucose concentration levels could be the key in understanding
the events associated with the dental care of brittle diabetes. We studied the effect of high glucose concentration levels an the
cellular activity of PDL cells from five non-diabetic patients in vitro. PDL cells were cultured for 14 days in a normal glacose
medium (1100 mg/l of glucose) or in a high glucose medium (4500 mgfl of glucose) and a 3-(4,5-dimcthy!ithiazoi-Q-yi)-Z,S-
dipheny! tefrazolium bromide {MTT) assay for cellular viability was also performed. In order to evaluate the differentiation of PDL
cells to osteoblast-like cells, mineralized nodute formation was induced with supplemented media containing 50 wg/ml of ascorbic
acid, 10 mM of B-glycerophosphate and 100 nM of dexamethasone for 21 days. High glucose significantly inhibited the
proliferation of PDL cells and reduced the optic density of the MTT assay. Concerning the mineralized nodule formation, the
percentage of the calcified area to the total culture dish of PDL cells in high glucose level was lower than that in the tormal glucose
medium. In conclusion, high ghucose inhibits the proliferation and differentiation of PDL cells. The data provide an explanation for
the delayed periodontal Tegeneration and healing in diabetic patients.

© 2006 Elsevier Ireland Ttd. All rights reserved.
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1. Introduction

Periodontal ligament (PDL) is the primary target of
inflammatory tissue destruction in periedontal disease.
The nommal PDL includes osteoblasts, osteoclasts,
fibroblasts, epithelial cell rests of Malassez, macro-
phages, undifferentiated mesenchymal cells, neural
elements, endothelial cells, and cementoblasts. Fibro-
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blasts are the predominant cells in the PDL. The role of
the PDL cells in tissue regeneration is wel] characterized
[[,2). Only PDL cells can form new attachments
inctuding new cementum with inserting collagen fibers
[3.4}. Several studies have also demonstrated that PDL,
cells are not homogenous but may consist of different
subpopulations of unique phenotypes and distinct
functional activities [5,6]. Since PDL cells are always
exposed to microbial challenges and subsequent host
immune reactions, one might expect that the high glucose
levels in diabetic patients could alter the regenerative
capacity of the PDL cells against periodontal breakdown.
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Many reports have supported the high prevalence of
periodontal disease among diabetic patients [7--107,
Although there are several hypotheses which explain
the possibility of this occurring, the exact mechanism
by which diabetes interferes with oral health remains
unclear [11,12]. Ohgi and Johnson {13] searched
whether high glucose modulates the growth of gingival
fibroblasts and PDL cells, in vitro, by using hemocyt-
ometer. They showed that gingivatl fibroblasts prolifer-
ated or were unaffected by glucose, while the growth of
PDL cells was inhibited. Nishimura et al {11,12}
showed that the fibronectin receptor expression was
much higher in cells cultured in a high glucose medium
than in periodontal ligament cells cultured in a normal
glucose medium. The over-expression of the fibronectin
receptor resulted in a suppressed chemotactic response
of these cells to a platelet-derived growth factor.

Studies focusing on the characterization of the PDL
celis, in vitro, indicate that these cells have osteoblastic-
like properties and the PDL cells have the capacity to
produce mineralized nodules, in vitro, under miner-
alized media which include ascorbic acid, B-glycer-
ophospate and dexamethasone [5,14-16]. Thus, high
glucose concentration levels probably influence the
mineralization and differentiation of PDL cells to
osteoblast-like cells.

The direct effect of high ghicose on the proliferation
and differentiation of human PDL cells, however, is less
well established. In this study, we prepared primary
cultures of PDIL cells from the extracted teeth of
patients and investigated the effect of high glucose on
the PDL cells,

2. Material and methods
2.1, Cell Isolation and culture

The PDL tissues were obtained from five non-diabetic
patients. The periodontal lgaments of premolar testh were
extracted for orthodontic reasons. After extraction, the testh
were placed and rinsed in a biopsy media, Dalbecco’s mod-
ified Eagles media (DMEM) with 500 U/ml penicillin and
500 pg/ml of streptomycin, After rinsing, only the periodontal
ligament attached to the middle third of the root was removed
with a curette. The PDL tissues were cut info small pieces and
placed in smalt culture dishes, The tissues were incubatéd in a
biopsy medium at 37 °C, 5% COs,, and 95% humidity. The
medium was replaced with a culture medinm (DMEM with
10% EBS, 100 U/m! of penicillin and 100 pg/ml of strepto-
mycin). After reaching confluence, the cells were passaged
with 0.25% trypsin/0.1% ethylene diaminotetraacetic acid
{EDTA). Celis between the 3rd passage and §th passage were
used in the following studies. In order to determine the effect

of high glucose, we used DMEM containing 1100 mgf of
glucose (normal glucose) and DMEM containing 4500 mg/l of
glucose (high glucose) [11,12]. The osmorality of normal
glucose and high glucose was 313 and 339 mOsmv/kg,
respectively.

2.2, Cell proliferation

Five different non‘diabetic patients’ PDL cells were used
for proliferation. The PDL cells were seeded at a density of
2 x 10° cellshvell in a 2 ml normal glucose DMEM, supple-
menied with 10% FBS in a 12-well plate. After 24 h, the
control group medium and experimental group medinm was
changed with the same conditioned medium and high glucose
medizm {4500 mg/l of glucose), respectively, supplemented
with 10% FBS. During each experimental period, the culture
media were changed every 3 days. The numbers of PDL cells
were deterrined by counting the six wells per each group with
a hemocytometer at various times (1, 4, 7, 10, 14 days) during
the incubation, Statistical analyses were performed with
Student’s i-test,

2.3. 3-(4,5-Dfmethy!it]riazol’Z-yI)-Z,5-diphenyl tetrazolium
bromide {MTT) assay for celiular viability

A 3-(4,S-dimethylithiazol-Z-yl)—Z,S-dipheny} tetrazolum
bromide (MTT) assay was used to evaluate cell viability
{17} The MTT was transformed by mitochondrial hydroge-
nases into formazen, enabling mitochondrial activity and cell
viability to be assessed. Five samples per group were eval-
vated. The PDL cells were seeded ata density of 1 x 10* cells/
well on the 96-well plate,

On days I, 4, and 7, 50 ! of pre-warmed B7°C) MTT
solution was added to each well and cultured for 3 h, Then,
the reaction was stopped by addition of 200 1 of dimethyl
sulfoxide (DMSO) and 50 jul of glycin buffer to each well.
The solution was then transferred to new wells and the optical
density of the solution in each well was easured af a
wavelength of 570 mm using an ELISA plate reader {(Preci-
sion Microplate Reader, Molecular Devices, USA) [18]. A
Student’s 1-test was used to evaluate the differences between
cell viability of the normal and high glucose concentration
levels.

2.4. Mineralized nodule formation

The PDL cells were plated at a density of 1 x 10° cells in a
100 mm Type T collagen-coated Petri dish and incubated in
DMEM (containing 1100 mg/l glucose) supplemented with
10% FBS, 100 U/mt of penicillin and 100 pg/ml of streptomy-
cin. Several studies showed that PDL cells formed mineralized
nodules when they were cultured in supplemented medium
containing 50 pg/mt of ascorbic acid, 10 mM of B-glyceropho-
sphate, and 100 nM of dexamethasone [5,14,16}. Cells were
grown until confluent which was designated as day O, and
nodule formation was induced by the addition of 50 pg/ml
of ascorbic acid, 10 mM of f-glycerophosphate and 100 nM of
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Table 1
Growth changes of PDL cells
Day 1 Day 4 Day 7 Day 10 Day 14
PDL 1 )
High 5.04 +£ 0,21 15.45 £ 0.50" 24.96 4 £.44° 39.06 +2.59" 37.10 £3.49°
Normat 5.01 £ 0.24 20.07 + 0.98 28.35 +0.81 44.87 + 1.86 50.26 + 0.70
PDL 2 .
High 3.71 £ 059 16.59 4 1.42 19.08 & 1.37 33.88 +3.24 6335 £2.107
Normal 3.54 £ 0,54 18.73 + 1,39 20.63 £1.28 44.94 % 5.76 T0.70 £ 2.91
PDL 3
High 2,70 + 045" 1148 £ LOY 3013 £ 1507 51.25+£236 58.25 £ 4.57°
Normal 3.68 4 0.38 14.08 + 1.30 35.65+222 55.25 £ 3.30 67.50 £1.20
PDL 4
High 248 £ 0227 19.25 4 (.93" 29.0 £ 1.68° 540+ 1,637 5774685
Normal 2954 0.13 24,43 £ 3.41 32.7 4245 555+ 191 66.0 3 5.89
PDL § .
High 244022 10.9 + 0477 20,6 £ 1.48 40.3 % 1.26 48.0 + 2,45
Normal 3154+ 0.24 12,8+ 022 22.8 42.38 46.3 4+ 2,06 57.04+1.83

Numeric data represents the mean + S.D. of cell numbers (> 10%, PDL, pericdontal ligament; high, high glucose group; normal, normal ghicose

group, "P < 0.05: compared to normal group.

dexamethasone to the medium. The dishes were randomly
divided into two treatment groups: 1160 mg/l glucose (normal)
or 4500 mg/l glucose (high). The media were changed every 2
3 days. Four dishes of each group were randomly selected at
days 14 and 2F and stained for mineratization nodules with
Alizarin Red 8, as previously described {19). To determine
mineralization, the percentages of calcified areas to total areas
per dish and per visual field (randomly selected three per dish)
were analyzed by wsing an image analysis program I-solution
{IM Technology, Korea). The number of nodules was also
determined at a 40x magnification from three randomly
selected visual fields per dish (a total of 12 fields per group)
from two independent experiments. Statistical analysis were
performed with Student’s ¢-test.

3. Results
3.1 Cell proliferation

In Table 1, the growth patterns of five different PDL
cells are shown. The data represent the growth rate of
the PDL cell populations cultured as monolayers in the
presence of a high concentration of glucose (4500 mg/l
of ghucose) and normal glucose (1100 mg/l of glucose).
The PDL cells 1 in high glucose medium started to show
a significantly reduced proliferation rate compared to
the PDL celis in the normal glucose medium on day 4
and the statistical difference remained until day 14
(P < 0.05). The PDL cells 2 in high glicose medium
had statistically lower cell numbers than the PDI, cells
in normal glucose medium on days 10 and 14
(P < 0.05). The PDL cells 3, 4, and 5 in high glucose

medium showed a similar tendency of the reduced
proliferation rate compared to the PDL cells in the
normal glucose medium from day 1 to day 24.

3.2. MIT assay for cellular viability

The PDL cells from five healthy periodontium were
exposed to 1100 and 4500 mg/t of glucose. On day 1 and
day 7, the MTT assay indicated no significant differences
in the cell viability between the high and normal glucose
groups forany of the cell types (datanotshown). On day4,
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Fig. 1. Cellular viability of PDL cells. Optical density was measured
after incubation of PDL cells from five different individuals (PDL 1,
PDL 2, PDL 3, PDL 4, PDL 5} with normal glucose medium (normal)
o7 high glucose medium (high). "Statistically significant between
normal medium and high glucose medium: £ < 0.05.
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Fig. 2. Effect of high glucose on the mineralization. For 14 days and/
or 21 days incubation period, Percentages of calcified area to total area
per dish (A) and per visual field (B) were analyzed. Data are shown as
the mean &= 8.. of 12 determinations. “Significant differences from
normal value with P < 0.05.

PDLcells 1,4, and 5 in the high glucose medium showed a
significantly decreased optical density (P < 0.05, Fig. 1).

3.3, Mineralized nodule formation

The mineralized nodule formation is the most
prominent characteristic of osteoblast-like cells. The

Day 14

Normal
glucose

High
glucese

percentage of the calcified area and the numbers of
nodules were analyzed to evaluate the characteristics of
osteoblast-like cells. On days 14 and 21, the culture
dishes were stained with Alizarin Red 8. The PDL cells
incubated in DMEM, supplemented with a mineralized
medium, developed nodules both in the normal and high
glucose groups (Figs. 2 and 3). Small-mineralized
nodules started to. develop on day 14. On day 21,
mineralization wag distinct for both group, the nodule
size increased and more nodules formed. At that time,
the PDL cells in the normal glucose medium developed
further and the nodules were bigger than the PDL cells
in the high glicose medium. The percentage of the
calcified area to total area per culture dish and_the
percentage of the calcified area to visual field area per
randomly selected visual field (three visual ficlds per
dish) were analyzed using an image analysis program, I-
solution (IM Technology, Korea). The mean percentage
of the calcified area to total culture dish of the PDL cells
in the high glucose concentration levels was lower than
that in the normal glucose medium on day 21
(P < 0.05). There was no statistical difference in terms
of the percentages of calcified area to total area between
the experimental and control groups on day 14. High
glucose, however, decreased the calcified areas on the
magnified visual field. Also, glucose decreased the
calcified area per visual field on day 21.

4, Discussion

Fibroblasts perform many functions such maintain-
ing tisswe architecture, synthesizing extracellular
matrix, and participating in intercellular communica-
tion. Fibroblasts are the most predominant in period-
ontal ligament connective tissue and occupy about half

Day 21

Fig. 3. Alizarin Red S staining of the mineralized nodules cultured for 14 days and 21 days with normal glicose medium and with high glucose
mediunl. Circular and square photographs show PDL celis at cultore dish (&: 100 am) and visual field (40x magnification), respectively.
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of the PDL. The PDL cells synthesize various
extracellular matrix proteins and proteolyse old
collagen fibril. Also, PDL cells can be differentiated
into osteoblast-like and cementoblast-like cells that can
produce and restore bone and cementum. Thus, normal
cellular activity of PDL cells is essential for periodontal
regeneration [5,14,20].

Our resuits clearly demonstrate a decrease in the
profiferative capacity of PDL cells in high glucose
concentration level. Also, the difference in the numbers
of celis between high glucose and low glucose media
increased with time. Also, the decreased optical
densities of an MTT assay were seen on the PDL cells
in a high glucose mediwm, and that means reduced cell
viability. These findings suggest that sustained high
glucose concentration amounts atone inhibit PDL cell
profiferation.

Our results suggest that PDL cells respond in the
same way other cells do regarding growth rate in high
glucose concentration amounts. Turner and Bierman
[21] and Hehenberger and Hansson [22] stated that
glucose was important for cell proliferation. They have
shown that increasing glucose levels to 18 and
15.5 mM, respectively, increases fibroblast prolifera-
tion, whereas further increases lead to an inhibition of
proliferation [21,22]. Blood from uncontrolled dia-
betes commonly exhibits glucose amounts between 20
and 30 mM [23]. The amount of glucose concentration
used in this study was 25 mM in a high glucose
medium. Thus it is considered that PDL cel profifera-
tion may be inhibited in patients with uncontrolled
diabetes.

Other studies have shown the effects of high glucose
concen(ration amounts in inhibiting the proliferation of
proximal tubule cells, fetal mesangial cells and
umbilical endothelial cells [24,25].

The reason for the reduced proliferation rate in a
high glucose medium or diabetic condition has been
explained in detail. Hehenberger and Hansson [22]
showed that a glucose amount of 15.5 mM and above
inhibited fibroblast proliferation and induced resis-
tance of growth factor such as IGF-1 and EGF. They
[26] observed that conditioned media, derived from a
Type I DM wound fibroblast cubture, inhibited normal
fibroblast proliferation. This proliferation was more
inhibited as the ratio of the media from the diabetic
wound fibroblast culture to media from normal
fibroblast became larger. They stated that due to the
amount of p-glucose in the media, the L-lactate levels
increased in all cell types and that L-lactate production
may play a role in the proliferation of fibroblast in vitro
[26].

Several authors confirmed reduced growth rates for
diabetic skin Abroblasis versus age-matched control
fibroblasts [27,28]. Chronic non-diabetic wound fibro-
blasts had a similar proliferation rate as diabetic non-
lesional fibroblasts but they had a significantly higher
proliferation rale than the chronic diabetic wound
fibroblasts, It seems likely that diabetic wound
fibroblasts are impaired as a result of cell aging in
combination with, or induced hy, diabetes (intrinsic
aging) and the wound environment (extrinsic aging)
[28].

Diabetic condition also can affect bone density and
metabolism [29-32]. Since many researchers showed
that figures regarding bone turnover and metabolism
have reduced, we wanted to determine the effecis of
high glucose on the mineralization of PDL cells in vitro.
Our resulis clearly demonstrated that high glucose
inhibited the mineratization of PDL cells in vitro.

Several previous studies showed that PDL cells had
high alkaline phosphatase activity compared to gingival
fibroblasts and exhibited osteoblast markers such as
osteacalcin release and mineralized matrix formations,
when supplemented media containing ascorbic acid, B-
glycerophosphate and/or dexamethasone were given
{5,14,20]. Mineral-like nodules became MHCToscopic in
size by day 14 and the nodules grew and could be
identified macroscopically by day 20, when supple-
mented media containing ascorbic acid, B-glycero-
phospate, and dexamethasone were given [15,16]. Thus,
osteoblast-like cells can be derived from PDL cells in
supplemented media. Based on previous studies, we
used a supplemented medium containing 50 ug/m! of
ascorbic acid, 10mM of pB-glycerophospate and
100 nM of dexamethasone to determine the effect of
glucose on the mineralization of PDL cell cultures. Our
study showed that the control PDL cells initiated
mineralized nodules about day 14. Larger and much
more mineralized nodules were formed as time passed.
On day 21, mineralized nodules could be identified in
the control group by the naked eye. Thus, PDL cells in
the contrel group responded to supplemented media in
the same way as other studies showed. This suggests
that the PDL cells in this study have a unique ability to
develop mineralized nodules.

The PDL cells in a low glucose supplemented
medium had a larger calcified area five to six times
bigger compared to the PDL cells in a high glucose
supplemented medium. The PDL cells in a high glucose
medium had decreased nodule formation, macroscopi-
cally and microscopically, on day 21, suggesting that
differentiation into osteoblast-like cells was inhibited.
Balint et al. [33] also showed that high ghicose inhibited
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the differentiation and calcium uptake of the MC37T3-
El cell in vitro. Taken together, it is considered that high
glucose disturbs the differentiation and calcification of
PDL cells, as well as osteoblasts, in a supplemented
medinm.

In conclusion, cellular activity such as proliferation
and differentiation are essential events for the healing
of wounds and regenerating periodontal tisspes. The
decreased cellular activity of PDL cells due to high
glucose concentration amounts may compromise
healing and periodontal regeneration in diabetic
patients.
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