Open Journal of Stomatology, 2013, 3, 19-24

OJST

http://dx.doi.org/10.4236/0jst.2013.31004 Published Online March 2013 (http://www.scirp.org/journal/ojst/)

Effects of hyaluronan oligosaccharides on apoptosis of

human gingival fibroblasts

Yuki Tanne, Kotaro Tanimoto, Satoru Okuma, Ryo Kunimatsu, Naoto Hirose, Tomomi Mitsuyoshi,

Kazuo Tanne

Department of Orthodontics, Applied Life Sciences, Hiroshima University Institute of Biomedical & Health Sciences, Hiroshima,

Japan
Email: tkotaro@hiroshima-u.ac.jp

Received 22 January 2013; revised 25 February 2013; accepted 1 March 2013

ABSTRACT

An increased content of low molecular weight (LMW)-
HA was found in human gingiva during the initial
phase of periodontitis. A number of functions have
been described for LMW-HA in inflammatory proc-
esses. It is also demonstrated that LMW-HA induces
apoptosis in chondrocytes and tumor cells, however,
effects of LMW-HA on the apoptosis of gingival fi-
broblasts (GFs) remain unclear. The purpose of this
study was to investigate the effects of HA oligosac-
charides (HAoligo) on the apoptosis of GFs. GFs were
isolated from palatal gingival tissues around the up-
per first premolars of eight youth (6 - 10 years old)
and eight adult (26 - 35 years old) subjects. Cultured
GFs were subjected to the analyses, ELISA for cell
proliferation, quantitative real time-PCR for gene
expression of Bcl-2, and caspase-3 assay for apoptotic
potency. Proliferative activity of cultured GFs was
increased significantly by the treatment with HAoligo
in both young and adult groups. HAoligo treatment
also increased caspase-3 activity and decreased Bcl-2
gene expression in cultured GFs, whereas the treat-
ment with high molecular weight—HA exerted no
influences on caspase-3 activity in both groups. From
these results, it is suggested that HAoligo play a cru-
cial role in the induction of apoptosis in GFs, leading
to the destruction of gingival tissues.

Keywords: Hyaluronan Oligosaccharide; Apoptosis;
Caspase-3

1. INTRODUCTION

Hyaluronan (HA) is a non-sulfated high-molecular-mass
glycosaminoglycan (GAG) composed of repeating di-
saccharide residues of N-acetylglucosamine and glu-
curonic acid and distributes throughout the extracellular
space of connective tissues. HA is one of major extracel-
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lular matrix components in gingival tissues and critical
for the structural organization [1,2].

HA exerts different biological effects on cells and tis-
sues in response to its molecular weight. An increased
content of low molecular weight (LMW)-HA was found
in human gingiva during the initial stage of periodontitis
[3] and chronic inflammation [4]. A number of functions
have been described for LMW-HA in inflammatory pro-
cesses [5,6]. The expression of MMP-1 in cultured
HPDL cells was accelerated by HAoligo treatment [7].
From these findings, it is speculated that LMW-HA may
induce degeneration or destruction of gingival tissues.

Previous studies suggested that tissue destruction by
apoptosis played a relevant role in the pathogenesis of
chronic adult periodontitis [8,9]. However, apoptosis is a
highly controlled process which is affected by various
factors in destructive process [10]. There are various
apoptotic signal transduction pathways, in which major
one is through death receptors and mitochondria. Mito-
chondria play an essential role in many forms of apop-
tosis by releasing apoptogenic factors such as cyto-
chrome ¢ [11] and apoptosis-inducing factor (AIF) [12]
which activates death proteases called caspases [13].
Active effector caspases such as caspase-3, -6 and -7 me-
diate the cleavage of an overlapping set of protein sub-
strates, resulting in morphological features of apoptosis
[14]. Meanwhile, Bcl-2 is known as a member of the
anti-apoptotic proteins and involved in the inhibition of
apoptosis [15].

A previous study reported that injection of high mo-
lecular weight (HMW)-HA decreased caspase-3, 9 ex-
pression and the number of Fas-positive cells in rat os-
teoarthritis model [16]. On the other hand, the treatment
with HAoligo (3 - 10 disaccharide units) enhanced cas-
pase-3 activity in tumor cells [17]. From these findings,
it may be assumed that HA regulates apoptosis in chon-
drocytes and tumor cells, and the effects depend on its
molecular weight. However, effects of LMW-HA on the
apoptosis of GFs remain unclear. Thus, it is hypothesized

L,o% Scientific

+03

%% Research


mailto:tkotaro@hiroshima-u.ac.jp

20 Y. Tanne et al. / Open Journal of Stomatology 3 (2013) 19-24

that LMW-HA may play a crucial role in the induction of
apoptosis in GFs, leading to the destruction of gingival
tissues.

In this study, we investigated the effects of HAoligo
on the apoptosis of human GFs, and compared the effects
between young and adult subjects.

2. MATERIALS AND METHODS
2.1. Cell Culture

Permission for a series of experiments in this study was
granted by the Ethics Committee of Hiroshima Univer-
sity. Informed consent was obtained from sixteen pa-
tients prior to a series of experiments. GFs were isolated
from palatal gingival tissues around the upper first pre-
molars of young (6 - 10 years old) and adult (26 - 35
years old) subjects. After surgically excised, gingival
tissue was subsequently minced and GFs were seeded on
100 mm dishes (Corning, New York, NY, USA) covered
with 0.2% type I collagen gel (Koken, Tokyo, Japan).
The explants were cultured in Dulbecco’s Modified Ea-
gle Medium (DMEM; Sigma Aldrich, St. Louis, MO,
USA) containing 10% fetal bovine serum (FBS; Daiich
Chemical, Tokyo, Japan), 2.5 g/ml NaHCO; (Katayama
Chemical, Osaka, Japan), 0.7% L-glutamine (Sigma Al-
drich), 120 pg/ml kanamycin (Meiji-Seika, Tokyo, Ja-
pan). The cultures were incubated under humidified con-
ditions with 95% air and 5% CO, at 37°C. The medium
was changed every other day. When the cells growing
out from the explants became confluent, the explants
were removed, and the monolayers were treated with
phosphate buffer saline (PBS) containing 0.2% trypsin
(Nacalai Tesque, Kyoto, Japan) and 0.1% EDTA (Wako
Pure Chemical Industries, Osaka, Japan). The cells were
separated well by pipetting, seeded on 100 mm culture
dish (Corning) and cultivated to confluence in medium
containing 10% FBS (Daiichi Chemical). The 5th pas-
saged cells from sixteen different preparations isolated
from sixteen different donors were used for the following
experiments.

2.2. Treatment with HMW-HA or HAoligo

HAoligo (1.2 x 10° Da) was purchased from Cosmo Bio
Corporation (Tokyo, Japan). In this experiment, we used
HA hexasaccharide (HAg) as HAoligo, which is the
smallest fragment of HA capable of binding to cell sur-
face receptors [18].

GFs were seeded at a density of 3 x 10* cells/well onto
35 mm culture dish and cultured to 100% confluence.
Serum deprivation was performed along a gradient from
5 and 1 to 0%, 12 h before treatment. These cells were
treated with 0.1 and 1.0 mg/ml HMW-HA (2 x 10° Da
Suvenyl from Chugai Pharmaceutical Co., Tokyo, Japan)
and 20 and 200 pg/ml HAoligo (Cosmo Bio) for 12 h.
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The optimal treatment time for the induction of caspase-
3 was pre-defined with a reference to a preliminary study
(data not shown).

2.3. Analysis of Cell Proliferation Activity by
BrdU Immunoassay

GFs were seeded on a 96-well plate (Becton, Dickinson
and Company, Franklin Lakes, NJ, USA) coated with
type I collagen (Koken) at a density of 1.0 x 10° cells/
well until 60% confluence in DMEM (Sigma Aldrich)
with 10% FBS (Daiichi Chemical). Cell proliferation
was determined by measuring 5-bromo-2-deoxyuridine
(BrdU) incorporation into the DNA of proliferating cells.
The incorporation of BrdU into DNA over a time period
of 24 h was detected using a Cell Proliferation ELISA
BrdU kit (Roche Diagnostics, Basel, Switzerland) ac-
cording to the manufacturer’s instructions. Absorbance
was read at a wavelength of 570 nm using a microplate
reader (Model 550, BioRad Laboratories, Hercules, CA,
USA).

2.4. Quantitative Real-Time PCR Analysis

Bcl-2 is assumed to be involved in the inhibition of apop-
tosis, therefore, we investigated the effects of HAoligo
on Bcl-2 gene expression in cultured GFs.

Total RNA was extracted from cultured GFs using a
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). The
first-strand cDNA was synthesized from 1 pg total RNA
using a ReverTra Ace-a first-strand cDNA synthesis kit
(Toyobo, Osaka, Japan). Quantitative real-time PCR
analysis was carried out using a Light Cycler Quick
System 350S (Roche Diagnostics) under the following
conditions: denaturation at 94°C for 15 s, annealing at
55°C for 30 s and primer extension at 72°C for 10 s for
36 cycles. Primer sequences of Bel-2 and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) are shown in
Table 1.

Thermal cycling and fluorescence detection were per-
formed, and the quantitative results of real-time PCR
were assessed with a cycle threshold [14] value, which
identifies a cycle when the fluorescence of given sample
becomes significantly different from the base signal.
Quantification of signals was performed by normalizing
their signals relative to those of GAPDH. Normalized Ct

Table 1. Oligonucleotide primers used for quantitative real-
time PCR (F forward, R reverse).

Gene Primer sequences
Bcl-2 # 488222 (search LC, Heiderberg)
GAPDH F: 5>~ ATCATCCCTGCATCCACT-3’

R: 5’-GTCATCATACTTGGCAGGTTTC-3”

GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
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values were expressed relative to that of Control.

2.5. Measurement of Caspase-3 Activity

Caspase-3 activity in live GFs was measured with a
NucView 488 Caspase-3 Assay Kit for Live Cells (Bio-
tium, Hayward, CA, USA) according to the manu-
facturer’s instructions. The NucView'™ 488 caspase-3
Substrate is a true enzyme substrate that detects caspase-
3 in live cells without interfering with the enzyme
activity. Briefly, GFs were seeded at a density of 3 x 10*
cells/well onto 35 mm culture dish and cultured to 100%
confluence. The media were aspirated, and cells were
incubated with 5 pmol/L NucView™ 488 caspase-3
substrate in PBS for 1 h. Following the incubation, spe-
cific binding was detected by colorimetric estimation at
520 nm with a reference wavelength of 480 nm.

2.6. Statistical Analysis

All assays were performed in triplicate and reported with
three different samples for each subject. Means and
standard deviations were calculated from the data ob-
tained and then subjected to Student’s #-test or one-way
ANOVA followed by Scheffe’s multiple comparisons test
using Statview software (Abacus Concepts Inc., San
Diego, CA, USA). Resulting p-values of less than 0.05
and 0.01 were defined as significant.

3. RESULTS

3.1. Proliferative Activity of Cultured GFs in
Young and Adult Groups

Proliferative activity of cultured GFs increased and
reached a maximum on day 7 in both groups (Figure 1).
No significant (p > 0.05) differences in proliferative ac-
tivity were found between both groups on days 3 and 9,
however, the proliferative activity was significantly (p <
0.05) greater in young group than in adults on days 5 and
7.

3.2. Effects of HMW-HA and HAoligo on
Caspase-3 Activity in Cultured GFs

HMW-HA treatment exerted no significant (p > 0.05)
effects on caspase-3 activity in both young and adult
groups (Figure 2(a)). Meanwhile, treatment of HAoligo
increased caspase-3 activity of GFs in a dose dependent
manner in both groups. Moreover, the caspase-3 activity
stimulated by HAoligo was significantly (p < 0.05)
higher in young group than in adult group (Figure 2(b)).

3.3. Effects of HAoligo on Bcl-2 Gene Expression
in Cultured GFs

HAoligo treatment decreased Bcl-2 expression in a dose
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Figure 1. Proliferative activity of cultured GFs in young and
adult groups. Cell proliferation was evaluated by measuring
BrdU incorporation into the DNA of proliferating cells 3, 5, 7,
and 9 days after seeding. "p < 0.05, n = 8.
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Figure 2. Effects of HMW-HA and HAoligo on caspase-3 ac-
tivity in cultured GFs. GFs were treated with 0.1 or 1.0 mg/ml
HMW-HA, 20 or 200 pg/ml HAoligo for 12 h. The caspase-3
activity in live GFs was measured after treatment with HMW-
HA (a) and HAoligo (b) for 12 h. *p <0.05,n=8.

dependent manner, however, no significant (p > 0.05)
differences in Bcl-2 expression were found between
young and adult groups (Figure 3).

4. DISCUSSION

In this study, we investigated the effects of LMW-HA on
apoptosis of GFs derived from human donors of different
ages. GFs were isolated from palatal gingival tissues in
young (6 - 10 years old) and adult (26 - 35 years old)
subjects. Our results indicated that proliferative activity
of GFs was significantly higher in young group than in
adult group. In a previous study, proliferation rates of
various cell strains were examined and decrease in pro-
liferative activity was correlated with aging [19]. From
these findings, it is suggested that age of donors exhibits
a negative correlation with cell proliferation. Such corre-
lation may be explained by the following findings in
previous studies. The composition of glycosaminoglycan
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Figure 3. Effects of HAoligo on Bcl-2 gene expression in cul-
tured GFs. Bcl-2 mRNA levels were analyzed by real-time
PCR analysis in GFs treated with 0, 20, or 200 pg/ml HAoligo
for 12h. *p <0.05, **p <0.01, n= 8, dotted line; control level.

is different with aging. Dermatan and chondroitin sulfate
decreases, but heparan sulfate increases in human
fibroblasts with aging [20]. Heparan sulphate is known to
play important roles in controlling cell growth [21,22].
Thus, it is suggested that increase in heparan sulfate
content might be related to reduce proliferative activity
with aging.

One of the earliest and most consistently observed fea-
tures of apoptosis is the induction of cytosolic proteases
known as caspases. Among the caspase family, caspase-3
is considered an executor enzyme, because it can be ac-
tivated by several active caspases [14]. Therefore, the
presence of active caspase-3 is considered as a hallmark
of apoptosis activation. Our present results indicated that
HAoligo treatment increased caspase-3 activity in cul-
tured GFs. A recent study has shown that the treatment
with HAoligo (3 - 10 disaccharide units) enhanced cas-
pase-3 activity in tumor cells [17]. Furthermore, frag-
mented HA increased the Fas-mediated apoptosis in
synovial cells derived from patients with rheumatoid
arthritis [23]. In addition, HAoligo treatment decreased
Bcl-2 mRNA expression in a dose dependent manner.
These results suggest that HAoligo has biological activi-
ties in cultured GFs such as promotion of apoptosis by
regulating anti- and pro-apoptotic processes. Further-
more, the levels of caspase-3 activity were higher in
young group than in adult group after treatment with
HAoligo, suggesting that GFs derived from young sub-
jects were more sensitive to HAoligo treatment and more
susceptible for cell apoptosis.

In previous studies, initiation of nitric oxide (NO)-
induced apoptosis was associated with decreased Bcl-2
expression [24]. The overexpression of anti-apoptotic
Bcl-2 family members suppressed NO-induced apoptosis
[25]. Since HAoligo has a potential to augment the pro-
duction of NO [26], the exogenous HAoligo may cause
NO-induced apoptosis through down-regulation of Bcl-2
in cultured GFs. However, the induction mechanism of
apoptosis by HAoligo in GFs has not been clarified, and
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need more extensive investigation in a future study.

In this study, the treatment of HMW-HA exerted no
significant effects on caspase-3 activity in cultured GFs,
although a previous study reported that injection of
HMW-HA into the joint decreased the expression of
caspase-3, 9 expression and the number of Fas-positive
cells in rat osteoarthritis model [16]. Moreover, HMW-
HA significantly reduced the anti-Fas-induced apoptosis
in chondrocytes from human osteoarthritis [27]. From
these reports, it is assumed that HMW-HA may suppress
apoptosis under pathological condition, but the effects
can be varied according to the cell types.

LMW-HA distributes highly in the gingival tissues of
patients at an initial phase of periodontitis [28]. The
pathological accumulation of LMW-HA is suggested to
be due to various degrading mechanisms such as depoly-
merization with reactive oxygen species [29] and ace-
leration of LMW-HA synthesis [30]. In addition, a num-
ber of mammalian hyaluronidases (HAase) capable of
enzymatically degrading hyaluronan have recently been
shown to be associated with inflammation [31]. It is thus
suggested that HAoligo could be generated through
HAase activity, and works as an active element in the
cell response [32]. Since the expression and activity of
HAase are enhanced by proinflammatory cytokines such
as IL-1f and TNF-a [33], the suppression of inflamma-
tion may be effective to inhibit the generation of
HAoligo.

In conclusion, it is shown that HAoligo treatment
results in increase in caspase-3 activity and decrease in
Bcl-2 gene expression in cultured GFs, leading to the
promotion of apoptosis. In addition, HAoligo generated
under pathologic conditions may participate in the des-
truction of gingival tissue.
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