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Project Title : Effect of LPS of Actinobacillus  actinomycetemcomitans
lipopolysaccharide on matrix metalloproteinase-2 and changes of RANKL and OPG in
HPDL cells.

Name of the Investigators: Tussanee Yongchaitrakul and Prasit Pavasant

Date : November 2004

Background: The LPS o -:me of the major pathogenic

factors in periodontal disg inflammatory cytokines and

involves in alveolar bg g . e\ ypothesized that the LPS of A

actinonycetemcomitans cg ‘ : t th ‘ n, of AP-2 and the expression of

RANKL and OPG in HPDL éeligfleadingto (i flestrustion of periodontium.

Methods: HPDL cells were culturéd=: edium with or without the LPS of A.
- -c: & “

actinomycetemcomitans 1o ' ~of AMMP-2 was analyzed by

)

A 7
zymography. Changes of the B0 were examined by reverse
i

i

transcription-polymerase -::ha‘n reaction and supdz'loned by Western blot analysis.

Resuts: The aﬁv%ﬂ’f& Mk Ydou Vhe? Joahded By e e or 4

acrmamycetemcomtmm in cells and couldede inhibited i serine protease

e L) O LMY

protease-dependent pathway. The activation was also blocked by NF-kB inhibitor, which

ugh a serine

indicated the involvement of NF-xB. The up-regulation of RANKL but not OPG by the
LPS was found in both transcription and translation and could be abolished by
Indomethacin. In addition, serine protease inhibitor also inhibited the up-regulation of

RANKL, suggesting the activity of serine protease.



Conclusion: The effect of the LPS of A. actinomycetemcomitans on HPDL cells is serum-
independent and the induction of the activation of MMP-2 and the expression of RANKL are
serine protease-dependent pathway. The results suggest the role of HPDL cells in the

pathogenesis of periodontitis.

Keywords : A. actinomycetemcomitans, LPS, MMP-2, RANKL, PDL cells
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Introduction

In periodontitis, certain species of Gram-negative bacteria harbored in periodontal

pockets play a major role in the pathogenesis of the disease.'”

Among these bacteria,
Actinobacillus actinomycetemcomitans (A. actinomycetemcomitans) has been implicated as
an ectiological agent in juvenile and adult periodontits.'”  Actinobacillus
actinomycetemcomitans produces a multitude of products that participate in the process of

inflammation and tissue destruction. ese products, the LPS of A

actinomycetemcomitans has been coms! der in the pathogenesis of alveolar
i
bone loss and connective tissue degrac veria ‘- "
Lipopolysaccharide was kW he ar J nc resorption by enhancing

1nd n\"‘w
osteoclastogenesis.” Although it igfti / whe LPS cauld directly target osteoclast

ZAN

ndirectly influenced the osteoclast

i e &
precursors, many studies provided™thgie AR

formation through osteoblasts or bog %ﬁ: \ 11%"° In addition, LPS is also

known able to induce the secretion of sgietal inflar ytakines.“ Increasing of these

a . W 0 & - .
cytokines causes the imbalance of protediyiie cazy ch eventually leads to connective
tissue and bone destruction.” y— ']

A family of prutmlyti!ﬁ:nzymas, namely matnx metallgproteinases or MMPs, has
been considered to playeral sﬂ‘f wmwiﬂ ﬁm physiological and
pathological situations.' 4§ j; number of - s have been detected in the crevicular fluid of
patients with @M@&WWtN%ﬁ]%W ﬁfﬁdﬂnml tissue
degradation.'’ These MMPs include the interstitial collagenase such as MMP-1, MMP-8,
stromelysin (MMP-3) and MMP-9. Matrix metalloproteinase-2, a 72-kDa gelatinase, was
recently shown to be involved in the pathogenesis of periodontal disease.'”'* The amount of

both latent and active MMP-2 was found to increase in the periodontal tissue of patients with

periodontitis. Matrix metalloproteinase-2 is an enzyme that is secreted mainly from



fibroblasts, including human gingival fibroblasts (HGF) and human periodontal ligament
(HPDL) cells."*'® The enzyme is secreted in latent form and requires activation for proper
function. In our previous study, we found that the supematant from Porphyromonas
gingivalis (P. gingivalis), another etiological bacterium in periodontitis, could induce the
activation of MMP-2 by increasing the expression of membrane-type matrix

metalloproteinase 1 (MT1-MMP) in HPDL cells." These results suggested the role of MMP-

ation in periodontal disease.
HPDL cells may also playsa. fate’in os iesis through the expression of
L e—

receptor activator of NF-xB li fces."""” It is widely accepted

that formation of osteoclasts e;}tar activator of NF-xB or

RANK, which is expressed o i its ligand, RANKL, in the

presence of macrophage colo RANKL is found on the

surface of many cell types, incl ow stromal cells. Expression

of RANKL in HPDL cells leads to's ”.., is play a role in osteoclast formation.

. = F}#ff : .
In addition, HPDL cells secrete as€ertdin amodnt ateggrin (OPG), a decoy tumor

necrosis factor (TNF) rece '?"r &L} An interaction between
OPG and RANKL will mluhxmm formation of osteoclast. Heﬂ a balance of RANKL and

e “"*"ﬂﬁﬂ"? MEMTNY T

The purpose 8f this study was , to examme the effect c-f the LPS of 4.

s QRN B MAN BAEINGES v o

A. actmomyceremmm:mns on the activation of MMP-2 and the alteration of RANKL and

OPG, which were the factors involved in connective tissue degradation and bone resorption.



Materials and Methods
Cell culture

Human PDL cells were cultured from the explanis obtained from the periodontal
ligament (PDL) attached to non-carious, freshly extracted third molars, or teeth removed for
orthodontic reason as previously described.”® All patients gave informed consent. Briefly,

teeth were rinsed with sterile phosphate buffer saline several times and the PDL were scraped

out from the middle third of the root. The explahis frare harvested on a 60-mm culture dish'
and grown in Dulbecco’s ModifiedulEdgle Med) supplemented with 10% fetal

calf serum, 2mM L-glutamine®] ug/ml streptomycin®, and §
ug/ml amphotericin B at 37 © £95% air, 5% CO,. Cells from

the third to the fifth passage w fd, ’ \\

All experiments were prepared from three different

donors.

Preparation of Lipopolysacchari
Actinobacillus actingiiv j" s cultivated in brain heart
infusion broth® (BHI) at 3?“&% CO;. The LPS was pmparenmy water-phenol extraction as

described by mehﬁﬂygmﬁ ﬂ“ﬁ’ﬂ"‘ﬁ"?"iﬁ“ﬂ ﬂdﬁn thio eerinmeit Wi

determined by dry wei 8
Activation of HPDL cells with the LPS

Human PDL cells were seeded in 6-well plates’ at a density of 25,000 cells/cm” and
were allowed to attach for 16 hours. After silencing the cells with serum-free medium
containing 0.02% lactalbumin hydrolysate” overnight, the LPS of A. actinomycetemcomitans

was added and incubated for another 48 hours. All treatments were conducted in a serum-



free condition. Afiter 36 hours, the medium was collected and kept at —20 °C prior to an
analysis.

In the inhibitory experiment, cells were treated with inhibitors for 30 minutes prior to
the treatment of bacterial LPS. The inhibitors used in the experiment included 10 pM
Phenanthroline”, 5 ng/ml (0.25 TIU) Aprotinin", 50 uM Pyrrolidinedithiocarbamate

ammonium salt (PTDC)" and 1 pM Indomethacin". To verify the involvement of human

lipopolysaccharide binding protein (LBR), thie it tibody against LBP, cloned 6G37,
was used.
Gelatin zymography |

The activity of MMP- ' { 0y gelatir zymography. The medium was
subjected to a 10% SDS-poly i o« '. 4 X | »u p éiatin under a non-reducing
condition. After electrophoresis, : _ ]y shakenlin a renaturing buffer (0.25%

Triton-X-100) at room tempera move SDS, and then incubated in a

developing buffer (0.15M NaC T Cla/ inis-HCL pH 7.5/ 0.1% Brij35) at

37°C for 20 hours. The -E": T ﬂ nt blue in 30% methanol

and 10% acetic acid. The ] nt and active MMP-2 can be m&ctﬂd as clear bands at the

e RN NN
o SRR SRR £ )

Cells werc treated with the LPS of 4. actinomycetemcomitans as described above for

36 hours. Total cellular RNA was extracted with Trizol* according to manufacturer’s
instructions. One pg of each RNA sample was converted to cDNA by a reverse transcription
using an AMV (Avian myeloblastosis virus) reverse transcriptase® for 1.5 hours at 42°C.

Subsequent to the reverse transcription, a polymerase-chain reaction was performed. The



pimers were prepared  following the reported sequences from GenBank.  The

oligonucleotide sequences of the primers are

MT1 MMP  forward 5' CATCGCTGCCATGCAGAAGT 3’
reverse 5" GTCATCATCGGGCAGCAC 3’

TIMP-2 forward 5" GGAAGTGGACTCTGGAAACGACATT 3
reverse 5" CTCGATGTCGAGAAACTCCTGCTTG 3°

RANKL forward
ACAMSATCCTTC 3
' FJCAAGCAGGAG Y’
—
‘ h .,\ CAGC ¥’

GATIEGT GGG AAA ATT GCT 3°

?\\
“\ W\

reverse
OPG forward
reverse

COX-2 forward

gy 00

w,

GAG TATCTT 3’

reverse \\
GAPDH forward ‘GG i ICAACGGAT 37
reverse FEAC A { A GAACATGG 3

The PCR was performed ith a PCR volume of 25 pl. The

mixtures contained 25 pmol,dF d PCR working conditions

were set at a denaturation for<+'min at 94 °C, primer anncalingﬂr 1 min at 60°C, and chain

_ ) ‘a v o, ‘
st for 143 T EP T TYRSYT TR Ty oa ves then

electrophoresed on a 2%agarose gel and wsga]lzed by elhldlum bromide ﬂunmsmmng
Western blot analysls

RANKL and tubulin were analyzed from cell extracts using RIPA buffer (150mM
NaCl, 1% NP-40, 0.5% deoxycholate, 0.1% SDS, 50 mM Tris pH 8.0) containing cocktail
protease inhibitors.” The amount of protein was determined by protein assay. ** All samples,

25 pg of total protein per lane, were subjected to electrophoresis under a reducing condition
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on a 10% polyacrylamide gel and then transferred onto a nitrocellulose membrane. The
membrane was stained with antibody for RANKL (AB1862%) or anti-tubulin antibody (a gift
from Professor Erik Thompson, St. Vincent’s Institute of Medical Research, Fitzroy,
Victoria, Australia). All antibodies were diluted in 5% non-fat milk. After staining with the
primary antibody, the membrane was subsequently incubated with the biotinylated secondary

antibody for 30 minutes, followed by another 30 minutes staining with peroxidase-conjugated

streptavidin. The membrane was coated with of ninescence reagent’* and the signals

were captured.

' Nunc, Naperville, IL
1 Gibco BRL, Carlsbad, |
¥ Difco, Sparks, MD |
" Sigma Chemical Co., St. ou
¥ HyCult biotechnology b.y
* Promega, Maﬂiso‘

* Genset Biotech, Singapore

”mm“ﬁﬁﬁ@%BW5wa1ﬂs

# Pierce, Rockfard, IL

! m&mwmm UNIINYAY

Zymed South San Francisco, CA



Results

The result in figure 1A demonstrated the effect of the LPS prepared from A.
actinomycetemcomitans on the activation of MMP-2 in HPDL cells. The activation of MMP-
2 could be identified by the presence of a 62-kDa band in the zymography.
Lipopolysaccharide of A. actinomycetemcomitans activated MMP-2 in a dose dependent

manner, starting from 1 ug/ml of the LPS. However, no changes in the level of the enzyme

could be observed when analyzed
triplicate using HPDL cells from three

Human PDL cells of the LPS of A
actinomycetemcomitans in the puéSey Aprotinin, a serine protease
inhibitor, and Phenanthroline, in figure 1B showed the
disappearance of a 62-kDa bang | S cumparc-d to lane 2 (+LPS),
indicated that Aprotinin could injiibig] *: \ the activation of MMP-2. On
the contrary, no changes of 5 be” observed in the presence of
Phenanthroline (compared lane ith -4 “In lidinedithiocarbamate (PTDC),

an NF-xB inhibitor, could s i"ﬂ the activation (lane 5),

suggesting the involvement y NF—ch in the mcchanism of mtivation by the LPS of A.

mﬂ"’fﬂ”f’"“”””“ﬂ UHININTNYINT

Figure 2 show edRT-PCR analysis of the expressmn of MTl-MMUnd TIMP-2 after
treatment Wlﬂﬂhﬁﬁa a ﬂ ﬂ meuam’}% %lﬁ&'}rr} a\lﬂhaﬂgﬁ of the
expression of MTI MMP and TIMP-2 was found when compared to the control. The results
corresponded with those from the inhibitory experiment, which demonstrated that
Phenanthroline could not inhibit the activation of MMP-2 induced by the LPS of 4.
actinomycetemcomitans and the mechanism of the activation was not an MMP-dependent

pathway.



The expression of RANKL and OPG afier treatment with the LPS of A
actinomycetemcomitans was shown in figure 3. The increase of RANKL expression was
observed, while the level of OPG expression remained the same. We thus further examined
the effect of the LPS on the expression of RANKL using Western blot analysis as shown in
figure 4. The similar result was obtained since the amount of RANKL increased as compared

to the control.

Addition of Aprotinin to the & gl could prevent the up-regulation of

RANKL induced by the LPS ofwded ans. (Figure 5) The results also

revealed that the effect of the d by Indomethacin, a non-

specific COX inhibitor. The injui - Thacin suggcsted the COX pathway

.-"
in the mechanism of RANKL ingficiiby - \\
Z

Figure 6A revealed the gip-i€g; 'L DL cells after treatment with

the LPS. It is interesting to noj tl . min could inhibit an increase of

COX-2 that was induced by the omitans. The results suggested

that the initial signal of LPS-induced & clls might be an activity of serine

protease. y— ,,E' ]

. — T .
To clarify whether remains i our serum-free systém, we added the neutralized

antibody to LBP to Wﬁﬁ 6B). Addition of the
anti-LBP did not inhiliit the effect o S on RA suggestmg that the response of

HPDL cells @Wﬂﬁ'@ﬁﬁlﬂj WW@Q ¢



Discussion

We found in this study that HPDL cells could respond directly to the LPS of A.
actinomycatemcomitans. In general, LPS binds to a cell surface protein, CD14, with the help
of LPS binding protein (LBP), which is present in the serum. A trans-membrane signaling is
then initiated by the Toll-like receptor (TLR), which has been shown to link to
LPS/LBP/CD14 complex.””* Due to the requirement for LBP, CD14-mediated pathways

are thus serum-dependent. However, e s % W— e condition in this study, indicating

that the response of HPDL cellssmight-fbt o Sl CD14. This notion is further

supported by addition of neu medium. The increase of

RANKL is still observed in the nd}r suggesting the different

mechanism other than the LBP G and Koh** also reported the
similar results in endothelial cel chial cells with LPS in serum-free
condition. The exact mechanis f the sponse of HP cells to LPS remains to be
..Mr"' z
elucidated. T
" - i i - -
Lipopolysaccharides_can_indiée” MV AP-2 on in_HPDL cells. Recently,

Korostoff et al.'* reported H},-“'—“—‘—'“‘ @8cdl in the periodontal tissue

of patients with periodontal dm,asc

type IV collagen in th m ﬁﬁgcn. The activation of
this enzyme is currelatd' to mnvasiveness of several cancer ceHs since the metastasm requires

oo GV RPN Bir= 1

shown to dcgmd! native type I collagen and has been considered as a major enzyme involved

m/ﬂ]w:s in the degradation of

% An increase of active MMP-2 found in

in the turmover of soft connective tissue.
periodontitis suggests the role of the enzyme in the degradation of periodontium.
We have also tested the effect of LPS from Fusobacterium nucleatum (F. nucleatum)

and Pseudomonas aeruginosa (P. aeruginosa) in order to investigate the specificity of the
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LPS from A. actinomycetemcomitans (data not shown). Fusobacterium nucleatum and P.
aeruginosa are Gram-negative bacteria found in dental plaque and in soil and water,
respectively. The results revealed that the LPS from F. nucleatum and P. aeruginosa also
activated MMP-2 and increased RANKL expression. Our results indicate that the ability of
LPS to activate MMP-2 and to induce RANKL expression is not limited to certain species of

the bacterium. The ability might be a characteristic of LPS from several species of Gram-

negative bacteria. The result is in con w report from others™ demonstrating

| é of MMP-2.

fed to the supernatant from P.

Our previous study'”
gingivalis by increasing the ley Il -MMP. MTI-MMP is a
membrane-bounded MMP that jifnciod | h\ sgradation of the tissue but also in a
process of MMP-2 activation. T [P\has been shown to correspond
with the activation of MMP-2.2" 8 hcnanthmlinc, a zinc chelator
that acts as an MMP inhibitof, édifid nob it “the activation by LPS of A
actinomycetemcomitans, suggesting nat the \ ivation might be different from the
mechanism described abo v‘— 1 Innibition re .{' sted that the mechanism

might occur through a seﬁn&ruteasc'— Cpenc pathway. a{r finding is similar to the

MO ;110 /12V KL
s QUG ATVTRIENATHBY B o0

core ohgcsacch%de and a distal polysaccharide or O-antigen, the presence of protease
activity in LPS is not corresponded with its structure. However, it is possible that LPS might
induce the activity of serine protease from HPDL cells, which involves in the process of
MMP-2 activation. Generally, activation of MMPs requires a function of serine protease

such as plasmin® but that of MMP-2 requires different molecules from others. An accepted



1

model of MMP-2 activation is an MMP-dependent pathway. The model was proposed by
Strongin et al.’', which described the formation of tri-molecular complex of MMP-2, MTI-
MMP and TIMP-2 as an initial step of the activation. The pro-domain of MMP-2 is then
cleaved by another MT1-MMP molecule to yield a 68-kDa intermediate form of MMP-2,
which is further processed into a 62-kDa, active MMP-2. However, there are a few reports
describing the function of serine protease in MMP-2 activation, for example, the activation of

,ﬁ/twatur or by proteinase-3, a serine

g e hidence suggests the possible action

MMP-2 in astrocytes from glioma by p
protease from polymorphonucl
of serine protease in the activatiof

In addition, our results ra¥ealéd/th \‘*‘w = “inhibitor, could inhibit the

MMP.>*?*®  In addition, it has Be P ‘could induce a production of

activation of MMP-2 induce;:l : mmtmns The NF-KB has

been shown to involve in the g ses and MMPs.2***** The
function of NF-kB also involvgs | ough the function of MTI-

inflammatory cytokines through an NE-kB-deper hway’>, which might affect the

activation of MMP-2, u:‘4 R 4 activation of MMP-2 in
HPDL cells induced by the L@ncads further investigation. m

Apart from thﬁtﬁlﬁ W ﬂe’wﬂﬁcﬁnﬁd that the LPS of A.

actinomecetemcomitan§induced the cxpressmn of RﬁNKL in HPDL cells RANKL is a
s TS R B T ) v
considered to be a potent inducer of osteoclast formation. It has been shown that LPS
induced RANKL expression in osteoblasts and marrow stromal cells.” The increase of
RANKL in these cells may provide a support for osteoclastogenesis and results in the

increased number of osteoclasts in vitro.
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Recent reports revealed that the expression of RANKL increased in the gingival tissue
of patients with periodontitis.'®'? The increase of RANKL corresponds with that of bone
resorption, which is a major characteristic of periodontal disease, suggesting the role of
RANK in pathogenesis of periodontitis. Furthermore, the function of RANKL is not limited
only to osteoclastogenesis but also involves in activation and survival of osteoclasts via a

binding between RANK and RANKL.**" Thus, an increase of RANKL induced by the LPS

in HPDL cells might be significant in the proe: W lar bone resorption in periodontitis.
!&w

Expression of several facteis,. pha and prostaglandin E2, have

20,28

been shown to involve in the ex arrow stromal cells. In

PDL cells, Kanzaki et al.*’ found

NatAnfligatic mecH: \h
increased the expression of RANKIL #hg oh PGEY's h¢ similar mechanism might

stress to PDL cells in vitro
occur in this study since Indome nbl ~ kmg an elevation of RANKL
in the LPS-treated HPDL cells.
ffect of the LPS of 4.

Application of Aprotinig® gl

¥
e

R

actinomycetemcomitans in RANKL induttior ‘,-r{._ otinin could inhibit both MMP-2
activation and RANKL 'I'P , 1t 15 possib ' fotease that involves in the

activation of MMP-2 plays @nle in i duet RANKI. Taking into account that

Aprotinin could inhibi ﬂrﬂﬁ% ﬁmmg that the action of
serine protease might rmsponsnbie for bo tivation of d the up-regulation

e LA UL D

LPS itself or froth the LPS-induced HPDL cells, is still unclear.
In conclusion, we reported here that the LPS of A. actinomycetemcomitans could
induce the activation of MMP-2 and the expression of RANKL in HPDL cells. The

induction might be involved by the activity of serine protease. This finding supports that
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HPDL cells can respond directly to the LPS of A. actinomycetemcomitans and participate in

the destruction of periodontium.

AULINENINYINS
ARIAATAUNINGIAY
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Figure 1

Figure ﬁ ﬁﬁ’ecl of LPS from A.
acrmnmmeﬁrcnmrrans cmsje activation om ﬁug 1A). Addition of the LPS

m dose dependent
ﬁaﬁ Pti a@f ﬁ ‘S lﬁwﬁ?ﬂm ﬁ(ﬂ (Apro) and

F'yrrohdmedlethlncarbdmate (PFTDC) on the activation of MMP-2 induced by the
LPS (+LPS), while Phenanthroline (Phe) does not show the inhibitory effect on the
activation. The arrowheads indicate the positions of latent MMP-2 (72kDa) and

active MMP-2 (62 kDa). The results represent one of the triplicate experiments.
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Figure 2
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Figure 2 An analysis of MT1-MMP and TIMP2sby RT-PCR. Rid.2A shows the
AN NPT B LS hebrdo A k2 | DY cote e
treatfent with 4 ma/ml of the LPS of A. actinomycetemcomitans (+LPS). No
change of the levels of MT1-MMP or TIMP-2 is observed as compared to
GAPDH. Fig.2B indicates a relative density of the PCR product in Fig.1A. The
figure represents one of three experiments.
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Figure 3
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LPS (+LPS). The relative density of the PCR product is shown in (B). The LPS

increases the expression of RANKL but not OPG. The figure represents one of the
triplicate experiments.
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treatment with the LPS of A. actinomycetemcomitans (Fig.4A). The protein
extracted from Sa08S-2 is used as positive control (Pos). The relative density of
RANKL is shown in Fig.4B. Tubulin is used as internal control. The results

represent one of the triplicate experiments.
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Figur8 5 RT-PCR analysis shows the effect of Aprotinin (Apro) and indomethacin
(indo) on RANKL expression after treatment with the LPS of A
actinomycetemcomitans. Both Aprotinin and Indomethacin inhibit the inductive
effect of LPS on RANKL expression (Fig.5A). Fig.5B and C show the relative
density of PCR products of RANKL and GAPDH in Fig.5A, respectively.
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Figure 6

Figure 6 (A) RT-PCR analysis indicates the inhibitory effect of Aprotinin
(Apro) on the expression of COX-2 induced by the LPS. (B) RT-PCR analysis
of RANKL expression in HPDL cells induced by the LP3 in the presence or
absence of inhibitory antibody against human LPS binding protein (anti-LBP).
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