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Porphyromonas gingivalis lipopolysaccharide activated bone
resorption of osteoclasts by inducing IL-1, TNF, and PGE!
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ABSTRACT

ATM: To study the effects of Porphyromonas gingivalis
lipopolysaccharide ( Pg-LPS) on inducing interleukin-1
{IL-1). mmor necrosis factor ( TNF). prostaglandin E
(PGE}. and activating osteoclasts, in order 1o understand
mechanism of osteoclast activation. METHODS.
Pg-LPS was prepared by phenol-water method. 1IL-1,
TNF, and PGE induced by Pg-LPS were isolated by
chromatography.
atomic absorption spectrophotometry .

Ca’* concentration was detected by
Acid phosphatase
and carbonic anhydrase in periodontal membranes were
examined by histochemistry. RESULTS: Pg-LPS was
able to stimulate peripheral blood mononuclear cells
(PBMC) or the cells from human periodontal tissue se-
creting 1L-1. TNF, and PGE. The outputs of these cy-
tokines were increased in pace with the enhancement of
Pg-LPS at the dose rangeof 0.5-5.0mgL. All of the
three cytokines showed activities of accelerating Ca®* re-
lease from rai calvarial bones, and the activity of PGE
was the strongest. The amounts of both the acid phos-
phatase and carbonic anhydrase n the periodontal mem-
branes of Pg-LPS injected rats were obviously increased
{P<0.01). In the periodontal membrines of Pg-LPS
injected rats, the amount of activated osteoclasts were ob-
viously increased in pace with Pg-LPS injection times
(P<0.01),
clasts were stable to approxzimately 65 % because of the
increase of inactivated osteoclasis,  CONCLUSION .

However, the activating rates of osteo-
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FPg-LPS possessed strong activities to induce hunin PBMC
and the cells from human periodontal fissue (o produce
IL-1, TNF. and PGE in a dose-dependent manner within a
cerfain concentration range of the LPS.  Pg-LPS could
efficiently activate ostecclasts, and the mechanism of
osteoclast activation was probably associated with the
increase of acid phosphatase and curbonic anhydrase.

INTRODUCTION

Periodontitis is a major cause of anodontia for
adults.  Alveolar bone resorption is the most important
clinical sign and pathologic change of the disease. En-
hancement of the amount and activity of osteoclasts in pe-
riodontal membrane was considered o he responsible for
alveolar bone resorption'’ !
valis ( P gingivalis) . the most imporant causative agent
of chronic periodontitis* ™", possesses lipopolysaccharide
with endotoxin aclivir)“f'm. Interleukin-1 CIL-11, {u-
mor necrosis factor { TNF), and prostaglandin E { PGE)
induced by Escherichia cofi ( £ cofi } lipopolysaccharide

a1l

Porphyromonas  gingi-

were demonstrated 0 mediate  bone  resorplion:
However, E c¢oli
patients’ periodontal pockets
ported that P gingivalis lipopolysaccharide had the ability
to induce IL-1 and TN
vances. the relation between the concentration of £ gingi-

was not a dominant baclerium in

sl

Recent literatures re-
In spite of these ad-

valis lipopolysaccharide and the effects on inducing IL-1 .
TNF and PGE, the potentials of the three cytokines on
stimulating  bone resorption, and the mechanisms  of
lipopolysaccharides activating osteoclasts were little un-
derstood .

In the present study, the dose-efieet relationship of
P gingivalis lipopolysaccharide on inducing IL-1. TNF,
and PGE. as well as activaling osteoclasts, and the obili-
ties of the three cylokines on mediating bone resorption
were investigaied.  Furthermore, the mechanism of os-
teoclast activation using P gingrvalis lipopolysaccharide
was also studied.
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MATERIALS AND METHODS

LPS preparation BHI medium { Oxoid, USA)
containing > % sheep biood was used to culture P gingi-
valis . Lipopolysaccharide of P gingivalis strain ATCC
33277 ( Pg-LPS) extracted by phenol-water
method' ™ and then purified by RNase digestion, incubat-
ed at 100 T for 10 min and ultracentrifuged at 110 000 x
g for 3 h.

Peripheral blood mononuclear cell {PBMC)
isolation The PBMC of normal adults were isolated by
HISTOPAQUE 1077 (Sigmal with a density of 1.007
kg/L, and suspended in RPMI 1640 medium { Gibco }
containing 10 % bovine serum (Hyclone} to the final cell
concentration of 1 x 10"/L.

Isolation of the cells from human gingival tis-
sue Human gingival tissue isolated from patients’ im-
pacted molars were digested with 0.5 % rypsin-0.02 %
edefic acid solution at 37 C for 30 min. The cells from
the gingival tissue were cultured in RPMI 1640 medium
containing 10 % bovine serum under 5 % CO; atmo-
sphere o form cell monolayers. The cell monolayers
were digested with 0. 05 % uypsin-0.02 % edetic acid
solution . and then suspended in RPMI 1640 mediom con-
taining 10 % bovine serum 10 the final cell concentration
of 1 x10°/L.

Animals The SD rats used in this study were of-
fered by the Center of Experimental Animals, Medical
School of Zhejiang University {Grade [l . Certificate No
22-9601018). The newbom rals (10.0 g+ 1.0 g) were
used for bone resorption test and the rats (100 g+ 10 g)

was

were used for examinations of acid phosphatase, carbonic
anbydrase, amnd osteoclasts.  All of the rats were ran-
domly divided into groups.

Preparation of IL-1, TNF, and PGE Pg-LPS
0.5, 1.0, 5.0, and 1) mg/L were added respectively in-
to the wells of cell culure plates containing the suspen-
sion of PBMC or the suspension of gingival tissue cells.
These plates were incubated under 5 % CQ, atrmosphere
al 37 T for 12, 16, and 48 h, respectively.

The supernatant of the PBMC culture after 48 h in-
cubation went through Sephadex G-75 column for IL-1
The elution solution was RPMI 1640 medium
The activities of the eluted pro-
tein fragments stimulating the proliferation of thymocytes
from SD rats were detected by “H-TdR incorporation.
The fragment with obvious proliferating activity was con-
sidered as partly purified IL-1-''7,

The supernatant of the PBMC culture after 16 h in-

isolation.
without bovine serum,

cubation went through DEAE-52 cotumn for TNF isolu-
tion. The elufion solution was 0.01 mol/L PBS (pH
8.0). The cylotoxicities of the eluted protein fragments
were detected by using toxicity test on mouse L9209 cells.
The fragment with obvious cytotoxicity activity was con-
sidered as partly purified TNF %!,

The cell culture from human gingival tissue after
12 h incubation was used for PGE extraction according to
Sweet's method!

Bone resorption test Each of the calvanal bones
from newborn SD rats was cultured in a well of cell cul-
ture plates containing 2 mb of RPMI 164 medium under
5 % COQy atmosphere at 37 C for 24 k. The medium in
the wells was discarded afier incubation.  REMI 1640
medium 2 mL containing 10 mg<L of IL-1, TNF, PGE,
or Pg-LPS preparations was added respectively into the
wells.  The same volume of the medium without the cy-
tokines and Pg-LPS was also added into the wells as a
negative control.  All of the plates were incubated under
5 % 0, atmosphere at 37 C for 48 h. Each of the
tested groups mentioned above contained 8 wells.

For measurement of bone resorption eftects caused
hy the three cytokines and Pg-LPS, the Ca®' concentra-
tions in the medium of the wells were detected by atomic
absorption spectrophotometry afier the last incubation.

Amount and activity of osteoclasts in rat
periodontal membranes The SD rats in four tested
groups were injected with 0.1 mL of Pg-LPS solution
{1 mg/kg) into the labial surface of alveolar bone be-
tween the two inferior anterior teeth for 1, 2, 3, or |
nmes respectively.  Another group of SD mls was
injected with the same volume of normul saline for -4
times as a negative control.  Each of the five groups con-
tained & amimals.
was n d,

The interval between two injections

The mandible hones comaining teeth from the ras
were fixed with formaldehyde-calcium solution and then
were demineralized on the 5th day after the final injec-
tion. The amount of osteoclasts in periodonial mem-
branes in the mandible bone sections after HE staining
were examined under microscope { x HK}Y.  An osteo-
clust was considered to be active if its nucleus nurmbers
were more than three and its cytoplasm showed strong
eosinophilia.
culated by the following formula;
{ Activated osteoclast number./Total osteoclast number] x
100 % .

Examinations of acid phosphatase and car-
bonic anhydrase The levels of acid phosphatase and

Activating rate of the osteoclasis wax cal-
Activaling mte =
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cubonic anhydrawe in periodontal membranes of the
mandible bone sections mentionad abvwe were etaminal
by wnsineg, Commoni’s. method and Hlanwson’s methods respoc-
tively' 7' The particles of acid phosphatase and carbonsc
anhydrase with black color could be seen under micm
soope { %00, Vor each of the specimens, acid phos-
phatase partiches or carbenic anhydrase panicles in wen
fiehds of view were counted.

Data analysis  The results of bone nesorplion test
and the examinations of weid phosphatase aud cabonic
anhydrase were peported s+ 0 and all vilues were
compaed by rtest The activating rates of osicoclasts
were analyzed by -ledt.

RESULTS

Ability of Pg-LPS on IL-1, TNF, and PGL
induction J\.ll’ll,@_ll all of thwe four doses ol I’g-lJ'S
wed i thix sy could induce IL-1. INF. and PGE.
Somp/lof Pe-LIS scom to be the optimal concentration
to umfuce these evtogines (Tab 1),

Tab 1. Actvides of Pe-TPS on imducing -1, TNF, and
PGE in PEMC by chronmatography, n = 3 experiminis,
ET A,

P 145 coneen- Output/ g+ 1.~
o mge L0 10 LY TNE Qe h) IGEE (12 W

0.5 Alapu 24207 i e 0
I.a 6.i=0.5 1.2z0.0 0 2=008
LR o] 4 %07 I.R2=0.05
1O G3iz0 T 3512000 [ EYINN

Effect of IL-1, TNF, PGE and Pg-LPS on
bonc resorption stimulation  The abilities of 11 -1,
TNE, and Pe-LPS (o stimulate C* " release were simelar
o each other ( P 50,03}, PGE sxns 10 pemsess (e
strongest ability w inehoe O™ wlease in Companm
with the othe: two eytokines and Pg-LIS § # <0,05]),
Howesver, 111, “TNE. PGE. and Pg-LFS could obvi-
onsly stimulute the Ca®* refease from rat calvarial bones
wompared with control { P <0.01, Tab 2),

Counting of total and activated vsteoclasts
Orteoclasts in periodontal membears of 5D s ingected
with Pp-LPS were obvivosdy activaad (Fig 1}, The oc
tivating rates of onterclasts n the animal groups injected
with Pg-1 PS were marked higher than that of control
group. Although the activated csteocksst numbers in the
Pe-LI% mpected  groups were increed in pace with

Tab 2. €& release of rat culvarial boncs enused by
M1, TNF, PGE, aml Pg.IFS. n =8 mals. x 2 5.
T<0.05 s PGE. "P<0.01 s control,

Growp Rarge of Cor ™ Cr* conientratan
conceTir e nigsl ngeel.
Coavrol In4A=21 3 5e2Y
-t 19.8-2%9 U
e =270 wi M
Pk M= Sndzd
Py-Lis R PR

Fig 1.

Activated ostesclist in ol peviodontal mem-
brane atter Pg-LPS injection (1 mg/kg w 4 timas) o

lishial surface of alveolar bone, x40,

Pg-1.PS injection fimes, the schvatmg miles were stable o
approximat: 65 % because of e increee of inactivated
oseoclast aumbers (Tab 3),

Tab 3. Total numbers and octivoting mites of rat o100,
clasts wfter Pg-TPS injex tion,
G Imecthon  Jodal activaled osteaclaats  Adtivating
e todad inoctivated ostoockeas  rales G

Comitidl { K51 1 #al 200
Pg-LPS I ke W,

a2 e (VIR

4 T il

I [ RA T [

Changes of acid phosphatase and carbonic
anhydrase Tae numbers of acid plospligae panicles
and carbxnic anhydrse poticles o the ral penodontal
membranes of Pe-LPS injoctend proups were sagmificantly
highet tlan tha of control group ( # <001, How-
ever. the acid phosphatise particles were owiously in-
creased in pace with P LPS injection times (£ <0.01)
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but the carbonic anhydrase particles were not {Tab 4) .

Tab 4. Changes of acid phosphatase and carbonic anhy-
drase particles in periodont membranes of Fg-LPS in in-

jected rats. m#=8. x+s5. “P<0.0l vs control.
. M t icles
Injection ean ot enzyme particles
Groups times Acid Carbonic
phosphatase anhydrase
Pa-LPS I A7 T.A£2. [
2 17.9+ 1. 9.5+ 1%
3 3.1 +2.0° B.5+£2.2°
L] 275+ 10 4=2.0¢
Control {NS) 4 S.Uxl3 . 4+£0.9
DISCUSSION

In the present study, Pg-LPS at low concentrations
{0.5 - 10.0 mg/L) could efficiently induce human
PBMC and the ceils from human gingival tissue to pro-
duce IL-1, TNF, and PGE respectively. The inducing
effects were dose-dependent within 0.5 — 5.0 mg/L of
Pg-LPS. However, Pg-LPS 10.0 mg /L compared to
the dose of 5.0 mg/L resulted in the output fall of all the
three cytokines. This phenomenon suggested that the
Pg-LPS at a high dose suppressed these cells 1o synthesize
the cytokines probably due to the cy[otoxicity““] . Since
lipopolysaccharide concentration in periodontal pockets
and in dental alveoli of periodontitis patients were not
very high'®', the effect of Pg-LPS at low doses on cy-
tokine inducement found in this study is clinically signifi-
cant,

The result of bone resorption test in this study re-
vealed that IL-1, TNF, and PGE induced by Pg-LPS
could efficiently stimulate the rat calvarial bones to release
Ca’* . PGE possessed the strongest stimulating effect
compared with the other two cylokines ( £ < 0.01).
The direct effect of Pg-LPS on inducing Ca®* release sug-
gested that Pg-LPS might induce cytokines rapidly or
damage bone tissue directly .

The activating rates as well as the total numbers of
osteoclasts in the periodontal membranes from Pg-LPS in-
jected rats were significanily increased compared with
control group (P < 0,01}, Although the activated os-
tecclast numbers were continuously increased in pace with
Pg-LPS injection times, the osteoclast activating rates
were stable to approximate 65 % because of the increase
of inactivated osteoclast numbers, This result indicated
that Pg-LPS possessed not only the effect to activaling os-

teoclasts but alse showed a potential to stimulate the dif-
ferentiation of pro-osteoclasts into osteoclasts.

Acid phosphatase and carbonic anhydrase numer-
ously exist in osteoclasts but are rare in the other cells of
periodontal membrane tissue''™ . Therefore, assays for
the two enzymes can be used to identify osteoclasts and to

measure the cell’s activity. In the present study, the

numbers of acid phosphatuse and carbonic anhydrase par-
ticles in the periodontal membranes of Pg-LPS injected
rals were obviously increased compared with control
group ( P < 0.01). This result suggested that the en-
hancement of amount and activity of the two enzymes
might be one of the mechanisms of Pg-LPS 0 activate os-
teoclasts.,
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TFREMERFRESEFTHELE IL-1. INF H
PGE MEHEHRAHTRIE

MAET, T R (HMIAYEYRHBTR _E
BEOESE, BM 310000 ZHILREEERMFAY

FEARE, B 310031, D

W BRG HERAE L MR T
BIFIRE E; e THERARG: sew
E, FR#

BEY: #F % 58 & T 0P W BE & 95 (Pe-LPS) i
IL-T. TNF, PGE #1835 @ MM ne e, g
MRBFEULE . Ak, HIMAKIEH % Pe-LPS, R
E ik 588 Pe-LPS iEL M IL-1. TNF F1 PGE . HI5
TMMOGIE SN Ca™ & AT, HASE R
WF R AR B PE M AR R R AR R, R PeLPS
RET A A1 T8 o 22 4 4 40 BfLC PBMC) 1 A T #H 21
R 53 TL-1, TNF H PGE. XSCERMIIA T8
£ —EFLE P Pe-LPS ME (0.5 - 5.0 mp/L) %
mitein. IL-1, TNF fil PGE BB SD KRl & &4
C&' 8 THBE. L1 PGE FIISHE R . Pe-LPS
25 B SD A BT TR R v B Y O o 8 A O T B B
BB AR(P<0.01). SD AR T HBEPH LG8
BH KB PeIPS TR RS nm & g 18 2
(P<0.0l), BHTHREEHETAREGIHZEE
MEEAFRBELERECGS 2400 Fib.
Pe-LPSH TR AE T A PBMC f0 A F 414170 M
Fo IL-1, TNF 2% PGE BJFE R, R MofE A6 -8 1y
MIE P E ) BB Pe-LPS 0] A S0 M BT
SRR, FBOE HLH T AR T ol s AR I R T A R &
HX.
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